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Basically, a metabolic network is an assembly of biochemical reactions. While information about reactions is sufficient for modeling the
network, the more information on associated genes or proteins, the more useful for the investigation of cellular responses in gene or
protein level. Gene-protein-reaction (GPR) associations can be described in two-layer relations: “gene and protein” and “protein and
reaction”, which are usually saved in spreadsheet format, the required information and available models are summarized in
http://sb.nhri.org.tw/GEMSIiRV/en/Metabolic_Models. On the other hand, published genome-scale metabolic models are commonly
exchanged in Systems Biology Markup Language (SBML) format, but the protein information is lost or can not be recovered to the
two-layer relation. Therefore, GEMSIRV provides different schema for these two types of metabolic reconstructions. If you want to create a
project with clear two-layer relations of GPR associations, please check the checkbox of Gene-protein-reaction associations are
necessary to generate the three-index schema (gene, protein and reaction indices) for reconstruction. Otherwise, GEMSIRV will generate
the two-index schema (gene and reaction indices) automatically.
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http://sb.nhri.org.tw/GEMsME/en/Metabolic_Models

Reconstruction
Click on Reconstruction in the menu bar to open Model databases and Reference databases.

Model importing and editing

Right click on Model databases to Import SBML file (.xml) or to Import spreadsheets (.xls), you can import a metabolic model in
SBML/spreadsheet format. Some existing metabolic models can be found and downloaded from
http://sb.nhri.org.tw/GEMSiRV/en/Metabolic_Models
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You can directly edit/update the content of the imported model by right clicking on a cell.

In table of Reaction Index:


http://sb.nhri.org.tw/GEMsME/en/Metabolic_Models

In table of Gene Index:
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Model databases i
P out textbook.xmil Abbreviation Confidence Equation Gene MName
%~ (sl Out_texibook xm 0 [ADKA [c]: amp + atp <=...| (b0474) adenylate kinase
[} Gene Index 1 [GLUSy [c]- akg + gin-L +... | (03212+b3213) |glutamate syntha...
|__°“| Reaction Index 2 |GLUDy [c]: glu-L+h2o+...| (B1761) glutamate dehyd...
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Reference database construction

Right click on Reference database to Import database (.xIs), you can import a reference database to construct your own reference
database. Available reference databases including BiGG, KEGG, MetaCyc and Model SEED databases can be found and downloaded
from http://sb.nhri.org.tw/GEMSIiRV/en/Reference Databases.



http://sb.nhri.org.tw/GEMsME/en/Reference_Databases

|£ | GEMSIRV

Reconstrucion Simulation Visualization !

[T MyBioSysDB 7 Abow
% [CJ Model databases :
o ] Cut_textoook.xml
[ Gene Index
[y Reaction Index
[y _Exchange Reaction
[y _InnerCell Reaction
[y _Metabolite
¢ [] Reference d Import da {;;151 i
[y Metabal
|—j Readliof Export database i
Empty database L

Close database B

=) 14 0] =N RO Y Y ]

Or, you can right click on the model you imported to Add rxn&met to the Ref. DB, so that you can add the information about metabolites
and reaction described in the model to the reference database that you have created.
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You can right click on the Reaction Index of Reference database to evaluate charge/mass balance of equation.
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= ABBREVIATION EC_MUMBER EQIUATION
9 [ Out_textbookxml 0 |ADKA c]- amp + alp —_.
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You can add/edit the equation of reaction by using equation dialog or type directly. For example, for reaction PGK (phosphoglycerate
kinase), you can type “[c] : 3pg + atp <==> 13dpg + adp” in its equation or you can enter the EQUATION dialog to edit its content.
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i <==2
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Add Delete Add Delete
Evaluate Submit Cancel

X]

Draft reconstruction generation

Firstly, you need to have a close related model organism whose metabolic reconstruction has been built already.

Then you need to prepare a blank reconstruction containing gene information of your interest strain. This file can be generated by
GBKParser (http://sb.nhri.org.tw/GEMSiRV/en/GBKParser). However, you need to add the corresponding orthologous genes to the

column of Ref-BLAST.

For example, we want to draft a reconstruction of Salmonella enteric subsp. Enteric serovar Typhimurium str. LT2 (SLT2) by mapping to
the reconstruction model iAF1260 of Escherichia coli str. K-12 substr. MG1655 (ECO).

Therefore, we download the gbk files of these two strains from RefSeq (http://www.ncbi.nlm.nih.gov/RefSeq). With available
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http://sb.nhri.org.tw/GEMsME/en/GBKParser
http://www.ncbi.nlm.nih.gov/RefSeq

NC_003197.gbk and NC_000913.gbk files for SLT2 and ECO respectively, we then use GBKParser to parse basic gene information and
amino acid sequences. In addition, we download the metabolic model iAF1260 from BIGG (http://bigg.ucsd.edu/) and modify it with
TextReplacer (http://sb.nhri.org.tw/GEMSiRV/en/TextReplacer). The ready-to-use model can be found and downloaded from
http://sb.nhri.org.tw/GEMSiRV/en/Metabolic_Models.

The amino acid sequence files for SLT2 and ECO can be used to generate the reciprocal orthologous-gene pairs by BLASTP or other
available software. For example, MrBac (http://sb.nhri.org.tw/MrBac) can be used to generate the needed file. However, the detailed
procedure is not described here.

The basic gene information parsed from the gbk file is outputted to a spreadsheet file, e.g. NC_003197.gbk.xIs, which can be imported into
GEMSIRYV directly. Right click on Model Databases to Import spreadsheet (.xIs).

Original spreadsheet file:
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B3 Microsoft Excel - NC_003197.gbk-blast xls M=
x
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RO It s 57 M BT B o | 2 Hy g3 ] v BEEEC). ﬁmmﬁ@.._!
Fl - # Ref-BLAST
A—n B | Cc [ D [ E 6 | H [ 1+ [ 4 | K [ 7
1||Locus Tag  [5ene SCoordinate |Product  |EC Mumber ||[RefBLAST
2 [=TRIO00T hrL 190 thr operon |-
3 |STMW0002  thrA 337 bifunctiona2.7.2.4;;1.1 |bO002
4 |STMO003  theB 2801 'harnoserin 2.7.1.39 bO003
5 |STMO004  thrC 3734 threonine £4.2.3.1 bO0D4
B |STMO005  waah 5387 hypothetic - bO00B
7 |STHWO00E  yaad 73596 putative ali-- bOO07
8 |STM0007  talB 7REA transaldals2.2.1.2 bOODS
89 [STWO00E rmogd. 8729 molybdend-- bOO0S
10 |STHMO009 | yaaH 9942 hypothetic - ko010 Required fields
11 [STWO0T0 htgs 10805 hypothetic|-- bOO11
12 [STWOOTT  yaal 11245 hypaothetic)-- bO013
13 [STMO0T2  drakl 115893 molecular |- bO014
14 |[STMO013 | dnad 13595 chaperone - bO015
15 |STMWO014 - 15014 | putative trz--
16 |STWO01E |- 16088 putative ba--
17 |STW001E |- 17026 hypothetic)--
18 |STWO017 |- 17486 hypothetic)--
19 |STWO001E - 17867 putative ex--
20 [STWOD1S - 20058 putative hy--
21 |5TMO020 - 23335 putative cy -
22 [ETMOD21  befs 244B9 firnbrial sul--
2N SThAD = TFEAAT Hienbheial nhe b
M 4 b wyGene Index |< >
FhEE

Gene Index table of the imported blank reconstruction (NC_003197.gbk-blast.xIs):
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X

| Project
9 [ Model databases
9 [ SEML_export_E.coli textbook_outxml
[ Gene Index
[} Reaction Index
[} _Exchange Reaction
[ _InnerCell Reaction
[ _Metabolite
9 [ SEML_export_E. coli iAF1260_outxml
[ Gene Index
[ Reaction Index
[} _Exchange Reaction
[ _InnerCell Reaction
[ _Metabolite
- [ MC_0031897 ghk-hlastxls
D
[ Reaction Index
9 [] Reference database
[y Metabolite Index
[ Reaction Index
7 ] Maps
[ E.coli_core.cartomap

:|[ Gene Index |

L] »

a'Coordinate | Locus Tag Gene EC Mumher Froduct RefBLAST

0 140 STMO001  |thrL -- thr operan lead...

1 |33F STMOODZ  |thra 2.7.2.4:11... |hifunctional asp... (0002
2 2801 STMOODZ [thrE 2.7.1.39 homoaoszering kin... (h0003
3|37 STMOOD4  |thrC 4231 threonine synth... |h0004
4 |58ar STMOO0S  |vaahs -- hypothetical pro... (bOO0G
a  |7396 STWMOD0G  |yvaad -- putative alanine... (bO0O07
B |TEES STMOOOT  |talB 2212 transaldalase B |h000&
Too|avia STMOO0Z  |mons -- makybdenum co...(h0o00g
g |9942 STMO009  |yvaaH -- hypothetical pro... (bO010
9 10804 STMOO10  |higA -- hypothetical prao... (k0011
10 11244 STMO011T  |vaal -- hypothetical pro.. (bO013
11 114493 STMOOTZ  |dnaks -- rmalecular chap... (hO014
12 |135494 STMO013 |dnad -- chaperone prot.. (bO0145
13 18014 STMoo14 |- -- putative transcri...

14 160883 STMoo1a |- -- putative hacteri...

15 |17026 STMOOTE |- -- hypothetical pro...

16 |17486 STMO0TF |- -- hypothetical pro...

17 |178ET STMO013 |- -- putative exochiti...

13 |20058 STMO019 |- -- putative bydrosy. .

19 23334 STMO020 |- -- putative cytopla...

20 |24469 STMOO021  |hcfA -- fimhrial suhunit

21 25112 STMON2Z  |befB -- fimbrial chapar...

22 |25803 STMO023  |bofl -- fimhrial usher h0940
23 |28425 STMOOZ24  |befD -- firmbrial suhunit

24 129433 STMOOZS  |hefE -- firmbrial suhunit

28 |29994 STMOOZE  |bcfF -- firmbrial suhunit

26 |304ra STMOOZT  |hcofG -- fimbrial chapar...

27 |31274 STMO028  |befH -- putative thial-di...

28 |32116 SThOOZ2E.. |- -- hypothetical pro...

1
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Empty Reaction Index table of the imported blank reconstruction:

Reconstrucion Simulation Visualization Setting

[ | Project
9 [ Model databases
7 [ SEML_export_E.coli textbook_outxml
[y zene Index
[y Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction
[y _Metabalite
o ] SBEML_expoart_E. cali iAF1260_outxml
[ zene Index
[y Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction
[y _metabalite
o L MC_003187 ghk-hlastxls
[ zene Index
[ Reaction index]
9 [ Reference database
[y Metaholite Index
[y Reaction Index
¢ 1 Maps
[ E.coli_core.cartomap

r Gene Index rﬂeamiun Index

Abhreviation Confidence

Equation

Gene

Harmne

Qo= n | = Lo ko) — T

[ »
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Right click on the blank reconstruction to Draft a reconstruction by choosing SBML_export_E.coli iAF1260_out.xml as the reference

model.

Reconstrucion Simulation Visualization Setting

] Project
7 [ Model databases

9 [ SEML_export E. coli iAF1260_outxml

[ zene Index

[ Reaction Index

[ _Exchange Reaction
[ _InnerCell Reaction
[y _Metabalite

2 COMC_003197 gbk-hlasty
[ zene Index
[ Reaction Index
9 [ Reference datahase
[ Metabolite Index
[} Reaction Index

Draft a reconstruction

Add r=n&met to the Ref. DB
Generate simulation tables
Define environmental conditions
Export model {.xmil)

Download model {.x1s)

Fitter reaction by a map

Delete model

Draft a reconstruchion

3

Cr ] Please choose a reference model for draft reconstruction:

SBML_export_E. coli iAF1260_out.xml -

Submit

Cancel
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The reactions in the reference reconstruction are classified into two indices (Reaction Index and _Invalid Reaction Index) for the draft
reconstruction: one list containing reactions whose associated orthologous genes are present in the blank reconstruction and conform to
Boolean statements as described in the reference reconstruction, the other containing those reactions with unknown gene-reaction
associations or reactions whose orthologous genes are absent and let to disagree Boolean statements.

9 [ Model datahases

7 [ SBML_expart_E. cali iAF1 260_outxml
[} ene Index
[ Reaction Index
[ _Exchange Reaction
[ _Innercell Reaction
[ _Metabolite

¢ [CO WC_003197 gbk-blastxls
[ Gene Index
[ Reaction Index
[y Linvalid Reaction Incex

Model refinement

Based on the draft reconstruction generated from Model SEED (http://seed-viewer.theseed.org/seedviewer.cgi?page=ModelView) or
GEMSIRV, users can curate and refine the reconstruction in GEMSIRV. However, the lack of gene information in imported models may
hinder the progress. We, therefore, provide a function to load and update the gene information in GEMSIRV. You can right click on the
Gene Index of a model to Load and update gene’s info., and upload the spreadsheet file generated by GBKPaser
(http://sb.nhri.org.tw/GEMSIiRV/en/GBKParser), e.g. NC_000913.gbk.xIs for ECO.
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Reconstrucion Simulation Visualization Setting

| Froject
7 [ Maodel datahases
7 [ SEML_export_E. coli iAF1260_outxm
[ Gene Index

D Feaction In| Load and update gene

% info.

[ _Exchange Reaction
[y _InnerCell Reaction
[ _Metabalite
- L] WC_003197 ghk-hlastxls
[ Gene Index
[ Reaction Index
o [] Reference database

Gene information can be loaded and updated accordingly:
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7 Project

¢ [ Model databases . : a'Coordinate EC Mumhber Gene Locus Tag Reaction |
7 [ SEML_export_E. coli iAF1260_outxml a Tk GLYCtpp FEEN.. =

D 1 180 -- thrL booo1 thr

D Reaction Index 2337 27241113 [thra hOooz2 ASPR, HSDy g

D _Exchange Reaction 3 2801 2.7.1.39 thrE boooz HEK ho

D Innercell Beaction 4 3734 4231 thr booo4 THRS,4HTHRS  [thr

- a |5234 -- VAR hoona [Ire

[} _Metabolite B 6459 - yaah bOO0E co

o [ MC_003197 abk-hlastxls ¥ |Fa59 -- PEEN, boaoy GLYtdpp AL PR |pre

B Gene [noex g |8238 2212 talB hoooa TALA tra

) Reacton index o5 : joar L o

9 [ Reference database 11 11356 — vaawy Tk -

[} Metabolite Index 12 11786 - vaal 0013 nre

[ Reaction Index 13 12163 - dnak boo14 ch

D Maps 14 |14168 - dnadJ hoo14 ch

15 |15444 - insL hOO16 =1

16 |16503 - hoki had12 o

17 |174849 - nhash hoo14 MALI_2pp S0

18 [18714 - nhak hooz0 Oty

19 (20314 - inskB boo21 151

20 |20508 - insA hoozz Kp

21 |21078 - rpsT hoo23 30

22 12113 -- vaat hOoz4 [Ire

23 |21407 271.26,27. 7.2 |ribF boo25 FhdAT REF hif

24 122391 6.1.1.4 iles bO026 ILETRE is0

25 |25207 342336 I5pA boo2y pro

26 |25826 52148 fkpE booza FE]

27 |26277 11712 ispH hoo29 CWMPPSIFDPS  [1-h

28 2.?‘|293 3.2.2- rihc | hoo30 ADNUC.URIH.C...lrih
1 1] b~

With the aids of simulation and visualization, users can readily identify dead-end metabolites and blocked reactions in the models. Prior to
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perform simulation, users need to convert the reconstruction into a mathematical model. Therefore, you can right click on a model to
Generate simulation tables to generate a model containing a stoichiometric matrix as well as default systems boundaries.

Reconstrucion Simulation Visualization Setting

— Project l/ Reaction Index [
Model databases B
= SEML_export_E. coli AF1260_outxmi| | R
¢ 3 _expart_E. coli i _outxm |0 |izProRIex
[ Gene Index 1 |12PPDStex
[y Reaction Index 2 |TAGLUCANEbC
[ _Exchange Reaction 3 [T4GLUCANex
[y _InnerCell Reaction 4 |Z3CAMPtex
- g |23CCMPtex
[y _Metabolite | B _[23CoMPtex
o [ WC_003197 abk-blastxl = S
|—j Gene Index Draft a reconstruction B
D Reaction Index Add rzn&met to the Ref. DB |
|__°*| _Inwalid Reaction Ind Generate simulation tables —
¢ [ Reference database Define environmental conditions |
[ Metabalite Index Export model (xmi) B
[y Reaction Indesx a
Download model (.xlIs) a
Filter reaction by a map =
1
Delete model b
M ENp] LN e =N I:!I'H-lnn_

After clicking on Generate simulation tables, three tables including InnerCell Reaction, Exchange Reaction and Metabolite are generated.
The prefix “_” used in these three tables for easily distinguishing from the tables required for reconstruction, e.g. Gene Index, Protein Index
(optional) and Reaction Index.
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o I MC_003197 ghk-hlastxls
[ ene Index
[} Reaction Index
[} _Exchange Reaction
[ _InnerCell Reaction
[y _Invalid Reaction Index

[ Lietabolite|

_InnerCell Reaction:

Reconstrucion Simulation VYisualization Setting

| Froject
7 [ Model databases

7 [ SEML_export_E. coli iAF1260_outxml

[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction
[ _Metabalite
o [ MZ_0031497 ghk-hlastxls
[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[ LInnerCell Reaction
[ _Invalid Reaction Index
[ _Metabalite
o [] Reference database
[ Metabolite Index
[} Reaction Index

(_Exchange Reaction r_lnnerCeII Reaction r_Metahul'rtE

L] »

Ahhreviation Aszsociation Equation LE Mame
0 |12PPCRtex STM2267 STMO3.. |1 2ppd-R[g] ====...|-1000.0 (F)-Propane-1,2-.
1 |12PPDStex STM2267 STMO3.. |1 2ppd-5[e] ==== __|-1000.0 (S-Propane-1,2-.
2 MAGLUCAMabcpp [STMAZ230+5TMA . [14alucan(p] + atp...|0 1, 4-alpha-D-gluc.
3 TaGLUCAMNex STha231 T4glucan[e] -=1..|0 1,4-alpha-D-aluc.
4 |23CAMPteY STMZ267 5TMO3.. [23cample] ==== . [-1000.0 23cAMP transpor.
f |23CCHMPtex STMZ267 STMO3.. [23ccmple] ==== __ [-1000.0 23cChP transpo..
B |23CGEMPtex STMZ267 5TMO3.. [23cample] ==== . [-1000.0 23cGMP transpo..
T |23CUmPtex STMZ267 5TMO3.. [23cumple] ==== . [-1000.0 23cMP transpo..
2 |Z23DAPPALex STMZ267 5TMO3.. [23dappale] ====__[-1000.0 2, 3-diaminoprapi.
9 |Z3FDEZpp STh4403 [P] : 23cump + hz..|0 2 3-oyelic-nucle...
10 |23PDE4pp STh4403 [p] : 23cocmp + bz, |0 2 3-oyelic-nucle...
11 |Z23PDETpR STh4403 [p] : 23camp + hZ..|0 2 3-oyelic-nucle...
12 |23PDESpp STh4403 [p] : 23cogmp + hiz..|0 20 3-oyelic-nucle...
13 |26D0AHtex STM1473 5TM22. |26dap-d[e] ====___-1000.0 meso-2,6-Diami..
14 |2AGPAT 20D SThiz009 2ddecyg3p[p]--= ... |0 2-Acyl-sn-glycern.
15 |2AGPAT40tDR SThz009 Mdecg3plp] --=2...|0 2-Aryl-sn-glycer.
16 |2AGPAT41tipp SThz009 Mdec¥egapp] --... (0 2-Aryl-sn-glycer.
17 | 2AGPATEDt DR SThz009 2hdecgapp]--= ... |0 2-Aryl-sn-glycer.
18 |2AGPATEIDD SThi30049 2hdec9eg3plp] --...[0 2-Anvl-sn-ghicero,
19 17AGPATANtiOG STMENNG Tnrderninlnl --= n F-Arvl-sn-rilvearn
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_Exchange Reaction:
Please note that the _Exchange Reaction table will be generated only when you have exchanging metabolites (i.e. extracellular
metabolites) in the reaction equations.

Reconstrucion Simulation Visualization Setting

[ Project | _Exchange Reaction <] | _InnerCell Reaction [x] | _Metabolite
Model datab :
7 Mo EEEIMTI_E aseﬂs E coliiAF1260 outsml : Abbreviation Eruation LE | |
7 [ SBML_exporl_E. coli| —HHHT A 0[BT 2ppd-RiE) [e]: 12ppd-R === 0 0=
[ Gene Index 1 |E¥_12ppd-S(e) [e]: 12ppo-5 === 0 0
|j| Reaction Index 2 |EX_T4alucanie) [e]: 14glucan ==== 1] 0
[} _Exchange Reaction 3 |EX_15dapie) [e]: 15dap ====> 0 0
) 4 |BX_23cample) [g] : 23camp ==== 1] ]
[ _InnerCell Reaction 5 |EX_23cernple) (6] 23cernp === 0 0
[} _etabolite 6 |EX_23cagmpie) (8] : 23cgmp ===* 0 0
o O WC_003187 ghk-hlastxs T |E¥_23cumpie) [B] : 23cump ==== 1] 1]
[ Gene Index 8 |EX_Z3dappale) [e] . 23dappa ==== 0 0
DI Reaction Index 9 |EX_ZEdap-hig) [g] : 26dap- ==== 1] 0
- 10 |EX_Zddalende) [g] : 2ddglen ==== 1] ]
[ LExchange Reaction 11 |EX_34dhpac(e) [e] : 34dhpac === 0 0
|__°“| _InnerCell Reaction 12 |E¥_3ampie) [e] : Zamp ==== ] a
|__°“| _Inwalid Reaction Index 13 |E¥_3cmple) [e] : 3cmp ==== 0 a0
DI _Metabolite 1; Ei—éﬁ"i‘“'ﬁe){ ) {E} : gﬁmp == g g
_3hcinnmie g] : 3hcinnm ====
7 [ Reference c.iatabaae 16 |EX_3hpppnie) [&] - 3hpppn === q i
[ Metabolite Index 17 |E%_3urnpie (€] 3ump ==== 0 0
B Feaction Index 18 |EX_dabut(e) [g] : 4abut ==== 1] 0

_Metabolite:
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Reconstrucion Simulation Visualization Setting

| Froject
9 [ Model datahases

7 [ SEML_export_E. coli iAF1260_autxml

[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[} _InnerCell Reaction
[ _Metabalite
o L] WC_003187 ghk-hlastys
[} Gene Index
[ Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction
[ _Invalid Reaction Index
[ Ewetabolite]
9 [ Reference database
[ Metabolite Index
[ Reaction Index

Because growth media for modeled organisms may be similar, an environmental condition can be easily set to a model by right clicking on
the model to Define environmental conditions.

(_Exchange Reaction r_lnnerCeII Reaction r_Metahul'rtE

mr

Here we use the in silico (computational) minimal media for the model iIAF1260 as an example (the text file can be downloaded in
http://sb.nhri.org.tw/GEMSiRV/en/Manual). In order to set the system boundaries to the default values, we right click on the model to

Generate simulation tables.

22

Abbreviation Formula Mame Compartment
0 |10fthf C2OHZTMTOT 10-Formyltetrahydrofolate cytoplasm
T [12dgr1 20 C2THA2045 1, 2-Diacyl-sn-glhycerol {didad... |eytoplasm
2 M2dgr1 20 C2THS205 1,2-Diacyl-sn-glycerol (didad... |periplasm
3 |12dgri40 CITHEDOS 1,2-Diacyl-zn-ghvceral (ditetr... |cvtoplasm
4 |12dgr1 40 CITHEOOS 1,2-Diacyl-sn-ghvceral (ditetr... |periplasm
f  |1Z2dgri 4 C3ITHAEDS 1,2-Diacyl-sn-ghvceral (ditetr... |cvtoplasm
B |12dgr1 41 CITHEB0S 1, 2-Diacyl-sn-glhycerol {ditetr... |periplasm
T 11 2dgr1e0 C3aHER05 1, 2-Diacyl-sn-glycerol (dihex.. |oyvtoplasm
g |12dgr1&0 C3aHER0S 1,2-Diacyl-sn-ghvceral (dihex.. [periplasm
9 |12dgr1 61 C3AHE405 1,2-Diacyl-sn-ghvceral (dihex.. [cvtoplasm
10 |12dar 61 C3AHEA05 1,2-Diacyl-sn-ghvceral (dihex... [periplasm
11 |12dgr180 CIAHTBOS 1, 2-Diacyl-sn-glycerol {diocta.. |oytoplasm
12 |12dgr180 CIAHTEOS 1, 2-Diacyl-sn-glycerol (diocta.. |periplasm
13 |12dar1at CIOHTZ205 1,2-Diacyl-sn-ghvceral (diocta..|cvtoplasm
14 |12dar1al CIAHTZ205 1,2-Diacyl-sn-ghvceral (diocta.. \periplasm
19 |1Zppd-R C3IHAO0Z (FI1-Fropane-1,2-diol cytoplasm
16 |12ppd-R C3IHa02 (Fi-Propane-1,2-dial etracellular
17 |12ppd-R CIHa02 (Fi-Propane-1,2-dial periplasm
18 |1Zppd-5 C3IHB02 (51-FPropane-1,2-diol cytoplasm
19 |1Zppd-5 C3IH302 (51-FPropane-1,2-diol extracellular



http://sb.nhri.org.tw/GEMSiRV/en/Manual

Reconstrucion Simulation Visualization Setting

| Project
7 ] Model databases
9 [ SEML_export_E. coli iAF1260_outx

e

[ Gene Index Draft a reconstruction
[ Reaction Index Add rxn&met to the Ref. DB
[ _Exchange Reaction Generate simulation tables
[ _InnerCell Reaction Define emvironmental conditions
D _Metabolite Export model {.xmil)
o O WC_003197 . ghk-hlastxls
Dowenload model {.x1s)
[ ene Index
EI Reaction Indey Fitter reaction by a map
[ _Exchange Reaction Delete model
L e - T

The new simulation tables are generated and replace the previous tables. We set a growth medium for modeling the model. We prepare a
text file containing the user-defined boundaries and objective, and then right click on the model to Define environmental conditions.

In silico minimal media for the model iIAF1260.
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=

H08) =6, ST A complete medium to simulate all extracellular

ﬁ. T 1||:I| T 2|I:I| T I 3||:I| T 4||:I| ] metabOIItes can enter/eXIt the Ce” freely
L [[REACTIONS]
s EX_::aZ [e)] :LE=-1000
2 EX elie) :LE=-1000 =
4 EX co2 {e] : LE=-1000 complete medium, THT
L EX:cDbaltZ (e)] :LE=-1000
& EX cu2(e]:LB=—1EIEIEI ﬁllllllll 1|I:I|||||||| 2|I:I|||||||| 3|I:I|
2 EX_fEE {e] :LE=—1000 1 I[ILLL EXCHAMGE RELCTIONS]
s EX fe3(e) :LE=-1000 2 LE=-1000
9 EX hZo(e) : LE=-1000 # UB=1000
10 EX hie) :LE=-1000 4 COhjective Coefficient=0
11 EX k(e) :LE=-1000 5
1z EX_mgz [e] :LE=-1000

EX mnZ (e) :LE=-1000
EX wobd{e) :LBE=-1000
EX nal(e):LE=-1000
EX nh4(e) :LE=-1000
EX piie):LE=-1000

EX =zo4(e) :LE=-1000
EX tungs(e) :LE=-1000
EX znZ (e) :LE=-1000
EX oZ{e):LE=-18.5
ATPM:LE=2.39,UB=9.39
BiDmass_Echi_cDre_N(WHGAHJ_NmEtE:Objective Coefficient=1
EX gle-D(e) :LE=-8
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Reconstrucion Simulation Visualization Setting

| Froject
7 [ Model datahases :
¢ [ SBML_export_E. coli iAF1 260_outxrm! :

B Gene Index Draft a reconstruction
[y Reaction Index Add rzn&met to the Ref. DB
[} _Exchange Reaction Generate simulation tables
D _InnerCell Reaction Define emdironmental conditions
Metabolite
D - Export model {.xmil)
o ] WMC_003187 ghk-blastyls
D Gene Index Download model {.x1s)
[y Reaction Index Filter reaction by a map
|j| _Exchange Reaction Delete model
[ lmnar™all Paactins [ |

The user-defined system boundaries and the objective are set in the reconstruction model accordingly.
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Reconstrucion Simulation Visualization Setting

| Froject

7 [ Model databases

o [ SEML_expart_E. coli iAF1260_outxml

[ Gene Index

[} Reaction Index
BLExchange Reaction
[ _InnerCell Reaction
[ _Metabalite

o [ WC_003197 ghk-hlastxs

[ Gene Index

[} Reaction Index

[ _Exchange Reaction
[ _InnerCell Reaction
[ _Invalid Reaction Index
[ _Metabalite

7 [ Reference database
[ Metabolite Index
[} Reaction Index

l/ _Exchange Reaction

L] »

Ahhreviation Equation LE LIE Chjective C
0 |Ex_zn2ie) [g]:2Zn2 ==== -1000 1000.0 I
1 Ex_tunogsie) [g] :tunngs ==== -1000 1000.0 I}
2 |E¥_sodied [g]: 504 ==== -1000 1000.0 I
3 |E¥_piie) [e] : pi ==== -1000 1000.0 I
4 |E¥_nhdie) [g] - nhd ==== -1000 1000.0 I
9 |E¥_nalie) [g] i nal ==== -1000 1000.0 1]
B |EX_mobdig) [e] - moaohd ==== -1000 1000.0 I
T |E¥_mn2ig) [g]:mn2 ==== -1000 1000.0 I
g |Ex_mg2ig) [B]:mg2 ==== -1000 1000.0 I
9 |E¥_kig) [g]: k==== -1000 1000.0 I
10 |E¥_hZofe) [g] - h2o ==== -1000 1000.0 I
11 |E¥_hie) [g] - b ==== -1000 1000.0 I
12 |EX_fed{e) [g] :fed ==== -1000 1000.0 1
13 |EX_fe2(e) [g] :fed ==== -1000 1000.0 I
14 |EX_cuZie) [B]:cu2 ==== -1000 1000.0 I
15 |E¥_cobalt2ig) [e] : cobaltz ==== |-1000 1000.0 I
16 |E¥_coZie) [g]:co2 ==== -1000 1000.0 I
17 |E¥_cle) [g]:cl ==== -1000 1000.0 I
18 |EX¥_caZie) [g] i caz ==== -1000 1000.0 1]
19 |EX_o2(e) [g]: 02 ==== -18.4 1000.0 I
20 |EX_gle-Die) [e]: ale-0 ==== -f 1000.0 I
21 |EX _vlu-Lie) [] : wilu-L ==== 1] 1000.0 I

Or you can simply right click on the reaction to update the lower bound (LB), upper bound (UB) or objective coefficient.
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rnhuut rREactiun Index r_ExchangE Reaction

] Abbreviation Equation LE LB Chjective C.. -
a8 |EX_butsodie) [e] : butsod ===+ 1] 9995999 I}
a4 |EX_caZie) [g]:ca2 ==== -H99999  |98595599 n
G0 |EX_chife) [e] : chi==== 1] QE55955 n
61 |E¥_chl1(e) [g]:chll ==== -.01 QE95995 n
G2 |EX_cd2ie) [g]:cd2 ==== 1] QE95995 n
A3 |EX_colie) [e] : coly ==== 1] 9995999 I} =
G4 |EX_chol(e) [e]: chal ==== 1] QEHH9Y n —
G5 |EX_cit{e) [e] : cit ==== 1] HEHHH5 n
GE |EX _clie gl ¢l ==== SA00000  |A858559 I

| Click Submit to modify this record, or Cancel

Abbreviation:| Ex_caZie) Equation:|[g] : ca2 ====
LB:-999333 Ohjective Coefficient:(0
UB:(999995
Subimit Cancel

T8 |EX_ovntled [e] : oynt ==== 1] 99595999 I}
79 |Ex_cws_Died [e] : cys-0n ==== 1] 499999 1
a0 |Ex_cws_Ligd [e] : oys-L ==== 1] 499999 N
81 |Ex_cytdie) [e] : oytd ==== 1] 499999 N
82 |E¥_dad_2(e) [e] : dad-2 ==== 1] 499999 N
a3 |EX_dampie) [e] . damp ==== 1] 9995999 I}
84 |E¥_dcaie) [e] :dcg ==== 1] 499999 N
25 |EX_dompied [g] : demp ==== 1 4094999 0
86 |Ex_doytied [e] : doyt ==== 1] 499999 N -
aT Fy deleala’ [al s ddlea 20— n aaaaan n -

You can freely export or save a metabolic model in SBML format or in spreadsheet format by right clicking on a model to Export model
(xml) or to Download model (.xIs). Such models generated by GEMSIRV are fully compatible to GEMSIRV for later importing and
simulation.
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In addiction to the metabolic models saved in SBML format, metabolic reconstructions can be stored in spreadsheet format. The
spreadsheet format can store the two-layer relation for gene-protein and protein-reaction associations in network reconstructions. We
provide available reconstruction models (GPR) in http://sb.nhri.org.tw/GEMSiRV/en/Metabolic_Models and demonstrate how we use

GEMSIRV to reconstruct metabolic networks with GPR relationships.

From reconstruction to model

-

Create Database

==

? Please choose a home directory:
DAGEMSIRY

Please create/open a project;
MyBioSysDB(GPR Mode)

Gene-protein-reaction associations are necessary.

Create

Cancel

| T i

Browse...

|

After clicking on Reconstruction in the menu bar, right click on the Model databases to Import spreadsheets (.xls) for importing the
reconstruction file of iAF1260_GPR.xls (download from http://sb.nhri.org.tw/GEMSIiRV/en/Metabolic_Models). This reconstruction

contains three indices: Gene, Protein and Reaction Index.
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http://sb.nhri.org.tw/GEMsME/en/Metabolic_Models
http://sb.nhri.org.tw/GEMsME/en/Metabolic_Models

-
|£| GEMSIRV
Reconstrucion Simulation Visualization Setting Help
MyBioSysDB(GPR Mode) | -|" About [] | Gene Index =] |* Protein Index [ | Reaction Index =] |
Model databases :
i |'hF12&D GPRA | : Abbreviation Confidence Equation i
=l =TS A o JAAR [d] ala-L ==== al..|alanine |
[} Gene Index 1 [ALATA_L [c] - akg +ala-L <. |L-alanin
|j| Protein Index : 2 |ASHNM [c]: asn-L + hZo - |L-aspar:
[ Reaction Index 3 |ASNMpp [p]:asn-L+h2o .. [L-aspar:
B 4 |ASNE1 [c]: asp-L + atp +...|asparag
Reference database
= ] 5 JASMNESZ [c]: asp-L + atp +...|asparag
[} Metabolite Index 6 [ASPT [cl:asp-L—=fu. |[L-aspart
[y Protein Index 7 |ASPTA [c]: akg +asp-L ... |aspartat
D Reaction Index 8 |DAAD [c]: ala-D +fad + ... |D-Amino
9 WPAMT [c]: 3mob + ala-L...\Valine-p
AN M2 MRIRY Il - ddkhalen + | Fodakiedr

Then right click on Reference database to Import database (.xIs) for importing the reference database file Ref BiGG_GPR.xls which is
provided in http://sb.nhri.org.tw/GEMSIiRV/en/Reference Databases.
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http://sb.nhri.org.tw/GEMsME/en/Reference_Databases

-
[éj GEMSIRV
Reconstrucion Simulation Visualization Setting Help
yBioSysDB(GPR Mode) | :|" About I | Gene Index x| | Protein index x] | Reaction Index [x] | Metabolite Index x| | Protein Index x| |"Reaction Index [x] |
Model databases :
= IAF1260 GPR ABBREVIATION EC_MNUMBER ECQIUATION KEGGID MAME NOTE
P 0 P XIS 0 [T0FTHFSGLUT 10fhfBglulc] —= 10M.. 5-glutamyl-10FTHF _.
[ Gene Index 1 [10FTHF5GLUtm 10fhfSglulm] —= 10f... 5-glutamyl-10FTHF ...
D Protein Index : 2 |T0OFTHFGEGLLII 10fthfdglulc] —= 10f... G-glutamyl-10FTHF ...
[y Reaction Index| - |__3__| 10F THFBGLUEM 10RhfBgIu[m] —= 10f. B-glutamyl-10F THF
: 4 |MOFTHF7GLLA 10fthfFglufc] —= 10ft... 7-glutamyl-10FTHF ...
Reference database
Ij' - | 5 |MOFTHF7GLUtmM 10fthf7 glu[m] —= 10f... T-glutamyl-10FTHF ...
[} Metabolite Index & [10FTHF 10fhfc] ==== 10fhT] 10-Formyltetrahydro._
EI Protein Index T |10FTHFtm 10fthf]c] ==== 10fthf]... 10-Farmyltetrahydra...
EI Reaction Index 8 |1MDOCRTSLtm 11docrtsi[c] ==== 1. 11-deoxycortisal intr...
9 |1MDOCRTSLYr 11docitsi[c] ====1... 11-deoxycortisol intr...
10 |T1DOCRTSTRMNImM 11docitstrnfc] ===+ .. 11-deoxycorticoster...
11 |T1DOCRETSTRMIr 11docrtstrnc] ==== . 11-deoxycorticoster...
42 AMZER A 2Nt R AFAAr12INMR] = 1724 A4 7 Aiarulaliecaral tr

A biomass for E. coli, Biomass_Ecoli_core_N (w/ GAM)-Nmet2, is available in the reference database, you can add the reaction to the
reconstruction by right clicking on the main window of Reaction Index to Insert. After submitting the abbreviation of reaction
“‘Biomass_Ecoli_core_N (w/ GAM)-Nmet2”, the related information including reaction name and equation will be conveyed to the
reconstruction from the reference database.
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£ | GEMSIRV

Reconstrucion Simulation Visualization Setting Help
MyBioSysDB(GPR Mode) | |(" About [x] | GeneIndex [x] | Protein Index [x] | Reaction Index Metabolite In¢
Model databases :
= AF1260 GPR.] Abbreviation Confidence Equation Mame
i | - Hs 0 |ALAR [c]: ala-L ====al...|alanine racemase
[} Gene Index 1 [ALATA_L [c]: akg + ala-L =... |L-alanine transa...
B Protein Index : 2 JASHMN [c]: asn-L+h2o-..|L-asparaginase
[} Reaction Index 3 |ASNMpp [p]:asn-L+hio ... L-aspargginase
[ Reference database A 4 JASME [c]: asp-L+atp +... asparag!ne synt...
] 5 JASMNEZ [c]: asp-L + atp +...|asparagine synt...
Dl Metabolite Index G |ASPT [c]: asp-L —-=fu... |L-aspartase
[} Protein Index 7 |ASPTA Search [c]: akg + asp-L ... |aspartate transa...
[} Reaction Index 8 |DAAD Update [c]: ala-D +fad + .. |D-Amino acid de..
9 |VPAMT [c] : 3mob + ala-L..[Valine-pyruvate a...
10 [2DGLCMRx Insert [c]: 2dhglen + h ... [2-dehydro-D-glu...
11 |2DGLCHNRYy Delete [c]: 2dhalen + h ... |2-dehydro-D-glu...
12 12DGULRxX [c]: 2dhguln + h ... |2-dehydro-L-gulo...
13 |2DGULRy Copy [c]: 2dhguln + h ... |2-dehydro-L-gulo...
14 |3HCIMMMH paste [c]: 3hcinnm + h ... |3-hydroxycinnam...
15 |3HPPPMH l [c]: 3hpppn + h +_ |3-(3-hydroxy-phe...
A el el | Fa¥ o Tl ol . - S lemd= ) I
F T — '1
Insert - | — - E
s T T W
5 Click Submit to insert this record, or Cancel
Abbreviation:e_M (w/ GAM}-Nmet2 Confidence:
Note: Other:;
Protein: Subsystem:
Submit Cancel
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-
|£| GEMSIRY
Reconstrucion Simulation Visuwalization Setting Help
MyBioSysDB(GPR Mode) | *" About [l | Gene Index [z | Protein Index [x] | Reaction Index [x] | Metabolite Index [x] | Protein Index [z | Reaction Index
Model databases :
= AF1260 GPRx Abbreviation Confidence Equation Mame Mote Other Protein
¢ i - HS 0 |ALAR [c]: ala-L ====al...|alanine racemase Alrec, Dadix
[ Gene Index A1 JALATA_L [c]: akg + ala-L =... [L-alanine transa...
|j| Protein Index §§ 2 |ASMN [c]:asn-L + hZo-...|L-asparaginase Ansh, Yoik
[ Reaction Index 3 |ASNMpp [p]:asn-L +h2o .. |L-asparaginase AnsB
5 4  |ASMNES1 [c]: asp-L + atp +...|asparagine synt... AsnB
Feference database |:
= ] 5 JASMSZ [c]: asp-L + atp +...|asparagine synt... Asnd
[} Wetabolite Index & |Biomass_Ecoli_. [c]- (1.496) 3pg +._ | core E. coli biom...
D Protein Index 7 |ASPT [c]:asp-L —=Tfu.. |L-aspartase ASpA
D Reaction Index g |ASPTA [c]: akg + asp-L ... |aspartate transa... AspC
9 |DAAD [c]: ala-D +fad + ...|D-Amino acid de... DadA
10 |WPAMT [c]: 3mob + ala-L...|Valine-pyruvate a.. Auth

Or you can search Biomass in the Reaction Index of Reference database:
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-
|£| GEMSIRV
Reconstrucion Simulation Viswalization 3Setting Help
MyBioSysDB(GPR Mode) ( About [ |’G.ene Index [= |’Protein Index [= |’Reaction Index [= rHetabolite Index [=] |’Protein Index [z |’Reaction Index [=] |_
Model datab :
[ Mo 'EF 13530 aést.{ | ABBREVIATION EC_MUMBER EQUATION KEGGID MAME MOTE
iy —=PRXE 1 1221 [Biomass_Ecoli_gas [c]: (1.496) 3pg + (3. core E. coli biomas...
[} Gene Index :[ 1222 |piomass_SA_2a| Search [c]: (0.42) 12dgr_E.. SA biomass 2 witho...
B Protein Index §§ 1223 |biomass_SA_2b Update [c]: (0.42) 12dar_E... SA biomass 2 witho...
[ Reaction Index ¢| 1224 |biomass_SA_3a [c]:(0.42)12dar_E... 3A biomass 3 witho...
2| 9225 |biomass_sSaA_3n| Insert [c]:(0.42)12dar_E SA biomass 3 witho
Feference database = = S e —
= ] : 1226 |biomass_SA_43| pelete [c]: (0.42)12dgr_5.. SA biomass 4 witho...
[ Metabolite Index | 5557 hiomass_5A_5a [c]: (0.42) 12dgr_S... SA biomass 5 witho...
[} Protein Index -|1228 |biomass_SA_6a Copy [c]: (0.42) 12dgr_5... SA biomass 6 witho...
|__‘*| Reaction Index §§ 1229 |biomass_SA_6D paste [c]: (0.42) 12dgr_5.. SA biomass 6 witho...
§§ 1230 |biomass_SA_Ta [c]: (0.071) 10fthf + (.. SA biomass 7 witho...
i 1231 |biomass_SA_Th [c]: (0.07) 10fthf + (.. SA biomass 7 witho...
1232 |biomass_SA_8a [c]: (0.01) 10fthf + (.. SA biomass 8 withao...
1233 |biomass_SA_lipids... [c]:(0.42)12dar_E... SA biomass 2 lipid...

then, directly copy and paste to the Reaction Index of iIAF1260_GPR.xIs
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£ | GEMSIRV

Likewise, you can add a new reaction into the reference.

34

Reconstrucion Simulation Visuwalization Setting Help
MyBioSysDB(GPR Mode) | *" About [ | Gene Index [ | Protein Index [x] | Reaction Index [x] | Metabolite Index [x] | Protein Index [ | Reaction Index
= Mngel databases : Abbreviation Confidence Equation Mame Mote Other Protein
¢ [ IAF1260_GPRxis 0 |ALAR [c]: ala-L ====al...|alanine racemase Alrec, Dadx
[} Gene Index 1 |ALATA_L [c]: akg + ala-L =...[L-alanine transa...
|j| Frotein Index [5f 2 |ASNN [c]: asn-L + hZo-...|L-asparaginase AnsA, Yhik
El Reaction Index i igmgp {p]] : asn-ll: + htEU L-aspargginase; insg
5 c]: asp-L + atp +...|asparagine synt... sn
[ Reference qgtabase 5 JASMNSZ [c]: asp-L + atp +...|asparagine synt... AsnA
[} etabolite Index 5 |ASPT [0l asp-L—=fu.. |L-aspartase ASDA
[ Protein Index 7 |ASPTA Search [c]: akg+asp-L ... [aspartate transa... AspC
D Reaction Index g |DAAD Update [c]: ala-D +fad + ... |D-Amino acid de... DadA
9 |VPAMT [c]: 3mob + ala-L...|Valine-pyruvate a.. Auth
10 |2DGLCMNRy | Insert [c]: 2dhglcn + h . |2-dehydro-D-glu... YiaE
11 |2DGLCNRY | pelete [c]: 2dhglcn + h ... |2-dehydro-D-glu... Yiak
12 |ZDGULRxX [c]: 2dhguln + h ... |2-dehydro-L-gulo... iaE
13 |2DGULRy Copy [c]: 2dhguin + h ... |2-dehydro-L-gulo... YiakE
14 |ZHCIMMNWMH | paste [c]: 3hcinnm + h . |3-hydroxycinnam. .. MhpA
15 |3HPPPMH [c]: 3hpppn + h +. | 3-(3-hydroxy-phe. .. MhpA
16 |3KGK [c]: 3dhguln + at... |3-keto-L-gulonat... Lok




|| GEMSIRY
Reconstrucion Simulation Visuwalization Setting Help
MyBioSysDB(GPR Mode) | : ( About rGene Index r Protein Index |/ Reaction Index r Metabolite Index |/ Protein Index |/ Reaction Index |_
Model datab :
[ ho 'iF1EEEaEI ESESR s |G ABBREVIATION EC_MUMBER EQUATION KEGGID MAME NOTE
? 30 —oPRHNS 1 4224 [Biomass_Ecoli_cor.. [c]- (1.496) 3pg + (3... core E. coli biomas.._
[} Gene Index :| 1222 |piomass_SA_2a [c] (0.42) 12dgr_E.. SA biomass 2 witho__
|__’*| Protein Index §§ 1223 |biomass_SA_2b| Search [c]:(0.42)12dgr_E... SA biomass 2 witho. .
EI Reaction Index 1224 |biomass_SA_3a Update [c]: (0.42)12dgr_E... 34 biomass 3 witho...
I 1225 |biomass_SA_3b [c]:(0.42)12dar_E.. SA biomass 3 witho. .
Reference database |:
= ) 2| 1226 |biomass_3SA_4a Insert [c]: (0.42)12dagr_5.. SA biomass 4 witho...
[ Metabolte Index | 14557 Tiomass_SA 53] pejete []: (0.42) 12dgr_S.. SA biomass 5 witha...
[} Protein Index 1228 |biomass_SA_6a [c]: (0.42) 12dgr_S... SA biomass 6 witho...
[} Reaction Index 21229 |biomass_SA_BD Copy [c]: (0.42) 12dgr_5... SA biomass 6 witho...
§§ 1230 |biomass_SA_Ta paste [c]: (0.071) 10fthf + (.. SA biomass 7 witho...
§§ 1231 |biomass_SA_TD , [c]: (0.071) 10fthf + (... SA biomass 7 witho...
#)|.1232 |biomass_S5A_8a | [c]: (0.01) 10fhf+ (... 3A biomass 8 witho...

The reaction of Ec_biomass_iAF1260_core_59p81M can be added into the reference database.

Abbreviation: Ec_biomass_iAF1260_core_59p81M

Equation:

(0.000223) 10fthf[c] + (0.000223) 20hph[c] + (0.5137) ala-L[c] + (0.000223) amet[c] + (0.2958) arg-L[c] + (0.2411) asn-L[c] + (0.2411)
asp-L[c] + (59.984) atp|c] + (0.004737) ca2[c] + (0.004737) cl[c] + (0.000576) coalc] + (0.003158) cobalt2[c] + (0.1335) ctp[c] + (0.003158)
cu2[c] + (0.09158) cys-L|[c] + (0.02617) datp|[c] + (0.02702) dctp[c] + (0.02702) dgtp|c] + (0.02617) dttp[c] + (0.000223) fad[c] + (0.007106)
fe2[c] + (0.007106) fe3[c] + (0.2632) gIn-L[c] + (0.2632) glu-L[c] + (0.6126) gly[c] + (0.2151) gtp[c] + (54.462) h2o[c] + (0.09474) his-L[c] +
(0.2905) ile-L[c] + (0.1776) K[c] + (0.01945) kdo2lipid4[e] + (0.4505) leu-L|[c] + (0.3432) lys-L[c] + (0.1537) met-L[c] + (0.007895) mg2|c] +
(0.000223) mithf[c] + (0.003158) mn2[c] + (0.003158) mobd|c] + (0.01389) murein5px4p[p] + (0.001831) nad[c] + (0.000447) nadp[c] +
(0.011843) nh4[c] + (0.04148) pel60[p] + (0.02233) pel60[c] + (0.02632) pelbl|[c] + (0.04889) pel6l[p] + (0.1759) phe-L[c] + (0.000223)
pheme[c] + (0.2211) pro-L[c] + (0.000223) pydx5p[c] + (0.000223) ribflv[c] + (0.2158) ser-L[c] + (0.000223) sheme|c] + (0.003948) so4|c] +
(0.000223) thf[c] + (0.000223) thmpp]c] + (0.2537) thr-L[c] + (0.05684) trp-L[c] + (0.1379) tyr-L[c] + (0.000055) udcpdplc] + (0.1441) utp|c]
+ (0.4232) wval-L[c] + (0.003158) zn2[c] --> (59.81) adp[c] + (59.81) h[c] + (59.806) pilc] + (0.7739) ppi[c]
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r N
Insert - . [

- - - —— -

? Click Submit to insert this record, or Cancel
ABBREVIATION:=1260_core_59p&1M EC_NUMBER:
EQUATION pilc] + (0.7739) ppilc] KEGGID:
NAME: NOTE:
VALIDATION

Submit Cancel
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= MGd.EI dalabzses : ABBREVIATION EC_MUMBER EQUATION KEGGID MAME NOTE
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[} Gene Index £ 1222 |Ec_biomass_iAF12... (0.000223) 10fhfq ... M
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: iomass_SA_3a cl (0. ar_E... iomass 3 witho...
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Right click on a reconstruction to Generate simulation tables can convert the reconstruction to a model. Then you can set the system
boundaries for simulation.
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Draft reconstruction and network refinement

As described previously, we can draft a reconstruction for a genetically related species (e.g. Salmonella) with the existing E. coli model in
GEMSIRV. Therefore, we import the file NC_003197.gbk-blast.xls and draft a reconstruction with reference to iIAF1260_GPR.

<] GEMSIRV

Reconstrucion Simulation Visualiz

1 MyBioSysDB(GPR Mode) [
¢ [CJ Model databases 3
o [ iAF1260_GPRxls
[ Gene Index
[y Protein Index
[ Reaction Index
[y _Exchange Reaction
[ _InnerCell Reaction
[ _Metabaolite :
9 [ MC_003197 gbk-blastxls
[} Gene Index :
[ Protein Index
B
7 [[] Reference database
[ Metabolite Index
[y Protein Index
[ Reaction Index
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9 [C] Model databases
¢ [JiAF1260_GPRxls
[y Gene Index
[y Protein Index
[} Reaction Index

[y _Metabolite

[y _Exchange Reaction |:
[ _InnerCell Reaction | {9557 [biomass_SA _4a

|[ About [ | Metabolite In

ABBREVIATION
1221 |Biomass_Ecoli_cor.
1222 |Ec_biomass_iAF12.
1223 |biomass_SA_2a
1224 |biomass_SA_2Dh
1225 |biomass_SA_3a
1226 |biomass_SA_3b

1228 |biomass_SA_5a

AT B e [

% [ NC_003197.gbk-
[y Gene Index

[} Protein Index

[y Reaction Index

¢ [ Reference database

[ Metabolite Index

Draft a reconstruction i
Add rxn&met to the Ref. DB
Generate simulation tables r
Define environmental conditions

Export model {.xml) -

D Protein Index Download model {.xls) A

[y Reaction Index _ _ 5
Filter reaction by a map o

Delete model

Then we can refine the draft reconstruction by adding metabolic reactions with gene-protein-reaction associations, some existing reactions
in the reference database can be conveyed to the reconstruction. For example, Salmonella is reported to be able to synthesize cobalamin
due to its metabolic genes (operon) STM2016-STM2035. Therefore, we can manually add those associated reactions and proteins to the
draft reconstruction.
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After clicking into the Protein Index of NC_003197.gbk-blast.xls, right click on the main window of protein index to insert the protein
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Locus STM2024
Gene chil
Protein CbiL
Reaction CPC2MT

Reaction CPC2MT
Name  precorrin-2 C20-methyltransferase

Equation [c] : amet + copre2 --> ahcys + copre3 + h



abbreviation CbiL, the associated gene STM2024 and a note Added to synthesize cobalamin.
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[ Gene Index
[y Protein Index
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[} _Exchange Reaction
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[y Gene Index
[ Protein Index
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¢ [ Reference database
[} Metabolite Index
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|[ About [x] |* Metabolite Index x| | Protein Index [ | Reaction Index [ | Reaction Index [ |*Gene Index [ | Protein Index x| |

¢ [ NC_003197.gbk-blastxls

[y _Invalid Reaction Inde
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Abbreviation Gene MName Mote Other
0 |Aas STM3010 acyl-ACp synthase Diraft from iAF1260_GP... ALC
1 |JAcc STMOZ232+5TM2366+5... |AcetylCoA carboxylase  |Diraft from iAF1260_GP... ACC
2 |AceA STM4184 isocitrate lyase Draft from iAF1260_GP... ICL
3 |AceB STM4183 malate synthase A Draft from iAF1260_GP... MAL
4  |AceEec STMO152 Pyruvate Dehdrogenas... |Draft from iAF1260_GP... POF
5 |JAceFec STMO153 Pyruvate dehydrogenas...|Draft from iAF1260_GP... PDOF
6 |ACkA STM2337 Acetate Kinase Draft from iAF1260_GP... ACK
T |Acns STMA712 aconitase A Diraft from iAF1260_GP... ACC
g |AcnB STMO158 aconitase B Diraft from iAF1260_GP... MICI
9 |AcpH STMO403 ACP phosphodiesterase |Draft from iAF12680_GP... FATI
10 |AcpP STM1196 acyl carrier protein (ACP) |Draft from iAF1260_GP... AAC
11 Acps STMZ2577 Huolo-acp synthase Diraft from iAF1260_GP... ACP
12 |AcpT STM35383 holo-(acyl carrier protei... |Draft from iAF1260_GP... ACP
13 |AcrEF Search STM3I390+5TM3391 multidrug transpaort prot... |Draft from iAF1260_GP.. MO
14 JAcs Update STM4275 acetyl-CoA synthetase  |Draft from iAF1260_GP... ACS
15 |ActP STM4273 Acetate Permease (Ma... [Draft from iAF1260_GP... ALt
16 |Add Insert STM1463 adenosine deaminase |Draft from iAF1260_GP... ADA
17  |AdhE Delete STM1749 Acetaldehyde-CoA dehy.. |Draft from iAF1260_GP.. ACA
18 |AdhP Ty STM1567Y alcohol dehydrogenase  |Draft from iAF1260_GP... ALC
19 |AdiA STM4296 arginine decarboxylase |Draft from iAF1260_GP... ARG
20 |AdiC paste STM4294 Argininefagmatine anti... |Draft from iAF1260_GP... ARG
21 |Adk STMO4338 Adenylate kinase Draft from iAF1260_GP... ADK



Update : > -—;—-—-—- B

o

L »

o

] Click Submit to modify this record, or Cancel

Abbreviation: ChilL

Notel:ynthesize cobalamin

Submit

Cancel

Gene:lSTM2024

Other;

The gene-protein association will be automatically brought into the Gene Index table.
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[ Gene Index
[} Protein Index
[ Reaction Index
[y _Exchange Reaction
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[ Gene Index]

[y Protein Index
[ Reaction Index

|| About [] | Metabolite Index [] | Protein Index [x] | ReactionIndex [x] | Reaction Index [z | Gene Index

Protein Index [:

o [ MNC_003197 gbk-blastxls

[ _invalid Reaction Inde{ -

S'Coordinate EC Mumber Gene Locus Tag Mate Cther Brotein
19465 2104417 211130 chil STM2024 Chil o
1947 |2105208 - chikl STM2025 J
1848 |2106002 1.3.1.54 chiJ STM2026 C
1849 |2106724 211131 chiH STM2027 p
1950 |2107779 - chiG STM2028 C
1851 |2108533 211133 chiF STM2029 ]
1852 |2109095 - chiT STM2030 C
1853 |2109690 211132 chiE STM2031 C
1954 |2110823 - chiD STM2032 C
1855 |2111455 5412 chiC STM2033 p
1856 |2112425 - cobD STMZ2034 C
1857 |2113801 - ChiA STM2035 C
1858 |2115310 - pock STM2036 tr
1859 |2116321 - pduF STM2037 p
A0En 1445048 o CTRATIMATDO "

After clicking into the Reaction Index of NC_003197.gbk-blast.xls, right click on the main window of reaction index to insert the reaction
abbreviation CPC2MT, the associated protein CbiL, a note Added to synthesize cobalamin and the confidence score 3 for genetic
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evidence.
- — = — -
Insert - - g

] Click Submit to insert this record, or Cancel

AbbreviationCPC2MT Confidence: 3
Notel;ynthesize cobalamin Other:
Protein: ChilL Subsystem:

Submit Cancel

b

The reaction information including name and equation will be automatically brought into the Reaction Index table.
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[} Reaction Index
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[ Gene Index
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Likewise, the protein-reaction association will be automatically brought into the Reaction Index table.
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Abbreviation Caonfidence Equation Mame Mote Other Protein

0 |12PPDRtex 12ppd-R[e] ====__ |(R}-Propane-1,2-_.|Draft from iAF12... OmpC, PhoE, Q...
1 |M12PPD5tex 12ppd-5[g] ==== _|(S}-Propane-1,2-.. |Draft from iAF12... Omph, PhokE, O...
2 |M4GLUCAMabopp 14glucan[p] + atp...|1 4-alpha-D-gluc... |Draft from iAF12... MalG+MalE+Mal...
3 4GLUCAMtex 14glucan[e] —= 1... |1 4-alpha-D-gluc... |Draft from iAF12... LamB

4  |23CAMPtex 23cample] ==== _.|23cAMP transpor...|Draft from iAF12... OmpC, PhoE, O...
5 J23CCMPtex 23ccmple] ==== .. |23cCMP transpo... |Draft from iAF12... OmpC, OmpH, P...
6 |23CGMPtex 23cgmple] ==== . |23cGMP transpo... |Draft from iAF12... PhokE, OmpC, O...
T |23CUMPtex 23cumple] ==== _ |23cUMP transpo... |Draft from iAF12... Cmph, PhoE, Q...
8 |23DAPPAtex 23dappale] ====_.|2 3-diaminopropi...|Draft from iAF12... OmpC, PhoE, Q...
9 |Z23PDEZpp [pl: 23cump + hZ2..|Z 3-cyclic-nucle... |Draft from iAF12.. CpdB

10 |23PDE4pp [p]: 23ccmp + 2. |2 3-cyclic-nucle... |Draft from iAF12.. CpdB

11 |23PDEYpp [pl: 23camp + h2...|2' 3-cyclic-nucle... |Draft from iaF12... CpdB

12 |23FPDE%pp [pl: 23cgmp + h2..|Z 3-cyclic-nucle... |Draft from iAF12.. CpdB

13 |26DAHtex 26dap-M[e] ====_.|meso-2 6-0iami... |Draft from iAF12... OmpC, Omph, P...
14 12ACPA1 200N ddecg3plp] —= ... |2-Acyl-sn-glycero...|Draft from iAF12... LplT

15 ||CPC2MT [c] . amet + copre... |precorrin-2 C20-... |Added to synthes... Chil

16 T=AePAE Ty 2tdecg3plp] —= 2. |2-Acyl-sn-glycero... |Draft from iAF12... LplT

17 |ZAGPA141tipp Ztdeciegl3plpl —... |2-Acyl-sn-glycero... |Draft from iAF12.. LplT

18 |ZAGPATGOtipp Zhdecg3plp] —= ... |2-Acyl-sn-glycero... |Draft from iAF12.. LplT

19 |2ZAGPA1G1tipp 2hdecBeqg3pp] —...|2-4Acyl-sn-glycero... |Draft from IAF12... LplT

20 |2AGPA1EMIpp 2odecgdplp]l —= ... |2-Acyl-sn-glycero... |Draft from iAF12... LplT

21 |2AGPA181tipp Z2odect1eg3plpl ... [2-Acyl-sn-glycero... [Draft from iAF12... LplT
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Abbreviation Gene Mame Mote Feaction
0 |Aas STM3010 acyl-ACp synthase Draft from iAF1260_GP... |AACPS1 AACPS2 AACP...
1 JAcc STMO232+5TM2366+5... |AcetylCoA carboxylase  |Draft from iAF1260_GP... |ACCOAC
2 |AceA STM4184 isocitrate lyase Diraft from iAF1260_GP... [ICL
3 |AceB STM4183 malate synthase A Diraft from iAF1260_GP... [MALS
4  |AceEec STMO152 Pyruvate Dehdrogenas... |Draft from iAF1260_GP... |POH
5 |JAceFec STMOD153 Pyruvate dehydrogenas...|Draft from iAF1260_GP... |POH
G |AckA STMZ2337 Acetate Kinase Diraft from iAF1260_GP... [ACKr
T |AcnA STMA712 aconitase A Diraft from iAF1260_GP... [ACONTa ACONTD
g8 |AcnB STMO158 aconitase B Draft from iAF1260_GP... |MICITD ACONTa ACOMN. ..
9 |AcpH STMO403 ACP phosphodiesterase |Draft from iAF1260_GP ... [FAT00ACPHI FA120AC. .
10 |AcpP STM1196 acyl carrier protein (ACP) |Draft from iAF1260_GP... |AACPS1 AACPS2 AACP..
11 |Acps STMZ2577 Holo-acp synthase Draft from iAF1260_GP.__ACES1
12 |ChbiL STM2024 precaorrin-2 C20-methylt...|Added to synthesize co | [CPC2ZMT
13 |AcpT STM3583 haolo-(acyl carrier protei... |Draft from iAF1260_GP. . TRCE ST
14 |AcreF STM3390+3TM3391 multidrug transport prot... |Draft from iAF1260_GP... |INDOLEtZpp
15 |Acs STM4275 acetyl-CoA synthetase Diraft from iAF1260_GP... |ACS
16 |ACtP STM4273 Acetate Permease (Ma... |Draft from iAF1260_GP... |ACtdpp GLYCLTtdpp
17 |Add STMA463 adenosine deaminase |Draft from iAF1260_GP... [ADA DADA
18 |AdhE STM1749 Acetaldehyde-CoA dehy...|Draft from iAF1260_GP... [ACALD ALCDZx
19 |AdhP STM1567 alcohol dehydrogenase  |Draft from IAF1260_GP... |ALCD2x




Simulation

Before simulation, make sure you have set the path of linear programming solver.

To download GNU Linear Programming Kit (GLPK).
http://sourceforge.net/projects/winglpk/ (for windows) or
http://www.gnu.org/software/glpk/ (for Linux/Mac).

After extracting the file you downloaded (e.g. winglpk-4.45.zip), please add the path of glpsol.exe to your Environment variables.

Open the Control Panel -> Click System -> Click Advanced system setting -> Open Environment variables -> Edit Path -> Add variable
value ";the path where glpsol.exe locate" (e.g. ;D:\winglpk-4.45\w64)

Click on Simulation in the menu bar to choose which analysis you want to perform.

Simulation | Visualization Setting

Dead-end Metabolite Identification

Objective Optimization

LE Flux Yariahility Analysis L

Rohustness Analysis B

Essentiality Analysis
Gene Deletion Analysis o

&

As a case study for demonstration of simulation, we import the E.coli textbook model which was exported from the BiGG into GEMSIRV
and use a customized map E.coli_core.cartomap for visualization. You can find and download the model and the map from
http://sb.nhri.org.tw/GEMSIiRV/en/Metabolic_Models and http://sb.nhri.org.tw/GEMSIiRV/en/Metabolic_Maps, respectively.

Dead-end metabolite identification

A network reconstruction is converted into a mathematical model including a stoichiometric matrix which describes the connectivity feature
of the network and defined systems boundaries before simulation. GEMSIRV can examine the connectivity of all metabolites in a network
for dead-end metabolite identification and tag such metabolic dead ends with crosses in the map.
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You can select a model and a map (if you have) to perform the examination of network connectivity for dead-end metabolite identification.

Reconstrucion | Simulation | Visualization Setting

[ Froject Dead-end Metabolite ldentific ation
7 [ Model dat opioctive Optimization
o[ SEML o )
DI G Flux Variahility Analysis
D =K Robhustness Analysis
D _E Essentiality Analysis
|j| _In Gene Deletion Anahysis

=

x]

Please select a model from the Model databases:

SBML _export_E.coli texthook_out.xml -

Please select a map in the Maps if you have amys

E.coli_core.cartomap -

Execute Simulation Close

A dead-end metabolite list is generated and those metabolites are tagged with crosses in the map.

A list for dead-end metabolites:
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Reconstrucion Simulation Visualization Setting
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9 [ Madel databases

¢ C7EBML_export_E.coli -

[y Gene Index
[y Reaction Index
[ _Exchange Rea

% lamarrall Daaed

|( E.coli_core.cartomap rDead-End list

he dead-end metabolites are lizted healow:
s|frule]

|furnie]

Jain-Lie]

mal-Liel

A visualization map with dead-end metabolites:
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[} Reaction Index
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[ _Innercell Reac] :
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[ Metabolite Index

[ Reaction Index

¢ [ Maps

[y E.coli_core.cartomal
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Objective optimization

With a set linear programming solver (e.g. glpk), GEMSIRV can be used to simulate the imported metabolic network model. Please refer to
http://sb.nhri.org.tw/GEMSIiRV/en/Installation for setting up GEMSIRV. Given proper constraints and objective function, the flux results of
all reactions in the model will be estimated.

You can select a model and a map (if you have) for objective optimization. The flux results can be visualized in the map.

Reconstrucion | Simulation

Visualization Setting

[ Project Dead-end Metabolite Identification

7 [ Model dat Objective Optimization

SEML
= D e Flux Variability Analysis

[ Re Robustness Analysis
|__““| _{ Essentiality Analysis
|j| _Ii Gene Deletion Analysis
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http://sb.nhri.org.tw/GEMsME/en/Installation

£

Please select a model from the Model databases:

SBML _export_E.coli texthook_out_xmil

Please select a map in the Maps if you have amy:

E.coli_core.cartomap

To = mazimize or ) minimize

the ohjective reaction: |Bipmass_Ecoli_core_N{w/GAM)_Nmet2

[ ] Output nonzero fluxes only

Execute Simulation

Close

x]

A visualization map with reaction fluxes:
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Flux result:
(E.culi_cure.cartnmap rFqu result L

|GLMake 0.0

fELUDy -4.54186
LU 0.0
|GLUSy 0.0
fGLutzy 0.0
|GHD 495998
fHz0t -28.1758
[ICDHyr 6.00725
([ 0.0
|LOH_D 0.0
maLs 0.0
MaLtz_2 0.0

To check the checkbox for outputting nonzero fluxes only.
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Please select a model from the Model databases:

SBML _export_E.coli texthook_out.xmil

Please select a map in the Maps if you have amy:

E.coli_core.cartomap

To = mazimize or ) minimize

the ohjective reaction: |Bipmass_Ecoli_core_N{w/GAM)_Nmet2

Output nonzero fluxes onky

Execute Simulation

Close
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Scroll up on the map to zoom out:
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Flux variability analysis

Flux variability analysis can be used to study the redundancy of reactions in a network. GEMSIRV can determine the minimum and
maximum flux values for each reaction in the model and thus identify the blocked reactions which carry zero fluxes for the both conditions

and tag them with crosses in a map as well.

You can select a model and a map (if you have) for flux variability analysis. The min and max fluxes of reaction are plotted in the map and
the blocked reaction are tagged with crosses.

Reconstrucion

Simulation | Visualization Setting

[ | Project Dead-end Metabolite ldentification

7 Model dat Objective Optimization

SEML
v D G Flux Wariahility Anahrsis

[ Re Robusthess Analysis
D _[ Essentiality Analysis
[} _I Gene Deletion Analysis
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Please select a model from the Model databases:

SBML _export_E.coli texthook_out.x:ml -
Please select a map in the Maps if you have amy:
E.coli_core.cartomap -
To plot the result in the map

To identifiy the hlocked reactions

You can define the MinMazx flux cutoff on map.

Min: Ij Maz: I:

Please asign a reaction list file, if you won't run PYA for all reactions

Browse...

Execute Simulation Close

X
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r E.coli_core.cartomap r Blocked reaction list r Flux variability result
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A list for the blocked reactions:

lization Setting

rE.[:uIi_[:ure.cartumap r Blocked reaction list

he blocked reactions are listed below:
Ex_fruie)
Ex_fumie)
Ex_aln_Lie)
Ex_mal_Li{g)
FRUpts2
FLIMtZ_2
GLMahe
MALLZ 2

Flux variability result:
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( E.coli_core.cartomap r Blocked reaction list |T Fluz variability result

| save
FReaction Min (NE=Y
CALD -20.0 -1.169719408E-249
CALDE -20.0 0.0
ey -20.0 -TAETH0248E-249
COMTa 1.243854342E-28 20.0
COMTh 1.242966364E-248 20.0
C2r -20.0 0.0
Dk n.o 166.61
KIGOH n.o 200
ey -10.0 0.0
LDy -20.0 -1.169718408E-249
TF M a.39 a.39
TRSdr -31.61 14500
Biomass_Ecoli_core_ManGARMY_Mmet2 nao 0873921507
CO2e -A0.0 1110424242
S 1.241908217E-24 20.0
CHTED 0.0 120.0
Mmoo am+7 N nn

Robustness analysis

Robustness analysis can be used to study the effect of changing a reaction flux on the other reaction flux, especially on the objective of
interest (e.g. growth rate). Therefore, you can select the reactions of interest in the model for robustness analysis.
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Reconstrucion | Simulation | Visualization Setting

[ | Project
7 [ Model dat

SEML
= D . Flux Variahility Analysis

Dead-end Metabolite Identification
Ohjective Optimization

D =K Robhustness Analysis
D _E Essentiality Analysis
[} _I Gene Deletion Analysis

—

To see how sensitive of the objective reaction (Biomass) is to the glucose uptake rate in the range of -20 to 0 mmol/gDW/h.
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&

Please select a model from the Model databases:

SBML _export_E.coli texthook_out_xmil -

To & maximize or ) minimize

the ohjective reaction: |Biomass_Ecoli_core_M{w/GAM)_NmetZ -

To see the robustness to reaction:

EX_glcie) v| in O MnandMaxor ® [20 | and [o |

and reaction {optional):

w | in @ Minand Maxor ' -1000 and I@

Humber of points spaced in the flux range EDE

Execute Simulation Close

Robustness analysis for growth rate maximization while changing glucose uptake rate (uptaking 0-20 mmol/gDW/h) with oxygen uptake
fixed at 17 mmol/gDW/h (set LB to -17)
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Fobusiness result r>_<|
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To see how sensitive of the objective reaction (Biomass) is to the oxygen uptake rate in the range of -25 to 0 mmol/gDW/h.
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Please select a model from the Model databases:

SBML _export_E.coli texthook_out_xmil -

To & maximize or ) minimize

the ohjective reaction: |Biomass_Ecoli_core_M{w/GAM)_NmetZ -

To see the robustness to reaction:

EX_o2(e) w| in () Minand Maxor ® |-25 | and D

and reaction {optional):

w | in @ Minand Maxor ' -1000 and I@

Humber of points spaced in the flux range EDE

Execute Simulation Close

Robustness analysis for growth rate maximization while changing oxygen uptake rate (uptaking 0-25 mmol/gDW/h) with glucose uptake
fixed at 10 mmol/gDW/h (set LB to -10).
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Eobusiness result

x]

0.86
o076
=
ZI
=
=IL
o
£ 060
=
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=
@ 045
ml
o
(13
=
[
2

0.30

0.26

S e o, 9; IR RERENCRC IR LR P
%J\&d\rﬁof%eﬁ-,} RSNl T B - B e
EX_oZ{e)
Save Close

To change two reactions simultaneously. GEMSIRV can plot the results as a phenotypic phase plane.
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£

Please select a model from the Model databases:

SBML _export_E.coli texthook_out_xmil -

To & maximize or ) minimize

the ohjective reaction: |Biomass_Ecoli_core_M{w/GAM)_NmetZ -

To see the robustness to reaction:

EX_02{e) - in 7 Minand Maxor @ @ and @

and reaction {optional):

EX_ulcie) v| in O MinandMaxor ® [20 | and [0 |

Humber of points spaced in the flux range EDE

Execute Simulation Close

The phenotypic phase plane for growth rate maximization while changing glucose and oxygen uptake rates in the range of -20 to 0 mmol/
gDW/h.
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Robusiness result |z|

Ex_oZie)

-5.00 -10.00 -15.00 2%%

Ex_glafe)

Essentiality analysis

To constrain a reaction in a zero flux can simulate the reaction deletion. Likewise, to constrain the reaction corresponding to a deleted
gene can simulate the gene deletion. GEMSIRV performs essentiality analysis for gene and reaction separately and determines the rate
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ratio (objective flux of deleted model to that of wild-type model) for every single-knockout condition.

You can select a metabolic model for essentiality analysis, the computational essential genes or reactions can be identified.

Reconstrucion | Simulation | Visualization Setting

Dead-end Metabolite ldentification

7 [ Madel dat Objective Optimization

SENL,
v D Ge Flux Wariahility Anahysis

| Project

[y Re Robustness Analysis
D _g Essentiality Analysis
D _ln Gene Deletion Analysis
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Please select a model from the Model databases:

SBML _export_E.coli texthook_out.x:ml

To & maximize or ) minimize

the objective reaction: |pinmass Fcoli_core NiwiGAM) Hmet2

To perform:

im0 Gene Essentiality &nahysis
i1 Reaction Essentiality Analysis

Essentiality is defined in cutoff value : n.m of the rate ratio.

Execute Simulation Close

X

Results of gene essentiality analysis:
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( E.coli_core.cartomap |’Esserrtial gene result

Computationally essential genes:

bo451
bOv20
b1136
b1774
b2415
b2416
b2774
b2926

k0 gene
bo114
ho115
bO116
ho474
bOv
hov2z
bOv23
hOv24
bOT26
bOT27
hOov2e
bOov2g
hOTET
bog0g
bog1o

Reaction Fate ratin

[F_FOH] 0.9116332748634368
[F_FPOH] 0.9116332748634368
[F_AKGDH, R_PLOH] 0.aaa21i
[F_ADK1] 1.0

[F_SLCDi 0.9317741936519247
[F_SLICD 0.9317741936519247
[F_SLICD 0.9317741936519247
[F_SLCDi 0.9317741936519247
[F_AkKGDH] 0.9821332935796487
[F_AKGDH] 0.98213329357964387
[F_SUCOAS]  0.9821332935796487
[F_SUCOAS] 0.9821332935796487
[F_FiGL] 0.9884335178628347
[F_GLMabc] 1.0

[F_GLMabe] 1.0

Results of reaction essentiality analysis:
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( E.coli_core.cartomap |’Essential reaction resukt

Computationally essential reactions:
ACOMTa

ACOMTh
Biomass_Ecoli_core_MiwiGA_Mmet2
(B35}

ERIO

EX_nlcie)

Ex_hie)

Ex_nhdie)

EX_pifed

GAPD

GLCpts

GLMS

[COHyr

MH4t

PGk

PG

Plt2r

RPI

kO reaction Fate ratio

ACALD 1.0

ACALDE 1.0

AR 1.0

AT 1.0

AR 1.0

AKGDH 0.9821332935796487

Gene deletion analysis

Gene deletion analysis is carried out by imposing a single-gene deletion or a set of gene deletions at a time, which simulates biological
knockout mutant or transcriptional regulatory constraints. GEMSIRV performs the gene deletion analysis to generate the flux result and a
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SBML model for the specified condition.

Reconstrucion | Simulation | Visualization Setting

Dead-end Metaholite ldentification
Ohjective Optimization

[ | Project
7 [ Model dat

SEML,
= D e Flux WYariability Anahsis

[ Re Robustness Analysis
|__““| _{ Essentiality Analysis
|j| _li Gene Deletion Analysis

—.

To delete a single gene:



Please select a model from the Model databhases:

X

SBML _export_E.coli texthook_out_xmil -

To & maximize or ' minimize

the objective reaction: |pinmass Fcoli_core_NiwiGAM) Hmet2 |
To perform:
im0 Single Gene Deletion: b -
i1 Gene Deletion: RGOS = Browse...
ho114 I=
hO115
[| To export the model ing . 4
h0118
h0351 :| Close
h0356
hi451 =

Or you can upload a list of genes for multiple-gene deletion.

To export the SBML file with single gene deletion by checking the checkbox.
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Please select a model from the Model databhases:

X

SBML _export_E.coli texthook_out_xmil -
To & maximize or ' minimize
the objective reaction: |pinmass Fcoli_core_NiwiGAM) Hmet2 |
To perform:
im0 Single Gene Deletion: bO0114 -
i1 Gene Deletion: Browse...
To export the model in SBML format
Execute Simulation Close

The flux result for the

single gene deletion model:
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l/ Gene Deletion Flux |’ Gene Deletion Model

| save

#Reaction Flux
ACALD 0.0
ACALDE 0.0
AT 0.0
ACOMNTa 4. 7AT26
A OMNTh 478726
ACE2r 0.0
ADE 0.0
ARGOH 389771
ARG 0.0

AL D2y 0.0

ATP I 8.39
AMTPSAr 436718
Biomass_Ecoli_core_RiwiGan)_Mmet2 0. 796696
Co2 -18.35
Ca 4. 7aT26
CYTED 42 8072
D_LACt2 0.0
EMOC 12 BH66
ETOHLZr 0.0
EX_acie) n.n
Ex_acaldig) 0.0
Ex_akoled 0.0
EX_colie) 1835
EX_etoh(e) 0.0

The gene-deletion model in SBML format:
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( Gene Deletion Flux r Gene Deletion Model

Save

=7l version="1.0" encoding="UTF-8"7=
=sbml xmins="http s shmlorgisbhmiflevel2" level="2" version="1" xmins:hirnl="http et w3, orgit 999 5html" =
=madel id="SBML_expaort_E.cali texthook_outxmlxml" name="5BML_export_E.coli testhook_autxmlxml" =
=listOflnitDefinitions =
=unitDefinition id="rmmoal_per_g0W_per_hr" =
=listOflnits =
=unit kind="male" scale="-3" mulliplier="1" offzet="0" /=
=unit kind="gram" exponent="-1" multiplier="1" offset="0" =
=unit kind="second" exponent="-1" multiplier="0.00027 777" offset="0" /=
=listofInits=
=funitDefinition=
=MistOUnitDefinitions=
=listOfCompartments =
=compartment id="C_e" name="extracellular i=
=compartment id="C_c" name="ovtoplasm” /=
=listOfCompartments=
=listOfSpecies =
=gpecies id="M_13dpa_c" name="3-Fhospho-D-glyceroyl phosphate” compartment="C_c" f=
=species id="M_Zpo_c" name="D-Glycerate Z-phosphate” compartment="C_c" f=
=species id="M_3pa_c" name="3-Phospho-D-glycerate” compartment="C_c" =
=gpecies id="M_{Gpgc_c" name="6-Phospho-D-gluconate” compartment="C_c" f=
=species id="mM_{pol_c" name="6-phospho-D-glucono-1,5-lactone” comparment="C_c" =
=species id="M_ac_e" name="Acetate" compartment="C_g" f=
=gpecies id="M_ac_c" name="Acetate" compartment="C_c" I=

T T e | L e e U e R | R [ B -

ME

Such a model can be further imported into GEMSIRV for the other network evaluations as described early.
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Visualization

Metabolic map creation

Click on Visualization in the menu bar to Create new map. You can create a metabolic map by clicking and moving network objects from
the toolbar onto the main network view window.

Reconstrucion Simulation | Visualization | Setting

— Project Create new map
¢ I Model databases |
¢ 7 SBML_export_E| -

[ Gene Index

DI Reaction In Load CellDesigner maps

Open map file {.cartomap)
Load KEGG maps [

The toolbar for creating/editing a map:

EERENNMNAE)E L

Add a map

Add a reaction
Add a metabolite
Add a label
Add a dotted line
Add an undirected line
Add a directed line
Add a bidirected line
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Delete the selected item(s)
Search
Pan: Yon can pan a map by dragging and dropping left-click button over an empty point.
Zoom: You can zoom out or zoom in a map by scrolling up or down, respectively.
Select: You can click on an object to select it or you can hold right-click button to drag the mouse to select groups of objects.
Move: You can move any selected object by dragging and dropping it.
Delete: After selecting objects, you can right click over the selected items or click the Delete button in the toolbar for deletion.

Merge: After selecting identical objects, you can right click over the selected items to merge.

KEGG map loading

Click on Visualization in the menu bar to Load KEGG maps by either Import KEGG map (.xml) or Retrieve KEGG map depending on
whether you have KGEE maps in hand.

Reconstrucion Simulation | Visualization | Setting

9 Project | i| | create new map
¢ [ Model databases |
¢ [ SBML_export_E| -

[ Gene Index | -

[ Reaction In Load CellDesigher maps Retrieve KEGG map

Open map file {.cartomap)

Load KEGG maps ¥ Import KEGG map (.xml)

If not, you can click on Setting in the menu bar to KEGG pathway Configure and set the link to where the KEGG pathway maps can be
retrieved, e.g. http://www.genome.jp/kegg-bin/download.
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http://www.genome.jp/kegg-bin/download

Reconstrucion Simulation Visualization | Setting

5 Project ' Configure
7 [ Model datahases Kegy Pathway Configure
9 [ SEML_expart_E.colited| : :
4 Flux Color Range Setting...

[ Gene Index

Then you can retrieve KEGG pathway by choosing from the KEGG Pathway List.

Confignlation r§|
L] Kegg Pathway List.
rn00010.=mil -
rn00010.=mil

rn00020.mil
nnmEn vl

The KEGG pathway map of rn00010:
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Reconstrucion Simulation VYisualization Setting

| Project

A" rnD00A0.x2mI [ |
% [ Model databases l/

¢ [T SEML_export_E.colitext| |

[ Gene Index

REC] | "

[} Reaction Index :
[} _Exchange Reaction
[ _InnerCell Reaction
[ _Metabaolite :
9 [] Reference database
[ Metabolite Index
[ Reaction Index
¢ [ Maps
[y E.coli_core.cartomap

O oo

A LALLLL ALLLL SIS E
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We set rectangular nodes to represent reactions and define node name and node caption for each reaction. We directly use the entry
name and reaction in KEGG maps as the node name and node caption respectively. Therefore, you can decide to Show node name or
Show node caption by right clicking on a map.

Content of KEGG pathway map (rn00010.xml):

b3

rn00010, xml
T N R N T e T T T T T T T T

1  «<%?xml wersion="1.0"2>

2 <!DOCTYPE pathway SYSTEM "http://wuw.genome.jp/kegy/xwl/KGHL v0.7.1 .dtd™>

2 «!—— Creation date: Nov 16, 2010 13:49:39 40900 (GMT+09:00) -->

4[] <pathway namwe="path:rnl0010" org="rn" nuwber="00010"

£ title="Glycolysis / Gluconeogenesis"

[ image="http://www. genome . jp/ kegy/ pachway/ rn/ rn00010. png™

7 link="http://www. genowe. jp/kegg-bin/show_pathway?rni0010m:

=15 <entry id="13" nawe="rn:RO1070 rp:RPO1274 rp:RPO127S re:RCOO4358 re:RCO04397 type="reaction”™ reaction="rn:RO1070"
E link="http://wuw. kegy. jp/doget-bin/ wwy_bget?ROL1070+RF0O1274+RPOLZ2 Y S+RCO0435+RCO0439 >
10 <graphics nswe="R0O1070..." fgoolor="#000000" hgcoolor="H#EFEFFF"
11 cype="rectangle™ x="453" y="404" width="46" height="17"/>
1z </entry>
1z2[H <entry id="37" nsmwe="rn:RO0710 rp:RPO01ZS8 ro:RCOO047"™ tcype="reaction'™ reaction="rn:RDD?lDﬂ
14 link="http://wuw. kegy. jp/doget-bin/ wwy_bget ?RO0710+RFO01Z S+RCOO0L7T "
15 <graphics nswe="RO0710..." fgoolor="#000000" hgcoolor="H#EFEFFF"
16 cype="rectangle™ x="Z59" y="943" width="46" height="17"/>
17 </entry:

Content of KEGG pathway map (ec00010.xml):

x

ec0001a.xml
o, .7, 1o A0y 30 a0y s B R

1 <%xml version="1.0"2%

2 <I!DOCTYPE pathway SYSTEM "http://www.genowe.ip/kegy/xml/KGHL +0.7.1 .dtd":>
3 «<!-—— Creation date: Now 16, 2010 13:45:39 +0900 [(GMT+O0S:00) —->

4[f] <pathway name="path:ec00010" org="ec™ number="00010"

I3 title="Glycolysis / Gluconeogenesis"™

[ image="http://yuw. genome. jp/ kegy/ pathway/ec/ec00010. png™

7 link="http://www.genome. jp/ kegg-bin/show_pathway?ec00010"s

a5 <entry id="13" name="ec:4.1.2.13" cype="enzyme" reaction="rn:RO1070"

] link="http://www.kegy. jp/dbget-bin/wuww_bgyet?4.1.2.13">
10 <graphics name="4.1.2Z.13" fgocolor="#O000000™ hgoolor="#BFEFFF"
11 type="rectangle” x="433" y="404" width="46" height="17"/>
1z </Eentry:s
125 |<entry 1d="37" name="ec:1.2.1.3" tCype="enzyme" reaction="rn:RO0710"
14 link="http://www.kegy. jp/dbget-bin/vow_bget?1.2.1.3">
15 <graphics name="1.2.1.3" fgcolor="#000000" hocolor="#EFEFFF"
16 type="rectangle’ x="Z59" y="943" yidth="46" heightc="17"/>
17 </entry:>
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Show node name: Show node caption:
[ econ010.xmi & | ec00010.xmi [ |

S =E=NNM A E E=ERENNMNA®

[’JLA!.I.LLI.U.I.IJ.I. SLULLSE J = [’.\LIJ.I.LI.LU.I.U.I.N.I.LI.UBE J

metabolism metabolism

AN PAET 1

You can extend other pathway maps in the map you have in the main network view window. A pathway map is represented in a rounded
rectangle. We can move the pathway that you would like to extend to an empty region and right click on it to Extend map.
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I
Citrate

(TCA

cycle)

RO0135
Extend map

Modify color
Delete

Map of Citrate cycle (TCA cycle) is extended in the map:
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You can hold right-click button on the map and drag a rectangular region for selecting groups of objects, then right click over the selected
objects to delete them all.
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Merge all
Maodify color
Delete all
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You can move identical objects close to each other. Select the identical objects and then right click on them to Merge all.

- _ Pynrvate
_ - metabolism RO0200

-
- RO11%9a /
-
- CO00062
-~ /
-
-
- /
- 2oooz4 1625 0512 RO0014 o022 00136
- RO2569 RO3270 —{R00703
- ROO0014 C0oo22
- Merge all |
_ Cl59 15972 “
—_ Maidify color L
R [roo23s | [Roo220 ] RO618 ROD75S - v Propanoate
Delete all metabolism
07
00033 ROO710 02 ’:‘;ﬁ' g;( I RO0745 C00469
1
rOO711 i 'ﬁ_[]_;{ ROO754
y 0z

86



00035 RO0431 m:Ree=
O

- ﬁi
-RJJI3341
- - Pyrirvate
- metabolizm
-

-
-
- R01196
-
- 00062
-
-
-
-
cooo24 C1625 0512 ROOO14 00186
_ - RO2569 R03270
—_ ROOO14
— - -
_ - C159 15972
- RO7618 /
_ RO0235 RO0229 RO0O755 Propanoate
metabolism
~|B00754
00033 ROO710 C000s4 ROO746 00469
R09127
RO0711 Vs RO0O754
R05198
s
7
d
rd
Ve
I
e
£
RO0431 meRO0T36 Glyealysis | Gluconeogenesis
O

87



You can also load SBML models compatible to CellDesigner (http://www.celldesigner.org/index.html) to GEMSIRV. The SBML models for

KEGG can be found and downloaded in http://www.systems-biology.org/001/001.html. You can click on Visualization in the menu bar to
Load CellDesigner maps.

Reconstrucion Simulation | Visualization | Setting

5 Project | create new map
¢ CI Model databases | ©
¢ 7 SBML _export_E|

[} Gene Index | -

D Feaction Ino Load CellDesigner maps

Open map file {.cartomap)
Load KEGG maps b

A SBML file eco00010.xml provided in http://sb.nhri.org.tw/GEMSiRV/en/Metabolic_Maps can be downloaded for demonstration.
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Map replacement

In order to ease the creation of customized maps, GEMSIRV provide a function in map replacement. You can right click on a map to
Replace caption of nodes to convert the map to a customized map.

¢ [ Maps
[ E.coli_core.cartomap
[ rooot 0

Show node name

Replace caption of nodes

Filter reaction by a model

Remove nodes (met) without edges
Extract reaction information from a model
Load reaction fluxes

Load gene expressions

Save map

Close map

For example, we replace a KEGG map (e.g. rn00010.xml) to a Model SEED-based map by providing two separate lists for metabolite and
reaction mapping. The KEEG to Model SEED mapping lists can be found and downloaded in http://sb.nhri.org.tw/GEMSiRV/en/Manual.
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met_FEGGEoSEED. THT El| rxn_KEGGEOSEED, THT

mlllllllllll:lllllllll mlllllllllll:lllllllll
1 b16254 cpdddsen 1 FOO432 rxnd0306
g CO014%  cpd0Ol13o & BO7613 rxndlZ41
3 CO0000Z2 cpdOodooz 3 ROO0O01  rxndS5757
4 CO0003  cpdOOoos 4 BOOOOZ  rxnll94v
& COoo0d4  cpdiooo4d & ROO0O04  rxnd0001
& CO0005  cpdiooos & RO0O005  rxn0O000Z2
7 C000de epdidoos ? BOO0O0E  rxnd0O004
g Coo0a7  epdioooy g ROO00S  rxnd0006
g Coo0dgs  epd0Ooos 2 ROO0O10  rxnd0o0ov

1o CO00og  cpdoooos 10 ROOO11 rxn00003

Therefore, some nodes of metabolite and reaction can be replaced to form a Model SEED-based map.
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Please remember to save a map before closing it.

¢ 3 Maps |
[ r00010yml :
Show node name

Replace caption of nodes

Filter reaction by a model

Remove nodes (met) without edges
Ex=tract reaction information from a model
Load reaction fluxes

Load gene expressions

Save map

Close map

You can open a map saved in cartomap format.

Reconstrucion Simulation | Visualization | Setting

9 Project | create new map I
¢ I Model databases | ©
¢ 7 SBML_export_E|:

[} Gene Index | -

D Reaction Ino Load CellDesigner maps

Open map file {.cartomap)
Load KEGG maps b

In order to create a useful map for visualization, an interactive function between model reconstruction and map visualization is
implemented in GEMSIRV.

For demonstration, we import a Model SEED model Acinetobacter sp. ADP1 (Opt 62977.3.xml).
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Reconstrucion Simulation Visualization Setting
[ Project l’ rn00010.cartomap
¢ [] Model databases | T
| EERENN

o ] Opte2977.3_outxml

[ Gene Index :

[ Reaction Index

[ _Exchange Reaction @
[y _Innercell Reaction |

[ _Metabolite

o [[] Reference database
[y Metabolite Index
[y Reaction Index

¢ ] Maps
[ mo0010.cartoma

=

Show node name

Replace caption of nodes

Filter reaction by a model

Remove nodes {met) without edges
Extract reaction information from a model
Load reaction fluxes

Load gene expressions

Save map

Close map

You can filter reactions by comparing with the metabolic model you select and you can get the reaction lists for reactions not existing or
existing in the model.
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%)

Eeaction filtex

Cr ] Please select one of the reaction lists.

Rxns not exist inthe model Rxns exist inthe model

Fﬂl]l]14rxnl]l]l]11 - s rznl0175 -

RO0431 rn:ROD7 26 = rzni0459

RO0754rxn00543 :‘ “* | rxn00506 ﬁ

RO1061 rm:R0O1063 hd rzn00549 bl
Select Left List Select Right List Cancel

We select and delete the left list of reactions for creating a model-specific map.
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You can remove those nodes of metabolite without linking to reaction by right clicking on the map to Remove nodes (met) without edges.

P [ Maps
[ roo010.cartoman
Show node name

Replace caption of nodes

Filter reaction by a model

Remove nodes (met) without edges
Extract reaction information from a model
Load reaction fluxes

Load gene expressions

Save map

Close map

98



rhon010.cartomap |

5
-
“
3

EEEE

NINNIEQ]

cpd00079 i g
Pentose
phosphate
-~ patlvay

Carbon fixation in
photosyntheticorganisms

fre. _cnd00032 endnoosl/



You can also filter reactions in a metabolic model by comparing with a map. Right click on the model to Filter reaction by a map and

choose a map you want to compare with. Then you can get a comparison report as well as a temporary map including those reactions not
present in the map you chosen.

Reconstrucion Simulation ‘Visualization Setting

7 Project /| rnonoA10.cartomap |_
% [ Model databases ies

¢ [ OntE2477.3_outxn Ll o e

[ Gene Ind_ex Draft a reconstruction =

B Reaction Index Add r=zn&met to the Ref. DB
B _Exchange Res Generate simulation tables

[} _InnerCell Re3| pefine environmental conditions
[ _Metabolite
o [ Reference database
[} Metabolite Indesx
D Reaction Index Filter reaction by a map

o [ Maps Delete model
.

-

Export model {.xmil)

Download model {.x1s)

A comparison report showing what reactions are present in the model only, in the map only, and in the both.
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Reconstrucion Simulation VYisualization Setting
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A temporary map including those reactions in the model but not in the map

Reconstrucion Simulation Visualization 5Setting

| Project
9 ] Model databases
¢ CJ/0nt62977.3_outxml|
[} Gene Index
[} Reaction Index
[} _Exchange Reaction
[ _InnerCell Reaction
[ _Metabolite
9 [] Reference database
[y Metabolite Index
[ Reaction Index
7 ] Maps
[} mo0o10.cartomap

[y Temporary Map
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You can save the temporary map and add it into the map you are working with.
Add a map by clicking Add a map in the toolbar and dropping in an empty region of the map and extend the map by right clicking on the
added map to Extend map.
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Information extraction

Right click on a map to Extract reaction information from a model and choose a model you want to extract information from. Then you can
show the extra information of reaction in the map by right clicking a reaction to Show extra info..

Show node name

Reconstrucion Simulation Visualization 5Setting
[ Project [ roo010.cartomap [x] | Reaction
9 ] Model databases 5 -
o [ OptE2977.3_outxmi © [ BRI N
[ Gene Index : I
[ Reaction Index
[ _Exchange Reaction O dm
[ _InnerCell Reaction
[y _Metabolite
7 [ Reference database :
[ Metabolite Index
[y Reaction Index
e B
[ r0oo010.cantamap :

Replace caption of nodes

Filter reaction by a model

SR

Remove nodes (met) without edges

Extract reaction information from a model

Load reaction fluxes

Load gene expressions

Save map

Close map

106



Lm
JrgAlsIms

£ pdl1¢llrannis6 |[ooo2ss |[mmoosss
bio00025 Hmawoold7 | SHOW extra info.

[pmoooo1 |{maon1se | Update caption

|paooo02 |{zewn1s1 | Modify color

|r.'leIIZIIZIIZIIS ||mu:u:|1-s|s Delete

FRERIERIERIERLER

lpao0011 |[pew0173 [[mmo02se |[[mminzso

0351 |E

|pwoonss |[pwo01ze ||[pwonass | |mwoosss |E

|r:<1'|.EIIZIIIlJ§l ||1‘:ﬂ.‘uﬂﬂl?8 ||r:<11IJI3383

|rx11EIIZIIIl§lS ||m1EII:Il=33 ||rx11IZIIZIJBS ||r.'mIZIIZIBIS4 |E

|pwoo0sn |[pao01ss |[pwoozse | [maoesrt |E

w0002 |[rawo1ss |[mm00201 |[mwnoste |[ra

|pw00077 | [pwon1s7 |[pwonae2 | |[mwoosez |E

D045 |E

|rx11EIIZIIIISS ||1‘:ﬂ.1EII:Il§|IZI ||rx11IZIIZIJ§|5 ||r.'mIZIIZI4IZII |E

|naooos3 |{zunise ||mwooaes

|pw0o0es |[pwo0102 |[pwonae7 | |[mwoosos |E

|--u-u.l'll'll'll'l? ||--uu.l'll'l1l'l:" Il--m-\.l'll'l'll'll'l ||--uu.|'ll'l11l'l ||:

The gene and equation information for the reaction can be seen on the map.
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Grene: ACTATO10D
| Equation: [c] © (2.0) cpd00109 + cpd0022] === cpd00020 + (2.0) cpd000&T + (2.0) cpddolla

£ a1 14l om0 145 ||pmw0o24s |[woozse ||mwonsos ||mewos7s ||[peooson ||[paoosst ||mmorng |E

bio0O025 Hr.*m.EIIZIlH ||r.'mIZIIZIJ§1 ||r.'mIZIIZI$-1-IZI ||r:ﬂ1IJEISIZIS ||r:ﬂ1l][ll53l5 ||rx11IZIIIISIZIJ ||rx11IZIIII§lS§ ||rx11l]1133 |E

|pwooo01 |[peoo1se ||[paoozss ||[mwooss2 ||pmoosos ||mmooste |[mmoosos |[mmoosss ||mmwissz |E

o000z |[rao0161 | [rmo0260 | [muno3ss |[rawos1a | [rmonsss |[mwnoss1 |[rmoosss |[me0isss [z

|rvn|'||'|l'|l'|ﬁ ”rvnl'll'l'lﬁﬁ ||rvnl'|l'|'.lﬂ'.l ||rvnl'|l'l:‘\..1.7 ||1—vn|'|l'li'|.1. ||1—vn|'|l'lﬁﬂl:l ||rv|'|l'll'|ﬂ:‘\.'.l ||1—vn|'|l'|l:ll.T ”rvnl'l'l'l'.QR |E

The function in information extraction can aid in metabolic map creation and providing associated genes for later loading gene expression.

Flux visualization

As mentioned early in Simulation, reaction fluxes can be loaded into a map for visualization. GEMSIRV provides a function in loading
reaction fluxes by right clicking on a map to Load reaction fluxes.

A single run of simulation: (A header line beginning with “#” is optional)
#Peaction Flux

ACONTa 6.00725

ACONThL 6.00725

AEGDH 5.06433

ATPM 5.39

ATPS4r 45.514
Binmass_Echi_cnre_N(WHGAH]_NmEtz 0.873922
Cozt -22.3098

C3 6.00725

CYTED 43.593

ENO 14.7161

EX coZie) 22.5098

EX gleie) -10.0
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Multiple runs of simulation: (A header line beginning with “#” is preferred for labeling in legend)
f#Feaction F1 FZ F3I F4
ACALD 0O 0O 5 10

ACALDE 0O 0O 5 10

ACKr 0 0O 5 10

LACONTa 6.00725 6.00725 5 10
ACONTR  6.00725 6.00725 5 10

Actzr 0O 10 5 10

ADEK1 0O 1o 5 10

LEGDH 5.06435 5.06435 S5 10
LEGtZr 0 0 5 10

ALCDZ2x 0O 0O &5 10

ALTPM 8.39 8.39 & 10

ATPZ4r 45.514 45.514 5 10
BiDmass_Echi_cDre_N(WHGAHJ_NmEtE 0.873922 0.873922 5 10
CoZt  -22.8093 -22.80%98 5 10
3 6.00725 6.00725 5 10

CYTED 43.592 453.59%9 5 10

D Lacez 00 5 10

ENo 14.7161 14.7161 5 10
EToHtZr O 0 5 10

EX amfe) 00 5 10

EX acaldie) O 0O 5 10

A visual flux range can be set:
Min/Max cutoft X

L] MinMax cutoff.

. Min:
10 |
Max:
10 |

OK Cancel
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Gene expression visualization

Because GEMSIRYV allows users to extract information from a model to a map, in addition to reaction fluxes, gene expressions can also be
loaded into a map for visualization. In this circumstance, we can simultaneously compare the differences of reaction fluxes with that of
gene expressions in two conditions (e.g. aerobic and anaerobic conditions).

Right click on a map to Load gene expressions.
o 3 Maps :

[ E.coli_core.cartornan -
Show node name

Replace caption of nodes

Filter reaction by a model

Remove nodes (met) without edges
Extract reaction information from a model

Load reaction fluxes

Load gene expressions
Save map

Close map

You can use identical header to represent the replicates of condition. Then the mean and standard deviation of gene expression for a
specific gene will be shown in the map. Here, we used the expression data (array number 42-48) available in
http://systemsbiology.ucsd.edu/In_Silico_Organisms/E_coli/E_coli_expression2.
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L
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b4015
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Because we want to visualize reaction fluxes and gene expressions on a map, we firstly load the reaction fluxes which were simulated by
setting the LB and UB of EX_02(e) to close and open bound for anaerobic and aerobic conditions (nO and Oxy), respectively. The right

no nid nd
L TE2096757
L535727661
LS04505142
.565546655
LB61911901
12.24120191
S.626216539
10.30507365
9.4632058813
11.97537857
11.7671158z24
11.02053116
Z2.963904777

[= R s TV |

no Oxy Oxy
5.879973545
3.469050754
10.40115062
Z.567760685
6.0945619316
12.17555935

g.9345643 S.

10.30964272
9.972113349
12 .075323508
11.55164936
10.51353943
£.96615895Z5

Oxy
5.889739712
4.,049506246
10. 57760507
Z.036534523
T.EI6563672
12.10939235
754524155 9.
10.70406165
S.904442:2 9,
11.54044276
11.858583332
11.14457251
Z2.93471414

5.867358643
3.645329395
10.25695a657
£.5139051385
6.963963632

5
3
9
2

L Te0554035
.379633515
L301827015
.533385518
T

476477903

0 W

LO373523604 5.957954941Z
597923384 3.5930355584
LO98372635 10.096323595
555976111 £.552456193
T

£0705541 7.645363323

1£.14063385 11.33957437 11.933315957 11.535533543
051725652 §.5586039409 §.749223820 5.216142737
10.96516547 10.13253153 10.50413996 9.645743233
19722455 12.72392109 1Z.51954356 12.59735332
11.72425199 13.2346868622 13.296393459 13.1931744:2
11.57104461 12.49915551 1=2.55704041 12.553205Z24
11.36213307 11.755529 1Z.04036035 12.153448931
£.8995145444 4.296326343 3.54655Z601 3.5977615Z1

upper panel of reaction shows the reaction fluxes for the two conditions.
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The right lower panel of reaction shows the expressions of associated genes. In default, the gene with the largest expression among the
associated genes will be present. You can click on the small right arrow to present other gene expressions of associated genes or you can
click on the small down arrow to show all gene expressions of associated genes.

AKGDH |— AKGDH
» pOzd > L0727

ull o

AKGDH f—0

In this example, we can see that the AKGDH reaction-associated genes b0116, b0726 and b0727 were up-regulated in aerobic condition
and the corresponding reaction flux was increased.
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