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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, GEMSIRYV 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.

Create Database

2 Please choose a home directony:
O

Browse...

Please create/open a project:
MyBioSysDE

[ ] Gene-protein-reaction associations are necessary.

Create Cancel




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/GEMSIiRV/en/Metabolic Models

Reconstrucion Simulation Visualization Setting

| Froject
[ Model databases |-
¢ [ Refarence datah| Import SBML file {=mi} _
[ Metabolite Ing Import spreadsheets (.xls)
[ Reaction Indd rose models

You can directly edit/update the content of the imported model by right clicking on a cell.

In table of Reaction Index:



Reconstrucion Simulation’ Visualization Setting

LEX

[ | Project
o [ Model databases
o [0 SBML_export. E coli textbook_outxml
[ Gene Index
[) Reaction Inciex
& _Exchange Reaction
[ _InnerCell Reaction
[ _Metabalite
o [ Reference database
[} Metabolite Index
[T} Reaction Index

(Gene Index r'REactiun Index ]/_Exchange Reaction r_lnnerCEII Reaction |/_I'u'lt E

Ahbraviation Confldence Enuation Zene Mlame |:

0 facAlLD |[e]: acald + cog + | (03513001 241)  |acetaldehyde de..
1 [ACALDE acald[e] ====ac... | (00013 acetaldehyde rev. )| —
2 |ACKr [c] ac+atp===_ | (h22586) (h1845%) _|acetate kinase
3 |ACONTa [c]: it ====acon..| (h011 3 1276 jaconitase (halfr [
4 |ACONTD Delete [c];acon-C +n2.. |(b0118),(b1276) |aconitase (half-r..
L P ace] + hig] ==== . acetate reversibl..
B lADK [c]amp + atp==__| (h047 43 adenylate kinase
T AkGDH [c]akg + coa+n. | (hOT27+b0 16, | 2-Oxooluterate o..
8 |AkGEr akale] + higl===_. | (h2&587) Z2-monlutarate re.
9 |ALCDI [c]: etoh +nad = | (h0356) 12415, jalcohol debydrog.
10 IATPM [c]atp+ hZ2o--= ATP maintenanc..
11 |ATRS4r adple] + (4.00 hiel...| (h373D+(h373T . |ATP synthase (fo.
12 |Biomass_Ecoli_... [e]: (1. 48960 3pn +.. core E. coli biom.
13 ICOH coZ[e] ==== roZ[c] | (200013 CO2 transporter
14 |C5 [c]accoa + hio | (hOT20) citrate synthase
158 |CYTBD (2.0 hic] + (0.8 .. [(b0979+h0878), .. leytochrome oxid. ..
16 D LACt2? hig] + lac-D[e] == | (h297 51 (h3603)  |D-lactate transpo.
17 EMO [c]: 2pg====h2 . | (h2779) enolase
18 |ETOHt2r etoh[e] + hlg] === ethanol reversibl.
19 [FBA [c]:fdp ====dha. | (k2925 (h1 773 .. [fructose-hisphos.
20 [FBP [c]:fdp+ hZ2o--= | (h4232,(h3925) [fructose-hisphos.
21 IFORt? for[e] + hie] --=fo... [ (h0904) (2492 [formate transpo,
22 IFORt for[c] --= forfe] (b09047 (24927 formate transpon.
23 IFRDT [e]:fum+gBh2 - | (h4157+h41583+  [fumarate reducta.
24 IFRLUpts2 frufe] + peplc] --= [ (h24153+b2416. . (Fructose transpo.
25 IFLIn [e]:fum+ hZo==_[ (K161 2 h1611).. [fumarase
26 (FLIMtz 2 fume] + (200 hie... | (h3528) Fumarate transp .
27 IGEPDHZ2r [c]: aBp+nadp <. | (h1853 glucose B-phosp.
28 GﬂfF‘D [cl:a3p+nad+ . [ (h1779) alyceraldebyde-3.
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In table of Gene Index:

Reconstrucion Simulation Visualization Setting

] Project [ Gene Index [ |
\ Ij,MDdE| databaaea. . E a'Coordinate LocusTag Feaction EC Mumber | Gene |
= BEIMI___.exp.c!rt_E.. coli iAF1 260 _outxml 0 GEL ~rLtnp ; i =
[y Gene index 1 b3180 UAGCYT
[ Reaction Index 2 b4032 TAGLUCAN DL .
D _Exchange Reaction 3 h2813 MLTGY 3pp MLT...
D -, 4 h4033 14GLUCAN b, ..
i ] hd034 14GLUCAN b, .
[} _Metabolite B h2E17 AGMAPARD AG...
o [ Reference datahase F h2818 ACGE
[ Metabolite Index 8 h33ay ADFRDF
D Feaction Index d h2g10 CYSSADS
10 h24249 ACMUNMptspp 5.
[} Maps 11 b3589 MHLptspR
12 b4 CYEE
13 h2423 SULabcpp TSLU..
14 hd024 Pl
15 h2422 SUlabcpp TSL.
16 b3196 CAtEpR
17 hd024 ASPE
18 b3147 AERISO
18 had42a SULabcpp TSU.,
20 h3149a KDOORPP
21 h2d424 SULabcpp TSU.
23 h2EaT ALATRE
23 h2827 TWMDS
24 h3384 DH@S
25 h3386 RFE
26 h3591 SELCYSS
27 h2418a PYDHME PYDH.
28 h2417 ACMUMptspR,G...




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 and Model SEED databases can be found and downloaded from
http://sb.nhri.org.tw/GEMSIiRV/en/Reference Databases.

Reconstrucion Simulation Visualization Setting

Froject
o ] Model databases :
o ] SBML_export. E.coli texthook_outxml §5
[ Gene Index
[ Reaction Index
[} _Exchange Reaction
[ _InnerCell Reaction
[} _Metabalite
¢ [ Reference databas ——————
[} Metabolite Ingex | IMPOM database (xls)
[y Reaction Index | Export database
Empty database

Close database

=
5 T

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.




Reconstrucion Simulation VWisualization Setting

[ Project ( Gene Index rﬂaat:tiunl
¢ [ Model databases : |
¢ 1 SBML_export. E.coli texbonk_gps=tt

Abbreviation |

|—_¢.| Eane TR Draft a re-::uns*trucltiun =
[ Reaction index “Add rn&met to the Ref. DB 1§
|j| _Exchange Reaction Generate simulation tables =
[} _InnerCell Reaction Define emwironmental conditions
[ _Metabalite in

Export model {.xmil)
¢ [ Reference database

[ Metabolite Index
B Reaction Indes Filter reaction by a map

Delete model —

Download model {_xls) —

i = IDiamaen Crnl I

You can right click on the Reaction Index of Reference database to evaluate charge/mass balance of equation.

Reconstrucion Simulation Visualization Setting

{1 Project |[ Metabolite Index [ | Reaction Index [5]
todel datah :
? Mo :EMT_E' aSE;E el  ABBREVIATION EQUATION
™ —EEIOMLECONIE 4 g [1OFTHFSGLUY 10fhfEgIufe] = 10fhTS...
[} Gene Index 1 [TOFTHFEGLUmM {Ofthf&glulm] = 1 0fthia...
[y ReactionIndex |32 [1OFTHFEGLU 0fhfGalufe] = 10mhie...
[} _Exchange Reactig |2 |10F THFGGLUtM 10fhfGalufr] —-= 1 0fhfE...
[ _innerCell Reactio A4 [1OFTHF7GLUY 10fRTF glufe] = 10MhTT...
- _ A5 [1OFTHFFGLUM 10RRTF glufrn] = 10RAT7 ..
[} _Metabolite B |TOFTHFH 1 0fthfle] ==== 10Mhi[l]
9 [ Reference database 7 |10FTHFtm 10fthfle] ==== 10fhim]
D Metabalite Index 3  [11DOCETSLm T1docrsic] ====11do..
[ Reaction inde J 8 |[1TDOCETSLr Hgocgs{[s]:}:w 1 11d10d"
- | Evaluate chargeformula balance kAl e
? Ij rliaps T "'-"'-'°-'-'-‘f"' A e '.3:7 e :.'.::‘E%- 1 1 dDCﬂStrn[C] == 1 1 d




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.

{1} 3pgic] (1) 13dpag|c]
(1) atplc] (1) adpic]

E A==

5 e
Stoichiometry: |1 | Stoichiometry: |1
Compartment: |C - Compartment: |[C -
Reactant: - Product: -

Ald Delete Add Delete
Evaluate Subimit Cancel

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/GEMSIiRV/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
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the reconstruction model iIAF1260 of Escherichia coli str. K-12 substr. MG1655 (ECO).

Therefore, we download the gbk files of these two strains from RefSeq (http://www.ncbi.nim.nih.gov/RefSeq). With available
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/GEMSIiRV/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.xls, which can be imported into
GEMSIRV directly. Right click on Model Databases to Import spreadsheet (.xIs).

Original spreadsheet file:
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Microsoit Excel - NC 0032197 shk-blast xls

] BRE REE WRH0 BAD SR IBD EED) HEOD  RExel B Adobe PDFE) -8 %
PG 3G ATE S 9B ARG e fiB 1D
L@t ey s o3 | 3 By g reEmee . ememn. i
Fl - A Ref-BLAST
A—L B | ¢ | B | E c | H ] | = 1 & ] =
‘ 1||Locus Tag  [Fene 5'Coaordinate Product  |EC Number |[Ref-BLAST =
2 [STROOOT thrl _ 1590 thr operon - _
3 |STMO00Z  thrA _ 337 bifunctiona2.7.2.4;;1.1. 160002
| 4 |3TMO003  theD _ 20801 hormoserin 2.7.1.39 LO003
| 5 |STMO004  thrC _ 3734 threonine £4.2.3.7 bOO04
[ & STMO00S  yaad | 5837 hypothetic -- bOO0E
| 7 |STMO00E [ yasd [ 73596 putative ali-- bOooF
| 8 |STMO007  talB _ 7BBS transaldols2.2.1.2 bOO0
| 9 |STMO00Z moga 8729 malybdent-- bOO0s:
| 10|3TMO009 yaaH 9942 hypothetic - OO0 Required fields
11 |STMO00 hitgA _ 10805 hypothetic - bO01 1
| 12 |STMO011 yaal _ 11245 hypothetic - ho013
| 13 |STMO012  dnak _ 11593 malecular - k0014
[ 14 STh0013  dnad | 13595 chaperone -- bOo15
| 15 |5TW00N4 - [ 18014 putative trs-
| 16 |STMO01E - _ 16088 putative ba--
| 17 |STMO01E - _ 17026 hypothetic -
| 18 |STMO017 _ 17486 hypothetic -
189 5TM0ME - - [ 17867 putative ex--
| 20 |STMO0TS - _ 20058 putative hy--
| 21 |5ThW0020 - [ 23335 putative cy--
| 22 |STMO021  bcfA, 24469 firmbrial sul--
== ] ohan b ' EAATD Fiveburinl ek | - _ i
4 4wy Gene ndex |E: = |
FhiE

Gene Index table of the imported blank reconstruction (NC_003197.gbk-blast.xIs):
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Reconstrucion Simulation’ Visualization Setting

[ | Project
o [ Model databases
o [0 SBML_export. E coli textbook_outxml
[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction
[ _Metabalite
o ] SBEML_expart_E. coli iAF1260_outxml
[ Gene Index
[} Reaction Index
[ _Exchange Reaction
[} _InnerCell Reaction
[ _Metabalite
¢ L MC_003197 ghk-hlastxls
[ [Sene index
[ Reaction Index
o [ Reference database
[} Metabolite Index
[T} Reaction Index
¢ [ Maps
[} E.coli_core cartomap

Gene Index

L1 e

s'Coordinate |Locus Tag Zene EC Mumhber Product FRerBLAST

0 190 STMo001  thri -~ thr operan lead...

1 |33F STMOODZ  jthed 2724211 thifunctional asp.. [b00O02
2 |2801 STMOO0Z  jthrE 27138 homosering kin.. (k0003
3 3734 STMOOD4  jthec 4231 threonine synth... |hO004
4 |&5B&T STMOO0S  |wash -~ hypothetical pro.. (hOOOE
5 |73496 STMOO0E  jyaad -~ putative alanine.. (hO0O0OT
B |TERES STMOO0T  jtalB 232 transaldolase B |hOO0DG
To|ar2a STMOO0S  |(mogs -~ malybdenum co.. ho009
g |9942 STMO009  |waaH -~ hypothetical pro.. (hO0O10
9 |10804 STMO0T0  {higd -- hypothetical pro.. (k0011
10 11245 STMOOTT  jvaal -~ hypothetical pro.. (bO0O13
11 114593 STMOOT 2 |dnaks -~ molecular chap... (ho014
12 |13595 STMOO13  |dnad -~ chaperone prot.. (hOOT45
13 15014 STMO014 |- -~ putative transcri...

14 16088 STMO0 A |- -~ putative bacter...

15 17026 STMODTE |- -~ hypothetical pro...

16 |17486 STMOOT T I-- -~ hypothetical pro...

7 |17867 STMO0E |- -~ putative exochiti...

18 |200458 STMO0TS |- -~ putative by rosy.

19 |23335 STMO0Z0 |- -~ putative cytopla...

200 |2448B49 STMO0Z2T  {hetd -- firmhrial suhbunit

21 125112 STMO0Z22  thefB -~ fimbrial chapar...

22 |25803 STMO0Z23  {bcfC -- fimhtrial usher hoS40
23 |28425 STMO0Z24  [befD -- firmbrial suhbunit

24 |29433 STMO0Z2E  (hefE -- firmhrial sukbunit

25 |29994 STMOOZE  [bcfF -- firmhrial sukbunit

26 |30478 STMOOZY  (hefG -~ fimbrial chapar...

27 |31274 STMO0ZE  [bcfH -- putative thiol-di...

28 |32116 STMOOZ2E. |- -- hypothetical pro. .

4]
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Empty Reaction Index table of the imported blank reconstruction:

Reconstrucion Simulation Visualization Setting

[ Project
o ] Model datahases
o0 5BML_export E coli texthook_outxm|
[ sene Index
[ Reaction Index
[y _Exchange Reaction
[ _InnerCell Reaction
[ _Metabolite
2 [=] EBML_export_E. coli i4F1260_outxml
[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[y _InnerCell Reaction
[ _hietabolite
¢ [ WC 003187 ghk-hlastys
[ Gene Index
[ |Reaction Index
o [ Reference database
[} Metabolite Index
[} Reaction Index
7 [ Maps
[ Ecoli_core cartomap

Gene Index r"ﬂeaﬂiun Index

Ahbreviation Confidence

Equation

GENe

[+l arre

COf = f O Cm | e O RO — D

| b
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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 Simuiation Yisualization Setting

[ | Froject
o ] Model databases i
o] SBML_export_E, coli iAF1260_outxml
[T} Gene Index :
[ Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction

[ _Metabolite :
¢ CIMC_D0R G ghkblastt—rmr
EI Reaction nder Add rznd&met to the Ref. DB
9 [ Referance datahase Generate simulation tables
[} Metahalite Index Define envirehmental conditions

[} Reaction Index e oot

Dovenload model (.xis)
Filter reaction by a map
Delete model

Draft a reconstimchon

? Please choose a reference model for draft reconstruction:

SBML_export_E. coli iAF1260 _out.xmil -

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.

7 L] Model databases

o [ SBML_export_E. coli iAF1260_outxml
[y Gene Index
[ Reaction Index
[ _Exchange Reaction
[y _Innercell Reaction
[y _Metabolite

¢ [CIMNC_003197 ghk-hlastxls
[y Gene Index
[ Reaction Index
[ LInvalid Reaction Index

Model refinement

Based on the draft reconstruction generated from Model SEED (http://seed-viewer.theseed.org/seedviewer.cgi?page=ModelView) or
GEMSIRYV, 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/GEMSiRV/en/GBKParser), e.g. NC_000913.gbk.xlIs for ECO.

15



Reconstrucion Simulation Visualization Setting

[ | Project
o [ Model databases
o 0] SBML_export E. coli iAF1 260_outxml
[ Bene Index
[ Reaction in Load and update gene's inf
B _Exchange Heactmn ———
[ _InnerCell Reaction
[y _Metabalite
o [ MC_003187 . ghk-blastxls
[y Bene Index
[ Reaction Index
9 [ Reference database

Gene information can be loaded and updated accordingly:



Reconstrucion Simulation’ Visualization Setting

] Project | Gene Index ]
¥ Ij_MDdEI databaseal . = a'Coordinate EC Mumber Geng Locus Tag Reaction
- | BEIr-.ﬂL_.exp.c!rt_E. coli AR 260 _outxml 0 =000 GLYCtp FEEN.. =
[ [Gene Index 1 [180 = fhirl bO001 th
|__°“| Reaction Index 2 |337 2T24:111.3  (thrd hoooz ASPE,HSDy ¥
B _Exchange Reaction 3 |2801 27138 thrB hooon3 HSk ho
|j| Innercall Beaction 4 |3734 4.2.31 thri hooona THRS 4HTHRS (thr
i g5 15234 -- WA hooons [ire
[} _Metabolite B [6450 = yaa bOO0E e
7 g MWC_003157 ghlk-hlastxls T |T9549 i yaa.d boooy GLYtd pp ALA PR pre
|j| Gene Index a8 |B8238 G ) talB hoooa TALA, tra
[ Hasdrorciniex o 2 i T v
9 [ Referance database 71 17355 = zaaW ILE o6
[} Metabolite Index 12 [117886 = yaal o713 pre
[} Reaction index 13 112163 & dnak bO014 ch
B Maps 14 |14168 -- dnad hon1s ch
158 |15445 -- insL ho016 151
16 |16903 -- hokiz hid12 oy
17 |174849 -- nhas hon14 RATS 2pp =0
18 |18714 -- nhak honzo (Bl
18 |20314 -- insg b0z 151
20 |20508 -- insA hon2z kpl
21 |21078 -- tpsT hon23 30
22012113 -- vaay hiooz4 [ire
23 |21407 2TV 262772 |tibF hon2s FhrAT REFK hifi
242239 B1.14 iles hO026 ILETREZ isc
25 |25207 342336 IspA hon2y pri
26 |25826 f.2:1:8 fkpB honz2a Fh
27 |2B2TT 1712 ispH hon2a CMPFS IFORPS  [1-K
28 2?‘|293 3.2.2- Hh r hooan ADNUC.UF{IH.C...lrib
1 I LB At

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 VWisualization Setting

[ Project [ Reaction Index [ [
Model datab 7
™ Mg ——| s
¢ _export_E. coli _outxml| o EEPDRIs
[ Gene Index A1 [12PPDStex
[ Reaction Index 2 TAGLUCAMNSRCE
[} _Exchange Reaction 3 |14GLUCANex
[ _InnerCell Reaction Gl SUANPtey
= g |23CCMPtex
[} _Metabolite A6 _|23C0mMPIex
o [ MEC_ 003167 ghk-hiasta e
D I A Draft a reconstruction Im
B Feaction Index Add rzn&met to the Ref. DB L.
[ _Invalid Reaction Ind Generate simulation tables —
¢ [ Reference database Define environmental conditions |
[y Metabolite Index Exrort modereatl m
[ Reaction Index o
Download model {.xis) 1]
Filter reaction by a map -
3
Delete model -

[0 A0 FasEal oifinn

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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9 [ MC_0031597.gbk-blastxls
[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction
[ _Invalid Reaction Index

[ [wetasolte]

_InnerCell Reaction:

Reconstrucion Simulation’ Visualization Setting

[ | Project
o ] Model databases

o ] SEML_expart E. coli iAF1260_outxml

[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[ _Innercell Reaction
[ _Metabalite
¢ I MNC_ 0031587 ghk-hlastxls
[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[ LinnerCell Reaction
[ _Invalid Reaction Index
[ _Metabalite
9 [ Referance database
[} Metabolite Index
[} Reaction index

r_Ex[:hange Reaction r_innerl:ﬂll Reaction |/_Metahulite

L] w
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Ahbiraviation Association Eguation LB Flame
0 |12FPFDRtex STM226T STMO3. 1 2ppd-R[e] ====__|-1000.0 (F)-Fropane-1,2-.
1 [12PPDStex STM226T STMOZ.. 1 2ppd-Sle] ==== _ |-1000.0 (Si-Propane-1,2-.
2 M4GLUCAMabcpp (STM4230+5TM4 . M1 dalucan(p] + atp... |0 1. 4-alpha-C-gluc.
3 4GLUCAMNtex SThd4231 Tddlucan(e] -=1...|0 1, 4-alpha-D-glue.
4 [23CAMPteY STMZ26T STMO3.. [23cample] === __|-1000.0 23cAMP transpor.
5 [23CChMPtey STMZ267 STMO3.. [23ccmple] ==== ___ |-1000.0 23cCMP transpo.
B [23CGEMPtey STMZ267 STMO3.. [23cample] ==== __|-1000.0 23cGMP transpo.
T 23CLUMPtey STMZ267 STMO3.. [23cumple] ==== __|-1000.0 23cUMP transpo.,
8 [23DARPPAtex STMZZE6T STMO3I.. [23dappale] ====..-1000.0 2 3-diaminopropi.
9 [23FDEZpp SThid4403 [B]:23cump + hZ..|0 2 3evelic-nucle.
10 [23FPDE4pp STh4403 [0]: 23cemp+ K2 |0 20 3-eyclic-nucle.
11 [Z23FPDETpp STh4403 [0]:23camp + hZ..|0 20 3-oyelic-nucle.
12 |Z23PDESpp SThi4403 [0]:23cogmp+ hZ..|0 20 3-ovclic-nucle.
13 |26DAHtex STM1473,8TM22. [26dap-m[e] ====__|-1000.0 meso-2 B-Diami..
14 [ZAGPATZ0tipp STMa009 Zddecg3p(p]l--= ... |0 2-Acyl-sn-glycero.
15 1ZAGPAT40tipp STM2009 tdecg3pp] -= 2. |0 2-Acyl-sn-glyoern,
16 [ZAGPAT4ipp STh3009 Mdecteg3pp]--... [0 2Anyl-sn-glvcera.
17 [ZAGPATG0tpR STh3009 2hdecg3pp]--= ... [0 2Aevl-sn-ghvcera.
18 [ZAGPATGtipp STM3009 Zhdec9en3pp] ... |0 2-Acyl-sn-glyoero.
19 12AGPAT30tnN SThM3009 Zodeco3nlinl--= . 10 2-Anvl-sn-ohcero.




_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 l’ _Exchange Reaction [=] r_lnnerCeII Reaction r_Metahulite |
Maodel databases :
§-id SEML t E coli iAF1260 outum E Abbreviation Equation LE Kl
pita SBUL Bnor E ol - 0 [BC12ppd-Rie) [e]: 12ppd-R === 0 0=
[ Gene Index 1 |EX_12ppd-Se) [e]: 12ppi-§ ===+ 0 0
|j| Reaction Index 2 |EX_T4alucanie) [B]: 14olucan ==== 0 )
D _Exchange Reaction 3 IEX_15dapie) [e]: 15dap ==== 1] n
. 4 |EX_Z3cample) [g]: 23camp === 0 )
L. trvrergel Reaction 5 |EX_23ccmple) [e]: Z3cemp <=== 0 ]
[} _Metabolite 6 |Ex_23cgmple) [e]: 23cgmp 2=== 0 0
7 I MWC_003157 ghk-hlastxls T IBEX_23cumpie) [e]: 23cump ===> 1] 1]
[ Gene Index 8 |EX_23dappaie) [e] : 23dappa ==== 0 0
EI Reattonlhoor 9 (B _ZBdap-hiie) [e]: 26dap-M ==== ] n
T T S AT 10 |EX_Z2ddglonde) [e]; 2ddglcn ==== ] n
[ LExchange Reaction 11 |Ex_34dhpacie) [8]: 34dhpac ==== 0 o
|j| _InnerZell Reaction 12 |B¥_3ampie) [e] : 3amp ==== 0 n
|j| _Invalid Reaction Index 13 |ER_Scmipie) [g] : Sormp ===*# 0 0
B _Metahalite 1; E;—gﬁ"’?me?( 3 {E} : gﬁmp == g g
_3hcinnmie g] : 3hecinnm =s===
9 [ Referance t?atabase 16 |Ex 3hpppnie) [6] 3hpppn <=== q q
[ Metabalite Index 17 |EX_3umpie) [e] - 3urmp ===> i i
|__°*| Feaction index 18 |EX_dahutie) [g]: dabut ==== 0 )

_Metabolite:
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Reconstrucion Simulation’ Visualization Setting

| Project
o ] Model databases

o ] SEML_expart E. coli iAF1260_outxml

[ Gene Index
[ Reaction index
[ _Exchange Reaction
[ _InnerCell Reaction
[ _Metabalite
7 I MWC_003157 ghk-hlastxls
[ Gene Index
[ Reaction Index
[ _Exchange Reaction
[ _InnerCell Reaction
[ _Invalid Reaction Index
[ Cvistaboiite]
9 [ Referance 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_MetahuIite [=]

L] x|

Ahbreviation Farmula Mame Compartment
0 [10fhf CROHZTMTOY 10-Formyitetrabydrofolate cytoplasm
1 2dgr1 20 C2THAZ0S 1,2-Diacyl-zn-ghcerol (didod... [ovtoplasm
2 M2dgrizo C2THAZ0S 1,2-Diacyl-gn-ohcerol (didod... |periplasm
3 Z2dori40 CAHEOOS 1,2-Diacyl-gn-ohcerol (ditetr... |[ovtoplasm
4 Z2dor140 CAMHEOOS 1,2-Diacyl-sn-ohcerol (ditetr... |periplasm
5 Z2dori 1 CHHAEDS 1,2-Diacyl-sn-olvcerol (ditetr... |ovtoplasm
B 1Z2dordd CITHAEDS 1,2-Diacyl-sn-ghicerol (ditetr... |periplasm
T M Zdgrg0 C3aHER0S 1, 2-Diacyl-sn-ghcerol (dikex.. [oytoplasm
8 [M1Zdgr1g0 C3aHER0S 1, 2-Diacyl-sn-ghicerol (dikex... |periplasm
9 [1Zdor 81 C3aHE405 1,2-Diacyl-sn-ghicerol (dibex.. [otoplasm
10 112dgrigd C3aHE405 1, 2-Diacyl-sn-ghicerol (dibex.. [periplasm
11 11 2dgriao CIAHTREOS 1, 2-Diacyl-sn-ghicerol (diocta.. |ovtoplasm
12 M Zdargo CAOHTEDS 1,2-Diacyl-gn-alvcerol (diocta.. |periplasm
13 1 Z2dar & CAAHT 205 1,2-Diacyl-zn-ohcerol (diocta. |ovtoplasm
14 11 Z2dar & CAAHT 205 1,2-Diacyl-gn-ohcerol (diocta.. |periplasm
15 MZppd-R C3HBO0Z (R1-Propane-1,2-dinl cytoplasm
16 1 Zppd-R C3HBO0Z (RI-Propane-1,2-dinl gxtracellular
17 N 2ppd-R C3HBO0Z (R1-Propane-1,2-dinl periplasm
13 12ppd-5 C3IHB02 (S)-Propane-1 2-dinol mytoplasm
19 1M2ppd-5 C3IHa02 (S)-Propane-1,2-dial extracellular

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.
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Reconstrucion Simulation Visualization Setting

Project
¢ [ Model databases :
o [] SBML_export E. coli IAF1260_outipstl-

B Gene Index Draft a reconstruction
[ Reaction Index Add ren&met to the Ref. DB
[} _Exchange Reaction Generate simulation tables
[ _InnerCell Reaction Define environmental conditions
B ~Metaholite Export model {.xmil)
o g MWC_0031587 ghk-blastxs
Download model {.x1s)
[ Gena Index
EI Feaction Indeax Filter reaction by a map
[} _Exchange Reaction Delete model
I T T I o S S, IR §

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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x

M3 medium_comp. T A complete medium to simulate

m. I lll:ll I 2|I:I| I 3|I:I| I O | 4|I:I| 1 a" eXtraceHUIar mEtabOHteS can
1 [REACTIONS] enter/exit the cell freely.
z EX caZ (e) :LE=-1000
2 EX cl{e):LB=-1000
4 EX_GDZie]:LB=—1DDD ® complete mediom, TXT
5 EX_cobaltZ () : LE=-1000
& EX cuZ (e) :LE=-1000 mllll|lll 1||:|||||I||| 2|I:I||||I||| 3|I:I|
7 EX_feziej:LB=—1DDD 1 kALL EXCHLANGE BREACTICHI]
8 EX_fed(e):LE=-1000 z LB=-1000
2 EX hiofe) :LB=-1000 3 UE=1000
10 EX hie) :LE=-1000 4 Chiective Coefficient=0
11 EX k(e):LE=-1000 5

1z EX mge (e) :LE=-1000
1z EX mwne (e) :LE=-1000
14 EX mobd(e) :LE=-1000
15 EX nalie) :LE=-1000
1e EX nhd(e) :LE=-1000
17 EX pif(e):LE=-1000

1z EX sode):LBE=-1000
15 EX tungs (e :LE=-1000
20 EX znZ (e):LB=-1000
21 EX o2 (e):LE=-18.5

zz ATPM:LE=82.39,UEB=0.390
232 Binmass_Ecnli_cDre_NiwaAH]_Nmetz:Ohjective Coefficient=1
£4 EX gle-Die) :LE=-8
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Reconstrucion Simulation Visualization Setting

Froject
o [ Model databases
¢ [ SEML_export_E, coli IAF1260_outxm

[ Gene Index Draft a reconstruction

[ Reaction Index Add rEndmet to the Ref. DB

[} _Exchange Reaction Generate simulation tables

[ _InnerCell Reaction o p— e
¢ E__gﬂueef?g?;ik.Mast.m b b

[T Gene Index Download model {.z1s)

[y Reaction Index Filter reaction by a map

D _Exchange Reaction Delete model

™ Innarell Reactinn =

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

[ | Project

% [ Model databases

o SEML_export. E, coli iAF1260_outxml

[ Gene Index

[ Reaction Index

[) LExchange Reaction
[ _InnerCell Reaction
[ _Metabalite

o O MWC_0031587 ghk-hlastxls

[ Gene Index

[ Reaction Index

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

9 [ Referance database
[ Metabolite Index
[} Reaction index

l’ _Exchange Reaction [x|

L] »

Abhreviation Equation LB LB Ohjective
0 |EX¥ zZnZie) [g] :zn2 ==== -1000 1000.0 0
1 IEX_tunosie) [g] :tungs ==== -1000 1000.0 1]
2 |E¥_s04(g) [g] 504 ==== -1000 1000.0 o
3 |EX_pile) (2] : pi ==== -1000 1000.0 o
4 |EX_nhdig) [g] i nhd ==== -1000 1000.0 o
5 |E¥_nalie) [g] i natl ==== -1000 1000.0 0
6 |EX_mobdie) [g] : mobd ====  }-1000 1000.0 0
7 |EX_mnZie) [g] : mnz ==== -1000 1000.0 0
g |EX_mozie) [2] : My ==== -1000 1000.0 0
9 |EH_kie) [g] : k ===+ -1000 1000.0 0
10 |E¥_hZole) [g]  hZo ==== -1000 1000.0 0
11 |EX_hie) [g] b s=== -1000 1000.0 o0
12 |EX_fedie) [g] :fe3 ==== -1000 1000.0 o0
13 |EX_felie) [g] :fe2 ==== -1000 1000.0 o
14 |EX_cuie) [g] :cud === -1000 1000.0 o
16 |E¥_cobalt2ie) [e] : cobalt? ==== }-1000 1000.0 o
16 |EX_co2(e) [g] :cod a=== -1000 1000.0 o
17 |E¥_clie) [g] : cl 2=== -1000 1000.0 o
18 |EX_caie) [g] : cgd a=== -1000 1000.0 o
19 |E¥_oZ(e) [g] ;02 2=== -18.5 1000.0 0
20 |EX_gle-Die) (2] : gle-0r ==== -8 1000.0 0
21 |EX_vlu-Lie) [2] : wylu-L 2=== 0 1000.0 0

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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(nhuut' rﬂﬂamiun Index [ r_E_x[:ha_nge Reaction (=]

: Ahbreviation Equation LE LB Chiective G s
a8 |EX_butzod(e) [g] : but=od ==== 0 Q09995 ]
50 IEx_cadie) [e]ipad === -H0999y. 199949099 o
G0 |EX_chilg) [g] : chi==== 0 QE95955 0
61 |EX_chllig) [8] . chll ==== -.01 HEHHEE 0
G2 |Ex_cd2(e) 8] cd2 ==== 0 HEEHH5 ]
B3 |EX_cqly(e) [8] . cgly ==== 0 Q09995 0 =
G4 |EX_cholig) [g] : chal ==== 0 QE95955 0 -
G5 |EX_cit(e) [8] : cit ==== ] HE95955 0
EX_clie g) ¢l ===» -99959499 998995 i

e % Click Submit to modify this record, or Cancel

Abbreviation: Ex_caZ(e) Equation:|[e] - ca? «=== |
LB:-999999 Objective Coefficient:|n |
UB: 999999
Submit Cancel
T8 |EX_cynt(e) [g] . oynt ==== 0 Q09995 ]
78 BEH _oys Died [8] : cys-Db ==== 1 HO9995 0
a0 |EH_covs_ Lig) [8] : oys-L o ==== ] 999995 ]
a1 |EX_cytdie) [e] . oyt ==== n HEHH5H5 0
g2 |Ex_dad_2ie) [e] . dad-2 ==== n HEEHH5 ]
43 |EX_dampie) [g]  damp ==== ] 9995995 0
g4 |Ex_dcale) [g] . dca ==== i QE55955 i
35 |BEX_dompie) [8] : demp ==== ] 999995 ]
a6 |EX_doyte) [8] : doyt ==== n HEHH5H5 0 .|
aT Fw ddeafay Il Ardra o——= l QaQoaag i -

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 (.xls). 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/GEMSIiRV/en/Metabolic Models and demonstrate how we use

GEMSIRYV to reconstruct metabolic networks with GPR relationships.

From reconstruction to model

Create Database

2 Please choose a home directony
Browse...
Dodist

Please create/open a project:
MyBioSysDE_BIiGG GPR

[w] Gene-protein-reaction associations are necessary.

Create Cancel

After clicking on Reconstruction in the menu bar, right click on the Model databases to Import spreadsheets (.xls) for importing the
reconstruction file of 1AF1260 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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Reconstrucion Simulation Visualization Setting

[ | Project
o ] Model databases
¢ [Ci&F1260_GFR xis|
[ Gene Index
[ Protein Index
[ Reaction Index
o [ Reference database
[} Metabolite Index
[} Protein Index
[ Reaction Index

(Gene index = |/F'rutein index [ rHEa[:iiun Index

L]

Abbreviation Confidence Equation [ arme [+ ote

0 |ALAR [£]:ala-L ====al.. |dlanine racemase
1 |ALATA L [c] akog + ala-L = [L-alanine transa...
2 |ASMM [£] rasn-L+ hZo-. |L-asparaginase

3 |ASMMpR 0] asn-L+ hio .. |L-asparaginase

4 |ASMET [c];asp-L+ atp +.. [asparadine synt...
a  |ASMEZ [c] ;asp-L+ atp +.. [asparadine synt...
B |ASPT [£] rasp-L--=fu... |L-aspartase

T |ASPTA [c] ;akog + ssp-L ... [aspartate transa...
g |DAAD [c] ala-0 + fad + . |D-Amino acid de...
=] WP LRT el Framb o+ alacl Yialinasnwrimeata a

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

Reconstrucion Simulation’ Visualization Setting

EBEX

| Project
o ] Model databases
o [ i8F1260_GPR xS
[ Gene Index
[ Protein Index
[ Reaction Index
¢ [ |Reference database|
[} Metaholite Index
[y Protein Index
[} Reaction Index

rﬁene index [= |/Prutein index [= rﬂﬂamiun Index |/F'rutein Index rMetahulitE Index

L] ®

|

ABBREVIATION EGLATION KEGGID FAME
0 MOFTHFSGLLA 10fhfaglufc] --= 1 0fthfa... S-glutarmyl-10FTHF tr
1 MOFTHFSGLEmM 10fhfEglulm] --= 1 0fthfs... S-glutarmyl-10FTHF tr
2 |MOFTHFEGLLA 10fhfEglufc] --= 1 0fthfd... G-alutarmyl-10FTHF tr
3 MOFTHFEGLIEmM 10fhfEglu[m] --= 1 0fthfi... G-alutarmyl-10FTHF tr
4 MOFTHFTGLLA 10fhfFglufc] --= 1 0fthi7... F-alutarmyl-10FTHF tr
8 [1OFTHF7?GLLEmM 10fhfFglulm] --= 1 0fhi7... F-alutarmyl-10FTHF tr
G |1O0FTHFI 10fhic] ==== 1 0fhl] 1 0-Farmyltetrabydrofy
¥ |10FTHFtm 10fthie] ==== 1 0fthfTm] 1 0-Farmyltetrahydrofi
g [MDoCRTSLIm 11docrsi[c] ====11do.., 11-demaycorisol intra
9 M1DOCRTELLr 1 docrsilc] ====11do... 11-demexcortisol intrall

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
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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.

EBEX

Reconstrucion Simulation’ Visualization Setting

[ Project Reaction Index |’Prntein Index [z | Metabolite Index (] |’Reamtiun Index | |
3 MDd,EI databases Abhbreviation Confidence Equation Marme ote Kl
¢ [C11AF1260_GFRAs 0 |ALAR [£]  ala-L ====al...jalanine racemase =
[ Gene Index 1 [ALATA L [c]: akg + ala-L = |L-alanine transa...
|__°“| Frotein Index 2 [ASHM [£]:asn-L+ hZ2o-. |L-asparadinase
K Reaction Index 3 |ASNMpp [h]: &ssn-L+hio . |L-asparadinase
S 1 4 IASMET [c]: asp-L+atp +.. jasparagine synt..
#- [l Reference Qatabase A |ASMNEZ [c];asp-L+ atp +. [asparagine synt...
D Metaholite Index B |ASPT [e] s asp-L--=fu... |L-aspartase
[} Protein Index 7 |ASFTA Ic] - akp + asp-L .. fasparate transa. .
EI Reaction Index 3 |DAAD Search [c]: ala-D + fad + . |D-Amino acid de...
9 |WPAMT Update [c]: 3moh + ala-L. [Maline-pyruvate a...
10 |ZDGLCHNEX = [£]: Zdhadlen + b L |2-dehydro-D-glu.
11 |Z2DGLCHMREY Insert [£]: Zdhalen + b L |2-dehydro-D-glu.
12 |2DGLULRY Delete [c]: Zdhguln + b [2-debydro-L-gulo...
13 |ZDGLLRy [c]: Zdhguln + b [2-debydro-L-gulo...

? Click Submit to insert this record, or Cancel

Subimit

Cancel

Abbreviation:Biormass_Ecoli_core Confidence:
Hote: Other:
Protein:
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Reconstrucion” Simulation  Visualization

Setting

[ Project
o ] Model databases
o [ i4F1260_GPRxs
[ Gene Index
[ Protein Index
[ IReaction Indesx
o [ Reference database
[y ntetabolite Index
[} Protein Index
[} Reaction Index

Reaction index rPrntein Index rMetahulite Index = rﬂeamiun Index |

Biomass_Ecaoli_... [c]: (1,496} 3pa + (3.747...

core E. coli biomass equatio..,

ASPTA [c] ; akg +asp-L====14l..

asparate fransaminase

Abbreviation Enquation Mame Confidence
0 |ALAR [c]  ala-L ==== ala-Dr alanine racemase
1 [ALATA L [e] : akg +ala-L ====glu...|L-alanine transaminase
2 |ASNM [c] i asn-L + h2o--=asp-.. |L-asparaginase
3 |ASMMpR [l rasn-L+ hio--=asp-..|L-asparaginase
4 |ASMET [c] ;asp-L + atp + gln-L +.__{asparadine synthase (glutam...
a  |ASMEZ [c] s asp-L + atp + nh4 --... [asparagine synthetase
B |ASPT [c] s asp-L--=fum+nh4 |[L-aspartase
T
a
4

DAAD [c] : ala-Do+ fad +hio --=..

D-Amino acid dehydrogenase

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

Reconstrucion Simulation Visualization Setting

| Project
o ] Model databases
¢ [ i4F1260_GFRxs

[ Gene Index
[ Protein Index
[ Reaction Index

o [ Reference database

[} Metaholite Index

i

Reaction Index |/F'rntein Index |/Metahulite Index = rﬂeam’iﬂn Index = |

1221

ABBREWVIATION

ECUATION

Biomass_Ecoli_core M e GAM-Mmetz

[c] :i1.496) 3pg + (3.7478) accoa + (59.81) .

1222

biomass_SA 23

1223

hiomass_S5A_2h

1224

hiomass_5A_3a

1225

hiomass_5A_3h

Search

|27 1 2dur_EC + (1,27 260ap-LL + {0,

b2 1 2dgr_EC +01.27) 26dap-LL+ 0.

P20 1 2ddgr_EC +01.27) 26dap-LL+ 0.

1226

hiomass_5A_4a

1227

hiomass_5A_ 53

20 12dgr_EC +(1.27) 26dap-LL+ 0.

P23 1 2ddgr_SA+ (1.27) 26dap-LL + (0....

P20 1 2ddgr_SA+ (1.27) 26dap-LL + (0....

The reaction of Ec_biomass_iAF1260 core_59p81M can be added into the reference database.
Abbreviation: Ec_biomass_iAF1260 core 59p81M

Equation:
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(0.000223) 10fthf[c] + (0.000223) 2ohph[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) h20[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) mlthf[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) pel6l[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) thmpplc] + (0.2537) thr-L[c] + (0.05684) trp-L[c] + (0.1379) tyr-L[c] + (0.000055) udcpdp][c] + (0.1441) utp]c]
+(0.4232) val-L[c] + (0.003158) zn2[c] --> (59.81) adp[c] + (59.81) h[c] + (59.806) pi[c] + (0.7739) ppi[c]

Reconstrucion Simulation Visualization Setting

[ Project | Reaction Index [x] | Protein Index [x] | Metabolite Index [| | Reaction Index 1

¥~ Modsl databases §§ AEEREVIATION EQUATION KEGGID [~
¢ CIAF1260_GPRAMS |l 4991 [Biomass_Ecoli_care_M w! GAM)-Nmet2 [c] (1. 496) 3pa + (3.747E) accoa + (59.81)
[} Gene Index 1222 |[Ec_hiomass iAF1260_core_59pa1 M {0.000233) 1 0RATE] * (0,000323) 20hphlel ©..
|__°“| Frotein Index §§ 1223 thiomass_SA_ 23 [e] (0. 42) 12dar _EC + (1.27) 26dap-LL + (0.
[ Reaction Index. | ;| 1224 [biomass_SA_2h [c] - (0.42) 12dgr_EC + (1.27) 26dap-LL + (0...

1225 |piomass_5A_3a [c]:(0.42) 12dar_EC + (1.27) 26dap-LL * (0. =

¥ [0 Reference datahase | oot e, BA 3h [c](0.42) 12dgr EC * (1.27) 26dap-LL + (0. =]
[ Metaboiite Index | 1557 o mass,_5A_4a [c](0.42) 12dgr_SA + (1.27) 26dap-LL + (0...
[} Protein Index oAl 1228 lhiomass_SA_5a [c]:(0.42) 12dgr_SA + (1.27) 26dap-LL + (0....
D Reaction indesx| 1228 Ibiomass_SA_Ga [c] (0420 12dar_SA + (1.27) 26dap-LL +{0....
IR 1230 [biormass_SA_Bh [c]: (0.42) 12dgr_BA + (1.27) 26dap-LL + (0...

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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Reconstrucion Simulation Visualization Setting

| Froject
o ] Model databases

i Reaction Index [x] |’Prutein
2| ABBRE

o [CiAF1260_GPRX
[ Gene Index

Draft a reconstruction E

[ Protein Inde

o [T] Reference databas
[y Metabolite Indey
[y Protein Index
[y Reaction Index

Add rzn&met to the Ref. DB .
D Reaction Incmﬁmmﬁw@ﬁk §
Define environmental conditions -
Export model {.xmil)
Download model {.=ls) =
Filter reaction by a map

Delete model
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Reconstrucion Simulation Visualization Setting

[ | Project
o ] Model databases

| Protein Index [x] | Metabolite
| ABBREV

¢ [ iAF1260_GFRaA
[ Gene Index
[ Protein Index
[ Reaction Ind

Draft a reconstruction et
Add rEznd&met to the Ref. DB

[ _InnerCell R
[ _Metabolite
9 [ Reference database
[} Metabolite Index
[} Protein Index

R S L e

[ _Exchange RS

i

™ Paartinm lndaw

Generate simulation tables e

R

= ._r;._f..-_.- T

L

Export model {.=mi)
Download model {.xis) —
Filter reaction bw a map

Delete modei —
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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.

Reconstrucion Simulation’ Visualization Setting

EBX]

[ | Project

o [ Model databases
9 [ 1AF1260_GPR s

¢ O WC_003197 ghk-hlastxls

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

[ Gene Index
[ Protein Index
[ Reaction Index

[ _Exchange Reaction

[ _InnerCell Reaction
[ _metabolite

[ ene Inciex
[ Protein [ndex
[ Reaction Index

[ _Invalid Reaction Index

draft reconstruction.

-

r Protein Index [=] rMetahulitE index [ rFIEa[:tiun Index [x] |/Flux result [z |/Gene Index x| |/F'rut
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Ahbraviation Eguation [ame Protein [lote
0 [12ZFFDRtex 12ppd-Re] ====__|[(F)-Propane-1,2-..|0mpC, PhokE, O [Draft from iAF1260_G .. i
1 12FPFDStex 12ppd-S[e] ==== _|[(5)-Propane-1,2-.. | Ompk, Phok, Q.. [Draft from i8F1260_G ..
2 M4GLUCANasbopp [T4glucanp] + atp. 1, 4-alpha-0D-gluc. . (MalG+malE+mal . [Draf from iAF1260_G ..
3 TAGLUCANeY T4glucan(el --= 1.1, 4-alpha-D-gluc.. [LamB Draft from iAF1260_G.
4 1 23CAMPTeY 2acample] ====__ [23cAMF transpor... | Ompc, Phok, O [Draft from iAF1260_G ..
A [23CCMPex 2acemple] #=== _ [23cCMP transpo.. |(Ompc, Ompkd, P (Draft from i8F 1 260_G ..
B 23CGMPex 2acomple] ====_ [23cGMP transpo... |(FhoE, OmpC, O [Draft from i&F1260_G ...
T 23CLUIMPex 2acumple] ====__ [23cUMP transpo.. |(Qmpkl, PRoE, O [Draft from iAF1260_G ..
g (23DAFPPAtex 2adappale] ====_ 2 3-diaminoprapi... | Ompc, PhoE, O [Draft from iAF1260_G ..
8 [23FDEZpp [p] : 23cump + hi . [2' 3-cvclic-nucle... [CpdB Draft from iAF1260_G.
10 [23FPDE4pp [p]: 23ccmp + b2 (2% 3-evclic-nucle... [CpdB Draft from iAF1260_G.
11 [23FPDEVpp [p]: 23camp + hi. 2 3-cvclic-nucle... [(CpdB Draft from iAF1260_G.
12 |23PDESpp [p]: 23cagmp + hi 2% 3-cvclic-nucle... [CpdB Draft from iAF1260_G.
13 |26DAHtex 26dap-mMie] ====__ |meso-2 B-Diami.. |(Ompc, Ompk, P (Draft from i8R 1 260_G ..

0
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Locus

Gene

Protein

Reaction

Reaction CPC2MT
Name

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

STM2024

cbil

ChiL

CPC2MT

precorrin-2 C20-methyltransferase




abbreviation CbiL, the associated gene STM2024 and a note Added to synthesize cobalamin.

? Click Submit to insert this record, or Cancel

. Abbreviation: Chil Gene:;SThZ024
Harme: Notecynthesize cobalamin
Other:

Subimit Cancel

The gene-protein association will be automatically brought into the Gene Index table.

EBX

Reconstrucion Simulation’ Visualization Setting

[ Project Bl [#] |/Gene Index x| |/Gene Index [z |/Prutein Index [x] rPrmEin Index [ rﬁene Index [ |/Fuaa[:tiun LR
7 IjMDd.EI databases S'Coordinate Gene Locus Tag Frotein MHote EC Mumber || =
§ W EHEET GRR A | 1937 2087225 erik STM2015 =
[} Gene Index 1938 [2088373 cobT STMZ016 CohT 24271
BPrDtEinlndE}{ 1939 12099143 cobs STMZ2017 Cobs 2---
[y Reaction Index || 1940 2099685 cabl STMZ015 CobU ?
|j| Exchange Reactid 1941 (2101202 Eb!F‘ STMZ2019 --
i A 194212102014 chid STMZ2020 --
[ _innerCell Reactiot | ‘| ~333 (3102700 chi STM2021 =
B_Metabnlite 1944 12102968 chir STM2022 --
¢ [CJHC_D03197.abk-blast. 1945 210361 F it STM2023 -
[ [Gene niex |1 [ErngET chil ETHZ024 Chil 211130
e | 1947 2105208 chik 5TM20325 =

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
evidence.
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Abhbresviation:
HMote:
Protein:

Click Submit to insert this record, or Cancel

CPCZMT Confidence: 3
wnthesize cobalamin Crther:
Zhil

Subimit

Cancel

The reaction information including name and equation will be automatically brought into the Reaction Index table.

Reconstrucion Simulation’ Visualization Setting

| Project
o ] Model databases
o [ i8F1260_GPR xS
[ Gene Index
[ Protein Index
[ Reaction Index

[ _Exchange Reactis
[ _InnerCell Reactio

[ _Metabolite

9 [ MC_003197 . ghk-hlast.

[ Gene Index
[ Praotein Index
[ Reaction Index

[ _Invalid Reaction I

o [C7ivL1228_GPR.xs
™ rrane mdey

:I Reaction Index rMEtahulite Index = rHEac’tiun Index rPrmein Index |'|’Heal:tiun Index-ﬁ 1]

Ahbreviation Enquation Marme Frotein Mote Cl:unﬂdd:
0 M 2PFDRtex 12ppd-Rlg] ====... [(R)-Fropane-1,2-...i0mpC, PhokE, O... |Draftfrom iAF1 2. 1=
1 M2PPDStex 12ppd-5le] ===+ _|[(8)-Fropane-1,2-... | Ompk, Fhok, ... |Draft from iAFT 2.
2 MAGLUCAMabepp (T4glucan[p] + atp. |1, 4-alpha-D-gluc... iMalG+halE+Mal... |Draftfrom iAFT 2.
3 MAGLUCANe Tdglucan[e] --= 1. |1, 4-alpha-D-gluc... |LamB Draftfrom iAF1 2.
4 [23CAMPLEx 23cample] ==== _ [23cAMP transpor... | OmpC, FhokE, 0. |Draft from iAFT 2.
A [23CCMPtex 23cemple] ==== . [23cCMP transpo... {OmpC, Ompk, P |Draft from iAF1 2.
B [23CGMPtex 23cgmple] ==== _ [23cGMP transpo... (PhokE, Ompc, O, |Draftfrom iAFT 2.
7o 23CUMPex 23cumple] ==== __ [23cUMP transpo... {Ompl, PhokE, O, |Draftfrom iAFT 2.
g 123DAPPAtex 23dappale] ===+..|2 -diaminopropi.. Ompc, Phok, 0., |Draftfrom iaF1 2.
9 [23IPDEZpp [B] : 23cump + b2 2" 3-eyelic-nucle... (CpdB Draftfrom iAFT 2.
10 {23PDE4pp [[B] : 23ccmp + h2. |2 3-eyelic-nucle... (CpdB Draftfrom iAFT 2.
11 {23PDETpp [[B] : 23camp + b2 |2 3-cyelic-nucle... (CpdB Draftfrom iAFT 2.
12 {23PDE9pp [[B] : 23cgmp + b2 2" 3-eyelic-nucle... (CpdB Draftfrom iAFT 2.
13 [26DAHteEx 2hdap-lel === meso-2 B-Diaml _OmpC, Omph, P Draft from 18F12 .
14 JERCEMT [cl: amet+ copre.. |pracarrin-2 S20-, (il Added to synthes.. |3
15 (2AGPAT 200 o £ E=T o] 1 0] | ] IR ar T i o= w ) i =Tt o <1 U Draftfrom iAFT2..

Likewise, the protein-reaction association will be automatically brought into the Reaction Index table.
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Reconstrucion Simulation’ Visualization Setting

EEX

[ | Project
& [ Model datahases
o [ iAF1260_GPR s
[ Gene Index
[ Protein Index

[ Reaction Index
[ _Exchange Reactid
[ _InnerCell Reactio

[ _metabolite

o O WC_003197 ghk-hlast.

[ Gene Index

[

[ Reaction Index

:I Reaction Index rMEtahulite Index [ rﬂﬂamiun Index |/Prntein Index [ rﬂﬂamiun Index | 1]

Ahbreviation Gene Reaction Mlame ||:
0 ihAas STh3010 AACFPET AACFE2 PACE . Janyl-ACH synthase Draﬂﬂf
1 At STMOZ32+5TMI366+5... |ACCOAC AcetyCoA carboxylase  [Drafl)
2 Aced SThAT24 ICL isocitrate lyase Draft)
3 jAceb STMAT23 MALS malate synthase A Draf)
4 {AceEec STMO152 FOH Pyruvate Dehdrogenas. . Draft||
5 {AceFec STMO153 FOH Pyruvate debydrogenas.. Draft||
B IACKA STMZ337 ACKY Acetate kinage Draf)
TACnA STM1712 ACOMTa ACONTH aconitase A Draft)
g |AcnB STMO1 58 MICITD ACOMNTa ACOR.  jaconitase B Draft||
4  iAcpH STMO403 FATO0ACPHI FATZ0AC. . JACR phosphodiesterase Draft||
10 fAcpP STh11 96 AACPST AACESI AACE  lacyl cartier protein (ACF) Draft|[
11 fZhil STM2024 | CPC2NT ' ;I'_rEcu‘_rﬁn-E 2 0-methylt.. ﬁc@d_e]i
12 Acps STM2ZATT LS Holo-acp synthase Drafi]

1

37



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.

Reconstrucion Sﬁﬂhlﬁﬁﬁn"| Visualization Setting

I Froject Dead-end Metaholite ldentification
§ [ Model dat oo ctive Optimization -
7] SEML — .
D e Fiux Yariahility Analysis £
D = Robustness Analysis
EI _ E Essentiality Analysis L
[ _If Gene Deletion Analysis -
™ ® —T T e

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/GEMSiRV/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 | Simula

fion' | Visualization Setting

FProject _
¢ [ Model dal oo cive Optimization g
o] BEML . . :
D' e Flux Yariahility Analysis
EI =1 Robustness Anahysis

D _ | Essentiality Analysis

[ _In Gene Deletion Analysis

L

Please select a model from the Model databases:

Please select a map in the Maps if yvou have amy

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:

39



Reconstrucion Simulation Visualization Setting

| Project
¢ ] Model databases

(E.culi_cure.cartumap r'Dead-end list

[ Gene Index
[ Reaction index

0 Ij[EeEhﬂ_L_.E'EﬂDﬂ-'_,E:E'J:!H i‘l’he dead-end metabolites are listed below,
- == Hifrule]

{furne]

oin-Lg]

[ _Exchange Rea mal-Lle]

™ lnkarall o T

A visualization map with dead-end metabolites:

40



Reconstrucion Simulation’ Visualization Setting

[ | Project
o [ Model databases

¢ CIEEML_ewpor E coll

[ Gene Index
[ Reaction Index

[} _Exchange Rea
[ _InnerCell Reac) :

[ _Metabalite
o [ Reference database
[} Metabolite Index

[T} Reaction Index

¢ [ Maps

[} E.coli_core.cartomal

l/ E.coli_core.cartomap rﬂead-end list [=] |

=]
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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/GEMSiRV/en/Installation for setting up GEMSIRYV. 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.

Simulation | Visualization Setting

Reconstrucion

] Project Dead-end Metaholite Identification
7 [ Model dat oo ctive Optimization

SEML
= |j| i Flux Variability Analysis

EI =1 Robustness Analysis
[ _F Essentiality Analysis
|j| _It Gene Deletion Analysis

L
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Please select a model from the Model databases:

Please select a map in the Maps if vou have ame

E.coli_core.cartomap

To @ maximize or ) minimize

the ohjective reaction: pinmass Fooli_core N(w/GAM) Nmet?2

[ ] Outpurt nonzero fluxes onby

Execute Simulation

Close

X

A visualization map with reaction fluxes:
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Flux result:
§ rE.cuIi_[:ure.[:artumap rFqu result |_

|GLNabe 0.0

|GLUDy -4.54186
JeLun 0.0
JeLUsy 0.0
JeLutzr 0.0
|GHD 4.95998
2ot -28.1758
AIcDHyr B.O0725
ficL 0.0
|LOH_D 0.0
ImaLs 0.0
MaLtz_2 0.0
kA A AORA2D

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.xml -
Please select a map in the Maps if vou have ame
E.coli_core.cartomap w
To @ maximize or ) minimize
the ohjective reaction: pinmass Fcoli_core H(w/GAM) Nmet2 |+
Output nonzero fluxes only

Execute Simulation Close.
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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 Metaholite Identification  §

7 [ Model dat Objective Optimization

¢ [ SBML s
B o FlUR Variability Analysis

[ Re Robustness Analysis
|__°“| _ g Essentiality Analysis
D _It Gene Deletion &nalysis

L=
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Please select a model from the Model databases:

Please select a map in the Maps if yvou have amye

E.coli_core.cartomap

[] To plot the result in the map
To identify the hlocked reactions
You can define the Minfiax flux cutof on map.

Min: lj Max: Ij

Please asign a reaction list file, if vou won't run B4 for all reactions:

Browse...

Execute Simulation Close
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A list for the blocked reactions:

lization Setting

(E.culi_cure.cartumap rBIncked reaction list

he blocked reactions are listed below:
Ex_frule)
Ex_furmie)
Ex_agln_L{e)
Ex_mal_Li{e)
FRLpts2
FLIMt2_2
GLMabe
haLt? 2

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

| save
R eaction hdin IR
CALD -20.0 -1 169719405E-24
CALDt -20.0 0.0
CEr -20.0 ST AETY0248E-25
COMTa 1.243854342E-28 20.0
CORTh 1.242966364E-28 200
Cir -20.0 0.0
Dk 0.0 166.61
kGOH n.o 200
kiGt2r -10.0 0.0
LCD 2y -20.0 -1 168719405E-24
T a.38 839
TFRS4r -31 .61 150.0
Biomass_Ecoli_core_k il GAM_Mmet2 N1 0ar3vz1a0y
Cio2t -60.0 1110424242
Cs 1.241908217E-28 200
CYTED n.o 120.0
m 1 a7 ann mn

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 1| Visualization Setting

Dead-end Metabolite Identification
§ [ Model 83t o ctive Optimization

SEML,
= |j| o Flu Wariahility Analysis

EI _E Essentiality Analysis
B _It Gene Deletion &nalysis

—

Froject

R

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_FE.coli texthook _out.xml -

To @ maximize or () minimize

the ohjective reaction: Biomass_FEcoli_core_N{w/GARM) Mmet2 -

To see the robustness to reaction:

EX_glcie) | in 7 Minand Maxor ® :E'_ and {HJ

and reaction {optional):

i
| in @ MinandMaxor - 1000 and o0

Humber of points spaced in the flux range | EEIE

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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Robuziness resnlt
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Save Close

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_FE.coli texthook _out.xml -

To @ maximize or () minimize

the ohjective reaction: Biomass_FEcoli_core_N{w/GARM) Mmet2 -

To see the robustness to reaction:

| =
EX_o2{e) w| in () Minand Maxor ® |-25 and |0

and reaction {optional):

i
| in @ MinandMaxor - 1000 and o0

Humber of points spaced in the flux range | EEIE

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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Robuziness resnlt
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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_FE.coli texthook _out.xml -

To @ maximize or () minimize

the ohjective reaction: Biomass_FEcoli_core_N{w/GARM) Mmet2 -

To see the robustness to reaction:

EX_o2{e) - in (3 Minand Maxor ® @ and @

and reaction {optional):

EX_gic(e) ~| in CiMinandMaxor ® [20 | and [o |

Humber of points spaced in the flux range EEIE

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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X

Robusiness result |

Biomaszs

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

59



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 Ei‘ni‘ulﬂiﬁn| Visualization Setting

Project Dead-end Metaholite Identification

§ [0 Model dal o0 the Optimization !

7] SEML, — )
EI G Flux Variahility Analysis
B =1 Rohustness Anahlssis
[} _E Essentiality Analysis
[ _In Gene Deletion Analysis

L
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Please select a model from the Model databases:

To @ maximize or {_ minimize

the objective reaction: Binmass Ecoli_core_MN{wi/GAM) Nmet2

To perform:

/& Gene Essentiality Anahysis
i Reaction Essentiality Analysis

Essentiality is defined in cutoffwvalue: | 0.01 of the rate ratio.

Execute Simulation

Close

Results of gene essentiality analysis:
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rE.cuIi_curE.[:artumap |/ Essential gene result

Computationally essential genes:

ho451
ho¥z0
1136
b177a
bd414
hZ416
(R
h2926

k0 nene
ho114
ho114a
ho116
ho474
hiov21
hov2z
ho¥23
hov24
hO¥ 26
hOov27
ho¥2a
ho¥za
hO¥aE?
hos04
hos10

Feaction Fate ratio

[R_FDOH] 09116332748634368
[R_FDH] 09116332748634 368
[FR_AKGDH, R_FOH] 0.aea21e
[R_ADK1] 1.0

[R_SICD D931774193659109247
[R_SUCD0 09317741936519247
[R_SUCD 09317741936518247
[R_SUCD D93177419365108247
[F_AKGDH] 09821332935796487
[R_AKGDOH] 0.9821332935796487
[F_SUCOAS] D.9821332935796487
[R_SUCOAS] 0.98213329357096487
[R_FGL] 0.9884335178628347
[F_GLMabe] 1.0

[F_GLMabe] 1.0

Results of reaction essentiality analysis:
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(E.[:uli_cure.[:artumap r Essential reaction result

Computationally essential reactions:
ACOMNTa

ACOMTh
Biomass_Ecoli_core_RwiGam)_Mmet2
(35

EMO

Ex_alcie)

EX_hie)

Ex_nh4{e)

Ex_pife)

GAFD

GLCpts

GLMES

1D Hyr

Hat

PGk

F G

Flt2r

FFI

0 reaction Fate ratio

ACALD 1.0

ACALDE 1.0

AR 1.0

AT 1.0

nlel 1.0

AKIGOH 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

| Visualization Setting

Project
& [ Model dat

o [ 5BML
[ G
[ Re
128

Dead-end Metabolite ldentification
Chjective Optimization

Flux Yariability Analysis
Robustness Analysis

Essentiality Analysis

L

[ It Gene Deletion Anaiysis

To delete a single gene:
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Please select a model from the Model databases:

SBML_export_E.coli texthook _out.xml -

To & maximize or (0 minimize

the objective reaction! piomass Ecoli_core Niw/GAM) Nmet2 |w
To perform:
# Single Gene Deletion: b -
7 Gene Deletion: SR = Browse...
hi114 | =
hil115
[ | To export the model iMu0116
hil118
hi351 :| Close
il 356
hid51 =

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 databases:

SBML_export_E.coli texthook _out.xml -
To & maximize or (0 minimize
the objective reaction! piomass Ecoli_core Niw/GAM) Nmet2 |w
To perform:
i Single Gene Deletion: b0114 -
7 Gene Deletion: Browse...
;Tn 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 r Gene Deletion Model

| save

#Reaction Flux
ACALD 0.0
ACALDE 0.0
MKy 0.0
ACOMNTE 474726
ACORMTh 474726
A2y 0.0
ADA 0.0
AEIGOH 384771
ARG 0.0
ALCD 2 0.0
ATPI 8.39
ATPSAr 436718
Biomass_Ecoli_core_MiwiGAMI_Mmet2 0. 796696
o2t -18.3583
(= 474726
CYTBD 42,8072
O_LAcCt2 0.0
ErMG 12,6966
ETOHZr 0.0
Ex_acie) n.a
Ex_acald{e) n.ao
Ex_akoie) n.a
EX_coiie) 18.3531
EX_etohig) 0.0

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

=Tuml version="1.0" encoding="LITF-8"%=
=shml xmins="http:fevare shmlorg/shmiilevel 2" level="2" version="1" xmins:html="btp e w3 orgH 999html" =
=madel id="SBML_expart_E.cali texthook_outxmlxml® name="SEML_export_E. coli texbook_outxmlxml® =
=listOfl)nitDefinitions =
=yunitDefinition id="mmal_per_gDW_per_ht" =
=listOflnits =
=unit kind="maole" scale="-3" multiplier="1" offsei="0" 1=
=unit kind="gram" exponent="-1" mulliplier="1" offzset="0"r=
=unit kind="second" exponent="-1" multiplier="0.00027 777" offset="0" /=
=fistofnits=
=funitDefinition=
=listofnitDefinitions=
=listOfCompartments =
=campartment id="C_e" name="extracellular f=
=campartment id="C_c" name="cytoplasm" f=
=listOfiCompantments=
=listOfSpecies =
=gpecies id="mM_13dpy_c" name="3-Phospho-D-glyceroyl phosphate” compartment="C_c" /=
=gpecies id="M_2pg_c" name="D-Glycerate 2-phosphate” compartment="C_c" =
=species id="M_3po_c" name="3-Fhospho-D-alvcerate” compartment="c_c" =
=zpecies id="mM_Epgc_c" name="6-Phospho-D-gluconate” compartment="C_c" =
=gpecies id="M_Bpgl_c" name="B-phospho-D-glucono-1 5-lactone” compartment="C_c" 1=
=species id="M_ac_g" name="Acetate” comparment="C_g" i=
=gzpecies id="M_ac_c" name="Acetate" compartment="C_c" J=

T T o e | JNpu iy [ [y Pty [ SO S [ ) (R -

MmE

Such a model can be further imported into GEMSIRYV 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 ﬁ'mi{alfi‘ﬁﬂﬁh| Setting

Project :| | Create new map
¢ [ Model databases |-
¢ [ SBML_export_E &
[ Gene Index
D Feaction In 21 | Load CeliDesigner maps

Open map file {.cartomap)

Load KEGG maps b

The toolbar for creating/editing a map:

@ E NNN®] <>

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.

Visualization | Setting

Reconstrucion Simulation

] Project | 3| | Create new map
§ (e Model databases 21 | Open map file {.cartomap)
¢ [ SBML_export_E| : T R e
[ Gene Index || EEEEEERERIRRES | Import KEGG map (.xmi}

[ Reaction In Load CellDesigner maps Retrieve KEGG map

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/keqgg-bin/download.

70



Reconstrucion Simulation Visualization |

] Praject Configure i
e Ij mModel databases 51 Eﬂﬁﬁﬁﬁ ' R ,.BL

¢ [ SBML_export_E.colitext)

D Gene |ndex Flux Color Range Setting...

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

Confignlation

? Kegy Pathway List.
[ '=g-l_..i*r:|§

Fn00010.2ml
00020, =mi
rnlIMEN weal

The KEGG pathway map of rn00010:

Tl «
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Reconstrucion Simulation’ Visualization Setting

[ | Project
o [ Model databases

o [ SEML_export E.coli text]

[ Gene Index
[ Reaction Index

[ _Exchange Reaction
[ _InnerCell Reaction|

[ _Metabalite
o [ Reference database
[} Metabolite Index
[T} Reaction Index
¢ [ Maps
[} E.coli_core. cartomap

B Enunm 0zl

rn000A0.zml & |

AL AL S LS E
kmubuﬁﬂn

Cooo3l
X
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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):

= rn00010, %l

T T T (T T T (P Y T T P S T T
1 «<?xml wersion="1.0"72:>
2  <!DOCTYPE pathway SYSTEM "http://wuw.genowe.ip/kegy/ xml/KGHL v0.7.1_.ded"s
3 <!—-— Creation date: Nowv 16, 2010 13:49:359 40900 [(GMT4+09:00) —-»
4[] <pathway name="path:rn00010" crg="rn" nuber="00010"
3 citle="Glycolysis / Gluconeogenesis™
& image="http://wuw.genome. jp/ kegg/ pathvay/rn/rn00010. png™
7 link="http://vuw.genowe . jp/ kegy-bin/shov_pathway?rn000107:>
2H <entry id="13" nsgee="rn:RO1070 rp:RPO1274 rp:RPO1275 ro:RCO04358 ro:RCOO439" type="resction” reaction="rn:RO1070™
£ link="http://wvw. kegy. jp/dbget-bhin/www_bget ?RO1070+RPO1Z274+RPO1275+RC0O0435+RC0O0439"
10 <graphics nswe="R0O1070..." fgoolor="#000000" bgoolor="#EFEFFF"
11 type="rectangle™ x="4553" y="404" widch="46" height="17"/>
1z <fentrys
1zH <entry id="i7" nsgee="rn:ROO710 rp:RPO0125 ro:RCOO047" type="reaction™ rescticon="rn:ROO710"
14 link="http://www.kegy. jp/dbget-bin/ www_bget ?RO0710+RPO0125+RCO0047 ">
15 <graphics nsmwe="RO0710..." fgoolor="#000000" bgoolor="#EFEFFF"
1& type="rectangle™ x=TI5" y="943" widch="46" height="17"/>
17 <fentrys

Content of KEGG pathway map (ec00010.xml):

x

2c00010.xml
DIITI|III1IDIIII|III2IDIIII|III3IUIIII|III4IUIIII|IIISIDIIII|IIIEIDIIII|III?IUIIII|III
1 <?xml wersion="1.0%"2>
z  <!DOCTYPE pathway IYITEM "http://www.genome. jp/ kegy/xmwl/EKGHL v0.7.1 .dtd"™s
3 <!—-— Creation date: Now 16, 2010 13:49:39 +0900 [(GMT+O05:00) —-->
4[] <pathway name="path:ec00010" org="ec" nurber="00010"
E title="Flycolysis / Gluconeogenesis"™
3 image="http://www.genowe . jp/ kegy/ pathway/ec/ec00010. png™
7 link="http://wuw.genome. jp/kegy-bin/show_pathway?ec00010":>
[ <entry 1d="13" name="ec:4.1.2.13" cype="enzywe"™ reaction="rn:RO1070™
E] link="http://www.kegy. jp/dbget-bin/wuw_bget?d.1.2.13">
10 <graphics name="4.1.2.13" fgcolor="#000000" hgoolor="H#EFEFFF"
11 type="rectangle™ x=T453" w="404" width="46" height="17"/>
1z </entrys
123 |<entrv 1d="37" name="ec:1.2.1.3" Cype="enzywme"” reaction="rn:RO0O710™
14 link="http://wyw.kegy.jp/dbget-bin/wuw_bget?1.2.1.3">
1E <graphics name="1.2.1.3" fgoolor="#000000" bgcolor="#EBFEFFF"
16 type="rectangle™ X=TZ59" w="043" width="46" height="17"/>
17 <fentryr
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Show node name: ‘Show node caption:

[

ec00010.zml & |  pc00D10xmI 2 |

CEEENNE

& S D =N

A LALLLL ALEEL SLLILLUSE : LALLLL ALLAL SLL R
kn.etabo]jm J kn.euhn]jm J
T |
I
RO09SD Con103
RO0947
EO050
BO1738
RO273
cooSARNIZEG [|Ro21z0 CO0EsE
ED17%6. [|Rnonss &
1 e
BO1602 [po2730 |an?-35: | R02740 ~
T
coo2]ROL600 {R021E7 C0117R- C0S345
E03321
ED1S00  [|ROO0SE
lro47so ||mos77e ||poooss |
Co1
RO5132 RO5133 05378
0
014 C06 13—t
C——{rn4304 RO5134
-~
-
e
mnn1 1 I"I'lﬁ“'l"ﬂ}

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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Carbon fomtion i
photosyritheticorgaisns

;L0003 BOO3 L mR072
- - RO0341

T Pynwate
iy e metabolisn
— e EOL106
Citrate —
cycle - = cooogs
(TCA - —
oycle) e T J
= T £oodad — 162 : Co513RO0D14 i
4" B e e T e E02560 R03270 - :
- - RoO014
y 159 £15972
RO0235 ||RoD229 RO7618 ROO7SS .
ROO754 0
— 00033 EO0710 Conng4 ROO7
Extend ma RO0127 [
p EOO711 ROOT:
Modify color BO5198
Delete

Map of Citrate cycle (TCA cycle) is extended in the map:
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e RO1196
Citrate =
1e -
(TCA -
cyele) s e R
e = cood4 £1a2
= — —m o= —_——_—— == e s T ST = -7 RO2569 BD3270
£159, C15972
RO0235 ||[Eo0ze ROTE1E
[TI‘I‘I.E:CmmeC)‘I:Ie(TCﬁcythJ ]
C00033 ROO710
ROOT11
& " 00074 Glycobysis [ Ghaconeogenesis
RO0341
Fatty acid
iosyrthesis b
[Fhliyacidelmgnﬁm’nin } ==} \
it ochomdria -
b 23 o ‘\
Valine, Jucine md : iz
isolenc inede gradation - o ‘_:-u \
metabolism L)
Alaning, aspartate
Endphiamys 00344
metabolism -
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metabiolisn =
- e
= Cooz1l
RO0342 9|
caol4n k
R01890
Tyrosme RO1082
metaliolism Co5379
¥ RO0708
Arginine mud b co0122
pro liemetab o lism. —
Ro0412  ||RO2164

00043 RO0432miENO7AT7
RO0405

Fd

£00091
- ROZ5TO

15073 f C15072
O RO7618
ED1187
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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.
L0003 RO0431 m [RAB72E
s EN0341 S—
- =T =3 metabolism
e - RO1196
e T
cooliz4 . 162 Co511R00014
—————————————————————— RO1560 R03270 -
ROO014
’ C150 £15972
] BO7618 :
RO0O235 ROO229 ROO755 Propanoats
: olisan
RO0754
C00033 RO0710 Co00g4 - ROO746 con4sn
RE09127 |F —90
BOD711 ROO754
BO5102
Crlprolysis | Ghconeoganesis
Merge all
Modify 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.

- Pymrvate
- metabalizm

- ROO200
-
-
- RO1196 /
-
- C00063
= /
-
P /
# cnonz4 C1625 0512{ RO0014 0022 Coo1sas
— RO2560 RO3270 - == RO0703
B e RODOL4 Coooz2
—_— Merge all
T C159 C15972
e ? ; . Modi I
oo [Romzs |[monzzs | ROT618 e e odify color
—_ Delete all Propanoate
Galatin metabolism
3 07
00033 ROO710 [} ;”;J %a‘, | ROO746 00469
1
ROO711 P ﬁu;{g ROO754
Ri5io8
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c00036/ ROD431 m:pead

- RO0341
=
—
-
-
-
- RO1196
-
-
-
-
e
-
" 2ood24 C1635
i RO2569
- T Cl159
e —
e ROD235  |{RO0O229 RO7613
CO0033 RO0710
RO0T1L

RO058
_ Ycooos /
2 /
Pynwate /
metabolism ROD200
/
00068
/
/
C0s12{ RODOL4 C00022
RO3270 e
001 7
C15972 <
ROO755 7
|R00T54. |12
C000g4 !l RO0746
{RO9127
P RO0754
J RO5198
/

Glycalysis | Gluconeogenesis
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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

[ Project | 3| | Create new map
§ [ Model databases A | Open map file (.cartomap)
77 SEML_export E| =
| Load KEGG maps b
[ Gene Index |

[ Reaction Ing : Load CellDesigner maps

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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fecnl]l]l]ﬂ].xml G |

D-Glucose 1-phosphate
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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 0xm

Show hode 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_KEGGoSEED. TXT El yun_KEGGoSEED, TXT

m||||I|||1|D||||I||| Ej||||||||1||:|||||||||
1 h16254 cpddd3en 1 ROO43Z rxnO0306
z C00148 cpdo0l30 z RO7VE613 rxn0lzZ41l
3 CO000z  cpdOo0oOoz 3 ROOOO1 r=xn0OS5757
4 CO0003  cpd00003 4 ROOOOZ rxnll94d?y
& CO0004 cpdoOoo4 £ ROOOO4 rxn0O0001
& CO0005 cpdodoos & ROOOOS  rxnO0O00Z
7 CO000e  cpdio0OO0e 7 ROOOOS r=xn0OO0004
g Coo0a7? cpdOo0oow g ROOOOS rxn0O0006&
g Ccoooods epd0000s 2 ROOO10 rxn0OO0O0O0%Y
lo CO0000%  cpdOooos 1o ROOO11 rxn00005

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.
L = rmmmmmrr = i

¢ [ Maps
[ rm0o0010ml
Show node name

Replace caption of hodes

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 open a map saved in cartomap format.

Heconstrucion Simulation Ymigalﬁﬁﬂﬁh| Setting

[ Project | 3| | Create new map
&[] Model databases . ‘Open tap fle Leartamany
7 SEML_export E| =
i | Load KEGG maps b
[ Gene Index |
EI FReaction In Load CellDesigner maps

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

(1 Project Eil’rnl]l]l]ﬂ].cartumap |
9 [ Model databases 3 i ] 1 e e
) ] |

7 [ OptE2877.3_outxml
[ Gene Index
[} Reaction Index :
[} _Exchange Reaction TITLE:!
[y _innerCell Reaction | :
[ _Metabalite
9 [ Reference database
[} Metabolite Index
[y Reaction Index

v ] Maps
[ rmiooto.cattoms

e

Show node hame
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 mag

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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Beachion filter

? Please select one of the reaction lists.
Rxns not exist in the model Rxns exist inthe model
Fﬂl]l]14rx’rii]l][l"i'1 £ e, rzn00175 [
'RO0431 rncRO07 26 = rxnii459
RO0754rxn00543 J ** | rxnoos06 :‘
RO1061 rn:RO1063 | rxnlo0549 s
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.

» ] Maps
[} mooo10.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
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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

9 Project
9 [ Model databases Rl [rp
o [ Opte2877.3 autur | o IR -
|j| S Draft a reconstruction -
EI Eeaction Index| fdd ren&met to the Ref. DB
|j| _EBExchange Re:d Generate simulation tables
[ _InnerCell Real pefine emvironmental conditions
[ _Metabalite
9 [ Reference datahasze
[ Metabolite Index. | " "
[} Reaction Index ‘Filter reaction by a map
# [ Maps Delete modei
ey

e T W ik e 0

F rnD0010.cartomap [= |

Export model {xmi)

Download model {.x1s)

A comparison report showing what reactions are present in the model only, in the map only, and in the both.

92



EEKR

Reconstrucion Simulation’ Visualization Setting
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A temporary map including those reactions in the model but not in the map

Reconstrucion Simulation Visualization Setting
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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..

Reconstrucion Simulation VYisualization Setting
(7 Project l/ rn00040.cartomap = [ Reaction

7 [ Model databases T T
¢ [ Opts2977.3_outxml S0 o | |\|
[ ene Index : s
[ Reaction Index :
[y _Exchange Reaction
[ _InnerCell Reaction
[ _Metabolite
9 [ Refetence database
[} Metabolite Index

[ Reaction Index

[y moood 0 cartornap, :

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 L

(84

Load gene expressions
Save map

Close map

98



L
ACEAISIIS

¥ pdl 1l mun0 145 _l]_;;'g}_l]_ﬂjjﬁ_i_]_;}g}@@%%_&_&_:_] E
bio00025 Hrmonl47 | 2NOW exira info. iE

[omooon1 |{mano1se | Update caption @

lraooo02 | [rewo1s1 | Modify color [zo
|m1EIEIEIEII5 ||nmElEl1-5l5 Delete ]E

|1munnn ||1:mUIZIl?3 ||mwooz2ee [|mawozso ]E

|pwo002s ||mwo01zs ||nwonaes ||rwsss: |E

|paoooss |{peo170 ||newozss ||pmonsss |@

[cwo0ss |[raoo1s2 |[wonnzes |[rawosss |[ow

|1'x11.DI:IIZIl5EI ||m100183 ||1:{11EII328§| ||r:{11EII33.'-‘1 |E

ra001s4 |[pwon2e1 |[rwsosze |E

mm00392 |@
nal405 |E

|1'x11.DI:IIZIS§ ||1‘.mEIEIl§'IZI ||1‘:{11EIDJ§'5 ||r:{11EIIZI-1-IZI.'-' |E

| nuons2

|lpwo0077 ||muon1s7 ||mmooze

|naoooss ||mmoo1ze ||rawnzes

|r:{11.DEIEI§'5 ||rx11ElEll§'3 ||1‘:ﬂ1002§'i‘ ||1‘.-:11EIIZI-1-IZI§' ||E

|1-vn|'||'||'|l:|'.‘ ||1—n-.l'|l'|1l2|'4 ”nml'll"l‘?ll:ll:l |In-|-.l'll'l.{1|'l IE

The gene and equation information for the reaction can be seen on the map.

99



Creme: ACTATH0109
| Erquation: [c] : (2.0) cpd00109 + cpdd022] ==== cpd00020 + (2.0) cpdd00&T + (2.0) cpdd0110

ra00s75 | [pawoso0 | [paoosst ||[pmornny |E

B pal 4} pm00146|[pow024s |[paw03ss |[pmonsos |

bio00025 Kran147 |[oa002s1 |[rwonsso ||meoosos |[neoosts ||mwonsor ||mmoosss |[nwoiiaz |E

|rx11EIIZIIIIIZIl ||m10015§' ||m10035l5 ||r.m£ll:l$43 ||rx11IZIIZI§IZI§l ||r:ﬂ1l]ﬂl53§l ||rx11.IZIIIIBIZIl5 ||r.'mIZIIZI§|38 ||r:ﬂ1l]1133 |E

|pwoo002 ||peoois1 ||pewozso ||pawosss ||owoosiz ||mmoosss |[mmoossi |[mmwoss1 |[mmwinss |E
I

|1—v1-.|'||'||'||'|ﬁ ”-nn-.l'll'ﬂﬂﬁ ”-nn-.l'll'l'.lﬂ'.l ”m-.l'll'lit.l? ”rvnl'll'lﬂi ”rww.l'll'lﬁﬂtl ”rvnl'll'lﬂit'.l ”rvnl'll'ltl.l? ||1—vn|'|115252

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)
#PReaction Flux

LACONTa  6.00725

ACONTR  6.00725

LAKGDH 5.06438

ATPM 3.38

ATPS4r 45.514
BiDmass_Echi_cDre_N(waAHJ_NmEtz 0.873922
Cozt -22.8093

C%  6£.00725

CYTED 43.599

ENO 14.7161

EX coZle) 22.3098

EX gleie) -10.0
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Multiple runs of simulation: (A header line beginning with “#” is preferred for labeling in legend)
#Feaction F1 FZ F3 F4
ACALD 0O 0O 5 10

ACALDE 0O O 5 10

ACEKr 0 0 5 10

ACONTa 6.00725 6.00725 5 10
ACONTR  6.00725 6.00725 5 10

ACtZr 0O 10 5 10

ADE1 0O 10 &5 10

AEGDH 5.06438 5.06438 5 10
AEGLZr 0 0O 5 10

ALCDZ=x 0O 0O 5 10

ATPM &5.39 &.39 & 10

ATPZ4r 45.514 45.514 5 10
Binmass_Echi_cDre_NiwaAH]_Nmetz 0.873922 0.873922 5 10
CoOZt -Z22.80895 -22.80%98 5 10
C3 6.00725 6.00725 5 10

CYTED 453.599 43.599 5 10

I Laccz 00 5 10

ENO 14.7161 14.7161 5 10
ETOHtZr 0 0O 5 10

EX ac(e] oo 5 10

EX acaldie) O 0O 5 10

A visual flux range can be set:

MinfMax cutoff

| MinMax cutoff.

M

|
Max:

o |

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.
¢ [ Maps

[ E.coli_core.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

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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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_o02(e) to close and open bound for anaerobic and aerobic conditions (nO and Oxy), respectively. The right

no  nid nd
E.7690356757
535727661
804503142
.SEEL46658
LEE1911901
12.24120191
B.6262165309
10. 305075868
O.463208813
11.97537557
11.76711524
11.02053116
Z2.963904777

Fin ST oS T W

no 0Oxy OXy
5.5879973845
3.469050754
10.40118062
2.567760685
G.0945619316
12.17555935
8.9348643 8
10. 30964272
0.,972113349
12 .07525505
11.55164936
10.813558943
2.966159525

Oxy
5.889739712
4,049306246
10. 57760507
2.536834523
T.EREEEIETE
12.10939238
754524155 9.
10.70406165
S.90444z22 9,
11.54044276
11.858583332
11.14457251
2.93471414

5.58687355643
3.645329898
10.256895657
Z2.513905138
6.963963632
12.14068385

051725652 §.586089409 3.

10.96516547

5.760554085
3.879638515
9.301827015
2.53338551¢8
T.a47ed77903
11.58957437

10.13253155

.8753523604 5.95795441Z2
L58979253384 3.5930559554
L8953 726358 10.09632355
555976111 2.552456193
T.20705541  7.6458633235
11.95351957 11.53553543
T49Z23526 8.216142737

10.50413996 9.643745283

L2 Laon

819722455 12.72892109 12.51954356 12.597358852

11.72425199
11.571044a61
11.36213307
£.8951454944

13.2534588602Z2
1Z.45915551

13.296393459 13.1931744Z
12.55704041 12.553Z0524

11.755529 12.040360858 1Z.15448931

4.296326343

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.
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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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