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Introduction

Current bioinformatics trends show a shift
toward understanding an organism as a
functional, metabolic entity rather than only
through the lens of its genetic landscape.

Due to data complexity of genome
annotation and phenotypic results it is
difficult to evaluate an organism in the
context of its genome coupled with its
metabolism.

Functional genomic studies are
supplemented by in silico genome-scale
metabolic models to explore the metabolism
of an organism using Flux-Balance Analysis
(FBA).

Based on the organism’s metabolic-
associated genes, these models allow the
exploration of metabolic flux through an
entire metabolic network.

Methods
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Figure 5. D-Glucose Reaction usage differences. Bar charts display the amount of flux the model requires for growth on
D-Glucose minimal media. Each chart represents an individual reaction in the model. No bar indicates the model did not
use the reaction to generate biomass.

Cofactors,
Amino Acids Vitamins, Fatty Acids, \Silnp : :
Der;r;?ives Carbohydrates Prosg}gtr:feﬁtr: ups M;racggliir;m Metgt';l:lism '\T,I:'aai?lgrpa:)r:"ta an%eg:ggule Respiration I:g)s‘:sr’lg:ids Eg?ii x:g::g ggfgrt]rdo!zzgus ...............==.====.======.. ..=======.........
Egggg x!gr!o splel_?dldrl:_s ..........===== =........ N
. VIDro cyclitropnicus
ggg ED252: Vibrio sglendizus B T T BEE BEER B
> i TR T AT e T B e M
0 i 0l ANRNARRNSE nRRUARRNSE) puRNORRNSE) ERNNNNE:E T EDi00 Voo clroocss. W EENRENE
EDO004: Vibrio cyclitrophicus 0 T .....====.......
EDO0O08: Vibrio cyclitrophicus
Iron (OeNONORORVSHONOSH OIS E O N e o irs BN ONO RGN O RONORONO RO o O IroN o] DOTT VoLV QPO VDD DLDLDOT JORORCRTRCNONORONORONORONONONONONO o RO BONONONONONONG RO RONONONO N el e RO R )
) i NUCIer?Sides Llation an Viriulence, " Acqu:lsition troaen §;§§§gééééégiégggéégéégg%%éggggéggégggggégggéggggggééégigééiE%g%%g%%%%%%ggggggééggégéé%§§§22§§§é
Ressfpisnsse Metgtl:l;}ism and gnr?;rLtoytaxis Nuclzoc:ides |?:eegil ISai;zal?ngd ang BZ?:re\se F;nhe(::ggﬁsr: Met:bglism Mztzt?gl?sm %E%%ﬁé;?@é%ﬁéﬁ%é%éﬁg%ﬁi *g.g Zg%:‘,’tf%;%ga_%% §§§§§%§§2855§5§55§%§'§j%{%g;é’% §2§;§ZE§ 8‘?%%’%?%%2@; §§’5‘§§§§>§ 0;_"_—'“? E 'Eigg §
25326250558 2502555005852 5528300 888 2076 §0000%6300R02 85758 225208257 85 8 < BRe Tt 2222 TR0 50455
| 0860 S OZQ%C; Oéoé’doo Z,)ngo OEO Oéggéooo D'x>', S 3 doégo (é p ; ; anc_’ L._,j<.>z§o£>§.(__)_ & <é?z 0G0 gg oé
é o ;e O N o N o © 3 % DT
HEEEEEEEEE NiNEEENEs NENEEEEEEE ENEREEEE= EnEENEEE.E EeEEEEEEcl seEssEEEaE EesnlsEses| Eeeesssme ° s ° © ) ° > g S ﬁ 3
Phages, seSisdsis . : ° :
Cell Division Sultur Potassium Metabolism of Transposable Secondary Dormancy Figure 6. Growth profile of Vibrio genomes. Heatmap depicts in which minimal media
- Miscellaneous Cell Cycle Metabolism Metabolism Compounds Plasmids Metabolism andSporulation sources eaCh Sample displayed grOWth. Blue indicates grOWth, grey indicates no
200 growth. Hierarchical clustering was performed. Organism names were identified by
100 RAST
0 C 1 T L T | M1 T 1 [ [ 1 (W T T T T 7 i ——— ) S mm——— R y— _ = S I .
® 05' ® P
Figure 1. Subsystem category distribution of Vibrio genomes. At a functional perspective, all 10 = E ou
genomes contain similar amounts of genes in each metabolic subsystem. Genomes were g 1.0- - £ -
annotated using the RAST platform. a X EE 0.3 :
= : 8 .
E 0.5- o i é% 0.21 .
Figure 2. ED400: Vibrio cyclitrophicus Figure 3. Number of E i i .0 8, .. ] :
Phylogenetic tree of — ED395: Vibrio cyclitrophicus annotated coding - © 5 | 8 - > ! | : , ' |
Vibrio samples. The EDS82: Vibrio cyclitrophicus sequences determines & 0.0{ — ] — o T 0.0 ] == — B ===
] 4‘: EDOO08: Vibrio cyclitrophicus .. S o~ = o T a4 T e s - = ~ 5 = - &~ 5 - - =
_avera_ge nucleotide - ED287: Vibrio cyclitrophicus amount .of missing A s & 5 :; § § &8 & 3 ¢ s 8 5 5 &8 8 &8 = 3 %
identity was {1 ED004: Vibrio cyclitrophicus metabolism. The larger S
e Y =
calculated between Egggg; x:g::g ggf;‘:]r;’izzf“s the sequenced 3
: # 407 . .
the 10 genomes. ED144: Vibrio splendidus genome, the less Figure 7. Growth parameter comparisons. Box plots of growth levels (left) and
Organism names ED440: Vibrio splendidus reactions required to I D R R maximum growth rates (right) of each sample across the 96 well plate. Parameters
were identified by 12 8 4 add to the model. =™ peoding sequences were calculated using the PMAnalyzer pipeline.
RAST.
Growth On D-Glucose Minimal Media Data visualizations to explore the FBA results in the context of
Figure 4. Genome-scale metabolic genomics, such as network-visualization software (e.g., Cytoscape)
. 3 100- models. Models were generated using
5 ; PyFBA. Bar charts display the number of D | fitati trics that hel I3 . Vi :
L 2. metabolic reactions (left) and the evelop quantitative metrics that neip explain pnenotypiCc responses In
E biomass rate when simulating growth on genomic contexts
0- 0- a D-Glucose based minimal media.
LA R 5@ & B @ & @ ¥ @ @ |dentify sources within models responsible for biomass flux diversity
1) H?OI[JC]GT (1) ATP[c]
(1) Maltose[c] + (1) Maltopentaose[c] (1) H20][c] + (1) Melibiose|c] (1) Maltose[c] + (1) Maltotetraose[c] (1) D-Glucose|c] () -<=t;cose[e] (1) Maltose[c] + (1) Maltohexaose[c] (1) Maltose[c] + (1) Amylotriose[c]
(1) D-Glucoselc] -|-< T1>) Maltohexaose|c] (1)D-Glucose[c]<j->(1)Galactose[c] (1) D-Glucose]c] +<(=1? Maltopentaose|c] (1)beta-D<-=G>Iucose[c] (121?%1%:;;2;[':;?25(%??{3+ (1) D-Glucoselc] +<(=1§ Maltoheptaose[c] (1) D-Glucose]c] :71>) Maltotetraose[c] Refe re n ces

'Cuevas, D. A., Edirisinghe, J., Henry, C. S., Overbeek, R., O’Connell, T. G., and
Edwards, R. A.(2016). From DNA to FBA: How to Build Your Own Genome-Scale
Metabolic Model. Systems Microbiology, 907 .

2Cuevas, D.A. and Edwards, R.A. (2017). PMAnalyzer: a new web interface for
bacterial growth curve analysis. Bioinformatics.

3Cuevas, D.A., Garza, D., Sanchez, S.E., Rostron, J., Henry, C.S., Vonstein, V.,
Overbeek, R.A.,Segall, A., Rohwer, F., Dinsdale, E.A., et al. (2016). Elucidating
genomic gaps using phenotypic profiles. F1000Research.

Acknowledgements &
Funding

Argonne gt
National

L

\(\ /;N. ;@
N

- MCB-1330800
" CNS-1305112

“.. ARCS # PMAnalyzer

Labs

http://edwards.sdsu.edu/pmanalyzer

GitHub: http://linsalrob.github.io/PyFBA
PyPl: https://pypi.python.org/pypi/PyFBA

Fka

Contact presenter: dcuevas08@gmail.com



