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We want to capture global data sets and
Integrate them together to get a coherent
understanding of the biological system

It Is important to define new spaces, new
measures. space of genes, space of genomes,

spaces of Interactions...
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...we use normalized vectors and PCA
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E.coli

Do different genomes have
the same centroids network ?
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Z3mi © Proteins coding for the
trandlational machinery
They are the most expressed in E.coll

Biological hypothesis: genes that are biased in the same
manner are the most expressed.

How to define “bias” and how to search for
Most expressed genes in an automatic manner ?
Do they form the set of most biased genes?



An automatic detection of most biased genes

Let S be aset of genes and g be agene

(Sharp & Li, 1987)

L number of codonsin g

w, ISl , frequency of thekt codonof ginS
S| frequency of the dominant synonymous codon in S




We look for Sautomatically in such away that
1. Scontains 1% of genesin the genome

2. CAIl valueson genesin S are maximal

CAI(G/S) < CAI(S)
where G Isthe set of all genes

3. Sisrepresentative of preferred codons

Cy...,.Cn  preferred codons of S
d,,....d,y  preferred codons of G
we look for the set S such that

2.2 v(c,d) isminima




 An exhaustive search is unfeasible

* |dea of the algorithm:

— compute the weight of the codons over the whole
genome and compute afterwards CAl valuesfor al
genes

~ Select the 50% of genes with the highest CAI value
— Repeat the iteration and select the 25% of the genes

— and soon... until we arrive to the 1% of genesin the
original set.

— ... then repeat the iteration on the 1% of genes with
highest CAIl until convergence Is reached.



Behavior of the algorithm for E.coli




Genn Annotation

tufA | protein chain elongation factor EF-Tu
tufB protein chain elongation factor EF-Ta
f=f protein chain elongation factor EF-Ts
fiisA GTP-binding protein chnin elongation Betor EF-G
mopA chaperonin GroEL
S f d b th dual heat shock protein Donak
Oun y e rEpA cold shock protein 7.4
tig trigger tactor
° ompA omiter membrane protein
° s ciater membrane protein
algorlthl I l . o outer membrane protein
lplr Iredns |i|m|:|'ntc:i|1
pal peptidoglyean-associated lipoprotein
°® vaill putative Hagellin strouctural protein
E CO ll vl putative formate acetyltransforase
° (& 1] diadenosine tetraphosphatase
tpid trivsephosphate isomerase
pek phosphoglveerate kinase
gapd glyceraldebyde-3-phosphate dehydrogenase A
fha fruct ose-hisphosphate aldolase class 11
pykF pyruvabe kinase [
pHE tormate acetyltransferase 1
ahpC alkyl hydvoperoxide reductase C22 subunit
sod A superoxide dismutase SodA
thtA bransketolase 1/2 jsoevme
rpoiC RNA polymerase beta prime subunit
Escherichia cali rpl 305 ribosomal sulwanit protein 59
08 ’#gd.. rp=A 305 ribosomal subunit protein 51
07 s . il A0S ribosomal sulunit protein 52
' ; sl 305 ribosomal subunit protein 53
ED-E rpsl] 305 ribosomal subaanit protein 521
05 rplA G5 ribosomal subunit protein L1
%’0 4 . rplY 505 ribosomal subamit protein L25
E ' y 1'1}1:[ alS ribosomal subumnit prodedn L4
w03 ) rplL 508 ribosomal subunit protein LT /L12
02 rplc HS ribosomal submmit protein L3
0.1 ] rpmE B5 ribosomal subumnit protein L1
° | . | rplB nis ribosomal subunit protein L2
01 02 03 04 05 OB 07 0S8 rpli 58 ribosomal subamit protein L11
CAl {calculated elsewhere) rpinl Al ribosomal sulnmit profein A
LT A B0 ribosomal subumit protein L2T

rpllD [ROS ribosomal subunit protein L4, repulates expression of S10 operon




Validation on other fast growing organisms : translational bias

Caenorhabditis elegans

Drosophila melanogaster
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Borrelia burgdorferi CAl : auniversal measure
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Strong and weak signals
for trandlationally biased organisms

Mean G mean CAl on

CAl ribosomal prot
Scerevisae 0.16 0.12 0.78
E.coli 0.30 0.10 0.60
V.cholerae 0.28 0.08 0.64
B.subtilis 0.37 0.07 0.64
H.influenzae 0.38 0.9 0.58
Methanosarcina 0.50 0.06 0.63
acetivorans




Ribosomal criterion

Numerical criteriato speak about organism Signatur es:
strength of the biases

Genomes show
a projection of
biases

Strength criterion



Bacteria and archaea =

In codon space .
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Can we exploit the geometry of organism space to derive
functional characteristics of groups of organisms?
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Phylogenetically related families : y-proteobacteria
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Similar physiology
and habitat

T IR I E N R TN T T

B b b

Helicobacter pylori J%%
Helicobacter lori2E888
Mothanosarcimd mazed
Clostridium pirfr:l:u.gunu
HMpthanogooois :|.r-|-.:|"-|L'| i
Clostridium a.r_'\htnl:luty icum

Mycoplasma

chl = dao 1.? nlmnn:l.u Jli-g
Chl da nlmm:l.“
Chlamydia tras

Chlamydia mari

Ureaplasma urnﬂy‘t cum
Tharmoplasfia volrtaniun
Thermcanaerchacter tengoongensis
Fulfolobus solfataTilcul

Y %;EEGIE:‘.IH. ;uin‘rrug’a.ni

Eulfolobus " tokod

BigELsveriiie bryripalpte

Hostoc- sp
g\c: lasma genitalium
cRRzTa ap
Buchnera aphidicola Eg
Eicmttuia conorii
Elckaettsia“prowazaliii
Campylobac®er jejuni
Borrelia bur ari
Yersinia pes EIM
¥Yersini Igtn:il coal
vibrio e arag

analla Dn.iidﬂﬂ.lil =
B nl
E: n .:l. i:nu:: um LT
E:h:l.Eg%la Elnnm‘r:l.

Esc H gii DJE;:EI; EDL333

Eec
Escharichia -:-:nl

Etraptococcis m'u'l:a:u.
Etraptococcus Pmnlmnn:l.u TIGll
Etraptococcus lag
Etraptooocous ng\mm: HEH.EBEH
Etreptoococous P]rngm: MARE31E
Etraptococcus

Etrafitococous ﬁﬁa& Flas MEMILE
Etrﬂptnca-ct'uu a_'l..:u:'l::l.u 2603

GoeanchaciTrda ynn::ll

Etaph; rlucu-:'nu.l AUTSUS

Et E OCOoONSs AUTSUE ij%
Et% OooCous T auTaus—Nu
Li ria monoc¥togenas

%::Egjfglin :u.urgncidn
Eacii:ﬁuu :Lu.htfﬂ:uﬂnlnn

Eacillus~halodurans

Traponemd pallidum

Pyrococoud horikoshii

Pyrocooccus furiosus

Tﬂnmntugﬂ. ;aritiza

Methanosarfipa acetivorans
Pyrocooouws zb}r-._

Hethanobacterium thermoautotrophicu=m
qu_'l £ m icus

gyn.n ; eim Hnﬂ&glunqatu.
CIpthesistity, glutemiom
Neissarii-meningiHiats R
desaancpytve, Syid it
Halobacterium FgP

Dei Doow ra.d.

% ctarimm E}Lgflfglil HITEw

obacterium I:1.|.'I:|n:|:1:'ul|:|li.l- CO1ESL

orobium tepidum TLE
Xant nag cltri
xan.th-nn:na.l campastris

ndomonas Tcru-gi:n.nla
Ea stomia sO aarum
Canlobact@r craspantys
E:trngtnny\:ni coalicolor

acterium afficians ¥8-314

siflapnacteri foy

Hnuu:h:l.:ubim lotd

:E:ru.-:nH:n suig 13310

Eruca itensis
I'.'tlﬂ‘:l:i'l.'m. tumefaciens C58 UWash
robacterium”tumefaciens C58 Carecn

¥ Tharmoplasma Tcildophillam

Archasoglobus fulgidus

4 F;ro‘::l.cu].u.'n asrophd lum

abropyrum pernix

You-1v

seIq-suel].

you-)0



Signals of trandational selection

]

Codon bias values for genes

CAl isauniversal biological signal,
not only linked to translational selection

]

Coherence of the space of organisms

Can we use further this biological signal ?



Can we exploit gene biasto derive lifestyle
Information of an organism?

Can “important” metabolic networks be detected ?

YES



For translationally biased organisms

Photosynthetic metabolism : Synechocystis
Phycobilisome proteins
Photosystem | and 11
Fructose-1,6-bisphosphate-aldolase

M ethane metabolism : Methanosarcina acetivorans
Methanol-5 hydroxybenzimidazolylcobamideco methyltransferase
Methyl coenzyme M reductase
M ethylcobamide methyltransferase isozyme M
Corrinoid proteins
Ack, Pta, cdhA

Ferredoxin metabolism : Pyrococcus abissi

Ferredoxin
Ferredoxin oxidoreductase
Keto-valine-ferredoxin oxidoreductase y-chain

Metabolism of carbohydrates : Streptococcus mutans
Transport and metabolism of cellobiose, sucrose, beta-glucoside

Metabolism of mannitol
Genes for metabolism of glucose, fructose, mannose, maltose/maltodextrin



Metabolic maps
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NET ME&MN CAICLASS e 029 031 033 035 037 043 043 escherichia coli
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2 enterobactin bicsynthesis Cofactor-Biosynlbesis

1 dTOP rhamnose biogythesis Muncin Biosynthasis

0 cobalamim biosynth Cofactor-Binsynthesis

3 methicnineg biosynthesis from homosering [MDO-AMIRNO-ACID-SYH

2 anterabactarial cormmaon antigen biosynthasis Surface-Structure- Biosy nthesis
m ficlal J-phosphate mm_quw pathway Cofactar-Bi esynthesis
]
4
3

3 blotn Blosynthesls Cotactor-Blosynhass
metylglyaal metasolsm Cenraltetabolsm ,
pantotierate and coenzyme & bivsynthesis Cofactor-Biosynt
phosph biogynthesi -Biosynthesis
2 glyocgen biosynthess CARBG-BIOEYMTHESIS
131 pyricine nudectide cyding Cofactor-Biosynthesis
100 thiamin biosyrihesis Cofactor-Baosynthesis )
9% trehaloze dagradation, low ozmolarity Carbor-Dregradation
98 threorine biosynthesiz from homosznine MECELLANE OUS-EYH
97 L-alanine degradation ALAMINE-DEG
96 phenylalzning blosynthesls INC-AMINCO-ACID-SYN
45 menaquinana blosyninesis Cofactor-Blosynt-azis
| 34 KDO biosynithasis - n_:_r_:% lransier 1o ipd BA Surface-Siruciue-Blogynthesis
93 mannose catabolsm Cartan-Cegradalion
92 polvigoprencid biosyninesis Cofactor-Biogynihesis
1 am.m_m afion of short-chain fatty acids Fatb-Acid-Degradation
a0 ﬂ.m ine Bicsy nthesis INC-AMIMO-ACID-EYH
A2 myptophan biosynthesis INC-ARMINO-ACID-SYT
43 cyanste n_m%qwnm._oz Otner-Degradation
47 salvacs patwrays of pydmiaing deosybonucheotices Muck:otide Bosynthesis
8 vﬂ._:._:.w ::Qnszﬂ,ﬁ blogynthesis Cofactor-Biosynthes)s
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78 L-zerina degradation A miro-Acid-Degradaton
74 zerine biosyrithasiz [ND-AMIMNC-ACID-SYR
73 fatty acid ariication pathway Fatty-Adc-Degradation
77 galactase metaballem Canfralidatabolism
71 Zerable respiratian, electron donors resction list Ensrcy-ldatsoolizm
70 salvage pattmsays of pyrimidine ribonudectides Mucdsotide-Biosynthesis
G2 colanic acid bosynthesis Surface-Structure-Biosyrithesis
Jat:] m_.L_m_z_n:m biosynthasis Colacor-Biosynihesis
G¢ C-galacturanate degradation Carbon-LDegradation
G asparaone degraddtion 1 ASFARAGINE-DES
5 wylnsa degracaton Carbaon-Deogradaton
B4 anzerobic raspiration, elsctran donors reacton list Energy-Matabolism
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Helicobacter Pylori

MET MEAN CAICLASS
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BioCyc network, P.Karp et al.
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Thioredoxin pathway:

It has a thioredoxin-dependent peroxiredoxin system

playing acritical role in the defense against oxygen toxicity that is
essential for survival and growth, even in microaerophilic
environments (Baker et al. 2001).

Riboflavin biosynthesis:

crucial rolein ferric-iron reduction and iron acquisition
(Worst et a. 1998). As other pathogenic bacteria, H.pylori
encounters an iron-limiting environment when it attempts to
colonize or invade a mammalian host.



Essential pathways for
Mycobacterium tuberculosis

highly ranked for M.tuberculosis and not highly ranked

for other bacteria

Biotin synthesis

Chorismate biosynthesis
Aspargine degradation

Pyridoxal 5’phosphate biosynthesis
Valine degradation

L eucine biosynthesis

pPPGPP

(Norman et al. 1994)
(Parish and Stoker 2002)
(Sassetti et a. 2003)
(Sassetti et a. 2003)
(Sassetti et a. 2003)
(Sassetti et al. 2003)
(Primm et al. 2000)



Analysis of Plasmodium falciparum
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