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AAANAoUYLON YOVIOLWUATWVY Kot
OXOALQGHOC

O apBuoc twv yovidlwpatwyv 1ou aAAnAouyouvtal auvédvel He Toxelc puBuolg, OMQZI o
OXOALOLOULOC TOUC Oev pUmopeL va akoAouBnoel auto to puBuo.
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Fig. 1. Number of prokaryotic genomes sequenced each year since 1995. Black, bac-
terial genomes; white, archaeal genomes; grey, running total.
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Fig. 2. The ‘function bottleneck’. Information clock illustrating the
improvement of annotations identified for a given genome over the
years 1996-1999. The four levels of annotation range from homo-
logues of known structure (blue) and homologues of known func-
tion (marine) to homologues of unknown function (cyan) and
unique sequences (white). Note that although structure and homol-
ogy increased over the years, the function prediction level stalled.
Data from the GeneQuiz system, still available at: http://www.ebl.
ac.uk/research/cgg/services/.



Mé£BodotL Avaluonc

(Lot TOV OXOALAOO TWV VEOTIPOOOLOPLOOEVTWYV YOVIO LW LLATWY XPNOLUOTIOLOUVTaLL
ol akoAouBec puebodot:

s M£Bobol BaoLOPEVEC OTNV OPOLOTNTA OLKOAOUBLWV
= Tormukn opoLotnTaA
= OAWKN opoLotnta
s MpoyvwoTikeEC puEBodol
= Aegutepotaync doun
= AlOMEUPPAVIKA TUAMOTO
= [lentidio 0dnynteC
= AELTOUPYLKA XOPOAKTNPLOTLKA, KATT



foviSLwHaTIKA

FoviOLWHOTIK OVOUA(OUUE TOV EMLOTNMOVIKO KAAOO O OmoloC¢ XpnoLUoTiolEl SLAPOPETIKEC
TEXVLKEC TNC YEVETLKNG, TNC Hoplakng BloAoylac kot tnS BlomAnpodoplkne LE OKOMO:

1. va Bpeltnv aAAnAovyia,

2. VO KAQVELTNV cuvappoAdynon Ko

3. va ovaAUoel tn Sopn Kol TN AELToupyio TWV YOVIOLWHATWY,
dnAadn, oAOKANPNC TNC VEVETKNG TAnpodoplac mou TEPLEXETAL O €va KUTTOPO €EVOC
OpYQVLOMOU.
Yriadpxouv TTOAAEC UTTIOSLALPEDELS TNC YOVIOLWUATIKAC, KUplwg 0oov adopd T SLodhOPETIKEG
TEXVIKEC Tou elval duvato va ypnolporoltnBouv kaBe dopad. Tla mapadewypa, n SOMKA
YOVIOLWHATIKA OoXOAE(TOL UE TO HO(LKO TtPOCOLOPLOUO TPLOSLACTATWY SOUWV TPWTEIVWV aTto
OAOKANPO YOVIOLWHATO, EVW N AELTOUPYLK YOVIOLWHOTLIKN OOXOAELTOL KUPLWC HE TN HEAETN
TWV AELTOUPYLKWYV TIEPLOYXWV OTa yoviSlwpata (utokvnteg, pikpa RNA kAm).



AAyopLOpotL mpoyvwonc

e Jtnpilovtal otnv eknaidevon plac pebodou pe kKamola yvwotd mapadelypata Ko
TNV eAntida otL Tl amoteAeopata Ba yeviKEVOVTOL OE AYVWOTEC TIPWTELVEC
e Atadbopec aAyopLlOULKEC TEXVIKEC (OoTOTLOTIKEC pHEBodoL, pEBodOL pnxoviKNng
nabnonc kAm)
e [loocooTa €MITUYLAC TTOU TTOWKIAAOUV avadoya He To TipOPANpa Kot tn peBodoioyia
= Genefinding
=  Aeutepotayng doun
= AlpepPpavika THApOTO
=  [lentibla odnynteg

" AELTOUPYLKA XOPOKTNPLOTIKA, KATT



Gene finding

* To mio Baoikod mpoPAnua otnv nepimtwon aAAnAouvxlwyv DNA eival autod tng epeong yovidbiwv (gene finding),
aAAQ KOl QUTO UMOPEL va OVTLLETWTILOTEL UE TTIOAAOUC TPOTIOUC EVW MTOPEL KoL VAL XWPLOTEL O HIKPOTEPQ
«UTIO-TI PO AN AT ).

* H elpeon Twv MPAYUATIKWY YoVvISlwV TToU KwOLKOTIOLOUVTAL O eva Yovidlwpa, E€lval TEPAOTIAC onuaclag
MPORANUA, ylaTl OTTWC EXOUME TEL, N AAANAOUXLON €VOC YOVIOLWUATOC €lval Hev pla OOUAELA pouTivac, alAa
aUTO Oev onpalvel 0Tl KoL autopata Oa EXOUUE yvwaon TwV TIPWTEIVWY Tou KwLKoTolEL auTo To yovidiwpa. H
gUPEON AMAQ TWV QVOLXTWV TAALOlWY avayvwong, €lval pla  oxeTika armAn owadikaoior (e0lkA@ oTouC
TPOKOPUWTLKOUC OPYQVIOHOUC), aAAA aKOUa Kol ETOL UTTAPXOUV Tapa TIOAAG Ppeuboyovidla 11 MEPLOXEC TOU

armAQ ETUXE va €Xouv To Kwdlkovio evapénc kat Anéng oe dadopd dpaong (oe amootaon VoukeAOTIOiwY mou
elval moAamnAdolo tou 3).

* 'EtoL, n €Upeon Twv KATAAMNAWY PUBLLOTIKWY TIEPLOXWV (UTIOKLVNTEG) Tou  KaBopilouv TNV €kdpacn Tou
yovidlou, elval pa oAU onpavtikn otadlkaoia. 2Toug O €UKAPUWTLKOUC OpyavLIoMOUC, OTOUC OTolouc tTa
yovidla elval  Olakomtopeva amod €0WVIA KoL €Ewvia, eTLPEPEL WO €TUTAEOV TIOAUTIAOKOTNTO.  OTOUC
UTTOAOYLOMOUC KaBWC ol pUBULOTIKEC QUTEC TIEPLOXEC TIPETIEL VAL  QVAYVWPLOTOUV TIPLV KAV EVIOTILOTOUV T
avota mAatola avayvwong.  EmmAéov b€, OTOUG E€UKAPUWTIKOUG OPYAVIOHOUG UTIOPXOUV KOl OAAEG
PUBLLLOTIKEC aAANAOUYLEC TILO LAKPLA ATTO TOV UTTOKLVNTH, OL OTIOLEC TIPETIEL VAL EVTOTILOTOUV.



Gene finding
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Gene finding
Etol kataAoBaivou e OTL UTTOPEL VoL UTIAPEOUV LA OELPA LLLKPOTEPA «TtpoBARMaTA» Yot AUon:

" uropel va urtapyouv pEBodol elpeonc TwV onpeiwv anokomng kat cuppadne twv e§wviwv (exon/intron splice site),
" uéBodol avayvwplong Tou umokvnTA (promoter recognition),
" uéBodol avayvwplong tou onpeiov Evapéng tng petaypadnc (translation initiation site prediction) (
),
" ueBodol elpeong Tou onpeiou moAvadevuliwaong oto mMRNA (polyadenylation prediction) ( ),
" oAAQ Kal, puotkd, pEBodol ou tpoPAEnouv oAGKARPN tTn dour Tou yovidiou.

TEAOG, oL pEBoSOL £xouv Kol SLOPOPETIKEC OTATLOTIKEC LOLOTNTEC. AvaAoya e TNV evalocOnoia Kol TNV eL0KOTNTA IOV UTTOPEL va
EXELN KAOe pia, elval Suvatov va amodidouv kaAUTepa elte o€ AMOUOVWHEVEC TtepLOXEC DNA 1 o€ mARpn yoviSiwpata (

).
Ol OTATLOTIKEG LOLOTNTEG TWV VOUKAEOTIOlWY (KOO KOl 0TO TIAQLCLO TWV AIOOEKTWV KWOLKWVIiwV) SltadbEpouv avAapesa OTLC
HEYAAEC opAdeC opyaviopwy. Etol, umapyouv e€elbkeupeva epyaleia Yo ELOLKEC TIEPUTTWOELS N €pyaAeia mou AappBavouv
uTton Touc TN PUAOYEVETLKN TIPOEAEUCN TOU OPYQVLOLLOU.
OL peBodoloyiec mou €xouv xpnolpormolnBel ywa ta mpoBARHOTA QUTA, KAAUTTTOUV €val. MEYAAO €UPOC: ATIO OTOTLOTIKEC
TEXVIKEG, weight matrices kol mpodlA, veupwvika diktua, popkoflavec advoidec pexpt kot Hidden Markov Models.
Ol peBodoloyiec mou Pacifovtal kaBapa oe ekmaidevon yla va KAVOUV TNV Poyvwon ovadepovtal Kol we ab initio gene

finders, evw ol peBodoloyiec oTIc omolec xpnoLpomoleitat kot mAnpodopia aro T Ndn UTIAPXOUOEC YVWOTEC TIPWTEIVEC UE
OKOTIO va «kaBodnynBei» n mpoyvwon amno ta yvwotad napadeiypata ovopalovialt homology-based gene finders



MpokapuwTtikoi

[lo TOUC TIPOKOPUWTLKOUC OpYaVIoMoUG, To TIlo

YVWOTA Kol TIETUXNHEVA €pYaAeia TieplAapfavouv

Ta:

FrameD
(http://tata.toulouse.inra.fr/apps/FrameD/FD)
GeneMark
(http://exon.gatech.edu/GeneMark/gmchoice.ht

ml)

Glimmer
(http://www.ncbi.nlm.nih.gov/genomes/MICROB
ES/glimm )

EasyGene
(http://www.cbs.dtu.dk/services/EasyGene/)
FGENESB
(http://linux1.softberry.com/berry.phtml?topic=fg

enesb&gro )
Prodigal (http://prodigal.ornl.gov/)

EukapuwTtikol

AvtioTtol(a, yla TOUC EUKAPUWTLKOUC OpyavVIoHOoUG,
TOL TILO TIETUXNMEVO avTioTolxa epyaleia ivadt:

FGENESH
(http://linuxl.softberry.com/berry.phtml?topic=fg
enesh&g )
GlimmerHMM

( )
HMMgene

(http://www.cbs.dtu.dk/services/HMMgene/)
GeneMark.hmm
(http://exon.gatech.edu/GeneMark/hmmchoice.h
tml

GenelD
(http://genome.crg.es/software/geneid/geneid.ht
ml)

GeneScan (http://genes.mit.edu/GENSCAN.html)
mGene (http://raetschlab.org/suppl/mgene)
Grail (http://compbio.ornl.gov/grailexp/)



http://tata.toulouse.inra.fr/apps/FrameD/FD)
http://exon.gatech.edu/GeneMark/gmchoice.html)
http://www.ncbi.nlm.nih.gov/genomes/MICROBES/glimm
http://www.cbs.dtu.dk/services/EasyGene/)
http://linux1.softberry.com/berry.phtml?topic=fgenesb&amp;gro
http://prodigal.ornl.gov/)
http://linux1.softberry.com/berry.phtml?topic=fgenesh&amp;g
http://www.cbs.dtu.dk/services/HMMgene/)
http://exon.gatech.edu/GeneMark/hmmchoice.html)
http://genome.crg.es/software/geneid/geneid.html)
http://genes.mit.edu/GENSCAN.html)
http://raetschlab.org/suppl/mgene)
http://compbio.ornl.gov/grailexp/)

AAANa epyalAsia

EWdika epyaleia yla tnv evapén tng petaypadng (translation initiation) eivad:
* ATGpr (http://atgpr.dbcls.ip/)
* NetStart (http://www.cbs.dtu.dk/services/NetStart/)
* TIS Miner (http://dnafsminer.bic.nus.edu.sg/Tis.html)
e StartScan (http://bioinformatics.psb.ugent.be/webtools/startscan/)

Mo tnv moAvadevuliwon tou mRNA ta dtabgolpa epyaleio avtn tTn oty eivol:
* Poly(A) Signal Miner (http://dnafsminer.bic.nus.edu.sg/)
* PolyAPred (http://www.imtech.res.in/raghava/polyapred/help.html)
* POLYAH (http://www.softberry.com/berry.phtml?topic=polyah&group=programs&subgroup )
* PolyApredict (http://cub.comsats.edu.pk/polyapredict.htm)

T€Aog, nEBodol mou gotialovial oTnNV EVPECH TWV ONUELWV OITOKOTIAC KoL cuppadnC eowviwv/eEwviwv og
EUKOAPUWTLKA yovidlwpata, givat:
* Human Splice Finder (http://www.umd.be/HSF3/)

* NetGene (http://www.cbs.dtu.dk/services/NetGene2/)

* NetPlant (http://www.cbs.dtu.dk/services/NetPGene/)

* GeneSplicer ( )

» SpliceView (http://bioinfo4.itb.cnr.it/~webgene/wwwspliceview ex.html)
» SplicePredictor (http://bioservices.usd.edu/splicepredictor/
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http://www.imtech.res.in/raghava/polyapred/help.html)
http://www.softberry.com/berry.phtml?topic=polyah&amp;group=programs&amp;subgroup
http://cub.comsats.edu.pk/polyapredict.htm)
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2UYKPLTLKN YOVIOLWUOTLKA

H ocuykpttikil HEAETN SUO0 1 MEPLOGOTEPWV YOVIOLWHATWY (A TIpwTEWpATWY). Mrmopel va yivel akoAovBwvtac dtadopeg
TPOCEYYLOELC.

Y€ MPWTO €MINESO, KAl LLE BAON TOV YEVIKOTEPO OPLOMO, UTTOAOYLOTIKNA YOVISLWUATIKA €lval kol kaBes mpoondBela avaAuong
TOU YOVLIOLWHOTOC EVOC Kal HOVo opyaviopou, dnAadn:

* OLTEXVLKEC aAAnAoUXLONG KAl CUVOPUOAOYNCNG TOU YoVvLSLwHaTOC ( ),

* n evpeon yovidiwv ( ),

* n eVPECN PUOULOTIKWVY TIEPLOXWV ( ),

* neupeon pkpwv RNA ( ; )

* 1 N &VpPeoN TEPLOXWV 0pLIOVTLAC YoVIOLaKNC pHeTadopac ( ) KOlL N EUPECN TOU TPOTIOU
yovidLakng puluLonc.

Y€ £VOL EMOMUEVO ENMLNEDO OL TEXVIKEC TTIOU XPNOLLOTIOLOUVTOL Elval armAd EPAPUOYEC YVWOTWV UEBOSWV Kal adyoplOuwv mou
elval oxedlaopevol ywa aAAnAovuyiec (r.x. neBodoL mpoyvwong) o oAOKANPA YOoVIOLWUATA, KOL OTN CUVEXELOL OTOTLOTLKN
QVAAUCHN TWV OTIOTEAECUATWY HE OKOTIO TNV €€Oywyn YEVLKOTEPWVY KOVOVWV KOl CUUEPACUATWY. Oa TIAPOUCLACOUUE
KAmoLla TeETola mopadelypata e okomo va e€olkelwBel o avayvwotng e Tt pebodoloyia.

2TO €MOPEVO 0TSO OpWE, Ba TAPOUCLAOTOUV OL TILO EVOLAPEPOUCEC TEXVIKEG TNG CUYKPLTLKAG YOVISLWHATLKAG, Ol OTTOLEC
NMPoodEPOUV KATL EMUTAEOV: alomolwvtag tnv TAnpodopia ya tnv vmapén, tn O€on Kal TNV ECWTEPLKA SOUN TwV yovidiwv
ota yovidliwpoata Sltadopwy UTIO cUYKPLON OPYAVIOUWY, UItopouv va pac dwoouv emnAéov mAnpodopieg, mAnpodopieg mou
aro QLo arAn avaAuon eVvOog opyaviopoU (Kat Tou yovidlwuatog tou) dev Ba prmopouoayv va e€axBouv.



Codon Bias — GC% content

e Jta yovidlwpata Sltadpopwv opyaviopwyv mapatnpouvial dtadopetikd nocoota epdavionc GC.
e Ta SladopeTika Kwdikovia yLa ta idla apvoéea epdavidovral e dStopopPETIKEG GUXVOTNTEC.

e Jta Gene Finders xpnolLomoloUVTaL QUTEC OL KTTPOTLHAOELGY.

ALY WPLOMOC TV OepuoPlAwv BaKkTnplwv amo tnv
oLtvoéLKn cuotoon

MpoomaBela evtomiopol TwV XAPAKTNPLOTIKWY TWV YOVIOLWHATWY TwV BepuodAwv Baktnpiwv mou
o SladpopoTmololV 0€ OXECN LE TOUC UTTOAOLITOUC OPYOVLOLLOUC.

e Juoyxetion GC pe apwvoélkn cuotaon

e H apwoéikn ovotaon kaBopilel tnv mpooappoyn oto neptBaiiov (m.x. Oeppodiiia)



genones—aaconp org-microbeso-norn . eucl . di st ave cluster

5.936 8.504

gc ACDEFGHIKLMNPQRSTVWY

Figure 1. Standardised amino acid composition data of completely sequenced organisms grouped by hierarchical clustering. The GC ratios are shown for reference
but were not used for the clustering process. Amino acids are abbreviated by the standard one letter code. The labels indicating the data sets for each row are
explained in Table 1. In this figure. labels for thermophiles are marked with a red vertical bar. the thermophilic bacteria are highlighted by a dotted underline. The
coloured blocks show normalised values as seen from the colour bar at the left. Red and green mean more and less than average. respectively. The scale for the
dendrogram represents Eucledian distance. See Materials and Methods for details.



Amino acid composition in principal axes
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Figure 2. Reduced dimensionality plot showing the main principal components of the global amino acid compositions. The first principal axis (verlical)
corresponds to GC ratio (see text). The second principal axis (horizontal) shows a clear separation of thermophiles and mesophiles. denoted by triangles and circles.
respectively. The third principal component is depicted by symbol size (see insert for scale). Colour groups the sources into archea (red). bacteria (green) and
eukaryoles (purple). The plasmid (the outgroup for hierarchical clustering, Fig. 1) is shown in blue. The graph is a projection, and distances are therefore not
directly comparable to the distances observed in Figure 1. See lext for discussion. For an explanation of data sel labels see Table 1.



Table 1. Statistical evidence sorted by strenglh

Amino acid

PCA factor
loading?

Raw correlation®

algricance

Raw A (8.1D.)

AS. DA

-

significance

Statistic

Ciln (02 —90% B0 |- “2 1R (031 —L76 (025) |0 I-lesl

Cilu () RO BO% | (= 227 (0.40) .73 (0.31) |- I- 125l

Val (V) A0 o 65 % 0% | (+ .57 i0.42) |40 (0L38) 2 10- I-lesl

Thr (T) —a5% A1RR: | (+ .84 (0.25) —1.31 (039 5w 10F I-lesth

His (H) 400 o —60% —60% | O+ 044 (0. 15) —1.22 (0.42) | b I-lesth

SEr (5] —30) o 605" —40 | % —L1L (0510 — L I8 i054) 5% I-lesl

Asn (N} —30 1o —40% ~35% % —1.94 (nfa)k —1.05 (nfa)k <2% Median/Mann—-Whilney®
Arg (R) 200 Lo 3050 25% =5 =00 (nsa) =0 (nfa) | G Mann—Whilney

For each amino acid, the range of PCA factor loadings for component 2, the raw correlation to the binary variable fheem and its significance are displayed. The
Baw A column shows the average difference between thermophiles and mesophiles in raw percentage points: A gives the equivalent in standardised scores. The lasl
columns report the significance of the observed difference and the test statisiics that have been used.

Approximate figures.
"See Appendix for discussion.
n'a, noltapplicable.

Kreil and Ouzounis, Nucleic Acids Res 29(7); 2001



ALY WPLONOC TV OepuoPplAwv BaKkTnplwv ano tnv
otvoéLlkn ovotaon

€ MO ATTO TIC TIPWTEC, OPKETA aAmAEC aAAd wWlaitepa mAnpodoplokec teTole peAEtec, o Ouzounis kat o Kreil,
avéAlucav TNV apwoélkn ouoTtaon TwV TPWTIEIVWV Tou KwOLKoTowouv ta  yovidlwpota 6 Ogppodpiliwv
apyxoofBaktnpiwv (apxaiwv), 2 Oeppodpllwv Baktnpiwv, 17 pecoPlAwv Baktnpiwv Kol 2 EUKOPUWTLKWV
OPYQVIOUWV.

TNV avaAuon xpnolpormoinoav tTnv apwvoélknl ovotaon Kal To mocooto GC kal mpaypatonoinocav LEpapxtkn
opadomnoinon kot availuvon KUpLWV cuvioTwowv (principal components analysis).

MopoAo nou to tocooto GC eixe pLa EekaBapn emippon, ta OeppodiAa €idn pmopouv va avayvwpLoToUV HE HAvVN XPNon
NG OAWKAC apvoéikng cvotaong ( ).

AvaAuovtoc ta amnoteAéopata, pavnke otL ta Bepuodlda €idn €xouv Awyotepn Movutapivn (GIn) kol meploocotepo
Movutapuiko (Glu) oe oxéon pe ta pecodla. Ta Bepupodla, €xouv emniong neplocotepn BaAivn (Val) kat Awyotepn
Opeovivn (Thr) os oxéon pe ta pecodna. lNa ta apwotea lotidivn (His), Zepivn (Ser) kat Aortapayivn (Asn) vmipxov
eniong evoei€elc aAAQ pE KPOTEPO OTATLOTLKO BApoc.



TO MAKOC TWV «TTPOYUOTIKWV TIPWTEIVWV» oTA
NMANPWC TIPOCGOLOPLOMEVA YOVIOLWHOTO

v 64 tputhétec (61 yia apwvolea-3 yia Anén)

v' Av ta voukAeotidia BswpnBoulv woomnibava, €xoups pa TputAéta ARENC mepimou kabe 21
apvoéea

v' OLtputhétec Anénc sivat mAovolec og AT (TAA, TGA, TAG)

v' Katd ouvETELD TO HAKOC TwV «tuXaiwv» ORF Ba auédvel ota mhovola og GC ywviStwpoto

MeBobdoAoyia:

 EUpeon oAwv ORF amo ta Baktnplakd yovidbiwpota (34 ekeivn tnv €moxn)

 Redundancy Reduction

e JUyKpLOon ME payuatikes (non-hypothetical) mpwteiveg tng SwissProt (E-value<10-6)

e [padlkn mopaoToon KoL OTATLOTIKA aAVAAUCN TWV OTTOTEAECUATWV
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0

0.005-
— 2D-PAGE (226)
— Matching

. 0.004+ SWISS-PROT (1690)
g — Not matching
% 0.003- SWISS-PROT (974)
S
= 0.0024
E
" 0.001-

0.000 .

0 500 1000
Length of protein (amino acids)
A. pernix

0.012- — Not matching

0.0104 SWISS-PROT (1819)
= ' — Matching
E 0.008- SWISS-PROT (447)
@]
_5 0.006-
& 0.0044
LL

0.002

0.000

500 1000

Length of protein (amino acids)

TRENDS in Genetics

Katavoun tov HRKoUC

100 7
B A pearnix
80
= 60
2 ® X fastidiosa
a4
o
|
5
E ® P horikoshii
L 40 A
O
. L » L
M. jannaschii . O radiodurans
. & " &
. ™
20 - . P aeruginosa
. e "0 by E coli . -
U uraalyticum : L B * . * M. tubarculosis
- R. prowazekil 5. carevisiae
® 1. genetalium
0 T T T T 1
20 30 40 50 (S0 70
G+C content (%)
TRENDS in Genetics

Fig. 1. Estimated over-annotation of genes insequenced genomes. For each organism the SWIS5-PROT-based
estimate is calculated and the difference to the number of annotated genes shown in percent of the estimated

number of genes.

Skovgaard et al, TRENDS in Genetics 17(8); 2001




GC% content kot SLaApPEUPBPAVIKEC TIPWTEIVEC

H ebpeon Twv a-eAMKOedWV SLopeBpavikwy MPpwTEivwy otnpiletal
otnv pe Sdtadopouc TpOmouc avalntnon TNEPLOXWV MAOUOLWV OE
vépodofa katdAoLna.

Ta yovidlwpata Opwc dtadpEpouv 0to mocooto GC%.

EmutAéov, Tta Kwéwovia Twv UudpodoBwv apwotEwy
nepLexouv GC og dtadopetiko Baduo.

Apa, €vacC «YEVIKAG XpPong» aAyoplbpoc mpoyvwong Umopel
Vo UMEP- N UTMO-EKTLUA TNV TPoyvwon  OSlopeufpavikwy
TUNUATWV.

Table 1. A table to show the nucleotide bias
in the genomes of the orcanisms studied

Organism %GC/%AT
B. buredorferi 0.400
R. prowazekii 0.408
M. jannaschii 0.458
M. eenitalium 0.404
H. influenzae 0.617
H. pylori 0.636
8. cerevisiae 0.656
M. preumoniae 0.664
C. pneumoniae 0.683
C. trachomatis 0.704
P horikoshii 0.721
C. elecans 0.742
A. aeolicus 0.769
B. subtilis 0.770
S, PCCo&03 0913
A. I,'rii:'.":i.{."{fi!f'.‘- (0.945
M. thermoautotrophicum 0.982
E. coli 1.032
I pallidum 1115
M. tuberculosis 1908




GC% content kot SLAUEUPBPAVIKEC TIPWTEIVEC

Table 2. A table to show the codons for the abundant
fransmembrane amino acids and the minimum number
of AT and GC bases required to code for the amino acid

Amino acid Codons Min. A+ T Min. G + C
Ala GCX 0 2
Gly GGX 0 2
fal GTX l l
Leu CTX TTA/G 1 1
lle ATA/C/T 2 0
Phe TTC/T 2 0

Colour code

% composition

+ M.tubercilosis
+ T.pallidern

1 E.coli

- M. the rmoautotropiicm
- A fulgidus

- S.PCCGRO3

1 B.subiilis

1 A.aeolicns

{ C.elegarns

L Pohorikoshi

{ C.rrachomatis
C.prewmoniae
i M_prewmoniae
S.cerevisiae

¢ Hopylori

¢ Hinfluenzae

{ M.genitalim
+ M jannaschii
* R.prowazekii

+ B burgdorferi

FMILVCWATGSPYHONEZ KDR

Fig. 1. A plot to show the amino acid composition of the TM domains in
each of the proteomes under investigation. Percentage of TM composition
exhibited by a residue in each organism increases from blue to red.
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Fig. 2. A graph to show the correlation between the percentage abundance of valine plus alanine residues ( VA) and the percentage
abundance of phenvlalanine plus isoleucine residues (FI). Data are shown for each organism. for both the amino acids within the
predicted TM domains (@) and the whole proteome (€).

Stevens and Arkin, Protein Science (2000), 9:505-511.
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Fig. 3. A graph to show the correlation between the nucleotide bias of a genome (GC/AT) and alternate hydrophobic amino acid use
{(VA/FI). Data are shown for both the amino acids within the predicted TM domains (@) and for the whole proteome ().
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MRnKo¢ Twv StapeUBPavIiKWV MPWTEIVWV KOl O
E0WTEPLKOC SUMTAQOLOIOOC
e AvaAuon oAwv ORF armo ta Baktnplakd yovidiwpata (50 oto cuvoAo)

e EUpeon SLopEUPPAVIKWY TUNUATWY

e Adaipeon nentidiwv odnyntwv

' ’ 1400
® JTOTLOTIKA avAaAuon
3
5 1200 -
w
im g
0150 - %-J 1000 +
| o
D
. % 800 -
0.120 1 B
v GO0
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e S 400
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Fig. 4. Relationship between the number of TMSs and the protein sequence length averaged over the 50 genomes. The slope of the line between 7- and 33-tms
is 35 residues. The number of TMSs, () in the abscissa means soluble proteins.

Arai et al. Gene; 304 (2003) 77-86



MRKo¢ Twv SLapeUBPaAVIKWV MPWTEIVWV KOl O
E0WTEPLKOC OUIMAQOLOOMOC

Avapeoa os 38.174 SapepPpavikec npwteivec ano 87 yovidwwpata, 377 Bpednkav va €xouv
nopaxBel armo eva HNXOVIOHO ECWTEPLKOU SLTAACLOGHOU.

Kuplwg pe 8, 10 kat 12 dtapepBpovikad TURpaTa.

Aladopol pnxoviopol EcwtepLkol dSutAacLlacpou mpotadnkay, T.y.:

(A}
[1-3] MRELRIEATVEIALSIILIAGGUVLLTVAIPGLSSVIS

LA LA 2l LAl Ll syl

[4-&] 88VIS

[1-3] LEKEREVEIVLASVITTRGTGSPRSGISISGADSTIRELPTYLLDEGHEQSMRELRI

khkkhkhkhkkhkhkkhkhkhk kb hkhkbhkhkhkdkhdht kwkhkdhdkdhikhkhhkhdi

[4-6] LREREVPIVIASYTTTPGTGSPREGISISEADSTIRSLEPTYPLDEGHEQSMRELRILATY
[1-3) CIVFSITEIASGVWILTVAIFGL--
hhkkdkkhkkkdkkhkkhtkhkttkhik

[4-6] EIVFSIILIASGUVELTVATPGLSSITSSPAENGACALGEVIIALGIDVELKKREVPT
(8)
[2-3] S&VIESPAGHEACATCCVMLATATDVLL.RFREVE IVLASVITTPGTGEPREGTISISGADS
dhkhkkhkhkhdkhdrhthbkkhrhkhdhkhdrhthkhkhrhdkdhkhrhkkhdddkikhkhhhkidk

[4-5] S&VISSPRCHCACATICOVMUATGIDVLLKEREVEIVLASYVTTTPCTGSPREGISTISCADS

[2-3] TIRSLPTYLLDEGHPQSMRRIRIGAIVIIVESIILIASGUVLLTVAIPGL— O IJ,O l,éTnTa

WHAEFREFT WA ENEFAFAEFEFAARENAFRERAFRSAEFANT SRR RESY

[4=5] TIRSLPTYPLDEGHPQSMRRLRILATVIIVFSIILIASGVYLLIVAIPGLS

©
[1-1] -MREKLRILAIVLIALSIILIAGGVVLLIVAIFGL

kkhkhkkkkhddh  khkhkddk dkhkkhkhtikhih

[3-3] SMRRLRIEAIVEIVFSITLIRSGUVILTVATIPCL

® (221 ssvissrnemeReaTeTREARGTIELN R ve- Shimizu et al, J. Mol. Biol. (2004) 339, 1-15

k _hdkhkkk kAhkhkkhkhkhkkkkhkkkkdkhdh

[6-6] S-IISSPAENGRCATGCVMIALGIDVLIKEREVEI

Figure 3. Pairwise alignments between partial sequences of a 6-tms TM protein, CPn0007 {Golgi autoantigen, golgin
subfamily A4) from Chlamydophila preumoniae by using the ALIGN program with the setting parameters, i.e. opening
gap penalty — 12, extension gap penalty —2, and substitution matrix BLOSUMS62): (A) {1-2-3} versus {4-5-6} (identity,
61.2%). (B) {2-3} versus {4-5} (identity, 98.2%). (C) (1} versus {3} (identity, 88.2%). (D) {2} versus {6} (identity, 88.6%). The
shaded boxes indicate the TMSs.



2UYKPLTIKA Movidtwpatiki

H cuyKPLTLKN YOVIOLWUOTLKN TIAEL EVAL A TTOLPATIEPA TNV UTTOAOYLOTLKA avAAUGCN TWV YOVLOLWLATWV.

AvTL va €0TLA{EL LOVO OTOL CUVOALKOL OTOTLOTLKA LETPA TtO KABE yovidilwpa, Omwc 1t.X. To mocooto GC N KAToLo
AAAO LETPO, EMXELPEL va Xpnoiluonotnoel tn Baokn apxn thg PuAoyevetlkic avalvong, otlL SnAadn ta
yoVLIOLWHOTO OAWV TWV OPYOAVICUWVY TIPOEPXOVTAL OTTO TIPOYOVLKECG LOPDEC Kol EXouv SLapopdwOEeL £ToL OTIWG
elvall onpepa LETA arto AAAEMTAAANAEC AAAQYEC TTOU EYLVOV LECO OE EKATOMUUPLA XPOVLAL.

Ol aAAayEG auTEC, adopouv TOoO Ta aviiotolyo opOoAoya yovidia Kat Ti¢ aAAnAOUXLEC TOUC, 000 Kol TO idlo
1o yovidiwpa, tTn dopun tou, Kot tTn drataén twv yovidiwv mavw o€ auTo.

BaOIKA, N OUYKPLTLKN YOVIOLWHOTIK KAVEL XPARoNn Twv KAAolKwv oAyopiOpwv otolytong kKat eUpeong
opolotnTac petall yovidilwyv n/kat mpwteivwy, aAld cuvéualovtag auth thv mAnpodopia pe tTn Sopn Tou
yovidiwpatog kat tn dwatafén twv yovidiwv mavw o€ auto, KatadeEPvel va €EAYEL TTIOAU ONUOVTLIKA
cuunepaopata, ou dev Oa prmopovcav va €xouv e€oxBel pe aAAov Tpormo (oUTe Kav PeE TTPOYyvVwWaon).



MeEBodolL

 H uEBodOg «adaipeonc» yovibiwv, otnv omnola o
OUYKPLVOVTOL O€ L0l OELPA OPYOVIOUOUC Ta Kowva yovidla Kol -
gvtornifovtal ta povadika yovidia.

* H pnéEBodog otoixtong OAOKANPWV  YOVISLWUATWYV, - ~
ocupdwva pe TNV omoila otolyilovtol oAOKANpa yovidlwpata -

Kol gvtori{ovial Ol TIEPLOXEC OTIC OTIOLEC €XOUV UEYAAN , P |
opoLOTNTA, KOl TEAOG S ——— S

* H uéEBodOC oclYKPLONG TNEG OELPAC TWV Yovidiwv, cuudpwva T VoA .
e TNV omola evrtomilovtal yovidla mou €xouv TNV tAon vo - L I— ——. —
Bplokovtal Kovtad o€ OAa T UTIO LEAETN YOVIOLWLLATA, \ /‘ |
e H péBOSOC eviOomMIOHOU TPOIOVIWV  YOVISLOKAC 5 o

ouvtnéng, otnv omola evrtomi{ovtal e UTTOAOYLOTIKO TPOTIO

yovidia ta omoia o kamolov dAAov opyaviopo Bpiokovtal

evwHeEva (ouvtnén), Aettoupyouv dSnAadn cav aveEdptnTEC

TIPWTEIVLKEC TtEPLOXEC (domains).

OAec oL mapamavw peBodoloyiec Asttoupyolv HE XPNON TNG OMOLOTNTOC TWV YOVIOiwv Kol Twv
NMPWTEIVLKWYV TIPOLOVIWV TOUC Kol KAVOUV Xpnon tn¢ mAnpodopiac amo tn oxetikn O€on twv yovidiwv (N
Kol TNV Ol tnv umapén toucg) o SladopeTikouc opyaviopouc. Mapola avtd, ol peBodoloyilec aUTEC
gevronilouv dLadopeTikol i80UC AELTOUPYIKEG CUCGXETIOELG HETOEL TwV Yovidiwv. MNpocdEpouv dnAadn
SladopeTika amoteAeopata, YU auto Kol otn HeEYAAn touc mAsoPndia Spouv GUUIANPWUOTIKA.



H néBodoc «adaipeonc» yovidbiwv

H nébodoc autn, Baoiletal otnv elpecn KowwvV, opdAoywv SnAadn, yovidiwv o€ Lo oepd UTIO CUYKPLON OPYAVLICUWV.

H Baowkn apxn, €lvatl n yvwotn amod moAld apxy otn GUAOYEVETLKH, OTL OL TILO CUYYEVLKOL opyaviopol Ba €xouv Ko
TMEPLOOOTEPA KOVA YopakTnplotikd (dnAadn, yovidia otnv mepimtwon pag). Me tnv evowpdatwon tng yvwong yla
poplakn Asttovpyia aUTWV TwWV Yovidlwy, UIMOPOUKE VO EVTOTILOOUE TIoLa YOViSLaL £ival XOPOKTNPELOTIKA Yl Lol opada
OPYOVIOMWV KOl vo €EAYOUUE XpAOoLlpa cupmepacpata yia tn ¢puloyeveon (Aettoupyouv dnAadn we amopopdikoi
XQPALKTH PEG).

E€etalovtacg ta yovidla mou eival povadlkd o€ KATIOLOV OPYyAVIOUO (] O€ KATTOLOUC OpYaVIOMOoUC) UTTOPOUKE EToONG va
EVTOTILOOULE ELOLKEG AELTOUPYLEG TTIOU ETUTEAEL AUTOC O OPYAVIOUOG yLa va eTIPLwaoel (T.x. ta pebavotpoda Baktripla €xouv
LKA LETOBOALKA povoTtaTLa yLo VoL artolkodopouv to pebavio nou Bploketal og mepiooeLla 0to EPLPAAAOV TOUC).

S. macedonicuy S. pasteurianus
ACA-DC 198 ATCC 43144

S. gallolyticus
ATCC 43143

S. infantarius
CJ18

Napadsiypata dtaypappdtwv Venn.

Aplotepd: ZUykplon oteAexwv tou Xanthomonas Oryzae pe
1o EDGAR ( )

A La: Zuykplon Sradpopetikwy eldwv Streptococcous pe 1o R

( )




H néBodoc «adaipeonc» yovidiwv

Ricketisia prowazekil (750)
A A

Ehrlichia chaffeensis
E
Neorickettsia sennetsu (882)
B
DE
32
BDE ~
@)
Anaplasma phagocytophiliom (11161
D 5 Wolbachia pipientis (1009)
C
B C
R . Ehrlichia riminantim
i clxé(kensls 82) Gardch (843) Anaplasma plmgoDcylophiIum (1116)

[

Ehrlichia ruminantivm Anaplasma marginale (833)
F

Welgevonden (797)
H

Figure 4. Comparison of the Rickettsiales Gene Sets

The composition of ortholog clusters (see Materials and Methods) of
representative Rickettsiales (A), Ehrlichia spp. (B), and Anaplasma spp. (C)
were compared. Numbers within the intersections of different ovals
indicate ortholog clusters shared by 2, 3, 4, or 5 organisms. Species
compared are indicated in diagram intersections as follows. A, R.
prowazekii; B, N. sennetsu; C, W. pipientis; D, A. phagocytophilum; E, E.
chaffeensis; F, A. marginale; G, E. ruminantium Gardel; and H, E
ruminantium Welgevonden.
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Figure 6. Comparative Metabolic Potential of Select Rickettsiales

Metabolic pathways of E chaffeensis (magenta arrows), A. phagocytophilum (green arrows), N. sennetsu (gold arrows), W. pipientis (lavender arrows), and
R. prowazekii (cyan arrows) were reconstructed and compared. The netwo
color coded: red and purple, central and intermediary metabolites; blue, cofactars; green, amino acids; and black, cell structures. Transporters are shown
in the membrane and are grouped by predicted substrate specificity: green, inorganic cations; magenta, inor
carboxylates; blue, amino acids/peptides/amines; yellow, nucleotides/nucleosides; and black drug/polysacchari

DOI: 10.137 1/journal pgen.0020021.g006

of some of the more important pathways are shown with metabolites

nic anions; red, carbohydrates and
efflux or unknown.



Last universal common ancestor (LUCA)

T€tolou eidouc avalvoelg, €xouv xpnotlpomolnBel yia va SltadeukavBel to epwtnua mou adopd Tov
TEAEUTALO KOWVO TPOYOVO OAWV TWV cUyXpovwyv opyaviopwyv (Last Universal Common Ancestor-LUCA).

OL avaAUoelc &ekivnoav PE TN MEAETN TOU OPYAVIOUOU HE TO ULKPOTEPO yovidiwpa, tou Paktnpiou
Mycoplasma genitalium To omoio gival UTTOXPEWTLKO EVOOKUTTAPLKO TIAPACLTO KOl KWOLKOTIOLEL LOALC 468
yovidia 1ou mapdyouv TpwTtelvec. AKOpA KOl O OUYKPLON ME KAmolo AAAo  Poaktiplo, T.X. ME TO
Haemophilus influenzae (1703 yovidia) yivetal epdavec ot povo 240 yovidia tov M. genitalium €xouv
opBoAoya yovidia otov H. influenzae.

To epwtnua Aourtov Ntav av o LUCA nAtoav €vag opyoviopog HE Aiya yovidia (omnwc 1.x. Tto Mycoplasma) Q
av, avtiBeta, ATav OpyaVvIOUOC HE TIEPLOOOTEPO Yovidla (OMwC Ta TTEPLOOOTEPO BaKTpLA) Kot TEAKA N
eEEAMEN 006NYNOE KATIOLOUC OpYOVLOHOUC vVa XAOOUV Ta YovidLla auTd Kot AAAOUC VAl QITOKTOOUV KATIOLL
VEQ.

JUVKPLTIKEC avaAUoelg, He karmolec mapodoxec (Oomwe 1. Ot OEV OVOUEVOUME O  OAOUC TOUCG
OpYOVLOHOUG va eival cuvtnpnueva oAa ta yovidla), €6eLée otL paAlov n devutepn ekdoxn sival n cwotn.
Mo mapadelypa, otav otnv availuon cuumepANPOnNKav HOVO TIPOKAPUWTEC, PpeBnke OTL 0 KOWOCQ
MPOYOVOC OAWV TWV OPYOVIOUWV TIPETEL va e€ixe yovidlta  petaév 1006 kot 1189, evw oOtav
CUUTEPIANPONKAV KOl OL EVUKAPUWTEC, 0 aplOuoOC avePnke oto 1344 pe 1529, aplBuoti ov eival 1o Kovia
OTO MECO OPO TWV CNUEPLVWYV Baktnplwv mapd oto eAaxioto (dnAadn oto Mycoplasma) (

)



EAaxLotov aplOpoc anapaitntwy yovidiwv

Mycoplasma genitalium (468 yovidla
TTOU KWOLKOTIOLOUV YLOL TIPWTEIVEC)

Haemophilus influenzae (1703 yovidLa)

240 M. genitalium vyovibla eival
opBoloya pe yovidia tou H. influenzae.

22 un opBOAOYEC LETATOTILOELC

gene content:
1676

average sequence
046

similarity:
1504
398
891 genome conservation:
1511

Fig. 1. A representation of the minimal gene content for LUCA, Upper dia-
rams represent analyses without eukaryotes, lower diagrams represznt analy-
ses with eukaryotes: pentagons represent gene content (CT), hexagons repre-
sent average sequence similarity (AS). octagons represent genome conserva-
tion (GC)—see Section 2. The number of unique (outside the intersection) and
common {inside the intersection) zene families per category are given in the di-
agrams; the number of total unique families is also provided (listed below the
corresponding method).



2uvOeTIkn BloAoyia Ko e€wploAoyia

MNopopolec avalUoEL;, €xouv HEYAAO evlladEpoV Kol oTtn  Aeyopevn
«e€wPloloyiar», tov kKAado SnAadny mou peAetdsl BewpPNTIKA TO MWCE
OVOUEVOULE vo €lval ol opyaviopol mou evdexouévwe BpeBouv o€
AAAouc TAQVATEG, aAAA Kol ot oUVOETIKA PBloAoyial KoL TN YEVETKNA

HNXOVLKA.

Ma mapadelypa, TETOOU €idouC avaAloelg, €kavov Oduvatd  Tov
UTTOAOYIOMO TwV amapaitntwv yovidiwv mou amoattouviol yla va
ocuvtnpnoouv tn {wn os &va BaktAplo kol epappootnkav mpoodata
otV €motApovec  ouvéBeocav €& oOAokANpou €va PBakTtnploKo
yovidiwpa 1Mbp kol TO evowpATWOOV CE €va Baktnplako KUTTApo
aro To omoio giyav adalpeoel to yovidiwpa.

To «véo» POKTAPLO, TO OTOLO XPNOLUOTIOLEL OLTTOKAELOTIKA TO CUVOETLKO
DNA (Mycoplasma mycoides JCVI-syn1.0), &ixe TIC OVOMEVOMNEVEC
¢ aLVOTUTILKEC AELTOUPYLEC KOl ATOLV LKOLVO VOL OLVOLTTALPALYETOLL (

) Figure 1 (a) Coverage of and overlap between various types of
genomic context for M. genitalium genes. Type | is gene-fusion.
Type Il is the conservation local gene neighborhood, which is
separated in type lla (the conservation of gene order) and type lib
(the co-occurrence of genes within potential operons in absence
of the conservation of gene order). Type lll is the co-occurrence
of genes in genomes. (b) Overlap between genes for which sig-
nificant genomic context is available and genes for which func-
tional features can be predicted by homology searches. For the
latter, only genes that are homelogous to genes with known
molecular functions were included, which were determined by
manual inspection. The dark gray areas in the figure are genes for
which new functional features can be predicted by genomic con-
text. They can be homelogous to proteins with a known molecu-
lar function, in which case the context can indicate in which
process this function plays a role (see text for specific examples).
A complete list of genes for which new functional features could
be predicted by genomic context and, if available, homology to
proteins with known function, is available from http://
dove.embl-heidelberg. de/MG/Context.

1lb, 35

b M genitolivm, 480 genes
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H nEBodoc otoiytonc OAOKANPWV YOVIOLWHATWYV

H puébBodoc autn Baoiletal otnv idla apxn He T otowxioslc aAAnAouxwwyv (oL ouyyevikol opyaviopol ivat o nbavo va
EXOUV HUEYAAEC OLOLOTNTEC OTO YOVIOLWHO TOUC).

Me tn pEBodo autry otowilovtal oAOKANpa yovidiwpata Kol evtonilovtal Ol TMEPLOXEC OTLC OTIOLEC €XOUV MEYAAN
opoLotTNIA.

TETOLEC TEXVIKEC OE TO TPWLUN Hopdn ATAV YVWOTEC oo TaALd, TU.X. OO TOPATNPACELS OTL To avOpwriivo DNA
uBpLdomoleital pe to avtiotoo tTou XWmatln, €ixe yivel yvwotod OTL Ta yoviSlwpato Tou avBpwrou Kol TwV GAAwV
HLEYAAWV TIONKWV €XOUV PEYAAN opolotnTa. Mapopoleg avakaAUPELC €lxav YIVEL Kal LE TN XPHON KAPUOTUTIOU, OTaV yla
TIAPASELYUA EYIVE YVWOTO OTL TO XPWHOOWHA 2 Tou avBpwrou epdavilel HEPIK] OMOLOTNTO ME TO XpWHOoWMa 12 kat 13
TOU XLUratdn Kol EYIVE KOTOVONTO OTL 0TO AMWTATO TAPeABOV ixe mpokU P EL Ao ocuvtnén TEAOLLEPWV.

Kounsaons 12 (ynevzio) (QIIICOCRICDCID
Xpwpoowpa 13 (Xipnavting) m‘]]:l].lml]D

>ToixLon oAOKANPWV YOVIOLWUATWY UTTOpEL va yivel pe StadopeTikolC TPOTIOUC:

O mo arAog ival pe pa mopoaAAayn tou dtaypappatoc onueiwv (dot-plot) n omnola enekteivetal o 6Ao To yovibiwua, i
LLE ETIEKTOLON KATIOLOU YVWwoTtoU aAyoplBuou otoixtong (ormwc to BLAST) n omoia va eMITPETEL XpON LEYOAWY 0KOAOUBLWV.
OL o ouyxpovec pebodoloyiec ouvdualouv TOoo TOUC OAyopiOpoUg TomIKAC i OALKNC otoixtonc (yia kaBes (euyapt
opoAoywv yovidiwv) pe tn B€on twv yovidlwv autwv oto yovibiwpa, deixvovtag .. LE OLAPOPETIKO XPWHUOTIOUO TO
(euyapla, EVW KATTOLEC OTTO TIC TEXVLKEC QLUTEC ETULTPETIOUV Kol TTOAAATTAR oTolxLon.

OL TEXVLKEC AUTEC €ival TTOAU Tilo UKOAO va EhOPUOOTOUV O Baktnplakad r tkd yovdlwpoata, T000 Lot Elval TIo HLKpA
000 Kol ylati eival eviaia, KaBwc tor TTOANATIAA XPWHOOWLOTO TWV EVKAPUWTLKWY OPYOVIOHWYV artaltolv oUYKpLon Eva UE
&vaL.



H neBodoc otoixtonc oAOKANPwWV yoviSLwHATWY
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H neBodoc otoixtonc oAOKANPwWV yoviSLwHATWY

OL peBodoloyiec oAknC otoixlong yovidlwuatwy eivol
duvatd va Owoouv TOAAEC TAnpodopiec yLa TIC
aAAoyeCc Tou €xouv ocupPBel ota yovidlwpata OTO
TEPOLOUOL TOU EEEALKTIKOU XPOVOU.

Mo mopadelypa, pLot otolxon Kot €va Slaypappa
onuelwv mepimou oto LY oc tne dLaywviouv deixvel TNV
KOWN TIPOEAEUON Kol Tn Otev) oxeon twv 6uo
OPYOVLOLLWV.

EmtutA€ov, aAAOyEC  MEYAANC  KALMOKOC — OTWG
avaotpodec Kot Suthaotaopot eival Wdlaitepa eUKoAo
VOl EVTOTILOTOUV.

TEANOC, TIEPLOXEC MN OHOLOTNTOC OVAMECO O 2 KOTd
Kavova «opola» yovidliwpuata sivat dSuvato va deiéouv
npoocdatn OornoKinon VeveTtkoU UALKOU (site pe
optlovtia. petadopd Ee€lte HE KATTOLOV QAAAO TPOTO
evowpatwong DNA).
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E. chaffeensis A. marginale

Figure 3. Synteny between Anaplasma spp. and Ehrlichia spp.

Anaplasma spp. and Ehrlichia spp. share conserved gene order (synteny)
across their chromosomes. E. ruminantium and E. chaffeensis have a
single symmetrical inversion near two duplicate Rho termination factors
(approximate positions shown in pink). Genomic rearrangements
between these Rho termination factors are also apparent in A. marginale
(pink). In addition to the synteny breaks near the Rho termination factors,
A. marginale has rearrangements located near the msp2- and msp3-
expression locus and pseudogenes (approximate positions shown in
light blue). Likewise, in A. phagocytophilum, numerous changes in
genome arrangement are located near the homologous p44 expression
locus and silent genes (approximate positions shown in lavender).

DOI: 10.1371/journal.pgen.0020021.g003



H néEBodoc oUyKkpLong TG GELPAC TWV YOVLOLWV

Jupdwva pe pEBodo autn evromilovtal yovidla tou €xouv Tnv Taon va Bplokovtal Kovta o OAO 1] O0TA TIEPLOCOTEPA TA UTIO
HEAETN yovidLwpaTa.

H Baolkn apxn tng nebodou polalel dlatocOnTikd pe TtV apxn TG cuvOECNC OTN YEVETLKI, LOVO TTOU €06W XPNOLUOTIOLELTOL OE
pneyaAutepn KAk xpovou.

H 0€a eival otL yovidia nov Bpiokovtol o€ TOAAOUG 0pyaviopoUg SimAa-SinAa, To KAvouv yLa Kamoto Aoyo (m.x. ekppalovtal
ol 1 CUUHETEXOUV OE KATIOLO KOO PETAPBOALKO povormatt). Edika ota Baktipla, €ival yvwoto OtL opadeg yovidiwv mou
OUMUETEXOUV OTO 10lo povormatl, PBplokoviol OpyovVWwUEVO O€ OMAOEC mou ovopalovtal OTEPOVIA, OMASEC Ol OTOLEG
ekppalovtal kol gAEyxovial TOUTOXPOVA.

Me tn pEBodo autn) eivatl duvatd va EVIOTLOTOUV GUOXETLOELS UETOEL yovIOilwv TOU KwOLKOTIOoUV TEAELWC SLoipOpPETIKEC
TP WTELVEG.

Mo mopadelypa, av UTtoBECOUE OTL 0TO OTEPOVIO TNG AakTolng, EEpape tn Asttoupyia tng yalaktoowbaong (lacZ) aAAa oxt
auTn TNG meppeaonc (lacY), pe tnv mapatipnon OTL o€ ULt GELPA Ao opyaviopouc ta Suo yovidia Bplokovtal tavta padll, Oa
UTOPOUOOE VO CUUTTEPAVOUME OTL aOTEAOUV Kal Tol SU0 TUNHO KATIOoU oTepoviou. Agv Ba EEpape duokd akplPwe TN
Aertoupyia Tou  véou yovidiou, aAAd ocuvdualovtog KAToleC amAEC peBoOdouc mpoyvwong, OmMwce ylo Tapadelypo TV
npoyvwon Slapepfpavikwy TUNUATWY, Ba BAETOUE OTL TPOKELTOL Yot SLapepuBpavikn mpwteivn pe 12 mbava dtapepuBpavika
TUAHOTA KOl AUECWE Ba UTIOBETAE OTL TPOKELTAL YLOL KATIOWOV  SlapepPpaviko urtodoxEa mou mBavotata EUMAEKETAL LLE TO
HETABOALOO TNG AaKTolNnG. Mia tooo Aemtopepnc mPoPBAePn yia T Asttoupyla pac mpwteivng dev Ba pmopoloe He KoveEvVAV
TPOTO va yivel duvatn pe xpnon Hovo tng akoAouBiacg tng, aAAd BAEMOUUE OTL UTO cuPBaivel OTaV XPNOLUOTIOL|COULE TNV
nAnpodopia amno tn oepd Twv Yovidiwv Kal Tn ouvtpnon tTng ota yovolwpata.



H neBodoc olykpLong TnG OELPAC TWV YOVIOLWV

A

B

NI

r

NI

A\
N/

Ta yovidia autd cuvdtovTal

ME KATTOIOV TPOTTO

A

S. coelicolor

C. glutamicum

M. tuberculosis meS | )
B.subtilis metS

B. halodurans

C. perfringens

L. innocua

I i
N o
)



H nEBodoc olyKpLoNC TNG OELPAC TWV yovidiwv
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Figure 1. Structural organization of TonB-dependent regulatory systems. TonB- (] - 7 - 4 - - 3 - -

dependent regulatory systems consist of six components, an outer membrane
TonB-dependent transducer (blue) in interplay with its energizing TonB-ExbBD
protein complex (orange, pink and yellow), a cytoplasmic membrane-localized anti-
sigma factor (red) and an ECF-subfamily sigma factor (green). Abbreviations: CM,
cytoplasmic membrane; OM, outer membrane.

TRENDS in Microbiology

Figure 2. Genetic organization of regulstory systems consisting of 2 TonB-dependent transducer (Bluel, an anti-sigma factor (red} and an ECF-subfamily sigma factor {greenj.
The accurrence of the different genetic argenizations in proteobactaria (=, i, & ¢ and ¥y}, in Bacteroides, in planctomycates and in total { Z) is shown. A disgonal double ling
indicstes thatone or & few additional genes sre present between the TonB-dependent regulatary genes. Pseudogenes have beenincluded in this representstion. The colar
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TRENDS in Microbiclogy

Figure 3. Domain structure of TonB-dependent receptors. All TonB-dependent receptors consist of a C-terminal B-barrel (orange) and a plug domain (green), which seals the
barrel (see also Figure 1). TonB-dependent transducers have an N-terminal extension (blue) of ~70 amino acids. Receptors from Bacteroides often have another additional
domain in the N-terminal region (pink). A related protein domain is also found in the Oar protein from M. xanthus and in a few receptors from Xanthomonas and Xylella



H neBodog evtoniopou npoioviwy yovidLaKkng cuvinéng

H Baowkn apxn auti¢ tng pebodou Paociletal otn omovbuAwtl $duon twv mpwrteivwv, dnAadn, otnv Umapén
aveEéAPTNTWV SOULKWYV KoL AELTOUPYLKWVY TtEpLoXwVv (domains).

Etol, pe tn nEBodo aut evromilovral e UTTOAOYLOTIKO TPOTIO yovidla Evog opyoviGHOU A Ta OToilol 0€ KAmoLlov AAAov
opyaviouo B Bpiokovtan evwpeva, Asttoupyolv dnAadn cav aveédptnTteg MEPLOXEC TNG LOLag mpwTteivnc.

H e&nynon eival otTL o€ KkATola PoyovIkn Hopdn, eite ta yovidia Bpiokovtav aveéaptnta kot cuvevwOnkav (ovvtnén
yoviSlwv) HE TO TIEPACHO TOU XPOVOU OTOV OPYyaVIOUO B, €ite OTL o€ kAmola tpoyovik pHopdn ta yovidia Bplokoviav
EVWMEVA, ATav ONAadn MPWTEIVIKEC TEPLOXEC KOl KATOTILY OTNV Topeia TG €€EALENC auth N oX€on OLOKOTINKE OToV
opyavIouo A ( ).

Me tn néEBodo autr, v pmopoupe va Slakplvoupe ol armo T SU0 eVOANOKTLIKEC OVTWC OUVEPN, aAAd auto dev
armoteAel MPOPANUA 0 AUTEC TIC aVAAUOELG, ylaTi LmopoU e va eEAYOUUE OUTWE N AAAWC GNUOVTLKA CUUTTEPACHOTO
ylo TpwTeiveg mou oUTE opoLoTNTA £XouV, aAAQ Kal oUTe Bplokovial KOVTA oTo yovidiwa.

JuvnBwe TETOlEC TEPUTTWOELS Yovidiwv adopolv €vivpa To omola epmAEkovtal otov i6lo MeTaBoAwko Spaopo,
nBavotata To MPoiov Tou VO va ival avtldpov oto AAAO KOl HE QUTOV ToV TPOTOo SleukoAUvovTal Ol METOBOALKEC
obol. Eva kAaowko mapadeypa, ival n StwdpodoAkny avaywyaon (DHFR) n onola 0Toug eUKOPUWTLKOUC OPYOVIOUOUC
amoteAel plo mpwteivn pe pla povadlknl TPwTEIVIKA Tteploxn, aAAd ota BaKkthpla oTo Olo HOPLO CUVUTIAPXEL KOl N
AeLltoupyLkn mepLoxn tTn¢ BuSIALKAC ouvBetaonc (TS) n omola cuppeTEXeL oto (Lo povormatt (cuvBeon voukAeoTLOLwV)
KOl N OTtolol OTOUC EUKOPUWTLKOUC opyaviopoUc Bploketal o SLadopeTLKO yovidlo.
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XAPTEC MPWTEIVIKWV AAANAETILOPACEWV OAOKANPWV YOVISLWUATWYV Bacl{OHMEVOL GE YEYOVOTA

Query genome
BLAST vs
Query genome

v

Query genome
ELAST vs
Reference genome

v

Matrix T Matrix Y
Smith-Waterman h 4
‘ Smith-\Waterman
Q
N = -G N - C
A E
K

ouvtnénc yovidiwv

Escherichia coli Haemophilus influenzae Methanococcus jannaschii

51

Figure 2 Representation of protein interaction maps for the most likely interactions paralogous cases are resolved and only the most likely case is indicated by an arc. All
predicted for E. coli, H. influenzae and M. jannaschii. In the large blue circles, which cases are numbered according to Table 1. Predictions are colour coded: black, pairwise
represent the three genomes, 0° corresponds to the first base pair, and 360° the last base interactions; blue, multiple interactions; red/purple, cases where, due to paralogy, more
pair of the genome. Predicted interactions are indicated by linking the circular map than one pairwise interaction is possible (red, two possibilities; purple, more than two
positions of the genes involved. In cases of neighbouring genes (<<5°), a small circle possibilities); green (marked by asterisk), because of a large number of paralogues, no
indicates the predicted interaction between two genes at that region; otherwise, an arc  interaction can be easily resolved. The source of the prediction (composite protein from a
links the two genes in question. Multiple interactions are not cross-labelled. Some given species) is not indicated.

Enright et al, NATURE,402, 1999



H nEBodo¢ evtomioou mPoiovtwyv YOoVvViOLOKAG ouvTNENG

H u€Bodoc autr, elval UTTOAOYLOTLKA QITOLTNTLKN KOBWC amolLtel pia mpo¢ pniot oToXioELS OAWVY
TWV MPWTEIVWV TOU €VOC OPYOAVIOUOU, UE OAEC TIC MPWTELVEC TOU AAAOU OpYOVILOLOU, EVW
aralteitol kot emumAéov emeéepyaocia yia va Staodpaliotel otL ol Vo vmoPnrdLec mpwteiveg
notalouv eV HE pla AAAN mpwteivn tou dAlou opyaviopol aAAd o SLadpopeTIK MEPLOXN
(6nAadny, otL dev polalouv peTafl Toug).

ATIO TNV AAAN HEPLA, EVOL ONUOVTIKO TIAEOVEKTNMA TNG MEBOOOU 0€ OXEON ME TLC UTTOAOUTEC
nebodouc mou avaAuBOnkav mopanavw, €ivol To 0Tl KaBwe &V XPNOLUOTIOLEL TN CELPA TWV
yovidiwv, pmopel va epappoocBei pe akplBwc tov iblo tpomo oe kABe eidboug levyapla i
OMASEC OpYOVIOUWVY aVEEAPTNTA TOCO TNC EEEALKTLKAC TOUC AMOOTAONC 00O KAl Tou aplBuou
XPWHUOOCWUATWY TOUC.

Mrmopel pe aAAa AoyLa, va xpnotpomolnBel ywa tn olykpLon Tou avBpwrou HE £va BokTAplo
Kol va. SwoeL xprnolpa cupmepdopota oe avtiBeon pe tic mponyoupevec nebodouc oL omolec
arodidouv kaAUTEPA Kol TPEMEL VO XPNOLUOTIOLOUVTOL KUPLWE OE OUYYEVLKOUC OpYOVLOHOUG
(koL kotd Baon, og BakthpLa).



H nEBodoc evtoniopov mpoioviwv yovidltakng ouvinéng

e Xprion Hovo opolotnTag otkoAouBLwv

* 88 Fusion events o€ 3 yovidlwpata
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FIG. 1. Inversion of L. interrogans serovars Copenhageni and Lai CI chromosomes. (A) Nucleotide alignment obtained by using MUMmer,
which relies on exact matches of at least 20 bp. Each dot in the figure is one such match. The dark lines on the two main diagonals result from
the high density of points with sequence identity along chromosome I of the two serovars. The scattered points outside the main diagonals
represent other short regions of sequence identity. (B) Scheme showing predicted genes flanking the inversion breakpoints. Pairs of ortholog genes
have the same pattern code. The black arrows represent IS elements.

Fig. 1. Two-dimensional clustering (Willenbrock et al, 2005) of bacterial genome sequences versus secretion systems type
1-V. Dark blue indicates that a low number of the selected proteins is present for the specific secretion type; dark green
represents cases where we find that most of the proteins for a given secretion system are present. It should be noted that data
within each column are normalized around the centre using minimum and maximum values.




N\OYLOULKO

* ACT ( www.sanger.ac.uk/resources/software/act/)
e MAUVE (http://darlinglab.org/mauve/mauve.html)
. EDGAR ( )

 CGAT (http://mbgd.genome.ad.jp/CGAT/)

* BRIG (BLAST Ring Image Generator,http://sourceforge.net/projects/brig/)
« VISTA (http://genome.lbl.gov/vista/index.shtml)

Ta meplocotepa amo ta npoavodepBevVTA MAKETA AOYLOULKOU TtapEXoUV TN duvatotnta Xprnong StadpopeTIKWY
aAyopilBuwv otoixtong yovidlwpatwy. Kamola, dtabetouv kat Skoug toug aAdyoplBpoug otoixltong aAAa ta
nepLoocotepa Sivouv ta SuVATOTNTA EVOWUATWONG Kot AAAWV €EELOIKEVUEVWV aAyoplOpwV.

OL 1o yvwoTtol amo avtouc eival
1o MUMMER (http://mummer.sourceforge.net/),
e 1o MEGA-BLAST (http://www.ncbi.nlm.nih.gov/BLAST/),
e to LAGAN (http://bioperl.org/wiki/LAGAN) kot
* 1o MGA (http://bibiserv.techfak.uni-bielefeld.de/mga/).
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\OYLOMLKO

Ocov adopa touc adyoplBuouc evpeonc ouvinéng yovidiwv, pnebodoc n omoia €ival n
Mo «armopakpn» (N &eExwplotn) amo TG UMTOAOUTECG, UTTAPYXOUV EMIONG MLl CELPA ATtO
eTILAOYEC Ol omolec €xouv ToAAarmAaolaotel dlaitepa ta TeAevtaia xpovia HE TNV
e\evon tng aAAnAouXLoNg VEAC VEVLIAC ME TN XPAON TETOWV TEXVIKWV 0€ SLadopEeC
AAANEC EPOAPLOYEC, AKOUOL KOL LOTPLKEC ( ).

EvOelktika, avadEPOUE:

* TOV apXLKO aAyoplOpo twv Ouzounis kot ouvepyatwv, To GeneRAGE (
),

aAAQ KOl LEPLKEC VEOTEPEC EDOUPUOYEC OTIWG

* 10 FusionMap (http://www.omicsoft.com/fusionmap) ( ) Kol

e o MosaicFinder (http://sourceforge.net/projects/mosaicfinder) (

)
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