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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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Kata Cevyn ototlyion akoAovdiwmv

* ATO TO TLO GNUAVTIKO TPOPANHOTO GTNV
Y noAoyiotikn Biodoyio

* [owitepa mAovGIO PiBAIOYpapia Yo TAVE®
amo 30 ypovia

* 'Eva Ocpa kopimg adyoptOuiko, aild ue
ueyaAn Proroywkn onuacio

* H opoiotnta 0vo akoAovdimv ovtovokAd
Kotd BAon TNV Kowvn EEEMKTIKT] TPOEAELOT)
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Protein Families
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src-like protein tyrosine kinase - 5 in Drosophila proteome

38 tyrosine kinases
43 SH2 domain containing
110 SH3 domain containing
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Evpiotikoil AAyopiOuot
(heuristics)

BLAST (www.ncbi.nlm.nih.gov/BLAST/)

FASTA (www.ebi.ac.uk/fasta33/)

. Am00100VV «GYEOOV» TO 1010 KAAD LLE TOVG
aAyopiBuovc Avvopukov
IIpoypoaupoticuov

. Amoapaitntol Kafmc avEdveTal O10PK®E TO
uEyeboc tov Pdcemv 0coouEV®V
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Fig. 2. The ‘function bottleneck’. Information clock illustrating the
improvement of annotations identified for a given genome over the
vears 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.ebi.
ac.uk/research/cgg/services/.
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['oviotmuoTik

e Tovidiwpatikr), ovoudalovue TOV ETLGTNUOVIKO KAGOO O
OTO10G YPNGILUOTOLEL OLOPOPETIKEC TEYVIKES TNG YEVETIKNC,
NG Loplakng Proroyiac Kot tne PLomAnpoeopikng Ue
oKomo vo Bpel TNV aAAnAovyio, vo KAVEL TNV
GUVAPLOAOYNCT KO VO OVOAVGEL T1 OOUT| KO TN
AELTOVPYIO TOV YOVIOLOUAT®OV, ONAOOT], OAOKAT PG TNG
YEVETIKNC TANPOPOPLOC TOV TEPLEYETAL OE EVOL KOTTOPO
EVOC 0pYAVIGHOV. Y TTAPYOVV TOAAEC VITOOLOLPEGELS TNG
yow&oa uommﬁg, KUPLOG OGOV APOPd TIC OLUPOPETIKEG
TEYVIKEG TOV €lvar OvvaTto va ypnoipomoinbovv kdbe popa.
[ TapAoeLy Lo, 1 OOULKT] YOVIOLMLOTIKTY] acxoksnou LLE TO
uocCuco TPOGOLOPIGUO 'cptcsf)lacswroov OOV TPWOTEIVAOV
amO OAOKATIPO YOVIOIMUATO, EVO 1| AELTOVPYIKN
YOVIOIWUOTIKT] OGYOAELTON KUPLWOG LE TN UEAETT TOV
AELTOVPYIKOV TEPLOY DV GTO YOVIOI®UOTA (VITOKIVNTEG,
utkpa RNA «Am).

15



ALyop1Ouol TpOyvmonc

e Xtnpilovtor otnv ekmaiogvon o uebodoov pe
KOO0 YVOOTA TOPAOETYLOTO KO TNV EATION OTL TQ
amoteAEoUaTO O YEVIKEDOVTOL GE AYVIOOTEG
TPWOTEIVEC

* AL4QOpES AAYOPIOUIKEC TEYVIKES (OTOTIOTIKEC
uEBooot, uEBoool unyovikne Labnone KAm)

* [IocoG1td emTLYIOC TOV TOIKIAAOVY OVAAOYOL LLE TO
TpOPAnua kot tn ueboooroyia

— Gene finding

— Agvtepotayng ooun

— AwopeuBpoavikd tunuoato

— Ilentiown oonyntéc

— A&1tovpyikd yopaKTNPIoTIKA, KAT 16



Gene finding

To mo Baoctkd TpdfAnUa oy mepintmon aAiniovyiwv DNA eival avtd g
gvpeong yovwdimv (gene finding), aAld Kot o0vTd pumopel vo avIILETOTIOTEL e
TOAAOVG TPOTOVG EVD UTOPEL KO VAL YOPLIOTEL GE UIKPOTEPOL KVTO-
wpofPAnuoto (

H gbpeon 1oV mpaylatik®v Yovidimv Tov K@OIKOTO100VTUL GE £Va YOVIOImLULOL,
elvan tepdoTtiac onuaciog TpoPAnua, ylati OTmg £Yove TEL, N AAANAOVYIoN
EVOC YOVIOIMUOTOG Elvat LEV L1 QOVAELL poVTivaS, ALY aVTO OEV GMUOLVEL OTL
Kot ouTOpaTo o £YoVUE YVOON TOV TPOTEIVAOV TOV KOOTKOTOLEL dLTO TO
yvovdiopa. H ebpeon anid tov avorytov mloiciov avayvmong, eitvat o
OYETIKE amAT] S1001KaGio (E101KA GTOVS TPOKAPLMOTIKOVS OPYOVIGUOVS), OALG
KO Kol £T61 VTLEPYOLY TAPA TOAAL YELOOYOVIOIN 1] TEPLOYEC TOV OTTAL
ETVYE VA, £XOVV TO KOOIKOVIO EVOPENG Ko ANENG o€ dapopd gacmng (o€
ATOGTOGT] VOUKELOTIOI®V OV €ival TOAAATAAG1LO TOV 3).

'Eto1, ) edpeon tov KaTtdAANA®V puOUCTIKOV TEPLOYDOV (VTOKIVITECG) TTOV
KaBopilovv TV Ek@pacn Tov Yovidiov, ival Lo TOAD GTUOVTIKY dladIKaGia.
2TOVG O€ ELKUPLMOTIKOVS OPYAVIGUOVES, GTOVE OTTOT0VE TOL YOViola vl
OLOKOTTOUEVD, OO EGAOVLN, KOl EEDVLA, EMPEPEL UL EMTAEOV TOAVTAOKOTNTA
GTOVG VITOAOYIGUOVS KOOMS 01 pLOUGTIKES OVTEG TEPLOYEC TTPETEL VOl
AVOLYVOPLGTOVV TPV KOV EVIOTIGTOVV TO, OVOLYTA TAAIGLO AVAYVOGOTG.
Emmiéov de, 6TOVG EVKAPLMOTIKOVS OPYOVIGLOVS VITAPYOVY Kol AALEG
PLOUGTIKEG aAANAOVYIEC 1O HaKPLE amd TOV VITOKIVITI], Ol OTTOIEG TPEMEL VO,

EVTOTTIOTOLVV. 17



YoKivnTig Metaypagikn povada
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* 'Etol xataraPaivooue 011 umopel va vtdpCovv pia
GEPA LIKPOTEPO «TPOPATILATEY Y100 ADON:

— umopel va vtdpyovv LEBOOOL EDPEGNC TV GNUEI®V
OTOKOTING KOl GLPPOPNC TOV EEOVIMV (exon/intron
splice site),

— u€BoOO1 avayvmplong Tov vrokKivnTn (promoter
recognition),

— u€B0OO1 avayvmplong Tov GNUeiov Evapenc g
uetaypaeng (translation initiation site prediction)

( )9

— u€B0OO1 EVPELTC TOV GNUEIOL TOAVAOEVLAIMGCN S GTO
mRNA (polyadenylation prediction) (

),

— aAAG Ko, QUGIKA, LEBOOOL TOV TPOPAETOVLY OAOKAN PN

T1 OOUT] TOL YOVIOi0V. .



T€Aog, o1 EBoOOL EXOVV KOL OLUPOPETIKEG GTATICTIKEG LOLOTNTEG
Avaroya pe v evaichneio Kot Ty EOIKOTNTA TOV UTOPEL VaL EXEL N
kabe pio, ival SVVOTOV VoL ATOOIO0VY KAADTEPE. EITE GE OTOHOVOUEVEG
neployeéc DNA 1 6e mAnpn yoviortopata (

‘Eva dALo oneio mov ypetdleton Tposoyn, eivar 1 101KOTNTOL AV
OPYOVIGUO 1] OUAOO OPYUVIGU®DV, KOODC 01 GTATIGTIKES 1010TNTES TMV
VOLKAEOTLOI®V (QKOLO KOl GTO TAOIGLO TMV OTOOEKTMV KMOIKOVIMV)
OLOLPEPOVV AVALEGO OTIC UEYAAES OLAOES. 'ETol, vapyovv
e€eotkevuéva epyareio yior EL0TKEC napmro’ocsatg N €pYOQAEia TOV

Ao uBavouy vTOYT TOVE T PLVAOYEVETIKT TPOEAEVGT TOV OPYOUVIGLOV.

I'evikd, vmapyet o mAnOwpa uedoddMV Kae(og M GYETIKN Biroypagio
elye iemvnca amo TN ogkaetia Tov 1980, eved ta mpwTa
OAOKANPOUEVO TTPOYPALULOTO ELPOVIGTNKOY TN dgkaeTia Tov 1990
mopaAAnia pe Tig Tpoomadeteg aAlniovyiong. Ot pebodoroyieg mov
Y Xpncmonom@& Y10, TO! npoB?m pata ota, KOAVTTTOLV £val
HLEYOAO EDPOG: OO CTATICTIKEG TEXVIKES, welght matrices Kol TpoQIA,

VELPOVIKA dikTva, poapkofraveg aivcioec puexpt kot Hidden Markov
Models.

Ot peboodoroyieg mov PaciCovial kabopd ce eKTaidoeLoN Yo Vo KAVOLUV
TNV TPOYVOGCT AvapEPOVTOL KOl OC ab initio gene finders, evd o1
uebodoroyieg 6TIC omoieg ¥pNoLUOTOLEITAL KOl TAT| pOPOpia amtd TIC O
VIAPYOVGEC YVMOGTEC TPOTEIVEC E GKOTO VoL «KaBoonynbei» n
TPOYVMOGT 0o TO YVOOTA Topadelypoto ovopdlovtot zomology-based
gene finders. 20



IIpoxapvmtikot

e [0 TOLC TPOKUPVMOTIKOVS OPYAVIGUOVGS, TO TLO
YVOGTE KOl TETLYNUEVA EpYaAEia TEpAauPavouy Ta:
— FrameD ( )

— GeneMark
( )

— Glimmer
(
)
— EasyGene ( )

— FGENESB
(

21

— Prodigal ( )



Evkoapvotikoi

e AvVTiGTOY0, Y10 TOVS EVKAPVMOTIKOVS OPYOVIGLOUG,
TOL TTL0 TTETLYNUEVA OVTIGTOLY O EPYOAEL ETvar:
— FGENESH
(

— GlimmerHMM

( )
— HMMgene (

— GeneMark.hmm

( )
— GenelD

( )
— GeneScan ( )

— mGene ( ) -
— Grail ( )



Alo epyaleia

Ewowcd epyareia yio tnv Evapén e petaypoeng (translation initiation) sivau:

— ATGpr ( )
— NetStart ( )
— TIS Miner ( )
— StartScan ( )
[l v moAvadevorioon tov mRNA to dabéoipa epyodeio ovtn ™ oTryun
etva:
— Poly(A) Signal Miner ( )
— PolyAPred ( )
— POLYAH
(
)
— PolyApredict ( )
Télog, nEBooO01 OV £0TIALOVTOL GTNV EVPECT] TV GNUEI®V OTTOKOTNG KOl
CLPPAPNS ECOVIOV/EEMVIOV GE ELKUPVOTIKA YOVIOIOUATO, Eival:

— Human Splice Finder ( )

— NetGene ( )

— NetPlant ( )

— GeneSplicer ( )

— SpliceView ( )

— SplicePredictor (

23



2VYKPLTIKT YOVIOIWUOTIKN

* H cuykpitikn HeEAETN OVLO N TEPIGCOTEPOV
YOVIOLOUATOV (N TPOTEOUATOV)

* A1QOpES TPOGEYYIGELS

24



e XE MPMOTO EMIMEOO, KAl LE PACT TOV YEVIKOTEPO
OPIGLO, VTOAOYIGTIKY] YOVIOI®UATIKY) Eivor Ko KAOe
Tpoomadelol AVAAVGTC TOV YOVIOLMUOTOC EVOC KOl
LOVO OPYUVIGLOD, ONANON

— 01 TEYVIKEG OAANAOVYIGTC KOl GUVAPUOAOYTGTG TOV

YOVIOI®UATOC ( ),
— 1 €VPEGT YOVIOI®V ( ),
— 1 €0PECT PLOUGTIKOV TEPLOYDV ( ),
— 1 evupeomn wKp®dv RNA ( ;
)
— 1M M €0peCT TEPLOY WV OPLLOVTIOG YOVIOLUKNG LETAPOPAS
( ) KOl 1] EDPEGT TOL

TPOTOV YOVIOLOKN G pLOULIONC.

25



e X€ EVO EMOUEVO ETIMENO O TEYVIKEC TOV
YPNGLLOTOLIOVVTOL EIVAL ATAN EQUPUOYEC YVOCTOV
HeboomV Kot alyopiduwmv mov eival oYeOGUEVOL
yio. aAAnAovyieg (m.y. nEBoootl Tpoyvmwong) o€
OAOKAN PO, YOVIOLOUOTA, KOl GTT] GUVEYELN
GTOUTIGTIKT] OVAALGT TOV OATOTEAECUATOV LIE
GKOTO TNV EEAYMYN YEVIKOTEPWOV KAVOVOV KOl
GUUTEPACUATOV. B TAPOVGIAGOVUE KATOL0!
TETOL0 TOPUOELYLOTO, LE GKOTO VoL ECOIKEIMOEL O
avVoyYvVOGTNC ue TN neboooroyia.

26



e XTO ENOUEVO GTAOL0 OLMC, B0 TOPOVGIAGTOVV O1
TLO EVOLUPEPOVCEC TEYVIKEC TNG GUYKPLITIKNC
YOVIOLOLUATIKNG, Ol OTTOLEC TPOGPEPOVV KATL
EMTAEOV: OCIOTOLOVTOC TNV TANPOPOPia Yo TNV
VTOPEN, TN 00N Kol TNV ECMOTEPLIKT OOUN TV
YOVIOL®V GTO YOVIOI®ULOTO OL0LPOP®V VTTO
GUYKPLOT] OPYOUVIGU®DV, LTOPOVV VO, oG OMGOVV
EMTAEOV TTANPOPOPIEC, TANPOPOPIEC TOV OO Lol
OTAN] AVAALGT EVOC OPYAVIGLOD (KOl TOV
YOVIOLOUATOC TOV) dev Ba umopovcay va eEayfovv

27
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(a) (b)

(©) (d)

I )
- D
I |

Fig. 1. Pictorial representation of four computational genomics methods. (a) Genome subtraction aims to define species-specific genes. This is
achieved by subtracting genes homologous to various elements such as genes orthologous to the species under consideration or phages which
are likely to be inserted by horizontal transfer. The method thus detects species-specific genes that can be linked to phenotypic features (repre-
sented by squares or circles). (b) Whole-genome alignment for two hypothetical species. Axes indicate genome positions and each point indi-
cates a maich between genome sequences. Such genome alignment plots reveal organisational features such as homologous regions or duplica-
tions. (¢) Functional coupling of gene clusters detects orthologous genes between species which are then used to predict functional networks.
The detection of a conserved battery of genes of known function (black arrows) implies that a gene of unknown function (white arrow) may
have a related role, on the basis of its presence in the same ‘operon’. (d) Schematic representation of fusion analysis. The approach resembles
an in silico two-hybrid system and is based on the detection of groups of non-homologous genes in one organism found fused in the corre-
sponding gene in another organism. In the case of genes of unknown function being involved, such associations may be used to infer functional
associations.

29



Codon Bias — GC% content

¢ 270 YOVIOIMUOTO OLOPOP®OV OPYOUVIGLDV

TOPOTNPOVVTUL OLPOPETIKA TOGOGTA ELPAVIOTG
GC

e To OILPOPETIKA KMOTKOVIA Y10 TOL 1010 ALUIVOEED
EUPEAVICOVTOL LE OTPOPETIKES CUYVOTNTEG

* 210 Gene Finders, ypnoipuomolovvial autég ot
KTTPOTIUNCELD)
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Aloympionog twv Bepuo@rimv
Baktnpiov amod TNV aUIVOSIKY
cLGTOOT)

e 2voyEtion GC pe apvolikn cveTao

* H auvolikn ocvotacn kabopilel Tnv tpocapuoyn
oto mEPIPArLOV (1T.y. Ocpro@iiin)

31



genoaes—aaconp_org-nierobes0-nore ol di st sve_cliugter
hbprrcl o

0000 Z.068 5.3 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 . Reduced dimensionality plot showing the main principal components of the global amino acid compositions. The first principal axis (vertical)
corresponds to GO ratio (see text), The second principal axis (horizontal) shows a clear separation of thermophiles and mesophiles, denoted by Lriangles and circles,
respectively. The thind principal component is depicled by symbaol size (see insert for scale). Colour groups the sources inlo archea (red), bacteria (green) and
eukaryoles (purple). The plasmid (the outgroup for hierarchical clostering, Fig. 1) is shown in blue. The graph is a projection, and distances are therefore not
directly comparable to the distances ohserved in Figare 1. See text for discussion. For an explanation of data set labels see Table 1.



Tahle 2. Statistical evidence sorted by strength

Amino acid PCA Tactor Raw correlation®  Significance Raw A (S.10)) AR Significance Statistic
[oading®
Gln (0 0% —B0% L0 218 (0.31) =176 (025) 10 I-lesl
Gilu () B BOG L (-5 227 (0.40) L7353 0.31) L0 I-lesl
Val (V) S0 1o 655 6% | (- L3T(0.42) 140 (0.38) 2 x 10H I-l2sl
Thr (T —65% G0% L (- .84 (0.25) —1.31(0.39) 5w 1 I-last?
His (H) —40 to —60% —0% L 044 (0.15) —1.22 (0.42) | I-lizsl
ser (3) =30 [0 -6k —40% 1% L1051 =118 (054 ) 5% I-lesl
Asn M) =300 Lo —40% —35% A —1.94 infa)® —1.05 infa)P <2 MedianMann—Whilney®
Arg (R) 200 o 3050 25% =5 =1 infa) =0 (nfa) 1% Mann-Whilney

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

sApproximate figures.

"See Appendix for discussion.

nfa, not applicahle.

Kreil and Ouzounis, Nucleic Acids Res 29(7); 2001 4



€ UoL amo TIC TPAOTEC, APKETA ATAEC OAAQ 1O1ULTEPD TANPOPOPIOKES
TETOLEG LEAETEG, O Ouzounis kai o Kreil, avéAvooav tnv aptvo&ikn
GUGTOGT TV TPOTEIVAOV TOV KOOKOTO100V TaL yovioropota 6
Oepuopilav apyoatofaxtnpiov (apyainv), 2 Bepuoeiiov Boaktnpiov,
17 uesdprimv Baxtnpiov Kot 2 EDKAPLOTIKMOV OPYOVIGLOV.

2NV avoc?wcm xpnotponoincay mv apwoiu(n GUGTOCT] KOl TO
1060670 GC Ko TPOYUATOTONGAY LEPUPYLIKT OHOOOTOINGT Kot
avAALGT KUPL®V GuVIcTOc®V (principal components analysis).

[Tapdro mov to mocosto GC glye (o Eekabapn enppon], o OepuoPio
€101 UTOPOVV VA, AVOYVOPLIGTOVV LE LOVT) ¥PNOT TNS OAMKNC AUVOEIKNG
cvotaotg (

AvoAvovTtog T amoTEAESUATA, PAVIKE OTL TOL OEpLOPLAL 10T £YOLV
Myotepn I'hovtauivn (Gln) kol teprocotepo I'hovtoukd (Glu) oe
oyéomn ue ta pecopiia. Ta Oeppoepira, Exovv en{cmg TEPLOGOTEPN
Baiivn (Val) ko Aryotepn Opeovivn (Thr) oe oyéon pe ta pecoO@La.
' o apvocéa Iotwoivn (His), Zepivn (Ser) kot Acmopoayivn (Asn)

VIANPYAV ETLONC EVOEIEELS ALY LE UIKPOTEPO GTATIGTIKO BApOC. s



To uNKo¢ TV «ITPpoyLOTIKOV
TPOTEIVOV» GTO TANPOG
TPOGOLOPIGLLEVO YOVIOIMLLOTOL

64 tputAEtec (61 yio apuvocea-3 yio ANEN)

Av ta voukAeoTiown OempnBovv 1comibava, Eyovue
Ho TpImAETOL ANENC Tepimov kb 21 auvolia

O tpumAétec ANENC etvon mAovotec e AT (TAA,
TGA, TAG)

Katd cuvéEneila to unkoc tov «toyaiovy ORF 0o
avavel ot TAovola 6e GC yovioiouato

36



Meboooroyia

Evpeon 0Awv ORF amd ta faktnprakd

voviolropota (34 eketvn tnv emoyn)
Redundancy Reduction

20yKplon ue mpayuatikee (non-hypothetical)

wpwteivec TS SwissProt (E-value<]

0°6)

['pa@ikn TapacTacn Kol GTOTIGTIKY]
OTTOTEAECUATOV

OVAALGT] TV
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Katavoun tov unkoug
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Fig. 1. Estimated over-annotation of genes insequenced genomes. For each organism the 3WI55-PROT-based
estimate is calculated and the difference to the number of annotated genes shown in percent of the estimated
number of genes.
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GC% content kou otopeuPpovikeg
TPOTEIVEC

H g0peon tov a-eMKoE0®V OtoueUPPaVIKOV TPOTEIVOV
oTNPiCETON GTNV UE OLAPOPOVS TPOTOVS OVOCTTNON
TEPLOY OV TAOVGIMV GE VOPOPOSa KATAAOUT

Ta yoviorouata Opmc otaeEpovv 610 mocosto GC%

EmnAéov, T KOOWKOVIO TOV VOPOPOPOV aUVOEE®V
nepiEyovv GC 6e 010popeTIKO Pabuod

Apa, VO «YEVIKNG ¥PNoNS» dAYOPIOLOC TPOYVMOGCTC
UTTOPEL VO VTTEP- 1] VITO-EKTIUA TNV TPOYVOGT
OLOUEUPPOVIKOV TUNUATOV
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Table 1. A table to show the nucleotide bias
in the genomes of the oreanisms studied

Organism GO/ % AT
B. burgdorferi 0.400
R. prowazekii 0.408
M. janmaschii 0.458
M. genitalium 0.464
H. influenzae 0.617
H. pylori 0.636
S. cerevisiae 0.656
M. pneumoniae 0.664
C. pneumoniae 0.683
C. trachomatis 0.704
P horikoshii 0.721
C. elegans 0.742
A. aeolicus 0.769
B. subtilis 0.770
S, PCCoS03 0913
A. fulgidus 0.945
M. thermoautotrophicum 0.982
E. coli 1.032
" pallidum 1118

M. tuberculosis 1.908
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Table 2. A table to show the codons for the abundant 1 t‘ f-":“"" "
transmembiane amino acids and the minimum number ' ‘1;‘;;';;:‘:’"'”"”” e
. Sl - + . . L *
of AT and GC bases required to code for the amino acid | S PCCE803
: : _ _ 1 Banbiilx
Amino acid Codons Min. A+ T Min. G + C ! Aaeoliens
1 C.EIE'.[:(EFI’S
Ala GCX 0 2 L P horikoshi
Gly GGX 0 2 { Correchomatis
fal GTX | l | C_prermoniae
Leu CTX TTA/G I 1 | M prewmaniae
e ATA/C/T 2 0 { Soerevisioe
py ; + H.pvlari
] o 2 {) -
Phe TTC/T IL { HoinfTuenzae
| { Mogeniralim
t § M jamerraschii
{ Roprowazekil
+ B burpdorfert

FMILVCHWATGS PYHONEZEKTDHR

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.

Stevens and Arkin, Protein Science (2000), 9:505-511. 43
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MMKOC TV OLOUEUPPOVIKDV TPOTEIVOV
KOl 0 EGOTEPIKOC OITAAGIUGLLOG

e Avaivon oAwv ORF amo ta Paktnploka
voviorouato (50 oto cOVOA0)

* Evpeon owpeupavikov Tunuitomy
* AQOipECT TETTIOIWMV 0ONYNTOV

* 2TOTIGTIKN OVAAvoN
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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, (0 in the abscissa means soluble proteins.
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* Avaueca ce 38,174 owapepPpovikéc mpmteivec amod
87 yoviowwuazta, 377 PpEdnkav va Eyovv moapoydet
oo EVO UNYOVIGUO EGOTEPIKOV OUTAAGTIOGLLOD

« Kvpiog pe 8, 10 ko 12 owapepfPpavikd tunuota

* A1QQOpPOL UNYAVIGLOL ECOTEPIKOD OTAUCLAGLLOV
TpotTdoOnKav, m.y.:

N7

ouo10TNTO,

Shimizu et al, J. Mol. Biol. (2004) 339, 1-15 51
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Figure 3. Pairwise alignments between partial sequences of a 6-tms TM protein, CPn0007 (Golgi autoantigen, golgin
subfamily A4) from Chlamydophila prneumoniae by using the ALIGN program with the setting parameters, i.e. opening
gap penalty — 12, extension gap penalty —2, and substitution matrix BLOSUM®62): (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
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Figure 1. Hunter: The suite of predictors. The flow chart indicates the possible alternatives after the first prediction done with a neural
network-based method. Chain flow limiting steps are: a signal peptide predictor (acting with two different threshold values), trained
and tested on signal peptides of Gram-negatives; a hidden Markov model-based filter for outer membrane proteins; a neural network-
based filter for all a transmembrane proteins. All the predictors are described in the Materials and Methods section. See text for details.

Casadio et al, Protein Science (2003), 12:1158-1168.



Table 1. Predicting well and partially annotated proteins of

Escherichia coli K129 with Hunter

Prediction

a-TM E-TM Globular Total
Well annotated proteins
Annotation
a-TM 389 0 33 422
pB-TM 0 28 O 34
Globular 50 3 1651 1704
Total 439 31 1690 2160
Partially annotated proteins
Annotation
a-TM 37 0 35 352
p-TM 0 14 4 18
Globular 15 2 373 390
Total 332 16 412 760

* Annotation of Escherichia coli K12 is according to EcoGene (Rudd

2000).
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Table 4. Fishing new globular, inner, and outer membrane proteins in the E. coli 0157 genome with Hunter

New globular proteins
New inner membrane proteins

New outer membrane proteins

1564
327
10

No. of No. of other Annotation of homologs
Homolog® in predicted TM homologous (first homolog, % identity of local and
NCBI code E. coli K12 Length strands in Swiss-Prot global alignments)
13359635 UPO5_ECOLI s10 &8 5 Surface antigen
(DI52_HAEIN: 45%: 45%)
13359780 YAGZ_ECOLI 195 2 0
1 3360600 YMCA_ECOLI 698 20 ] Probable lipoprotein
(YIJIBH_ECOLI: 65%: 64%)
3361464 OMPN_ECOLI 123 4 24 Outer membrane porin
(OMS2_SALTI: 85%;: 26%)
133615606 YDDB_ECOLI 790 24 ] Hwvpothetical protein
(YDDB_HAEIN: 26%: 23%)
13361895 YDIY_ECOLI 252 12 0
13362260 CIRA_ECOLI 715 14 22 Colicin receptor; TonB dependent transport
(Y262_HAEIN: 24%; 23%)
13362608 YFAZ_ECOLI 187 8 0
13364489 YJBH_ECOLI 698 22 ] Hypothetical protein
(YMCA_ECOLI: 65%: 64%)
3364675 YTFM_ECOLI 577 12 ] Hypothetical protein

(YTFM_HAEIN: 44%: 42%)

- -7
“Homolog = with an E-value =107".
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Table 5. Predicting globular, inner, and outer membrane proteins in genomes of

Gram-negative bacteria with Hunter

Organism Outer membrane Inner membrane Globular Total
Escherichia coli K12 65 (1.6%) 907 (21.7%) 3201 (76.7%) 4173
New* 138 136 1099 1253
Escherichia coli O157:H7 78 (1.5%) 1034 (19.3%) 4249 (79.2%) 5361
New 10 327 1564 1901
Chlamidia pnewmoniae CWL029 12 (1.1%) 290 (27.6%) 750 (71.3%) 1052
New 2 181 236 419
Salmonella typhimuriwm LT2 70 (1.6%) 1002 (22.5%) 3379 (75.9%) 4451
New 0 2 21 3
Neisseria meningitidis MCS58 34 (1.7%) 372 (18.4%) 1619 (80.0%) 2025
New 6 176 662 844
Helicobacter pylori 26695 36 (2.3%) 352 (22.5%) 1178 (75.2%) 1566
New 10 141 445 596
Haemophvlus influentiae Rd 23 (1.3%) 348 (20.4%) 1338 (78.3%) 1709
New 5 121 430 556
Thermotoga maritima 18 (1.0%) 370 (20.0%) 1458 (79.0%) 1846
New 11 203 559 773
Pseudomonas aeruginosa 131 (2.4%) 1292 (23.2%) 4142 (74.4%) 5565
New 62 616 1867 2545

* The number of new proteins predicted in the class with Hunter out of the nonannotated region.
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GUYKPITIKT] YOVIOIWLLOTIKY)

H ocvykprrikn yovioropatikn, tdet Eva Pua tapaxépo tnv
VOAOYIOTIKT] VOADGT] TV YOVIOLOUATOV. AVTL Ve EGTIOCEL LOVO GTO!
GUVOAIK( GTOTIGTIKG HETPOL OO KAOE YOVISimUa, OTOE T.). TO TOGOGTO
GC M kamoto GAAO HETPO, EXLYEPEL VO YPNGHOTOWGEL T Pactkn apyn
™G (pukoyavsrmng avoc?wcmg, OTl 61]%(161] TO! yov161co poto OOV T®V
OPYOVIGLAOV TPOEPYOVTAL ATTO TPOYOVIKES HOPPEG KAl £YOVV
Stauop(pcoﬁet €101 OTTMC lvan Gn Hepa LETA amd aMenaMnkag aMowsg
TOL £YVOV UEGO GE EKATOUDPL Xpovia. O1 aAlayES aVTEC, OPpOopPOVV
1060 T0 avTicTolryo opBOAOYQ YOVIOla Ko TIG AAANAOVYiEC TOVC, OGO
Kot TO 1010 TO YOVIOimua, T OOUT TOV, Kol TN JATAEN TV YOVIOI®mV
TOV®O GE OVTO.

Boaowkd, n GuprmKﬁ yov18w) LLOTIKT] KAVEL YPTIOT] TOV KAUGTK®OV
aMoptG Hav GTOTY1OMG KOl EDPEGTC O uowmwg HetacL yovidimv 1/kon
TPOTEIVOV, CALL GLVOVALOVTUG OVTY TNV TANPOPOPTia [E TN OOLT TOV
YOVIOUDHLOTOG KOL T OLATASN TOV YOVISIMY TAVE GE 0UTO, KATAPEPVEL
Vo, EEAYEL TOAD CT|ULAVTIKA GUUTEPAGHOTOL, TOV ogv o umopovcav va
Exouv e€ayBel pe aAAov TpOTo (0VTE KAV UE TPOYVMOGCT)
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M¢EOooot

H pé0060g «a@aipeons» yovidlmy, 6ty omoio cuyKpivovtol GE L GEPA
0PYOVIGLOVG TO, KOWVE YOoviola Kol EvTomiCovTon T LoVaOIKE Yovidla.

H né0000¢ 6VOYKPLoNg TS GEPAS TV YOVIOL®MV, GOUPOVO LLE TNV OTOoi0!
evtomifovtoat yoviola wov £yovv tnv Tdon va Bpickoviol kovid ce OAa TO,
VIO UEAETT] YOVIOIDLLOTO,

H p£00060¢ 6toi)(161MS 0AOKANP@OV YOVIOLOUAT®OV, GOLPOVA LE TNV OTOid
otolyiCovtal OAOKAN PO YOVIOLOUATA KOl EVTOTICOVTAL Ol TEPLOYES GTIG
OTO1EC EYOVV UEYAAN OLOLOTNTA, KOl TEAOG

H péBodog evromopnod Tpoidvrmy YovidluKig GOVTISNG, 0TV oTola
EVTOTICOVTaL [E VIIOAOYIGTIKO TPOTO YOVIowd To. 0Toia 6€ KATOLOV GAAOY
0PYOVIGUO BplGKOVTOLl EVOUEVO (cmvmin) AE1TOVPYOVV ONAOOT GV
AVEEAPTNTEC TPMTEIVIKEC TTEPLOYES (domains).

OAec o1 mapomavem ua@oéo%oyteg XSLTovpyouv LLE ¥proM ™mg o umornwg
TOV YOVISIMV KoL TOV TPOTEVIKOV TPOIOVTOV TOVG Kt KAVOLV Xpron g
TANPOQOpiag amd T oxeTIKN BEoM TV yovidiav (1] Kat Ty ot v vrapeh
TOVG) GE OLLPOPETIKOVS 0pYovioLovs. ITapora avtd, ot peboooroyiec avteg
EVTOTILOVV O10POPETIKOV €100V AEITOVPYIKEC CUGYETICELS uaw&u TOV
yovidiwv. IIpocpépouv ONANON OLLPOPETIKA OTOTEAEGLLOTO, Y1 AVTO KO
GT1 UEYAAN TOLG TAELOYN QIO OPOVV GUUTANPOUATIKA, 0TS O oV &0
TOPOKAT®



H nebooog «apaipecnc» yoviolmv

H pébooog avt, PaciCetar ot e0pecn kowvdv, oudAOY®OV dNAaoT,
YOVIOi®V G€ Lo GEPA VIO GVYKPLGT] OPYOVICULOV.

H Bacwn| apyn, eivor n yvoot and maild apyn 6T QUAOYEVETIKY, OTL
Ol TTL0 Gvyyevucoi opyovicuoi Oa Eyovv Kot nspwcérepa KOWG,
XOPOKTY PIOTIKA (8117»(1811, yoviola 6TV nspmm)cm uoc). Me v
EVOOLATMOOT TNG YVOGNG YL0L TN HOPLOKT] AELTOVPYia oVTMY TMV
YOVIOI®V, UTOPOVLLE VO EVIOTIGOVLE TTOL0, YOVidla eivol
XOPOKTNPICTIKA Y10L Lo OLAO0 OPYAVIGHMY KOl VOL EGHYOVHE XPICIUAL
GUUTEPAGLLATA Y10 T QLAOYEVEST] (AEITOVPYOVV ONANON MOG
OTTOLLOPPIKOL YOPAKTNPES).

Ecetalovtag ta yoviola mov &ivol HOVAOIKG G KOO0V 0pyaviouo (1
GE KATOL0VG OPYOVIGHOVS) UTOPOVLE ETIGNG VOL EVIOMIGOVUE ELOKES
AELTOVPYIEG OV EMLTEAEL AVTOG O OPYAVIGHOG Y10. VO EMPLOGEL (TT.Y. TO!
uebavotpopa Paktrpia £xovv 101K pLeTaPoAkd LovomdTio yio vo

ATOIKOOOLOVY TO neBdvio mov Ppicketol e mepicoeln 6To TEPPALAOV
TOVG).
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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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Figura 6. Comparative Metabolic Potential of Select Rickettsiales

Metabolic pathways of £ chaffeensis imagenta arrows), A. phagocytop hilum E%een arrows), N. sennetsu (gold arrows), W pipientis (lavender arrows), and
R. prowazekii (cyan arrows) were reconstructed and compared. The networks of some of the more important pathways are shown with metabolites
color coded: red and purple, central and intermediary metabalites; 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, inorganic anions; red, carbohydrates and
carboxylates; blue, amino adids/peptides/amines; yellow, nucleotides/nucleosides; and black, drg/polysaccharide efflux or unknown.
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[Last universal common ancestor
(LUCA)

Této100 €1d0VC avarvcelg, £xovv ypnoporondel yia va dadevkavdel 1o epOTNUQ
OV APOPE TOV TEAEVTALO KOV TTPOYOVO OAMV TV cLYYpoveV opyavicu®v (Last
Universal Common Ancestor-LUCA). Ot avaAvcelg Eekivnoay e Tn LEAETN TOV
OPYOVIGLOD LE TO UIKPOTEPO Yovidimua, Tov Baktnpiov Mycoplasma genitalium
TO OTO10 EIVOL LTOYPEMTIKO EVOOKVLTTAPIKO TOPAGITO Kol KWOTKOTOLEL oG 468
yovidla Tov mapdyovy TpmTeives. AKOUO Kol 6€ GUYKPLoT UE KATO10 GAAO
Baxtpro, m.y. ue 1o Haemophilus influenzae (1703 yovidwa) yivetor eppavéc 0Tt
uovo 240 yoviowa tov M. genitalium £yovv opBOLoya. yovidwa otov H. influenzae.

To gpdmpa Aowmdy Ntav av o LUCA ftav évag opyaviopog pe Aya yovidio
(6mwg m.y. TO Mycoplasma) N av, avtifeta, NTav 0pyavIcUOS LUe TEPLGCOTEPL
yovidia (oncog TOL TEPLOCOTEPQL Bamnpwt) Kot TeEAA 1 EEMEN oémmcs KATTO100G
OPYAVIGHOVG VoL XAGOVY TaL YOVIdLa avTd Kot GALOVG VoL OTOKTHGOVY KATOL0! VEQ.
ZVYKPLTIKES OVAADGELS, Ue KATOLES TOPAOOYES (OTOG T.X. OTL GEV OVOUEVOVUE GE
OAOVG TOVG OPYOVIGHOVS VaL gV GLUVTNPNLEVE OAaL TaL yoviown), £de1&e OTL LAALOV
n 0evTEPT EKOOYM Elval 1] COGTN.

[o napaéiswua OTAV GTNV AVAAVGT Guunspmn(penmw HOVO TPOKAPLAOTES,
Bpédnike 0TL 0 KOIVOG TPOYOVOG OAMV TMV OPYOVICUDV TPETEL VoL Eixe yoviola
netady 1006 xon 1189, evao dtav Guunsptkn(pemcow KOl Ot suKapuoorsg, 0 ap1OuoG
avéPnke oto 1344 pe 1529 -ap1Bpoi mov elvan mo Kovid 6To LEGO OPO TMV
onuepvov Baktnpiov napd 010 eMAy1oTo (ONAadn oto Mycoplasma) ( 65



Minimal gene set

Mycoplasma genitalium (468 1dentified
protein-coding genes)

Haemophilus influenzae (1703 genes)

240 M. genitalium genes have orthologs
among the genes of H. influenzae.

22 nonorthologous displacements
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gene content:
1676

average sequence

946 similarity:
1504
498
Bal genome conservation:
1511

Fig. 1. A representation of the minimal gene content for LUCA. Upper dia-
rams represent analyses without eukaryotes, lower diagrams represent analy-
ses with eukaryvotes; 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) gene families per category are given in the di-
agrams; the number of total unique families is also provided (listed below the

corresponding method).
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2uvheTikn Proroyia kol eEmProroyio

e Tlopouoleg avaADGELC, £YOVV LEYAAD EVOLOPEPOV KOL GTN
Aeyouevn «eCmProroyion, Tov KAGOO ONANOT) TOV UEAETAEL
OepnTIKA TO TOC AVAUEVOLUE VO VO 01 OPYAVIGLOL TTOV
eEVOEYOLEVOC Ppebolv 6e dALOLC TAOVITEC, AAAN KOl GTN
cLvOeTIKT Blodoyio Kot TN YEVETIKT] UNYOVIKT).

e T mapaderyua, TETO10V €100VC AVOADGELS, EKOVOY OLVATO
TOV DTTOAOYIGUO TOV ATOPUITITOV YOVIOI®V TOV
QTOLTOVVTOL YIOL VO GUVINPTIGOVVY TN (1) 6€ €Eva PakTiplo
KOl EPOPUOCTNKAYV TPOGPATU OTAV ETLOTILOVEC
cuveEbeocav €€’ OAOKAN POV £va BaKTnplako YOVIOTmLL
1Mbp ka1 to eveoudtmcay o€ Eva Paktnplakod KOTTOPO
oo TO OTOL0 ELYOV APALPETEL TO YOVIOIM UL,

* To «véo» BaKtnplo, TO 0TOI0 YPNGIUOTOLEL ATOKAEIGTIKA
10 ovvOeTIiKO DNA (Mycoplasma mycoides JCVI-synl.0),
ELYE TIC AVOUEVOUEVEG POLVOTUTIIKEC AEITOVPYIEC Kl NTAV
Koo va, avoropdyetal ( ). 68



—

11b, 35

A
Added info

I'rom conbexl

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 homologous 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://f
dove.embl-heidelberg.de/MG/Context.
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H neboooc ototyionc oAOKANpmv
YOVIOIMLOTMV

* H pebooog avtr PaciCetar oy idta apyn pe TIG GTOYIoELS
aAANAOVY IOV (01 cuyyevikol opyavicuotl gival o mhoavo va exouv
LEYAAEC OLOLOTNTEG GTO YOVIOiMa TOVG). Me tn uéBodo avt
ooty iCovTaL OAOKANPA YOVIOUDHOTO Kot EVTOTILOVTAL Ol TEPLOYES OTIG
OTOiEG £Y0VV neYGAN opototnTa. TETOLES TEYVIKEG GE IO TPAOIUN
HOPQN NTAV YVOGTEG OO TAMG, TT.X. OO TAPATNPNGELG OTL TO
av@p(mcwo DNA va1807:0181w1 LLE TO aVTIGTOLYO TOV Yumatln, €iye
YIVEL YVOGTO OTL TOL YOVIOUDHOTO TOV AvOpDITOL Ko TV GAADV
HeYAAmY TONKOV £x0vV neyaAn opototnta. Ilapopoteg avakaAvyelg
efyav yivel Kot pe Tn xpnon KopvuoTLTOL, OTAV Y10l TOPUOELYHOL EYIVE
YVOGTO OTL TO YPOUOCOHO 2 TOV avOPOTOV EUPOVICEL PEPIKN
ouowmw lLE TO Xpo)uocm)ua 12 ko 13 tov leconqn KOl EYIVE
KOTovonTo OTL 6T0 andTOTo TOPEABOV giye TPOKOYEL 0O GVVINEN
TEALOUEPDV.
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MEB0O0AOYIES

e Xtolyon okc’)KM]p(ov YOVIOIOUATOV, pumopet va yivel pe
OLOPOPETIKOVG TPOTTOVG. O M0 AmAOg ivar pie pua
napakkayn TOV YVOGTOV OL0LYPALLLOTOC O LtV (dot plot)
1 omoio EMEKTEIVETAL GE OAO TO YOVIOIOMO 1) [e KATOl0L
EMEKTAGT KATOLOL YVMOGTOU alyoplOuov ctoiyiong (Onmc
10 BLAST) n onola va emitpénel yprion HEYAA®mV
akoAovOimv. Ot o cOyypoveg neboooroyiec, cuvovdaLouvv
TOGO TOVG AAYOPTOLOVC TOTIKNG 1] OMKNG GTOlY1IoNG (Y100
KO Cevydpt opdAOY®V YoVIolmv) ue tn BEon TtV
YOVIOI®MV GUTOV GTO YOVIOI®MUA, OELYVOVTOC TT.Y. UE
OLOPOPETIKO YPOUATIGUO TO CEVLYAPLO, EVOD KATOLEC OO TIG
TEYVIKEG OTEG EMTPEMOVV Kl TOAAATAY) 6TOiY10T. O™
YiveTou EDKOAQ OVTIANTTO, O1 TEYVIKEC AVTEG Elvall TTOAD TTLO
EVKOAO VO epap uoorm’)v o€ Paktn ptoucd N k&
yovoibpata, T060 yloti givon mo ptkpd 660 Kot yoti etvat
eviaia, Kaeo)g TOL TTOAAQTTAG P LOGMOHOTOL TMV
EVKOPLOTIKOV OPYUVIGUAOV ATOLTOVY GOYKPLon Evol ue Evor
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O1 ueboooroyieg OMKNG GTOLYIGNS YOVIOLOUATOV Elvot
OLVOTO VO OGOV TOAAES TTANPOPOPIES Y10l TIG
aAAOYEC TOV £YOVV GLUPEL GTO YOVIOLOUOTO GTO
TEPAGUOL TOV EEEAMKTIKOD YPOVOU.

[ napaﬁewua Lio. GTOTX10M KO EVaL OLAypaLLLOL
GNUELOV TEPITOV GTO VYOG TNG O10LYMVIOL Ot VEL TV
KOWI TPOEAEVOT KOl TN GTEVN GYEGT) TMV OVO
OPYOUVIGLOV.

EmnAéov, aAlayéc Leyainc KAipokog Ommg
OVOGTPOPEC KO OITAOCLOGLOL Eval 1010iTEPA EVKOAO
VOl EVTOTIGTOLV.

TéMog, mepPLoy£EC Un OLOIOTNTOC AVAUESH GE 2 KATA
KOVOVO, «OLLOLO YOVIOLOMUOTO, Elvor ovvaTd Vo 0eiEovV
TPOGPATN OMTOKTN O YEVETIKOV VAIKOD (&1T€ UE
OPILOVTIO LETOPOPA EITE UE KATOLOV AAAO TPOTO
evooudtmonc DNA). .
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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
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H neboooc cOykpiong e Gepac
TOV YOVIOI®MV

* ZOPQOVO HE 1EB0OOo av 8V1:07t1§0vmt YOVIOl0l TTOV £YOLV
mv taomn va Ppickoval kovid 6e 6Aa 1) 6Ta TEPLEGOTEPQ
0, VO peEAETN Yovioropato. H Bacum apyn e nebdoov
Hotalel otoncONTIKG pe TV apymn TS GLVOEGTS GTN
YEVETIKT], LOVO TTOV £0M YPNCILUOTOLEITAL GE LEYOADTEPT
KAlpaka ypovov. H 10éa gtval 0Tt yoviola mwov Bpickovtot
GE€ TOAAOVG OPYAVIGHOUS OITAO-OTTTAQ, TO KAVOLV Y10,
KATo10 AOYO (1. ekepalovtor pall 1| COUUETEYOLY GE
KAo10 Koo petafPoiikod povomdtt). E1oikd ota faktipia,
etvol Yv@oTo 011 0 LAOEC YOVIOI®V TTOV GLUUETEYOVV GTO
1010 LoVoTdTl, Bplcmovrou OPYOVOUEVO GE O LAOEC TTOV
ovopatoval omepoVia, OUAOEG Ol OTOlES EKPPACOVTOL KOt
eEAEYYOVTOL TOVTOYPOVA.
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* Me ) nuEbooo avtn gtvat dOuvvaTO Vo, EVIOMIGTOVV GLGYETIGELC
LETACD YOVIOI®V TOL KMOIKOTTOLOVV TEAEIMC OLOPOPETIKEC
npwteivec. I mapdoetyua, av vToBEGOVUE OTL GTO OTEPOVIO
ol kamé@ng, iépaus m katroupy{a NG YOAUKTOGLOAGNC
(lacZ) aAr& O)L 0VTN TNG TEPLEAOTG (lacY), LLe TV
TOPOTIPNON OTL GE UI0L GELPG ATO OPYAVIGHOVG TOL 6VO
yoviola Bprovrou wavto poll, Qo UTOPOVGALLE VOl
GUUTEPAVOVE OTL ATTOTEAOVV KOl T, OVO TUN LA KATO10V
omepoviov. Agv Ba EEpape puotkd akpPwg T Asttovpyic TOL
VEOL YOV1I010V, 0AAL GUVOLALOVTOG KATOLEG ATAEC LEBOOOVC
TPOYVOONC, OTMC Y10 TOPAIELY LD, TNV TPOYVOGCT
opeufpavikwv tunuatwv, 0o PAETAUE OTL TPOKELTO Y10
owapueuPpavikn tpmwteivn pe 12 mbava owpepPpavikd
TUNUOTO Kot apecmc Ba vwobEtaue 0Tl TPOKELTOL Y10l KATO0V
otapepPpavikd vTodoyEa Tov TOAVOTATO EUTAEKETOL LE TO
uetafoAitopnd e Aaktolns. Mo 1660 Aento Hepng TpOPAEYN
Ylor T katroupyux H10G TPOTEIVNG ogv Oa UTOPOVGE UE
KOVEVOY TPOTIO VoL YIVEL OLVOTI [E YPNOT) HOVO TNG
aKoAovdiog ™mg, AL BAETOLUE OTL QVLTO GV uBawat oTav
XPNOOTOWGOVHE TV TAPOPOPID ATO T1) GEPA TOV
YOVIOI®V KOl TN GLVINPNGCT] TGS T YOVOIMLOTA.
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Fig. 2. Conservation of gene order/neighborhood. Genes that are
consistent neighbors across multiple genomes may be function-
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(b) Holliday junction

resolvasome,
DNA-binding subunit

Holliday junction
resolvasome,

helicase subunit
Holliday junction

resolvasome, ‘ || 2
endonuclease subunit \\ || f

%l i
uncharacterized
conserved protein

Figure 2. (a) Case study: evidence linking COG0217 to well-annotated proteins. Species tree showing conserved operon architecture and co-occurrence of genes
coding for subunits of Holliday junctionresolvasome (COG0217: uncharacterized conserved protein (red), COG0632: Holliday junction resolvasome, DNA-binding
subunit (light blue), COG2255: Holliday junction resolvasome, helicase subunit { dark blue), COGO817: Holliday junction resolvasome, endonuclease subnit(green).
Single asterisk (¥), not present in Buchnera species and double asterisks(¥¥), not present in Encephalitozoon cuniculi. (b) Network re presentation of evidence related
to COGO217 (red). The network edges represent the predicted functional associations. An edge may be drawn with up to three different colour lines—these lines
represent the existence of the three types of evidence vsed in predicting the associations. A red line indicates the presence of Tusion e vidence; a green line represents
the neighbourhood evidence; and a blue line the co-occurrence evidence. Line thickness correlates linearly with STRING scores.
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TonB-dependent transducer

oM

Periplasm

CM

TRENDE in Microbiology

Figure 1. Structural organization of TonB-dependent regulatory systems. TonB-
dependent regulatory systems consist of six components, an outer membrane
TonB-dependent transducer (blue) in interplay with its energizing TonB-ExbBD
protein complex lorange, 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.
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@ "‘ﬁfﬁ
Proteobacteria Qjﬁi‘r '::;Q-::~“~*”tﬁ
Type Transducer o anti-o Transducer X [ & E ; @ Q{b{t
A EEp [ - 115 25 - 2 a2 48 -
B Ep > ——— 7 2 - - 1 4 -
C By - B 1 - - - 5 -
D - 11 3 - - 3 3 -
E| - 4 1 : . i :
F - - 4 - - - 2 - -
= By - - — 1 1 - - - - -
H o S —— 15 7 - - 3 3 7
| 4 - - 17 3 - - - 14 -
J 4 T - - 1 - - - 1 - -
K 4T - 1 - - - - - -
L L — 1 - - - - 1 -
I B — 1 1 - - - - -
N By 4 (e 1 - - - 1 - -
0 = e 2 i - - - - -
P T 18 7 - - 7 2 -
Q - 7 4 - - 3 - -
TRENDS in idicrobiclogy

Figure 2. Genetic organization of regulatory systems consisting of 8 TonB-dependent transducer {blue}, an anti-sigma factor {red} and an ECF-subfamily sigma factar (green).
The occurrence of the different genetic organizations in proteobecteria {=, fi, & & and v}, in Bacteroides, in planctomycetes and in totsl | £} is shown. A diegonal doubile line
indicetes thatone or a few sdditional genes are present beteiesn the TonB-dependent regulatory genes. Pseudogenes have beenincludedin this representstion. The color
code of the type {left) comesponds to that of Supplementary Table 2.



N = H F C Conventional TonB-dependent receptor
N H H F C Conventional TonB-dependent transducer
M- H H H F C Oar-subclass TonB-dependent transducer
M- H H F C  Oar-subclass TonB-dependent receptor
TRENDS in Microbiclogy

Figure 3. Domain structure of TonB-dependent receptors. All TonB-dependent receptors consist of a C-terminal f-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
species.
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Figure 3 Genomic context predicts substrate specificity of pro-
teins involved in a nucleoside salvage pathway in M. genitalium.
A cluster of five genes in M. genitalium encodes four genes of a
nucleoside salvage pathway. The “standard” gene for this fifth
reaction in the pathway, phosphoribomutase (deoB), is absent.
The fifth gene in the operon is homologous to phosphomanno-
mutases and phosphoglucomutases. M. genitalium does not con-
tain any other candidate for a phosphoribomutase. The most
likely candidate for the phosphoribomutase is thus MG053. The
significance of the location of a homolog of MGO053 in a run with
deoD is supported by the location of a homolog of the M. geni-
talium gene MGO053 beside deoD in Mycobacterium tuberculosis.

ymdA, ymdB,
BBO504, BB0505,
MG130 MG246

Figure 4 Domain organization of two proteins that are en-
coded by neighboring genes on B. subtifis (ymdA and ymdB) and
B. burgdorferi (BB0504 and BB0505), and that are both present in
M. genitalium (MG130 and MG246). The three domains that
have functionally been characterized, KH, HD, and 5'NT, can all
be related to ribonucleotide metabolism. KH binds (single-
stranded) RNA; HD hydrolyzes phosphates from nucleotides; and
5'NT hydrolyzes NMP to nucleosides. A fourth, uncharacterized
sequence domain (DUF) is present at C-terminus of MG246 and
its orthologs.

86



H neboooc eviomiopov tpoioviwmv
YOVIOLOKTC GUVTNENG

H Baocikn ocpxn VTG NG HLeBOooL Paciletor 6T GTOVOLA®TH GUON
TOV TPOTEIVOV, Snka&], otV Omapén aveEApTNTOV 80uu<(ov Kol
Aertovpyikov meproyov (domains). 'Etot, pe t nébodo av
EVTOTiCoVTaL [E VTTOAOYIGTIKO TPOTO yov{&(x £VOG OPYAVIGHOV A Tl
omoia 6€ KAmolov AAAov opyavicouo B Bptcmovrou EVOUEVA,
ketroupyouv 811%(1811 ooV aveCdpTnTeg nsptoxag ™S oo mpoteivnc. H
e€nynon elvan OTL GE KATOL0L TPOYOVIKT] LOPQT], EITE T YOVidLd
Ppickovtay aveaptmra kot cuvevobinkay (cHvingn yovidiov)pe to
MEPAGHLOL TOV pOVOL GTOV 0pYaviopd B, eite 0T1 o€ kamolo TpoyovikT
LOPON TO, y0v16u1 Bpickovtav EVOUEVO, MTAV BnKOLSn TPOTEVIKES
TEPLOYES KO KATOMLY TNV TOpEia TG EEEMENGS awT 1 oXE0M
OLKOTNKE GTOV Opyavicuo A

). Me ) néBooo avtr), 0ev UTOPOVUE VoL OLOKPTVOLLLE
ol AT TIC OVO EVOAMIKTIKEC OVTIMC GLVEPT), OAAAL 0VTO dEV amoTEAEL
TPOPANUO GE QAVTEC TIC AVAAVCELS, YIOTL UTOPOVUE VO EEAYOVE 0VTMC
N QGAA®C CTULOVTIKO GUUTEPAGLOTA Y10 TPWTEIVES TOL OVTE OUOLOTNTA
Exouv, aAAQ Ko 00TE Bpickovtol KOVIE GTO YOVIOImUA.

87



e 2VVNOWC TETOLEC TEPIMTMGELS YOVIOI®V a@OPOVV VLU0 TOL
ool EUTAEKOVTOL GTOV 1010 LETAPOAIKO OpOLLO,
mBavoTtaTa To TPOIOV TOL EVOG Vo EIval avTIOpOV GTO AALO
KO UE OLTOV TOV TPOTO OEVKOAVVOVTOL Ol LETAPOAIKES
0001. 'Eva kAaotko mapdostyua, eival 1 0OtodpoPOAIKT
avaywydon (DHFR) n onola otoug euvkapumtikong
OPYOVIGULOVG QTOTEAEL WO TPWOTEIV LE L0 LOVOLOIKT)
TPOTEIVIKN TEPLOYN], OAAL T faKTpLo GTO 1010 UOPLO
GUVLTAPYEL KO ] AELTOVPYIKN TTEPLOYT TNS BLUIOIAIKNC
cvvBetdonc (TS) n omoia GLUUETEYEL GTO 1010 LOVOTTATL
(c0UvOeon VOUKAEOTIOIMV) KO 1) OO0 GTOVG
EVKOPVMOTIKOVS OPYOVIGUOVS BplokeTon GE OLPOPETIKO
YOVIO10. 88



Protein interaction maps for complete
genomes based on gene fusion events
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Escherichia coli

Figure 2 Representation of protein interaction maps for the most likely interactions
predicied for E. coli, H. influenzae and M. jannaschii. In the large blue circles, which
represent the three genomes, 0° corresponds to the first base pair, and 360° the last base
pair of the genome. Predicted interactions are indicated by linking the circular map
positions of the genes involved. In cases of neighbouring genes (=5, a small circle
indicates the predicted interaction between two genes at that region; otherwise, an arc
links the two genes in question. Multiple interactions are not cross-labelled. Some

Haemophilus influenzae

Methanococceus Jannaschii

paralogous cases are resolved and only the most likely case is indicated by an arc. All
cases are numbered according to Table 1. Predictions are colour coded: black, pairwise
interactions; blue, multiple interactions; red/purple, cases where, due o paralogy, more
than one pairwise interaction is possible (red, two possibilities; purple, more than two
possibilities); green (marked by asterisk), because of a large number of paralogues, no
interaction can be easily resolved. The source of the prediction (composite protein froma
given species) is not indicated.

Enright et al, NATURE,402, 1999 9



* H puéboooc avtn, eival vToOAOYIGTIKA amatTnTIKY KOOGS
AmOLTEL pia TPOG Hiol GTOLYIGELC OAMV TOV TPWOTEIVOV TOV
EVOGC OPYUVIGLOV, LE OAEC TIC TPWTEIVES TOV AAAOV
OPYOVIGLOD, EVM OTALTEITON KO EMTAEOV ETECEPYATiOL Y1
VO, 010G POALGTEL OTL O1 OVO VITOYT|PLES TPpOTEIVEG notaCoovv
LEV LE L0l QAT TPWTELV] TOV AALOVL OpYOVIGLOD OALG GE
OLOLPOPETIKT TEPLOYN (Snkocfm, OTL 0€V uowcgovv LETAECD
TOVC). ATO TNV aMm LEPLA, EVOL CTUOVTIKO TTAEOVEKTTLLOL
¢ neBoOoov 6e GyEon ue TiIc vtoAowmeg uebooovg oL
avoAOONKav Topandve, Eival To 0Tl KaOmc Ogv
YPNOLLUOTOLEL TN GEIPA TOV YOVIOI®V, UTOPEL va
epapurocel ue akpiPmg Tov 1010 TpOTO G€ KAOE €1d00VE
Cevydplo N OUAOES OPYAVIGUMOV AVECAPTNTA TOCO TNG
ECEMKTIKNG TOVC ATOGTAGTC OGO Kl TOV aplOov
YPOLOGOUAT®V TOVS. Mmopel pe dAla A0y, va
ypNoluomon el yia T GLYKpLon Tov avOp®TOL UE Eva
Bakti)plo Kot vo. 0MGEL XPNOO GUUTEPACHLOTO GE
avtifeon e TIc TPonyoL HLEVEG nebdoovg ot onoieg
AT00100VV KAADTEPO KOl TTPETEL VOL Xpnmuonowvth
Kuplg 6€ GLYYEVIKOVG 0pYavVIGHOVG (Kot katd Bdon, o€
Baktnpia).
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Fig. 1. Two-dimensional clustering (Willenbrock et al, 2005} of bacterial genome sequences versus secretion systems type

I-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 93
within each column are normalized around the centre using minimum and maximum values.




serovar Lai (bp)

I Liciogzo ) LAansss; Il LIC13062, 13063 / LAD4SY, 3830,
. . Pl LIC13060 7 LAD492; LIC13070 / [LA3832;
serovar Copenhageni (bp) T 1 LIC10421, 10422, 10423 / LA3829, 3828, 3827

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.
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ACT

To ACT ( ) etvan éva
epyoreio Paciopévo otn Java to 0moio EXTPENEL TNV OMTIKOTOINGN
YOVIOLOUATOV Kot TN 6VYKPLeT Tovs. o T otoiyion tov
aAnrovyiwv ypnotponotel 1o BLAST. Katomv ta 000 yovioiouoto
KOl TO amoTéEAEGHO. oo TNV avalntnon tov BLAST sicayovtol 6to
ACT yw omtikonoinon ¢ cvykplonc. Emmiéov, 1o epyoaieio pumopet
VO, OTTTIKOTTOGEL TAVTOYPOVA TEPIGCOTEPES OO Ui GUYKPICELS
YovOlopUdTov. Ot opOAOYEC TEPLOYES O1 OTOlEC PpickovTal otV 101
KoteLBLVoN 670 Yovdimuo ypouotiCovtal He KOKKIVO EVM VTEG TOV
Bpiokovton o€ avtifetec katevBovoelg, ue umie. H évtaomn tov
YPOUATICULOD avTIKOTOTTTPILEL TO eminedo opototntac. Ta
mieovektnuata tov ACT mweprhapfPdvouvy tn duvvatdtnta vo,
anelkoviCel TN oToly1on GE OLLPOPETIKEG LeyeBOvVoeLS (zoom 1n — zoom
out) £T01 MGTE VO UTOPEL VO ATEIKOVIGEL €1TE TN GTOLYIGT OAOKAN POV
TOL YOVIOIMUOTOG, EITE VO ECTIAGEL GE GLYKEKPIUEVA YOViold
EVOLOPEPOVTOC, AL KO T1 OLVATOTNTA TOL TPOCPEPEL GTO YPNOTT VA
TPOGOEGEL O1KO TOV GYOAMAGUO Y10 TO YOVIOIMUOTO TOV OVAADOVTOL

( ). 96
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MAUVE

To MAUVE ( ) elvon emiong
éva epyadeio Paciouévo ot Java Kardeko Y10 GUYKPioELS
YOVIOUOHAT®Y. AAOETEL EVOMUATOHUEVO GOGTNLOL ATEIKOVIONG QALY
KoL T1] OVVaTOTNTO VAL EEAYEL TNV nkn pogopia amd Guprlcm TOV
YOoVIOuopatmy oe 61apopes Hopeés. To MAUVE umopei va epyactet
LLE OEO0UEVO AAANAOVYIGNG VEAG YEVIAG, KOL £TCL TOPEYEL T
SDvarornm vo, TortofeTNoel Ko va OaTdEEL Lo GEPd amd contigs
ATEVOVTL GE EVa OAOKANPO Yovidiopa. To epyaieio dexeTar Gav €i6000
TG TEMKEG LOPPES TOV YOVIOUOHATMV Kot ONUIOVPYEL i 6ToiyIoN
AVTOV. AVoyVopiCet TEPLOXEG e LEYOAT OpoAOYi Kat avabétet Eva
Sexoptotod ypdpa oe kabe pio. Katomv, kabe yovidiopa amewoviCeton
Gov Lo akorovBia TETO1V xpOUATIGTOV TTEPLOXDV. Me ToV TpdTo
avTO, YiVETOL EDKOAOG O EVTOTIGHOG TIEPLOYDV HE LOVAOIKE YOVIOLOL.
Eniong, to MAUVE propei ypnoylonombet (kabog dovievet ommg
OVOPEPOLLE KOL LLE OEOOUEVO AAANAOVYIGNG VEAS YEVIAG) KOLL Y10l TOV
EVTOTIGLO VOUKAEOTIOKMOV ToAVHopPou®v (SNPs) o1 omoiot UTOPOVV
vo, xpnmuonom@ovv TOPOKATM Y10, QUAOYEVETIKEC, ECEMKTIKEC M|
10TPIKES aVOADGELC ( ). o8
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EDGAR

To EDGAR ( ) etva
EVOL AKOLLO, GUYYPOVO OLOOIKTLAKO EPYAALELD CUYKPITIKNG
YOVIO®UOTIKNG TO OTTO10 UTOPEL VO OEYTEL KOl OE00UEVDL
aiiniovyions. To EDGAR eival 6yeotacuevo €161 oTe
VO, OLIEVKOADVVEL TO YPNGTN KOl VO ATAOTTOLEL TIC
olotkaociec. Evoouatoverl Tig fAcEIC 0E00UEV®V TOV
NCBI ko €yel 6tn Pdion oedouEvmv Tov OAQ T
ATOTEAEGLOTO YVOGTMV YOVIOLOUATWOV TPO-VTOAOYIGUEVA,
EVM EYEL KOL TN 81)vocr(')rnw VO ATEIKOVIGEL aﬁsku(rucég Kot
(PLAOYEVETIKEC GYEGELC Ol OTLOlEG TOAAEC (POPEG
OLIAELKAVOLV LTTODEGELC GUYKPLONG yov181co pHatwv.
Eniong, vrootnpiCet (o 6epd oo TPOTOVG OTEIKOVIONS
TOV UTOTEAEGUATOV OO TO LAY PAULOTO GTOTYIONC
yoviolwudtov (synteny plots) kot owaypaupato Venn yia

T0, KOVQ yoviola, ( 100



CGAT

« To CGAT ( ) etval Eval
KOO TOPOLOLO EPYOAELD TOV OMNUIOVPYNONKE Y10 va
OLEVKOAVVEL TIC GUYKPIGELS GLYYEVIKOV POKTNPLOKOV
voviolrwudtov. To CGAT Aettovpyel e apylteKTOVIKN
client-server, otnv onoia o client AlignmentViewer (uia
epapuoyn Java) cvovepydleton pe tov DataServer
(TPOYPALLLATOL Perl) To ap’yakalo OTMTIKOTOLEL GTOLYICELS
y0v18w)uonoov TOGO GT1 LOPPT T®V SLanOLuuou:o)v
onueiov 660 Kot 6N Hopeh TV ototyicemv. O xpnotmg
unopel va tpocEcel mAnpopopia 6T GOLYKPIGT, OTMC Yo
TOPAOELY L0, TNV VTTOPEN ETAVUANTTIKOV OAANAOVYLOV KOl
AALOYEC OTT GLYVOTNTO KOOTKOVIMV £TC1L MGTE VA
otevkoAvvOel oty eaywyn cvurepacudtov. Extoc amod
TNV ONTIKOTOINGM, £va mheovektnua Tov CGAT gtvol n
eveMEia TOL KOOWG EMTPETEL TN YPTOT TOAADV
OLOPOPETIKAOV OAYOP1OU®OV GTOLYIGMNC YOVIOI®UATOV

( ) 101



BRIG

To BRIG (BLAST Ring Image Generator,

) elvan Eval AAAO gpyareio
Baciouévo otn Java, 10 0010 OMTIKOMTOLEL TN GUYKPLOT EVOG
YOVIOLOUOTOC AVOPOPAS UE pio N TEPLoGOTEPES AAAES QAAAOVYiEC.
Xpncmonma{ Evav 1010itePO rp(’)ﬂ:o omuconoincmg, Gﬁp(p(ova LLE TOV
07010 TO YOVIOLDUOTO OVOTUPIGTOVTOL MG GELPEG A0 EMAAANAOVG
KOKAOUG (00X TUAIOLL), [LE EIOIKO YPOUATIGHO, Y10l VO ONADVEL TV
TOPOVGIOL [LL0G TEPLOYNS 1] EVOG YOVIOIOV GTO Yovidimua avapopag. To
BRIG &ivot apxetd evéAkTo ko umopel va ypnoipomombet yio va
anavtnoel TAN00C EpOTNUATOV, AVALOYW LE TNV ETIAOYT TOV
yov161co udm)v VO Gﬁprtcm. Av10 MOV TPETEL VO TOVIGTEL Elvat TO
YEYOVOG OTL 1] AVOMOPAUCTOOT EIVOL ECAPTOHEVT OO TO YOVIdiOUL
avopopac. Me GAdo Aoyio, EVO TO EPYAAELO OEIKOVICEL TOLEG TEPLOYES
£lvoL TOPOVGEG 1] AMOVGEG OO TOL YOVIOLDUATO GOYKPLONG, 08V UTOPE
VoL OEICEL TEPLOYES TAV YOVIOIOUATAV OVTAV TOV AEITOVV amd T0
yovidiopa ava@opdc. I't’ avtd o AOY0 1 ETA0YT] TOL YOVIOI®UOTOG
avaQPopag etval taitepa onuavtikn (
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VISTA

To VISTA ( ) ﬁwv éEva amo to npd)w
EPYOAEIDL OTTIKOTOINGTG GTOLIGEMV YOVIOLOUATOV KOl EiYE TOPOVOLACTEL TO
2000. ZNpepa, exet eCeAtyOel O€ (1100 OLOKAT|POLEVT] GOVITO TPOYPAHLUATOV TOL
onoi0l KAADTTOVY KAYE avayKn GLYKPLTIKNG VAAVGNG YOVIOIOUATOV. AlobETet
E10KA EPYOAELD Y10l OLUPOPES CUYKPLTIKES OVAALDGELS YOVIOLOUATWV,
OLOLGVVOEST LE TIC PAGELS 0EOOUEVOVY YOVIOLOUATOV, EVO O100ETEL Ko
amoONKELUEVA TPO-VITOAOYIGUEVO OTTOTEAEGLATA Y10 TOL YVOGTA YOVIOIDLUOTO
(aKOpO Kol TV 6TOVOLAOTAOV). AlaBETEL €101KO GVLGTNLO OTTTIKOTOIN GG
(VISTA Browser) 10 01010 €nTPENEL GTO YPNOTN VA DTOPAAEL KOl TO O1KO TOV
YOVIOLOUA Y10, avAAVGT] GTOVS OLAPOPOVS EEVTTNPETNTES (VISTA servers,
rVista, mVISTA, phyloVISTA gVISTA «.0.x.) oT0VG OMOiOVG 0 YPNNOTNG
Umopel va EMITENEGEL 'OTOYIGELS 18 OLOPOPETIKOVG AAYOPIOLLOVE, OTTIKOTOINGN
LLE OLAPOPETIKOVG TPOTOVG, AL KOL EVOMUATOGT) OLUPOPETIKAV EWOMV
TANPOPOPIOG OTMC PUAOYEVETIKES GYECELS, PLOUIGTIKES TEPLOYES K.O.K.

). Mo emimAéov
ovvatotnta tov VISTA givou to 011 drabéter ka o standalone epappoyn ue
oYe00V TG 101EC dOvvatotntes, T0 GenomeVISTA, 10 omoio umopel va
eykotootodel eAeO0epO GTOV LITOAOYLIGTI] TOV ¥PTOTN KOl VO EKTEAEGEL EKEL TIC
101eC Aettovpyieg e n ddikTvokn ekdoyn thus provides, mpocpEpovtag
LLEYOAVTEPT] OGPAAELN TV OEOOUEVAOV KOl I0MC Kol TayDTNTO, ( Lo
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¢ Onwc ldaue, 10 TEPIGGOTEPA IO TO TPOUVAPEPHEVTA TAKETO AOYIGLUIKOD
TOPEYOLV T dVVATOTNTA YPNONS OLUPOPETIKMV aAYOpiOumy GToiyiong
yovioroudtov. Kdrowa, otabétouy kot 01ko0g Toug aAyOplOLovs 6Toiyiong aAAd
T0, TEPIGCOTEPX, OLVOLV TOL OLVOTOTNTO EVOOUATMONS KOl GAA®V ECEIOIKEVUEVOV
aAlyopiOuwmv.

* O mo yvootol and avtovg eivol

— 170 MUMMER ( ),

— 10 MEGA-BLAST ( ),
— 10 LAGAN ( ) Ko

— 10 MGA ( ).

*  Oocov agpopd tovg alyoplBrovg evpecng GOVINENG yovioimv, edodog 1 omoia
etvat m mo KOTOLOKPT (n éaxoopwrn) Ao TIC VTOAOITES, VILAPYOVV EMIONG UL
GELPGL OO EMIAOYEG O OTLOIEG £XOVV TOAAATAAGIOCTEL 1OWOITEPL TOL TEAEVTOLO!
XPOVIDL LLE TNV EAEVOT TNG AAANAOVYIONG VEAS YEVIAG LE TN PN TETOLDY
TEYVIKOV GE OIUPOPEC OLM:;Q EQUPUOYES, OKOLLO, KOl 1OTPUKES (

). Evoektikd, avagpépovue
— 1oV apyikd alydpBuo twv Ouzounis ko cvvepyatav, To GeneRAGE (
), AAAG KOl LEPIKES VEOTEPES EPOPULOYES OTIMC
— 10 FusionMap ( ) ( )
— o To MosaicFinder ( ) (
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