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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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Katd Cevyn otoiyion akolovOiwv
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Protein Families

src-like protein tyrosine kinase - 5 in Drosophila proteome

38 tyrosine kinases
43 SH2 domain containing
110 SH3 domain containing
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>P01922 |HBA HUMAN GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKL
G+ +VK HGKKV A ++ +AH+D++  LSILH K

>P02023 |HBB_HUMAN GNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKL

B)

>P01922 |HBA HUMAN GSAQVKGHGKKVADALTNA----- VAHVDDMPNALSALSDLHAHKL
+ +++ H RV + A v v L L +H K

>P02240|LGB2_ LUPLU NNPELQAHAGKVFKLVYEAAIQLOVTGVVVTDATLKNLGSVHVSKG

Y)

>P01922 |HBA HUMAN GSAQVKGHGKKVADALT----NAVAHVDDMPNALSALSD----LHAHKL
G G V D+LT H D+ A +AL D AH+

>P91253|GTS7_CAEEL ------ GSGYLVGDSLTFVDLLVAQHTADLLAANAATL.LDEFPQFKAHQE

Eikova 3: Tpeig oTtol)ioel akoAoubBiwv pe Tov aAyopiOpo Needleman-
Wunsch pe eva Tunpa tng aAga aAucidag Tng avlpwnivng aigooaipivng
(SwissProt AC P01922).

a) Zexka@apn oporoTnTa HE TN Bnrta aAucida T1nN¢ avlpwnivng
aigoo@aipivne (AC P02023).
B) Aouika ocuvuparn oroixion ue tnv leghemoglobin II (AC P02240) Ttou

OikoTuAidovou Lupinus luteus.

v) ‘MapanAavnrtikn’ ortoixion pe opoAoyn T1nG S-tpavepdonc TING
YAouraBeiovng (AC P91253) Ttou vnuatwon okwAnka C. elegans.
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Evpiotikoi AAyopiuotn
(heuristics)

BLAST www.ncbi.nlm.nih.qgov/BLAST/)
FASTA (www.ebi.ac.uk/fasta33/)

. AT00100VV «GYEOOV» TO 1010 KOAQ LLE TOVG
aAyoplOuovc Avvapuukov
IIpoypoupoticuon

. Amapaitntol kaOmc avaveTon O1pKMS TO
uEyeboc Tov Paocewv 0g00UEVDV
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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.ebi.
ac.uk/research/cgg/services/.
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Alyop1Ouotl Tpoyvmonc
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— Gene finding
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2VYKPITIKT] YOVIOL® LOTIKN

* H cuykpitikn HEAETN OVO N TEPIGCOTEPMV
YOVIOLOUATOV (1] TPOTEOUATOV)

e A0QOpPEC TPOGEYYIGELS
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(@) (b)

(©) (d)
I )
Lo,
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.
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Codon Bias — GC% content

e 2T0, YOVIOLOULOTO OLOPOPWOV OPYOVIG LDV

TOPOTNPOVVTUL OLOPOPETIKA TOGOGTA EUPAVICTC
GC

e Ta OPOPETIKA KMOIKOVLD Y10 TO. 1010, AUIVOECED
eUEOVICOVTOL LE OTLPOPETIKES CLYVOTNTES
« 210 Gene Finders, ypnoipomolovvTol ovTéC ot

KTTPOTIUNCELD)
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A0y®PIGUOS TOV OEpUOPIA®V
Baktnpiov omo TNV aptvoSiK
GLGTOOM

« YvoyEtion GC pe apvolikn cveTao

* H apvolikn ocvotaomn kabopilel Tnv tpocapuoyn
oto epPairov (m.y. Ospuogiria)
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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 (vertical)
corresponds to GO ratiofsee text). The second principal axis ¢horizontal) shows a clear separation of thermopliles and mesophiles, denoted by triangles and circles,
respectively. The thind principal component is depicted by symbol size (see insert for scale). Colowr groups the sources inlo archea (red), bacteria (green) and
eukaryoles (purple). The plasmid (the oulgroup 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 text for discussion. For an explanation of data set labels see Table 1.



Table 2. Statistical evidence sorted by strength

Amino acid PCA factor Raw correlation*  Significance Raw A (5.0 AR Significance Statistic
[oading®
Giln () —90% —B0 1o =2 18 0.31) =176 (0.25) L0 I-lesl
Gilu () RO B [0 227 (0.40) L7303 L0 I-lesl
Val iV} S0 o 63T B [0 L3Ti0.42) |40 0038} 20 10H I-lesl
Thr (T} 5% B0 [ —1.84 (0.25) —L.31{0.39) 5w 10 I-lest?
His (H) 40 Lo —60% 05 [ 044 70,157 —1.22 (0.42) L%k I-lesth
seris) =30 o —60%" —40 L% =L 11051 =L 1B 0.54) 3% I-lesl
Asn (M) =30 o —40% —35% A% —1.94 (nfa)® — .05 (nfay <2 MedianMann—Whilney®
Arg (R) 200 o 305" 25% =55 =01 (nfa) =0 () R Mann-Whilney

For each amino acid, the range of PCA factor loadings for component 2, the raw correlation to the binary variable ffesm and its significance are displayed. The
Raw A column shows the average difference between thermophiles and mesophiles in raw percentage points: A gives the equivalent in standardised scores. The 1ast
columns report the significance of the observed difference and the st statistics that have been used.

tApproximate figures.

"See Appendix for discussion.

nfa, notapplicahle.

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



To uNKoC TV «TPOLy LATIKOV
TPOTEIVOV» GTO TTANPOG
TPOGOLOPIGLLEVO YOVIOIMLLOTOL

64 tpimAetec (61 yio apvocEa-3 yio ANEN)
Av ta voukAeotiola OempnBovv 1comiBava, Eyoovue
Ho TPIAETO ANENG Tepimov kabe 21 apivoéa

O tpiAétec ANEnc etvon mhovoieg oe AT (TAA,
GA, TAG)

Katd cuveénela 1o unkog tov «toyaiovy ORF 0o
avcavel ota thovota oe GC yoviorouoata
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MebBoooroyia

Evpeon 6Awv ORF and to Baktnplokd
yoviorouoato (34 eketvn v emoyn)

Redundancy Reduction

20yKplon ue mpoyuotikes (non-hypothetical)
npwteiveg Tng SwissProt (E-value<10°)

[’ papikn TopdceTacT Kol GTATICTIKY) OVAAVGT] TV
OTTOTEAEGLLATOV
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Katoavour tov unkovg
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Skovgaard et al, TRENDS in Genetics 17(8); 2001
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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.

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



AOUEUPPOAVIKEC TPOTEIVEC
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GC% content ko owopeuBpavikeg
TPOTEIVEC

H g0peon tov a-eMKOELDOV OOUEUPPAVIKOV TPOTEIVOV
otnpileTon 6TNV UE OLAPOPOLS TPOTOVS OVOLTNOT
TEPLOYDOV TAOVGI®MV GE LOPOPOPa KaTAAOITA

Ta yovioropato Opmg otaeépovy 6to 1ocootd GCY%

EmnAéov, T KOOKOVIO TV VOPOPOP®V aUIVOEEWMV
nepreyovv GC oe otapopetikd Pabuod

Apa, EVOC KYEVIKNG YPNoNS» aAYOp1OLOC TPOYVMGOTC
LUTTOPEL VO VTTEP- N VITO-EKTIUA TNV TPOYVAOOT
OLLUEUPPOAVIKOV TUNUATOV
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Table 1. A table to show the nucleotide bias
in the genomes of the oreanisms studied

Organism 9% GC /Y% AT
B. buredorferi 0.400
R. prowazekii 0.408
M. jannaschii 0.458
M. genitalium 0.464
H. influenzae 0.617
H. pylori 0.636
S. cerevisiae 0.656
M. preumoniae 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 0.913
A. fulgidus 0.945
M. thermoautotrophicum (.982
E. coli 1.032
I" pallidum 1118

M. tuberculosis 1.908




Table 2. A fable to show the codons for the abundant
transmembrane 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 | [
Leu CTX TTA/G 1 1
e ATA/C/T 2 0
Phe TTC/T 2 0

Colour code

G composition

+ M.tubercirlosis

1+ T.pallidum

< Ecoli

+ M. the rmoaurotrophicum
-+ A fulgidus

- S.PCCH803

1+ B.subtilis

{ A.aeolicns

+ Coelegans

L P horikoshii

1 C.rrachomatis

i C.pmenmoniae

l M. prewmoniae
| S.cerevisiae

{ H.pylori

¢ Hinfluenzae

¢ M. genitalium

¢ M jannaschii
- R.prowazekii
< B.burgdorferi

FMILVCWATGSPYHONEZXKDR

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. 32
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Fig. 3. A graph to show the correlation between the nucleotide bias of a genome (GC/AT) and alternate hvdrophobic 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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MnKoc¢ TV otopeEUPpavikmv TpmTEIVOV
KO O EGOTEPIKOC OUTAAGIOCUOG

* Avdivon 6Awv ORF amd ta Paktnplokd
yoviorouoato (50 o6to cOVOAO)

* Evpeon olopeuPpoavik®v Tunuatmy
* AQOipECT TETTIOI®V 0O YNTOV

* 2TOTIOTIKY] AVAALGT
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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.

Arai et al. Gene; 304 (2003) 77—86 38
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* Avaueoa o€ 38,174 owapeuPpovikec TpmTeveS amod
87 yoviorwporta, 377 Ppédnkav va Eyovv moapoybet
oo EVOL UNYOVIGULO EGOTEPTKOD OUTANGLOGLLOD

« Kvpimg e 8, 10 ko 12 owapepPpoavicd tunuoto

* A1@OpOL UNYOVIGHOL EGOTEPTKOD OITAAGIOGLOV
Tpotadnkav, m.y.:

N7

OLO10TNTA

Shimizu et al, J. Mol. Biol. (2004) 339, 1-15 40
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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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Shimizu et al, J. Mol. Biol. (2004) 339, 1-15



Evpeon owopeuPpoavikov B-Papeitwv

Yes, b | Predictor
: 1 B-TM
Filter
B-TM
_ _ Signal Peptide | ==
No helix predicted | (Jow threshold)
Yes \ Yes i'Na
Predictor | 1 N-terminal helix Signal Peptide Signal Peptide
M ==l predicted (fow threshold) (low threshold)
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N
2 or more heg;es predicted Signal Peptide £
1 non N-terminal helix predicted Khigh Vhreshold) v Filter
Ves * ‘ a-TM
\ Cut Signal Peptide g | Ves
.| Predictor

a-TM

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 & 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
p-TM 0 28 0O 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 UPOs_ECOLI S10 &8 5 Surface antigen
(DI152_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 ] Hypothetical 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* 18 136 1099 1253
Escherichia coli O15T7:H7 T8 (1.5%) 1034 (19.3%) 4249 (79.2%) 5361
New 10 327 1564 1901
Chiamidia pneumoniae CWLO29 12 (1.1%) 290 (27.6%) 750 (71.3%) 1052
New 2 181 236 419
Salmonella tvphimurium LT2 70 (1.6%) 1002 (22.5%) 3379 (75.9%) 4451
New 0 2 21 23
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 I 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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Figure 2 Topography of transmembrane proteins in £ coff K12 and O157 as predicted with Hunter. (A) Bar plot of inner membrane
proteins as a function of the number of ransmembrane predicted segments in both strains. (8) Bar plot of outer membrane proteins
as a function of transmembrane predicted B strands in the barrel in both strains.
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