Microbial Genomes Quick Start
An NCBI Mini-Course

Microbial Genomes Resources presents public data from prokaryotic
genome sequencing projects. The sequence collection contains data
from finished genomes as well as draft assemblies.

In this mini-course, we will learn:

1. To navigate through the Microbial Genomes resources and find:
- listings of sequencing projects for microbial organisms and their
sequencing status;
- an individual organism's sequencing project information,
summary of its biology, and links to sequence and annotation.
2. To perform comparative analysis of protein sequences from
different genomes, including:
- functional assignments using the Clusters of Orthologous
Groups (COGs) database;
- three-way homology-based comparison using the TaxPlot tool,
- pair-wise homology-based comparison using the GenePlot tool;
- taxonomic distribution of protein homologs using the TaxMap
tool;
- proteins that may be specifically expressed in a genome or lost
from a genome compared to a close species.

The course will address practical discovery questions such as 'Are there
identifiable genes in microbial genomes that may be horizontally transferred?'
and 'What are the differences between closely-related pathogenic and non-
pathogenic bacteria?'

During the first hour, an overview will be given using the Escherichia coli
0O157:H7 Sakai genome, followed by an hour of hands-on session to practice
using the Rickettsia prowazekii str. Madrid E genome. The following handout
contains the screenshots of the overview.

URL: http://www.ncbi.nlm.nih.gov/Class/minicourses/microbial.html




Problem 1

From the NCBI homepage, access the “Genomic biology” site and from there
select the “Microbial” Genome Resource link. The link leads to microbial projects
in the Entrez Genome Project database:
http://www.ncbi.nlm.nih.gov/genomes/Iproks.cgi.

How many complete microbial genome sequences are available? How many are
in progress and how many are in the assembly stage? From the “Organism
Group” pull down menu, select Firmicutes. The complete genome sequences
are available for how many Firmicutes?

On the Complete genomes page change the selection from “Firmicutes” back to
“All Organisms”. Scroll down the resulting list to the Escherichia coli strains. How
many strains of E. coli have been completely sequenced? Select the
“Escherichia coli O157:H7 str. Sakai” link, which leads to the Genome Project
Overview for this organism.

Is the Sakai strain pathogenic in humans? Name a few differences between the
pathogenic and non-pathogenic strains. For example, a type Il secretion
system, the locus of enterocyte effacement, numerous toxins and adhesins, as
well as fimbrial gene clusters and iron uptake systems are found in pathogenecity
islands. Click on the RefSeq accession number NC 002695 to access the
organism’s information in the Entrez Genome database.

From the resulting Genome Overview table, access the entry NC_002695 in the
Entrez Nucleotide database. Access the Entrez Protein database through “Links”
— “Protein”. How many protein coding genes have been annotated on the
genome? Go back to the Genome Overview table.

Access the “Protein Table”, which contains locations and detailed information
such as the strand, product name, FASTA sequence etc., by clicking on “5253”
next to “Protein coding”. Also, access the “Structural RNA Table” through the
“141” link. How many genes encoding arginine tRNA are annotated on the Sakai
strain? Go back to the Genome Overview table.

Click on the “COG” link. It provides an assignment of each protein to one or
more COG functional categories. Note the variations in the %genome category
compared to the %genus category. What would be its importance? Download
the protein table for the proteins assigned to Intracellular trafficking and
secretion. Go back to the Genome Overview table.

Click on the “TaxPlot” link. TaxPlot allows a three-way comparison of three
different proteomes, including proteins encoded on all chromosomes and
plasmids. To study proteins specific to pathogenic O157 strains compared to
K12, select the non-pathogenic strain, Escherichia coli K12, and other
pathogenic strain, O157:H7. Assign a functional classification to these proteins
by selecting a category from the pull down menu. Compare the assignments to



the Translation and Cell envelope biogenesis or Cell motility functional category.
What do you infer? Go back to the Genome Overview table.

Select the “GenePlot” link. GenePlot uses precalculated BLAST results to
determine the top hits in two organisms. The best hits of each protein from two
genomes are calculated and plotted based on chromosomal location. Download
all best hits between the K12 and Sakai strain proteins. Open the file in Excel
and select the gi column for the Sakai strain. Use the Batch Entrez tool:
http://www.ncbi.nlm.nih.gov/entrez/batchentrez.cqi?db=Protein to download all
the proteins in the Entrez Protein database. Now obtain the proteins that are
annotated on the Sakai strain that have no homolog in the K12 strain by using
the Entrez history option and subtracting these proteins from all proteins
annotated on the Sakai strain. Go back to the Genome Overview table.

Select the “TaxMap” link. TaxMap reports the taxonomic distribution of the top
BLAST hits for each of the proteins in the entire proteome of the Sakai strain by
comparing to the non-redundant protein database (excluding closely related
species) by BLAST similarity. Compare the map to that of K12
http://www.ncbi.nlm.nih.gov/sutils/taxik.cgi?gi=115 . What do you conclude?
Identify different phages inserted in the Sakai strain genome. On the Sakai map,
select one region that is more similar to Viruses. The page will reload to display
the homologs for the selected region. Select the link for integrase (gi 15830414).
This link gives the top 200 protein BLAST hits for the integrase protein. Select
the “Best hits” option. Which organisms are represented in the similar proteins?

Select the COG0582 link at the top to access the tabular format of the proteins
assigned to that COG. Follow the link to the “Initial Version” of the COG
database, then click on the colored wheel at the top left. Select the Phylogenetic
patterns search. Access the pre-calculated comparison between Escherichia coli
and Buchnera sp. APS near the bottom of the page. Note the COGs that contain
proteins only from O157 strain and not from K12 or Buchnera. What are the
major types of proteins in this list?
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13001 Acinetobacter baumannii Gammaproteobactesia 4 4 B - Genoscope
cinetobacter baumannii ICU Gammaprotecbacteria 4 4 5 B CNR - National Research Council
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10784 Bacillus anthracis str. '‘Ames Ancestor Fimicutes 55352 1 2 AEQI7334 05/20/04 04/03/06 TIGR
309 Bacillus anthracis str. Ames Fimmicutes  5.23 354 1 05/02/03 12/02/05 TIGR
10878 Bacillus anthracis str. Steme Fimmicutes  5.23 354 1 06/24/04 04/03/06 DOE Joint Genome Institute
Bacillus cereus ATCC 10987 Fimmicutes  5.43 355 1 1 AEOL71941 021304 081706 IGR ~ TPCDLSGXMER
384 Bacillus cereus ATCC 14570 Finmicutes 542 353 1 1 AEOI6ETIL 0502103 pgr21j07 it ational dela Recherche
12468 Bacillus cereus E33 Fimmicutes 5.85 351 1 5 CPOD00OLL NC_006274.1 09/16/04 01/31/07 DOE Joint Genome Instifute ER
13624 Bacillus cereus subsp. cytotoxis NVH 301.08 Fimicutes 411 358 1 1 CPO00T6L] NC 0006741 07/17/07 07/25/07 DOE loint Genome Institute [more P LSGX E
13291 Bacillus clausii KSM-K16 Fimmicutes 4.3 448 1 APOD6627.1 NC_006582.1 01/03/05 12/02/05 W TPCDLSGXMER
233 Baciltus halodurans C-123 Firmicutes 4.2 437 1 BA0000043 NC 03/23/99 12/03/05 Japan MSTC MER
12388 Baciltus licheniformis ATCC 14580 Fimmicutes 4.2 462 1 CPO000023 NC 10/06/04 01/18/06 Novozymes Biotech MER
13082 Baciltus licheniformis ATCC 14380 Firmicutes 4.2 462 1 AE017333.1 09/24/04 01/26/07 University of Goettinzen ER
20391 Baciltus pumilus SAFR-032 Fimmicutes 3.7 1 CPO00S13 1 09/26/07 09/27/07 Baylor Coflege of Medicine [more. ER
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384 Bacillus cere Efn‘?,iﬁf’;;”s Thermus B Fimicutes 542353 1 1 AEOISS771 2 05/02/03 062107 Mstit Nationl de la Recherche TPCDLSGXMER
12468 Bacillus cere Ef;:;?;:iss‘es Fimicutes 585 351 1 5 CPOOD00L1 09/16/04 01/31/07 DOE Joint Genome Institute TPCDLSGXMER
13624 Bacilius cersil Proteobacteria © Fimdeutes 411358 1 1 CPO0OT6LL 07/17/07 07/25/07 DOE Juint Genome Instirute [more] P LSEX E
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233 Basiltus halod 0L R Fimmicutes 42 437 1 BAD000DS 3 03/23/99 12/03/05 Japan MSTC MER
12388 Bacillus lichel Epsilonproteobacteria E Fimicutes 4322462 1 CPO00002.3 10/06/04 01/18/06 Movozymes Biotech MER
13082 Baciltus liche{ Spitochactes ° Fimicutes 42 462 1 09/24/04 01/26/07 University of Gosttineen =~ IPCDLSG MER
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12637 Clostridium beijerinckii NCIMB 8052 % Fimmicutes 6299 1 CPO00’ 1 0096171 06/27/07 06/29/07 DOE Joint Genome Institute P LS E
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SemchlGennme Project j | Go| Clear
| Organism info Complete genomes Genomes in progress ]
organism group: [~ All - hd
Tools legend: T - TaxMap; P - ProtTsble; C - COG Table; D - 3.D neighbors; L. - BLAST; S - CDI) seareh; G - GenePlot; X - TaxPlat; V1 - gMap; F - FTP; R - Publications.
* size is estimated, otherwise zenome size is calculated based on existing sequences
@l 584 Complete Microbial Genomes selected: [A] - 47, [B] - 537
PID Organism King Group *Size GC #chr #plsm GenBank  RefSey  Released Modified Center
3 Acidiphiliom cryptum JF-5 B Alphsprotecbacteria 397 671 1 & CPO0OSYT1 NC 0094841 0S/11/07 08/14/07 W
15771 Acidobacteria bacterium Ellin345 B Acidobacteria 57834 1 CRODGS01 NC_005009.1 05/04/06 092107 DOEJoint Genome
16097 Acidothennus cellulafyticus 115 B Actinobacteria 24668 1 CPOOMSI1 NC 008578 11/09/06 09/21/07 DOEJotnt Genome
15708 Acidovoray avenae subsp. citrulli AACD0-1 B Betaproteobacteria 54685 1 CPOOOSIZI NC_0037R21 01/04/07 01/05/07 W
5 Acidovoras sp. J842 B Betaproteobacteria 454 661 1 2 CPO00539.1 NC_00: 01/04/07 01/11/g7 DOE Jomt Genome
- Institute [more,
Acinetabacter baumannii ATCC 17978 B Gammaproteobactea  4.02 489 1 2 CPOO0SM1 NC 0090851 03/01/07 0S/02/07 Vale Univ
Acinetobacter sp. ADPL 5 Gammaprotecbactera 3.6 40.4 1 CR5438611 NC_005966.1 10/30/04 01/17/06 Genoscope
7| e e e | e 23413 1 CPOD0S6S.1 NC_0090531 02/23/07 08/08/07 “ational Research Council
sl of Canada [more
0 Actinobacillus succinogenes 1302 D Gammaprotecbactera 2.3 449 1 CPONTIE] NC 0006551 07/05/07 0772507 DOEJeint Genome b3
16697 subsp TCCT966 B 47615 1 CPODO62.1 NC_D0SST0.L 11/06/06 08/14/07 TIGE IE
National Research Council
16723 subsp 119 B 503582 1 2 CPOO0S!41 NC 0093481 04/06/07 08/09/07 Canada Institute of LSGXME
Marine Biosciences
211 Aeropyrum pemis K1 A Crenaschaeota 17563 1 BAO0002 NC_0008543 06/26/99 11/28/06 NITE ER
287 Agrobacterium tumefaciens str. CS8 B Alphaprotecbacteia 567 590 2 2 AEO06831 NC_0033041 12/18/01 08/06/07 University of Washington TR C DL S G X M F R
283 Agrobactesivm tumefaciens st €33 © Alphaprotecbactesia 567 890 2 2 AEQ0TI601 NC_0030621 12/18/01 08/06/07 Cerson ER
13005 Alcanivorax borkumensis SK2 B Gammaproteobactera 3.1 547 1 AMDE66301 NC_00S2601 07/24/06 D1/26/07 Bielefeld Univ ER
15763 Alkalifimnicols ehrfichei MUHE-1 B Gammaprotecbacteria 33675 1 CPOD04331 NC_0083401 08/12/06 08/21/07 W IP DLSGX E
13355 Enslichian str. Welgevonden % Alphaprotecbacteria 151275 1 CR926781 NC_0068321 02/04/08 08/22/06 CIRAD France TPCDLSGXMER
o . ! . N P— 7 0/ 0 Washington University .
12720 Enterobacter sakazakii ATCCBAA §94 B Gammaprotecbacteria  4.56 1 2 CPIOTSSL NC O00STISI 0872807 opoTioy Tioshine EANERE =N E
17461 Enterobacter sp. 638 B Gammaprotesbactera 466 529 1 1 CPOO6SI1 NC_0094361 04/18/07 08/14/g7 DOEJoint Genome P | Lsex| E
- Institute [more
70 Enterococeus faccalis V583 B Fimicutes 336374 1 3 AEDISSI01 NC_004663.1 03/29/03 12/02/05 TIGR TPCDLSGXMER
350 Envinia carotevora subsp criioss B p S065L0 1 BESSOISLL NC Q472 072104 1203,05 JecemeTustSMes 1 pcp LS GXMER
5480 Ervthrobacter litoralis HTCC2504 B Alphaproteobacteria 305631 1 CPO00IST1 NC_0077221 01/11/06 03/30/06 J‘% Aemer Instinuce
scherichia cali 536 B Gammaprotesbacteria 4.9 505 1 CPODO24T1 NC_ 0082531 07/13/06 08/16/07 Umiversity of Goettingen
scherichia coli APEC O1 B Gammaprotecbacteria 551 50.5 1 2 CPOOOLGSI NC_0085631 10/04/06 04/09/07 lows State University
313 Escherichia cali CET073 B Gammaprateobacteria 523505 1 AEDIS0751 NC_0044311 12/10/02 04/04/06 mversity of Wisconsin-
N 00aa3L1 Madison USA
960 Escherichia cali E20 B Gammaprotecbactera 527 50.6 1 6 CPOO0SOO1 NC_0095011 08/11/07 09/14/07 TIGR
boso Escherichia coli S £ Gammaproteobactera 4.6 508 1 CPOOSOZI NC_009800.1 09/10/07 09714/07 TIGR
Escherichia col K12 B Gammaproteobacteria 46508 1 L0962 NC_0009133 09/05/97 05/01/07 ﬁ‘fm
250 Escherichia coli O15 B Gammaprotecbacteria  S5.59 503 1 1 AE00SI742 NC 0026552 02/24/01 08/14/07 iversity of Wisconsin.
ol Madison USA
Gammaprotebacteria 56505 1 2 BAOKOO 0026951 03/29/00 03/30/07 Osak TP
P Washington University |
B Gammaproteobacteria 521506 1 1 CPONNG| NC 0078461 04/05/06 03/12/07 eshine IP DLSGXMER
2 Gammaproteobactera  4.65 508 1 AP00S081 AC 0000311 01/23/06 08/16/07 SamalnstinrecfScience 1p pysGXMER
AC_J000SLL and Technology
B Thermotogae 19349 1 CPO00TI11 NC_0097181 07/30/07 09/05/07 W P F
16082 Flavobacterium johnsoniae UW101 B Bacteroidetes/Chlorobi 61341 1 CPO006SS 1 0084411 05/01/07 08/14/07 W P E
Institut National dela
19979 Flavohacterium psychrophium JIP02/86 B Bacteroidetes/Chlorobi 2.9 825 1 AM398681 1 NC_0096131 06/25/07 06/28/07 Recherche Azronomigue P~ LSGX E
(INRA)
Lawrence Livemore
16421 Francisella tularensis subsp. holaretica B Gammaproteobacteria 19222 1 AMDII3621 NC_007850.1 03/02/06 06/28/07 Nationallaboratory 1P DLSGXME
[more
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Resource Links Enterchemorrhagic Escherichia coli

Lineage: Bacleria: Proleobacteria: Gammaproteobacteria; Enterobacteniales; Enterobacteriaceae: Escherichia; Escherichia coli 0157:H7 sir. Sakai
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TaxPlot
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Photo: CDC

Genome Frojects
Plasmid genome:
Escherichia coli at University of Bristol, Department of Pathology and Microbiology, UK
Escherichia coli at Molecular Biology. Institute of Biochemistry and Physiology of Microorganisms, IBPM RAS, RUSSIA
Institute of Biochemistry and Physiology of Microorganisms, Molecular Biology, Russia, Pushchino
Genome sequencing:
Escherichia coli 042 at Sanger Institute [In progress]
Escherichia coli 101-1 at TIGR [Assembly]
Escherichia coli 536 at University of Goettingen [Complete]
Escherichia coli 53638 at TIGR. [Assembly]
Escherichia coli APEC Ol at lowa State University [Complete]
Escherichia coli B at US DOE Joint Genome Institute (JGI-PGF) [Assembly]
pand to show the list of Centers
Escherichia coli B str. RELG0G at International E. coli B Consortium [In progress]
pand to show the list of Centers
Escherichia coli BI71 at TIGR [Assembly]
Escherichia coli B74 at TIGR [Assembly]
Escherichia coli CEFT073 at Univ. Wisconsin [Complete]
Escherichia coli E110019 at TIGR [Assembly]
Escherichia coli E22 at TIGR. [Assembly]
Escherichia coli E2348/69 at Sanger Institute [In progress]
Escherichia coli E243774 at TIGR. [Assembly]
Escherichia coli F11 at TIGR [Assembly]
Escherichia coli HS at TIGR [Assembly]
Escherichia coli K12 at Univ. Wisconsin [Complete]
Escherichia coli Q157:H7 EDI933 at Univ. Wisconsin [Complete]
Escherichia coli O157:H7 sir. GZ-021210/cattle at South China Agricultural University [In progress]
INVITROGEN shanghai.
¥ Escherichia coli Q157:H7 str. Sakai Q157:H7 (Project ID: 226) at GIRC [Complete]
Escherichia coli RS218 at University of Wisconsin-Madison [In progress]
Expand to show the list of Centers
Escherichia coli UTIS0 at Washington University (WashU) [Complete]




Genome information:

Hame RefSeq GenBank Publications Length (Mbp) GC content Proteins RHAs 3D Struct TaxMap cop coG
Chromasome BAD0O007 4 5.5 50.5% 5253 141 v v v v
Plasmid pO157 ABO11549 1 0.092721 47.6% 8BS -

Plasmid pOSAK1 ABO11E48 1 0,003306 43.4% 3 --

Publications:

* Havashi T of o, "Complete genome sBquence of enterohemorrhagic Escherichia coll O157H7 and genomic comparison with a laboratory strain K-12.", DAA Res, 2001 Feb 28,8(13:11-22

¥ Escherichia coli O157:H7 str. Sakai O157:H7 t

Escherichia coli. This organism was named for its discoverer, Theodore Eschench, and is one of the premier mode] organisms used in the study of bactenal genetics, physiology, and biochemistry.

This enteric erganism is typically present in the lower intestine of humans, where it is the dominant facultative anaerobe present, but it is only one minor constituent of the complete intestinal microflora. X, coli,

usually by attaching to the host cell and mtroducng toxins that disrupt normal cellular processes. Virylence proteins may be encoded on extrachromosomal plasmids or within bacteriophages and distinct
DA segments termed pathogenicity islands (PATs). PATs are likely to have been transferred horizontally and may even have integrated into the chremoseme through bacteriophage or plasmid integration os

transpositon,

Escherichia celi 015T:H7. This strain i associated with Hamburger disease, which is caused by the contarmmation of meat products by enterohemorthagic . cofi (EHEC). The identifier O157H7 refers
to the serotype of EHEC, and reflects the specific antigenic marlcers found on the surface of the cell. EHEC aftaches and effaces to cells in the large intestine

There are numerous differences that distinguish O157H7 from K-12, hundreds of them associated with genomic islands in either strain, including at least % large PATs in O157H7 that encode virulence!
factors. A type I secretion system, the locus of enterocyte effacement, numerous toxins and adhesins, as well as fimbrial gene clusters and iron uptake systems are found m these PATs. Pathogemnicity genes|
are also found on the plasmid pO157

Fechord bio cafi 0157 H T shain Salooi Thic choin of (15757 isalarad 1097 quibeealin Salai T
Cellular features Envir Temperature
Gram stain ‘ Shape ‘ Arrangement | Endospores ‘ Motility Salinity | Oxygen Req. | Habitat Opt. temp. ‘ Range
= | Rod | Singles, Pairs | [ fes | Facultative | Host-associated Ivc | Mesophilic
Pathogenic in: Human Disease: Hemorrhagic colitis
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Genome > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete genome Links
Lineage: Bacteria ; Protecbacteria ; Gammaprotecbacteria ; Entercbacteriales ; Enterobacteriaceae ; Escherichia ; Escherichia coli ; Escherichia coli O157.H7 ; Escherichia coli O157H7 str. Sakai

Chromosomes: chromasame
Plasmids: pOSAK 1, 0157

Genore Info: Features: BLAST homologs: Links: Review Info:

Refeeq: NC UUEE Genes: 5385 CoG Genome Project Publications: [4]

GenBank: BALL Protein coding: 5253 30 Structure Refseq FTP Refseq Status: Provisional
Length: 5,498.450 nl\ Structural RMNAs: 141 Taxhap GenBank FTP Ser.Status: Completed
GC Content: 50% \ Pseudn genes: None TauPlot BLAST Seguencing center: GIRC
% Coding: 85% A Others: 170 GenePlot Completed: 2001/10/02
Topology: circular Contigs: 1 giap CDD

Iolecule: DNA
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Search | Nucleotide > | for Go Clear
Limits Previewindex Histary Cliphoard Details

Display | GenBank ~lEnow[s =l[Sendto | Hider ¥ sequence | alltut gene, CDS and mFNA featuses

Range: from |begin ta |end T Reverse complemented strand  Features:  + Refresh
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[T 1: NC 002895 Reports Escherichia coli .. [gi15829254]

Comment Features

Locus NC_002695 5498450 bp DNA circular BECT 30-MAR-2007

DEFINITION Escherichia coli Q157:H7 str. Sakai, complete genome.
ACCESSION — NC_002695

VERSTON NC_002695.1 GI:15829254
PROJECT GenomeProject:226

KEYUORDS

SOURCE Escherichia coli 0157:H7 str. Sakai

ORGANISN Escherichia coli O157:H7 str. Sakai
Bacteria; Frotechacteria; Gammaprotechbacteria; Enterchacteriales;
Enterobacteriaceae; Escherichia.

REFERENCE 1 (sites)

AUTHORS  Hayashi,T., Makino,K., Chnishi,M., Kurokawa,K., Ishii,K.,
Yokoyaua, K., Han,C.G., Ohtsubo,E., Nakayama,K., Murata,T.,
Tanaka, M., Tobe,T., Iida,T., Takawi,H., Honda,T., Sasakawa,C.,
Ogasawara,N., Yasunaga,T., Kuhara,S., Shiba,T., Hattori,M. and
Shinagawa, H.

TITLE Complete genome sequence of enterchemorrhagic Escherichia coli
0157:H7 and genomic comparison with a lsboratory strain K-12

JOURNAL ~ DNA Res. 8 (1), 11-22 (2001)

PUBMED 11258796

REMARK Erratum: [DNA Res 2001 Apr 27;8(2):96]

REFERENCE 2 (sites)

AUTHORS  Yokoyama,K., Makino,K., Kubota,Y., Uatansbe,M., Kimura,3.,
Yutsudo,C.H., Kurokawa,K., Ishii,K., Hattori,M., ibe,H., Iida,T.,
Yamemoto, K., Hayashi,T., Yasunaga,T., Honda,T., Sasakaws,C. and
Shinagawa, H.

TITLE Complete nucleotide sequence of the prophage VT1l-Sakai carrying the
Shiga toxin 1 genes of the enterchemorrhagic Escherichia coli
0157:H7 strain derived from the Sakai outbreak

JOURNAL  Gene 258 (1-2), 127-133 (2000}

FPUBMED 11111050

REFERENCE 3 (sites)

JITHOE: thnishi M Murata . T Hakswams K Kuhars Hattori M

P Gene
> Genome Project
b Full text in PMC
> Protein Clusters
» GEO Profiles

> Protein
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[NI: 5253 | Bacte gﬁﬁﬂ_l_aaﬁap L=iwlie! ( Related Structures: 2959

Items 1 - 20 of 5253

[O1: NP 944498 Reports
hypothetical proten ECs5362 [Eacherichia colt O157THT str. Sakeai]
gi[38704266|ref]ITP_544495.1|[358704266]

[02: NP 944587 Reparts
hypothetical protem ECs55%95 [Eschenichia coll O157HT str. Sakai]
gi[38704265|ref]ITP_944587.1|[358704265]

[M3: NP 313355 Reports
hypothetical protein ECs5328 [Escherichia coli O157HT str. Sakai]
gl 38704264 ref[NP_313355.2|[38704264]

M4: NP 313351 Reports
putative structural protemn [Escherichia colt O157.HT str. Sakca)
2i[38704263|ref]ITP_313351.2|[38704263]

M5 NP 313338 Reports
hypothetical proten ECs5311 [Escherichia colt O157THT str. Salrai]
gil38704262|ref]TP_313338.2|[358704262]

for full length M6 NP 944586 Reparts
hypothetical protein ECs5593 [Escherichia coli O157H7 str. Sakeai]
gi[3870426 1|ref]lTP_544586.1|[358704261]

-

: NP 313325 Reports
hypothetical protein ECs5298 [Escherichia coli O157HT str. Sakai]
S3RT04260(efNE 313325 2|[38704260]
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Structure

Genome > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete genome Links

Lineage: Bacteria ; Protecbactenia | Gammaprotesbactena ; Enterobacteriales ; Enterobacteriaceas ; Escherichia ; Escherichia coli ; Escherichia colt ©O157.H7 ;, Escherichia coli
O157H7 str. Sakai

Clwomosomes: chromasome
Flasmids: pOSAK1, pO157

Genome Info: Features: BLAST homologs: Links: Review Info:

Refseq: NC 0026895 Genes: 5395 Cos Genome Project Publications: [4]

GenBank: BADOOOO? Frotein coding: 5253 30 Structure Refseq FTP Refseq Status: Provisional

Length: 5,498,450 nt Structural RNAs Taxhdap GenBank FTP Seq. Status: Completed

GC Content: 50% Pseudo genes: Nona TaxPlot BLAST Sequencing center: GIRC

% Coding: 85% Others: 170 \ GenePlot Cormpleted: 2001/10/02

Topology: circular Contigs: 1 \g@g joinin]

Molecule: DNA ‘

Gene Classification based on COC functional categosies Search gene, GenelD or locus_tag I— Find Gene

| Zoomm

1nt 9010 m
> ECE0003 ECs0004 -

thrA ECs0008 ECs0007

Click here for Ssquence Viewsr presentation (base sequence and aligned amino acids) of selected region

o Y SGenome

Genome Stucture FEC

Gao I Clear
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Search | Genome = | for

‘r Linfts | Previewdndex | Histcfy .‘r Cliphoard .‘r Details ‘
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‘ All: l&

Escherichia coli 0157:H7 str. Sakai, complete genome

Position: from |begin to Iend Length: from |0 to I\m Fefresh Reset

Length histogram.
Click on a barto select length range

—
1 5291

5253 protem(s) shown
Legends: & DMNA region in flatfile format < DMA region in FASTA format  Protein in FASTA farmat

Product Name Start End Strand | Length | Gi GenelD | Locus | Locus tag | COG(s) Links
thr operon leader peptide 120 273 # 2 15829255 | 913387 | - ECs0001 % *oe
bifunctional aspatokinase Yhomeserine dehydrogenase | 354 2816 it 820 15829256 (913388 | thrA ECs0002 gggggggg *Ce
homoserine kinase 2818 3750 + 310 15829257 | 913390 | - ECs0003 | COGOOB3E *Ce
threanine synthase 3751 5037 it 428 15829258 1913393 |- ECs0004 | COGO4SSE *oe
hypothetical protein ECs0005 5251 5547 + 95 15829259 | 913384 |- ECs0005 | - e
hypothetical protein ECs0005 5700 BA7E - 258 15829260 | 913335 |- ECsO00E | COG30228 *oe
putative inner mermbrane transport protein B546 7976 & 476 15829261 | 913338 | - ECs0007 | COGI115E *Ce
transaldolase 8255 9208 + 317 15829262 |913400 |- ECs0008 | - *e
maolybdenumn cofactor biosynthesis protein 9323 9910 + 195 15829263 | 913401 | mogA | ECsO00S |- *Ce
hypothetical protein ECs0010 9945 10511 - 188 15829264 1913402 |- ECs0010 | COG15845 o8

ot idl. st ANCEN 11 i - 1 v ] ‘01 AL ‘ Efe0017 falatet.] a a
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Hucleotide Frotein
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All: 1 ASNA
GenBank

b7:H7 str. Sakai, complete genome

I Iend Length: fram |0 to I\m Refresh Reset

¢ Genome FrojectLinks

1 Assembly 2905

~ Component Links 1

1 mRNA Links
Other genomes A n

L AMIM Links thile format < DMA region in FASTA format
PhAC Links = Start End Strand | Length | GenelD | Locus | Locus_tag | Links
165 ribosornal RMNA 227102 || 228643 + 1542 913977 || rsH ECs536E | ¢
lle tRIMA 228712 | 228785 + 7 913984 | ilev ECs6367 |0
Ala 1RNA 223331 | 228806 + 76 313988 | alav ECs5368 e o
235 tihosormal RNA 229090 | 231992 + 2903 913980 | niH ECs5369 (¢
A5 ribosomal RMA 232085 | 232204 + 120 14016 | niH ECs6370 |0
Asp tRMA 232257 | 232333 + 7 314020 | asplU ECe5371 (oo
Asp tRMNA 240481 | 240557 + I 914060 | aspy EC8372 | e o
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Links

Limeage: Bactena ; Protechactena | Gammaprotecbactena ; Enterobacteriales | Enterobacteriaceas ; Escherichia ;| Escherichua coli ; Eschenchia coll ©157.H7 , Escherichia col
O157THT str. Saka

Chromosomes: chramasame
Plasmids: pOSAE ], p0157

Genome Info: Features: BLAST homologs: Links: Review Info:

Refser: MC 002695 Genes: 5395 £oG Genome Project Publications: [4]

GenBank: BADOOOO? Frotein coding: 5253 3D ure Refseq FTP Refseq Status: Provisional
Length: 5,498,450 nt Structural RMNAs: 141 Taxhap \ GenBank FTP Seq.Status: Completed
GC Content: 50% Pseudo genes: None TaxPlot N BLAST Seguencing center: GIRC
% Coding: 85% Others: 170 GenePlot Cormpleted: 2001/10/02
Topology: circular Contigs: 1 ghap joinin]

Molecule: DNA

Escherichia coli Q157:H7 sir Sakai sequence
genus: Escherichia

Mficrobial genomes

greup: Gepnmaproteebacteria
kingdom: Bacteria

52153 protems: distribution by COGs functional categories

—_— e

3306 protemns can be found in C O Gs data base
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Description Se/oqllfence) g:on?me) gfm]i) g/:;]inaproteobactena) g/:c]?ena)
Translation 2.6046 2.5424 27363 33678 3.6565
EIA processing and modification 00174 0.016% 00133 0024z 00114
Transcription 4.8793 4 8814 51309 4 8981 49477
Replication, recombination and repair 4.7404 5.0508 45116 51961 44255
Chromatin structure and dynarmics 0.0000 0.0000 0.0000 0.0000 0.0044
Cell cycle control, mitosis and metosis 0.5036 0.5085 0.5369 0.6737 0.6910
Nuclear structure - - - - -
Defense mechanisms 0.8856 0.9068 0.9365 0.9882 1.1522
Signal transduction mechanisms 2.9172 2.8729 2.9681 3.6227 34483
Cell wall'membrane biogenesis 4.2021 4.2203 43072 4.3054 4.10%4
Cell motility 2.0837 2.1525 2.0835 2.0685 1.3776
Cytoskeleton 0.0000 0.0000 0.0000 0.0057 0.0052
fructure (00347 0339 00214 00108 00071
I Intracellular trafficking and secretion 2.5352 27034 2.5166 2.2861 1.7173
j;if::iii;tilo?;dﬁmmn’ protein 23268 23305 | 24251 | 28264 26152
Energy production and conversion 47578 4 6695 5.0485 4.30%5 4.3745
Carbohydrate transport and metabolism 4.5320 44831 20577 35918 34880
Arming acid transport and metabolism 56433 5.516% 6.0185 52,9370 3.9060
Nucleotide transport and metabolism 1.3370 1.3136 14734 14513 1.6335
Coenzyme transport and metabolism 2.3442 2.2881 2.4495 2.6556 2.6540
Lipid transport and metabolism 1.8406 1.8051 1.5065 23512 2.6600
Tnorganic ion transport and metabolism 3820 37966 39351 36514 36268
f;i;ti”;?:;ggiﬁ?"Sy“thESiS’ 1.3023 1.2712 14002 | 1.6157 17937
General finction prediction only 51438 79322 Fe220 78337 2.1934
Function unknown 4.7404 4.7034 4.4567 4.7426 4.8112
Notin COGs 33.8080 34,0000 321386 | 31.5744 32,6864

Escherichia coli O157:H7 str. Sakai

Intracellular trafficking and secretion genes:

COG

EC:0022 |COG3138MTT
ECs0023 | COG3121N0

ECs0024 |COG3539U
ECs0030 | COGO537MU

Location strand Length  PID Locus LocusTag
1929821748 - 816 15829276 -
21761 22444 - 227 15828277 -
224584 23027 - 177 15829278 -
29618.30112 4 164 15829284 | lspd

112884 .11558% | + | 901 15829356 -

11%011.120213 - 400 15829364 -
120203121588 - 461 15829365 -
121598122038 - 146 15829366 -
156679157239 - 186 15828386 -
157241..159841 - 866 15828397 -
159883160608 - 241 15828398 -
160695161291 - 188 15828388 -

EC:0102 | COGO653TT

EC:0110 |(COG1455M1T
EC:0111 |COG2B041TT
EC:0112 | COGA365MTT
ECs0142 |COG3535M1T
EC:0143 |COG3138M1T
EC:0144 |COG3121MTT
EC:0145 |(COG3535MTT

Product

putative outer membrane usher protein precursor

putative fimbrial chaperone

putative fimbrial protein

sighal peptidase I

translocase
HofiZ
HofE

prelipin peptidase dependent protein

putative fimbrial protein

putative outer memnbrane porin protein

putative pilin chaperone

putative fimnbral-like protein
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Genome > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete genome

Limeage: Bacteria , Protecbactenia | Gammaprotechactenia ; Enterobacteniales ; Enterobactenaceae | Eschenichia | Escherichia coli ; Escherichial
. Escherichia coli O157:H7 str. Sakad

Cloomosomes: chramasame

Plasmids: pOSAK 1, pO157

Genome Info: Features: BLAST homologs: | Links: Review Info:

Refseq: MC 002695 | Genes: 5395 COG Genorme Project Publications: [4]

GenBank: BADOOOOY | Protein coding: 5253 | 3D Structure Refseq FTP Refseq Status: Provisional
Length: 5,498,450 nt | Structural RMAs: 141 | TaxMap GenBank FTP Seq.Status: Completed
GC Content: 50% Pseudo genes: None Taxp% BLAST Sequencing center: GIRC
% Coding: 85% Others: 170 GenePlot Completed: 2001/10/02
Topology: circular Contigs: 1 ghdap N coD

Maolecule: DNA

Protein homoloags in Complete Microbial / Eukaryotic genomes

To compare the similarity of the query genome proteins to different species choose two organisme by Taxonomy id or select them from the menu

Select your cuery genotme

(386565 [E. coli 0157H7 str. Sakai =
Choose two spectes for comparison

|EE39 ICaenDrhabdltls elegans ﬂ

|4932 I Saccharomyces cerevisiae (baker's yeasf) j

Distribution of E. coli O157:H7 str. Sakal homologs

694 tuts 24 equal huts
3000 | ]
P : P
5 2500 [ = :
EO n . ]
— r o 7 ]
U 2000 - s
o F @
H [ & Z
Zoom | 1500 o
20 =] § . ¢ 1
* £ ]
2 1000
c ]
T ]
il ]
) 4
500 1
0 L Ly il
500 1500 2500
Saccharomyces cerevisiae (baker’s ye

497 hits
5340 query proteins produced 1209 hits.
Each citcle represents a single query genome protein, plotted by its BLAST scores to the highest scoring protein from each of the selected organisms. Symmetrical




Protein homologs in Complete Microbial / Eukaryotic genomes

To compare the similanity of the query genome proteins to different species choose two organisms by Taxonomy id or select them from the menu
Select your query genome
|386585  |E. coliO167:H7 str. Sakai =

Choose two species for companizon
[83333  |E coliki2

|4932 [ Saccharormyces cerevisiae (bhaker's yeast)

E. coliB171

e . E.caliB7A

Distributi &' i crrp73

E.coliE110019
E.coli E22 -
t:
E. coli E24377A e
E coliF11 =
E.coliHS
E. coliklz
E.
E.
E.
E.

DI RAYEN

694 hits

coli 0157:H7
C1E7:H7 EDL333
coli ©157:H7 str. Sakai
cali UTIS3
E. colivw3lio
= —Exiguohactarium—
7 -~ E. sibiricum 255-15
GO
f£—Feroplasma—
IXEU 'l IF acidarmanus ferl
¢ —Fervdobacterium—
t F. nodosum Rt17-B1 hd

tic alomanc

Cae

500 1500 2500
Saccharomyces cerevisiae {(baker”s ye

437 hits

5240 query protemns produced 1209 hits.

Each circle represents a single query genome protein, plotted by its BLAST scores to the highest scoring protein from each of the selected organisms.
Symmetrical hits are shown as diamonds. Click on the protein(s) of interest or enter a query string to see the homologs in two chosen organisms.

Cutoﬁ|1ﬂ |L\nearscale j comparel
Query:l compare | claar
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To compare the similarity of the query genome proteins to different species choose two organisms by Tazonomy id ot select them from the mem

Select your query genome

|386585  [E. coli O157:H7 str. Sakai =l
Choose two species for companiaon

[p3333  [E colikiz =]

[te5864  [E. coli0157:H7 EDLA33 =]

Distribution of E. coli O157:H7 str. Sakai homologs

330 hits
20000 2
15000 .
™ L , i
— e
v L . |
-, F L 4
— + ’ 4
Zoom B 10000 z
[en =] ]
. ]
5000
0 5T I I

15000
E. coli 0157:H7 EDL933

5340 query proteins produced 4319 hits.

894 equal hits

2995 hits

Each circle represents a single query genome protein, plotted by its BLAST scores to the highest scoring protein from each of the selected organisms.
Symmetrical hits are shown as diamonds. Click on the protein(s) of interest or enter a cuery string to see the homelogs in two chosen organisms.

Zoomm 10000

coli K12

|x2D 'l i

E.

5000
Mo function is selected

Transcription

DMA replication, recombination and repair RN B
Cell division and chromosorme partitioning 000
Posttranslational modificationot EDL933

Cell envelope hiogenesis, outer membrane

Cell maotilty and secretion

Inorganicion transport and metabolism
Signal transduction mechanisms
Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
Mucleotide transport and metabolism
Coenzyme metabolism

Lipid metabalism

General function prediction only

i
e |_clear |

2995 hits

\olotted by its BLAST scores to the highest scoring protein from each of the selected organtsms
Le protein(s) of interest or enter a query string to see the homologs in two chosen organistns.

Function unknown
Mo function is selected

'~|  compare |
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To compare the similarity of the query genome proteins to different species choose two organisms by Tazonomy id or select them from the menu

Select your query genome

[386585 | E. coli 0157:H7 str. Sakai i
Choose two species for comparizon

[83333  |E.colikiz =

[155864  |E.coli O157:H7 EDL933 =l

Distribution of E. coli 0157:H7 str. Sakaihomologs

330 hits
20000
15000 .
™ L . i
- e
"4 F - 9
- F L 4
- - n 4
Zoom B 10000 .
[ =] ]
n ]
5000

|

b1 1

15000
E. coli 0157:H7 EDL933

3340 query proteins produced 4319 luts, from which 161 are selected (first 100 shown).
Each circle represents a single query genome protemn, plotted by its BLAST scores to the highest scoring protein from each of the selected
orgatisms. Symumnetrical hits are shown as diamends. Click on the protein(s) of mberest or enter a query string to see the homologs m two chosen

OTgArismE.

994 equal hits

2995 hits

ITransIation, ribosomal structure and hiogenesis j compare |

Blast2Seq Accession Blnk
NME 308053 ==
425 NP 414564 ==
425 NP 285717 ==
NE 208056 ==
4948 NP 414567 ==
4973 NP 285720 ==
NE 3208083 ==
1401 NP 414593 ==
1407 NP 285748 ==

308 ribosomal protein S20 [Escherichia coli O157:H7 str. Salai]
303 rbosomal protein 320 [Eschenchia col K 12]
303 rbosomal protein 320 [Eschenchia col O157HT EDLY33]

isoleucyHRIVA synthetase [Eschericlua coli O157:H7 str. Salkai]
isoleucylHEITA synthetase [Eschenchia coll K£12]
isoleucyl-EITA synthetase [Eschenchia coll ©157HT EDLY33]

dimethyladenosime transferase [Escherichia coli O157:H7 str. Sakai]
dimethyladenosine transferase [Escherichia coh K 12]
dimethyladenosine transferase [Eschenichia cob ©157HT EDLY33]

Definition
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15000

Zootn

IXZD 'l

10000 .

E. coli K12

5000

Na function is selected
Translation, ribosomal structure and biogenesis

b1 1

Transcription i

DNA replication, recombination and repair 000

Cell division and chromosorme partitioning EDL933

= bioo . na 2995 hits

Cell matility and secretion ) h 161 are selected (frst 100 showr).

Inorganic ion transport and metabolism plotted by its BLAST scores to the highest scoring protein from each of the selected

Signal transduction mechanisms
Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
Mucleotide transport and metabaolism J

Coenzyrme metabolism
ﬂ clearl

Lipid metaholism
General function prediction anly
[ Translation, ribosomal structure and biogenesik j compare |

Function unknown

Blast2Seq Accession Blnk

icke on the proteings) of interest or enter a query strng to see the homologs i two chosen

Definition

|386585 | E.coli 0157:H7 str. Sakai =l

Choose two species for comparison
[83333  |E. coliki2
|155864 | E.coli 0157:H7 EDLA33

Ll L

Distribution of E. coli 0157:H7 str. Sakai homologs

330 hits 994 erual huts
20000 2
15000 7
[t L . i
- e
¥ F . 1
- F L 4
] - ; 4
Zoom B 10000 z
[xo=] ]
. i
[F2 P IR -

15000
E. coli 0157:H7 EDL933

2995 hits

5340 query proteins produced 4319 hits, from which 220 are selected (first 100 shown).
Each circle represzents a single query genome protein, plotted by itz BLAST scores to the highest sconng protein from each of the selected
organisms. Symmetrical hits are shown as diamonds. Click on the protein(s) of interest or enter a query string to see the homologs in two chosen

OrgAisms
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Protein homologs in Complete Microbial / Eukaryotic genomes

To compare the similanty of the query genome proteins to different species choose two organisms by Tazonomy id or select them from the menu

Select your query genome

[386585 | E. coli 0157:H7 str. Sakai i
Choose two species for comparizon

[53333  |E.coliki2 i

|155864  |E.coli 0157:H7 EDLY33 =l

Distribution of E. coli 0157:H7 str. Sakaihomologs

330 huts 994 equal hits
: T T T T T T T T T T T T /'/_ 2000 TTT17T TTT1T TTTT TTTT TTTT TTT1T TTTT
20000 - L |
3 A 1750
F // < G
o 15000 F ~ 1 ~ 1500 y
- . = & i
"4 F - 9 "4 H
- r o T - / \ i
= L 5 ] o 1250 I
Zoom B 10000 : 5 I
IXZD 'l 5 7 . I
W ] W 1000 !
5000 1 D
B . 500 = Sl
of U B I
15000 6000 6500 7000 7500
E. coli D157:H7 EDL933 E. coli D157:H7 EDL933
2995 hits

3340 query proteins produced 4319 luts, from which 1 is selected

Each circle represzents a single query genome protem, plotted by itz BLAST scores to the highest scoring protein from each of the selected
orgatisms. Symumnetrical hits are shown as diamends. Click on the protein(s) of mberest or enter a query string to see the homologs m two chosen
OTgArismE.

Cutoff |1D |Linearscale | compare |
Query. | compare | clear |

| Cell envelone hinpenesis outer membrane »|  comnare I

ICeII envelope hiogenesis, outer membrane j compare |

Blast2Seq Accession Blink Defmition

WP 308389 =>  AudA-T adhesm-lke protem [Escherichia coli O157:H7 str. Sakai]
1440 WP 416026 =>  conserved protemn, predicted pseudogene [Escherichia cohl K12]
6863 WP 286043 =>  putative beta-barrel outer membrane protein [Escherichia coli ©157H7 EDL933]
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Genoime > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete gehome Li

Lmeage: Bactena ; Protecbactena ; Gammaproteobacteria , Enterobacteriales ;, Enterobacteriaceae , Escherichia ; Escherichia coli ; Eschenichia coli ©157:H
: Escherichia coll O157H7 str. Saka

Clwomosomes: chromasoms

F1 ids: pOSAK 1 pO157
Genone Info: Features: BLAST homologs: | Links: Review Info:
Refseq: MC 002695 | Genes: 5395 CoG Genome Project Publications: [4]

30 Structure

GenBank: BAQ00007

Protein coding: 5253

Refseq FTP

Refseq Status: Provisional

Length: 5,498,450 nt | Structural RNAs: 141 | TaxMap GenBank FTP Seq. Status: Completed
GC Content: 50% Pseudo genes: None | TaxPlot BLAST Sequencing center: GIRC
% Coding: 85% Others: 170 GenePlot Comnpleted: 2001/10/02
Topology: circular Contigs: 1 ghap 0D
Molecule: DNA
AN
A )
rm » e ez
o i ST | AR Y e
<3 NCBI e 7 5 ¥l 5Genome

PubMed Protein

Structure

MM

Search | Genome
Pairwise genome comparison of protein homologs (symmetrical best hits)
Query organism: Eschenichia col O157H7 st Salca

Select two organisms to compare

| E. coli O157:H7 str. Sakai | versus | E. cali 0157:H7 EDLI33 =l

compare selected pair J

5423 proteins total

T T T T T T T T T T T T T T
TP 1 S
s000F ot : p = gpe‘ Zoom
o . ce ws = m2735F @ 1 D -
b =3 0 @
b} L . ] — 3 o®
@ QR : = @ 2730f o E
. . =
E = E sk .e". ]
= 00F -, elpin d . 1 =5 ..‘ click on the left picture to recenter
o - = = 2720} @ 1 i 1 i
3 . 0 . =3 o click on the right picture to zoom and
. L) —
g AEE g 1o .0 £ msf .Po". 1 recenter
5 0 5 Py
£ i ' — saof C) 1 .
e T . o ] = & °°0° shaded rectangle from the left picture
/, I E . . - Tosp L4 1 is shown on the right picture
0K \ . \ \ . . \ \ \ . . . .
0 1000 2000 300 4000 5000 2600 2605 2610 2815 2620 2625 2630 2635
Escherichia coli ©157:H7 str. Sakai Escherichia coli 0157.H7 str. Sakai
| Y FEEEEREREEETE PR Ee e reren switch axis
340

Total mumber of bets 5341, Save all bets in order on genome.

bl2seq
[ ]
®

Locus tags Proteim name
23024 - ECs2675 hypothetical protein ECs2675 [Escherichia coli O157H7 str. Sakai]
23027 - ECs2676 fagellar basal body protemn [Eschenichia coli O157H7 str. Sakai)
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Pairwise genome comparison of protein homologs (symmetrical best hits)
Query organism: Escherichia coli O157H7 str. Sakai

Select two organistns to compare

| E. coli 0167:H7 sir. Sakai

j VErsus EE coli 0157:H7 EDL933

—Escherilcﬁgiu .
E. coli 536
E. coli CFT073

5423 proteins total

5000

E. caoli 0157:H7 EDLY33

E. cali 0157:H7 str. Sakai

E. coli UTIBS

E. coliw3110

—Francisella—

F. tularensis subsp. holarctica
F.tularensis subsp. tularensis FSC 198
F.tularensis subsp. tularensis SCHL 54
—Frankia—

F. alni ACN14a

F.sp. Ccl3

—Fusobacterium—

F. nucleatumn subsp. nucleatum ATCC 26586

4000

3000

2000

Escherichia coli 0157:H7 EDL933

1000

compare selected pair J

Zoom
2% hd

click on the left picture to recenter
click on the right picture to zoom and
recenter

shaded rectangle from the left picture
is shown on the right picture

L f s : f ) —Geobacilus—
0 1000 2000 3 4000 5000
Escherichia coll 0157HT sir. Sakai G. kaustophilys HTA426
—CGianhartar— A :
oy TTTTTTTTITTTTTT T IT T IT T I T TTTT1T switch axis J
Pairwise genome comparison of protein homologs (symmetrical best hits)
Query or Escherichia coli O157:H7 str. Saleai
Select two organisms to compare
[E. coli 15717 2t Sakai =l TECSUS | E. coliki2 =l compare selected
4243 proteins total
= sl T T T T T =
4000 = Zoom
ool ] 2 =z
~ 3000 o 20951 ]
= = _ .
3 7 20900 1 click on the left picture to
g E recetter
g g 20 click on the right picture t-
T T
& 5 ameo b ]  andrecenter
@ @
i i
1000 —  207sf 1  shaded rectangle from the
= s ] picture is shown on the rig
picture
O . . . . . . . . . . . . .
0 1000 2 3000 4000 5000 2035 2940 2945 2950 2055 2960 2065 2970 2975
Escherichifl coli 0157:H7 str. Sakai Escherichia coli O157:H7 str. Sakai
IRy e . 53 FEPEEEEEREEEE PP switch axis

Total mumber of bets 3803 Save all bets in order on genome.

b2141 - ECs3033 hypothetical protein ECs3033 [Eschenichia coli O157:H7 str. Sakai]
12142 - EC:3034 putative seritomin transporter [Escherichia coli O157:H7 str. Salai]
b2143 - ECs3035 cylidine deaminase [Escherichia coli O157:H7 str. Sakai]

b2144 - ECs3036 vancomycin sensitivity [Escherichia coli 0157 H7 str. Sakai]
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| hoooz gl | 16127996 ECs0002 g1 (15829250 bffunctional aspartokinase I/homeserine dehydrogena:
booos3 gi|16127997 ECs0003 gi]15829257 hpmoserine kinase [Escherichia coli 0157:H7 str. sal
hoood gi|16127958 ECs0004 gi|15829258 threonine S{nthase [Escherichia cold ©l157:H7 str. s.
booos g |16127999 ECS0005 gi|15829259 hpotherical protein ECs0005 [Escherichia coli ols7
hoooe gi|16128000 ECS0006 gi|15829260 hfpothetical protein ECS0006 [Escherichia coli ol57
hooo7? gi|1l6128001 ECS0007 gi|15829261 pprative inner membrane trans;]:uurt protein [Escherdicl
hooos gi 16128002 ECs0008 gi|15829262 tfansaldolase [Escherichia <oli C0157:H7 str. Sakail]
booog gi|16128003 ECs0009 gi|15829263 mplybdenum cofactor biosynthesis protein [Escherich
boolo gi 16128004 ECs00L0 gi|15829264 hpothetical protein ECs00L0 [Escherichia coli o157
hooll gi|16128005 ECS0012 gi|15829265 pprative oxidoreductase [Escherichia coli C157:H7 s
hoolz gi| 90111078 ECS0011 gi|l55829266 E sitive reglgu'latar for sigma 32 heat shock promoter:
boo13 gi 16128007 ECs0013 g |15829267 othetical protein ECs0013 [Escherichia coli o157
hool4 gi|16128008 ECs0014 gi|15829268 mplecular chaperone bnak [Escherichia coli ol57:H7 :
hools gi|16128009 ECs0Q0L5 gi|15829269 Dhal [Escherichia <oli OL57:H7 str. Sakai]
hools gi|l6128012 ECS0016 gi|15829270 cpf [Escherichia coli 0157:H7 str. sakadi]
bools gi|16128013 ECs00L7 gi|15829271 MR+/H antiporter [Escherichia coli 0157:H7 str. Sak.
hoozo gi|1l6128014 ECS00L8 gi|15829272 thanscriptional activator of nhaa [Escherichia coli
hooz3 gi|16128017 ECS0026 gi|15829280 3ps ribosomal protein sz20 [Escherichia coli Ol57:H7
hooz24 g |16128018 ECs0027 g |15829281 hpothetical protein ECsQ027 [Escherichia coli o157
b0z 5 gi|16128019 ECS0028 gi|15829282 hfpothetical protein ECs0028 [Escherichia coli o157
hoo2s gi|16128020 ECs0029 gi|15829283 foleucyT-tRMA synthetase [Escherichia <oli CLl57:H7
hooz7 gi|l6l28021 ECS0030 gi|15829284 sfgnal peptidase 1T [Escherichia coli O157:H7 str.
hoozs gi|l6128022 ECS0031 gi|15829285 pptative FKBX—the 16kD peptidyl-prolyl cis-trans i
booz2e gi|16128023 ECs0032 0115829286 dfhydroxy-3-methylbut-2-enyl diphosphate reductase
hoozo gi|l6128024 ECS0033 gi|15829287 h ﬁuthet‘lca'l ﬁurute"ln ECs0033 [Escherichia coli o157
boo31 gi|16128025 ECs0034 gi|15829288 d drodipicolinate reductase [Escherichia <oli o15
hoo3z gi|16128026 ECS0035 gi|15829289 chrhamoyl-phosphate synthase small subunit [Escheri
hQg ail16l2802 ECSQ036 Q7115829290 chrbamoyv]-phosphate nthase larce subunit [Escheri.

<Z| - E:> - % O @ I&’ http: f v, nchi.nlm.nib. govfentrezfbatchentrez. cgizdb=Protein j @ Go I@,

’Gettlng Started l;dLatest Headlines | | httpiffwwwnnchionl., || htkps v, hopkins. .

XN 03 BI

< : r :
d NCBI ‘ees 00 S Protein [Sian ] [Reaistor]

Database | Protein o Retriee
Batch Entrez

Batch Entrez has changed!

ou will need Batch Entrez now only to upload a file of Gl ar accession
numbers for an Entrez search. You can o alf other large searches
clivectly within Entrez.

There are now two ways to retrieve large amounts of sequence data
using Entrez.

X3 .
SNucleotide

All Databases PubMed Nudlectide Protein Genome

Dajabaselprotein j Fi]e—_lc:‘;DocumentsandSeﬁingsRIiuh@;[ Browse. . |

i Batch Entrez

Entrez

Entrez Batch Entrez has changed!
Nucleotide

200000 00
@ oee

B SBioten

\| PubMed Nucleotide Protein Genome Structure
SeatchleUlE\ﬂ = fm—" Clearl
| Limits W Preview/Index | Hist | Clipboard \ Details |
DgsmeISummary rJw|20 leon by Relevance jISendto j
About Entrez =i . = )
, |A"3 3803 | Bacteria: 3803 | RefSeq 33 | Related Structures: 2513
Entrez Protein
Help | FAQ Items 1-20 0f 3803 N\
Entrez Tools M 1: NP 308029 Repaorts
" bifunctional aspartokinase I'homeserine dehydrogenase I [Escherichia coli Q137 H7 str. Sakai]
o e gi|15829256|refNP_308029.1|[15829256]
revision history
LinkOut [C2: NP 308030 Reports
homoserine kinase [Escherichia coli O157:H7 str. Sakai]
My NCBI gi|15829257|ref NP_308030.1|[15829257]
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My NCBI
Sign In] [Register]

Pubhied Structure

Search | Protein for [#18 NOT #21|

‘ Lirnits 1 Previewfindex | History | Cliphoard ‘ Details |
+ Zearch History will be lost after eight hours of inactivity.

+ Search numbers may not be continuous; all searches are represented.

+ To save search indefinttely, click query # and select Save in My NCEL

+ To combine searches use #search, e.g, #2 AND #3 or click query # for more options

Search Most Recent Queries Tine Result
#21 Select 3803 decument(s) 14:35:09 3803
#16 Protein Links for Nucleotide (Select 15829254) 14:3435 5253

Clear Histony

5%, oo sessees N5 r

) fkﬂ 00 5 Protein
2 ] a2 Pratein Gename Structurs PIC Taxo

Search | Protein > | for [#16 NOT #21 Go Clear | Save Search

|, Lirnits T Previewndex T History T Clipooar T Details W

stplay|5ummary jshow|EU leDnbyRe\evance leendtU j

All: 1483 ‘ Bacteria: 1483 T RefSeq; 1483 T Related Structures: 454
Items 1 - 20 of 1483 Page (|1 of 75 Mext
M1 MP 344498 Reports BLINK, Link:

hypothetical protein ECs5362 [Escherichia coli O157H7 str. Salcai]
|38704266[ref[IP_944498.1|[38704266]

M2 NP 944587 Reports BLink, Conserved Domains, Link:
hypothetical protein ECs5595 [Escherichia coll O157H7 str. Sakai]
|38704265]ref[INP_944587 1|[38704265]

[73: NP 944585 Renorts Link
hypothetical protein ECs5592 [Escherichia celi O157H7 str. Sakai]
gl|38704254|ref[NTP_944585 1|[38704254]

M 4: NP 244584 Reports EILink, Links
hypothetical protein ECs5591 [Escherichia celi O157H7 str. Sakai]
38704253 ref[NTP_944584 . 1|[38704253]

C5: NP 313210 Reparts BLink, Congerved Domaing, Link:
putative transposase [Escherichia coli O157HY str. Sakai]
gl|38704244|ref[NNP_313210.2|[38704244]

T 6: NP 944581 Reparts BILink, Links
hypothetical protein ECs5582 [Escherichia coll O157H7 sir. Sakai]
gil38704229|refNP_944581 1|[38704229]

C7: NP 213031 Reparts BLink, Conserved Domains, Link:
sor-operon regulator [Escherichia coli O157.H7 str. Jakai]
£38704224)ref[NP_313031.2([38704224]

[[289: WP 312561 Reports BLink, Conserved Domains, Links
putative integrase [Escherichia coli O157.H7 str. Saleai]
gl 15833788 |ref[ITP_312561.1|[15833788]

[[290: P 312555 Repors BLink, Links
hypothetical protein ECs4528 [Eschericlua coll O157HT str. Sakrai]
15833782 |reflNP_312555.1|[15833782]

[7291: NP 212528 Reports BLink, Conserved Domains, Links
lipopolysacchande 1,2-1- acetylglucosaminetransferase [Eschenichia cobl O137HT str. Saka)
gl|15833755|ref|NP_312528.1|[15833755]

26



Displayl Orverview =1 Showl 20 jl Sendlo =]
All: 1
Genome > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete genome Links

Lineage: Bacteria ; Protecbacteria ; Gammaproteobacteria ; Enterobacteriales ; Enterobactenaceae ; Escherichia ; Escherichia coli , Escherichia coli 0157 H7 ; Escherichia coli
O157HT str. Sakai

Chromosoes: chromosome
Plasmids: pOSAKE ], 0157

Genome Info: Features: BLAST homologs: Links: Review Info:

Refseq: MC 002655 Genes: 5395 coG /'Genume Project Publications: [4]

GenBank: BAOOOOO7 Protein coding: 5253 ao Structury Refseq FTP Refseq Status: Provisional
Length: 5,498,450 nt Structural RNAs: 141 Tauhda GenBank FTP Seq.Status: Completed
GC Content: 50% Pseudo genes: None TaxPlat BLAST Seguencing center; GIRC
% Coding: 85% Others: 170 GenePlot Completed: 2001/10/02
Topology: circular Contigs: 1 ahlap jodn]n}

Molecule: DNA

| de Frotein
- [Hecherichkia (3087)] - [Enterabacieriaceas (47500 - [Enterabacisriales (47500 ] - [Gammaprateobact
5253 Escherichic cali O157:H7 str. Sakai proteins: taxonomic distiibution of the homologs
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| Name
| Vims

BHERiE

| g [=[>[8 ][] |

- FHecharichia (SU87)T -W Enterabacteriaceas {47 30 - [Enterobacteriales (87300 T - [Gammaprotecbacieria (364517 -
D153 Escherichie coli 15 7:H7 sin Sakai proteins: taxonomic distribution of the homologs

Click on a region in the map, to see blast results for that region

Cut-Off [35 Cut-Off+- [10 [ Redrav |

Click on the graph at left, to change the blast threshold (cut-off) used to find related sequences

28



— —
—

5153 Escherichia cali Q157:H7 sir. Sakai pjoteins: taxonomic distribution of the homologs

Click ot a resion in the than to see hlash reanlts for that vesion

5253 Escherichia cali G157 H7 sir Sakai protems: taxonomic distribution of the homologs

Click of1 a region in the map, to see hlast results for that region

4 & Cut-OfF [95 Cut-Off+- [10 [ Redrav | [ werp PN

Gemne - BLAST alignments against 'nr', @1 - lnk to GenBank record, 3-D - BLAST alignments against 3-D structure dg
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U - DLrLT I clgIIIeTls agellst I, o1 - MK 10 JEIDalE TECCI, o 17 - DLFLD I EngIIENTs Sgallst J- L' ST UCTOTE (EIEvEsE
Virus Eukaryota Eubscteria Archaea

100 21(84) 24 (0] a0i(9) 13 (0)

Gene i Score i score i sScore i score 3-D protein name
15830404 = 11455394 [343) 74311552 (1163) 21772718 (201) - response transcriptional regulator for toy
15830405 S 86279341 (95) 892544681 (2061) 52549486 (106) - trimethylamine N-oxide reductase cytochro
155830406 S 70995767 (165) 110805012 (4477) 11495802 (333) - trimethylamine MN-oxide reductsse subunit
15530407 S S 8Z776283 (959) 15759953 (98) - chaperone protein TorD
15550405 o o SO0RZS556  (517) o - hypothetical protein ECs1154
15530409 55519138 (149) 124416217 (330) D2544675 (1603) 110604763 (426) - curved DNA-hinding protein
15830412 = 108880530 (121) 74311559 (2138) = - periplaswic glucose-l-phosphatase

- - 24112416 (393) - - hypothetical protein ECs1159

0632467 (2271) = 16764254 (1475) 110622801 (117) - putative integrase

155830415 SB3Z465 (504) o 16764255 (Z61) o - putative excisionase
156304167V 9632469  (549) = = = - hypothetical protein ECsi162
15530417 2632470 (a0a) = 56414547 (429) = - hypothetical protein ECs1163
15830418 9632471 (1101} = 24111740 (173) = - hypothetical protein ECsiled
15530419V 9632472 (504) = = = - hypothetical protein ECs1165
15830420V 9632473 (375) = 74312280 (341) = - hypothetical protein ECs1166
15530421V 9632474  (516) = = = - hypothetical protein ECs1167
15630422 V 9633404  (545) = = = - hypothetical protein ECsi168
15530423 9032475 (1327) 20330752 (111} 16760352 (311} = - hypothetical protein ECs1163

Query: gi|1 5830414 putative integrase [Escherichia coli OLS7:HT sr. Sakai]
Matching gi: 13360620

COGOS82 assigned by Cognitor (5 hest hiis)

Shnwwdenhca\l Besthits

Common Tree | Tﬁxnmmyﬁepnnl 30 siructures | COO-Search | GHIB" Fun BLAST

200 BLAST hits to 14
EArchaaa 174 || Bact
Keep only

ique species Sorthy taxonomy prexin

E Metazoa E Fungi B Plants ’H Viruses E Other Eukaryotae
~| Cut-Off |95 Select Reset

New search by GL 15830414 Go

————————— 2271 10 EAL94039 7649521 integrase [Escherichia coli O157:H7)
—=———————————— 1588 9 ZF 007... 75513013 COGOS8Z: Integrase [Escherichia coli 53638]
=—————————————— 1582 1 (CAC83515 18152332 putative integrase [Bacteriophage P27]
—_——— 1582 9 ZP 007 75209455 COGOSSZ: Integrase [Escherichia coli B171]
=————————— 1541 1 AiBB70737 51301986 Int protein [Phage 255-320]
= 1536 1 CAD24051 28803669 putative integrase [Escherichia coli phage EH297)
——————— 1497 9 RAG57258 12516431 putative integrase for prophage CP-333V [Escherichia coli O157:H7 EDLS33]
—_— . 1455 1 NP 551540 31044226 putative integrase [Phage phi 4795]
e—=————————————" 1475 7 RAL15825 16419401 putative Fels-1 prophage integrase [Salmonella typhimurium LTZ]
=————————— 1389 7 NP 455580 16764365 integrase [Salwmonslla typhimuriwe LTZ2]
e—=———————————— 1385 7 CADO5S405 16502166 integrase [S=lmonella enterica subsp. enterica serovar Typhil
———————————— 1373 7 1i¥64B69 62127166 Gifsy-2 prophsge integrase [Salwonella enterics subsp. enterica serovar Choleraesuis str. SC-B67]
—_— 1372 o 124529267 phage integrase family protein [Escherichia coli E]
—_—— 1245 7 123442607 putative phage integrase [Yersinia enterocolitica subsp. enterocolitica 8081]
= Ti20 5 P 002200 89108420 predicted defective integrase [Escherichia coli W3110]
——————————— 1116 3  E64913 7449509 hypothetical protein b1579 - Escherichia coli (strain K-12) cryptic prophage/truncated insertion se
e 1113 3 P6168 9910723 Putative lawbdoid prophage Qin defective integrase
e—=——————————— 1073 7 AAMB5787 21059071 putative transposase [Versinia pestis KIN]
—e=———————— 1063 7 ¥P 311068 74312640 putative integrase [Shigella sonnei S5046]
—e=————————————— 997 7 ZP 01l... BOU103031 COGOS8Z: Integrase [Yersinia pestis biovar Orientalis str. IP275]
———————— 506 5 CAGI9714 46912925 hypothetical integrase for prophage CP-933V [Photobacterium profundwn 5591
= 587 7 AiBFO4315 110615651 putative integrase [Shigella flexneri 5 str. 5401]
e—=———————————" 550 5 EAY35654 124116834 integrase [Vibrio choleras 1587]
& 5§52 5 EAZ40472 350323868 hypothetical integrase for prophage [Photobacterium profundum 3TCK]
e—=——————————" 525 9 AF 001973 59108195 integrase [Escherichia coli U3110]
—_— 523 9 AAGSe452 12515407 putative integrase for prophage CP-933R [Escherichia coli O157:H7 EDL933]
e=————————————" B2z 7 YP 408146 82544199 putative transposase [Shigella boydii S5h227]
=————————————— 515 8 T¥F 0552510 117623597 Rac prophage; integrass [Escherichia coli APEC O1]

A0 P 015 11ANFAEAY nurarive inteorase [Serraria nroceamaculans SAE]

SCORE P ACCESSION

61

Conserved Domain Databsse hits

PROTEIN DESCRIPTICH

30



Query: gi|L 5830414 putative integrase [Escherichia coli O157:H7 str. Sakai]
Maiching gi: 13360620

82 assigned by Cognitor (5 best hits)
Ss\denh:a\ | All hits | Common Tree | Taxonomy Repart | 3D structures | CDD-Search | Gl list | Run BLAST

200 BRAST hits to 143 unique species

Sorthy taxonemy proximi

x| Cut-Off |95 Select | Resst

Mew search by GL [15830414 Go

436 aa

SCORE P ACCESSION  GI Jif
Conserved Domain Datsbase hits

N

CRGANISH

_——————— 2271 10 BAA94099 7549821 - 1 Escherichia celi O167:HT
—_———— 1588 9 ZF 007 75513013 - 1 Escherichia celi 53638
—_—————————— 1582 1 (CACB3515 18152332 - 1 Enterobacteria phage phiPz7
——— 1582 9 IF 007 75209455 - 1 Escherichia celi B171
—————————————— 1541 1 ABB70737 51301986 - 1 Phage Z5§-320
—— 1536 1 CAD24081 28803668 - 1 Escherichia coli phage EHZST
—————— 1497 9 LAGS57258 12516431 - 4 Escherickia coli 0157:H7 EDL937
——————— 1493 1 NP 851940 31044226 - 1 Phage BP-4795
———— 1475 7 AiL19828 16419401 - 2 Salmonella typhimarium LIZ
—=——————> 1385 7 CAD0S405 16502166 - 1 Salmonella enterica subsp. enterica serovar Typhi
—————————— 1373 7 A&A¥A4869 (2127166 - 1 Salmonella enterica subsp. enterica serovar Cholerdesuis str. 5C-B&7
= 1272 9 IP 017 124528267 - 1 Escherichia coli B
= 1243 7 ¥P 001 123442607 - 1 Yersinia enterocolitica subsp. enterocolitica 8081
e—————————————————=- 1120 9 AP 002200 859108420 - 2 Escherichia coli W3i1il
e 1118 9 E64913 7449509 - 2 Escherichia coell
e———————————" 1073 7 AAMBS787 21955071 - 1 Yersinia pestis KIM
——————————————- 1083 7 YP 311066 74312645 - 1 Shigella scnnei Ss046
———— 987 7 IF 011 89103031 - 1 Yersinia pestis biovar Orientalis str. IPEVS
_——— 906 5 CAG19714 469125925 - 1 Phetobacterium profundum 559
——— 887 7 ABFO4316 110615651 - 2 Shigella flexneri & str. 8401
—————— 580 5 EALY35654 124116834 - 2 Viprio cholerae 1587
— 552 5 EAS40472 50323869 - I Photopacterium profundum ITCK
———— B2z 7 YP 408146 02544195 - 1 Shigella boydii Sh2Z7
—_— 515 35T 117623597 - 1 Escherichia coli APEC 01
—_— 80z 7IF 118066664 - 2 Serratia proteamaculans 568
—_— 553 5P 126358159 - 1 Pseudomonas putida GB-1
—— e 544 39 IP 83587456 - 1 Escherichia coli i01i-i
gl \ " .
371 proteins L | COGOS82 | Imtegrase Tritial wersion
56 genomes
32 orders
43 classes Phylum
1L phyla Class [JT]]]] | | [] []
Grdes [T LTI
: : - order subtrees collapsed
Furparchacofa Aguificae Arfinchacteria P
. . | . r r o
Methanobacteriales ith A ouificales Ane Actinomycetales (_'gl Miu MtC Iile O3
o {2y
Methanococcales Mja o2
Methanosarcinales Mac Thermotogae Firmicufes §>(';F;c
: Thermotogales  Tra Clostridiales Cac
Halohacteriales Hbs === = OFAPIARS == o {5}
Bacillales Sau Lin Bsu Bha O {5
Thermoplasmatales Tac Tvo e —_— = v
Cranobacteria L ; 1 1
actobacillales Lla Spv Spn ;
Thermacoccales Pho Pab o al N =S =23 Dpy opn O (12]
ostocales 0s 5 Y o2y
— —_— Mycoplasmatales | Uur Mpu
Archaeoglobales Afia —_— BHE
Chrooeoceales | Syn
u YCH
Profenhacteria SHy!
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66 genomes version

1
proteins Help
Tree |L |C0G0s582 | XerC | Integrase Q
info Genome context
\ -
COGs containing other dotnains of divided proteins:
135 ——-p-—-—- drlbcefgh-n-j-—-w [L] COGZ501 Putative transposase
AOMPEZ " QV DRLECEFG HSNUIXITW
S| Fo0e: D |DE0513 DEAO155 DRBO104 PI0093
Afu Dra | DRCO01Z | s e iﬁgg;
VIGO209H VITG0S38G Bv1701 R | L1372 Hlld2d P1I1948
0 | VING0IZIC VNGTOS6 Bv2646 PII1949
Hbs | VIIG7153 VNG6076H R | Ru2658c N
VN GE450H My | BEssde EI0 XF0631 XF0678 XF0%68 XF 1425
Bv3751 e S | XF1483 XF1718 1 XF2478 XF2132
M | MIO367 |\ orces Bv2309c Xfa | XF2530 XF1642 XF1555 3F2131
MET | MIO770 | =5 Rw1055 XE2288 XF1556 XF0968
TVI0723 148477 MA0528
TVII0874 147248 NN % HME 1001 HIADSE4
TVII0620 L102735 SPy0365 me || NME1868 M4 1221
TVIT0726 p |L24517 SPy0937
P | Ta0365 | TVI0263 Lla | L36404 SPy1196 Ci0863c
THE |Tal314 | TWIN0137 * | 57903 SPy1433 U | HPOS75 HPO9SS iho0941
TVIN1489 L55605 5Py2122 HPY | HP100% ihp0951
TVIOETE L7798 ihp0617
TVIT0136 1103747
TVIT1485 mild487 mii4043
B3 o7 BH152% mil5763 mll5856
K =2 B0V D349 mll5957 mil5958
pyr |TH1826 | PABO23S p |BoeX BH2364 ll5039 mll6040
pac | BE ydil BH2465 wll5042 rll6043
A [— %m;\{ EH3551 mll5044 rll6045
Ape | T = Jops BHA4039 mil6228 mll§229
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Chusters of Orthologous (:"rroups of proteins (COGs) were delineated by comparing protein sequences encoded in 43 complete genomes, representing

30 major phylogenetic ineages. Each COG consiats of mdividual proteins or groups of paralogs from at least 3 lineages and thus corresponds to an
ancient censerved domain

Science 1987 Oct 24,278(5338).631-7,

MNucigic Acids Res 2001 Jan 1; 28(1):22-28. (:‘(:)(:;'llitl]l‘
Proten/Gene namne Text search: I
Code Name Froteins Principal component analysis of genomes

i COCs
S b Archasoglobus filgidus 2420 1872 List of COGs
$ 0O Halobacterium sp. NRC-1 2605 1701 Distribution
O M Methanococcus jannaschii 1736 1330
Jesmen gy S
Thermoplasma acidophilum 1482 1230 EPhylogenetic patterns
oR Thermoplasma voleanium R T rloecnetic poticrnslsearch
Pyrococcus horikoshil 1800 1378
CK Prrococcus abyssi 1768 1456  Functional categories
[ Asropyrum pernix 1841 1178
O ¥ Saccharompees cerevisiae 5955 2290 g E L
[93 Q Agquifex asolicus 15360 1325 1 o0 M N P
SV Thermotoga maritima 1858 1527
&$D Deinococcus radicdurans 3187 2226 G E [ES H g
O R Iycobacterium fuberculosis 3927 2385 R 8
- Iyoobacterium lepras 1605 1134
Lacfococcus lacfis 2267 1618 Pathways and
oL Strepfococcus progenes 1697 1211 functional systems
<> B EBacillus subfilis 4118 2870 m
= Bacillus halodurans 4066 2878
O [ Spnechocystis 3167 2159
Escherichia coli K12 4275 3414
o I Bscherichia coli 0157 5315 3662
Buchnera sp. AFS 575 568
ST Drennidowmomns aswimivae SSET  AZOD
Differences in closely related genomes
J ALPHA Mesarhizobium loti vs. Caulobacter crescentus
L 5TR Lactococcus lactis vs. Strepiococcus pyogenas

PTHE Thermaopiasma acidophilum vs. Thermoplasma volcanium

HPras Haemophilus influenzae vs. Pasteurella multocida

MMET  Methanococcus jannaschii vs. Methanobacterium thermoautotraphicum
R Mih  Mycobacterium tuberculosis vs. Mycobacjrium leprae

N NEI  Neisseria meningitidic MC 58 vs. Neissgfin meningitidis 22491

KPYR Pyracaceus harikoshii va. Pyglbeoccus abyss
BEacC F T

E ENT Escherichia coli vs. Buchnera sp. APS

U HPY Helicobacter pyiori 26695 E Helicobacter pyiori J99
IcLa Chiamydia trachomatis va. Chiamydia preumaniae

W MYC Mycoplasmas vs. Ureaplasma urealyticum
T 5PI Traponema pailidum vs. Borrelia burgdorferi
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Hecherichia cali k12 [ 7 (-]

Escherichia coli 0157 - | - | x|

Buchnera gp. AFS —_ T
Function @

TRL 101

I 21

K IE

L e

DOMNET 185

D [ 1]

o [ 2

M E3

N [ 4

‘H|P|*‘

Ln
T
o

—_
=

Information storage and processing

—_
o

Translation, ribesomal structure and biogenesis

Transcription

= L_h
1]z ]

DINA replication, recombination and repatt

=
L)
[

Cellular processes

Cell division and chromosome partitioning

Posttranslational medification, protem turncver, chaperones

Cell envelope biogenesis, outer membrane

ECY [3=] ) — |
=SR2

Cell motility and secretion

71 COGs Protein/Gene name; Select Help

Only Escherichkia coli 0157
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Tk

TraL
TreF
TUreH
FhaB
Fhat
Fail
thin
chin

Hem3
Fagk
TezE

TazZ
Sact
a1

Tra
TUreB
Tred

[E]
[L]
[L]
[L]

[L]
[L]
[L]
[
1]
1]
[m
]
[
[F]
[F]
[F]
[F]
[F]
[F]
[1]
[Tl
[G1
[5C]
[E]
[E]
[E]
[E]
5]
]
]
[E]
[E]
[E]
[F]
[E]
[E]
[E]
[E]
[E]
[E]
[E]
[E]
[2]

COGIsel
COGE932
COG3 609
COG3617
COGITZE
COG3440
COGIFEE
COG3335
COG3436
CoG1002
COG2371
COG0830
COGOS29
COG3z210
COGZ531
COGIE6E5
COGl1z2
COG0619
COG3546
COG3720
COG3721
COG3Ta3
COGI456
COG2310
COG1621
COGls19
COG3T33
COG0504
COGOS32
COGO531
COG1535
COGZ274
COG3435
COG1l205
CoOG3740
COG3500
COG3499
COG3437
COGI498
COG3378
COGl661
COGzZ519
COGlZ66
COGInzs
COGE910
COG1479

Phage anti-repressor protein

Predicted transcriptional regulator

Predicted transcriptional regulators containing the CopG/irc/MetJ DNi-binding doma
Prophage antirepressor

Phage terminase, small subunit

Predicted restriction endonuclease

Predicted transposase

Predicted transposase

Transposase

Type II restriction enzyme, methylase subunits

Urease accessory protein UreE

Urease accessory protein UreF

Urease accessory protein UreH

Putative hemagglutinin/hemolysin

Hemolysin activation/secretion protein

Plasmid stabilization system protein

ABC-type cobalt transport system, ATPase component

ABC-type cobalt transport system, permease component ChiQ and related transporters
Mn-containing catalase

Putative hewme degradation protein

Putative hewe iron utilization protein

Tellurite resistance protein

FHA-domain-containing protein

Uncharacterized proteins involved in stress response, homologs of TerZ and putatiw
Beta-fructosidases |levanase/invertase)

Glyzosyl transferases, related to UDP-glucuronosyvltransferase

Methylaspartate ammonia-lyase

Ures amidohydrolase (urease) alpha subunit

Ures amidohydrolase {urease] beta subunit

lrea amidohydrolase {(urease] gamma subunit

Predicted acyltransferases

LBEC-type bacteriocin/lantibiotic exporters, contain an N-terminal double-glycine p
Gentisate 1,2-dioxygenase

Distinct helicase family with a unigue C-terminal domain including a metal-hinding
Phage head maturation protease

Phage protein D

Phage protein U

Phage tail sheath protein FI

Phage tall tube protein FII

Predicted ATPase

Predicted DNA-binding proteins with PD1-like DNi-binding motif

Predicted hydrolase of the alpha/beta superfamily

Predicted rmetal-dependent mwewbrans protease

Predicted nucleic-acid-binding protein containing a Zn-riklbon domain

Putative NADH-flavin reductase

Uncharacterized ACR
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Problem 2

From the NCBI homepage, access the “Genomic biology” site and from there
select the “Microbial” Genome Resource link. The link leads to the microbial
projects in the Entrez Genome Project database:
http://www.ncbi.nlm.nih.gov/genomes/Iproks.cgi

How many complete microbial genome sequences are available? How many are
in progress and how many are in the assembly stage? From the “Organism
Group” pull down menu, select Spirochaetes. The complete genome sequences
are available for how many Spirochaetes?

On the Complete genomes page change the selection from “Spirochaetes” back
to “All Organisms”. Scroll down the resulting list to the Rickettsia strains. How
many Rickettsia genomes are completely sequenced? Note their sizes.

Select the “Rickettsia prowazekii str. Madrid E” link that leads to the Genome
Project Overview for this organism.

Is the organism pathogenic in humans? How are the bacteria transmitted to
humans? Click on the RefSeq accession number NC_000963 to access the
organism’s information in the Entrez Genome database.

From the resulting Overview table, access the entry NC_000963 in the Entrez
Nucleotide database. Access the Entrez Protein database through the “Protein”
link. How many protein coding genes have been annotated on the genome?
What do you think about the number of proteins compared to some other
bacteria such as Escherichia coli? Go back to the Genome Overview table.
Access the Protein Table that contains locations and detailed information such as
the strand, product name, FASTA sequence etc. from the “Protein coding” link.
Also, access and download the Structural RNA table through the “Structural
RNA” link. How many genes encoding arginine tRNA are annotated? Go back
to the Genome Overview table.

Click on the “COG” link. It provides an assignment of each protein to one or
more COG functional categories. Note the variations in the % in genome
category compared to the % in Bacteria category. What would be its
importance? Download the protein table for the proteins assigned to Cell
wall/membrane biogenesis. Go back to the Genome Overview table.

Click on the “TaxPlot” link. TaxPlot allows a three-way comparison of three
different proteomes, including proteins encoded on all chromosomes and
plasmids. Choose Rickettsia typhi str. Wilmington and Rickettsia conorii str.
Malish 7 from the pull down menu. Which Rickettsia species is more similar to
Rickettsia prowazekii str. Madrid E? Now select the organisms Oryza sativa
(taxonomy id 4530) and Escherichia coli K12. What does the result indicate? Go
back to the Genome Overview table.

35



Select the “GenePlot” link. GenePlot uses precalculated BLAST results to
determine the top hits in two organisms. The best hits of each protein from two
genomes are calculated and plotted based on chromosomal location. Download
all best hits between the Rickettsia prowazekii str. Madrid E and Rickettsia typhi
str. Wilmington proteins. Zoom in the plot .125X. Note the inversion in the two
genomes. Which region of the genome is inverted? Go back to the Genome
Overview table.

Select the “TaxMap” link. TaxMap reports the taxonomic distribution of the top
BLAST hits for each of the protein in the entire proteome by comparing to the
non-redundant database (excluding closely related species) by BLAST similarity.
Exclude all hits that are most similar to Bacteria. What does the graph now
indicate? Click on the first line. The page will reload to display the homologs for
the selected region. Search for the tic1 gene in the result. This protein is most
similar to the protein from which lineage? Click on the gi number 15603932 for
the protein. This link gives the top 200 protein BLAST similarity hits for the query
protein. Select the “Best hits” option. Which organisms are represented in the
similar proteins? The protein is most homologous to protein from which
organism after bacteria? Select the “COG3202” link at the top to access the
tabular format of the proteins assigned to that COG. What are the source
organisms for the homologs to this protein? Access the Initial Version of the
COG database by clicking on the link on the left. Select the Phylogenetic
Patterns search. Obtain a list of COGs that are absent in Rickettsia. What are
the major functional categories?
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