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 the other
pathogenic strain, O157:H7 EDL933, and click “compare”. You can filter the
comparison by functional classification by typing general terms such as



“translation” or more specific terms such as “adhesin” in the “Query” text box.
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. Select “Sort by Accession” and read through some
of the entries. Do these make sense? 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?

Return to the NCBI homepage and select “Clusters of Orthologous Groups
(COGs)” from the Hot Spots list on the right. Follow the link to the “Initial
Version” of the COG database, then 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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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 coll 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]
Expand 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 CFT073 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 EDIL933 at Univ. Wisconsin [Complete]
Escherichia coli O157:H7 sir. GEZ-0212]0/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]
pand to show the list of Centers

Escherichia coli UTI89 at Washington University (WashU) [Complete]




Genome information:

Hame RefSeq GenBank Publications Length (Mbp) GC content Proteins RHAs 3D Struct TaxMap cop coG
Chromasome BAO0O007 4 5.5 50.5% 5253 141 v v v v
Plasmid pO157 ABO11549 1 0.092721 47.6% BS -

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

Publications:

* Havashi T of ok, "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 biochermistry.

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 is associated with Hamburger disease, which is caused by the contarmmation of meat products by enterohemorthagic . coli (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, Pathogenicity genes|
are also found on the plasmid pO157

Fechord bio oafi 0157 H T shain Salooi Thic choin of (15717 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

fres

< W L | ST R S o Ll
<3 NCBI e B | SGenome

Structure

Al Datsbases uts 4 o
Search | Genome -| for || Go | Clear

|’ Lirnits 1 Presewindex W Histary ] Clippoard ] Detalls W

Dnsplayl Qwerview j Showl 20 jl Sendto j

|/AII: 1

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

Chromosoemes: chromasame
Plasmids: pOSAK 1, 0157

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

Refeeq: NC 002535 Genes: 5385 CoG Genome Project Publications: [4]

GenBank: BADDDOD! Protein coding: 5253 30 Structure Refseq FTP Refseq Status: Provisional
Length: 5,498,450 nt \ Structural RMNAs: 141 Taxhdap GenBank FTP Ser.Status: Completed
GC Content: 50% \ Pseudno genes: None TauPlot BLAST Seguencing center: GIRC
% Coding: 85% Nvers' 170 GenePlot Completed: 2001/10/02
Topology: circular Contigs: 1 giap CDD

Iolecule: DNA
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< - (o3
<3 NCBI L"i. g SNucleotid B ] e

Fubhted Nucleatide Frotein me E e Taxonomy [
Search | Nucleotide ~| for Go Clear
Limits Previewindex Histary Cliphoard Details

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

Range: from |begin ta |end T Reverse complemented strand  Features:  + Refresh

Thie record may be shown m a reduced form, Use 'Hide' checkboxes for control
T 1: NC 002895 Reports Escherichia coli .. [gi15829254]
Comment Features

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

Locus NC_D02 695 5498450 bp DNA circular BCT 30-MAR-2007
DEFINITION Escherichia coli O157:H7 str. Sakai, complete genome.
ACCESSION — NC_002695

VERSICN NC_002695.1 GI:15629254 » Pratein
FROJECT GenomeProject:226

REYUORDS

SOURCE Escherichia coli 0157:H7 str. Sakai

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

REFERENCE 1 (sites)

AUTHORS  Hayashi,T., Makino,K., Chnishi,M., Kurokawa,K., Ishii,K.,
Yokoysua, K., Han,C.G., Ohtsubo,E., Nakayama,K., Murata,T.,
Tanaka, M., Tobe,T., Iida,T., Takewi,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., Sasakawa,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}

FUBMED 11111050

REFERENCE 3 (sites)
JITHOE: thnishi M Murata . T Hakswams K Kuhars Hattori .M

oo eeeeee -

o0 S Protein

00000 00 cf

% NCBI @9 oeo

All Data PubMed Mucleotide Protein
Search |F'r0tein L! for || Go | Clear |
| Limits | Previewindex | History | Clipboard | Details

Display |Summar\jr j Show |20 leort by Relevanceleend to j
[ All: 5253 | Bacteria: 5253 | RefSeq: 5253 ' ]

Items 1 - 20 of 5253 I

[01: NP 308064 Reports
DNA-binding transcriptional activator CaiF [Escherichia coli O157H7T str. Sakai]
gi|162139821jrefINP_308064.2][162139821]

[J2: NP 308071 Reparts
putative electron transfer flavoprotein FixA [Escherichia coli O157H7 str. Sakai]
gi|162139820)refINP_308071.2|[162139820]

[J3: NP 308107 Reports
leucine transcriptional activator [Escherichia coli O137H7 str. Sakai]
gil162139819refINP_308107.2|[162139819]

[O4: NP 308128 Reports
SecA regulator SecM [Escherichia coli O137:H7 str. Sakai]
gil162139818|refINP_308128.2|[162139818]
[05: NP 308 Reports
hypothetical protein ECs0123 [Escherichia coli 015
gil162139817|refINP_308150.2|[162139817]

H7 str. Sakai]

[C6: NP 308174 Reparts
polyv(A) polvmerase I [Escherichia coli O137HT str. Sakai]
gil162139816[refINP_308174.2|[162139816]
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All Databa: Pubhted Nuclestide Protein Genome
Search | Genome - | for | Go | Clear
‘( Limits T Previewncex T History T Cliphoard T Dietails W
Displayl Owverview j Shnwl 20 jl Sendto j

i [

Structure

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

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

Clwomosomes: chromasome
Flasmids: pO3AK 1, pO157

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

Refseq: NC 002895 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 Corpleted: 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

| Zoorm

1nt 9010 m
> ECE0003 ECs0004 -

thrA ECs0008 ECs0007

Click here for Ssquence Viewsr presentation (base sequence and aligned amino acids) of selected region
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[ e e ez My NCBI
2. = X, H) sGenome b s
fdol e - s
e P o o

Pubhied Nu

Search | Genome > | for Go I Clear

Structure

Linfis | Previewindex | Histd .‘( Clipboard .‘( Details ‘
Displs |PrmemTabIe jS nwl?ﬂ leendtD j
‘AII: Z

Escherichia coli 0157:H7 str. Sakai, complete genome

Position: from |begin to Iend Length: fram |0 to Imf Refresh Reset

Length histogram.
Clidk on a bar to select length range

—y
1 5291

5253 protein(s) shown
Legends: ¢ DMNA region in flatfile format < DMA region in FASTA format  Protein in FASTA format

Product Name Start End Surand | Length | Gi GenelD | Locus | Locus_tag | COG(s) Links
thr operon leader peptide 120 273 + 27 15829255 | 913387 |- ECs0001 % *oe
bifunctional aspartokinase thomeserine dehydrogenase | 354 2816 i 820 15829256 (913388 | thrA ECs0002 Eggggggg S
homoserine kinase 2818 3750 + 310 15829257 | 913380 |- ECs0003 | COGOOB3E s
threonine synthase 3751 S037 a 428 15829258 (813383 |- ECs0004 | COGO4S5E *e
hypothetical protein ECs0005 fvein 2847 + 93 15829259 | 913394 | - ECs0005 | - *oe
hypothetical protein ECs0006 5700 BA7E - 258 15829260 | 913335 |- ECs0006 | COG30Z2E L2 2
putative inner membrane transport protein BE45 7976 - 478 15829261 (913388 |- ECs0007 | COG1115E L% 3
transaldolase 8255 9208 A 317 15829262 (913400 |- ECs0008 | - * e
maolybdenurn cofactor biosynthesis protein 9323 9910 + 195 15829263 | 913401 | mogh | ECs0009 | - s
hypothetical protein ECs0010 9945 10511 - 158 15829264 | 913402 |- ECs0010 | COG15843 *oe

ta foundint socen a1 = 1eenanee | @120 lereonin oncs T

> cynk —ad— ‘5‘\' 24
£ =l SGenome

d Nucleotide Protein

‘. Limits | Preview/ndex | History: ‘ Cliphoard | Details ‘

v| show|20 = Sendto x|

All Datab, Genome

Go \ear

Structure 5 Taxonomy

Py
Search | Genome x| for

Display { Pratein Table
i Brief
All: 1 |ASNA
GenBank
xML | f
FLinkOut o jend Length: from |0 ta finf Mlﬂl
Surmarny
Overview
E Protein Table p7:H7 str. Sakai, complete genome
cONAFASTA
Protein FASTA
S ral
< Contig Takle
Gene Links
Genaome Project Li
| Assembly : :
1) Component Links | 5291
= mRMA Links
5 Other genomes
gmlttdL\rr‘]nk:S  ftfile farmat < DNA region in FASTA farmat  Protein in FASTA format

[Frndud Name ‘ Start | End | Strand ‘ Length ‘ Gi ‘ GenelD | Locus | Locus _tag ‘ COG(s) | Links ‘
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All Databa:

Search | Genome

- | for

‘, Lirnits T Presiesy|ncex T

History W Clipboard W

Details |

Display f Struchural BRA Table (=] Show|20 ][ Sendto

[ Brief
Al ASN
GenBank

Genome Project Links

=]

b7:H7 str. Sakai, complete genome

T Iend Length: from |0 to Imf Fefresh Feset

Stucture

4 — —
1 Assembly 2905
= Component Links L
1 mRMNA Links
Other genomes -
L ChIM Links thile format < DMNA region in FASTA format
PC Links -l Start End Strand | Length | GenelD | Locus | Locus_tag | Links
163 ribosormal RMNA 227102 | 220643 + 1642 913977 | msH ECsO366 e o
lle tRIMNA 228712 | 228785 + 7 913984 | ileV ECs6367 & ¢
Ala 1RMA 228831 | 228906 + 76 913988 | alav ECs5368 e o
235 ribosomal RMNA 229080 | 231892 + 2903 913980 | wiH ECs0369 e o
A5 ribosomal RMA 232085 | 232204 + 120 14016 | iH BCsA370 o
Asp tRMNA 232057 | 232333 + w7 914020 | aspU ECsS371 |0
Asp tRMA 240481 | 240557 + 7 314060 | asph ECs6372 e o
: enrt, -
o L aift - i _“_ X3 My NCBI
NCBI @ = =X Ml SGenome i ) Fouisie]
Al Data Fubhied Mucleotide Protein Genome Structure P
Search | Genome ~| for | Go | Clear

T Cliphoard W Details W

Disgllay | Overview

|20 =|[sendto

Al

T

=

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

Limeage: Bacteria ; Protecbactenia ; Gammaprotesbactena ; Enterobacteriales , Enterobacteriaceas ; Escherichia ;| Escherichua coli ; Escherichia colt O157.H7 , Escherichia coli

O157HT str. Saka

Clwomosomes: chromasome
Plasmids: pOSAK ], pO157

Links

Molacule: DNA

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

Refseq: MNC 002695 Genes: 5395 cos Genome Project Fublications: [4]

GenBank: BADDOOOY Protein coding: 5253 3D ure Refseq FTP Refseq Status: Provisional
Length: 5,498,450 nt Structural RMNAs: 141 Taxhlap \ 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 CoD
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Escherichia coli Q157:H7 str Sakai sequence

genus: Escherichia

group: Gepnmaproteebacteria
kingdom: Bacteria

5153 proteins: distribution by COGs

3306 proteimns can be found m COGs data base

ficrobial genomes =

functional categories

Code| COGs | Description qullfence) g?nfme) gfm]i) g/:n]?maproteobacteria) g/:c]?eria)
O| T | 150 | Translation 2.6046 2.5424 27363 3.3678 36565
Ol4 | 1 | BEMA processing and modification 00174 0.016% 00133 0024z 00114
O K| 281 | Transcription 4.8793 4.8814 5.1309 4.8981 4.9477
O|L | 273 | Replication, recombination and repair 47404 5.0508 45116 51961 44255
OB | 0 | Chromatin structure and dynamics 0.0000 0.0000 0.0000 0.0000 0.0044
O|D | 2% | Cell cycle control, mitosis and meiosis 0.5036 0.5085 0.5369 0.6737 0.6910
oYy - HMuclear stracturs - - - - -
OV | 51 | Defense mechanisms 0.8856 0.9068 0.9365 0.9882 1.1522
O|T | 168 | Signal transduction mechanisms 2.9172 2.8729 2.9681 36227 3.4483
O|M| 242 | Cell walllmembrane biogenesis 42021 42203 43072 43054 4.10%4
O | 120 | Cell motility 2.0837 2.1525 2.0835 2.0685 1.3776
O Z| 0 | Cytoskeleton 0.0000 0.0000 0.0000 0.0057 0.0052
olw| 2 | Extracelbilar cructies 103247 (10339 no2id looiag 00071
E$E Intracellular trafficking and secretion 2.5352 27034 25166 2.25861 17173
o|o| 134 i;if::ﬁi;ﬁloi"sdﬁmﬁ°n’ i fain 23268 23305 24251 | 2.8264 26152
O C| 274 | Energy production and conversion 47578 4 6695 5.0485 43095 43745
O|G| 261 | Carbohydrate transport and metabolism 4.5320 4.4831 5.0577 3.5918 34880
O|E | 325 | Amino acid transpott and metabolism 5.6433 5.5169 6.0185 5.9370 5.3060
OF | 77 | Hucleotide transport and metabolism 1.3370 1.3136 14734 14513 16335
O/H | 135 | Coensyme transport and metabolism 23442 22881 24495 26356 26540
O I | 106 | Lipid transport and metabolism 1.8406 1.8051 1.9065 2.3512 2.6600
O P | 220 | Inorganic ion transport and metabolism 3.8201 37966 3.9351 3.6514 3.6268
olQ| 75 f;i;‘lia‘;?zzz;i;:i"symhe"‘is’ 1.3023 12712 14002 | 1.6157 1.7937
O| R | 46% | General function prediction only 8.1438 78322 7.5220 7.8357 8.1934
O3 | 273 | Function unknown 4.7404 4.7034 4.4567 4.7426 4.8112
H| - | 1947 | Notin COGs 33,8080 34.0000 321386 | 31.5744 32,6864
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All: 1

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

Lineage: Bactena ; Protecbactena ; Gammaprotecbacteria ; Enterobacteniales ;| Enterobacteniaceae ; Eschenichia | Eschenchia coli | Escherichial

. Escherichia coli O157.H7T str. Sakat

Chromosomes: chramasome

Pl
I

ids: pOSAK L pO157

Refseq: MC 002695

Genes: 5395

Genome Project

Publications: [4]

GenBank: BAIDOOO?

Protein coding: 5253

30 Structure

Refseg FTP

Refseq Status: Provisional

Length: 5.498.450 nt

Structural RMAs: 141 |

Taxhlap

GenBank FTP |

Seq. Status: Completed |

GC Content: 50%

Pseudo genes: None

TaxPlot

BLAST

Sequencing center: GIRC

% Coding: 85%

Others: 170 |

Genep& |

Tracefssembly |

Completed: 2001/1002

Topology: circular

Molecule: DNA |

Contigs: 1

ailap

N

coD

Other genormes for species |

Organism Group
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Protein homologs in Complete Microbial / Eukaryotic genomes

To compare the stmilanty of the query genome protems to different species choose two orgamsms by Tazonomy i1d or select them from the menu
Select your query genome
[386585  [E. coli O167:H7 str. Sekai =l

Choose two species for comparizson
[83333  |E.calikiz =l

|4532 ISﬁc:harDm ces cerevisiae (baker's yeast) J

coliB171 -
oo Eocoli B7A
Distributi £ i cFro73
.coli E110014
g .coli E22 g
684k E oiEesIniA &
. cali F11
ool HS
.coli K12
. coli 0157:H7
. coli 0157:H7 EDL3
. coli 0157:H7 str. Sakai
. coli UTI84
L colivw3110
-;7E)<|gu0bacter|umf
7. = E. sibiricum 255-15
2% T Fenoplasma—
£ P

m

mmmigimmmmmmmm

= alananc

II20 :I' IF. acidarmanus ferl

¢ —Fervidobacterium—
£F. nodosum R117-B1

500 1500 2500
Saccharomyces cerevisiae {baker’s ye

491 hits
53340 query proteins produced 1209 hits.
Each circle represents a single query genome protein, plotted by its BLAZT scores to the highest scoring protemn from each of the selected organisms.
Symmetrical hits are shown as diamends. Click on the protein{s) of interest or enter a query string to see the homologs in two chosen organisms.

Cutoﬁ"l'\[l ILmearscaIe j comparel
Query.l compare | clear
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To cotmpare the similarity of the query genome proteins to different species choose two organisms by Tazonomy id or 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 EDLS33 =]

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

330 hite 894 equal hits
20000 2
15000 .
Y] L , i
— e
h F . i
-, F L 4
— + ’ 4
Zoom B 10000 :
[ =] ]
u i
5000
0 [ S R I
15000
E. coli 0157:H7 EDL933
2995 hits

5340 query proteins produced 4319 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.

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

333 hits 1037 equal hits
20000 - -
- S 1000 |
15000 - 750 / \
o™ L . | o I
- , - H
x F . g h I
- 3 . 8 - 500
s r ,’ 1 I ! o
Zoom 8 10000 8 ]
|><20 = . ] . 250
W 1 W H \ /
5000 0 fi
] -250 {
Bovml e LT 1 U P I Y IO P
15000 21250 21750 22250 22750
E. coli D157:H7 EDL933 E. coli D157:H7 EDL933

2989 hits
5340 query proteins produced 4359 hits, from which 1 is selected .
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.

Cutoff: |10 | Linear scale >| compare
Query: I compare clear

Blast2Seq Accession Blink Definition

NP 308569 =>  hypothetical protein ECs0542 [Escherichia coli 0157:H7 str. Sakai]
NP 416485 => adhesin [Escherichia coli K12]
NP 286230 =>  putative RTX family exoprotein [Escherichia coli O157:H7 EDL933]
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5340 query proteins produced 4359 hits, from which 1 is selected .

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.

Cutoff: |10 |Linear scale -| compare |

Query: translation compare II 2 |l

/ last2Seq Accession Blink Definition

NP 308569 => hypothetical protein ECs0542 [Escherichia coli O157:H7 str. Sakai]
401 NP_416485 => adhesin [Escherichia coli K12]
22114 NP_286230 => putative RTX family exoprotein [Escherichia coli 0157:H7 EDL933]

Distribution of Escherichia coli 0157:H7 str. Sakai homologs

333 hits 1037 equal hits
20000 | <]
N .
—
. i
. 15000 _
- I
=]
Q
n F ’
Zoom 2 10000
x20 ~| = i
o1}
=
&} L
% so00
| . ¢

Escherichia coli 0157:H7 EDL93:

2989 hits
5340 query proteins produced 4359 hits, from which 51 are selected .
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.

Cutoff: |10 |L'|near scale ~| compare
Query:ltranslation compare | clear

Blast2Seq Accession Blink Definition

NP 308083 => dimethyladenosine transferase [Escherichia coli 0157:H7 str. Sakai]
NP 414593 =>  S-adenosylmethionine-6-N'.N'-adenosyl (fRNA) dimethyltransferase [Escherichia coli K12]
NP 285748 =>  dimethyladenosine transferase [Escherichia coli O157:H7 EDL933]
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Distribution of Escherichia coli 0157:H7 str. Sakai homologs

332 hits 1037 equal hits
20000 2

™ L ]
- -
b3 r - b
- 15000 —
— o , 4
Q L - 4
o L 1/ 4
m L it ]

Zoom £ 10000 d

%20 'l o T
e 4
g ]
G 3 i
2 s000 /7

Bimln L. &

15000
Escherichia coli 0157:H7 EDL93:

2086 hits
5340 query proteins produced 4355 hits, from which 14 are selected .
Each circle represents a single query genome protein, plotted bv its BLAST scores to the highest scoring protein from ea
protein(s) of interest or enter a query string to see the homologs in two chosen organisms.

Cutoff: |10 |Linear scals ~| compare |
Quer}:_ladhy compars |I 2

)I(Seq Accession Blink Definition

NP 308377 ==  putative adhesin [Escherichia coli 0157:H7 str. Sakai]

136 NP 415720 ==  predicted adhesin [Escherichia coli K12]
1799 NP 286038 ==  hvpothetical protein Z0390 [Escherichia coli O157:H7 EDL933]

NP 308389 ==  AidA-I adhesin-like protein [Escherichia coli 0157:H7 str. Sakai]
2660 9IMS3
6869 NP 286049

Uncharacterized protein yuaQQ

|II |II
W |

putative beta-barrel outer membrane protein [Escherichia coli O157H7 EDL933
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Distribution of Escherichia coli 0157:H7 str. Sakai homologs

332 hits 1037 equal hits
T T T 1000
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& o g il MR FEREE FNET FETTE FRTE SRR fh
15000 7500 8000 8500

Escherichia coli 0157:H7 EDL93: Escherichia coli 0157:H7 EDL933

2086 hits
5340 querv proteins produced 4335 hits, from which 1 is selected .
Each circle represents a single query genome protein, plotted by its BLAST scores to the highest scoring protein from each of the selected organisms. S|
protein(s) of interest or enter a query string to see the homologs in two chosen organisms.

Cuto&“:lw |Linearsca|e ~| compare |
Quer}r;|adhesin compare | clearl

Blast2Seq Accession Blink Definition

NP 312507 ==  hypothetical protein ECs4480 [Escherichia coli O157:H7 str. Sakai]
274 9IMS5 ==  Uncharacterized protein vuaQ precursor
7942 NP 190185 ==  putative adhesin [Escherichia coli O157:-H7 EDL933]

Genoime > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete gehome Li

Lmeage: Bactena ; Proteobactena ; Gammaprotecbactena , Enterobacteriales | Enterobacteniaceae , Escherichia , Escherichia coli ; Eschenchia coli ©1157H
: Escherichia coll O157H7 str. Sakai

Chromosomes: chromosome
Flasmids: pOSAK ], p0157

Genonie Info: Features: BLAST homologs: | Links: Review Info:
Refseq: MG 002695 | Genes: 5395 coG Genome Project Publications: [4]
GenBank: BAJOODDY | Protein coding: 5253 | 30 Structure Refzeq FTP Refseq Status: Provisional
Length: 5,498,450 nt | Structural RMAs: 141 | Taxbap GenBank FTP Seq. Status: Completed
GC Content: 50% Pseudo genes: None | TaxPlot BLAST Sequencing center: GIRC
% Coding: 85% Others: 170 GenePlot Corpleted: 2001/10/02
Topology: circular Contigs: 1 ghlap chD
Molecule: DNA

AN

Y
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3 . ot T y't'.:
< NI 2 o = A SGenome

Pratein

Search | Genome - Go | Clear

Pairwise genome comparison of protein homologs (symmetrical best hits)

a1 IY}

Query organism: Escherichia coli O157H7 str. Sakai

Select two organists to compare

[E. coli 016717 sir. Sakai =] versus [E coli 0157:H7 EDL933 =] compare selected pair |

5413 proteins total

el T T T - - - - .
5000 .°° Zootn

. B 2735 - ® ] O =

A 4000 A a0k o E

w w .0

(2 ig o

G 5wt o ]

o S B .a' click on the left picture to recenter

3 3 220 ,0. 1 click on the right picture to zoom and

E Lz ;:i 7isf ,o' i recenter

2 2 a1of 2° ] .

& 1000 a °°o° shaded rectangle from the left picture

27050 @ 1 is shown on the right picture
ot L L L L L1 L L L L L L L L
0 1000 2000 3000 4000 5000 2600 2605 2610 2615 2620 2625 2630 2635
Escherichia coli 0157:H7 str. Sakai Escherichia coli 0157:H7 str. Sakai
N sy FEEEEEEREEETE PR EE e et switch axis J
Total mumber of bets 5341 Save all bets in order on genome
bl2seq  Locus tags Frotem name
® 73024 - ECs2675 hypothetical protein ECs2675 [Eschenchia coli O157HT str. Saleat)
® 73027 - ECs2676 flagellar basal body protein [Escherichia coll O157HT str. Salkai)
Pairwise genome comparison of protein homologs (symmetrical best hits)
Query organism: Eschenichia coli O157HT str. Sakra
Select two orgamsms to compare
[E. coli 0157:17 str. Sakai | wersus [E, coli O157:H7 EDL334 =] compare selected pair J
5423 proteins total —Escherichia— =
E. coli 536
E. coli CFT073

5000 157.H7 EDLG33 Zoom

E. coli
a E. coli D157:H7 str. Sakai 2x -
2 4000 E. cali UTIBS —
° E. coli‘w3110
= —Francisella—
5 @ E :u:arensws SUESP rTlamca - click on the left picture to recenter
= ularensis subsp. tularensis - -
E F.tularensis subsp. tularensis SCHU 54 click on the right picure to zoom and
5 20 —Frankia— recenter
B F.alni ACN14a
2 1000 F.sp. Gol3 shaded rectangle from the left picture

—Fusohacterium—
F. nuclestum subsp. nucleaturn ATCC 25566

is shown on the right picture

s z : : z o) —Geobacillus—
0 1000 2000 3000 4000 5000
Escherichia coll O157:H7 str. Sakai G. kaustophilus HTAAZE =
—(Genhactor—— . .
| 3340 TTTTTTTTTTTITITITITITTTTITITT TTTTTT switch axis J
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Paitwise genome comparison of protein homelogs (symmetrical best hits)

Query organi Escherichia coli 0157.H7 str. Sakai

Select two organisms to compare

| E. coli D157:H7 str. Sakai =l versus | E. coli k12 =l compare selected

4243 proteins total

T
. |
4000 1 el - Foom
2100F ] 2z

~ 3000 1 o 20850 ]
= = ) .
3 3 2090 k. click on the left picture to
= = recenter
jaRing ] oEES click on the right picture t-|
T T
5 5 2080L ]  andrecenter
@ @
I I

1000 1 2075 ¢ 1  shaded rectangle from the

picture is shown on the rig
2070 1 :
. - picture
Co 1 1 1 L L | 1 1 1 L L 1 1 1
[+] 1000 200( 3000 4000 5000 2935 2940 2945 2950 2955 2960 2965 2970 2975
Escherichifl coli 0157:H7 str. Sakai Escherichia coli 0157:H7 str. Sakai
5340 switch axis

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

blZseq  Locus tags Protein name
® 12141 - ECe3033 hypothetical protein ECs3033 [Escherichia coli 0157:H7 str. Sakai]
®  b2142 - ECs3034 putative seritonin transporier [Escherichia coli O157:H7 str. Sakai]
®  h2143 - ECs3035 cytidine dearninase [Escherichia coli O157:H7 str. Sakai]
®  bh2l44 - EC53036 vancomycin sensitivity [Escherichia coli O157:H7 str. Sakai]

| _’r

booo2 g 16127956 ECs0002 g1 1582556 bfunctional aspartokinase I homeserine dehydrogena
booo3 gi|16127957 ECsS0003 gi|15829257 hpmoserine kinase [Escherichia coli 0157:H7 str. sal
booo4 g |16127998 ECs0004 gi|15829258 threonine s¥nthase [Escherichia coli OL57:H7 str. S
hooos gi 16127999 ECS0005 gi|15829259 hfpothetical protein ECS0005 [Escherichia coli ol57
hoooé gi|16128000 ECS0006 gi|15829260 hfppothetical protein eCs0006 [Escherichia coli 0157
booo7 gi|16128001 ECs0007 gi|15829261 pltative inner membrane trans?Drt protein [Escherid
booos gi|16128002 ECS0008 gi|15829262 tfansaldolase [Escherichia coli 0157:H7 str. sakai]
booos gi 16128003 ECs0009 gi|15829263 mplyhdenum cofactor biosynthesis Erotein [Escherich
hoolo gi|16128004 ECS0010 gi|15829264 hfpothetical protein ECS0010 [Escherichia coli ol57
hoo11l gi|16128005 ECS0012 gi|15829265 pprative oxidoreductase [Escherichia <oli 0157:H7 s
hoo12 g | 90111078 ECs0011 g |15829266 E sitive re?u1atar for sigma 32 heat shock promoter
hool3 gi|16128007 ECS0013 gi|l55829267 ﬁuuthet"lca protein ECs0013 [Escherichia coli ol57
boo14 gi|16128008 ECs0014 gi|15829268 mplecular chaperone Dhak [Escherichia coli oLl57:H7
hools gi|16128009 ECS0015 gi|15829269 phal [Escherichia coli ©l57:H7 str. sakai]
hools gi|l6128012 ECSO0LE gqi|15829270 cff [Escherichia <oli 0157:H7 str. sakai]
boo1s gi|16128013 ECs0017 gi|15829271 NR+/H antiporter [Escherichia coli ©157:H7 str. Sak
hoozo gi|16128014 ECS00L18 gi|15829272 tfanscriptional activator of nhaa [Escherichia coli
hoo23 gi 16128017 ECs0026 gi]15829280 3ps ribosomal protein S20 [Escherichia <oli CL57:H7
hooz4 gi|16128018 ECS0027 gi|15829281 hfpothetical protein ECs0027 [Escherichia coli ol57
boozs gi|161258019 ECS0028 gi|15829282 hpotherical protein ECs0028 [Escherichia coli ols57
hooza gi|lel28020 ECS0029 gi|15829283 ifoleucyl-tRNA synthetase [Escherichia coli OLl57:H7
hooz7 gi|16128021 ECS0030 gqi|15829284 sfgnal peptidase II [Escherichia coli O157:H7 str.
boo28 gi|16128022 ECs0031 g |15829285 plhtative FKBx—tﬁpe 16KD peptidyl-prolyl cis-trans
booza gi|16128023 ECS0032 0115829286 4fhydroxy-3-methylbut-2-enyl diphosphate reductase
booso gi|16128024 ECs0033 gi|15829287 h Eothet1ca1 ?rotein ECs0033 [Escherichia coli ol57
hoo31 gi|l6128025 EC50034 gi|158292858 dihydrodipicolinate reductase [Escherichia <oli ols
hoozz gi|16128026 ECS0035 gqi|15829289 cprhamoyl-phosphate synthase small subunit [eEscheri
hO033 1612802 ECS0036 Qil15829290 chrbamov]-phosphate nthase larce subunit [Escheri.

15826257

15825258

15829259

15825260

15825261

15829262

15829263

15825264

15826285

15820266

15820267

15825268

15825269

15826270

15826271

15825272

15829280

15826281

15825282

15825283

15820284

15826285

15825286

15825287

15826283

15825289

15825290

15825291

15825292

15825203

15825294

15826295

15825296

15825297
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National Center for Biotechnology Information

National Library of Medicine National Institutes of Health

ucture

» What does NCBI do?

Established in 1988 as a national resource for  » Assembly Archive
maolecular biology information, NCBI creates

public databases, conducts research in ¥ Clusters of
computational biclagy, develops software toolg 0fthologous groups
for analyzing genome data, and disseminates .

biomedical information - all for the better Coffee Break,
understanding of molecular processes Genes & Disease,
affecting human health and disease. More,. oo Handbook

.‘G@BEH%}V@RE"SEQ. . N ¥ Electronic PCR

Confused about the distinctions between GenBank, ¥ Entrez Home
RefSeq, TPA and UniPro1? Click here for a brief
description of the databases and their differences. | ¥ Entrez Toals

¥ Gene expression
omnibus (GED)

NewPl’OtEII‘I Clusters\ ¥ Human genome

Enirez Protein Clusters dafabase fesources
The new Entrez Protein Clusters database is a collection of ¥ Influenza Virus
Reference Secuence (Ref$ed) proteing, from the complete Resoutce
genomes of prokaryotes, plasmids, and organelies, that hawe
heen grouped and annotated based on sequence similiarty and |y Map igwer
protein function.  Click here to find out more about the Protein
Clusters database
— ¥ dhHG
”TE PubMed Central ¥ touse gename
‘An archive of biomedical and life sciences journals’ reSOUICes
@ Free fulltext
. 5 » My NCBI
@ Over 1,100,000 articles from over 340 joumnals
@ Linked to PubMed and fully searchable
Iy X ¥ ORF finder
Use of PubMed Central requires no registration or fee
Accessit from any computer with an Intamet connection.
» Rat genome

resources

LNV A 1.0 N PR,

s
<> NCBI

Entrez Fubhied

Structure Joumals

Advanced Entrez Tools
Web Tools:
Batch Entrez - Upload a file of Gl or accession numbers to retrieve sequences

Pubhted Batch Matcher - Send citation information to Entrez and retrieve PubMed IDs for linking, citation display, or other applications.

Advanced Entrez Searching - Advanced searching technigques for Web Entrez.
My NCBI - includes automatic e-mailing of search updates and filters for search results
Programming Tools:

E-

s - Run Entrez queries and download data from your own scripts over the Web.
Linking te Entrez - Link to specific Entrez pages from your own web pages or applications

Entrez Client/Server - C language library for embedding Entrez calls into your programs.
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—
<= NCBI

All Databases

Pubhied Nucleotide Frotein k

Browse

Pubhed E

atch HEEETIE |

Use Batch G55
database EST

Structure
Tips : Sor Genome
may not r| Books
splitting s| CancerChromosomes
several th Canserved Domains
necessar dhGaP
FTP site | 3D Domains
‘accessiol Gene

Genome Project
Please no GENSAT
list that vt GEO Profiles

GEOQ DataSets
WHEN retl HomaloGene [ACCeSsionS, You must select the specific component
database pesH ar Gls were saved. For Nucleotide, choose either the
CaoreNuch NeBl Weh Site B selection from the database menu. If you have a mixed
list of NUCEDTOE accessions ar ,vou will need to run the Batch Entrez search three times.

Select the database from the pull-down menu, CoreNucleotide, EST, and GSS separately.

Gls or accession nurnbers from the Mucleotide or Pratel
identifiers from other Entrez databases

can be tens of thousands of lines long and Batch Entrez
e list. Split the list of identifiers into smaller files using a file

per file, left-formatted, and one per line. This may be

e NumBers of genome records. ¥ou can check the NCBI
[ genome records. Also, use Gls rather than

aking lists for batch entrez to fetch.

eck for duplicate identifiers when reporting results from a

In all cases, be certain to select the correct database for uploaded identifiers when using
Batch Entrez, to ensure the expected records. For example, if wou have saved a list of protein
Gls, be sure to select the Protein database

Create a file with a list of Gl or accession numbers and save it locally

Select the database from which the list of accessions or UIDs originated

Use the 'Browse' button to select the filename containing the list of VIDs from your
system directory

Press the Retrieve button and you will see a list of document summaries

Select a format in which to display the data for viewing, andéor saving

Select 'Send to file' to save the file

Batch Entrez

Retrienve

and at the command prompt in UNE or LINUX systems, Put

Structure Ob b PMC Joumals

The following records can't be retrieved:

Id=gi|109552: protem: This record was removed because it was deleted from the PIR sequence database. Please contact pirmal@nbrf georgetown. edu for further details.

The following records may be obsolete:

Td=gi|1095526: This record was removed because it was deleted from the PRF sequence database
Td=pgi|1095526: This record was removed because it was deleted from the PRF sequence database
Td=g|1095526: This record was removed because it was deleted from the PRE sequence database
Td=g|1095527: This record was removed because it was deleted from the PRE sequence database
Id=gi|1085527: This record was removed because it was deleted from the PRF sequence database
Id=gi|1095527: This record was removed because it was deleted from the PRF sequence database
Td=gi|1095527: This record was removed because it was deleted from the PEF sequence database
Td=gi|1095527: This record was removed because it was deleted from the PRF sequence database
Td=g|1095527: This record was removed because it was deleted from the PRE sequence database
Id=gi|1095527: This record was removed because it was deleted from the PRF sequence database
Id=gi|1085527: This record was removed because it was deleted from the PRF sequence database
Id=gi|1095527: This record was removed because it was deleted from the PRF sequence database
Td=gi| 1095528 This record was removed because it was deleted from the PEF sequence database
Td=g|1095528: This record was removed because it was deleted from the PRE sequence database
Td=g|1095530: This record was removed because it was deleted from the PRE sequence database

Recemwed lines: 3803
Eejected lines: 1

Passed to Entrez 3802
Retrieve records for 3802

Please centact isoyama@prL or.jp for further detadls.
Please contact isoyama@prf or jp for further details
Please contact isoyama@prf or jp for further details
Please contact isoyama@prf or jp for further details
Please contact isoyama@prL or jp for further details.
Please contact isoyama@prL or jp for further detals.
Please contact isoyama@prt or jp for further detadls.
Please contact isoyama@prf or jp for further details
Please contact isoyama@prf or jp for further details
Please contact isoyama@prf or jp for farther details.
Please contact isoyama@prL or jp for further details.
Please contact isoyama@prL or jp for further detals.
Please contact isoyama@prt or jp for further detadls.
Please contact isoyama@prf or jp for further details
Please contact isoyama@prf or jp for further details
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AR ce esesse 17 My NCEI

99 ocoo U~ (1) SProtein Sign In] [Reaister]
Fubl e Frotein Genome Stucture FMC Taxonomy Books
= | for Go | Clear

\’ Limits T Preview/ncex T Histal T Cliphoard T Details W
Displayl Summary j Shuwl 20 jl Sort by Relevance jl Sendto j

All: 3775| Bacteria: 3771 T RefSeq N T Related Structures: 2618
Items 1 - 20 of 3775 \ Fage ||1 of 189 Mext

M1 MNP 30802% Reports

bifunctional aspartekinase Thomeserine dehydrogenase I [Escherichia coli Q157H7 str. Sakai)
gi|15825256ref]NP_308029.1|[15825256]

BLink, Conserved Domains, Links

C2: NP 308030 Reports BLink,
homoserine kinase [Escherichia cok O157H7 str. Saka]
2| 15829257 |refNP_3080320.1|[15825257]

, Conserved Domains, Links

3 NP 303031 Reports BILink,

threonine synthase [Escherichia coli O157H7 str. Sakcai]
gi| 15829258)reflNP_308031.1|[15525258]

, Conserved Domains, Links

T 4: NP 303032 Reports BLink, Links

hypothetical pretein ECs0005 [Escherichia coli O157H7 str. Sakai]
gi| 15829255|ref]NP_308032. 1|[15525259]

[C5: NP 308033 Reports BLLink,

hypothetical protein ECs0006 [Eschenichia coli O157H7 str. Sakai]
gi| 15829260)reflNP_308033. 1|[15525260]

, Consered Domains, Links

for full length

C6: NP 302034 Reports BLLink,

putative nner membrane transport protein [Eschenchia coli O157H7 str. Salca]
gi| 15829261 |ref]NP_308034. 1|[15825261]

, Consered Domains, Links

M7 NP 308035 Reports BLink,
transaldolase [Escherichia coll O157H7 str. Salcai]
2| 158253262)ref[NP_308035.1|[15825262]

, Conzered Domains, Links

(o > o3
<3 NCBI **e® “Protein i

All D atal P Nl Protein ome

Search | Protein Hor [#3NOT #5 Preview | Go | Clear

Clighoard | Details |

[ Limits \f Previewindex | History

+ Search History will be lost after eight hours of inactivity.

+ Search numbers may not be conhinuous, all searches are represented.

+ To save search ndefinitely, click query # and select Save m My NCEL

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

Search Most Recent Queries Tine Result

#5 Select 3775 document(s) 16:48:01 3775
#4 Select 3802 document(s) 1647:57 3802
#3 Protein Links for CoreNucleotide (Select 15829254) 164731 5233

Claar History
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r ~ 107
c_s NCB[ l....i..ﬁﬂg‘e .éﬁwa@'....... j},‘nprote'n

All Databases

Publed

Nucleotide

Protein

Search |F'r0tei|1

=l for [#3) 0T (#5)

Ga | Clear | Save Search

[ Limits | Previewindex | History | Clipboard | Details |

j Show |20 jISDrt hyReIevancej'Sendto j

[ All: 1598 | Bacteria: 1509 | RefSeq: 1509 | Related Siructures: 603 %]

Display | Summary

| items 1 - 20 of 1500 |

[C1: NP 308064 Reports
DINA-binding transcriptional activator CaiF [Escherichia coli Q137:HT7 str. Sakai]
gil162139821|ref]NP_308064.2|[162139821]
[02: NP 308071 Reports
putative electron transfer flavoprotein FixA [Escherichia coli O137H7 str. Sakai]
gil162139820(ref]NP_308071.2|[162139820]
a:

NP 308107 Reports

leucine transcriptional activator [Escherichia coli O137:H7 str. Sakai]
gil162139819reffNP_308107 2|[162139819]
[N4: NP 308128 Reports
SecA regulator SecM [Escherichia coli Q157:H7 str. Sakai]
gil162139818refNP_308128 2|[162139818]

-
<3 NCBI

All Databases

1]
l....'.. e

PubMed

G
_/%eo..nn )

Nuclectide

(% :
5 Protein

Genome

Search |Pr0teu1 j for |r#3] NOT (#5) Go | Clear | Save Search
f Limits ‘If Preview/Index T History T Clipboard \I’ Details |
Display ISummary j Show |20 N I |Sort by Accessionj Send to j

[ All: 1598 | Bacteria: 1599 | RefSeq: 1599 | Related Struciures: BUS

®

Items 1 - 20 of 1599
[O1: NP 308028 Reports
thr operon leader peptide [Escherichia coli O157:H7T str. Sakai]
gil15829255ref[NP_308028.1|[15829255]
[02: NP 308046 Reports
hypothetical protein ECs0019 [Escherichia coli O137H7 str. Sakai]
gil15829273|ref[NP_308046.1|[15829273]
[03: NP 308048 Reports
hypothetical protein ECs0021 [Escherichia coli Q137 H7 str. Sakai]
gil15829275/refINP _308048.1|[15820275]

: NP 308049 Reports

putative outer membrane usher protein precursor [Escherichia coli Q157H7 str. Sakai]
gi|15829276|refNP_308049.1|[15829276]
: NP 308050 Reports
putative fimbrial chaperone [Escherichia coli O157H7 str. Sakai]
gi| 15829277 |reffNP_308050.1|[15829277]

: NP 308051 Reports
putative fimbrial protein [Escherichia coli O157-H7 str. Sakai]
gi|15829278|reffNP_308051.1|[15829278]
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Displayl Orverview =1 Showl 20 jl Sendlo =]
Allz 1

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

Lineage: Bacteria ; Protecbacteria ; Gammaproteobacteria ; Enterobacteriales ; Enterobactenaceae ; Escherichia | Escherichia coli . Eschenchia coli O157H7 ; Escherichia coli
O157HT str. Sakai

Chromosoes: chromaosome
Plasmids: pOSAE ], 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 Struciur:V 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

BL. I Ein
- [Hecherichkia (3087)] - [Enterabacieriaceas (47500 - [Enterabacisriales (47500 | - [Gammaprateobact
5253 Escherichic cali O157:H7 str. Sakai proteins: taxonomic distiibution of the homologs
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= m——
] - fGammaprotecbactana (3592)] - [FPrateobarieria (5

06} - [Racteria (3243)] -

[eelluiar orgamisms (1306)]
4243 Escherichia coli K12 protfins: taxonomic distribution of the homologs

Click on a region in the map, 1o see blast results for that region

Cut-OFF [25 Cut-Off+ [10 ===

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

Pk
5253 Escherichida ca

Ii Q157:H7 sir Sakai p

oteins: taxonomic distribution of the homologs

Click ot a resinn in the than tn see hlash reanlts forthat 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 = =3

Cut-Off |95 Cut-Offt: I'I 0

[ Redray | [ETHEEP T PR

Gemne - BLAST alignments against 'nr', @1 - lnk to GenBank record, 3-D - BLAST alignments against 3-D structure dg
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Click on a region in the map, to see blast results for that region

4 a Caut-Off [95 Cut-Off+ [10 20

Gene - BLAST alignments against 'nr'’; gi - link to GenBank record; 3-D - BLAST alignments against 3-D structure database
Virus Eukaryota Eubacteria Lrchaea

100 91(84) 7 24(0) 20(9) 16(0)

Gend [+ 8 score gi score gi score gi score 3-D protein name
15830414V 9632467 (2271) - 16764254 (1475) 110632801 (117) - putative integrase
15E30415V 963246E (504) - 18764255 (261) - - putative excisionase
15830416V 89632463 (549) - - - - hypothetical protein ECs1l62
15830417V 2632470 (€08) - 56414547 (429) - — hypothetical protein ECs1163
15830418 9632471 (1101) - 24111740 (173) - — hypothetical protein ECs116%
15830418 9632472 (S504) - - - - hypothetical protein ECs1165
15830420V 9632473  (375) - 74312220 (341) - - hypothetical protein ECsl1166
15830421 9632474 (516) - - - - hypothetical protein ECs1167
15830422 9633404 (845) - - - - hypothetical protein ECsl1168
15830423 9632475 (1327) 20330752 (111) 16760392 (311) - — hypothetical protein EC=21169
15830424V 20065892 (381) - 42631014 (138) - - C4-type zinc finger protein (TraR family)
15E830425V 9632476 (361) - 118740494 (120) - - hypothetical protein ECs1171
15830426V 2633407 (312) - - - - hypothetical protein ECs1172
15830427V 9633408 (318) - 37526827 (115) - - hypothetical protein ECs1173
15830428V 32170937 (1206) 54637203 (129) 82776669 (1183) - - exonuclease
15830429V 2633410 (1369) - 6759957 (1305) - - recombination protein Bet
158304307V 32170844 (727} - 82776671 (436) - - Gam
15830431V 9633412 (446) - - - - Hil protein
15830432V 9626284 (297) - 56414538 (200) - - regulatory protein cIII
15830433V 2633414 (649) - 67158861 (141) - - Ealo
15E8304934V 2633416 (442) - - - - hypothetical protein EC=s1180
15E30435V 9633417 (449) - 56414533 (110) - - N
15830436 . - - - - - hypothetical protein ECs1182
15830437V 18262807 (277) - - - - hypothetical protein ECs1183
158304938V 2633418 (858) - 103485769 (l68) - - hypothetical protein ECsl1184%
15830439V 23343453 (1149) - 85059205 (577) - - putative cI repressor protein
158304940V 2633420 (373) - 113481548 (185) 15922518 (37) - CRO
15830441V 9633421 (493) = = = = CII

BLAST Protein Structure PubMed Taxonomy

Query: gi|15830414 putative intcgrase [Escherichia coli O157:H7 str. Sakai]
Matching gi: 13360620
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1 NP_0439461 9632467 integrase

9 ZP_007... 75513013 COGD582: Integrase
CACB3519 18152332 putative integrase
ZP_007 75209455 COG0582: Integrase
ps:) £1301986 Int protein [Phage
CZD24081 285803663 putative integrase

1 BAB36436 13362482 putative integrase
CLDS8804 49523586 putative integrase
NP_459869 16764254 putative integrase
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ARO63545 29137984 integrase
LAXE4869 62127166

putative integrase
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110615651

B T T R N

ABF04318

o
o
3

putative integrase

PROTEIN DESCRIPTION

[Bacteriophage 933W]

[Salmonella typhimurium LT2]
[Salmonella enterica subsp.
Gifsy-2 prophage integrase
site-specific recombinase,
phage integrase family protein
vpothetical protein ESA 01608
7 putative phage integrase
predicted defective integrase
Putative lambdoid prophage Qin defective integrase
integrase family protein
hypothetical protein YPN_1560

hypothetical integrase for prophage CP-933V

[Escherichia coli 53638
[Bacteriophage P27]
[Escherichia coli B171]
258-320]
[Escherichia coli
[Escherichia coli
[Phage BP-47%5
[Salmonella typhimurium LT2]

phage EH297

0157:H7 str. Sakai]

enterica serovar Typhi Ty2]

[Salmonella enterica subsp. enterica serovar Choleraesuis str.
phage integrase family [Escherichia coli E24377A)

[Escherichia coli B]

[Enterobacter sakazakii ATCC BAA-894]

[Yersinia enterocolitica subsp. enterocolitica 8081]
[Escherichia coli W3110]

5C-B67]

[Serratia proteamaculans 568]

[Yersinia pestis Nepal51é]

[Shigella sonmei 53046]

[Yersinia pestis biovar Orientalis scr. IF275]
[Photobacterium profundum 559]

[Shigella flexneri 5 str. 8401)
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PubMed

Query: gi|15830414 putative integrase [Escherichia coli O157:HT str. Sakai]
Matching gi: 13360620

COGO382 assigned by Cognitor (4 best hits)
Show identical | All hits | Common Tree | Taxonomy Report | 3D structures CDD-Search | Gllist Run BLAST

200 BLAST hits to 145 unique species Sort by taxonomy proximity
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COGs

Phylogenetic classification of preteins enceded in complete genomes

Clusters of Or‘thologous Groups of proteins (COGs) were delineated by comparing protein sequences encoded in complete genomes, representing majol
Each COG consists of individual proteins or groups of paralogs from at least 3 lineages and thus corresponds to an ancient conserved domain.
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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 conserved domain

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

MNucigic Acids Res 2001 Jan 1; 28(1):22-28.
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Name

Archasoglobus flsidus
Halobacterium sp. NRC-1
Mefhanacoceus jamaschii
Methamobacterivm
thermoautotrophicum
Thermoplasma acidophilum
Thermoplasma voleayium
Pyrococcus horikoshil
FPrrococcus abypssi
Azropyprum peruix
Saccharompees cerevisiae
Aquifer aeclicus
Thermotoga marifima
Deinococcus radicdurans
Iycobacterium fuberculosis
Iyoobacterium lepras
Lacfococcus lacfis
Strepfococcus progenes
EBacillus subfilis
EBacillus halodurans
Synechocystis
Escherichia coli K12
Escherichia coli 0157
Buchnera sp. AFS

Dravidamanas asw imiveea

Proteins
in COGs
2420 1872
2605 1701
1786 1330
1873 1388
1482 1230
1459 1243
1800 1378
1768 1456
1841 1178
5955 2290
15360 1329
1838 1527
3187 2226
3927 2383
1605 1134
2267 1618
1697 1211
4118 2870
4066 ZETE
3167 2139
4275 3414
5315 3662
575 568
S%67  A20%

COGnitor
Text search: I

Principal component analysis of genomes

List of COGs
Distribution
Co-occurrences

Phylogenetic patterns

Phylogenetic patterns search

Functional categories
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Pathways and
functional systems

FTP

Differences in closely related genomes
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T sp1

Mesarhizobium loti vs. Caulobacter crescentus
Lactococcus lactis vs. Strepiococcus pyogenas
Thermoplasma acidophilium vs. Thermoplasma volcanium
Haemophilus influenzae vs. Pasteurella multocida
Methanacoccus jannaschii vs. Methanabacterium thermoautotrophicum
Mycobacterium tubsrculosis vs. Mycobacjfrium leprae
Neisseria meningitidis MU 38 vs. Neissgfia meningitidis 22491

Pyracaceus harikoshii va. Pyglbeoccus abyss

Sacillus subtilfis vs

Escherichia coli vs. Buchnera sp. APS

cillus halodurans

Helicobacter pyiori 26605 vs. Helicobacter pyviori J90U
Chiamydia trachomatis va. Chiamydia preumaniae
Mycoplasmas vs. Ureaplasma urealyticum

Traponema pailidum vs. Borrelia burgdorferi
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Hecherichia cali k12 ]
Escherichia coll 0157 - |
Buchwera gp. AFS —_

Function @
TRL 101
I 1
K IE
L e
DOMNET 185
D e
o 2
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N 4

Ln
i
o
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=

Information storage and processing

—_
o

Translation, ribesomal structure and biogenesis

Transcription

= L_h
1]zl

DINA replication, recombination and repatt

=
L)
[

Cellular processes

Cell division and chromosome partitioning

Postiranslational medification, protem turncver, chaperones

[3=] ) — |
SRS

Cell envelope biogenesis, outer membrane

.

Cell motility and secretion
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Tk

TraL
TreF
TUreH
FhaB
Fhat
Fa:l
thin
chin

Hem3
Fagk
TezE

Texz
Sact
a1

Trad
TUreB
Tred

[E]
[E]
[E]
[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]
]
[al
[E]
[E]
[E]
[F]
[E]
[E]
[E]
[E]
[E]
[E]
[E]
[E]
[2]

COGIsel
COGE932
COG3 609
COG3617
COGITZE
COGF3440
COGIFEE
COG3335
COG3436
CoGi002
COG2371
COG0830
COGOSE9
COG3210
COGZ531
COGIEES
COGl122
COG0619
COG3546
COG3720
COG3721
COG3Ta3
COGId56
COG2310
COG1621
COGls19
COG3ITa3
COG0504
COGOS32
COGO531
COG1535
COGZ274
COG3435
COG1205
COG3740
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

Uresse 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-glucuronosvltransferase

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 DMNA-binding proteins with PD1-like DNi-binding motif

Predicted hydrolase of the alpha/beta superfamily

Predicted metal-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.
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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? Return to the NCBI homepage and select “Clusters of
Orthologous Groups (COGs)” from the Hot Spots list on the right. Follow the link
to the “Initial Version” of the COG database, then 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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