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 projects information,
summary of its biology, and quick links to access 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 TaxPIlot 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 closer 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
0157: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/microbialgenome.html




Problem 1

Access the Microbial Genomes Page
(http://www.ncbi.nlm.nih.gov/genomes/Iproks.cqgi). 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?

Go back to the Complete genomes Page. Select “All Organisms” in the
“Organism Group” pull down menu . From the resulting list, select the organism
Escherichia coli O157:H7 str. Sakai. How many strains of Escherichia coli have
been completely sequenced? 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.

From the resulting table, access the entry NC_002695 in the Nucleotide
database. Access the Protein link. How many protein coding genes have been
annotated on the genome? Go back to the Genomes Page. 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 RNA table through the Structural RNA link. How many genes
encoding arginine tRNA are annotated on the Sakai strain?

Return to Genome page. Click on the gene link for thrA in the genome map
located at the bottom of the page to access the Gene database. What conserved
domains are found in the protein? What is the pathway in which it is involved?

Go back to the Genome page. 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 page. Click on the Tax Plot link. Tax Plot allows a three-
way comparison of three different proteomes, including proteins encoded on all
chromosomes and plasmids To study proteins specific to pathogenic 0157
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 page.



Access 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 Batch Entrez
http://www.ncbi.nlm.nih.gov/entrez/batchentrez.cqgi?db=Protein to download all
the proteins in Entrez. 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 page. Access the TaxMap link. It reports the taxonomic
distribution of the top BLAST hits for each of the protein in the entire proteome of
the Sakai strain by comparing to the non-redundant database (excluding closely
related species) by BLAST similarity. Compare the map to that of K12
http://www.ncbi.nlm.nih.gov/sutils/taxik.cgi?qi=115 . What do you conclude?
Identify different phages inserted in the Sakai strain genome. Select one region
that is more similar to Viruses. Select the link for integrase (gi 15800926). 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?
Select the COGO0582 link at the top to access the tabular format of the proteins
assigned to that COG. Access the Initial Version of the COG database by
clicking on the link on the left. Access the Phylogenetic Patten link. What is the
major functional category that is ubiquitously present? Go back to COG home
page. Select the Phylogenetic Patterns search. Access the pre-calculated
comparison between Escherichia coli and Buchnera sp. APS. Obtain a list of
COGs that contain proteins only from O157 strain and not from K12 or Buchnera.
What is the major type of proteins in this list?
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» What does NCBI do?

Established in 1988 as a national resource for
molecular biology information, NCEl creates
public databases, conducts research in
computational biclogy, develops software
tools for analzing genome data, and
disseminates biomedical information - all for
the better understanding of maolecular
processes affecting human health and
disease. Mare. .

The HCEI Whole Genome Association (\WIGA) resource
provides researchers with access to genotype and
associated phenotype information that will help
elucidate the link between genes and disease. For
maore information, click here to see the the WGA
resource page and click here to read the press
release.

100 Gigabases

GenBank and its collaborating databases, the
Eurcpean Molecular Fiology Laboratory and
the DHA Data Bank of Japan, have reached a
milestone of 100 billion bases from over
165,000 organisms. See the press release or find

more information on GenBank.
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» Genomic Biclogy

MCEl provides several genomic biology tools and
resources, including organism-specific pages that
include links to many web sites and databases
relevant to that species. Ve invite you to explore the
links provided on this page.
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& Sanger (Genome sequencing:
* U Wisc Hscherichia call K12 at Unv. Wisconsin [Complete]
¥ Escherichia cali Q157:H7 st Setfei (Project ID: 226) at GIRC [Complete]
Hscherichia call £2345/69 at Sanger Institute [In progress]
® ASAP Escherickia coli 8171 at TIGE. [Assembly]
® BIGS Escherickia coli 33638 at TIGR. [Assembly]
® BRS Escherickia coli {08-1 at TIGE. [Assembly]
¢ CGEC Bscharickia coli 336 at University of Goettingen [Complete]
& Caolibri Bscherickia coli W3110 at Wara Institute of Science and Technelogy [Complete]
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Genome information:

Hame RefSeq GenBank Publications Length (Mbp) GC content Proteins RHAS 3D Struct TaxMap COD COG
Chromosome MC_OCmsos BAQOOOOT 4 5.40845 50.5% 5254 141 v v v v
Plasmid pO157 MNC_002428 ABO11549 1 0.092721 47.6% =2 £
Plasmid pOSakl  NC DD2A? ABO11548 1 0.003306 43.4% 2 £
Publications:

+ Hayvashi T of al, "Complete genome sequence of enterchemorrhagic Escherichia coli O157H7 and genomic comparison with a laboratory strain -12.",
DNA Res, 2001 Feb 28;8(1):11-22

» Escherichia coli O157:H7 str. Sakai t

Escherichia cofi. Thiz organism was named for its discoverer, Theodore Escherich, and is one of the premier model organisms used in the study of bacterial
genetics, physiology, and bischermistry.

This enteric organism is typically present in the lower mntestine of humans, where it is the dominant facultative anaerobe present, but it is only one minor constituent
of the complete mtestnal microflora. &, codi, 13 capable of causmg various diseases m its host, especially when they acquire wirulence trats. Strans of &, coli can
cause unnary tract infections, neonatal meningitis, and many different intestinal diseases, usually by attaching to the host cell and mtroducing toxns that disrupt
normal cellular processes. Vinulence proteins may be encoded on estrachromosomal plasmids or within bacteriophages and distinct DIA segments termed
pathogenicity islands (PATs). PATs are likely to have been transferred horizontally and may even have integrated into the chromosome through bacteriophage or
plasmid integration or transposition.

Escherichia cofi O157T:H7. This strain 13 associated with Hamburger disease, which is caused by the contamination of meat products by enterohemorrhagic B.
cafi (EHEC). The identifier O157:H7 refers to the serotype of EHEC, and reflects the specific antigenic marlcers found on the surface of the cell EHEC attaches

and effaces to cells m the large intestine.

There are numerous diferences that distinguish O157H7 from E-12, hundreds of them associated with genomic islands m either stram, mcludng at least 9 large
PATs in O157H7 that encode virulence factors. & type I secretion system, the locus of enterocyte effacement, numerous toxins and adhesins, as well as fimbrial
gene clusters and iron uptalee systems are found in these PATs. Pathogenicity genes are also found on the plasmid p 0157,

Escherichia cali O157:H7 strain Sakai This strain of O157H7 was isolated n a 1957 outbreak mn Sakai, Japan

Gellular features Environment Temperature
Gram stain | Shape | Arrangement | Endospores ‘ Motility | Salinity | Oxygen Req. | Hahitat Opt. temp. | Range
- | Rod | Singles, Pairs | Yes | Facultative | Host-associated arc | Mesophilic
Pathogenic in: Human Disease: Hemaorrhagic colitis
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Displayl Owerview j Showl 20 jl Sendto j
| All: 1
Genome > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete genome Links

Limeage: Bactena , Protecbactena ; Gammaprotecbactena ; Enterobactenales ; Enterobactenaceae ; Eschenichua ; Eschenchua col , Eschenchia cob O157H7
Escherichia coli O157H7 str. Salkal

Chromesomes: chromosome

Plasmids: pOSAE L, p 0157

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

Refseq: NC O02B95 || Genes: 5395 CoG Genarne Praject Fublications: [4]

GenBank: B 007 | Protein coding: 5253 | 3D Structure Refseq FTP Refseq Status: Provisional
Length 5,493,d50\ Structural RMAs: 141 | TaxMap GenBank FTFP Seq Status: Completed
GC Content: 50% Pseudo genes: Nene | TaxPlat BLAST Sequencing center: GIRC
% Coding: 85% COthers: 170 GenePlot Completed: 2001/10/02
Topology: circular Contigs: 1 ghdap coD

Malecule: DNA
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ome Structure PhiC
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Sign In] [Reqister]

& Protein el Ol hd

Search | Mucleotide - | for Go | Clear
Limnits Presdemindex Hi‘StDW CI\phDard Details

1splay enoan - ow - en [} . 10e equence esget featutes
Display | GenBank Show | § Send Hide: ¥ & ¥ Lasserf

Range: from Ibegin ta Iend I Reverse complemented strand  Features:  + | Fefresh

This record may be shown in a reduced form. Use Hide' checkbeoxes for control.
71 MC 002695 Reports Eschenichia coli . [gr15829254)

Comment Features b Gene

F Genome Project
LOCTS NC_00zZ6395 5498450 bp DNL circular BCT 23-MAY-2006 F Full text in PMC
DEFINITION Escherichia coli O157:H7 str. Sakal, complete genome. F GEO Profiles
ACCESSION NC_00z625 F Protein
VERS TON NC_002695.1 GI:15829254 b PubMed
PROJECT GenoweProject:226 F Taxonomy
EETWORDS b Linkout
JOURCE Escherichia coli 0O157:H7 str. 3Jakai

ORGANISN Escherichis coli Q157:H7 str. Sakai
Bacteria; Protechacteria; Gammaproteochacteria; Enterobacteriales;
Enterchacteriaceae; Escherichia.

REFERENCE 1 (sites)

AUTHORS Hayashi, T., Makino,K., Ohnishi,M., Eurokawa,K., Ishii,K.,
FTokoyama, K., Han,C.-G., Ohtszubo,E., Nakayama,K., Murata,T.,
Tanaka,M., Tobe,T., Iida,T., Takamwi,H., Honda,T., 3asakawa,C.,
Ogesawara,N., Yasunaga,T., EKuhara,3., Shiba,T., Hattori,M. and
Shinagawa, H.

TITLE Complete genome secquence of enterohemorrhagic Escherichia coli
2157 :H7 and genomic comparison with a laboratory strain E-12

JOURNAL DNA Re=. 8 (1), 11-22 (2001}

es

Protein

by
L

P

Limits TPrewew!lndex THistury TCHpboard TDetaiIs ]
t Entrez Display | Summary ~|8how|20 ~|SonbyRelsvance x| Sendto x|

All: 5T T Bactena, monn | Reiseq oeod | Related Structures: 2886
Items 1 - 20 of 5253 Fage | 1 of 263 Mext

M1 NP 2028028 Reports Links
thr operon leader pephide [Eschenchia coli O157.HY str. Salcan]
gi|15829255|refITP_308028.1|[15829255]

[[2: NP 308029 Reparts BLink, Consered Domains, Links
bifinctional aspartokinase Thomeserine dehydrogenase I [Escherichia celi O157H7 str. Sakai)
gi|15829256|refTP_308028.1|[1582%256]

™ 3: 1P 308030 Reports BLink, Consered Damains, Links
homosenne kinase [Escherichia coli O157.H7 str. Sakai]
gi|15829257|refITP_308030.1|[15829257]

M4: MNP 308031 Reports BLink, Conserved Damaing, Links
threomine synthase [Escherichia coli O157H7Y str. Sakai)
gi|15829258|refITP_308031.1|[1582%258]

M5 TP 308032 Repnrts BLink, Links
hypothetical protein ECs0005 [Escherichia coli Q157 H7 str. Salai)
2115828209 ref] NP _308032.1|[1582925%]

11



Search | Genome

| Lmits | Previewsindex "|' History | Cliphoard | Detais |
D1sp1ay|0ver\f|ew jShowIZD jl Sendto j

a1 %

Genome > Bacteria > Escherichia coli 0157:H7 EDL933, complete genome

Lineage: Bacteria ; Proteobacteria ; Gatnmaproteobacteria ; Enterobacteriales | Enterobacteriaceae | Escherichia ; Escherichia coli ; Escherichia coli
ED193=

Cloomosomes: chromasame
Flasmids: ¢ 0157

Genome Info: Features: BLasT Links: Review Info:
homologs:

Refseg: MC 002655 | Genes: 5453 coG Genome Project Publications: [1]
GenBank: Protein coding: . i
AEO05174 5304 30 Structure Refseq FTF Refseq Status: Provisional
II_:ngth: 9.548.447 1S;r8 al RhlAs: Taxhla GenBank FTP Seq. Status: Completed
GO Content-60% | oRudo:0eNge: TaxPlot BLAST acquenengeenter

None e e Wisconsin
% Coding: 87% Others: 328 GenePlat Completed: 2001/09/27
Topology: circular | Contigs: 1 |gMag coD
Malecule: DNA

= LI | AT S
<2 NCBI ,,m‘“ i ~Genome

Al Data Pubhed d 2 Structure

Searchl Genome = for || Clear

Ly T T , T TCIlprard TDeta\Is 1
Dis; layl Protein Tahle j Shoj | 20 jl Sendto j

Lz
Pasition: from [begin to Iend Length: frorm |0 to [inf Refrash Feset

Escherichia coli 0157:H7 str. Sakai, complete genome

Length histogram.
Cligk on a bar to select length range

‘ I ) ) ) ) .

m—
1 5291

5253 protemn(s) shown
Legends: ¢ DNA region in flatfile format < DNA region in FASTA format 4 Protein in FASTA format

Product Name Start End Strand | Length | Gi GenelD |Locus | Locus_tag | COG(s) Links
thr operon leader peptide 190 273 + 27 15829255 | 9133687 |- ECs0001 & o
bifunctional aspartokinase lfhomeserine dehydrogenase | 354 2816 + 820 15829256 | 9133688 | thrd ECs0002 gggggg?g LR 3
homaoserine kinase 2818 3rs0 + 310 15828257 | 913380 |- EC=0003 COGO0g3E SOe
threonine synthase 3ral 5037 + 428 15829258 | 913393 |- EC=0004 COGDAZBE EX
hypothetical protein ECs0005 8251 2547 + 98 15829269 | 913324 |- ECs0005 | - EXE
hypothetical protein EC50006 5700 B476 - 258 15829260 | 913328 |- ECs0008 | COG30225 *oe
putative inner rembrane transport protein B546 7976 o 478 15829261 | 913398 |- ECs0007 COGI115E EXE
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nlend Length: fror |0 to |int Refresh Feset

‘521

= mRNA Links

5 Other genomes
ObdlM Links
PMC Links

- (tfile farmat <> DMA region in FASTA format # Protein in FASTA format

Product Name

‘ Start | End

| Strand ‘ Length ‘ Gi ‘ GenelD | Locus | Locus_tag ‘ COG(s)

|Links ‘

Search | Genome

b fc-rl Go | Claar |

_}\'l'}
sGenome

Genome Structure

Limits_| Previewdndex_| History | Cliphoard | Details |

) }pmytsnucturm BMA Table |
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Al 1 |ASMA
GenBank
£ XML
LinkQut

Gene Links
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i |end Length: from ID

Refresh | Reset |

to |inf

b7:H7 str. Sakai, complete genome

Genorme Praoject Links

_ Assembly — —

1 Component Links — 2905

= mRMaA Links

1 Other genomes
OMIM Links -

I:PMCLinkS - ftfile format < DA, region in FASTA, format
Product Name Start End Strand | Length | GenelD | Locus | Locus_tag | Links
165 ribosomal RMA, 227102 | 228643 + 1542 913977 | rrsH ECs5366 | ¢ ¢
lle tRIA 228712 | 228788 + 77 913984 | ilev ECs5367 |¢ ¢
Ala tRMNA 228831 || 228906 + 76 913988 | alav ECs5368 e ¢
235 tibosoral RRA 220080 | 231992 + 2903 913990 | rH ECs5369 |¢¢
55 ribosormal RMA 232085 || 232204 + 120 914016 | nfH ECs5370 | e ¢
Asp tRMNA 230257 | 232333 + 77 914020 | aspU ECs5371 |¢ ¢
Asp tRMNA 240481 || 240557 + v 914060 | aspy ECs5372 |e ¢
Thr tRRA ‘ 2099982 ‘ 300057 + 76 914369 ‘ thrvy ‘ ECs5373 ‘ ®¢
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Genome > Bacteria > Escherichia coli 0157:H7 str. Sakai, complete genome

Lineage: Bacteria ; Proteobacteria ; Gammaproteobacteria ; Enterobactenales ; Enterobacteriaceae | Escherichia | Escherichia coli | Esche

. Ezcherichia coli O157:H7 str. Salca

Clhromosomes: chromosame

Plasmids: pOZAK 1, pO157

Genome Info: Features: BLAST homologs: | Links: Review Info:
Refseq: NC 002695 | Genes: 5395 CoG Genome Project Publications: [4]

GenBank: BAJDODOY

Pratein coding: 5253

30 Structure

Refseg FTP

Refseq Status: Provisional

Molecule: DNA

Length: 5,498,450 nt | Structural RNAs: 141 | Taxbdap GenBank FTP Sey. Status: Completed
GC Content: 50% Pseudo genes: None | TaxPlot BLAST Sequencing center: GIRC
% Coding: 85% Others: 170 GeneFlot Completed: 2001/10/02
Topology: circular Contigs: 1 ghdap DD

Gene Classification based on COG functional categories

Search gene, GenelD or Iocus_tag:l Find Gene

‘ Zoom .
1nt Y 2,910
> ECs0003 ECs0004 [ 2
mogA
thré ECs0006 ECs0007
Genome Info: Features: BLAST homologs: | Links: Review Info:
Refseq: NC 002695 | Genes: 5395 CoG Genorne Project Publications: [4]

GenBank: BAIDOOOY

Protein coding: 5253

30 Structure

Refseg FTP

Refseq Status: Provisional

Molecule: DNA

Length: 5,498,450 nt | Structural RNAs: 141 | TaxMap GenBank FTF Seq.Status: Completed
GC Content: 50% Pseudo genes: None | TaxPlat BLAST Seguencing center: GIRC
% Coding: 85% Others: 170 GeneFlot Completed: 2001/10/02
Topology: circular Contigs: 1 ahap DD

Gene Classification based on COG functional categories

Search gene, GenelD or Incus_tag:l Find Gene

L | Zoom p
10t 9910

> EC=0003 ECe0004 »
mogA

thré

EC=0007

EC=0006
bifunctional aspartokinase /homeserine dehvdrogen...

Click here for 2 .Gf.'?fe_:.hﬁ..._ P e e e e« e e o —-d110 @CiE) of selected region
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| Limits | Previewindex | History | Clipboard | Details |
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Genes Genames: 1 | SHP Gene'iew: 0

Displayl Full Feport

All: 1 | Current Gnly: 1

[T 1: thrA bifunctional aspartokinase llhomeserine dehydrogenase | [ Escherichia coli

D757 H7 str. Sakal]
GenelD: 913388

- forl . Go | Clear |

updated 07-Jul-2006 ¥ Table Of Contents

f} Entrez Gene Home

Summary

thra
ECs0002

Gene name
Locus tag
Gene type protein coding

RefSeq status ‘Validated

t 2

summary
Genomic regions,
transcripts...
Genomic context
Bibliography
General gene
infarmation
General protein
information

Organism Escherichia coll Q157:H7 str. Sakai (strain: Sakai, substrain: RIMD Reference Sequences
0509952, serovar: 0157.H7} Related Sequences
Lineage Bacteria; Proteobacteria; Gammaproteobacteria; ¥ Links Explain
Enterobacteriales, Enterobacteriaceas; Escherichia Conserved Domains
Genome
Mucleotide
Genomic regions, transcripts, and products t 2 Full text in PMC
Protein
; PubMed
Go to reference segquence details Taxonamy
KEGG
HC_002695.1 .
Lasih e Linkout
50 3
I HP_305023 bifunctional uspartoks.. P Entrez Gene Info
B - coding pesion ’ Feedback
P Subscriptions
General protein information t 2
Names
bifunctional aspartokinase Ihomeserine dehydrogenase [
NP_308029.1
COG classification
multifunctional homotetrameric enzyme that catalyzes the phosphorylation of
aspartate to form aspartyl-4-phosphate as well as conversion of aspartate
semialdehyde to homoserine; functions in a number of amino acid biosynthetic
pathways
NCBI Reference Sequences (RefSeq) t 2

mRNA and Protein(s)

1. NP_308029.1 bifunctional aspartokinase Ifhomeserine dehydrogenase I
[Escherichia coli 0157:H7 str. Sakai]
Conserved Domains (5) summary

COGO460
Location:479-820
Elast Score:786

Thra; Heme
metabolism]

ine dehydrogenase [Amino acid transport and

COG0527
Location:1-460
Blast Score:1237

LysC; Aspartokinases [Amino acid transport and metabalism]

pfam00696 Ad_kinaze; Amino acid kinase family
Location:1-284
Blast Score:326
pfam007 42 Homoserine_dh; Homoserine dehydrogenase
Location:614-811
Elast Score:528
pfam03447 MAD_binding_32; Homoserine dehydrogenase, MAD binding domain
Location:479-612
Blast Score:363
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~ 465 -
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Query sequence: [gi| 15829256 ref|NP_308029.1]]
bifunctional aspartokinase I/homeserine dehydrogenase I [Escherichia coli 0157:H7 str, Sakai]
@ Concise Result € Full Result [ Show Search Information
1 125 250 375 s00 625 750 s20

Descriptions

Title

1]

Hpfarn007 42, Homoserine_dh, Homoserine debydrogenase..
Hpfarn03447, NAD_binding_3, Homoserine dehydrogenase, NAD binding domain. This domain a...
Hpfam00B36, AA_Kinase, Amino acid kinase family. This family includes kinases that pho...
HCOGOA2T, LysC, Aspartokinases [Amino acid transport and metabolism].

HCOGO460, ThA, Homoserine dehydrogenase [Amino acid transport and metabolism]

Honoserine_dh

Pssmid Multi-Dom E-value
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Ma
fes
fes
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1e-30
3e-136
Be-34

Search for similar domain architectures |

NCBI
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965 =

Entrez |
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Structure

Protein

C0G0460.2

ThrA

Homoserine dehydrogenase [Amino acid transport and metabolism]
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[AII: 1

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

Lineage: Bacteria , Protecbactena | Gammaprotechactenia ; Enterobacteriales ; Enterobactenaceae | Eschenchia | Escherichia coli ; Eschenichia co
; Eschenichia colt O157.HY str. Saka

Clromosomes: chromosams
Fl ids: pOSAK L, pO157

Genome Info: Features: BLAST homologs: | Links: Review Info:
Refseq: MC 002695 | Genes: 5395 coG Genome Project Publications: [4]
GenBank: BADOOOOY | Protein coding: 5253 | 3D M\ Refseq FTP Refseq Status: Provisional
Length: 5,498,450 nt | Structural RMAs: 141 | TaxMap ‘GenElank FTP Seq.Status: Completed
GC Content: 50% Pseudo genes: None | TaxPlot BLAST Seguencing center: GIRC
% Coding: 85% Others: 170 GenePlot Completed: 2001/10/02
Topology: circular Contigs: 1 ghdap coD
Maolecule: DNA
Gene Classification based on COG functional categories Search gene, GenelD or Iocus_tag:lthrC— Find Gene |
Escherichia coli Q157:H7 sir Sakai sequence Mficrobial genomes =
genus: Escherichia
greup: Gepnmaproteebacteria

kingdom: Bacteria

5253 proteins: distribution by COGs functional categories

3306 protemns can be found in C O Gs data base
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Code| COGs| Descrption S:Dqll?ence) gﬁnglme) gfmi) g/:nu];naproteobactena) g/:c?ena)
O T | 150 | Translation 26046 25424 27363 33678 36565
Ol4 | 1 | BEMNA processing and modification 00174 0016% 00183 00242 00114
O/ K | 281 | Transcription 4 8793 4 8814 51309 4 8981 4.9477
O|L | 273 | Replication, recombination and repair 47404 50508 45116 51961 442585
OB | 0 | Chromatin structure and dynarmics 0.0000 0.0000 0.0000 0.0000 0.0044
OD | 2% | Cell cycle control, mitosis and meiosis 05036 05085 05365 0E737 06910
oyYy| - Nuclear structure - - - - -
OV | 21 | Defense mechanisms 08856 09068 0.9365 0.9882 1.1522
O|T | 168 | Signal transduction mechanisms 29172 28729 2.9681 36227 34483
O 242 | Cell wall'membrane biogenesis 42021 42203 4.3072 4.3054 4.10%4
O | 120 | Cell motility 20837 21525 2.0835 2.0685 1.3776
OZ| 0 | Cytoskeleton 0.0000 0.0000 0.0000 0.0057 0.0052
OW | 2 | Extracelular structures 00347 00339 0.0214 0.0108 0.0071
\Dk 146 | Intracellular trafficking and secretion 25352 27034 2.5166 2.25861 17173
00| 134 tﬁ;if::sii;fof;djﬁm°n’ protein 23268 23305 24251 | 28264 26152
O|C | 274 | Energy production and conversion 47578 4 6655 5.0485 4.3055 4.3745
OF | 261 | Carbohydrate transport and metabolism 45320 445831 20577 35918 34880
OE | 225 | Amino and transport and metabolism 36433 35169 60185 3.9370 3.9060
O|F | 77 | MNucleotide transport and metabolism 13370 13136 1.4734 14513 1.6335
O|H | 135 | Coenzyme transport and metabolism 2.3442 22881 2.4495 2.6556 2.6540
O I | 106 | Lipid transport and metabolism 1.8406 1.8051 1.9065 23512 2.6600
O F | 220 | Inorganic ion transport and metabolism 38201 37966 39331 36514 36268
olQ| 35 f;i;iim;dmzzzsgﬁnbwsy“ﬂlESis’ 13023 12712 14002 | 16157 1.7937
O E | 46% | General finction prediction only 21438 79322 TH220 7837 2.1934
O3 | 273 | Function unknown 47404 47034 4.4567 47426 4.8112
E| - | 1547 | Mot in COGs 33,8080 34,0000 32.13%6 | 31.5744 32,6864
Escherichia coli O157:H7 str. Sakai
Intracellular wrafficking and secretion genes:
Laocation strand Length|  PID Locus LocusTag COG Product
19298 21748 - 216 (15829276 - ECs0022 COG31EENTT  putative outer membrane usher protein precursor
21761..22444 - 227 15828277 - |ECs0023 COG3121NU | putative fimbnal chaperone
2249423027 - 177 (15829278 - | ECs0024 COG3539MNTT  putative fimbrial protein
29618..30112 4 164 (15829284  lspd ECs0030 | COGUSY7MU  signal peptidase IT
112884..115589 + | 801 (15828356 - |ECs0102 COGO653U translocase
115011..120213 - 400 15828364 | - |ECs0110 COGI458NT  HefC
120203..121588 - 461 15828365 - |ECs0111 | COG2804NT  HeofB
121598122038 - 146 158293660 - EC:0112 COGAREITT  prelipmn peptidase dependent protein
156679157239 - 186 (15829396 - | ECs0142 COG3539NT  putative fimbrial protein
157241..159841 - B66 15829357 -  ECs0143 COG3183NU | putative outer membrane porin protein
155883.. 160608 - 241 15828398 - |ECs0144 COG3121NU | putative pilin chaperone
160695..161291 - 198 (15829383 - ECs0145 |COG3539NT | putative fimbnial-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

Pratein coding: 5253

30 Structure

Refseg FTR Refseq Status: Provisional

Length: 5,498,450 nt

Structural RMAs: 141

Taxhap

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 j]u]

Molecule: DNA

Protein homologs in Complete Microbial / Eukaryotic genomes

To compare the stnilanty of the query genome proteins to different species choose two organisms by Tazonomy 1d or select them from the men

Zelect your query genome

|386585 | E. coli O157:H7 str. Saka a
Choose two species for comparizon
|8239 ICaenorhabditis elegans j
|4932 I Saccharormyces cerevisiae (baker's yeast) j
Distribution of E. coli 0157:H7 str. Sakai homologs
6971 hits 21 equal hits
F L B o e R E R
3000 | ]
0 : Eadls
5 2500 p .
EJ-U F . ]
= r &l ]
L 2000 | : 1
g - @y ]
e [ 3 F
Zoom g 1500
[xen =] ® M ]
| Iz ]
ra [ ]
g 1000
c 4
T ]
8 ]
500 [ S .
0 B I%III\C)IIIII\II 1
500 1500 2500
Saccharomyces cerevisiae {baker™s ye
487 hits
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Structure

Protein homologs in Complete Microbial / Eukaryotic genomes

To compare the sunilarity of the query genome proteins to different species choose two organisms by Taxonomy 1d or select themn

frotm the menn

Select your quety genotre

[166864  |E.coli 0167:H7 EDL933 -
Choose two species for comparison
|8239 { Caenarhabditis elegans j
|4932 | Saccharamyoes cerevisias (baker's yeast) j
Distribution of E. coli 0157:H7 EDL933 homologs
691 hits 22 equal hits
T T T TTTT TTTT LI LI TT 1T |
3000 |- A
0 : R4
5 2500 - - 1
E-‘J-U - . . ]
- r & 7 ]
¥ 2000 | S 1
5 . @, ]
= [ o3es &
Zoom | 18500 :
[x20 =] # E & ]
x g [ .
2 1000
c L i
Q 4
m ]
o 4
900 1
o B PRI AR N
500 1500 2500
Saccharomyces cerevisiae {(baker’s ye
507 hits

Protein homologs in Complete Microbial / Eukaryotic genomes

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

P
=gy

T

Ty

[
|3855r5 | E. coli O157:H7 str. Sakai

[~

[83333  |E coliki2

|4932 [ Saccharomyces cersvisiae (haker's yeast)

—Endhrobacter—
Distributi £ Lo papy
—Escherichia—
coli 101-1
coli 536
coli 53638
coli B171
coli B?A
coli CFTO73
coli E110019
coliE22
coll EZ43774,
coli F11
coliHS
coli K12

691 hits

mmmmmmmmmmmm

Zootn

IXZD 'l

.coli 0157:H7 EDLA33
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Protein homologs in Complete Microbial / Eukaryotic genomes

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

Select your query genome

[3o6885  [E. coli O157:H7 str. Sakai =l
Choose two species for comparson

[p3333  [E.colikiz =l

[185664  [E. coli O167:H7 EDL333 =l

Distribution of E. coli O157:H7 str. Sakaihomologs

329 hits 992 equal hits
20000 -
15000 =
[ L e i
3 P
x r - 1
- r st 1
3 [ - i
Zoom B 10000
x20 > . b
E . ]
5000
B ]
15000
E. coli 0157:H7 EDL933
L&) Done I o

Select your query genome

[388585  [E.coli 0157 H7 str. Sakai =l
Choose two species for comparison
[63333  [E.coliki2 =l
[155884  [E. coli 0157H7 EDLI33 =l
Distribution of E. coli 0157:H7 str. Sakai homologs
329 hits 992 equal hits
20000 -
15000 £ |
] L " |
= P
¥4 F - 1
- - = 4
4 [ 2 ]
Zoom 8 10000 2
x20 - N 1
. i
5000
15000
E. coli D157:H7 EDL933
2996 hits

5340 query proteins produced 4317 hits, from which 161 are selected (first 100 shown)
Each circle represents a single query genome protein, plotted by its BLAST scores to the highest scoring protein from sach 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 | compare | clear
ITraﬂs\atiDﬂ, ribogomal structure and biogenesis j compare
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|38e585  [E. coli 0157:H7 str. Sakai |
Choose two species for comparison

3333 [E caikie =l

[155864  [E. coli 0157:H7 EDLA33 |

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

329 hits 992 equal hits
et
20000 - e N
L 1 2000
15000 < 1750
™ L o B o
Q [ . ] -
[ l/ 7 = / @ \
= [ e ] - 1500
Zoom 8 10000 G g \ > )
x2l = N J
i ] .} 1250 /
5000 1000
] 750
15000 6000 6500 7000 7500
E. coli 0157:H7 EDL933 E. coli D157:H7 EDL933

2996 hits
5340 query proteins produced 4317 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
diamnends. Click on the protein{s) of nterest or enter a query string to see the homologs in two chosen organisms.

Cutoff [10 ILinearsca\e vl compare
Cuery: | compare | clear
ICE!H envelope biogenesis, outer membrane j campare

Blast2Seq Accession Blink Definition

NP 308389 ==  AidA-T adhesin-like protein [Escherichia coli O157:H7 str. Sakai]
HP 416026 ==  conserved protein, predicted pseudogene [Escherichia coli K12]
HP 28604% ==  putative beta-barrel cuter membrane protein [Eschenchia coli O157H7 EDL933]

=
=
=3

=)
ca
Bl
]

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

Limeage: Bactetia ; Protecbacteria ; Gammaproteobacteria | Enterobacteriales ; Enterobacteriaceae | Escherichia ; Escherichia coli ; Escherichia coli 157

Li

; Escherichia coll O157HT str. Sakai

Chrowmosomes: chromaosome
Flasmids: pOSAK ], p0157

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

Refseq: MC 002695 | Genes: 5395 coG Genome Project Publications: [4]

GenBank: BADOODDY | Protein coding: 5253 | 30 Structure Refzeq FTP Refzeq Status: Provisional
Length: 5,498,450 nt | Structural RMAs: 141 | Taxbdap GenBank FTP Seq. Status: Completed
GC Content: 50% Pseudo genes: None | TaxPlot BLAST Sequencing center: GIRC
% Coding: 85% Cthers: 170 GenePlot Cormnpleted: 2001/10/02
Topology: circular Contigs: 1 GE] chDD

Molecule: DNA
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Search | Genome
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Structure

Pairwise genome comparison of protein homologs (symmetrical best hits)

Query organism: Escherichia coli 0157 H7 str. Sakai

Select two organisms to compare

b1

[E. coli D157:H7 str. Sakai

5423 proteins total

j Versus IE

5000

4000

3000

2000

1000

Escherichia coll ©157:H7 EDL933

2000 4000

3000
Escherichia coli O157:H7 str. Sakai

Total mumber of bets 5341, Save all bets in order on genome
bl2seq Protein name
e
e

Locus tags

5000

cali 0157:H7 EDLA33

=

2740

2735

2730

2725

2720

ans

7o

Escherichia coli ©157:H7 EDL933

o°.°°

2705 F

23024 - ECs2675 hypothetical protein ECs2675 [Escherichia coli O157H7 str. Sakai]
23027 - ECs2676 flagellar basal body protemn [Eschenchia col O157:H7 str. Sakai]

2600 2605 2610 2615 2620 2625 2630 2635
Escherichia coli 0157:H7 str. Sakai

compare selected pair J

Zoom

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

switch axis J

Pairwise genome comparison of protein homologs (symmetrical best hits)

Query organism: Escherichia cob 0157 H7 str. Sakat

Select two organisms to compare

[E. coli 0157:H7 str. Sakai

5423 proteins total

=

j wversus ¢E, coli 0167:H7 EDLY33

5000

4000

3000

2000

Escherichia coli O157:H7 EDL933

1000

1 L L
2000 3000 4000
Escherichia coli O157:H7 str. Sakai

L
1000

—Eschetichia—
E. colib3b
E. coli CFT073

E. coli 0157:H7 EDL333

E. coli 0157:H7 str. Sakai

E. coli UTIBS

E. coli®43110

—Francisella—

F.tularensis subsp. holarctica

F. tularensis subsp. tularensis FSC 198
F.tularensis subsp. tularensis SCHLU 54
—Frankia—

F. alni ACN14a

F.sp. Ccl3

——Fusohactsriurm—

F. nuclestum subsp. nucleatum ATCC 25586
—Geobacillus—

G. kaustophilus HTA426

=l

sy —

compare selected pair J

Zoom
2x -

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

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

switch axis J
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Pairwise genome comparison of protein homologs (symmetrical best hits)

Query organism: Escherichia coh O157-H7 st Saka

Select two organisms to compare

=

compare selected pair J

| E. coli 0157:H7 str. Sakai j Versus | E.caliKiz
4243 proteins total
' ' 2000 '
4000 F e 1
. 1950 F
. . =
o 3000 - 1 o
= 3 T 1900
H 5 2
] - -t & 1850
5 2000F © ] 5
] i
g . . 5 1800
il it
1000 - - 1 Fik
B T -
ok - -
1700 F
Ot )

Zoom

] 0.126x x

1 click on the left picture to recenter
click on the nght picture to zoom and
] recenter

1 shaded rectangle from the left picture iz
shown on the night picture

2000 3000 4000 5000 4200 4250
Escherichia cfli O157:HT str. Sakai

5340

Total number of betz 3303, Zave all bets in order on genome.

Protem name
hypothetical protein ECs4539 [Eschenichia col O157H7 str.

bl2seq
°

Locus tags

52005 - ECs4533 Salcal]

4300
Escherichia coll 0157:HT str. Sakai

4350 4400 4450 4500

| switch axis ]

boooz g 16127996 ECS0002 g1 19828250 bifunctional aspartokinase I homeserine dehydrogena
hooo3 gi|16127997 ECS0003 gi|15829257 hpmoserine kinase [Escherichia coli 0157:H7 str. sal
hooo4 gi|16127908 ECs0004 gi|15829258 threonine s¥nthase [Escherichia coli ©l157:H7 str. s.
booos g 16127950 ECs0005 gi|15829259 hpothetical protein ECsQ005 [Escherichia coli o157
hooos gi|16128000 ECS0006 gi|15829260 hfpothetical protein ECs0006 [Escherichia coli ol57
booo7 gi|16128001 ECs0007 gi|15829261 pltative inner membrane transport protein [Eschericl
hooos gi|l6128002 ECS0008 gi|15829262 thansaldolase [Escherichia calf"l 0157 :H7 str. sakai]
hooog gi|16128003 ECS0009 gi|15829263 mplyhdenum cofactor biosynthesis ﬁmte"ln [Escherich
boolo g |16128004 ECs0010 gi|15829264 hipothetical protein ECs00L0 [Escherichia coli o157
boo1l gi|16128005 ECs0012 gi|15829265 plhtative oxidoreductase [Escherichia coli 0157:H7 s
hool2 gi| 90111078 ECs0011 gi|l5829266 E sitive regI;u'IatDr for sigma 32 heat shock promoter:
hool3 gi|16128007 ECS0013 gi|l5829267 othetical protein ECs0013 [Escherichia cold o157
hool4 gi|16128008 ECS0014 gi|15829268 mplecular chaperone onak [Escherichia coli ol57:H7 :
hools gi|16128009 ECs00L5 gi]158292569 phal [Escherichia <oli 0L57:H7 str. Sakai]

hools gi|l6128012 ECS0016 gi|15829270 Gef [Escherichia coli Ol57:H7 str. sakai]

bools gi|16128013 ECsS00L7 gi|15829271 MR+/H antiporter [Escherichia coli 0157:H7 str. Sak.
hoozo gi|16128014 ECS0018 gi|15829272 thanscriptional activator of nhaa [Escherichia coli
hooz3 gi|16128017 ECS0026 gi|15829280 3ps ribosomal protein sz20 [Escherichia coli Cl57:H7
hooz24 g |161258018 ECs0027 gi|15829281 hipothetical protein ECs0027 [Escherichia coli o157
hooz3 gi|16128019 ECS0028 gi|15829282 hfpothetical protein ECS0028 [Escherichia coli ol57
hoo2s gi|16128020 ECs0029 gi]15829283 koleucyT-tRMA synthetase [Escherichia <oli CLl57:H7
hooz7 gi|l6128021 ECS0030 gi|15829284 sfignal peptidase 1T [Escherichia coli 0157:H7 str.
hoozs gi|1l6128022 ECsS0031 gi|155829285 plhtative FKBX—tzpe 16kD peptidyl-prolyl cis-trans i
hoozo gi|l6128023 ECS0032 g1|15829286 4khydroxy-3-methylhut-2-eny] diphosphate reductase
hoozo gi|l6128024 ECS0033 gi|15829287 h ﬁuthet‘lca'l ﬁurute"ln ECs0033 [Escherichia coli o157
boo31 g 16128025 ECs0034 gi|15829288 d drodipicolinate reductase [Escherichia <oli ol%
hoo3z gi|16128026 ECS0035 gi|15829289 chrhamoyl-phosphate synthase small subunit [Escheri
hQg ail16l2802 ECSQ036 Q7115829290 chrbamov]-phosphate nthase larce subunit [Escheri.

; =
<] - L‘> - % (X | @ I&’ hittpe v, ncbi. i, rib, goeventreefbatchentrez. caizdb=Protein
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’ iGetting Started L:.‘ Latest Headlines || hktp:ffwve.nchinl.,

| hkp: fivevees, hopkins. .
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L

Batch Entrez

Batch Entrez has changed!

You will need Batch Entrez now only to upload a file of Gl or accession
numhers for an Entrez search. You can do alf other large searches
directly within Enfrez.

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

Protein
etriee

Bl
Sign In] [Renister]
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[ 3® Getting Started Ly Latest Headines | | Http:ffww.ncbinl... [ ] HEtp:] fem. hopkins. ..

) es ¥ My NCBI
00........ SPrOteIn Sign In] [Register

etrleve

0
290900 00 C°
9 o000

all Datab Fubhied H

Database | Protein 'I File: |C\Documents and Settingshgratia

aut Batch Entrez

Eirovrs

.T‘!"_’!Ur_lba.

Batch Entrez has changed!

You will need Batch Entrez now only to upload a file of GI or accession
numbers for an Entrez search. You can do alf other large searches
clivecily within Entrez.

o0 seeeee 5 ;
Y 5 Protein
All B FubMe o n
Search | Protein x| for Go | Clear
- . 5 \
| Limits | Previewindex | History | Cligboard | Details |
ut Entrez Display | Summary ~|snow[20 ][SotbyRelevance x|[Sendto =]
Enty in ‘AII: 3787 |Eactena 3787 \| Refseq 3787 | Related Structures; 2442 =]
Hel
5t Itemns 1 - 20 of 3787 Page ||1 of 180 Mexdt
Ent
- M1 MR 956724 Reports BLink, Links
hypothetical protein ECp054 [Escherichia coll O157H7 str. Sakai]
i i histor 2il41223295)ref[NP_958724.1|[41223299]
Linkout M2 P 308029 Reports BLink, Conserved Domains, Links
bifanctional aspartokinase Thomeserine dehydrogenase I [Escherichia coll O157H7 str. Salcai]
Wptetzl 2i|15829256|ref[NTP_308029.1|[15829256]
g [73: 9P 308030 Reports BLink, Gonserved Domains, Links
homoserine kinase [Escherichia coli O157H7 str. Salcai]
£i15829257|ref[NTP_308030.1|[15829257]

< 7 Y03
<3 NCBI b0 Sbrotein

All Databa Fublted Nucleatide Frotein Genome
Search | Protein > | for 10 NOT #12 Preview | Go | Clear

| Lirnits T Preview/index | History | Cliphoard T Details ]

* Search History will be lost after eight hours of inactivity

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

* To save search indefinitely, click query # and select Save in My NCBL

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

Search Most Recent Queries Time Result

#12 Select 3787 document(s) 16:05:22 3787
#10 Protein Links for Nucleotide (Select 15829254) 16:0438 5253
#7 Search 10955267 11:27.08 1

Clear History

200000 00 oo eeeese 17
LLRCTT (1] SPri
: w

Pratein Genome
Go | Clear |Save Search
|’ Limits T Preview/Iindex T History T Cliphoard T Details W
DnsplaylSummary jShuwlZD leUﬂbyRe\gvaﬂce leEndla =

All: 1483 |Eacter\a 1483 T RefSer 1483 T Related Structures: 444
Items 1 - 20 of 1483 Page ||1 of 75 Mext
M 1: NP 944458 Reports BLink, Links

hypothetical protein ECs5362 [Escherichia coli O157H7 str. Sakai]
238704266ref[TP_544498 1|[38704266]

M2: NP 944587 Reports BLink, Conserved Domains, Links
hypothetical protein ECs5595 [Escherichia coli O157H7 str. Sakai]
120704065k ND Q44527 1I22TAAPE5]
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< N e M yes
~ [ - ey hex Rt My NCBI 2]
(S NLB[ praor hH_“ l' jGenOme Sian In] [Reqister]
All Databasss PubMed de Sararie

Protein 2 Stucture PMC

x| for il Clear
[ Limits T Previewindex T History T Cliphnard T Details ]

>lsnow20 ][Sendts x|

Search | Genome

Displayl Crvenview
All: 1

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

Links

Lineage: Bacteria ; Protecbacteria ; Gammaproteobacteria , Enterobactenales ; Enterobactenaceae ; Escherichia ; Escherichia coli , Eschenchia coli ©157.H7 ; Escherichia coli
Q157HT str. Sakai

Chromosones: chromasome
Plasmids: pOSAE L pO157

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

Refseq: MC 002635 Genes: 5395 coG Genome Project Publications: [4]

GenBank: BADOOOOZ Protein coding: 5253 3D Struc; Refseq FTP Refseq Status: Provisional
Length: 5,498,450 nt Structural RNAs: 141 Ta GenBank FTP | Seq.Status: Completed
GC Content: 50% Pseudo genes: None TauPlot BLAST Sequencing center: GIRC
% Coding: 85% Others: 170 GenePlot Completed: 2001/10/02
Topology: circular Contigs: | ghlap CDD

Molecule: DNA

- [Escherickia (5081)] - [ Enterabacteriaceae (4720 ] - [Enterabacieriales (4725) ] - [Gammaproteobacieria (4611) ] - [Protecbacteria (4436) ] - [Bacterid
[celbiar organisms (1934)7

5253 Escherichia cali Q157 H7 sir Sadd proteins: taxonowmic distribution of the homologs
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Click on ategion in the map, to see blast results for that region

B cw-oefE  Cwom i [

Click onthe graph at left, to change the blast threshold (eut-off) ueed to find related sequences

|

Above cut-off Best
oy
e
SN
S b
BN
A

acteriaceas (764 [ - [Enterabaciariales (3964) 7 - [Gam

Pro
P

roteabacteria (38557 - fFPra

ne
tenbacterid

eins: taxonomic distribution of the homologs

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

CoGrable e el A Cut-Off+ [10 [ Redrav | [ nere |

Click on the graph at left, 1o change the blast threshold (ewt-off) used to find related sequences
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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 coli OF L57:H 7 sir Sakai prl;teins: taxonomic distribution of the homologs

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

= EEmE oot | ceom[i | DEEE 0 EDEE P

Gene - BLAST alignments against 'nr', @1 - link to GenBank record, 3-I) - BLAST alignments aganst 3-D structure database
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Virus Eukaryota Eubacteria Archaea
100 91 (85 21(0) 78 (9] 13 (0)
Gene gi sScore gi score gi score gi
15530408 S S 30062536 (517) S
15530409 © 55519135 (149) 50915630 (327) G2544675 (1603) 110604763 (426)
13g30412 S 1058580530 (121) 74311559 (2133) S
1553 13 S S 24112416 (393) S
15530414 9632467 (Z2271) S 16764254 (1475) 110622501 (117)
15530415 % 96324658 (504) S 16764255 (261l) S
1553041 ¥ 9632469 (549) S S S
15530417 9632470 [B06] S 56414547 [(429) S
155304158 v 9632471 (1101} S 24111740 (173) S
15530419 %Y 9632472 (504) S S S
15530420 Q9532473 [375) S 74312280 (341) S

score 3-D

It

oo

protein nsme

hypotheticsal protein
EC=1154

curved DNi-binding
protein

periplasmic
glucose—-1-phosphatase

hypotheticsal protein
EC=1159

putative integrase
putative excisionase

hypothetical protein
EC=1162
hypothetical protein
EC=11a63
hypothetical protein
ECs1164
hypothetical protein
EC=1165

hypothetical protein
EC=l166

Ouery: gi|15830414 putative mtegrase [Escherichia coli O157:H7 str. Sakai]

18 ) Archasa
525 ) Bactena
0 ) Metazoa
{ Lo Fung
[ Virdiplantae

95 ) Vinses
- 4 ) Other Eukaryota
Virus Eukaryota Eubacteria Archaea
100 91 (85 21(0) 78 (9] 13 (0)
Gene gi sScore gi score gi score gi score 3-D protein nsme
15530408 S S F0062536 (517 S - hypothetical protein
ECs1154
15530409 © 55519135 (149) 50915630 (327) BS2544678 (1603) 110604763 (426) 5 curved DMA-binding
protein
15530412 S 105550530 (121) 74311559 (2135) S 3 periplasmic
glucose—-1-phosphatase
S S 24112416 (353 S - hypothetical protein
ECs1159
530414 v 9632467 [2271) S 16764254 (1475) 110622501 (117) - putative integrase
15530415 9632468 [504) S 16764255 (Z61) S - putative excisionase °
15530416 95632469 [549) S S S - hypothetical protein
ECslia2
15530417 % 9632470  (a606) S 56414547 (429) S - hypothetical protein

ECs1163
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Query: gi|15830414 putative integrase [Escherichia coli 0157:H7 str. Sakai]
Matching gi: 13360620

COG0582 assigned by Cognitor (7 hest hits)
Show identical I Bast hits | Comman Trae | TaxonomyRepDrtI 3D structures | CDD-Search | GIIiStI Run BLAST

200 BLAST hits to 148kmique species Sorthy taxonomy proximity ]
0 | Archaea [181 |Badtena |0 | Metazoa |0 | Fung [0 | Plants |19 | Viruses |0 | Other Eulkaryotae

Eeep onlyl j Cut-Off |95 Select | Mew search by GL |15830414

Feset Go
_Pesat |

436 aa

FrerrrrrrrrrrrrT e T SCORE POACCESSTON GI PROTEIN DESCRIPTICH
Congerved Domain Database hits

c 2271 1 NP 559325 32171054 hypothetical protein StxzZIIp083 [3txi conve
E: - 15585 9 ZP 007... 75513013 COGO53Z: Integrase [Escherichia coli 53635]
E: - 1552 9 IFP 007... 75209455 COGO055Z2: Integrase [Escherichia ecoli B171]
E: - 1552 1 NP 543053 15249565 putative integrase [Bacteriophage P27]
c — 1541 1 ABE70735 §1301955 Int protein [FPhage Z55-320]
: — 1536 1 CAD24081 28803669 putative integrase [Escherichia coli phage
: — 1497 11 NP 311040 15832267 putative integrase [Escherichias coli O157:E
L — 1493 1 CADSS804 49523586 putative integrase [Phage BP-4755]
L — 1475 7 NP 453569 16764254 putative integrase [Salmonella typhimuriwn
L — 1389 7 NP 4599580 16764365 integrase [Jalmonella typhimuriuwwm LTE]
L — 1385 7 NP 805696 29142354 integrase [Jalmonella enterica subsp. enter
: — 1373 7 ¥P 215950 62179533 Gifsy-2 prophage integrase [Salmonellas ente
— — 1120 9 AP 002200 89108420 predicted defective integrase [Escherichia
— — 1116 9 NP 416096 16129537 Qin prophage; predicted defective integrase
— — 1113 9 P76168 9910723 Putative lawbdoid prophage Qin defective in
-, = 1073 VPR 547490 108811725 hynotheticsl wnrotein TP 1560 [Terainias ne

Query: gi|15830414 putative integrase [Escherichia coli 0157:H7 str, Sakai]
Maiching gi: 13360620
COGO582 assigned by Cognitor (7 hest hits)
= identical I All hits | Common Tree I Taxonomy Fepart | 3D structures | CDD-Search | Gl list I Fun BLAST
200 BAAST hits to 148 unique species Sorthy taxonomy proximity

0 | Ardhaea |181 |Bactena |0 |Metazoa [0 | Fungi (0 |Plants |19 | Viruses |0 | Other Eukaryotae

Keep onlyl j Cut-Off ISE Salect | Mew search by GL |1 RE30414
Feset | Go

436 aa
rrrrrrrrrrrrrrrrr o1 ZCORE POACCESSICN I ) ORGANISH
—— Conservgd Domain Datab;e hit,g
c » 227¥1 1 NP 559328 32171084 - 1 Sixz converting bacteriophage IT
E: - 1588 9 IP 007... 75513013 - 1 Ezcherichia coli £3635
E - 1582 9 ZP 007... 75209455 - 1 Escherichia coli Bi7l
E - 1582 1 MNP 543053 18249865 - 1 Bacteriophage PET
L — 1541 1 ABBTO73E 51301985 - 1 Phage £55-320
- — 1536 1 CAD24081 285803669 - 1 Escherickie coli phage EHZS7
c — 1497 11 NP 311040 15532267 - 3 Escherichia coli 0157:H7 str. Sakai
c — 1493 1 CADS8804 49523586 - 1 Phage BP-4755
L — 1475 7 NP 459563 16764254 - 2 Salmonells typhimurium LTZ
: — 1385 7 NP 205696 29142354 - 1 Salmonella enterica subsp. enterica se:
L — 1373 7 ¥P 215950 6E17VS9533 - 1 Salmeonella enterica subsp. enterica ser
— — 1120 9 AP 002200 59108420 - 2 Escherichia coli W311(Q
— — 1116 9 NP 416096 16125537 - 1 Escherichia coli KiZ
— - 1113 9 P761635 9910723 - 1 Escherichia coli
— — 1073 7 ¥P 647490 108511723 - 1 Yersinia pestis Nepalfle
— 1063 7 YP 311068 74312649 - 1 Shigella sonnel Ss046
— — 997 7 ZP 011... 89103031 - 1 Yersimia pesitis biovar Oriextalis str.
E: — 506 5 YP 123516 54308456 - 1 Photobacterium profundum 559
—_— e 887 7 YP 689623 110806103 - 2 Shigella flexneri 5 str. 8401
— — 852 5 ZP 01z... 904149599 - 2 Photobacterium profundum ITCK
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L 371 proteins L | COGO582 | Integrase Initial wersion
36 genomes
32 orders
23 classes Phylum
1 phpla ctass | [TT]]] | | [ ] [ ]
Oeder [][TTTTTITT] | [T
Rurparchasofa Aquificas Acfinobacteria order subizees collapsed
Methanobactetiales nith Aquificales Aae Actinomycetales le Nitu MtC hlle — O3}
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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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Protein/Gene name:l
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Select Help

LOMPEEZEYQVDRLECEFGHINUTI XI
phy: sewmpkzygvdrlbeoefghsnujxi
- 43 sompkzygvdrlbeoefghsnuixitw  alas [J] COG0013
- 45 mompkzyovdrlbhcefghsnuixity  azgs [J] 20015
- 49 sompkzyogvdrlbocefghsnuixity  EKsga [J] COF0030
- 78 mompkzyovdrlbcefghsnuixity  Tutb [JE] CoF0050
- 71 sompkzygvdrlbecefghsnuixitw  6lns [J] COF0005
- 458 aompkzygvdrlbcefghsnujxitu  Hiss [J] COF01E4
- 44 sompkzygvdrlboefghsnuixitw  Iles [J] COF0060
- 45 aompkzyovdrlbcefghSnuixit®  Less [J] COG04595
- 51 sompkzygvdrlboefghsnuixity  Map [J] COG0024
- 45 sompkzyogvdrlboefghsnuixity  Mese [J] COG0143
- 44 sompkzygqvdrlboefghSnuixitw  Phes [J] COG0016
- 44 sompkzygqvdrlboefghSnuixitw  PheT [J] COG0072
- 44 aompkzyovdrlbcefghsnujxity  Pres [J] COoG0442
- 42 sompkzygvdrlboefghsnuixitw  Tmue [J] COF0130
- 45 aompkzyovdrlbcefghsnuixXityw  Rpla [J] CoE0051
- 45 sompkzyovdrlbecefghsnuixity  Rpld [J] COG0244
- 46 aompkzyovdrlbcefghsnuixityw  Rpl [J] CoE0050
- 45 sompkzyovdrlbecefghsnuixity  Rpld [J] CoE0102
- 45 mompkzyovdrlbcefghsnuixitw  RplW [J] COF0093
- 44 sompkzygvdrlbeefghsnuixitw  Bplo [J] COF0200
- 44 aompkzyovdrlbhcefghsnuixity  RplP [J] CoF0197
- 43 sompkzygvdrlbecefghsnuixity  RplR [J] COG0256
- 45 aompkzygvdrlbcefghsnuixitw Rpls  [J] COGO020
- 45 sompkzyovdrlbecefghsnuixity  Rplv [J] COF0091
- 43 sompkzyogvdrlbecefghsnuixity  mrplw [J] COF0059
- 44 sompkzygvdrlbeefghsnuixitw  Bplx [J] COF0195
- 44 sompkzygvdrlbocefghsnuixitw  Bpmc [J] COG0255
- 44 sompkzygvdrlbeefghsnuixitw  mplc [J] COF0057
- 45 sompkzygvdrlbeefghsnuixitw  BplD [J] COG0055
- 45 aomwpkzyovdrlbcefghsnujxity  RplE [J] COG0094
- 45 sompkzyovdrlbecefghsnuixity  RplF [J] CoOF0097
- 45 aompkzyovdrlbcefghsnuiXityw  RpsJ [J] CoE0051
- 45 sompkzyovdrlbecefghsnuixity  RpsE [J] CoF0100
- 46 amompkzyovdrlbcefghsnuixity  RpsL [J] CoF0045

Alanyl-tRNA synthetase

Arginyl-tENAL synthetase

Dimethyladenosine transferase (rRNAL methylation
GTPases — translation elongation factors
Glutamyl- and glutaminyl-tRENL synthetases
Histidyl-tRNA synthetase

Isoleucyl-tENL synthetase

Leucyl-tENL synthetase

Methionine aminopeptidase

Methionyl-tBNAL synthetase
Phenylalanyl-tBNL synthetase alpha subunit
Phenylalanyl-tENL synthetase beta subunit
Prolyl-tRNA synthetase

Pzeudouridine synthase

Ribosomwal protein L1

Rikhosowal protein L10

Ribosomal protein L11

Ribosowal protein L13

Ribosomal protein L14

Rikhosowal protein L15

Ribosowal protein L16/L10E

Rikhosowal protein L15

Ribosomal protein LZ

Ribosowal protein LZ22

Ribosowal protein LZ23

Rikhosowal protein L24

Rikhosowal protein L29

Ribosowal protein L3

Ribosowal protein L4

Ribosowal protein LS

Ribosowal protein L&

Ribosomwal protein 310

Ribosowal protein 311

Ribosomwal protein 312

Chusters of Orthologous (}roups of proteins (COGs) were delineated by comparing protein sequences encoded in 43 complete genomes,

representing 30 major phylogenetic ineages. Each COG consists of mdivdual protemns or groups of paralogs from at least 3 ineages and thus

cotresponds to an ancient conserved domain.
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Mucleic Acids Res 2001 Jan 1; 28(13:22-28.

Protein/iGene natmne: I

COGnitor

Text search: |

Code Name Proteins Principal component analysis of genomes
it COCs
A Archasoglobus ful gidus 2420 1272 List of COGs
Lo o] Halobacterium sp. NRC-1 2605 1701 Distribution
Methanococcus jannaschii 786 1230 —
OM | e a7 13 S
& Thermoplasma actdophilum 1482 1230 EPhylogenetic patterns
= Thermoplasma volcanium 1499 1243 Phylogenetic patterns search
<> e Fyrococcus horikoshii 1800 1378
= FPyrococeus abyssi 1768 1456  Functional categories
&7 Aeronyrum pernix 1841 1178 _
<X Saccharompees cerevisias 5955 o000 3 E L

M om o

33



Phylogenctic patterns search

Search | dc - don't care Help

Org |dc |Yes | No | |Org [dec |Yes Mo | Org |de | Yes |INo
;:l o O . I:)[r)'a o O ("' I'::.l{.ll « (@ .
I-gs o (o) C ]\ﬁu o (o) - Xi o (@ C
I\'I\‘[ft o (o) C BEC o (o) - NI:le o (@ C
TI:?IE i« O O S:!:I"R i« O 9 H-:EY O (@ O
Xlelolellelelole Zlelc]e
Afe o (o) C H:ET o (o) - 1351' o (@ C
Sfe o (o) C P:Ee o (o) - Ci A o (@ C
A?e i« O . Vf]l i« O ® S£I lO (@ .
- -7 Ylelele
Differences i closely related genomes

J ALPHA Mesorhizobium loti vs. Caulobacter crascentus

L sTR Lactococcus lactis vs, Strepiococcus pyagenss

P THE Thermapiasma acidaphilum ve. Thermgplasma volcanium

Hpas Haemaophilus influenzae vs. Past,
MMET  Methanococcus jannaschii vs. Malhanobacterium thermoautotrophicum
R uvh  Mycobacterium tubsrculasiz ve. YPreabacierium leprae

N NEL  Neisseria meningitidis MC 58 vyf Neisseria meningitidis 22401

KPR FPyvrococeus harikoskiiQe. Pyracaccus abyssi

B BAC Bacillus subtilis vs. Bacillus halodurans

E ENT Bscheorichia coli vs. Buchnera sp. APS

U HPY Helicobacter pylori 26005 vs. Helicobacter pylori JOO
IcLa Chlampidia trachomatiz va. Chlamydia preumaniae

W MYC Mycaplasmas vs. Ureaplasma urealviicum
T sp1 Treponema pallidum va. Borrelia burgdarfer

34




Hecherichia coli k12 - T -] X |/ X -] T
Bscherichia coli 0157 | - | - | x| sl s
Buchnera gp. APE - -1 - ; ; ; T

Functon 1290 (55|71 [1339 |21 - 540
JEL 191 _E E E -T2 E Information storage and processing
J 81 [T -] —2_0 [T-1-] E Translation, tibosomal structure and biogenesis
3 so| 2 4] a1 -[-]-] 13]meanseription

&0 _§ _§ —?_2 [T-1-] T_O DA replication, recombination and repair

DOMMNET 185 _EEETT_—E Cellular processes
il 7 [T -] —1_5 [T-1-] E Cell division and chromosome partitioning
o 29 [ ] _§ —4_6 [-T-1-] E Postiranslational modification, protein turmover, chaperones
L 26 _§ _l —8_8 [-T-1-] T_? Cell envelope biogenesis, outer membrane
o) 43 _4_1_2—4_3TT_—T_1 Cell motility and secretion
T 21 _l _§ l—ﬁ [-T-1-] E Tnorganic ion transport and metabolism
T 29 _l _2 —5_0 [-T-1-] _§ Zignal transduction mechanisms
CGEFHIQ &EET&II_—E MMetabolism
[ ) [ ] _l l—ﬁ [-T-1-] T_5 Energy production and conversion
G a3 _§ _2 —9_8 [-] I [-] E Carbobydrate transport and metabolism
E 47 _2 _4_1 E I []-] E Aine acid transport and metabolism
F 14 _l [ ] —4_0 [-T-1-] E Mucleotide transport and metabolism
H a3 _l_—S_lTT_—E Coenzyme metabolism
I il _9_1 28 TT__T Lirdd metaboliam




71 COGs

Only Escherichia coli 01587

- s 1 h-n

S I l-——ef-hsn-j---—-
- 22 aompkz----r-h-e---s--j---—-
- 14 1-——ef-hi

- 8 b [
= 5 =1 l n

- 33 ———p-——--- rlh-g--————- j-—--uw
- B0 a—-p-——--— d--boe-——-n-j----
- 47 —o-p-—---d-l--8-—————j--—-—
- 29 -—omp-----d--b-e----nuj--t-
- 11 === d--heef-h—-uj-—--w
- 1z —dr-beef-h--uj---w
N d--heef-h—-uj-—--w
- 22 f-hsn

S e cef-hsnuj-—---
- EZ5 ———————-—- r-—-efg-s--j--—-
- 51 aom-kz-—-wvdrlbee-gh-———-- T
- 31 aom-kez--wdrlbce--h---—-—--— w
- 8 bh-ef

5 3 £ J———=
- 3 gh!

— lg . J———=
S B mmmmm e efg————j————
- z1 d--bc

-

-z

- 3 j____
- 13 ———=————- dr-heef-h—-uj-—--w
- 13 ———=————- dr-heef-h—-uj-—--w
- 13 dr-heef-h—-uj-—--w
- 39 rlb-ef-hsn-j---—-
S e lbcefg-sn-j---w
- 4 b-ef

- 14 a-m-k-y--dr-b-e-———--—-—-—-—-—
- 7 rl [
- 4 £

TUreE
TUreF
TreH

[E]
[E]
[E]
[E]
[L]
[L]
[L]
[L]
[L]
[L]
[21
[21
[e]
(M
[H]
[H]

[l
[
[R]
[E]
[R]

Protein/Gene name:l

COG3561

COGZ932

CoOG3609

COG3617

COG37E8

COG3440

COG33E8

COG3335

COG3436

CoG1lo0z

COGZ371

CoGOs30

COGO529

CoG3210
COGZ831

COG3668

COG1122

CoGos19

COG3546

COG3720

coG3721

COG3793

COG3456

CoG2310

COGleZ1

CoOG1519

CoOG37599

CoOGO504

COGOE32
COGO531
COG1835
COGZ274
COG3435

COG1205

CoOG3740

COG3500

Select Help

Phage anti-repressor protein

Predicted transcriptional regulator

Predicted transcriptional regulators containing the CopG/l
Prophage ahtirepressor

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

Pla=mid stabilization system protein

LEC-type cobalt transport systew, ATPase cowpohent
ABC-type cobalt transport system, permease component Chig
Mn-containing catalase

Putative heme degradation protein

Putatiwve hews iron utilization protein

Tellurite resistance protein

FHA-domain-containing protein

Uncharacterized proteins involved in stress response,
Beta-fructosidases (levanase/invertase)

Glycosyl transferases, related to UDP-glucuronosyltransfe
Methylaspartate asmmonia-lyase

hon

Urea amidohydrolase [urease)] alpha subunit
Urea amidohydrolase [(urease) beta subunit
Urea amidohydrolase [urease)] gamma subunit

Predicted acyltransferases

ABC-type hacteriocin/lantibiotic exporters,
Gentisate 1,2-dioxvygenase

Distinct helicase family with a unigque C-terminal domain
Phage head waturation protease

Phage protein D

contain an N-

36



Problem 2:

Access the Microbial Genomes Page
(http://www.ncbi.nlm.nih.gov/genomes/Iproks.cqgi). 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?

Go back to the Complete genomes Page by selecting “All Organisms” in the
“Organism Group” pull down menu. How many Rickettsia genomes are
completely sequenced? Note their sizes. Select the organism Rickettsia
prowazekii str. Madrid E. Is the organism pathogenic in humans? How are the
bacteria transmitted to humans? Click on the RefSeq accession number
NC_000963.

From the resulting table, access the entry NC_000963 in the nucleotide
database. Access the Proteins 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
Genomes Page. 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 RNA table through the
Structural RNA link. How many genes encoding arginine tRNA are annotated?
Go back to the Genome page.

Click on the gene IpxD in the genome map at the bottom of the page. What
conserved domain is found in the protein? What is the pathway in which it is
involved? Go back to the Genome page.

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 page. Click on the Tax Plot link. Tax Plot 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?

Access the GenePlot link. GenePlot uses precalculated BLAST results to
determine the top hits in two organisms. The best hits of each protein from two
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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 Genome page.

Access the TaxMap link. It 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. Search for the ticl 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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