Microbial Bioinformatics

Introduction

These exercises are for you to learn how to use bioinformatics’ tools to explore bacterial
genomes, and complements the ‘Microbiology of Safe Food’ 2" Edition (Wiley-
Blackwell).

Table of Contents

EXERCISE 1: PHYLOGENETIC TREE CONSTRUCTION .....ccciiiiiiiiiummniiiiiiiisinnnieiiiiissnnsnneseisismmssssesessssssmsssseessssssssnns 2
PART 1 : CLUSTALW ...uuuiiiiiiiiiiiiinniiiteniiiisinnniieteiisssisssssseessssssssssssssessssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssssssssnns 2
PART 2 :16S-185S RDNA SEQUENCE ALIGNMENT, ‘TREE OF LIFE' .......cccoovueiriinniiiisnneiicsnneiissnneicsssneesesssnessssssnesenss 3
PART 3: LACTIC ACID BACTERIA PHYLOGENETIC TREE .......ccccoivmmiiiiriiiiinnniieciinicinnnnieeennsssssssnneeessssssssssssseessssssnns 6
PART 4: AMINO ACID SEQUENCE ALIGNMENT .....cccovimmitiiiiiinninniiiiniiieesiiieeiiissssmsessnisssmssssseesissssmsssseesssssssans 7
EXERCISE 2: FINDING 16S RRNA SEQUENCES........ccccccumtiiriiiisninniininiiinsnnnniseeiiismsssmssseniissmsssmsessissssmsssssesssssssses 8
PART 1: USING NCBL...uuuuriiiiiiiiiiniiiiiiiiiineniiininiissesssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssnas 8
PART 2: USING RDPIl...cceiiiiiiiiiiiiiiiiiiiiieeiiiieniiisaesiisssisssssssssssesisssssssssssesisssssssssssssissssssssssssessssssssssssssessssssssns 10
EXERCISE 3: BLAST SEARCHING ......coiiiiiiiiiiiiiiiiiiiiiiiinissnnsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 15
EXERCISE 4: SEARCHING A BACTERIAL GENOME ........cooviiiiiiiiiiiiiiiiiiiininnnnennnnensnennssssssssssssssssssssssssssessssssssssssssnens 18
EXERCISE 5: INVESTIGATING A BACTERIAL GENOME USING ARTEMIS.......coovvriiiiiiiiiiiiiiiiinieennnnnenenenenseeseessseeseeeens 21
EXERCISE 6: COMPARISON OF WHOLE GENOMES IN ENTEROBACTERIACEAE USING WEBACT. .........eeevveeeenrnnennnns 24
EXERCISE 7: MULTILOCUS SEQUENCE TYPING ANALYSIS (MLST) ..ccoiveiiieriiniiinnenisnenienssnnesssnessssesesssssssnesssnesenes 29
PART 1: INTRODUCTION TO ONLINE MLST DATABASE ANALYSIS.......ccovvimiiiiiinicsnnenniieeincsnesnisesnnssssmssesnsennaes 29
PART 2: DATA DOWNLOAD FROM MLST DATABASE .........cccovvmmiiiiiiiicnniiiienicsssnesesisssssssssssesnsssssssssssesssssssans 34
APPENDIX : SEQUENCE CODES. ........ociiiiisssisiiissssisssisisissssssssssssssssssssssssssssssssssssssssssssssssssssssses 37
A) DNA CODES .....uuuiiiuieiiiiiiiiiiiisiesisieiisseisississsnessssesssseissssessssessssessssesessssesssessssessssessssesessssssssessssessssesessssssssesssnesss 37
B) AMINO ACID CODE ......coccueiiiniinninisienisneiessnisssnesssnessseisssnessssessssesssssssssnessssessssessssesssssessssessssesessasesssessssessssesenn 37
C) COLOUR CODE. ......cotiiuieiinieiinniisnnisisnesssneseseisssnissssesssnessssessssssesssessssesssnessssesessssssssessssessssessssessssasssssessssessssasenns 38

If you have real problems with all this simply contact me at stephen.forsythe@ntu.ac.uk.
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Exercise 1: Phylogenetic tree construction

Part 1 : Clustalw

Introduction

This exercise introduces you to multiple sequence alignments, whereby your unknown
sequence is compared to a number of preselected sequences (retrieved using BLAST;

Exercise 2), and drawing a relationship tree, which is more commonly known as a
‘phylogenetic tree’. The main program you will be using is ClustalW.

My suggestion is to open Internet Explore and have the ClustalW site and this guide
open in different windows. You can do this by clicking on this link now and reducing it to

the bottom of the screen until you need it.

ClustalW at http://www.ebi.ac.uk/clustalw/index.html.

This part shows you how to construct a relationship tree based on sequence similarity.

You'll use the online multiple sequence alignment program ClustalW to determine

where your organism is on the ‘tree of life’.

Web address: http://www.ebi.ac.uk/clustalw/index.html.

Here is a screen print of the window that you will see.
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Leave all these dropdown menu options at the default settings.
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You can enter your sequence data by cutting and pasting or upload a file.

MATR GAR OPEM EMND GAP GAP
GAPS EXTEMSION DISTAMCES
def ¥ def v def v def v def
QUTFPLIT FHYLOGEMETIC TREE
QUTPUT QUTPUT TREE TYFE CORRECT DIST. IGMORE GAPS
FORMAT ORDER
£ aln w/inumbers v aligned v none % off + off v
Enter or Paste a set of Sequences in any supported format:
Upload a file: | Run ] Reset |

For this exercise we will use the cut and paste option.

You have three sets of sequences to analyse.

a) 16S ribosomal DNA sequences for a range of bacteria

b) 16S rDNA sequences for the lactic acid bacteria

¢) Amino acid sequences for staphylococcal and streptococcal toxins.

Together you can make similar figures to Fig. 2.1, 2.20, and 2.23 in the book.

If you want to learn how to find similar sequences go to Exercise 2 for 16S rDNA
sequences and Exercise 3 for toxin sequences.

Part 2 : 16S-18S rDNA sequence alignment, ‘Tree of Life’

‘Al you need to do initially is to cut and paste each set of sequences together into the
ClustalW (http://www.ebi.ac.uk/clustalw/index.html) window.

Here is the LINK (http://www.foodmicrobe.com/Figl.txt ) for the 16S sequence files for
this exercise. It is named ‘Fig 1 16S seq file’.

If you wish you can also turn on the ‘color’ (yeap American) alignment option, but it's not
important, especially if you're colo(u)r blind like me!

After a few minutes you’ll get a new screen. There are two formats depending upon how
many sequences you have compare.
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If it looks like this:

-+ i Daabases  wemertenrere  [ESCECNT
4 . @

EMBL-EBI 2:° 32 Surg All Databases ~ | Enter Text Here Go o o feedback
Databases | Tools | EBIGroups | Training | Industry | aboutUs | Help | sie Index [ S
Help

ClustalW Results
General Help
Forrmats
Gaps Results of search
hatriz: Humber of sequences 9
References Sequence format Pearson
Clustalir Help Sequence type aa
Clustal¥y Fag ClustalW version 1483
Halkvie Help Output file Clustal-30071 022-1 SO20466 output
geores Table Heighbor-Jeining tree file clustalve-20071022-1 5020456 nj
Alignrnent -

Phylip tree file clustalw-20071022-1 5020466 ph
Guide Tree

Vour input file Clustahy-20071022-1 5020466 input
Colours

[ SUBMITANOTHERJOB |

Scroll down and you will see that the sequences have been aligned. You will also find
at the bottom of the page a ‘tree’ showing the relative similarities of the sequences.
However please note that they were in fact different lengths and for more precise
comparisons you will need to trim the sequences to comparable lengths.

Click on ‘Show as Phylogram tree’ for a more understandable diagram.

Background comment, from ClustalW index:

A phylogram is a branching diagram (tree) that is assumed to be an estimate of a phylogeny. The branch lengths
are proportional to the amount of inferred evolutionary change. A cladogram is a branching diagram (tree)
assumed to be an estimate of a phylogeny where the branches are of equal length. Therefore, cladograms show
common ancestry, but do not indicate the amount of evolutionary "time" separating taxa. It is possible to see the
tree distances by clicking on the diagram to get a menu of options. The options available allow you to do things like
changing the colours of lines and fonts and showing the distances.

Alternatively, you may get a screen which does not have the tree at the bottom. This
occurs when you have compared a large number of sequences. Instead click on ‘View
Guide Tree’ and continue as per the example above. Scroll down, and click on ‘Show as
Phylogram tree’.
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Help
General Help
Farmats

ClustalW Results

Gaps Results of search
hatrix Humber of sequences 18
References Alignment score 30335
Clustal Help Sequence format Pearson
Clustalvy FAG Sequence type aa
Jalview Help ClustalW version 183
Scores Tahle D
JalView
Alignment Start Jalview

Guide Tree

Colours Output file clustalw-20071022-15432351 output

Alignment file clustalw-20071022-15432351 aln
Guide tree file clugtalw-20071022-15492351 .dnd
Your input file clustalw-20071022-15432351 input

[ ViewScoesTable | [ ViewGuideTree | [ SUBMIT ANOTHERJOE |

To save a result file right-click the fifs link in the above table and choose *Save Target As"
Fyaw cannat ses the Jailiew button, reioad the page and check your browssr sektings to enable Java Applets.

Note how the label in the FASTA files is used for the phylogenetic tree. Also it only
uses the letters after the >’ symbol until there is a space.

Does the tree make sense? You need to look up the organisms to answer this question.

Using this first 16S rDNA sequence file you will be constructing a “Tree of Life’ which is
focused on micro-organisms associated with food, In order to better follow the
organisation of the tree you need to know what the different organisms are.

Bacillus cereus — Gram positive eubacterium, aerobic spore-former

Bacteroides fragilis — Gram negative eubacterium

Campylobacter jejuni — Gram negative eubacterium

Clostridium perfringens — Gram positive eubacterium, strict anaerobe, spore-former
Clostridum botulinum - Gram positive eubacterium, strict anaerobe, spore-former
Escherichia coli — Gram negative eubacterium

Lactobacillus acidophilus — Gram positive eubacterium

Listeria monocytogenes — Gram positive eubacterium

Micrococcus luteus — Gram positive eubacterium

Pseudomonas aeruginosa — Gram negative eubacterium

Pyrococcus furiosus — thermophilic archaea organism

Salmonella Enterica — Gram negative eubacterium

Staphylococcus aureus — Gram positive eubacterium

What does it tell you about the organisms you are not familiar with?

Traditionally cellular life is divided into prokaryotic and eukaryotic. However, what does
the ‘Tree of life’ show you about ‘bacteria’?

How can you find the differences between the sequences which have lead to the
branches?
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Looking at the alignments, can you regions of insertion or deletions? It may help you to
click on ‘Start Jalview’

ClustalW Results

Results of search

Number of sequences. 13

Alignment score 24892

Sequence format Pearson

Sequence type a8

ClustalW version (IR

Jatiiew Start Jalview

Output file Clustaly- 20071022 5163741 output
Alignment file clustaly-20071022-1 5163711 ain
Guidle tree file Clustaly- 20071022 5163741 dnd
Your input file clustahy-200710221 5163711 input

To save @ result file right-ciick the file iink in the above lable and chaose “Save Target AS™
i yaw cannat see the Jailiew bitton, relaad the page and check your browser settings to enable Jdava Applets.

You'll get a very colourful window:

£ itp:IAvw.chi.ac.uklcg) binfjobresulisiclustabwlclustahe 20071114.11095064.aln
S e g

Use the slider to scroll along, and you will see the regions of similarity, as well as
insertions/deletions.

Printing the tree from ClustalW is not easy (please let me know if you find a simpler
solution than mine). | use the ‘PrtScrn’button and then paste into Word™. For the book |
used text boxes in Word™ to add the addition labels.

Just as before you need to cut and paste the set of sequences into the ClustalW
window at http://www.ebi.ac.uk/clustalw/index.html.

Here is the LINK for the lactic acid bacteria 16S rDNA sequence files;
http://www.foodmicrobe.com/Fig2.txt .
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Hopefully by reading through the book (Section 3.7.1), and referring to the figure you've
generated you’ll see that this collection of organisms have been hamed according to
their ability to produce lactic acid, but otherwise they are fairly divergent. In fact the
Bifidobacterium genus is a considerable distance from all the others. It may look similar
to Lactobacillus down the microscope but its genetic history is very different.

Part 4: Amino acid sequence alignment

Just as there is a single letter code for the nucleotides in DNA, so there is also one for
amino acids. This is great as the sequence of amino acids in a protein can be
represented as a string of single letters and compared to another just as we’ve already
done for DNA sequences. The single letter codes are given in the Appendix.

Just as before ‘all’ you need to do initially is to cut and paste the set of sequences into
the ClustalW window; http://www.ebi.ac.uk/Tools/clustalw2/index.html . Here is the
LINK for the staphylococcal-streptococcal toxins for this exercise;
http://www.foodmicrobe.com/Fig3.txt .

You'll see although the sequences this time are amino acids, the results is again a
phylogenetic tree based on the similarities between each file.

Confession: | did not know about the link between staphylococcal and streptococcal
toxins when | first made the tree on p99. As | was preparing the chapter | wanted to put
a variety of topics in the bioinformatics/phylogeny section as tasters of what can be
done. | already had two examples based on ribosomal DNA (rDNA) sequences (‘Tree
of Life’ and ‘lactic acid bacteria’) and wanted a protein example to complement them.
The staphylococcal toxin (SEA etc) group came to mind and not being a specialist in
staphylococcal toxins | thought it would be interesting to collate their sequences and
see what the result was. First | used the terms ‘staphylococcal’ and ‘SEA’ PubMed
search for the protein sequences (Exercise 2), and having made a core of sequences |
did BLAST searching (Exercise 3) to see if there were any staphylococcal sequences I'd
overlooked, and that’'s when | came across the matches with streptococcal toxins (!). So
| collated those as well and then made the phylogenetic tree with ClustalW. The result
was Figure 2.21 in the book. Pure serendipity.

What you should know by the end of Exercise 1:
Difference between BLAST and ClustalW
How to construct a phylogenetic tree, not cladogram
How to look for sequence differences
How to identify regions of interest that may relate to taxonomy.
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Exercise 2: Finding 16S rRNA sequences

Part 1: Using NCBI for organisms which have been sequenced

Introduction

(a) Go to the NCBI Entrez genome site at Complete Microbial Genomes;
http://www.ncbi.nlm.nih.gov/genomes/Iproks.cgi

3 Complete Microbial Genomes - Microsoft Internet Explorer

EEX
Help :f'
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(b) Scroll down to the organism of choice, in this case Bacillus cereus 03BB102.
Click on the organism name.

You will get a long list of B. cereus genome projects, and towards the bottom:

n Microbial Bioinformatics — S Forsythe


http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi

Genome Project > Bacillus cereus > Bacillus cereus [[£1:1:71/F: project by The J. Craig Venter Institute -

Resource Links Clinical isolate.

. FTP Lineage: Bacteria: Firmicutes: Bacillales: Bacillaceas: Bacillus: Bacillus cereus group: Bacillus cereus 0388102

* TaxPlot 5260628 nt
® BLAST genome
Bacillus

Resources

Genomic 5 ﬂ' .
MRNA : ,
Protein ! ﬁe

WGS Photo: © radarlck C. Michel, ASM MlcrobéL\brary

Genome Projects Comparative genomics: £
TIGR Bacillus by TIGR

INRA Genome sequencing:

Integrated
Genomics

DOE Joint
Genome Institute

.
n

Seq ing status "In p ': 9 projects
Sequencing status 'Complete': 9 projects
Sequencing status 'Draft assembly': 34 projects

4 projects

Bacillus MLST 1 project

Genome information:
Name RefSeq GenBank Length (Mbp) GC content Proteins RNAS TaxMap <o €06 T

Chromosome NC 012472 CP001407 5.26963 35.0% 5398 154 v v v
Plasmid p03BB102_179 NC 012473 CP001406 0.18 32.0% 208

¥ Bacillus cereus 03BB102

Bacillus cereus. This organism is a soil-dwelling opportunistic pathogen that causes food poisoning in infected individuals. There are two forms of food poisoning that\pccur. one is rapid onset (emetic) and
the other is late onset (diarrheal). The rapid onset is characterized by nausea and vomiting while the late onset is characterized by diarrhea and abdominal pain. The eme\ic disease is caused by a small stable
dodecadepsipeptide cerulide whereas the diarrheal disease is caused by a heat labile enterotoxin. Some strains produce a potent cytotoxin that forms a pore in the membprane of eukaryotic cells and canses
necrotic enteritis (death of intestinal epithelial cells) while the unique tripartite membrane lytic toxin hemolysin BL contributes to the diarrheal disease and destructive infectidps of the eye. Genetic and genomic
analyses have revealed that Bacillus cereus is very similar to Bacillus anthracis and that some strains have plasmids resembling the toxin plasmids of Bacillus anthracis.

To find the ribosomal genes (23S, 16S, 5S) encoded on a genome, click on the RNAs
link.

Another window will open up and you can see a list of the relevant genes to download.

24 Genome Result rosoft Internet Explorer
File Edt View Favortes Tools Help -
e Back - () |ﬂ @ ﬂ /IT\J Search \:\? Favarites %) (-3 - :7 B - _J
Agare=S (2] hittp: fwwew nchi, i, nih, gov sitesfentrezrDb: ! bural+-R AT sbleilist_ids=164 vl Go  Links *
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w 7 1108957 | - BUB1E *o
Ala tRINA o7e72A Z7EEOOD |+ |73 1109958 | - BUB19 0
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Leu tRNA 420072 | 420157 - 66 1109963 | - BUB24 *0
SertRhNA 443263 | 443354 + a2 1102964 | - BUB25 * %
Ao tRIA 443372 | 443445 + 74 1108965 |- BUBZG * %
Gln tRKA 445053 | 449127 - 75 1108966 | - BUBZ7 ® o
Leu tRNA 440700 449301 - &2 1109967 | - BUB2S s
Ilet tRINA 449313 | 449389 - T 1108968 | - BUB29 0
Ilet tRMA 204133 | 504209 - 7 1109988 | - BUB30 *0
Arg tRNA 535708 | 535781 ° 74 1109970 | - BUB31 0
55 ribosornal RMA 15 1109946 | rrf BU420 *0 1
< 235 ribnsomal RNA 2913 1109947 | rd BU431 *0
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o armin Feanan | rmannn ES 4 ameeen o - v
& ® Internet
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Tip: Not all sequences deposited are in the same orientation. You may find you have a
collection of 16S sequences which do not make a sensible tree, yet if you BLAST them
you always get the right organism. It is possible that you have downloaded the reverse
complement which will mess things up when using ClustalW as it compares exactly
what you have submitted, whereas BLAST will compare in the three reading frames of
the top strand and the three reading frames of the bottom strand. Use the program at
http://arep.med.harvard.edu/labgc/adnan/projects/Utilities/revcomp.html to generate
reverse complement sequence and retry making the phylogram. This can occur with
other DNA sequence files.

Go to the Ribosomal Database Project Il at http://rdp.cme.msu.edu/index.jsp .

Below is a screen shot of what you should get:

23 Ribosomal Database Project - Release 10 - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools  Help ﬁ.

@Back - -d E @ \/_h pSearch *Favorites @ Bv ..:_; - \_‘J ﬁ
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RDP Release 10, Update 5 :- October 30, 2008 - 706,103 165 rRHAs lm
The Ribosomal Database Project (ROP) provides ribosome related data and services to the scientific community, . bgn
including online data analysis and aligned and annotated Bacterial and Archaeal small-subunit 165 rRMA sequences. Cite RDP’s NAR article &

Hews

ROP Release 10 brings two major changes to the ROP:
10302008 read more

B ROP10 provides new Bacterial and Archaeal alignments with several significant enhancements ower the prewious ROP % alignments. FOF 10, Update 5 Feleased.
B Use of the Mefermal secondary-structure based aligner that prowides better support for shart partial sequences and handles certain sequencing 0840152008 read more
artifacts in a more intuitive manner. FOF 10, Update 2 Released. ROF
Felease 10 is now the latest afficial

release of the Ribsomal Database
Explore cur crnline analysis tools: Project Il

D6J05F2008 read mare
FOF posters from ASM now
available.

HOYVER over any tool item in the menu to see 3 brief popup description of its features;

CLICK the toal it ta begi ke ith it
. on the tanl meny item to begin warking with i 51225008 recet o

FDF 9, Update 61 Released. RDF
Classifier training data updated.

114

PR E= cure to view the video ttorials and visit each tools help file to use our site to your fullest B e i e in
o advantage. Flash, Quicktime and Windows
Hiedi Tormats.

O30572008 read more

RDF 9, Update 39 Released. This
release includes & beta version of
thelnew Taxomatic wisualization
toal.

DEJZ2F2006 read more

Introducing simple chromatograms
uplead and research buddies to
myRDP . Cuality filter can be
applied to wizw only good quality
seqQUEnCes.

0232008 read more
Eatch retrieval by GenBank
accession numbers awailable.

(!

<

Snonsors NP FINE el mare

&) B Internet

DY Microbial Biinfarmat. . > 7 Internet Explarer - EN &) 12:03

There’s lots, and lots of tools you can use here, but for now we will keep to retrieving
16S rRNA sequences for specific organisms.

Microbial Bioinformatics — S Forsythe


http://arep.med.harvard.edu/labgc/adnan/projects/Utilities/revcomp.html
http://rdp.cme.msu.edu/index.jsp

This example will look for some key bacteria which cause foodborne illness:
Salmonella Enterica and S. Typhimurium

Escherichia coli 0157

Staphylococcus aureus

Bacillus cereus

Clostridium perfringens and Clostridium botulinum

Campylobacter jejuni

Click on the ‘Browser’ (circled above) to get the following page:

Choose the following:

Hierarchy Browser - Start

Strain: Type " Mon Type * both
source: 7 jncuftured 7 oolates * gath
size: % 4z " mon " goth Browse
uality: % 5p09 . Suspect T goth
Taxonomy. % yomenciatural  { wcel

and then click on ‘Browse’

Enter the organism of choice in the search box.

# Ribosomal Database Project 1i

RDP HOME | BROWSER | CLASSIFIER | LIBCOMPARE | SEQWATCH | PROBE MATCH | TREE | myRDP | seqCART

RDP
0 sequences selected; 0 match your data set’v
Hierarchy Browser

\ 4 ['start over | help | publication view | download 1
Display depth: |Auo Escherichia coli More search tips
4 sequence(s) matched your query. |, Show both hits and nan-hits ]

Lineage (click node ta return it ta hierarchy view ):

You will need to ‘drill’ down via the ‘Proteobacteria’, and then ‘Enterobacteriaceae’to
find Escherichia coli.
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Lineage (ci2cimode To reltm 1 Iw RYerarchy view)

Hierarchy Fiew:

no rank koot (DFZ56680/345) (selected rrotalssearch matches)
domain Archaea (0572407
phylum Crenarchaecta (0/136571)
class Thermoprotei (0£13651)
arder subblobales (0727513
P acteria outgroup (04171
domain Eacteria (04280953 /343)
phylum Thermotogae {0£375/2)
class Thermotogas (0/325/2)
arder Thermetogales (00325/2)
phylum Deinococcus-The rmus (0753171
class Deinacocc (0453144)
order Thermales (0/302/1)
phylum Cyanobacte ria (0/463702)
class Cyanobacteria (0/4697/2)
family chloroplast (07117942}
phylum Proteobacteria (0/91335/267)
class Aphaproteskacteria (0722926 /2)
arder Rhizebizles (09363 r2)
class Betaprotenhacteria (0/16843/15)
order Burkholde risles (071165371 5)
class Gammap ratesbacteria (0142558 124%)
arder teidithinbacillales (0739741
arder santhomonadales (0/2546/3)
arder Pseudomonadales (0/1462204)
order vibrionales (04211342}
arder Enterobacteriales (0/8017/233)
order Pasteurellales (071614/6)
class Epsilonp rotesbacteria (0426674 1)
family dlcaligenaceae (0F105375)
| 2 genus Mcaligenes (0511371)
P cenus achromobacter (00256 54
P cenus Bordetella (0012505
family Comamonadacese (07342506
B qenus comamenas (0747502)
P cenus acidovaras: (0ideziz)
P cenus Delftia (0533704)
P Lndassified_Comamaonadaceas (058041
class Gammaprotecbacteria (0742556 /243)
order acidithiobacillales (0739771)
family Acidithicbacillaceae {0/39501)
P cenus acidithiobacilus (0e39501)
arder xanthomaonadales (0725463}
family xanthomonadaceae (0/Z546/3)
P genus stenotrophomenas (0122943 )
order pseudomonadales (0F 1496225 4)
family Pseudomonadaceas (0711235/3)
> genus Pseudomonas (0710802/3)
family Moraxelaceas (OF33ZT01)
} genus Acinetobacter (0242301
order Wibrionales (0/2115/2)
family wibrionaceae (0FZ116/Z)
P cenus vibrio 07 143452)
order Enterobactariales (0/8017/233)
family Enterobacteriaceas [0080170253)
P cenus Escherichia (0/35012)
P cenus citrobacter (0745304
B qenus Entercbactar (0753 4]
P cenus klebeiella {0/33901)
B qenus Proteus (Diesiz)
P cenus Racultela (0/6501)
P cenus saimenella (005574

oooDoonooonoRoooooEEooEEEnnnnRnnna R RERnnanaRERannanaRnanEanannn

e thimnlle f fanag L
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& ror
D sequences selected; 0 match your data set:

Hierarchy Browser

[ start over | help | publication view | download ]

Display depth: [Escherichia cali | [Bearch |  Mare search tips
4 sequence(s) matched your query. |, Show both hits and non-hits ]

Lineage (click node to return it to hierarchy view):

Hierarchy View:

O
o)
o
o
o
o
o

hia coli (T); ATCC 117757, X80725

[+ +]+]
b=l
0
=
c
3
]
=
2
o
[y
=S
b
g
o
=
=
(]
iy
-
£
1J

clazs Bacilli (O/F05/2)

domain Bacteria (0/5167/4) (zelected/total/search matches) [ options ]
phylum Proteobacteria (0/1923/2)

class Gammaproteobacteria (0/883/2)

order Entercbacteriales (0/144/2)

family Enterobacteriaceae (0/144/2)

¥ genus Escherichia (0/2/1)

Move your cursor over the selected organism number on the left-hand side, and a
temporary window will open arrowed above. This is a bit tricky as it is not apparent that

these embedded links exist.

Click on the FASTA option as this will be more appropriate for you.

Another window will open with the sequence in FASTA format. Copy and paste to a
Word file (use font size 8 to save space), and save in PLAIN TEXT format using the

‘Save as’ and pull down options.

b Document1 - Microsoft Word X

i Fle Edt View Insst Fomat Tools Table  Window Help Type a question for help = X

N EHRSIS IV E S B S8 E RS 3 e ~@Iilaead!§12 - | B L i iS

[]

I A I R B R U R I TR - A AR RN AR RN - ROUANE - RS -

GTGECGAAGGCGGECCCCC TEEACAALGACT BACGCTCAGGTGCGAAAGCGTGEE GAGC AAACAGGATTA

. GATACCCTGET
- AGTCCACGCCGTARACGI E]

: TAAGTAGACCE Seveln | £ New exercies ¥ @ @ X Ci 0 - Teok v
- c ACGECCE] -
s TEETTTAATT y & ioinformatics - Introduction ko NCEL
- CATGOAACECGARGAAC] ! 51 Biginfarmatics Exercise 1
" CEEALCTETGA gg(sricee”nt; g]ﬁmmfurmat\(s Exercise 2
B CACAGETEOT GOAT GEC E_]Bmmfnrmat\cs Exercise 3
- COCTTATEOTT T Eﬂﬁmmfarmat\cs Exerdise
- POTTGECAGC GATT AGE] @Bmmmrman(s Exehmse 9 HIY nfectino from & denkist
- P —— Deskiop @Exe;[;se.tﬁ Enterobacteriaceas comparison
- CATGGCOCTTACGACCA) sl stes
N GCAAGCGGACT ,}
TCATALAGTGCETC CTA
- My Documents
CETGEATCAGA
- ATECCACCET CAATACS -
- GALGTAGETAG g’
N CTTAACCTTCEEEACEE] | My Computer L
- TAGGENAACCT _
” GCEBTTEGATCACCTCL
Z i Filename: |S000004313 Escherichia coli v e ]
- My Network =
- Places Save astype! [word Document & [ cancel ]
- b Page ~
;_ Weh Page, Fitered =

Document Template:
N Rich Test Format

. Plain Text =
= / M5-D0S Text with Layout 2
- °

=

<

E]zw< I3
iDrawr s [Autoshapess N W DO Al Bl @ &-2-A-==FT @ i!
Page 2 Sec 1 22 At 118 Ln24 Col 1 Engish (UK GF

74 start
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You need to ensure the label line is useful.

For example:
>Escherichia-coli (type strain)
ACTACATTCGA...etc

This is okay as the ‘Escherichia-coli’ will appear as the label in the resulting tree when
you do the phylogenetic analysis. The ‘(type strain)’ will not appear as part of the label
as there is a space after ‘coli’.

| strongly recommend that you put a list together of the organism name, strain and
sequence accession number. If you get into this habit, it will save you lots of wasted
time repeating searches in the future as you can just enter the accession number into
the NCBI website. This is a lot easier than a general search for each organism.

If you're not sure what the accession number is, look at the line below which is the first
line for the E. coli FASTA file:

S000004313 Escherichia coli (T); ATCC 11775T; X80725
Background comment: The culture collection code ATCC 11775, which refers tot eh

American Type Culture Collection (www.atcc.org). ‘T" means it is the type strain, and
has therefore been well studied.

The only numbers left are S000004313, and X80725.

Go to NCBI web site (http://www.ncbi.nlm.nih.gov/ ) opt for the ‘CoreNucleotide’ in the
‘Search box, and enter each value in the search facility and see what you get. One
makes sense, the other doesn’t.

The alternative method is to go back to the Heirarchy Browser and click on Genbank
instead of FASTA.

Also remember that these exercises are to introduce you to the basic tools in
bioinformatics, they are applicable to eukaryotic as well as prokaryotic systems. You
may also find them of use in other projects. All the best!

What you should know by the end of Exercise 7, Part 2:
How to use ClustalW for multisequence alignment analysis
How to construct labelled phylogenetic trees
How to interpret features of an ‘unknown’ organism, from similarity comparison.
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Exercise 3: BLAST searching
Introduction

The aim of this exercise is to identify the amino acid sequence for an unknown protein
using BLASTP:

MNRRDFIKNTATASAASVAGLSVPSSMLGAQEEDWKWDKAVCREFCGTGCGIMIARKDGKIVATKGDPAAP
VNRGLNCIKGYFNAKIMYGEDRLVMPLLRMNEKGEFDKKGKEFQQVSWORAFDEMEKQFKKAYNELGVTGI
GIFGSGQYTIQEGYAALKLAKAGFRTNNIDPNARHCMASAVVGEFMQTFGVDEPSGCYDDIELTDTIITWG
ANMAEMHPILWSRVSDRKLSNLDKVKVVNLSTEFSNRTSNIADIEIIFKPNTDLAIWNYIAREIVYNHPEA
MDMKEFIKDHCVFATGYADIGYGMRNNPNHPKFKESEKDTVEKENVITLDDEEATSLSYLGVKAGDKFEMK
HOGVADKNWEISFDEFKKGLAPYTLEYTARVAKGDDNESLEDFKKKLOQELANLY IEKNRKVVSFWTMGEN
QHTRGSWVNEQAYMVHEFLLGKQAKPGSGAFSLTGQPSACGTAREVGTFSHRLPADMVVANPKHREISEKT
WKVPAKTINPKPGSPYLNIMRDLEDGKIKFAWVQVNNPWONTANANHWIAAAREMDNFIVVSDCYPGISA
KVADLILPSAMIYEKWGAYGNAERRTOHWKQOVLPVGAAMSDTWQILEFAKRFKLKEVWKEQKVDNKLTL
PSVLEEAKAMGYSEDDTLFDVLFANKEAKSEFNPNDATIAKGEFDNTDVKGDERKIQGSDGKEFTGYGEFEVQK
YLWEEYRKFGLGHGHDLADFDTYHKVRGLRWPVVNGKETQWRENTKEDYYAKKAAPNSDFAFYGDENKML
TNGDLIAPKDEKEHSIKNKAKIFFRPFMKAPERPSKEYPFWLATGRVLEHWHSGTMTMRVPELYRAVPEA
LCYMSEKDGEKLGLNQGDLVWVESRRGKVKARVDMRGRNKPPVGLVYVPWEDENVYINKVTLDATCPLSK
QTDFKKCAVKIYKA

Tip: Look up what the differences are between the 6 BLAST programs;
http://blast.ncbi.nlm.nih.gov/Blast.cqi.

You will find the Appendix at the end of the document useful for looking up the single
letter codes for the amino acids.

Use the NCBI BLAST site at http://www.ncbi.nlm.nih.gov/BLAST/
Click on the Protein-protein BLAST (blastp)

2 BLAST: Basic Local Alignment and Search Tool - Microsoft Internet Explo’ er

Fle Edt Vew Favorites Tools Hel i

Qx - @ X [ B POsann Jerans @ L-12 @ - [JE

ickiress | €] http o,

ncbi. ol i, goviBLAST

:j — My NCBI
Home | RecentResults | Saved Strategies | Hel, Sign In] [Re gister

» NCBI/ BLAST Home

BLAST finds regions of similarity between bioloffical sequences. more...

Leam more about how to use the new BLAST defign

BLAST Assembled Genomes

Chonse a species genome to search, or j4t all genomic BLAST databases.

o Gallus galtus kel

8 Human megsl
o Pan troglodytes 2007-09-04 10:5500

o Mouse
o Rat
o Arabidopsis thaliana

9 Microbes More BLAST news...
1 9 Apis mellifera

Basic BLAST Tip of the Day a7

arch 2 nueleotide database using 2 nucleotide query
Algorithas: blastn, megablast, discontiguous megablast

Search protein database
Algorithms: blastp, psi-bl

protein blast

blast | Search protein database using 3 ranslated nucleotide query

blastn | Search translated nucle ofide database using @ protein query

o & 159
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Because of variation in codon usage, in this example use the 'BLASTP' search.
The top of the screen should look like this:

3 Protein BLAST: search protein databases using a protein query - Microsoft Internet Explorer. [BEE
"'!

File Edt View Favortes Toos Help

Qe @ ¥ B @ PO rraons @ (2 -LJB

s | ] httpsffwm.ncbi.rim rib gov/BLAST [Blast. cai? 5T T . DEFALLTS=on v| B ks >

My NCBI
Sign In] [Re gistei]

Sequence

Enter Query Sef

oarch protein databases using a protein query. more coet pece  Boomari
nce /
Enter accession number, gi, or FASTA sequence & Clear 0 T

Onuploadfile [ [Eguee ]9
Job Title [ |
Enter a descriptive title for your BLAST search @ L C H EC K I
H
Choose Search Set ﬁ’//—
Database | Non-redundant protein sequences () v | &
Organism ‘
opti

Erer organism common name, binomial, or tax id. Only 20 top taxa will be shown. @ L

e | : — NOTE

Enter an Entrez guery to limit search @
Program Selection

£l @ blastp (protein-protein BLAST)
© PSIBLAST (Pusition-Speeiic ierated BLAST)

<
Eoere @ oot

N &g 1553

Paste the amino acid sequence on the previous page into the ‘Query Sequence’ box.

Be VERY careful to check the other pull down menus (‘Check’ above). Unfortunately
frequently the BLAST pages default to searching the human genome, which is not quite
what we wanted to do for 5 minutes....!

Press ‘BLAST’ and then another window will open.
Bottom of Form

2 NCBI Blast:lcl| 7616 (660 letters) - Microsoft Internet Explorer BEE
Fle Edt View Favortes Tools Help "

eﬁack -Q \ﬂ \E] ;j ;]Sear:h \;E(Favnntas £ 5] [_"';. ; - _J el
= | @] hiep: fjwawwe.ncbl.nm, nib, gov/BLAST Blast. cgi
BLAST

Home | Recent Resulis = Saved Strategies | Help
»NCEI BLAST/ blastp/ Formatting Results - H7 OKEKGY0 15 Fonmatting options’

Job Title: IcI[7616 (660 letters)

Putative conserved domains have been detected, click on the image below for detailed results.

1 25 = 78 su0 a5 o

HopE_Nitrate-R-Naph-Like HopB_Nitrate-R-HapA-Like

Request ID HTOKEKGY015

Status Searching

Subrnitted at Mon Oct 15 11:08:30 2007
Current time Mon Oct 15 11:08:36 2007
Time since su brission

This page will be automatically updated in 12 seconds

Copyrint | Disclsimer | Privacy | Acceseibiity | Contact | Send feedback on new interface INCBI | 1ML | NH | DHHE

The window will update, and you can scroll down a little to a list of organisms in which
your amino acid sequence has already been found in. The nearest match will be first.
Scroll further down and you can see the regions where the similar occurs (simple
consensus sequence).
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The example below shows regions of homology, insert/deletion (‘indel’), and where
equivalent amino acids are found in the same position. Try to find these for yourself,
before asking for help.

> [ref|NP 907363.1 [3 FPERIPLASMIC MNITRATE REDUCTASE [Wolinella succinogenes D3IM 174

end | CAE10Z263 .1 [3 FERIPLASMIC NITRATE REDUCTALZE [Wolinella succinogenss]
Length=5947

Score = 1075 bits (2779), Expect = 0.0, Method: Composition-hased stats.
Identities = 5037662 (75%), Positives = 5777662 (87%), Gaps = 3/662 (0%)

Query 2 NRERDFIENTATAS A AV AGLIVPSSHLGAOEED - ——WEWDEKAVCRFCGTGCGINIARKDG 558
+RERE+F+E+ L ASALS  G+3VPI +L +E W+WDEAWCRFCGTGCGIM+A F+
Jhjot 23 SRREFLESALLAS AL AVGMIVPAIQLLAQAQEGEEGWEWDESWVCRFCGTGCGINVATEND 82
QJuery 59 EIVATEGDP LAPVNEGLNC IKGYFHNAKINYGEDELYVHFLLEMNEKGEFDEKGEF QOVIATQ 115
+IVA EGDPALAPVNEGLNCIKGYFNAKIMNYG DEL FLLEANEKGEFDE+GEF+ VIT+
Shjer &3 QIVAVEGDP LAPVNEGLINC IKGYFHNAKINTGADRLTDPLLEVHNEKGEFDEQGEFEFVITE 142
Query 1159 RAFDEMEEQFEEAVMELGVTGIGIFGIGOYTICEGYAALKLAKAGFRTNNIDPMNARHCHA 173
+LFD ME QFE+AVMNELG TGIGHFGEGOYTICEGT A KL K GFRANN+LPNARHCML
Shjct 143 EAFDVHEAQFERAVWELGPTGIGVFGIGOTTIQEGTYMALKLIEGGFRINNLDFNARHCHML ZO0Z
Query 1759 SAVVGFNOTFGVDEPSGCYDDIELTDTIITWGANMAEMHP ILWSRVIDRELINLDEVEVY 238
AV FM+TFG+DEFP+GCYLDIELTDTIITUGANMAEMHE ILWHRV+D+ELIN DEVEV+
Shjct 203 SAVAAFMETFGIDEPAGCYDDIELTDTIITWGANMAEMHPILWARVTDEELSWPDEVEVI Z62

Query £3% NLITFIMNRETSNIADIEITIFEFNTDLAIWNTIAREIVYNHFEAMDMEFIEDHCVFATGYAD 298

The line between the two sequences gives the matching amino acid, or ‘+’ for when the
amino acids are structurally equivalent, and therefore would not lead to a major change
in the 3D structure of the protein.

‘|Identities 503/662’ means that identical amino acids were found in 503 positions out of
662.

‘Positives = 577/662’ mean that identical plus structurally similar amino acids were
found in 577 out of 662 positions.

‘Gaps= 3/662’ refers to the stretching of the sequence by 3 positions to improve the fit.

Go back to the BLASTP page and enter an Accession number instead of the sequence
in the Query sequence box, for example ZP_01071654. You'll see another reason why
noting an Accession number can be useful.

What you should know at the end of this Exercise:
Difference between DNA and amino acid sequences
Differences between BLASTN and BLASTP
Why two DNA sequences for the same enzyme can differ?
What do ‘Sbjct’ and ‘Query’ refer to when you do a BLAST search?
What is an ‘Indel’?
What do the terms ‘Identities’, ‘Positives’ and ‘Gaps’ refer to?
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Exercise 4: Searching a bacterial genome

Introduction

(a) Go to the NCBI Entrez genome site at the NCBI ‘Complete Microbial Genomes’:
(http://www.nchi.nim.nih.gov/genomes/Iproks.cgi?view=1

¥) Complete Microbial Genomes - Mazilla Firefox

File Edit View History Bookmarks Tools Help
@ cxaomzosuas

2| Most Visited |_| Gefting Started 3 Latest Headlines

__ Microsoft Outlook Web Access 5 | | foodmicrobe.com: File Manager = | = Complete Microbial Genomes x

connection

<. —
<3 NCBI ENTREZ Ganome Project —— Wen

m »

PubMed Nuclectide Protein me Structure
Search Genome Project -
‘ ‘Organism info Complete G in ‘
organism group: - All—- -
Tools legend: T - TaxMap; P - ProtTable; C - COG Table; D - 3-D neighbors; L - BLAST; S - CDD search; G - GenePlot; X - TaxPlot; ) - gMap; F - FTP; R - Publications
" size is estimated, otherwise genome size is calculated based on existing sequences
1116 Complete Microbial G lected: [A] - 80, [B] - 1036
GPD Organism King Group *Size GC #chr #plsm GenBank RefSeq  Released Modified Center Tools
Genome Sequencing Center
- . B 5 . (GSC) at Washington .
12097 Acarvochloris marina MBIC11017 Cyanobacteria 836 470 1 9 CPONSI NC 000031 10/16/07 04/09/10 - e L IP DLSGX ER
Univessity (WashU) School of
Medicine [more
31120 o 1FO 3283.01 cria 333 531 1 6 APDII211  NC 0132091 08/26/09 04/16/10 YamaguchiUniv Japanfmore] TP DLSGX ER
, pas s . . . " R
781‘;‘;?;’ asteurianus IFO Alphaproteobacteria 122 531 APOI1163 08/26/09 Yamaguchi Univ_Japan [more] P L &X
31131 b 1FO 3283.03 cria *3s3 531 AP011128 08/26/09 Yamesuchi Univ_Japan[mere] B L GX
31133 b IFO 328307 bacteria “az sl APO11135 08/26/09 YamaguchiUniv. Jepanfmore] B L GX
32203 Acetob FO38312 bacteria “az sl APO11170 08/26/09 YamsguchiUniv. Japanfmore] B L GX
31138 b IFO 328312 bacteria ‘asa 531 APOI114) 08/26/09 Yamaguchi Univ_Japan[mors) P L GX
31137 Acetob 1FO 328326 bacteria ‘3z 531 AP011149 08/26/09 Yamaguchi Univ. Japan[mors] P L GX
31139 o IFO 328 cria “asa s AP0I1IS6 08/26/09 YamaguchiUniv Jspanfmore] B L GX
5 Ji 2 EHesearch Inshitute for Fhvysico-
19259 Acholeplzsma laidlawii PG-8A Firmicutes 15 319 1 CPODOSSS1 NC 0101631 12/07/07 0412800 BesearchlnstituteforPhysico. | p 5o F
e sl Chemical Medicine [more
s s I\ i 3 s til
—_— Fimicutes “23 558 CPONISSE] NC_OITA0L 011510 032400 22Eoint Cenome lnstitute B | E=
[more.
20325 wt‘“b’“ﬂ‘fw Actinobactesia “44 683 1 CPODIGILI  NC 0131241 04/30/09 041510 W IP DLSGX E
Alphaproteobacteria 397 671 1 8 CPO009T] NC 0094841 05/11/07 04/11/10 DOE JointGenomelnstitte 1P DLSGX E
= kil bacteria 3 588 1 CPOOI2I00  NC_OUI76L1  12/19/08 03/3110 TIGR TP DLSGXMER
oxiobacius ferondan N8 Other Bacteria 29 589 1 CPO011321 NC 0112061 09/05/08 04/12/10 DOE Joint GenomeInstitute TP DLSGXME
i i E: . 5 - - - . . |
Acidobacrerium capsulatun ATCC Acidobacteria 41 605 1 CPOO14721  NC 0124831 03/30/09 03/31/10 I Craie Venter Institute IP DLSGX ER
16097 Acidathemmus cellulofytions 115 Actinobacteria T34 669 1 CPOD0ISI1 NC_ 0085781 11/09/06 04/11/10 DOE Joint Genomelnstitte 1E DLSGX ER
3 Acidovorax citrulli AAC00-1 Betaproteobacteria ‘54 685 1 CPOOOSL2d  NC_0087521 0L/04/07 04/14/10 DOE Joint Genomelnstiwts: TP DLSGXME | -

1" ¥) Complete Microbial... | "E) Downloads P Biomformatics (Rea.. CERALR

(b) Scroll down to the organism of choice, in this case Escherichia coli K12 MG1655.
Click on the Accession number 225 (NOT the organism name).

You will get a long list of E. coli genome projects, and towards the bottom:
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Genome information:

Marne RefSeq GenBank Publications Length [Mbp) GC content Proteins RNAs TaxMap coo coG
Chromosome NC 000913 Uo00ge 2 4.6 50.8% 4243 172 v v v
Publications:

s Blattner FR of ol "The complete genome sequence of Escherichia coli 12", Sevenee, 1907 Sep 5,277(5331):1453-74

»  Escherichia coli str. K12 substr. MG1655 K12 t

Escherickia coli. This o istn was named fot its discoverer, Theodore Escherich, and is one of the premier model organisms used in the study of bacterial genetics, physiology, and
biochemistty. This entetic organism 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. B coli, is capable of causing various di in its host, especially when they acouire virulence traits. Strains of B coli can cause urinary tract infections,
neonatal meningitiz, and many different intestinal diseases, usually by attaching to the host cell and introducing toxins that disrupt normal cellular processes. Vinulence proteins may be
encoded on extrachromoszomal plasmids or within bacteriophages and distinct DNA segments termed pathogenicity islands (PAIS). PATs are likely to have been transferred hotizontally
and may even have integrated into the chromosome through bacteriophage or plasmid integration or transposition.

Escherichia coli strain K-12 substrain MG1655. Non-pathogenic strain MG1655 approximates wild-type B colf as it has been maintained with very little genetic manipuilation except
for the outing (temoval) of bactetiophage lambda and the F plasmid. MGE35 was derived from strain W1483, which was derived by Joshua Ledetberg from the otiginal K-12 isolate
obtained from a patient in 1922,
Cellular features Environment Temperature
Gram stain Shape Arrangement Endospores Motility Salinity Oxygen Req. Habitat Opt. temp. Range

- Rod Singles, Pairs Tes Facultative Host-associated I7C Mesophilic
Pathogenic in: No

The bottom portion has useful background information on E. coli and the particular
strain MG1655. You'll see that it is a non-pathogenic strain. Therefore we can use it to
compare with the genome of pathogenic strains such as E. coli O157:H7.

(c) About half way down the page enter the gene name narG and click on ‘Find Gene’.
This will then give you two maps of the genome, the linear one has the gene in the
middle (which you can click on for further information), and a tiny (!) circular map
indicating the general position.

The linear map is also of use to see if any other genes of interest are nearby. Find out
what some of them are? Decide whether the order of genes make sense.
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Genome = Bacteria > Escherichia coli str. K-12 substr. MG1655, complete genome

Lineage: Eactetia;, Proteohacteria, Gammaprotenhacteria; Enterobacteriales; Enterobacter : Esct hia, Escherichia coli; Eschesichia coli K-13; Escherichia coli str. K13 substr.
MIGLASS
Genome Info: Features: BLAST homwologs: | Links: Review Info:
Refseq: WG 000813 | Genes: 4467 CoG Genome Project FPublications: [2]
GenBank: UJO00OSE Protein coding: 4132 | TaxMap Refseq FTP Refseq Status: Provisional
Length: 4,639,675 nt | Structural RMAs: 172 | TaxPlot GenBank FTP Seq.Status: Completed
GC Content: 50% Pseudo genes: 168 BLAST Sequencing center: Univ. Wisconsin
% Coding: 85% Others: 578 ahap Completed: 2001/10/15
Topology: circular Contigs: None con
Molecule: DNA Other genomes for species: 118
Crene Classification based on COG functional categories Search gene, GenelD or locus_tag:
CGene marG was found and highlishted on the gene map below.
< . > 4630675 nt

1,276,011 nt 1,285,903 nt

narGs narl o » |
narJ

narx narH

Look up the colour coding; remember the Appendix section?

What is the function of narG? Click here to get the link to the Genbank entry, and
convert to FASTA format. You will now have gone full circle with Exercises 2-4.

Background comment: The colour coding is a common feature of genomes as it helps to
visualise the organisation of the genes, but the code can change between Web sites.

The example used above does require knowledge of the relevant enzymes. In this case
it should be remembered that nitrate reductase is not a single protein, but a complex
involving electron carriers and membrane proteins some of which are not catalytic but
anchor the catalytic subunit into the membrane. In a future Exercise you will come
across the KEGG site( http://www.genome.jp/kega/)which gives excellent background to
metabolic pathways.

Comment on the location of the genes. Are they clustered together? Is there evidence
for operons? You need to look at the neighbouring genes and decide if their function is
related to your gene.

Try repeating the exercise using other genes of interest in other modules.

Other parts of the Entrez site to explore are the Entrez Taxonomy at
http://www.ncbi.nlm.nih.gov/sites/entrez?db=taxonomy
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Click on this link URL to the Sanger Centre and access Artemis release 9:
http://www.sanger.ac.uk/resources/software/artemis/

2 Sequencing and Analysis Software icrosoft Internet Explorer

File Edit Wew Favorites Tools  Help ”
e Back ~ \\) @ @ \l_h p Search \‘.-J,rL\f Favorites @ B - .{_;! © I_J
Address ‘@ http: | v, sanger. ac. uk/Softwarefartemis/va) V| Go | Links >

Search - 5' @' | q‘.save to My Web + =71 Mal + m answers ~ 5 Dating + &Y! Mobile ~ @Slgn in

A

101100110051000 106100 .
DEERRCDLGEINEDNEEGL  Artemis Release 9

AAANTANT AT AdA1 TN

Software Getting and Installing Release 9

Praduction sfw ~ E Release 9 of Aemis is available for Unix, Macintosh and Windows. This is a stable release of Atemis, which has been used in E
" @| production at the Sanger Institute 1
Mapping shw ha 4
=
Analysis sfw 3 ; If you have Java ¥Web Start available try clicking below:
Farmat Specs ML LAUNCH ARTEMIS (=]
Perl Modules v

Alternatively: File Options

e G n FTP:  Artemnis W3 for UNX Artenis
ehsite Searc VAW Artermis V3 for UBE Eelease o
People Search B
i o FTP:  Aremis vH for MacOSK | 1. Svandard
ibrary Services
Site Map WA Arternis WH for MacOSH Copyright 1998 - 2007
FTR:  Aremis W3 for YWindows Genome Research Limited
Feedback / Help
WYY Arternis WH for Windows
The Sanger Institute

Note for Windows: you may need to shift-cli flais
COSMIC 13 called "artemis_v3.jar" with no other hidden f this

happens then do not unzip it just rename it to

Once downloaded on a Windows machine, the compiled versions are ready to run {assuming you have the appropriate version of Java
installed). UNK and MacOSK users will need to unpack the archive first (see the manual for details)

Note for MacOSX: occasionally a browser decides to display the contents of the .dmig.gz archive file rather than downloading it. If this
happens hold down the <control> key and click on the download link. A popup menu should appear, containing several choices. One of

tha rhaicac chanld ha eamathing lika "Qava |ink &c” far narhane "Mownlaad Link " "2ava Link ta Nacltan” ar o variation on thic L)

@ & Internet
- ) r
i

When you get this small Window, click on ‘File’ then ‘Open from EBI —Dbfetch’ and
enter the accession number U00096. This is the genome for E. coli strain MG1655.

After about 30-45 seconds, and clicking ‘No’ to viewing any warning, you will get a
complicated looking screen!

Microbial Bioinformatics — S Forsythe


http://www.sanger.ac.uk/Software/Artemis/v9/Artemis.jnlp
http://www.sanger.ac.uk/resources/software/artemis/

22

¢ Artemis Entry Edit: dbfetch?db=EMBLE&id=AL11116B&style-raw

File Entries &elect WView 0Goto Edit Create Write Bun Graph Display
Nothing selected
Entry: [w] dhfetchzdb=EMEL&id=ALl11168&3Ty]le=ran

=

= Al Y A s 3 1
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q
wisc_feature misc feature :ature
N RN RN ARV I |
1L A A 1 s | R0 VT
C3j0005c
N E RN N 0 e CARRRR A AT S RET Y T O
C30004c hd
[+ [ v
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M N P 5 Q I L E N L K K E L 5 E NE ¥ E N ¥ L & N L KEF NEEK QS K & DL L ¥ F N & P NE L
# I 0 A KEY L EKETI # KEKEUN#VEKTHNTIETTITYUIO0ODI #0835 TIEKDNIEKAIEKOIOQITFS+ FILHMNILOQHNDNSZS 2

. E 3 K PN T * KFXKKERTIIEK®*U KZERTIZERIEKILTFTIZEKTFZEKTIU GQEREZETEHT QS ZER 3 F 3§ F #0C 3 K * T H

ATGARTCCAAGCCARATACTTGARAATTTARAARAAGAATTARGTARAACGARTACGARAACTATTTATC ARATTTARAATTC AR GAAAAAC ALAGT ARA GCAGATCTTTTAGTTTTTAATGCTC CARATGAACTCATIET

|20 |20 g0 |za [1on 120 [Lan
TACTTAGETTCGETTTATGAACTTTTAAATTTTTTTC TTAATTCACTITT 6L TTATC TTTTEATARATAGTTTAAATTTTAAGTTGCTTTTTGTTTC GTTTCOTC TAGARARTC ARABATTAC GAGTTTACTTGAGTACC 64
.F 6LV IS$ s FEFFSHNLSTFS TYSF+XDTFETFHNTLSTFTC CTLTILALZSERETETLASESBTFSSHA
HIWALTYETFTIGS4FTFTFGE4TFTYFYVFYVY I 1 4FETVTFTFTLATFTE CTIESE HETISTUITFETEHS
5D 1L GF ¥ QFHNLFLITLHFRTIERTFSHNIILKILI*RFYFCLILDEKTLESESEHETLHTY® P 4

L]

[«[E]
source 1 1641481 3
CDS 1 1323 Original (2000) note: C3j0001, dnald, probable chromosomal replication initiator protein, len: 440 aa;
wisc_feature 501 1239 HMMPfam hit to PFO0303, Bacterial dnad protein,score 4.Ze-124
nisc_feature 427 450 P300017 ATP/GTP-binding site motif & (P-loop)
CD5 1453 2550 Original (2000) note: CjO0002, dnal, probable DHA polymerase III, beta chain, len: 355 aa; similar to e.q.

nisc_feature 1483 1339 HMMPfam hit to PFO071Z, DNA polymerase III beta subunit, N-te, score 1.9%e-11
uisc_feature 1364 2196 HMMPfam hit to PFOZ767, DN& polymerase III beta subunit, cent, score 4e-11

Dfam hit to DEOZTE TR 3nl IIT hat Qbamit  Cet 1+ nec

obial Bioinformati... EM Fu ':‘lﬂ 15:13

-r s
iy Start ¥ Artemis Entry Edit: d... r. CELS

These three areas refer to:

Main sequence view panel. The central grey lines represent the forward and reverse
DNA strands at the top and bottom. Above and below these lies are the three forward
and three reverse reading frames. The stop codons are marked as black vertical bars.
The coloured boxes are genes and any other features.

The nucleotide and amino acid sequences correspond with the ‘Main sequence view
panel’. This is a zoomed in version of the main panel to show. To show this double
click on a coloured box, and the sequences will shift and highlight the region which you
selected.

This bottom area lists the various features on the DNA. If you select a gene, then it will
be highlighted in this area. You can also scroll through the list.

Note that both panels can be scrolled left and right, as well as zoomed in and out. The
consequence of this is that it is easy to make both panels look alike — which might not
be very useful.

ADVICE: Don’t use the zoom slide bars for now!!!
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Scroll the middle slider (arrowed) to 1279200, you should find a gene that you have
already looked at. Alternatively use to Goto then Navigator and enter narG in the
window for ‘Goto Feature With Gene Name'.

Now on the top toolbar select Graph, and then click % GC content.

¢ Artemis Entry Edit: dbfetch?db-EMBL&id-LI000968style-raw.

File Entries Felect YView Gote Edit (Create Write Bun Graph Display
Selected feature: bhases 3744 amino acids 1247 narG  (/codon_start=1 /transl_table=11 /gene="narG" /locus_tag="bl224" /product="nitrate reductas

Entry: [V dbfetch?db=EMBLs1d=U00096sstyle=ran

GC Content (%) Window size: 117 |T
a e MWWMAMM VAT f%

TN '
27,357
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nart narT
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L U 1 (| s 23 B [ UV
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[ b [ b I |
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P 4 TL AM S I ¥ (QRADRTILEPOQEZE®XTTDE#TIPGPF V¥ S L L OQTETG* N L CRWATTP A S QT
CTTAAMCATTAGCAATGTCGATTTATCAGAGGGL COACAGGCTCCCACAGGAGARLACT) GQTQQGTAAATI‘C CTGGACCEGETTTCGCTACTTC ARACAGARGCETCARMCCTTTGCCCATEEECATCECCAGCTICTCAATACK

1279040 1273060 1279080 [1279100 1279120 [1279140 1279160

GAATTTGTAATCGTTACAGCTAAATAGTCTCCCGGCTGTE COAGGGTGTCCTCTT T TGGCTACTCATT TAAGGAL CTGGCCALLGCCATGARGTTTGTCTTCCCACTT TGGAAAC GGCTACCCGTAC CAGTLGAMGAGTTATGS
R L C #CHZRUNTILP?PGY PETTL L FGIILILMNZERESZEUNERS+FEKTLT LCTFZP?P S5V EKEWALS?PCLCEPTTSERELY
K rmnmiLiLLTS3KD S P?PRCACGY P S FRHTTFETU QY?P?PKAVETFILLTTFTGEKTG GTIPHNATLEKETIG| |
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==
14 Start [ @l Microbial Bioinformati... | ¢ Artemis Release 3 % Artemis Entry Edit: d... & ').v P—

The GC content will now be displayed (you can fine tune this with the right-hand side
slide bar), and you can see that narG is flanked on the left by the narK gene, and this is
flanked by low GC regions on both sides.

Take your time browsing the genome, you can click on genes and see what they are,
and look for regions of %CG variation and whether there’s anything of particular interest
there — such as a virulence gene (from horizontal gene transfer) or phage DNA.

Note: A useful way of using Artemis to look at separate genomes is to have the NCBI
Microbial Genome website (http://www.ncbi.nlm.nih.gov/genomes/Iproks.cgi?view=1 )
open in a separate window and then you can select the Genbank (not RefSeq)
accession number quickly. If you want to look at the genome of the organism you are
using in your final year project — then have a go.

Here’s a few Accession numbers for whole genomes:
E. coli O157 AE005174 Yersinia pestis AE009952
Salmonella Typhi AL513382 Salmonella Typhimurium AE006468
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Exercise 6: Comparison of whole genomes in Enterobacteriaceae
using WebAct.

Below is a diagram from a book of the Enterobacteriaceae Family. The most well known
members are Escherichia coli, and Salmonella, but there are others; Enterobacter,
Shigella, Edwardsiella, Klebsiella, Citrobacter, Proteus, Providencia, Yersinia, Hafnia,
Morganella, Erwinia, Buttiauxella and Serratia.

Family Enterobacteriaceae

/ \

Primary Pathogens Opportunss tic Pathogens
Organisms capable of causing Organism s that can only cause
disease in anyone disease under certain condttions
or in certain hosts

Shige#ia \ Escherichia / \
cok Providenci
Salmonelia Vaoraa nella
Kiedsiells

puenmoniae

Yersinia Entorobdacter

Proteus v

Senatia

But this diagram is very simplistic and does not give any indication of relatedness,
sharing of pathogenicity genes, or evolutionary development. Ask yourself ‘Why are E.
coli and K. pneumoniae in the middle?’

This exercise is designed to give you the opportunity to investigate the
Enterobacteriaceae Family. Questions to ask are ‘What is in common between the
organisms, and hence why they are in the Family’. Related to this you can consider
‘What are the differences between strains within a bacterial species’. This leads on to
questions such as ‘Why are most of the E. coli in your intestines harmless, yet E. coli
0O157:H7 so pathogenic?’.

Why is this useful? One answer is that by knowing the differences on the bacterial
surface one can work towards producing specific vaccines, or detection methods by
generating antibodies against unique proteins without cross-reaction with very similar,
yet ‘harmless’ organisms.
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Go to ‘WebACT Prebuilt Comparison: Select Sequences ‘ at
http:// www.webact.org/WebACT .

Click on the ‘Pre-computed’ tab.

2 WebACT - Home - Microsoft Internet Explorer

File Edit W“ew Favorites Tools Help ",'
. - 0 s > T
e Back * () lﬂ lg _lﬁ p ) Search .. Favorites {‘} M B - _J
Address ‘Q:I http: /ey, webact, orgyt T/home V| Go Links ™
‘ P Pre-computed |~ Generate Y  Reload Y Instructions ) | ad
% WebACT
WebACT provides a database of seguence comparisons hetween all publicly available
prokaryotic genome sequences, allowing the on-line visualisation of comparisons between up
to five genomic sequences, using the Artemis Comparison Tool (ACT) developed by the
Sanger Institute.
Sequence cornpatisons can also be generated ‘on the Ay for up to flve userentered
seguences, by either uploading sequences, or querying public databases using sequence
identifiers.
All pre-computed and user-generated comparisons can be viewed on-line using a webstart
wersion of ACT or can be downloaded.
WWhate Mews Read More
11 Jan 2007 - Mew Prebuilt Comparisons Available
WebACT currently contains 670 sequences from 272 species representing
atotal of 224785 comparisons,
< Bl%in, ad|

&) ) Internet
f T JEUIET
&)

This web site enables you to align whole bacterial genomes.

Some useful RefSeq numbers are:

Organism RefSeq number
E. coli K12 U00096

E. coli O157 NC_002655
Yersinia pestis NC_010159
Salmonella Typhi NC_003198
Salmonella Typhimurium NC_003197

Warning: It can get very tiresome zooming in and out and rescaling for the screen the
alignments from the program. So breathe deeply, and be patient. It is a very powerful
program and is used routinely by the professionals.....!

We will start with a ‘simple’ genome to genome comparison, and then increase the
number of comparisons. The software default is to compare 2 sequences.
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1) Compare two strains of the same species; E. coli K12 and E. coli O157.

You may already know that E. coli K12 has been used for many decades in laboratories
for studies into the biochemistry and genetics of bacteria. E. coli O157 is a pathogenic
variety of E. coli that can causes a number of serious infections, such as haemorrhagic
colitis, and haemorrhagic uraemic syndrome.

Select the two genomes from the two windows. I'll assume E. coli K12 is in the upper
window for the example below.

Follow the menus, and click ‘Next’ twice, then ‘Start ACT".

Click ‘No’ for warnings.

A small diagram of the two genomes will appear and you can see if they are similar
lengths or not.

Do not download the files, but click ‘Show’.

Move the cursor to the middle section, and right click on a white area — turn off ‘Locked’.
Move up to the sequences and right click, turn off ‘stop codons’ for both sequences.

You will find a lot of red lines, indicating near identical DNA sequence matches. The
blue lines are where there are good matches, but the sequences are in reverse
orientation.

You can slide the sequences past each other.

What do the gaps represent?

A region which has a red block can be centralised by double clicking on it.
Use the sliders for each sequence to zoom in and out.

The middle slider acts as a filter, the default is low resolution.

Go to 242400 on the bottom slider. You will find a large region which is not joined to any
corresponding region in E. coli K12 above. Consider what this means, and remember
both are the same species.

Go to the tool bar at the top of the window.

Click on ‘Graph’

Two identical menus appear, one for the upper sequence, and the other for the lower
sequence.

Click on ‘GC content %’ for the upper sequence.

A new upper diagram will appear.

If you scroll along, and change the zoom, you will notice regions which are significantly
higher or lower than others. These can be regions which have special function, or may
be ‘foreign’ DNA which has been incorporated ie. lysogenic bacteriophages, antibiotic
resistance, and pathogenicity islands.
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For E. coli look at positions: 293000. You will see the %GC content dips for a long
region, and you will find the yag genes (yagL, etc). This is the coding region for a
prophage.

Go to position 353600 on the E. coli 0157 sequence (bottom sequence) and you will
see that eaeH is different lengths in the two genomes, and only the N-terminal region
matches. They then match up again with ykgA.

Move the arrow back and highlight the eaeH gene for E. coli O157. Then right click for
‘View’ menu, and then click on ‘View Selected Features’. You will then find a description
of the gene function, and the amino acid sequence. Could the eaeH gene of E. coli
0157 be involved in virulence?

A longer route is to use the link to the RefSeq files at (blue) NC_000913.2 and
NC 002695.1 at via NCBI (http://www.ncbi.nlm.nih.gov/genomes/Iproks.cgi ) to look up
genes from E. coli K12.

Can you find other genes which are unique to E. coli O157? Hint : look for gaps, ie.
positions 18463-24969, 241522- 277462 and 300075-330124, 501537-503093. Look
at the %GC pattern, notice how often it suddenly drops below the average value.

Are these possibly related to virulence?
To try another comparison you need to click on the two statues, and not on the more
obvious ‘Pre-computed’. This will take you back to the beginning.

2 WebACT - Home - Microsoft Internet Explorer (B[]
Fle Edt Vew Favorites Took Help >

Q- ©Q KRG ) search 5 Favories ) - &

Address | ] http:gjumn. webact. orgiebACTfhome v Beo ks >
Pre-computed =
&4 28 WebACT
WebACT provides a database of seguence comparisons hetween all publicly available
prokanyatic genome sequences, allowing the ar-line visualisation of comparisans between up
1o five genomic , using the Artemis ¢ ison Tool (ACT) developed by the
Sanger Institute.
Sequence comparisons can also be generated ‘on the fy for up to five user-entered
sequences, by sither uploading sequences, or quening public databases using sequence
identifiers
All puted and fted can be viewed o-line using a webstart
wersion of ACT or tan be downioaded
¥ihats New Read More
11 Jan 2007 - New Prebuilt Comparisons Available
WebACT currently contains 670 from 272 species
atotal of 224785 comparisons.
« Bi2in, v
&1 ® Internet

G

.
4 start bac A G esul |3 Clustalw - Microsoft 1 7 WebACT - Home - Mic... | ‘A Genome Result-Mcr...  EN @) 11:09
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Other comparisons to consider. Note — you might well see a mass of lines, initially. So
switch off the stop codons for both sequences, zoom out, and move the middle slide bar
until the profile makes ‘sense’.

Compare E. coli K12 (NC_000913) with Salmonella Typhimurium (NC_003197)
Salmonella Typhimurium (NC_003198) with Salmonella Typhi (NC_003197)

E. coli K12 with Buchnera aphidicola (NC_002528)

E. coli K12 with Pseudomonas aeruginosa (NC_009656)

Using the basics of whether the bacteria have the same genus name, and the 16S tree
from Part 2, ask yourself if the comparisons make sense.

Now to go further, change the number of sequences to 3!

Compare Shigella dysenteriae (CP000034), E. coli K12 (NC_000913) and Salmonella
Typhimurium

Compare E. coli K12 with Salmonella Typhi, and S. Typhimurium.

Notes:

1. The Accession number is specific to that sequence. There will be hundreds of E. coli
16S sequences in the database, and you would have a problem locating the same
sequence if you searched twice, but a few weeks apart. By noting the accession
number for sequence files you will make life MUCH easier for yourself.

2. Bacterial names are normally in italics as they are Genus and Species name, ie.
Escherichia [genus] coli [species], however you'll notice that | have not done this for the
Salmonella names above. The reason is that they are an exception. We now recognise
that the 2400+ varieties of Salmonella are in fact in only two species. This is totally
unhelpful, and so the second name refers to the serovar. So the name is Salmonella
[genus] and Typhi [serovar].

The story is a little more complicated, but it's not important enough to cover in any more
depth here.
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Exercise 7: Multilocus sequence typing analysis (MLST)

Part 1: Introduction to online MLST database analysis

Chapter 5 (p249) refers to MLST as a means of analysing portions of genes and
generating profiles. The example below uses the PUbMLST web site
(http://pubmlst.org/) which is run by the University of Oxford, UK. Not only can the user
upload their own sequence data and compare with the online database, but you can
also download sequences for you own analysis. The example used here is for
Cronobacter spp. (Section 4.8.2)

The Cronobacter MLST scheme, in keeping with other MLST schemes, is based on 7
loci which are independent of each other. Each PCR product is about 400-500 bases in
length and can be chained together to give a pseudogene of ~3500 bases. This is
considerably bigger than the partial 16S rDNA sequence which is commonly used, and
which also suffers from constraints of limited variability.

Go to http://pubMLST.org/cronobacter to get the homepage below.

¥%) Cronobacter MLST Home Page - Moxzilla Firefox
File Edit View History Bookmarks Tools Help

- C S M o2 260 W ) B b ([ httpi/pubmistorg/cronobacter/ 77 - | 49~ Google o

£ Most Visited || Getting Started Latest Headlines

__| Cronobacter MLST Home Page

Navigation Citing the
- PubMLST database
el . The Cronobacter complex MLST website contains two linked databases - ene for allelic profiles and sequences, the other for isolate information. This The preferred format for

ch / site map structure offers advantages over a single database system. Further details can be found here. citing this website in

nload data publications is:
Databases
News This publication made use of
e e o Ry the Cronobacter Multi Locus
Web tools o Primers and protocol used for amplification and sequencing P e
Software » Access main databases e e

/cronobacter/) developed by
Keith Jolley and sited at the
University of Oxford (Jolley

o Profiles database

- Recently updated solates database

A. baumannii « Polic cument £ al

Arcobacter mission of data S .86). The
» Submission history development of this site has
= mistdbNet software Deenmitiniedioiths

= Recent publications using MLST in Cronobacter research Wellcome Trust.

Status
The use of this database is subject to the terms of the policy decument and it should be acknowledged in all publications that make use of it. The Profile database
preferred format for the acknowledgement can be found in the right-hand sidebar. Profiles: 24

Chlamydiales Last updated: 2010-04-22

Cronobacter

H. pylori

Neisseria Isolate database
P. aeruginosa Isolates: 104

P. multccida (RIRDC) Last updated: 2010-04-22
P. multecida (multi)
alactiae

ce;;id5|11icuc This MLST scheme was developed by Adam Baldwin (Warwick University, UK) in close collaboration with Stephen Forsythe (Nottingham Trent University,
s UK).

rahaemolyticus

Welbachia

¥, fastidicsa Website and database managed by Keith Jolley, curated by Stephen Forsythe. The primary Cronebacter MLST website is hosted at The Peter Medawar
Building for Pathogen Research, University of Oxford, UK.

+ Mirrors
+ Developers

From here you can access the protocols, and the databases. The original paper
describing this site was by Baldwin et al. (2009) (BMC Microbiology;
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http://www.biomedcentral.com/1471-2180/9/223) for C. sakazakii and C. malonaticus
but has been extended since then to cover all Cronobacter species.

Click on ‘Isolates database’ and the ‘Detailed statistics’ under the ‘Database statistics’
heading. You’ve now obtain a series of pie charts indicating the sources of the strains,
sequence types and allele frequencies.

ST (22 values)

4 (22 - 25.00%)

711 -1250%)

18 - 8.08%)
8(3 - 9.09%)

1143 -341%)
5(4 - 455%)

125 - 568

Display table and expand chart | Tab-delimited text

source (18 values)

Washing brush (1 - 096%)

Clinical {32 - 30.77%)

Infant formula {17 - 16.35‘1)—-',‘
X

Enteral feeding tube (2 - 1.92%)

_\mad (3 - 2.85%)
- Milk powder (4 - 3.85%)
\ Fallow up formula (4 - 3.85%)
Weanmg food (S - 4.81%)
Mo walueunassigned {8 - 7.69%)

Display table and expand chart | Tab-delimited text

To follow allele frequencies, it is possibly easier to look at the variations. So go back to
the homepage, then click on ‘Profiles database’ and then ‘Locus explorer’. For
polymorphic site analysis there are pull down menu to select one of the seven alleles in
the scheme. For now use the default of atpD and click ‘submit’ and you'll get the
following screen. Remember that just one nucleotide difference means it is a different
allele. These are numbered according to the order they were found, and do not relate
to the number of differences. So allele sequences for atpD 1 and 26 can be only one
nucleotide different, whereas atpD 1 and 2 could have 18 differences between them.
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| Locus Explorer - Cronobacter MLST x | [} BioMed Central | Full text | Multiloc... > |+

Query: Locus | Multiple Locus | Batch Locus | BLAST | Compare alleles | Profile | Batch Profile | ST | List | Browse | Search
Download: Alleles | Profiles
Links: Contents | Home | Options | PubMLST org | mistdbNst software | User guide

Polymorphic site analysis
atpD

The colour codes represent the percentage of alleles that have a particular nucleotide at each position. Click anywhere within the sequence to drill down to alliele and profile information. The
width of the display can be altered by going to the options page - change this if the display goes off the page.

23 alleles included in analysis. 52 polymorphic sites found
Key: 0-10% | 20 - 30%]1>30 - 40%]1p40 - So%fEC R 70 - so'd-80 - 90%J-90 - 100%

1 10 20 30 40 50 60 70 80 90 100

101 110 120 130 140 150 160 170 180 190 200

a 1]

201 210 220 230 240 250 260 270 280 290 300
TCCACCAAARCCGGTTCTATCACCTCCGTACAGGCGGTATACGTACCGGCGGATGACTTGACTGAC

301 310 320 330 340 350 360 370 380 390
ACCTTTGCGCACCTTGACGCAACEGTGGTACTGAGCCGTCAG CTGGGTATCTACCCGGCCGTTGACCCGCTGGATTCCAC)
T TA T CQ E

You can see that the variation is in a few locations. The colour coding shows the
frequency with which the nucleotide changes at each location. If you instead choose

infB you get the following:

) Locus Explorer - Cronobacter MLST - Mozi

File Edit View History Bookmarks Tools Help
@ ciaemaaau

2| Most Visited | | Getting Started i, Latest Headlines

| htp: org/p IPfile=cronobacter_profil 75 -

|| Locus Explorer - Cronobacter MLST x| [()] BioMed Central | Full text | Multiloc.. % |

Query: Locus | Multiple Locus | Batch Locus | BLAST | Compare alleles | Profile | Batch Profile | ST | List | Browse | Search
Download: Alleles | Profiles
Links: Contents | Home | Options | PubhLST org | mistdbNet software | User quide

Polymorphic site analysis
infB

The colour codes represent the percentage of alleles that have a particular nucleotide at each position. Click anywhere within the sequence to drill down fo allele and profile information. The
width of the display can be altered by going to the options page - change this if the display goes off the page.

35 alleles included in analysis. 121 polymorphic sites found.

Key: 0-10% | | PR | EETRETRY | SR | 50/-60% | P70 sosfpa0 - sowfl>90 - 100%
1 10 20 30 40 50 60 70 80 80 100
ATC CCASGTHEABACCGARAACGUCATGATCACCTTCCTGATACCCCGOGECACGEL!
EE ] B C¢Ef 0 EAr [] L
T a T
T
101 110 120 130 140 150 160 170 130 130 200

CGTTTACCECEATGCGTGCACGTGGTGCGCAGGCARCGGATATCGTGCTTCTGETEGTIGCGGCEGACCACGECGTGATGCCUCAGACCATEGAAGCTA'

a T c A cC G G B
c
201 210 220 230 240 250 260 270 280 290 300
CCAGCACGCEAAACCCCCCARRCTCCCEE CAlICCCCATECCCATCOG TTAARAACGAACTCTCTCA
o 6T B pT g B ARG i}
a e ¢ a a T A
| | A | |
301 310 320 330 340 350 360 370 380 330 400
ACGGCATEATECCGGAAGAGTGGGGCGECGEAIRGCCAGTTCETCCACGTTTCTGCGAAAGCGGGIACCGGTATCGATGAECTGCTGEACGC)
BT TEpchE F = c B e T TET T
[} ot B E B
B B
401 410 420 430 440
CoTARMGG
Gt AcCrg ce g
c T T A C
T G
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What you are looking at are variations in the DNA sequence for some housekeeping
genes. Do these variations affect the protein sequence? To find out instead of using the
‘Polymorphic site analysis’ option use the ‘Translate’ instead. When you repeat for atpD
and infB you get the following:

Query: Locus | Multiple Locus | Batch Locus | BLAST | Compare alleles | Profile | Batch Profile | ST | List | Browse | Search
Download: Alleles | Profiles
Links: Contents | Home | Options | PubMLST.org | mistdoNet software | User guide

Translate - aligned protein sequences
atpD (ORF 1)

The width of the alignment can be varied by going to the options page.

23 alleles included in analysis.

atpD-23_1 .
Consensus EFFGNRLRVALTGLIMAEKFRDEGROVLLIVDNIYRYTLAGTEVSALLGRMESAVGYQPTLAEEMGVLOERITSTHTGSTTSVQAVYVEADDLTDESEAT

110 120 130
e e L L

Consensus TFAHLDATVVLSRQIASLGI¥FAVDPLDST

atpD-1_1 ..

atpD-2_:
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Query: Locus | Multiple Locus | Batch Locus | BLAST | Compare alleles | Profile | Batch Profile | ST | List | Browse | Search
Download: Alleles | Profiles
Links: Contents | Home | Options | PubMLST.org | mistdoNet software | User guide

Translate - aligned protein sequences
infB (ORF 1)
The width of the alignment can be varied by going fo the oplions page.
35 alleles included in analysis.
10 20 30 40 50 60 70 80 a0 100

B e e Bt e L i B B it |
Consensus ASGEAGGITQHIGAYHVQTDNGMITFLDTPGHARFTAMRARGAQAT DIVVLVVAADDGVMEQT TEATQHAKRAKVEVVVAVIKI DKPDADEDRVENELSQ

.
)
o
D
N
Ryl

Consensus ASGEAGGITQHIGAYHVQTDNGMITFLDTPGHARFTAMRARGAQATDT VAADDGVMPQTIEAIQHAKRAKVEVVVAVNKI DKFPDADPDRVENELSQ

110 120 130 140 150

B e e B ] BT [
Consensus HGIIPEEWGGDCQFVHVSAKAGTGIDELLDATLLQSEVLELKAVRKG
infB-1 1
infB-2_1
infB-3 1
infB-4 1
infB-5_1
infB-6 1
infB-7 1 Y
infB-8 1 ¥
infB-9 1 ¥.
infB-10_1 ¥.%
infB-11 1 ¥
infB-12 1 ¥
infB-13 1 Y..
infB-14_1 ..
infB-15 1 ..
infB-16_1 ..
infB-17 1 ..
infB-18_1 ..

infE-35 1 ..
Consensus HGIIFEEW QFVHVSAKAGTGIDELLDATLLQSEVLELKAVREG

So the variations in atpD did not result in much variation in the amino acid sequence;
position 23 D and E.

Why did it not cause much change? Think about the genetic code and its redundancy
and the third base variation.
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There appears to be more amino acid sequence change for infB. For example, at
position 18 it is Q or E. Use the Appendix (b) ‘Amino acid codes’ to look up what these
amino acids are, and consider how significant these variations in the amino acid
sequences are. For this example it is glutamine (Q) and glutamate (E). You may be
surprised how informative this analysis can be. Remember you are using the online
analysis facility. Next we’ll look at how easy the sequences can be downloaded for you
own analysis.

Part 2: Data download from MLST database

Go to back to the Cronobacter MLST home page (http://pubmlist.org/cronobacter/ ), and
select the ‘Profiles database’.

At the top right hand corner you'll see ‘Downloads’ where you can either download the
allele sequences, or allelic profiles.

The allelic profiles look like this:

5T atpD fusd gln3 gltB gvrB infB £es
1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2
3 3 3 3 5 3 3 3
4 5 1 3 3 5 5 4
5 & 5 4 4 & & 5
& 9 & 5 & 7 13 7
7 10 7 & 7 9 14 9
g8 11 g 7 5 8 15 10
] 21 10 ] 5 3 3 3
10 3 7 11 7 10 16 8
11 17 7 17 11 17 22 12
1z 18 17 10 1z 18 24 18
13 15 14 15 13 22 5 16
14 1 1 1 1 1 1 11
15 5 ] 3 3 5 5 4
16 15 1 3 =] 14 19 15
17 3 1z 16 5 16 20 14
g8 20 18 16 10 3 20 20
19 22 22 14 16 24 18 24
20 1& 14 24 17 25 33 25
21 3 11 13 18 11 17 13
22 16 1 19 19 26 5 26
23 20 18 1g 10 3 20 27
24 14 22 14 20 13 18 28

Which gives the allele numbers making up each Sequence Type (ST)?

What is more useful is downloading the allele sequences:
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Format
FASTA
MEGA
LUSTAL
MSF
PHYLIP

*
HEEE =

[F=]
CEEEEH

FEEEEH
[T=]
caleafealeafeas |

FEEE=H
EEEEEE

By clicking on the FASTA arrow for atpD you get all the atpD sequences in the
database. I'm sure you'll agree this is a lot faster than using Genbank and NCBI!

Let’s complete the circle and go back to Exercise 1 to make phylogenetic trees.
Download the atpD sequences and save in Notepad or another simple word processor,
and then download the infB sequences.

Use the ClustalW program at http://www.ebi.ac.uk/clustalw/index.html to make two
phylogenetic trees.

atpD phylogram

— atpD-1

I atpD-2

4‘— L atpD-7
atpD-8

atpD-9

atpD-6
atpD-22
atpD-4
atpD-5
_—L_,;pD-H
atpD-19

atpD-23
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infB phylogram

infB-1
infB-17
infB-20

infB-15
—infB-5
infB-2
|_— infB-7
infB-8
infB-9
— infB-10
infB-11
infB-12
infB-13
infB-4
infB-27
infB-28
infB-34
infB-32

You can then use text boxes to more fully annotate the trees with respect to whether
certain branches are food isolates, or a particular species within a genus, etc.
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Appendix : Sequence codes

a) DNA codes

Sequences are expected to be represented in the standard IUB/IUPAC amino acid and
nucleic acid codes, with these exceptions: lower-case letters are accepted and are
mapped into upper-case; a single hyphen or dash can be used to represent a gap of
indeterminate length; and in amino acid sequences, U and * are acceptable letters (see
below). Before submitting a request, any numerical digits in the query sequence should
either be removed or replaced by appropriate letter codes (e.g., N for unknown nucleic
acid residue or X for unknown amino acid residue).

The nucleic acid codes supported are:

A — adenosine M — A or C (amino)

C — cytidine S — G or C (strong)

G — guanine W — AT (weak)

T — thymidine B -G, TorC

U — uridine D ->G,AorT

R — G A (purine) H—->ACorT

Y — T C (pyrimidine) V - G,CorA

K — GT (keto) N — A G, CorT(any)

- gap of indeterminate length

b) Amino acid code

These codes are used by BLASTP and TBLASTN.

A alanine P proline

B aspartate or asparagine Q glutamine

C cystine R arginine

D aspartate S serine

E glutamate T threonine

F phenylalanine U selenocysteine

G glycine V valine

H histidine W tryptophan

| isoleucine Y tyrosine

K lysine Z glutamate or glutamine
L leucine X any

M methionine * translation stop

N asparagine - gap of indeterminate length

Microbial Bioinformatics — S Forsythe



Fatty acid, phospholipid and sterol metabolism

Energy metabolism
Transport and binding proteins

Transcription
Translation

Other cateqories

Hypothetical

Below is the black and white version of the above:

Can you see it?

38

Be aware that this coding can change between Web sites.
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http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=1
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=2
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=3
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=4
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=5
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=6
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=7
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=8
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=9
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=10
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=11
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=12
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=13
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=14
http://mbgd.genome.ad.jp/htbin/funccat_univ.pl?category=15

