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Appendix I: Course Virtual Machine (VM) Quick Start Guide

Using a VM enables us to encapsulate the course data and software in such a way that you
can still make use of them when you return to your own laboratory.

To use the VM on the USB stick provided, you will first need to download VirtualBox
(http://www.virtualbox.org/). This software is required to run the VM on your machine, it is
free and available for windows, MacOSX and linux,

For a detailed description of VirtualBox and the installation see the on-line manual
(http://www.virtualbox.org/manual/).

Download and Install VirtualBox

‘Download VirtualBox for the type of workstation you are using (e.g. Windows) from
http://www.virtualbox.org/wiki/Downloads.

‘Double click on the executable file (Windows). The installation welcome dialog opens and
allows you to choose where to install VirtualBox to, and which components to install.
Depending on your Windows configuration, you may see warnings about "unsigned drivers"
or similar. Please select "Continue" on these warnings; otherwise VirtualBox might not
function correctly after installation.

Launch the VirtualBox software from the desktop shortcut or from the program menu.

Setting up the VM

VirtualBox needs to be pointed at the VDI (This is the file that is on the memory stick used
during the course) file as follows:

*Insert the USB memory stick provided. This contains a Virtual Disk Image (VDI) file.

Create a new virtual machine by selecting ‘New’ from the options at the top. Then fill the
boxes in as shown below:

In the first window enter:

Name: Artemis

Operating System: Linux

Version: Ubuntu


http://www.virtualbox.org/
http://www.virtualbox.org/manual/
http://www.virtualbox.org/wiki/Downloads
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866 Create New Virtual Machine

VM Name and OS Type

Enter a name for the new virtual machine and select the type of the guest
operating system you plan to install onto the virtual machine.

The name of the virtual machine usually indicates its software and hardware
configuration. It will be used by all VirtualBox components to identify your
virtual machine.

Name

Artemis

0OS Type

Operating System: | Linux H

Version: | Ubuntu 2

( GoBack ) ( Continue )

Click ‘Continue’
In the next window set the memory to at least 1GB (as shown), but 2GB (2048 MB)
will give you better performance. You can use more but no more than half the amount

of memory on your PC.

Memory size

| Select the amount of memory (RAM) in megabytes to be ld 2]
allocated to the virtual machine.

The recommended memory size is 768 MB.
1024 C MB

4 MB 8192 M8

\ 'Gc'_> Back \ \' Conti_nue [ | 'Crancelr\

Click ‘Continue’.
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In the next window select ‘Use existing hard disk’ and from the folder icon
on the right hand side navigate to the memory USB stick and select the VDI

file located on the memory stick

Create New Virtual Machine

Virtual Hard Disk

Select a virtual hard disk to be used as the boot hard disk of the virtual machine.
You can either create a new hard disk or select an existing one from the drop-
down list or by pressing corresponding button (to invoke file-open window).

If you need a more complicated hard disk setup, you can also skip this step and

attach hard disks later using the VM Settings dialog.
The recommended size of the boot hard disk is 8.00 GB.
¥ Boot Hard Disk

(O) Create new hard disk
(*) Use existing hard disk

( OWT—ZOII-Pathogen.vdi (Normal, 14.00 GB)

Click ‘Continue’.

4>
—

{ GoBack ) (Continue B

There will now be an ‘Artemis’ (powered off) button in the left hand side of VirtualBox.

2 3 > U

New Settings Start Discard

Oracle VM VirtualBox Manager

@ Snapshots (1)

>

[ General = Preview

Name: Art Course
0S Type: Ubuntu

System Art Course

Base Memory: 512 MB

Boot Order:  Floppy,
CD/DVD-
ROM, Hard
Disk

Display

Video Memory: 12 MB
Remote Desktop Server: Disabled

@ Storage

IDE Controller
IDE Secondary Master (CD/DVD): VBoxGuestAdditions.iso
(36.63 MB)
SATA Controller
SATA Port 0: WT-2011-Pathogen.vdi
(Normal, 14.00 GB)

P Audio

Host Driver: CoreAudio b
Controller: ICH AC97 4

N

-
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Double click on this new Artemis course power button to start the VM. It will then log
you into the Ubuntu desktop.

Setting up a Shared Folder

This allows you to share a folder between the VM and your workstation. This means you
can put files that you want to share between the operating systems in this folder.

Create a directory to share called ‘VMshare’ on your machine. With the VM shutdown
select the ‘Artemis’ button in VirtualBox and click ‘Settings’ in the top menu bar. Go to
‘Shared Folders’ and select the ‘+’ button on the right. In the ‘Folder Path’ select ‘Other’
and navigate to and select the “VMshare’ folder that you have created. Then click on
‘OK’.

When the ‘Artemis’ VM is next started double click on the ‘mount’ icon in your home
folder. This will open a window that you need to type the password into:

wt

It will show the contents of this folder in the /home/wt/host directory in Ubuntu.

A note on memory usage:

Some computing processes are very memory hungry. Should you find that your computer
processes are killed without a clear reason, one aspect to check is the amount of memory
allocated to the VM. The 1024MB you have allocated using this tutorial has been check
and should be enough. Nonetheless, the amount of memory allocated to the VM can be
changed at any time.
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Appendix III: ACT comparison files
ACT supports three different comparison file formats:

1) BLAST version 2.2.2 output: The blastall command must be run with
the -m 8 flag which generates one line of information per HSP.

2) MegaBLAST output: ACT can also read the output of MegaBLAST,
which is part of the NCBI blast distribution.

3) MSPcrunch output: MSPcrunch is program for UNIX and GNU/Linux
systems which can post-process BLAST version 1 output into an

easier to read format. ACT can only read MSPcrunch output with
the -d flag.

Here is an example of an ACT readable comparison file generated by
MSPcrunch -d.

1399 97.00 940 2539 sequencel.dna 1 1596 AF140550.seq

1033 93.00 9041 10501 sequencel.dna 9420 10880 AF140550.seq
828 95.00 6823 7890 sequencel.dna 7211 8276 AF140550.seq
773 94.00 2837 3841 sequencel.dna 2338 3342 AF140550.seq

The columns have the following meanings (in order): score, percent
identity, match start in the query sequence, match end in the query
sequence, query sequence name, subject sequence start, subject sequence
end, subject sequence name.

The columns should be separated by single spaces.
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Appendix IV: Feature Keys and Qualifiers — a brief explanation of what they are
and a sample of the ones we use.

1 — Feature Keys: They describe features with DNA coordinates and once marked,
they all appear in the Artemis main window. The ones we use are:

CDS: Marks the extent of the coding sequence.
RBS: Ribosomal binding site

misc_feature: Miscellaneous feature in the DNA
rRNA: Ribosomal RNA

repeat_region

repeat_unit

stem_loop

tRNA: Transfer RNA

2 — Qualifiers: They describe features in relation to their coordinates. Once marked
they appear in the lower part of the Artemis window. They describe the feature whose
coordinates appear in the ‘location’ part of the editing window. The ones we
commonly use for annotation at the Sanger Institute are:

/class: Classification scheme we use “in-house” developed from Monica Riley’s
MultiFun assignments (see Appendix VI).

/colour: Also used in-house in order to differentiate between different types of genes
and other features.

/gene: Descriptive gene a name, eg. ilvE, argA etc.

Nlabel: Allows you to label a gene/feature in the main view panel.

/mote: This qualifier allows for the inclusion of free text. This could be a description of
the evidence supporting the functional prediction or other notable features/information
which cannot be described using other qualifiers.

/product: The assigned possible function for the protein goes here.

/pseudo: Matches in different frames to consecutive segments of the same protein in
the databases can be linked or joined as one and edited in one window. They are
marked as pseudogenes. They are normally not functional and are considered to have
been mutated.

/locus_tag : Systematic gene number, eg SAS1670, Sty2412 etc.

The list of keys and qualifiers accepted by EMBL in sequence/annotation submission

files are list at the following web page:
http://www3.ebi.ac.uk/Services/WebFeat/

-10-
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Appendix V: Generating ACT comparison files using BLAST

The following pages demonstrate how you can generate your own comparison files for ACT
from a stand-alone version of the BLAST software. In Appendix X the NCBI BLAST
distribution was downloading onto a PC with Windows XP. The exercises in this module are
based on the Linux version of the BLAST software. Although the operating systems are
different, the command lines used to run the programs are the same. One of the main
differences between the two operating systems is that in Windows the BLAST program
command line is run in the DOS Command Prompt window, whereas in Linux it is run from a
Xterminal window.

In the exercises below you are going to download two small sequences (plasmids), and for two
large sequences (whole genomes). You are then going generate files containing DNA sequences
in FASTA format for these sequences, which will then be compared using two different
programs from the NCBI BLAST distribution to generate ACT comparison files.

Exercise 1

In this exercise you are going to download two plasmid sequences in EMBL format
from the EBI genomes web page. You are then going to use Artemis to write out the
DNA sequences of both plasmids in FASTA format. These two FASTA format
sequences will then be compared using the blastall program from the NCBI BLAST
distribution. Using blastall you can run BLASTN to identify regions of DNA-DNA
similarity and write out a ACT readable comparison file. If required, blastall can also
used to run other flavours of BLAST with the appropriate input files (i.e. DNA files for
TBLASTX, protein files for BLASTP, and protein and DNA for BLASTX). For the
purposed of generating ACT comparison files BLASTN and TBLASTX are
appropriate.

In this example two relative small sequences have been chosen (<500 kb). BLAST
running on a relatively modern stand alone machine can easily deal with required
computations, and thus the comparison file should be produced in a matter of seconds.
However as the size of the compared sequences increases the time taken to produce the
output will dramatically increase. Therefore for very large sequences (several Mb) it
will be impractical to run them using blastall. In Exercise 2 you will use megablast,
another program in the NCBI BLAST distribution, which is useful for comparing large
sequence that are very similar.

The plasmids chosen for this comparison are the multiple drug resistance incH1
plasmid pHCM1 from the sequenced strain of Sa/monella typhi CT18 originally
isolated in 1993, and R27, another incH1 plasmid first isolated from S. #yphi in the
1960s.

-11-
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Downloading the S. typhi plasmid sequences

Go to the EBI genomes web page (http://www.ebi.ac.uk/genomes)

EMBL-EBI

This website uses cookies. By contining to browse this ste, you are agreeing to the use of our site cookies. To find out more, see g
our Terms of Use.

SO ENA

European Nucleotide Archive

https://www.ebi.ac.uk/genomes/ ¢} th ()

Services Research Training About us

Examples: BN0OODSS, histone Advanced

Sequence

Home | Search & Browse : Submit & Update = About ENA = Support

Genomes at EBI

° Arcl

°
]
o
3

2
2
o

©
]
3
°
3
o
@

°

Archaeal virus
Bacteria
Eukaryota
Organelle
Phage
Plasmid

Viroid

Virus

o Links

°

°

°

°

o

°

WGS info
EnsemblGenomes
Ensembl

Fasta33

°

°

°

Genomes Pages - At the EBI

Access to Completed Genomes

The first completed genomes from viruses, phages and organelles were deposited into the EMBL Database in the early 1980's. Since then,
molecular biology's shift to obtain the complete sequences of as many genomes as possible

with major P! in
sequencing technology resulted in hundreds of complete genome sequences being added to the database, including Archaea, Bacteria and
Eukaryota. These web pages give access to a large number of help is

to describe the layout.

Whole Genome Shotgun Sequences (WGS)

Methods using whole genome shotgun data are used to gain a large amount of genome coverage for an organism. WGS data for a growing
number of organisms are being submitted to DDBJ/EMBL/GenBank.
More information about WGS projects...

Last 40 Genome Entries

Click on the Plasmid hyperlink

Date Accession Description

02-MAY-2015 CP011047.1 Cronobacter sakazakii strain ATCC 29544

02-MAY-2015 CP011330.1 Helicobacter pylori 199

02-MAY-2015 Ci 31.1 Escherichia coli 0104:H4 str. C227-11

02-MAY-2015 CP011341.1 Rhodococcus aetherivorans strain IcdP1

02-MAY-2015 00.1 Accipiter nisus mitochondrion

02-MAY-2015 KJ680301.1 Branta bernicla mitochondrion
KJ680302.1 Pitta nympha mitochondrion

00 @ < o]

EMBL-EBI

This website uses cookies. By continuing to browse this site, you are agreeing to the use of our site cookies. To find out more, see
our Terms of Use.

“ArwENA

European Nucleotide Archive

https://www.ebi.ac.uk/(

es/plasmid.html

Services Research Training About us

Examples: BNOGO0SS, histone

Home | Search & Browse = Submit & Update | About ENA | Support

Genomes at EBI

Complete genomes
Archaea
Archaeal virus
Bacteria
Eukaryota
Organelle
Phage
Plasmid

Viroid

Virus

Links

°

°

°

°

°

°

°

°

°

°

°

° WGS info
EnsemblGenomes
Ensembl

Fasta33

Server

°

°

°

Genomes Pages - Plasmid

1067 organisms.

Accession numbers of all the entries listed below may be downloaded as a text file for use in downloading using the Sequence Version
Archive.

A more-detailed, tab-delimited list is also available.

List of available genomes (on 5-MAY-2015)

Sequence
Description Length (bp) Proiect Brateins
Plain HTML
'Rehmannia glutinosa’ phytoplasma Scroll dOWIl the page

1 ‘Rehmannia glutinosa’ phytoplasma plasmid pPARG1 4,371 FJ905104  FJ905104
2a Acaryochloris marina MBIC11017 plasmid pREB1 374,161 CPOO0B38  CP000838 las idS
2b Acaryochloris marina MBIC11017 plasmid pREB2 356,087 €P000B39  CPOOOB39 p
2¢ Acaryochloris marina MBIC11017 plasmid pREB3 273,121 ©P000B40  CPOOOB4D 5T Taste UnProt
2d Acaryochloris marina MBIC11017 plasmid pREB4. 226,680 ©P000B41  CPOOOB4L 273 fasta UniProt
2e Acaryochloris marina MBIC11017 plasmid pREBS 177,162 CPO00BAZ CPO00B42  PRINA12997 222 fasta UniProt
2f Acaryochloris marina MBIC11017 plasmid pREB6 172,728 ¢ 43 CP000843 183 fasta UniProt
29 Acaryochloris marina MBIC11017 plasmid pREB7 155,110 CPO00BA4  CPOOOB44 172 fasta U
2h Acaryochloris marina MBIC11017 plasmid pREBS 120,693 CPOO0BAS  CP000B4S 115 fasta UniProt
2i Acaryochloris marina MBIC11017 plasmid pREB9 2,133 c 46 CPO00846 4 fasta UniProt
3 Acetobacter aceti pACS 5,123 AF110140  AF110140 2 fasta UniProt
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Press the Shift key and left Click on the
accession number hyperlink for pHCM1

A Genomes Pages - Plasmid - Microsoft Internet

(AL513383) in the Plain Sequence column

G

Eile Edit View Favorites Tools Help
@ Back ~ () d ﬂ ﬂ pe D search ? Favorites e Media ‘7 ) v\ - |- 5
Address ‘@ http:/fwww.ebi.ac.uk/genomes plasmid.html v‘ Go  Links >
TR TCZ T Prasiig previz ‘ I L:N‘le;ﬁ-u |m [ZIASTA SRS o
Riemerella anatiNster
158a | Riemerella anatipestifer plasmid pCFC1 \ 3,966 | AF048718 | AF048718 | 4 FASTA SRS
158b | Riemerella anatipestifer plasmid pCFC2 5,609 | AF0221280 | AF082180 | 3 FASTA SRS
Ruminococcus flavefacien
159 | Ruminococcus flavefaciens R13e2 cryptic plasmid pBAW301 | \1.768 | 022411 | 1 FASTA SRS
Salmonella choleraesuis \
160 | Salmonela choleraesuis strain 79500 plasmid pSFD10 | a1 [axossess|avossss [ 6 pastasrs
Salmonella enterica
161 | Salmonella enterica subsp. enterica serovar Berta plasmid pBERT 4,65 025795 | AF025795 | 9 FASTA SRS
1624 | Salmonella enterica subsp. enterica serovar Typhi str. CT18 plasmid 213.160 | ALs13383 | AL513383 234 FASTA
pHCM1 ! SRS
Salmonella enterica subsp. enterica serovar Typhi str. CT18 132 FASTA
z AL513384 | AL513384 e
{620 plasmid pHCM2 106,516 | aLs133e4 SRS
163 Salmonella enterica subsp. enterica serovar Typhimurium plasmid 12656 | 7634602 | AJG34502 | 6 FASTA SRS
pFPTB1 e e
Salmonella enteritidis
164a | Salmonella enteritidis serovar Enteritidis plasmid pC 5,269 | A¥079201 | AY079201 | 4 FASTA SRS
164b | Salmonella enteritidis serovar Enteritidis plasmid pK 4,245 | ¥079200 | AY079200 | 3 FASTA SRS
164c | Salmonella enteritidis serovar Enteritidis plasmid pP 4.301|2¥079139 | AY079199 | 3 FASTA SRS
Salmonella typhi
165a | Salmonella typhi R27 plasmid 180,461 | aE2s087s | AF250878 | 204 %
165b | Salmonella typhi plasmid R27 38,245 | AF105013 | AF105019 EX E—"SS—R%
Salmonella typhimurium
T T T T T b

Look in:

/BLAST_Appendix

Name

v | Size

Last Modified

File name:

L

Save the EMBL sequence
in a suitable directory.

For example:
BLAST_ Appendix

pHCM1.embl

Files of type:

All Files ()

[] Show hidden files and directories

B
)

Save the file as pHCM1.embl

Repeat for the Salmonella typhi R27 plasmid (AF250878). Be careful when choosing
the plasmid to download as there is also a Salmonella typhi plasmid R27 entry
(AF105019 ), the one that you want is the larger of the two, 180,461 kb as opposed to
38,245 kb — make sure the accession number is correct. Save as R27.embl.
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In order to run BLASTN you require two DNA sequences in FASTA format. The
pHCM1 and R27 sequences previously downloaded from the EBI are EMBL format
files, i.e. they contain protein coding information and the DNA sequence. In order to
generate the DNA files in FASTA format, Artemis can be used as follows.

Load up the plasmid EMBL files in Artemis (each plasmid requires a separate Artemis
window), select Write, All Bases, FASTA format.

\

006 Artemis Entrw: thMl.embl

Entries Select View Goto Edit Create Run Graph Displa;
Show File Manager ...
Read An Entry ...
Read Entry Into

y 215775..215777 = complement (2. .2386)

save Default Entry s LTI [ R ININ] I Il L T T T T
Save An Entry L L I W 1 1 I RV
Save An Entry As >
Save A1l Entries (Ll | I T NE= | L 1t A A B (1
HCM1.08 m
! m
S v Acids Of Selocted Features
Amino Acids Of Selected Features to Quali L‘)SOO |§400 7200

Clone This Window
PIR Database Of Selected Features misc feature [
kol lomage Hivher (Bt R L D L L |<1:12 JEeinie==, |
Print Preview Upstream Bases Of Selected Features |1|7 L AT Y T
Downstream Bases Of Selected Features
Preferences I II === | || HiHHIHE= -2
) HCM1.20c HCM1.23c |V
All Bases 4 R Format Yal»l |
cl !
G ;sel“ i e o e e D Q c I
Codon Usage of Selected Features Y v I L H {
AT P S B 8 8 5TR RV it 0L Sl SE el EMAL Format s TR s as s T
R F S PV PHRGG GYTT SA AS*T FSRTFTPTCTEAR AS v * #§ Genbank Format RN TSNP
CAGTTCCTC! GTCAGCC cC: AGC ARNCCECATTCCCECRARACCAGTACCAGGTCTGCATC |
|20 l40 |60 80 |100 120 |
CGCT TCCGCCCATATGCAGTY ACTTCGCTCGCAAACTATTTCCCT! 'CTTTCGTCATGCTCCAGAC! ‘
RNEGTG"RPPYVDREQNELNGQSALTQYLSQRFATGPRCGGS:y
R W NR M S A P I G .S S R T F G A NS LPIAZPTFTCVYWTOQMTR RUW |
ABIK!LBBDLRTYTLRRIKLIBKKLWRKI!PNGSLLVLDADBV'\
! T4 > 1
ls< |
source 1 218160
|m cps 1 218160 ¢ HCM1.0lc, possible membrane protein, len: 185 aa; unknown function, contains hydrophobic, gm|
RBS 536 540 ¢ possible RBS |
CDS 742 1053 ¢ HCM1.02c, hypothetical protein, len: 103 aa; unknown function |
CDS 1367 1690 ¢ HCM1.03c, hypothetical protein, len: 107 aa; unknown function |
| RBS 1697 1702 ¢ possible R3S
|I¥ repeat_unit 1871 1883 13 bp inverted repeat flanking IS1 |
| repeat unit 1871 2585 ¢ ISl |
| cps 1876 2346 ¢ Hcm 04c, insB, possible IS1 transposase, len: 156 aa; highly similar to many from Enterob:
CDs 2265 2540 ¢ HCM1.05c, insA, probable ISl transposase, len: 91 aa; highly similar to many from Enterobac !
|l misc_feature 2284 2289 ¢ possible translational frameshift site, similar to that determined experimentally (EMBL:X5Z
[- misc_feature 2472 2495 ¢ P500017 ATP/GTP-binding site motif A (P-loop)
| repeat_unit 2573 2585 ¢ 13 bp inverted repeat flanking ISl
| cps 2694 3644 ¢ HCM1.07c, corA, probable magnesium and cobalt transport protein, len: 316 aa; similar to me
M misc_feature 2697 3584 ¢ Pfam match to entry PF01544 CorA, CorA-like Mg2+ transporter protein, score 432.90, E-value
| Rss 3653 3656 ¢ possible RBS
| _RBS 4004 4007 possible R3S H
CDS 4014 4343 HCM1.08, hypotheucal protein, len: 109 aa; similar to the N-terminal half of SW:YIGE_ECOL]:I
CDS 4363 4569 ¢ HCML. 100, hypothetical protein, len: 68 aa; unknown function H
Ras 4577 4581 c possible’ras . o . I
& > )< >
e 60 |X| Select an output file name ...

. Save the DNA sequence in
Save In: |IjBLAST_Append|x '|w the BLAST Appendix

[ pHCHL. ek directory

[y r27.enb1

Save as pHCM1.dna

File Name: [PHCM1. dng |

Files of Type: |A11 Files ~|

save || cancer |

Also do this for R27.embl
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Running Blast

There are several programs in the BLAST package that can be used for generating
sequence comparison files. For a detailed description of the uses and options see the
appropriate README file in the BLAST software directory (see Appendix X).

In order to generate comparison files that can be read into ACT you can use the blastall
program running either BLASTN (DNA-DNA comparison) or TBLASTX (translated
DNA-translated DNA comparison) protocols.

As an example you will run a BLASTN comparison on two relatively small sequences;
the pHCM1 and R27 plasmids from S. #yphi. In principle any DNA sequences in FASTA
format can be used, although size becomes and issue when dealing with sequences such
whole genomes of several Mb (see Exercise 2 in this module). When obtaining
nucleotide sequences from databases such as EMBL using a server such as SRS
(http://srs.ebi.ac.uk), it is possible to specify that the sequences are in FASTA format.

| J

To run the BLAST software you will need an Xterminal window like the one below. If
you do not already have one opened, you can open a new window by clicking on the
Xterminal icon on the menu bar at the bottom of your screen.

File Edit View Terminal Go Help

$:1

[2]

L |

Make sure you are in the appropriate directory (in this example it is BLAST Appendix.)
You should now see both the new FASTA files for the pHCM1 and R27 sequences in the
BLAST Appendix directory as well as their respective EMBL format files.

(Hint: You can use the pwd command to check the present working directory, the ed
command to change directories, and the Is command will list the contents of the present
working directory).

When comparing sequences in BLAST, one sequence is designated as a database b
sequence, and the other the query sequence. Before you run BLAST you have to format
one of the sequences so that BLAST recognises it as a database sequence. formatdb is a
\program that does this and comes as part of the NCBI BLAST distribution. )

-15-
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You will treat pHCM1.dna as the database
sequence and R27.dna as the query sequence At the Command Prompt type:
formatdb —i pHCM1.dna —p F

Press Return

formatdb is the database
format program /

File "Wdit View Terminal Go Help

$: formatdb —i pHCM1.dna—p F ﬂ

\ [ —p designates the sequence type: 1

DNA is F (protein would be T)

—i designates the input
sequence: pHCM1.dna

L =

Now you can run the BLAST on the two plasmid sequences. The program that you are
going to use is blastall. In addition to the standard command line inputs we have to add an
additional flag (-m 8) to the command line so that the BLAST output can be read by ACT.
This specifies that the output of BLAST is in one line per entry format (see appendix II).

At the Command Prompt type:
blastall —p blastn —-m 8 —d pHCM1.dna —i R27.dna —o pHCM1_vs_R27

Press Return

tblastx could be substituted here if a o desienates the
translated DNA-translated DNA g

J output file:
comparison was require pHCMI vs R27

Terminal Go Help

blastall is the
BLAST program

—m 8 designates the {—d designates the } —i designates the

—p designates the flavour of
BLAST: blastn (in this instance
a DNA-DNA comparison)

ACT readable database sequence: query sequence:
output pHCMI.dna R27.dna

®
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The pHCM1 vs R27 comparison file can now be read into ACT along
with the pHCM1.embl and R27.embl (or pHCM1.dna and R27.dna)

sequence files.

[X| ACT: pHCM1.embl vs R27.embl
cries Select View Goto Edit Create Write Run Graph Display

D i bbb b
DIl B

B BIREED D
DI DI DURID D DR
[z%ooo la7500

NIRRL

[19500 33000 - |136500 1560004] |175500

| @eld G| 4 @ q a 4 ¢ 44 G18nea
<1ql]@ 414]4]{1 . = 4}4]4]4141]4@]

/F he result of the BLASTN comparison shows that there are regions of DNA shareh
between the plasmids; pHCMI shares 169 kb of DNA at greater than 99% sequence

identity with R27. Much of the additional DNA in the pHCM1 plasmid appears to

have been inserted relative to R27 and encodes functions associated with drug

resistance. What antibiotic resistance genes can you find in the pHCM1 plasmid that

are not found in R27?

The two plasmids were isolated more than 20 years apart. The comparison suggests
that there have been several independent acquisition events that are responsible for

\the multiple drug resistance seen in the more modern S. typhi plasmid. /
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Exercise 2

In the previous exercise you used BLASTN to generate a comparison file for two
relatively small sequences (>500,000 kb). In the next exercise we are going to use
another program from NCBI BLAST distribution, megablast, that can be used for
nucleotide sequence alignment searches, i.e. DNA-DNA comparisons. If you are
comparing large sequences such as whole genomes of several Mb, the blastall program
is not suitable. The BLAST algorithms will struggle with large DNA sequences and
therefore the processing time to generate a comparison file will increase dramatically.

megablast uses a different algorithm to BLAST which is not as stringent which
therefore makes the program faster. This means that it is possible to generate
comparison files for genome sequences in a matter of seconds rather than minutes and
hours.

There are some drawbacks to using this program. Firstly, only DNA-DNA alignments
(BLASTN) can be performed using megablast, rather than translated DNA-DNA
alignments (TBLASTX) as can be using blastall. Secondly as the algorithm used is not
as stringent, megablast is suited to comparing sequences with high levels of similarity
such as genomes from the same or very closely related species.

In this exercise you are going to download two Staphylococcus aureus genome
sequences from the EBI genomes web page and use Artemis to write out the FASTA
format DNA sequences for both as before in Exercise 1. These two FASTA format
sequences will then be compared using megablast to identify regions of DNA-DNA
similarity and write out an ACT readable comparison file.

The genomes that have been chosen for this comparison are from a hospital-acquired
methicillin resistant S. aureus (MRSA) strain N315 (BA000018), and a
community-acquired MRSA strain MW2 (BA000033).
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Downloading the S. aureus genomic sequences

Go to the EBI genomes web page (http://www.ebi.ac.uk/genomes) as before in
Exercise 2, and click on the Bacteria hyperlink

0066 X Genomes Pages - Bacteria - Mozilla
I Eile Edit View Go Bookmarks Tools Window Help

v e o ﬁ ]@ hitp:/fwwew.ebi.ac.uk/genomes/hacteria html
Back Forward Reload  Stop

4}Home | WpBookmarks 2 Google 2 Entrez-PubMed 2 Pfam: Pfam keyword .. ¢ o Kyoto I

5 u Nucleoti y |
BL-EBI

Furopean Bioinformatics Institute

( B site oy Database
Map EBl gueries

EBI Home About EBI Research Databases Submissions

Genomes

Services

Bacteria
188 organisms.
* Archaea Accession numbers of all the entries listed below may be downloaded as a text file for use in downloading using the Sequence Version Archive.
* Bacteria
* Eukaryota Description Le'('l?;’)' = SeqT::;L Proteins
* Organelle
- Phage Acinetobacter sp. ADP1 (Description)
i 1 |Acinetobacter sp. ADP1 | 3,598,521 cs43861 | CR54361 | Proteoe
* Viroid Agrobacterium tumefaciens
. \{irus 5 %Ww (Cereon) chromosome (circular) (254 patts in 2,841,561 | AE007869 | AEOD7883 ScrOll down the
*Links e . . eoof  page to the
S GenDe Fevies 2 c%r,?lh:r;tyenum tumefaciens str. CS8 (Cereon) chromosome (linear) (187 pars in a 2,074,782 | AE00T870 | AEO07870
" Integr8 (p 2 | A ium iens str. C58 (U. Washi chromosome (circular) 2 841 490 | AEDDZ68S | AE00SEES Staphylococcus
- Karyn's Genomes (256 parts in a CON entry) i it | SR S CA SE
- Fasta3 Server Agr urm t iens str. C58 (U. i {linear) Buteon - QUFEUS genomes
g (187 parts in a CON entry: 2,075,560 | AE008683 | AE008659
Anaplasma marginale
3 a inale str. St Maries | 1,197,587 | cR000030 | cPo00030 | Proteome
Aguifex aeolicus
4 ‘ Aquifex aeolicus YFS (103 parts in a CON entry) ‘ 1,551,335 [AEOUUSS'J ‘ AE000BS57 ‘ Proteome
Azoarcus sp. EbN1
T T T
G £l \Z E3) &3 | Done I Fo-f
806 X Genomes Pages - Bacteria - Mozilla
Eile Edit ¥iew Go Bookmarks Tools Window Help
P Fo}x@rd v H:%ad ;%}p I@ hitp:/Awmaw.ebi ac.uk/genomes/bacteria html _/I 22_Search ?nt -
<}Home | ‘WpBookmarks 2 Google o Entrez-PubMed ¢ Pfam: Pfam keyword .. 4 Genomes ¢ Kyoto Encyclopedia ..
133 ‘ Shewanella oneidensis MR-1 (457 parts in a CON entry) 4,369,803 | AE014209 ‘ AE014233 ‘ Proteome
Shigella flexneri
134 | Shigella flexneri 2a str. 301 4,607,203 | AEDOSET4 | AEQ0S674 Proteome
135 | Shigella flexneri 2a str. 2457T (16 parts in a CON entry) 4,599,354 | AE014073 | AE014073 Proteome
Silicibacter pomeroyi
136 ‘ Silicibacter pomeroyi DS5-3 | 4,109,442 cRo0003L ‘ CPO00031 ‘ n/a
Sinarhizobium meliloti
137 ‘ Sinorhizobium meliloti 1021 (12 parts in a CON entry) ‘ 3,654,135 ‘ALSQISBB ‘ AL591688 ‘ Proteome
Staphylococcus aureus
138 | Staphylococcus aureus subsp. aureus COL 2,809,422 | CPO0O0046 | CPOO0O0D46 nfa
139 | Staphylococcus aureus subsp. aureus MRSA252 2,902,619 | BX571856 | BX571856 Proteome
140 | Staphylococcus aureus subsp. aureus MSSA476 2,799,802 | BX571857 | BX571857 Proteome
141 | Staphylococcus aureus subsp. aureus MW2 2,820,462 | BAO0OOO33 | BAOODO33 Proteome
142 | Staphylococcus aureus subsp. aureus MuS0 2,878,529 | BAO0OO17 | BAOOODO17 Proteome
143 | Staphylococcus aureus subsp. aureus N315 # BAQO0018 | BAOOOO18 Proteome
Press the Shift key and left } [staphwiococcus epi i ON entry) 2,499,279 | AE015929 | AE015923 |  Proteome
. 5 | Staphylococc i 2,616,530 | cPO00029 | CPO00023 nfa
CIICk on the S‘ aureus K Streptococcus agalactiae
N315 accession number 5 | Streptococcus agalactiae 2603V/R (100 parts in 3 CON entry) 2,160,267 | AE009948 | AE009348 |  Proteome J
o o 7 | Streptococcus agalactiae NEM316 (14 parts in a CON entry) 2,211,485 | ALT32656 | AL732656 Proteome
hyperlink (BA000018) in Sinsiscoczun s
the Plain Sequence column [ ‘Streglococcus mutans UAT59 (185 parts in a CON entry) 2,030,921 IAE014133 ‘ AEU]MSS‘ Proteome
Streptococcus pneumoniae
- 3 | Streptococcus pneumoniae RE (184 parts in a CON entry) 2,038,615 | RE00T317 | AE007317 Proteome
‘ 150 | Streptococcus pneumoniae TIGR4 (134 parts in a CON entry) 2,160,837 | AE00SE72 | AEODSB72 Proteome

S &b \Z C3 B | I
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.| Save the EMBL sequence
m— in a suitable directory.
Look in: [ /BLAST_Appendix ry
Name v | Size Last Modified IE‘EI For example
.di :44: 1

Bhch dna s o 012212004 10,42 AM BLAST_Appendix

pHCM1.dna.nin 88 01/22/2004 10:44:25 AM

pHCM1.dna.nsq 54542 01/22/2004 10:44:27 AM

pHCM1.embl 604646 01/22/2004 10:44:10 AM
pHCM1_vs_pR27 16313 01/22/2004 10:44:29 AM
pR27.dna 183480 01/22/2004 10:44:17 AM
pR27.embl 469177 01/22/2004 10:44:12 AM

File name: N315.embl

Files of type: | All Files (*)
[[] Show hidden files and directories
L =

-

Save the file as N315.embl

Repeat for the S. aureus MW2 genome (BA000033). Be careful when choosing the
genome to download as there is another S. aureus genome entry for strain Mu50
(BA000017). Save as MW2.embl.

Generate DNA files in FASTA format using Artemis for both the genome sequences as
previously done in exercise 1.

(Hint: In Artemis (each genome requires a separate Artemis window), select Write,
Write All Bases, FASTA format).

Save the DNA sequences as N315.dna and MW2.dna for the respective genomes.

Running Blast

/In the previous exercise you used the blastall program to run BLASTN on two plasmid\

\the BLAST software directory (Appendix X). /

sequences. As the genome sequences are larger (~2.8 Mb) you are going to run
megablast, another program from the NCBI BLAST distribution that can generate
comparison files in a format that ACT can read (see Appendix II). For a detailed
description of the uses and options in megablast see the megablast README file in

Vs

.

~

As before you will run the program from the command line in an Xterminal window.

Like BLAST, megablast requires that one sequence is designated as a database
sequence and the other the query sequence. Therefore one of the sequences has to be
formatted so that Blast recognises it as a database sequence. This can be done as before
using formatdb.

/
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We will treat N315.dna as the
database sequence and MW2.dna At the Command Prompt type:
as the query sequence formatdb —i N315.dna —p F

Press Return

[ File Edit View Terminal Go Help
$: formatdb —i N315.dna—p F

[+]

(Ll
5

sequence: N315.dna

— : —p designates the sequence type:
[ —i designates the input DNA is F (protein would be T)

Now we can run the megablast on the two MRSA genome sequences. The default output
format is one line per entry that ACT can read, therefore there is no need to add an
additional flag (i.e. -m 8) to the command line (see appendix II).

At the Command Prompt type:
megablast —d N315.dna —i MW2.dna —o N315_vs MW2

Press Return

[ megablast is the program ] —o designates the output file:
N315 vs MW2

N\

Edit View Terminal Go Help

[2]

$: megablast —d N315.dna —i MW2.dna —o N315_vs_MW2

L~

—d designates the database —i designates the query
sequence: N315.dna sequence: MW2.dna

C

[<]
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The N315_vs MW2 comparison file can now be read into ACT along
with the N315.embl and MW2.embl (or N315.dna and MW2.dna)
sequence files.

\

R4 ACT: N315.embl vs MW2.emb]

File Entries Select View Goto Edit Create Write Run Graph Display

B *WW%@%W%“MOWM W T P e

|2200 |_40u ls600 \gauu \_wuu Lszuu 15400 |17600 |19800 |22000 L42uu 26400 |28600
{ I\IIH LT HTEYg (N L\H Il

IR R RREA A T et R W T B T

(| T e s o =7 S—
2200 lad00 6600 8800 11000 [13200 15400 27600 29800 22000 LAZDD 26400 28600

T il ) vt T

II\I mn\lﬂﬂﬂwl MMM\HIHHH I\IHJHHH’ 1] 11 I\IFJHIMI‘HI\H ! "I “II" HWMM "'1'- I\ I IIII\ HMMIM 1 II (

A comparison of the N315 and MW?2 genomes in ACT using the megablast
comparison reveals a high level of synteny (conserved gene order). This is
perhaps not unsurprising as both genomes belong to strains of the same species.
Using results of comparisons like these it is possible to identify genomic

differences that may contribute to the biology of the bacteria and also investigate
mechanisms of evolution.

Both N315 and MW2 are MRSA, however N315 is associated with disease in
hospitals, and MW?2 causes disease in the community and is more invasive.
Scroll rightward in both genomes to find the first large region of difference.
Examine the annotation for the genes in these regions. What are the encoded
functions associated with these regions? What significance does this have for the
evolution of methicillin resistance in these two S. aureus strains from clinically

\distinct origins? /
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Appendix VIII: Prokaryotic Protein Classification Scheme used within the PSU

This scheme was adapted for Sanger in-house use from the Monica Rileys protein classification
(http://genprotec.mbl.edu/files/Multifun.html).

More classes can be added depending on the microorganism that is being annotated (e.g secondary metabolites,
sigma factors (ECF or non-ECF), etc).

0.0.0 Unknown function, no known homologs
0.0.1 Conserved in Escherichia coli
0.0.2 Conserved in organism other than Escherichia coli
1.0.0 Cell processes
1.1.1 Chemotaxis and mobility
1.2.1 Chromosome replication
1.3.1 Chaperones
1.4.0 Protection responses
1.4.1 Cell killing
1.4.2 Detoxification
1.4.3 Drug/analog sensitivity
1.4.4 Radiation sensitivity
1.5.0 Transport/binding proteins
1.5.1 Amino acids and amines
1.5.2 Cations
1.5.3 Carbohydrates, organic acids and alcohols
1.5.4 Anions
1.5.5 Other
1.6.0 Adaptation
1.6.1 Adaptations, atypical conditions
1.6.2 Osmotic adaptation
1.6.3 Fe storage
1.7.1 Cell division
2.0.0 Macromolecule metabolism
2.1.0 Macromolecule degradation
2.1.1 Degradation of DNA 2.1.3 Degradation of polysaccharides
2.1.2 Degradation of RNA 2.1.4 Degradation of proteins, peptides, glycoproteins
2.2.0 Macromolecule synthesis, modification
2.2.01 Amino acyl tRNA synthesis; tRNA modification 2.2.07 Phospholipids
2.2.02 Basic proteins - synthesis, modification 2.2.08 Polysaccharides - (cytoplasmic)
2.2.03 DNA - replication, repair, restriction./modification 2.2.09 Protein modification
2.2.04 Glycoprotein 2.2.10 Proteins - translation and modification
2.2.05 Lipopolysaccharide 2.2.11 RNA synthesis, modif., DNA transcrip.
2.2.06 Lipoprotein 2.2.12tRNA
3.0.0 Metabolism of small molecules
3.1.0 Amino acid biosynthesis

3.1.01 Alanine 3.1.08 Glutamine 3.1.15 Phenylalanine
3.1.02 Arginine 3.1.09 Glycine 3.1.16 Proline

3.1.03 Asparagine  3.1.10 Histidine 3.1.17 Serine

3.1.04 Aspartate 3.1.11 Isoleucine3.1.18 Threonine

3.1.05 Chorismate ~ 3.1.12 Leucine 3.1.19 Tryptophan
3.1.06 Cysteine 3.1.13 Lysine 3.1.20 Tyrosine
3.1.07 Glutamate 3.1.14 Methionine 3.1.21 Valine

D3-
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Appendix VIII (cont):

3.2.0 Biosynthesis of cofactors, carriers

3.2.01 Acyl carrier protein (ACP) 3.2.09 Molybdopterin
3.2.02 Biotin 3.2.10 Pantothenate
3.2.03 Cobalamin 3.2.11 Pyridine nucleotide
3.2.04 Enterochelin 3.2.12 Pyridoxine
3.2.05 Folic acid 3.2.13 Riboflavin
3.2.06 Heme, porphyrin 3.2.14 Thiamin
3.2.07 Lipoate 3.2.15 Thioredoxin, glutaredoxin, glutathione
3.2.08 Menaquinone, ubiquinone 3.2.16 biotin carboxyl carrier protein (BCCP)
3.3.0 Central intermediary metabolism
3.3.01 2'-Deoxyribonucleotide metabolism 3.3.11 Nucleotide interconversions
3.3.02 Amino sugars 3.3.12 Oligosaccharides
3.3.03 Entner-Douderoff 3.3.13 Phosphorus compounds
3.3.04 Gluconeogenesis 3.3.14 Polyamine biosynthesis
3.3.05 Glyoxylate bypass 3.3.15 Pool, multipurpose conversions of intermed. metab.
3.3.06 Incorporation metal ions 3.3.16 S-adenosyl methionine
3.3.07 Misc. glucose metabolism 3.3.17 Salvage of nucleosides and nucleotides
3.3.08 Misc. glycerol metabolism 3.3.18 Sugar-nucleotide biosynthesis, conversions
3.3.09 Non-oxidative branch, pentose pathway 3.3.19 Sulfur metabolism
3.3.10 Nucleotide hydrolysis 3.3.20 Amino acids
3.3.21 other
3.4.0 Degradation of small molecules
3.4.1 Amines 3.4.4 Fatty acids
3.4.2 Amino acids 3.4.5 Other
3.4.3 Carbon compounds 3.4.0 ATP-proton motive force
3.5.0 Energy metabolism, carbon
3.5.1 Aerobic respiration 3.5.5 Glycolysis
3.5.2 Anaerobic respiration 3.5.6 Oxidative branch, pentose pathway
3.5.3 Electron transport 3.5.7 Pyruvate dehydrogenase
3.5.4 Fermentation 3.5.8 TCA cycle

3.6.0 Fatty acid biosynthesis
3.6.1 Fatty acid and phosphatidic acid biosynthesis
3.7.0 Nucleotide biosynthesis
3.7.1 Purine ribonucleotide biosynthesis 3.7.2 Pyrimidine ribonucleotide biosynthesis
4.0.0 Cell envelop
4.1.0 Periplasmic/exported/lipoproteins 4.1.3 Outer membrane constituents
4.1.1 Inner membrane 4.1.4 Surface polysaccharides & antigens
4.1.2 Murein sacculus, peptidoglycan 4.1.5 Surface structures
4.2.0 Ribosome constituents
4.2.1 Ribosomal and stable RNAs 4.2.3 Ribosomes - maturation and modification
4.2.2 Ribosomal proteins - synthesis, modification
5.0.0 Extrachromosomal
5.1.0 Laterally acquired elements
5.1.1 Colicin-related functions 5.1.3 Plasmid-related functions
5.1.2 Phage-related functions and prophages 5.1.4 Transposon-related functions
5.1.5 Pathogenicity island-related function
6.0.0 Global functions
6.1.1 Global regulatory functions
7.0.0 Not classified (included putative assignments)
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Appendix IX: List of colour codes

0 (white) - Pathogenicity/Adaptation/Chaperones
1 (dark grey) - energy metabolism (glycolysis, electron transport etc.)
2 (red) - Information transfer (transcription/translation + DNA/RNA
modification)
3 (dark green) - Surface (IM, OM, secreted, surface structures
4 (dark blue) - Stable RNA
(Sky blue) - Degradation of large molecules
6 (dark pink) - Degradation of small molecules
(yellow) - Central/intermediary/miscellaneous metabolism
(light green) - Unknown
(light blue) - Regulators
(orange) - Conserved hypo
11 (brown) - Pseudogenes and partial genes (remnants)
(light pink) - Phage/IS elements
(light grey) - Some misc. information e.g. Prosite, but no function

Appendix X: List of degenerate nucleotide value/IUB Base Codes.

R=AorG
S=GorC
B=C,GorT
Y=CorT
W=AorT
D=A,GorT
K=GorT
N=A,C,GorT
H=A,CorT
M=AorC
V=A,Cor G
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Appendix XI: Splice site information

Gene

41-3

RhopH3

RNA pol III

SERA

SERP H

Agl5

PEGPx

Calmodulin
PfPK1

MESA
Aldolase
KAHRP
GBPH2

GBP

FIRA

GARP

The splice acceptor and donor sequences for several P. falciparum genes: adapted from

No.

O U1k W N R 00 g o0 W N

N RPN R WD R WD R W N

I = T =T

Exon Intron Exon Size (bp)

GAA|GTACACA. . CCTTCTTTTTCCATATTTAG | CAA 152

AAT |GTTAAAA. . . TTTTTTTTTTTAAACTTAG|CCG 208
GAG|GTAAGAA. . . ATTCATTATATATTTATAG | GGA 86
TCG|GTATGGA. . . TTTTGAAATACTTCCTCAG| TTA 152
ACT|GTAATAT. . TTTTTTTTTTTATTTCCTAG | ATG 112
CAG|GTAAATA. . ATAATGACATTTTGATACAG|ATT 120

AAT |GTACATT. . TTATTTTTATTTATTTATAG | AAA 81
TAG|GTATTTG. . ATATTTTTTACTTATGATAG | TTA 96

AGG | GTAATAT. . TTTATTTTATTTTTTTTTTA | TTT 150

GGA | GTAAGAG. . TTTTTATTATTTTATTGTAG | TCC 442

GGA | GTAAGAG. . TTTTTATTATTTTATTGTAG | TCC 199
CAG|GTAYGCT. . TTTAATTTTTTTTTCCTTCA | TCA 160
AAA|GTAAGAA. . TATTTTTTTACAATTTTTAG| TTC 206
AAG|GTAAAAG. . TTTTTTTTTTTTTGTTTCAG | TTT 142

1 CAG|GTACATA. . TTTTTTTTTTTTTTTTTTAG|GTG 158
CAA|GTAATTA. . TATATTTTATTTTTTCTTAG |GTT 113
TAC|GTTAGTT. . TTTTTTTTTTTTTTTTTTAG | TGG 169
ATT|GTAAGTT. . TATTTTTTTTTTTTTTTTAG| TGA 112

TGT | GTAAGAA. . TTGTCATTATTTTTTTTTAG | GTG 158
ARA|GTATAAA. . TTTATTTATTTTTTTTTTAG|ATA 175
CAG|GTAAATA. . TTTTAATTTTTTTGTTTTAG | AAA 129
CTG|GTTTGTC. . CATATATTTCTTTATTTTAG | ATA 345
AGA|GTAAAAA. . TTTCTTATATTTTCTTTTAG|GTG 92
CTG|GTTTGTC. . CATATATTTCTTTATTTTAG | ATA 116
ATG|GTAAGAG. . TATTTTTGATACCTTTATAG | AGT 214
AAM|GTAATTA. . CAATCATATTAACACAAAAG | ATG 280
GAG|GTATACA. . TTATTATTCCCTTGCTTTAG | ATC 208
TCG|GTTAGTA. . TATTTATCATTTTTTTCCAG|ATG 168

1 GAA|GTAAATC. . TTTTTTATTTTTCTCATTAG | CTA 480
TAG|GTGTGTT. . TCATTACATTTTTACCTTAG | GAT 101
TTA|GTAAGTT. . CGTAATATATTTTTTTTTAG | GAT 122

1 ATG|GTAAGAA. . TATTTTTATATTTTTTTTAG |GCT 452

AAC | GTAAGTT.
TTG|GTATGCC.
TTG|GTATG. . .
TGT | GTAAGGA.
AAG|GTAACAA.

.TTATTTTTTTTTTCATATAG|TGC430
.TTTGTATTATTTAATTTTAG|AAT157
.TGTGTATTGTTTATTTTTAG|AAT179
.TTTTTATATTTTTTCTTTAG|CGA 175
.TATATGTATTTTTTTTTTAG|TGC214

t

Donor motif

T

Acceptor motif

Coppel and Black(1998). In "Malaria:Parasite Biology, Pathogenesis and Protection", I.W.
Sherman (ed.); ASM Press; Washington DC; pp185-202
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