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1. Introduction

Artemis is a DNA viewer and annotation tool, free to download and use, writ-
ten by Kim Rutherford from the Sanger Institute (Rutherford et al., 2000). The
program allows the user to view a range of files, from simple sequence files
(e.g. fasta format) to EMBL/Genbank entries, as well as the results of sequence
analyses, in a highly interactive and intuitive graphical format. Artemis is rou-
tinely used by the Pathogen Genomics group for annotation and analysis of both
prokaryotic and eukaryotic genomes, and can also be used to visualize mapped
data from next generation sequencing. Several types/sets of information can
be viewed simultaneously within different contexts. For example, Artemis gives
you the two views of the same genome region, so you can zoom in to inspect de-
tailed DNA sequence motifs, and also zoom out to view local gene architecture
(e.g. operons), or even an entire chromosome or genome, all within one screen.
It is also possible to perform analyses within Artemis and save the output for
future reference.

The aim of this module is to become familiar with the basic functions of Artemis
using a series of worked examples. These examples are designed to take you
through the most immediately useful functions. However, there will be time,
and encouragement, for you to explore other menus; features of Artemis that
are not described in the exercises in this manual, but which may be of particular
interest to some users. Like all the Modules in this workshop, please remember:
IF YOU DON’T UNDERSTAND, PLEASE ASK!

Back to top

Artemis Exercise 1

Starting up the Artemis software
Double click the Artemis icon on the desktop.



A small start-up window will appear (see below). The directory Mod-
ule_1_ Artemis contains all files you will need for this module. Now follow the
sequence of numbers to load up the Salmonella Typhi chromosome sequence.
Ask a demonstrator for help if you have any problems.

In the ‘Options’ menu
you can switch
between prokaryotic
and eukaryotic mode.

You can also start
pathogen ger}gmi(s group Artemis from the
terminal window
by typing ‘art’

Artenis
Release 16.0.0
1. standard

Copyright 1998 - 2014
amamn Basanneh | initad

For simplicity it is a good idea
to open a new start up window
for each Artemis session and

close down any sessions once
you have finished an exercise.
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Loading an annotation file (entry) into Artemis
Hopefully you will now have an Artemis window like this! If not, ask a demon-

strator for assistance.
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Now follow the numbers to load the annotation file for the Salmonella Typhi

chromosome.

Click 'File' then p— =0 s Select Viev Goto Edit Create Bun Graph Display
A 5 Show File Manager
Read An Entry ...
Read an Fntry” }— mmmm—m .
Read BM / CF . T R T TR W R T T TR T TR S
Save Default Brtry i I PEOUE e e
S TR T AN T T TTY N T AT T I
lEntry = ﬁlel E
|00 |scoe asca Jssoe |00 200 |eooa

{What' s an “Entry” 7
It’s a file of DNA

and/or features
which can be

| Look In: |IjMudule_3_Artem15

[} PF.tab

overlaid onto the [ s_typhi .dna
sequence [ 5_typhi. tab
information

/

File Name: I |

displayed in the
main Artemis view

\ panel. /

2

Files of Type: ‘All Files

Single click

to select file
S_typhi.tab

Single click to open file in Artemis then wait
(click ‘no” if an error window pops up)

ol

The basics of Artemis

i select a file ... IR IN | 1

[WINLIVA T TN
o



Now you have an Artemis window open let’s look at what is in there.

1 ' Eile Eptries Select View Ggto Edit Create Pun Graph [Display
P entry: (v1S_typhi.dna ¥ S_typhi.tab
2 '{ Selected feature: bases 1287 amino acids 428 STYeo04  [fclass="3.1.18" seolour=7 fqene="STYGBO4" /qene="thrC" /product="threonine synthase”
| UI L O VY 1 0 (T
IIIIHIHIIII el HHIIHIIHIIIII—bI’\ (I [ Il N TR R
TRRIRRE T R R T HIHI L A | Y | s
STY0007
(] D » D DD
3 4 misc feature misc featur misc feature  mise feature nisc feature tul
[EX5) |r808 |2408 JE=E] |4cca |4s08 |ss00 |s40a L72['D [E:EE
_ iac Testure 6
I I 1 A MU [ M A Y Y LA O O O A B (TN A IIIIITII | I
[ | i (T i L U A 11T O B TR VFTH o A O
O T T | (I | 111 e I, [ |
STY8EaS STYBE08 >
f 1l b
RDYVWLOEIITGEID®*KSTITYRDJQ

4 . RLRLVYARDHMNRGN®LK
dmmﬂmm

3TON\,EIMVP5,50F
;SI\IE\FCLLNVK 'l"-’LrlALLJnJLKFZ
p L MRRTALS®LLPFOMNFIFIDGAACSCT

“

s 190 255  Orthologue of E. coli thrL (LPT_ECOLI); Fasta hit to LFT_ECOLI (21 aa], 86% identity in Z1 22 overlaj+

@s 337 2799 Orthologue of E. coli thrA (AKIA ECOLI): Fasta hit to AKTH ECOLT (820 3a). 94% identity in 820 33 ov(

nisc_feature 343 369  PSO0324 Aspartokinase signature

nisc_feature 2314 2332  PSO1042 Homoserine dehydrogen aty

s "rthﬂlnqun of E. coli thrB { s 8

aa), B5% identity in 25
er protein alst ALST SW:ALST_BACSU [Q4S063: P40743) e
ture

ty in 311 aa overlap

_feature 7001 PSE0873 Sodium:alanine sym
7665 8618  Fasta hit to TALA ECOLI (31

_feature 7755 7781  PSOLOS4 Transaldolase signature 1
nisc_feature 8049 8102 PS00958 Transaldolase active site
s 8725 9319  Orthologue of E. coli mog (MG ECOLI}; Fasta hit to MOG_ECOLE {185 3a), 64% identity in 192 2a overl:
. nizc feature 8933 8974 PSO1078 Molvbdenun cofactor bioswnthesis oroteins signature 1 =
.

1. Drop-down menus:
o There’s lots in there so don’t worry about all the details right now.
2. Entry (top line):

o shows which entries are currently loaded with the default entry high-
lighted in yellow (this is the entry into which newly created features
are created).Selected feature: the details of a selected feature are
shown here; in this case gene STY0004 (yellow box surrounded by
thick black line).

3. Main sequence view panel:

o The central 2 grey lines represent the forward (top) and reverse (bot-
tom) DNA strands. Above and below those are the 3 forward and
3 reverse reading frames. Stop codons are marked on the reading
frames as black vertical bars. Genes and other annotated features
(eg. Pfam and Prosite matches) are displayed as coloured boxes. We
often refer to predicted genes as coding sequences or CDSs.

4. Codon translation panel:

e This panel has a similar layout to the main panel but is zoomed in
to show nucleotides and amino acids. Double click on a CDS in the
main view to see the zoomed view of the start of that CDS. Note
that both this and the main panel can be scrolled left and right (7,
below) zoomed in and out (6, below).

5. Feature panel:

o This panel contains details of the various features, listed in the order

that they occur on the DNA. Any selected features are highlighted.



The list can be scrolled (8, below).
Sliders for zooming view panels.
7. Sliders for scrolling along the DNA.
8. Slider for scrolling feature list.

Getting around in Artemis

There are three main ways of getting to a particular DNA region in Artemis:
1. the Goto drop-down menu; 2. the Navigator; and, 3. the Feature Selector
(which we will use in Exercise 4)

The best method depends on what you’re trying to do. Knowing which one to
use comes with practice.

1. The ‘Goto’ menu

The functions on this menu (below the Navigator option) are shortcuts for get-
ting to locations within a selected feature or for jumping to the start or end of
the DNA sequence. This is really intuitive so give it a try!
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It may seem that ‘Goto’ > ‘Start of Selection’, and ‘Goto’ > ‘Feature Start’ do
the same thing. Well they do if you have a feature selected but ‘Goto’ ‘Start of
Selection’ will also work for a region which you have selected by click-dragging
in the main window. So yes, give it a try!

Suggested tasks:
1. Zoom out, select / highlight a large region of sequence by clicking the left
hand button and dragging the cursor then go to the start and end of this selected



region. 2. Select a CDS then go to the start and end. 3. Go to the start and end
of the genome sequence. 4. Select a CDS. Within it, go to a base (nucleotide)
and/or amino acid of your choice. 5. Highlight a region then, from the right
click menu, select ‘Zoom to Selection’.

2. Navigator
The Navigator panel is fairly intuitive so open it up and give it a try.
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Suggestions about where to go:

1. Think of a number between 1 and 4809037 and go to that base (notice how
the cursors on the horizontal sliders move with you). 2. Your favourite gene
name (it may not be there so you could try ‘fts’). 3. Use ‘Goto Feature With
This Qualifier value’ to search the contents of all qualifiers for a particular term.
For example using the word ‘pseudogene’ will take you to the next feature with
the word ‘pseudogene’ in any of its qualifiers. Note how repeated clicking of
the ‘Goto’ button takes you to the following pseudogene in the order that they
occur on the chromosome. 4. Look at Appendix VIII which is a functional
classification scheme used for the annotation of S. Typhi. Each CDS has a class
qualifier best describing its function. Use the ‘Goto Feature With This Qualifier
value’ search to look for CDSs belonging to a class of interest by searching with
the appropriate class values. 5. tRNA genes. Type ‘tRNA’ in the ‘Goto Feature
With This Key’. 6. Regulator-binding DNA consensus sequence (real or made
up!). Note that degenerate base values can be used (Appendix X). 7. Amino acid
consensus sequences (real or made up!). You can use ‘x’s. Note that it searches



all six reading frames regardless of whether the amino acids are encoded or not.
e What are Keys and Qualifiers? See Appendix IV

Clearly there are many more features of Artemis which we will not have time
to explain in detail. Before getting on with this next section it might be worth
browsing the menus. Hopefully you will find most of them easy to understand.

Back to top

Artemis Exercise 2

This part of the exercise uses the files and data you already have loaded into
Artemis from Part I. By a method of your choice go to the region from bases
2188349 to 2199512 on the DNA sequence. This region is bordered by the fbaB
gene which codes for fructose-bisphosphate aldolase. You can use the Navigator
function discussed previously to get there. The region you arrive at should look
similar to that shown below.

File Entries Select View Goto Edit Create Bun Graph Display

Entry: [¥]S_typhi.dna (] S_typhi.tab
Nothmq selected

l:H\IHI \II:N IIIIH I:HIHII\I\ (TR RMEINE OO N TONMER O DN URE DY 0 W T \IIIIIIII-IIII FIRTT CDS
D ([} \I\II\IIIIIIIII II IIII \I\ H\ II\II\I->| HIIIIIIIIIIHIIIIIII\I\IIHIIII\III [T HIIIIIIIII\IIIIHILIIHIIII:IIIIHI HIIIHIIIIIIIIIIHII‘:D_ features

IIII\IIIIIENHII:ENIHHIHIIIIIII\ TR0 1000 0 II:IHIIIHHI (Y AT =,
b 13

FES nls:_fvatJrE
200 |z182400 \_2194600 |2188800  |2183000 2191200 \ztscs:m |2195600 \2157930 |2z00000
q 1 <] <l .

nisc feature RES

R TR T IIIII'IIIIIII-IIEIDIIEU_II]\III\I il I\IIIIHIIIIIHIIIk[III\Ilf-l\II I e features

(RN TR T |||HHI\HlHIllll-III\II-Il \Illllﬁqﬁrlig ;ﬁlllll\l\ il H\ll:l\lllllllH T o 1 I
RN R T TR _\Illllj\ll||\I|||)|:|\H||II|II ||||| Iﬁ_IH [} ||||||\|||-|\|||| LT R AT nrr:v*Iﬁgllldr:ﬂ -
\1 SR »

N#YL‘-’I\IF\IKPIV#TAWNOQEEPIPYSFDYYI‘\#HLLK#CQTIWFNAU\I:7
INIFIITSOLCKLRGINREKNIGFLTLLITITINTY®#NNAEKTI GYGR 1]

ELIBLaP#OANCVNCVESTGRTNBLLF’LLGLTLIKIMF’NNM-’-\ERS-(I
AATTAATATCTTTATAAT AACAAGCCANTTGT GTARACTOCGT GLAATCARC AGGAAGAACCARTTCOTT ACTCTTTTGATTATT ACAATT AACACTTATTARAATAATOOCAAACAAT ATGGCCGAACGCAGTARAL,
|z153940 |z188950 |2188280 |2189000 |z189620 2189040 |z160680
[TTAATTATAGAAKT AT TATTGTTCGGTT ARCACATTTGACGCACCTT AGT T GTCCTTCTTGGTT ARGGALT GAG Mnm‘mnTMTn‘l'mnﬁranmrmnﬁnrrmmnTn v u’:'?r'm'rr'
F#fR#LLLGITYVAHF@®*CS5GS5GIG#E S # # L #CKNFYHWYVY TFE |
ILIKLLVLWNHLSRPILLFFWNRHRKIIVILV##FLALCYPR\ICYV
[ 1 0
€DS 198 255 Orthologue of E. coll thrl (LFT_ECOLI): Fasta hit to LPT ECOLI (21 3a). B6% identity in 21 33 overlajs|
s 337 2799 Orthologue of E. coli thra (AKIF_ECOLI); Fasta hit to aKIH_ECOLT (920 aa), S4% identity in B20 aa ove
nisc_feature 343 360 PSE0324 Aspartokinase signature
nisc_feature 2314 2382 PSU1042 Homoserine dehydrogenase signature
813 2801 3730 Orthologue of E. coli thr8 (KHSE_ECOLI); Fasta hit to KHSE_ECOLI (310 aa), 94% identity in 308 aa ov¢
nisc_feature 3088 3103 PSO0S27 GHMP kinases putative ATP-binding domain
s 3734 5028 Orthologue of E. coli thrC (THRC_ECOLT): Fasta hit to THRC_ECOLI (428 aa), 3% identity in 428 aa ove
nisc_feature 4022 4066 PSG0165 Serine/threonine dehydrafases pyridoxal-phosphate 3ttachment site
s 5114 5887 ¢ Orthologue of E. coli yasd (YAmh ECOLT); Fasta hit to YAAR ECOLI (258 aa), 85% identity in 257 a3 ove
W oS 5066 7306 ¢ Similar to Bacillus subtilis amino acid carrier protein alst ALST SW:ALST_BACSU (Q4506E; P46743) fas|
msc_feature 7091 7138 ¢ PSO0873 Sodium:alanine synporter family signature
7665 8618 Fasta hit to TALA_ECOLT (316 aa)., 65% identity in 311 aa owerlap
nise_feature 7755 7781 PSO1054 TransaldoTase signature 1
nisc_feature 8049 8102 PS00958 Transaldolase active site
s 8720 8319 Orthologue of E. coli mog (MOG_ECOLI): Fasta hit to MOG_ECOLI (195 aa), 94% identity in 192 aa r\tp"l
nisc_feature 8933 6974 PSE1078 Molvbdenum cofactor biosvnthesis oroteins sianature 1
. y

Once you have found this region have a look at some of the information available:

1. Annotation



o If you click on a particular feature you can view the annotation associated
with it: select a CDS feature (or any other feature) and click on the
‘Edit’ menu and select ‘Selected Feature in Editor’. A window will appear
containing all the annotation that is associated with that CDS. The format
for this information is constrained by that which can be submitted to the
EMBL database.

2. Viewing amino acid or protein sequence

e Click on the ‘View’ menu and you will see various options for viewing
the bases or amino acids of the feature you have selected, in two formats
i.e. EMBL or fasta. This can be very useful when using other programs
that are not integrated into Artemis e.g. those available on the Web that
require you to cut and paste sequence into them.

3. Plots/Graphs

o Feature plots can be displayed by selecting a CDS feature then clicking
‘View’ and ‘Feature Plots’. The window which appears shows plots predict-
ing hydrophobicity, hydrophilicity and coiled-coil regions for the protein
product of the selected CDS.

4. Load additional files

e You should be able to see the results from Prosite searches, run on the
translation of each CDS, as pale-green boxes on the grey DNA lines. The
results from the Pfam protein motif searches are not yet shown, but can
be viewed by loading the appropriate file. Click on ‘File’ then ‘Read an
Entry’ and select the file PF.tab. Each Pfam match will appear as a
coloured blue feature in the main display panel on the grey DNA lines.
To see the details click the feature then click ‘View’ then ‘Selection’ or
click ‘Edit’ then ‘Selected Features in Editor’. Please ask if you are unsure
about Prosite and Pfam.

Further information on specific Prosite or Pfam entries can be found on the web
at: http://ca.expasy.org/prosite and http://pfam.sanger.ac.uk/

In addition to looking at the fine detail of the annotated features it is also pos-
sible to look at the characteristics of the DNA covering the region displayed.
This can be done by adding various plots to the display, showing different char-
acteristics of the DNA. Some of the plots can be used to look at the protein
coding potential of translation frames within the DNA, such as GC frame plot,
and others can be used to search for horizontally acquired DNA.

The plot information is generated dynamically by Artemis and although this is
a relatively speedy exercise for a small region of DNA, on a whole genome view
(we will move onto this later) this may take a little time, so be patient.

To view the graphs: - Click on the ‘Graph’ menu to see all those available.
Perhaps some of the most useful plots are the: 1. ‘GC Content (%)’ 2. ‘GC



Deviation’ 3. ‘Karlin Signature Difference’, as shown below. - To adjust the
smoothing of the graph you change the window size over which the points on
the graph are calculated, using the sliders shown below. If you are not familiar
with any of these please ask.
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Notice how several of the plots show a marked deviation around the region you
are currently looking at. To fully appreciate how anomalous this region is move
the genome view by scrolling to the left and right of this region. The apparent
unusual nucleotide content of this region is indicative of laterally acquired DNA
that has inserted into the genome.

Your Artemis window should now look similar to the one shown.

As well as looking at the characteristics of small regions of the genome, it is
possible to zoom out and look at the characteristics of the genome as a whole.
To view the entire genome you can use the sliders indicated below. However, be
careful zooming out quickly with all the features being displayed, as this may
temporarily lock up the computer.

To make this process faster and clearer, 1. switch off stop codons by clicking
with the right mouse button in the main view panel. A menu will appear
with an option to de-select ‘Stop Codons’ (see below). 2. You will also need
to temporarily remove all of the annotated features from the Artemis display
window. In fact if you leave them on, which you can, they would be too small
to see when you zoomed out to display the entire genome. - To remove the
annotation click on the S_ typhi.tab entry button on the grey entry line of the
Artemis window shown above.



To de-select the

2
( annotation click here.
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3. One final tip is to adjust the scaling for each graph displayed before zoom-
ing out. This increases the maximum window size over which a single
point for each plot is calculated. To adjust the scaling click with the right
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mouse button over a particular graph window. A menu will appear with
an option “Set the Window size’ (see above), set the window size to ‘20000
You should do this for each graph displayed (if you get an error message

press continue).

4. You are now ready to zoom out by dragging or clicking the slider indicated
above. Once you have zoomed out fully to see the entire genome you will
need to adjust the smoothing of the graphs using the vertical graph sliders
as before, to have a similar view to that shown below.

emis Entry Edit: §_typhidna

Eile Entries ¥
‘qu ¥]S_typhi.dna []S_typhi.tab [JPF.tab

Nothing selected
GC Content {%) Window size: 20000

M’MMWMWM\WWWWW_W

iev Ggto Edit Create Bun Groph Display

Click with the left

mouse buttonin a
graph window. A

line and a number
will appear. The

GC Deviation (G-CMG+C) Window size: 20000

w ‘ 3705256
" W\WMWMMWMW%M" e

Karlin Signature Difference Window size: 20000

number is the
relative position

within the genome
C

lick and drag to
highlight a region on

bbbl

[s24900 [1040800 1574700  [2000600  [2624500  [49400  [74300  |190200  |4724100

Back to top

the main DNA line.
Notice that the
boundaries of this
region are now
marked in the graph
windows that you

\ previously clicked in. |

Artemis Exercise 3

There are many examples where anomalous regions of DNA within a genome
have been shown to carry laterally acquired DNA. In this part of the exercise
we are going to look at several of these regions in more detail. Starting with the
whole genome view, note down the approximate positions and characteristics
of the three regions indicated above. Remember the locations of the peaks are
given in the graph window if you click the left mouse button within it.
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Artemis Entry Edit: 5_typhl.dna
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Genome location  Characteristics of DNA plots
Region 1 : 2,860,000 bps peak - karlin, troughs for G+C and CG deviation
Region 2 :
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We will now zoom back into the genome to look in more detail at the first
of these three peaks. Using the left mouse button, highlight the anomalous
region of the graph - this will also highlight the region in the main display. You
can then use the ‘right mouse button menu’ in the main display to ‘Zoom to
selection’ - you may need to zoom out from there. Remember that in order to see
the CDS features lying within this region you will need to turn the annotation
(S__typhi.tab) entry back on.

The region you should be looking at is shown below and is a classical example of
a Salmonella pathogenicity island (SPI). The definitions of what constitutes a
pathogenicity island are quite diverse. However, below is a list of characteristics
which are commonly seen within these regions, as described by Hacker et al.,
1997.

Often inserted alongside stable RNAs

Atypical G+C contents.

Carry virulence-related functions

Often carry genes encoding transposase or integrase-like proteins
Unstable and self-mobilisable

Gt o=
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6. Of limited phylogenetic distribution

Have a look in and around this region and look for some of these features.

| Region1SPL1 |
N
r N

Artemis Entry Edit: S_typhi.dna
File Entries Select View Gpte Edit Create Bun Graph Display
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One selected base on forward strand: 2015781

GC Content (%) Window size: 2000
.29
File 52.0

GC Deviation (G-C)/{G+C) Window size: 2000

N \ AN . -
WA w/

karlin Signature Difference Window size: 2000

v

DKl

>
-3

=]

2

(=]
far}
D

®E DO o ] } B
STY2079 sit: sitD iagB STY3027 10 STY3037
) [ 3
STY2963 hypC STY298] si STY20863 STY2996 1 STY3026 /3033
B® 0O )
5TY2062 STY2876 'S80 sitB STY3025
DB DOED I T T b

FrES RES BS sature 35 S 3 5 :ature misc RES ure misc_featL mis misc_fes
|2e4c500  |2s47000 |2853500 [28e0m00 [2e66S00 [2873000 [2870s00 |oememon |2so2sen [2socooo [2005500
@ % a A

RE RBS 3 RBS RES _feature RBS mi RBS RES feature isc_feature nisc_ misc_feature feature re RES_fez

a @am a a a U a@ 44 a 4 14 @ 4

hydN STY2070 STY2974 STr2982 progk stp_STr3003 spa'qsﬁal] sp_spak invF STY3028 STY: STY3(

ama COm fUE I R CNP:I ] 4 @
STY2967 3 TY. STY2975 spr STY2889 sipF sipC B spaP aM 3T 1n¥G STY30 STY3336

T e @&l
hypf S STY2068 Y2072 o prgl spa spal iny invE STY3031 ¢ hyl ¥
1l Tl ]

Use one of the methods you have already used to take you to the second region
of interest that you noted down.
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Artemis Entry Edit: S_typhi.dna
File Eptries Select View Goto Edit Create Run Graph Display
Entry: [v]S_typhi.dna [v]S_typhi.tab [ |FF.tab
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GC Content (%) Window size: 2000 =
M’\w 52.08

46.0

GC Deviation (G-C)/{G+C) Window size: 2000 &
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Region two acts as a cautionary note when looking at anomalous regions within
a genome. Have a look at the features and annotation of the CDSs within this
region: - Does this region have any of the characteristics of pathogenicity island?
- Are the genes within this region essential or dispensable (“accessory”)?

Is it possible that the atypical base composition of this region is not a conse-
quence of having originated from a foreign host? The base composition may
actually be reflective of the tight sequence constraints under which this region
has been maintained, in contrast to the background level sequence variation in
the rest of the genome.

Next go to Region 3.
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Artemis Entry Edit: 5_typhi.dna
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As with region 1, this region is also defined as a Salmonella pathogenicity island
(SPI). SPI-7, or the major Vi pathogenicity island, is ~134 kb in length and
contains ~30 kb of integrated bacteriophage. Have a look at the CDSs within
this region. As before notice any stable RNAs that may have acted as the phage
integration site.

Back to top

Artemis Exercise 4
Continuing on from the analysis of Region 3 or SPI-7 (the major Vi-antigen

pathogenicity island) we are going to extract this region from the whole genome
sequence and perform some more detailed analysis on it. We will aim to write
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and save new EMBL format files which will include just the annotations and
DNA for this region. Follow the numbers on the next page to complete the task.
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A new Artemis window will appear displaying only the region that you high-
lighted
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Note that the two entries on the grey ‘Entry’ line are now denoted ‘no name.
They represent the same information in the same order as the original Artemis
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window but simply have no assigned ‘Entry’ names. As the sub-sequence is now
viewed in a new Artemis session, this prevents the original files (S_typhi.dna
and S_typhi.tab) from being over-written. We will save the new files with
relevant names to avoid confusion. So click on the ‘File’ menu then ‘Save An
Entry As’ and then ‘New File’. Another menu will ask you to choose one of the
entries listed. At this point they will both be called ‘no name’. Left click on the
top entry in the list. A window will appear asking you to give this file a name.
Save this file as spi7.dna Do the same again for the second unnamed entry and
save it as spi7.tab
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We are going to look at this region in more detail and to attempt to define the
limits of the bacteriophage that lies within this region. Luckily for us all the
phage-related genes within this region have been given a colour code number
12 (pink; for a list of the other numerical values that Artemis will display as
colours for features see Appendix VII). We are going to use this information to
select all the relevant phage genes using the Feature selector as shown below
and then define the limits of the bacteriophage.

First we need to create a new entry (click ‘Create’ then ‘New Entry’). Another
entry will appear on the entry line called, you guessed it, ‘no name’. We will
eventually copy all our phage-related genes into here.

17



Artemis Entry Edit

Click ‘Select’

1 ; b Selact| view Goto Edit Create Run 'g;rap'\ Display
then "Feature Feature Selector ... 5
Select jone solectud b A1L trl-A
elector AL Bases
|HI:. Nane tr1-N :N\II:N LA A 1
ETY4521
ITEE 0 | B Key e IHIII I:NI:NHIIIIIIIHHHIHH\H I
€DS Features without /pseudo STY4525  STY4526
Make sure the buttons 1011 MO0 1| 20 cos Features (TR AR T T (T T \IIWE:HIII
Sane Key
are selected [ ! Faatures Matching Qualifier o ‘
[ open Reading Frane
I Features Ol g
[LANA Base Range [Sotact b
Set Key to PLI 1 e o B P LM v e
‘ ’ - ! — = LI T A TR T
2 | ‘CcDS’ and - __ L
Q Bt FUIMTE T 1 LN e ouatifier: colour il I [ N R R T TR T
ualiner to 1 Containing this texty [12 >
§ ? |‘ - a rtial ch I
colour ExvvchG["”"” . P G GO LFELVAGRRTHSNK=
E )Fwa+qasEurR: ]
oo i Match Any word T F I 6GSRQANTTFE s

\crrmmﬁoﬁrhmmﬁoccmm.nﬁmnﬂ

3

Type search term

U to bases long GMM.AETF.ME‘CATEGTCEGTCEBCFTU[UTWCWAW
ks PLRYCEFL
F L HHGSES DAnd: FOQYCAPSCMNRIEF
IIE{LPgiaivigii — hag"laufilngPLL(aFvMS‘( -
< A e I»
o T And: <
. nisc_feature 11w to exons lon
4 Click to select cos 142 § LM sa:cnanne biosynthesis proteins e.g. St
L. 05 1173 [And: 1 (EMBL:AIOL150Z) (453 aa) fasta scores:
features containing fsc_feature 258 | Clat least | exons long
4408
and
search term agq] A
Ben | [lcontains introns without GT/GC start and AG end 81 [EWEL:ALGZIEGE) {163 aa) fasta scores:
7744 and by: TGGT (A/- J(T/E)dﬂhu[h/G]T
8326 iylic_region in the f-terninus betveen resi
Anino acid motif: 'ase B TopB TRiQORHFS (EMBL:AFO0000L) (664

aLvard Strand Features [¥]Reversa Strand Features

and binding protein ssB TR:QSRHFA (EMEL:AfS
ok e

5 | Click to view
selected features|
in a list

o
@
A
6 | feature list i
o
<08
<05
o
G
o

fie e hi tains possible seal
ST ¢ Sisilar o Serretis sarcsscens pulstive phage Lysoeyes huch i<

Close

The genes listed in (6) are only those fitting your selection criteria. They can
be copied or cut / moved in to a new entry so we can view them in isolation
from the rest of the information within spi7.tab.

Firstly in window (6) select all of the CDSs shown by clicking on the ‘Select’
menu and then selecting ‘All’. All the features listed in window (6) should now
be highlighted. To copy them to another entry (file) click ‘Edit’ then ‘Copy
Selected Features To’ then ‘no name’. Close the two smaller feature selector
windows and return to the SPI-7 Artemis window. You could rename the ‘no
name’ entry as phage.tab, as you did before. Temporarily remove the features
contained in ‘spi7.tab’ file by left clicking on the entry button on the grey entry
line. Only the phage genes should remain.

Additional methods for selecting/extracting features using the Fea-
ture Selector

It is worth noting that the Feature Selector can be used in many other ways to
select and extract subsets of features from the genome, using eg text or amino
acid searches.
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o Artemis Feature Selector

Space for a
search term or
amino acid motif

Defining the extent of the prophage

Even from this preliminary analysis it is clear that the prophage occupies a
fairly discrete region within SPI-7 (see below). It is often useful to create a
new DNA feature to define the limits of this type of genome landmark. To do
this use the left mouse button to click and drag over the region that you think
defines the prophage.
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While the region in highlighted, click on the ‘Create’ menu and select ‘Create
feature from base range’. A feature edit window will appear. The default ‘Key’
value given by Artemis when creating a new feature is ‘CDS’. With this ‘Key’
the newly created feature would automatically be put on the translation line.
However, if we change this to ‘misc_feature’ (an option in the ‘Key’ drop down
menu in the top left hand corner of the Edit window), Artemis will place this
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feature on the DNA line. This is perhaps more appropriate and is easier to
visualise. You can also add a qualifier, such as ‘/label’: select ‘label’ from the
‘Add Qualifier’ list and click ‘Add Qualifier’; ‘/label=" will appear in the text
window; add text of your choice, then click ‘OK’. That text will be used as a
feature label to be displayed in the main sequence view panel. To see how well
you have done, turn the spi7.tab.

Your final task is to write out the spi7 files in EMBL submission format, and
create a merged annotation and sequence file in EMBL submission format. In
Artemis you are going to copy the annotation features from the ‘tab’ file into
the “dna’ file, and then save this entry in EMBL format. Don’t worry about
error messages popping up. This is because not all entries are accepted by the
EMBL database.
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Now open the EMBL format file that you have just created in Artemis.
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X Artemis Entry Edit: spi7.embl

File Entries Select View Goto Edit Create PRun Graph Display
Entry: [v]spi7.embl
Nnthlnq Selatted

||I:DHII CLETHE T ol 1 A [
521 STY4523 STY4524
\III L Aty s A N AU (MU TAR WA
STY4525 STY4526
1L T 1| o 4 T 1 1 o [
STY4522 STv4528
misc_feature mig=
800 1500 2408 3200 4608 4z00 5500 5400 7200

tRNA feature
[ 1 T U U AR L A A R A U IR ] [/

FAREE e e LN 1 1 A (W
I Tt N 1 1 1 T O A S I R AR
I| ] )
E#VVPGLGIEPRTRGFSIPL K S+ TPLX*LFELWVAGRRTMHSMN K|
NKWCPDSESMHGHGDFQSFCQKVRHRFDFLNW+QAGEHIRIi
. I SGARTRNRTTDTGIFNPLVHKEKLDTALTTF®*TIOGSRQQANTTFTE#
GAATALGTGGT GCCCGGACT COGAAT COAACCACGOACACGGGGATTTTCAATCCCCTTGTCAARAAGT TAGACACCGCT TTGACTTT TTGAATTGGTAGCAGGCAGGCGAACACATTCGAAT AN
20 40 50 20 100 120
ATTCACCACGGGCCT GAGCCTTAGCTTGGT GCCT GT GCCCCT AAAAGT T AGGGGAACAI
.Y TTGPSPISGRVYRPNETIGIKTDTFLS®VY G6GSQJQQS5KSNTAPLRVYVYCETFL
FLHHOGSESTDFWPTCPSK®*ODOG g Q* FTLCRKTSIKZKTFOQYTCAPSTCMEBRTI F[]
|I|LPARVRFRV\'S\!PIKLGRTLFNSVAKVKQIPLLCAFVNSV'
4|l »
tRNA 1 654 ¢ possible truncated tRNA Phe. ||
W misc_feature 1 133562 ¢ The major Vi antigen pathogenicity island (SPI 7) [=]
DS 14z 1176 Weakly similar to the C-terminus of several polysaccharide biosynthesis proteins e.g. St
oS 1172 2537 Similar to Bacteriophage P1 Ban helicase TR:080281 (EMBL:AJ011592) (453 aa) fasta scores:
[ misc_feature 16803 1826 PSOO017 ATP/GTP-binding site motif A (P-loop)
DS 2530 4329 no significant database hits
CDS 4498 4803 Doubtful COS
DS 4831 5512 no significant database hits.
CDS 5597 6154  Weskly similar to Yersinia pestis orf 77 TR:Q9Z381 (EMBL:ALO31866) (193 as] fasta scores:
DS 8399 7742 no significant database hits
M misc_feature 7744 B189  Low G+C region containing repeat region with 18xTGGT{A/-)(T/CIAAAAR(A/GIT.
DS 8328 0107 no significant datsbase hits, Contains s hydrophylic region in the N-terminus between resi
DS G218 11212 Previously sequenced Salmonella typhi topolsomerase B TopB TR:QSRHFS (EMBL:AFDOO0B1) (664
DS 11880 12329 no significant database hits
CDS 12410 12628  doubtful CDS =

You will see that the colours of the features have now changed. This is because
not all the qualifiers in the previous entry are accepted by the EMBL database,
so some have not been saved in this format. This includes the ‘/colour’ qualifier,
so Artemis displays the features with default colours.

When you download sequence files from EMBL and visualize them in Artemis
you will notice that they are displayed using default colours. You can cus-
tomize your own annotation files with the ‘/colour’ qualifier and chosen number
(Appendix VII), to differentiate features. To do this you can use the Feature Se-
lector to select certain features and annotate them all using the ‘Edit’, ‘Change
Qualifiers of Selected’ function.

Back to top

Artemis Exercise 5

This exercise will introduce you to database searches and will give you a first
insight in the annotation of genes.
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The gene you will work on is hpcC (STY1136). Go to this gene by using one
the different methods you have learned so far. You will need to close down
the last Artemis exercise if you haven’t already done so. Start a new Artemis
Session, as before, and open again S_typhy. dna and read the annotation file
(S__typhi.tab) in.

As you can see the gene full with stop codons indicating that we are looking at
a pseudogene. To correct the annotation we are going to use database search.
Follow now the numbers in the figure below to start a database search. The
search may take a couple of minutes to run; a banner will pop up to tell you
when its complete (3).

Artemis Entry Edit: S_typhi.dna
Eile Eptries Select View Goto Edit Create [BUR| Graph Display
Entry: [v]S_typhi.dna [v]S_typhi.tab NCBI Searches 3
Solected feature: bases 1466 amino acids g8 | Pfan Search

Rfan Search
Select CDS DIILIL L L LI L) 1) RnaStaTon SeTeetad features against ¥ Suniprot_bacteria ~
Run blastp on selected features against  b| %uniprot_sukaryota
T W1 | fun clustalx (PROTEIN) on selected features |

/eolour=1l /qene="hpeC" /gene="STYl

. Run tblastx on selected features against T H\Imh L
hpec hpek Run blastn on selected features against =
Run blastx on selected features against 1 y

misc_feature ) Run fastx (%uniprot) on selected features
P lLosozes  [1100000 11160860 UGy clustale (ona) on selected features

Run jalview on selected features

mige_fe:
lumm |1105600 (1106

L1 e e sot fasta options PSR 111 T RN T
L0 0 E0E b F I | Set blastp options PUCEEE T T
Set clustalx options
(| 1 I FEIET 1) set thlaste optians vl PO e e
T set blastn options » !
:_‘ Set blastx options » 1s]
T —r V T L ‘F E 5 = Set fastx options KTLOQVTTTSR
+ o g 2 2 P D
CR*SRRRG Y Set c\us\alx aptions fasta o
m TGGT ""” WWOWNIM TAAATCATT GGA
16885 1009560 1089580 1083600 fasta process completed
uuﬁcw:rrcncrrccscn:ccmmcuﬂmmmmmamrmmnmmmcr b

TTSTSPTPRRTLRITLSSLAFHLEYIMNSP 3
MODNFYFAHTAQNYSDDTLLACFSSFELDNS s s
QROLLLRPDPOFSCERHPSRLIFFIF® QI TFLFTRPLELKNY
il Il

coe 100 psaudogene. Similar to Escherichia coli 5-carboxynethyl.2-hydroxynuconate semialdehye
misc_feature uaoszl uODBM PSO0GA7 Aldehyde dehydrogenases glutamic acid active site

misc_feature 1100405 1100440 PS00070 Aldehyde deh) dmgsnases cysteine atnva snu

s 1101063 1101914 Similar to Escherichla coli 3,4-d1l cetate 2,3 hpcB

Cos 1101824 1102304 Sinilar to Escherichia coli S- :arto»cynetfwl 2- hydruxrnu:unsﬁu delta-isonerase thD SN HRY

s 1102448 1103251 Similar 1o Escherichia coli 2-oxo-hepta-3-ene-1,7-dioxc acad hydratase hpeG Wi HPCG

05 1103262 1104053 Sinilar to Escherichia coli 2,4-dihydroxyhept- z ene-1,7-dioic acid aldolase hpcH or hpu

s 1104125 1105500 Similar to a coli putative 4-hydroxyphenylacetate pernease hpaX TRiQ46984 (EMEI
1105511 1106407  Similar to E 1ia coli 4-hydroxyphenylacetate 3-nonooxygenase operon regulatory pro

s
misc_feature 1106237 1106365 PS00041 Banenal rauulamry prateins, araC fanily signature
s 1106421 1107359 Mo significant database matches
o8 1168763 1106088 ¢ Orthologue of E. coli yecD (YCCD_ECOLT); Fasta hit to YCCD_ECOLT (101 aa), 74% identity
s 1109068 1110008 ¢ Fasta hit to DMAJ_ECOLT (375 @a), 35 identity in 353 aa overlap
misc_feature 1166614 1108873 ¢ PSO0GI6 Nt-dnad domain signature
oS 1116244 1110606 Similar to Salmonella typhimurium suppressor for copper-sensitivity a Sceh TR:0Z3017 (EM
4 [‘IF‘G 11LARSS 1112541 Similar tn Salmonella tunhimueiun sunnressor for conner.sensitivity B onrecursor Sesf TR"I‘

To view the search results click ‘View’, then ‘Search Results’, then ‘fasta results’.
The results will appear in a scrollable window. Scroll down to the first sequence
comparison and you should see the results as shown in the next figure.
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fasta results for hpcC from S_typhi.tab.seq.00007.0ut.gz

File
BETE ST ASOSTY BYAINE STORTYE CnJOTOEnase T (4871 219 6.9 £SO
ABOH_ENT38 AJHARS Ganna-aninobutyraldehyde dehydro 218 63.7 5.2¢-08
218 63.7 5.4e-00
218 63.7 5.42-00
217 63.4 6.4e-09
217 63.4 6.4¢-00
L 1. 217 63.4 6.7¢-00
B_AHIL3 nmm Betaine aldehyad: e ¢ 216 63.2 7.6¢-00
BETE_AHILW B52UG3 Betaine aldehyde dehydrogenase ( ( 487) 216 63.2 7.6e-
DHPC_PSEUF P10059 2-hydroxynuconic senialdehyde de ( 486) 215 62.9 Ge-09
BETE_SERPS AQGEXS Betaine aldehyde dehydrogenase ( ( 490) 215 62.9 Se-09

>>HPCC_ECOLX P42260 5-carboxymethyl-2-hydroxymuconate se (468 aa)
initn: 627 initl: 607 opt: 614 Z-score; 823.3 bits: 161.7 E(326010): 1.6¢

Smith-Waternan score: 614; 85, 3% identity (92.7% similar) 1n 109 aa overlap 1 109:1-107)
QOur gene - » o
hpe C I'N\IW:WI\NVAD\D"FQT[\F’.ﬂTGUV.AE\MSD&EAE\‘NDBVALAI\E&FP'\‘NNI.PM
3 HPCC_E MKKVNHMINGKNYAGNDYFLTTNPATGEVLADVASGGEAEINQAVAT AKEAFPKWANL PM
Gene in database = 1 PLTTHATCELACVASOORARTHOAVAT AL m

70 80 90 100 120 120
hpcC  KERARLMRRLGDLIDGHVPET AAMETADTGLPIHOTRTC  SRAPRITSNSSPKCASRATA

HPCC_E KERARLMRRLGOLTDGNVPET AAMET ADTGLPTHTKNVL - - IPRASHNFEFFAEVCQQM
70 80 %0 100 110

130 140 150 1 170 180

hpeC  RPIRLTIKCSIIRACSPSASARNCRAGT CAL * PRLGKL RRANRNVTPRCSKCPSCRRILP

HPCC_E NGKTYPYCOKMLIYTLVGPVGYCAL VSPARYPFHT ATHKYAPCLAL GLTAVLKMSELSPL
140 150 160 170

>>BETA_YERP3 A7FKLS Betaine aldehyde dehydrogenase (BADH (490 aa)
1|1l| 221 initl: 221 opt: 247 Z-score: 331.8 bits: 70.8 E(326910)
Swith-Waternan score: 247: 40.4% identity (76.6% sintlar) in 94 aa a\erl(w hesi10.108)

| close |[ send to browser |

Can you see where the stop codon has been introduced into the sequence of
our gene of interest? Search for the highlighted amino acid sequence in hpcC.
Have a look if you can find the subsequent amino acids of the database hit in
any of the three reading frames. You will see the sequence can be found in the
second frame! What has happened? The last amino acid in common is a K
then the amino acids start to differ till the stop codon. The amino acid K is
coded by AAA. The next base is an A, too. This little homopolymeric region
can cause trouble during DNA replication if the polymerase slips and introduces
an additional ‘A’. This shifts the proper reading frame into the second frame.

To correct the annotation we have to edit the CDS now. Left click on the right
amino acid continuing the amino acid sequence on the second frame (have a
look in the fasta results and look at the sequence of the gene in the database
when you are not sure) and drag till the end of the gene. Then click ‘Create’
‘Feature from base range’ and ‘OK’. A new blue CDS feature will appear on the
appropriate frame line.
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FTur\wen“e hpel Se:HPCC_ECOLT (P48} fasta scores: E{]): 0, 56.2% id 1n 306 sa. Thas (U5 contains a fraseshift after codon =

(005353} fasta scores: E{): 0. 52.9% 1d in 258 & B
DECILL (opsa5d) fasta scores: €L D. BG4 id s ]
TP42Z70} fasta scores: E(): 0. 50.6% 1d 1n 267 38

TR0ETe, (.27 | -ma seoras: E(): 0. .30 14 in 263 3

-Z3T960) fasta scores: 87. % 1d 1n 458 &

aln HpaH TR: (46085 lBB. z:meo) fasta ﬂ:n!ns EU 9. 96.1% 1d 1n 294 aa

n 101 aa overlap

1UTSd8) fasta s:nrvs E{): 0. 99 2\ 1d in 120 sa
Ia-:m L5041, fakta srormt. 85 gk id in A0 an =

As the original gene annotation is too long we have to shorten it. Click on the
original hpcC CDS, ‘Edit’ ‘Selected features in Editor’. A window will pop up
and you can change the end position in ‘location’ (the end position is the last
base of the stop codon).

Add Qualifiar
Location: (1065506, . 1099656 |
Complement | Grab Range | Remove Range | Goto Feature| Salect Feature | Tidy| TAT | cbjectEdit

JEC_numbersEC 1,2.1.-"

/lastp_files../old_whole_genone/blastp/St. tab. seq. 01136, out*

selasser3,4,3°

Jeolour=ll

/gene="hpcC*

fgene="5TY1136"

/Mth_files", . /old_shale_gancme/hth/CORBA-St. tab. seq. 01125, out*

/note="Psoudcgens. Similar to Escherichia coli '1-'arhnqntn}l.).nynrox,'luccr.ain
senialdehyde dehydrogenase hpcC SM:HPCC_ECOLT (P42269) fasta scores: E(): 0, 96.2% id in
366 AA This 05 contains & frameshift after coden 57, The sequence has been checked and
eved 1o be correct”

te"S-carborymethyl-2-hydrosymuconate semialdehyde dehydrogenase (pseudogena)”

/fasta_files"fasta/s_typhi. tab,seq. 01032, out”
/lasta_f1les"Suniprot_bacteria: fasta/S_typhi, tab. seq, 00008, out®

Lo | | cencel | [ sty |

The new CDS feature can then be merged with the original gene as shown below
(1-3).

A small window will appear asking you whether you are sure you want to merge
these features. Another window will then ask you if you want to ‘delete old
features’. If you click ‘yes’ the CDS features you have just merged will disappear
leaving the single merged CDS. If you select ‘no’ all of the three CDS features
(the two CDSs you started with plus the merged feature) will be retained.
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009860 [10o880 |Las0000 |1000620 |10oa040 [
T AAGTGTCTGATTTTGCACGACTS TGAAGCTTH T TGCOGT ACTGCT/
GG VYGAQRIJN YL SFRASGARRAYSRIRRRLTOGASSRCSRDPIQ R
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You have now corrected the annotation of the gene. If there is some time left:

Is there anything more to correct in this gene? You might
blast search to find out about this.

Back to top

need to run another

License

This work is licensed under a Creative Commons Attribut

License.
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