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Module 1
Artemis

Introduction

Artemis is a DNA viewer and annotation tool, free to download and use, written 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 routinely used by the Infection Genomics group for annotation
and analysis of both prokaryotic and eukaryotic genomes, and can also be used to visualise
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 detailed 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.

A1ms

The aim of this Module is for you 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!
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Artemis Exercise 1

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 Module_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.

Artemis

L

@

NEliDBD

¥ Click ‘File’
PA Then‘Open’

]~ | |

For simplicity it is a good
idea to open a new start up
window for each Artemis
session and close down
any sessions once Yyou
have finished an exercise./

‘Options’
you can
switch between
prokaryotic and
\eukaryotic mode.

the
menu

You can also start
Artemis from the
terminal window by
typing ‘art’.

o~

Select a File ...

MGG

Look In: ‘ﬁ Module 1 Artemis

3

Single click
to select file

| |3 s_typhi.dna -

File Name: |S_typhi.dna

Files of Type: |Sequence files

/Open H Cancel ‘

4 | Single click to open file in Artemis then wait

2.

g

S typhi.dna

/Change to “All Files' i\
you want to display all

the files in the
directory.
Use this feature to

choose the type of file
to be displayed in this
panel.

DNA sequence files will
have the suffix ‘.dna’.
Annotation files end
with “.tab’. You can also
N ‘ e
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2. Loading an annotation file (entry) into Artemis
Hopefully you will now have an Artemis window like this! If not, ask a demonstrator for

assistance.

Artemis Entry Edit: S_typhi.dna
File Entries Select View Goto Edit Create Run Graph Display

Entry: S_typhi.dna

Nothing selected
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AGAGATTACGTCTGGTTGCAAGAGATCATAACAGGGGAAATTGATT GAAAAT ARATATS

I TGEID®*K® IYRQOHMNEKEFERNYTINLEKTIY*LRRA
#0GKLIENKYTASSTH*TSFGMHH®STIKFIDLGG
G N *LKINTISPAAHEQ QVSECDOFKNLLTG+AG
TGAACAAGTTTCG ARTTTARBARTTTATTGACTTAGGCGGGCH
|20 a0 60 leo l100 |120
TCTCTARTGCAGACCARCGTTCTCTAGT ATTGTCCCCTTT ARCTAACTTTTATT TAT ATAGCGGTCGTCTGTACTTGTTCARAGCCTTACACTAGTT ARATTTTTARAT AACTGAATCCGCCCGT
. S#TQNCSIMVYPSISOQFYTIVYRWCCMFLNRFTILKFTIGSOQSLEREA
SIVDPQLLDYCPFNTISFLYTIALLVYHVYLKPTIHDTIGSFNTISEKEPFPC
LNRRTALS®*LLPFQNFIFIDGAACSCTESHS*NLEFEKNLYVGSAP
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Now follow the numbers to load the annotation file for the Salmonella Typhi chromosome.

1

Click ‘File’ then
‘Read an Entry’

/What’s an “Entry%.\
It's a file of DNA
and/or features
which can be
overlaid onto the
sequence
information
displayed in the
main Artemis view

_> Read An Entry ...
Read Entry Into »

@nel. /

2

Single click
to select file 4
S typhi.tab

/

3 | Single click to open file in Artemis then wait

Artemis Entry Edit: S_typhi.dna

_>E119|Emries Select View Goto Edit Create Run Graph Display

Show File Manager ...

Al

ctri-s || || | ||

L 111 1 1/ B 1

Read BAM / VCF ...
Save Default Entry
Save An Entry
Save An Entry As
Save All Entries
Write b

|ac00 |asea

3200
Clone This Window €

Save As Image Files (png/svg)...
Print...

Print Preview
Open in DNAPlotter

» Selectafile...
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[
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|6400 |7200
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Preferences
Look In: { Module_1_Artemis IVI = oo
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RDY VHLOET [Yprta
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. RLRLVYARD ||Ds_typhi.dna

AGAGATTACGTCTGGTTGCAAGAGATC 3

o3 [ s_typhi. tab

[TCTCTAATGCAGACCAACGTTCT!
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File Name: I

Files of Type: |Artemis files

|
-]
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R
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MAAAATTTATTGACTTAGGCGGGCH
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120
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Chl I I 7
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(click ‘no’ if an error window pops up)
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3. The basics of Artemis
Now you have an Artemis window open let’s look at what’s in there.

1 File Entries Select View Goto Edit Create Run Graph Display
Entry: [v]S typhi.dna [v]S_typhi.tab
2 Selected feature: bases 1287 amino acids 428 STY0004 (/class="3.1.18" /colour=7 /qene="STY00G4"/gene="thrC" /product="threonine synthase"
[ O 1 A T
STYQ001 12 |
10 o e R [ VTN C A T T
STYR003 STY0004 |
I 1 L 1 1 1 1 W s 2
STY0007 ﬂ
13 O 1 % p D [
3 misc_feature misc_featur misc_feature misc_feature misc_feature tuf
|so0 [1600 |z468 |3200 |ace0 B |s608 |6400 - |7200 (B
nisc_feature | 6
1 o Y e A R A 11 T T Y Y A I
i | I it T 11 T W Y A A TR
111 1 A A i I [ [ 1 1 T I /R I
: STY00OS STYQR06 |
Akl Tl

RDY VWLQETITITGETID?*KS$IYRQQHMNEKTEFEFRNYTINLK
EITSGCKRSS®0Q0G6GKLIENKYTIASSTH?*TSFOGM®=*STIS®KTFTI
4.4 RLRLVYARDU HNRGMN®*ILKTINMNTISPAAHEG QY SETCDU OQFIKNLILT +

X LR R GAL DT L T

[TCTCT. AATGCAGACCAACG"IT CTCTAGTATTGTCCCCTTTAACTAAC ATTTATATAGCGGT CGTCGTGTACTT! G’TI' CAAAGCCTTACACTAGTTAAN AAATAACTGAATCCGCCCGTCTATGAAATTGG|

S5 T S0 INIE S ST M PIST S0 Y ST Y RS MR FE AN RIE ST T K R S g S L RAT ST K

N [ESEEL VIR RO N L DG P RS N T R S E e T A L e H Y K R R DT g AN S I KSR A PR C T =
. LNNRRTALS®X*LLPFQNEFEFTITFTIUDSGAACST CTTESHS®?*NLTFEFZKHN # K L W>
<[] I»]
=

CDS 190 255 Orthologue of E. coli thrL (LPT_ECOLI); Fasta hit to LPT_ECOLI (21 aa), 86% identity in 21 aa overlaja|

CDS 337 2799 Orthologue of E. coli thrA (AKLH_ECOLI); Fasta hit to AKIH ECOLI (820 aa), 94% identity in 820 aa ovq ]
nisc_feature 343 369 PS00324 Aspartokinase signature |
misc_feature 2314 2382 PSG1042 Homoserine dehydrogenase signature

cDS 2801 3730 Orthologue of E. coli thrB (KHSE_ECOLI); Fasta hit to KHSE_ECOLI (310 aa), 94% identity in 308 aa ove 8
misc feature 3063 3103 PSO0627 GHMP kinases putative ATP-binding domain

Orthologue of E. coli thrC (THRC ECOLI); Fasta hit to THRC ECOLI (428 aa

misc_feature 4022 4066 PS00165 Serlne/threonlne dehydratases pyridoxal-phosphate attachment site g
CDS 5114 5887 ¢ Orthologue of E. coli yaad (YAAA ECOLI); Fasta hit to YAAA ECOLI (258 aa), 86% identity in 257 aa ove

CDS 5966 7396 ¢ Similar to Bacillus subtilis amino acid carrier protein alst ALST SW:ALST_BACSU (Q45068; P40743) fas]

misc_feature 7081 7138 ¢ PS0E873 Sodium:alanine symporter family signature

CDS 7665 8618 Fasta hit to TALA_ECOLI (316 aa), 65% identity in 311 aa overlap

misc_feature 7755 7761 PS1054 Transaldolase signature 1

misc_feature 8049 8102 PSG0958 Transaldolase active site

cDS 8728 9319 Orthologue of E. coli mog (MOG_ECOLI); Fasta hit to MOG ECOLI {195 aa), 94% identity in 192 aa over'l !

\ ‘ﬂllSC feature 8933 8974 PSE1078 Molvbdenum cofactor biosvnthesis proteins sionature 1 |
4 I |
H )
.

1. Drop-down menus: There are lots in there so don’t worry about all

the details right now.

2. Entry (top line): shows which entries are currently loaded with the
default entry highlighted 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. This is the main sequence view panel. The central 2 grey lines
represent the forward (top) and reverse (bottom) 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. 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: 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).

6. Sliders for zooming view panels.
7. Sliders for scrolling along the DNA.
8. Slider for scrolling feature list.

4-
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4. Getting around in Artemis

There are three main ways of getting to a particular DNA region in Artemis:
-the Goto drop-down menu
-the Navigator and
-the Feature Selector (which we will use in Part IV)

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

practice.

4.1 The ‘Goto’menu
The functions on this menu (below the Navigator option) are shortcuts for getting 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!

Click ‘Goto’

@ Artemis Entry Edit: S_typhi.dna

File Entries Select ylew\thodlt Create Run Graph Display

vl st Navigator ... ctrl-G
¥ bases 128 Start of Selection Ctrl-Left 1.18" fcolour=7 /gene="STYQ004"/gene="thrC" /product="threon
End of Selection Ctrl-Right

Feature Start itt-conna (NI DD RIHED Q0 000 WRURIEE (E I s
ool 12 Feature End Perio
LA I 1 B e s 2 T | ({1
Start of Sequence )
FEE 10 FRIEVTHENIE 0 End of Sequence (o e 1 1 1 O A B VW e
Feature Base Position .. STYQV
‘ misc_feature FECR CLH (b 0 _feature
|seo |1600 [2a08 |z200 4000 |ag00 |ss00 |s400 - |7200
|
misc_feature
[ e O A O N A L 1 A M R A A A
1 | Lo A HiE T e e I T
01 T B I Il I R 14 10|
STYDBOS STYR006 =
[«Li] >
-EDYVWLQEIITGEID*K#IYRQQHMNKFRNVINLKIY"‘LRRA:

EITSGCKRSS#0QG6KLIENEKYTIASST?*TSFGMH*STI$KEFEFTIDLGG G
. RLRLVARDU HNMNRGAN®X*LIKTINTIGSPAAHEG QVSET CDTU QFIKNINLILTS+AG,|
AGAGATTACGTCTGGTT! GCAAGAGATCATAACAGGGGAAA'I'I'GA'I'I’GAAAATAAATATATCGCCAGCAGCACATGMCAﬁG CGGAATGTGATCAATTTAAAAATTTATTGACTTAGGCGGGCE

20 40 60 80 100 120

[TCTCTAATGCAGACCAACGTTCTCTAGTATTGTCCCCTTTAACT AACTTTTATTTATATAGCGGTCGTCGTGTACTTGTTCAAAGCCTTACACTAGTTAAATTTTTAAATAACTGAATCCGCCCGT

SR E R QRN RCE SIETIMEVEPE S TS (R EEY TRy REW N CRC BMAES DENEREE T T S N K EE T # R0 MO N R NA

SETR DR g I L DY C PR NS T S R Ly e T A Iy S HES O K P T DA g EEN I S K PR PR
NRRTALS*LLPFQNFTIFTIDSGAACST CTETSHS®*NLFEFEKNYS ZAPIY

fdid b
DS 190 255 Orthologue of E. coli thrL (LPT_ECOLI); Fasta hit to LPT_ECOLI (21 aa), 86% identity in |&|
CDS 337 2799 Orthologue of E. coli thra (&K1H ECOLI}; Fasta hit to AKIH ECOLI (820 aa), 94% identity [=
misc_feature 343 369 PS00324 Aspartokinase signature
misc_feature 2314 2382 PS01042 Homoserine dehydrogenase signature
CDS 2801 3730 Orthologue of E. coli thrB (KHSE_ECOLI}; Fasta hit to KHSE_ECOLI (310 aa), 94% identity
misc feature 3068 3103 PSO0627 GHMP kinases putative ATP-binding domain
[ 3734 020 Orthologue of E. coli thrC (THRC ECO
misc_feature 4022 4066 PS00165 Serine/threonine dehydratases pyridoxal-phosphate attachment site
DS 5114 5887 ¢ Orthologue of E. coli yaad (YAAA ECOLI); Fasta hit to YAAA ECOLI (258 aa), 86% identity
| CDS 5966 7396 ¢ Similar to Bacillus subtilis amino acid carrier protein alst ALST SW:ALST_BACSU (Q45068;
misc_feature 7091 7138 ¢ PS00873 Sodium:alanine symporter family signature
CDS 7665 8618 Fasta hit to TALA _ECOLI (316 aa), 65% identity in 311 aa overlap
misc_feature 7755 7781 PS01054 Transaldolase signature 1
misc_feature 8049 8102 PS00958 Transaldolase active site

8729 9319 Orthologue of E. coli mog (MOG ECOLI); Fasta hit to MOG_ECOLI (195 aa), 94% identity in
misc_feature 8933 8974 PS01678 Molybdenum cofactor biosynthesis proteins signature 1 =

= e SR bt lie ol P RO T

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!

@ggested tasks:

B wn

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.

Select a CDS then go to the start and end.

Go to the start and end of the genome sequence.
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’./

_5-
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4.2 Navigator

The Navigator panel is fairly intuitive so open it up and give it a try.

Click ‘Goto’

Entry Edit: S_typhi.dna
ct View |Gota| Edit Cr

eate Run Graph Display

. H-E.Navigator Ctrl-G
then NaVlgator bases 12§ Start of Selection Ctrl-Left .18" /colour=7 /gene="STYG004"/gene="thrC" /product="threon
End of Selection Ctrl-Right o
TTON Feature Start shite-conna (I I TEEERIEER 0000 00 RN T oy ]
ahybsel i Feature End Shift-Period
011 T 1 e s 2 1 [ 1 1
Start of Sequence Ctrl-Up
FEE 10T TRTTIE N W End of Sequence ctrl-Down [ 1 1 O O 1
Feature Base Position ... SBCE
misc_feature Feature Amino Acid ... _ _feature mi
Bt [1600 [2400 |z200 |a00 |4s00 |s600 |s400 |7200
nisc_feature
[ | T B Y RN L A 1 e R R I B NN
[ I (N e 1 e A I e | IR
1 1 A A [ | [ IR 14 I
STY000S STY 0006 fod |
) @ ®® Artemis Navigitor [»]

Check that the
appropriate search
button is on

LU B« 0 0 @ I ®(Goto Base:

¥V ARDHNR RGN
[FTTGCAAGAGATCATAACAGGGGAAAT
20

FAACGTTCTCTAGTATTGTCCCCTTTA

NG S T ME SRS T

0 Goto Feature With Gene Name:

e} Goto Feature With This Qualifier Value:

T R R A

»]

FIDLGG
L LT+ 4G
{TTTATTGACTTAGGCGGGCH
120
TAAATAACTGAATCCGCCCG
[ # 0 S LR A

— ,'( O LLDYCPEFAM Goto Feature With This Key: NISKPEPCLI
15051 S B PR T AN [ 5 S T | Y RS K N V & A P LY
<[] ) Find Base Pattern: — -y

CDS 190 255 Ort © Find Amino Acid String: 43}, 86% identity in |a|

DS 337 2799 ort 0 aa), 94% identity =

mizi:izgiﬂ:: 23;‘3 2233 Egg Start search at: @ beginning (or end) selection

DS 2801 3730 Ortjss 0 aa), 94% identity

misc feature 3068 3103 PSO -

CDS 3734 020 Ort] 3

misc_feature 4022 4066 PSO L4 : site

DS 5114 5887 ¢ Ort 38 aa), B86% identity

CcDS 5966 7396 ¢ Sim [ ] Search Backward [v]Ignore Case [v]Allow Substring Matches 1: ALST_BACSU (Q45068;

misc_feature 7091 7138 ¢ PSO

oS 7665 8618 Fas | Goto Clear Close

misc_feature 7755 7781 PSQ -

misc_feature 8049 8102 PS00958 Transaldolase active site

CDS 8729 9319 Orthologue of E. coli mog (MOG_ECOLI); Fasta hit to MOG_ECOLI {195 aa), 94% identity in

misc_feature 8933 8974 PSE1078 Molybdenum cofactor biosynthesis proteins signature 1 =

en by s o I

« ] ]

ﬁggestions 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).

Your favourite gene name (it may not be there so you could try ‘fts’).

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.

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.

tRNA genes. Type 1RNA’ in the ‘Goto Feature With This Key’.
Regulator-binding DNA consensus sequence (real or made up!). Note
that degenerate base values can be used (Appendix Xa).

Amino acid consensus sequences (real or made up!). You can use ‘X’s.
Note that it searches all six reading frames regardless of whetherthe/

2.
3.

o i

amino acids are encoded or not.

[What are Keys and Qualifiers? See Appendix IV ]
-6-
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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.

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 (maybe you
have to use the zoom sliders). j

\_

Artemis [Running]
-

Artemis Entry Edit: S_typhi.dna

= fty 4) 2350 &

File Entries Select View Goto Edit Create Run Graph Display

Entry: [v|S typhi.dna [v]S typhi.tab

Nothing selected

= SR
%I:DIIIIII IIIZN ||||||I||||:IHIIIIIII|II| LT LA TR AT (RRTIRW I AT JCTT |l||||||||:l> e CDS

]1* |l| || [l ||I|||||||||||I|| (ull || llI ||| |||||||I:l>| |||||||||||||||||||||l||||||||I|||||||I|||||| LTTRATETAT e NIRRT |||||||||||||||I||I:ll|||||l|| |||||||||| |I|||||||||||:I> features
l|I||IIIIIIngL:Eglawlllllllllllllll I||I ||I|||||||l|||| T 1ROV 0 OO 0 AR A II:IHIIIIIIIII |I|||||I|||| I[I I (L NITA [[TRRIN J
14 b g )
RBS RBS misc_feature St RBS m fe .

i200 |2182400  |2184600 |_2186800<I |z180000 . |z101200 %2193400 inlgseoo - L219780qo | |2200000 2200 Lzzc% Misc

| nisc feature

|I| TR T R T IIllﬂlIIII‘iIEIPiBIS{EIIIIDIﬁ?IMjIIIIIIIII??SI | ||1I|I|||||||IIIIFI<?ISIIIII ISII [N NIRRT TN features

||| FEIIE T e o ||||||||||||||||I|!IEIIIIIIII:III|||||||IIEI II]I|||I||I||||||||||||||| LT IIHEllllll ||||||l| ||| I|||||I|l||||||||||| [TV

III T A T N:lIIIIHIZIIII || ||II|||H1:IIII||IIIII|IIIIIIIIII||I Il III||||||IIIIZII||||| (TR RATRL T H:I ||||I<]:

[41 L,

‘-;‘:I#YLYNNKPIV&TAWNOQEEPIPYSFDYYN&HLL
INIFTIITSQLTCKLARGTINRIEKNDOIDGQTF
ELISL# # QANCVNCVYETZSTG GRTNSILILF*

K #
LTLLITITTINTY#NNAKTI OQYGRTQ

CQTIWw

LLQLTLTIIKTIMPNMNNINMAER RS

P

P N AV N 4

#T*_
K |

AATTAATATCTTTATAATAACAAGCCAATTGTGTAAACTGCGTGGAATCAACAGGAAGAACCAATTCCTTACTC GATTATTACAATTAACACTTATTAAAATAATGCCAAACAAT ATGGCCGAACGCAGT ARAC,

| 2188940 2188960 2183980 2189000 2189020 2189040

2189060

TTAATTATAGAAATATTATTGTTCGGTTAACACATTTGACGCACCTTAGTTGT CCTTCTTGGTTAAGGAATGAGAAAACTAATAATGTTAATT GT GAAT AR ATTACGGTTTGTTATACCGGCTTGCGTCATTTG]

F# Y R# LLLGITYVAHF®*TCSSOGIOGS#EHIKTSS$#s#L#CKNFYHWYTIHGEFAT

o o o e e o e O = . e s ¢ o e o e A O e e o s ¢

E:

TETN e e R IS Y PR G C Y

I -

¥
[ENETEpE e s e R e e e e e G D P e e P S G G NN e G e S e e e e T G P e P s e e
Lir]

=

»

CDS 190 255 oOrthologue of E. coli thrL (LPT_ECOLI); Fasta hit to LPT_ECOLI (21 aa), 86% identity in 21 aa overlaj~

CDS 337 2799 Orthologue of E. coli thra (AKIH ECOLI); Fasta hit to AKIH_ECOLI (820 aa), 94% identity in 820 aa ove=

misc_feature 343 369 PS00324 Aspartokinase signature

misc_feature 2314 2382 PS01042 Homoserine dehydrogenase signature

CDS 2801 3730 Orthologue of E. coli thrB (KHSE_ECOLI}; Fasta hit to KHSE_ECOLI (310 aa), 94% identity in 308 aa ove

misc_feature 3068 3103 PS00627 GHMP kinases putative ATP-binding domain

CDS 3734 5020 Orthologue of E. coli thrC (THRC_ECOLI); Fasta hit to THRC_ECOLI (428 aa), 93% identity in 428 aa ove

misc_feature 4022 4066 PSG0165 Serine/threonine dehydratases pyridoxal-phosphate attachment site

CDS 5114 5887 ¢ Orthologue of E. coli yaad (YAA4 ECOLI); Fasta hit to YAAA ECOLI (258 aa), 86% identity in 257 aa owe

CDS 5966 7396 ¢ Similar to Bacillus subtilis amino acid carrier protein alst ALST SW:ALST_BACSU (Q45068; P46743) fas]

misc_feature 7001 7138 ¢ PS00873 Sodium:alanine symporter family signature

CDS 7665 8618 Fasta hit to TALA_ECOLI (316 aa), 65% identity in 311 aa overlap

misc_feature 7755 7781 PS01054 Transaldolase signature 1

misc_feature 5049 8102 PS00958 Transaldolase active site

CDS 8729 9319 Orthologue of E. coli mog (MOG_ECOLI); Fasta hit to MOG_ECOLI {195 aa}, 94% identity in 192 aa overl
. misc feature 2933 2974 PS01078 Molvbdenum cofactor biosvnthesis oroteins sionature 1 3

]
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/Once you have found this region have a look at some of the information available: \
Information to view:

Annotation

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.

Viewing amino acid or protein sequence

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 (view ->
selection) or fasta (view -> bases or view -> amino acids). 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.

Plots/Graphs

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

In addition to looking at the fine detail of the annotated features it is also possible 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 characteristics of the DNA. Some
of the plots can be used to look at the protein coding potential of translation frames within
the DNA, and others can be used to search for horizontally acquired DNA (such as GC
frame plot).

-
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To view the graphs:
Click on the ‘Graph’ menu to see all those available and then tick the box for ‘GC
Content (%)’. To adjust the smoothing of the graph you change the window size over
which the points on the graph are calculated, using the slider shown below.

DNA plot

Artemis Entry Edit: S_typhi.dna
File Entries Select View Goto Edit Create Run Graph Display
Entry: [v|S typhi.dna [v]S_typhi.tab

Nothing selected |
GC Content (%) Window size: 500 =)
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CDS 2196156 2197517 Similar to Proteus mirabilis STM-protease A implicated in urinary tract infectivity TR: (4|
misc_feature 2196639 2196695 PSE1276 Peptidase family U32 signature
CDS 2198158 2198574 ¢ Similar to proteins of unknown function found upstream of eaed homologues in enteropathg=
cDS 2198696 2199031 ¢ Unknown function. Contains hydrophobic, possible membrane-spanning regions
RBS 2199036 2199040 c possmle RBS =
T [»]

Slider for
smoothing

Notice how the plot 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.

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 above. However, be careful zooming out quickly
with all the features being displayed, as this may temporarily lock up the computer. Read
further so see how to zoom out.
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( To make this process faster and clearer, 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

k the grey entry line of the Artemis window shown above. j

To de-select the
annotation click here.

Artemis Entry Edit: S_typhi.dna

File Entries Select View Goto Edi
Entry: [v|S typhi.dna [v]S_typhi.tab

Nothing selected
GC Content (%) Window size: 500 [<]
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AV
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STY2344 TY. STY2347 STY2365
b

> No stop codons

Smallest Features In Front ; ;
RBS misc_feature misc¢ RBS t

B |2182480  |2184600 |21 Set Score Cutoff |2193400  [2105600  |2197800 [2ze0000  [2202200 shown on frame

q il 1] 4 lines

Raise Selected Features

Lower Selected Features R85 RBS RBS RBS

: qa
Zoom to Selection STY23593 361 STY2368 138
Select Visible Range a
Select Visible Features pTY STY2360 STY2366
G

Frame Line Features ... 4
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ﬂ One final tip is to adjust the scaling for each graph displayed before zoomirm

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 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
below. 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

K before, to have a similar view to that shown below.

Artemis Entry Edit: S_typhi.dna

File Entries Select View Goto Edit Create Run Graph Display
Entry: [(v]S_typhi.dna []S_typhi.tab

selected

ent (%) Window size: 500

) [ Show average

Set Min/Max Values..

Maxinun Window Size »
Create features from graph »
Values and average(s) for selected range...

E’ |2000d

Set Window Size Cancel
]
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Artemis Entry Edit: S_typhi.dna
File Entries Select View Goto Edit Create Run Graph Display

Entry: [v]S typhi.dna []S_typhi.tab
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™ the main DNA line.

Slider for
zooming out

'

ﬁlick with the leh

mouse button in a
graph window. A line
and a number will
appear. The number
1S the relative
position within the

Qenome (bps). /

ﬁlick and drag to\
highlight a region on

Notice  that  the
boundaries of this
region  are  now
marked in the graph
windows that you

Qreviously clicked inj
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Artemis Exercise 3

Now select the ‘S.typhi.tab’ entry box to switch on the annotation and go to position
4409511. The next region we are looking at is 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.

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.

1. Often inserted alongside stable RNAs

2. Atypical G+C contents.

3. Carry virulence-related functions

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

6. Of limited phylogenetic distribution

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

Artemis Entry Edit: S_typhi.dna
File Entries Select View Goto Edit Create Run Graph Display
Entry: [v]S typhi.dna [v]S_typhi.tab

Selected feature: bases 133562 SPI-7 ({/colour=0 /label=SPI-7 /note="The major Vi antigen pathogenicity island (SPI 7}")
GC Content (%) Window size: 9683

D]

4359693 58.28
4409511
AN 4543072 /oo fiol
43.65/=
120 15 pOpr DD BWEREE D B D 1] 0B or b b b (]
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b1
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rre o ooy PEDND IOIDCPD D B b 0 1 [
STY4474 8 5TY44¢ STY4497 S STY4517 1524 pilP Ul ST STY4565 ST S STY4504 STY4647  STY4664 ecnE yjeN
207 A A 1730 V2 A S ' b wr p

misc_feature reture misc_f misc_feature yre init v misc_fe RBS misc_feature SopE misc_feature _unit iture misc_ misc_1i
0 |d3s8000  [4387500 %;07000 |4426500  [4446000  |4465500 _ |4485000 4504560 [4524000 {Elsztasoo |456304
| J 4 WKW

J J | Ei WK =
misc_f misc_feature sc_featr SPI-7:ature eat_unit _unit misc _feature f misc_feature eat_unit .sc_featur misc m: mi—|
acs STY4 STY4492 ymB € STY4513 pilN 'pilv2 STY458C S1 STY46G STY46. STY4641 insa STY STY4675% ecnR3

qqacE @ @ ¢l @ugeana @ da Qo 4498 @4q
yo  STY4488 19 STY450( STY4516 STY4580 STye STY ' S ¢ STY4632 38 insB iB STY4674 581 frd y |
q ) <1}G 4 00 @ 4d49d _|
STY4487 44¢ dcuR phom STY458Z STY4' 'pin 516 ! STY4633 37 exB tviA S1 STY4¢ STY4686 'dC  y1¥/
< ] »

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 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.

-12-
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Artemis Entry Edit: S_typhi.dna

e sc_feats

misc_f misc_fea

SPI-7 :ature eat_unit _unit

File Entries Select View Goto Edi‘tl Create Run Graph Display
Entry: [v]S_ typhi.dna [v]S_typhiM{ Undo Ctri-u
136810 selected bases on foryfrd g F2d0 |
GC Content (%) Window size: Y683 | Selected Features in Editor Ctrl-E =
4359693 &5 Subsequence (and Features) 3828
H ‘ Rl
‘/2\4 Click ‘Edit Find/Replace Qualifier Text ... acacos
[~ qualifier of Selected Feature(s) » Click ‘Edit
/™ Selected Feature(s) » 3
subsequence
Move Selected Features To » ,
Copy Selected Features To » (and featureS)
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DD W —] Contig Reorderin D. b - | : .
misc_feature reiture c_f mis 9 9 ure SopE misc_feature unit iture misc_ misc_1
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left mouse button

& dragging

A new Artemis window will appear displaying only the region that you highlighted

Note the entry names
have changed

Note the bases
have been
renumbered
from the first
base you
selected.

X Artemis Entry Edit

Select View Goto Edit Create Run Graph Display
[v]no"name [v]no name

Nothing selected
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GATGACCGCTCTTATAAGACCGATATAAAAGGT GCGAATATAGACGTAGGAGT CGTCGAACAAAGGT AGCACCCCTTGGGAAATAGCGT ATCGGGAA ATTCGGAGGAATAGTATCGCC
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GGCTATATTTTCCACGCTTATATCTGCATCCTCAGCAGCTTGTTTCCATCGTGGGGAACCCTTTATCGCATAGCCCTT) AAEATAAGCCT CCTT: ATCATAGEGGAAA
100 120

A # 1 QMRLLUKMNGDHEPVYVRS#RMARLTILARRTIMATSL
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v |4

CDS <1 271 ¢ Similar to Salmonella typhimurium nonspecific acid phosphatase precursor phoN SW:PHON_SALT~
M tRN: 975 1033 ¢ possible truncated tRNA Phe. =

misc_feature 975 134536 ¢ The major Vi antigen pathogenicity island {SPI 7) |

CDS 1116 2150 Weakly similar to the C-terminus of several polysaccharide biosynthesis proteins e.g. St

CDS 2147 3511 Similar to Bacteriophage P1 Ban helicase TR:080281 (EMBL:AJ011592) (453 aa) fasta scores:

misc_feature 2777 2800 PS00017 ATP/GTP-binding site motif A {P-loop)

cDS 3504 5303 no significant database hits

CcDS 5472 5777 Doubtful CDS

CDS 5905 6486 no significant database hits.

CDS 6571 7128 Weakly similar to Yersinia pestis orf 77 TR:Q9Z381 (EMBL:AL0O31866) (193 aa) fasta scores:

CDS 7373 8716 no significant database hits

misc_feature 8718 0154 Low G+C region containing repeat region with 1OxTGGT{A/-) (T/C)AARAA{A/G]T.

CDS 9302 10081 no significant database hits. Contains a hydrophylic region in the N-terminus between resi

CDS 10192 12186 Previously sequenced Salmonella typhi topolsomerase B TopB TR:QSRHFS (EMBL:AFGOG001) (664

cDS 12854 13303 no significant database hits

DS 13384 13602  doubtful CDS L B . _ , =

Il I [»]
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being over-written.

o

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 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

~

J

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

X Artemis Entry Edit

Ei'le‘Eutries Select View Goto Edit Create Run Graph Display

Show File Manager ...
Read An Entry ...
Read Entry Into

Read BAM / VCF ... L 11 Y 11 s o | /B
STY4525 STY4526

Save Default Entry S s— |11 0 A 1
Save An Entry 4 STY4528
Save An Entry As ¥ New File > no name II%D;AII RR TR BT TR
Save All Entries EMBL Format » no name |
Write »| GENBANK Format > ? s I b =
lona s Windey Sequin Table Format » P0 4800 5600 6400 7200
= o =y EReTEre GFF Format »
ave As Image Files (png/svg)...
S ottt E¥eL submission Format | (LN 100000 W0 W 0L T
AEHE Y (O L 1 O M WO R AR I W
Open in DNAPlotter

(AR L | Y e A A B N ROV T W W
Preferences ||
Close I»

.

A R T R e E B R e ey s H R Qe QN L S BT GNP LSS HEES
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s G ER N T LS A T B SE T IR S FEA S S S AN AT G U N H R G E S R B T A e PR L RS ARSI S S T R K
ICTACTGGCGAGAATATTCTGGCT ATATTTTCCACGCTTATATCTGCATCCTCAGCAGCTTGTTTCCATCGTGGGGAACCCTTTATCGCATAGCCCTTAABATAAGCCTCCTTATCATAGCGGAAA(

2 120
(GATGACCGCTCTTATAAGACCGATAT AAAAGGTGCGAAT ATAGACGT AGGAGT CGTCGAACAAAGGT AGCACCCCTTGGGAAAT AGCGTATCGGGAATTTTATTCGGAGGAATAGTATCGCCTTT(
. SALINGQSYKGRKYRCGH*TCSTEMTPFGKDT CLSGS#$FLGSGS®$*LPF
+ QRS YEP+ I KWA@®#®IQMRLLIKNGDHPVYRS®#RMARLTILARRIMATSIL
R AT NEV ST D ADE A

P # NK PP Y HS G K|

Linl»
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CDS <1 271 ¢ Similar to Salmonella typhimurium nonspecific acid phosphatase precursor phoN SW:PHON_SALT <
Ml tRua 975 1038 ¢ possible truncated tRNA Phe. [=|

misc_feature 975 134536 ¢ The major Vi antigen pathogenicity island (SPI 7) ]

cDS 1116 2150 Weakly similar to the C-terminus of several polysaccharide biosynthesis proteins e.g. Stn

CDS 2147 3511 Similar to Bacteriophage Pl Ban helicase TR:080281 (EMBL:AJ011592) (453 aa) fasta scores:

misc_feature 2777 2800 PSGO017 ATP/GTP-binding site motif & (P-loop)

CDS 3504 5303 no significant database hits

CDS 5472 5777 Doubtful CDS

CDS 5905 6436 no significant database hits.

CDS 6571 7128 Weakly similar to Yersinia pestis orf 77 TR:Q9Z381 (EMBL:ALO31866) (193 aa) fasta scores:

cDS 7373 8716 no significant database hits

misc_feature 8718 9154 Low G+C region containing repeat region with 1OxTGGT{A/-)(T/C)AAARA{A/G)T.

CDS 9302 10081 no significant database hits. Contains a hydrophylic region in the N-terminus between resi

CDS 10192 12186 Previously sequenced Salmonella typhi topoisomerase B TopB TR:QSRHFS (EMBL:AFO00001) (664

CDS 12854 13303 no significant database hits

CDS 13384 13602 doubtful CDS =

A Ymras 3aaca 2 “ P D] i anFL TR AROLE A LEMEL e

< Il

[

[*]

/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 IX). We
are going to use this information to select all the relevant phage genes using the Feature
kselector 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.
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Click ‘Select’

Artemis Entry Edit
Select| view Goto Edit

Create Run Graph

Feature Selector ...

then ‘Feature
Selector’

Make sure the buttons
are selected

All
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All Bases
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ATTCTGGCTATA'I
- and:
GATGACCGCTC'I'I’ATMGACCGATATI Clup to:
SEATENTENEQES

+0R5YEP+IAnd

LTS O RS A T

Click to select
features containing
search term

Click to view

CDS Features without /pseudogene

Features Matching Qualifier

Ctri-A

Display

class="5.1.2" /fcolour=12 /gene="STY4600" /product="putative positive

ctrl-nN

[
(-

L 1 s - B (A W /A1
STY4525 STY4526
MU FICEmT AT Fe e nc—

BT

4523

CDS

STY4528
0 o T T e TR
STY4524

4500 |s600 |s400 |7200

[ A 1
(R

M mme rreeer e

D ‘

P

|colour

RN R TN TR AR

g this tgat: |12

»

[T |

y Word

[v] Allow Partial Match

[l Contains introns without GT/GC start and AG end

SHSP#NEKPPYHSGEK

RIALKTISLLTITIGAE

I A+ PLKG®#ASLS+REK

(TOGCATAGCCCTTARAATAAGCCTCCTTATCAT AGCGGAAAL
[100 l12e

| bases long AGCGrATCGGGAATnTATrCGGAGGAATAGrATCGccrrr
CLG#FLGGGSH#®*LFPF

RMARLILRRIMASL

A Y G KFYAEKDYRE

[l»] =«

| bases 'Long:

|4

id phosphatase precursor phoN SW:PHON_SALT
| exons lang )
saccharide biosynthesis proteins e.g. St

‘81 (EMBL:AJ011592) (453 aa) fasta scores:
| exons lang

181 (EMBL:ALO31866) (193 aa) fasta scores:
TGGT (&/-) (T/C)AMMAA(A/G)T.

7 |le [] At least: [
s a And:
I tRNA 975 | [Jup to: [
misc_feature 975 1
CcDS 1116 |And:
DS 2147
misc_feature 2777 | LIAt least: [
DS 3504 And:
CcDS 5472 :
DS 5905
6571
7373 |And by:
i 8718
cDS 302 | LlAmino acid motif: [
CcDS
CDsS rd Strand Features
DS 13384
< Il Selﬁ_» View

selected
features in a list

[v] Reverse Strand Features

lylic region in the N-terminus between resi
-ase B TopB TR:QSRHFS (EMBL:AFD00001) (664

[ »

‘ Close [»]

4

) All Features with key "CDS" with qualifier "colour" containing text "12"

File Sele:
CDS

feature list

ct View Goto

685714
66178
66464
67561
68046
70819
70953
71310
71835
73542
74462
74876
76492
77090
77985
78341
78988
79427
79954
80379
80761

66091

66396 ¢
67564 ¢
68046 ¢
70826 ¢
70938 ¢
71255 ¢
71825 ¢
73007 ¢
74264

74369 ¢
76495 ¢
77097 ¢
77998 ¢
78344 ¢
78919 ¢
79434 ¢
79858 ¢
80379 ¢
80756 ¢
81231 ¢

Edit Write Run

no signific:
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
Similar to
no signific
Similar to

ant database hits =
Escherichia coli prophage P2 Ogr protein SW:0GRK_E( |
Bacteriophage P2 late gene control protein D Sw:VP[
Bacteriophage P2 complete genome U essential tail p
Bacteriophage 186 protein G TR: (37848 (EMBL: U32222\
Bacteriophage 186 OrfS2 H TR:080316 (EMBL:U32222) 1=
Bacteriophage P2 complete genome E, essential tail|
Bacteriophage P2 major tail tube protein fII SW: VP
Bacteriophage P2 major tail sheath protein fI SW:Vf
Salmonella typhimurium invasion-associated secreteL
Bacteriophage P2 probable tail fiber assembly prote
Bacteriophage P2 probable tail fiber protein S:VPh
Bacteriophage P2 tail protein I SW:VPI_BPP2 (P2670]
Bacteriophage P2 baseplate assembly protein J Sw:v
Bacteriophage P2 baseplate assembly protein W SW:Vf
Bacteriophage P2 baseplate assembly protein V SW:VF
Bacteriophage P2 tail completion protein S SW:VPS_E
Bacteriophage P2 tail completion protein R SW:VPR_E
Bacteriophage P2 protein LysB protein involved in 1
ant database hits. Contains possible membrane spani |
Serratia marcescens putative phage lysozyme NucD Thv

D

Close 7‘

-

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.

J

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 (if you can’t remember how to do it have a look at
page 14). 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.

-15-



Module 1: Artemis

Additional methods for selecting/extracting features using the Feature 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.

@ ®® Artemis Feature Selector

Select by
V] Key |cos -
V] qualifier: product v

Containing this text: [regulator

V] Ignore Case v] Allow Partial Match

] Match Any Word

And
JUp to: | bases long
And:
[] At least: | bases long
nd Space for a search
JUp to | exons long . .
- term or amino acid
] At least: | exons long

motif

[] Contains introns without GT/GC start and AG end
and by
] Anino acid motif MEDSSEA |

] Forward Strand Features [v]Reverse Strand Features

select | [ view | [ close

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 switch off stop codons, then use the
left mouse button to click and drag over the region that you think defines the prophage.

File Entries Select View

Create Run Graph Display
Entry: [v]spi7.dna (1spi7.tal ab
33697 selected bases on forvard s

[12 ) ] -
STa5% STva528
o
sopE STY4627 cl Y4645
[ ]
[s200  |ssso0  leseo  [mseo  lsooo s lowooo  lorsoo  hoaeo  [aosoo oo
g 4 a_gonen aa q =
STY4600 STY4604  STY ¢ STY4618 323 35 ST STY4641 insA
oo d 4 o@c @ a
STyasn STYa0) € ST STva622 467 STYA STYa632_STY4S38 1 inse
5W4‘ STY4605 STY4614 \6]9 STY4630 STY4637 I |
4\ »
PYGAELPRQPVP 1FLDTEIFGAAQGCLRYGHSDEMATNLLA
0 0 = 2 T 0 ran e

W 0 o, O S W S W0 T N
(CCGTACGGCGCAGAGCT ACCACGGCARCCT GTACCT TGAT GAAT AT TTCTGGAT ACCGARAT T CCAGGAGCT GCGCAAGGT TGCTCCGGTAT GGCCATTCACARGARATGGCGACARACCTACT]
65380 65400 65220 [B5440 [B5460 [B5480 5t

TOGATGGTGCCGTTGGACATGGAACT ACTT AT ARAGACCTATGGCTTTARGGTCCTCGACGCGTT CCARCGGAGGCCAT TTCTTTACCGCTGTTTGGATGA
GYPASSGRCGTGOHTIBNRSVYVSIGPAACPOQRRYPWETCSTIAVYFRS
RYACL+WPLRYRSSYKOQIGFNWSSRLTAEPTIAMXLFHRCY+K
TRRLAVVAVQVKIFIEPVRFELLQAL“NGGTHGMVLFPSLGV
Il

v 'M

s 65437 65814  ni ficant database hit

cos 65901 66110 ¢ o Escherichia coli p ephage P2 0gr protein SHOGRCEQOLL {) (72 as) fasta score

s 66187 67287 ¢ n O SHLTPD BPP (PLOS12) (367 381 fa

s 67284 67769 ¢ opha e ©3 con 20 Bocentiat il protein TR.064215 |

cos 67769 70549 ¢ 185 p 70a0 (WL 132022) (612

s 70542 70661 ¢ riophage 19 0 32222) (6 a8) *Fasta seores 1
cos 70676 70978 ¢ phage P2 cor 1 tail protein TR:064313 e ot
s 71633 71548 ¢ phage P2 " (£22502) (171 s8) 1
cos 71558 72730 ¢ opha _BPP2 (P22501) (395 aa) f
s 73265 73987 a typhinur secreted protein SopE TR:052623 (EM
s 74185 74592 ¢ opha It enbly protein G SH:TFA_BPP2 (P26699) (
cos 74509 76218 ¢ Simi’ tein 20 (680 2z) fasta oo
s 76215 76820 ¢ Similar to P scores

cos 76813 77721 ¢ Similar to Bacteriophage P2 hsseplate assembly prnte)n 3 swive) Epe2 (P517S7) 02 ) 'a
s 77708 78067 ¢ Similar to

<os Taod 7a42 ¢ Simlar to Bacteriophage 72 baseplate assembly pr rotean ¥ 9H: VPV Hes (Pa1at0) (211 301 1o =

Kl T}

O

While the region is 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
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, tick the little box to turn on spi7.tab. J
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Module 1: Artemis

(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.
o J

1 CI'Ck ‘Select’ File Er Select View Goto |Edit| Create Run Graph Display

‘ ’ Entry: [v]spi7.dna [v]spi7.tab [v]| Undo ctri-u
then A” 232 selected features Redo
Selected Features in Editor Ctrl-E .
Subsequence (and Features) =
STY4583 ! STY4589 STY45 S yjhP STY)
m w DD Find/Replace Qualifier Text ... m d n;
[Y4579 S STY STY: ST STY4595 Qualifier of Selected Feature(s) > STY4645 1649 STY46
Selected Feature(s) »
4584 ¢ STY4 STY4594 STY4647 STY 46
Move Selected Features To e
1 & o RBS e| Copy Selected Features To » spiZ.dna |misc_feature ISl at_unit misc
C“Ck Edlt y then boo 5850 = spi7.tab (292 [104000 I110500 [11708
7 Trim Selected Features »| Spi/. AT
Copy Selected Extend Selected Features »| phage.tab e mi misc r‘eEeat_unit =
f forasss % Fix Stop Codons Wl 7 DD — -
Featu res TO DD Automatg Create Gene Names :' map : V% mlns D
ene Names NY46:_ cII 340 vex(_tv insB _ tviB
Bases G ; .|
- 162 STY4637 vexE ' vexd tyll tvid R
Contig Reordering | »|
3 Select ‘Sp|7dna’ R g p y |Header Of Default Entry 0 G CLRYGHSOGEMATNL LA

= T Y [ o e = T e < ] T = < T W= T - A < o
[ o R o P Do [0 A ST C T ERE M TS SN GEEYES VNS R ST AT R B P PRV W P EE T RN G D K BT

G ACTA A A

G Y P ARSI SN G R N CINGEE NG R Q I H ¥vVSIGPAACEPTJ i

ROAMTATCUL W R LR RESTSTEY K QL TG BN WSS R L T A E P I A MR I S HE R C R K]
TR REIDS AWV AS Vg KT ERRTE B PR R E ER I g A L|_[N G G T HGWNVYLFPSLGV hvl

4 Ii »

ou
unit 19 bp re
feature

at unit 3 ) bp repeat
protein: 0 a typhimurium, Trf
ble membrane spanning mdrnphnhu domain

{EMB

Artemis Entry Edit

C“Ck ‘Flle’ then ' E e\EuIrles Select View Goto Edit Create Run Graph Display

Show File Manager ... b
‘S ry
Read An Entry ...
ave An Ent Read Entry Into >
As’ Read BAM / VCF ... Is:"r;aszs Igth 0=
Save Default Entry Ctrl-s | [ 3 [T} dj 13
Save An Entry » | sopE STY4627 STY4645 1649 STY46
Save An Entry As M New File » CTIB4T T
Save All Entries EMBL Format »
Write »| GENBANK Format » misc_feature IS1 at_unit misc_f
e Sequin Table Format » 0 91000 |97SOO |104000 110500 11700
‘ Clone This Window e e i I
EMBL Sove o Tnage Files (ro/evi). .. £ Teatire CECETTAT
Sl EMBL Submission Format | spi7.dna k] a é e
5 S b H : 604 STY <1t STYA6Z spi7.tab | ST ' apldlia vexD insh |1
ubmission i :
F t’ Open in DNAPlotter STY S & 4 .p_h a cII 40 vex( tv insB __ tviB
orma Preferences 0507 STY STY4619 STY4630 167 STY4637 | vexE ' vexh tvit tvid
Close ]

fEE (B £ o) RYG AT N T

] [T

SEOEE:
H_K

6 | Select
‘spi7.dna’

G B
PR AR GRS W P RS RS RS R N O T NG R R NEEWE S SRS e AR E P T AN M R P R C S K
T RS RS ARV VAR () U KT ES T S E PRS- S RECEARECS 28 [T O RIATE [D NG G T HA GRS N VS [LSGEAE RN G R (R GRS Hw:]

[ [u] 1]
s _reatTe Zrooo—zrory o TraTs TeT S TrpyTIvRTTp e aTraTImeTT SITe =
. CDS 22286 23371 Prekusly sequenced Salmunella typhi PilR TR: QQZIVO (EMBL: 4F000001) (361 aa) fasta scoreg—|
Save f||e as CDS 23371 24006  Previously sequenced Salmonella typhi PilS protein TR:QSZIUS (EMBL:AFOODOOL) (206 aa) fast
7 CDS 24016 24492 Previously sequenced Salmonella typhi PilT protein TR:Q9ZIUS (EMBL:AFGE00E1) {158 aa) fast=|
A CDS 24489 25151 Previously sequenced Salmonella typhi PilU protein TR:Q9ZIU7 (EMBL:AFO00001) (220 aa) fast
Sp|7em bl DS 25148 26455  Previously sequenced Salmonella typhi Pilv TR:051801 (EMBL:AFGO0001) (435 aa) fasta score
M repeat_unit 26181 26209 19 bp repeat unit required for rcl mediated inversion of the pilV C-terminal region. Seque
misc_feature 26191 26718
26457 26717 ¢
M repeat_unit 26700 26718 ¢ 20 bp repeat unit required for rci mediated inversion of the pilV C-terminal region. Sequg
DS 26803 27954 Previously sequenced Salmonella typhi Rei TR:051802 (EMBL:AFO00001) (383 aa) fasta score:
DS 28051 28518 Weakly similar to Escherichia coli plasmid IncIl R64 PilK protein TR:007369 (EMEBL:D88588)
CDS 28730 29605 Weakly similar in parts to similar to transferase proteins from Salmonella typhimurium, Ti
CDS 30112 31026 No significant database matches. Contains a possible membrane spanning hydrophobic domain
DS 31045 31785 no significant database hits
DS 31899 32450 Similar to Rickettsia prowazekii hypothetical protein TR:Q9ZDB86 (EMBL:AJ235271) (290 aa) f
DS 32436 32936 no significant database hits 1
CDS 32996 33565 Weakly similar to Salmonella typhimurium plasmid pkMLGl hypothetical protein TR:006957 (EN~
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Now open the EMBL format file that you have just created in Artemis.

File Entries Select View Goto Edit Create
Entry: [v]spi7.embl
Nothing selected

Run Graph Display

X Artemis Entry Edit: spi7.embl

| ol L 1

misc_feature
el S

[ [ —
tRNA feature
(I I 1/ I W
L e A R BN

1 IR

[ERIAIN 1 I I
L A A
L | R |

1 0T 1 A I
STY4521 STY4523 STY4524
FEEE 0 e rrmen e wmer e meeme - eeeer 0 i e T e
STY4525  STY4526
L1 T T T (A Bl
STY4522 STY4528

1 A T O 1

=
B
[

13600 (0400 7200

/.
(1|
(ARRIY

IR

]

N KWCPDSESNHGHTGDFQSPCQKVY¥YRHRTEFTDF
I SGARTRMNRTTDTOGIFNZPLVYKIKTLUDTALTF

E#VVPGLGIEPRTRGFSIPLSKS+TPL*LFELVAGRRTHSNK

[l ] [+l

LNW + QAGEUHTIRTIH
TG SR QAT NE TR B

AT AAGTGGTGCCCOOACTCOOAATCOACCACGEACACOOOGATTTTCARTCCCCTTOTCAAARAGTT AGACACCOCTTTGACTTTTTGAATTGOT AGCAGGCAGGCGARCACATTCOAAT AR
|20 lao |so 80 100 120
ATTCACCACGGGCCTGAGCCTTAGCT TGGTGCCT Gl GCCCCT ARRAGT T AGGGGAACA

A ST TG PSR T STEG R R RN BT G KD R e G ES e S K STEN AT R R GE R
EELHE GG S ENSSE DR W RCE RS Kk
TS EON PN ASE R R E SN RS VA G S/ PR T- 0 O [ G B e Ty | R R 8 G GRS Ay R R S O ) e T PR | | EO A ERL N S G ay ]

DEGEQEE RN s RIS S K EERQE Y SCE AN R SSCE MRS T R

ha K0

«[un]
tRNA 1 64 ¢ possible truncated tRNA Phe. =
[ misc_feature 1 133562 ¢ The major ¥i antigen pathogenicity island (SPI 7} =]
cDS 142 1176 Weakly similar to the C-terminus of several polysaccharide biosynthesis proteins e.g. Str
cDS 1173 2537 Similar to Bacteriophage P1 Ban helicase TR:080281 (EMBL:AJ011592) (453 aa) fasta scores:
[ misc_feature 1803 1826 PSEOOL7 ATP/GTP-binding site motif & (P-loop)
cDS 2530 4329 no significant database hits
CcDS 4498 4803 Doubtful CDS
cDS 4931 5512 no significant database hits.
cDS 5597 6154 Weakly similar to Yersinia pestis orf 77 TR:Q9Z381 (EMBL:ALO31866) (193 aa) fasta scores:
cDS 6399 7742 no significant database hits
[ misc_feature 7744 8180 Low G+C region containing repeat region with 1OxTGGT(4/-) (T/C)AARRA(A/GIT.
8328 0l07 no significant database hits. Contains a hydrophylic region in the N-terminus between resi
cDS 9218 11212 Previously sequenced Salmonella typhi topolsomerase B TopB TR:QORHFS (EMBL:AFOOCCCL) (664
cDS 11880 12329 no significant database hits
CcDS 12410 12628 doubtful CDS

__TCDS_____________l25Al__Jjn;E?____Eneulnuslu_senuenced_SalmnnelJa_ixnhi_sinule_sinand;Jrhmdinﬁ;IUEU131LJuﬂa;IE;ﬂQEHEA_iELEﬂ;JE__
‘ Il [»]

<

.

/Y ou 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 customize your own
annotation files with the ‘/colour’ qualifier and chosen number (Appendix IX), to
differentiate features. To do this you can use the Feature Selector to select certain
features and annotate them all using the ‘Edit’, ‘Change Qualifiers of Selected’ function.

)

18-



Module 1: Artemis

Artemis Exercise 4

ﬁlis exercise will introduce you to database searches and will give you a first insightm
the annotation of genes.

Return to the S. Typhi window. The gene you will work on is ApcC (STY1136). Go to
this gene by using one the different methods you have learned so far. You will now
analyse the reading frame of 4pcC gene. To do this switch on the stop codons (also,
switch off the GC content graph if still displayed).

As you can see the gene is 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).

1| Select CDS

LN

2

/ Start blastp

Artemis E try Edit: S_typhi.dna NCBI Searches W blastp
Pfam Search tblastn

Filq\ Entries Select View Goto Edit Create
Rfam Search blastn

Entry: S typhi.dna [v]S_typhi.tab
Selected Wgature: bases 1466 amino acids 488 | Run fasta on selected features against »| blastx
| Run sigcleave (0) on selected features | tblastx
| L LEIIE P TIHETT || Run pepstats on selected features I (=

TR Run blastp on selected features against »
»

([l ||H|H L1 Run tblastn on selected features against

0 | T— r hth on selected features |

hpeC hpcB Run smart on selected features

Run clustalx (PROTEIN) on selected features
Run jalview (PROTEIN) on selected features
Run tblastx on selected features against

Run blastn on selected features against

L 01 T I [ Run blastx on selected features against 19 (L1
N oo e e L
Run clustalx on selected features
il 11 1 T 1 T -7 jalview on selected features [l

nisc_feature :

[1099200 [1100000 ~ (1100800 [11016 104800

TP CH©

7] ] Set fasta options 3
Set sigcleave options T
T G | o GEPSETE (el R ¢ R
> RRRGSPG# P NRGQ* G E RSetblastp options »
AGAAGGCGTGGGTCGCCTGGTTAACCGAATCGTCAGTGAGGAGAGC] Set tblastn options » GGTAJ!CGA"
bs40 1099550 1099550 Set hth options 109964
- ATCTTCCGCACCCAGCGGACCAATTGGCTTAGCAGT CACTCCTCTCG GA: GREGE GrEGRE CCATTGCTY
SIPESIEN R R IR IS RS TS SIS TS N S P T
Y F 4 HT A& 0NV SDODTL L a|Setclustalx options jACR S
L. L RPDGEP # GF R * HP S R|Set jalview options L S |v
4 ‘ [] Set tblastx options » »
57 Blcos 1099596 1101061 "W Set blastn options » ~
— mlz:ifea:cure }}‘;E’{%& }}E‘Q-"}f‘ PG ‘*H Set blastx options »E =
p— | | | | set fastx options — 1]

The blastp analysis will generate a new internet browser window that will open the
NCBI BLAST website, with your analysis running. The results can be viewed
here.
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Module 1: Artemis

(] blastp results for hpcC from S_typhi.tab.seq.00012.out.gz

File

TUCAI_BACAH AURDWI T Uy UG TOTTd (8 SENLd (UeMyue Uernyuroyerdase [dac. ..
ALD1_ACISP Q9FDS1 Long-chain-aldehyde dehydrogenase (1.2.1.48) (... 32
TOLAIL_BACHK Q6HJ19 Methylmalonate semialdehyde dehydrogenase [ac... 32
IOLAl_BACAN Q81QRS Methylmalonate semialdehyde dehydrogenase [ac... 32
IOLA_BACC1 Q738L2 Methylmalonate semialdehyde dehydrogenase [acy... 32
IOLA1_BACWNK A9VFOS6 Methylmalonate semialdehyde dehydrogenase [ac... 32

OSSR
oNNny
T

>HPCC_ECOLX P42269 5-carboxymethyl-2-hydroxymuconate semialdehyde
dehydrogenase (CHMS dehydrogenase) (1.2.1.-)
Length = 468

T 30l Score = 199 bits (505), Expect = 4e-56, Method: Compositional matrix adjust.
Ou ge € Identities = 93/109 (85%), Positives = 99/109 (90%), Gaps = 2/109 (1%)

Query: 1 MKKINHNINGKNVAGNDYFQTTNPATGDVLAEVASGGEAEVNQAVAAAKEAFPKWANLPM 60
MKK+NHNINGKNVAGNDYF TTNPATGH+VLA+VASGGEAE+NQAVA AKEAFPKWANLPM
Shjct: 1 MKKVNHNINGKNVAGNDYFLTTNPATGEVLADVASGGEAEINQAVATAKEAFPKNANLPM 60

[ Gene in database ]/'mery: 61  KERARLMRRLGDLIDQHVPET AAMETADTGLPIHQTKTCXSRAPRITSN 109

KERARLMRRLGDLIDG+VPEIAAMET ADTGLPIHQTK PR + N
Shjct: 61 KERARLMRRLGDLIDQNVPEIAAMETADTGLPIHQTKNV- -LIPRASHN 107

@n you see where the stop codon has been introduced into the sequence of our gene}
interest? A stop codon is commonly marked with a * symbol. However, based on our blastp
results it is marked as X. Search for the highlighted amino acid sequence in #pcC. 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! The last
amino acid in common is a K then the amino acids start to differ. 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’.

Qis 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 on the second frame (this will be the first amino acid after K, have a
look at the blastp results 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.

File Entries Select View Goto Edit |Gneate] Run Graph Displ: . .
C s T T — .| | As the original gene annotation
1177 selected bases on forvard strand: 1FEature FraR BaSe RENGEN GEFLE

e R T iS too |Ong we have to Shorten It

Intergenic Features

(AN \IHIHHHHH:liz:z:zx:z 111 I\Mx:hm_ AT CIICk On the Orlglnal hpCC CDS

L [ s 1 00 0000 ™o l:lb\ g

New Entry =
=

o ‘Edit’ ‘Selected features in

R E T boo (104000 [1104800  [1105600  [1iGedse  [1167200
Mark ORFs In Range

U I e e R TR A T R R ] Editor’. A window will pop up and

misc_feature
w0 losezwe oo 110
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s 1000506 1101061 Pseudogene. Similar to Escherichia coli q hpeC SW:Hia |

mec festure 1100221 1100344 pen0sey Aldehyde dehydrogenses qtutemx: acid activ . Lo

misc_feature 00405 1100440 PS00070 Aldehyde dehydrogenases cysteine active sit |

s 1101063 1101919 Giegar 1o coli. 24 2, hpeB S Pce ECOLL (QoS353) fasta score!

I cos 1101924 1162304  Similar to coli delta-isomerase hpeD SW:HPCD ECOLT (Q05354) fasti
s e e A Eoriopie ol v hepta-3-ene-1,7-dioic acid hydratase hpcG Si: HPCG ECOLI (P42270) fasta scoreio|
il o

Artemis Feature Edit: hpcC
Key: |cDS |~

| Add quatifier:

_ocation: [1099596..1099886

Complement | Grab Range | Remove Range | Goto Feature | TAT | ObjectEdit | User Qualifiers

Jclass="3.4.3" B

fratectpieldagene: SiufTansiolEschacithisyeolitSrarhoraify -2 hydromuconat
semialdehyde dehydrogenase hpcC SN:HPCC_ECOLI (P42269) fasta scores: E(): 0, 96.2% id
in 366 aa. This CDS contains a frameshift after codon 97. The sequence has hem\
checked and is believed to be correct”

Jproduct="5-carboxynethyl-2-hydroxynuconate semialdehyde dehydrogenase (pseudogene)®

embl_other:blastn/s_typhi. tab.seq.00002. out"
uniprot:blastx/S_typhi. tab.seq.00002.out"
niprot_bacteria:fasta/s_typhi. tab.seq.00002.0ut"
niprot:fasta/s_typhi. tab.seq.00003, out"
iprot_bacteria:fasta/s_typhi. tab.seq.00004. out"
niprot:blastp/s_typhi.tab.seq.00005.out"
/blastp_file="uniprot_bacteria:blastp/S_typhi.tab.seq.00009.out"

Lo | [ cancer Apply
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KT he 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
Qvith plus the merged feature) will be retained. /

Select both the original gene-model and the new CDS feature, which is
to be merged with it to form a new gene (to select more than one
feature you must hold the shift key down).

Click ‘Edit’

1 Selected Features in Editor
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GGACT AACTGGTCGT ACACGGCCTTTAGCGCCGCT ACCTTTGGCGGCTGT GGCCGGACGGAT AAGT GGTCTGATTTTGCACGACT AGGGCGCGCGGAGCGT ATTGAAGCT T AAGAAGCGGCTTCACACGGT CGTCTACTTGCCGTTCT
O MYLMHRFDRRHEFGGVYGAQ QRHNVYLSFRASGARRAYSRIRRRLTGASSRTCS
GSQGAHAPFRPSPFRRCRGAG®EGS+FTSIGRAETCLEKSNEKASTHWCECTIFPL V|
RISWCTGSIAAIHSVASVPRGI*WVLVHQDRAGRMVEFEEGFHALLHVALL
4 Il P

Pseudogene. Similar to Escherichia coli S5-carb ethy uconate semialdehyde dehydrogenase hpcC SW:Hig

misc_feature 1100321 1100344 PS00687 Aldehyde dehydrogenases glutamic acid active site
misc_feature 1100405 1100440 PS00070 Aldehyde dehydrogenases cysteine active site

Il cos 1101063 1101914

M cos 1101924 1102304

ﬁ_z:?:,;um‘unglm 1
<«

S1m1'lar to Escher1:h1a coh 5 carboxymethyl 2- hydroxymucunate de'lta isomerase hpcD S HPCD ECOLI (005354) fas j
. oL ince TranaTn )Y

(x) Artemis Entry Edit: S_typhi.dna
Eile Entries Select View Goto Edit Create Run Graph Display

I'eSU": Entry: [vIS_typhi.dna [v]S_typhi.tab

Selected feature: bases 1461 amino acids 486 hpeC  (/EC number="EC 1.2.1.-" /class="3.4.3" /colour=ll /qene="hpcC"/qene="STYl
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Artemis Exercise 4 - Second part

/

-

~

In the first part of the exercise you have learned how to correct a gene annotation. But
what if you think a gene is missing?
Remember that there are loads of genomes that were submitted to the databases several
years ago and in general the annotation is not updated to take into account new data.
Sometimes it is worth checking regions which look strange to you.

)

Qelow).

fGo to position 2,248,400 by using one the different methods you have learned so far. Ifx
you look carefully you will notice a region shown below which there is no predicted
gene. This type of non-coding region in Salmonella is very unusual (this is also true for
other bacteria). To determine if this non-coding region is truly as published, load the
codon usage information for Sa/monella into Artemis by following the figure below.
The file ‘S_typhi.cod’ contains codon usage information taken from a public website (see

j

Artemis Entry Edit: S_typhi.dna

Entry:

Click Graph

2

F0rHm

[ Non-coding ]

[T
(AR IR
([

Click ‘Add usage
plots’ and select

‘S_typhi.cod’

File Entries Select View Goto Edit Create Run |Graffi| Display
[v]S_typhi.dna [l S_typhi.tab | Hide ALl Graphs
3 selected bases on forward strand: 2251246..2251248|  Add Usage Plots ...
Add User Plot ...
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P T HENENN 5 4G content () [ N R
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misc_feature
repeat_unit
repeat_unit

DS
misc_feature
repeat_unit
DS

DS
misc_feature
misc_feature

RES
DS
misc_feature

<4 ]

2249341 2249376

2249452 2249474

2249452 2250219

2249467 2249970 ¢
2249889 2250164 c
2250006 2250119 c
2250197 2250219 c
2250297 2251307 ¢
2251323 2252841 ¢
2251581 2251625 ¢
2252683 2252706 ¢
2252975 2253973 ¢
2253979 2253982 ¢
2254472 2255494 ¢
2255429 2255485 ¢

PSE0198 4Fe-4S ferredoxins, iron-sulfur binding region signature
inverted repeat flanking IS1

Is1

Similar to Escherichia coli insertion element ISl protein InsB insB SW:INSB_ECOLI (PO38:
Fasta hit to ISA2 ECOLI {91 aa), 9% identity in Ol aa overlap

PSBE0L7 ATP/GTP-binding site motif 4 (P-loop)

inverted repeat flanking ISl

Similar to Salmonella typhimurium LT2 galactoside transport system permease protein mgld
Similar to Escherichia coli galactoside transport ATP-binding protein Mgla mgla SW:MGLA |
PS00211 ABC transporters family signature
PSQ0017 ATP/GTP-binding site motif A (P-loop)
Similar to Salmonella typhimurium D-galactose-binding periplasmic protein precursor mglg
possible RBS

Fasta hit to ASCG_ECOLI (336 aa), 37% identity in 334 aa overlap
PS00356 Bacterial regulatory proteins, lacI family signature

1385 a3} 8a% identits
[»]

»

1]
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uuu 24.4(
uuc 15.6(
UUA 15.0(
uuG 12.2(

U 16.1(
cuc 11.2(
cua 6.6(
UG 34.1(

AU 27.3(
AUC 20.4(
AUA 9.9(
AUG 26.0(

GUU 20.3(
GUC 15.4(
GUA 12.8(
GUG 19.4(

ucu 12.1(
ucc 10.5(
UCA 15.3(
uce  9.5(

ccu 10.5(
ccc 6.8(
cca 9.3(
€C6 14.1(

ACU 14.8(
ACC 20.1(
ACA 14.4(
ACG 15.5(

GCU 17.7(
GCC 21.6(
GCA 21.0(
6CG 19.3(

UAU 18.6(
UAC 13.3(
UAA  1.6(
UAG  0.5(

CAU 11.4(

CAG 27.2(

AAU 27.0(
AAC 22.7(
AAA 35.4(
AAG 17.5(

GAU 33.9(
GAC 20.0(
GAA 34.8(
GAG 20.8(

UGl 6.5(
uGC  5.8(
UGA 1.4(
UGG 13.3(

CGU 14.3(
€6C 11.7(
A 6.7(
€66 8.2(

AGU 13.2(
AGC 16.4(
AGA 6.0(
AGG 4.7(

GGU 19.5(
GGC 21.0(
GGA 12.6(
GGG 13.6(

Codon usage table taken

from:
www.kazusa.or.jp/codon
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When you first load the codon table into Artemis the graphs calculated for both upper
and lower strands will be displayed (not shown). To remove one of these from the view
click on the Graph menu and uncheck the box alongside the option ‘Reverse Codon
Usage Scores from S_typhi.cod’.

[ Codon usage plot ]

[Coding bubbles]

File Entries Select View Goto Edit Create Run Graph Display

Entry: [vIS typhi.dna [v]S_typhi.tab
3 selected bases on forward strand: 2251246..2251248 -
Codon Usage Scores from S typhi.cod Window size: 120 ] w2 o 3 — A

N
\ ‘ !J i \m q\l,w /L \Jlr ﬂ'/}\

L \WH I\I\ h

L . h
Al \‘..J' 0\ ML Iy £\ S
\M 'w b .thuﬂ M ‘ ‘\“‘ﬂ \ \r{\ vy f\‘ v l l[/‘,

RN [ 1 1 A 1A WA (1
1 B | R TR A

3

— I B P T 11 T 11 T T R B
b DE— I

RBS 1 repeat_unit
2247200 |2248000 |2248800 22496004]@ |2250400 |2251200 |2252000 |2252800 \_zzsaeglo |2254400

repeat_unit misc_feature misc_feature RBS
FRer FIEmer Hf’:l FUE 0 TNUTEL I e e

(AT A |n:||||| \ u || N1 1 s W I T VR
mgla
([t [ S (AR IA I||I|||I|I|| R AT R T TR 11 1K
STY2424 STY2425
q Tin]
KFSKLKKVGSWKIIIASSTKR.T#IPPSFSQVKKLFLFNAL
LNSANLKKSGPGK##SP K R K F LSARSKSFSCLTHS

T T T N N OQHJt VNSALFO G Q KAFLV#RTH
TMATI'CAGCAAACI'I'AAAAAALTI'CGGGI'CCI'GGAAAATAATMTCGCCAGCAG:ACF hAAAG@CGI’AAA‘ITCCGCCCI’CI'IT CAGCCAG?FCAAAAAGCI'I'I'I’CI’!’GI'ITA,QCGCACI’CA‘I

LT

[y [l

51180 |2251200 |2251220 |2251240 |2251260 |2251280 |2251300
ATTTAAGTCGTTTGAATTTTTTCAGCCCAGGACCTTTTATT ATTAGCGGT CGTCGTGATTTTCTTGCTGCATTTAAGGCGG! CGGTCCAGTTTTTC! AAATTGCGTGAGT,
T N[t i s i i e e ol i o e o S B0 S S
EAFKFFDPGPFYVYDGAASFSRRLNRGREG® ALDFLEKEG® QE K.YV E S
I % C R FF ST T # RV x|+
Ti] »
S— - i
] ]

Try the slider
to smooth the
graph

Gased on the codon usage table Artemis calculates for each triplet in succession a score\

based on how well it matches the commonly used codons in that organism. The three
lines shown above represent the scores for each reading frame. If the codons for a
particular frame match those of the calculated codon usage table a high score is given.
Practically speaking this manifests itself as a ‘coding bubble’ where a gap opens up in
the plot indicating that this region is likely to be coding (see above). The plot suggests
that this empty region actually encodes a product. So now we have to create the open
reading frame (ORF), blast the amino acid sequence and add the annotation. Follow the
Qstruction on the next page to do this.

/
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1

Click and drag
to highlight

3

Artemis Entry Edi

Eile Entries Select View Goto Edit |Create| Run Graph Display
Entry: (v1S_typhi.dna [v]S_typhi.tab | New Feature
082 selected bases on forward strand: 22 Feature From Base Range ctri-c =
Codon Usage Scores from S typhi.cod Wind Gene Model From Base Range l o2 o 3 e |4
Intron Features 1.06
Intergenic Features
Exon Features
Gene Features 2
New Entry
> Mark Open Reading Frames
Mark Empty ORFs ‘C t ’ ‘M k
| Mark ORFs In Range ... I rea e 3 ar
Mark From Pattern ... —w .
[T I'1 1| mark ambiguities L N M T YUY AN T T ORFS in range’
L L L 1 A O e R
HICEEwnerene el LA L T T A M B AR MR A1 preSS OK
16
3 I
RES " repeat_unit
47200 |2248000 |2248800 rgzaasuu |2250400 |2251200 |2252000 |2252800 |2253600 |2254400 |2255200 |2256000 2256800 |2257600 ‘
a4 <l a aqa 4
1 repeat unit misc_feature misc_feature misc_feature RES nisc_ft RES 2 ©
(TN TR (TN R R DI\_ [ AR IRTR \HI\ HIIHI I e e et r 11
STY2420 TY2421 STY2427 |
[T A ARV {1 R I A O T T T T s N T T R TR T
insg mﬁlA STY2:
L0000 T e L WL r e e e e — el L T e e \‘,
STY2424 STY2425 ~
« Tii] >
*;"IVRLGRDRFa: HWFFIANEVSPRFDHLTKEDTGFIGFKNMEOI EHPLEENLGALATRRIL-
TGWGGIVFK LLPTKSLHV IPVLLVSKTWSKLLSIRWKRIWPPFDG
I S N C *
ACCGGCfGGGGCGGGATCGI'ITWMAACCATTG(:TFITITATFGCCAACGAAGFCf(.TCCACGITWGACCACCfGACGAAAGAAGATACCGGI'ITTATTG(:TWCAAAMCATGGAGCAAATFG(.TGAGCATCCGCTGC\MGAGAATCTGGCCGCCATFCGACGGC[
43320 48450
UATGGOCGACCOCGCC(.TNGCMAA.Q'ITITGGFMCCMAAAATMCGGWGCTFC#.GAGAO(:TGCAAAACTGGTGGACFOCI'ITCI‘FC[ATGGCCAAAATMCCMAGTITWGTAC(TCGTI’TAACGWCGTAO(K:GACCWCTCFTAGACCOGCGGTWCTGCCGA
VFESSVP P KLF S CGSSSFRAA R
SVPQPF’ITKLVMFKKNGVFDRWTKVVQ FIGTKNTEF\!HLLNSLMRQFLIQGGNSP+
jrng'AP,DVVNKFGNTKxQWRI:REVVNQGG,S‘jLL N # QN*FCPAFQGQADA WE VAL
il 0] >

Click on newly
created ORF

y A

Artemis Entry Edit: S_typ
Eile Entries Select View Goto Edit Create

Bun| Graph Display

Entry: 5_typhi.dna [v]S_typhi.tab [v] ORFS_10( NCBI Searches > [
Selected feature: bases 1095 amino acids 364 | Pfan Search ")
Codon Usage Scores from S typhi.cod Window size: § Rfan Search 1l o 2 e 3 4
Run fasta on selected features against » 1.06
Run sigcleave (0) on selected features
Run pepstats on selected features /\/\/\,,C St rt bl t
Run blastp on selected features against ¥ uniprot a as p
Run tblastn on selected features against  »| uniprot_archaea
Run hth on selected features uniprot_bacteria
Run smart on selected features uniprot_eukaryota NP
Run clustalx (PROTEIN) on selected features |uniprot_viruses
Run jalview (PROTEIN) on selected features |uniprot_rest

2

< clustalx options

Set

* Y RL GROD

AR Y v
DT GWGGTIVFKTTIGEFLL

I PAGAGSELEKPLGVYEFEY
GAT ACCGGCTGGGGCGGGATCGTTTTTARAACCATTGGTTTTTTATTC

set
Set
set

13320 2248340 2248360 | sot
cn\'rGoccGnccocsoccrmcuun‘rn‘rscmommu‘rm

jalview options
thlastx options
blastn options
blastx options
fastx options

S P RS R K Set clustalx options

[N Il Il | Run tblastx on selected features against »| /lustre/scratchl0l/blastdb/Pathogen/Kineto_aa FOE T e
cDS Run blastn on selected features against >
L 1 1 T 1 0 i e oS it o flie=: agaaria O | 1 L e A A Y |||H|I:
DU IHIMIIIm N RNE | Run fastx on selected features L T e B R N1} 1 IHI
16 Run clustalx on selected features
Run jalview on selected features
RBS " repeat_unit RBS
47200 |2248800 |2248800 2249608 Set fasta options » |2253808 |2254400 |2255200 |2256800 ngssaoo |2257660
aq sigcleave options aa
T e ure RBS misc_feature RES nisc_fi RES: e
(AT T [ | AT o ; DIUTEL TR0 e e e <—=tn 11
Set blastp options » STY2a27,
TP b b R0l | set tblastn options L 1 V11 ¢ s U A T 11T R
insB Set hth options §TY2426
Ll i LRI (AR T T F’I e/ [ 1 T T AT
Set smart options ‘424 STYoATS

"PVLLYSKTWSKLLSTIRMWEKRIMWPEPEFDG

RFYWEFQKHGANC*ASAGRESGRHSTA
cocrrrTArmcrrrcuMAcnmmmAr CTGAGCAT TGGCCGCCATTCGACGGCT
|2248420 |22484: [2248460 2248480
ocCAMATAAccaAwrrmGrAccrccrmAconcrcGn\GGovocrrcrcrrAGncceﬁcccrAmcmcmA
s F A A MRRS

# FWOQNKTI
PPITKLVYMPEKEKNGYFDRWTKLYVQ T.
I GAPAPDNGEKEFGNTEKS$QWRLRE

G
NOGGSSLLY

P K I K L s c GSS R
TKNTEFVHLLNSL Q QG GNSFP +
NxQN*FCFAFQQADAFLSDPRWEVA

« Tl

o

OK

To view the search results click ‘View’, then ‘Search Results’, then ‘blastp results’.
The results will appear in a scrollable window. You see that the product of the gene

“‘NAD-dependent dihydropyrimidine dehydrogenase subunit PreA). To add the
product to the annotation follow the instruction in the next page.
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1
Click on ORF

Entry Edit: S_typhi.dna

File Entries Select View Goto [Edit| Create Run Graph Display

Entry: [v]S_typhi.dna [v]S_typhi.t Undo ctrl-u
Selected feature: bases 1095 am 110 255 /note="Mie" /blastp file="uniprot bacteria:blastp/ORFS 100+ seq.0
Codon Usage Scores from $ typhi.cod elected Featiires in Editon Ctri-E
2243052 | subsequence (and Features)
RVE A Find/Replace Qualifier Text .

Qualifier of Selected Feature(s)

Selected Feature(s)

Move Selected Features To

Copy Selected Features To

Trim Selected Features

Extend Selected Features

Fix Stop Codons

T 0011 |l ||| Autosatically Create Gene Nanes s I
Fix Gene Names
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| {00 WINED O {1 B Contig Reordering (] == 4] (O LT T [RIIEEINE 1 e 1 0 T T T R
STV Header of befault Entry N — =
misc_feature misc_feature RES sffeature RES 1 repeat_unit
|2241600 |2242408 |2243200 |2244000 Lzzuﬁuo |2245600 |2245400 |22p200 |2242000 |2248800 2249600 |2250400 |2251200 |22520008 |2252800 |2253600 |2254400
q 1 41
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| L A e I e D\H@ [ HIIIHI\IHI\IIHIHI III\IIH e
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il L O]
R LL*DVRQSLX*YRLGRDREF 4|
N CYEMCAKAYDTGWGGTIVFKT T L H KIPVLLYSKTMWSKLLSTIRMWEKRIMW =
I ¥VMRCAPKPMIPAGAGSFLKPLYFYCOQRSLSTFXPPDERRYRFYMWEFOQEKHGANC C*ASAGRESGRHSTAKTGL
[AATTGTT AT GAGATGT GCGCCAAAGCCT AT GATACCOOCTGGOGCO0GATCGTTTTT AAARCCATT GGTTTTTTATTGCCAACGAAGTCTCTCCAC (CCACCTGACGARAGAAGAT ACCOGTTTTATTGGTTTCAAAAACAT GGAGCARATT GCTGAGCATCCOC AMATGmccscuﬂcsAmoaAAmcsAw
43300 |2 0 248480 2248420 2248440 |2248460 2248 |224851

GTGGAcrGcmcrrcrAmGccAMATAAcwAGrm'rGTAccrcGrrwcGAcrou'rAacmmcrmncmccacruccrmnmmccru
RVFSSVPKIPKLFMscrAschssFRAAmRRchsx
QRFFIGTKNTEF LLNSLMROFLIOQGGNSHFP

SSLLVRNxQN'FCPAFOQADAPLSDPRWEVALVPN

2

‘Edit’, ‘Selected
features in editor’

N H 4 R #
L 0 # SIH Lo S v el sl el e o A B P KKNGVF K
ITILHAGFGIIGAPAFDNKFGNTK*QWRLREVNQG\
I il

~e

3

T - Select ‘product’
Location: |2248351. . 2249445 p

|
‘Cumplement ‘ Grab Range | Remove Range H Goto Feature H Select FeaMdy‘ TAT H ObjectEdit‘ from dropdown
/note="none" ‘ ||St

/score=62

/colour=100 100 255
/blastp_file="uniprot_bacteria:blastp/ORFS_100+.seq.00001.out"
/product="NAD-dependent dihydropyrimidine dehydrogenase jsubunit PreA” 4

Click ‘Add
qualifier’

Artemis Feature Edit: CDS
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The annotation of the ORF is now complete. You can add as much information as you want.
Have a look at the other qualifiers if some time is left. The last thing you have to do is copy the
annotated feature to S_typhi.tab. To do that select the feature and go to ‘Edit’, ‘Copy selected
features to” and click ‘S typhi.tab’. Don’t forget to save the tab file.
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