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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!



Module 1: Artemis

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.

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

DEM e

NEiDDD

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

I8 Click ‘File’
¥A 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 you
have finished an exercise./

€ Select afile... 3

Look In: lfj Module_1_Artemis IVI @ Single click
: to select file
() 5_typhi.dnaj = S_typhi.dna

@ange to ‘Al Files%

you want to display all
the files in the directory.

File Name: S_typhi.dna Use this feature to

|
Files of Type: |Sequence files H\ tchobose;j'th(T ty[zje .oftLiI.e
o be displayed in this

Open H Cancel ‘ paneL
DNA sequence files will

4 | Single click to open file in Artemis then wait have th? SUfﬁ,X .dna’.
Annotation files end

with ‘.tab’ . You can
-2- @o open ‘.embl’ filey
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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: [v]S_typhi.dna
Nothing selected

Nl
I EEEE THE E e e [
L L TN e NV LN A [ N A A |

L 1 T T TR AT TR
L O T
L T B L R U A AR A TN

leao l1600 |2400 |3200 lacoo lagoo |s600 ls400 |7200

[ N
[ | [
L 1 B

(R 1
It I
Il |

0 A A B A
L O T iy
e | Il

<]

RDYVWLQETI
EITSGECKR RS
. RLRLVYARDHNTE R
AGAGATTACGTCTGGTTGCAAGAGAT CATAACAGGGGAAATTGATT GAAAAT ARATAT

Til»] [=]eT

I TGEID®K®# IYROQOQHMNEKEFERNYINLEKTIY*LRRHA
#0QGKLIENKYTIASSTH*TSFGMX*STIKFIDLGSG
G N*LKINTISPAAHE QVSECDO OFKNLLTG+AG
TGAACAAGTTTCG ARTTTARBARTTTATTGACTTAGGCGGGCH

20 20 leo |100 120
TCTCTAATGCAGACCARCGTTCTCTAGTATTGTCCCCTTT AACT AACTTTTATTTATATAGCGGTCGTCGTGTACTTGTTCARAGCCTTACACTAGTTAAATTTTTARATAACTGAATCCGCCCGT
.S #TQNCSIMYPSISOQFYTIVYRWCCMFLNRFETILEKFTIGSOQSLERDA
SIVDPQLLDYCPFNTISFLYTIALLYHVYLEKPTIHDTIGSFNTISEKPFPC
LPFQMNFIFIDGAACSCTESHS*HNLFEKNYS$.LEP

LNRRTALS* L
<[]

ol

Now follow the numbers to load the annotation file for the Sa/monella Typhi chromosome.

1

oo Artemis Entry Edit: S_typhi.dna

v

Eile|Entr1es Select View Goto Edit Create Run Graph Display

Click ‘File’ then
‘Read an Entry’

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

Mhat’ 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

@nel. /

2

Single click
to select file 4
S typhi.tab

/

v

Read Entry Into »
Read BAM / VCF ...

Save Default Entry
Save An Entry
Save An Entry As
Save All Entries

Write »

1 1 T VAT T
S I NI
L 111 I 1 A 1 B A O AL B T

D |3200 |a000 |a800 |s600

Clone This Window

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

Open in DNAPlotter

1 B N T

@ selectafile...

Preferences

Look In: ‘ﬁ Module_1_Artemis |VI g .“i“i o=l
Close — @@”
RDY VWL OQET [[Yprta
EITSGCKR RS

[ s_typhi.dna
[y s_typhi. tab

. RLRL VY ARTD
AGAGATTACGTCTGGTTGCAAGAGATC

20
[TCTCTAATGCAGACCAACGTTCTCTA(
. S # T QNCS
S I \' D F‘ Q L

<[m|

/

File Name: I |

Files of Type: |Artem15 files

-

L R TR T

|6400 |7200

I rrrmne
[T

1

»

L]

K I Y * L RR A
t+ KFIDLGG
K NLLT+ AG
U’\AhA‘I‘I‘I’A‘I‘I’GAC’I‘I’AGGCGGGC
120

'I'I'I'I'MATAACT GAATCCGCCCG1

FI# QS LRA
FNIZSKFPPC
. F KNV # &P

[nl»] [+]lT

w4l

< i ]

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

-3-




Module 1: Artemis

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 /gene="STY0OG4"/gene="thrC" /product="threonine synthase"
[ O 1 RS
STY0001 12
L e B e RN N (A TV L e e O [ L AN R IR
STY0003 STY0004
I L 1 1 A 1 I s
STYD0Q7
1 [0 D D r D
3 misc_feature misc_featur misc_feature misc_feature misc_feature tul
|so0 [1600 |za60 |3280 |a6ee B |s608 |640e - |7200 Bk
nisc_feature 6
I | A I A A N A 1 A A I (R 1 I Y AR |
i | I e 1 Tt [ A AT T A
S 1 A i I R 1 N I
STY00OS STYQR06 S

dk

RDYVWLQEIITGEID*K#IYRQQHMNKFRNVINLK
EITSGCKRS#QGKLIENKYIASST*TSFGM*SI#KFI
44 RLRLY ARDUHMNRGNMN®*LEKTIWMNTISPAAHEGQVYSETCDU OQFIKNMNLLT +

»

* L RR ADTLT .~
G

[TCTCT. AATGCAGACCAACG'IT CTCTAGTATTGTCCCCTTTAACTAAC ATTTATATAGCGGT CGTCGTGTACTT! G'I'I' CAAAGCCTTACACTAGTTAAN AAATAACTGAATCCGCCCGTCTATGARATTGG)

. S#TQNCSIMVYPSISQFYTIYRWCCMFLMNRFTTILIKEFTI®S®OQSLRASVYKVI
\/S I ¥VDPOQLLDYCPFMNTISFLYTIH AWLLVHYLKPTIHDTIS®F®MNTISKPPTC CI
. LNRRTALS®*LLPFQMNFTIFTIDGAACSTCTETSHTS®*NLFEKHMNV& K L W~
4 »

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

DS 337 2799 Orthologue of E. coli thra (AKLH_ECOLI); Fasta hit to AKIH_ECOLI (820 aa), 94% identity in 820 aa ove

misc_feature 343 369  PSE0324 Aspartokinase signature

misc_feature 2314 2382 PSE1042 Homoserine dehydrogenase signature

DS 2801 3730 Orthologue of E. coli thrB (KHSE_ECOLI); Fasta hit to KHSE ECOLI (310 aa), 94% identity in 308 aa ove 8

PS0627 GHMP kinases putative ATP-binding domain
5 < 373 Orthologue of E. coli thrC {(THRC ECOLI}; Fasta hit to THRC ECOLI ({428 aa), 03% ic
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 in 257 aa ove

misc feature 3068 3103

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 PS01054 Transaldolase signature 1
misc_feature 8049 8102 PSGO958 Transaldolase active site
DS 8729 9319 Orthologue of E. coli mog (MOG_ECOLI); Fasta hit to MOG_ECOLI {195 aa), 94% identity in 192 aa over'l
. misc feature 8933 8974 PSE1078 Molvbdenum cofactor biosvnthesis oroteins sionature 1
] »

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

the details right now.

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.

Sliders for scrolling along the DNA.

Slider for scrolling feature list.

A
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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!

© Artemis Entry Edit: S_typhi.dna

File Entries Select View [Goto[¥dit Create Run Graph Display

Entry: [v]S_typhi.
¥ bases 128 Start of Selection Ctrl-Left 1.18" /colour=7 /gene="STYQ004"/gene="thrC" /product="threon
End of Selection Ctrl-Right

Feature Start wieoconna NI TCUDURE TOED 0 000 ICRERRIED T OUTR W] 0=
Feature &0 shift-Period Tl L

0001 32
FHErer e
art of Sequence Ctrl-up

v] S_1 Navigator ... ctrl-6

FET 10 FRICTTHE N 10 End of Sequence ctrl-Dow T (e VA O R N | |||||||:C
. ‘ ’
Cllck Goto D Feature Base Position .. S‘g 1=

misc_feature Feature Anino Acid ... _ _feature
|se0 |1600 [2a00 (€7 4000 |ag00 |ss00 |s400 - |7200

isc_feature

[ e O A O N e N TR TR IR RN
1 | Lo FIEHiE 1 1 T O e MR
1 v B I Il | R 14 1

STYBOS STYQ006

MK

<]

RDY VWLOQETITITGETID®*«KS@#IYROQQHMNEKEFRNUWVVINLIKTIY®*LRR A4
EITSGCKRSS#QGKLTIENEKYTIASAZSSTH*TSFGMH*SI#KFTIDLGG (=
. RLRLVYARDHMNRGN®*LIKTINTISPAAHEA QY SETCDG QFIKNLILTS+AG
AGAGATTACGTCTGGTT! GCAAGAGATCATAACAGGGGAAA'I'I'GA'I'I’GAAAATAAATATATCGCCAGCAGCACATGMCAﬁG’TI‘I’ CGGAATGTGATCAATTTAAAAATTTATTGACTTAGGCGGGCY
20 40 60 80 100 120

[TCTCTAATGCAGACCAACGTTCTCTAGTATTGTCCCCTTTAACTAACTTTTATTTATATAGCGGTCGTCGTGTACTTGTTCAAAGCCTTACACTAGTTAAN AAATAACTGAATCCGCCCGT
. S# TQMNCSIMVYPSISOQFYTIYRWCCMFLMNRFTTILEKEFTIG®GOQ0SLRA
SsI vVDPQLLDYCPFMNTISFLYTIA® ALLVYHYLIKPTIHDTISG®FNTISEKFPFPC_]

LNRRT ALS®*LLPFQWNNFTIFTIDGAACSCTETSHS®*HNILFKNLWVYSAPLY
[« LT »

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

DS 337 2799 Orthologue of E. coli thra (AKIH_ECOLI); Fasta hit to sKIH 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 30638 3103 PSO0627 GHMP kinases putative ATP-binding domain

CDS 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

DS 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 PS01078 Molybdenum cofactor biosynthesis proteins signature 1 =

] S — st an gl

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:

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.

Q Highlight a region then, from the right click menu, select ‘Zoom to Selection’/

B wn

-5-
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4.2 Navigator
The Navigator panel is fairly intuitive so open it up and give it a try.

Entry Edit: S_typhi.dna
Cllck ‘Goto, ct View |Goto| Edit Create Run Graph Display
o prpmmlPhiavigator ... Ctrl-G
then NaVIgator bases 128 Start of Selection tri-Left .18" /colour=7 /gene="STYQ004"/gene="thrC" /product="threon
End of Selection Ctrl-Right |
T | Feature Start sst-conna (W IHETEEIIEE 0D 1 00 WM e e~
ribel e Feature End hift-Period
0 T T T . s 2 1 T 1 1 |
Start of Sequence trl-Up
FEE 10T PRWTT N T end of Sequence tr1-Down L O O V1
Feature Base Position ... SE)(C;
misc_feature Feature Amino Acid ... _feature mig
[Ee) |1600 |2460 |z280 |a000 |asee |s608 |sa00 - |7200
nisc_feature
[ | I 1 I A Y NN L o L I A e A O I N A
1 I Fomnn et 11 AV I e WAV
1 1y A A [ | [ 1d 14 I
STY000S STY 0006 5]
»

)
Check that the L O L LT Gl ® oto e Ty ot LR Rl

o ¥V ARDHNR RGN ~ i . I L LT+ AG
approprlate Search b TTGCAAGAGAT CAT AACAGGGGARAT Goto Feature With Gene Name: TTTATTGACTTAGGCCAGEH

. 20 4~ § o . 120
buttOl’l 1S on b AACGTTCTCTAGTATTGTCCCCTTTA Goto Feature With This Qualifier Value: AT AACTGAATCCRCCCET

HICERSHE IR AL I ) Goto Feature With This Key: .N 31 QS SK LP RP AC

I

— ’.e QgLLDYCPFHN
* v

‘%_T'N R R T AL S L L [E S Find Base Pattern: K N V & AP L’

DS 190 255 ort © Find Amino Acid String: ————————————————1a), 86% identity in :

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

nisc_feature 343 369 PSO . @ i -

misc_feature o314 2380 Pso Start search at: ® beginning (or end) selection

CcDsS 2801 3730 ort 0 aa), 94% identity

nisc feature
e

3068 3103 pso [
DS 373

3734 ort

4022 4066  Pso [/ o2 Tsite

misc_feature

cDS 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

DS 7665 8618 Fas Goto Clear Close

nisc_feature 7755 7781 PSO -

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 PS01078 Molybdenum cofactor biosynthesis proteins signature 1 =
AT AR Pmbien T mmiin e T L I AL AR T o mhn o s AL AT £ OF AR

] »

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.

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.

tRNA genes. Type ‘tRNA’ 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).

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.

[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). /

\_

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

Nothing selected ——\
im:bllllll IIEH I|IIIIIIII:IMIIIIIIIIIII AL LN T AT LT IIIIIIIIII- iy CDS

]I? I|| I||I |III|I|||I||I|I|I |I I|II| ||| |I| ||I|I||I:[>i |||III||II|IJ|||II|IIII|I|I||I|I||I|||I|IIIII ULITURRTTIND (L IIII|II|I||I||||||I||II:IHI|I||I| I|III||||I||IIIII||I|III:I> I| features
IIIIIIIII IIDIIIII:EIH IIIII|I|I|IIIIII|| II|| IIIII||||II|III T OO 0 OO0 AR II:IH[IIIIIIII I|III|I||III I|| | NI y II\IIII I N———
b iy T 3

misc_feature

I
Slmsmwfﬁ

;:os |2182400 Iglsazgg |2186800  |2180000  |2191200 |_2193=100 |_2195600 " |2197800 2200000 |22044 .

C T ] Misc

RES S

[T MR OO OO D00 R IIIIHIIIIIIIEIIIDIIHEIIII]DIIHEIIIIIIIIIIII I I I||III|||IIII||I|I|<1]IIII_I|I| [T i - features
IF FICIT O e e n I|I||||I|||II||I|||tEIIIIIIII:IIIIIIIIIIIICI II]IIIIIIIIIIIIIIIIIIIIIII||I||I|II IIHEIIIIIIIIIIIIII IH ||III|IIIIII|II||||| I rmm 1 ||IID,..—/
L RV T TR H:IIIIIIDIII I ||II|||||I:II||I|IIII|II|IIIIIIIIE:IIII|I Il III||II||IIIEII|I||| (TR lCl IIIIIC

STY235 STY2352  STY2357 STY2362 ¢ } STY2367
4 »

M # Y LYMNMNEKPTIVYS#TAWNSO GO GEEPTIPYSFDYYN®#HLLEKSECOTTIWEPNALYVNI/-
I NIFIITSOQLCKLRGIMNREKHNOQFLTLLITITINTY#NHNAEKTO GYGRTO OG®#T
ELISL®##0ANCVYNCVESTGRTNSLLF®*LLGQLTLTIEKTIMPHNNMAETRSK.I
AATTAATATCTTTATAATAACAAGCCAATTGTGT ARACT GCGTGGAATCAACAGGAAGAACCARTTCCTT ACTCTTTTGATTATT ACAATTAACACTT ATTARAAT ASTGCCARACAAT ATGGCCGAACGCAGT ARAC,
|2188940 |2188960 |2188980 |2189000 2189020 |2189040 |2189060
TTAATTATAGARAT ATTATTGTTCGOT TAACACAT T TGACGCACCT TAGT TGTCCTTCT TGO TARGOAAT GAGAAAACT AT ARTGTT AT TGTGAAT AT TTTATTACGGT T TGTTAT ACCGGCTTGCGTCATTTG)
F#YR#LLLGTITTYVYAHEF®*CSSGTIGGE#ETKST SFHF®#L #CKNFYHWYTIHGFATF.I
I LI KIIVYLWMNHLSRPILLFFWNRYRKTITIVYTILV#$#FLALCYPRYCYVY

4 »
CDS 190 255 orthologue of E. coli thrL (LPT_ECOLI); Fasta hit to LPT_ECOLI (21 aa), 86% identity in 21 aa overlaj~
DS 337 2799 Orthologue of E. coli thra (AK1H_ECOLI); Fasta hit to AKIH ECOLI (820 aa), 94% identity in 820 aa ov
misc_feature 343 369 PS00324 Aspartokinase signature
misc_feature 2314 2382 PSE1042 Homoserine dehydrogenase signature
DS 2801 3730 Orthologue of E. coli thrB (KHSE_ECOLI); Fasta hit to KHSE ECOLI (310 aa), 94% identity in 308 aa ov
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 ov
misc_feature 4022 4066 PSQ0165 Serine/threonine dehydratases pyridoxal-phosphate attachment site
cDS 5114 5887 ¢ Orthologue of E. coli yaad (YAAA_ECOLI); Fasta hit to YAAA ECOLI (258 aa), 86% identity in 257 aa ov
DS 5966 7396 ¢ Similar to Bacillus subtilis amino acid carrier protein alst ALST SW:ALST_BACSU (Q45068; P40743) fas
misc_feature 7001 7138 ¢ PSG0873 Sodium:alanine symporter family signature
DS 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
cDS 8729 9319 Orthologue of E. coli mog (MOG_ECOLI); Fasta hit to MOG_ECOLI (195 aa), 94% identity in 192 aa overl

5 nisc feature 8933 8974 PS01078 Molvbdenum cofactor biosynthesis oroteins sianature 1 5 ¥
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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,
derophilicity and coiled-coil regions for the protein product of the selected CDS. J

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
KGC 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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VU TR AT e n III.ITIIIIIIII:|IIIEIIIIEIIII]IIIIIEIIIIIHIIII\III I I |||II||||IIIIIIIIIIM]IIIIII-IIII T
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K CKMNNTIFHFIPSYFSSSRGKLTITIFTITIWSPOQKASTITIRITYTTI 14
I NAKTITIYFISFPQFFPWVPGYMNLS®YLLSGYPKIKPVS#SGLPTIFPS,|=
# M Q K# Y I SFHSLSFFQFQGS#TYWNTIYYLESPHKSOQYWMNO QDYLYHH
[TAAATGCAAAAAT AATATATTTCATTTCATTCCCTCAGTTTTTTCCAGTTCCAGGGGT ARACTTATAATATTTATTATCTGGAGTCCCCAAAAAGCCAGT ATAATCAGGATT ACCTATACCATCAC

2193480 2193500 2193520 |2193540 |2193560 2193580
ATTTACGTTTTTATTATATAAAGT AAAGT AARGGAGT CAAAAAAGGT CAAGGT CCCCATTTGAATATTATAAAT AATAGACCT CAGGGGTTTTTCGGT CATATTAGT CCTAAT GGAT ATGGTAGT(
LHLFLTIWMN®*ZKMGE

F A F I I Y KMIENG®*MNKG GTG GPTFHKYYZKMNDPTG GLFGTYDPNGTIGTD S
I

CFYVIEN*ERLKKWNWPHV#LI##RSDGFLWYL*S&‘R‘{W*‘,L

Ll I [»]
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 enteropathd=|
CDS 2198696 2199031 ¢ Unknown function. Contains hydrophobic, possible membrane-spanning regions
RBS 2199036 2199040 ¢ possmle RBS =

« [»]

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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ﬁ To make this process faster and clearer, switch off stop codons by cIicking\
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.

To de-select the
annotation click here.

Artemis Entry Edit: S_typhi.dna

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

Nothing selected
GC Content (%) Window size: 500

\MWMWWH AN FATNN PN

D D I | — [4]
Mr2343 STY2345  STY2348 STY2371
=
STY2349 STY2369
D —>
STY2344 TY- srvz;zw srlfl)zaes b No stop codons
Smallest Features In Front ; ;
RBS misc_feature mis¢ RES t
0 2182480 |2184600 |21 |[7193400  [2105600  |2197800 |_2200000(l |2202200 ShOWl’l on frame
> Se Feature Kl q q 1] :
Lower Selected Features RBS RBS R?US RBS llnes
Zoom to Selection STY2359 161 STY2368 1aB
Select Visible Range 0 a
Select Visible Features BTY STY2?§§- STY2366
Frame Line Features ... STY2362 3 | STY2367 Ez
kil Entries » |
KN KcKNRNTFHEF ootect "k LI I FIIWSPQKASTITIRTITYT][4
K I N AKTITIYFTI| View PN L#YLLSGVYPEKEKPVWYS#SGLFPTIP
K # M Q K# Y I SF| Goto »» T Y NIYYLEGSPEKS QYN GDYLY
AAMTMATGCAMAA[MTATA’I‘I’TCATI" Edit ) MAACTTATAATATTTATTATCTGGAGTCCCCARAAAGCCAGT ATAATCAGGATTACCTATACC)
460 2103420 L]
TTTTATTTACGITITTATTATATARRGTAR]  Create * TTGAATATTATARAT AATAGACCTCAGGGGTTT ITCGGTCATATTAGT CCTARTGGATATG
F LHLFLTI N * K| Write »’S T I N T T OQLGWEF®ALTTTLTIUVV+V
FIF&FTTIY KMIE Rin »F KYYKMNDPTGLFGTTYDPHNGTIG,||
FYICFYYTIEHMN v # L I # # RSDGFLWYL*S&RY W
q [J Start Codons »|

[0 Stop Codons

in |~

DS 190 | Feature Arrows \L (LPT_ECOLY: F z
(&5 337 2 ECOCT) ; . frity
misc_feature 343 ¥ Feature Borders nature Menu 1tem for de_
misc_feature 2314 2 ¥ Feature Labels ogenase signatur )
o0 208 31 one Line Per Entry B, (KHSE_ECOLT); selecting stop codons my’ 5
[0 Feature Stack View LI

™ Forward Frame Lines

¥ Reverse Frame Lines

[J A1l Features On Frame Lines
[J Show Source Features

O Flip Display

[J Colourise Bases
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/3. One final tip is to adjust the scaling for each graph displayed before zoomirh

out. This increases the maximum window size over which

for each graph displayed (if you get an error message press

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

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

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

a single point for

continue).

/

© 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 Al

3 Graph scaling
menU \ Set the w:ndnv Size. =

| W show average

Set Min/Max Values..

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

|

© Set Window Size booo  |2101200  [2193400  [2105600  [2197800  [2280800  [2202200  [2204
E’ [2000¢]
Set Window Size Cancel ‘

il

KNKCKNNIFHFIPSYFSSSRGKLTIIFITIWSPOQKASTITIRTIT
KINAKIIVFISFPQFFPvPGvNvaLLSGvPKKvaSGLPIPT
9 YISFHSLSFFQFQG#TYHNTI LESPKSQYNGQDYLYH
MAATAAATGCAAMATMTATAWTCATITCAT[CCCTCAGTI'WT[CCAGTTCCAGGG(:‘rAMCTTATMTATITAT[ATCTGGAGTCCCCAMAAGCCMATAATCAGGAWACCTATACCI
346!

\"J

TrrrATrrAcGrrrrTATTATATAuGrAAAGTAAGGGwrcuAuAGGrCMGGrccccATrrGMTArrATAAATAATAGAccrcAGGﬁGrrrrrcGGrcATATrmcchTGGﬂAmm

LFL TKEL P L INIIQLGWEF&a IV o+ VN
FIFAFIIVKHENG"NKGTGPTFKVVKNDPTGLFGTVDPNGIG
‘FVICFVVI ERLKKWNW‘PVVxLIxxRSDGFL Y W~
« I »

’___

) Artemis Entry Edit: S_typhi.dna

File Entries Select View Goto Edit Create Run Graph Display
Entry: [v]S_typhi.dna []S_typhi.tab
656101 selected bases on forward strand: 295246..951346
GC Content {%) Window size: 20000
3521997 @™ 58.73!

y iy J\AM?\J‘M JKMMMA.MW P ST 52.00
WW‘“WWWW A A

I [

/)

|524900

1049800  [1 |2624500  |3140400  [3674300  |4199200  |4724100

!

< Il I [»

K MW KCKMNWNNIFHFIPSVYFSSSRGKLTITIFITIWSPO QK ASTITIRITYT]
K INA&KTIIYFISFPOQFFPVYPGVYMNLGS#YLLSGYPEKEKPVYS#SGLFPTIP
K # M 0K #YISFHSLSFFOQFO QGG®TYNTIYYLESPEKSOQYNODYLYH
ARANT ABATGCARAANT AAT AT ATTTCATTTCATTCCCTCAGTTTTTTCCAGTTCCAGGGGT ARACTTAT AXT ATTTATTATCTGGAGTCCCCARAAAGCCAGT ATARTCAGGATT ACCTATACCA
460 |2193480 |2193500 2193520 [2193540 |2103560 2193580
TTTTATTTACGTTTTTATTATATAAAGT ARAGT AAGGGAGT CAAAAAAGGT CAAGGT CCCCATTTGANT ATT AT ARAT AAT AGACCTCAGGGGTTTTTCGGTCATATT AGTCCTAATGGATATGG1
FLHLFLTIMN®*EKMGETEKELELPLSTITINTITIQLGMWEFALTITILTIVY+ VK
FIFAAFTITIYKMENG G®*HNEKGTGPTFEKYYKHNDPTGLFGTYDPHNGIG
FYICFYVIEN*ERLKKWNW&YV#LI##RSDGFLWYL*S#RYW\
< Il [
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Slider for
zooming out

/

ﬁ?lick 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 th

highlight a region on
the main DNA line.
Notice  that  the
boundaries of this
region are = NoOw
marked in the graph
windows that you

Qreviously clicked in/
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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

»

4359693 58.28
4409511
AN 4543072 o1
43,65/~
"1 o pOpP DODD NBB O B b D 13 [ S (=]
S STY4481 1 dmsB 50€ STY4526 535 pilk STY4564 457 STY4 STY4599 STY462¢ STY4648 € STY cII r ecna
) D 0D mOOOODDDN DD BOD D b b '®
S STY4480 melB dms STY4518 4528534 1 S € STY45 STY457¢ STY4595 pE  STY462 cI TY4649 STY4663 67 672 yjel yjeM)
D D DIOD DODD 00D D D b o B B0

STY4474 8 ;TY44f STY4497 S STY4517 1524 pilP Ll ST STY4565 ST S STY4504 STY4647  STY4664 ecnE yieN
B b L} [ VN VN 2 VR 2 13 wr b
misc_feature reture misc_f misc_feature yre init + misc_fe RBS misc_feature SopE misc_feature _unit iture misc_ misc
0 |d3s8000  [4387500 %;07000 |4426500  [4446000  |4465500  |4485000 4504500 |4524000 {Emasoe 456301
4 I | J J | Ei WK J 4 U4

misc_f misc_feature sc_featr SPI-7:ature eat_unit _unit misc_feature f misc_feature eat_unit .sc featur misc m: m
w4 REIN]

acs  STY4 STY4492 mE € STY4S13  pilN 'pilv2 STY4SE S1 STYASC STYds  STY46dl insa  STY STY4675 1 ecnR 3
4 44 €0 q

4 <1] g 4@da qaa J4m
y- STY4485 19 STY450( STY4516 STY4580 STYe STY @ S ¢ STY4632 38 1insB iB STY4674 581  frd y |
q @ <1]<l] <D’~]l 4 a0 @ Qd
STY4487 44¢ dcuR_ phoh STY4582 STY4' 'pin 516 ! STY4633 37 exB tvid S STY4¢ STY4686 'dC  y1v
< | T »

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.
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File Entries Select View Gotg gdit| Create BRun Graph Display
Entry: [v]S_typhi.dna [v]S_typhf.1 U
136810 selected bases on foryfrd g "¢ .
GC Content (%) Window size: Y683 | Selected Features in Editor Ctrl-E =
4359693 o8 Subsequence (and Features) 58.28
. ‘ )
J}q Click "Edit Find/Replace Qualifier Text ... acacos
|| Qualifier of Selected Feature(s) » Click ‘Ed|t
™ Selected Feature(s) » subsequence 3
Move Selected Features To » q ,
Copy Selected Features To » (and featureS)
Trim Selected Features »
m Extend Selected Features » T OF T 1 o b =
.ggnumgl | dmsB@o[sD S| Fix Stop Codons DSTMGEEXS;MG:IB DE[DSTY ILC{[I>I E'B ecmﬂ\.> |
S STY4480 meld dns STyas] Automatically Create Gene Names STY462 cI TY4649  STY4663 67 672 yjel ylﬂem
e B D D DD | Frx Gene Names b o 1 r
?‘Ygtﬂtl 8 iTY44t %"(4497 S STY451| Bases » STY4647 STY4664 ecnkE yjeN
: : P P ]
misc_feature reture c_f mis Contig Reordering ure SopE misc_feature unit iture misc_ misc_i
0 |azes0on 4387 440708 Header Of Default Entry 85000 4504500  |4574000 ﬁ543500 456386 |
1 L — q il il L K1 | 4 ®WKHI U=
misc_f misc_fea (Ie sc_featr SPI-7:ature eat_unit _unit misc_feature f misc_feature eat_unit sc_featur misc m: mi—
STY4513 pilN ‘pilv2 STY458: S1 STY4G STY46.  STY4641 insh STy STY46753%  ecnR3
Select region b G @NMa@na o@a Q. 448 &4
g y Pt STY4516 STY4580  STYe S’Iﬂq]' S@S%463§]3§] iﬁ iB @%4674 381 frd y j.c
CIICkIng Wlth the phol STY4582 STY4! 'pin S 16 ! STY4633 37 exB tvid S1 STY4¢ STY4686 dC vy E
left mouse button L] E
& dragging

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

Note the entry names

[vIno name [v]no name
Nothing selected

o Artemis Entry Edit

elect View Goto Edit Create Run Graph Display

have changed

T T 11 s s [ 1 A1
STY4525  STY4526
TRV T | 1 T A
STY4522 STY4528
IEEE T Il T 1 o1 T
STY4521 STY4523 STY4524
misc_feature I
|1608 |2400 " |3200 |as00 |ase0 |ss08 |sa00 |7200 —

560

&

RN -
FITT

i I I U
PO e e
[ PrEErrmenrr e

|11 [}
(IR

PO e

LT O T T A e A A (A
LR T R A N |
(R (N

S I VGNPLSHTSPS#MNEKPPYHSGK

L] [+«

Q0L vV
SSLFPSWGTLYRTIALKTISLLTITIAE
I FSTLIGSASSAACFHRGEPFTIAS+FPLIKSBS®ASLS+ RK

selected.

Note the bases i AN
haVe been IET0T I (T

| T T O R U
renumbered \f‘hjw .
from the first RIFWLYFFPRLY
base you CTACTGGCGAGAATA

GGCTATA CCACGCTTATATCTGCATCCTCAGCAGCTTGTTTCCATCGTGGGGAACCCTTTATCGCATAGCCCTTAAAAT AAGCCTCCTTATCATAGCGGAAAS

GATGACCGCTCTTATAAGACCGATATAAAAGGT GCGAATATAGACGTAGGAGT CGTCGAACAAAGGT AGCACCCCTTGGGAAATAGCGT ATCGGGAA ATTCGGAGGAATAGTATCGCC
. SALINQSYKGRKYRCGH*TCSTEMTFPFGKDTCLGS®#FLGG®G®# * L F

[1ee l120

<> RSYEP+ T KWA# I QMRLLUKMNGDHPVYRSRMARLTILRRTIMAS L]
IVPSF A T N E V S T D ADEAAQKWRPSGKTAY GKFEFY AEKTDYRFEF (Y
«ln »
CDS <1 271 ¢ Similar to Salmonella typhimurium nonspecific acid phosphatase precursor phoN SW:PHON_SALT~
M tRNA 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 Pl Ban helicase TR:080281 (EMBL:AJ011502) (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:AL031866) (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)AABAA{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:AFO0G001) (664
cDS 12854 13303 no significant database hits
CDS 13384 13602 doubtful CDS =
a0 T ] feenn a 22 hiind R 1
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\_ being over-written.

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

@ ® @ Artemis Entry Edit

Eile‘ Entries Select View Goto Edit Create Run Graph Display

Read An Entry ...
Read Entry Into

Show File Manager ..

Read BAM / VCF ...

L 11y o MV [ AR 1/

Save Default Entry
Save An Entry

STY4525  STY4526
ctrl-s I TR AR COT O Emn T e e e nc—y

Save An Entry As
Save All Entries

] - STY4528
Y| New File »[no_name o T TR
EMBL Format »( no name STvasz4

Write

»| GENBANK Format 4 =

Clone This Window

Print...
Print Preview

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

Sequin Table Format  » @ |ase0 |sse0 |6a00 [7200
GFF Format »

T T 1 1 B A
(O T T 1 A BT A

| EMBL submission Format» | |11

Open in DNAPlotter

(IRl L T A o O O A O A R A U IR NI

Preferences

Close

»

+ I KW A& T

LLARIFWLYFPRLYULHPI QGQRIQLYV
¥YWREYSGYIFHAYTITCTILSSLFFP

. TGEWNTILAIFSTLTISASSAACFHRGEPFTIWAS+FPLIEKS®ASLS+ RK

ICTACTGGCGAGAATATTCTGGCT ATATTTTCCACGCTTATATCTGCATCCTCAGCAGCTTGTTTCCATCGTGGGGAACCCTTTATCGCATAGCCCTTAAAAT AAGCCTCCTTATCATAGCGGAAAC

S I VGNPLSHSPSNKPPYHSG K:E
SWGTLYRTIALIKTISLLTITIAE S§=

120

20 40
(GATGACCGCTCTTATAAGACCGATAT AAAAGGTGCGAAT ATAGACGT AGGAGT CGT CGAACAAAGGT AGCACCCCTTGGGAAATAGCGT ATCGGGAA ATTCGGAGGAATAGTATCGCCTTTC
. SALINGOQSYKGRKYRCGH*TCSTEMTFPFGKDT CLGS#FLGGS®$*LPF
+ Q RS Y EFP

M RLLKMNGDHEPVRS#RMARLTILARRTIMAES.L

VP S F T

R A T N EV ST

9
D A D E A A Q KWRPS G KTIAYGHKTFYAEIKTDYRF v
»

|« L]

DS

Il tRuA
misc_feature
CDS
CDS
misc_feature
CDS

CDS
CDS
CDS
DS
misc_feature
DS

CDS
CDS
CDS

1l

<1
975

271 ¢
1038 ¢

975 134536 ¢

1116
2147
2777
3504
5472
5905
6571
7373
8718
9302
10192
12854

2150
3511
2800
5303
5777
6486
7128
8716
9154
10081
12186
13303

LacaE A

Similar to Salmonella typhimurium nonspecific acid phosphatase precursor phoN SW:PHON_SALT~
possible truncated tRNA Phe. E
The major Vi antigen pathogenicity island (SPI 7)

Weakly similar to the C-terminus of several polysaccharide biosynthesis proteins e.g. Str
Similar to Bacteriophage Pl Ban helicase TR:080281 (EMBL:AJ011592) (453 aa) fasta scores:
PSEO017 ATP/GTP-binding site motif & (P-loop)

no significant database hits

Doubtful CDS

no significant database hits.

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

no significant database hits

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

no significant database hits. Contains a hydrophylic region in the N-terminus between resi
Previously sequenced Salmonella typhi topolsomerase B TopB TR:Q9RHFS (EMBEL:AFOQ000L) (664
no significant database hits

doubtful CDS

P mrim Lo mm masminn

[4]

P TO_AADLIEA fCEL

D

PP DU OOV S SR DR T T DU SO S

/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
\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’.
eventually copy all our phage-related genes into here.

We will
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Click ‘Select’

@ ® @ Artemis Entry Edit

»

Select | view Goto

Edit Create

Run Graph

then ‘Feature
Selector’

Make sure the buttons
are selected

- )
i wimialy Feature Selector ...
Selected featu| All
— A1l Bases
I 1 wone
B R ey
CDS Features without /pseudogene
IETE 100 T0 | 810 cos Features

Same Key
Features Matching Qualifier

and Qualifier to
‘colour’

Set Key to ‘CDS’

Type search term

Click to select
features containing
search term

Click to view

|8q Open Reading Frame
Features Ov
Base Range Igo1ect by:
Feature AA
w — v| Key:
| N | V] Qualifier:
Containing this texiy
—r RIFwL v ¥Idngg
Match Any Word
- and
GATGACCGCTC'I'I’ATAAGACCGATATA Up to:
. S ALIWNTZGS
+QR5YEP+IAnd:
‘m“P £l ns At least:
oS a And:
M tRNA 975 Up to:
misc_feature 975 1
CDS 1116 And:
DS 2147 .
misc_feature 2777 At least:
¢os 3504 and:
CcDS 5472 |7
DS 5905
6571
7373 |And by:
i 8718
CDS 302 Amino acid motif:
DS
cbs cward Strand Features
DS 13384
1l

Display
4 lfclass="5.1.2" fcolour=12 /gene="STY4600" /product="putative positive re
1 1 e s M A (R T
STY4525 STY4526
M0 TREE OOyt e e ren e nc——_
STY4528
1 o T T
BTY4523 STY4524
4000 4500 |s600 |s400 |7200 =
[ 1/ (A A [ O
cos h 1 e | (RN RN I
colour A I e e e AR AN TR R
12 ]

v] Allow Partial Match S HSP#NKPFPYHSGK

RIALKTISLLTITIG®AE

I A+ PLKG®SASLS+REK
(TCGCATAGCCCTTARAATAAGCCTCCTTATCATAGCGGAAA

[100 [120

bases long AGCGTATCGGGAA‘IT[TATTCGGAGGAATAGTATCGCCT]‘I’
LG#FLGGG®#®*LFPF
RMARLILRRIMASL
A Y G KFY A EKDYRE

me

v |4l

bases long *

] Select » View
»

selected
features in a list

exons long
)
exons long

Contains introns without GT/GC start and AG end

v|Reverse Strand Features

Close

\

id phosphatase precursor phoN SW:PHON_SALT

mD

saccharide biosynthesis proteins e.g. St
81 (EMBL:AJ011592) (453 aa) fasta scores:

81 (EMBL:ALO31866) (193 aa) fasta scores:

TGGT (4/- ) (T/C)AAAAA(A/G)T,
ylic region in the N-terminus between resi
-ase B TopB TR:QSRHFS (EMBL:AFD00001) (664

Select View

feature list

Goto

65714
66178
66464
67561
68046
70819
70953
71310
71835
73542
74462
74876
76492
77090
77985
78341
78988
79427
79954
80379
80761

Edit Write
no significant database hits

66091

66396 ¢
67564 ¢
68046 ¢
70826 ¢
70038 ¢
71255 ¢
71825 ¢
73007 ¢
74264

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

Run

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

Escherichia coli prophage P2 Ogr protein SW:OGRK_EC

Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage

P2 late gene control protein D 9: VPl
P2 complete genome U essential tail |
186 protein G TR:(37848 (EMBL:U32222]
186 Orf52 H TR:080316 (EMBL:U32222)

P2 complete genome E, essential tail
P2 major tail tube protein fII 9W:VPF
P2 major tail sheath protein fI SW:V

Salmonella typhimurium invasion-associated secretec

Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage

P2 probable tail fiber assembly prote
P2 probable tail fiber protein SW:vPH
P2 tail protein I SW:VPI_BPP2 (P2670:
P2 baseplate assembly protein J SW:vi
P2 baseplate assembly protein W SW:vi
P2 baseplate assembly protein V SW:Vi
P2 tail completion protein S SW:VPS_E
P2 tail completion protein R SW:VPR_E
P2 protein LysB protein involved in 1

no significant database hits. Contains possible membrane span
Similar to Serratia marcescens putative phage lysozyme NucD Thv

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.

J

remain.

menu and then selecting ‘All’

Features To’ then ‘no name’

Firstly in window (6) select all of the CDSs shown by clicking on the ‘Select’
. All the features listed in window (6) should now be
highlighted. To copy them to another entry (file) click ‘Edit’ then ‘Copy Selected
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
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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 s -
v] Qualifier: product -

Containing this text: [regulator

v]Ignore Case v] Allow Partial Match

Match Any Word

And

Up to bases long
At least: bases long
o Space for a search
W to exons long . .
e 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 [¥]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.

12 D ] 4l
STVa559 STYa628
o>
sopE STY4627 cl Y4645
[ ]
ls2000  [sesco [esoeo 71500 lpeoco  |sasoo  [ewooo  |o7soo loaooo 110500 11700
aga 4 a @ED@E a qa =
STY4600 STY4604  STY ¢ 618523 5 ST STY4641 insh
@¥E00 «l] a a @ a
STrasol STY46] € ST STY4522 46 STYA STY4632_STY4638 1 insB
I 5W4‘ STY4605 STY4614 1619 STY4630 STY4637 =l
Il >
PYGAELPRQPVP 1FLDTEIFGAAQGCLRYGHsﬂEMATNLLA
S T 0 2 S S 0 Y i=|

W 0 o, T S S W T N
e e e
0 65400 [B522 [B5460 [B5480

TGGTGCCTTGGACATGGAACTACTTATARAGACCTATGGCTTT chccrcGAcecGrrocAAcmm@cﬂmcccrucrarrcmaccmcmccnm
G Y P AS S GRCGTGQHTINRSYSIGPAACPQRRYPHWECSTIAVTFRS
0

‘TRRLAVVAVQVKIFIEPYRFELLQAL‘NGGTHGMVLFPSLGV'
Il

oS 65437 65614 n ficant databeee it B
s 65601 65110 erichis coly p ophage P2 0or protein SKOSRCECOLL () (72 aa) fasts scores
s 65187 67287 c rol protein D 9W:PD_BPP2 (PLOSL2) (367 aa) f

opha < 5 oon it sesentinl tel prateln TRidsials (el e
8 (i

7760 7054 185 p 7ass (L 2zze) (612
s 70542 70661 ¢ riophage 19 0 32222) (8 as) fes(a scores
70676 70978 phage P2 cor 1 tail p Seins o e
2

s 71033 71548 phage F: " (P5sn 11 el
cos 71558 72730 ¢ opha _BPP2 (P22501) (395 aa) f
3265 7398 typhinurs secreted protein SopE TR:052623 (EM
s 74185 74592 ¢ riophat It enbly protein G SH:TFA_BPP2 (P26699) (
74599 76211 tein SH:VPH BPP2 () (680 aa) fasta scol
s 76215 76820 ¢ Similar to FF2 (F26701] (176 aa) fasta scores: E(
cos Tea13 77721 ¢ smur to bly prntem 3 SivPD_EFP2 (Pol7er) (302 as) fa
s 77708 78067 ilar to 1]
cos 7800478642 < sm\ar 10 Bactoriophade 2 baseplate scsendly pr rotean ¥ 9H: VPV BPP? (Pamo) i aa) fads
Ll BT [l

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. ]
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( 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
L because not all entries are accepted by the EMBL database.

™ ® @ Artemis Entry Edit

. ‘ ’
C||Ck Select File Entrigyy Select View Goto |Edit] Create Run Graph Display

‘ ’ Entry: [vlspi7.dna [v]spi7.tab [v]| Undo tri-L
then AII 232 selected features |
Selected Features in Editor trl-E
Subsequence (and Features) ‘ IPD D“
STY4583 ! STY4589 STY45] S yihP STY.
DD m DD Find/Replace Qualifier Text ... | m n;
4579 S STY STY: ST _STY4595 | Qualifier of Selected Feature(s) » STY4645 1649 STY46
‘ o Selected Feature(s) i‘
4584 ¢ STY4 STY4594 STY4647 STY466
Move Selected Features To » Ty B
a ‘ Ay RBS Copy Selected Features To » spi7.dna nisc_feature IS at_unit misc_f
Click ‘Edit : then b ses0 = 7 tah  [902 |104008 I110500 I11700£ﬂ
‘C S 7 Trim Selected Features »| SpP1/.1ab l T
;- hage. tab
(0] eIeCted Extend Selected Features »| Phag fture mi mls%‘t Uit
py 0 b ises H;u’sr Fix Stop Codons Wl . DD —
FeatU reS TO DD Automatg Create Gene Names D m]ap K Vixu e
ene Names ra6: Il 340 vex( tv insB tle
‘ q Bases y|
STY4582 | = 116% STY4637 vexE ' vexh tv1i tvm ~|
| Contig Reordering »
¢ 1 2 Header Of Default Entry
3 R Q P V Q G CLRY GHSQEMATNLLA-
SeIeCt Spl7'dna-lGNLYLDEYFWIPKFDELRK\"ASGMAIHKKWROTYR*‘
PV

TATCTLMNISGYRNSRSCARLPPVWPFTRNGDKPT
5 --rql AAGA AC

G Y P A S S G R C G TG V S I GPAACPQRRYPWETCSTIA AVYFRS

RY ACL+WPLRYRSSYKOQIGFMNWSSRLTAEPTIAM®*LFHRTCYV + K

TRRL AV Y AV QVKTIFTIEPYRFETLLIQAL [N G GTHGMNUYLFPSL GV kK
Il

sequenced ¢
quenced ¢
quenced ¢
quenced ¢
qupncm:l
unit
feature

at unit
protein: 0 a typhimurium
ble membrane spanning mdrnphnbl( domain

{EMBI

Artemis Entry Edit
. = ’
File| Entries Select View Goto Edit Create Run Graph Displa
Click ‘File’ then [y 8 fnee select wiew Goo g create fn arah pisrley
Show File Manager ... Wb
‘S Read An Entry ...
ave An Entry Read Entry Into >
A v Read BAM / VCF m igng
S STY4628 S _yihP
Save Default Entry tri-s | —_ d
Save An Entry » | sopE STY4627 STY4645 1649
Save An Entry As M New File » 4617 Srasd
Save All Entries EMBL Format » |
Write »| GENBANK Format » nisc_feature ISl at_unit misc_f
Clone This Windo Sequin Table Format » 0 91000 |97SOO |104000 110500 117000
W
¢ GFF Format » 1
Save As Image Files (png/svg)... —_— tra misc feature mi misc _repeat_unit
— wmssslp-| EMEL Submission Format® spi7.dna < JFl 0 S
5 A o 1604 STY ¢ 't STY462 5pi7.tab STt apl 4l 14 vexD insd
P
upmission ERALEVTEY =l hage . tab
, Open in DNAPLotter STV S o <|l 4¢ P92 180 Be: eIt a0 vex( tv insB __tviB
m 1
For at Preferences STY STY4618 STY4630 162 STY4637 ] vexE vexA tvit tvid "
I »

T EI PG A AQGCLRYGHSG QEMATNL L4
E L B K _V A G M A H_K W R O T Y F=

6 | Select
‘spi7.dna’

G P
RYACL+WPLRYRSSYHKQIOGFMNWSSRLTAEPTIAM®*LFHRTCYVY
TRRL AV YV AV QV KTIFTIEPYRFETLLDQA LDN G GTHGNVWVLFPSLG V H'

[« [»
“wrsc_reatare Zrooo—zrory ORI T IS TET aSES T Tas I Py T LUUAS T PIUSPIa T gL LA T 51 Te T=
. CDS 22286 23371 Previously sequenced Salmonella typhl PilR TR:Q9ZIVG (EMBL:AFO00001) (361 aa) fasta scoreg
Save flle aS DS 23371 24006 Previously sequenced Salmonella typhi PilS protein TR:Q9ZIUS (EMBL:AFO00001) (206 aa) fas
CDS 24016 24492 Previously sequenced Salmonella typhi PilT protein TR:Q9ZIUS (EMBL:AFGEO0E1) {158 aa) fast—|
7 . CDS 24489 25151 Previously sequenced Salmonella typhi PilU protein TR:Q9ZIU7 (EMBL:AFOO00G1) (220 aa) fast
Sp|7 embl DS 25148 26455 Previously sequenced Salmonella typhi Pilv TR:0S1801 (EMBL:AFO00001) (435 aa) fasta scoreg
- W repeat_unit 26181 26209 19 bp repeat unit required for rcl mediated inversion of the pilV C-terminal region. Seque
misc_feature 26191 26718
CDS 26457 26717 ¢
W repeat_unit 26700 26718 ¢ 20 bp repeat unit required for rci mediated inversion of the pilV C-terminal region. Seque
DS 26803 27954 Previously sequenced Salmonella typhi Rei TR:0S1802 (EMBL:AFO00001) (383 aa) fasta scoreg
DS 28051 28518 Weakly similar to Escherichia coli plasmid IncIl R64 PilK protein TR:007369 (EMBL:D88588)
CDS 28730 29605 Weakly similar in parts to similar to transferase proteins from Salmonella typhimurium, Tr
CDS 30112 31026 No significant database matches. Contains a possible membrane spanning hydrophobic domain
CDS 31045 31785 no significant database hits
DS 31899 32450 Similar to Rickettsia prowazekii hypothetical protein TR:Q9ZDS6 (EMBL:AJ235271) (290 aa) f
CDS 32486 32986 no significant database hits
CDS 32996 33565 Weakly similar to Salmonella typhimurium plasmid pkMl1G1 hypothetical protein TR:086957 (EW~
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Now open the EMBL format file that you have just created in Artemis.

o Artemis Entry Edit: spi7.embl

File Entries Select View Goto Edit Create Run Graph Display
Entry: spi7.embl
Nothing selected

| — 1 A A 1 T I
STY4521 STY4523 STY4524
FEEE 0 e rremen e wmer e meeme - eeeer 0 i e T i e
STY4525 STY4526
1 T O O A 1 Tl
STY4522 STY4528
misc_feature mig=
200 1600 2400 3200 4000 4800 5600 6400 7200

tRNf\ jlfeature

1 O I AU MU L e 1 1 A
LT e A R L 11 A 1
N 0 A 1 1 1 M A A Y

g ]

E# VY VPGLGIEPRTRGFSTIPLSEKS+TPL®*LFELTUYAGRRTHSNEK
M KWCPDSESNHGHG GDTFO QSPCOQKVYRHRFDFLNWAEFQQAGETHTIRTIH
.1 SGARTRMNRTTODTGIFMNPLUWYEKEKLTDTA ALTEF®*TIGSRUGAMNTTFE#
GAATAAGTGGTGCCCGGACTCGGARTCGAACCACGGACACGGGGATTTTCAATCCCCTTGTCAAAAAGTTAGACACCGCTTTGACTTTTTGAATTGGT AGCAGGCAGGCGAACACATTCGART AL
|20 laa |82 80 100 120
ATTCACCACGGGCCTGAGCCT TAGCT TGGTGCCTGT GCCCCT ARRAGT T AGGGGAACA
.Y TTGPSPISGRVYVRPMNETITGEKTDTFLT $VWYOGS QSKSHNTAPLTP RTYTC CETF.L
FLHHGSESDFMWPCPSEKT®*DG O ®*FTLCREKSEKEKF QYCAPSCMRTIEF
lI]LPARVRFRVVSVPIKLGRTLFNSVAKVKQIPLLCAFVNSY]
4| ll

[l ] [+l

v«

tRNA 1 64 ¢ possible truncated tRNA Phe. ||
W misc_feature 1 133562 ¢ The major Vi 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:
[ nisc_feature 1803 1826 PSEOOL7 ATP/GTP-binding site motif A& (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 Yersinila pestis orf 77 TR:Q9Z381 (EMBL:ALO31866) (193 aa) fasta scores:
cDS 6399 7742 no significant database hits
W misc_feature 7744 8180 Low G+C region containing repeat region with 1OxTGGT(4/-) (T/C)AARAA(A/GIT.
8328 olo7 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:QSRHFS (EMBL:AFOOCCCL) (664
cDS 11880 12329 no significant database hits
DS 12410 12628 doubtful CDS —
n Ad Preyin e el

/Y0u 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’

kfunction. j
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Artemis Exercise 4

This exercise will introduce you to database searches and will give you a first insight in
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 ApcC 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).

Select CDS

Entry Edit: S_ty, hi.dna fy @ &= o) 1312 H
File Entries Sefect View Goto Edit Create |Run| Graph Display
Entry: [v]S_typhi N []S_typhi.tab NCBI Searches > [
Selected feature: Mses 1466 amino acids 483 | Pfam Search /colour=11 /gene="hpcC" /gene="STY1136" /product="5-carbo
Rfan Search
0 Wy o 360 @ SO e epehet - D Lt 1 O W
136 Run sigcleave (0) on selected features
I rmmrm INIT | Run pepstats on selected features e T U T e L I TN}
L im | NN, cprct NIRRT — Start blastp
hpcc hpcs | Fun tblastn on selected features against ¥ uniprot_archaea =
Run hth on selected features uniprot_bacteria H
prot_t
misc_feature : Run smart on selected features uniprot_eukaryota
laelied) iose200 1100000 1100800 Run clustalx (PROTEIN) on selected features |uniprot_viruses 07200 1103000 1108300 ul%a
Run jalview (PROTEIN) on selected features |uniprot_rest
[Nl w1 femar ren Run tblastx on selected features against »| /lustre/scratchlol/blastdb/Pathogen/kineto_aa (Il [ WIIMININIT | 1 11 IK
Run blastn on selected features against » STY1148
I P T T b P gy biastx on setected features against o1 LETTT T TR VIR W1 PUT0E TR H%\A\J Iy
L L1 (LT Y 6573 e Celesand feaiuras (i} [ V| e A N U A R TTR [ Y (T
Run clustalx on selected features =
[« [iT"| run jalview on selected features 2|
Set fasta options >RKxIIGLTAKTLOVTTTSRF’LTRRPVMCWA
T M G R M K LS LK+ K A et sigcleave aptions £ LD s ROKRCRSFRLLEDHSPCDR: CAGS
c‘rcrcocATGrocrcocaocacncnwrrﬁrcmc;xwmmc 9 [ERREIEE Cptes GAAGAAMTAMTCATI‘GGAT[AACGOCAMAAC mmAooAmcrrccncAOCAcrAaccooccoacocﬁroATGmcm
199540 Set blastp options » | |1099660 |1a99: |1099660 |1099680
GAcAGGC[ACACCACGGCCCCCFACWCMCAGCMCWCATCHCC Set tblastn options » -rrcrrrrn-rrAmAcmmocccn-rrmcnnccrccmocromMecrcmtrrmrmeoococroaccncrmcmcc

TTTS P ELGSVYRRGTTIHDQ

OGIHHRPIFNDNFVFAS““"'“"““"S
T RHPAPPHLG QR QL L L FSetsnart options

[« [Il] | set clustalx options
o Set jalview options
misc_feature 1 44 Al Set tblastx options
misc_feature 1100405 1100440  PS00070 Al set blastn options
M s 1101063 1101614 Similar to oo\l o ,3-dioxygenase hpcB SW:HPCB_B o2 id in 259 &
I cos 1101024 1102304  Similar tg °®t Plastx options onate delta-isomerase hpcD SW:HPCD_ECOLT (Q05354) fasta scores: E(): 0, 81.6% id 1n 125 ad=|
I cos 1102448 1103251 Similar tq Set fastx options acid hydratase hpcG SW:HPCG_ECOLI (P42270) fasta scores: E(): 0, 90.6% id in 267 aa
M cos 1103262 1104053 Similar to dioic acid aldolase hpcH or hpai TR:Q47098 (EMBL:Z47799) fasta scores: E(): 0, 87,8 id i
S 1104125 1105501 Similar t Jate pernease hpaX TR:046984 (EMBL:Z737980) fasta scores: E(): id in 458 &
s 1105511 1106467  Similar to onooxygenase operon regulatory protein HpaH TR:Q46985 (EMBL: 237950) et searea: g0t o, o
misc_feature 1106237 1106365  PS00041 Bacterial regulatory proteins, araC family signature
s 1106421 1107350 Mo significant database matches
s 1108783 1109088 ¢ Orthologue of E. coli yecD (YCCD_ECOLT); Fasta hit to YCCD_ECOLT (101 aa), 74% identity in 161 aa overlap
S 1109088 1110008 ¢ Fasta hit to DNAJ_ECOLT (375 aa), 35% identity in 353 aa overlap
misc_feature 1109814 1109873 ¢ PS00636 Nt-dna) domain signature
s 1110244 1110606  Similar to Salmonella typhinurium suppressor for copper-sensitivity a Scsh TR:033917 (EMBL:U75949) fasta scores: E{): 0, 99.2% id in 120 aa
S 1110655 1112541 Similar to Salmonella typhinurium suppressor for copper-sensitivity B precursor ScsB TR:033918 (EMBL:U75049) fasta scores: E(): 0, 95.4% id in 621
s 1112538 1113161 Similar to Salmonella typhinurium suppressor for copper-sensitivity C precursor ScsC TR:033919 (EMBL:U75949) fasta scores: E(): 0, 97.1% id in 20
misc_feature 1112709 1112765 PS00194 Thioredoxin family active site
l

L N cT v
SSFLDN5chFRQLVR5505w+GPSRHHAP
Q L P Y LG & P

»
»

To view the search results click ‘View’, then ‘Search Results’, then ‘blastp
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.

-19-



Module 1: Artemis

© @ @ blastp results for hpcC from S_typhi.tab.seq.00012.out.gz

File

TUCAI_BACAR AURDNI e T UINE COTTa (€ SeMIatUenyue Uenyurogernase [ac, ..
ALD1_ACISP Q9FDS1 Long-chain-aldehyde dehydrogenase (1.2.1.48) (... 32
TOLAI_BACHK Q6HJ19 Methylmalonate semialdehyde dehydrogenase [ac... 32
TOLA1_BACAN QS1QRS Methylmalonate semialdehyde dehydrogenase [ac... 32
IOLA_BACC1 Q738L2 Methylmalonate semialdehyde dehydrogenase [acy... 32
IOLA1_BACWNK A9VFO6 Methylmalonate semialdehyde dehydrogenase [ac... 32

[

© N NN
omN Ny
[}

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

Score = 199 bits (505), Expect = 4e-56, Method: Compositional matrix adjust.
Our gene Identities = 93/109 (85%), Positives = 99/109 (90%), Gaps = 2/109 (1%)

Query: 1 MKKINHNINGKNVAGNDYFQTTNPATGDVLAEVASGGEAEVNQAVAAAKEAFPKWANLPM 60
MKK+NHNINGKNVAGNDYF TTNPATG+VLA+VASGGEAE+NQAVA AKEAFPKNANLPM
Shjct: 1 MKKVNHNINGKNVAGNDYFLTTNPATGEVLADVASGGEAEINQAVATAKEAFPKNANLPM 60

[ Gene in database ]/'ouery: 61 KERARLMRRLGDLIDQHVPET AAMETADTGLPTHGTKTCXSRAPRITSN 109

KERARLMRRLGDLIDG+VPEIAAMETADTGLPIHQTK 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’.
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 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.

] Artemis Entry Edit: S_typhi.dna

T — .| | As the original gene annotation

Entry: [¥]S typhi.dna (/]s_typhi.tab | New Feature
1177 selected bases on forvard strand: 1 Feature Fron Base Range CEFL-C

T is too long we have to shorten it.

;
m— 000 Lo R AR R T

Il IH\IHIHHHHH:lzz:z:z::::z Il I\Jlllmm \HIHHHHH‘HWIIIII CliCk On the Original hpCC CDS’

= e 4
o

ark Open Reading Franes - g Edt 2 4 S | t d f t H
ao) Merk Empty ORFs boo o0 [essee 1105600 L)(:ee:u(u 107200 | electe eatures In

misc_feature
a0 looozv0  [1ioooo 1o

Mark ORFs In Range
Mark Fron Pattern

; . ’ . .

(I VT SR TN IR oo R R N R R L Editor A window will pop up

R R R R R R IR R R R I R T

e o R R AR R RO LT and you can Change the end

[ T D]

aro - ‘ . ) .

CLFT Rl\DPARLA#LRILRRSVPADERQDLSG‘R NAQLVAGAARRRA

L S s s e el | pOSition in T location”  (in our
T

e e e A e s

l1000s0 1093000 el Moo 1sss60 _ossses 1100000 case thls WI” be determlned by

{TTGAA GTT
ONRENEVEIS N -R- M- HGN NN WA KA N G- NN RN O 0 N B N Wl A NN W N A
AN N < W o - R B

1‘1 VLVHQDR‘A‘MGRNVEFEEGFHALLHVALGIRNVIFHEIIRQHLGDAD% the pOSItIOﬂ Of the Iast Shared

3 1009506 1101061 Pseudogene. Similar to Escherichia coli qenase ipcC SH:H~
Mo feature 1100321 1100344 Peo6e) ALdehyde dehydrogenases GLuteRLc B0 aciiy o L A A
misc_feature 1100405 1100440  PSO0070 Aldehyde dehydrogenases cysteine sctive sit | al’ l "no aCl
s 1101063 1101914 Similar to ool 3 4 2, fscs Swikecs ECOLL (905353) faste scorel ) .
I cos 1101924 1162304 Sinmilar to coli delta-1somerase hpcD SW:HPCD ECOLI (Q05354) fasti
s 1165046 1105251 Simtlor 1o Excherieps cols 3-cubhapta. o ene 1.7 GuIte oead hydratose hact oM. BRCG ECOLT ThAz30) Tacta seorele|

< ]

Artemis Feature Edit: hpcC
Key: [cDS - Add Qualifier: [note -
_ocation: [1099596..1099886

Complement | Grab Range | Remove Range | Goto Feature | TAT | ObjectEdit | User Qualifiers
Jclass="3.4.3"

fnote-spseudogene. Siailar to Escherichia coli S-carborynethyl-2-hydroxymucanate
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 heon

checked and is believed to be correct”

/product="5-carboxynethyl-2-hydroxynuconate semialdehyde dehydrogenase (pseudogene)®
Jpseudo =

/blastp_file="uniprot:blastp/S_typhi. tab.seq.00005. out"
/blastp_file="uniprot_bacteria:blastp/S_typhi.tab.seq.00009.0ut"

<«

[ox | [ cancet | [ appiy
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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
1 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’

ctrl-u w3

Entry: [v] i [v] S_typhl,\“ Undo
2 selected fotal bases 1

| Selected Features in Editor Ctrl-E
(0] o[z e e e ) [ 0t TR T AR
Find/Replace Qualifier Text ...
INTEIRT 1= AT ol Do o] eerr ot VI | e —— 00
(IR ; I L | | | (etected Feature(s) L E“ph‘a‘e C;‘l; LI DU I 11
peC Move Selected Features To »| Merge ri- STY1
| Unmer d
Copy Selected Features To » ge
misc_feature Unmerge ALl Segments misc_ Selected
|1099200 |1166000 [1100) Trim Selected Features M el o beler. 1899 [17064 . 3
Ctrl-Delete
| Extend Selected Features » Ezlzz — -tz Features
T [ L] | | Fix Stop Codons (RRALNI] ‘ ’
- Remove Introns M
utomatica reate Gene Names
Autonatically Create Gene M Convert Keys ... erge
I 101 1T T | Fix cene names T
I [ ||| Bases >

Contig Reordering
Header Of Default Entry

I *LTSMCRKSRRWEKPPTPACLFTREEKRADPARLGASLRILRRSYPADERZQ DA
P D * P & C A GNRGDGNRERHEREPEGALYSEPD # =

RNl I R T T IU

<

T C* S RAPRTIT SNSSPIKTCASR®*T A
CCTGATTGACCAGCATGTGCCGGAAATCGCGGCGATGGAAACCGCCGACACCGGCCTGCCTATTCACCAGACTAAAACGT GCTGATCCCGCGCGCCTCGCATAACTTCGAATTCTTCGCCGAAGT GTGCCAGCAGATGAACGGCAAGA,
1099820 1099840 1099860 1099880 1099900 ll099920 ll099940

GGACTAACTGGTCGT ACACGGCCTTTAGCGCCGCTACCTTTGGCGGCTGTGGCCGGACGGAT AAGT GGTCTGATTTTGCACGACT AGGGCGCGCGGAGCGT ATTGAAGCTTAAGAAGCGGCTTCACACGGT CGTCTACTTGCCGTTCT
QNVLMHRFDRRHFGGYGAQRNUYLSFRASGARRAYSRIRRRLTGASSR RTCS
G SQGAHAPFRPSPFRRCRGA+FEGS+FTSTIGRAETCLIKSNI KA ASTHWCTIFFPLYVY
RISWCTGSIAAI‘?VASVPRGI*WVLVHQDRAGRMVEFEEGFHALLHVAL

< i

vl

misc_feature 1100321 1100344 PS00687 Aldehyde dehydrogenases glutamic acid active site
1100405 1100440 PS00070 Aldehyde dehydrogenases cysteine active site
1101063 1101914 Similar to Escherichia coli 3,4-dihydroxyphenylacetate 2,3-dioxygenase hpcB SW:HPCB_ECOLI (Q05S353) fasta score
1101924 1102304 Similar to Escherichia coli S-carboxymethyl-2-hydroxymuconate delta-isomerase hpeD SW:HPCD ECOLI {G0S354) fasti
2 Simi ok 15 A Lonta a ERE A A didnas Iy ot +. hdl

Cank. PRI

T

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

result Entry: (V]S 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=11 /gene="hpcC"/gene="STY1

L I T AR RN (TN ||IHIIHI\H_HIH L T 1 e
a
R R R R R e e nen hG_H
s
[T A | 11 Y I T ) ——— )
hpeC . hpce hpcd hpc(=|

nisc_feature »
0 |1098000 |1096800 |1097600 |1098400 [1099200 [1108000 ~ [1100800 [11601600 |1102400 [1103

nisc_feature

1 111 — il 11 LI HEmwr re [ e [ A e A A
hpaB hpcR
F\HI\I\IHH FEIE T EEE T Y] [ I e U MU [
3
R R TR T R (T 1 I
<

TinT »|
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Artemis Exercise 4 - Second pa

rt

/

what if you think a gene is missing?

-

In the first part of the exercise you have learned how to correct a gene annotation. But

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.

\

)

k(see below).

Go to position 2,248,400 by using one the different methods you have learned so far. If
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

j

Click Graph

2

Artemis Entry Edit: S_typhi.dna

Click ‘Add usage

File Entries Select View Goto Edit Create Run |Grafft| Display | t ] d | t
Entry: [v]S_typhi.dna [v]S_typhi.tab Hide A1l Graphs p ots an seleC
3 selected bases on forward strand: 2251246..2251248| Add Usage Plots ... ¢ 1 ’
dd User Plot ... S_typhi.cod
(R R [ 1 Wl 1|56 content (%) I THUEE e
[0 GC Content (%) With A 2.5 SD Cutoff
HEE Tl 1 EEAE N 5 g content ) (e I T R
PO T | | = 6¢ Frane Plot [ 11 T T UUU 24.4( 2445) UCU 12.1( 1212) UAU 18.6( 1864) UGU 6.5( 651)
J Reverse GC Frame Plot 3 UUC 15.6( 1563) UCC 10.5( 1054) UAC 13.3( 1335) UGC 5.8( 585)
2 J Correlation Scores ] 532 Sgé :;%: Iljgé 1:;2 13:3: E:g :g{( 133: Egé 1;’;‘( 1;;::
NOIl-COdlIlg " repeat_unit [ Reverse Correlation Scores
oo 1zt o oo oo S e ey ue e
a4q jGC Baarilan (ee)ice) Q] CUA 6.6( 656) CCA 9.3( 930) CAA 13.8( 1381) CGA 6.7(  666)
1_repea| [0 AT Deviation (A-T)/(A+T) eature CUG 34.1( 3411) CCG 14.1( 1415) CAG 27.2( 2716) (GG 8.2( 822)
T T AR %ﬁ%mm Signature Difference w0 ot ara( o3y A 28,00 1a70) ot 2r0( acom RGO 23.2C 300
AUC 20.4( 2037) ACC 20.1( 2012) AAC 22.7( 2266) AGC 16.4( 1639)
T T I B ITI] | Other Graphs SRR [T RN Tl AUA 0.9( 988) ACA 14.4( 1445) AMA 35.4( 3545) AGA 6.0( 599)
insE malh AUG 26.0( 2597) ACG 15.5( 1552) AAG 17.5( 1752) AGG 4.7( 472)
P wime e e meen ' oo nno— e GUU 20.3( 2033) GCU 17.7( 1770) GAU 33.5( 3394) GGU 19.5( 1949)
STY2424 STY2425 | v GUC 15.4( 1541) GCC 21.6( 2160) GAC 20.8( 1998) GGC 21.0( 2098)
l | DI GRS 56D G T30 50 GRS 20is( dem) coo el 1359)
KFSKLKK\.’GSWKIIIASSTKF{TJtIF'F’SFSQ\.’KKLFLFNALA
L NS ANLIEKEKTSGPGEK# # K S ARSKSFSCLTHS|=
#IOOT#KSRVLENNNRQOH#KNDVNSALFQPGOKAFLV#RTH
TAAA'I'I'CAGCAAACI'I'MAAAAGI'CGGGTCCTGGAMATAATAATCGCCAGCAGCACI’AAAAG#@ACGTAAATI'CCGCCCTC CAGCCAGGTCAAAAAGCT CTTGTTTAACGCACTCA’ C d bl k
22 2251 2251 2251 225 2251300 odon usage table taken
A'I'ITAAGI'CG GAAII|IIILAGCCCAGGA(.LIIIIAIIAIIAGCGGI'CGI'CGI'GA CI'I'GCI'GCA'I'I'I'AAGGCGGGAGAAAGI’CGGTCCAG CGAAAAGAACAAATTGCGT GAGTA
L N L LSL_FTPDOGQFTTTIATLTLVYVLLVVYYTIG6GGEZKTLWTLTFSEKEKRNLSASH f .
FEAFKFFDPGPFYYDGAASFSRRLMNRGREHA AWLDTFLIEKETI QKVCE r0m~
# I * C VvV # FLRTRSFLLARWCCS+ FFSTTFEARIK?®*GEP*FAKRT®#RV *|¥ .
] m| D] www.kazusa.or.jp/codon
misc_feature 2249341 2249376 PSE0198 4Fe-4S ferredoxins, iron-sulfur binding region signature -]
repeat_unit 2249452 2249474 inverted repeat flanking IS1
repeat_unit 2249452 2250219 Is1
2249467 2249970 ¢ Similar to Escherichia coli insertion element IS1 protein InsB insB SW:INSB_ECOLI (PO383
DS 2249889 2250164 ¢ Fasta hit to ISA2 ECOLI (91 aa), 96% identity in 91 aa overlap
misc_feature 2250096 2250119 ¢ PSOBEL7 ATP/GTP-binding site motif A (P-loop)
repeat_unit 2250197 2250219 ¢ inverted repeat flanking IS1 —
I CDS 2250297 2251307 ¢ Similar to Salmonella typhimurium LT2 galactoside transport system permease protein mglo=
DS 2251323 2252841 ¢ Similar to Escherichia coli galactoside transport ATP-binding protein Mgla mgla SwW:MGLA
misc_feature 2251581 2251625 ¢ PSE0211 ABC transporters family signature
misc_feature 2252683 2252706 ¢ PSE0G17 ATP/GTP-binding site motif & (P-loop)
2252975 2253973 ¢ Similar to Salmonella typhimurium D-galactose-binding periplasmic protein precursor mglE
RBS 2253979 2253982 ¢ possible RBS
DS 2254472 2255494 ¢ Fasta hit to ASCG _ECOLI (336 aa), 37% identity in 334 aa overlap
misc_feature 2255429 2255485 ¢ PS00356 Bacterial regulatory proteins, lacI family signature =
. iAd
«[ »
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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’.

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

3 selected bases on forward strand: 2251246..2251248
Codon Usage Scores from S typhi.cod Window size: 120

[ Codon usage plot]

Try the slider
to smooth the
graph

"‘*\M

[ 1 1A A [ 1

[COdlIlg bubbles] N 1 B M U | TR A
- I T (NI L T 1 T 11V e M
b p—— | =
RBS n repeat_unit
2247200 |2248000 |2248800 2245600@@ |2250400 |2251200 |2252000 |2252800 \_22536(4)]0 |2254400
repeat_unit misc_feature misc_feature RBS
FEr R Anll Iﬂi (I AT Tl
(R T Y N e | IH:HIII \ H || I IQ:[EI;I]IDI]:DII]]II:III LI 1 T Y
[
(11 o VA AR I||I|||I|I|| v T e 01— e
STY2424 STY2425

<

(=ll«]

LNSANLKKSGPGK##SP

KFSKLKKVGSWKIIIASSTKR.T#IPF’SFSQVK
K R K F L

VNSALFOPGOK

4 R S K S F
A F LV #RTH

SECITN N HENS)

KLFLFN® LI

]

ILf»

10T RV LE NNRoon
TAAA'I'I'CAGCAAACI'I'AAAAAAGI'CGGGFCCI'GGAAAATAATAATCGCCAGCAOCACFMAAG@CGFMAWCCGCOCFCI‘I‘FCAGCCAGGFCMAAAGCI‘I‘I‘I’CITGI‘I‘FAACOCACFCA
51180 |2251200 |2251220 |2251240 |2251260 |2251280 |2251300

ATTTAAGTCG GAAI TTTTTCAGCCCAGGACCTTTTATTAT TAGCGGTCGTCGTGATTTTCTTGCTGCATT IAAGGCOGGAGAAAGI' CGGTCCAG CGAAAAGMCAAA‘I'I’GCGI’ GAGI' ¢
E i i F S K K

#I*CV#FLRTRSFLLRWCC-#[F’FSTFEARK*GP*FAKRT#R\I*:
< I »

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

@struction on the next page to do this.

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

/
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1

Click and drag
to highlight

3

Artemis Entry Edi

File Entries Select View Goto Edit |Create| Run Graph Display
Entry: [v]S_typhi.dna [v]S_typhi.tab New Feature
982 selected bases on forvard strand: 23 Feature From Base Range ctri-c
Codon Usage Scores from S typhi.cod Windy Gene Model From Base Range
A Intron Features
/ g Intergenic Features
Exon Features
| Gene Features
New Entry
Mark Open Reading Frames
Mark Enpty ORFs ‘ L]
etk oFs Tn anes — reate’, ‘Mark
Mark From Pattern ...
(RN I'1 1| mark ambiguities L e N N R TT VY e AN ORFS |n range’
[ L A I MO O A R O )
= L1 1 T B A L T T N B A MR A1 press OK
3 I
RES " repeat_unit
47200 |2248000 |2248800 rgzagsuo |2250400 |2251200 |2252080 |2252800 |2253600 |2254400 |2255200 |2256000 2256800 |2257600
aQ <l a aqa 4
1 repeat unit misc_feature misc_feature misc_feature RES nisc_fe RES 2 ©
[ATIIN (N AL DI\_ [T TREIe \HI\ HIIHI I rremenee e e—arn 11
STY2420 Y2421 STY2427
1t T 1 1 e A 1 s | T 1T R
inse mﬁlA STY2426
L0001 TE ML WL e e mns e e o — el L e e e
STY2424 STY2425 ~
il [ I»
"’"]VRLGRDRF& HWFFIANEVSPRFDHLTKEDTGFIGFKNMEDI EHPLEERNLGASATRRLA-
TGWGGIVFK LLPTKSLHV IPVLLVSK WSKLLSIRWKRIWPPFDG
I 5 * E
AccGGCrG0occGGOATCGrrrrrAAAAccArr0GW‘rrrrATrGccAAceAAGrCrCrocAcGrrrrGAccmcrGACGAAAOAAGATAoccGrrrrATrGGWcAAAAAcATOGAGcAAATrGcrGAGcATccGUGGAAGAGAATUGGCCGCCAWCGACOGG
43320
CrATGGocaAccccecccrmcAAAAATrrrocrAAcCAAAAAATAAc0GWGcrrwaAGAcGrGcAAMcTOGTGGAcTocrrrcrrcrATocccAAAATAAcCMAGrrrrrGTAcwcGrrTAAcGACFCGTAOGCGACCWCTCWAGACCOGCGGTWCTGCCGA
WRVFSSVP P K LFM CGSSSFRAA R
SVPQPPITKLVMFKKNGVF R Q GTKNTEFVHLLNS 9 LIQGGNSP+
IGhPAPDNKFGNTK*OWRLREVNOGGS‘S]LLVR xON*FcPAFOOADAFLsnPRWEv [~
il i

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

Bun| Graph Display

Click on newly
created ORF

IPAGAGSFLEKPLUVEFY
AT ACCGGCTGGGGCGGATCGTTTTTARAACCATTGGTTTTTTATTC

43320 [2248340 [22483¢
CTATGGCCGACCCCGOCCTAGCAAAAAT GGTAACCAAAAAATAAC

Set
set

blastn options

blastx options » CGGTFTTATTGm'rrcAAAAACATmﬂGCAAATTOCTGAﬁcATCCGCTGGAAGAGAATCFGGCCGCCATFCGACGGCT
fastx options |2248420 [2248: [2248460
OCCAMATAACCAAAGI'ITITGrAO(,TCGH'I'AACGACTCGNGG(I}ACCITCFCWAG#CC&}CGGMMUOCCG&

clustalx options

RFYWFOQKHGAMNTC®*AS G RESGRH

c s F A

s P 1
K N
N # .9

G v
[}

F D T K Q 1
L

R W
R E

v oV G
NOGGSSLLY

P K I A S 55 R
T KN S L Q Q6
N # Q QADAFLSDPRW

AMRRS
G NS P +
E v A

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 lem2 o3 4
I™MA Run fasta on selected features against » 1.06]
/ v\/\ Run sigcleave (0) on selected features
Run pepstats on selected features St rt bl t
AR e A e G o art blastp
Run tblastn on selected features against | uniprot_archaea
N Run hth on selected features uniprot_bacteria
\ Run smart on selected features uniprot_eukaryota oal
Run clustalx (PROTEIN) on selected features |uniprot_viruses
Run jalview (PROTEIN) on selected features | uniprot_rest
LI HIF | Il Il | Run tblastx on selected features against »| /lustre/scratchl0l/blastdb/Pathogen/Kineto_aa PO T e
cDS Run blastn on selected features against >
LI A 1 T 1 IITT fun blastx on setected features against  »| I IFTETHEET T 1] L T N e A A 1 |||H|I:
DU IHMITID NERE RN | | Run fastx on selected features L T O M N1} 1 IHI
16 Run clustalx on selected features
Run jalview on selected features
RES T repeat_unit RES
47200 |2248800 |2248800 2249600 Set fasta options 4 |2253808 |2254400 |2255200 |2256008 ngssaoo |2257660
Set sigcleave options
a4 1 . .
3,18 St pepstats options ure RES nisc_feature RES nisc_fe RES: o
(T T [ L e " DIUTEL IR0 0 e e e —=rr 11
STy2ap0 Set blastp options > Pz
TP b b Rl | set tblastn options L 1 V1 A T 1T R A
insB Set hth options STY2426
Ll L T AR AT FI 11 e O 1 TR |
Set smart options 24 STy24%5
a Set clustalx options
" R LoRoRF Set jalview options
« I E T
NG GG ISV O T T G = 18 e e PV L LVSKTWSKLLSIRWEKRIWPEPEFDG

S T A

T

blastp process completed

o]

OK

To view the search results click ‘View’
results’ . The results will appear in a scrollable window. You see that the product of
the gene is “NAD-dependent dihydropyrimidine dehydrogenase subunit PreA). To
add the product to the annotation follow the instruction in the next page.

then ‘Search Results’

then

‘blastp
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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 an 110 255 /note="Myie" /blastp file="uniprot bacteria:blastp/ORFS 100+.5eq.0
Codon Usage Scores from S typhi.cod Selected Features in Editor Ctrl-E
2243052 | subse (and Features)
quence (and Features N fa\sé&/\,
N A Find/Replace Qualifier Text . 7 Mazasaas
/
qualifier of Selected Feature(s) »
/ L~ Selected Feature(s) > AN ~
/ -~ y
\_| Move Selected Features To » \ 7 AN . X / ! \
Copy Selected Features To » A N N’ A N3
Trin Selected Features » =
Extend Selected Features 3 0.94/%
Fix Stop Codons \
10011100 D || | || Autonatically Create Gene Names TR I ETEITIT O —— | 000t P e e e =
STY2410 Fix Gene Names oS
FETEEE IEEETINE O 1] gases oL L e | o A 1 O O
| {00 WIHET W {1 Y@ Contig Reordering 1= | (O LR T L L 1 T T T
1 Header of befault Entry D . B
misc_feature ‘misc_feature RES sffeature RES 1 repeat_unit
|2241600 |2242408 |2243200 |2244000 Lzzuﬁuo |22456008 |2245400 |22200 |2248000 |2248800 2249600 |2250400 |2251200 |22520008 \_2252300 |2253600 |2254400
4 a a
FES i repeat_unit misc_feature m)sc feature
| L v M e L Ol — [N HIII\II\HII\IIHIHI III\IIH e
2420 Y2421
LT Y e U W AR NN Ve ]} LRt VAT N A s [ A R \m{ll:ﬂﬂmﬂ:\\\ AV AT T}
insB ngla
s O 1 T Imer e [ TN L 1 1 VH T Y T AR \I\Ilﬁ TEEE 0 T O —— e |
STY2424 STY2425_|~|
Kl >
R LL*DVRQSL*YRLGRDREF
N CYEMCAKAYDTGWGGTIVFKT T L H VLLVSKTMWHWSKLLSTIRMW T W DG#& NRI
I VMRCAPK 1 G S FLKPLYV CQRSLSTEF RFYWEFQ 6% W e A s A6 R E S G R H ST AK T 6L
[AATTGTT AT GAGATGT GCGCCAAAGCCT ATGATACCOOCTGGO0CGAGATCGTTTTTAAACCATT GGTTTTTTATTGCCAACGAAGTCTCTCCAC ccAocrcAcsAmMGATMwunumlumuunmcﬂocmcumwuumumux, AGAG TCGACGOCTAARACAGGATT!
|2248300 |22 |2248360 |2245380 2248420 |2248460 |2248480 |22485¢
TTAACAATACTCTACACGCGGTTTCGGATACTATGGCCGACCCCOCCCTAGCARAARTTTTGGTAACCARAAAT AACGGTTGCTT CAGAGAGGTGCAR 0TSO CTTCTATGO0CARATAACCAAAGTTTTTGT ARG GO AACGACTCOTAGSCBAC L CTCTTGACOGSaATARGCTCCGATTTGTECTA
AN I O N M O B < R GHR Y M I N N N B B GE W M MRMME M OlW
L 0#SIHALA+SVYVPOPPITEKLYMPEKEKNGLVYEF K QRFFIGTEKNTEF LLNSLMROQFLTIOQGGNSHP |
ITILHAGFGIIGAPAFDNKFGNTKxQWRLREVN‘QJG‘SSLLYRNxON'FCPAFOOADAPLSDPRWEVALVPN'
[ I >

2

‘Edit’, ‘Selected
features in editor’

3
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/blastp_file="uniprot_bacteria:blastp/ORFS_100+.seq.00001.out"
/product="NAD-dependent dihydropyrimidine dehydrogenase jsubunit Prea”
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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’

features to’ and click ‘S _typhi.tab’. Don’t forget to save the tab file.
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