Module 1: Artemis

Module 2
Artemis

Introduction

Artemis is a DNA viewer and annotation tool, free to download and use 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 for annotation and analysis of both prokaryotic and eukaryotic genomes,
and can also be used to visualize mapped data from next generation sequencing. Several
types of information can be viewed simultaneously within different contexts. For example,
Artemis gives you 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.

Aims

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 Sa/monella Typhi chromosome sequence.
Ask a demonstrator for help if you have any problems.
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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.

1. Click ‘File’
2. Then ‘Open’
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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.

File Entries Select View Goto Edit Create Run Graph Display
Entry: [v]S_typhi.dna
Nothing selected

i O 1
L T T A A 1R Y (N T | T O | (NN TR IR RN
L T 1 11 B O A A e N I M A AR R [T | |
|seo |1608 2400 |2260 |4080 |4200 |s608 6400 |7200 |goae
[ I AN A R A TR I A N L 1 A Y O |
([ | [ e 11V M M 1 A 1
L N T B I | [N EN | [ I 11 | \v
<[] >
RDYVWLOETTITGETD®KG®#TIYROOHMNEKEFERNYTINLEKTIY*LRRADTLT[
EITSGCKRSG®S0QGKLTIENEKYTIASSTH*TSFGMH*SI$KFIDLGGO QIL# P=
|

. RLRLVYARDHNRGN®*LKTIWMNTISPAAHETG QY SETCDT QFZKHN LT+ AGRYFHN
AGAGATTACGTCTGGTTGCAAGAGAT CATAACAGGGGAAATTGATTGAAAAT AAAT AT ATCGCCAGCAGCACATGAACAAGTTTCGGAAT GTGATCAATTTARAAATTTATTGACTT AGGCGGGCAGATACTTTAACC,
20 40 60 80 100 120
TCTCTAATGCAGACCAACGTTCTCTAGTATTGTCCCCTTTAACTAACTTTTATTTATATAGCGGTCGTCGTGTACTTGTTCAAAGCCTTACACTAGTTAAATTTTTAAATAACTGAATCCGCCCGTCTATGARATTGG
. S# TQNCSIMVYPSISQFYTIYRWCCMFLNREFTILKEFTIG®OQSLRASYKVI
SI ¥YVDPQLLDYCPFNTISFLYTI I
LNRRT A& FIFTI

AL L VH S K
LS * LLPFQN D GAACSCTETGSHS®*NLFKNVS®S$APLYKL WY

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

1

~N
Cllck ‘File’ then ey [File| Entries Select View Goto Edit Create Run Graph Display

‘ y Show File Manager ...
Read an Entry’  j—p [fead i Gitry ... \
J/ Read Entry Into b‘
) E 7 UEF oo L N
Save Default Entry trl-
Save An Entry Nl | e T 1 [ WY T I AT
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Save ALl Entries =
Write » ]
f , « N Clone This Window [3200 4000 4200 |s600 6400 [7200 [Elelele]
{7 Save As phidhss - -
V\{hat San Entry ’ B ) Select afile ... RN |
It’s a file of features — RN
. Open in , o -0
which can be erefere] ook In: |[CJModule 3 Artenis MEEEER RN
overlaid onto the == [y PF.1ab y
R D Y ' Y * LRRADTL T[4
sequence . ER IL 1 E] S_typhi.dna ; IL DT '—+ GA GG OR IY '—F #N F’I*
informati on AGAGATTA( D S_typhi tab 'AWGACWAG?(;%GGCAGATACHTMCC.

. . TCTCTAATC (TAACTGAATCCGCCCGTCTATGARATTGG)
dlsplayed n the s SI #v / P1 Qs SK LP RP Ac SI vs Ks VG l
main Artemis view s NV APLYKLKS

@nel. j
File Name: I |
2 Files of Type: IAH Files ‘vl

Single click | open || cancer |
to select file /

] [ |
S_typhi.tab /

3 | Single click to open file in Artemis then wait
(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 is in there.

1 B File Entries Select View Goto Edit Create Run Graph Display

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

2 { Selected feature: bases 1287 amino acids 428 STYG004 (/class="3.1.18" /colour=7 /gene="STY0OE4"/gene="thrC" /product="threonine synthase"

i1 o 1 B 1T S

STYDOOL )2
01 1 O AN N W R IV I o O 1 TN T MR RN
STYBOO3 STYD004
I T 1 1 T 1t A O s 2
STYDOO7
1% O D D
3 { misc_feature misc_featur misc_feature misc_feature misc_feature tul
|so |1600 |2a00 |3200 |a000 |as00 |s600 |sac0 - |7200 [5a00
misc_feature 6
e O N I B A B I A A I (NN T T N I B Y A I
| | o Ot 1 {1 N AR T
SOL I 1 1 A [l | [ | 14 T
STYGEES STYRR06 i
K »

RDY VWLQETITITTGETITD®*KS ®#TIYRIQZQ M NKFRNWVINLK
EITSGCKRS®#0QGKLTIENSEKYTIASST®H*TSFOGM®*STIS#KFTI
4 . RLRLVYARDHNMNRGN®*LKTIWNTISPAAHET QY SETCDAO QFIKNLILT +
4 AGAGATTACGTCTGGTTGCAAGAGATCATAACAGGGGAAATTGATT GAAAATAAATATATCGCCAGCAGCACATGAACAAGTTTCGGAATGT! GATCAA'I'II:I'AAAAA'I'I'I'A'I'I'GACI'I' AGGCGGGCA!
4 5 100

* L RRADTLT|-
G G Q

TCTCTAATGCAGACCAACGTTCTCTAGTATTGTCCCCTTTAACTAACTTTTATTTATATAGCGGT CGTCGTGTACTTGTTCAAAGCCTTACACTAGTTAAATTTTTAAATAACTGAATCCGCCCGTCTATGAAATTGG)

. S#TQNCSIMYPSIGSQFYTIYRWCCMFLWMNRFTTILIKEFTI®ZQSLRASVYKUVI 7
\ S I vDPQLLDYCPFMNTISFLYTIA® ALLVHYLKPTIHDTIUS®FNMNTISEKTPPTCI
¢ LNRRTALS®*LLPFQMNFTIFTIDGHASAACSTCTETSHS®*NLFKNVSE K L W~

4 >

CDS 190 255 orthologue of E. coli thrlL (LPT_ECOLI); Fasta hit to LPT_ECOLI (21 aa), 86% identity in 21 aa overlaj=
cDS 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 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 8
misc feature 3068 3103 PS00627 GHMP kinases putative ATP-binding domain

5 < [ Orthologue of E. coli thrC {THRC ECOLI); Fasta hit to THRC ECOLI (428 aa), 93% identity in 428 aa ovd
misc_feature 4022 4066 PS00165 Serine/threonine dehydratases pyridoxal-phosphate attachment site
cDS 5114 5887 ¢ Orthologue of E. coli yaaA (YAAA_ECOLI); Fasta hit to YAAA_ECOLI (258 aa), 86% identity in 257 aa owve¢
CDS 5966 7396 ¢ Similar to Bacillus subtilis amino acid carrier protein alst ALST SW:ALST_BACSU (Q45068; P40743) fas)
misc_feature 7001 7138 ¢ PSGO873 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
nisc_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 overls

\ . misc feature 8933 8974 PSE1072 Molvbdenum cofactor biosvnthesis proteins sianature 1 5 %

[a—

Drop-down menus: There’ s 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).

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.

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).

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).

Sliders for zooming view panels.

Sliders for scrolling along the DNA.

8. Slider for scrolling feature list.
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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 Exercise 4)

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 Vi Goto [\dit Create Run Graph Display
Entry: [v]S_typhi.dn Navigator ... Ctrl-G
Selected featur Start of Selection Ctrl-Left .18" fcolour=7 /gene="STY0O04"/gene="thrC" /product="threon
— End of Selection Ctrl-Right

~ Feature Start shatt-conna (WD IEETEIRERE DT T 00 ARRITEE T rn iy =]
PICTTLL 1| gy Feature End Sht-period L e L A

N P Start of Sequence Ctrl-Up
Click "Gotoll!'I 111 T IIm I W end of Sequence Ctrl-Down L 1 I O o
Feature Base Position ... Sﬁrﬁii

172
misc_feature Feature Amino Acid ..

feature
|80 |1600 |2a00 |3200 |a000 |as00 |s600 |sa00 - |7200

mig

misc_feature

[ N O B N 1 A (N 1 T I 11 o e T I R O I N |
[ I I NI [ 1 1 e A | M MV AR
0 1 1 B O [ | [ 14 N

STYBEES STYRE6
<[] [»]

R DY ¥vWLOQETITITGETITD®*EKG#TIYRG QO QHMNEKEFRMNYTINLEKTIY®*LRER A4
EITSGCKRS#(0G6GKLIENEKYTIASST®*TSFGM®*STI#$KFTIDLGSG (;Z
. RLRLVYVARDUHMNRGNMN®*LEKTINTISPAAHETI QVYSETCDU QF-KNMNLILTS+AG
AGAGATTACGTCTGGTTGCAAGAGATCATAACAGGGGAAATTGATTGAARAT AAAT ATATCGCCAGCAGCACATGAACAAGT TTCGGAATGTGATCAATTTAAAAATTTATTGACTTAGGCGGGCE
{¢] 0 60 30 100 120

2i 4
TCTCTAATGCAGACCAACGTTCTCTAGTATTGTCCCCTTTAACTAACTTTTATTTATATAGCGGT CGTCGTGTACTTGTTCAAAGCCTTACACTAGTTAAATTTTTAAATAACTGAATCCGCCCG]
. S TQNCSIMVYPSISQFYTIVYRWCCMFLNREFTTILIKEFTIUS®OQSLRA
S I VvVDPOQLL D Y CPFNISFLYTIALLVHYLIKPTIHDTIS®FNTISEKTPTPC
LNRRTALS LLPFOQNFTIFIDGAACSTCTTEZSHTS®*NLFZKNWVS$ATP L~

<[] |
CDS 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 (AKIH_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

m1sc feature 3068 3103 PSE0627 GHMP kinases putative ATP-binding domain

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

misc _feature 4022 4066 PS00165 Serine/threonine dehydratases pyridoxal-phosphate attachme te

CDS 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 (045068

nisc_feature 7001 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 7781 PS01054 Transaldolase signature 1

misc_feature 8049 8102 PSO0958 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 PSO}O?B Molybdenum $pfactor biosynthes%s proteipg signature 1 i . ™
« ] ]

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!

Cn o = =)

N

Suggested tasks: \
I. 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.
Highlight a region then, from the right click menu, select ‘Zoom to Selection’ .

N J
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4.2 Navigator
The Navigator panel is fairly intuitive so open it up and giveitat
Clle ‘Goto’ [, | Goto [\Edit Create Run Graph Display
. Ppim—ps,_ 1| Navigator ... Ctrl-G
tllf:ll I\Ifl\flggflt()]f ature: bases 128 Start of Selection Ctrl-Left .18" /colour=7 /fgene="STYOOG4"/gene="thrC" /product="threon
J End of Selection Ctrl-Right o
[ Iélj}wom = Feature Start shitt-conma (N IEIETEETEINED T 000 PRI T iy =)
W WTET 1L Fy || Feature End S s I T T I 1 (R
Start of Sequence Ctrl-Up
[T 10 FUMTTW I 10 End of Sequence Ctrl-Down [ T 1 e A O N (R e
Feature Base Position ... Sﬁgcj;
misc_feature Feature AMiqf Acid ... _ _feature mi
200 [1600 2400 [z200 [4000 4800 |s600 |sa00 [7200
misc_feature
1 1 A O N 1R T 11 e M T R R I N
[ | P e i [ 1 1t 1V A | T YRR
T A [l | g 14 10
STYGR0S STYGR06

Check that the
appropriate search
button is on

WLQEIIT%
0

LYV ARDUHNMNERGEG

QNCSIMYPS
S I VDPOQLLDYTCTEP

LNRRTALS®*LLZP
<[]
CcDS 190 255
DS 337 2799
nisc_feature 343 369
misc_feature 2314 2382
DS 2801 3730

misc feature
CDS

CTGGTTGCAAGAGATCATAACAGGGE
20

- )
) Goto Feature With This Qualifier Value:

j GACCAACGTTCTCTAGTATTGTCCCC

%) Artemis Navigikor

® |Goto Base: ‘

Goto Feature With Gene Name: [

v |4

K I Y * L RR A
K FIDLGSG
KN LLT+ 4G
AAAATTTATTGACTTAGGCGGGC!

[mT»

120 GJ
TTTTAATARCTGAATCCOCCC

) Goto Feature With This Key:
_) Find Base Pattern:

2 Find Amino Acid String:

Start search at: @ beginning (or end) O selection

V] V|

[[]search Backward [v]Ignore Case [v]Allow Substring Matches

[ Goto ‘ ‘ Clear ‘ [ Close ‘
PS0UESE Transaldolase acTlve S1te

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

PS01678 Molybdenum cofactor biosynthesis proteins signature 1
O D o7 s b b AU AL AR T e i ko SCAALL

FI # QS LRA

121 aa), 86% identity in

FNIZSKPFPTC
F KNV # AP L

[»] =]«

(820 aa), 94% identity

(310 aa), 94% identity

03%

ment site
(258 aa), 86% identity
T SW:ALST_BACSU (Q45068;

Kl

Aminbddn )

misc_feature 4022 4066
CDS 5114 5887 ¢
CDS 5966 7396 ¢
nisc_feature 7091 7138 ¢
CcDS 7665 8618
misc_feature 7755 7781
nisc_feature 8049 8102
CcDS 8729 9318
misc_feature 8933 8974
]

’|

Suggestions about where to go:

l.

2.

hd

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 ‘fis’).

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 VI 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 VIII).

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 [. By a method of your choice go to the region from bases 2188349 to 2199512
on the DNA sequence. This region is bordered by the fbaB gene which codes for fructose-
bisphosphate aldolase. You can use the Navigator function discussed previously to get
there. The region you arrive at should look similar to that shown below.

File Entries Select View Goto Edit Create Run Graph Display

Entry: [v]S_typhi.dna [v]S_typhi.tab

Nothing selected (—\
Im:PIIIIII IIDI I|I||I||||I:D>|IIIIIIIIIII ULTTELL R VT LA TERRT B T ]IIIIIIIIII:D iy CDS

lb I|| I| [ I|II|I|||II|IIIII |I I||I| |I| ||| ||III|II:I>| |||III||II|I||||IIlIIII|I|II|I|I||I|||I||I|I| T Emer nim IIII|IIII||I|||I||II|II:II|||I|||| IIIII||||IIIIIlIIl||IIII:[> features
|III|IIIII|I:I>|||II:EI4I I|II||||I|IIIIII|| I||| IIIII|I|III|I|I [LIERTE T LR T M I:lHIIIIIIIII |||II|||||I| I|| | [0 y l||III| | IN———

344 TYZ STY23
P [[> [I> b b

2200Sl RBl_zgzomaa <
Misc

RBS RBS misc_feature
200  |2182400 2184600  |2186800  [2180000 2101200 |2103400  [2195600  |2107800  |2200000
q q q q 41

misc feature RBS RBS RBS RBS S
(UL IO NOART OO0 OO T S 1O T ST 0N 1T LWL iy features
STY230 STY2356 (z STY2359a 161 STY2368 1aB
W COIE RO e III|II|II|||I||I|||H:IIII|III:III||IIIIIIIEI II]IIIIIIIIIIIIIIIIIIIIIIIIII||I|I| IIHEIIIIIIIIIIIIII RN AT T D,..—/
LI RV T TR T N:lIIIIHIZIIII I ||II|||HI:II|||||III|II |IIIII|l]EI:IIII|I 1l III|III||IIIEII||I|| (LT RTRRL T ﬂ:l ||||I<1:
STY235 STY2352 STY2357 STY2374 STV~
4 »

N & YLYNNEKPTIVYVGTAWN GO QETEPTIPYSFDYTYHN®#HLLEKS®SCOQTTIWPHNALYHN[«

INIFIITSOQLCKLRGIMNREKING GFLTLLTITITINTY®NNAEKGE GYGRTI G ®#T
ELISLGF#QQA4ANCVYNTCVYESTGRTMNSLLF®*LLOGLTLTIEKTIMPNHNMGAETRS K.
AATTAATATCTTTATAATAACAAGCCARTTGTGTAAACTGCGTGGARTCAACAGGAAGAACCARTTCCTTACTCTTTTGATTATT ACAATTAACACTTATT AAAAT AATGCCARACAAT ATGGCCGAACGCAGTARAC,

|2188940 |2188960 |2188950 |2189000 |2189020 |2189040 |2189080

TTAATTATAGARATATTATTGITCGGT TAACACAT TTGACGCACCTTAGI TGTCCTTCTTGGT T ARGGAAT GAGAAAACT AAT ARTGT T AT TGTGAAT ARTTTTATTACGGT T TG TATACCGGCTTGCGTCATITG]
F#YR®&LLLGTITTYUVAHEF®*CSSGIGHSTETKTSS®E®EL #CKNFYHWYTIHGEFATF.I
I LI KIIVLWNHLSRPILLFFW®WMNRYRKTITIUVILVY$#FLALGCYPRUYCYVY

v

< »
CDS 190 255 Orthologue 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 (4K1H ECOLI); Fasta hit to AKIH_ECOLI (820 aa), 94% identity in 520 aa ove
misc_feature 343 369 PS00324 Aspartokinase signature
misc_feature 2314 2382 PS01042 Homoserine dehydrogenase signature
2301 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 PS0E165 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 ove
DS 5966 7396 ¢ Similar to Bacillus subtilis amino acid carrier protein alst ALST SW:ALST_BACSU (Q45068; P40743) fast
misc_feature 7001 7138 ¢ PSGE873 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 PSO0958 Transaldolase active site
8729 9319 Orthologue of E. coli mog (MOG_ECOLI); Fasta hit to MOG_ECOLI (195 aa), 94% identity in 192 aa overl:
. misc feature 8933 8974 PSE1E78 Molvbdenum cofactor biosvnthesis oroteins sianature 1 - hd
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ﬁnce 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
1s 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 or fasta. This
can be very useful when using other programs that are not integrated into Artemis e.g.
those available on the Web that require you to cut and paste sequence into them.

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.

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

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




Module 1: Artemis

~
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,
such as GC frame plot, and others can be used to search for horizontally acquired DNA.

J

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

To view the graphs:

Click on the ‘Graph’ menu to see all those available. Perhaps some of the most useful plots
are the (1) ‘GC Content (%), (2) ‘GC Deviation’ and (3) ‘Karlin Signature Difference’

as shown below. To adjust the smoothing of the graph you change the window size over
which the points on the graph are calculated, using the sliders shown below. If you are not
@miliar with any of these please ask. J

% 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 [v]PF.tab

Selected feature: bases 1053 amino acids 350 fbaB (/EC number="4.1.2.13" /class="3.5.5" /colour=l /gene="fbaB"/gene="dhna" /q
GC Content (%) Window size: 500

V//AI\\ N r/\/\ fa e f\/\»«h’ B
1 W o W V1 Sliders for
smoothing
GC Deviation {G-C}/{G+C) Window size: 949 g =
s e
Karlin Signature Difference Window size: 476 \

‘Karlin Signature’
1s a dinucleotide
frequency plot
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<« [wl O

Notice how several of the plots show a marked deviation around the region you are currently
looking at. To fully appreciate how anomalous this region is move the genome view by
scrolling to the left and right of this region. The apparent unusual nucleotide content of this
region is indicative of laterally acquired DNA that has inserted into the genome.

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

1.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 the grey entry line of the Artemis

\window shown above. /

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

2 | To de-select the
annotation click here.

Artemis Entry Edit: S_tvni.dna
File Entries Select View Ggf Edit Crjpate Run Graph
Entry: [v]S_typhi.dna [v]S_typhi.tab [v]PF.tab

Selected feature: bases 1053 amino acids 350 fbaB (/EC number="4.1.2.13" /class="3.5.5" /colour=l /gene="fhaB"/gene="dhna"/q
GC Content (%) Window size: 500 =

Display

52.00

V/\MWMWMWMWMMWW |

GC Deviation {(G-C}/(G+C) Window size: 949

B W Avrwv e W\,\/ v/ <

-0.36/./

[o ] [« Tl

Karlin Signature Difference Window size: 476

0.25=

ik

Smallest Features In Front

Set Score Cutoffs ...
Raise Selected Features
Lower Selected Features
Zoom to Selection

¥ Feature Labels

[J One Line Per Entry
[0 Feature Stack View
¥ Forward Frame Lines
¥ Reverse Frame Lines

[0 A1l Features On Frame Lines

[J Show Source Features
O Flip Display
[0 Colourise Bases

~10-

No stop
codons shown
on frame lines

selecting stop codons

Select Visible Range
o Select Visible Features
STY2343 STY2345  STY2348 Frame Line Features ... STY2
Entries » O
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2344 TYz STY2347 View » STY2365 STY2371
b [ D Goto , ; bbb
RBS isc feature ‘eature RBS Edit > misc_feature mis¢ RBSt RI—|
50200  [2182400  [2184600  [2186800 create , | |2195608 " [2107800 |_2200000<I |2262200
mis{ Write 4 RBS RES RES
Run » a
61 STY23 fhaB
[0 Start Codons
[J Stop Codons .
% ¥ Feature Arrows Menu ltel’l’l fOI' de'
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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 []PF.tab

Selected feature: bases 1053 amino acids 350 fbaB (/EC number="4.1.2.13" /class="3.5.5" /colour=l /qene="fbaB"/gene="dhna"/q

GC Content (%) Wlndow size: 500

Configure

+C) Window size: 949

3 [ Graph scaling menu

Y

a
Set the Window Size...
M Scaling

Set Min/Max Values

Create features from graph >
values and averaqe(s) fmr selected range

o

Set Window Size

v Mg,
»/\M

Maximum Window Size »

Ve
v Dl

~ \//nw

27.01%

-0.36.%
Karlin Signature Difference Window size: 476 B
20004 e li d f
Slider for 4
| Set Window Size |‘ Cancel ‘ .
zooming out

B . |
0.02/>
80200  [2182400  |2184600  [2186800  [2180000  [2101200  [2193400  [2195600  [2197800  [2208e00  [2262200 [
I« [ir] >

ﬁ One final tip is to adjust the scaling for each graph displayed before zooming out.

get an error message press continue).

view to that shown below.

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

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

/

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

Mothing selected
GC Content (%) Window size: 20000

Display

/Click with the left \

mouse button in a

>

GC Deviation {G-C)/{G+C) Window size: 20000

graph window. A line
and a number will
appear. The number

[» B«

1s the relative

3705256

position within the

‘w"wwwmwwwﬂw

Karlin Signature Difference Window size: 20000

Qenome (bps).

/

-0.13

[» | [« T

0.14

fClick and drag to \

highlight a region on

<]

0.0

|524900 |1e40800 1574700  |2000600  |2624500  [3149400

|3674300

la100200 4724100

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

Qreviously clicked 1y

v [l [T
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Artemis Exercise 3

fThere are many examples where anomalous regions of DNA within a genome have\
been shown to carry laterally acquired DNA. In this part of the exercise we are going to
look at several of these regions in more detail. Starting with the whole genome view,
note down the approximate positions and characteristics of the three regions indicated
above. Remember the locations of the peaks are given in the graph window if you click

Kthe left mouse button within it. j

@ Artemis Entry Edit: S_typhi.dna
File Entries Select View Goto Edit Create Run Graph Display
Entry: [v]S typhi.dna []S_typhi.tab []PF.tab
Nothing selected

GC Content (%) Window size: 20000 [4]
814947 58.73
39.5 ;
GC Deviation {G-C)/{G+C) Window size: 2000 el
3705256 0.13
. . oLl
First region N
. . E
to mvestigate e
Karlin Signature Difference Window size: 20000 [«
q
Third region

to investigate?

0.

¥
Second region
to investigate?

|524000 [1040800 1574700  |2009600  [2624500 [4724100

[T

[«

[ Ii [»

Genome location  Characteristics of DNA plots
Region 1 : 2,860,000 bps peak - karlin, troughs for G+C and CG deviation

Region 2 :

Region 3 :

We will now zoom back into the genome to look in more detail at the first of these
three peaks. Using the left mouse button, highlight the anomalous region of the graph
- this will also highlight the region in the main display. You can then use the ‘right
mouse button menu’ in the main display to ‘Zoom to selection’ - you may need to
zoom out from there. Remember that in order to see the CDS features lying within this
region you will need to turn the annotation (S_typhi.tab) entry back on.

-12-
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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.

[ Region 1 SPI-1 ]

(% 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 [ |PF.tab
One selected base on forward strand: 2815781 |
GC Content (%) Window size: 2000 =]
29
Via 52.09
36.03/7

[» ][4«

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

K P

S L \ L

Karlin Signature Difference Window size: 2000

[ ][« T
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Use one of the methods you have already used to take you to the second region of
interest that you noted down.

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 [ ]PF.tab

One selected base on forward strand: 2015781
GC Content (%) Window size: 2000 sl

»

[

M\ ™ /\M

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

v T

Karlin Signature Difference Window size: 2000

|>H<I

[» ][« Tm]

0.17
0.012
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DD D Em [fﬁ> EOID B D 30 jn D
hh)f(} ko] STY4338 WV yheL tL b rsz D rbrpl)( r‘EmD rp zntR aroE metd  STY4403
fi Di\f h 1 I’ h l>1 d
ic yhfa yhef slyD ersG yeA r rp rpsQ sN.R rpsM ~plQ ST yrdD STY4401
DD B Wb bbb DIDMEDIEIBED DD b b Db
misc_feature re e misc_fe misc feature e ure misc misc misc_feature :ur misc_feature ire SS_rl m: misc_feat

L]

5000 4205500 |4212000 ﬁlssoo [a225000~  |4231500  |4238000  |4244500 I?nzsmoo l[azs7500  Tazedoee  |427
14949 4 4 44 44 q

mi misc_feature e ature misc_feature :ature 2 mi: misc_feature re misc
slyX yrda
amm a @ a
nirC B hopD ms s 1 fms STY44
a4 @ | qa _|
zys nirD yhfcC vhi crp yheU 1eS ly]’[aB Y
4 Il »

Region two acts as a cautionary note when looking at anomalous regions within a
genome. Have a look at the features and annotation of the CDSs within this region:

* Does this region have any of the characteristics of pathogenicity island?
» Are the genes within this region essential or dispensable (“accessory”)?

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

-14-
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Next go to Region 3.

[ Region 3 ]
AN

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 []PF.tab
One selected base on forward strand: 2915781

GC Content {%) Window size: 2000 [4]
E]
r"\mmln\[‘f'\fﬁ\ . Ml‘\ﬂxmﬂ ﬂﬂA/ﬂ\}{\.\
Wy WWWV WVW\}V WWUVVUWV
3497/
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iy mJVN/mLJRﬁWAMW Wik
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BO0D . DEDS IMDDD b BB N

LtP STY44¢ STY4497 S STY4517} ST pilP U € ST § ST ST § STY4504 STY4647  STY4664
&D [ [ VO 3 T b—— b b b
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ecnE yjeN rnmi
[ 4

misc_ misc -

4368000 4387500 %107000 |4426500  |4446000  |4465500 Iimasooo Iitsoztsoo |a524000 #543500 ~ |as63000
q q q E; 4Kl q 4 W®WKA

misc_feature sc_feature sc_feat repe: repeat_unit misc fz misc_f mlsc feature eat_unit .s m misc_misc m: misc f‘
STY4 STY4492 ymB € STY4513 pilN 'pilv2 STY458% S1 STY4604 ‘4618 ¢ STY4641 insh STY STY. cutd  ecnR3 i
JaqeE €0 @ q G Madana 4@ d 140 4]<ill<1] \
y: STY4488 19 STY4500a Y4516 STY4580  STYe STY STY4622 ‘4632 38 insB iB ST STv4681 frd y [ artd

@ 40 @ q q 1@ W W9 o0 W 490 4@ qa o
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As with region 1, this region is also defined as a Salmonella pathogenicity island (SPI).
SPI-7, or the major Vi pathogenicity island, is ~134 kb in length and contains ~30 kb of
integrated bacteriophage. Have a look at the CDSs within this region. As before notice

any stable RNAs that may have acted as the phage integration site.

Artemis Exercise 4

Continuing on from the analysis of Region 3 or SPI-7 (the major Vi-antigen pathogenicity
island) we are going to extract this region from the whole genome sequence and perform
some more detailed analysis on it. We will aim to write 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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Artemis Entry Edit: S_typhi.dna

File Entries Select View Goto gdit]greate Run Graph Display
Entry: [v]S_typhi.dna [v]S_typhi
134380 selected bases on forwa

>

GC Content (%) Window size: 20, Selected Features in Editor Ctrl-E
Subsequence (and Features) SHAI=
A ff\ 4PPOSLY T £ ﬂr 2.0
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v
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. 0o 4407000 4426500  |4446000 [4465500  [|4485000 4504500  |4524000 <ﬁ?saasoo l4s63000 | |
& dragging 1 : /N — — e
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< i »
A new Artemis window will appear displaying only the region that you highlighted
X Artemis Entry Edit
ries Select View Goto Edit Create Run Graph Display
NOte the entI'y names m [vIno name [v]no name [v]no name
One selected base on forward strand: 414
have changed - -
| — | AN A 1o T W
STY4521 STY4523 STY4524
L B 1 1 A 11 s 1 T MU
STY4525 STY4526
(L 1 | 3 1 101 e
STY4522 STY4528
| I | CH
misc_fe: misc_feature mig=
|s00 Tisee |2400 |3200 |a000 |asoo |ss00 |sa00 |7200 —
(Note thebases\/' T T T T N N R A A N A R AT URTR TN WA T
have been FAE e i [ 1 A A B e N (A {1
T 1 A
renumbered ] o
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o TRNRTTDTOGIFNZPLUVYKIKLTDTA ALTFH*TIOGSRIOQANTFE#
base you GAATAAGTGGT GCCC CGGAATCGAACCACGGACACGGGGATI'I'I’CMTCCCCI‘I’ GTCAAAAAGTTAGACACCGCTTTGACTTTTTGAATTGGT AGCAGGCAGGCGAACACATTCGAAT AA,
120
CAATCTGTGGCGAAACTGAAAAACTTAACCATCGT CCGTCCGCTTGTGTAAGCTTATT
Selected, .Y TTGPSPTIGSGRVRPMNETLTGE KT DTFLTF¥VYGSOQSHKSHNTA APLTE RVYTCEF.L
FLHHGSESTDFWPCPSK®*DOGQ*FTLTCRIKTSIKEKTFTQgQYTCAPSTCMRTIF_|
I LPARVRFRYVYSYPIKLGRTLFNSUYAKWYK QTIPLLTCAFUYNSYIY
o] I»]
IitRNA 1 64 ¢ possible truncated tRNA FPhe. [«]
misc_feature 1133562 ¢ The major Vi antigen pathogenicity island (SPI 7) =
cDS 142 1176 Weakly similar to the C-terminus of several polysaccharide biosynthesis proteins e.g. St
CDS 1173 2537 Similar to Bacteriophage Pl Ban helicase TR:080281 (EMBL:AJE11592) (453 aa) fasta scores:
misc_feature 1803 1826 PSGO017 ATP/GTP-binding site motif & (P-loop)
CDS 2530 4329 no significant database hits
CDS 4493 4803 Doubtful CDS
CDS 4931 5512 no significant database hits.
CDS 5597 6154 Weakly similar to Yersinia pestis orf 77 TR:Q9Z381 (EMBL:AL031866) (193 aa) fasta scores:
CDS 6399 7742 no significant database hits
misc_feature 7744 8180 Low G+C region containing repeat region with 10xTGGT(a/-)(T/C)AARAA(A/G]T.
CDS 8328 6107 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:Q9RHFS (EMBL:AFOO0001) (664
CDS 11880 12329 no significant database hits
DS 12410 12628 doubtful CDS
CDS 12641 13177 Previously sequenced Salmonella typhi single strand binding protein ssB TR:QORHF4 (EMBL:AF_|
e ieea Yhera _anend St L fa Eemire oi > Adl
<« i | [»]
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Note that the two entries on the grey ‘Entry’ line are now denoted ‘no name. Thfh
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
being over-written.

We will save the new files with relevant names to avoid confusion. So click on the
‘File’ menu then ‘Save An Entry As’ and then ‘New File’. Another menu will ask
you to choose one of the entries listed. At this point they will both be called ‘no name’.
Left click on the top entry in the list. A window will appear asking you to give this file

a name. Save this file as spi7.dna

\Do the same again for the second unnamed entry and save it as spi7.tab /

File | Entries Select View Goto Edit Create Run Graph Display
Show File Manager ...
Read An Entry ...

Read Entry Into »
ReadJBANJ/AVCLLL FEEEHEE 1 oo
Save Default Entry STY4523 STY4524
Save An Entry y LN 100 e E e meeme o eeee e T e C—— [ i
Save - : STY4525 STY4526
SaVERANRENEGYRAS oL (R Pononame HEPIIEEERE T R T nee——
Save All Entries EMBL Format » no name STY4528
Write »| GENBANK Format »
= S Sequin Table Format »
Clone This Window oF Format )2 |aso0 |ss00 |s400 [7200 |se0e

G orma
Save As Image Files (png/jpeg)...
,TV F L IR AL EMBL Submission Format »
Print... e rowee e T THEEEEE T 1 [ T RN (A
Print Preview
oo i DhELotEer O N T T A A S A N O O B ARV N TR
Preferences ol HHem e T 1 1 | O A { A B A
Close »

RLASSCARSGLAWDNTMNARSVLS# AV CPEGSEPSFRIKUYFSSSGRZQ -~
¥VWRAPARVYPVWPGITILMPEUWYYYHKI QY ARIKGSGIKSHLFAKTYSHLTI QDGR
. SGELLRAFRSGLG®S®Y # CQKCTTISSMPGRVYRAIFSOQSTILTIFRTA
CGTCTGGCGAGCTCCTGCGCGCGTTCCGGTCTGGCCTGGGAT AAT ACT AATGCCAGAAGT GTACT ATAAGCAGT ATGCCCGGAAGGGT AAGAGCCATCTTTTCGCAAAGT ATTCTCATCTTCAGGACGGCAGH
2i t=] 100 120
GCAGACCGCTCGAGGACGCGCGCAAGGCCAGACCGGACCCT ATT ATGATTACGGT CTTCACATGAT ATT CHTCATACGGGCCTTCCCATTCTCGGT AGAARAGCGTTTCATAAGAGT AGAAGTCCTGCCGTCH
DPSSRRAMNRDPRPYY+ HWFHVWYTILLTIGPLTLAMEKETCLTIRMEKILVAP
[[R& 1 EF 0 & REFPRWAOQSTILVLALLTGSYATHGSPYSGDEKRTLTNETDTETPTRTC:
TQRAGARTGTQGPTITISTIGSTY+ L CY ARFPILILMWRIEKA AFYE®*R®*SFPLI¥

< »
CDS 1 548 ¢ Similar to Salmonella typhimurium nonspecific acid phosphatase precursor phoN SW:PHON_SALTY (P26¢~
misc_feature 72 95 ¢ PSE1157 Class A bacterial acid phosphatases signature
tTRNA 1252 1315 ¢ possible truncated tRNA Phe.
misc_feature 1252 134813 ¢ The major Vi antigen pathogenicity island (SPI 7)
CcDS 1393 2427 Weakly similar to the C-terminus of several polysaccharide biosynthesis proteins e.g. Streptoco
CDS 2424 3788 Similar to Bacteriophage P1 Ban helicase TR:080281 (EMBL:AJ011592) (453 aa) fasta scores: E(): @
misc_feature 3054 3077 PSEO0L7 ATP/GTP-binding site motif & (P-loop)
DS 3781 5580 no significant database hits
DS 5749 6054 Doubtful CDS
DS 6182 6763 no significant database hits.
DS 6848 7405  Weakly similar to Yersinia pestis orf 77 TR:Q9Z381 (EMBL:AL031866) (193 aa) fasta scores: E{}): 8
cDS 7650 8993 no significant database hits
misc_feature 8995 9431 Low G+C region containing repeat region with 1GxTGGT(a/-)(T/C)AsARA(A/G)T.
CDS 9579 10358 no significant database hits. Contains a hydrophylic region in the N-terminus between residues 3
CDS 10469 12463 Previously sequenced Salmonella typhi topolsomerase B TopB TR:QSRHFS (EMBL:AFOO0001) (664 aa) fa
CDS 13131 13580 no significant database hits
CcDs 13661 13879 doubtful CDS
CcDS 13892 14428 Previously sequenced Salmonella typhi single strand binding protein ssB TR:QSRHF4 (EMBL:AFO00001].
L] »

ﬂVe are going to look at this region in more detail and to attempt to define the limits of
the bacteriophage that lies within this region. Luckily for us all the phage-related genes
within this region have been given a colour code number 12 (pink; for a list of the other
numerical values that Artemis will display as colours for features see Appendix VII).
We are going to use this information to select all the relevant phage genes using the
Feature selector as shown below and then define the limits of the bacteriophage.

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

Click ‘Select’

§e1ect\y1ew Goto Edit Create Run Graph Display
then ‘Feature - W Feature Selector ... "g
S 1 y One selected bi All tri-a 4
elector — A1l Bases
IE———" none (S gy s i 1 | 1 TN
STY4521 By Ke STY4524 [
[ T T T T 1 o s 1 1AL IR AR
CDS Features without /pseudo STY4525  STY4526 ‘
TR 11 1| a1 cos Features T I A e
Make sure the buttons ) e = "
are Selected Features Matching Qualifier . 1|
8( Open Reading Frame o] 4000 4200 [Eele) |s400 |7200 -
i EEUIEER @ @ @) Artemis Feature Selector
Base Range [Select by:
Set Key to B ol . LRI TR
- ey: DS ns
2 ‘CDS’ d I T, U L T I
an o — |
. FUIENE 11 P v Quatifier: colour i 1 O R O A AT Y
Quallﬁel’ tO ] Containing this texfg |12 I»
[ ’ c
Colour ExVVPGLGI"Ig"O v| Allow Partial Match LEELVYAGRRTUHSHNKR=
JFLNW+ 0QAGEHTIRTIIHAR=S
Match Any Word TF * I GSROQANTTFE #
i iC GAA'ITG(.TI'AGCAGGCAGGCGAACACATI'CGAATAM}
nd: 200 [120
3 Type Search term Up to: bases long GAAAAAC‘I‘I’AACCATCGTCCGTCCGC‘I'I‘GTGTAAGC‘ITA"I'I'[
.Y T TGP SPTI K S NTAPLRVYCEFL,|
FLHHGS SE S DAd: KKFQYCAPSCMRIF
‘IwLPARVRF £ eEets baseslong’KqIPLLCAFVNSY]\:
itRNA 1 And: =
g misc_feature 1 Up to: exons long " =
4 Cth tO SeleCt CDS 142 : : J 'saccharide biosynthesis proteins e.g. Str
.. CDS 1173 |And: 181 (EMBL:AJ011592) (453 aa) fasta scores:
isc_featl 1803
features containin miscfeature 1892 | Clat least: exons Tong
CDS 4498 .
search term cos goz1 A1
oS ggg; Contains introns without GT/GC start and AG end ¥ (EMBL:ALO31866) (193 aa) fasta scores:
7744 \and by: TGGT (4/-) (T/C)AAARA(A/G)T.
8328 . X 1iylic region in the N-terminus between resi
CDS 9218 Amino acid motif: ‘ase B TopB TR:QSRHFS (EMBL:AFGOG0C1) (664
CDS
oS 12410 cward Strand Features [v]Reverse Strand Features
cDS 12641 and b1nd1ng protein ssB TR:QORHF4 (EMBL: AFj
i 1 mar
Kl T Select » View Close [*]
12
5 | Click to view ) \
@ ® @ All features with key "CDS" with qualifier "colour" containing text "12"
SeleCted features File Select View Goto Edit Write Run
9 ' DS 65714 66091 fi t datab: hit: =
ma hSt DS 66178 66396 ¢ ggmi{grrut;cggch;lzhizgcuhspruphage P2 Ogr protein 9W:0GRK Ea
DS 66464 67564 ¢ Similar to Bacteriophage P2 late gene control protein D SW: VPl
DS 67561 68046 ¢ Similar to Bacteriophage P2 complete genome U essential tail %
DS 68046 70826 ¢ Similar to Bacteriophage 186 protein G TR:(37848 (EMBL:U32222
DS 70819 70938 ¢ Similar to Bacteriophage 186 OrfS2 H TR: 080316 (EMBL:U32222)
DS 70053 71255 ¢ Similar to Bacteriophage P2 complete genome E, essential tail
DS 71310 71825 ¢ Similar to Bacteriophage P2 major tail tube protein fII 9W:vPF
. DS 71835 73007 ¢ Slml{ar to Eaiterlﬁhage EZ major tail sheath prutelg I S vi
DS 73542 74264 S to S 1 T 1
6 | feature list s Titks 7doe8 ¢ SRLor fo Baciemiophagt B2 probable. ory iper sesembly prosd
DS 74876 76495 ¢ Similar to Bacteriophage P2 probable tail fiber protein SW:VPH
DS 76492 77097 ¢ Similar to Bacteriophage P2 tail protein I SW:VPI_BPP2 (P2670]
DS 77090 77998 ¢ Similar to Bacteriophage P2 baseplate assembly protein J SW:vf
DS 77985 78344 ¢ Similar to Bacteriophage P2 baseplate assembly protein W SW: vk
DS 78341 78919 ¢ Similar to Bacteriophage P2 baseplate assembly protein V SW: vk
DS 78988 79434 ¢ Similar to Bacteriophage P2 tail completion protein S SW:VPS_E
DS 79427 79858 ¢ Similar to Bacteriophage P2 tail completion protein R 9W:VPR_E
DS 79954 80379 ¢ Similar to Bacteriophage P2 protein LysB protein involved in |
DS 80379 80756 ¢ no significant database hits. Contains possible membrane spanr
DS 80761 81231 ¢ Similar to Serratia marcescens putative phage lysozyme NucD T
< I >
Close

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

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

\ﬁle by left clicking on the entry button on the grey entry line. Only the phage genes/

should remain.
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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: DS -
v] Qualifier: product v

Containing this text: |regulator

v| Ignore Case v] Allow Partial Match

Match Any Word

And:
Up to: bases long
And:
At least: bases long Space for a
And:
Up to: exons Tong search term or
And: . . .
At least: exons long aman aCld motlf
And:
Contains introns without GT/GC start and AG end
and by:

Amino acid motif: MEDSSEA
v|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 use the left mouse button to click
and drag over the region that you think defines the prophage.

©®© Artemis Entry Edit
File Entries Select View Goto Edit Create Run Graph Display

Entry: [v]spi7.dna []spi7.tab [Ino name []phage. tab
33616 selected bases on forvard strand: 64275..97890

1] o
STY4500 STY4628
[ i) D
SopE STY4627 I Y4545
[
[s2000 [sesco leseoo [71500 [z8e00 lgas00 [s1000 lo7s00 [ro4000  [11oseo 117000
| 4.4a a 4a |
STYA ¢ STY4607 _ STY2614 1619 STYa630 _STY4s37 @
S STY4¢ STY4684 _ STY. € STY4618:23 5 ST STy4s4l insh
Rl |
| STY4601 ‘ STY461 € ST STY4622 36 STY4 STY4632 STY4638 1 insB |
< ] D
E# VVPGLGIE TRGFSIPLSKS S+ Lvoa R s N K
N KW C s E HGHGDFQSPCQKVRHRFDFLNW AGEHIRTIEK
156 TR T TGIFNFPL KLDTALT 1
CCGGACTCGGAATI ATTTTCAATCCCCTTGTCARRAGTT AGACACCGCTTTGACTTTTTGAATTGGTAGCAGGCAGGCGAACACATTCGART AR

20 0
CTTArrcAccAcGmcCmAGccrrmCWGGTGccTGTGccccTuAAcrrAGGGGucnGrrmcAATcrGr0GcGAAAcrGAuAAmAnccATcmccmcccmmmAAmAm

SPISGRVYREP G S 0SK PLRYVCEF
FLHHGSESDFWFCPSK*DGQ*FTLCRKSKKFQVCAPSCMRIF
ILPARVRFRUYVYSVYVPIKLGRTLFNSVYAKYKQIPLLCAFVYHNSYIY

K1 D

. .
DS 87264 88328 ¢ no significant database hits =
s 88325 89389 ¢ no significant database hits
DS 80390 89617 ¢ No significant database matches
s 90314 92728 ¢ Similar to Escherichia coli retron EC67 hypothetical 53.2 kDa protein SWw:YR72_ECOLI (P2131
s 92719 93579 ¢ Similar to Escherichia coli retron Ec67 DNA adenine methylase SW:DMA7_ECOLT (P21311) (285
S 93576 94160 ¢ Similar to Bacteriophage 186 hypothetical 21.5 kDa proteln CP81 SW:CP81_BP186 (P41060) (1
s 04157 04334 ¢ Similar to Bacteriophage P2 hypothetical 8.2 kDa protein in gpa S'region orf82 SW:Y0S2_BPF
S 94384 94617 ¢ Similar to Bacteriophage 186 hypothetical 8.8 kDa protein SW:CP79_BPIs6 (P21682) (77 aa) f
DS 94685 95026 ¢ Transposable element hypothetical protein. Similar to Escherichia coli hypothetical 12.8 k
S 94990 95190 ¢ Similar to Bacteriophage 186 protein Fil which induces host cell filamentation SW:VFIL BP1_|
DS 95198 95707 ¢ Similar to Bacteriophage 186 regulatory protein cII SW:RPC2_BP186 (P2167S) (169 aa) fasta
s 95740 95982 ¢ Similar to Bacteriophage 186 Apl proteln SW:VAPL_BP186 (P2181) (87 aa) fasta scores: E(}
DS 96099 96731 Similar to Bacteriophage 186 repressor protein I SW:RPC1_BP186 (PDE707) {192 aa) fasta s¢
s 96735 97760 Similar to Bacteriophage S2 Integrase TR:P79671 (EMBL: 271579) (337 aa) fasta scores: E():
DS 108779 109282 ¢ Similar to Escherichia coli putative transposase insB TR:Q9S3)7 (EMBL:AJ131756) (167 aa) f
CI“}S 109201 109476 ¢ Similar to Escherichia coli InsA protein insA TR:069421 {EMBL:AJ223475) (94 aa) fasta scur'

i

While the region in highlighted, click on the ‘Create’ menu and select ‘Create feature
from base range’ . A feature edit window will appear. The default ‘Key’ value given by
Artemis when creating a new feature is ‘CDS’ . With this ‘Key’ the newly created feature
would automatically be put on the translation line. However, if we change this to
‘misc_feature’ (an option in the ‘Key’ drop down menu in the top left hand corner of the
Edit window), Artemis will place this 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.
@see how well you have done, turn the spi7.tab. /
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4

1

2

&

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
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.

‘tab’ file into the

‘.dna’ file, and then

Click ‘Select’

Artemis Entry Edit

elect View Goto |Edit| Create Run Graph Display
‘ ’ =
then All [v]spi7.dna [v]spi7.tab [ ]| Undo ctrl-u
|‘230 selected features |
Selected Features in Editor Ctrl-E
13— Subsequence (and Features) ol
STY4584 ¢ STY4 STY4594 - STY4647 STY4664
Find/Replace Qualifier Text ... n>D> D
5TY4583 ¢ STY4589 STY4599 | Qualifier of Selected Feature(s) » S yjhP STY46 S
o o Db Selected Feature(s) » Y
\ s SI';Y STY: ST STY4595 " oo Boh < N STY4645 1649 STY46 S Sl
. ‘ . I Move Selected Features To
Click "Edit 5 ther| Tres Phage _iog Copy Selected Features To ¥ spi7.dna p_feature ISl at_unit misc_featd
] 1 d Bog ue Trim Selected Features »| Spi7.tab |1<%4000 116500 117000
' 4 4q
Copy Se ecte mis{ Extend Selected Featur p( MO name mi mis¢ repeat unit
’ 3 I .tab
Fix Stop Cod phage
Features To ) STY458:_STY4 ’ i VexE_ * vexh tvit tvia
1| cally Create Gene Names ‘1
STY4585 Fix Gene Names apl 41 & vexD 1nsh
Bases 1 o i
7 o sam_STY4601 i B cIT 540 vext tv 1nsB tviB v|
. ontig Reordering
3 [Select spi7.dna | contig : >
6 I E Header Of Default Entry P L*LFELVYAGRE RT N K[~

L P H S
NKWCPDSESNHGHGDFQSPCQKVRHRFDFLNW+OAGEHIRIFT

I SGARTRMNRTTODTGIFMNPLUYKKLTDTA ALTF

*

I G SR ANTFE #

GAATAAGTGGTGCCCGGACTCGGAATCGAACCACGGACACGGGGA CAATCCCCTTGTCAAAAAGTTAGACACCGCTTTGAC GAATTGGTAGCAGGCAGGCGAACACATTCGAATAAL

YTTGPSPISGR\.’RPNEIGKDFL#VGSQSKSNTAPLRVCEFL

FLHHGSE

feature

Click ‘File’ then ‘Save
An Entry As’

5| ‘EMBL

*

SDFWPCPSK &

D G @

ble truncated tR
major Vi 1nt1qu

a typhi

Artemis Entry Edit

le | Entries Select View Goto Edit Create Run Graph
Show File Manager ...

Read An Entry ...

Read Entry Into >
Read BAM / VCF ..

Save Default Entry i1l
Save An Entry >
Save An Entry As M New File
Save All Entries EMBL Format

»| GENBANK Format

[v] phage. tab

Write

Clone This Window

GFF Format
Save As Image Files (png/jpeq)..

Sequin Table Format

Display

FTLCRIKSKKTFQYTCAPSCMRTITF
LPARVYVRFRY VY SYPTIKILGGRTLFMNSUVYAKVYHKI QTIPLLCAFUYNSYI1Y

[a]

STY4647 STY4664
___STv4628 S _yijhP STY46 S
: STY4645 1649 S’Eﬂ’dﬁ s S'I‘
4 misc_feature IS1 at_unit misc_featy
3 91000 97500 104000 110500 117000
»

mice feature

Submission
Format’

—
v
Print

Print Preview

Open in DNAPlotter

Preferences

€ ST STY. STY46

| EMBL Submission Format» spi7.dna

spi7.tab
no name

25
Q¢ phage. tab 1]

ST € ¢ STY46%

mimis¢ repeat unit
[

%4637 vexE_ - vexh Tvit trid 0
H-1 4
apl 41 & vexD insh
cI1 340 vext tv insB  tviB [~

D

G FSIPL

6 [ Select ‘spi7.dna

o/
- =

7 | Save file as
spi7.embl

*

FLHHGSESDFWPTCFPS
4

W tRuA

-20-

K S + T

[LATTCACCH CIOAGCCTTAGCTTOGT CIGT CTALAACTTA AL AATCTOT ALACT CLLAACCATCOT
YTTGPSFISGRVRFNEIGKDFL#VGSQSKSNTAPL

K Q L R K
ILPARVRFRVVSVPIKLGRTLFNSVAK

* FTLC

Contains a

S P FELVYAGRRTHSNEK
DFQSPCOK\IRHRFDFLNW+QAGEHIRI
N

L * L

R
FQYCAPSCMRIF

IPLLCAFVYHNSY 1™
>

S K K
vV K

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 P1 Ban helicase TR:080281 (EMBL:AJ011582) (453 aa) fasta scores:

Weakly similar to Yersinia pestis orf 77 TR:Q9Z381 (EMBL:AL031866) (193 aa) fasta scores:

Low G+C region containing repeat region with 10xTGGT(a/-) (T/C)AAAAA(A/G)T.

hydrophylic region in the N-terminus between resi

Previously sequenced Salmonella typhi topolsomerase B TopB TR:QSRHFS (EMBL:AFO00001) (664

Prevmusly sequenced Salmonella typhl slngle strand hlndmg protein ssB TR:QORHF4 (EMBL: AR

1 64 ¢ possible truncated tRNA Phe.
misc_feature 1133562 ¢
CDS 142 1176
CDS 1173 2537
misc_feature 1803 1826 PSO017 ATP/GTP-binding site motif & (P-loop)
CDS 2530 4329 no significant database hits
CDS 4493 4803 Doubtful CDS
CDS 4931 5512 no significant database hits.
CDS 5597 6154
CDS 6398 7742 no significant database hits
misc_feature 7744 8180
DS 8328 9107 no significant database hits.
CDS 9218 11212
CDS 11880 12329 no significant database hits
CDS 12410 12628 doubtful CDS
CDS 12641 13177

LN

»
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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: [v]spi7.embl
Nothing selected

| [ TR 1 Y A 1
STY4521 STY4523 STY4524
T 1 (1 A M1 1] BUCLETICED CC T e
STY4525 STY4526
(1RO 1 T A VAT T A (RN 11 B
STY4522 STY4528
misc_feature mi

800 1600 2400 3200 4000 4300 5600 5400 7200

tRNA feature

U AR A TN 1 | R O
I 1 1 1 1 A A0 11
T 1 1 (O A I I O O R B

« ] »

E# VVPGLGIEPRTRGFSIPLSEKS+TPL*LFELUVYVHA aGRRTHSN K

M KWCPDSESNHGHGDTFI QSPCOGQKVYRHRFDTFLIHNM®WA+ QAGEHTIRTIIHN=

. I SGARTRMNRTTODTGIFMNPLTVYIKEKLTDTA ALTF®*TIGSROQANTTFE #

GAATAAGTGGTGCCCGGACT COGAATCGAACCACGGACACGGGGATTTTCAATCCCCTTGTCAAAAAGT T AGACACCGCTTTGACTTTTTGAATTGGT AGCAGGCAGGCGAACACATTCGAAT AL
|20 lao ) 50 100 120

AT TCACCACGGGCCTGAGCCT TAGCTTGGTGCCTGT GCCCCT ARBAGT TAGGGGAACA

.Y T TGP SPISGRVYRPNETIGIKTDTFLS®#VGS(JSKSWNTAPLRYCETFIL
FLHHGSESDFWPCPSK®*DSOGQJ§*FTLT CRIEKZSIKIZ KFQYT CAPSTCMRTIF_|
i[ILPARVRFRVVSVPIKLGRTLFNSVAK"JKQIPLLCAFVNSY]L
LRAl »
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. St |
CDS 1173 2537 Similar to Bacteriophage Pl Ban helicase TR:080281 (EMBL:AJE11592) (453 aa) fasta scores:
W misc_feature 1803 1826 PS00C17 ATP/GTP-binding site motif & (P-loop)
CDS 2530 4329 no significant database hits
CDS 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
W misc_feature 7744 8180 Low G+C region containing repeat region with 10xTGGT{A/-){T/C)AasAA{A/G)T.
CDS 8328 9107 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:AFOQQ001) (664
CDS 11880 12329 no significant database hits
cDs 12410 12628 doubtful CDS —
N Y Preyvin pALANCA a ella o a o . Rl &Y

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

When you download sequence files from EMBL and visualize them in Artemis you will
notice that they are displayed using default colours. You can customize your own
annotation files with the ‘/colour’ qualifier and chosen number (Appendix VII), 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. /
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Artemis Exercise 5

This exercise will introduce you to database searches and will give you a first insight in
the annotation of genes.

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 need to close down the last Artemis
exercise if you haven’t already done so. Start a new Artemis Session, as before, and
open again S_typhy. dna and read the annotation file (S_typhi.tab) in.

As you can see the gene is full of 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).

bgl Artemis Entry Edit: S_typhi.dna
File Entries Select View Goto Edit Create F_!unl Graph Display
1 Entry: S_typhi.dna [v]S_typhi.tab NCBI Searches » 2
Selected feature: bases 1466 amino acids 4gg | Pfam Search /colour=11 /gene="hpcC"/gene="STY1l
Y Rfam Search [ \
Select CDS MCTEL L Cr ) fRun fasta on selected features against »| suniprot_bacteria ||”-‘|r"—[| M= St rt f t
Run blastp on selected features against ¥ %suniprot_eukaryota ] a asta
[ 1 | Run clustalx (PROTEIN) on selected features | 9
TN Run thlastx on selected features against » MW hpa‘i‘l LI == agalnSt the
hpeC hpcB Run blastn on selected features against » STY1i—| Uniprot
Run blastx on selected features against » —
misc_feature : Run fastx (%uniprot) on selected features misc_fe bacteria

0 [1000260 [11000800 [1106800 [116 0 clustalx (DNA) on selected features [1104200 |1165600 [1106

Run jalview on selected features database
L1 [T B Set fasta options IS L1 TN MMM \ /
i »

L1 F 1 L] Set Bleste options UL T v
Set clustalx options

(I [ T EIET NI set tblastx options >l [ | I I O U R

4 ] Set blastn options » %

Set blastx options »
Set fastx options

L SLK+KaA&WV AWLTETSS

clustalx options

CR* SRRRGSPGGES#FPNERQ
TTGTCGTTGAAGT AGAAGGCGTGAGTCOCCTGGTT AACCOARTCGTCAGTGAGGAGAGCGCARART GAAGAARAT ABATCATT GGA
|1699540 |1609560 [1600580 |1009600

ABCAGCAACTTCATCTTCCGCACCCAGCGGACCAATTGGCTTAGCAGT CACTCCTCTCGCGTTTTACTTCTTTTATTTAGTAACCT
TTSTSPTPRRTLRITLSSLAFHLEFYTIMEP

M DNFYFAHTA AQMNVYSDDTLLACFSSFLODNS
QRQLLLRPDGPGGFR*HPSRLTIFFIF®*QqTILPLFTAPLS +KW Y-

[l [in] D

1399596 1101061 oy
1100321 1160344
1100485 1160440

Pseudogene. Similar to Escherichia coli S5-carbosxy h
PSOOGS? Aldehyde dehydrogenases glutamic acid active site

|

misc_feature

misc_feature

PS00070 Aldehyde dehydrogenases cysteine active site

cDS 1101063 1101914 Similar to Escherichia coli 3,4-dihydroxyphenylacetate 2,3-dioxygenase hpcB SW:HPCE_ECOL] |
cDS 1101924 1102304 Similar to Escherichia coli S-carboxymethyl-2-hydroxymuconate delta-isomerase hpeD SW:HPL=
DS 1102448 1103251 Similar to Escherichia coli 2-oxo-hepta-3-ene-1,7-dioic acid hydratase hpeG SW:HPCG_ECOL
CDS 1103262 1104053 Similar to Escherichia coli 2,4-dihydroxyhept-2-ene-1,7-dioic acid aldolase hpcH or hpai
CDS 1104125 1105501 Similar to Escherichia coli putative 4-hydroxyphenylacetate permease hpaX TR:Q46934 (EMBI
cDS 1105511 1106407 Similar to Escherichia coli 4-hydroxyphenylacetate 3-monooxygenase operon regulatory pro

misc_feature 1106237 1106365

CcDS 1106421 1107359
DS 1108783 1109088 c
DS 1109088 1110008 c

misc_feature 1109814 1109873 ¢

CDS 1110244 1110606

PS00041 Bacterial regulatory proteins, araC family signature

No significant database matches

Orthologue of E. coli yceD (YCCD_ECOLI); Fasta hit to YCCD_ECOLI {101 aa), 74% identity
Fasta hit to DNAJ_ECOLI (375 aa), 35% identity in 353 aa overlap

PSOE636 Nt-dnal domain signature

Slmllar tu Salmonella typhlmurlum suppressor for copper sen31t1v1ty 3 ScsA TR: 033917 (EM =
. 0

To view the search results click “View’,

then ‘Search Results’,

then ‘fasta results’

. The

results will appear in a scrollable window. Scroll down to the first sequence comparison
and you should see the results as shown in the next figure.
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fasta results for hpcC from S_typhi.tab.seq.00007.out.gz

File
ST 9 4.58-0Y =
ABDH_ENT38 A4WAR9 Gamma-aminobutyraldehyde dehydro ( 474) 218 63.7 5.2e-09 —
IOLAL_GEOKA Q5L025 Methylmalonate semialdehyde deh ( 488) 218 63.7 5.4e-09
BETB_BURPP B2TCJ9 Betaine aldehyde dehydrogenase ( ( 489) 218 63.7 5.4e-09
BETB_BURCA Q1BQEl Betaine aldehyde dehydrogenase ( ( 489) 217 63.4 6.4e-09 L
BETB_BURCH AOB2F6 Betaine aldehyde dehydrogenase ( ( 489) 217 63.4 6.4e-09 L
ALDB_ECOLI P37685 Aldehyde dehydrogenase B (1.2.1. ( 512) 217 63.4 6.7e-09 [
BETB_RHIL3 Q1MJU3 Betaine aldehyde dehydrogenase ( ( 487) 216 63.2 7.6e-09
BETB_RHILW BSZUG3 Betaine aldehyde dehydrogenase ( ( 487) 216 63.2 7.6e-09
DMPC_PSEUF P19059 2-hydroxymuconic semialdehyde de ( 486) 215 62.9 9e-09
BETB_SERPS A8SGBX8 Betaine aldehyde dehydrogenase ( ( 490) 215 62.9 9e-09
>>HPCC_ECOLX P42269 S-carboxymethyl-2-hydroxymuconate se (468 aa)
initn: 627 initl: 607 opt: 614 Z-score: 823.3 bits: 161.7 E(326910): 1.6e-38
Smith-Waterman score: 614; 85.3% identity (92.7% similar) in 109 aa overlap (1-109:1-107)
Our gene 10 20 30 40 50 60
hpcC  MKKINHNINGKNVAGNDYFQTTNPATGDVLAEVASGGEAEVNQAVAAAKEAFPKWANLPM
g HPCC_E MKKVNHNINGKNVAGNDYFLTTNPATGEVL ADVASGGEAETNQAVAT AKEAFPKNANL I
[ Gene in database i-——" : vt~k i
70 80 90 100 110 120
hpccC KERARLHRRLGDLIDOHVPEIAAHETADTGLPIHQTKTC'SRAPRITSNSSPKCASR'TA
HPCC_E KERARL IRRLGDLIDQNVPEI AAMET ADTGLPTHQTKNVL - IPRASHNFEFFAEVCQQH
70 80 90 100
130 140 150 160 170 180
hpcC  RPIRLTIKCSIIRNCSPSASARNCRRGTCRL*PRLGKLRRANRNVTPRCSKCPSCRR¥LP
HPCC_E NGKTYPVDDKMLNYTLVQPVGVCALVSPANVPFMTATWKVAPCLALGITAVLKMSELSPL
120 130 140 150 160 170
>>BETB_YERP3 A7FKLS Betaine aldehyde dehydrogenase (BADH (490 aa)
initn: 221 initl: 221 opt: 247 Z-score: 331.8 bits: 70.8 E(326910): 3.7e-11
Smith-Waterman score: 247; 40.4% identity (76.6% similar) in 94 aa overlap (7-98:10-103) |

[ Close H Send to browser ‘

Can you see where the stop codon has been introduced into the sequence of our gene of
interest? Search for the highlighted amino acid sequence in 4pcC. Have a look if you can
find the subsequent amino acids of the database hit in any of the three reading frames.
You will see the sequence can be found in the second frame! What has happened? The
last amino acid in common is a K then the amino acids start to differ till the stop codon.
The amino acid K is coded by AAA. The next base is an A, too. This little
homopolymeric region can cause trouble during DNA replication if the polymerase slips
and introduces an additional ‘A’. This shifts the proper reading frame into the second
frame.

To correct the annotation we have to edit the CDS now. Left click on the right amino acid
continuing the amino acid sequence on the second frame (have a look in the fasta results
and look at the sequence of the gene in the database when you are not sure) and drag till
the end of the gene. Then click ‘Create’ ‘Feature from base range’ and ‘OK’. A new

¢ CDS feature will appear on the appropriate frame line.

Artemis Entry Edit: S_typhi.dna / . . . \
File Entries §fle(t View Goto Edit |Create| Run Graph Display AS the Orlglnal gene annotatlon 1S

Entry: [v]S_typhi.dna [v]S_typhi.tab New Feature

1170 selected bases on forward strand: 1 Feature From Base Range ctri-c 0 :

| G . ron e e too long we have to shorten it. Click
Int Feat

T AT A VT it | 1 T T W

I et | %'lﬁ:'gzgtﬁr:“m | IT— [l on the Orlglnal hpCC CDS, ‘Edlt,
e 2te Features w0 ™= . .
LT — e ‘Selected features in Editor’ . A
misc_feature » Mok Ennty ORFe isc_featur . .

|1099200 [1100080 [1100800 :j”E Enisyin:ame |1104000 |1104800 [1105660 [1T0400 WlndOW Wlll pop up and you can

1 SR 1T N R TR PN R U R TR . .
R R R I R IR R LR Change the end position 1n

Lo P RN N R RN ‘ s ) .

o ! : location’ (the end position is the

P L R KR e \last base Ofthe StOp COdOl’l). /
T A DTG 1 Q K T

GGVGAQRNVLSFRASGARRAYSRIRRRLTGASSRCSRDF’QR Artemis Feature Edit: hpcC

R EG S R K H oW s
ASVPRGI*WVLVHQDRAGRMVEFEEGFHALLHVALGIRNVIL S Add Qualifier:
i lLocation: [1099596. .1099886
Complement | Grab Range | Remove Range | Goto Feature | Select Feature | Tidy | TAT| ObjectEdit

hydrogenase hpcC SWiHPCC_ECOLT (P42269) fasta scores: E(): 0, 96,26 1d in 366 aa. This (DS contains a frameshift after codon ]

(Q05353) fasta scores: E(): 0, 92. a-a id in 250 aa /EC_number="EC 1.2,1.-"
D_E ECOLI (005354) fasta s:ures E() 0, 81, a‘x m m 125 aa = /hlastp hle- /old_vhole_genome/blastp/St. tab.seq.01136.out"
P42270) fasta scores: E{): 0, 90.6% id i
TR: 047098 (EMBL:Z47799) fasta scures E(): O El7 ER& id in 263 aa
:1237980) fasta scores: E(): 0, 87.3% id in 458 a:
ein HpaH TR:(46985 (EMBL: 237980) fasta scores: E() 0, 86.1% id in 294 aa

Jhth_file=". . /old_vhole_genoe/hth/CORBA-St . tab.seq. 01125, out*

n 101 sa overlap /note="Pseudogene. Sinilar to Escherichia coli S-carboxynethyl-2-hydroxymuconate
semialdehyde dehydrogenase hpcC SW:HPCC_ECOLI (P42269) fasta scores: E(): 0, 96.2% id in

366 aa. This CDS contains a frameshift after codon 97. The sequence has been checked and

L:175949) fasta scores: E() 0, 99 2% id in 120 aa is believed to be correct"

j?ﬂl‘ﬁl—@w‘ £ o Q05 4% id o & S /product="5-carboxynethyl-2-hydroxynuconate semialdehyde dehydrogenase (pseudogene)"
/pseudo

/fasta_file="fasta/s_typhi. tab.seq,01032.0ut"

/fasta_file="%uniprot_bacteria:fasta/S_typhi.tab.seq.00009, out"

[ox | [ cancel Apply
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&Vith plus the merged feature) will be retained.

/T 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
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

" If yo

u

/

3

‘Selected Features’

2 Edit | Create Run Graph Display
pietna (v] S_typhi.t Undo ctri-u
. ‘ .
selected features total bases 1
Cth Edlt Selected Features in Editor Ctrl-E
10 o 22t el 1 ) I L
Find/Replace Qualifier Text ...
== | quatsfior of Setected Featurete) N e | ||
[0 NEE 111 (f ||| Selected Feature(s) »| Duplicate Ctrl-D ‘ (NI —
hp hp Move Selected Features To »| Merge Ctrl-M STY1143 1=
[EE[Z feature » Copy Selected Features To »| Unmerge ~
lzeoozee | (1108080 |~ [11088€ Trim Selected Features pf| a2 A S o [1106
Delete Ctrl-Delete ‘ ’
Extend Selected Features » Mer (&
Fix Stop Codons valleiie Eews g
[ (HURTAR I} (I = Remove Introns FEIEIEIE T
Automatically Create Gene Names
(TN NN I I I'|Fix Gene Names Convert Keys ... 0 FIEHED
I gl || | Bases AN RN TR (| I A A R A
Contig Reordering 154
4 i »
...l Header Of Default Entry [y]
K PP TP &4 C L F T RLKRADPF ARIL AL RTLRRSVYVPADERODILSG * R &
N R R R P & s P D # N vEL T P B A S H N F F F F A F WV C 0 0 M N G K T Y p VvV D D=
-y G L P *PS R A PRI TSNSSPKCASR®*TARPTIRLT.I]
AACCGCCGACHCCGGCCTGCCTRTTCACCAGACT AAAACGTGCT GATCCCGCGCGCCTCGCAT AACTTCGAATTCTTCGCCGAAGTGTGCCAGCAGATGAACGGCAAGACCTATCCGGTTGACGAT
099860 [1609880 |1699900 |1899920 |16099940 |1099960
ITTGGCGGCT G GGCCGGACGGA AAGTGGTCTGA GCACGACT AGGGCGCGCGGAGCGTATTGAAGCTTAAGAAGCGGCTTCACACGGTCGTCTACTTGCCGTTCTGGATAGGCCAACTGCTY
G G VG A Q RPN ¥V L S F R ASGARRAY SRIRRRLTOGASSRTCSRDPAQR
F R R RG A 4EGS +FTSIGRAETCLIEKSNIKASTHWCTIFPLY+GTS S| |
¥V A S PRGI*Wl\’]LVHQDRAGRMVEFEEGFHALLHVALGIRNVIL
4 Il

s: E{): 0, 92.3% id in 259 aa
a scores: E(): 0, 81.6% id in 1
s: E(): 0, 90.6% id in 267 aa

[Nl
e

I (Qos353] fasta scon
CD_ECOLI JQ0S354) fas
I (P4227¢§ fasta scorf

File Entries Select View Goto Edit Create Run Graph Display
Entry: [v]S_typhi.dna []S_typhi.tab
Selected feature: bases 1461 amino acids 486 hpeC  (/EC number="EC 1.2.1.-"

ult

(AR ARILRT \IIIHIII_\IIII L I 1 A A U O A L

FAEEE e II|IIIIIII H I

T T

mﬂﬂll (L1 Y |T|1>

TR:Q470cp (EMBL:Z470) fasta scores: E(): O BT 8%\ 1 1 0 1 0 W00 00
1737080 fasta scorge: E{): 0, 87.3% id in 458 aa
tein HpaH] TR: Q46985 fEMBL:Z37980) fasta scores: E(): feat
ISC eature

0 1006000 [006800 |1097600 |1098400 |1099200 [1100000 1100800 |1161600 |1162400 [1103
in 101 af overlap nisc_feature

I I\Illth_-HHIIIHII T e e T N

paB

- \ facta scofes. Efl. A 66 %% id in 190 aa ?HIIIHHIII NIRRT Y] e A o R
<l IrH L I 1 1 [ I 1 e Y 11 |

« [T

Select both the original gene-model and the new CDS

feature, which is to be merged with it to form a new gene

[ Tip: To select more than one feature (of any type) you must hold the shift key down. ]

You have now corrected the annotation of the gene. If there is some time left: Is there
anything more to correct in this gene? You might need to run another blast search to find

out about this.
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