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Introduction

Artemis is a free DNA viewer and annotation tool written by Kim Rutherford (Rutherford et al.,
2000). It is routinely used by the Pathogen Genomics Group for annotation and analysis of both
prokaryotic and eukaryotic genomes. The program allows the user to view simple sequence files,
EMBL/Genbank entries and the results of sequence analyses in a highly interactive and intuitive
graphical format. Artemis is designed to present multiple sets/types of information within a single
context. This manifests itself as the ability to zoom in to inspect DNA sequence motifs and zoom
out to view local gene architecture (e.g. operons), several kilobases of a genome or even an entire
genome in one screen. It is also possible to perform some analyses within Artemis with the output
stored for later access.

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; nooks and crannies of Artemis that are not featured in the exercises in this manual.
Like all the Modules in this workshop, the key is ‘if you don’t understand please ask’ .
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Artemis Exercise 1 Part I

1. Starting up the Artemis software

Double click the ARTEMIS Icon on your Desktop

A small start-up window will appear (see below).
Navigate to the directory Module 1 Artemis, exercise 1 containing the file Pf3D7 03.fasta using

the file manager.

Artemis m Options Windows

8006 Open Project Manager ... |
Wt Open File Manager ...

— Open SSH File Manager ...
¥#0

1 Click
2| ‘File’ then

= Open ...
pathogen  Open from EBI - Dbfetch ...
Quit

Release 16.0.9
1. Standard

Copyright 1998 - 2014
Genome Research Limited

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.

8.N.60 Select a file ...
[ (7 exercise_1 ﬂ
Name A| Date Modified 3
(] tasta sunday, 28 September 2014 11:11 ] ]
= Single click
| P£3D7_03.embl Sunday, 28 September 2014 11:11 _
to select the
DNA file
File Format: | Sequence files -4
( cancel ) ( Open )
/DNA sequence files will \
have the suffix ‘.fasta’.
4 [S' e click ¢ file in Artemis th 't] Annotation files end with
ingle click to open file in Artemis then wai .
g p ‘embl’, or ‘.tab’ . Use this
feature to select the type of

@le displayed in this panelj
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2. Loading annotation files (entries) into Artemis
Hopefully you will now have an Artemis window like this! If not, ask a demonstrator for

assistance. Artemis File Entries Select View GCoto Edit Create Run Graph Display
e no Artemis Entry Edit: Pf3D7_03.fasta

Entry: (W p£307_03.fasta

Nothing selected

IIIIﬁﬁIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIIII [ 0 T | O I 1F
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[soo |1600 |2400 |3200 l4000 l4800 |s600 |6

T 11 AR RN A T Y RN TR
10O OO OO0 OO OO A A0 ORI O ORI O OO mn mom o i
IR O OO O OO OO OO OO AR AN AT ONTUOCACOREC RO IO 00 I O e w1

v
e |
>

A

«

<<
# T L N L # T L KL ¥ L NP E G Y TRNUPI KUPYTULI KU PI KU R* TIL K

K P # I §s K P # s Y T # T L K V I P V T L N P I P * S L N A E P # R m‘
. N P K S LN P KATIUPIKUP*RULYU?PG#P #TL Y P EA AGHFTIULNZPIKD
[PAAACCCTARATCTCTAAACCCTARAGCTATACCTARACCCTGAAGGTTATACCCGTAACCCTAARCCCTATACCCTGAAGCCTAAACGCTGAACCCTARAGA

20 40 60 0 |100

AT TTGGGATTTAGAGATTTGGGATTTCGATATGGATTTGGGACTTCCAATATGGGCATTGGGATT TTCGGATTTGCGACTTGGGATTTCT
VRFRG+VRTFSTYRTFGSZPG®#VRLGLGT*+VR RTFGTLTRZOVRTF I,
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R G A I G L G O N Y G Y G V R G S A S F G L SL
<« >

<<

[—— <)

Now follow the numbers to load up the annotation file for Plasmodium falciparum 3D7 chromosome 3.

1 Artemis ﬁ Entries Select View Goto Edit Create Run Graph Display
. o O ® O O Show File Manager ... |Edit: Pf3D7_03.fasta
Click ‘File  then TSP Read An Entry ...
g ’ Nothi. Read Entry Into >
Read an Entry o
<< Read BAM / VCF ... -
(1 AT | Y N (|
HUIL i Save Def;”:t Entry 3@5’ R AR AR AR A AR
w—— o E:tz i Oy T S A U N A
— Save All Entries
Entry ﬁle ] |3200 l4000 l4800 |s600 |6<
Write >
”l ”"” "”" ”l " Clone ThIS Wln “ ® 0 Select a file ... l" l”
IO Jtrr = — = i
ave AS Image exercise_ & ) §
L TNTRTITTTT i s
T | . . Name 4| Date Modified e
e« Print Preview [ fasta sunday, 28 September 2014 11:11 - ;
2 # T L | M rr.tab sunday, 28 September 2014 11:11 K ?¢
Preferences | PE£3D7_03.fasta sunday, 28 September 2014 11:11 RGA”
: b 00
Single click to e B )
. VR F ose ( — ™ Ila
File Format: Artemis files (=
SeleCt LF GG *L DR F G L A j Ls EL
4 »
Pf3D7_03.embl file| | ™= (cance1 )
] il

3 [Single click to open file in Artemis then wait]

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

_3-
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3. The basics of Artemis
Now you have an Artemis window open let’ s look at what’ s in there.

1{ Artemis File Entries Select View GCoto Edit Create Run Graph Display
e o Artemis Entry Edit: Pf3D7_03.fasta

2{ Entry: (V] P£3D7_03.fasta [¥] P£3D7_03.embl

Selected feature: bases 2460 amino acids 819 ACS2 (/previous systematic id="PFC0050c:exon:l;current=f

(11 I|I|III BTN e I,T'_HII LN T O AT O | MR R
1 1 (T Y I U IR NIRRT
PF3D7 0300900
A (1 1 1 1 (T I|II|II||I|IIII[I‘ \
6

3 < 66400 67200 68000 68800 69600 |[70400 71200 72000 |72

I 1 1 MMM T A TE AT R T AT
O CNURETR Ao VRN WU B 1 ||I_|I (T
L FEETIENEn FEe i (HEE i II|II |IIIIIIIII|IIIIIII|I| LN TR RO TR R TN
I 9 4

S ¥ I N + I N N K NINS KNV FTHTFI KI KTIA ATIT FTITULM M Y I|

G L I # I R # I T K T # I VvV K T L P I § K K + L Y L Y # C T K Q )
V L ¥ KL DK # Q KHI K + ## KL ¥ P F Q KN S Y I Y I NARINUDN V Y il 7
-

A
v
»

D _# 1 F ¥ I F L L F M F L L F K V W K L F I A
E F F Y S
\‘QKYLNSLYCFCLYYFS#GN"FFL#
I

<<

RNAZID:2775 63529 63606
W PF3D7_0300800 64572 65783 rifin
W PF3D7 0300900 67928 68682 stevor-like
| |PF3D7 0301000 69460 71919 ¢ acyl-CoA synthetase
5< PF3D7_0301100 76494 77474 Plasmodium exported protein (hypl3), unknown function
W PF3D7_0301200 78195 80393 ¢ serine/threonine protein kinase, FIKK family
PF3D7_0301300 82011 83515 ¢ alpha/beta hydrolase, putative
PF3D7_0301400 85305 86131 ¢ Plasmodium exported protein, unknown function A
PF3D7_0301500 88250 89231 ¢ Plasmodium exported protein, unknown function v
—BF3NT_0301600 Q1115 ___Q34A3 ~_Plasmodinm evnarted nratein (hwnl) __nunknown function L
\ 4 »

Drop-down menus. There’s lots in there so don’t worry about them right now.

Shows what entries are currently loaded (bottom line) and gives details regarding the
feature selected in the window below; in this case an acyl-CoA synthetase (selected
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 as black vertical bars. Genes
and other features (eg. Pfam matches) are displayed as coloured boxes. We will refer
to genes as coding sequences or CDSs from now on.

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

This panel lists the various features in the order that they occur on the DNA with the
selected gene highlighted. The list can be scrolled (8, below).

Sliders for zooming view panels.

Sliders for scrolling along the DNA.

Slider for scrolling feature list.
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4. Getting around in Artemis

The 3 main ways of getting to where you want to be in Artemis are the Goto drop-down menu,
the Navigator and the Feature Selector. The best method depends on what you’ re trying to do

and knowing which one to use comes with practice.

4.1 The ‘Goto’ menu

The functions on this menu (ignore the Navigator for now) are shortcuts for getting to locations
within a selected feature or for jumping to the start or end of the DNA sequence. Most are self-

explanatory, so feel free to try any of them.

N eiibiliiiibimsitliiigp ' LT ) Edit Create Run Graph Display
Click "Goto [Tg ~ » .

Arte  Navigator ... #G |

I =

<< o

{ |71880 |71900 [71920 |71940

<

Entry: @Pﬂm_os.tasta M P£3D7_03.en .
|§elected feature: bases 2460 amino acic Start of Selec_tlon Ee itic id="PFC0050c:exon:1;current=f
End of Selection ¥
2 Feature Start )
11 1 A AT Feature End 11
M n===————"""°LI0 I W1l Start of Sequence 50 111V 1 B
PF3D7 0312300
LU0 R 0T 0 et nrwe nn| End of Sequence L T 1 A TN T N BTN
Feature Base Position ... [I
Feature Amino Acid ...
|521600 |522400 |523200 | — — — |526400 |527200 |
LI I T 11 1 |III<-1III Il |'“I”1I*II [T JIIIHIIII (| I A AT TR
e LT 1 e A T WY {11 IIrJIIIIIIII ll I — (N |IIIIIII IEEFEETEE 1 T
LA A T AT 1 N TR T IIi’TI‘ L0 (0 TR

A
v
»

S Y I N + I N N KDNIDNSXKUNTFTUHTFI KU KTIA ATITFTITLMHEETMZY I
G L I # I R # I T K T # I VvV K T L P I § K K + L ¥ L ¥ # C T K Q C

IY&

V L ¥ KL DK # Q KHK + ## KL ¥ P F Q KN S Y I Y I NAUZRINUDNV Y
(GTCTTATATAAATTAGATAAATAACAAAAACATAAATAGTAAAAACTTTACCCATTTCARARAAATAGCTATATTTATATTAATGCACGARACAATGTATATA

|71960

Y

I

CAGAATATATTTAATCTATTTATTGTTTTTGTATTTATCATTTTTGAAATGGGTAAAGTTTTTTTATCGATATAAATATAATTACGTGCTTTGTTACATATAT
p # I F ¥ I F L L F M F L L F K V W K L F I A I NI NI C S V I

—

W PF3D7_0301200 78195 80393 ¢ serine/threonine protein kinase, FIKK family
PF3D7_0301300 82011 83515 ¢ alpha/beta hydrolase, putative
PF3D7_0301400 85305 86131 ¢ Plasmodium exported protein, unknown function
PF3D7_0301500 88250 89231 ¢ Plasmodium exported protein, unknown function
PFINT 0301600 Q1115 934A3 ~ Plasmodinm evnarted nratein (hwnl) _nnknown function

PF3D7_0301100 76494 77474 Plasmodium exported protein (hypl3), unknown function

A
EFFYSYKY#HVFCHIY
T K Y L N SLYCFCLYJYTFS#GNS*FTFTL + # I L A RF L T Y 1Y
4 »
<<
RNAZID:2775 63529 63606 E
W PF3D7_0300800 64572 65783 rifin a
M PF3D7 0300900 67928 68682 stevor-like
[ 1PF307 0301000 69460 71919 C_acyl-COA synthetase

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 highlighted by click-dragging in the main window. So yes, give it a
try! This is a very commonly used feature, so it is worth memorizing the keyboard short-

cuts for these, ctrl<left arrow> and ctrl <right arrow> respectively.

@uggested tasks:

Select a gene then go to the start and end.
Go to the start and end of the genome sequence.

(&

1. Zoom out, highlight a large region of sequence by clicking the left hand button and
dragging the cursor then go to the start and end of the highlighted region.

Select a gene. Within it, go to a base (nucleotide) and/or amino acid of your choice. /

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

Click ‘GOtO, .“rt fihﬁ*s Select View Edit Create Run Graph Display
AN O L4E  Navigator ... #G

then Navigator Entry: MP!SD?_OS.Ltta ¥ »£307_03.en

i -
I3 selected bases on reverse strand: 54151 Start of Selec.tlon a8 §..526460)
End of Selection ®-
>>
<< — N Feature Start ~
11 W, OO0 | feare End U TRN T RRTHA T T
LR = A 1) (T T R Start of Sequence ®t [ T 1 W 4
|
OO 00 LW teme s g End of Sequence EL W I W menr e
Feature Base Position ... C[‘
Feature Amino Acid ...
|s67200 |s68000 |s68800 s IEERTE 1=71200 |s72000 |572800
e no Artemis Navigator
Check that | L0 W
the search © coo pase:
[ I | N T F
: () Goto Feature With Gene Name: A
button is on IV T et I I
| ) PF3D7 03147
() Goto Feature With This Qualifier Value: < »l
<<
S Y I N + I ) e T e e HE T MY If
b L 1 # 1 r # |2 CO0TeATEe - L TKchym
V L ¥ K L D K| R N N V Y
GTCTTATATAAATTAGATAAN (J Find Base Pattern: FACGAAACAATGTATATA
|[71880 |71960
[CAGAATATATTTAATCTATTY () Find Amino Acid String: FTGCTTTGTTACATATAT
D # I F # I F|™~ F's v I ¥ I
B V FCHTI Y
fF K ¥ L N § L Start search at: @ beginning (or end) () selection R F L T Y I_'\
4 »
<< o
RNAZID:2775 ] search Backward @ Ignore Case [g Allow Substring Matches 3
M PF3D7_0300800 m
=§§§g;—ggg?ggg ( Goto ) ( clear ) (" close )
PF3D7_0301100 ction
W PF3D7_0301200 78195 80393 ¢ serine/threonine protein kinase, FIKK family
PF3D7_0301300 82011 83515 ¢ alpha/beta hydrolase, putative
PF3D7_0301400 85305 86131 ¢ Plasmodium exported protein, unknown function 4
PF3D7_0301500 88250 89231 ¢ Plasmodium exported protein, unknown function v
2 PF3INDT_N3N01A00 Q1115 Q93463 o Plasmodinm evnorted nrotein (hwnl) nnknown _functinon =
4 »
Suggestions of where to go:
1. Think of a number between 1 and 1067971 and go to that base (notice how the
cursors on the horizontal sliders move with you).
. . ‘ ’
2. Your favourite gene name (it may not be there so you could try "VAR").

(98]

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 through the
pseudogenes as they occur on the chromosome.

4, tRNA genes. Type tRNA’ in the ‘Goto Feature With This Key’ .

5. 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 1 Part I1

(r

from Part I. By a method of your choice go to the region located between

134000 to 141000 on the DNA sequence. This region encodes the CLAG3.1 gene

his part of the exercise uses the files and data you already have loaded into Artemis

bases

which codes for cytoadherence linked asexual protein. You can use either the

Navigator, Feature Selector or Goto functions discussed previously to get there. The

kregion you arrive at should look similar to that shown below.

~

)

Artemis File Entries Select View Goto Edit Create Run Graph Display

e 0o Artemis Entry Edit: Pf3D7_03.fasta

Entry: (V] P£3D7_03.fasta (] P£3D7_03.embl [V PF.tab

>>

R CCACTIYLCUVYTIYULYTI YIS KZYULTT FULTI KT KMT FTA ATLTLG®#ETULNTFL

<<

|selected feature: bases 4254 amino acids 1417 CLAG3.1 (/previous systematic id="PFC0120w:exon:9;current=false"/previous sysg

<<
(L T T o N0 MO LT AT TRTRTAN e
CLAG3.
L T T T T R T A LR T T NI I I
LT 1 1 1 CCHCERTAANT O 1 AWAACTERTI [ a
)
=
misc_featurc¢ misc_feature misc_feature ure
|133600 134400 |135200 136000 |136800 137600 |138400 |139200 40000 |140800
(L 0 | A B 1 1
L o A AR AR T [ [ LT 0T T Y TR
A
L U L 1 1Y =
s & o
<< i
TYNHHI‘{INIHI‘{INI‘[I LIIIPN#TKK
IYTFVECE#RFFHECC## F Rla‘
LQHAHIYKHTYIYKYIY
CCTACAACATGCAC AACATAC TTGTAGAGTGTGAATAACGTTTTTTTCATGAATGTTGCTAATAATTATTCCAAATTAAACARAGAA(
139120 139140 139160 |139180 139200 139220
AARCATCTCACACTTATTGC ;TACTTACAACGATTAT TTAATTTGTTTCTT(

+ L M CM Y I FM CTI Y TIF I Y I Y KOQULTHTIVNIE KTEUHTINSTITITIGTF#VTF
G VvV vV H VvV Y I ¥ V Y M ¥ I ¥ I ¥ I ¥ V X T § H S YR KK * § HQ + Y NNUWWTIULTGCTULL

W PF3D7_0302100 114070 118086 serine/threonine protein kinase

W PF3D7_0302200 119458 124735 cytoadherence linked asexual protein 3.
PF3D7_0302300 125992 130235 c erythrocyte membrane protein 1 (PfEMPl) pseudogene
P 400 C

cytoadherence e xual protein 3.1

600 ABC transporter, (TAP tamlly) putative
PF3D7_0302700 146372 147056 Cc CDGSH iron-sulfur domain-containing protein, putative
PF3D7_0302800 148046 149305 ¢ conserved Plasmodium protein, unknown function
PF3D7_0302900 152168 156146 c exportin 1, putative
PF3D7_0303000 159353 161704 ¢ N=- ethylmalelmme sensitive fusion protein, putauve
PF3D7_0303100 162778 167103 ¢ conserved Plasmodium protein, unknown functi
PF3D7_0303200 169571 174300 HAD superfamily protein, putative

L]
"
w
5]
]
o
o
S
w
b
=3
o
I
3
o
o
~
~
-
3
o
=
©
©
a

DNA-directed RNA polymerase subunit I, putative
W PF3D7_0303400 178420 181127 palmitoyl transferase
PF3D7_0303500 182731 189411 spindle pole body protein, putative
W PF3D7_0303600 190180 190719 plasmoredoxin
RNAZID:2791 191187 191244
| _PF3D7 0303700 191245 192591 ¢ dihydrolipoamide acyltransferase, putative
r= Y

€ ]

)
CDS

feature

VS
Misc
features

—
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/Once you have found this region have a look at some of the information that is available to\
you:

Information to view:

Annotation

If you click on a particular feature you can view the annotation attached to it:

select a CDS feature (or any other feature) and click on the ‘Edit’” menu and select
‘Selected Feature in Editor’ , or simply push ‘E’. A window will appear containing all the
annotation that is associated with that CDS.

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

The results from the Pfam protein motif searches are not 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 Pfam.

Viewing the results of database searches
Click the “View’ menu, then select ‘Search Results’ and then ‘Fasta results’ . The results
of the database search will appear in a scrollable window.

- /

Further information on specific Pfam entries can be found on the web at
http://pfam.xfam.org/
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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 to
the display various plots showing different characteristics of the DNA.

To view the graphs:

Click on the ‘Graph’ menu to see all those available. Some of the most useful plots for P
falciparum is the ‘GC Content (%) as shown below. G+C content is a very good indicator of
coding capacity in Malaria. On average, the coding regions are ~23% G+C and the non-
coding regions are ~19%. Have a look at the G+C content for this region by selecting the
appropriate graph. Left click within the graph window and then select by clicking on the

exons to see how this relates to the G+C peaks on the graph.

DNA plot

Artemis File Entries Select View Goto Edit Create Run Graph Display

Ao Artemis Entry Edit: Pf3D7_03.fasta

Entry: (V] p£3D7_03.fasta (V] P£307_03.embl [V PF.tab

3 selected bases on reverse strand: 925522..925524 = complement (142448..142450)
GC Content (%) Window size: 120

>>
<<
I NTHIEE T | — IWIRTTAN AT T L AT ATV THY T i
CLAG3.1 Il i PF3D7 0302600
(L T TRV T T T TN U Ifll’ll.l [LLRTTR T T !II T UECEIMEE 1 OO 0 TR RO e e
100000 LT L T R T TR — 0101 ] IIIIm
— (g
misc_featur: misc_feature misc_feature ure misc_f
|134400 |135200 |136000 |136800 137600 |138400 |139200 |140000 |140800 |141600 Li
LT 1 1 {0 I 1 1 Y
TINUE SEIRE UL (T e nee LI N 1 (1 T ATH
a
(L LTt 1 1 AR VU]
' =) <
<<
T Y N M H I ¥ I N I H I ¥ I N I ¥ I ¥ F CRV * I TFTVF S * MLULTITITIUPNSGF¥TIZ KKK
[P T T T T YT IYIYTFVECE#RFFHECC##LFQIKQRRKQ\
L Q HAHI Y KHTYTIYKYTIY

[ CCTACAACATGCACATATATATAAACATACATATATATATAAATATATATATATACTTTTGTAGAGTGTGAATAACGTTTTTTTCATGAATGTTGCTAATAATTATTCCAAATTAAACAAAGAAGARAG
139120 139140 |139160 139180 |139200 |139220 1392
sTACT A TA’ TTAATTTG

GGATGT I i AAACATCTCACACTTAT T T TTTCTTCTTTC
+ L M C M Y I F M CI Y TIFTIYTIJYZ KO QLT HTIVNTE KTETHTINSTITITIGTF®#VFFF §,

G v v H V Y I YV YMYTIVYTIJYTIZYVZ XKTSHSTYRIEKTEKT®*SHG Q+YNNTWIZLGCTLTLF
C CACIYULCUVYTIZYJLYTIZYTISKZYLTTFTLTZXKI KMTFTA ATLTLG®#TEL F L S 5 L

<

N v
S|

<<

W PF3D7_0302100 114070 118086 serine/threonine protein kinase
W PF3D7_0302200 119458 124735 cytoadherence linked asexual protein 3.2 a‘
PF3D7_0302300 125992 130235 ¢ erythrocyte membrane protein 1 (PfEMP1l), pseudogene
PF3D7_0302400 132361 133395 c
W PF3D7_0302500 135418 140660 cytoadherence linked asexual protein 3.1
PF3D7_0302600 141556 145653 ABC transporter, (TAP family), putative
PF3D7_0302700 146372 147056 ¢ CDGSH iron-sulfur domain-containing protein, putative
PF3D7_0302800 148046 149305 c¢ conserved Plasmodium protein, unknown function
PF3D7_0302900 152168 156146 c exportin 1, putative A
PF3D7_0303000 159353 161704 ¢ N-ethylmaleimide sensitive fusion protein, putative
I PF3D7° 0303100 162778 167103 c conserved Plasmodium protein, unknown function b 4
3

€ ) <>l

Sliders for
adjusting

the window
size
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Artemis Exercise 1 Part 111

In this part of the Module we will be looking at methods of selecting and extracting
features. We are going to extract different genes and regions and perform some more
detailed analysis on it. We will aim to write and save new EMBL format files which
will include just the annotation and DNA for this region.

In Artemis you can select genes fitting different search criteria. One possibility is to
look for a specific product, for example rifin, as shown below.

Click ‘Select’ theI;

%e Entries I[J<y View Goto Edit Create Run Graph Display

S WaNaY

Entry: (V] p£3D7_03.fastz

‘Feature Selector’ )

Feature Selector ...

: Pf3D7_03.fasta

Make sure the
buttons are down

Set Key to
‘CDS’ and
2 | Qualifier to

7600

T T T —P_y T
Q HAHI Y KHTJY I Y
| CAACATGCAC!

M H I ¥ I N I HI Y I

[g Ignor

ACATAC!

[

39120 [139140 |_] match Any word
T T

‘product’

3 [ Type search term ] -

Click to select features
containing search term

—

Click to view
selected features

5

Double click to
bring features
into main view
window.

And:
[l up to:
And:

105913
107961
114070

107109 ¢
109880 ¢ §
118086

(] At least:

119458 LR

125992
132361
135418 1
141556
146372
148046
152168
159353
162778

[l up to:
And:

(] At least:
161704 ¢ And:
167103 ¢
174300
175799 ¢ §

181127
189411

And by:

One selected base on forw All %A
I AllBases
>>
<< None -
1[0 T 1 AT By Key L A BV e [
IFIIE I C————— CDS Features without /pseudo L I {11 T T A R 1}
PF3D7 0306400 11 CDS F
(TR T TT TN L (TS eatures L 110 o T
Same Key PF3D7_0306600 PF3D7_0306700 a
Features Matching Qualifier ) ) RNAZID:
298400 29 00 304800
Lk E Open Read® M O Artemis Feature Selector L
Features
(T B IR AR Y Th select by: UL 1 T
Base Rang
[ e AR 1 ™ rey: Cps 3 PIEEE AT F e
a
INIRRRRT TN Poogle Sl [ ouenieiacy S Eoduot ol RIS
. — <«
Containing this tegt: rifin

M Allow Partial Match

bases long

bases long
exons

long

exons long

[_| contains introns without GT/GC start and AG end

P N # T K K I
FQIKQRR&'

CAAATTAAACAAAGAAGA!
39220 |1

uence similarity anc
JRNA splicing (PMID:] )

ly termed P. falcip:

nediones; although i
me data, and express
BU495952

=3.6E-79;query 289-¢

model, changed coorc
supplies the A of tr

190719 [ Amino acid motif:

M Forward Strand Features

@ Reverse Strand Features

( select )

( view

N

( close )

N

updated refs);curatc 3

| M O O All features with key "CDS" with qualifier "product” containing text “rifin"

46369 47579 ¢ A-type rifin (PMID:18197962)
55390 56584 ¢ B-type rifin (PMID:18197962)
61445 62714 A-type rifin (PMID:18197962)
64572 65783 A-type rifin (PMID:18197962)
1015795 1016942 A-type rifin (PMID:18197962)
1018874 1019973 B-type rifin (PMID:18197962)
1027571 1028929 A-type rifin (PMID:18197962)
< »
( Close )
~—
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Module 1: Artemis

K The genes listed in 6 (on the previous page) are only those fitting your selection
criterion. They can be copied or moved in to a new entry so they can be viewed in
isolation from the rest of the information within Pf3D7 03.embl. To create a new
entry go to ‘Create’ and choose ‘New Entry’.

In the next step of the exercise choose one of the selected genes and write out a
kfasta-ﬁle of the sequence.

\

)

Artemis m Entries Select View Goto Edit Create Run Graph Display

Save An Entry

i Save An Entry As

oo Amino Acids Of Selected Features le7200 tezooo ,
Format

RNAZID! : : e
TN Amino Acids Of Selected Features to Qualifier y yyyy yy g o |

® O O Show File Manager ... lemis Entry Edit: Pf3D7_03.fasta
Entry: (¥ Read An Entry ...
Selected f Read Entrylnto » F_(/colour=2 /previous systematic id="PFC0040w:exon:2;current=false"/previg
| II:IzI 1l Repd B4M. (¥ i TRIE T PR EETE TREEE OO ETmumy nee e n rme wome W e e
. ‘ . ’
LWy Save Default Entry T O T T A T (AT Cth Flle then

>N O 10 11001 W00 000 00 WY “Write ‘Bases of
| Save All Entries Y EE Selection” ‘FASTA

Clone This Window PIR Database Of Selected Features

(MR ] . (NI S RN A
TR Save As Image Files (png/jpeg)... Bases Of Selection '3 Raw Format s /

- a I;r!nt... ) Upstream Bases Of Selected Features [ FASTA Format
<« il Downstream Bases Of Selected Features »  EMBL Format -
Y I W ) Genbank Format !
——— Open in DNAPlotter Upstream-+Feature+Downstream Bases ... 0
' TATATCAATT PTCCATTAAATATATTGGTAACA"
Preferences All Bases > ls4620
ATATAGTTAZ I AAGGTAATTTATATAACCATTGT!
¥ I & 4 Close . Codon Usage of Selected Features R
Y*NNKKYN#NYNNYIY(.xra;r;wv;h;unuAaGNFINTVi{'

<«

6 2 rif (repetitive inte originally identified by W r; they
67928 68682 Signal peptide |
69460 71919 ¢ similarity to long-chain-fatty-acid-CoA ligases. eg AAD53966 P. falciparum fatty acy]
76494 77474 Sub-telomeric gene with two exon gene structure and a predicted signal peptide encode

78195 80393 ¢ term=other;date=20090715;qualifier=confirmed predicted GO terms (updated refs);curatc
82011 83515 ¢ Sub-telomeric gene with a two exon gene with a signal peptide on the first exon and &
85305 86131 ¢ Barrell, March 2008, SignalP NN gives a good prediction with a most likely cleavage ¢
88250 89231 ¢ Sub-telomeric gene with a two exon gene structure and a possible signal peptide encoc
91115 93463 ¢ This is a member of the exportome reported by Sargent et al in hypothetical family 1
96568 97907 ¢ tmhmm;;query 1-318;

CDs 104325 105281 Conserved in Plasmodium with orthologs in primate and rodent malaria parasites. Two

CDs 105913 107109 ¢ t ;;WEIY 1-399;

CDS 107961 109880 ¢ Putative Golgi organization and biogenesis factor 2, based on sequence similarity anc
W cDs 114070 118086 Clusters with the mammalian SRPK enzymes, which are involved in mRNA splicing (PMID:1
W cDs 119458 124735 Signal peptide

CDs 125992 130235 ¢ var genes encode a family of clonally variant antigens collectively termed P. falcipé

ncRNA 132361 133395 ¢ Barrell, Febuary 2009, unknown transcript A
W cDs 135418 140660 Signal peptide E

CDs 141556 145653 Signal peptide b
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Module 1: Artemis

Additional methods of 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 such as text or amino acid searches.

e 00 Artemis Feature Selector

Select by:

M xey: CDs 3

(] Qualifier: note 3
Containing this text:

4 Ignore Case MAllow Partial Match

[ Match Any Word

And:
[ Up to: bases long
And:

Space for a search
term or amino acid
motif

[ At least: bases long
And:

[ up to: exons long
And:

[ At least: exons long
And:

[T] Contains introns without GT/GC start and AG en
And by:

M Amino acid motif: MEDSSEA)|

M Forward Strand Features [ Reverse Strand Features

( select ( view ) Close )

In the next part of the exercise we will be looking at the region containing the rifin
genes in more detail. They are located at the end of the chromosomes, in the
subtelomeric region. We are going to extract this region from the whole chromosome
sequence. Then we will aim to write and save new EMBL format files which will
include just the annotation and DNA for this region.
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Module 1: Artemis

Click ‘Edit
Subsequence
(and Features)’

|JArtemis File Entries Select View Goto Edit Create Run Graph Display
eNO Itemis Entry Edit: Pf3D7_03.fasta

[ntry: (¥ p£3D7_03.fasta (V] P£3D7_03.eg
21144 selected bases on forward st. = 45270..66413

L AR T TR T T TR TR IR T T YT

nd¢

Pralclparun RNAZI RNAZID:2748

46200 48400 50600 szs0{ _ Selected Features in Editor 3E

Subsequence (and Features)

2 Click ‘Edlt’ 44000 l66000

| OB LTI U100 AT O

RIF VAR pseudo ] H
000 L i g i Flndl(:eplzlfcg Cll“a"geF’ Text ... 01000 0 O
OURAD 10000 R gt 1 gualifier.of Selected Feature(s) & L RRe
Selected Feature(s) > =
<
# T LN L #TLEKIMyLuerEGy T MoveSelected Features To b |v P EP#
K P # I s K P # # T L K V I TLNPKR#&’
N P K S L N P K Copy Selected Features To > |
ucccmnmmcm'm
120
Trim Selected Features [l
Extend Selected Features P [vrRrFoeo :
" G Q VR F T LY
Fix Stop Codons <>
telomeric repeat] . [
7854 10142 R-CG7 Automatically Create Gene Names 1)
NCRNA 11759 11851 ¢ present in reich| 2
repeat_regy 11962 13888  repll Fix Gene Names
S l tth 1 - 157 17 FoR20 ding ENA Bases >
non-codin
e ec e reglon NA 35837 35977 non=¢ codlng RNA
1 . . . . ggggg :gggg Ka;‘genes encode] R > termed P. falciparum
COl’ltall’llng l‘lﬁnS & 46369 47579 ¢ A:Lype rizin (| CONtig Reordering
NA 47972 48170 non-coding RNA
b b . NA 49082 49138 non-coding RNA
by clicking with 43082 2128 mon-coding miA | Header Of Default Entry
52280 53273 ¢ stevor (subtelol nally identified as
NA 53671 53751 presegé in reichenowi
NA 55307 55389 ¢ non-coding RNA
the left mouse 55390 56584 ¢ B-type rigin (PMID:18197962) 4
58307 58519 ¢ term=structural;date=20100621;qualifier=added new gene based on similarity to PFA0035c, |y

button and
dragging.

4

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

Note the entry names have
changed

eno Artemis Entry Edit

Entry: [Vl no name (W no name
|wothing selected

NIRRT OO LT VT 1WA W T 1
L 0 A 11 A A AL
(LA L 111 1 TR N
RNAZID:2753
oo |6400 [7200 |g000 [EEL lss00 |10400 |11200 |12000 |12800 usscm
12
NOte the bases I AT I e e e feeerenne e v e e e %HI FEIIE EOEIae e Ereime e e e
haVe been I n I_IUIII LRI I LAY LN TN AR IR IIJIIIIIIII}IIII I RVITN At AU ARY IIIIHI:3II Io'z'(')'(!'e'!)c
b d f B Iﬂleludlgllﬂnell RVRTRNIRRI RN ] |!}|_I3gl_’||(l)|3|(l)|0‘l|glé L A LRI (T 1L AU N | IIHIII L1 O R VTR T T T |,:
renumbered from <f peeudog ; s il

<<
K NG KHFTETEZ KTITFNI KT G QTITFTFTFTFTFTFTFCHTLTIZYTIZ KTIG®#* # # I NAYRNTI
the ﬁrst base you \( M E N I L Q KKK YL INZKTFTFTFTFTFSTFTFATGH¥#Y I # K Y NDNJIKSMHETUV I +

KNKTF‘{RRKNI##TNFFFFFLFLPLNIYKNIMIINOCIP#YR
ATTTTAS

l d CACTTAI ATAAATCAATGCATACCH
selected. W&p 20 la0 [s0 |80 [100 [120
ACC TC GTATGGC T
FE!FVN#LLFFI#YVFKKKKKRKKGSLIYLFIII F * HM G Y Y L 1,
FPFCKVSSFINLLCIKKKKKKKQWKI HY‘IILA‘IRLIS—
e KCFFF‘IKIFLNKKKKEKKAV#‘IIYFYLSLLDICVTI‘{7!"_"
<«
repeat_reqion 471 1070 R-FA3
CDS 1100 2310 ¢ A-type rifin (PMID:18197962)
NCRNA 2703 2901 non-coding RNA
NCRNA 3813 3869 non-coding RNA
CDS 4503 5883 ¢ ;query 441-441;GPI_cleavage_site_score=0.76
W cDs 7011 8004 ¢ stevor (subtelomer“{c, variable open reading frames) genes were originally identified as multicopy
NCRNA 8402 8482 present in reichenowi
nCRNA 10038 10120 ¢ non-coding RNA
W cDs 10121 11315 ¢ B-type rifin (PMID:18197962)
CDS 13038 13250 ¢ term=structural;date=20100621;qualifier=added new gene based on similarity to PFA0035c, PFB00S56c,
NCRNA 15570 15824 ¢ non-coding RNA
W CDS 16176 17445 rif (repetitive interspersed family) genes were originally identified by Weber; they encode clong
NCRNA 18260 18337 non-coding RNA
W CDs 19303 20514 rif (repetitive interspersed family) genes were originally identified by Weber; they encode clong
[ R <)
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Module 1: Artemis

/ 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 name. 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. The new files can
K be saved in different formats. /

Artemism Entries Select View Goto Edit Create Run Graph Display

|® OO Show File Manager ... [ Artemis Entry Edit
Entry: Read An Entry ... ‘
|vothing se  Read Entry Into >
>>
<< Read BAM / VCF ...
[Nl LA 10 AT W A1
(R zave 2“2““ Entry T 1T T O T (W T TR
1 ; 0 T TR W AT
Save An Entry As > New File > no name
| Save All Entries EMBL Format 4 no name
00 Wi GENBANK Format » 11200 [212000 |12800 |_136C®
|~ Write Sequin Table Format > |
I T Clone This Window GFF Format LU TN IR
I feci 01~ T W T 1 Y 111
Save As Image Files (png/jpeg)... EMBL Submission Format » RIF PF3D7_ 0300600 4
e o D T TR T T A T T S
= pseudoge rint... Ln
- Print Preview _————— <l»
K N G K f FFFFFFCHTLTITYTIZ KTIG®#*# # I NAYRNI Ef
x u = Openin DNAPlotter FFFFSFFAT#YI#KYNDNKSMHTVI+lm
. K W K F F F FLFLZPULINTIZYZ KINTIMITIINT OQTCTITPG#ZYR
AAARATGGAA  preferences m'rrmmt'ﬂ'crﬂ'ﬂ'ﬂwcAmAAEATATATmAATATAATGATAATmTcAAmTAcCGTAATATAGN
60 80 100 120
TTTTTACCTT L TTATATTACTATTATTTAGTTACGTATGGCATTATATCT,
F HF Close K K K KR KKG S LI YJLTFTITITITITF* HMGYYL I,
- F P R K K K K K K Q WKTIVYTITFTIZYUHTYYTITLATYRTILTIS;|
F I S F M KCFFF Y KTITFTLNTEKTZKTEKTEKTETZ KT KA AYVS#YTIYFVYZLSZLZLDTIGCVTTIY FY
=) <]
<<
repeat_region 471 1070 R=-FA3
CDS 1100 2310 ¢ A-type rifin (PMID:18197962)
NCRNA 2703 2901 non-coding RNA
NCRNA 3813 3869 non-coding RNA
CDS 4503 5883 c ;query 441-441;GPI_cleavage site_score=0.76
W CcDs 7011 8004 c stevor (subtelomeric, variable open reading frames) genes were originally identified as multicopy
NCRNA 8402 8482 present in reichenowi
NCRNA 10038 10120 ¢ non-coding RNA
W CDS 10121 11315 ¢ B-type rifin (PMID:18197962)
CDS 13038 13250 ¢ term=structural;date=20100621;qualifier=added new gene based on similarity to PFA0035c, PFB0056c,
NCRNA 15570 15824 ¢ non-coding RNA
W CcDs 16176 17445 rif (repetitive interspersed family) genes were originally identified by Weber; they encode clong
NCRNA 18260 18337 non-coding RNA
W cDs 19303 20514 rif (repetitive interspersed family) genes were originally identified by Weber; they encode clong
= = < >l

Once you have finished this exercise remember to close this Artemis
session down completely before starting the next exercise.
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Module 1: Artemis

Artemis Exercise 2

We are now switching to a different organism. The following exercise demonstrates how
to use Artemis as a tool for structural annotation. Given a length of chromosome with no
existing annotation Artemis can mark up ORFs above a given size. This also shows how

codon usage plots can be exploited in gene model prediction.

If you haven’t already closed the previous session of Artemis, do so now. Double click
the ARTEMIS Icon on your Desktop and navigate to the directory Module 1 Artemis,
exercise_2 and open the sequence file Lmjchr12.fasta.

Next, open the codon usage table file LmjF12codons by selecting ‘Add Usage Plots’

from the Graph menu. Codon usage is a very good indicator of coding capacity in
Leishmania genomes where there is a much more prominent codon bias for some ami

no
acids. /

Note, we will cover the use of RNAseq data in gene prediction later on during the }

course.

¢ Artemis Entry Edit: Lmjchri2.fasta
File Entries Select View Goto Edit Create Run Graph Display
Entry: Lmjchri2. fasta

3 selected hases on reverse strand: 668787..668789 = complement (6559..6561)
Codon Usage Scores from Leishmaniacodons Window size: 120 ] w2 =3 —

/»‘N) \'\ P’A“u oA

I o o L N

LT Io]

mEDjE

LT Il | I [ 1t A V11 A A
T YV T A IR R (AR T T 1 e O O A MMV TR
() N O T 1B 11 (I

|

[goo [1600 [2400 [3200 4000 lagoo |s600 |§4FO [7200

[ T [ e N N 1 I L e I A R R annia mmiy
| 1 N 1 U I B A W
1 A e I

<]

<<
P # P # P & P # P # P # P &# P # P # P # P & P # P &# P # P & P & F * KRL CWHR
P NPWNPMNPMNPNPMNPMNPNPMNPNPMNPIMNPNPMNPMNPNSESACAGTG
. L TLTLTLTLTLTLTLTLTLTLTLTLTLTLTLTILIKAPVWYLATPYV
CCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAATTCTGASAGCGCCTGTG CTGGCAIC_CGGT
120
GGGATTGGGATTGGCATTGGGATTGGCATTGGCATTGGCATTGGCATTGGCATTGGCATTGGCATTGGCATTGGCATTGGCATTGGCATTGGCATTAAGACTTTCGCGGACACCACCGTGGCCA
¢LGLGLOGLGLOGLGGLOGLGLOGLGLOGLGLG GLGLGLETSTLAQDQATPVE

D] [~
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Module 1: Artemis

Select the first 100 kbs of sequence on the positive strand either by highlighting the
sequence in the sequence window (use shift and click to select the final base) or choose the
‘Base Range’ option in the select menu and enter ‘1..100000” .

With this region selected, select ‘Mark ORFs in Range’ from the Create menu. When
prompted for minimum ORF size enter 100. Note that this results in the creation of a new
entry called ‘ORFS_100+. You can experiment with a range of ORF sizes by de-selecting
this entry and repeating the first steps in this process.

Note that the marked up ORFs vary in colour from pale to navy blue. This colouring
reflects the codon usage support for this model with darker blue being highly supported by
codon usage.

Try selecting some of the newly created features in the gene window. Double clicking on
one of these will bring up the predicted peptide sequence in the bottom window. You can
rapdily move to the N- or C-terminus of the predicted peptide by holding down ctrl, and
then left or right arrow respectively.

Note that we have chosen only to generate ORFs for the positive strand for this example.
In a genome not organized into transcription units we would normally do likewise for the
reverse strand as well.

4 Artemis Entry Edit: Lmjchril2.fasta
File Entries Select WYiew Goto Edit greate‘ Run Graph Display

Entry: [v]Lmjchri2.fasta [v]ORFS_100+ New Feature
Selected feature: hasesg77 amino aci Feature From Base Range Cerl-C pss /note="none")

Codon Usage Scores from Leigimaniacodons Wi Intron Features ] o 2 o 3 e |4
Intergenic Features

pan Exon Features 0 '/I“J‘t"\'
Gene Features Wz N A -
New Entry 4—5—6.—[7
NCW Ent| y Mark Open Reading Frames ... 41 ) N ‘
Mark Enpty ORFs ... ol Ny | A4 bk 0 /L i
o £ NRPATANER asy Ripepret
Mark ORFs In Range ... M v

T 0731~

Mark From Pattern ...
Mark Ambiguities

I |I|||II| LT \D>IIIIIII I EHIEHIIIIIHIIIIIIIII e I_HI>| I‘_}III [ ||D>II IIIIEDDIIIIIIII Ilﬂ I[=] e
III\IIIIIIII\I IIIIIHHIIIIIIIII\H-bIIIII I II (T IIII i Em Il EHII (L I:Ill Il IIIIIJIIIIIIIIEI?I I E[I i IID (1] IIIII IIHIIIIE_:NI \EID}IIIIH |IIII|

[ JIIIIE!H I IHIIIIIHIIIIIIII |-u-u:l>-ﬂ||:->|m:uuu Il I\:‘II | ||IEI>IDZ[>|IIII.>IIII DII |||I|IIII-

C CD (DS DS CDS)S D CDS

[2200 lag00 00 8800 |11000 [13200 15400 |17600 |19800 [22000 [24200 [26400 =

(L T AT T N

Predicted ORF L T T T AT A Y 1
L T T W T TT N

] O

e

<<
CRLFCTRGCACMGSGSESYAVY CFSGRKVYTIFGYRNLTDFPSETSENMNSERPC®*W¥FFF

NV V¥V S SV LV VVYVRYVWEVWYSHMNLSYFLYVYVR*F L G F A T W T L R KAKT AWV L A DD F F F =
M S SLLYSWLCVYYGK®™ Y TICCLFFWS#
ATGTCGTCTCTTCTGTACTCGTGGTTGTGCGTGTATGGGAAGTGAGTCATATGCTGTCTG CTGGTCGTAAGGTGA GGGGT[CGCAATCTGGACCC'ITCGGtAAGCGAAAACAG(CGTC('I'[I’_GCTGATGA

6420 B440 6460

6340 6360 6380 6400
[TACAGCAGAGAAGACATGAGCACCAACACGCACATACCCTTCACTCAGTATACGACAGACAAABAGACCAGCATTCCACTAAAAACCCCAAGCGTTAGACCTGGGAAGCCTTTCGCTTTTGTCGGCAGGAACGACTACTARAARAAAAN
TTEETSTTTRTHSTL*ISDTEKRTTLHNEKPNATIIQYRRFAFUWVATRASSKEKK

I DDRRYEHNHTYPFHTMHOQRNEKOQDYPSK QPETCDTPGKPTFRTFT CGDEKSTITIKEKK[]
HRRKOQWVRPOQAHTIPLSDYATOQEKE®PRLTTIKPTRLRSGESLSFLRG® QQHNEKEKEY
4,&/ »
<
808 none fosd|
cos 7705 8022  none =
I s 8274 8657  none —]
[ DS 8365 8739 none
| [O8 8664 9005 none
[ (DS 8732 9151  none
M o5 9252 10631  none
s 10037 10345  none
1 DS 11103 11444  none
M oS 11445 12026  none
I Cps 12504 12808  none
M oS 12745 14646  none |
s 12923 13297  none ~
[«Tu] D
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Module 1: Artemis

-

Although some of these predictions are likely to be correct, there is considerable overlap
between predicted ORFs, and many are small and unsupported by codon usage. To validate/
negate our predicted models we need to do further sequence comparison. This can be done
with a tool such as ACT (to be discussed later in Module 2), or with one of the integrated
Blast options in Artemis. Select the ORF at position 12745, click on it, then select
kRUN>NCBI Searches>blastx. This will open a browser window with NCBI results.

~

)

File E|
Entry: [v]Lmjchri2.fasta [v]ORFS_100+

ries Select View Goto Edit

Selected feature:

bases 1677 amino acids 558 (DS

Artemis Entry Ed

Create Run Graph Display

Codon Usage Scores from Leishmaniacodons Window size: 120

(/score=70 /colour:

DS 55 (DS (DS D
Uy s iy
DS
0101 DS IO U T
03 03

DS

[2200 la400 lss00

LR T YR TR
TR R T A

Smallest Features In Front
Set Score Cutoffs ...
Raise Selected Features
Lower Selected Features
Zoom to Selection

Select Visible Range
Select Visible Features
Frame Line Features ...

NCBI Searches
Pfam Search

Run
Run

-

fasta on selected features against

blastp
thlastn

plastn |5-100+.5€0.00001. out

sigcleave (0) on selected features
pepstats on selected features

blastx
thlastx

blastp on selected features against
thlastn on selected features against »
blastp+go on selected features against »

»

hth on selected features
smart on selected features
clustalx (PROTEIN) on selected features

jalview (PROTEIN) on selected features
thlastx on selected features against
hlastn on selected features against
blastx on selected features against
fastx (%uniprot) on selected features
clustalx (DNA) on selected features
jalview on selected features

»
»

D0 || T | 0=

DS CDS CDS CDS (DS
_II I.HD}"IIII 1A

CDS

S (DS

S )
II firur ==

(DS )S D (DS

LR i

fasta options
sigcleave options
pepstats options
blastp options
thlastn options
hlastp+go options
hth options

000

| NI

[24200 |26400

IHEEEE PP e e 1
AT N Y T
MEEHE e

vl

BACAGCCGTCCTTGCTGATGA
6460

[TTGTCGGCAGGAACGACTACTAAAAAAAAAN
¥V ATRASS KKK

«[ T

6405

nonel

™ Stop Codons

™ Feature Arrows

¥ Feature Borders

¥ Feature Labels

[J 0ne Line Per Entry
M Forward Frame Lines
¥ Reverse Frame Lines
[0 811 Features On Frame Lines
[0 Show Source Features
[JF1ip Display

[0 Colourise Bases

Entries Y Set smart options

] Select » Set clustalx options
S View } Set jalview options

CRLFCTRGCATCHMHG Goto N - 3
NV VS SVLVVVRYWE et thlastx options

M S S L Y W L Edit ¥ Set blastn options
ATGTCGTCTCTTCTGTACTCGTGGTTGTGCGTGTATGGGA  Create ¥ Set blastx options

L 5360 Write » :

TACAGCAGAGAAGACATGAGCACCAACACGCACATACCCT et fastx oiwiens

T TEETSTTTRTHS Run Set clustalx options
I DDRRYEWHNHTY P FsStart Codons P S KDOQP D PGKPFREF
HRRKZ QY RPOQAHTITFP L TIKFP RS GE S L S

C GDKSITIKEKEK
F L R GO QHNEKKE

vl

|

emb | CAJ02386.1 E hypothetical protein,
Length=620

GENE ID: 5649892 LmiF12.0070
[Leishnania major strain Fried

Score = 1238 bits (3203), Expect
Identities = 620/620 (100%),

14
1
74
61
134
121
194
181
254
241
314
301
374
361
434
421
494

{m{nothetlcal

0.

Query
shjct
Query
shjct

DKCDSSADLTPPTHSAKAAFRVWAI

Query
sbjct
Query
sbjct
Query
shjct

VLLRRKNGVEVQYIVYN:

ARRVLLQEL RRCNQEQARMRK

Query
sbjct

AEQRRAERKAQEQEARERARVERK

Query
shjct
Query
Shict
Query
Sbjct 481
554

MHTHTPFTSFSSFSPPFVSAPLSSPT AHDL AHHGAGLLRQPQVLRMSGEFSLLOHLGVTV
MHTHTPFTSFSSFSPPFVSAPLSSPT AHDL AHHGAGLLRQPQVL RMSGEFSLLOHLGVTV
MHTHTPFTSFSSFSPPFVSAPLSSPT AHDL AHHGAGLLRQPQVLRMSGEFSLLOHLGVTV

DKCDSSADLTPPTHSAKAAFRVWAPTQHPPSKCGT AEET CGVLEKKRKGAHPSY ADPTGE
PTQHPPSKCGT AEETCGVLEKKRKGAHPSY
DKCDSSADLTPPTHSAKAAFRVWAPTQHPPSKCGT AEETCGVLEKKRKGAHPSY ADPTGE

VLLRRKNGVEVQYIVYNSKIPSVYGVNKQL AKKMEREREENSPLFKYPLAVGEGEAGQEE
ISKIPSVY GVNKQL AKKMEREREENSPLFKYPL AVGEGEAGQEE
VLLRRKNGVEVQYIVYNSKIPSVYGVNKQLAKKMEREREENSPLFKYPLAVGEGEAGQEE

ARRVLLQEL RRCNQEQARMRKEEGL RERARRL AHERAVVQYKAGET AREAEDARRHKIMD
EEGLRERARRLAI
ARRVLLQELRRCNQEQARMRKEEGLRERARRL AHERAVVQYKAGET AREAEDARRHKIMD

GEAVSET AAKALTLREERRADANVDARVVASGNNGKEEDDRRRL AAAERTRQLAEENFRA
GEAVSET AAKALTLREERRADANVDARVVASGNNGKEEDDRRRL AAAERTRQLAEENFRA
GEAVSET AAKALTLREERRADANVDARVVASGNNGKEEDDRRRL AAAERTRQLAEENFRA

AEQPRAERKAOEQEARERARVER!-;Etgsgl‘::gEEUEDLEGMRRNAEALRGAQDSARERRA‘
AEQRRAERK AQEQEARERARVERMEL QROL AQERVKDLEGHRRNAEALRGAQDSARERRN

RANSADVHLQAMPSNSLFDAVERRQRDEAMRAQQKRMEDT AVNVRLAAQKRADAQAERDR
RANSADVHLQAMPSWSLFDAVERRQRDEAMRAQQKRMEDT AVNVRLAAQKRADAQAERDR
RANSADVHLQAMPSNSLFDAVERRQRDEAMRAQQKRMEDT AVNVRLAAQKRADAQAERDR

DRQYAAEY AKAEL ENFQREVEHARQRROOERQEL QDAAEAT AKVROAHADAARRREQSVV
DRQYAAEY AKAELENFQREVEHARQRROOERQEL QDAAEAT AKVROAHADAARRREQSVV
DROYAAEY AKAELENFQREVEHARQRROOERQEL QDAAEAT AKVROAHADAARRREQSVYV

PLLPNPAAQSPGAEK AKIDANRRFREDL RROAEQKRDERAQEEEAERARDRAL VEYDTRL.
PLLPNPAAQSPGAEKAKI DANRRFREDL RRQAEQKRDERAQEEEAERARDRAL VEYDTRL.
PLLFWNPAAQSPGAEKAKI DANRRFREDLRRQAEQKRDERAQEEEAERARDRALVEYDTRL.

protein

(10 or fewer PubMed links)

0, Method: Compositional matrix adjust.
Positives = 620/620 (100%),

Gaps = 0/620 (0%)

'ADPT!

GE

HERAVVQYKAGET AREAEDARRHKIMD

DLEGHRRNAEALRGAQDSARERRN

Query AEHLRRTLEAQL,

DRHACAAADVTHVPATEAMRLYRC

AEHLRRTLEAQL

Sbjct 541

DRHACAAADVTHVPATEAMRLYRC

AEHLRRTLEAQL

PVTGELLPASAYDFGVQRRR 633
PVTGELLPASAYDFGVQRRR
PVTGELLPASAYDFGVQRRR 620

Query
shjct

614
601

DRHACAAADVTHVPATEAMRLYRC

T ref [xp_001681612.1] K& hypothetical protein |Leishmania major strain Friedlin
conserved [Leishmania major

Not surprisingly, the top hit is
to a gene on chromosome 12 in
L. major, a hypothetical

protein.
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4 iy . . N

Now that we know that this is a real gene we can make a few adjustments. First, open the
gene builder window by selecting the ORF and pressing E. This will open a text window
where we can add annotations on the gene. Start by deleting the current ‘automatic’
annotations in this window. Try entering the text in the gene builder shown below to record
gene ID, predicted product and a colour code that will distinguish this gene from the
Kautomatically generated ORFs. j

¥ Artemis Entry Edit: Lmjchri2.fasta (=)
File Entries Select View Goto Edit Create Run Graph Display
Entry: Lmnjchri2. fasta ORFS_100+

Selected feature: bases 1902 amino acids 633 (DS (/score=64 /colour=95 95 255 /note="none")
Codon Usage Scores from Leishmaniacodons Window size: 120 ] 2 o 3 F

Y 1 37
M
i Lo W . : . M ol ‘-
A o 5085 ‘-wﬂ ey .'-‘..M.&.&.,. ol Al Mf”v‘ [l ﬁ.h AR A ‘..14'-,- i ‘

Reverse Codon Usage Scores from Leishmaniac PreSS ‘E’ tO Open the gene builder

for this ORF
Ty 11
This is a coding B
sequence I||I|I:[>|II|III |||ID1I}|IIIIIIII||IIII TR T I_II>| I->_}III [ IIEDII III“DIIIIIIII I1 (10|
(CDS) To get 111 II|I|III||I|III ||I| | DH Il ENII [T TEn [ZI}I [l |II|I|||I|III->| Il -1 I|IIIIIII} ]} |I|II IIHIIIIII IIHI:I}IIIIII ||II||
o DS
. ﬂi_}'_ﬂll_ﬂlﬂllll I I-II I |II|§[>I||||.>|I|I =l ||||||||||:->
an idea of other [ DS C CD CDS € (DS CDS)S L DS DS DSS (DS (DS C[ C CDS DS )S D (DS
feature types Artemis Feature Edit: CDS 24200 26400 (=
available, open : |cDs Add Qualifier: |
. Location: |12745..14646 |
this pull-down | ‘ - _ et LA LT A
Complement ’ Grab Range | Remove Range H Goto Feature | Select Feature T1dyH TATH ObjectEdit
menu I} FIETHEEnme et
* Jsystematic_id="LmjF12.0070"
| | /product="hypothetical protein, conserved" ||||| | ||||||||||| || | || |
/colour=10] =
] »
<<
D CLSMNSLUWVLRU R B
I A # A I L S S CA TRLSLAFL I
L F F
GATTGCCTAAGCAATTCTCTCGTCCTGCGCY ZACACGCIC—TI'I'(ACTAGCTI'I'I'CTI'C
12800
CTAACGGATTCGTTAAGAGAGCAGGACGCG] GTGTGCGGAAAGTGATCGARMAGRAG
I A+ ATIRET DTG QA VvV RRESAKRR
NGLCNERGAC CAK ™Y + S KK ||
S R L L ERTRR R LV GKWVLKEE|
<| L] »
I, -
[ 12923 132 I
DS 12969 134 E
[ (5 14793 152 [ ok | [ cancer | [ app1y |
[ cos 15055 154
M cos 15300 15665  none
[ Cos 15821 16201  none
M cos 16030 16776  nhone
[ CDS 16731 17075 none
M cos 16987 17 ™
[ cos 17120
s 17382 |
o 17s {1 When done, push the apply button. =
<] Dl
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Module 1: Artemis

Gased on the NCBI blast results we can adjust the N-terminus of this model to the correct \

start codon. To automatically position the sequence window at the N-terminus of the gene
model push ctrl-<left arrow>.

Go to Edit>Trim Selected Feature>To Next Met (or ctrl-T), then reposition the sequence
window at the new start as described above. Continue until the start resembles the NCBI
blast results. If trimmed passed the desired start codon the model can be reset through
Edit>Extend Selected Feature>To Previous Stop Codon, or ctrl-Q.

Selected feature:

Artemis Entry Edit: Lmjchri2.fasta

F1’Ie Entries Select Wiew Goto Edit Create Run Graph Display

Entry: [v]Lmjchri2.fasta [v]ORFS_100+
bases 1902 amino acids 633 LmjF12.0070 (/systematic_id="LmjF12.0070" /product="hypothetical protein, conserved" /colour=10)
Codon Usage Scores from Leishmaniacodons Window size: 304

v

[«[] \F >|\<_L i

I A+ A TIRE
N G L CNER
S QR L L ERT

D

GATTGCCTAAGCAATTCTCTCGTCCTGCGCACAGCTCTTGCGTCTTCGTGTACTCCAATGGACAGAACACE

12680
CTAACGGATTC G'ITAAGAGAGCAGGACGCGTGTC GAGAACGCAGAAGCACATGAG GTTAC CTGTCTTGTG

AN R R AN NIRRT D | | — 5
cDS FlZ 0070 cDS DS
T IR |||| == TN R IR ARAN |||||
I>I_> —>||||||_> f |:u||||||| 0| o ()
DS DS DS DS [ ]
fgoce fgso0 ks | 1. Move to the N-terminus of the oo hso oo fseo |
ton0omm i | gene model with ctrl - <left arrow>. |\ g o
MR I IR A FUL 0 T
e IR IR R e
T D
<D<CLSNSLVLRTALASSCTPMDRTR*]KRTTRWRP‘iIYAVMHTHTPFT‘;FQA
I A # A I LSS CAQLLRLERYLOQWTEHV RELHVGDLLCMPSCTHTRLSLAFLE
F

AAAGACAACTACACGTTGGCGACCTTCTTTGTATGCCGTCATGCACACACACACGCCTTTCACTAGC CTTC
40
CTITCTCTI'GATGTG CAACCGCTOGAAGARACATACGGCAGTACGTGTGTGTGTGCGGARAGT GATCGAARAGAAG

12760

« T

<
2. Trim to the next start codon with |z QR GEKYATMCVYCVGKVLKE E|"
>

TPSRROQIGDHY CV RRESAKTERE
N &YV KKTHR®*ACY CAK®* + 5 KK

<[]

<< ctrl-T TEEETEETT——
DS 12905 TI3297 TToTTe ]
s 12069 13457 none 1=

0 DS 14793 15299 none

[ (s 15055 15471 none

M DS 15300 15665 none

DS 15821 16201 none

M DS 16030 16776 none

0 Cns 16731 17075 none

M DS 16987 18786 none

0 DS 17120 17506 none

[ (DS 17382 17729 none |

[ (DS 17730 18158 none v |

[»]
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-~

There are more than 20 protein coding genes in the first 100 kbs of chromosome 12. See how

many of these you can find by repeating the steps in the past slides.

IMPORTANT!! Any changes made to the predicted ORFs will be written to an entry file called
ORFS_100+. When you’ re done with gene predictions follow the steps below to save these
entries to the sequence file instead. Make sure all of the annotated features have a /colour=10 in

their gene builder window.

File Entries | Select|View Goto Edit Create Run Graph Display
Entry: [v]Lmjc| Feature Selector ...
One selected bi A1l Ctri-a it (14070) _
Codon Usage Sco| 411 Bases ] w2 o 3 — A
None ctri-nN 122
:}fcm e
T = (DS Features without /pseudo
Reverse Codon Ul A11 (DS Features
Same Key
Features Matching Qualifier
.| Open Reading Frame
Features Overlapping Selection
e Base Range ...
o
0T L PR i BEPE oo (] — [
Toggle Selection DS LmiF12.0080 s
L e ' 1 e ey S O 1 I O [0 d A a1 1
s DS
0T s st 2 Y v v s I 1 2 ||
s ez oote | cos ) oS 2. Select Features Matching o | |
Qualifier from Select menu =
[10400 [11200 [12000 [12800 13800 14400 400 [19204
\: Select a qualifier r /=&)X
[ L 1 e (e .
R [FTGHR - , (3. Select colour as a qualifier I
Lot 1111y This will select all features of the ||| ||
I same colour ]
= =
* QR M PWTPTSRRFOQSC®*RRSLRSRSET QV VoL o+ [a
D K G CHGPQLQEDFRKAAEGGASDEPALSEKC CTARNTAAGYANATGRDLERPG QS C S

T KD AWDPNERRKTSKLLKEEPPTPL®ASYRQTRLPGMRMERIGGTICGRSEPV
GACABAGGATGCCATGGACCCCAACTTCAAGAAGATTTCABAGCTGCTGAAGGAGGAGCCTCCGATCCCGCTCTGAGCAAGTGTACGGCARACACGGCTGCCGGGTATGCGAATGCGACAGGGAGGGATCTGCGGCCGCAGTCCTGTAG
|11960 [11980 [12000 [12020 [12040 |12060 [12080
CTGTTTCCTACGGTACCTGGGGTTGAAGTTCTTCTARAGTTTCGACGACTTCCTCCTCGGAGGCTAGGGCGAGACTCGTTCACATGCCGTTTGTGCCGACGGCCCATACGCTTACGCTGTCCCTCCCTAGACGCCGGCGTCAGGACATC
S LPHMWPGMWS®*SSKLAASPPAESG GARLLTHYATFUVAAPYAFAVYVFPLSRRGCDGQL
¥V FSAMSGLEKLFTIEFSSFSSGGIGSOQALTRC CYRSGPTIRTIRCPPTIOQPRLTGSGTA

v |«

C L I GHWV GV ELLN®*LOQOQLLLRRDRESTCTYPLCPOQRTHSHSILSPDAAATRY
4 ]
4
DS 11448 12026
W CDs 12504 12809 none
DS 12745 14646
DS 12923 13297 none
DS 12969 13457 none
[0 s 14793 15299 none
[ (s 15055 15471 none
M C0S 15300 15665 none
[ Cps 15821 16201 none
DS 16030 16776
[0 (DS 16731 17075 none
M C0S 16987 18786 none
[ cos 17120 17506 none

[ T»

[«]
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Module 1: Artemis

Artemis Entry Edit: Lmjchri2.fasta
Entries Select View Goto Edit Create Run Graph Display

File
Entry: [v]Lmjchri2.fasta ORFS_100+

3 selected features tosl bases 3228 total amino acids 1073
Codon Usage Scores from LgEhmaniacodons Window size: 304

(LmjF12.0060 LmjF12.0070 LmjF12.0080)

ght
click anywhere in this panel where

there isn’t a gene model

5. From the Edit menu, select ‘copy

’

B i DL R P s C §
K Frame Line Features ... fallx Sm? it I ¢ G R QS PV
been COpled to Encries y| Automatically Create Gene Nanmes GGATCTGCGGCCGCAGTCCTGTAG
——— ,| Fix Gene Names |12080
1 _ T - Bases » CCTAGACGCCGGCGTCAGGACATC
Lmjchrl2.fasta, de-select View p fmee S e
F Goto »| Contig Reordering I QP RLGT & |
ORFS_100+' Only Edit » Header Of Default Entry E DA A AT RY f
Create >
annotated ORFs should = .
Run >

remain.

6. After the features have

— T ’
selected features’ , then select the
>
o .
IR AR T p I = (sequence file Lmjchrl2.fasta
Li@F12.0070 DS
I (I U WA (e U (N AR
S CDS DS s CDS
(R A1 o s I v v | 2 I A (| I s—
(DS LmjF12.0060 DS DS DS Undo ctri-u DS [ |
Redo =
|31200 |;2000 |l 00 |;3600 |;4400 |25 Selected Features in Editor Ctri-E 400 |2920
Subsequence (and Features)
| (L T T AT S o e || MCARIIIES AREVAER RS ooc | |
smallest Features In Front | gualifier of Selected Feature(s) »
e rnemm rF W Ly ser score Cutoffs ... Selected Feature(s) IR I
I N I Il [0 |l Sznse zeleczeg Eea;:ures Move Selected Features To (AT | I
ower selecte X eatures Copy Selected Features To b| Lmjchri2. fasta [
Mﬂ\l Zoon to Selection Trin Selected Features >[ ORFS_100+ [
| Select Visible Range —_

Select Visible Features

Extend Selected Features G S A A AV L +

(D] [+l

[0 start Codons

¥ Stop Codons

¥ Feature Arrows

¥ Feature Borders

¥ Feature Labels
[J°0ne Line Per Entry
¥ Forward Frame Lines
¥ Reverse Frame Lines

File | Entries Select Wiew Goto

113 A11 Features On Frame Lines

Lmjchri2.fasta |
Edit Create Run Graph Display

Write

GENBANK Format

Show File Manager ... .

REEE] 20 R oo O S T T 7. From the File menu, select save
Read E I » ize:

LY prefze 304 an Entry as > EMBL format

Read BAM ... .

Save Default Entry >L1’n_]ChI'12.faSta.

Save An Entry B

Save An Entry As P New File

Save All Entries EMBL Format Lmjchri2. fasta

Clone This Window

ORFS_100+
Sequin Table Format 7 L/

v v v wlw

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

GFF Format

EMBL Submission Format »

X ) I | | [ e | [
Print Preview niF12.0070 08 LniF12.0080 (DS
Open in DNAPTotter O e O B (R R dl (AN 1 v 1

DS 5 03 03

PrEUEEREES T T | N s 2N o 0 I s
Close 05 05 05 05 s (DS s

[10400 [11200 [12000 |12800 [13600 | [14400 [15200 l16000 |16800 [17600 |18400 [1920
| | 1 A [T e 1t Y A A A I
L VT (1 | | I I 1 1 1 1111 I A [
I e 1 I A B || ) e A B VO [ T {1 I (-
] O
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enon X/ Save to ...

Save In: |Jexercise_2 v E
[y Lmjchriz. fasta [ ]Add EMBL Header
File Name: ILmjchri2. new. enbl| |
Files of Type: |Artemis files v
Save l I Cancel I

P

Save the sequence file as Lmjchr12.new.embl. }
-

_29.



Module 1: Artemis

Optional exercise

This optional exercise demonstrates how to use Artemis to construct queries for features
within features. In the exercise below we will load a file containing SNP data, then
retrieve a list of all CDS’ that overlap with SNP features.

Files required:

Tb927 01 v4.embl - Contains sequence and annotation for 7. brucei chromosome 1
Tb927 01 v4snps.embl - Contains SNP features for 7. hrucei chromosome 1

Use the file manager to open Tb927 01 v4.embl, then as shown in previous exercises
select File>Read Entry >Tb927 01 v4snps.embl

Artemis File Entries Select View Goto Edit Create Run Graph Display

0o Artemis Entry Edit: Th927_01_v4.embl

Entry: (W] Tb927_01_v4.embl [¥] Th927_01_v4snps.embl ’/
[Selected feature: bases 1 variation (/note="Majority of WCS reads call C, One WCS read calls T"/note="type 1 (sing]]

|||:1>||| T T T O N A B T T e Sy T AR TR TN
AR N LR R IR R L R e T IR R R
L L L L R
bb Wb b
Tbh927 01 v4: varia n n 319-98253 Tb927_01_v4:repeat
0 [7200 [8000 |8800 l9600  — 10400 00 [12000 (12800 [1360
AR R A R L I R
mom LI o wen mnn g | SNP features
IMIRBIIR e === R R IR R LRl ]
Tb927.1.20 L
r7653 < »|

<<
vV DTUVDNS KOQACRSGHSD N AOQOQTITENDNTN

T R I F A KUV G P * 5 V F
E S L A S L Q K WUDULUDTUL Y L¢|
G T L I C I

R R HS KF QTS L P ER AL KTCZPUNR REUHI KU R GSUHSHTLTCTIK S

CGTAGACACAGTMAI'I‘CCAMCMGCMCMAGCGMACNAMMCCAMTAGAGMCNCGGAGNACNGCAW ADD

_23-

60 10580 [10600 10620 10640
|GCATCTGTGTCATTTAAGGTTTGTTCGAACGGCCTCGCCCGTGAGTTTACGGGTTTATCTCTTGTGTTTGCCTCAGTGAGCGTAGARACGT, After 10 adin 111 the
Yy vC Yy I G F L S APAUPV * I GL YLV CV S DS ADIKC gg
R L ¢ L L N W V L X G s R A § L HGF L § CULRUL * ECUROQ I
rTSVTFELCAQRLPCEFAWISFVFPTVRMKA Tb927_01_V4SHpS-emb1
S file the SNP features will
repeat_unit 1064622 1064627 /l?bel=Trpt n . .
repeat_unit 1064628 1064633 telomeric repeat hexamer TTAGGG
repeat_unit 1824234 1824239 teiomeric repeat gexamer TTAGGG appear n the feature hSt
repeat_unit 1064640 1064645 telomeric repeat hexamer TTAGGG 3
repeat unit 1064646 1064651  /label=Trpt below the last feature in
repeat_unit 1064652 1064657 telomeric repeat hexamer TTAGGG
repeat_unit 1064658 1064663 telomeric repeat hexamer TTAGGG
repeat unit 1064664 1064669 /label=Trpt the Tb927_01_V4embl
variation 10628 10628 Majority of WCS reads call C, One WCS read calls T
variation 10685 10685 Majority of WCS reads call C, One WCS read calls A file.
variation 10806 10806 Majority of WCS reads call C, One WCS read calls T
variation 39982 39982 Majority of WCS reads call G, One WCS read calls T |
variation 40880 40880 Majority of WCS reads call C, One WCS read calls T ll
variation 40910 40910 Majority of WCS reads call A, One WCS read calls C
variation 40954 40954 Majority of WCS reads call G, One WCS read calls A
variation 40965 40965 Majority of WCS reads call T, One WCS read calls C
variation 40981 40981 TwWO WCS reads call C, Two ncs reads call T
variation 41004 41004 Majority of WCS reads call T, One WCS read calls C
variation 41030 41030 Majority of WCS reads call A, One WCS read calls G
variation 41037 41037 Majority of WCS reads call TGTTT One WCS read calls TTTT
variation 41062 41062 Two WCS reads call A, Two WCS reads call G
variation 41072 41072 Majority of WCS reads call C, One WCS read calls G
variation 41148 41148 Majority of WCS reads call A, One WCS read calls G 4
variation 41179 41179 Majority of genomic shotgun reads call A, One qenomlc shotgun read calls T v
wariation 41234 41240 Mainritv _nf WCS _reads call 7 T _0One WCS read calls A _—
>



Module 1: Artemis

Artemis File Entries BSE048 View Goto Edit Create Run Graph Display
8006 | Feature Selector ... v4.embl
Entry: @ Tb927_01_v4.emk Al A v
Selected feature: bases 1 call C, One WCS read calls T"/note="type 1 (sin
All Bases
>>
II<I<I:I> LT Nope =N [l 1 T T T
:lb
Tb927.1.10 By Key b927.1.3
(O A T CDS Features without /pseudogene Il |II || III raem Cremmer e roroml
I 1 10 11w Al CDS Features (NN T N T 1 B RO T AT ”(I
S S E——
Features Matching Qualifier ation n 319-98253 Tb927_01_vé:repez
0 [7200 [E] ol Open Reading Frame 11200 12000 12800 |136
PEane o | Features Overlapping Selection IR RN I
Features Within Selection
i I gl Base Range ... [ Il [ ||||¢1:III I|I| [ 11
A
[EEE Tl Feature AA Range ... | | | e 1 IIIIIII[IIIIIIIIIIII Il 3
re{z Toggle Selection ——
vV D T V N § K Q A C R § G H S N A Q I E N T N G VT R I F A KV G P * S5 V F
P + T Q A Q + R Q T E § L S L Q K WD L D L Y ﬁI
R R H S K F QJT S L P E R AL KC P N R E H K R S H S HLCI KSGTULTITCTI
ICGTAGACACAGTAAATTCC. CAAGCTTGCCGGAGCGGGCACTCARATGCCCARATAGAGAAC, CGGAGTCACTCGCATCTTTGCAAAAGTGGGACCTTGATCTGTATT
60 [10600 10620 [10640 |10660
|[GCATCTGTGTCATTTAAGGT] ' TTCGAACGGCCTCGCCCGTGAGTTTACGGGTTTATCTCTTGTG CTCAGTGAGCGTAGAAACGTTTTCACCCTGGAACTAGACATAN!
Y v C Y I G L S A P APV * I GL Y L V C S D S A D K CF H S R S§ R Y K|,
R L C L L N WV L K G §S R A S L H G F L S C L * ECR QL L P V K I Q I ¢
T S V T F E C A QDRUL P CETF AW S F V F P T V R M KA FTUPGOQOUDTN|Y

1. Select any ‘variation’ feature

Majority of WCS reads

variation 10685 10685 Majority of WCS reads call C, Ong

variation 10806 10806 Majority of WCS reads call C, Ong

variation 39982 39982 Majorit; of WCS reads call G, Ond from the feature SeleCtor

variation 40880 40880 Majority of WCS reads call C, Onewco Treao TarrIs T

variation 40910 40910 Majority of WCS reads call A, One WCS read calls C ll

variation 40954 40954 Majority of WCS reads call G, one WCS read calls A

variation 40965 40965 Majority of WCS reads call One WCS read calls C

variation 40981 40981 Two WCS reads call C, Two hcs reads call T

variation 41004 41004 Majority of WCS reads call T, One WCS read calls C A
f WCS reads call A, One WCS read calls G

2. Select all features with the £ 165 reads call

| same key (variation) An alternative way to select all

SNP features is to select ‘By
Key’, then select ‘variation’ .

Artemis _File Entries JJJ[1a3 View Goto Edit Create Run Graph Display
8006 | Feature Selector ... v4.embl
Entry: [ Tb927_01_v4.emk All sA v
963 selected features
All Bases
None #N ~
IIIIT:DIII [0 By Key |III:H>II T T (A
I 1 T I CDS Features without /pseudogene I ||| .I 'I L 1 1
[ 1 11 101 Al CDS Features 1N 1 1t R “[I
SAMmE KE) s n [ S —
Features Matching Qualifier ariation 319-9825 3 Th927 01_vé:repez
10 |7200 |8ool Open Reading Frame [11200 12000 12800 |136

Features Overlapping Selection

FET TR T o tures Within Selection 'I'( 3. With all SNP features selected,
m o ‘
iy WM Base Range .. now select ‘Features
[ 10111010 oo Feature AA Range .. . >,
Overlapping Selection’ from the

! Tb927.1.20
‘2 Toggle Selection
VDTVDNS K Q AVCTRISTGUETSTRTATOTITETETTT N Select menu.
P + T Q # I P N KL AGA AGTOQMTPZ KT+ RTO QT
R RHS KF QTS SLUPERA ALTZKTECTPNR RETHZKTERSUHSHTLTC CTZ XSG GTTLTICTI
CGTAGACACAGTARATTCCARACAAGCTTGCCGGAGCGGGCACTCARATGCCCAAATAGAGAACHPAACGGAGTCACTCGCATCTTTGCARAAGTGGGACCTTGATCTGTATT,
160 |10580 |10600 [10620 10640 [10660
GCATCTGTGTCATTTAAGGTTTGTTCGAACGGCCTCGCCCGTGAGTTTACGGGTTTATCTCTTGTGTTTGCCTCAGTGAGCGTAGARACGTTTTCACCCTGGARCTAGACATAA]
Y VvcCYIGFTZLSA ATPA ATPVSH*TIGLTYTZLVCVSHDSA ADTEKTCECTFTHST RSTR Y K|,
R L CLLNTWJVTLJE KTGSTZ RASTZLHGTFTLS ST CTZLRTLTS*ECR RTG OQTLTLTPUVZEKTIG® QTI (
T S VTFELCAQRLEP®CETFAWTISTFVFPTVRMEKAFTP®GQDTRN

-

<<
call C
call C
s call
call
call C
call

call

call

Two I\Lb
all T,

araosalPAa

a0




Module 1: Artemis

Artemis File Entries Select WISV Coto Edit Create Run Graph Display
0800 | Selected Features ¥V |1vd.embl

Entry: [ Tb927 01 v4.embl [ TH Selection v/
225 selected features ]

Search Results >
CDS Genes And Products -
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Other Queries to Try:

1.  Try performing the ‘reverse’ query, select all SNPs that overlap with CDS

features.

2. Save a list of features to a file by right clicking on the feature filter window and

Selecting ‘Save List to File’

(98]

‘Find/Replace Qualifier Text’

qualifier with the same value)

Use the Select Menu to select all features with the same ‘key’

4.  Use the Filter menu to look for suspicious gene models - missing start codons,
missing stop codons, stop codons in translation and duplicated features.

5. Search for a qualifier value (try ‘hypothetical protein’ ), in the Edit menu, select

. Try doing a boolean search in the same way (try
‘hypothetical AND conserved, or ‘hypothetical AND unlikely).

6.  Using the same option, find features containing duplicate qualifiers (more than one
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