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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 Parasite Genomics Group at the Wellcome Sanger Institute 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, 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.

A1ims

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 Options  Windows
/ ® © ® Open Project Manager ...
, 1 Open File Manager ...
° [ B=t
1 Click .em~ @ Open SSH File Manager ...
‘ . ’
2| File' then | g s Open ... 30
. Open from EBI - Dbfetch ...
pathogen Quit
Artemis
Release 18.0.2
1. Standard
Copyright 1998 - 2019
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.
[ ] o Select a file ...
" exercise_1 B
3
Name Date Modified
fast Monday, 1 October 2018 10:47 g g
asta onday ctober Slngle Cllck
R Pf307 03.fasta Monday, 1 October 2018 13:15 G | 1y select the

Pf3D7_03_v3.embl

File Format: Sequenc

Monday, 1 October 2018 13:15

)

e files

Cancel

DNA file

4 [ Single click to open file in Artemis then Wait]

/DNA sequence files will )

file displayed in this panel.
\ play p /

have the suffix ‘.fasta’.
Annotation files end with
‘embl’, or “.tab’. Use this
feature to select the type of
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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.
SSIS ce Artemis File Entries Select View Goto Edit Create Run Graph Display
8 0 0 Artemis Entry Edit: Pf3D7_03.fasta
Entry: (V] p£3D7_03.fasta

one selected base on reverse strand: 1066766 = complement (1206)

g T O N O
110 00010 00O 0 OO0 A RO 0000 0 0 D0 e e e me e
LR A A O 1 Il

|80 |1600 |2400 |3200 l4000 l4800 |s600

I
LR TR T TR R TR T
0 000 0 OO OO O O OO OO AN AR OO RO i (o Wiy wimnnn
ORI A ORTAMAIE OO A OO OO RO RUER T CELO DO O e o W voe e

<<

# T L N L # T L KL YL NPEG YT RUNUPIKUPYTTULI KT PI KT R*TL
K P # I s K P # s ¥ T # T L K VvV I P V T L N P I P * S L N A E P

. NP K S LNPKATIUZPIKUZPOT*RILYUPGF#P # TLY P EA AGFTILNFP

TAARCCCTAAATCTCTAARACCCTAAAGCTATACCTARACCCTGAAGGTTATACCCGTAACCCTARACCCTATACCCTGAAGCCTAARCGCTGARCCCT

G T V R F G Q0 L
F GL PRV FGLATIGLSGH® OT LD NYGYG + VRYG S AT+ V S F G

<<

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

1 M Entries Select View Goto Edit Create Run Graph Display
[ ] [ ] Show File Manager ... emis Entry Edit: Pf3D7_03.fasta
. (g 7 (3145 1flv _ Read AnEntry ... v
lick ‘File' then
(‘: C © e, » Nothing se Read Entry Into 2
Read an Entry 2> Read BAM / CRAM / VCF ...
(T LR T T TR (R
Save Default Entry #S
0TI save An Entry L 11 AR T AR AR AR A O N TR ]
Save An Entry As >
NI g et ¥ T {1
— | . [
Entry ﬁle Write o [ ] @ Select a file ...
| Clone This Window | exercise 1 a
Save As Image Files (png/svg)...
g s ge Files (rg/sva)... Il —
(N Print Preview fI§ 2 fasta Monday, 1 October 2018 10:47
PF.tab Monday, 1 October 2018 13:16
TN 5pen in DNAPIOtter W pf3p7_03.fasta Monday, 1 October 2018 13:15
2 . Pf3D7_03_v3.embl Monday, 1 October 2018 13:15
<< Preferences
# T L ‘4"
K K N o Close ]
. N P Ky oconrrm a1 r oo U . . | Artemis fil B
Slngle click to TARACCCTAAATCTCTARACCCTAAAGCTATACCT ABACCCTGAAG EShonetg Arteais Tiles 1<)
select 2 o
ATTTGGGATTTAGAGATTTGGGATTTCGATATGGATTTGGGACTTC, Cancel _Open
1 fil . VRFR+VRFSYRFGS
Pf3D7_03emb 11€ L G+1IELG+L+V+ VR

T
FGLDRFGLATIGLSG LNY GY G+ VRY OGS A+ VSFGLS®G0Q VR

<<

/

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

[a—y

b

N

CORSINC)

1-[- Artemis File Entries Select View Goto Edit Create Run Graph Display

[ ] [ ] Artemis Entry Edit: Pf3D7_03.fasta
2{ Entry: Pf3D7_03.fasta Pf3D7_03_v3.embl 4
Selected feature: bases 2468 amino acids 818 ACS2 (/colour=2 /literature="PMID: 16868416" /literature="PMID: 12554891" /product="acyl
>>
I IHﬁfIHHIMIHHHIHHHHHHIIIIImHHIpIIIIIIIMHI [EAELEE T O TOUIE OO ey e e e
1 B T AR A IH!ungIu ull L 4 Y A (Y AT A T (A
T O S R T O T T AT N

3{ i |66488 |67208 |65808 |6a588 |so688 |78488 [71208 |72008 |72508 |73688 / 6

L A A T TR AR NI
CEERIE IR Ty e v e me o — —— (i 1N 0w (M wr
452
\HWHMIHIIIHHHHIIHIHWHHMHH LW T 0T AV R
<«
(1L &N TIWSYTINSAFSFTINNTEKNTINSGSEKHNTFEFTHFIEKTEKTIASETIFTIL M Y I Y I Y IY
w L TFGLTIOS®TIR®ZTITI KT®®2TIVYHKTILPTISKTE KS+LTYLY®#2T CTK I Y I Y I

I G # HLVLYKLTDEKGTE#OQEKHEKS+®#EKLYPFO QKNS SYTIYTINARHNNVYYTI
TTGGCTAACATTTGGTCTTATATAAATTAGAT AAAT AACARAAACAT ALAT AGTARAAACT TTACCCATTTCAAAAAANT AGCT AT ATTTATATT AATGCACGAAACANT GTATAT ATAT AT ATATAT)
4< 71868 71880 71960 71929 [71948 [71968
BACCGATTGTAAACCAGAATATATTTAATCTATTTATTGTTTTTGTATT TATCATTTTTGAAATGGGT ARAGTTTTTTTATCGATATAARTAT ARTTACGTGCTTTGTTACATATAT ATATATAT:
N & L M p # T F # I F L L FMF L LFKVWKLFTIATINTINTITCSVI
EFFYSYKY®®HUVYEF IYIVYTIYTI
\l/ P+ CKTHKYLNGSLTYTCFTCLTYTYTF®S®#GNSM*FTFLG+TI®2TIL& LTYTIYTIYTIH?\Y

<<
(| CDS 58307 58519 ¢ Plasmodium exported protein, unknown function, fragment

M cos 61445 62714 rifin
M cos 84572 65783 rifin w‘
M cos 57928 63682 PIR protein 8
HE 59460 71919 ¢ acyl-Cod synthetase
5< CDS 76494 77474 Plasmodium exported protein (hyp13), unknown function
M cos 78185 88393 ¢ serine/threonine protein kinase, FIKK family
M cDs 82611 83515 ¢ epoxide hydrolase 1
CDS 85385 86131 ¢ Plasmodium exported protein, unknown function
CDS 88259 89231 ¢ Plasmodium exported protein, unknown function

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.

2 Artemis File Entries Select Vi Edit Create Run Graph Displa
Click ‘Goto’ , 2 —
L — Arter  Navigator ... #GC |

Entry: (V] p£3D7_03.fasta [V P£3D7_03.em Start of Selection o 4
3 selected bases on forward strand: 52625 .
End of Selection B
= Feature Start @,

I I I {1 11 T O Feature End 4. I 11T 1 (]

FOPEE T T I=——"—"—> | Start of Sequence -0 S| T 1 1 e 1 A

RPN12
FOUUDIU TN T wwmn w0 w1 End of Sequence L o omeonrm

Feature Base Position ... |
Feature Amino Acid ...

|520800 |s21600 |522400 [va— — pa—" ] 525600 |s26400
T A 1 IIIIk-’u (NI A aUmEEi e ]/IIHIIII [
[0 PRI e 0 R MR W 11 II‘| s XI I — I II l IIIII I
(L W 0 VAR FMTEE 4 A W Hi FETRE TN 0w e e e

F F F S FF FFF S IPTIGO QFTFTITFTFTILNTPILTITFINILTCTLTDTI #
F F FLFSFTFSULJYZLS+A ANTFSYTFTULTFG®#IL * YLTIGCUVS+ I YK
F F F F FLFFULJYTJY®RTPTITFHTITFTYTFZ KSSDTIG®#FVFURZYTI:H?
ATACCTATAGGCCAATTTTTCATATTTTTTATTTTARATCCTCTGATATTTAATTTGTGTTTAGATATATARS
|526400 |s26420 |526440 |s26460 |526480

GAGATATGGATATCCGGTTAAAAAGTATARAAAATARAATTTAGGAGACTATARATTARACACARATCTATATATT]
XX X X ¥ ¥k x5 1 cl ' K I XK F G R I N L K H K § I Y 1

K K K R K E K K ER Y R Y ALZEKTE Y K KNG# I ROQYIKTIOQTG®#TI YL
K K K K KR KKXKR+ V + L G I K * I K# KL DE S I # NTNTZLY I F

<<

PF3D7_0312200 516793 520503 ¢ TPR domain containing protein

PF3D7_0312300 521969 522883 265 proteasome regulatory subunit RPN12, putative
[l PF3D7_0312400 524154 526439 ¢ glycogen synthase kinase 3

PF3D7_0312500 529037 530776 transporter, putative

PF3D7_0312600 531213 531289 tRNA Valine

PF3D7_0312700 531898 531973 ¢ tRNA Isoleucine

PF3D7_0312800 534239 535238 605 ribosomal protein L26, putative

PF3D7_0312900 536043 537274 hypothetical protein

PF3D7_0313000 537621 538804 c conserved Plasmodium protein, unknown function

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.

/Suggested tasks: )
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 then go to the start and end.

Go to the start and end of the genome sequence.

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

(w0
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4.2 Navigator
The Navigator panel is fairly intuitive so open it up and give it a try.

Click ‘GOtO, il ibbilibaips  Select View m Edit Create Run Graph Display

Check that

the search

. 000 > LU Navigator ... %G
then NaVlgator Entry: (W p£3D7_03.fasta (W] P£3D7_03.en s f Selecti 380
3 selected bases on reverse strand: 54151 tart ovoe ec,uon §..526460)
End of Selection 8-
>>
Feature Start
I | | -ﬂ‘llll -ﬂlﬂ |II|I||“-T‘I e O LT T
Feature End
Wil |II| IIIII \i I |II-II (W] II"IIIII 1] Start of Sequence #®T [ N 1 1N
q
LW e Heme e rem IIIbIIIII il End of Sequence L O O T AT (AT N
Feature Base Position ... 1)
Feature Amino Acid ...
|s67200 |s68000 |s68800 - - =71200 [s72000 [s72800
[Te)e) Artemis Navigator
LILLU Ll |Illli | R I I R 111
[ e T N E I
button is on|  JuinIL fgpm gy | 6ot Fearure itk Gene tane: T TRTY
| PF3D7 0314

C Goto Feature With This Qualifier value:
<<

<>

S ¥ I N +1I (0 Goto Feature With This Key: HETMY I
E L I # I R # T K Q C I Ym
V L Y K L D K| R N N V Y
frcrraTaTaraTTAGATAAN () Find Base Pattern: FACGAAACAATGTATATA
|71880 71960
CAGAATATATTTAATCTATTY () rind Amino Acid String: FTGCTTTGTTACATATAT
D # I F # I F F s v I Y I [,
V F C H ¥
fT K Y L N § L Start search at: @beqinninq (or end) C selection R F L T Y Il’
4 »
<< o
RNAZID:2775 |_| search Backward M Ignore Case M Allow Substring Matches [
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 =
PF3D7_0301500 88250 89231 ¢ Plasmodium exported protein, unknown function v
ra PF3INT_N301600 Q11158 Q3463 o Plasmodinm evnarted nratein (hwnl) nnknown_function =
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

’ ).

3. Use ‘Goto Feature With This Qualifier value’ to search the contents of all
qualifiers for a particular term. For example using the word ‘pseudogene’ will
take you to the next feature with the word ‘pseudogene’ in any of its qualifiers.

Note how repeated clicking of the ‘Goto’ button takes you 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]
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Clearly there are many more features in 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 11

4 )

This part of the exercise uses the files and data you already have loaded into Artemis
from Part I. By a method of your choice go to the region located between bases
134000 to 141000 on the DNA sequence. This region encodes the CLAG3.1 gene
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
Mo Artemis Entry Edit: Pf3D7_03.fasta

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

[Selected feature: bases 4254 amino acids 1417 CLAG3.1 (/previous systematic id="PFC0120w:exon:9;current=false"/previous sy CDS

1] I(I: U T ) /(I e = R I L e O [T RN R /
L1 1 T BRI IR I‘I:ILﬁliIBI.IiIIII L1 IR LR T T T W TR TR W feature
(R TVt 0 10 TR CHCRVCTAR) - T A A V1 LYY e 0

——»—— I Y
misc_featur« misc_feature misc_feature ure (ﬁ
|133600 |134400 135200 |136000 136800 137600 138400 139200 0000 |140800

Misc
(L L | 1 (1 | 1 W11
\

L 11 L A W T Y (VR R IR features
a

L T 1 111 W ——
" =) o
T Y N M H I ¥ I NI HTI Y I N I ¥ I Y F C L I I I P N # T K K
P Y I Y T F V E C E # R F F H E C C # __# F R }Gj

L O H A H I Y K HT Y I Y K Y I Y
|CCTACAACATGCAC ACATAC - \GTGTGAATAACGTTTTTTTCATGAATGTTGCTAATAATTATTCCARATTAAACAAAGAR(

139120 139140 |139160 139180 139200 139220
TGT T T ACATCTCACACTTAT 'ACTTACAACH TAT TTAATTTGTTTCTT(

+ L M C M Y I FM CTIYTIFTI Y I Y KQULTUHTIVNIE KTEUHTINSTITITIGTF#VFF
G vV VvV H V Y I Y V Y M ¥ I ¥ I ¥ I ¥ V X T S H S Y RKK * § HOQ + Y NNUWTITULTCL
R CCACTIYJLCVYTIYJLVYTIYTI S KYULTTFTLTIE KU KMTFTALTLG®#ETLNTFTL S

<<
M PF3D7_0302100 114070 118086 serine/threonine protein kinase
W PF3D7_0302200 119458 124735 cytoadherence linked asexual protein 3.2

PF3D7_0302300 125992 130235 ¢ erythrocyte membrane protein 1 (PfEMPl), pseudogene a»
P! 00 1

exual protein 3.1

P 00 1 Yy ily), putative
PF3D7_0302700 146372 147056 ¢ CDGSH Lron-sulfur domain-containing protein, putatwe
PF3D7_0302800 148046 149305 ¢ conserved Plasmodium protein, unknown functis
PF3D7_0302900 152168 156146 c¢ exportin 1, putative

PF3D7_0303000 159353 161704 ¢ N-ethylmaleimide sensitive fusion protein, putative
PF3D7_0303100 162778 167103 c conserved Plasmodium protein, unknown function
PF3D7_0303200 169571 174300 HAD superfamily protein, putative

PF3D7_0303300 175022 175799 ¢ DNA-directed RNA polymerase subunit I, putative
W PF3D7_0303400 178420 181127 palmitoyl transferase
PF3D7_0303500 182731 189411 gindle pole body protein, putative
W PF3D7_0303600 190180 190719 asmoredoxin A

RNAZID:2791 191187 191244
- PF3D7 0303700 191245 192591 ¢ dihydrolipoamide acyltransferase, putative .,'
rs |
[ 2
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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’ . You can also run Pfam by going to the Run
menu and selecting * Pfam search ’ . For this you need to select one CDS.

Viewing the results of database searches
kClick 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 details 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 GCoto Edit Create Run Graph Display

e OO0 Artemis Entry Edit: Pf3D7_03.fasta

Entry: (V] p£3p7_03.fasta (V] P£3D7_03.embl (V] PF.tab v

One selected base on reverse strand: 928459 = complement (139513)
GC Content (%) Window size: 74

=

W‘WVW Wl \rr L4 l\/\/ rw

T M,\./J\MA.J\MAJ J\VJ’& fy e [N WNA\/‘H WMAW ;’::9
WV Y |

W11 — (AR _’l\ L TN S 1 RYTRAN TN N Il
CLAG3. 1 ABCB

FIEE T RETE U TOmE OCMTme i r e ) 10 01T A A O T (R AR L LTI
LA 10 T LT A CRTRUERA Y BT T T W I L T (RN

[ 5| > )

CDS_motif  CDS_motif CDS_motif >tif
4400 135200 ~ [136000 ~  [136800 137600 |138400 u392(|)0 |140000 [140800 |14160
L 1 1 1 T 1 1 Y WA
I MEE I ERETEr I (e e e L I O 111 T W 11 A T O A (R

LI L 11 T e {1

<<
Q s VHAIKKZKKKK KK K K KIS
K VY M Q # KK K KK KKK KZKZKTZKWTFUHTFTLIKTLTG OSTLTFG#TLSTFVYTG#MZEKR #
S K C T CN KKK KXKJKJKZKZKTZKIKTNGTFTITFG#NS5NTLYTFINJTYTLTFTITLEK*KG
CAAAGTGTACATGCAATAARARARARARARARAAAAAAAAAAAAAAAARARATGGTTTCATTTTTTAARACTCCAATCTTTATTTTAATTATC TTTTTATACT TARATGAARAGGTA
[135380 |135400 |135420 135440 |135460 |1354
GTTTCACATGTACGTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTACCAAAGTAARAAATTTTGAGGT TAGAARTARAATTAATAGARARATATGAATTTACTTTTCCAT

H K F § W N # D #
F HV HLLTFFTFTFTFTFTFTFTFTFT FUPI KMIEKTG®#¥TFETULRG¥KL#RKTISLHTFZPL

<<

N

1377

Sliders for
adjusting

the window
size

W PF3D7_0302500 135418 140660 cytoadherence linked asexual protein 3.1
PF3D7_0302600 141556 145653 ABC transporter B family member 4, putative
PF3D7_0302700 146372 147056 CDGSH iron-sulfur domain-containing protein, putative

PF3D7_0302800 148046 149305 conserved Plasmodium protein, unknown function

PF3D7_0302900 152168 156146 exportin-1, putative

W PF3D7_0303000 159353 161704 N-ethylmaleimide-sensitive fusion protein
PF3D7_0303100 162778 167103 conserved Plasmodium protein, unknown function
PF3D7_0303200 169571 174300 HAD superfamily protein, putative
PF3D7 0303300 175022 175799 DNA-directed RNA bolvmerase subunit I. putative

0 00000
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Artemis Exercise 1 Part I11

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.

o ‘ ’ m Entries m View Coto Edit Create Run Graph Display
?hck Select thf,:n . e e
Feature Selector Entry: (V] P£3D7_03.fasta Al %A ‘/
J One selected base on revel
All Bases
% None #N
M1 — T e e =
CLAG3.1 y Key \ ABCB4
NI 01 RO NI CDS Features without /pseudogene Il 11 ML L 1RGO0 OO0 KRR 0 000D 0TI
O T Y1 T A QIICDS Features i R TR
ame Key
Make sure the Features NataisimaOatc -
4400 |135200 123 Open Rea 800 Artemis Feature Selector (140800 [1416¢
buttons are down I o ee ( setect by:
L T T R ooy # xey: cos B (TR T
[ TARTRTIRTANIINT TR : (AR NI
alifier: roduct v
Set Key to TN oo : I r—"

‘CDS’ and
2 | Qualifier to

Containing this tegt: rifin
Toggle Se
Q S VHATIK K K'K igx ™ 1gnox # Allow Partial Match
K K K K
M # K K K K K
K K |_| Match Any word

‘ ’
JATACTTAAATGAAAAGGTA
product and: Fond
() up to: bases long TI;‘IG‘K“\TACS”F”C?T
And: vV # I F L Y
. i N I S L F P L
[ ] At least: ases long
Type search term ”
W PF3D7_0302500 135418 140660 R
PF3D7-0302600 141556 145653 — .
PF3D70302700 146372 147056 c Sy s G ey
PF3D7_0302800 148046 149305 ¢ el
PF3D7-0302900 152168 156146 c
W PF3D7-0303000 159353 161704 ¢ = i Lo exons long
PF3D7-0303100 162778 167103 ¢ =)
PF3D7-0303200 169571 174300 And:
. PF3D7-0303300 175022 175799 ¢ -
Cth to Select features PF3D7_0303400 178420 181127 [[] contains introns without GT/GC start and AG end
182731 189411 —
fad 190180 190719 And by:
containing search term 191245 192591 c - eto acid dehydroge
PF3D7 30 (] Amino acid motif:

PF3D7_0303900 1
[g Forward Strand Features M Reverse Strand Features
( select ) ([ view \ ( Close )
5 | Click to view
selected features [® D O Al 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)
o 1018874 1019973 B-type rifin (PMID:18197962)
Double click to 1027571 1028929  A-type rifin (PMID:18197962)

bring features

into main view ( close
S——

window.
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/ 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
\ fasta-file of the sequence. /

Artemis m Entries Select View Goto Edit Create Run Graph Display

6 00 Show File Manager ... iemis Entry Edit: Pf3D7_03.fasta
Entry: g Read An Entry ... l/
|selected £ Read Entry Into > ton no. 2 RIF (/colour=2 /db xref="UniProtKB:097309"/db xref="MPMP:PF3D7

%3 Read BAM / VCF ...
THTT AR R AR T T URITT |||||||uw_
LT iy Save Default Entry T T T T N T W T o Click ‘File’ then

erd - Save An Ent > i
INTIRT R E:t:;AS >l UM RO LT O DT L ‘Write ‘Bases of
| Save All Entries ! C
1012000 lisiseee Y i e e |1018400 1019200 Selectlon FASTA
: BT Amino Acids Of Selected Features :
e n cl This Wind Amino Acids Of Selected Features to Quallﬁer T NN T I Format
one This Window
PIR Database Of Selected Features
[ L T . [ IOEEEIPEEr e e
TR Sa've As Image Files (png/svg)... Bases Of Selection > Raw Format | /
Pr!nt... . Upstream Bases Of Selected Features > FASTA Format

<< Print Preview Downstream Bases Of Selected Features > EMBL Format I
¥ ¥ I L
1 1 r ; Openin DNAPlotter Genbank Format &

——— Upstream+Feature+Downstream Bases ... :CA—I Y T v T I

IATTATATTTT \TTAATTATATTGTTATTATCI

[101574 Preferences All Bases > [1015840
[TAATATAAAR MMTI’MTATMCMTMTAG’
N #1 L Close , Codon Usage of Selected Features "c N# IN Iy NQ N# “# .

N #
N ¥ KL NI TIHTITIMTFY Y L F INmEnmSmmmeGrsmsmymenImInImEsEs# M L # I T I I |

<<

M PF3D7-0324000 1005952 1006800 exported protein family 1
W PF3D7_0324100 1007413 1008202 Pfmc-2TM Maurer's cleft two transmembrane protein
W PF3D7_0324200 1010342 1011140 exported protein family 3
F3D7 0324300 1012355 1013464 exported protein family 4
D7 0324400 015795 1016942 n
PF3D7_0324500 1018874 1019973 rifin
W PF3D7_0324600 1021998 1023008 stevor
PF3D7_0324700 1024030 1025411 erythrocyte membrane protein 1 (PfEMPl), exon 2, pseudogene
W PF3D7_0324800 1027571 1028929 rifin
Pfalciparum REP 1028959 1029560
B PF3D7 0324900 1030822 1038254 ¢ erythrocyte membrane protein 1, PfEMP1
Pfalciparum REP 1040961 1050620
Pfalciparum REP 1050649 1053812
Pfalciparum REP 1055849 1057919
Pfalecinarum REP 1063240 1067971

oo
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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.
000 Artemis Feature Selector
Select by:
M Key: cps 3
] Qualifier: note 3
Containing this text:
M Ignore Case M Allow Partial Match
7] Match Any Word
And:
[ Up to: bases long
i _ Space for a search
1At least: ases long . .
Andd term or amino acid
[ Up to: exons long o
= motif
] At least: exons long
And:
[ Contains introns without GT/GC start and AG en
And by:
# 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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2 |[Click ‘Edit’

3

21144 selected bases on forward st

Artemis  File Entries Select View Goto Edit Create Run Graph Display Chck
[ XoNe) emis Entry Edit: Pf3D7_03.fasta ‘
Entry: ¥ p£3D7_03.fasta (] P£307_03.eg Subsequence

* 45270..66413

(and Features)’

_—

44000

|46200 l48400

> D
Pfalciparun RNAZI RNAZID:2748

50600 |szs0] _ Selected Features in Editor B |ssooo

| (U LT T

IIIIFI LR

Subsequence (and Features)

LT IR Find/Replace Qualifier Text ... 100000 O R
NN 10RO Qualifier of Selected Feature(s) > D o mm
Selected Feature(s) > B
Move Selected Features To > |MEEEsECEAECE L*m
Copy Selected Features To > P A
120
rrccaatared  Trim Selected Features >
Y R F G S P # V L G s G + A
= VM Extend Selected Features b |m=mmCE )
=) Fix Stop Codons <
104 Recer° TP Automatically Create Gene Names m
11851 ¢ present in reich .
13888  repll Fix Gene Names
éelect the re 1 f?é?g f\ggzgoding RNA Bases >
g On 35977 non-coding RNA
. . . 44482 var genes encode % R termed P. falciparum
containing rifins §9373 ¢ A-type ririn (]  CONtig Reordering
. . . 48170 non:cogi:g gﬂ};
by clicking with 312 . Tmeyailiild  Header Of Default Entry -
53273 ¢ stevor (subtelon nally identified as
53751 present in reichenowi
the left mouse 25361 o gogy[cagdﬂgxﬁ (PMID:18197962) 4
58307 58519 ¢ term=structural; date=20100621 ;qualifier=added new gene based on similarity to PFA0035c, |y
button and
\dragging. J
Note the entry names have A new Artemis window will appear
changed displaying only the region that you
have highlighted.
eno | Artemis Entry Edit
Entry: W no name ¥ no name
[wothing selected
|||(l(| T T men LN 0 1 B BV 1 T
L I T 1 W A VA AT | T T
(LT T R T A LA (T TN YT
IR:IE)\ZID:2753
oo ls400 l7200 |8000 [8800 l9600 |10400 l11200 l12000 l12800 |_136cm
NOte the bases I AT T ee e e B e nee i v e e IR@NMI&H\HI LI T T R TR

have been

renumbered from <g pseudogen
the first base you

selected.

LT RTRRTT
I TH

WH (R TR TR AN AN AR IR ] IIIIIIIIIIIIIIII
PF3D7_ 030060
II IEETETmE e || ||||||||I| ||III L I VTN T O RN AN |||||||| LT AT TN YT ﬂ

(1Y W T 11 1111

<>

] v}

X1

>

<<
K NG KHF TEEJZKTITFNI K QTITFTFTFTFTFTFTFUCHTLTITYTIZ KTI¥# ##INAYRNIE
KMENILQKKKYLINKFFFFFSFFAT#YI#KYN N K S M HT lm
.\K W K T F YRRIKUNTIGF# # TNTFTFFTFTFULTFIULZPL IHIINQCIP#YR
TTTT: TTTTTTTTTTTCTTTTT CAC TGCATACCGTAJ
20 60 |80 |100 [120
ACCTTTTGTAAAATGTCTTCTTTTTTATAAATTATTTGTT 'GTATGGC T
I # Y VF K K K K G S L I YLTFTITITITITF * MG Y YL I,
s F N L 1 K K Y I F I H Y Y I L Y R L I S
F F F Y K I F N K K K K E K AV # Y I Y F YL S LLDTII VTIYF‘l'
>
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 883 ¢ ;query 441-441;GPI_cleavage_site_score=0.76
W CDs 7011 8004 ¢ stevor (subtelomeric, variable open reading frames) genes were originally identified as multicopy
NCRNA 8402 8482 present in reichenowi
NCRNA 10038 10120 ¢ non-coding RNA
CDSs 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
DS 16176 17445 rif (repetitive interspersed family) genes were originally identified by Weber; they encode clonz
ncRNA 18260 18337 non-coding RNA
DS 19303 20514 rif (repetitive interspersed family) genes were originally identified by Weber; they encode clonz
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/ Note that the two entri

\can be saved in differe

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

es on the grey Entry line are now denoted ‘no name’, they \

nt formats.

)

Artemis m Entries Select View Goto Edit Create Run Graph Display
©® O O Show File Manager ... i Artemis Entry Edit
Entry: Read An Entry ...
|vothing se  Read Entry Into >
>>
<< Read BAM / VCF ... ~
FEIE 10 LT 1L T 1 1
[ gave Eele‘k Entry e T T T T O T T T N AT TN T T TR
i : 0L T (R TARA AT NI
Save An Entry As > New File > no name
Save All Entries EMBL Format 4 no name |
00 Wri GENBANK Format > [11200 [12000 l12800 |_136cm
| Write > Sequin Table Format !
1 Clone This Window GFF Format R T R IR
I (L 0~ 1N W 1 W11
Save As Image Files (png/jpeg)... EMBL Submission Format > TRiF PF3 0600 ,
= (L1 1T T N 1 U T
(X pseudoge  Print... I
L Print Preview ————— <l
K N G 3 I FFFFFFCHILTITYTITZKTIG®#*# I N A Y RN I Ef
K M E Open in DNAPlotter FFFSFFAT#YI#K‘{NDNKSHHTVI+lm
. K W K F F F L FLPLNTIJYJZXKUNTIMTITIDNG QT CTITFPG#YR
[ AAAAATGGAN Prefi MTTTTTTTTTITTCTTTTTT CAC’ ATAAATCAATGCATACCGTAATATAGA!
references o 80 100 120
TTTTTACCTT ATATTACTATTATTTAGT 'GTATGGC T
F H F Close K K K KR KK G S LI YLTFTITITITITF™*HMGT YYTL I,
. F P R K K K K K K Q W K I Y I F I YHYYTIZLATYR 5
FIsFHKCFFFYKIFLNKKKKEKKAV#YIYFYLSLLDICVTIYJL‘
<«
<<
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 ¢ ;query 441-441;GPI_cleavage site_score=0.76
W cDs 7011 8004 ¢ stevor (subtelomeric, variable open reading frames) genes were originally identified as multicopy
NCRNA 840 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
CcDs 19303 20514 rif (repetitive interspersed family) genes were originally identified by Weber; they encode clong
Ir S S

Once you have fi

nished this exercise remember to close this Artemis

session down completely before starting the next exercise.




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 Lmjchrl12.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 amino
acids.

)
|

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

.

Artemis File Entries Select View Goto Edit Create Run m Display
8 0 O Artemis Entry Edit: Lmjc|  Hide All Graphs -

Entry: (¥ Lmjchri2.fasta ‘ 4

3 selected bases on reverse strand: 674880..674882 = complement (466. Add Usage Plots ...

Codon Usage Scores from LmjF12codons Window size: 120 Add User Plot ... TE

GC Content (%)
GC Content (%) With A 2.5 SD Cutoff ¢
AG Content (%) L
CC Frame Plot 3
Reverse GC Frame Plot ™
Correlation Scores Y
Reverse Correlation Scores -
> GC Deviation (G-C)/(G+C)
L (il | 11 Il I ILITIED AT Deviation (A-T)/(A+T)
T T T T T R T (TR IR TR W TR TN Karlin Si¢ ©.0.0 Sslectacodonysane daia flefames
[ T B T 1 B ¥ 1 o B StI;erGr (5 exercize 2
“/ odon Name 4| Date Modified
v Reverse M Lmjchrl2.fasta sSunday, 28 September 2014 11:30
. [800 |1600 |2400 [3200 4000 T
I T [l Il [ 1l I [nn
[ I 1 e e | O R A A N A | (N1t A T A [ I I Y File Format: | AlL Files s
LI I M L TV T (B
| cancel | Open

<<

P # P # P # P # P ¥ P # P # P # P # P # P # P # P # P # P # P # F *

P N P N P NP NPNPNUPNUPDNUPDNUPNZPNPNPNUPINUPINUPNSGSESATCA AGTG

. L TLTJLTJLTJLTZLTZLTULTJULTULTJULTULTULTULTULTIULI

CCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTARCCCTAATTCTGARAGCGCCTGTGCTGGCACCGGT
20 40 60 80 100

\TTGGGATTGGGATTGGGATTAARGACTTTCGCGGACACGACCGTGGCCA

K R L C W H R
L KA P VLA P V

120

Q F R R HOQUCRH
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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.

Artemis File Entries Select View GCoto Edit Run Graph Display

1jF12codons Window s
. “\

. . New Entry

8 O O Arter  New Feature [
Entry: (V] Lmjchri2.fasta (V] ORFS_100+ Feature From Base Range #C v/
selected feature: bases 798 amino acids 264 cps (/ Gene Model From Base Range one”) ’
Codon Usage Scores from Li 2codons Window size: 120 |ntron Features
P :

- L P P NN Intergenic Features
N " bog, /- X Exon Features

~ New Entry Gene Features
Reverse

ju Mark Open Reading Frames ...
- Mark Empty ORFs ...
2 Mark ORFs In Range ...
N || ) e Mark From Pattern .. JE== 01 =
CDS CDS CDS CDS . cer CDs CDS
L T B 1Y A W TN 1 Makaf"'bIQU't'es L O 1 I A MV 1T
(1 L T s A I R U FHEE TR e Pre e e e e —m) | |
CDS CDS CDS
Predicted ORF ]aoo |3200 l4000 lasoo |s600 6400 |7200
[ NI [ 11l [l [ r nn i e I e N T A [T
[ I o | A N (1Y O O o I I e O B Il
L BN 1 1 (A | I [l | I

<<

R WRUL P Q M WF S K P F # L8 - - < - -
A D GGSRKGCGSR RS RSO CALTYMRBHENTLSTLTLTLTCETLSTLH HETLTYTITLTETCTCTFAB
Q M AR PANVVLEA AVRVTLT++“LCATITIS®RSTFSACR RSTITIJYTZYSNAATLTL
CAGATGGCGGCTCCCGCAAATGTGGTTCTCGAAGCCGTTCGTGTGCTCTAGTTATGCGCCATAATCTCTCGCTCCTTCTCTGCTTGTCGCTCCATCATC TATACATACTCGAATGCTGCTTTGCTGC
1720 1740 1760 1780 |1800 [1820 1840
GTCTACCGCCGAGGGCGTTTACACCAAGAGCTTCGGCAAGCACACGAGATCAATACGCGGTATTAGAGAGCGAGGAAGAGACGAACAGCGAGGTAGTAGATATGTATGAGCTTACGACGARACGACG

C I AAGAF TTRS AT RT S + NHAMTIETRTEIZKTEW AU OQORTEM MMT+“TV Y ETFA AH-BMAIZ K S C
L HR §$ G C I HNETFGNTHETLGW¥ AGYUDRAGET RS STA AGTDTUDTITCVR RIS S OQOQ

| CDS 460 960 none
[ cps 964 1617 none
M CDS 1188 1583 none
[ | 5 783 2577
W CDS 2707 3735 none
W CDs 3986 4798 none
W CDs 4965 6044 none

CDS 5917 6288 none

W CDs 6405 8081 none
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/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 the Comparative Genomics

Module), or with one of the integrated Blast options in Artemis. Select the ORF at position

12745, click on it, then select RUN>NCBI Searches>blastx. This will open a browser

Qvindow with NCBI results.

~

Artemis File Entries Select View GCoto Edit Create m Graph Display

8 00 Artemis Entry
Entry: (V] Lmjchri2.fasta (V] ORFs_100+

Selected feature: bases 1902 amino acids 633 CDS (/score=64
Codon Usage Scores from LmjF12codons Window size: 120

>>
<<

1 T I 1

s e O A 1 A 0 A B

CDS CDS

e e U —

DS CDS CDS  CDs CD
|

|8800 l9600 |10400 11200 12000

|
[ 1 O 1 1 (1 A e
{1 I B [ AN N T [
(N [ (] (| I R (N

S L VLRTA ATLA AS S CTUZPMDIZRTR *
A I L § §S C A Q L L R L R VL QO WTE H V

L ERTURRVYVARADEUBHUVGTI S L VR Q

NCBI Searches
Pfam Search
Rfam Search

Run fasta on selected features against

Run sigcleave (0) on selected features

Run pepstats on selected features

Run blastp on selected features against
Run tblastn on selected features against
Run hth on selected features

Run smart on selected features

Run clustalx (PROTEIN) on selected features
Run jalview (PROTEIN) on selected features
Run tblastx on selected features against
Run blastn on selected features against
Run blastx on selected features against
Run fastx (%uniprot) on selected features
Run clustalx (DNA) on selected features
Run jalview on selected features

Set fasta options
Set sigcleave options
Set pepstats options
Set blastp options
Set tblastn options
Set hth options

Set smart options
Set clustalx options
Set jalview options
Set tblastx options
Set blastn options
Set blastx options
Set fastx options
Set clustalx options

>

v

blastp
tblastn E

blastn

tblastx

T g

=5 e 6 —

|16000

e 1
Lol
I 1l

conserved hypothetical protein [Leishmania major strain Friedlin]
Sequence ID: ref| XP_001681612.1| Length: 620 Number of Matches: 1
> See 1 more title(s)
Range 1: 1 to 620 GenPept Graphics
Score Expect Method Identities Positives Gaps
1238 bits(3203) 0.0 Compositional matrix adjust. 620/620(100%) 620/620(100%) 0/620(0%) +1
Query 40 METEHT APLSSPIAEDL GVTV 219
METET ‘SSFSPP) PIAEDLARHGAGLL GvTV
sbjet 1 METET "SSESPP) GVIV 60
Query 220 399
sbict 61 i 120
Query 400 IVYNSKI 579
TVYNSKI:
sbjct 121 TVYNSKI! 180
Query 580 D 759
RRVL 1D
sbjct 181 D 240
Query 760 GEAVSETA 939
GEAVSETAAKALTLREERRADANVDARVVASCWNGKEEDDRRRLAAAERTROLAEENFRA
sbjet 241 300
Query 940 A 1119
Sbjet 301 QRQLA 360
Query 1120 1299
sbjct 361 420
Query 1300 1479
sbjct 421 480
Query 1480 I 1659
PLL! KAKI
Sbject 481 540
Query 1660 1839
Sbjct 541 600
Query 1840 PVIGELLPASAYDFGVQRRR 1899
PVIGELLPASAYDFGVQRRR
Sbjct 601 PVTGELLPASAYDFGVQRRR 620

Fram|

protein.

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

)

6 0 0 Artemis Entry Edit: Lmjchr12.fasta

Entry: (V] Lmjchri2.fasta (V] ORFS_100+

Selected feature: bases 1902 amino acids 633 CDS (/score=51 /colour=128 128 255 /note="none")
Codon Usage Scores from LmjF12codons Window size: 120

;
|1774§AF”W4 L AN |

N\

Press ‘E’ to open the gene builder

| for this ORF

sequence

\menu.

PR Mot b P AN T oL

- PR 7 Ve TJW
This is a coding ’

LN T | || b | | | —

| ” | 1 Ll LI LI L) LA Ll ICDSI—'\II 1 L1l L U Wl <I:[?SI Ll JSMJ |

(CDS) To get e 00 Artemis Feature Edit: CDS i

Key: |CDS v | Add Qualifier: | note 7

an idea of other
feature types

DS

[9600 Focation: [12745..14646

[ complement | Grab Range | Remove Range | Goto Feature | Tidy | TAT | ObjectEdit | User Qualifiers

available, open | ''"Fsstenatic ta-rmmriz. 000"
. I /product="hypothetical protein, conserved"
thlS pull-dOWl’l 1IN /colour=10

/

L vV L R
A I L S S C A

|CAATTCTCTCGTCCTGCGCH
2680
IGTTA AGGACGCGT]

L ERTRR | oK Cancel | Apply |

CDS 12923 13297 none

CDs 12969 13457 none

CDs 14793 15299 none
M CDS 15055 15471 none
W CDS 15300 15665 none
M CDs 15821 16201 none
W CDs 16030

cps 16731 (

L When done, push the apply button. }
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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.

o /

Artemis File Entries Select View Goto Edit Create Run Graph Display

e OO0 Artemis Entry Edit: Lmjchr12.fasta

Entry: (V] imjchri2.fasta (V] ORFS_100+ 4
Selected feature: bases 1902 amino acids 633 LmjF12.0070 (/systematic id="LmjF12.0070" /product="hypothetical protein, conser|
Codon Usage Scores from LmjF12codons Window size: 172 ] e 2 3 —

S RN R A RN R TR [ P | | s
LmijF12.0070 CDS CDS
s I T R s S R IR R B WA T AR LR TR I N AR R e
CDS CDS CDS CDS
I e | | = | e | |
CDS CDS CDs CDs CDS CDS CDs
L] e 1. Move to the N-terminus of the L] Bl 13208 Laeat0
Lo gene model with ctrl - <left arrow>. || | | W 1l
TN O L O M R T A IR B

(N 1 [ [ I A I I | I | T Y 1 Y U

<<
N § L VvV L R T A L A S S C T P M D R TR ~EE __R_JE S R W R B 8 1R W MR R P

A I L S S C A Q L L R L RV L Q WTE H V R E L HV GD L L CMUP S CTHTRUL S L

CAATTCTCTCGTCCTGCGCACAGCTCTTGCGTCTTCGTGTACTCCARTGGACAGAACACG! GAGAACTACACGTTGGCGACCTTCTTTGTATGCCGTCATGCACACACACACGCCTTTCACT

.2680 [12700 12720 |[1g40 12760 12780 [12800

GTTARGAGAGCAGGACGCGTGTCGAGAACGCAGAAGCACATGAGGTTACCTGTCTTG CTTTCTCTTGATGTGCAACCGCTGGARGARACATACGGCAGTACGTGTGTGTGTGCGGARAGTGA
I REDQATC S KRRURTS WHUV S C S L s s CTPSRRGOQTIGDTHV VT CVRTE RES

vV N AV K KTHUR * A CV CA K *

R Q RGEZXKJYA ATMGCUVCVGEZ KV

+

2. Trim to the next start codon with
ctrl-T

12969 13457 none
14793 15299 none
15055 15471 none
15300 15665 none
15821 16201 none
16030 16776 none
16731 17075 none
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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.

Artemis File Entries m View Goto Edit Create Run Graph Display
8 00 | Feature Selector ... mjchrl2.fasta

Entry: (] mjchrlz.tasta‘ Al s8A

3 selected bases on revers 1141..17143)
Codon Usage Scores from Ln All Bases

None #N
P CDS Features without /pseudogene

Reverse Codon Usage Scores  All CDS Features

Same Key

Features Matching Qualifier
Open Reading Frame
Features Overlaging Selection

J 1. Select an annotated gene model
7 ; ot

>>

> b v

COCTLET e T Bzz:”;iw“ Ing>e | | —
ge LmjF12.0080 CDS

B 1l 1 111 Feature AA Range ... REERIRIARIE Iﬁblcps I I==—AT

| 1 == ; (NI I s s S NN s O N s 3

cps Toggle Selection CDS CDS CDS CDS C

X L10800 . . . Ll 2 Se.lect Features Matching L16800 76
® O O Select a qualifier name ... Qualifier from Select menu |

Lo (cotour 3 I T

[
| I

Il | - Ll ML L1l I{ I””"I" II ||I
3. Select colour as a qualifier e

| Ok | | cancel | ‘
™ This will select all features of the

V KT T E C A + I S

s K L R K same colour. v R R S
S T R V 5 H B ¥ ¥ F T 5 0 N ¥ G K V A& 5 3 [ C Vv D T
CAGCACACGTGTTTCTCATCACTACTATTTTACCAGTCARAACTACGGAAAAGTTGCGTCGTGAGOCATOTCTCOTTT rTACT IL\.{L'GMGTAGAM
L1380 |11400 |11420 11440 |_1460 |11480 |11500

GTCGTGTGCACAAAGAGTAGTGATGATAAAATGGTCAGTTTTGATGCCTTTTCAACGCAGCACTCGGTACAGAGCGAACTACGGCGTAATGAGGTTCCCGTTCTGCCGGAAGGACACGCATCTAGAG
WCVHKEDSSN#WDFSRFLQTTLHTESSAANSWPCSPRGTRLDG

L VR T E * * + + L * F TADHAMTPDPDPRIEKTIGT CSG®#E L P LV AU KUZ RUH T S R
ACTNRMVVIKGTLVVSFNRRSGHRAQHRMVGLALRGEQAYIE
<<
CDs 11445 12026

M CDs 12504 12809 none
CDs 12745 14646
CDs 12923 13297 none
CDs 12969 13457 none

I Ccps 14793 15299 none

M CDs 15055 15471 none

M CDs 15300 15665 none

M Ccps 15821 16201 none
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Artemis File Entries Select View GCoto m Create _Run Graph Display

8 0 0 | Undo

Entry: (] Lmjchri2.fasta (V] ORFS_100+ ‘ Redo v
3 selected features total bases 3231 total amil K x ]
Codon Usage Scores from LmjF12cgdons Window siz ~ Selected Features in Editor le—2 — ? —_

Subsequence (and Features) - p
P s Ep————— 4. From the Edit menu, select "copy

Qualifier of Selected Feature(d selected features’ , then select the
SelectsC Teuuree) sequence file LchhrIZ.fasta

Move Selected Features To

Copy Selected Features To > Lmjchr12.fasta 0.83
>> R ORFS_100+
cnTn e o w g o Sefected Features > —
tn Extend Selected Features > rizoono Cos
III%D 11l T I Fix Stop Codons | Iﬁﬂcos (N ||||||FI>I|II
e I ) s— J
l 1 CDS j]-‘lz,ooso I IE Automatically Create Gene Names B I%b “%%
| Fix Gene Names !
o |11200 [12000 1 Bases > |16000 [16800 1760

(I 0 wntnn nr wiy | | Contig Reordering [T T N N Y|

VRS SR TS S ETHETIT TR — w_._,\ Il Header Of Default Entry I T N R T TR

/5.Afterthe features have o 1] R T B T I TR I
been copied to
Lmjchrl12.fasta, de-select [ %" "c v % % " 5™ % 2 0" "o e % 5 % x5

s

\CGGAAAAGTTGCGTCGTGAGCCATGTCTCGC T TGATGCCGCATTAC TCCAAGGGCARGACGGCCTTCC TGTGCGTAGATCTC

ORFS_100+ Ol’lly 11440 [11460 [11480 [11500
d IrGCCTTTTCAACGCAGCACTCGGTACAGAGCGAACTACGGCGTAATGAGGTTCCCGTTCTGCCGGARGGACACGCATCTAGAG
annotated ORFs should R FLQTTTLTWTTESSA AANTSTMWNTPCSTPIRGTTRTLTDG

P F T ADHAMTPDPRIEKTIGT CUG®#EULPLVAI KT RIUHTS R

remain. b S F N R R S GHRAGQUHRMVYVGLALTRGEG QA ATYTIE

| | CDS 12504 12809 none
CDS 12923 13297 none
CDs 12969 13457 none
M CDs 14793 15299 none

e 1ence  1ea1 P

Artemis m Entries Select View Goto Edit Create Run Graph Display
6 O O Show File Manager ... /Artemis Entry Edit: Lmjchr12.fasta
Entry: [j Read An Entry ... ‘ -
3 selected Read Entry Into » o acidas 1074 (umjriz.00s0 3§ 0. From the File menu, select save
Codon Usag 172
S, ReadBAM/VCF . X an Entry as > EMBL format
VAN "y ~Lmichel2 £
s gy Save Default Entry £ Lmjchrl2.fasta.
Reverse Co Save An Entry P £y [ -
N Save An Entry As > New File > 1%
W Save All Entries EMBL Format »  Lmjchrl2.fasta 5
M . GENBANK Format > ORFS_100+
|~ Write - Sequin Table Format >
! IIZII i Clone This Window GFF Format > I
i EMBL Submission Format > Lm}F12.0080
o 'S;éveAS'mage Files (png/svg)... e S e o
rint...
Print Preview | | I Y Y | | [ | I I [ |
| I
0 |% Open in DNAPlotter ‘2800 [13600 |14400 |15200 |[16000 |16800 |176¢
Preferences
I I [ 1 | I B
[ Close I T | 1 1 A 111 IR
Il (1 1/ I A | B [l L1 I 1 I I 1 I | R | II
P;‘HVFLI I L P V KTTEI KU LU RIZREUPTCTLA®*TCRTITU®PI R ARIRUPSGSICM AMTS+TI S
QHTCFSSLLFYQSKLRKSCVVSHVSLDAALLQGQDGLPVRRS
S TR VS HHYJYFTS S QNJTYGK KVAS *A NS I W P E ¥ S K6 T A F L C VD U
CAGCACACGTGTTTCTCATCACTACTATTTTACCAGTCAARACTACGGAAAAGTTGCGTCGTGAGCCATGTCTCGCTTGATGCCGCATTACTCCAAGGGCAAGACGGCCTTCCTGTGCGTAGATCTC
1380 [11400 |11420 |11440 11460 11480 [11500
GTCGTGTGCACARAGAGTAGTGATGATAAAATGGTCAGTTTTGATGCCTTTTCAACGCAGCACTCGGTACAGAGCGARCTACGGCGTARTGAGGTTCCCGTTCTGCCGGAAGGACACGCATCTAGAG
W C V H K E D S S N # W D F S R F L QTTULWTE S S AADNSWUPOCSUPRUGT RTULTUDG
L VR T E * * 4 4 K V L * F + P F T A D HAMUDZ BRYIEKIGT CS G®ELP L V A KU RUHT S R '
A C TN RMUVVIKGTU LV V S F N RRSGHURA AOQOHIRMVYVGT LA ATLUZRTGEUGQH RARTYTIE
<<
cDs 11445 12026
CDS 12745 14646
cps 16030 16776
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e OO0 Save to ...
Save As: |LmjchrlZ.new.embl
| (@l exercise_2 s
(V] Add EMBL Header Name 4| Date Modified

New Folder

File Format: Artemis files

4»

Cancel

[ Save ]

[ Save the sequence file as Lmjchr12.new.embl.
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Optional exercise

ﬁ his 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. brucei chromosome 1

Navigate to the directory Module 1 Artemis, optional exercise.
Use the file manager to open Tb927 01 v4.embl, then as shown in previous exercises
Qlect File>Read Entry >Tb927 01 v4snps.embl.

Artemis File Entries Select View Goto Edit Create Run Graph Display

e OO0 Artemis Entry Edit: Th927_01_v4.embl

Entry: (V] Tb927_01_v4.embl (V] Tb927_01_v4snps.embl

4

selected feature: bases 1 variation (/note="Majority of WCS reads call C, One WCS read calls T"/note="typd

|I|:I>III 1 | | 1 A B A1 ||l|9:l1>|| ([ N
Il |II |II |I| AL T A 11 11 I (VR AR [ N e MR ]
A [ A 1 T e W Y T it e 1 T T (11 1
g wp
Th92 4: variation .:9819-9825 } Tb927_01
{ [7200 |8ooo |8800 |9600 0 1120 [12000 [12800
T 1 1 W 1 RN e ?NP (O VT VT T
- mii HECE TRNEETTme e meee e ee rene e e nem e | e camIres I IIIHJ:]III IIIII
1 T 1 e e A I [FEm 1 (I 1 [ I e 1 W IIIIIIIIIIIIIIIIIII
Tb927.1.20

<<

_v

~

K vV G P * § V F

S G H S N A Q I ENTWNGUV TR I F
A G T OQMUP K ++ RTOQTE S LA SUL Q KWD LD UL Y L

GCGGGCACTCAAATGCCCAAATAGAGAACA:hAACGGAGTCACTCGCATCTTTGCAAAAGTGGGACCTTGATCTGTATTﬁ
CGCCCGTGAGTTTACGGGTTTATCTCTTGTGTTTGCCTCAGTGAGCGTAGAARCGTTTTCACCCTGGAACTAGACATAAA(

R A 5§ L HGF L S CLRUL®*ETCR RUOQTLTLU®PUVI KTIUOQTIOQ

repeat_unit 1064658 1064663 telomeric repeat hexamer TTAGGG

repeat unit 1064664 1064669 /label= Trot

variation 8 8 CS read I
variation 10685 10685 Majorlty of WCS reads call C, One WCS read calls A
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
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

wariatinn 4naRri 4naRr1 Twn WCS reade ~all € Twn (u‘Q reads ~all T

R ALKTC CTPNTZ RTETHTZ KT RSUHSHTLT CTZ KSGTTLTITCTI K After loading in the
10600 [10620 L0640 10660 Tb927 01 v4snps.embl
A PV * I GLYTZLVSCVSTDSATDTEKTECTFTHST RSTR R Y K file the SNP features will

P CEF A WIS FVFUPTVURMIEKABATFTZPGA QDTN appearinthefeaturelist
<< low the last feature in
repeat_unit 1064634 1064639 telomeric repeat hexamer TTAGGG t)e ey o Ll LR e
repeat_unit 1064640 1064645 telomeric repeat hexamer TTAGGG

repeat _unit 1064646 1064651  /label=Trpt the Tb927_01_v4.embl
repeat_unit 1064652 1064657 telomeric repeat hexamer TTAGGG file

~

J
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Artemis File Entries m View GCoto Edit Create Run Graph Display
8 00 | Feature Selector ... :mbl
Entry: (V] Tb927_01_v4.emt v/
[ All BA 5
Felected feature: bases 1 i call C, One WCS read calls T"/note="typdg
All Bases
>>
III«:DIII e None ™ I11 T M
:11>
Th927.1.10 By Key £927.1.30
[ 11 TEEHE 0 IRE I d I CDS Features without /pseudogene | ||| | 1
(I I I | [ 11 1 All CDS Features [111 1 A O I (A (YT A
me Ke
S p— . P =
Features Matching Qualifier (tion . :9819-9825 } Th927 01 _v
|7200 0 Open Reading Frame [11200 [12000 [12800
Features Overlapping Selection
(I I b A | T 1 1
Features Within Selection
nomii HY 1l Base Range ... (11 Il I IIIHI:III I|III |
(0111 Feature AA Range ... I T | T | I I| ||I i I ||||| [0
Toggle Selection
<<
K G H S N ANO E NT NG V TRTIUVFAIKV G P * S VF VA S S VLTSI
A G T Q M K + R T Q T E S L A S L Q K WUDULDUL Y L L P P V S § R V §
R A L K CJP N R E H K R S H § H L CK S GG TULICTITCOC CULGQOQTCU®PHE Y
FCGGGCACTCARA CCAAATAGAGARC CGGAGTC}\CIEGCAmMAAGTGGGACCmmTAmmCI@AGNNCIM:ACGAGTA'IC
10600 10620 10640 [10660 [10680 [1o070¢
FGCCCGTGAGTTTAF GGGTTTATCTCTTGTGTTTGCCTC, TA AGTGCTCATAG
p P V * ING L Y L V C V S D § A ‘ . . ’ E R T D
R A S L G FLSCLRTL®* EC 1. Select any varlation feature * S Y G

T o ] * | from the feature selector v

Jeric repeat hexamer TTAGGG

2. Select all features with the
same key (variation)

leric repeat hexamer TTAGGG

1=Trpt
repeat_unit 1064652 1064657 telomeric repeat hexamer TTAGGG
repeat_unit 1064658 1064663 telomeric repeat hexamer TTAGGG
repeat unit 1064664 1064669 /label rr.t
variati 1 M. £ S reads call C, One WCS read calls
variation 10685 Majority of WCS reads call C, One WCS read calls A
variation 10806 Majority of WCS reads call C, One WCS read calls T
variation 39982 Majority of WCS read - -
variation 40880 Majority of WCS rea .
variation 40910 Majority of WCS rea An altematlve way to Select all
variation 40954 Majority of WCS rea . ‘
variation 40965 Majority of WCS rea
wariatinn anari -m,]\ wr<yr.=mq= rall SNP features 1s to SeleCt BY

L Key’, then select ‘variation’.

Artemis File Entries @ View Goto Edit Create Run Graph Display

® 00 | Feature Selector ... :mbl
Entry: (] Tb927_01_vd.emt All 32A ;'/
963 selected features
All Bases
one #N
IIII:DIII T By K |III:IHIIIIIII (1 AT T
y Key .1.30
Il |I| |I| III [N W01 CDS Features without /pseudogene | |I| I 1 1 1
| W0 10 Ll AlNCDS Features [l T I S W I TN T T
Same Key . : b —
Features Matching Qualifier riation 319-9825 3 Th927 01 v
{ 7200 [ELLD] 11200 [12000 |12800

Open Reading Frame

Features Overlapping Selection

U R " Features Within Selection

(] HE NI Base Range ... .

WL 1T Feature AA Range ... 3. With all SNP features
Tb927.1.20 , selected, now select "Features

Toggle Selection

. . ’
s ¢ u s u a0 1 & wTEe v TR T EEwve| Overlapping Selection’ from the
A GTOQMPZXKST+RTO QTTESTZLA ASTLG QTZ KTWD
R AL Kce®uNRETHEKXERSHSGH ELCEKS s c \ Select menu.
GCGGGCACTCAAATGCCCARATAGAGAACHPAACGGAGTCACTCGCATCTTTGCAARAGTGGGAC
|10600 [10620 10640 |10660 [1o680 [1070¢
CGCCCGTGAGTTTACGGGTTTATCTCTTGTGTTTGCCTCAGTGAGCGTAGARACGTTTTCACCCTGGARCTAGACATAAACARCGGAGGTCACAGGAGTGCTCATAG
A P V * I G L Y L VvV C vV s D S A D KCTFHSIRGSIRYZ KNGS GTUDETRTD
R ASLHGTPFTLSC CLIR RTLT®*ECTR RTG QTLTLTPV VI KTIO QTIOQO QR RTWUHTGT* S5 Y G
P CEFAWTISTFUVFTPTVRME KA ATFTTPGO OQDTNTA ATETLTTRUVTLTI

S T T U O

<<

repeat_unit 1064634 1064639 telomeric repeat hexamer TTAGGG
repeat_unit 1064640 1064645 telomeric repeat hexamer TTAGGG
repeat_unit 1064646 1064651 /label=Trpt

repeat_unit 1064652 1064657 telomeric repeat hexamer TTAGGG
repeat_unit 1064658 1064663 telomeric repeat hexamer TTAGGG
reoeat‘unlt 1064664 1064669 /label=Trpt
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Artemis File Entries Select BWJEVA Goto Edit Create Run Graph Display
8 090 Selected Features 8V [lv4.embl

|

Entry: (V] Tb927_01 _v4.embl (VT Selection v/
225 selected features

Search Results >
CDS Cenes And Products

H “:D l I I FAEE e Feature Filters > Suspicious Start Codons ... I

I || III II| 00 e . Suspicious Stop Codons ...
T IR TN M i . ®0 Stop Codons In Translation ... |

Forward Strand Overview Introns without GT/GC start and AGend ... =
Reverse Strand Overview Non EMBL Keys ‘E

! 7200 (8000 | Bases > (D)upllicate'd FecaI;l;r:s g
Amino Acids > verlapping eatures ...

1 1 1 CDSs Sharing Stop Codons ..

- mwii HETE - (NETmE 1l Feature Statistics Features Missing Required Qualifiers ...

[ 11| o—ie=||||  Feature Plots #W  Duplicate Systematic Name Qualifier ...

Th927.1. Validation checks ...
S GH S N A Q I E N N GV T I F A KV G Apply All Filters Above ...

A GTQMZPZK + R T o T E S L A S L Q K W D
R ALKCEPNREHTKRSHSHLCEKSGT oo py

GCGGGCACTCAAATGCCCAAATAGAGAACAFMAACGGAGTCACTCGCATCTTTGCARAAGTGGGAC Iiter By Key ...
[10600 [10620 I Selected Features ...

CGCCCGTGAGTTTACGGGTTTATCTCTTGTGTTTGCCTCAGTGAGCGTAGAAACGTTTTCACC

APV * I GLYTLVCVSDSATDTEKT CTFTHSR S RY KNG G
RASLUHGTPFTLSC CLRTLT®*ETCRQ OTLTLTPVYVTZ KTIGOQTIGOTG QTR RW

T

DERTUDR AN
G * § ¥ G C K

S F v F P TV RMIE KA ATFTU?PGUOQUDTNT

4. With the overlapping features

selected, now got to View select
Feature Filters>Selected

InterPro: IPR006518 : Trypanosome RHS~Pfam:P .

telomeric repeat hexamer TTAGCG Features to open a new window

L S A containing these selected results.

/ All the features overlapping with the SNP features should now appear in a new \
window. Note that this window contains not only CDS features, but features such as
5" UTRs, repeat regions and other miscellaneous features that overlap with SNPs.
To see only CDS features we need to apply a second filter. With the non-
overlapping features still selected, select View>Feature Filters>Filter by Key. Select
CDS for the Key, and only CDS containing SNPs should appear in the filter window.

. J

Artemis File Entries Select WYV Coto Edit Create Run Graph Display
80090 Selected Features 8V |1v4.embl

=)

Entry: (v Tb927 01 v4.embl [V TH Selection v
225 selected features

Search Results >
CDS Genes And Products

>>
I “:ln,gn.ll_u AR Feature Filters > Suspicious Start Codons ... '

T B 1 R [ . Suspicious Stop Codons ...
LT e gy Overview %0 stop Codons In Translation ... |

Forward Strand Overv.new Introns without GT/GC start and AGend ... =
Reverse Strand Overview Non EMBL Keys ... ‘;

' 2200 8000 | Bases > gupllicate.d Feca[;t;r:s g
Amino Acids > verlapping eatures ...

AR RI TN CDSs Sharinp Stop Codons .

- mii HEIE (WEEHE 11 Feature Statistics Features Missing Required Qualifiers ...

[ 11| So===mi===i==||||  Feature Plots #BW Duplicate Systematic Name Qualifier ...

Ib927.1.20 Validation checks ...
S GH S N A Q I ENTNGV VTR RTITFATZKV G Apply All Filters Above ...

A G T QMP K + RTQTE S LASTULOQI KW

R AL KCTPNT RTETHTEKT RSUHSTHTLTCTKS G Filt K
GCGGGCACTcmmcccmrAmmc@mcmcmAmccammmm_ ilter By Key ... T

[10600 [10620 [10640 [106¢  Selected Features ...
CGCCCGTGAGTTTACGGGTTTATCTCTTGTGTTTGCCTCAGTGAGCGTAGAAACGTTTTCACCCTG. A
A PV * I GL YL V CV S D S ADI KT CTFH SR S§ R Y K N G G TUDEURTUDA AN
R A S L HG F L S CLURUL * ECRGOQOQULULU®PUVKTIOQ Q QO R WHG™* S Y G C K

PCEFAWISFVFPTVRMKAFTPGQDTNTAELTRVLIRM#

ed.
InterPro IPR006518 ) Trypanosome RHS;Pfam:PF07999; ;query 1-582;description=T:
telomeric re-eat hexamer TTAGGG
: 1 RNA P
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Artemis Entry Edit: Th927_01_v4.emb

Entry: (V] Tb927 01 v4.embl (V] Tb927_01_v4snps.embl v

225 selected features

LS 1 e ieme e 1.8.900 qﬁllllllll 1 I

Tb927.1.10 - 927.1.
T B 1Vt | misc_feature v TN T 0 17
-10_signal [
[ {1 T VBV e N | | _35 signal ! T O (A 1 A A A
— 3'UTR | 3

D ——

5'UTR on 319-9825 3 Tb927 Tb927_01_v4

| [7200 [8000 |8800 |9600] BLASTCDS 11200 [12000 |12800 [136¢C
BLASTN_HIT

BLASTX HIT

(O T T T T A T I 1 g T T T 1 T TR T [ B
W mi UL T e rm |||E_ oo (T [ T

CDS_AFTER Tb927.1.40
L 1 1 s T Il| cos_seFoRE | 1V L1 O
Tb927.1.20 CDS_atter
CDS_before

<< :
S GH S N A QI ENTDNTGUV TRI ICDS—mOtlf f § V F vV A § § VL T 5§ I R I

A G T Q M P K + RT Q T E s L A s CRUNCHD D L YLL PP V S SRV S ATF

R AL KCPNZ REHZ KT RS H s H L CRUNCHX I C I CCLQCZPHETYZPHL
GCGGGCACTCAAATGCCCAAATAGAGAACAEIAACGGAGTCACTCGCATCT| C_region SATCTGTATTTGTTGCCTISAGTGTCCTCACGAGTATCCGCATTT.
[10600 10620 |10640 D-loop |10680 10700

CGCCCGTGAGTTTACGGGTTTATCTCTTGTGTTTGCCTCAGTGAGCGTAGA! [ segment [ TAGACATAAACAACGGAGGTCACAGGAGTGCTCATAGGCGTARN
APV * I GLYLVCV S DS AD Icgim, 5 R Y KNG GTUDTETRTDAN
R A SLHGTFTLSCLRTL* EC R I QI Q QR WHGT®* S Y G C K
P CEF AWTISTFUVFZPTV R M KFCFF D TNTAETLTRUVTULTITRMGF#
J_segment
LTR

N_region

o: IPROCTATA . signal
telomeric repe
PF00562;;

domain

6;Pfam:

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

(O8]

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
‘Find/Replace Qualifier Text’ . 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

qualifier with the same value)




