Comparative Genomics

Viewing the Companion output in Artemis

In the next exercise we will examine the Companion output in more detail. We will use Artemis to
have a closer look. First, we need to download the files. Go to the tab ‘Result files’ and download the
embl file ‘Pseudochromosome level sequence and annotation’. The file is called embl.tar.gz.

Pcoa-Pkno (rcon)
This job was submitted 1 day‘and ran for about 3 hours, finally finishing at 2019-10-07 09:40:42 UTC.
Genome statistics Result files Orthology Phylogeny Synteny Job parameters Pipeline logs Validator report
Format MD5 Size
&, Pseudochromosome level genomic sequence FASTA 1] 7.79 MB
& Pseudochromosome level gene annotations GFF3 1] 5.36 MB
4. Pseudochromosome layout AGP 1] 618 Bytes
L. Scaffold level genomic sequence FASTA i 7.79 MB
& Scaffold level gene annotations GFF3 1} 5.4 MB
& Scaffold layout AGP 1} 825 Bytes
4. Pseudochromosome level sequence and annotation - EMBL ][] 13.4 MB
4. Gene Ontology function assignments GAF1 ][} 1.65 MB
& Protein sequences FASTA i 3.99 MB

Locate the file called embl.tar.gz in your download folder. Double click on the file. A new folder
called ‘embl’ will be created that contains all embl files. Here is the output for P. coatneyi. The file
contains all chromosomes that were assembled and annotated by Companion. Contigs that could
not be placed on one of the chromosomes are in the file *00.embl

PCOA_O1.embl 7 Oct 2019 at 10:07 sequence
PCOA_02.embl 7 Oct 2019 at 10:07 quence
PCOA_03.embl 7 Oct 2019 sequence
PCOA_04.embl 7 Oct 2019 at 10:07 sequence
PCOA_05.embl 7 Oct 2019 at sequence
PCOA_06.embl 7 Oct 2019 at 10:07 sequence
PCOA_07.embl 7 Oct 2019 at 10:07 sequence
PCOA_08.embl 7 Oct 2019 0:07 sequence
PCOA_09.embl 7 Oct 2019 at 10:07 sequence
PCOA_10.embl 7 Oct 2019 at 10:07 sequence
PCOA_11.embl 7 Oct 2019 at 10:07 sequence
PCOA_12.embl 7 Oct 2019 at 10:07 sequence
PCOA_13.embl 7 Oct 2019 at 10:07 sequence
PCOA_14.embl 7 Oct 2019 at 10:07 sequence
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Artemis is a great tool to visualise your Companion output. Choose one of the chromosomes

you’ve just downloaded and open it in Artemis. As an example chromosome 4 of P. coatneyi
(PCOA_04.embl) is shown.

M Options  Windows o [ ] Select a file ...

(0] [ ] Open Project Manager ... —
Open File Manager ... embl u
Open SSH File Manager ... —

Nare Date Modified

. Open from EBI - Dbfetch ... PCOA_01.embl Monday, 7 October 2019, 10:07
pathogen Quit

PCOA_02.embl Monday, 7 October 2019, 10:07

Artemis PCOA_03.embl Monday, 7 October 2019, 10:07
Release 18.0.2 [ PCOA_04.embl Monday, 7 October 2019, 10:07
1. Standard PCOA_B5.embl Monday, 7 October 2019, 10:07
Copyright 1998 - 2019 PCOA_B6.embl Monday, 7 October 2019, 10:07
Genome Research Limited PCOA_07.embl Monday, 7 October 2019, 10:07
PCOA_08.embl Monday, 7 October 2019, 10:07

PCOA_09.embl Monday, 7 October 2019, 10:07

PCOA_10.embl Monday, 7 October 2019, 10:07

PCOA_11.embl Monday, 7 October 2019, 10:07

File Format: Sequence files E
Cancel | [0pensy
o0 e Artemis Entry Edit: PCOA_01.embl

Jentry: PCOA_01.embl
selected feature: bases 435 amino acids 144 PCOA 816686888 (/locus_tag="PCOA 819886898" /product="conserved Plasmodium protein, unknown function"

(L LT 1 1 T VT TEEIE e e L T 1T T
PCOR 010895100
L0 Y W NN A 1V 0 1 O V[ U IR CT AT A RN
L 1 1 VAT TV (U THURURY s | 11
lgse 1688 2480 (3288 4088 4888 |ss88 lsae8 (7288 (220 lgses losan 26408 11208 12808 12808 13688
L 1 T T 1 T VT 1 LI L T 1 B AR W [ O I I V| (Nl]
LI A e e I 100 L L 1 VO B A I |
PCOA 010205080
T T e e IWmimrem e L T 1 NV A R I 111 (TN |

SHMLCFFIYLFTHISIKYGFADDTFAQSKSTL+KSLDATLFDLNRCNTYSLNWFVYFEKLTIR2SLRFSGEFSTI®2F

DFLASQFDNSDLGT
v N v v FEFHIF Y I 1R R*YFRAVKKYFVYEIIGCNAIRFEGQHGQYUVLPKLVRFS#TYIIFKIF®LLNLIILTG+EL
[ TCAATGTTGTGT T T T T TCATATATTTATTTACACAT ATATCTATT AARTACGGTTTTGCCGATGATACTTTCGCGC GTAGARAT CATTGGATGCAACGCT ATTCGAT TTGAACAGATGCAATACGTACTCCCTAATT GGTTCGTTT T AAACTTATAT AKTCTTT AAGATTTTCTGGCTTCTCAATTTGAT AT TCTGACTTAGGAACT
12460 0 124650 12480 1247 124728 124720 12475 124780 124508 s

AT ATAAATAAATGT GTATATAGAT AATTTATGCCAARACGGCTACTATGARAGCGC CATGARACATCTTTAGTAACCTACGTTGCGATAAGCT ARACTTGTCTACGTTATGCATGAGGGAT {TTTGAATATATTAGAAATTCT) ATTAAGACTGAATCCTTGE

S MO BT R VAT G Y M Il O W W) RIS EN L Q VST AL ROVEG L PEERN K IFEK SKRAEXNSLESEKEPV
LT TNKx*INTIGS® + # I RN OQRHYKRATLEYKTSIHPHLAIRNSCICYTSGLNTREKSY 21 IKLIKOQSRLEKIIRGYSG

G G 0 2 G 2T A2 5 G G 0 T

source 11126425

s 153 I72c

cos 12748 15990

cos 16546 13469 ¢

cos 25009 27236 ¢

cos 4203 24585 ¢ KIR-like protein

cos 48417 50983 c

cos 5380 53744  ring-exported protein 3, putative

cos 50302 50765

cos 62621 63775 c

Once you have your Artemis window open, scroll along the chromosome. Do you find any
problems in the annotation? Can you see any missing genes? How many pseudogenes can you
find? (Hint: search for the qualifier: pseudo). Do you think all of the pseudogenes are real or are
some misannotated? You can answer this question quite easily by using a tool called ACT,
Artemis Comparison Tool. We will show you how to use it in the next step!
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Comparative Genomics
Visualising the Companion output in ACT

Introduction

In the next part of the exercise we will explore the Companion output in more detail with a tool
called Artemis Comparison Tool (ACT). ACT was written by Kim Rutherford and was designed to
extract the additional information that can only be gained by comparing the growing number of
sequences from closely related organisms (Carver et al. 2005). ACT is based on Artemis, so you will

already be familiar with many of its core functions. It is essentially composed of three layers or
windows. The top and bottom layers are mini Artemis windows (with their inherited functionality),
showing the linear representations of the DNA sequences with their associated features. The middle
window shows red and blue blocks, which span this middle layer and link conserved regions within
the two sequences, in the forward and reverse orientation respectively. Consequently, if you were
comparing two identical sequences in the same orientation you would see a solid red block extending
over the length of the two sequences in this middle layer. If one of the sequences was reversed, and
therefore present in the opposite orientation, there would be a blue ‘hour glass’ shape linking the
two sequences. Unique regions in either of the sequences, such as insertions or deletions, would
show up as breaks (white spaces) between the solid red or blue blocks.

In order to use ACT to investigate your own sequences of interest you will have to generate your
own pairwise comparison files. Data used to draw the red or blue blocks that link conserved regions
is generated by running pairwise BLASTN or TBLASTX comparisons of the sequences. ACT is
written so that it will read the output of several different comparison file formats; these are outlined

in Appendix III. Two of the formats can be generated using BLAST software freely downloadable
from the NCBI, which can be loaded and run on a PC or Mac. You can also use the online BLAST

web server from NIH-NCBI to produce an alignment file that can be loaded into ACT. This option
can only be used with BLASTN. We will cover this option in this Module.

Aims

The aim of this Module is for you to become familiar with the basic functions of ACT.

In the first part of this exercise you will learn the basic functions of ACT by looking at the
companion output of P. coatneyi compared to P. knowlesi. By comparing two chromosomes you will
be able to study the degree of conservation of gene order and identify small and large synteny
breaks. You can also look for incorrectly annotated genes.

Once you are familiar with ACT we will show you how to create your own comparison file and
explore your Companion output in ACT.
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Part 1: Starting up the ACT software

In the first part of this exercise we will all use the same files. Make sure you’re in the

Module_2_Comparative_Genomics directory.
Then type

act & [return]

A small start up window will appear.

To open ACT you can also double click the ACT icon on your Desktop.

The files that you are going to need are:
PCOA _04.embl

PCOA 04 comp PKNH 04
PKNH 04 v2.embl

Use the File manager to drag

- embl file created by Companion

- tblastx comparison file

- P knowlesi chr4 (reference used in
Companion run)

ACT Options
@ Open ...

H -

L om Quit

BB, institute

B Open SSH File Manager .. |

—————

pathogen informatics

Windows
#0 )2

Artemis Comparison Tool
Release 18.0.2
1. Standard

Copyright 1998 - 2019
Genome Research Limited

and drop files.

[ JoN ] File Manager

LocaL

Name Size Modified

v Module_2_Comparative_Genomics Oct 17 10:55 2019
PCOA_B4.embl 2875625 Oct 07 10:07 2019
PCOA_04_comp_PKNH_04 4231916 Oct 15 12:02 2019
PKNH_04_v2.embl 2798202 Oct 11 09:39 2019
ALL Files B

Instead of

f

(Choose “All Files’ ]

Sequence file 1

W file 1
quence file 2

more files ...

Frative_Genomics/PCOA_M. emb L|

Fenomics/PCOA_04_comp_PKNH_04

ltive_Genomics/PmH_M_vZ . embl|

Close

Apply

dragging
and
dropping the
files, you
can also
choose
them.

Choose ...

Choose ...

Choose ...

/

For comparing
more than two
DNA files!

Click ‘Apply’

and wait

For more info on
comparison files see
Appendix III.

b

Name
optional_exercise

B PCOA_04.embl
PCOA_04_comp_PKNH_04
PKNH_04_v2.embl

File Format:

Choose first sequence ...

Module_2_Comparative_G...

ALl Files

<)

Date Modified

Thursday, 17 October 2019, 11:10
Monday, 7 October 2019, 10:07
Tuesday, 15 October 2019, 12:02
Friday, 11 October 2019, 09:39

%]

Cancel
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[ Once you have opened the files you will see a picture like this: ]

ACT File Entries Select View Goto Edit Create Run Graph Dis
[ N ) ACT: PCOA_04.embl vs PKNH_04_v2.embl|
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ACT File Entries Select View Goto Edit Create Run Graph Display
00 ACT: PCOA_04.embl vs PKNH_04_v2.embl
| B BB PP B |I|I>1I>IIII>I>I>IIIIDII PR Pl B EDBDI vw III>I]>[[>I$II>|1>D|

DI O BRIl IR DI I00 DI WD | PID RPN D
Pl PHRIICP D POD 1 IDPUPIRI IHEABINIG B D I D | [PIPH B DIPIPDIND [

|175008 |z50000 525800 700060 875000 |1650000 1225800 [1408000  [1575080  |1750000

IBEI]Q@@!QJIIIKMQQNC]I |1 [
[l KT <Il<l<l<l<ll 440 4
AR W R

I]IIIWI*III | 4
14 I [ | 1N
bb b 4

(175880 350000 525000 |700000 |875080 1050060
q

You can see the
the name of the
genomes

displayed in
ACT on the top
of the window.

P. coatneyi

omparison

P. knowlesi chrd

¥

[1. Use the Vertiah
sliders to zoom
out. Drag or click
the slider
downwards from
one of the
genomes. The
other genome will

\stay in synch. Y,
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When you scroll along with either slider both genomes move together. This is because they are
‘locked’ together. Right click over the middle comparison view panel. A small menu will
appear, select Unlock sequences and then scroll one of the horizontal sliders. Notice that
‘LOCKED’ has disappeared from the comparison view panel and the genomes will now move

independently.
ACT File Entries Select View Goto Edit Create Run Graph Display
eoe ACT: PCOA_04.embl vs PKNH_04_v2.embl
| B | | bl I>III>D|> D DB L LUPILLID D IP
il T SR s SRR G e 1 ET A Y
NI DMNIIHDDIDDID QIWHMIIWID 13 i B PIWI*MD B nppl D[IIID | 2
|175000 Igsauua |525000 |700000 |§75ma |1050808  [1225006  [1486600 1575898 |17508080
44 e | Wed dmdUanndacaall i a@md 149 ) [qmmdal N0
A40Ngq 414 4 @asandam 4 md - 449 4494484y 4 dad | aadd | mdad 1l
401 €4 K 1 4a Iq 1 | | 4 1414 1
101897, . 491968 —> 668376. . 668447 Hah Z 7 % 1
core: 24_percent id: 45| il
Save Com;narls;n
View Selected Matches
Flip Subject Sequence
Flip Query Sequence
Set Score Cutoffs ...
Set Percent ID Cutoffs ...
i Colour reverse & forward matches the same
Colour matches...
LOCKED ‘,‘ Colour reverse matches...
i offer To RevComp
Ignore self Matches
| ocKED, \'\ 2 3
I g b EOP I} DB D) IIE
I DI 16 OinIEe| 3
Iw IDDIIH ”)N%D» [} 4 I | I0b IBHDIED D 1D ll|[>|l[>l>[|[>
|175800 |358800 |5258080 |zaﬂ |875800 1950008
[ AR i ] 4 @l 4m Kl adda g q
NI adal a)im g q90qd @l 4dd 1m0 el 1414
@ IenEdd TRE @ 11 adE | JaE Kl A4

You can optimise your image by either removing ‘low scoring’ (or percentage ID) hits
from view, as shown below 1-3 or by using the slider on the comparison view panel (4).
The slider allows you to filter the regions of similarity based on the length of sequence
over which the similarity occurs, sometimes described as the “footprint”

ACT File Entries Select Graph Display
e0e ACT: PCOA_04.embl vs PKNH_04_v2.embl

View Goto Edit Create Run

=
=
2
=
-
-
=
“§

bk ot Pl BEPEDI DD DD BODB ||
| 1 | DN DI | MDD INID D D D 1P pPP b B
Pl PHRNICOD POD 1 DPIPID| HHBADISE B I I D 1 DN B POD P B0 W 1 DD [

nght button CliCk |175088 |350088 |525088 Izaaau 875088

. R | @ Ha <]]IIII<]I IIIBﬂI]Q@I@ImIIIMNIQW‘I]I 1440 19 Emdl R
1mn the Comparlson 4 WERNaam 4 m4d - 4qmid_ 49 4449 4
View panel ﬂﬂ

View Selected Matches

ﬂ rw T mmmm\ i i
I

Save Comparison File..
Flip Query Sequence
Set Score Cutoffs ...

5

|1850888  [1225000  |1480008

Set Percent ID Cutoffs ...
v Lock Sequences

Colour reverse & forward matches the same /
Colour matches...

Colour reverse matches...

2

Select either ‘Set
Score Cutoffs’or
‘Set Percent ID
Cutoffs’

689
0ffer To RevComp

Ignore Self Matches
M

R HJ T VETO o M

I HID I (3] | [>
I Db IIIM
b

P
IP I]IIIIIIP it 1 |l> PI
1 E l> IIIIEIII | P | B [>I I[D [I|I>I]II>WH

|175000 L35m|a |525000 700000 |875000 |1050000

Move the sliders to

manipulate the comparison
view image.
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Now that you have an ACT window open let’s look what is in there.

ACT File Entries Select View Goto Edit Create Run Graph Display
1 0@ ACT: PCOA_04.embl vs PKNH_04_v2.embl

Ml [IpR PRl Pl BEPEDI DIP IBD BODB ||
0 DI Hep i | DIIIDIIDIDIIIﬂ) 1% I o i A o
| [ P B 1 W B POD P BD M DD b

525600 |766606 |§75 |1658008  |1225888  |146e88  [157S@@8 1756660

aq am |4 44| ea <]]l<lll|l|<1!ll<l<llﬂ*i]l 144 [
<]Iﬂl q 14 [ TUIN 1 44444 844 4 ¥ | 44

mx

‘ Save Comparison File..

—

_—

Y4

View Selected Matches
Flip Subject Sequence
Flip Query Sequence

5 Set Score Cutoffs ...

‘ Set Percent ID Cutoffs ..
‘ v Lock Sequences

‘ Colour reverse & forward matches the same
‘ Colour matches... 639
‘ Colour reverse matches...

| 0ffer To RevComp
Ignore Self Matches

g b
llflw.b %IH.I I ﬁ) g | D“ID

LOCKED

“IIIDD

[ . 2
(mey IRHPIEP D 1D WPI
525800 7 575800 |1858808
4 &0 4l K€K a9 Kd q

419040 @l 499 TR0 e 1414
I |19 [k 41 404

Yl

4<

ﬁ Drop-down menus. These are mostly the same as in Artemis. The major differerﬁ
you Will find is that after clicking on a menu header you will then need to select a
DNA sequence before going to the full drop-down menu.

2. This is the Sequence view panel for ‘Sequence file 1’ (Subject Sequence) you
selected earlier. It’s a slightly compressed version of the Artemis main view panel.
The panel retains the sliders for scrolling along the genome and for zooming in and
out.

3. The Comparison View. This panel displays the regions of similarity between two
sequences. Red blocks link similar regions of DNA with the intensity of red colour
directly proportional to the level of similarity. Double clicking on a red block will
centralise it. Blue blocks link regions that are inverted with respect to each other.

4. Artemis-style Sequence View panel for ‘Sequence file 2" (Query Sequence).

( Right button click in the Comparison View panel brings up this ACT-specific my

which we will use later.
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ACT is a great tool to spot any problems in the automatic Companion annotation. Scroll
along the genome to find genes that were missed by Companion. Go to the P. knowlesi gene
PKNH_ 0405900 by using the Navigator. Compare it to the P. coatneyi annotation on the top.

Can you see that this gene has been missed by Companion?

] Feature Base Position ...
Feature Amino Acid ...

[ II‘IIIW'\|||"|I‘II"|II |

ACT File Entries Select View m Edit Create Run Graph Display
[ ] o PCOA_04.embl > } ACT: PCOA_04.embl vs PKNH_04_v2.embl
0y SR T T
o |
”l ll |f Il” || || | \ ||| (NNTIT h | I || Start of Selection sl fll I
(I[N ||| [ AN N End of Selection s | |
8460 [219260 220060 220860 221688 |p224  Feature Start o, 224800
Feature End 8
H |1l ]I }llll [ I f [ |f| |‘| | I |} 1L |1 | | Start of Sequence %t
L1 L ([ I |11 | o Sentience sy ||\’||||J||||||||

IIII|III IIIIII IlllfI”||I II’ |||

|223388 |

I IIIVHIII |

i e
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Il L N I (0l (1A | 11 111 A TR |||||| (R ||| (T (N I
wmﬂwﬁwmwwdwﬁﬂ,$wwmmmmmpdq W R A,
ACT File Entries Select View Goto Create Run Graph Display

eo0ce PCOA_04.embl P }T: PCOA_04.embl vs PKNH_04._v2.embl
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8460 219200 220600 220500 221600 Igzzau Subsequence (and Features) 5608 226400 227200 To get more

5||“ |'"||| L '\ R T I, Tl G atterof Setected Featurets o, information about
LT [ b Selected Feature(s) LI this gene, select

Move Selected Features To
Copy Selected Features To

Trim Selected Features
Extend Selected Features
Fix Stop Codons

Ihl | I
|226480 |227200
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I Il Fix Gene Names
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Automatically Create Gene Names

I [ | Header Of Default Entry ‘l ’
i } AI&I‘\ } IIHPI I | I\I !Wiﬁ[ B [ ZPI I |
I | IIIl [ | |

the gene, then go
to ‘Edit’

‘Selected Features
in Editor’ . As a
shortcut you can
also just press ‘E’
on your keyboard}

YyYY vYVvY VY

|233680 |ga44n
| ||||| (R |”||I
[T g

3288 8
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e 2
Scroll along the chromosome and try to get an estimate on the number of synteny breaks.

Do you think there are any missing genes in the synteny breaks?
\ J

CT File Entries Select Edit splay

IW i M\m\h »"NMN”M i .'!'W‘A'.MWM' "VMM VWM\WMM.N‘W W "'WWJMWM?IV.".|XW.WWW“".‘MW"'W”’Wﬁ"’k""'w MR A

.................... |8s808 |o2498 04600 |os=98

S ML "mi‘t"l
? ,_

Synteny break in

P. coatneyi

W h'ﬂl |W|I|| | |:|::M Mot V1

W.'.'.r".'f.b‘ll'll"l’ ST 0 A

to “Create” and choose “Feature from Base Range”. There is also a shortcut. Just press “C”

If you think there is a missing gene, you can just mark that area with your mouse. Then go
on your keyboard.

ACT File Entries Select View Goto Edit Run Graph Display
PCOA_04.embl E New Feature
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==

2
i
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Once you have created a feature, run blast to find out more about the possible missing
gene. Can you assign a product?

ACT File Entries Select View Goto Edit Create m Graph Display
InterPro Search
| 0L [ I - e L I
O e o PW! B )
blastx
174800 |77008 |79288 |51408 83688 [EEESE] |83888 Igtml Run blastp on selected features against thlastx |16340¢

S Al

\ﬁ.fl I

Run tblastx on selected features against > /
Run blastn on selected features against >
Run blastx on selected features against >
g Run clustalx on selected features
g Set blastp options »
Set tblastn options >

d Set hth options

Set sigcleave options
Set pepstats options
Set clustalx optlons

Run pepstats on selected features

Run tblastn on selected features against
I i \ b lected f

H “ Run hth on selected features

hh | Al Run sigcleave (0) on selected features

TR

[PrNI
[EEEL LBE:E[; -|§l20l

T T e T

[ Can you locate the region of a chromosomal synteny break point? ]

ACT File Entries Select View Goto Edit Create Run Graph Display

[ JoN ) ACT: PCOA_04.embl vs PKNH_04_v2.embl

| Bp I I PP [ MBIBHDI LIDE DDEH P DI B BEDEBL LI UPIPLILIE P IP
M HH BPIL N B L1 (DN BDIEH IIMMID[E I>[HI>III>II>I I[DI i b POopIibprp b B .}
Pll PHPIIDPD POD 1 [IDBIPIR| GE BIIS IB1D P PRI P> OR IPDI PP P |
[175808 |350000 |525000 Iz B?s 1858888 [1225000 1400008  |1575808  |1750000

q 444 1 @ WEd [ AN Iaeaa 1l K A@da 144 1 I m4dal H

4 414 4 AEEHd 40 4 IIII 11 44444 a4 4 K| 49d4a | dd |1

‘ I 44Kl 11 arg Kal ankeda q1

Chromosomal 560
synteny break

L OCKED

1 l>l>|li>[} li?}

|175800 |350000 |525000 |700000 |s75008 [1850008
A0 EKE | q @ka RO 11 TR 10 ¢ KA1 R 0 RO |
14441 a1 4 414K 4444 R0 KEiE 144
4 TAEaa TiMn 6 9M I|<l<l<ﬂﬂl | 19 K 44

We will show you in the next part how to open a three-way comparison in ACT and
explore the synteny break. This is an optional exercise. You can skip it and proceed to part
2, exploring your own Companion output.
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Optional exercise

Gl this optional exercise we will show you how to open a three-way comparison in ACT \
and explore the chromosomal synteny break in P. coatneyi.

The files you are going to need are:
PKNH 13 v2.embl

PKNH 13 comp PCOA 04
PCOA _04.embl

PCOA _04 comp PKNH 04
QKNH_O4_V2.embl

- P. knowlesi chrl3

- tblastx comparison file
- P. coatneyi chr04

- tblastx comparison file
- P. knowlesi chr4

Sequence file 1
Comparison file 1
Sequence file 2

Comparison file 2

Click on ‘more
files’ to

Sequence file 3

compare more
than 2 files.

more files ...

nal_exercise/PKNH_13_v2.embl Choose ...
xercise/PKNH_13_comp_PCOA_04 Choose ...
tional_exercise/PCOA_04.embl Choose ...
xercise/PCOA_04_comp_PKNH_04 Choose ...
nal_exercise/PKNH_04_v2.embl Choose ...

Apply Close

ACT: PKNH_13_v2.embl vs PCOA_04.embl vs PKNH_04 _v2.embl

@ @
| ockep

524989 |1049889 |
| ockep

IR

[1574708

2899680
Hi B

1049889 P. knowlesi chr13

828

P. coatneyi chr4

828

P. knowlesi chr04

KF he blue ‘hour glass’ shape \
indicates that one of the
chromosomes is reversed. With
a right click in the middle area
you can get an additional menu.
Select ‘Flip Subject Sequence’

Q) flip one of the sequences. /

Save Comparison File...

View Selected Matches
Flip Query Sequence
Set Score Cutoffs ...
Set Percent ID Cutoffs ...
Vv Lock Sequences

Colour reverse & forward matches the same
Colour matches...
Colour reverse matches...

0ffer To RevComp
Ignore Self Matches




Comparative Genomics

Part 2: Explore your own Companion output in ACT

Now that you are familiar with the basic functions of ACT, let’s explore your own Companion
output. To do so, you need the Companion output (sequence and annotation), a comparison file and
the reference (sequence and annotation). Have a look at your Companion output and choose one of
the chromosomes you want to explore in more detail.

1. Download sequence and annotation of your Companion run

You’ve already downloaded the embl files in the first part of this exercise. To create the
comparison file, you also need to download the sequence without annotation. Go to the ‘Result
files’ and download the ‘Pseudochromosome level genomic sequence’. This is a sequence file that
contains all the chromosomes. Extract by copying and pasting the sequence of the chromosome
\you are interested in.

Cmel-Cpar cme) Completed

This job was submitted 7 days ago and ran for about 1 hour, finally finishing at 2019-10-06 20:25:42 UTC.

Genome statistics Result files Orthology Phylogeny Synteny Job parameters Pipeline logs Validator report

Format MD5 Size
& Pseudochromosome level genomic sequence - FASTA {1} 2.5MB
&} Pseudochromosome level gene annotations GFF3 1]1] 2.74 MB
& Pseudochromosome layout AGP ]1] 5.12 KB
. Scaffold level genomic sequence FASTA ({1} 25MB
& Scaffold level gene annotations GFF3 [1] 2.83 MB
& Scaffold layout AGP 1] 2.84 KB
& Pseudochromosome level sequence and annotation EMBL [1] 4.95 MB
. Gene Ontology function assignments GAF1 1]1] 1.44 MB
& Protein sequences FASTA [[1] 2.44 MB

Alternatively, open the embl file you’ve downloaded from Companion in Artemis and save the
sequence as shown below.

M Entries Select View Goto Edit Create Run Graph Display

o0 e Show File Manager ... Artemis Entry Edit: Cmel_4.embl

Entry: Read An Entry ... v

one selecte Read Entry Into »

22 Read BAM / CRAM / VCF ...

([T T I e e femmmne mne——
Save Default Entry £ Cmel_046605160 Cmel 04680

LTI save An Entry L 1L ST T T AN N Y T
Save An Entry As >

s Y VNN TR 11 R AR 1 [

Save All Entries

[ ]
_ Amino Acids Of Selected Features

Amino Acids Of Selected Features to Qualifier |s4880 |7200
|

|  Clone This Window PIR Database Of Selected Features
TN Save As Image Files (png/svg)... Bases Of Selection PSS 1 1 1 WA
nm Pr!nt... i Upstream Bases Of Selected Features e o
BT Downstream Bases Of Selected Features
LU IR i (T TIer v
Open in DNAPlotter Upstream+Feature+Downstream Bases ...
<< Preferences
ST All Bases > Raw Format B .

L KT Close FASTA Format P
. 2 K P e e R Codon Usage of Selected Features EMBL Format L

CCT AR CCT AR CCT AR AACCT ABACCT AAACCT AAACCOCT AAACCT AARCCT AAACCT ARRACCCCTARAACCTAARCCTAARCCTARACCCT  Genbank Format  SCTE
12

26 48 68 =} Laww
GGATTTTTGGATTTGGATTTTGGATTTGGATT TGGATTTGGGGATTTGGATTTGGATTTGGATTTTGGGGATTTTGGATTTGGATTTGGATTTGGGATTTGGATTTGATTTGGGATTTGGAT
+ F GLGLWV+ V + ¥V + V¥ 6LGLGLGLVYGLVY+V 4+ ¥+ VRFRFS+VRFR
. LFRFRFOGLGLO GLGRFRFRFRFG GRFG GLGLGLTGS+V+ ¥V LG+ ¥V +

RFV+ VYV +FRFRFRFGS+V+ V+ V¥V +FG+FRFRFRTFGLGLSFGLTGIL
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2. Download sequence and annotation of yvour reference genome

G()Wnloading the sequence and annotation of your reference, can either be done on EuPathDBo\r

on one of the main repositories like GenBank or ENA. How to download your sequence in
GenBank is shown in the Appendix.

In EuPathDB you need to download the annotation and sequence for the chromosome you are

interested in separately. In the first part of the Companion exercise we showed you how to

download a FASTA file. Go to ‘Genomic Sequences’ and select ‘Organism’. To download the
@notation, use the search option ‘Identify Genes based on Genomic Location’.

Search for Genes

expand all | collapse all

(_ Find a search T) O
Text
Gene models

Annotation, curation and identifiers
Genomic Location

Genomic Location

Proximity to Telomeres

Taxonomy

Orthology and synteny
Genetic variation
Transcriptomics
Sequence analysis

Identify Genes based on Genomic Location
Searchby: Chromosome

Sequence ID

© Organism

Cryptosporidium parvum lowa Il

© Chromosome
o -

© Start at

like to download.

Select the chromosome you would

1

© End Location (0 = end)

0

)

Get Answer
(&) Strategy: Genomic Loc * Q
Rename
Duplicate
Save As
Share
Genomic Loc
S Delete
Step 1
 —
483 Genes from Step 1
Strategy: Genomic Loc
= T Click on a number in this table to limit/filter your results
Apicomplexa Chromerida
Al |Ortholog Cryptosporidium Gregarina Chromera Vitrella
Results | Groups | ¢ angersoni C.hominis (0) C.meleagridis | C.muris | C.panvum | C.tyzzeri | C.ubiquitum |G.niphandrodes| C.velia | Vbrassicaformis
isolate 30847 | isolate 30976 | isolate TU502_2012 [ TU502 | UdeAO1 | strain UKMEL1| RN66 lowall |isolate UGASS | isolate 39726 | Unknown strain [ CCMP2878 CCMP3155
483 471 0 0 0 0 0 0 0 483 0 0 0 0 0

Gene Results | Genome View

Gene Transcript 2 o

D D l; Organism @
cgd5_10 cgd5_10-RA C. parvum lowa Il
cgd5_20 cgd5_20-RA C. parvum lowa Il
cgd5_30 cgd5_30-RA C. parvum lowa Il

Rows per page: | 20 $

Genomic
Location(s) o

CM000433: 3,913 - 6,269 (-)
CM000433: 6,771 - 9,053 (-)

o

Pmduchescripliono [x] ﬂ_]

Uncharacterized Secreted Protein
Uncharacterized Secreted Protein

CM000433: 10,174 - 10,578 {-) Uncharacterized protein

Download 483 Genes

Results are from search: Genomic Location
Choose a Report: " Tab delimited (Excel) - choose columns to make a custom table @
Tab delimited (Exce) - choose a pre-configured table €
FASTA (sequence retrieval, configurable) @
© GFF3: Gene models and optional sequences @

Generate a report of your query result in GFF3 format

Include Predicted RNA/mRNA Sequence (introns spliced out)
"lInclude Predicted Protein Sequence

Download Type:

O GFF File
Show in Browser

fdd to Basket Add Columns
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2. Create the ACT comparison file

P
To create the comparison file, go to the following website:

https://blast.ncbi.nlm.nih.gov/Blast.cgi and select ‘Nucleotide Blast’, ‘Align two or
| more sequences’.

BLAST ™ blastn suite Home  RecentResults  Saved Strategies  Help

Standard Nucleotide BLAST

| | blastn | blastp | blastx | tblastn | thiastx |

Enter Query Sequence BLASTN programs search i using a ide query. more... Resetpage Bookmark
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
From
To
Or, upload file Choose file | No file chosen )

Job Title
Enter a descriptive title for your BLAST search &

Align two or more sequences & -

Upload the two sequences you would like to compare and then select a blast option.

& Cc & blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome * 6

m U.S. National Library of Medicine NCBI National Center for Biotechnology Information Signinto NCBI

BLAST ® » blastn suite Home RecentResults  Saved Strategies  Help

Align Sequences Nucleotide BLAST

Jblum blastp | blastx | tblastn | tblastx |

i i i i 3 Resetpage Bookmark
Enter Query Sequence BLASTN programs search nucleotide subjects using a nucleotide query. more.
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
From BLAST results will be displayed ==
To in a new format by default =
You can always switch back to the

Or, upload file @ el_5 fasta ) Traditional Results page.
Job Title

Enter a descriptive title for your BLAST search &
Align two or more sequences &
Enter Subject Sequence

Enter ssion number(s), gi(s), or FASTA nce(s) & Clear j 2]

From

To

Or, upload file bquenceByS. . celd fasta @)

Program Selection

Optimize for Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)
© Somewhat similar sequences (blastn)
Choose a BLAST algorithm &
Megablast is intended for comparing a query to closely related sequences and works best if the target percent identity is 95% or more but is very fast.

Discontiguous megablast uses an initial seed that ignores some bases (allowing mismatches) and is intended for cross-species comparisons.
BlastN is slow, but allows a word-size down to seven bases.

more...

Bl_AS—'i' ) “earch nucleotide sequence using Blastn (Optimize for somewhat similar sequences)

| Show results in a new window
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The BLAST run will take a few minutes. Once this is done, select the Download option
‘Hit Table(text)’. This is the comparison file that you can open in ACT.

BLAST ° » blastn suite-2sequences » results for RID-U93AK4KU114 Home RecentResults Saved Strategies Help
Save Search Search Summary v © How to read this report? @ BLAST Help Videos *DBack to Traditional Results Page
Job Title Cmel_5 Filter Results
RID U93AK4KU114  Search expires on 10-1522:59 pm |Download All ¥ Percent Identity Evaiie
Program Blast2 sequences  Citation v

q Text TS ‘ ’ o ‘
Query ID lcl|Query_4875 (dna) XML

Query Descr Cmel_5 ASN.1 m

Query Length 1074033
Subject ID lcl|Query_4877 (dna)

JSON Sea.align

Hit Table(csv)

Subject Descr CM000433 | Cryptosporidium parvum lowa Il | 1 t¢

Subject Length 1080900

Multiple-file XML2
Other reports MSAviewer @

Single-file XML2

Descriptions Graphic Summary Alignments Multiple-file JSON
Single-file JSON
Sequences producing significant alignments . load ~ ge Col ¥ Show (2]
selectall 1sequences selected Graphics
- Max Total Que E Per. .
Descitho Score Score Cuv;.); value Ident Socesion
CM000433 | Cryptosporidium parvum lowa Il | 1 to 1080900 (reverse-complement) 1.889e+05 1.566e+06 96% 0.0 92.56% Query_4877
3. Open your file in ACT
Let’s open the two sequences in ACT.
The files that you are going to need are:
Companion embl file
Comparison file (Hit Table — downloaded from NCBI)
Reference (Fasta file and GFF file downloaded from PlasmoDB)
m Options  Windows . .
o { Open... 80 2
=- Sequence file 1 0/Downloads/embl/Cmel_5.embl Choose ...
hogs | Qut
i ol institute ~* Comparison file 1 01/U93AK4KU114-Alignment. txt Choose ...
pathogen informatics
Artemis Comparison Tool Sequence file 2 nbl/SequenceBySourceld. fasta Choose ...
Release 18.0.2
1. Standard

Copyright 1998 - 2019 more files ...

Genome Research Limited

Apply Close
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[ Once you’ve opened ACT load in the GFF file you’ve downloaded from EuPathDB.

)

ACT Entries Select View Goto Edit Create Run Graph Display

| Show File Manager ...
Cmel_5.embl

Cmel 5.embl vs SequenceBySourceld.fasta

SequenceBySourceld ) Read An Entry ... ||/ \||| \ ||’| (WY ||ﬁ (] ||||| i
||||\|| Save As Image Files (png/svg)... Save Entry I’ \Ill | ” J |||“|‘|“||||"}|I hlllllJ”Il" II| Hllllll‘d}" M |w
Print... Save All
| Print Preview o B

Date Modified
Close

Name
Cnel_00.enbl Sunday, 6 October

Read BAM / CRA Cmel_1.embl Sunday, 6 October

Edit In Artemis Cmel_2.embl Sunday, 6 October
Cmel_3.embl Sunday, 6 October
Cnel_4.embl Sunday, 6 October
Cmel_5.embl Sunday, 6 October
Cnel 5. fasta Sunday, 13 October
Cmel_6.embl Sunday, 6 October
Cme

2019, 21:17
2019, 21:17
2019, 21:17
2019, 21:17
2019, 21:17
2019, 21:17
2019, 17:15
2019, 21:17

Sunday, 6 October 2019, 21:17
Sunday, 6 October 2019, 21:17

LOCKED.

‘m‘ |

Ifl

|1688

il

[E5L]

ol WA

|z488 |3208

el (1

[EELT]

[EEST] |5588
[ LTI

”“MH"" Ifl |HIIIH|| |||||I|HII\|" I} ‘II MII’IH}

I III

|s488

WII I

|728

ACT File Entries Select View Goto Edit Create Run Graph Display

ACT: Cmel_5.embl vs SequenceBySourceld.fasta

1

[EEST)

III NIRRT O T A IIII}| ’i \Mlﬂll

i |"||’|H\H|‘m VT .

it
[E50) Llﬁll 2498 3280 |4888

"’FMMMMMIWMWIWMII'/lﬂﬂﬂﬂ"\l'ﬂm l:ﬁﬂWllll#ll L

5688 |6480

||’Ilulll |VII'III IH\ \l I"’l ”I||:‘I "w I ||I|||I|JI . lllllhI’I"H III‘IJ
II M (i I| Wﬂlﬂl ||f [ I\I IIIII wIIIVI HI I |I| Il IWW

i

[728

ell

/Use the Vertical\
sliders to zoom

|

Illrllll | fl

MIIIIW hll |/ I’Hlllllﬂ| II||II|IJ| IIII I / "V [

out to get an
overview. Drag or
click the slider
downwards from
one of the

[soe [1688 (2408 (3208 ml |80 |s680 |pass 2Izze
“/Ilw WIKI I||~Il|||” "‘::HHIIZV’"“IM Mlll’l\lll\lllmm lﬁl‘l IHMJIIIIIW "“Ihw MI Il I|I~ ||II g dSI ll-RHA- 1|-c||)s!1 - ||}IIIIIIV1 %

ACT File Entries Select View Goto Edit Create Run Graph Display

ACT: Cmel_5.embl vs SequenceBySourceld.fasta

I MPup DI SR b
,‘,‘. Ilﬂblb [>INI>

Bb BPDDIEDE D | P

[ i
P IS
PD b

I [ BERCIH
DED [
525000

WG 40 ¢ SBNEl e 444 440 4K 4 @

|z56000 |1850000
4 q

I
Iy H

G 1

|7e8000 875800

S @l«l le “ 4 <]I<1| <llﬂ

LOCKED

@enomes o

J

Once you’ve got an
overview, zoom in
to explore
interesting areas, i.e.
synteny breaks.

272




