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Chapter 1

Basics

1.1 Introduction

1.1.1 Jalview

Jalview is a multiple sequence alignment viewer, editor and analysis tool. Jalview is designed to be
platform independent (running on Mac, MS Windows, Linux and any other platforms that support
Java). Jalview is capable of editing and analysing large alignments (thousands of sequences) with
minimal degradation in performance, and able to show multiple integrated views of the alignment
and other data. Jalview can read and write many common sequence formats including FASTA,
Clustal, MSF(GCG) and PIR.

There are two types of Jalview program. The Jalview Desktop is a standalone application that
provides powerful editing, visualization, annotation and analysis capabilities. The JalviewLite
applet has the same core visualization, editing and analysis capabilities as the desktop, without
the desktop’s webservice and figure generation capabilities. It is designed to be embedded in a web
pageE] a%d includes a javascript API to allow customisable display of alignments for web sites such
as Pfam

The Jalview Desktop in this version provides access to protein and nucleic acid sequence, alignment
and structure databases, and includes the Jmo]E] viewer for molecular structures, and the VARNAE]
program for the visualization of RNA secondary structure. It also provides a graphical user interface
for the multiple sequence alignment, conservation analysis and protein disorder prediction methods
provided as Java Bioinformatics Analysis Web Services (JABAWS). JABAWS|is a system for run-
ning bioinformatics programs that you can download and run on your own machine or cluster, or
install on compute clouds.

1A demonstration version of Jalview (Jalview Micro Edition) also runs on a mobile phone but the functionality is limited
to sequence colouring.

2http://pfam.xfam.org

3 Provided under the LGPL licence at http://www. jmol.org

4Provided under GPL licence at http://varna.lri.fr

5released under GPL at http://www.compbio.dundee.ac.uk/jabaws


http://pfam.xfam.org
http://www.jmol.org
http://varna.lri.fr
http://www.compbio.dundee.ac.uk/jabaws
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1.1.2 Jalview’s Capabilities

Figure [1.T] gives an overview of the main features of the Jalview desktop application. Its primary
function is the editing and visualization of sequence alignments, and their interactive analysis. Tree
building, principal components analysis, physico-chemical property conservation and sequence con-
sensus analyses are built into the program. Web services enable Jalview to access online alignment
and secondary structure prediction programs, as well as to retrieve protein and nucleic acid se-
quences, alignments, protein structures and sequence annotation. Sequences, alignments, trees,
structures, features and alignment annotation may also be exchanged with the local filesystem.
Multiple visualizations of an alignment may be worked on simultaneously, and the user interface
provides a comprehensive set of controls for colouring and layout. Alignment views are dynamically
linked with Jmol and UCSF Chimereﬁ structure displays, a tree viewer and spatial cluster display,
facilitating interactive exploration of the alignment’s structure. The application provides its own
Jalview project file format in order to store the current state of an alignment and analysis windows.
Jalview also provides WYSIWIGD style figure generation capabilities for the preparation of align-
ments for publication.

[Protein 2ary structure | ‘Standard’ Formats
FASTA MSF CLUSTAL
\Funct|onal site analyss\] re
pm et rom STK PILEUP BLC PFAM

Consensus |~ JLRRII'I'I
& Clustering| * [ TreesIPCA | Pkl
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- — |Alignmen ts i . Ei:i:iz
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Distributed
Se uences A
/ _ :‘.Annotat on
System
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Annotatlon over 270
sequence and

4

Alignment Analysi
AiCon
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Figure 1.1: Capabilities of the Jalview Desktop. The Jalview Desktop Application provides
a stable environment for the creation, editing and analysis of alignments and the
generation of figures.

8UCSF Chimera needs to be installed separately. It is available free for academic use from https://www.cgl.ucsf.
edu/chimera/download.html)
/WYSIWIG: What You See Is What You Get.


https://www.cgl.ucsf.edu/chimera/download.html
https://www.cgl.ucsf.edu/chimera/download.html
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Jalview History

Jalview was initially developed in 1996 by Michele Clamp, James Cuff, Steve Searle and Geoff Barton
at the University of Oxford and then the European Bioinformatics Institute. Development of Jalview
2 was made possible with eScience funding from the BBSR(ﬂ in 2004, enabling Andrew Waterhouse
and Jim Procter to re-engineer the original program to introduce contemporary developments in
bioinformatics and take advantage of the latest web and Java technology. Jalview’s development
has been supported from 2009 onwards by BBSRC funding, and since 2014 by a Wellcome Trust
Biomedical Resource grantﬂ In 2010, 2011, and 2012, Jalview benefitted from the Google Summer
of Code, when Lauren Lui and Jan Engelhardt introduced new features for handling RNA alignments
and secondary structure annotation, in collaboration with Yann Pontle_G]

Citing Jalview

If you use Jalview in your work you should cite:

"Jalview Version 2 - a multiple sequence alignment editor and analysis workbench"
Waterhouse, A.M., Procter, J.B., Martin, D.M.A, Clamp, M. and Barton, G. J. (2009)
Bioinformatics doi: 10.1093/bioinformatics/btp033

This paper supersedes the original Jalview publication:

"The Jalview Java alignment editor"

Michele Clamp, James Cuff, Stephen M. Searle and Geoffrey J. Barton (2004)
Bioinformatics 20 426-427.

1.1.3 About this Tutorial

This tutorial is written in a manual format with short exercises where appropriate, typically at
the end of each section. The first few sections concerns the basic operation of Jalview and should
be sufficient for those who want to launch Jalview (Section [I.2), open an alignment (Section [1.4),
perform basic editing (Section [2), colouring (Section [3.1), and produce publication and presentation
quality graphical output (Section [3.2).

The remaining sections of the manual cover the visualization and analysis techniques available
in Jalview. These include working with the embedded Jmol molecular structure viewer (or UCSF
Chimera), building and viewing trees and Principal Components Analysis (PCA) plots, and using
trees for sequence conservation analysis. An overview of the Jalview Desktop’s webservices is given
in Section [10} and the alignment and secondary structure prediction services are described in detail
in Sections [5| and respectively. Section |4] details the creation and visualization of sequence and
alignment annotation. Section discusses specific features of use when working with nucleic acid
sequences, such as translation and linking to protein coding regions, and the display and analysis of
RNA secondary structure.

8Biotechnology and Biological Sciences Research Council grant “VAMSAS: Visualization and Analysis of Molecules,
Sequence Alignments and Structures”, a joint project to enable interoperability between Jalview, TOPALi and AstexViewer.

9Wellcome grant number 101651/Z/13/Z

Ohttp://www.1lix.polytechnique.fr/~ponty/


http://code.google.com/soc/
http://code.google.com/soc/
http://www.lix.polytechnique.fr/~ponty/
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Typographic Conventions

Keystrokes using the special non-symbol keys are represented in the tutorial by enclosing the pressed
keys with square brackets (e.g. [RETURN] or [CTRL]).

Keystroke combinations are denoted with a ‘-’ symbol (e.g. [CTRL]-C means press [CTRL] and the ‘C’
key simultaneously).

Menu options are given as a path from the menu that contains them - for example File = Input

Alignment = From URL means to select the ‘From URL option from the ‘Input Alignment’ submenu
of a window’s ‘File’ dropdown menu.

1.2 Launching the Jalview Desktop Application

'[,—A L] Launch Jalview Applet
=] Jalview ;
I

Home About Help Community Development Training Download

Get the latest Jalview Desktop application:

o Ifyou have Java installed, just click Launch Jalview Desktop (which is also at the top of page)
Webstart can be slow the first time you launch Jalview, take a look below for more help.

« Alternately, download an installer for your system from the Jalview Installers page.
InstallAnywhere is a Java program installation system. It will work out which operating system you have, and present you with the package it considers most appropriate. You can
download the Jalview application installation on its own, and optionally download a copy of the Java Virtual Machine which actually runs Jalview.

Problems ? Take a look at the FAQs.

Downloads for deploying the latest JalviewLite applet:

 You will need the following to deploy JalviewLite on your page:
+ Compiled jars: jalviewAppletjar (jalviewApplet.jar with debugging symbols)
+ Jalview Lite uses Jmol for viewing structures.
« The JalviewLite s Javascript library.

+ Download them all at once as a Jalview Lite tarball.
This is a tarred and gzipped archive that contains all the jars, example pages and API documentation.

Get the latest Jalview source release

If you are interested in the source, then we'd also recommend you take a ook at the Development section of the website, which includes information about building Jalview from
source, and developing with Jalview.

More about running the Jalview application

If you don't have Java version 1.6 or later, first install Java on your machine from from the Java Download Site. Then click on the Install link above.

If your browser hasn't been set up to run Java WebStart JNLP files, the Start link above will download a file called jalviewjnlp. Some browsers will ask you what you want to do with
the JNLP file (instead of automatically downloading it somewhere, or presenting it to you s text). If a dialog appears with "Open using application..." on it, use the javaws application to
run your file (and check the box marked "Don't ask me again'):

« <path to java runtime installation>Ibin/javaws

« <path tojdk installation>/jre/binfjavaws

« javaws.exe

1f you think that your browser should really be working with Java properly, you can test it at www java.com. If things really are not working, use the InstallAnywhere version of Jalview.

Published under CC SA v3

if you use Jalview in your work, please cite this publication:

2 BBSRC Waatousa, AN, Procer, 5. Narin, DALA, amp, . ard Barn; . J (2009
B oo |.8, e

Bioinformatics25 (9) 1189-1191 doi: 10.1093/bicinformatics/bipt

Figure 1.2: Download page on the Jalview web site at www.jalview.org.

This tutorial is based on the Jalview Desktop application. Much of the information will also be
useful for users of the JalviewLite applet, which has the same core editing, analysis and visualization
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capabilities (see the JalviewLite Applet Examples page for examples). The Jalview Desktop, however,
is much more powerful, and includes additional support for interaction with external web services,
and production of publication quality graphics.

The Jalview Desktop can be run in two ways; as an application launched from the web via Java
webstart, or as an application loaded onto your hard drive. The webstart version is launched
from the pink ‘Launch Jalview Desktop button’ at the top right hand side of pages of the website
(www.jalview.org). To download the locally installable version, follow the links on the download page
(www.jalview.org/download) | (Figure[I.2). These links will launch the latest stable release of Jalview.

When the application is launched with webstart, two dialogs may appear before the application
starts. If your browser is not set up to handle webstart, then clicking the launch link may download
a file that needs to be opened manually, or prompt you to select the program to handle the webstart
file. If that is the case, then you will need to locate the javaws program on your systenﬂ Once java
webstart has been launched, you may also be prompted to accept a security certificate signed by the
Barton Group@ You can always trust us, so click trust or accept as appropriate. The splash screen
(Figure [I.3) gives information about the version and build date that you are running, information
about later versions (if available), and the paper to cite in your publications. This information is also
available on the Jalview web site at http://www. jalview.org.

I} Jalview

Version: 2.8

Last Updated: 12 November 2012

Authors: Jim Procter, Andrew Waterhouse, Jan Engelhardt, Lauren Lui, Michele Clamp, James Cuff, Steve Searle, David
Martin & Geoff Barton

Development managed by The Barton Group. University of Dundee. Scotland. UK.

For help. see the FAQ at www jalview.org and/or join the jalview-discuss@jalview org mailing list
If you use Jalview, please cite:

Waterhouse, A.M., Procter, L.B., Martin, D.M.A, Clamp, M. and Barton, G. I. (2009)

Jalview Version 2 - a multiple sequence alignment editor and analysis workbench

Bioinformatics doi: 10.1093/bioinformatics/btp(33

Figure 1.3: Jalview splash screen.

When Jalview starts it will automatically load an example alignment from the Jalview site. This
behaviour can be switched off in the Jalview Desktop preferences dialog by unchecking the open file
option. This alignment will look like the one in Figure [1.4](taken from Jalview version 2.10.1).

Jalview News RSS Feed

Announcements are made available to users of the Jalview Desktop via the Jalview Newsreader.
This window will open automatically when new news is available, and can also be accessed via the
Desktop’s Tools = Show Jalview News menu entry.

1 The file that is downloaded will have a type of application/x-java-jnlp-file or .jnlp. The javaws program that can
run this file is usually found in the bin directory of your Java installation

120n some systems, the certificate may be signed by 'UNKNOWN’. In this case, clicking through the dialogs to look at
the detailed information about the certificate should reveal it to be a Barton group certificate.


http://www.jalview.org/examples/applets.html
http://www.jalview.org
http://www.jalview.org/download
http://www.jalview.org
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Figure 1.4: Default startup for Jalview.

&0, News from www.jalview.org -
— brought to you by JSwingReader (jswingreader.sourceforge.net)
l;ﬁ Oct 17, 2011 Jalview training workshop on 2nd Dec 2011 at EMBL-EBI, Cambridge,
7 Sep 27, 2011 Letters of Support for further Jalview funding
7 Sep 23, 2011 Call for Letters of Support for Jpred and Jabaws
7 Sep 22, 2011 Welcome to the jalview Dekstop news channel

= I |

Jalview training workshop on 2nd Dec 2011 at EMBL-EBI, Cambridge, UK
http:/fwww jalview org/news/201 1/10/17/1 html

Frires

Do

VYol

The second Jalview Residential Workshop at EMBL-EBI, Cambridge, UK. 9,
The second hands on residential workshop covering basic, intermediate and advanced use of D
the Jalview desktop will take place from the 1st - 2nd December 2011 at the European
.| Molecular Biology Laboratory's Bioinformatics Institute (EMBL-EBI) Training Facility in
It Cambridge, UK.

Registration costs £45, or £57 if you also require accommeodation. The early registration 'i
: deadline is 2nd November 201 |. For more details. please go to the Jalview course X

Figure 1.5: The Jalview News Reader. The newsreader opens automatically when new arti-
cles are available from the Jalview Desktop’s news channel.
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1.t

1b.

l.e.

Exercise 1: Launching Jalview from the Jalview Website
l.a.

Open the Jalview web site (www.jalview.org) in your web browser. Launch Jalview
by clicking on the pink ‘Launch Jalview’ Desktop button in the top right hand corner.
This will download and open a jalview.jnlp webstart file.

Dialog boxes will open and ask if you want to open the jalview.jnlp file as the file is
an application downloaded from the Internet, click Open. (Note you may be asked to
update Java, if you agree then it will automatically update the Java software). As
Jalview opens, four demo Jalview windows automatically load.

. If you are having trouble, it may help changing the browser you are using, as the

browsers and its version may affect this process.

. To deactivate the opening of the 4 demo sequences during the launch, go to the Tools

= Preferences... menu on the desktop. A ‘Preference’ dialog box opens, untick the box
adjacent to the ‘Open file’ entry in the “Visual’ preferences tab. Click OK to save the
preferences.

Launch another Jalview workbench from the web site by clicking on the pink Launch
button. The example alignment should not be loaded as Jalview starts up.

To reload the original demo file select the File= From URL entry in the Desktop
menu. Click on the URL history button (a downward arrow on the right hand side of
the dialog box) to view the files, select exampleFile_2_7.jar, then click OK.

Note: Should you want to load your own sequence during the launch process, then go to
the Tools = Preferences... menu on the desktop. The tick the ‘Open file’ entry of Visual’
preferences tab, type in the URL of the sequence you want to load.
As the jalview.jnlp file launches Jalview on your desktop, you may want to move this from
the downloads folder to another folder. Opening from the jnlp file will allow Jalview to be
launched offline.

See the video at: http://www. jalview.org/Help/Getting-Started.

1.2.1

Getting Help

Built in Documentation

Jalview has comprehensive on-line help documentation. Select Help = Documentation from the
main window menu and a new window will open (Figure [1.6). The appropriate topic can then be
selected from the navigation panel on the left hand side. To search for a specific topic, click the

‘search’ tab and enter keywords in the box which appears.

Email Lists

The Jalview Discussion list jalview-discuss@jalview.org provides a forum for Jalview users and
developers to raise problems and exchange ideas - any problems, bugs, and requests for help should
be raised here. The jalview-announce@jalview.org list can also be subscribed to if you wish to be

kept informed of new releases and developments.

Archives and mailing list subscription details can be found in the Jalview web site’s community

section.



http://www.jalview.org
http://www.jalview.org/Help/Getting-Started
http://www.jalview.org/community
http://www.jalview.org/community
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Jalview Documentation
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Welcome to Jalview's built in documentation.

Here are some good places to start:

@ What's New summarises the new features in this release of Jalview.

@ Learn how to edit alignments with Jalview.

& Import and display sequence features on your alignment

# Use Jmol to view and superpose 3D structures associated with sequences in the
alignment

[For more information, you might also want to take a look at the documentation section of the
lalview website (http://www jalview.org/about/documentation).

If you are using the Jalview Desktop application and are looking for something specific. then
ry the search box (next to the print icon). If you're already viewing this in your weh browser.
then google the online version of these pages. If you don't find what you are looking for, or
want to report a bug or make a feature request. then get in contact over at

htt

www jalview org/community

(Citing Jalview
If you use Jalview in your work, please cite the Jalview 2 paper in Bioinformatics:

Waterhouse, A M. Procter, J.B., Martin, D.M.A, Clamp, M.. Barton, G.J (2009),
"Jalview version 2: A Multiple Sequence Alignment and Analysis Workbench.”
Bioinformarics 25 (9) 1189-1191 doi: 10.1093/bioinformatics/btp033

IS
» [i Sequence Features
» [0 web Services

» [ Colour Schemes

» [ Calculations

» [ Alignment Annotations

» [ Viewing PDB Files ;'
nj S -mc,-\ - -

|

Figure 1.6: Accessing the built in Jalview documentation.

1.3 Navigation

The major features of the Jalview Desktop are illustrated in Figure The alignment window is
the primary window for editing and visualization, and can contain several independent views of the
alignment being worked with. The other windows (Trees, Structures, PCA plots, etc) are linked to a
specific alignment view. Each area of the alignment window has a separate context menu accessed
by clicking the right mouse button.

Jalview has two navigation and editing modes: normal mode, where editing and navigation is
performed using the mouse, and cursor mode where editing and navigation are performed using
the keyboard. The F2 key is used to switch between these two modes.

Note: On MacBooks and other laptops with compact keyboards, you may need to press the function
key [Fn] when pressing any of the numbered function keys. So to toggle between keyboard and
normal mode, press [Fn]-[F2].

1.3.1 Navigation in Normal Mode

Jalview always starts up in Normal mode, where the mouse is used to interact with the displayed
alignment view. You can move about the alignment by clicking and dragging the ruler scroll bar to
move horizontally, or by clicking and dragging the alignment scroll bar to the right of the alignment
to move vertically. If all the rows or columns in the alignment are displayed, the scroll bars will not
be visible.

Each alignment view shown in the alignment window presents a window onto the visible regions of
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en @ DeSktop Window _j_alview 2.4 (pre)
File Tools Vamsas Help Window
Alignment Window = ,—l T - .WI' ] ‘
ene WAFFT Multiple Sequence Alignment of Retrieved from Uniprot File View ree vVindow

File Edit Select View Format Colour Calculate Web Service

[ﬂti'ivwi | Spinach Feredoxin Structure FE252 Representatives MAFFT Alignment Ordering I
Alignment View Tabs .

FERI_PEA/1-149
Q7XA9S_TRIPR/1-152
FER1_MESCR/1-148

RIOL{)- 147 B
Sequence ID Panel |24

FER_BRANA/1-96
FERZ ARATH/1-148
QU3ZEO_ARATH/1-118
FER1_MAIZE/1-150
080429 MAIZE/1- 140

FERL SPIOL
gy T—p

Secondary Structure

Irn Sulphur Contacts

i
rerioo [ JME [ w w B ol Il
Annotation Label Panel | i | Alignment Annotation i
”
wai " il ie 1.
PECEQEFECPDDVY | LOAAEEACIDLPYSCRAGSCSSCACKVVSCGSVDOQSD+SFLDDDA ]
—— s
[Gequence 4 1D: Q93XJ9_SOLTU Residue: GLY (79) [ 1 ‘ ]
| Statusbar | |
Ruler Scrollbar

Figure 1.7: The anatomy of Jalview. The major features of the Jalview Desktop Application
are labeled.

the alignment. This means that with anything more than a few residues or sequences, alignments
can become difficult to visualize on the screen because only a small area can be shown at a time. It
can help, especially when examining a large alignment, to have an overview of the whole alignment.
Select View = Overview Window from the Alignment window menu bar (Figure [1.§").

The red box in the overview window shows the current view in the alignment window. A percent
identity histogram is plotted below the alignment overview. Shaded parts indicate rows and columns
of the alignment that are hidden (in this case, a single row at the bottom of the alignment - see
Section [2.5). You can navigate around the alignment by dragging the red box.

Alignment and analysis windows are closed by , .
clicking on the usual ‘close’ icon (indicated by
arrows on Mac OS X). If you want to close all CISE All . .

Raise Associated Windows

Minimize Associated Windows

the alignments and analysis windows at once,
then use the Window = Close All option from !
the Jalview desktop. * MuscleWs alignment of Uniref50 Sequen
Average distance tree using BLOSUM62 ¢

Warning: Make sure you have saved your ,
1 A 1A AN El RAY Il FE

work because this cannot be undone!

13the menu shown in this figure is from Jalview 2.2, later versions have more options.
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VI8 Format Colour Calculate

. New View BT 5o
! Expand Views X B
Gather Views G

e e oveviewMareT Multiple Sequence Alignm... |

Show 3 || 1010
I
il I

Hide »
{0 il W

| 0 R RS | [ 1 F | ERN

v Show Annotations

Show Sequence Features
Feature Settings...

Alignment Properties...
i

Figure 1.8: Alignment Overview Window. The overview window for a view is opened from
the View menu.

1.3.2 Navigation in Cursor Mode

Cursor mode navigation enables the user to quickly and precisely navigate,
select and edit parts of an alignment. On pressing F2 to enter cursor mode
the position of the cursor is indicated by a black background and white text.
The cursor can be placed using the mouse or moved by pressing the arrow
keys (1, |, —, —).

Rapid movement to specific positions is accomplished as listed below:

Jump to Sequence n: Type a number n then press [S] to move to sequence (row) n.

o

o

Jump to Column n: Type a number n then press [C] to move to column n in the alignment.

Jump to Residue n: Type a number n then press [P] to move to residue number n in the
current sequence.

o

o

Jump to column m row n: Type the column number m, a comma, the row number n and
press [RETURN].

1.3.3 The Find Dialog Box

A further option for navigation is to use the Select = Find... function. This opens a dialog box into
which can be entered regular expressions for searching sequences and sequence IDs, or sequence
numbers. Hitting the [Find next] button will highlight the first (or next) occurrence of that pattern
in the sequence ID panel or the alignment, and will adjust the view in order to display the highlighted
region. The Jalview Help provides comprehensive documentation for this function, and a quick guide
to the regular expressions that can be used with it.
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Exercise 2: Navigation

Jalview has two navigation and editing modes: normal mode (where editing and navigation

are via the mouse) and the cursor mode (where editing and navigation are via the keyboard).

The F2 key is used to switch between these two modes. With a Mac, the key combination

Fn key and F2 is needed, as button is often assigned to screen brightness. Jalview always

starts up in normal mode.

2.a. Load an example alignment from its URL (http://www. jalview.org/examples/
exampleFile_2_7.jar) via the Desktop using File = Input Alignment = From URL
dialog box. (The URL should be stored in its history and clicking on the down arrow
on the dialog box is an easy way to access it.)

2.b. Scroll around the alignment using the alignment (vertical) and ruler (horizontal)

scroll bars.
2.c. Find the Overview Window, Views = Overview Window and open it. Move around

the alignment by clicking and dragging the red box in the overview window.

2.d. Return to the alignment window, look at the status bar (lower left hand corner of the
alignment window) as you move the mouse over the alignment. It indicates informa-
tion about the sequence and residue under the cursor.

2.e. Press [F2] key, or [Fn]-[F2] on Mac, to enter Cursor mode. Use the direction keys to
move the cursor around the alignment.

2.f. Move to sequence 7 by pressing 7 S. Move to column 18 by pressing 1 8 C. Move to
residue 18 by pressing 1 8 P. Note that these can be two different positions if gaps
are inserted into the sequence. Move to sequence 5, column 13 by typing 1 3, 5

[RETURN].
Note: To view Jalview’s comprehensive on-line help documentations select Help in desktop

menu, clicking on Documentation will open a Documentation window. Select topic from the
navigation panel on the left hand side or use the Search tab to select specific key words.
See the video at: http://www. jalview.org/Help/Getting-Started.

1.4 Loading Sequences and Alignments

1.4.1 Drag and Drop

In most operating systems you can just drag a file icon from a file browser window and drop it on an
open Jalview application window. The file will then be opened as a new alignment window. Drag and
drop also works when loading data from a URL - simply drag the link or url from the address panel
of your browser on to an alignment or the Jalview desktop background and Jalview will load data
from the URL directly.

1.4.2 From a File

Jalview can read sequence alignments from a sequence alignment file. This is a text file, not a word
processor document. For entering sequences from a wordprocessor document see Cut and Paste
(Section below. Select File = Input Alignment = From File from the main menu (Figure [1.9).
You will then get a file selection window where you can choose the file to open. Remember to select
the appropriate file type. Jalview can automatically identify some sequence file formats.


http://www.jalview.org/examples/exampleFile_2_7.jar
http://www.jalview.org/examples/exampleFile_2_7.jar
http://www.jalview.org/Help/Getting-Started
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8ne Open local file
| PROJECT F
Recently Opened 1 ~Name 4| Dare Modified
ROIECTjalignmentfal | T alignment.fa Monday, November 20, 20...
rat_lkb1_cdna.1.fasta
{DAS/subfi01 _aln.jar
AS/SUBFOD1_aln.fasta
david /snfdb_lite.fasta
(ENSNE] mseed/subf001.fasta
108 Tools Help Window = —
e 36 Fle Format
Input Alignment » fromFile 30 S TRiS ” F" e
ta (.fa, fastg, fast
Fetch Sequence(s)...  from URL ol |
Clustal (.aln) cel )
- from Textbox PFAM (.pfam) —
Save Project ISE (.msf P—
Load Project PIR (.pir)
) BLC (.blc)
Quit Jalview (jar)

Figure 1.9: Opening an alignment from a file saved on disk.

1.4.3 From a URL

Jalview can read sequence alignments directly from a URL. Please note that the files must be in a
sequence alignment format - an HTML alignment or graphics file cannot be read by Jalview. Select
File = Input Alignment = From URL from the main menu and a window will appear asking you to
enter the URL (Figure[1.10). Jalview will attempt to automatically discover the file format.

ene

#l[H Tools Help Window

Input Alignment 4 from File 3O
Fetch Sequence(s)... from URL

) from Textbox
Save Project b

Load Project

8ann Input Alignment From URL

Enter URL of Input File

http:/ /www.jalview.org/tutorial /alignment.fa ?

Ganee

Quit

Figure 1.10: Opening an alignment from a URL.

1.4.4 Cut and Paste

Documents such as those produced by Microsoft Word cannot be readily understood by Jalview. The
way to read sequences from these documents is to select the data from the document and copy it to
the clipboard. There are two ways to do this. One is to right-click on the desktop background, and
select the ‘Paste to new window’ option in the menu that appears. The other is to select File = Input
Alignment = From Textbox from the main menu, paste the sequences into the text window that will
appear, and select New Window (Figure [I.11I). In both cases, presuming that they are in the right
format, Jalview will happily read them into a new alignment window.

1.4.5 From a Public Database

Jalview can retrieve sequences and sequence alignments from the public databases housed at the
European Bioinformatics Institute, including Uniprot, Pfam, Rfam and the PDB. Jalview’s sequence
fetching capabilities allow you to avoid having to manually locate and save sequences from a web
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enoe Cut & Paste Alignment File
File Edit
866
8 Tools Help Window
Input Alignment {4 from File 30
Fetch Sequence(s)... from URL
) from Textbox
Save Project
Load Project
(“New Window ) { Close )
Quit 4

Figure 1.11: Opening an alignment from pasted text.

page before loading them into Jalview. It also allows Jalview to gather additional metadata provided
by the source, such as annotation and database cross-references. Select File = Fetch Sequence(s) ...
from the main menu and a window will appear (Figure[1.12). Pressing the database selection button
in the dialog box opens a new window showing all the database sources Jalview can access (grouped
by the type of database). Once you’ve selected the appropriate database, hit OK close the database
selection window, and then enter one or several database IDs or accession numbers separated by
a semicolon and press OK. Jalview will then attempt to retrieve them from the chosen database.
Example queries are provided for some databases to test that a source is operational, and can also
be used as a guide for the type of accession numbers understood by the source.

8006 Select Database Retrieval Source

| Taeniopygia_guttata taeGut3.2.4.reference (taeGut Chromosome 3.2.4) (DAS)
Takifugu_rubripes. FUGU4 reference (FUGU Scaffold 4) (DAS)

(NN e] New Sequence Fetcher (3 TARSYR
(2 TENREC
Uniprot ) ‘Tetraodon_nigroviridis. TETRAGDONS..reference (TETRAODON Chromosome 8) (DAS)
3 TREESHREW
Example query: PO0340 Tribolium_castaneum, Tcas3.reference (Fcas Scaffold 3) (DAS)
N o 2 Trichinella_spiralis. Tspiralis1.reference (Tspiralis Chromosome 1) (DAS)
pepamisimuitpaiaceessioniceputisemico gy Trichoplax_adhaerens. TRIADL. refere nce (TRIAD Scaffold 1) (DAS)
_! Replace commas with semi-colons TURTRU
[S[T)
PO0O340 unipare (UniPare Protein Sequence) (DAS)
28 UNIPROT
Cosmic_Protein_Mutation (UniProt Protein Sequence) (DAS)
merops (UniProt Protein Sequence) (DAS) |
pfam (UniProt Protein Sequence) (DAS) |
. Prosite Features (matches) (UniProt Protein Sequence) (DAS) J
e N - N ),
( \ y ( uniprot (UniProt Protein Sequence) (DAS) 1
A} B‘JT,IE, \ﬂz \ﬁ/ Uniprot 2010_09 (UniProt Protein Sequence) (DAS)
i Database: Uniprat

Example: P00340

(Cok ) (Ccancel )

Figure 1.12: Retrieving sequences from a public database.

1.4.6 Memory Limits

Jalview is a Java program. One unfortunate implication of this is that Jalview cannot dynamically
request additional memory from the operating system. It is important, therefore, that you ensure
that you have allocated enough memory to work with your data. On most occasions, Jalview will warn
you when you have tried to load an alignment that is too big to fit in to memory (for instance, some
of the PFAM alignments are very large). You can find out how much memory is available to Jalview
with the desktop window’s = Tools = Show Memory Usage function, which enables the display of
the currently available memory at the bottom left hand side of the Desktop window’s background.
Should you need to increase the amount of memory available to Jalview, full instructions are given



14 CHAPTER 1. BASICS

in the built in documentation (opened by selecting Help = Documentation) and on the JVM memory
parameters page (http://www. jalview.org/jvmmemoryparams.html).

Exercise 3: Loading Sequences
3.a. Use Window = Close All from the Desktop window menu to close all windows.

3.b. Loading sequences from URL: Selecting File = Input Alignment = From URL
from the Desktop and enter http://www.jalview.org/tutorial /alignment.fa in the box.
Click OK to load the alignment.

3.c. Loading sequences from a file: Close all windows using the Window = Close All
menu option from the Desktop. Then type the same URL (http://www.jalview.
org/tutorial/alignment.fa) into your web browser and save the file to your desk-
top. Open the file you have just saved in Jalview by selecting File = Input Alignment
= From File from the desktop menu and selecting this file. Click OK to load.

3.d. Loading sequences by ‘Drag and Drop’ / ‘Cut and Paste’:

(i) Select Desktop = Window = Close All. Then drag the alignment.fa file from the
desktop and drop it onto the Jalview window, the alignment should open.

(i1) Test the differences between (a) dragging the sequence onto the Jalview desktop
and (b) dragging the sequence onto an existing alignment window.

(iii)) Open http://www.jalview.org/tutorial/alignment.fa in a web browser.
Drag the URL directly from browser onto Jalview desktop. (If the URL is down-
loaded, then locate the file in your download directory and open it in a text editor.)

3.e. The text editor: (i) Open the alignment.fa file using text editor. Copy the sequence
text from the file into the clipboard and paste it into the desktop background by right-
clicking and selecting the Paste to New Window menu option.

(i) In the text editor, copy the sequence text from alignment.fa into the clipboard
(usually via the browser’s Edit = Copy menu option).

(iii) In the Desktop menu, select File = Input Alignment = From Textbox. Paste the
clipboard into the large window using the Edit = Paste text box menu option. Click
New Window and the alignment will be loaded.

3.f. Loading sequences from Public Database: (i) Select File = Fetch Sequence(s)...
from the Desktop. The Select Database Retrieval Source dialog will open showing all
the database sources. Select the PFAM seed database and click OK.

(i1)Once a source has been selected, the New Sequence Fetcher window will open.
Enter the accession number PF03460 and click OK. An alignment of about 174 se-
quences should load.

3.g. These can be viewed using the Overview window accessible from View = Overview
Window. Several database IDs can be loaded by using semicolons to separate them.

See the video at: http://www. jalview.org/Help/Getting-Started

1.5 Saving Sequences and Alignments

1.5.1 Saving Alignments

Jalview allows alignments to be saved to file in a variety of formats so they can be restored at a
later date, passed to colleagues or analysed in other programs. From the alignment window menu
select File = Save As and a dialog box will appear (Figure[1.13). You can navigate to an appropriate


http://www.jalview.org/jvmmemoryparams.html
http://www.jalview.org/tutorial/alignment.fa
http://www.jalview.org/tutorial/alignment.fa
http://www.jalview.org/tutorial/alignment.fa
http://www.jalview.org/Help/Getting-Started
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directory in which to save the alignment. Jalview will remember the last filename and format used
to save (or load) the alignment, enabling you to quickly save the file during or after editing by using
the File = Save entry. The File = Output To Textbox menu option allows the alignment to be copied
and pasted into other documents or web servers.

Jalview offers several different formats in which an alignment can be saved. Of these, only the
jalview project format (.jar or .jvp) will preserve the colours, groupings and other additional infor-
mation in the alignment. The other formats produce text files containing just the sequences with
no visualization information, although some allow limited annotation and sequence features to be
stored (e.g. AMSA). Unfortunately, as far as we are aware only Jalview can read Jalview project files.

8oe Musclews alignment of Uniref50 Sequences - FASTA
File Edit Select View Format Colour Calculate Web Service
e 808 Save Aligonenie fils
FER_Ci
FERI_S File:
Qa3X)
FER1_k 0
Q7XAG PROJECT F
0686 MuscleWs alic FERT_A
mEdi[ Select View Format C FER]_% Name & | Date Modified
Fetch SEQUEH[E(SL.. | FER3 ’
Add Sequences » FERI-;&
Relsad 1 =
| FER_BA
save %5, FER2_A KE
Q9376 I _ |
Output to Texthox M | v
50N S | se Fasta (.fa, fastg, fasta) ~
Export Image W Clustal {.aln) |
E F
it i ot ol PEAM (pfam)
Load Associated Tree MSF (.msf) h
Load Features / Annotations — PIR (.Di” i
fglnse 8w BLC (.blc) {33
CAMSA £ amsa) B I ‘
File Format: Jalview (jar) i
|
[ New Fulder:- :Can(el ' yav . i
Sequence 6 ID; Q7XAS8 TRIPR Residue:; GLY (109) ‘
Figure 1.13: Saving alignments in Jalview to disk.
1.5.2 Jalview Projects
If you wish to save a complete Jalview session rather than ,
. . . aee
just a single alignment (e.g. because you have calculated trees = -
ltivle diff t ali ts) th Kk Tools Help Window
or multiple dirierent alignments en save your work as a Input Alignment S

Jalview Project file (.jvp)E From the main menu select File
= Save Project and a file save dialog box will appear. Loading
a project will restore Jalview to exactly the view at which the
file was saved, complete with all alignments, trees, annotation
and displayed structures rendered appropriately.

Fetch Sequenceis)...

usc
Save Project
Fo

Load Project X

Quit CA

TR T i A

147ip: Ensure that you have allocated plenty of memory to Jalview when working with large alignments in Jalview
projects. See Section@for how to do this.
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Exercise 4: Saving Alignments
4.a. Launch Jalview afresh, or use Desktop = Window = Close all .

4.b. Load the ferredoxin alignment (PF03460) from PFAM (seed) (see Exercise [3).

4.c. Select File = Save As from the alignment window menu. Choose a location into which
to save the alignment and select your preferred format. All formats except Jalview

jvp can be viewed in a normal text editor (e.g. Notepad) or in a web browser. Enter a
file name and click Save.

4.d. Check this file by closing all windows and opening it with Jalview, or by browsing to
it with your web browser.

4.e. Repeat the previous steps saving the files in different file formats.

4.f. Select File = Output to Textbox = FASTA. Select and copy this alignment to the
clipboard using the textbox menu options Edit = Select All followed by Edit = Copy.

The alignment can then be pasted into any application of choice, e.g. a word processor
or web form.

4.g. Ensure at least one alignment window is active in Jalview. Open the overview win-
dow View = Overview Window and scroll red box to any part of the alignment. Select
File = Save Project from the main menu and save the project in a suitable folder.

4.h. Close all windows and then load the project via the File = Load Project menu option.

Observe how all the windows and positions are exactly as they were when they were
saved.

See the video at: http://www. jalview.org/Help/Getting-Started.
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Chapter 2

Selecting and Editing Sequences

Jalview makes extensive use of selections - most of the commands available from its menus operate
on the currently selected region of the alignment, either to change their appearance or perform some
kind of analysis. This section illustrates how to make and use selections and groups.

2.1 Selecting Parts of an Alignment

Selections can be of arbitrary regions in an alignment, one or more complete columns, or one or more
complete sequences. A selected region can be copied and pasted as a new alignment using the Edit
= Copy and Edit = Paste = To New Alignment in the alignment window menu options. To clear
(unselect) the selection press the [ESC] (escape) key.

2.1.1 Selecting Arbitrary Regions

To select part of an alignment, place the mouse at the top left corner of the region you wish to select.
Press and hold the mouse button and drag the mouse to the bottom right corner of the chosen region
then release the mouse button. A dashed red box appears around the selected region (Figure [2.1).

8ecoe6 MuscleWs alignment of Uniref50 Sequences - FASTA
File Edit Select View Format Colour Calculate Web Service

@ 9 0 30 120
FER_CAPAA/1-97 EFDCPDDVY | LDOAEEAGHDLPYSCRAGSCSSCAGK | AGGAVDQTDGNFLDDDQLEEG oy

FER_CAPAN/1-144  EFDCPDNVY | LDOAEEAGHDLPYSCRAGSCSSCAGKIAGGAVDQTDGNFLDDDQLEEG
FER1_SOLLC/1-144  EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSCAGKVTAGSVDQSDGNFLDEDIQE AAG
Q93X/9_SOLTU/1-144 EFECPDDVY | LDOAEEEGHDLPYSCRAGSCSSCAGKVTAGTVDQSDGKF LDDDIQE AAG
FER1_PEA/1-149 EFECPSDVY | LDHAEEVGIDLPYSCRAGSCSSCAGKVVGGEVDQSDGSFLDDEQ!EAG
Q7XA98_TRIPR/1-152 EFDCPDDVY | LDHAEEVG IELPYSCRAGSCSSCAGKYVNGNVNQEDGSFLDDEQIEGE
FERI_MESCR/1-148 ELECPDDVY | LDAAEEAGIDLPYSCRAGSCSSCAGKVTSGSVNQDDGSFLDDDOIKEG
FER1 SPIOL/1-147 ~ EFQCPDDVY | LDAAEEEGIDLPYSCRAGSCSSCAGKLKTGSLNQDDQSFLDDDQIDEG
FER3 RAPSA/1-96 ~ EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQSDQSFLDDDOIAEG
FER1 ARATH/1-148 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQSDQSFLDDEQIGEG
FER_BRANA/1-96 EVECDDDVYWLDAAEEAG IDLPYSCRAGSCSSCAGKVYSGFVDQSDESFLDDDIOIAEG
FERZ_ARATH/1-148 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGSIDQ5DNOSFLDDEQMSEG
Q93Z60_ARATH/1-118 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGSIDQSDQSFLOD- -~ - - -

Figure 2.1: Selecting a region in an alignment.

17
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2.1.2 Selecting Columns

To select the same residues in all sequences, click and drag along the alignment ruler. This selects
the entire column of the alignment. Ranges of positions from the alignment ruler can also be se-
lected by clicking on the first position and then holding down the [SHIFT] key whilst clicking the
other end of the selection. Discontinuous regions can be selected by holding down [CTRL] and click-
ing on positions to add to the column selection. Note that each [CTRL]-Click (PC) or [CMD]-Click
(Mac) changes the current selected sequence region to that column, but adds to the column selection.
Selected columns are indicated by red highlighting in the ruler bar (Figure [2.2).

[CHEHS) MuscleWs alignment of Uniref50 Sequences - FASTA

File Edit Select View Format Colour Calculate Web Service
. s oI 0

FER_CAPAA/1-97 EFDCPDDVY | LDQAEEAGHDLPYSCRAGSCSSCAGK | AGCAVDQ®
FER_CAPAN/1-144 EFDCPDNVY | LDQAEEAGHDLPYSCRAGSCS'SCAGK | AGGAVDQ®
FER1_SOLLC/1-144 EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSISCAGKVTAGSVDQ!
Q93X/9_SOLTU/1-144 EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSCAGKVTAGTVDQ!
FERI_PEA/1-149 EFECPSDVY | LDHAEEVGIDLPYSCRAGSCSSCAGKVVGGEVDQ!
Q7XA98_TRIPR/1-152 EFDCPDDVY | LDHAEEWGIELPYSCRAGSCSISCAGKVVNGNVNQI
FER1_MESCR/1-148 ELECPDDVY | LDAAEEAGIDLPYSCRAGSCISISCAGKVTSGSVNQL
FER1_SPIOL/1-147 EFQCPDDVY | LDAAEEEGIDLPYSCRAGSCSSCAGKLKTGSLNGI
FER3_RAPSA/1-96 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQ!
FER1_ARATH/1-148 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQ!
FER_BRANA/1-96 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGFVDQ!
FER2_ARATH/1-148 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGSIDQ!
093Z60_ARATH/1-118 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSISCAGKVVSGSIDQ!

Figure 2.2: Selecting multiple columns in an alignment. The red highlighting on the align-
ment ruler marks the selected columns. Note that only the most recently selected
column has a dashed-box around it to indicate a region selection.

2.1.3 Selecting Sequences

8ame MuscleWs alignment of UnirefS0 Sequences - FASTA
File Edit Select View Format Colour Calculate Web Service )

80 90 100 110 120
FER_CAPAA/1-87 EFDCPDDVY | LDQAEEAGHDLPYSCRAGSCSSCAGK I AGGAVDQTDGNFLDDDQLEEG

FER_CAPAN/1-144 EFDCPDNVY | LDQAEEAGHDLPYSCRAGSCSSCAGKI AGGAVDQTDGNFLDDDQLEEG
FER1_SOLLC/1-144  EFECPDDVYILDOAEEEGHDLPYSCRAGSCSSCAGKVTAGSVDQSDGNFLDEDOEAAG
Q93X/9 SOLTU/1-144 EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSCAGKVTAGTVDQSDCKFLDDDQEAAG
FER!_PEA/1-148 EFECPSDVY | LDHAEEVGCIDLPYSCRAGSCSSCAGKVVGGEVDQSDGSFLDDEQI EAG
QFXA9B8_TRIPR/1-152 EFDCPDDVY | LDHAEEVGIELPYSCRAGSCSSCAGKVVNGNVNQEDGSFLDDEQIEGG
FER1_MESCR/1-148 ELECPDDVY | LDAAEEAGIDLPYSCRAGSCSSCAGKVTSGSVYNQDDGSFLDDDQIKEG
FERI_SPIOL/1-147  EFQUPDDVY | LDAAEEEGIDLPYSCRAGSCSSCAGKLKTGSLNGDDQSFLDDDOIDEG
FER3_RAPSA/1-96 EVECDDDVYVLDAAEEAGCIDLPYSCRAGSCSSCAGKVVSGSYDQSDQSFLDDDQIAEG
FERI_ARATH/1-148 EVECDDDVYVLDAAEEAGCIDLPYSCRACSCSSCACKVVSCGSVYDQSDQSFLDDEQIGEG
FER_BRANA/1-96 EVECDDDVYVLDAAEEACIDLPYSCRAGCSCSSCAGKVVSCFVYDQSDESFLDDDQIAEC
FERZ_ARATH/1-148 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGSIDQSDQSFLDDEQMSEG
Q93260 ARATH/1-118 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGS IDQSDOQSFLDD---~--- -

Figure 2.3: Selecting multiple sequences in an alignment. Use [CTRL] or [SHIFT] to select
many sequences at once.

To select multiple complete sequences, click and drag the mouse down the sequence ID panel. The
same techniques as used for columns (above) can be used with [SHIFT]-Click for continuous and
[CTRLI-Click to select discontinuous ranges of sequences (Figure [2.3).

2.1.4 Making Selections in Cursor Mode

To define a selection in cursor mode (which is enabled by pressing [F2] when the alignment window
is selected), navigate to the top left corner of the proposed selection (using the mouse, the arrow
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keys, or the keystroke commands described in Section [1.3.2). Pressing the [Q] key marks this as the
corner. A red outline appears around the cursor (Figure 2.4).

Navigate to the bottom right corner of the proposed selection and press the [M] key. This marks the
bottom right corner of the selection. The selection can then be treated in the same way as if it had
been created in normal mode.

Figure 2.4: Making a selection in cursor mode. Navigate to the top left corner (left), press
[Q], navigate to the bottom right corner and press [M] (right).

2.1.5 Inverting the Current Selection

The current sequence or column selection can be inverted, using Select = Invert Sequence/Column
Selection in the alignment window. Inverting the selection is useful when selecting large regions in
an alignment, simply select the region that is to be kept unselected, and then invert the selection.
This may also be useful when hiding large regions in an alignment (see Section [2.5|below). Instead
of selecting the columns and rows that are to be hidden, simply select the region that is to be kept
visible, invert the selection, then select View = Hide = Selected Region.

2.2 Creating Groups

Selections are lost as soon as a different region is selected. Groups can be created which are labeled
regions of the alignment. To create a group, first select the region which is to comprise the group.
Then click the right mouse button on the selection to bring up a context menu. Select Selection =
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Figure 2.5: Creating a new group from a selection.
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Group = Edit name and description of current grou;ﬂ then enter a name for the group in the dialog
box which appears.

By default the new group will have a box drawn around it. The appearance of the group can be
changed (see Section below). This group will stay defined even when the selection is removed.

Exercise 5: Making Selections and Groups

5.a. Close windows.

Load the ferredoxin alignment (PF03460 from PFAM (seed)).

5.b. Selecting an arbitrary region. Choose a residue and place the mouse cursor on it
(residue information will show in alignment window status bar). Click and drag the
mouse to the bottom-right to create a selection. As you drag, a red box will ‘rubber
band’ out to show the extent of the selection. Release the mouse button and a red box
borders the selected region. Press [ESC] to clear this.

5.c. Select one sequence by clicking on the sequence ID panel. Note that the sequence
ID takes on a highlighted background and a red box appears around the selected
sequence. Hold down [SHIFT] and click another sequence ID a few positions above
or below. Note how the selection expands to include all the sequences between the
two positions on which you clicked. Hold down [CTRL] and then click on several se-
quences’ IDs - both selected and unselected. Note how unselected IDs are individually
added to the selection and previously selected IDs are individually deselected.

5.d. Select columns by clicking on the Alignment Ruler. Note that the selected column
is marked with a red box. Hold down [SHIFT] and click a column beyond. Note the
selection expands to include all the sequences between the two positions on which
you clicked.

5.e. Enter Cursor mode using [F2], or [Fn]-F2 for Macs. Navigate to column 59, row 1 by
pressing 5 9, 1 [RETURNI. Press Q to mark this position. Navigate to column 65,
row 8 by pressing 6 5, 8 [RETURNI. Press M to complete the selection. Note to clear
the selection press the [ESC] key.

5.f. To create a group from the selected the region, click the right mouse button when
mouse is on the selection, this opens a context menu in the alignment window.

Open the Selection = Edit New Group = Group Colour menu and select Percentage
Identity. This will turn the selected region into a group and colour it accordingly.

5.g. Hold down [CTRL] and use the mouse to select and deselect sequences in the align-
ment by clicking on their Sequence ID label. Note how the group expands to include
newly selected sequences, and the Percentage Identity colouring changes.

5.h. Another way to resize the group is by using the mouse to click and drag the right-
hand edge of the selected group.

5.i. The current selection can be exported and saved by right clicking the mouse when on
the text area to open the Sequence ID context menu. Follow the menus and pick an
output format (eg BLC) from the Selection = Output to Textbox ... submenu.

5.j. In the Alignment output window that opens, try manually editing the alignment
before clicking the New Window button. This opens the edited alignment in a new
alignment window.

See the video at: http://www. jalview.org/training/Training-Videos.

1In earlier versions of Jalview, this entry was variously ‘Group’, ‘Edit Group Name’, or ‘JGroupXXXXX’ (Where XXXXX
was some serial number).


http://www.jalview.org/training/Training-Videos
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2.3 Exporting the Current Selection

The current selection can be copied to the clipboard (in PFAM format). It can also be output to a
textbox using the output functions in the pop-up menu obtained by right clicking the current selec-
tion. The textbox enables quick manual editing of the alignment prior to importing it into a new
window (using the New Window button) or saving to a file with the File = Save As pulldown menu
option from the text box.

2.4 Reordering an Alignment

Sequence reordering is simple. Highlight the sequences to be moved then press the up or down arrow
keys as appropriate (Figure [2.6). If you wish to move a sequence up past several other sequences it
is often quicker to select the group past which you want to move it and then move the group rather
than the individual sequence.

; 60 70 80 90 ) ) 60 ) 70 ) 80 ) 90 ) :
FER_CAPAA/1-87  ----- ASYKVKLITPDGP IEFDCPDDVY | LDQAEEAGHD LP|Y SCRA( FER_CAPAA/I-97 == --- ASYKVKLITPDGP |EFDCPDDVY | LDQAEEAGHDLPYSCRA
FER_CAPAN/1-144 KVTCMA|SYKVKLITPDGP | EFDCPDNVY | LDQAEEAGHD LP|Y SCRA( FER_CAPAN/1-144 KVTCMASYKVKLITPDGP |EFDCPDNVY | LDOQAEEAGHDLPYSCRA
FER1_SOLLC/1-144  RITCMASYKVKLITPEGP IEFECPDDVY | LDQAEEEGHDLP|Y SCRA( FERI_SOLLC/1-144  RITCMASYKVKLITPEGP |EFECPDDVY | LDQAEEEGHDLP Y SCRAI
Q93XJ9_SOLTU/1-144 RITCMASYKVKLITPDGP | EFECPDDVY | LDQAEEEGHDLP|Y SCRA( Q93Xj9_SOLTU/1-144 RITCMASYKVKLITPDGP |EFECPDDVY | LDQAEEEGHDLP Y SCRAI
FER1_PEA/1-149 LAVAMASYKVKLVTPDGTQEFECP SDVY | LDHAEEVG I DLP|Y SCRA( FERI_PEA/1-149 LAVAMASYKVKLVTPDGTQE FECP SDVY | LDHAEEVG IDLPYSCRAI
Q7XAS8_TRIPR/1-152 LAVAMATYKVKLITPEGPQEFDCPDDVY | LDHAEEVG | E LP|YSCRAl Q7XA98 TRIPR/1-152 LAVAMATYKVKLITPEGPQEFDCPDDVY1LDHAEEVG I ELPY SCRAC
FER1_MESCR/1-148 MAAYKVTLVTPEGKQE LECPDDVY | LDAAEEAGIDLP|YSCRA( FERI_SPIOL/1-147 RMT-MAAYKVTLVTPTGNVE FQCPDOVY | LDAAEEEG IDLPYSCRA
FER1_SPIOL/I-147

RVTAMAAYKVTLVTPEGKQE LECPDDVY T LDAAEEAG IDLPY STRAC
FER3_RAPSA/1-96

e

Al AAYKVTLVTPEGKQE LECPDDVY | LDAAEEAG IDLPYSCRAL
ATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLP[YSCRA( FER3_RAPSA/I-96 ~ ----- ATYKVKFITPEGEQEVECDDDVYVLDAAEEAG IDLPYSCRAC
FER1_ARATH/1-148 RVTAMATYKVKFITPEGELEVECDDDVYVLDAAEEAGIDLP[YSCRA( FERI_ARATH/1-148 RNTAMATYKVKFITPEGELEVECDDDVYVLDAAEEAGIDLPYSCRA(

FER_BRANA/1-96 ----- ATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAl FER_BRANA/1-96 ~  ----- ATYKVKFITPEGEQEVECDDDVYVLDAAEEAG IDLPYSCRAC
FER2_ARATH/1-148 RVTAMATYKVKFITPEGEQEVECEEDVYVLDAAEEAGLDLPY SCRAl FER2_ARATH/1-148 RVTAMATYKVKFITPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAC
QI3Z60_ARATH/1-118 RVTAMATYKVKF I TPEGEQEVECEEDVYVLDAAEEAGLDLP|Y SCRA( Q93260 ARATH/I-118 RVTAMATYKVKF I TPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAC
FER1_MAIZE/1-150 RLRAQATYNVKLITPEGEVELQVPDDVY | LDQAEEDGIDLP|YSCRA( FERI_MAIZE/1-150 RLRAQATYNVKLITPEGEVELQVPDDVY | LDQAEEDGIDLPYSCRA(
080429 _MAIZE/1-140 LLRAQATYNVKLITPEGEVELQVPDDVYILDFAEEEGIDLPIFSCRA( O80429_MAIZE/1-140 LLRAQATYNVKLITPEGEVELQVPDDVY ILDFAEEEGIDLPFSCRA(

Figure 2.6: Reordering the alignment. The selected sequence moves up one position on press-
ing the 1 key.

Exercise 6: Reordering the Alignment

6.a. Close windows.

Load the ferredoxin alignment (PF03460 from PFAM (seed)).

6.b. Select one of the sequence in the sequence ID panel, use the up and down arrow keys
to alter the sequence’s position in the alignment. (Note that this will not work in
cursor mode)

6.c. To select and move multiple sequences, use hold [SHIFT], and select two sequences
separated by one or more un-selected sequences, repeat using the [CTRL] key. Note
how multiple sequences are grouped together when they are re-ordered using the up
and down arrow keys.

See the video at: http://www. jalview.org/training/Training-Videos)

2.5 Hiding Regions

It is sometimes convenient to exclude some sequences or residues in the alignment without actually
deleting them. Jalview allows sequences or alignment columns within a view to be hidden, and this
facility has been used to create the several different views in the example alignment file that is
loaded when Jalview is first started (See Figure[1.4).


http://www.jalview.org/training/Training-Videos
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To hide a set of sequences, select them and right-click the mouse on the selected sequence IDs to
bring up the context pop-up menu. Select Hide Sequences and the sequences will be concealed, with
a small blue triangle indicating their position (Figure 2.7). To unhide (reveal) the sequences, right
click on the triangle and select Reveal Sequences from the context menu.

8686 MuscleWs alignment of
File Edit Select View Format Colour Calculate '

FER_CAPAA/1-97
FER_CAPAN/1-144
FER1_SOLLC/1-144
FER1_SOLLC/1-144 : Q93X9_SOLTU/1-144
E;:fjfgj% e Eree FERI_SPIOL/1-147
Q7XA95_TRIPR/1-152 P BD FER3_RAPSA/1-36
oot soecton B e amaNa/1-96
FERT_ RAPSA/ Lo FER2_ARATH/1-148 E
FERLARATH/ IR Q93760_ARATH/1-118
FER_BRANA/1-96 — /
FER1_MAIZE/1-150  E

FER2_ARATH/1-148
Q93260_ARATH/1-118 E O80428_MAIZE/1-140
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FER1_ARATH/1-14g _ Hide Sequences
= FER_BRANA/1-96 Reveal Sequences
| FER2_ARATH/1-148  Reveal All

Q93Z60_ARATH/1-118 EE] ARE]
FER1_MAIZE/1-150 LAvPDDVY | LDQAEE
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Figure 2.7: Hiding Sequences Hidden sequences are represented by a small blue triangle in
the sequence ID panel.

A similar mechanism applies to columns (Figure [2.8). Selected columns (indicated by a red marker)
can be hidden and revealed in the same way via the context pop-up menu by right clicking on the
ruler bar. The hidden column selection is indicated by a small blue triangle in the ruler bar.
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Figure 2.8: Hiding Columns Hidden columns are represented by a small blue triangle in the
ruler bar.

It is often easier to select the region that you intend to work with, rather than the regions that you
want to hide. In this case, select the required region and use the View = Hide = All but Selected
Region menu entry, or press [Shift]+[Ctrl]+H to hide the unselected region.

2.5.1 Representing a Group with a Single Sequence

Instead of hiding a group completely, it is sometimes useful to work with just one representative
sequence. The <Sequence ID> = Represent group with <Sequence ID> option from the sequence
ID pop-up menu enables this variant of the hidden groups function. The remaining representative
sequence can be visualized and manipulated like any other. However, any alignment edits that affect
the sequence will also affect the whole sequence group.
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Exercise 7: Hiding and Revealing Regions

7.a. Close windows.

Load the ferredoxin alignment (PF03460 from PFAM (seed)).

7.b. Select a contiguous set of sequences by clicking and dragging on the sequence ID
panel. Right click on the selected sequence IDs to bring up the sequence ID context
menu, select Hide Sequences.

7.c. Right click on the blue triangle indicating hidden sequences and select Reveal Se-
quences in the panel. (If you have hidden all sequences then you will need to use the
alignment window menu option View = Show = All Sequences.)

7.d. Repeat the process but use a non-contiguous set of sequences. Note that when mul-
tiple regions are hidden you can select either Reveal Sequences to reveal the hidden
sequences that were clicked, or Reveal All.

7.e. Repeat the above using columns to hide and reveal columns instead of sequences.

7.f. Select a region of the alignment, and experiment with the Hide all but selected region
option in View = Hide = All but selected region.

7.g. Select some sequences, pick one to represent the rest by hovering the mouse over
this sequence. Bring up the Sequence ID context menu by right clicking and select
(Sequence ID name) = Represent group with (Sequence ID name ). To reveal these
hidden sequences, right click on the Sequence ID and in the context menu select

Reveal All
See the video at: http://www. jalview.org/training/Training-Videos)
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Figure 2.9: Introducing gaps in a single sequence. Gaps are introduced as the selected
sequence is dragged to the right while pressing and holding [SHIFT].
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Figure 2.10: Introducing gaps

in a group.
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Gaps are introduced as the selected group is

dragged to the right with [CTRL] pressed.

2.6 Introducing and Removing Gaps

The alignment view provides an interactive editing interface, allowing gaps to be inserted or deleted
to the left of any position in a sequence or sequence group. Alignment editing can only be performed
whilst in keyboard editing mode (entered by pressing [F2]) or by clicking and dragging residues with
the mouse when [SHIFT] or [CTRL] is held down (which differs from earlier versions of Jalview).


http://www.jalview.org/training/Training-Videos
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2.6.1 Undoing Edits

Alignment edits can be undone via the Edit = Undo Edit alignment window menu option, or CTRL-
Z. An edit, if undone, may be re-applied with Edit = Redo Edit, or CTRL-Y. Note, however, that the
Undo function only works for edits to the alignment or sequence ordering. Colouring of the align-
ment, showing and hiding of sequences or modification of annotation that only affect the alignment’s
display cannot be undone.

2.6.2 Locked Editing

The Jalview alignment editing model is different to that used in other alignment editors. Because
edits are restricted to the insertion and deletion of gaps to the left of a particular sequence position,
editing has the effect of shifting the rest of the sequence(s) being edited down or up-stream with re-
spect to the rest of alignment. The Edit = Pad Gaps option can be enabled to eliminate ‘ragged edges’
at the end of the alignment, but does not avoid the ‘knock-on’ effect which is sometimes undesirable.
However, its effect can be limited by performing the edit within a selected region. In this case, gaps
will only be removed or inserted within the selected region. Edits are similarly constrained when
they occur adjacent to a hidden column.

2.6.3 Introducing Gaps in a Single Sequence

To introduce a gap, first select the sequence in the sequence ID panel and then place the cursor on
the residue to the immediate right of where the gap should appear. Hold down the SHIFT key and
the left mouse button, then drag the sequence to the right until the required number of gaps has
been inserted.

One common error is to forget to hold down [SHIFT]. This results in a selection which is one sequence
high and one residue long. Gaps cannot be inserted in such a selection. The selection can be cleared
and editing enabled by pressing the [ESC] key.

2.6.4 Introducing Gaps in all Sequences of a Group

To insert gaps in all sequences in a selection or group, select the required sequences in the sequence
ID panel and then place the mouse cursor on any residue in the selection or group to the immediate
right of the position in which a gap should appear. Hold down the CTRL key and the left mouse
button, then drag the sequences to the right until the required number of gaps has appeared.

Gaps can be removed by dragging the residue to the immediate right of the gap leftwards whilst
holding down [SHIFT] (for single sequences) or [CTRL] (for a group of sequences).
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Exercise 8: Editing Alignments

You are going to manually reconstruct part of the example Jalview alignment available at

http://www.jalview.org/examples/exampleFile.jar.

Mac Users: Please use the Apple or [CMD] key in place of [CTRL] for key combinations such

as [CTRL]J-A.

Remember to use [CTRL]-Z to undo an edit, or the File = Reload function to revert the

alignment back to the original version if you want to start again.

8.a. Load the URL http://www.jalview.org/tutorial /unaligned.fa which contains part of the
ferredoxin alignment from PF03460.

8.b. Select the first 7 sequences, and press H to hide them (or right click on the sequence
IDs to open the sequence ID context menu, and select Hide Sequences).

8.c. Select FER3_RAPSA and FER_BRANA. Slide the sequences to the right so the initial
residue A lies at column 57 using the = key.

8.d. Select FER1_SPIOL, FER1_ARATH, FER2_ARATH, Q93Z60_ARATH and
080429_MAIZE
Hint: you can do this by pressing [CTRL]-I to invert the sequence selection and then
deselect FER1_MAIZE), and use the = key to slide them to so they begin at column
5 of the alignment view.

8.e. Select all the visible sequences (those not hidden) in the block by pressing [CTRL]-A.
Insert a single gap in all selected sequences at column 38 of the alignment by holding
[CTRL] and clicking on the R at column 38 in the FER1_SPIOL, then drag one column
to right. Insert another gap at column 47 in all sequences in the same way.

8.f. Correct the ferredoxin domain alignment for FER1_SPIOL by inserting two addi-
tional gaps after the gap at column 47. First press [ESC] to clear the selection, then
hold [SHIFT] and click and drag on the G and move it two columns to the right.

8.g. Now complete the alignment of FER1_SPIOL with a locked edit by pressing [ESC]
and select columns 47 to 57 of the FER1_SPIOL row. Move the mouse onto the G at
column 50, hold [SHIFT] and drag the G in column 47 of FER1_SPIOL to the left by
one column to insert a gap at column 57.

8.h. In the next two steps you will complete the alignment of the last two sequences.
Select the last two sequences (FER1_MAIZE and 080429 _MAIZE), then press
[SHIFT] and click and drag the initial methionine of 080429 _MAIZE 5 columns to
the right so it lies at column 10.

Keep holding [SHIFT] and click and drag to insert another gap at the proline at
column 25 (25C in cursor mode). Remove the gap at column 44, and insert 4 gaps at
column 47 (after AAPM).

8.i. Hold [SHIFT] and drag the I at column 39 of FER1_MAIZE 2 columns to the right.
Remove the gap at FER1_MAIZE column 49 by [SHIFT]-click and drag left by one col-
umn. Press [ESC] to clear the selection, and then insert three gaps in FER1_MAIZE
at column 47 by holding [SHIFT] and click and drag the S in FER1_MAIZE to the
right by three columns. Finally, remove the gap in 080429 _MAIZE at column 56
using [SHIFT]-drag to the left on 56C.

8.j. Use the Edit = Undo Edit and Edit = Redo Edit menu option, or their keyboard
shortcuts ((CTRL]-Z and [CTRL]-Y) to step backwards and replay the edits you have

made.
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2.6.5 Sliding Sequences

Pressing the [«] or [—] arrow keys when one or more sequences are selected will “slide” the entire
selected sequences to the left or right (respectively). Slides occur regardless of the region selection -
which, for example, allows you to easily reposition misaligned subfamilies within a larger alignment.

2.6.6 Editing in Cursor mode

Gaps can be easily inserted when in cursor mode (toggled with [F2]) by pressing [SPACE]. Gaps
will be inserted at the cursor, shifting the residue under the cursor to the right. To insert n gaps
type n and then press [SPACE]. To insert gaps into all sequences of a group, use [CTRL]-[SPACE] or
[SHIFT]-[SPACE] (both keys held down together).

Gaps can be removed in cursor mode by pressing [BACKSPACE]. First make sure you have every-
thing unselected by pressing ESC. The gap under the cursor will be removed. To remove n gaps, type
n and then press [BACKSPACE]. Gaps will be deleted up to the number specified. To delete gaps
from all sequences of a group, press [CTRL]-[BACKSPACE] or [SHIFT]-[BACKSPACE] (both keys
held down together). Note that the deletion will only occur if the gaps are in the same columns in all
sequences in the selected group, and those columns are to the right of the selected residue.

Exercise 9: Keyboard Edits

This continues on from the previous exercise, and recreates the final part of the example

ferredoxin alignment from the unaligned sequences using Jalview’s keyboard editing mode.

Window users: Please only use [SHIFT]-[SPACE] in this exercise.

Mac users: [CTRL]-[SPACE] can also be used instead of [SHIFT]-[SPACE].

9.a. Load the sequence alignment at http://www.jalview.org/tutorial /unaligned.fa, or con-
tinue using the edited alignment. If you continue from the previous exercise, first
right click on the sequence ID panel and select Reveal All. Enter cursor mode by
pressing [F2].

9.b. Insert 58 gaps at the start of the sequence 1 (FER_CAPAA). Press 58 then [SPACE].

9.c. Go down one sequence and select rows 2-5 as a block. Click on the second sequence
ID (FER_CAPAN). Hold down shift and click on the fifth (FER1_PEA).

9.d. Insert 6 gaps at the start of this group. Go to column 1 row 2 by typing 1,2 then press
[RETURN]. Now insert 6 gaps in all the sequences. Type 6 then hold down [SHIFT]
and press [SPACE].

9.e. Now insert one gap at column 34 and another at 38. Insert 3 gaps at 47. Press 34C
then [SHIFT]-[SPACE]. Press 38C then [SHIFT]-[SPACE]. Press 47C then 3 [SHIFT-
SPACE] the first through fourth sequences are now aligned.

9.f. The fifth sequence (FER1_PEA) is poorly aligned. We will delete some gaps and add
some new ones. Press [ESC] to clear the selection. Navigate to the start of sequence
5 and delete 3 gaps. Press 1,5 [RETURN] then 3 [BACKSPACE] to delete three gaps.
Go to column 31 and delete the gap. Press 31C [BACKSPACE] .

9.g. Similarly delete the gap now at column 34, then insert two gaps at column 38. Press
34C [BACKSPACE] 38C 2 [SPACE]. Delete three gaps at column 44 and insert one
at column 47 by pressing 44C 3 [BACKSPACE] 47C [SPACE]. The top five sequences
are now aligned.




Chapter 3

Colouring Sequences and Figure

(Generation

3.1 Colouring Sequences

Colouring sequences is a key aspect of alignment presentation. Jalview allows you to colour the
whole alignment, or just specific groups. Alignment and group colours are rendered below any other
colours, such as those arising from sequence features (these are described in Section [4). This means
that if you try to apply one of the colourschemes described in this section, and nothing appears to
happen, it may be that you have sequence feature annotation displayed, and you may have to disable

it using the View = Show Features option before you can see your colourscheme.

There are two main types of colouring styles: simple static residue colourschemes and dynamic
schemes which use conservation and consensus analysis to control colouring. Hybrid colouring
is also possible, where static residue schemes are modified using a dynamic scheme. The individual

schemes are described in Section below.

3.1.1 Colouring the Whole Alignment

The alignment can be coloured via the Colour menu op-
tion in the alignment window. Selecting the colour scheme
causes all residues to be coloured. The menu is divided
into three sections. The first section gives options for the
behaviour of the menu options, the second lists static and
dynamic colourschemes available for selection. The last
gives options for making hybrid colourschemes using con-
servation shading or colourscheme thresholding.
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3.1.2 Colouring a Group or Selection

Selections or groups can be coloured in two ways. The first is via the Alignment Window’s Colour
menu as stated above, after first ensuring that the Apply Colour To All Groups flag is not selected.
This must be turned off specifically as it is on by default. When unticked, selections from the Colours
menu will only change the colour for residues in the current selection, or the alignment view’s “back-
ground colourscheme” when no selection exists.

The second method is to select sequences and right click mouse to open pop-up menu and select
Selection = Edit New Group = Group Colour from context menu options (Figure [3.1). This only
changes the colour of the current selection or group.

866 MuscleWs alignment of Uniref50 Sequences - FASTA.
File Edit Select View Format Colour Calculate Web Service

110 120 130 140
FER_CAPAA/1-97 SCAGEKIACCAVDOTOGN FIARNNLFFCWY I TCVAYPQSDVT I ETHKE
FER_CAPAN/1-144 Y Selection ERaelld PCVAYPQSDVT I ETHKE
FER1_SOLLC/1-144 SCAGKVTAGS\ Qutput to Textbox... PCVAYPKGDVT I ETHKE ||
Q93X9_SOLTU/1-144 SCAGKVTAGT\ CVAYPKCDVTIETHKE ||
FERI_PEA/1-149 SCAGKVVGGE \gpacale SeaUenCe FeatUre .y nx crvinir e r K E ||

Q7XA98_TRIPR/1-152 SCAGKVVNGN ferredoxin HKE ||
FER1_MESCR/1-148  SCAGKVTSGSVNQDDGSFLDDDQIKEGWVLT Remove Group HKE |l
FERI_SPIOL/1-147 SCAGK LKTGSLNQDDQEFLDDDQ\DEGWVL Text Colour
FER3_RAPSA/1-96 SCAGKVVSGSVDQSDQSFLDDDQIAEGFVLT, pov s aficha

FER1 ARATH/1-148 SCAGKVVSGSVDQSDQSFLDDEQIGEGFVLT

FER_RRANA/1-96 SCAGKVVSGFVDQSDESFLDDDQ | AEGFVLTY Text Clustalx colours
FER2_ARATH/1-148  SCAGKVVSGS|DQSDQSFLDDEQMSEGYVLT Colour Text

Q93Z60_ARATH/1-118 SCAGKVVSGSIDQSDQSFLDDf-----~----~ Border colour Percentage Identity
Secondary Structure  Fe 4 8. 6 7 - 9 1 Zappo
- o e b " Taylor
Iron Sulphur Contacts  Fe Fe Hydrophobicity
- Helix propensity
Conservation il w I_-__ o WeSeess Weem B _mmw Strand propensity
~ 936 399 6 459 000T000323222132201431232 Tyrn propensity

i) y Buried Index
e IJ | Nucleotide
User Defined...

€& =3 Above%Identity
Sequence 4 ID: Q93XJ5_SOLTU Residue: ALA (95) Conservation
—

Figure 3.1: Colouring a group via the context menu.

3.1.3 Shading by Conservation

For many colour schemes, the intensity of the colour in a column can be scaled by the degree of amino
acid property conservation. Selecting Colour = By Conservation enables this mode, and Modify
Conservation Threshold... brings up a selection box (the Conservation Colour Increment dialog box)
allowing the alignment colouring to be modified. Selecting a higher value limits colouring to more
highly conserved columns (Figure [3.2).

ooo [0

File Edit Select View Format File EdIt Select View Format Colour Calculate Web Service
50 50 %0 100

110

D 20 10 120
1 AGGAVBRTHGN FEDDDQLEEC

c‘Ach DDOQLEEG

FER_CAPAA/1-97 FOCPODY
cSScack bopaLEEC

CRVT
(CACHVTAGTVDESBCK FLDDDQE ARG

5 LNEDBGS FLODDA I DEC

jas FIDDEQICEC
£ S FLDDDQI AEC
51085805 FLODEQMSEC

,,,,,,,

sBasytopcal Ao

5BQSYLDDGQI ADG
58S FANDNQVADG

1
080429 MAZE/1-140

Figure 3.2: Conservation Shading The density of the ClustalX style residue colouring is con-
trolled by the conservation threshold. The effect of 0% (left), 50% (center) and 100%
(right) thresholds are shown.
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3.1.4 Thresholding by Percentage Identity

‘Thresholding’ is another hybrid colour model where a residue is only coloured if it is not excluded by
an applied threshold. Selecting Colour = Above Identity Threshold brings up a selection box with
a slider controlling the minimum percentage identity threshold to be applied. Selecting a higher
threshold (by sliding to the right) limits the colouring to columns with a higher percentage identity
(as shown by the Consensus histogram in the annotation panel).

3.1.5 Colouring by Annotation

File Edit Select View Format Colour Calculate Web Service
0

Any of the quantitative annotations shownon __—~ . v .
an alignment can be used to threshold or shade @i, us

FER1PEA/1-149  LKT-SLKRGDLAVAM
Q7xA98 TRIPR/1-152 LKSVSTKRGDLAVAM

the Whole alignmentﬂ FERLMESCR/1-148 LK SRCRVTA

FERL_SPIOL/1-147

FERI_RAPSA/1-06

The Colour = By Annotation option opens a di- @unliu® e

FERZ_ARATH/1-148 LK S~ STARGGRVTAM|

Q3260 ARATH/1-118 LK S - STARGGRVTAM

alog which allows you to select which annota- iz = -ssarrin

tion to use, the minimum and maximum shading ——T T T

colours or whether the original colouring should u-_ann e oty pma

be thresholded (the ‘Use original colours’ option). oniarvsin ) -

Default settings for minimum and maximum = o y Bvesesoner EEEE SN
g . [ Above Threshold | #] Defauits ) |

colours can be set in the Jalview Desktop’s pref- Essmsemess o = —o—o0 5 —
erences. ——

Cancel

The per Sequence option in the Colour By Annotation dialog allows each sequence to be shaded
according to sequence associated annotation rows, such as protein disorder scores. This functionality
is described further in Section [8.2]

3.1.6 Colour Schemes

Full details on each colour scheme can be found in the Jalview on-line help. A brief description of
each one is provided below:

ClustalX

This is an emulation of the default colourscheme used oo e .
fOI' alignments in ClustalX, a graphical interface fOI' File Edit Select View Forma;ucnlou‘r Calculate Web Serv:(e ‘

FER_CAPAA/1-97

the ClustalW multiple sequence alignment program. &y,

Q93X/9_SOLTU/1-144

ER 1_PEA/1-149

Each residue in the alignment is assigned a colour if i

FER1_MESCR/1-148

FER1_SPIOL/1-147

the amino acid profile of the alignment at that position =%,

FER_BRANA/1-96
FER2_ARATH/1-148

meets some minimum criteria specific for the residue gt

ER1_MAIZE/1-150
080429 MAIZE/1-140

type.

IPlease remember to turn off Sequence Feature display to see the shading
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Blosum62

806 MuscleWs alignment of Uniref50 Sequences - FASTA
3 1 File Edit Select View Fi Col Cal | Web §
Gaps are coloured white. If a residue matches the con- Fie fi selest view format colour calulaie web senvce
FER_CAPAA/1-97 E FDCPDDVYI LDQA[EAGHDU’Y SCRAé SCS SCAGK I AGGAVDQTDGN FLDDDQL EEG

1 141 11 1 FER_CAPAN/1-144  EFDCPDNVY | LDOAEEAGHDLPYSCRAGSCSSCAGK | ACGAVDQTDGN FLDDDQLE EG

sensus sequence residue at that position it is coloured o Fe o A o s eACK ) eAvpaT e FLoPRa e e

Q93X/9_SOLTU/1-144 EFECPDDVY | LDOAEEEGHDLPYSCRAGSCSSCAGKVTAGTVDASDGK FLDDDAE AAG

dark blue. If it does not match the consensus residue v i i: Eroeonvy|LoraEeveloLrshAG s SCAKINC NG bGSt Loneal s ¢
3 /1= Q|

M FER1_MESCR/1-148  ELECPDDVY | LDAAEEAGIDLPYSCRAGSCSSCAGKY TSGSVNQDDGSFLDDDAIKEG

. . .. ., . FRIsPOL/I-147  EFQCPDDVY | LDAAEEEGIDLPYSCRAGSCSSCAGKLKTGSLN: gmsnop‘pmnpc

FER3_RAPSA/1-96  EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQSDQSFLDDDAIAEG

but the Blosum62 matrix gives a positive score, it is Ziisi, sy baEeasiotrscracscss ot bsbas rioooa Ate

FER_BRANA/1-96  E vignwav Bo E:g i nt?*;;gngsggg:c:wsc;vggsnsi;:gnngu Aié

A FER2_ARATH/1-148 EVECEEDVYV EE LDLP RAG S \G 5GS | 5DQ. )DEQMS E

COlOllI'ed llght blue. Q92260_ARATH/1-118 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGS | DOSDQSFLDD-- - - - -

FERI_MAIZE/1-150  ELQVPDDVY | LDQAEEDG|DLPVSCILAGSCSSCACKVVSCSVDQSDQSVLDBGQIADG

080429_MAIZE/1-140 ELQVPDDVY I LDFAEEEGIDLP FSCRAGSCSSCAGKVVSGSVDQSDQSFLNDNQVADG

Percentage Identity

8686 MuscleWs alignment of UnirefS0 Sequences - FASTA.

File Edit Select View Format Colour Calculate Web Service
80

FER_CAPAA/1-97

The Percent Identity option colours the residues
(boxes and/or text) according to the percentage of the &

Q03Xj9_SOLTU/1-144
FER1_PEA/1-149

residues in each column that agree with the consen- wsimss
FER1_SPIOL/1-147

sus sequence. Only the residues that agree with the i s

FER_BRANA/1-96

consensus residue for each column are coloured. i i 1s
080429 _MAIZE/1-140 ELQVPDI

S>> 2>>>TI0000-

Zappo

666 MuscleWs alignment of Uniref50 Sequences - FASTA
File Edit Select View Forma( Culuur Calculate Web Service

YIL
VY I L
VY I L]
vy I L]
VY | L]
vy I L]
VY I L]
vy I L]
VY VL]
A
VY VL]
vy VL]
VY VL]
VY I L]
vy i L]

666 MuscleWs alignment of Uniref50 Sequences - FASTA
File Edit Select View Format Colour Calculate Web Service

The residues are coloured according to their physic-
FER_CAPAA/1-37
ochemical properties. The physicochemical group- e |

Q93X)9_SOLTU/1-144
. . . . . . . FER1_PEA/1-149
ings are Aliphatic/hydrophobic, Aromatic, Positive, g
FER1_SPIOL/1-147
Negative, Hydrophillic, conformationally special, and 7%
. FERDARATH 1248
Cyst(e)ine. Gzt s 11
080429_MAIZE/1-140

aNalaNalalalaNalaKalaXalalalal
ER

Taylor

FER_CAPAA/1-97

This colour scheme was devised by Willie Taylor and Zi5icrs
FER1_PEA/1-149

an entertaining description of its origin can be found s

FER1_MESCR/1

FER1_SPIOL/1~

in Protein Engineering, Vol 10 , 743-746 (1997). e

FER_BRANA/1-96
FER2_ARATH/1-148
Q03760_ARATH/1-118
FER1_MAIZE/1-150
080429_MAIZE/1-140

Hydrophobicity

666 MuscleWs alignment of Uniref50 Sequences - FASTA
File Edit Select View Format Colour Calculate Web Service
100

110 120

Residues are coloured according to the hydrophobic- :
ity table of Kyte, J., and Doolittle, R.F., J. Mol. Biol. &%

QQ}XJ?,SOLTWI{AI‘M
1157, 105-132, 1982. The most hydrophobic residues &

are coloured red and the most hydrophilic ones are i

FER_BRANA/1-96

FER2_ARATH/1-148

coloured blue.  usmns RS SRR S R

080420 MAIZE/1-140
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Helix Propensity

806 MuscleWs alignment of Uniref50 Sequences - FASTA
File Edit Select View Format Colour Calculate Web Service
0 100 110 120

. . . I
The residues are coloured according to their Chou- &,

Q93X/9_SOLTU/1-144

FasmarEl helix propensity. The highest propensity is g
. pext b

magenta, the lowest is green. i

FER_BRANA/1-96

FER2_ARATH/1-148
Q92260_ARATH/1-115 EVECEEDVYV LDAAE EAGLDLPY S CRAGSES SCAGKVVSES | DQSDQSFLDD - - - - - -
FER1_MAIZE/1-150

080429_MAIZE/1-140

Strand Propensity

e 06 MuscleWs alignment of Uniref50 Sequences - FASTA

File Edit Select View Format Colour Calculate Web Service

FER_CAPAA/1-97
FER_CAPAN/I-144

The residues are coloured according to their Chou- i

Q93X/9_SOLTU/1-144

Fasman? Strand propensity. The highest propensity i s
. . FEF L/1-147
is Yellow, the lowest is blue. s

FER_BRANA/1-96
FER2_ARATH/1-148
Q93750_ARATH/1-118
FER1_MAIZE/1-150
D80429_MAIZE/1-140

Turn Propensity

806 MuscleWws alignment of Uniref50 Sequences - FASTA

File Edit Select View Format Colour Calculate Web Service

[FER_CAPAA/1-97 y. "
The residues are coloured according to their Chou- &l

1Q93X)9_SOLTU/1-144 E

FER1_PEA/1-149

Fasman? turn propensity. The highest propensity is gesme::
FER1_SPIOL/1-147

red, the lowest is cyan. e
FER_BRANA/1-96
FER2_ARATH/1-148 E
Q93260_ARATH/1-118
FER1_MAIZE/1-150
080429_MAIZE/1-140

Buried Index

e 06 MuscleWs alignment of Uniref50 Sequences - FASTA

File Edit Select View Format Colour Calculate Web Service
80

. . . FER_CAPAA/1-97
The residues are coloured according to their Chou- &%
) f/1-
. . . . . FER1_PEA/1-149
Fasman? burial propensity. The highest propensity is il
blue, the lowest is green. A
FER_BRANA/1-96
e, R =i
FER1_MAIZE/1-150
080429_MAIZE/1-140

Nucleotide

e 066 MuscleWs alignment of Uniref50 Sequences — FASTA

File Edit Select View Format Colour Calculate Web Service

2
INFLDDDQLEE

Residues are coloured with four colours corresponding
. . FER_CAPAA/1-97  EFDCPDDVY I LDGAEEA v AGEA
to the four nucleotide bases. All non ACTG residues &nosiy2 ooy b ) R MR

Q93XJ9_SOLTU/1-144 EFECPDDVY | LDQAEEE VDQ SDEK F LDDDQE AA

are uncoloured. See Section [9.1] for further informa- & s trocrson | i B R e
° FERI_MESCR/1-148  ELECPDDVY | LDAAEEA A / SVNQDDS FLDDDQ | KE|

FER1_SPIOL/1-147 ~ EFQCPDDVY | LDAAEEE|

tion about working with nucleic acid sequences and &= &5%, iseyyizaa

FER_BRANA/1-06 EVECDDDVYVLDAAEE FVDQSDESFLDDDQ | AE

. FERZ_ARATH/1-145 EVECEEDVYVLDAAEE Al 51DQSDQSFLDDEQMSE
allgnl X Ients. Q03260_ARATH/1-118 EVECEEDVYV LDAAEE A §IDQSDQSFLDD----- -
FER1_MAIZE/1-150  ELQVPDDYVY | LDQAEED svDQsDQSYLDDEQ I B DI

080429_MAIZE/1-140 ELQVPDDVY | LDFAEEE 5VDQSDQSFLNDNQVAD

2Chou, PY and Fasman, GD. Annu Rev Biochem. 1978;47:251-76.

31
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Purine Pyrimidine

Residues are coloured according to whether the cor- jane sersiimpi ; 8500031, folded ik

| File Edit Select View Format Colour Calculate Web Service

responding nucleotide bases are purine (magenta) or,

E-
pyrimidine (cyan) based. All non ACTG residues are £
uncoloured. For further information about working, |
with nucleic acid sequences and alignments, see Sec- I

tion

RNA Helix Colouring

RFO0014 Retrieved from RFAM (Full)

Columns are coloured accordlng to thelr aSSIgned RNA Fuln Edut Select View Fnrmal Colour Cal(ulala WEh Service
1Salmoneila,

helix as defined by a secondary structure annotation

line on the alignment. Colours for each helix are ran- R W W

domly assigned, and option only available when an e

Esch /1-87 ~CUGGUGUAAC]

0 0

77/1-84 cucACAucAcAuuuc CUGCUCUAAC
76/1-8¢ CUCACAUCAGAUUUC-CUGGUGUAAC
75/1-8% CUCACAUCAGAUUUC-CUGGUGUAAC
/1-86  AACACAUCAGAUUUC-CUGGUGUAAC
74/1-83 CUCACAUCAGAUUUC-CUGGUGUAAC
73/1-82 CUCACAUCAGAUUUC-CUGGUGUAAC

DHL2/1-87 ~CUGGUGUAAC]

RNA secondary structure row is present on the align- O X
ment.

9/1-84 CUCACAUCAGAUUUC-CUGGUGUAAC
!(LEH/J -a4 CUCHIERBEREA U C - BURBORR AT - - cuucu:
(O A R B R EXENEEES)
— (—— —

ATl A aTaNaNaNakaNal

[aTw

secondary structure

User Defined

This dialog allows the user to create any number of named colour schemes at will. Any residue may
be assigned any colour. The colour scheme can then be named. If you save the colour scheme, this
name will appear on the Colour menu (Figure 3.3).

ene6 MuscleWs alignment of Uniref50 Sequences -
- File_Edit Select View Format [EIIA Calculate Web Service
8086 Save colour scheme & Apply Colour To All Groups
——— FER_CAPAA/1-97 E chnm Text Colour
File: |blue FER_CAPAN/1-144 EFDCP

FERL SO/ 144 FEQPDDY None.
e Q93x/9_SOLTU/1-144 E FEEPDD\- Clustalx
J 4 FER1_PEA/1-149 EFECPSDYV

(800 User Defined Colours o (Bwoeer  #) (ERLPEAL L4 o2 EEERESD biosuMz Score
Nome mostly blue ((Swatches | HsB _RGB R a] Date Nodified FERL_MESCR/1-145  EMECPDDV Percentage Identity

- e e s FERLSPIOL/1-147  EFQEPDDN 73500
FER3_RAPSA/1-96  EVECDDDY
FER1_ARATH/1-148 EVECDDDV Taylor
FER_BRANA /1~ 96 EVECDDDY Hydrophobicity
FER2_ARATH/1-. EVE g[ EDV Helix Propensity
Q93260_, ARATH/J ilE EVECE EDV
FER1_MAIZE/1-150 EfQV e
(Gso0as5 siae/i-140 ERaVPBDY Turn Propensity

Buried Index

Nucleotide

i s z x ap mostly blue

@ User Defined...

~Preview

; By Conservation
File Format: [ Jalview User Colours (jo_ [+] ‘Modify: Conservation Threshold

SeasR Above Identity Threshold

——— —_—
New Folder Cancel ) (ESave) — Mndlf‘{ldenuw‘rhrashnld,"

Iron Sulphur Contacts By Annotation...

(m] Sample Text Sample Text

Figure 3.3: Creation of a user defined colour scheme. Residue types are assigned colours
(left). The profile is saved (center) and can then be accessed via the Colour menu
(right).
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Exercise 10: Colouring Alignments

Note: Before you begin this exercise, ensure that the Apply Colour To All Groups flag is not

selected in Colour menu in the alignment window.

10.a. Open a sequence alignment, for example the PFAM domain PF03460 in PFAM seed
database. Select the alignment menu option Colour = ClustalX and note the colour
change. Now try all the other colour schemes in the Colour menu. Note that some

colour schemes do not colour all residues.
10.b. Colour the alignment using Colour = Blosum62. Select a group of around 4 simi-

lar sequences. Use the context menu (right click on the group) option Selection =
Edit New Group = Group Colour = Blosum62 to colour the selection. Notice how
some residues which were not coloured are now coloured. The calculations performed
for dynamic colouring schemes like Blosum62 are based on the selected group, not
the whole alignment (this also explains the colouring changes observed in exercise
during the group selection step).

10.c. Keeping the same selection as before, colour the complete alignment except the group
using Colour = Taylor. Select the menu option Colour = By Conservation. Slide
the selector in the Conservation Colour Increment dialog box from side to side and
observe the changes in the alignment colouring in the selection and in the complete
alignment.

Note: Feature colours overlay residue colouring. The features colours can be toggled off by

going to View = Show Sequence Features.

See the video at: http://www. jalview.org/training/Training-Videos.

Exercise 11: User Defined Colour Schemes

11.a. Load a sequence alignment. Select the alignment menu option Colour = User De-
fined. A dialog window will open.

11.b. Click on an amino acid button, then select a colour for that amino acid. Repeat till all
amino acids are coloured to your liking.

11.c. Insert a name for the colourscheme in the appropriate field and click Save Scheme.
You will be prompted for a file name in which to save the colour scheme. The dialog

window can now be closed.
11.d. The new colour scheme appears in the list of colour schemes in the Colour menu and

can be selected in future Jalview sessions.
See the video at: http://www. jalview.org/training/Training-Videos)

3.2 Formatting and Graphics Output

Jalview is a WYSIWIG alignment editor. This means that for most kinds of graphics output, the
layout that is seen on screen will be the same as what is outputted in an exported graphics file. It is
therefore important to pick the right kind of display layout prior to generating figures.


http://www.jalview.org/training/Training-Videos
http://www.jalview.org/training/Training-Videos
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3.2.1 Multiple Alignment Views

Jalview is able to create multiple independent visualizations of the same underlying alignment -
these are called Views. Because each view displays the same underlying data, any edits performed
in one view will update the alignment or annotation visible in all views.

Alignment views are created using the View = New View op-
tion of the alignment window or by Pressing [CTRL]-T. This

will create a new view with the same groups, alignment lay- bro __ ____wn
UE8 Format Colour Calcul - =
out and display options as the current one. Pressing G will Ongpal_spiach ferdone et
. . . i FER_CAPAA/1-97 ght-click to rename tab
gather together Views as named tabs on the alignment win- ey ¥ 2% capan/1 14 [ress X o o abe G torecroy

QUIXI9_SOLTU/1-144 - SYKVKL

dow, and pressing X will expand gathered Views so they can
be viewed simultaneously in their own separate windows. To
delete a group, press [CTRL]-W.

3.2.2 Alignment Layout

Jalview provides two screen layout modes, unwrapped (the default) where the alignment is in one
long line across the window, and wrapped, where the alignment is on multiple lines, each the width of
the window. Most layout options are controlled by the Format menu option in the alignment window,
and control the overall look of the alignment in the view (rather than just a selected region).

Wrapped Alignments

Wrapped alignments can be toggled on and off using the Format = Wrap menu option (Figure [3.4).
Note that the annotation lines are also wrapped. Wrapped alignments are great for publications and
presentations but are of limited use when working with large numbers of sequences.

If annotations are not all visible in wrapped mode, expand the alignment window to view them. Note
that alignment annotation (see Section |4) cannot be interactively created or edited in wrapped mode,
and selection of large regions is difficult.

Fonts

The text appearance in a view can be modified via the Format
80n Change Font

= Font... alignment window menu. This setting applies for —

Font: | SansSerif 2 Manospacs

all alignment and annotation text except for that displayed s (1 8 sy [ B
in tool-tips. Additionally, font size and spacing can be ad- D anti-alias Fonts (Siower te render) !
justed rapidly by clicking the middle mouse button and drag- S T ;

ging across the alignment window.
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Figure 3.4: Wrapping the alignment.

Numbering and Label Justification

Options in the Format menu are provided to control the alignment view, and provide a range of
options to control the display of sequence and alignment numbering, the justification of sequence
IDs and annotation row column labels on the annotation rows shown below the alignment.

Alignment and Group Colouring and Appearance

The display of hidden row/column markers and gap characters can be turned off with Format = Hid-
den Markers and Format = Show Gaps, respectively. The Text and Colour Text option controls the
display of sequence text and the application of alignment and group colouring to it. Boxes controls
the display of the background area behind each residue that is coloured by the applied coloursheme.

Highlighting Nonconserved Symbols

The alignment layout and group sub-menu both contain an option to hide conserved symbols from the
alignment display (Format = Show nonconserved in the alignment window or Selection = Group =
Show Nonconserved by right clicking on a group). This mode is useful when working with alignments
that exhibit a high degree of homology, because Jalview will only display gaps or sequence symbols
that differ from the consensus for each column, and render all others with a ‘..
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Figure 3.5: Hiding Annotations Annotations can either be hidden from the View menu (left)
or individually from the context menu (right).

3.2.3 Annotation Ordering and Display

The annotation lines which appear below the sequence alignment are described in detail in Section
They can be hidden by toggling the View = Show Annotations menu option. Additionally, each
annotation line can be hidden and revealed in the same way as sequences via the pop-up context
menu on the annotation name panel (Figure [3.5). Annotations can be reordered by dragging the
annotation line label on the annotation label panel. Placing the mouse over the top annotation label
brings up a resize icon on the left. When this is displayed, Click-dragging up and down provides
more space in the alignment window for viewing the annotations, and less space for the sequence
alignment.

Exercise 12: Alignment Layout

12.a. Start Jalview and open the URL http://www.jalview.org/examples/exampleFile jar. Se-
lect Format = Wrap from the alignment window menu. Experiment with the various
options from the Format menu, for example adjust the ruler placement, sequence ID

format and so on.
12.b. Hide all the annotation rows by toggling Annotations = Show Annotations from the

alignment window menu. Reveal the annotations by selecting the same menu option.
12.c. Deselect Format = Wrap. Right click on the annotation row labels to bring up the
context menu, then select Hide This Row. Bring up the context menu again and select

Show All Hidden Rows to reveal them.
12.d. Annotations can be reordered by clicking and dragging the row to the desired position.

Click on the Consensus row and drag it upwards to just above Quality. The rows
should now be reordered. Features and annotations are covered in more detail in

Section [4]
12.e. Move the mouse to the top left hand corner of the annotation labels - a grey up/down

arrow symbol should appear - when this is shown, the height of the Annotation Area
can be changed by clicking and dragging this icon up or down.
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PNG
PNG is Portable Network Graphics. This out- l-97 3
put option produces an image that can be eas- I-144 S0

ily included in web pages and incorporated in
presentations using e.g. Powerpoint or Open

1-144 50

Office. It is a bitmap image so does not scale '_L.lll.-'r 1-144 50

and is unsuitable for use on posters, or in pub- 149 55

lications.

For submission of alignment figures to jour- "R .-"I. 1-152 58
[ | T A M r A

nals, please use EP
Zoom Detail of PNG image.

Exercise 13: Graphical Output

13.a. Load the example Jalview Jar file in Exercise Customise it how you wish but
leave it unwrapped. Select File = Export Image = HTML from the alignment menu.
Save the file and open it in your favoured web browser.

13.b. Wrap the alignment and export the image to HTML again. Compare the two images.
(Note that the exported image matches the format displayed in the alignment window
but annotations are not exported).

13.c. Export the alignment using the File = Export Image = PNG menu option. Open the
file in an image viewer that allows zooming such as Paint or Photoshop (Windows),
or Preview (Mac OS X) and zoom in. Notice that the image is a bitmap and it be-
comes pixelated when zoomed. (Note that the annotation lines are included in
the image.)

13.d. Export the alignment using the File = Export Image = EPS menu option. Open
the file in a suitable program such as Photoshop, Illustrator, Inkscape, Ghostview,
Powerpoint (Windows), or Preview (Mac OS X). Zoom in and note that the image has
near-infinite resolution.

3If the journal complains, insist.



Chapter 4

Annotation and Features

Annotations and features are additional information that is overlaid on the sequences and the align-
ment. Generally speaking, annotations reflect properties of the alignment as a whole, often asso-
ciated with columns in the alignment. Features are often associated with specific residues in the
sequence.

Annotations are shown below the alignment in the annotation panel, the properties are often based
on the alignment. Conversely, sequence features are properties of the individual sequences, so they
do not change with the alignment, but are shown mapped on to specific residues within the align-
ment.

Features and annotation can be interactively created, or retrieved from external data sources. Web-
services like JPred (see above) can be used to analyse a given sequence or alignment and generate
annotation for it.

4.1 Conservation, Quality and Consensus Annotation

Jalview automatically calculates several quantitative alignment annotations which are displayed as
histograms below the multiple sequence alignment columns. Conservation, quality and consensus
scores are examples of dynamic annotation, so as the alignment changes, they change along with
it. The scores can be used in the hybrid colouring options to shade the alignments. Mousing over a
conservation histogram reveals a tooltip with more information.

These annotations can be hidden and deleted via the context menu linked to the annotation row; but
they are only created on loading an alignment. If they are deleted then the alignment should be saved
and then reloaded to restore them. Jalview provides a toggle to autocalculate a consensus sequence
upon editing. This is normally selected by default, but can be turned off for large alignments via the
Calculate = Autocalculate Consensus menu option if the interface is too slow.

39



40 CHAPTER 4. ANNOTATION AND FEATURES

Conservation Annotation

Alignment conservation annotation is quantitative numerical index reflecting the conservation of
the physico-chemical properties for each column of the alignment. The calculation is based on AMAS
method of multiple sequence alignment analysis (Livingstone C.D. and Barton G.d. (1993) CABIOS
Vol. 9 No. 6 p745-756), with identities scoring highest, and amino acids with substitutions in the
same physico-chemical class have next highest score. The score for each column is shown below the
histogram. The conserved columns with a score of 11 are indicated by *. Columns with a score of 10
have mutations but all properties are conserved are marked with a ’+’.

Consensus Annotation

Alignment consensus annotation reflects the percentage of the different residue per column. By de-
fault this calculation includes gaps in columns, gaps can be ignored via the Consensus label context
menu to the left of the consensus bar chart. The consensus histogram can be overlaid with a se-
quence logo that reflects the symbol distribution at each column of the alignment. Right click on the
Consensus annotation row and select the Show Logo option to display the Consensus profile for the
group or alignment. Sequence logos can be enabled by default for all new alignments via the Visual
tab in the Jalview desktop’s preferences dialog box.

Quality Annotation

Alignment quality annotation is an ad-hoc measure of the likelihood of observing the mutations (if
any) in a particular column of the alignment. The quality score is calculated for each column in an
alignment by summing, for all mutations, the ratio of the two BLOSUM 62 scores for a mutation pair
and each residue’s conserved BLOSUMG62 score (which is higher). This value is normalised for each
column, and then plotted on a scale from 0 to 1.

Group Associated Annotation

Group associated consensus and conservation annotation rows reflect the sequence variation within
a particular group. Their calculation is enabled by selecting the Group Conservation or Group Con-
sensus options in the Annotation = Autocalculated Annotation submenu of the alignment window.

4.1.1 Creating User Defined Annotation

To create a new annotation row, right click on the annotation label panel and select the Add New
Row menu option (Figure [4.1). A dialog box appears. Enter the label to use for this row and a new
row will appear.

To create a new annotation, first select all the positions to be annotated on the appropriate row.
Right-clicking on this selection brings up the context menu which allows the insertion of graphics for
secondary structure (Helix or Sheet), text Label and the colour in which to present the annotation
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(Figure|4.2). On selecting Label a dialog box will appear, requesting the text to place at that position.
After the text is entered, the selection can be removed and the annotation becomes clearly Visibleﬂ
Annotations can be coloured or deleted as desired.

50429 mAze/1-140 ABSCESCABBVVE

Input

5 i X ' Label for annotation
B L] my annotation row
Iron sulpl  Hide This Row
Delete This Row Eaea
¢ Show All Hidden Rows J e
Export Annotation 3E

Figure 4.1: Creating a new annotation row. Annotation rows can be reordered by dragging
them to the desired place.
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Figure 4.2: Creating a new annotation. Annotations are created from a selection on the an-
notation row and can be coloured as desired.

4.1.2 Automated Annotation of Alignments and Groups

On loading a sequence alignment, Jalview will normallyﬂ calculate a set of automatic annotation
rows which are shown below the alignment. For nucleotide sequence alignments, only an alignment
consensus row will be shown, but for amino acid sequences, alignment quality (based on BLOSUM
62) and physicochemical conservation will also be shown. Conservation is calculated according to
Livingstone and Bartorﬁ Consensus is the modal residue (or + where there is an equal top residue).
The inclusion of gaps in the consensus calculation can be toggled by right-clicking on the Consensus
label and selecting Ignore Gaps in Consensus from the pop-up context menu located with consensus
annotation row. Quality is a measure of the inverse likelihood of unfavourable mutations in the
alignment. Further details on these calculations can be found in the on-line documentation.

IWhen annotating a block of positions, the text can be partly obscured by the selection highlight. Pressing the [ESC]
key clears the selection and the label is then visible.

2 Automatic annotation can be turned off in the Visual tab in the Tools = Preferences dialog box.

3“Protein Sequence Alignments: A Strategy for the Hierarchical Analysis of Residue Conservation.” Livingstone C.D.
and Barton G.J. (1993) CABIOS 9, 745-756
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Exercise 14: Annotating Alignments

14.a. Load the alignment at http://www.jalview.org/tutorial/alignment.fa. Right-click on
the Conservation annotation row to bring up the context menu and select Add New
Row. A dialog box will appear asking for Annotation Name and Annotation Descrip-
tion. Enter “Iron binding site" and click OK. A new, empty, row appears.

14.b. Navigate to column 97. Move down and on the new annotation row called “Iron bind-
ing site, select column 97. Right click at this selection and select Label from the
context menu. Enter “Fe" in the box and click OK. Right-click on the selection again
and select Colour. Choose a colour from the colour chooser dialog and click OK. Press
[ESC] to remove the selection.

Note: depending on your Annotation sort settings, your newly created annotation row
might jump’ to the top or bottom of the annotation panel. Just scroll up or down to
find it again - the column you marked will still be selected.

14.c. Select columns 70-77 on the annotation row. Right-click and choose Sheet from the
context menu. You will be prompted for a label. Enter “B" and press OK. A new line
showing the sheet as an arrow appears. The colour of the label can be changed but

not the colour of the sheet arrow.
14.d. Right click on the title text of annotation row that you just created. Select Export

Annotation in context menu and, in the Export Annotation dialog box that will open,
select the Jalview format and click the [To Textbox] button.
The format for this file is given in the Jalview help. Press [F'1] to open it, and find
the “Annotations File Format” entry in the “Alignment Annotations” section of the
contents pane.

14.e. Export the file to a text editor and edit the file to change the name of the annotation
row. Save the file and drag it onto the alignment view.

14.f Add an additional helix somewhere along the row by editing the file and re-importing
it.
Hint: Use the Export Annotation function to view what helix annotation looks like in

a Jalview annotation file.
14.g. Use the Alignment Window = File = Export Annotations... function to export all the

alignment’s annotation to a file.

14.h. Open the exported annotation in a text editor, and use the Annotation File Format
documentation to modify the style of the Conservation, Consensus and Quality anno-
tation rows so they appear as several lines on a single line graph.

Hint: You need to change the style of annotation row in the first field of the annotation
row entry in the file, and create an annotation row grouping to overlay the three
quantitative annotation rows.

14.i. Homework for after you have completed exercise

Recover or recreate the secondary structure predictions that you made from JPred.
Use the File = Export Annotation function to view the Jnet secondary structure
prediction annotation row.

Note the SEQUENCE_REF statements surrounding the row specifying the sequence
association for the annotation.

4.2 Importing Features from Databases

Jalview supports feature retrieval from public databases. It includes built in parsers for Uniprot and
ENA (or EMBL) records retrieved from the EBI. Sequences retrieved from these sources using the
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sequence fetcher (see Section [1.4.5) will already possess features.

4.2.1 Sequence Database Reference Retrieval

Jalview maintains a list of external database references for each sequence in an alignment. These
are listed in a tooltip when the mouse is moved over the sequence ID when the View = Sequence ID
Tooltip = Show Database Refs option is enabled. Sequences retrieved using the sequence fetcher
will always have at least one database reference, but alignments imported from an alignment file
generally have no database references.

Database References and Sequence Coordinate Systems

Jalview displays features in the local sequence’s coordinate system which is given by its ‘start’ and
‘end’. Any sequence features on the sequence will be rendered relative to the sequence’s start po-
sition. If the start/end positions do not match the coordinate system from which the features were
defined, then the features will be displayed incorrectly.

Viewing and Exporting a Sequence’s Database Annotation

You can export all the database cross references and annotation terms shown in the sequence ID
tooltip for a sequence by right-clicking and selecting the [Sequence ID] = Sequence details ... option
from the popup menu. A similar option is provided in the Selection sub-menu allowing you to obtain
annotation for the sequences currently selected.

Sequence Details for UniProt/Swiss-Prot|P00340|LDHA_CH
File Edit

The Sequence Details ... option will open a window

containing the same text as would be shown in the Annotation for
. . . . . . UniProt/Swiss-Prot/P00340ILDHA_CHICK/1-332
tooltip window, including any web links associated
with the sequence. The text is HTML, and options Lilactate defvdrogenase A chain . —
1 . EC 1.1.1.27 ® M M Sequence Details for UniProt/Swis
on the window allow the raw code to be copied and EMBL X53525 File
IPI IPIOOS84727
i , P v Show HTML Source |
pasted into a web page. IR A00340 L ‘” ALLTERTER -
RefSeq NP_G90815.1 “ Loepe;tt is if you wnn%z(a;;y raw htm|
UniGene Gga 4398 <h.

ProteinModel Portal POO34 Annotation for UniProt/Swiss-Prot|P(

Automatically Discovering a Sequence’s Database References

Jalview includes a function to automatically verify and update each sequence’s start and end num-
bering against any of the sequence databases that the Sequence Fetcher has access to. This function
is accessed from the Webservice = Fetch DB References sub-menu in the Alignment window. This
menu allows you to query either the set of Standard Databases, which includes EMBL, Uniprot, the
PDB, or just a specific datasource from one of the submenus. When one of the entries from this menu
is selected, Jalview will use the ID string from each sequence in the alignment or in the currently se-
lected set to retrieve records from the external source. Any sequences that are retrieved are matched
against the local sequence, and if the local sequence is found to be a sub-sequence of the retrieved
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sequence then the local sequence’s start/end numbering is updated. A new database reference map-
ping is created, mapping the local sequence to the external database, and the local sequence inherits
any additional annotation retrieved from the database sequence.

The database retrieval process terminates when a valid mapping is found for a sequence, or if all
database queries failed to retrieve a matching sequence. Termination is indicated by the disappear-
ance of the moving progress indicator on the alignment window. A dialog box may be shown once
it completes which lists sequences for which records were found, but the sequence retrieved from
the database did not exactly contain the sequence given in the alignment (the “Sequence not 100%
match” dialog box).

The Fetch Uniprot IDs Dialog Box

If any sources are selected which refer to Uniprot coordinates as their reference system, then you
may be asked if you wish to retrieve Uniprot IDs for your sequence. Pressing OK instructs Jalview to
verify the sequences against Uniprot records retrieved using the sequence’s ID string. This operates
in much the same way as the Web Service = Fetch Database References function described in
Section If a sequence is verified, then the start/end numbering will be adjusted to match the
Uniprot record.

Rate of Feature Retrieval

Feature retrieval can take some time if a large number of sources are selected and if the alignment
contains a large number of sequences. As features are retrieved, they are immediately added to the
current alignment view. The retrieved features are shown on the sequence and can be customised as
described previously.

4.2.2 Colouring Features by Score or Description Text

Sometimes, you may need to visualize the differences in information carried by sequence features of
the same type. This is most often the case when features of a particular type are the result of a spe-
cific type of database query or calculation. Here, they may also carry information within their textual
description, or most commonly for calculations, a score related to the property being investigated.
Jalview can shade sequence features using a graduated colourscheme in order to highlight these
variations. In order to apply a graduated scheme to a feature type, select the ‘Graduated colour’ en-
try in the Sequence Feature Type’s popup menu, which is opened by right-clicking the Feature Type
or Color in the Sequence Feature Settings dialog box. Two types of colouring styles are currently
supported: the default is quantitative colouring, which shades each feature based on its score, with
the highest scores receiving the ‘Max’ colour, and the lowest scoring features coloured with the ‘Min’
colour. Alternately, you can select the ‘Colour by label’ option to create feature colours according to
the description text associated with each feature. This is useful for general feature types - such as
Uniprot’s DOMAIN’ feature - where the actual type of domain is given in the feature’s description.

Graduated feature colourschemes can also be used to exclude low or high-scoring features from the
alignment display. This is done by choosing your desired threshold type (either above or below),
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using the drop-down menu in the dialog box. Then, adjust the slider or enter a value in the text box
to set the threshold for displaying this type of feature.

The feature settings dialog box allows you to toggle between a graduated and simple feature colourscheme
using the pop-up menu for the feature type. When a graduated scheme is applied, it will be indicated

in the colour column for that feature type - with coloured blocks or text to indicate the colouring style
and a greater than (>) or less than (<) symbol to indicate when a threshold has been defined.

4.2.3 Using Features to Re-order the Alignment

The presence of sequence features on certain sequences or in a particular region of an alignment can
quantitatively identify important trends in the aligned sequences. In this case, it is more useful to
re-order the alignment based on the number of features or their associated scores, rather than simply
re-colour the aligned sequences. The sequence feature settings dialog box provides two buttons: ‘Seq
sort by Density’ and ‘Seq sort by Score’, that allow you to reorder the alignment according to the
number of sequence features present on each sequence, and also according to any scores associated
with a feature. Each of these buttons uses the currently displayed features to determine the ordering,
but if you wish to re-order the alignment using a single type of feature, then you can do this from
the Feature Type’s popup menu. Simply right-click the type’s style in the Sequence Feature Settings
dialog box, and select one of the Sort by Score and Sort by Density options to re-order the alignment.
Finally, if a specific region is selected, then only features found in that region of the alignment will
be used to create the new alignment ordering.

4.2.4 Creating Sequence Features

Sequence features can be created simply by selecting the area in a sequence (or sequences) to form
the feature and selecting Selection = Create Sequence Feature from the right-click context menu
(Figure[4.3). A dialog box allows the user to customise the feature with respect to name, group, and
colour. The feature is then associated with the sequence. Moving the mouse over a residue associated
with a feature brings up a tool tip listing all features associated with the residue.

_6\: Create New Sequence Feature(s)

Sequence Feature Name: feature_1 E :
1 ! Feature Group: Jalview B :
L\;_F_D_EP\EFEEPDDVVILDdAEEECHDLPYSCRACSES " Feature Colour: [
LVTP D 2 R~ e Al O | e sa e e e R e
MRy Selection vl s i — L'KLITPDGP I EFECPDDVY | LD
LVTPEGKQELECPDD Qutput to Textbox... PES: WA K LVIEEETQEFECPSDVY I LD
LWTPTGNVEFQCP DD 5 g L
I Create Sequence Feature g "KLITP \.n,r LD
2 Fomm— T Afeature_1 61 64,
FITPEGELEVECDDD Grou PSS (Cancel ) 0K | 'TLVTPE = JVY I LD
FITPEGEQEVECDDDVYVEDAREEAGIDEPYSCRAGSC S | " TLVTPTGNVEFQCPDDVY I LD

FITPECEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCS

Figure 4.3: Creating sequence features. Features can readily be created from selections via
the context menu and are then displayed on the sequence.

Creation of features from a selection spanning multiple sequences results in the creation of one
feature per sequence. Each feature remains associated with its own sequence.
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4.2.5 Customising Feature Display

Feature display can be toggled on or off by selecting the View = Show Sequence Features menu
option. When multiple features are present it is usually necessary to customise the display. Jalview
allows the display, colour, rendering order and transparency of features to be modified via the View
= Feature Settings... menu option. This brings up a dialog window (Figure which allows the
visibility of individual feature types to be selected, colours changed (by clicking on the colour of each
sequence feature type) and the rendering order modified by dragging feature types to a new position
in the list. Dragging the slider alters the transparency of the feature rendering. The Feature Settings
dialog also includes functions for more advanced feature shading schemes and buttons for sorting
the alignment according to the distribution of features. These capabilities are described further in

sections[4.2.2] and [4.2.3]
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Figure 4.4: Multiple sequence features. An alignment with JPred secondary structure pre-
diction annotation below it, and many sequence features overlaid onto the aligned
sequences. The tooltip lists the features annotating the residue below the mouse-
pointer.
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Figure 4.5: Customising sequence features. Features can be recoloured, switched on or off
and have the rendering order changed.
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4.2.6 Sequence Feature File Formats

Jalview supports the widely used GFF tab delimited formatE] and its own Jalview Features file format
for the import of sequence annotation. Features and alignment annotation are also extracted from
other formats such as Stockholm, and AMSA. URL links may also be attached to features. See the

online documentation for more details of the additional capabilities of the Jalview features file.

15.c.

15.b.

15.d.

15.e.

Exercise 15: Creating Features
15.a.

Open the alignment at http://www. jalview.org/tutorial /alignment.fa. We know that
the Cysteine residues at columns 97, 102, 105 and 135 are involved in iron binding
so we will create them as features. Navigate to column 97, sequence 1. Select the
entire column by clicking in the ruler bar. Then right-click on the selection to bring
up the context menu and select Selection = Create Sequence Feature. A dialog box
will appear.

Enter a suitable Sequence Feature Name (e.g. “Iron binding site") in the appropriate
box. Click on the Feature Colour bar to change the colour if desired, add a short
description (“One of four Iron binding Cysteines") and press OK. The features will
then appear on the sequences.

Roll the mouse cursor over the new features. Note that the position given in the
tool tip is the residue number, not the column number. To demonstrate that there is
one feature per sequence, clear all selections by pressing [ESC] then insert a gap in
sequence 3 at column 95. Roll the mouse over the features and you will see that the
feature has moved with the sequence. Delete the gap you created.

Add a similar feature to column 102. When the feature dialog box appears, clicking
the Sequence Feature Name box brings up a list of previously described features.
Using the same Sequence Feature Name allows the features to be grouped.

Select View = Feature Settings... from the alignment window menu. The Sequence
Feature Settings window will appear. Move this so that you can see the features you
have just created. Click the check box for “Iron binding site" under Display and note
that display of this feature type is now turned off. Click it again and note that the
features are now displayed. Close the sequence feature settings box by clicking OK
or Cancel.

“4see http://www.sanger.ac.uk/resources/software/gff/spec.html
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Chapter 5

Multiple Sequence Alignment

Sequences can be aligned using a range of algorithms provided by JABA web services, including
ClustalW[}, Muscle?, MAFFTP| ProbConsf{| T-COFFEH| and Clustal Omegaf| Of these, T-COFFEE
is slow but accurate. ClustalW is historically the most widely used. Muscle is fast and probably best
for smaller alignments. MAFFT is probably the best for large alignments, however Clustal Omega,
released in 2011, is arguably the fastest and most accurate tool for protein multiple alignment.

5.1 Performing a multiple sequence alignment

To run an alignment web service, select the appropriate method from the Web Service = Alignment
= ... submenu (Figure [5.I). For each service you may either perform an alignment with default
settings, use one of the available presets, or customise the parameters with the ‘Edit and Run ..
dialog box. Once the job is submitted, a progress window will appear giving information about the
job and any errors that occur. After successful completion of the job, a new alignment window is
opened with the results, in this case an alignment. By default, the new alignment will be ordered
in the same way as the input sequences. Note: many alignment programs re-order the input during
their analysis and place homologous sequences close together, the MSA algorithm ordering can be
recovered using the ‘Algorithm ordering’ entry within the Calculate = Sort sub menu.

l«CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment through sequence weighting,
position specific gap penalties and weight matrix choice." Thompson JD, Higgins DG, Gibson TJ (1994) Nucleic Acids
Research 22, 4673-80

24M[USCLE: a multiple sequence alignment method with reduced time and space complexity” Edgar, R.C. (2004) BMC
Bioinformatics 5, 113

3“MAFFT: a novel method for rapid multiple sequence alignment based on fast Fourier transform" Katoh, K., Misawa,
K., Kuma, K. and Miyata, T. (2002) Nucleic Acids Research 30, 3059-3066. and “MAFFT version 5: improvement in
accuracy of multiple sequence alignment" Katoh, K., Kuma, K., Toh, H. and Miyata, T. (2005) Nucleic Acids Research 33,
511-518.

4PROBCONS: Probabilistic Consistency-based Multiple Sequence Alignment. Do, C.B., Mahabhashyam, M.S.P,,
Brudno, M., and Batzoglou, S. (2005) Genome Research 15 330-340.

5T.Coffee: A novel method for multiple sequence alignments. (2000) Notredame, Higgins and Heringa JMB 302 205-217

6Fast, scalable generation of high-quality protein multiple sequence alignments using Clustal Omega. Sievers F, Wilm
A, Dineen DG, Gibson TJ, Karplus K, Li W, Lopez R, McWilliam H, Remmert M, Soding J, Thompson JD, Higgins DG
(2011) Molecular Systems Biology 7 539 d0i:10.1038/msb.2011.75

49


http://dx.doi.org/10.1038/msb.2011.75

50 CHAPTER 5. MULTIPLE SEQUENCE ALIGNMENT

5.1.1 Realignment to add sequences to an existing alignment

The re-alignment option is currently only supported by Clustal Omega and ClustalW. When perform-
ing a re-alignment, Jalview submits the current selection to the alignment service complete with any
existing gaps. Realignment with ClustalW is useful when one wishes to align additional sequences
to an existing alignment without any further optimisation to the existing alignment. ClustalO’s re-
alignment works by generating a probabilistic model (a.k.a HMM) from the original alignment, and
then realigns all sequences to this profile. For a well aligned MSA, this process will simply recon-
struct the original alignment (with additonal sequences), but in the case of low quality MSAs, some
differences may be introduced.

eme Muscle Multiple Protein Sequence Alignment
'I Musclo Multiplo Protoin Soquonce Alignment - complete  (“Naw Window )
Edgar, Robert C. (2004), MUSCLE: multiple sequence alignment with high accuracy and high
throughput, Nuclelc Aclds Research 32(S), 1792-97. © © O Muscle Muliple Protein Sequence Alignment
File_Edit Select View Formar
5
VASVSATHISTS PR KT
Alignment of MuscleWs alignment of Uniref50 Sequences - FASTA UASTSGTM I STSTLTRK
Job detalls WATTRALYGTAVTS LR T
JATTRALYETAVSTS Ut G
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profile-profile score  LE
Max Iterations 18
Max trees 1

Figure 5.1: Multiple alignment via web services The appropriate method is selected from the
menu (left), a status box appears (centre), and the results appear in a new window
(right).

5.1.2 Alignments of Sequences that include Hidden Regions

If the view or selected region submitted for alignment contains hidden regions, then only the visible
sequences will be submitted to the service. Furthermore, each contiguous segment of sequences
will be aligned independently (resulting in a number of alignment ‘subjobs’ appearing in the status
window). Finally, the results of each subjob will be concatenated with the hidden regions in the input
data prior to their display in a new window. This approach ensures that 1) hidden column boundaries
in the input data are preserved in the resulting alignment - in a similar fashion to the constraint that
hidden columns place on alignment editing (see Section and 2) hidden columns can be used to
preserve existing parts of an alignment whilst the visible parts are locally refined.

5.1.3 Alignment Service Limits

Multiple alignment is a computationally intensive calculation. Some JABA server services and ser-
vice presets only allow a certain number of sequences to be aligned. The precise number will depend
on the server that you are using to perform the alignment. Should you try to submit more sequences
than a service can handle, then an error message will be shown informing you of the maximum



5.2. CUSTOMISING THE PARAMETERS USED FOR ALIGNMENT 51

number allowed by the server.

Exercise 16: Multiple Sequence Alignment

16.a. Close all windows and open the alignment at http://www.jalview.org/tutorial /unaligned.fa.
Select Web Service = Alignment = Muscle with Defaults. A window will open giving
the job status. After a short time, a second window will open with the results of the
alignment.

16.b. Return to the first sequence alignment window by clicking on the window, and repeat
using ClustalO (Omega) and MAFFT, from the Web Service = Alignment menu, us-
ing the same initial alignment. Compare them and you should notice small differ-

ences.
16.c. Select the last three sequences in the MAFFT alignment, and de-align them with

Edit => Remove All Gaps. Press [ESC] to deselect these sequences. Then submit this
view for re-alignment with ClustalO.

16.d. Return to the alignment window in section (c¢), use [CTRLI]-Z (undo) to recover the
alignment of the last three sequences in this MAFFT alignment. Once the ClustalO
re-alignment has completed, compare the results of re-alignment of the three se-
quences with their alignment in the original MAFF'T result.

16.e. Select columns 60 to 125 in the original MAFFT alignment and hide them, by right
clicking the mouse to bring up context menu. Select Web Service = Alignment =
Mafft with Defaults to submit the visible portion of the alignment to MAFFT. When
the web service job pane appears, note that there are now two alignment job status
panes shown in the window.

16.f£. When the MAFFT job has finished, compare the alignment of the N-terminal visible
region in the result with the corresponding region of the original alignment.

16.g. If you wish, select and hide a few more columns in the N-terminal region, and submit
the alignment to the service again and explore the effect of local alignment on the
non-homologous parts of the N-terminal region.

See the video at: http://www. jalview.org/training/Training-Videos.

5.2 Customising the Parameters used for Alignment

JABA web services allow you to vary the parameters used when performing a bioinformatics analy-
sis. For JABA alignment services, this means you are usually able to modify the following types of
parameters:

Amino acid or nucleotide substitution score matrix

Gap opening and widening penalties

Types of distance metric used to construct guide trees

Number of rounds of re-alignment or alignment optimisation
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Figure 5.2: Jalview’s JABA alignment service parameter editing dialog box.

5.2.1 Getting Help on the Parameters for a Service

Each parameter available for a method usually has a short description, which Jalview will display
as a tooltip, or as a text pane that can be opened under the parameter’s controls. In the parameter
shown in Figure the description was opened by selecting the button on the left hand side. Online
help for the service can also be accessed, by right clicking the button and selecting a URL from the

pop-up menu that will open.
GAPDIST
J

Sap separation pen. range ‘

Figure 5.3: ClustalW parameter slider detail. From the ClustalW Clustal = Edit settings
and run ... dialog box.

5.2.2 Alignment Presets

The different multiple alignment algorithms available from JABA vary greatly in the number of
adjustable parameters, and it is often difficult to identify what are the best values for the sequences
that you are trying to align. For these reasons, each JABA service may provide one or more presets

— which are pre-defined sets of parameters suited for particular types of alignment problem. For
instance, the Muscle service provides the following presets:

o Large alignments (balanced)

e Protein alignments (fastest speed)
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e Nucleotide alignments (fastest speed)

The presets are displayed in the JABA web services submenu, and can also be accessed from the
parameter editing dialog box, which is opened by selecting the ‘Edit settings and run ... option from
the web services menu. If you have used a preset, then it will be mentioned at the beginning of the
job status file shown in the web service job progress window.

5.2.3 User Defined Presets

Jalview allows you to create your own presets for a particular service. To do this, select the ‘Edit
settings and run ...’ option for your service, which will open a parameter editing dialog box like the
one shown in Figure (5.2

The top row of this dialog allows you to browse the existing presets, and when editing a parameter
set, allows you to change its nickname. As you adjust settings, buttons will appear at the top of the
parameters dialog that allow you to Revert or Update the currently selected user preset with your
changes, Delete the current preset, or Create a new preset, if none exists with the given name. In
addition to the parameter set name, you can also provide a short description for the parameter set,
which will be shown in the tooltip for the parameter set’s entry in the web services menu.

Saving Parameter Sets

When creating a custom parameter set, you will be asked for a file name to save it. The location of the
file is recorded in the Jalview user preferences in the same way as a custom alignment colourscheme,
so when Jalview is launched again, it will show your custom preset amongst the options available
for running the JABA service.

5.3 Protein Alignment Conservation Analysis

The Web Service = Conservation menu controls the computation of up to 17 different amino acid con-
servation measures for the current alignment view. The JABAWS AACon Alignment Conservation
Calculation Service, which is used to calculate these scores, provides a variety of standard measures
described by Valdar in 20022] as well as an efficient implementation of the SMERFs score developed
by Manning et al. in 2008@

5.3.1 Enabling and Disabling AACon Calculations

When the AACon Calculation entry in the Web Service = Conservation menu is ticked, AACon
calculations will be performed every time the alignment is modified. Selecting the menu item will
enable or disable automatic recalculation.

7Scoring residue conservation. Valdar (2002) Proteins: Structure, Function, and Genetics 43 227-241.
8SMERF'S Score Manning et al. BMC Bioinformatics 2008, 9 51 doi:10.1186/1471-2105-9-51
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5.3.2 Configuring which AACon Calculations are Performed

The Web Service = Conservation = Change AACon Settings ... menu entry will open a web services
parameter dialog for the currently configured AACon server. Standard presets are provided for quick
and more expensive conservation calculations, and parameters are also provided to change the way
that SMERFS calculations are performed. AACon settings for an alignment are saved in Jalview
projects along with the latest calculation results.

5.3.3 Changing the Server used for AACon Calculations

If you are working with alignments too large to analyse with the public JABAWS server, then you
will most likely have already configured additional JABAWS servers. By default, Jalview will chose
the first AACon service available from the list of JABAWS servers available. If available, you can
switch to use another AACon service by selecting it from the Web Service = Conservation = Switch
Server submenu.



Chapter 6

Analysis of Alignments

Jalview provides support for sequence analysis in two ways. A number of analytical methods are
‘built-in’, these are accessed from the Calculate alignment window menu. Computationally intensive
analyses are run outside Jalview via web services - and found under the Web Service menu. In this
section, we describe the built-in analysis capabilities common to both the Jalview Desktop and the
JalviewLite applet.

6.1 PCA

Principal components analysis calculations create a spatial representation of the similarities within
the current selection or the whole alignment if no selection has been made. After the calculation
finishes, a 3D viewer displays each sequence as a point in 3D ‘similarity space’. Sets of similar
sequences tend to lie near each other in this space. Note: The calculation is computationally expen-
sive, and may fail for very large sets of sequences - because the JVM has run out of memory. Memory
issues, and how to overcome them, were discussed in Section[1.4.6

What is PCA?

Principal components analysis is a technique for examining the structure of complex data sets. The
components are a set of dimensions formed from the measured values in the data set, and the prin-
cipal component is the one with the greatest magnitude, or length. The sets of measurements that
differ the most should lie at either end of this principal axis, and the other axes correspond to less
extreme patterns of variation in the data set. In this case, the components are generated by an
eigenvector decomposition of the matrix formed from the sum of pairwise substitution scores at each
aligned position between each pair of sequences. The basic method is described in the 1995 paper by
G. Casari, C. Sander and A. Valencia E] and implemented at the SeqSpace server at the EBI.

Jalview provides two different options for the PCA calculation: SeqSpace and Jalview mode. In
SeqSpace mode, PCAs are computed using the identity matrix, and gaps are treated as the unknown

1 Nature Structural Biology (1995) 2, 171-8. PMID: 7749921

55



56 CHAPTER 6. ANALYSIS OF ALIGNMENTS

residue’ (this actually differs from the original SeqSpace paper, and will be adjusted in a future
version of Jalview). In Jalview mode, PCAs are computed using the chosen score matrix - which for
protein sequences, defaults to BLOSUM 62, and for nucleotides, is the DNA identity matrix that also
treats Us and Ts as identical, to support analysis of both RNA and DNA alignments. The Change
Parameters allows the calculation method and score models to be changed |

The PCA Viewer

PCA analysis can be launched from the Calculate = Principal Component Analysis menu option.
PCA requires a selection containing at least 4 sequences. A window opens containing the
PCA tool (Figure [6.1I). Each sequence is represented by a small square, coloured by the background
colour of the sequence ID label. The axes can be rotated by clicking and dragging the left mouse
button and zoomed using the 1 and | keys or the scroll wheel of the mouse (if available). A tool
tip appears if the cursor is placed over a sequence. Sequences can be selected by clicking on them.
[CTRL]-Click can be used to select multiple sequences.

Labels will be shown for each sequence by toggling the View = Show Labels menu option, and

the plot background colour changed via the View = Background Colour.. dialog box. A graphical

representation of the PCA plot can be exported as an EPS or PNG image via the File => Save As >
. submenu.

Exercise 17: Principal Component Analysis
17.a. Load the alignment at http://www.jalview.org/tutorial /alignment.fa.

17.b. Select the menu option Calculate = Principal Component Analysis. A new window
will open. Move this window within the desktop so that the tree, alignment and PCA
viewer windows are all visible. Try rotating the plot by clicking and dragging the
mouse on the plot in the PCA window. Note that clicking on points in the plot will
highlight the sequences on the alignment.

17.c. Select Calculate = Calculate Tree = Neighbour Joining Using BLOSUMG62. A new
tree window will appear. Place the mouse cursor on the tree window so that the
tree partition location will divide the alignment into a number of groups, each of a
different colour. Note how the colour of the sequence ID label matches both the colour
of the partitioned tree and the points in the PCA plot.

See the video at: http://www. jalview.org/training/Training-Videos.

PCA Data Export

Although the PCA viewer supports export of the current view, the plots produced are rarely suit-
able for direct publication. The PCA viewer’s File menu includes a number of options for exporting
the PCA matrix and transformed points as comma separated value (CSV) files. These files can be
imported by tools such as R or gnuplot in order to graph the data.

2See http://www.jalview.org/help/html/calculations/pca.html,
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Figure 6.2: Calculating Trees Jalview provides a range of options for calculating trees. Jalview
can also load precalculated trees in Newick format (right).

6.2 Trees

Jalview can calculate and display trees, providing interactive tree-based grouping of sequences

though a tree viewer. All trees are calculated via the Calculate = Calculate Tree = ...

submenu.

Trees can be calculated from distance matrices determined from % identity or aggregate BLOSUM
62 score using either Average Distance (UPGMA) or Neighbour Joining algorithms. The input data
for a tree is either the selected region or the whole alignment, excluding any hidden regions.

On calculating a tree, a new window opens (Figure which contains the tree. Various display
settings can be found in the tree window View menu, including font, scaling and label display options.
The File = Save As submenu contains options for image and Newick file export. Newick format is
a standard file format for trees which allows them to be exported to other programs. Jalview can
also read in external trees in Newick format via the File = Load Associated Tree menu option. Leaf
names on imported trees will be matched to the associated alignment - unmatched leaves will still
be displayed, and can be highlighted using the View = Mark Unlinked Leaves menu option.
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Figure 6.3: Interactive Trees The tree level cutoff can be used to designate groups in Jalview.

Clicking on the tree brings up a cursor across the height of the tree. The sequences are automatically
partitioned and coloured (Figure[6.3). To group them together, select the Calculate = Sort = By Tree
Order = ... alignment window menu option and choose the correct tree. The sequences will then
be sorted according to the leaf order currently shown in the tree view. The coloured background to
the sequence IDs can be removed with Select = Undefine Groups from the alignment window menu.
Note that tree partitioning will also remove any groups and colourschemes on a view, so create a new

view ([CTRL-T]) if you wish to preserve these.

Recovering input Data for a Tree or PCA Plot Calculation

ann Principal

The File = Input Data option will open a new alignment window containing WG view change parameters

Save as

the original data used to calculate the tree or PCA plot (if available). This | outpurvatues..

Print

function is useful when a tree has been created and then the alignment sub- S

sequently changed.

Changing the associated View for a Tree or PCA Viewer

The View = Associated Nodes With = .. submenu is shown
when the viewer is associated with an alignment that is in-
volved in multiple views. Selecting a different view does not
affect the tree or PCA data, but will change the colouring and
display of selected sequences in the display according to the
colouring and selection state of the newly associated view.

6.2.1 Tree Based Conservation Analysis

Output points...
Output transformed points...

Show Labels
Background Colour...

Astgciate Nodes With +JEs{iITEY
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MAFFT Alignment Ordering
FE252 Representatives
Spinach Feredoxin Structure
] All Views

Trees reflect the pattern of global sequence similarity exhibited by the alignment, or region within
the alignment, that was used for their calculation. The Jalview tree viewer enables sequences to
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be partitioned into groups based on the tree. This is done by clicking within the tree viewer win-
dow. Once subdivided, the conservation between and within groups can be visually compared in
order to better understand the pattern of similarity revealed by the tree and the variation within the
clades partitioned by the grouping. The conservation based colourschemes and the group associated
conservation and consensus annotation (enabled using the alignment window’s View = Autocalcu-
lated Annotation = Group Conservation and Group Consensus options) can help when working with
larger alignments.

Exercise 18: Trees

Ensure that you have at least 1G memory available in Jalview.

(Start with link: |http:/www.jalview.org/services/launchApp?jvm-max-heap=1G, or in the De-

velopment section of the Jalview web site (http./www.jalview.org/development/development-

builds) in the table, go to “latest official build” row and “Webstart” column, click on “2G”.)

18.a. Open the alignment at http://www.jalview.org/tutorial /alignment.fa. Select Calculate
= Calculate Tree = Neighbour Joining Using BLOSUMG62. A tree window opens.

18.b. Click on the tree window, a cursor will appear. Note that placing this cursor divides
the tree into a number of groups by colour. Place the cursor to give about 4 groups.

18.c. In the alignment window, select Calculate = Sort = By Tree Order = Neighbour
Joining Tree using BLOSUMG62 from... . The sequences are reordered to match the
order in the tree and groups are formed implicitly. Alternatively in the tree window,
select View = Sort Alignment by Tree.

18.d. Select Calculate = Calculate Tree = Neighbour Joining Using % Identity. A new
tree window will appear. The group colouring makes it easy to see the differences
between the two trees calculated by the different methods.

18.e. Select from sequence 2 column 60 to sequence 12 column 123. Select Calculate =
Calculate Tree = Neighbour Joining Using BLOSUM62. A new tree window will
appear. The tree contains 11 sequences. It has been coloured according to the already
selected groups from the first tree and is calculated purely from the residues in the

selection.
Comparing the location of individual sequences between the three trees illustrates the im-

portance of selecting appropriate regions of the alignment for the calculation of trees.
See the video at: http://www.jalview.org/training/Training-Videos!

Exercise 19: Pad Gaps in an Alignment

19.a. Open the alignment at http://www.jalview.org/tutorial /alignment.fa. In alignment
window, ensure that the Edit = Pad Gaps option is not ticked, and insert one gap
anywhere in the alignment.

19.b. Select Calculate = Calculate Tree = Neighbour Joining Using BLOSUMG62.

A warning dialog box “Sequences not aligned” appears because the sequences
input to the tree calculation are of different lengths.

19.c. Select Edit = tick Pad Gaps and perform the tree calculation again. This time a new
tree should appear - because padding gaps ensures all the sequences are the same
length after editing.

Pad Gaps option can be set in Preferences using Tool = Preference = Editing.

See the video at: http://www. jalview.org/training/Training-Videos.
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Figure 6.4: The Redundancy Removal dialog box opened from the edit menu. Sequences that ex-
ceed the current percentage identity threshold and are to be removed are highlighted
in black.

Exercise 20: Tree Based Conservation Analysis

20.a. Load the PF03460 PFAM seed alignment using the sequence fetcher. Select Colour
= Taylor = By Conservation, set Conservation shading threshold at around 20.

20.b. Build a Neighbour joining tree using Select Calculate = Calculate Tree = Neighbour
Joining Using BLOSUMG62.

20.c. Use the mouse cursor to select a point on the tree to partition the alignment into

several sections.
20.d. Select View = Sort Alignment By Tree option in the tree window to re-order the se-

quences in the alignment using the calculated tree. Examine the variation in colour-
ing between different groups of sequences in the alignment window.

20.e. You may find it easier to browse the alignment if you first uncheck the Annotations
= Show Annotations option. Open the Overview Window within the View menu to
aid navigation.

20.f Try changing the colourscheme of the residues in the alignment to BLOSUMG62
(whilst ensuring that Apply Colour to All Groups is selected).

Note: You may want to save the alignment and tree as a project file, since it is used in the

next set of exercises.

See the video at: http://www. jalview.org/training/Training-Videos,

6.2.2 Redundancy Removal

The redundancy removal dialog box is opened using the Edit = Remove Redundancy... option in
the alignment menu. As its menu option placement suggests, this is actually an alignment editing
function, but it is convenient to describe it here. The redundancy removal dialog box presents a
percentage identity slider which sets the redundancy threshold. Aligned sequences which exhibit
a percentage identity greater than the current threshold are highlighted in black. The [Remove]
button can then be used to delete these sequences from the alignment as an edit operatiorﬁ

3Which can usually be undone. A future version of Jalview may allow redundant sequences to be hidden, or represented
by a chosen sequence, rather than deleted.
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6.2.3 Subdividing the Alignment According to Specific Mutations

It is often necessary to explore variations in an alignment that may correlate with mutations ob-
served in a particular region; for example, sites exhibiting single nucleotide polymorphism, or residues
involved in substrate recognition in an enzyme. One way to do this would be to calculate a tree using
the specific region, and subdivide it in order to partition the alignment. However, calculating a tree
can be slow for large alignments, and the tree may be difficult to partition when complex mutation
patterns are being analysed. The Select = Make groups for selection function was introduced to
make this kind of analysis easier. When selected, it will use the characters in the currently selected
region to subdivide the alignment. For example, if a single column is selected, then the alignment (or
each group defined on the alignment) will be divided into groups based on the residue or nucleotide
found at that position. These new groups are annotated with the characters in the selected region,
and Jalview’s group based conservation analysis annotation and colourschemes can then be used to
reveal any associated pattern of sequence variation across the whole alignment.

6.3 Pairwise Alignments

Jalview can calculate optimal pairwise alignments between arbitrary sequences via the Calculate =
Pairwise Alignments. .. menu option. Global alignments of all pairwise combinations of the selected
sequences are performed and the results returned in a text box.

Exercise 21: Remove Redundant Sequences

21.a. Using the alignment generated in the previous exercise (exercise [20). In the align-
ment window, you may need to deselect groups using Esc key.

21.b. In the Edit menu select Remove Redundancy to open the Redundancy threshold se-
lection dialog. Adjust the redundancy threshold value, start at 50 and increase the
value to 65. Sequences selected will change colour in the Sequence ID panel. Se-
lect “Remove” to remove the sequences that are more than 65% similar under this
alignment.

21.c. From the tree window, select View = Mark Unlinked Leaves option, and note that
the removed sequences are now prefixed with a * in the tree view.

21.d. Use the [Undo] button in the Redundancy threshold selection dialog box to recover
the sequences. Note that the * symbols disappear from the tree display.

21.e. Experiment with the redundancy removal and observe the relationship between the
percentage identity threshold and the pattern of unlinked nodes in the tree display.
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Figure 6.5: Pairwise alignment of sequences.
quences are shown in a textbox.

Pairwise alignments of three selected se-

Exercise 22: Group Conservation Analysis
22.a. Re-use or recreate the alignment and tree

22.b.
Ensure the annotation panel is displayed
Enable the display of Group Consensus op

22.c.
ulations within each group. Activate the

22.d.
the Tree video).

Subdivide the alignment according to this
selection.

22.e.

ing Calculate = Sort = By Group.

22.h. Clear the groups, and try to subdivide the a
columns that you wish to use to subdivide

made in the previous exercise.

conservation analysis exercise (exercise [20).
In the View menu in the alignment window, select New View to create a new view.

Annotation = Autocalculated Annotation submenu in the alignment window.
Displaying the sequence logos will make it easier to see the different residue pop-
annotation row to open the context menu and select the Show Logo option.

In the column alignment ruler, select a column exhibiting about 50% conservation
that lies within the central conserved region of the alignment. (Column 74 is used in

22.f. Re-order the alignment according to the new groups that have been defined by select-

Click on the group annotation row IDs to select groups exhibiting a specific mutation.
22.g. Select another column exhibiting about 50% conservation overall, and subdivide the
alignment further. Note that the new groups inherit the names of the original groups,
allowing you to identify the combination of mutations that resulted in the subdivision.
Hint: You may need to hide the intervening columns before you can select both of the

22.i. Switch back to the original view, and experiment with subdividing the tree groups

See the video at: http://www. jalview.org/training/Training-Videos.

which you worked with in the tree based

(Show annotation in Annotations menu).
tion by checking Group Consensus in the

logo by right clicking on the Consensus

selection using Select = Make groups for

lignment using two non-adjacent columns.

the alignment.
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Chapter 7

Working with 3D structures

Jalview facilitates the use of 3D structure data for the analysis of alignments by providing a linked
view of structures associated with the aligned sequences. It also allows sequence, secondary struc-
ture and B-factor data to be imported from structure files, and supports the use of the EMBL-EBTI’s
SIFTS database to construct accurate mappings between UniProt protein sequences and structures
retrieved from the PDB.

7.1 Molecular graphics systems supported by Jalview

Jalview can interactively view 3D structure using Jmol, a Java based molecular viewing programﬂ
integrated with JalvieWE] It also supports the use of UCSF Chimera, a powerful molecular graphics
system that needs separate installation. Jalview can also read PDB and mmCIF format files directly
to extract sequences and secondary structure information, and retrieve records from the European
Protein Databank (PDBe) using the Sequence Fetcher (see [1.4.5).

7.1.1 Configuring the default structure viewer

To configure which viewer is used when creating a new structure view, open the Structures prefer-
ences window via Tools = Preferences. .. and select either JMOL or CHIMERA as the default viewer.
If you select Chimera, Jalview will search for the installed program, and if it cannot be found, you
will be prompted to locate the Chimera binary, or alternately, open the UCSF Chimera download
page to obtain the software.

ISee the Jmol homepage http://www. jmol.org for more information.
2Earlier versions of Jalview included MCView - a simple main chain structure viewer. Structures are visualized as an
alpha carbon trace and can be viewed, rotated and coloured using the sequence alignment.
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7.2 Automatic Association of PDB Structures with Sequences

Jalview will attempt to automatically determine which structures are associated with a sequence via
its ID, and any associated database references. To do this for a particular sequence or the current
selection, open the Sequence ID popup menu and select View 3D Structure, to open the 3D Structure
Chooser.

When the structure chooser is first opened, if no database identifiers are available, Jalview will auto-
matically perform a database reference retrieval (See to discover identifiers for the sequences
to use to search the PDB. This can take a few seconds for each sequence and will be performed for all
selected sequencesﬂ

Once the retrieval has finished, the structure chooser dialog will show any available PDB entries for
the selected sequences.

7.2.1 Drag-and-Drop Association of PDB Files with Sequences by Filename Match

If you have PDB files stored on your computer named the same way as the sequences in the align-
ment, then you can drag them from their location on the file browser onto an alignment window.
Jalview will search the alignment for sequences with IDs that match any of the files, and offer a
dialog like the one in Figure[7.1

If no associations are made, then sequences extracted from the structure will be simply added to the
alignment. However, if only some of the PDB files are associated, Jalview will raise another dialog
box giving you the option to add any remaining sequences from the PDB structure files not present
in the alignment. This allows you to easily decorate sequences in a newly imported alignment with
any corresponding structures you've already collected in a directory accessible from your computerf_f]

After associating sequencesAdwith PDB files, you can view the PDB structures by opening the Se-
quence ID popup menu and selecting View 3D Structure. The PDB files you loaded will be shown in
the Cached Structures view, after selecting it from the drop down menu in the dialog box.

7.3 Viewing Structures

The structure viewer is launched via the Sequence ID context menu. To view structures associated
with a sequence or a selected set of sequences in the alignment, simply right click the mouse to open
the context menu, and select 3D Structure data ... to open the Structure Chooser dialog box.

If any of the currently selected sequences have structures in the PDB, they will appear in the
Structure Chooser dialog box. The structures can be ranked by different parameters, but are by

3 After this is done, you can can see the added database references in a tool tip by mousing over the sequence ID. You
can use the View = Sequence ID Tooltip = Show Db References submenu option to enable or disable these data in the
tooltip.

1We plan to extend this facility in future so Jalview will automatically search for PDB files matching your sequence
within a local directory. Check out Jalview issue 801
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Figure 7.1: Associating PDB files with sequences by drag-and-drop. Dragging PDB files
onto an alignment of sequences with names matching the dragged files names (A),
results in a dialog box (B) that gives the option to associate each file with any se-
quences with matching IDs.

default ordered according to their PDB quality score.

To view one or more structures, simply click View to open a structure viewer containing the struc-
tures selected in the dialog. If several structures were picked, these will be shown superposed ac-
cording to the alignment. You may find Jalview has already picked the best structure - using one of
the criteria shown in the dropdown menu (e.g. 'Best Quality’, which is picked by default). However,
you are free to select your own.

The structure(s) to be displayed will be downloaded or loaded from the local file system, and shown
as a ribbon diagram coloured according to the associated sequence in the current alignment view
(Figure (right)). The structure can be rotated by clicking and dragging in the structure window.
The structure can be zoomed using the mouse scroll wheel or by [SHIFT]-dragging the structure.

Moving the mouse cursor over a sequence to which the structure is linked in the alignment view
highlights the respective residue’s sidechain atoms. The sidechain highlight may be obscured by
other parts of the molecule. Similarly, moving the cursor over the structure shows a tooltip and
highlights the corresponding residue in the alignment. Clicking the alpha carbon or phosphorous
backbone atom will toggle the highlight and residue label on and off. Often, the position highlighted
in the sequence may not be in the visible portion of the current alignment view and the sliders will
scroll automatically to show the position. If the alignment window’s View = Automatic Scrolling
option is not selected, however, then the automatic adjustment will be disabled for the current view.

7.3.1 Customising Structure Display

Structure display can be modified using the Colour and View menus in the structure viewer. The
background colour can be modified by selecting the Colours = Background Colour. .. option.

By default, the structure will be coloured in the same way as the associated sequence(s) in the align-
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Figure 7.2: Structure visualization Structure viewers are launched from the 3D Structure
chooser dialog (left). Jalview shows the displayed structures coloured according the
alignment view (right).

ment view from which it was launched. The structure can be coloured independently of the sequence
by selecting an appropriate colour scheme from the Colours menu. It can be coloured according to
the alignment using the Colours = By Sequence option. The image in the structure viewer can be
saved as an EPS or PNG with the File = Save As = ... submenu, which also allows the raw data to
be saved as PDB format. The mapping between the structure and the sequence (how well and which
parts of the structure relate to the sequence) can be viewed with the File = View Mapping menu
option.

Using the Jmol Visualization Interface

Jdmol has a comprehensive set of selection and visualization functions that are accessed from the
Jdmol popup menu (by right-clicking in the Jmol window or by clicking the Jmol logo). Molecule
colour and rendering style can be manipulated, and distance measurements and molecular surfaces
can be added to the view. It also has its own “Rasmo]E]-like” scripting language, which is described
elsewhereﬁ Jalview utilises the scripting language to interact with Jmol and to store the state of
a Jmol visualization within Jalview archives, in addition to the PDB data file originally loaded or
retrieved by Jalview. To access the Jmol scripting environment directly, use the Jmol = Console
menu option.

If you would prefer to use Jmol to manage structure colours, then select the Colours = Colour with
Jmol option. This will disable any automatic application of colour schemes when new structure data
is added, or when associated alignment views are modified.

5Seehttp://www.rasmol.org
8Jmol Wiki: http://wiki. jmol.org/index.php/Scripting
Jmol Scripting reference: http://www.stolaf.edu/academics/chemapps/jmol/docs/
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Exercise 23: Viewing Structures with the integrated Jmol Viewer
23.a. Load the alignment at http://www.jalview.org/examples/exampleFile jar.

23.b. Right-click on the sequence ID label of FER1_SPIOL to open the ID popup menu and
select 3D Structure. After a short pause, a Structure Chooser dialog will open for the
sequence, listing available structure data from the PDB. Select 1A70 from the list
and click View.

The Structure Chooser dialog presents available PDB structures by querying the
EMBL-EBI's PDBe web API. Extra information can be including in this window by
checking boxes in the columns of the “Customise Displayed Options” tab.

23.c. By default the Jmol structure viewer opens in the Jalview desktop. Rotate the
molecule by clicking and dragging in the structure viewing box. Zoom with the mouse

scroll wheel.
23.d. Roll the mouse cursor along the FER1_SPIOL sequence in the alignment. Note that

if a residue in the sequence maps to one in the structure, a label will appear next to

that residue in the structure viewer.
23.e. Move the mouse over the structure. In the Jmol viewer, placing the mouse over a

part of the structure will bring up a tool tip indicating the name and number of
that residue. In the alignment window, the corresponding residue in the sequence is
highlighted in black.

23.f. Clicking the alpha carbon toggles the highlight and residue label on and off. Try this
by clicking on a set of three or four adjacent residues so that the labels are persistent,
then finding where they are in the sequence.

23.g. In the structure viewer menu, select Colours = Background Colour... and choose a
suitable colour. Press OK to apply this.

23.h. Select File = Save As = PNG and save the image. On your computer, view this with

a suitable program.

23.1. Select File = View Mapping from the structure viewer menu. A new window opens
showing the residue by residue alignment between the sequence and the structure.

23.j. Select File = Save = PDB file and choose a new filename to save the PDB file. Once
the file is saved, open the location in your file browser (or explorer window) and drag
the PDB file that you just saved on to the Jalview desktop (or load it from the Jalview
Desktop = Input Alignment = From File menu). Verify that you can open and view
the associated structure from the sequence ID context menu’s 3D Structure submenu
in the new alignment window.

23.k. In the Jmol window, right click on the structure window and explore the menu op-
tions. Try to change the style of molecular display - for example by using the Jmol =
Select (n) => All command (where n is the number of residues selected), and then the
Jmol = Style = Scheme = Ball and Stick command.

23.1. In the alignment window, use the File = Save As.. function to save the alignment
as a Jalview Project. Now close the alignment and the structure view, and load the
project file you just saved. Verify that the Jmol display is as it was when you just

saved the file.
See the video at: http://www. jalview.org/training/Training-Videos,
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Exercise 24: Setting Chimera as the default 3D Structure Viewer

Jalview supports molecular structure visualization using both Jmol and Chimera 3D view-

ers. Jmol is the default viewer, however Chimera can be set up as the default choice from

Preferences.

24.a. First, Chimera must be downloaded and installed on the computer. Chimera program
is available on the UCSF web site https://www.cgl.ucsf.edu/chimera/download.html.

24.b. In the desktop menu, select Tool = Preferences. In the “Structure” tab set Default
structure viewer as Chimera; then click OK.

24.c. Close the Jalview program, from the Desktop menu select Jalview = Quit Jalview.
Then reopen Jalview, Chimera should open as the default viewer.

Note: The Jmol structure viewer sits within the Jalview desktop. However the Chimera

structure viewer sits outside the Jalview desktop and a Chimera view window sits inside the

Jalview desktop.

See the video at: http://www. jalview.org/training/Training-Videos)

7.3.2 Superimposing Structures

Many comparative biomolecular analysis investigations aim to determine if the biochemical prop-
erties of a given molecule are significantly different to its homologues. When structure data is
available, comparing the shapes of molecules by superimposing them enables substructure that may
impart different behaviour to be quickly identified. The identification of optimal 3D superposition
involves aligning 3D data rather than sequence symbols, but the result can still be represented as a
sequence alignment, where columns indicate positions in each molecule that should be superposed
to recreate the optimal 3D alignment.

Jalview can employ Jmol’s 3D fitting routinesff] to recreate 3D structure superpositions based on the
correspondences defined by one or more sequence alignments involving structures shown in the Jmol
display. Superposition based on the currently displayed alignment view happens automatically if a
structure is added to an existing Jmol display using the 3D Structure option in the Sequence ID
popup menu to open the Structure Chooser dialog box. Select the structures required and select
View. A new Jmol view opens containing superposed structures if the current selection contains two
or more sequences with associated structures.

Obtaining the RMSD for a Superposition

The RMSD (Root Mean Square Deviation) is a measure of how similar the structures are when they
are superimposed. Figure shows a superposition created during the course of Exercise The
parts of each molecule used to construct the superposition are rendered using the cartoon style, with
other parts of the molecule drawn in wireframe. The Jmol console, which has been opened after the
superposition was performed, shows the RMSD report for the superposition. Full information about
the superposition is also reported on the Jalview consoleE] This output also includes the precise atom
pairs used to superpose structures.

7See http://chemapps.stolaf.edu/jmol/docs/?ver=12.2#compare for more information.
8The Jalview Java Console is opened from Tools = Java Console option in the Desktop’s menu bar
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Choosing which part of the Alignment is used for Structural Superposition

Jalview uses the visible part of each alignment view to define which parts of each molecule are to
be superimposed. Hiding a column in a view used for superposition will remove that correspondence
from the set, and will exclude it from the superposition and RMSD calculation. This allows the
selection of specific parts of the alignment to be used for superposition. Only columns that define a
complete set of correspondences for all structures will be used for structural superposition, and as a
consequence, the RMSD values generated for each pair of structures superimposed can be directly
compared.

In order to recompute a superposition after changing a view or editing the alignment, select the
Jmol = Align Structures menu option. The Jmol = Superpose with .. submenu allows you to choose
which of the associated alignments and views are to be used to create the set of correspondences.
This menu is useful when composing complex superpositions involving multi-domain and multi-
chain complexes, when correspondences may be defined by more than one alignment.

Note that these menu options appear when you have two or more structures in one Jmol viewer.
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Figure 7.3: Superposition of two ferredoxin structures. The alignment on the left was
used by Jalview to superpose structures associated with the FER1_SPIOL and
FER1_MAIZE sequences in the alignment. Parts of each structure used for superpo-
sition are rendered as a cartoon, the remainder rendered in wireframe. The RMSD
between corresponding positions in the structures before and after the superposition
is shown in the Jmol console.

7.3.3 Colouring Structure Data Associated with Multiple Alignments and Views

Normally, the original view from which a particular structure view was opened will be the one used
to colour structure data. If alignments involving sequences associated with structure data shown in
a Jmol have multiple views, Jalview gives you full control over which alignment, or alignment view,
is used to colour the structure display. Sequence-structure colouring associations are changed via the
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View = Colour by .. menu, which lists all views associated with data shown in the embedded Jmol
view. A tick is shown beside views currently used as colouring source, and moving the mouse over
each view will bring it to the front of the alignment display, allowing you to browse available colour
sources prior to selecting one. If the Select many views option is selected, then multiple views can be
selected as sources for colouring the structure data. Invert selection and Select all views options are
also provided to quickly change between multi-view selections.

Note that the Select many views option is useful if you have different views that colour different
areas or domains of the alignment. This option is further explored in Section

Exercise 25: Aligning Structures using the Ferredoxin Sequence Alignment
25.a. Continue with the Jalview project created in exercise

25.b. Open the 3D Structure chooser dialog from the popup menu for FER1_SPIOL by
right-clicking its ID (CMD-click on Macs), and selecting = 3D Structure Data ...

25.c. Pick 1A70 from the Structure Chooser dialog, and click the View button. Jalview
will give you the option of aligning the structure to the one already open. To su-
perimpose the structure associated with FER1_MAIZE with the one associated with
FER1_SPIOL, press Yes.

The Jmol view should update to show both structures, and one will be moved on to
the other. If this doesn’t happen, use the Align function in the Jmol submenu.

25.d. Create a new view on the alignment, and hide all but columns 121 through to 132
(you can do this via View = Hide = All but selected region).

25.e. Select the newly created view in the Jmol = Superpose With submenu, and then
recompute the superposition with Jmol = Align Structures.

Note how the molecules shift position when superposed with only a small region of
the alignment.

25.f. Compare RMSDs obtained when superimposing molecules with columns 121-132 and
with the whole alignment.

25.g. The RMSD report can be viewed by right clicking the mouse on Jmol window, and
select Console from the menu (if nothing is shown, recompute the superposition after
displaying the console).

Which view do you think give the best 3D superposition, and why ?

Colouring Complexes

The ability to control which multiple alignment view is used to colour structural data is essential
when working with data relating to multidomain biomolecules and complexes.

In these situations, each chain identified in the structure may have a different evolutionary history,
and a complete picture of functional variation can only be gained by integrating data from different
alignments on the same structure view. An example of this is shown in Figure based on data
from Song et. a1l

9Structure of DNMT1-DNA Complex Reveals a Role for Autoinhibition in Maintenance DNA Methylation. Jikui Song,
Olga Rechkoblit, Timothy H. Bestor, and Dinshaw J. Patel. Science 2011 331 1036-1040 DOI:10.1126/science.1195380


http://www.sciencemag.org/content/331/6020/1036
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View = Colour by .. menu provides full control of which alignment view is used

to colour structures when the Colours = By Sequence option is selected.
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Figure 7.5: The biological assembly of Mouse DNA Methyltransferase-1 coloured by

Pfam alignments for its major domains Alignments for each domain within the
Uniprot sequence DNMT1_MOUSE have been used to visualise sequence conserva-
tion in each component of this protein-DNA complex. Instructions for recreating this
figure are given in exercise 26]
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Exercise 26: Colouring a Protein Complex to Explore Domain-Domain Interfaces

26.a.

26.b.

26.c.

26.d.

26.e.

26.1.

26.g.

26.h.

26.1.

Download the PDB file at http://www. jalview.org/tutorial /DNMT1_MOUSE. pdb to
your desktop. This is the biological unit for PDB ID 3pt6, as identified by the PDBe’s

PISA server.
Launch the Jalview desktop and ensure you have at least 1G of free memory avail-

able.

See section for how to do this or click the following link:

http://www. jalview. org/services/launchApp? jvm-max-heap=2G

Retrieve the following PFAM alignments from the PFAM (full) source : PF02008
PF01426 PF00145 (enter all three - they will each be retrieved into their own align-
ment window).

Drag the URL or file of the structure you downloaded in step 1 onto one of the align-
ments to associate it with the mouse sequence in that Pfam domain family.

Use the Find dialog to locate every DNMT1_MOUSE sequence in the alignment and
for each one, open the Structure Chooser via the ID popup menu (= 3D Structure
Data . Select the DNMT1_MOUSE.pdb structure from the ‘Cached Structures’ view,
and click View.

Part of the newly opened structure will be coloured the same way as the associated
DNMT1_MOUSE sequence is in the alignment view.

WARNING: do not select all sequences and open the Structure Chooser ! This
will cause Jalview to attempt to discover all structures for sequences in the alignment.
Repeat the previous two steps for each of the other alignments. In each case, af-
ter selecting the DNMT1_MOUSE.pdb structure and hitting the ‘View’ button on the
Structure Chooser dialog, Jalview will ask if you wish to create a new dmol view. Re-
spond ‘Yes’ each time. This will ensure ensure each sequence fragment is associated

with the same Jmol view.
Pick a different colourscheme for each alignment, and use the Colour by .. submenu

to ensure they are all used to colour the complex shown in the Jmol window.

The different shading schemes will allow regions of strong physicochemical conserva-
tion are highlighted on the domains in the structure.

The final step needed to reproduce the shading in Figure is to use the Colour =
By Annotation... option in each alignment window to shade the alignment by the
Conservation annotation row (introduced in section (3.1.5).

Ensure that you first disable the View = Show Features menu option, or you may not
see any colour changes in the associated structure.

Examine the regions strongly coloured at the interfaces betweeen each protein do-
main, and the DNA binding region. What do you think these patterns mean ?

Save your work as a Jalview project and verify that it can be opened again by starting
another Jalview Desktop instance, and dragging the saved project into the desktop
window.
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Chapter 8

Protein sequence analysis and
structure prediction

Many of Jalview’s sequence feature and annotation capabilities were developed to allow the results
of sequence based protein structure prediction methods to be visualised and explored. This chapter
introduces services integrated with the Jalview Desktop for predicting protein secondary structure
and protein disorder.

8.1 Protein Secondary Structure Prediction

Protein secondary structure prediction is performed using the Jpre(ﬂ server at the University of
Dundeeﬂ The behaviour of this calculation depends on the current selection:

o If nothing is selected, Jalview will check the length of each alignment row to determine if the
visible sequences in the view are aligned.

- If all rows are the same length (often due to the application of the Edit = Pad Gaps
option), then a JPred prediction will be run for the first sequence in the alignment, using
the current alignment as the profile to use for prediction.

- Otherwise, just the first sequence will be submitted for a full JPred prediction.

o If just one sequence (or a region in one sequence) has been selected, it will be submitted to the
automatic JPred prediction server for homolog detection and prediction.

o If a set of sequences are selected, and they appear to be aligned using the same criteria as
above, then the alignment will be used for a JPred prediction on the first sequence in the set
(that is, the one that appears first in the alignment window).

L«The Jpred 3 Secondary Structure Prediction Server” Cole, C., Barber, J. D. and Barton, G. J. (2008) Nucleic Acids
Research 36, (Web Server Issue) W197-W201

“Jpred: A Consensus Secondary Structure Prediction Server” Cuff, J. A., Clamp, M. E., Siddiqui, A. S., Finlay, M. and
Barton, G. J. (1998) Bioinformatics 14, 892-893

2http://www.compbio.dundee.ac.uk/www-jpred/
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Figure 8.1: Secondary Structure Prediction Status (left) and results (right) windows for
JPred predictions.

Jdpred is launched in the same way as the other web services. Select Web Service = Secondary
Structure Prediction = JPred Secondary Structure Predictiorﬂ from the alignment window menu
(Figure[8.1). A status window opens to inform you of the progress of the job. Upon completion, a new
alignment window opens and the Jpred predictions are included as annotations. Consult the Jpred
documentation for information on interpreting these results.

8.1.1 Hidden Columns and JPred Predictions

Hidden columns can be used to exclude parts of a sequence or profile from the input sent to the JNet
service. For instance, if a sequence is known to include a large loop insertion, hiding that section
prior to submitting the JNet prediction can produce different results. In some cases, these secondary
structure predictions can be more reliable for sequence on either side of the insertionlﬂ Prediction
results returned from the service will be mapped back onto the visible parts of the sequence, to
ensure a single frame of reference is maintained in your analysis.

3JNet is the Neural Network based secondary structure prediction method that the JPred server uses.
4This, of course, cannot be guaranteed.
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Exercise 27: Secondary Structure Prediction

Note: The annotation panel can get quite busy during this exercise. Try hiding some annota-

tions rows by right clicking the mouse in the annotation label panel and select the “Hide this

row” option. The Annotations dropdown menu on the alignment wndow also provides options
for reording and hiding autocalculated and sequence associated annotation.

27.a. Open the alignment at http://www.jalview.org/tutorial/alignment.fa. Select
the sequence FER_MESCR by clicking on the sequence ID. Then select Web Service
= Secondary Structure Prediction = JPred Secondary Structure Prediction from the
alignment window menu. A status window will appear and after some time (about
2-4 min) a new window with the JPred prediction will appear. Note that the number
of sequences in the results window is many more than in the original alignment as
JPred performs a PSI-BLAST search to expand the prediction dataset. The results
from the prediction are visible in the annotation panel. JPred secondary structure
prediction annotations are examples of sequence-associated alignment annotation.

27.b. Select a different sequence and perform a JPred prediction in the same way. There
will probably be minor differences in the predictions.

27.c. Select the sequence used in the second sequence prediction by clicking on its name in
the sequence ID panel, and copy (/CTRL] or [CMD]-C) and then paste it [CTRL] or
[CMD]-V) into the first prediction window. You can now compare the two predictions
as the annotations associated with the sequence has also been copied across.

27.d. Select and hide some columns in one of the alignment profiles that were returned
from the JNet service, and then submit the profile for prediction again.

27.e. When you get the result, verify that the prediction has not been made for the hidden
parts of the profile (by clicking the mouse on column ruler and right click to open the
context menu and select Reveal All), and that the JPred reliability scores differ from
the prediction made on the full profile.

27.f. In the original alignment that you loaded in step 1, select all sequences, then open the
Sequence ID = Selection submenu by right clicking the mouse to open the context
menu, and select the Add Reference Annotation option.

All the JPred predictions for the sequences will now be visible in the original align-

ment window.
Homework: Go back to the last step of exercise (14| and follow the instructions to view the

Jalview annotations file created from the annotations generated by the JPred server for your

sequence.

8.2 Protein Disorder Prediction

Disordered regions in proteins were classically thought to correspond to “linkers” between distinct
protein domains, but disorder can also play a role in function. The Web Service = Disorder menu in
the alignment window allows access to protein disorder prediction services provided by the config-
ured JABAWS servers.

8.2.1 Disorder Prediction Results

Each service operates on sequences in the alignment to identify regions likely to be unstructured
or flexible, or alternately, fold to form globular domains. As a consequence, disorder predictor re-
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Figure 8.2: Annotation rows for several disorder predictions on a sequence. A zoomed
out view of a prediction for a single sequence. The sequence is shaded to highlight
disordered regions (brown and grey), and the line plots below the Sequence show the
raw scores for various disorder predictors. Horizontal lines on each graph mark the
level at which disorder predictions become significant.

sults include both sequence features and sequence associated alignment annotation rows. Section
describes the manipulation and display of these data in detail, and Figure demonstrates how
sequence feature shading and thresholding (described in Section |4.2.2) can be used to highlight dif-

ferences in disorder prediction across aligned sequences.
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Figure 8.3: Shading alignment by sequence disorder. Alignment of Interleukin IV ho-
mologs coloured with Blosum62 with protein disorder prediction sequence features
overlaid, shaded according to their score. Borderline disordered regions appear
white, reliable predictions are either Green or Brown depending on the type of disor-

der prediction.

8.2.2 Navigating Large Sets of Disorder Predictions

Figure [8.2] shows a single sequence annotated with a range of disorder predictions. Disorder pre-
diction annotation rows are associated with a sequence in the same way as secondary structure
prediction results. When browsing an alignment containing large numbers of disorder prediction
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annotation rows, clicking on the annotation row label will highlight the associated sequence in the
alignment display, and double clicking will select that sequence.

8.2.3 Disorder Predictors provided by JABAWS 2.0

For full details of each predictor and the results that Jalview can display, please consult Jalview’s
protein disorder service documentation. Short descriptions of the methods provided in JABAWS 2.0
are given below:

DisEMBL

DisEMBL (Linding et al., 2003) is a set of machine-learning based predictors trained to recognise
disorder-related annotation found on PDB structures.

COILS Predicts loops/coils according to DSSP deﬁnitionﬂ Features mark range(s) of residues pre-
dicted as loops/coils, and annotation row gives raw value for each residue. Value over 0.516 indicates
loop/coil.

HOTLOOPS constitute a refined subset of COILS, namely those loops with a high degree of mobility
as determined from Ca temperature factors (B factors). It follows that highly dynamic loops should
be considered protein disorder. Features mark range(s) of residues predicted to be hot loops and
annotation row gives raw value for each residue. Values over 0.6 indicates hot loop.

REMARK465 “Missing coordinates in X-ray structure as defined by remark465 entries in PDB.
Nonassigned electron densities most often reflect intrinsic disorder, and have been used early on in
disorder prediction.” Features give range(s) of residues predicted as disordered, and annotation rows
gives raw value for each residue. Values over 0.1204 indicates disorder.

RONN a.k.a. Regional Order Neural Network

RONN employs an approach known as the ‘bio-basis’ method to predict regions of disorder in se-
quences based on their local similarity with a gold-standard set of disordered protein sequences. It
yields a set of disorder prediction scores, which are shown as sequence annotation below the align-
ment.

JRonxﬂ Annotation Row gives RONN score for each residue in the sequence. Scores above 0.5
identify regions of the protein likely to be disordered.

5DSSP Classifications of secondary structure are: a-helix (H), 310-helix (G), B-strand (E) are ordered, and all other
states (B-bridge (B), -turn (T), bend (S), 7-helix (I), and coil (C)) considered loops or coils.

6JRonn denotes the score for this server because JABAWS runs a Java port of RONN developed by Peter Troshin and
distributed as part of Biojava 3


http://www.jalview.org/help/html/webServices/proteinDisorder.html
http://www.jalview.org/help/html/webServices/proteinDisorder.html
http://dis.embl.de/
http://www.strubi.ox.ac.uk/RONN
http://www.biojava.org/
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IUPred

IUPred employs an empirical model to estimate likely regions of disorder. There are three different
prediction types offered, each using different parameters optimized for slightly different applica-
tions. It provides raw scores based on two models for predicting regions of ‘long disorder’ and ‘short
disorder’. A third predictor identifies regions likely to form structured domains.

Long disorder Annotation rows predict context-independent global disorder that encompasses at
least 30 consecutive residues of predicted disorder. A 100 residue window is used for calculation.
Values above 0.5 indicates the residue is intrinsically disordered.

Short disorder Annotation rows predict for short, (and probably) context-dependent, disordered
regions, such as missing residues in the X-ray structure of an otherwise globular protein. Employs
a 25 residue window for calculation, and includes adjustment parameter for chain termini which
favors disorder prediction at the ends. Values above 0.5 indicate short-range disorder.

Structured domains are marked with sequence Features. These highlight likely globular domains
useful for structure genomics investigation. Post-analysis of disordered region profile to find continu-
ous regions confidently predicted to be ordered. Neighbouring regions close to each other are merged,
while regions shorter than the minimal domain size of at least 30 residues are ignored.

GLOBPLOT

GLOBPLOT) defines regions of globularity or natively unstructured regions based on a running sum
of the propensity of residues to be structured or unstructured. The propensity is calculated based on
the probability of each amino acid being observed within well defined regions of secondary structure
or within regions of random coil. The initial signal is smoothed with a Savitzky-Golay filter, and
its first order derivative computed. Residues for which the first order derivative is positive are
designated as natively unstructured, whereas those with negative values are structured.

Disordered region sequence features are created marking mark range(s) of residues with positive
first order derivatives, and Globular Domain features mark long stretches of order. Dydx anno-
tation rows give the first order derivative of smoothed score. Values above 0 indicates residue is
disordered.

Smoothed Score and Raw Score annotation rows give the smoothed and raw scores used to create
the differential signal that indicates the presence of unstructured regions. These are hidden by
default, but can be shown by right-clicking on the alignment annotation panel and selecting Show
hidden annotation.


http://iupred.enzim.hu/Help.php
http://globplot.embl.de/
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Exercise 28: Protein Disorder Prediction

Before starting this exercise, make sure you enable the ‘Add Temperature Factor’ option in
your Structures preferences.

28.a. Open the alignment at: http://www. jalview.org/tutorial/interleukin?.fal

28.b. Run the DisEMBL disorder predictor the Service = Disorder Prediction submenu.

28.c. Select all the sequences, and open the Structure Chooser via the Sequence ID = 3D
Structure Data... popup menu. Hit the View button to retrieve and show all PDB
structures for the sequences.

28.d. Compare the disorder predictions to the structure data by mapping any available
temperature factors to the alignment via the Sequence ID Popup = Selection = Add
reference annotation option.

28.e. Apply the IUPred disorder prediction method. Use the Per sequence option in the
Colour = By annotation ... dialog to shade the sequences by the long and short
disorder predictors. Note how well the disordered regions predicted by each method
agree with the structure.



http://www.jalview.org/tutorial/interleukin7.fa
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Chapter 9

DNA and RNA Sequences

9.1 Working with DNA

Jalview was originally developed for the analysis of protein sequences, but now includes some spe-
cific features for working with nucleic acid sequences and alignments. Jalview recognises nucleotide
sequences and alignments based on the presence of nucleotide symbols [ACGT] in greater than 85%
of the sequences. Built in codon-translation tables can be used to translate ORFs into peptides for
further analysis. ENA nucleotide records retrieved via the sequence fetcher (see Section [1.4.5) are
also parsed in order to identify codon regions and extract peptide products. Furthermore, Jalview
records mappings between protein sequences that are derived from regions of a nucleotide sequence.
Mappings are used to transfer annotation between nucleic acid and protein sequences, and to dy-
namically highlight regions in one sequence that correspond to the position of the mouse pointer in
another.

9.1.1 Alignment and Colouring

Jalview provides a simple colourscheme for DNA bases, but does not apply any specific conservation
or substitution score model for the shading of nucleotide alignments. However, pairwise alignments
performed using the Calculate = Pairwise Alignment ... option will utilise an identity score matrix
to calculate alignment score when aligning two nucleotide sequences.

Aligning Nucleic Acid Sequences

Jalview has limited knowledge of the capabilities of the programs that are made available to it via
web services, so it is up to you, the user, to decide which service to use when working with nucleic
acid sequences. The table shows which alignment programs are most appropriate for nucleotide
alignment. Generally, all will work, but some may be more suited to your purposes than others.
We also note that none of these include support for taking RNA secondary structure prediction into
account when aligning sequences (but will be providing services for this in the future!)
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Program NA support Notes
Default is to autodetect nucleotide sequences.
ClustalW Yes Editable parameters include nucleotide sub-

stitution matrices and distapce metrics
Default is to autodetect nucleotide sequences.

Muscle Yes (treat U as T) | Editable parameters include nucleotide sub-

stitution matrices and distance metrics
Will autodetect nucleotide sequences and use

a hardwired substitution model (all amino-
MAFFT Yes acid sequence related parameters are ig-
nored). Unknown whether substitution model

treats Uracil specially.
ProbCons has no special support for aligning

ProbCons No nucleotide sequences. Whilst an alignment

will be returned, it is unlikely to be reliable.
Sequence type is automatically detected and

an appropriate parameter set used as re-
quired. A range of nucleotide specific score
models are available

T-COFFEE Yes

Table 9.1: JABAWS Alignment programs suitable for aligning nucleic acid sequences.
All JABAWS alignment services will return an alignment if provided with RNA or
DNA sequences, with varying reliability.

9.1.2 Translate cDNA

The Calculate = Translate cDNA function in the alignment window is only available when working
with a nucleic acid alignment. It uses the standard codon translation table given in the online help
documentation to translate a nucleotide alignment, or the currently selected region, into a set of
aligned peptide sequences. Any features or annotation present on the nucleotide alignment will also
be translated, allowing DNA alignment analysis results to be transferred on to peptide products for
further investigation.

9.1.3 Linked DNA and Protein Views

Views of alignments involving DNA sequences are
linked to views of alignments containing their pep-
tide products in a similar way to views of protein se-
quences and views of their associated structures. Pep-

tides translated from cDNA that have been fetched |[i e

sgggt  Pairwise Algnments,..

from ENA records for DNA contigs are linked to their |i:::: g ,
[3 b : . : h ;:?;: v Autocalulste Consensus a % EMELIXDiPEf/Ld N
parent’ coding regions. Mousing over a region of the [ji;ii v2ree= gggjﬁ;;;,;g;_,:;%’é:

. . . . . N . . caact l=nBL|U953781-5 V. TL. 1D
peptide highlights codons in views showing the origi-

JEMB LU 3680V 1-4 -R-Q-FP3
nal coding region.

Wiew Format Colour Calculate  Web Service
20

web Service

Translation of C:\DOCUME -

File Edit Select Wiew Format
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9.1.4 Coding Regions from ENA Records

Many ENA records that can be retrieved with the sequence fetcher contain exons. Coding regions will
be marked as features on the ENA nucleotide sequence, and Uniprot database cross references will be
listed in the tooltip displayed when the mouse hovers over the sequence ID. Uniprot database cross
references extracted from ENA records are sequence cross references, and associate a Uniprot se-
quence’s coordinate system with the coding regions annotated on the ENA sequence. Jalview utilises
cross-reference information in two ways.

Retrieval of Protein or DNA Cross References

The Calculate = Get Cross References function is only available when Jalview recognises that there
are protein/DNA cross-references present on sequences in the alignment. When selected, it retrieves
the cross references from the alignment’s dataset (a set of sequence and annotation metadata shared
between alignments) or using the sequence database fetcher. This function can be used for ENA
sequences containing coding regions to open the Uniprot protein products in a new alignment win-
dow. The new alignment window that is opened to show the protein products will also allow dynamic
highlighting of codon positions in the ENA record for each residue in the protein product(s).

Retrieval of Protein Features on Coding Regions

The Uniprot cross-references derived from ENA records can be used by Jalview to visualize protein
sequence features directly on nucleotide alignments. This is because the database cross references
include the sequence coordinate mapping information to correspond regions on the protein sequence
with that of the nucleotide contig. Jalview will use the Uniprot accession numbers associated with
the sequence to retrieve features, and then map them onto the nucleotide sequence’s coordinate
system using the coding region location.

Exercise 29: Visualizing Protein Features on Coding Regions
29.a. Use the sequence fetcher to retrieve ENA record D49489.

29.b. Ensure that View = Show Sequence Features is checked and change the alignment
view format to Wrapped mode so the distinct exons can be seen.

29.c. Open the DAS Settings tab in the Sequence Feature Settings... window View =
Features setting and fetch features for D49489 from the Uniprot reference server,
and any additional servers that work with the Uniprot coordinate system.

29.d. Mouse over the features retrieved, note that they have been mapped onto the coding
regions, and in some cases broken into several parts to cover the distinct exons.

29.e. Open a new alignment view containing the Uniprot protein product with Calculate =
Get Cross References = Uniprot and examine the database references and sequence
features. Experiment with the interactive highlighting of codon position for each
residue.
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CEX
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Figure 9.1: Uniprot and PDB sum features retrieved and mapped onto coding regions of ENA

record V00488

(an earlier version of Jalview is shown here).
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9.2 Working with RNA

Jalview allows the creation of RNA secondary structure annotation, and includes the VARNA sec-
ondary structure viewer for the display of RNA base pair diagrams. It also allows the extraction of
RNA secondary structure from 3D data when available.

9.2.1 Performing RNA Secondary Structure Predictions

Secondary structure consensus calculations can be performed by enabling the VIENNA service via
the Web Service = Secondary Structure menu. These consensus structures are created by analysing
the covariation patterns in all visible sequences on the alignment. For more information see the
VIENNA documentation.

_ViennaRNA

Alignment

»
Secondary Structure Prediction W JNet Secondary Structure Prediction

Protein Disorder > ) ) )
Analysis > http:/ /www.compbio.dundee.ac.uk/jabaws
e

Consetvation RNAAIliFold Prediction

Ectch DB References > Change RNAAIiFold settings...

\-CCUUUCU--UAAGCCU-
\--CUAUCA-CCUAG-G--- --GGU

\
\
\
\
\
\
\
\

\--GUUCA----CAC------ --AGC Modify settings for the RNAAIiFold prediction. Use this to hide
\-UGUCUCU-UGGAC-GC-~-~-~-~-~ CUGGU or show different results of the RNA calculation, and change
\=-CCAGCCU-~-GCUG-CGU~-w~em==~ GGG RNA folding parameters
\=CCUUUGU=-~-UAAG-GA=-==~=== CUuG

= AGGGUCA-=--UCC=Amwmw=== CAAA

Figure 9.2: Secondary structure consensus calculations can be performed by enabling the VI-
ENNA service via the Web Service = Secondary Structure menu.
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R.norvegicus. 2/1-64 G- UUACAWNU - - CAMCACARCAGAAACA- UAAA--CUALCG
R.norvegicus.1/1-61 A-UAUUUGUU-UADGCAUCGUCACAGUG-UAAA--GUUCA
Q.aries. 171-68 G-ACCCUNC---AUGACAGCAACCGACU-GAAA-UGUCUC

Consensus

G- UUUCAUUUU+AUGACGGLCUGUGCUCUAAA-CCCU+C
RNAalifold Consensus G_UUUCAUU ___AUGACGGCCUGUGCU _UAAA__CCUCC

MHSUUHWE& ...... i ..... i....i;;‘;i ............ ‘;;

Contact Probabilitiesl I I I I I I L

— 4 8->91:50.1%| 8->59:32.7% | 8->19:10.4% | .gp—
Centroid Structure —————_______ » »—— —

L i ..... i . *—‘—i ............

Sequence position 8 8->91: 50.1% | 8->59: 32.7% | 8->19: 10.4% |

Figure 9.3: VIENNA can calculate alternate RNA base pairing probabilities. These are shown
in Jalview as tool-tips on the RNA secondary structure probability score.

Exercise 30: Viewing RNA Structures

30.a. Import RF00162 from the Rfam (Seed) source using Fetch sequence(s) from the Desk-
top’s File menu.

30.b. Select. Colour by RNA Helices to shade the alignment by the secondary structure
annotation provided by Rfam.

30.c. Open VARNA with Structure = View Structure => RNA Secondary Structure. In
the VARNA Structures Manager toggle between (i) secondary structure (alignment)
(with gaps) and (ii) trimmed secondary structure (alignment). Explore the difference
between trimmed and untrimmed views. Click on different residues in the VARNA
diagram - you should also see them highlighted and selected in the sequence align-

ment window.
30.d. In the VARNA Structures Manager, right click on display window to bring up the

pop up context menu. Explore the options within the File, Export, Display and Edit
sections.
VARNA views are stored in Jalview project files, in the same way as 3D structure views
produced by Jmol and Chimera.

30.e. Enable the calculation and display of an RNAAIliFold secondary structure predic-
tion for the alignment by selecting Web Service = Secondary Structure Prediction =

RNAAIiFold .
30.f Edit the RNAAIliFold calculation settings to show Base Pair probabilities. Explore

how editing the alignment affects the consensus calculation.
30.g. Import 2GIS from the PDB database into a new window with Fetch sequence(s).

30.h. Click on a sequence in Sequence ID panel and select Structure = View Structure =
2GIS, to view the structure in Jmol window. Click on different residues and located
them in the sequence alignment window.




Chapter 10

Webservices

The term “Webservices” refers to a variety of data exchange mechanisms based on HTTPE]

Jalview can exploit public webservices to access databases remotely,

and also submit data to public services by opening pages with your

web browser. Thesej types of ‘services arfe ‘one-wa?r’, i.e. data is either
sent to the webservice or retrieved from it by Jalview. The desktop ap- e
plication can also interact with ‘two-way’ remote analysis services in  Secondary Structure Prediction
order to offload computationally intensive tasks to High Performance i’r:f;:isn'smder
Computing facilities. Most of these two-way services are provided by Conservation

Java Bioinformatics Analysis Web Service (JABAWS) servers?] which HnR e
provides an easily installable system for performing a range of bioin-

formatics analysis tasks.

vyvywvyvyTvwyy

10.0.2 One-Way Web Services

There are two types of one way service in Jalview. Database services, which were introduced in in
Section [1.4.5] provide sequence and alignment data. They can also be used to add sequence IDs to
an alignment imported from a local file, prior to further annotation retrieval, as described in Section

4.2

10.0.3 Remote Analysis Web Services

Remote analysis services enable Jalview to use external computational facilities. There are currently
three types of service - multiple sequence alignment, protein secondary structure prediction, and
alignment analysis. Many of these are provided by JABA servers, which are described at the end of
this section. In all cases, Jalview will construct a job based on the alignment or currently selected
sequences, ask the remote server to run the job, monitor status of the job and, finally, retrieve the
results of the job and display them. The Jalview user is kept informed of the progress of the job

IHTTP: Hyper-Text Transfer Protocol.
2See http://www.compbio.dundee.ac.uk/jabaws for more information and to download your own server.
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through a status window.

Currently, web service jobs and their status windows are not stored in Jalview Project Filesﬂ )
it is important that you do not close Jalview whilst a job is running. It is also essential that you
have a continuous network connection in order to successfully use web services from Jalview, since
it periodically checks the progress of running jobs.

10.0.4 JABA Web Services for Sequence Alignment and Analysis

JABA stands for “JAva Bioinformatics Analysis”, which is a system developed by Peter Troshin and
Geoff Barton at the University of Dundee for running computationally intensive bioinformatics anal-
ysis programs. A JABA installation typically provides a range of JABA web services (JABAWS) for
use by other programs, such as Jalview.

Exercises in the remainder of this section will demonstrate the simplest way of installing JABA on
your computer, and configuring Jalview so it can access the JABA services. If you need any further
help or more information about the services, please go to the JABAWS home page.

10.0.5 Changing the Web Services Menu Layout

If you are working with a lot of different JABA services, you may wish to change the way Jalview
lays out the web services menu. You can do this from the Web Services tab of the Preferences dialog
box.

Exercise 31: Changing the Layout of the Web Services Menu

31.a. Make sure you have loaded an alignment into Jalview, and examine the current lay-
out of the alignment window’s Web Service menu.

31.b. Open the preferences dialog box and select the web services tab.

31.c. Ensure the Enable JABAWS services checkbox is selected, and unselect the Enable

Enfin Services checkboxes.
31.d. Hit Refresh Services to update the web services menu — once the progress bar has

completed, open the Web Service menu to view the changes.
31.e. Select the Index by host checkbox and refresh the services once again.
Observe the way the layout of the JABAWS Alignment submenu changes.
31.f. Do the same with the Index by type checkbox.

Jalview provides these options for configuring the layout of the Web Service menu because different
Jalview users may have access to a different number of JABA services, and each will have their own
preference regarding the layout of the menu.

3This may be rectified in future versions.


http://www.compbio.dundee.ac.uk/jabaws
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/a8non Preferences
4 Connections Output Editing DAS Settings Web Services ]

Web Service Discovery URLS

7 %, | Service URL Status
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Figure 10.1: The Jalview Web Services preferences panel. Options are provided for config-
uring the list of JABA servers that Jalview will use, enabling and disabling Enfin
services, and configuring the layout of the web services menu.

Testing JABA services

The JABAWS configuration dialog shown in Figure has colour codes to indicate whether the
Desktop can access the server, and whether all services advertised by the server are functional. The
colour codes are:

e Red - Server cannot be contacted or reports a connection error.
e Amber - Jalview can connect, but one or more services are non-functional.

e Green - Server is functioning normally.

Test results from JABAWS are reported on Jalview’s console output (opened from the Tools menu).
Tests are re-run every time Jalview starts, and when the [Refresh Services] button is pressed on the
Jalview JABAWS configuration panel.

Resetting the JABA Services Setting to their Defaults

Once you have configured a JABAWS server and selected the OK button of the preferences menu,
the settings will be stored in your Jalview preferences file, along with any preferences regarding
the layout of the web services menu. If you should ever need to reset the JABAWS server list to its
defaults, use the ‘Reset Services’ button on the Web Services preferences panel.

10.0.6 Running your own JABA Server

You can download and run JABA on your own machine using the ‘VMWare’ or VirtualBox virtual
machine environments. If you would like to do this, there are full instructions at the JABA web site.


http://www.compbio.dundee.ac.uk/jabaws/
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Exercise 32: Installing a JABA Virtual Machine on your Computer

This tutorial will demonstrate the simplest way of installing JABA on your computer, and

configuring Jalview so it can access the JABA services.

Prerequisites

You will need a copy of VMWare Player/Workstation/Fusion on your machine.

32.a. If you do not have VMWare player installed, download it from www.vmware.com (this
takes a few minutes — you will need to register and wait for an email with a download
link).

32.b. Download the JABA virtual appliance archive called ‘aba-vm.zip’ from
http://www.compbio.dundee.ac.uk/jabaws/archive/jabaws-vm.zip
WARNING: This is large (about 300MB) and will take some time to download.

32.c. Unpack the archive’s contents to a place on your machine with at least 2GB of free
space (On Windows, right click on the archive, and use the ’Extract archive..” option).

32.d. Open the newly extracted directory and double click the VMWare virtual machine
configuration file (jabaws.vcf). This will launch the VMWare player.

32.e. Once VMWare player has started up, it may ask the question “Did you move or copy
this virtual appliance?” — select ‘Copy’.

32.f. You may be prompted to download the VMWare linux tools. These are not necessary,

so close the window or click on ‘Later’.
32.g. You may also be prompted to install support for one or more devices (USB or other-

wise). Say ‘No’ to these options.

32.h. Once the machine has loaded, it will display a series of IP addresses for the different
services provided by the VM. Make a note of the JABAWS URL - this will begin with
‘http:’ and end with /jabaws”.

Exercise 33: Configuring Jalview to Access your new JABAWS Virtual Appliance
33.a. Start Jalview (If you have not done so already).

33.b. Enable the Jalview Java Console by selecting its option from the Tools menu.
Alternately, use the System Java console if you have configured it to open when
Jalview is launched, via your system’s Java preferences (under the ‘Advanced’ tab
on Windows).

33.c. Open the Preferences dialog and locate the Web Services tab.

33.d. Add the URL for the new JABAWS server you started in Exercise |32 to the list of
JABAWS urls using the ‘New Service URL button.

33.e. You will be asked if you want to test the service. Hit ‘Yes’ to do this — you should then
see some output in the console window.
Take a close look at the output in the console. What do you think is happening?

33.f. Hit OK to save your preferences — you have now added a new JABA service to Jalview!

33.g. Try out your new JABA services by loading the ferredoxin sequences from
http://www.jalview.org/tutorial/alignment.fa

33.h. Launch an alignment using one of the JABA methods provided by your server. It will
be listed under the JABAWS Alignment submenu of the Web Service menu on the
alignment window.
Note: You can watch the JABA VM appliance’s process working by opening the pro-
cess monitor on your system. (On Windows XP, this involves right-clicking the system
clock and opening the task manager — then selecting the 'Processes’ tab and sort by
CPU).
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