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Chapter 1

Basics

1.1 Introduction

1.1.1 Jalview

Jalview is a sequence multiple alignment viewer, editor and analysis tool. Jalview is designed
to be platform independent (running on Mac, MS Windows, Linux and any other platform that
supports Java), 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.

Jalview 2.2 provides improved access to databases and analyses via web services, allowing the
retrieval and display of third party data such as features and structures in association with the
sequences. Jalview is typically run as a stand alone application or as an applet embedded in a web
page, allowing customised integration with alignment databases such as pFam!.

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 slowed considerably before resuming with funding from the BBSRC? in 2004 with Andrew
Waterhouse and Jim Procter bringing current developments in bioinformatics into Jalview 2 through

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

2Biotechnology and Biological Sciences Research Council grant *VAMSAS: Visualisation and Analysis of
Molecules, Sequence Alignments and Structures”, a joint project to enable interoperability between Jalview, TOPALi
and AstexViewer.



the latest web and Java technology. Jalview continues to be one of the worlds most popular?
sequence alignment and analysis tools.

Citing Jalview

If you use Jalview in your work you should cite ”The Jalview Java alignment editor” Michele
Clamp, James Cuff, Stephen M. Searle and Geoffrey J. Barton (2004) Bioinformatics 20 426-427.

1.1.2 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 chapter concerns the basic operation of Jalview and should be
sufficient for those who just want to open an alignment, perform basic editing and colouring, and
produce publication and presentation quality graphical output.

The second chapter covers analysis in Jalview, sequence alignment and visualisation of external
features and structural data.

The third chapter covers the detail of Jalview and is aimed at the user who is already familiar with
Jalview operation but wants to get more out of their Jalview experience.

1.2 Obtaining and starting Jalview

Jalview can be run in three ways; as an application from the web via Java Web Start, as an
application loaded onto your hard drive, or as an applet embedded in a web page. This tutorial is
only concerned with running the application via Web Start, though much of the information will
be useful whichever way you run Jalview.

The Jalview web site is http://www.jalview.org/ and Jalview can be launched by navigating to the
Download page (via the menu on the left hand side) and clicking the ’Start with Java Webstart’
button. (figure 1.1). This will always launch the latest public release of Jalview.

The application will start automatically though you may be prompted to accept a security certificate
signed by the Barton Group. You can trust us so click trust or accept as appropriate. The
splash screen (figure 1.2) gives information about the latest version and the paper to cite in your
publications. This information is also available on the Jalview web site and from the Help = About
menu option.

When Jalview starts it will automatically load an example alignment from the Jalview site. Later
in the tutorial we will discover how to alter this behaviour. This alignment looks like figure 1.3.

3and in the authors opinion, the best.
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Figure 1.1: Download page on the Jalview web site
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Figure 1.2: Jalview splash screen
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Figure 1.3: Default startup for Jalview



Exercise 1: Starting Jalview
l.a. Point your web browser at the Jalview web site and start Jalview by clicking on the
"Start with Java WebStart’ button.

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 1.4). 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.
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a multiple alignment editor

Jalview Documentation

alview (2004) is a fast Java multiple alignment editor and analysis tool. It features many of the |
f AMAS. for the analysis of sub-families and the prediction of functional sites, but is fully inter

(View the Jalview homepage).

If you use Jalview in your work, please cite the bioinformatics paper:

Clamp, M., Cuff. 1., Searle, S. M. and Barton, G. J. (2004), "The Jalview Java Alignment
Editor", Bioinformatics, 20, 426-7.

Figure 1.4: Accessing the built in Jalview documentation

Email lists

The Jalview developers can be contacted with news of bugs, feature requests and so on via the
email address help@jalview.org. A mailing list for information related to Jalview announcements
and new releases can also be found on the Jalview web site.



1.3 Navigation

The major features of the Jalview application are illustrated in Figure 1.5. 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.

falala) Main Window [ 4
000 MuscleWs alignment of UnirefS0 Seque
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ey Alignment Window
File Edit Select View Format Colour Calculate Web Service
120 130 140 Alignment Ruler
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Figure 1.5: The anatomy of Jalview. The major features of the Jalview application are labelled.

1.3.1 Navigation in Normal mode

Jalview always starts up in Normal mode. With anything more than a few residues or sequences,
alignments become difficult to visualise on the screen. Jalview shows a window on the alignment,
limited by the size of the window and the font used to render it. 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.



It can help, especially when examining a large alignment, to have an overview of the whole align-
ment. Select View = Overview Window from the window menu (Figure 1.6).

® O 6O  Overview MuscleWs alignment of Uniref50 Sequences - FASTA
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FERI_MESCR/1-148  spow Ssequence Features
FER1_SPIOL/1-147 g
FER3_RAPSA/1-96  Feature Settings...
FER_ARATH/1-148
FER_BRANA/1-96

Overview Window

Figure 1.6: Alignment Overview Window

The red box in the overview window shows the current view in the alignment window. You can
navigate around the alignment by dragging the red box.

We can close these windows by clicking on v o e
the icons indicated by arrows, or by selecting -

Window = Close All from the main menu.

qmlﬂunﬁ'-‘.z«mlm\, #50 Seguances - FASTA

1.3.2 Navigation in Cursor mode

Cursor mode provides a fast means for an experienced use to navigate to the
part of the alignment in which they are interested. 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 (7, |, «, —).

Rapid movement to specific positions is accomplished as listed below:

o Jump to Sequence n: Type a number n then press [S] to move to sequence (row) n
o Jump to Column n: Type a number n then press [C] to move to column n in the alignment.

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

o Jump to column m row n: Type the column number m, a comma, the row number n and

press [RETURN].

10



Exercise 2: Navigation

2.a. Scroll around the alignment using the alignment (vertical) and ruler (horizontal)
scroll bars.
2.b. Find and open the Overview Window. Move around the alignment by clicking and

dragging the red box in the overview window.

2.c. Look at the status bar as you move the mouse over the alignment. It should indicate
information about the sequence and residue under the cursor.

2.d. Press [F2] to enter Cursor mode. Use the arrow keys to move the cursor around
the alignment. 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].

1.4 Loading your own sequences

Jalview provides many ways to load your own sequences.

1.4.1 Drag and Drop

In some operating systems (Mac OS X, Windows XP) you can just drag a file icon from a file
browser window and drop it on an open Jalview application window (Figure 1.7). The file will
then be opened as a new alignment window. If you drop an alignment file onto an open alignment
window it will be appended to that alignment.

signmant 1

Figure 1.7: An alignment can be opened by dragging the file onto the Jalview window.

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 1.4.4) below. Select File = Input Alignment = From File from the main menu (Figure

11



1.8). 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.

@ (@l ) Open local file
| PROJECT B
Recently Opened | Name 4| Date Modified
[ |
SROJECT alignment fa = alignment.fa Monday, November 20, 20...
| rat_lkbl_cdna.l.fasta |
| (DAS/subf001_aln.jar |
| AS/SUBFO01_aln.fasta |
david /snfdb_lite.fasta
8 0 B | mseed/subf001.fasta |
218 Tools Help Window ) e —
Input Alignment » from File %0 flleformat A— e
F fa, t )
Fetch Sequence(s)...  from URL Ssml & Imq 2R, E_
ustal (.aln) el ) Open
. from Textbox PFAM (.pfam) —
Save Project F (.msf) P—
Load Project PIR (.pin)
_ BLC (.blc)
Quit Jalview (.jar)

Figure 1.8: 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 - a pretty 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 1.9). Jalview will attempt to automatically discover the file format.

006

{I§ Tools Help Window
Input Alignment ld fromFile #0
Fetch Sequence(s)... from URL

- from Textbox
Save Project http:/ fwww.jalview.org/tutorial falignment.fa !

Load Project —
o)

eno Input Alignment From URL

Enter URL of Input File

Quit

Figure 1.9: 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. Select File = Input Alignment = From Textbox from the main menu and a
textbox window will appear (Figure 1.10). Paste the sequences you have copied to the clipboard
and, presuming that they are in the right format, Jalview will happily read them.

12
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File Edit

8606
ZI[:} Tools Help Window

Input Alignment 4 from File 380

Fetch Sequence(s)... from URL

_

Save Project

Load Project

Quit .

Figure 1.10: Opening an alignment from pasted text

1.4.5 From a public database

Jalview can retrieve sequences and sequence alignments from public databases such as Uniprot,
Pfam and the PDB. This facility avoids having to manually locate, save and load the sequences.
Select File = Fetch Sequence(s) ... from the main menu and a window will appear (Figure 1.11).
Select the appropriate database, enter a sequence ID/accession number, or several separated by
a semicolon and Jalview will retrieve it/them from the public databases housed at the European
Bioinformatics Institute.

806 Hew Seguence Felcher

Separate multiple accession ids with semi colon ";"

v — Select Database -- _e_l
Es W ) ( Close )
EMBLCDS r— e
FCBE

“ PFAM

Figure 1.11: Retrieving sequences from a public database
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3.f.

3.b.

3.d.

Exercise 3: Loading sequences
3.a.

Start Jalview then close all windows by selecting Window = Close All from the

main menu
Select File = Input Alignment = From URL from the main menu and enter

http://www.jalview.org/tutorial /alignment.fa in the box. Click OK and the align-
ment should load.

. Close all windows using the Window = Close All main menu option. Point your

web browser to http://www.jalview.org/tutorial /alignment.fa and save the file to your
desktop. Open this file in Jalview by selecting File = Input Alignment = From
File from the main menu and browsing to the appropriate location. Click OK and

load the alignment
Drag the alignment.fa file from the desktop onto the Jalview window. The alignment

should open. Try dragging onto an empty Jalview and onto an existing alignment
and observe the results.

. Select File = Fetch Sequence(s)... from the main menu. Select the sl PFAM

database and enter the accession number PF03460. Click OK. An alignment of
about 107 sequences should load.

Open the URL http://www.jalview.org/tutorial /alignment.fa in a web browser. Select
and copy the entire text to the clipboard (usually via the browser’s Edit = Copy
menu option). Ensure Jalview is running and select File = Input Alignment =
From Textbox . Paste the clipboard into the large window using the Edit = Paste
text box menu option. Click Close and the alignment will be loaded.

1.5

1.5.1

Jalview allows the current sequence alignments to be saved to file so they can be restored at
a later date, passed to colleagues or analysed in other programs.
menu select File = Save As and a dialog box will appear (Figure 1.12). You can navigate to
an appropriate directory in which to save the alignment. Jalview offers several different formats
in which an alignment can be saved. The jalview format is the only one which will preserve the
colours, groupings and similar information in the alignment. The other formats produce text files
containing just the sequences with no visualisation information. Unfortunately only Jalview can
read Jalview files. Using the File = Output To Textbox menu option allows the alignment to be

Writing sequence alignments

Saving the alignment

copied and pasted into other documents or web servers.

14
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Figure 1.12: Saving alignments in Jalview to disk

1.5.2 Jalview Projects

If you wish to save the complete Jalview session rather than
just one alignment (e.g. because you have calculated trees
or multiple different alignments) then your work should be

‘806
Tools Help Window
Input Alignment »

saved as a Jalview Project file. From the main menu select Fetch Sequence(s)...

File = Save Project and a file save dialog box will appear. Save Praject usc
Loading a project will restore Jalview to exactly the view at Load Project { Fo
which the file was saved, complete with all alignments, trees Quit A
etc. rendered appropriately. AN a——r A
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Exercise 4: Saving Alignments

4.a. Start Jalview, close all windows and load the ferrodoxin alignment from pFam (ac-
cession number PF03460 (see Exercise 3).

4.b. Select File = Save As from the alignment window menu. Choose a location into
which to save the alignment and select a format. All formats except Jalview can
be viewed in a normal text editor (e.g. Notepad) or in a web browser. Enter a file
name and click Save. Check this file by browsing to it with your web browser or by
closing all windows and opening it with Jalview.

4.c. Repeat the previous step trying different file formats.

4.d. Select File = Output to Textbox = FASTA. You can 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.e. Ensure at least one alignment window is shown in Jalview. Open the overview
window and scroll to any part of the alignment. Select File = Save Project from
the main menu and save in a suitable place. Close all windows and then load the
project via the File = Save Project menu option. Note how all the windows and
positions are exactly as they were when they were saved.

1.6 Selecting and editing sequences

Jalview makes extensive use of selections which are arbitrary regions in an alignment. This section
illustrates how to make and use selections and groups.

1.6.1 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 = As New Alignment alignment window menu options.

To clear (unselect) the selection press the [ESC] (escape) key.

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 the mouse button and drag the mouse to the bottom right corner of the chosen region
before releasing the mouse button. A dashed red box appears around the selected region (Figure
1.13).

16



866 MuscleWs alignment of Uniref50 Sequences — FASTA

File Edit Select View Format Colour Calculate Web Service
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Q93X)9_SOLTU/1-144 EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSCAGKVTAGTVYDQSDGKFLDDDQEAAG
FER1_PEA/1-149 EFECPSDVY | LDHAEEVGIDLPYSCRAGSCSSCAGKVVCGEVDQSDGSFLDDEQIEAG
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FER1_ARATH/1-148 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVYSGSVDQSDQSFLDDEQIGEG
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FER2Z_ARATH/1-148 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKYYSGSIDQSDQSFLDDEQMSEG
Q93Z60_ARATH/1-118 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKYVYSCGSIDQSDQSFLDD------

Figure 1.13: Selecting a region in an alignment

Selecting columns

To select the same residues in all sequences, click and drag along the alignment ruler. This selects
the entire height of the alignment. Ranges of positions can also be selected by clicking on the
first position then holding down the [SHIFT] key whilst clicking the other end of the selection.
Discontinuous regions can be selected by holding down [CTRL] and clicking on positions to add to
the selection. Selected columns are indicated by red highlighting in the ruler bar (Figure 1.14).

e 06 MuscleWs alignment of Uniref50 Sequences - FASTA
File Edit Select View Format Colour Calculate Web Service

SIO 90_0! I I 110
LDQAEEAGHDLPYSCRAG SC55CAGKI AGGAVDQ

FER_CAPAA/1-97 EFDCPDDVY I

FER_CAPAN/1-144 EFDCPDNVY | LDQAEEAGHDLPYSCRAGSCSSCACGK I AGGAVDQ™
FER1_SOLLC/1-144 EFECPDDVY | LDQAEEEGHDLPYSCRAG SC:S:SCAGKVTAG 5VDQ!
Q93X/9_S0LTU/1-144 EFECPDDVY|LDQAEEEGHDLPYSCRAGSCSSCAGKVTAGTVDQ!
FER1_PEA/1-149 EFECPSDVY | LDHAEEVGIDLPYSCRAGSCSSCAGKVVGGEVDQ!
Q7XA98_TRIPR/1-152 EFDCPDDVY | LDHAEEVGIELPYSCRAGSCSSCAGKVVNGNYNQIE
FER1_MESCR/1-148 ELECPDDVY | LDAAEEAGIDLPYSCRAGSCSISCAGKVTSGSVNQL
FERI_SPIOL/1-147 EFQCPDDVY | LDAAEEEGIDLPYSCRAGSCSSCAGKLKTGSLNQL
FER3_RAPSA/1-96 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQ!
FERI_ARATH/1-148 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQ!
FER_BRANA/1-96 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGFVDQ:
FER2_ARATH/1-148 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGSIDQ!
Q93Z60_ARATH/1-118 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVYSGS1DQ!

Figure 1.14: Selecting multiple columns in an alignment

Selecting sequences

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

80 a0 100 110 120
FER_CAPAA/1-97 EFDCPDDVY | LDQAEEAGHDLPYSCRAGSCSSCAGK | AGGAVDQTDGN FLDDDQLEEG |

FER_CAPAN/1-144 EFDCPDNVY | LDQAEEAGHDLPYSCRAGSCSSCAGK | AGGAVDQTDGNFLDDDQLEEG
FER1_SOLLC/1-144  EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSCAGKVTAGSVDQSDGNFLOEDQEAAG
Q93X)9_SOLTU/1-144 EFECPDDVY | LDOQAEEEGHDLPYSCRACSCSSCAGKVTAGTVDOSDGKFLDDDQEAAG
FER1_PEA/1-149 EFECPSDVY | LDHAEEVCIDLPYSCRAGSCSSCACKVVGGEVDQSDCSFLDDEQIEAG
QFXAS8_TRIPR/1-152 EFDCPDDVY | LDHAEEVGIELPYSCRACSCSSCAGKVVNGNVNQEDGSFLDDEQIEGG
FER1_MESCR/1-148 ELECPDDVY | LDAAEEAGIDLPYSCRAGSCSSCAGKVTSGSVNQDDGSFLDDDQIKEG
FERL_SPIOL/1-147  ETQCPDDVY | LDAAEEEGIDLPYSCRAGSCSSCAGKLKTGSLNODDOSFLODDOIDEG
FER3_RAPSA/1-96 EVECDDDVYVLDAAEEACIDLPYSCRAGSCSSCAGKVVSGSVDQSDAQSFLDDDQIAEG
FER1_ARATH/1-148 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGSVDQSDOQSFLDDEQIGEG
FER_BRANA/1-96 EVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSCAGKVVSGFVYDQSDESFLDDDQIAEG
FERZ_ARATH/I-148 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGSIDQSDQSFLDDEQMSEG
QI3260_ARATH/1-118 EVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSCAGKVVSGSIDQSDAQSFLDD------

Figure 1.15: Selecting multiple sequences in an alignment
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To select multiple complete sequences, click and drag the mouse along the sequence ID panel.
Multiple sequences will be selected. The same technique as used for columns above can be used
with SHIFT-Click and CTRL-Click to select discontinuous ranges of sequences (Figure 1.15).

Making selections in Cursor mode

To define a selection in cursor mode, navigate to the top left corner of the proposed selection.

Pressing the [Q] key marks this as the corner. A red outline appears around the cursor (Figure
1.16)

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

1.6.2 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 =
Group = Group then enter a name for the group in the dialogue box which appears.

ene MuscleWs ali of Uniref50 Sequences - FASTA.
File Edit Select View Format Colour Calculate Web Service
: 60 70 [ 90 w00

FER_CAPAAf1-97  ----- A%VK\TK'L ITP BGFTE'FDCP DDV‘FE"LIJ'QAE EAGAD LBy SCRAGSCSSCAGK ]

FER_CAPAN/1-144 KVT CMASY KV FNCPNNVY LI NNAFFACHNLPYSCRAGSCSSCAGK |

FERL_SOLLC/1-144  RITCMASYKVEEL 4 Edit L F'YSCRAGSCSSCAGKV

Q93X/9_SOLTU/1-144 R | TCMASYKVKLITPDGP Output to Textbox... P.PIY SCRAGSCSSCAGKY
FER1_PEA/1-149 LAVAMASYKVKLYTPDGTQE Craare Sequence Feature PIYSCRAG SCSSCAGKV
Q7XA98_TRIPR/1-152 LAVAMA'T‘F KVKLITPEGPQE ) B GKV i@nn Edit group name
FER1_MESCR/1-148 RVTAMA.AYKVTLVTPEGKQ Group = +_Group
FER1_SPIOL/1-147 RMT-MAAYKVTLVTPTGNVE FQCPDDVY | LDAAEEEGIDL Group Colour MGK L |
FER3_RAPSA/1-96 - ---- ATYKVKFITPEGEQEVECDDDVYVLDAAEEAG IDLv Boxes AGKV ! Enter new group name
FERI_ARATH/1-148  RVTAMATYKVKFITPEGELEVECDDDVYVLDAAEEAG IDL, 1oy AGKV | '
FER_BRANA/1-96 - ---- ATYKVKF I TPEGEQEVECDDDVYVLDAAEEAG DL AGKV | . ® mygroup

K
FER2_ARATH/1-148 RVTAMATYKVKFITPEGEQEVECEEDVYVLDAAEEAGLDL Colour Text AGKY
Q93Z60_ARATH/1-118 RVTAMAITYKVKFITPEG[QEV[CEEDVYVLDAAEEAGLD[ Border colour AGKV |
FERI_MAZE/I-150  RLRAQATYNVKLITPEGEVELQVPDDVY | LDOAEEDG I DLPIYSCRAGSCSSCAGKY | E
080429 MAIZE/1-140 LLRAQATYNVKLITPEGEVELQVPDDVY | LDFAEEEGIDLPIFSCRAGSCSSCAGKY |
L

Figure 1.17: Creating a new group from a selection

By default the selection will have a box drawn around it. The appearance of the group can be
changed (see section 1.7 below). This group will stay defined even when the selection is removed.
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Exercise 5: Making selections and groups

5.a.

5.b.

5.d.

Close all windows in Jalview and load the ferrodoxin alignment (PFAM ID
PF03460). Choose a residue and place the mouse cursor on it. Click and drag
the mouse cursor 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
should border the selected region. Now press [ESC] to clear the selection.

Select one sequence by clicking on the id panel. Note that the sequence ID takes on
a highlighted background and a red box appears around the selected sequence. Now
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 posi-
tions on which you clicked. Now hold down [CTRL] and click on several sequences
ID’s both selected and unselected. Note how unselected IDs are individually added
to the selection and previously selected IDs are individually deselected.

. Repeat the step above but selecting columns by clicking on the ruler bar instead of

selecting rows by clicking on the sequence ID.

Press [F2] to enter Cursor mode. Navigate to column 59, row 1 by pressing 5 9 , 1
[RETURN]. Press Q to mark this position. Now navigate to column 65, row 8 by
pressing 6 5, 8 [RETURN]. Press M to complete the selection.

1.6.3

Reordering the alignment

Sequence reordering is simple. Highlight the sequences to move then press the up or down arrow
keys as appropriate (Figure 1.18). 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

FER_CAPAA/1-97 ----- ASYKVKLITPDGPIEFDCPDDVY I LDQAEEACGHDLP|
FER_CAPAN/1-144 KVTCMASYKVKL ITPDGPIEFDCPDNVY | LDOAEEAGHDLP
FER1_SOLLC/1-144 RITCMASYKVKLITPEGPIEFECPDDVY | LDQAEEEGHDLP
@93X]9_50LTU/1-144 RITCMASYKVKLITPDGPIEFECPDDVY | LDQAEEEGHD LP|
FER1_PEA/1-149 LAVAMA|SYKVKLVTPDGTQEFECPSDVY | LDHAEEVGIDLP
Q7XA98_TRIPR/1-152 LAVAMATYKVKLITPEGPQEFDCPDDVY | LDHAEEVGIELP
AYKVTLVTPEGKQE LECPDDVY I LDAAEEAGIDLP|

FER1_MESCR/1-148
FER1_SPIOL/1-147

FER3_RAPSA/1-96 TYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLP|
TYKVKFITPEGE LEVECDDDVYVLDAAEEAGIDLP

FERI_ARATH/1-148
FER_BRANA/1-96

[TYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLP
FERZ_ARATH/1-148 RVTAMATYKVKF ITPEGEQEVECEEDVYVLDAAEEAGLDLP
Q93760_ARATH/1-118 RVTAMATYKVKF I TPEGEQEVECEEDVYVLDAAEEAGLD LP|
FERI_MAIZE/1-150 RLRAQATYNVKLITPEGEVE LQVPDDVY | LDQAEEDGIDLP
080429 _MAIZE/1-140 LLRAQATYNVKLITPEGEVELOVPDDVYILDFAEEEGIDLP

Figure 1.18: Reordering the alignment.

pressing the T key

60 70 80 a0

IY SCRAl FER_CAPAA/1-97  ----- ASYKVKLITPDGP IEFDCPDDVY | LDQAEEAGHDLPYSCRA(
[Y SCRAl FER_CAPAN/1-144 KVTCMASYKVKLITPDGP IEFDCPDNVY | LDQAEEAGHDLPYSCRA(
[Y SCRAL FER1_SOLLC/1-144 RITCMASYKVKLITPEGP IEFECPDDVY | LDQAEEEGHDLPYSCRA(
[Y SCRAl Q93X)9_SOLTU/1-144 RITCMASYKVKLITPDGPIEFECPDDVY | LDQAEEEGHDLPYSCRA(
|Y SCRA( FERI_PEA/1-149 LAVAMASYKVKLVTPDGTQEFECPSDVY | LDHAEEVGIDLPYSCRA(
[Y SCRAlL Q7XA98_TRIPR/1-152 LAVAMATYKVKLITPEGPQEFDCPDDVY | LDHAEEVGIELPYSCRA(

FERL_SPIOL/1-147  RMT-MAAYKVTLVIFTCNVEFOCPDDVY I LOAREEECDIPY SCRA(

FER1_MESCR/1-148 RVTAMAAYKVTLVTPEGKQELECPDDVY | LDAAEEAGIDLPYSCRA(
FER3_RAPSA/1-36  ----- ATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRA(

[Y SCRA( FERI_ARATH/1-148 RVTAMATYKVKFITPEGELEVECDDDVYVLDAAEEAGIDLPYSCRA(
|Y SCRAl FER_BRANA/1-96 ~ ----- ATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRA(
[Y SCRAL FER2_ARATH/1-148 RVTAMATYKVKFITPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRA(
[Y SCRAlL Q93260 ARATH/1-118 RVTAMATYKVKFITPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRA(
[Y SCRA( FERI_MAIZE/1-150 RLRAQATYNVKLITPEGEVELQVPDDVY | LDQAEEDGIDLPYSCRA(
FSCRAl 080429 _MAIZE/1-140 LLRAQATYNVKLITPEGEVELQVPDDVY ILDFAEEEGIDLPFSCRA(

The selected sequence moves up one position on

Exercise 6: Reordering the alignment
6.a. Open an alignment (e.g.the PFAM domain PF03460). Select one sequence. Using
the up and down arrow keys, alter it’s position in the alignment.
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1.6.4 Introducing and removing gaps

Jalview provides interactive editing, allowing sequences to be dragged to create gaps.

Introducing gaps in a single sequence

To introduce a gap, 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
till 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 [SHIFT] key.

eo6 MuscleWs alignment of Uniref50 Sequences - F | @ © © MuscleWs alignment of Uniref50 Sequences - F
File Edit Select View Format Colour Calculate Web Service File Edit Select View Format Colour Calculate Web Service

80 ) 90 100 80 90 100
FER_CAPAA/1-97 FOCPDOOVH | LBQAEEACHD LPYSCRACECEECACH rer_capaasi-97 FOCPODVY | LDQAEEAGHDLPYSC CAG
FER_CAPAN/1-144 FDCPDNVY | LDOQAEEAGHDLPYSCRAGSCSSCAGK rer_capansl-144 FDCPDNVY | LDOGAEEAGHDLPYSCRAG CAG
FER1_SOLLC/1-144 FECPDDVY | LDOAEEEGHD LP¥SCRAGSCSSCAGK rer1 soricy1-144 FECPDDVY | LDOAEEEGHDLPYSCRAG CAG
Q93X/9_SOLTU/1-144 EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSCAGK 093x/9_soLTu/1-144 EFECPDDVY | LDQOAEEEGHDLPY¥SCRAG CAG
FER1_PEA/1-149 FECPSDVY | LDHAEEVGIDLPYSCRAGSCSSCAGK reri_pea/1-149 FECPSDVY | LDHAEEVG IDLPYSC AG CAG
Q7XAIS_TRIPR/1-152 EFDCPDDVY | LDHAEEVG IELPYSCRAGSCSSCAGK 07xA98 TRIPR/1-152 EFDCPDDVY | LDHAEEVG I ELPYSC CAG
FER1_MESCR/1-148 LECPDDVY | LDAAEEAG I DLPYSCRAGSICSSCAGH rrr1_MESCR/1-148 LECPDDVY I LDAA AGI———DLPY CRAG clsC
FERT COWM F1_147 ERrp AL L AA Frea 1 D reArCEr A R SRS T 1 AT rAacn ur [ A A e R el re eyl

Figure 1.19: Introducing gaps. Gaps are introduced as the selected sequence is dragged to the
right.

Introducing gaps in all sequences of a group

To insert gaps in all sequences in a selection or group, 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.

8ene MuscleWs alignment of Uniref50 Sequences -F | @ O O MuscleWs alignment of Uniref50 Sequences - F
File Edit Select View Format Colour Calculate Web Service File Edit Select View Format Colour Calculate Wweb Service
80 i 90 100 i B0

FER_CAPAA/1-97 FDCPDDVY | LDQA CRAGBCESCACRE rcr_caraasi1-97 FDCPDDVY | LDOA CAG
FER_CAPAN/1-144 FDCPDNVY I LDOA CRAGSCSSCAGK FER_CAPAN/1-144 FDCPDNVY | LDOA C AG C CAG
FER1_SOLLC/1-144 FECPDDVY | LDOQA CRAGSCSSCAGIK rcri_soLLC/1-144 FECPDDVY | LDOA CRAG C CAG
Q93X/9_SOLTU/1-144 EFECPDDVY I LDOA CRAGSCSSCAGK 093x)9_50LTU/1-144 EFECPDDVY I LDOA CRAGSCSSCAG
FERI_PEA/1-149 FECPSDVY I LDHA CRAGSCSSCAGK FERI_PEA/1-149 FECPSDVY | LDHA V———GIDLPY CRAGSCESC
Q7XA98_TRIPR/1-152 EFDCPDDVY | LDHA CRAGSCSSCAGK 07xA98_TRIPR/1-152 EFDCPDDVY | LDHAEEV---GIELPYSCRAGS/CSSC
FERI_MESCR/1-148 LECPDDVY | LDAA CRAGSCSSCAGK FERI_MESCR/1-148 LECPDDVY | LDAAEEA---GIDLPYSCRAGSCSSC
CCDT COWM (1T TAT chAro VAT A ol PVl e Tl Yol O e 41 T AT rA-n AR P A A Fe R N EE TR A - —acE

Figure 1.20: Introducing gaps. Gaps are introduced as the selected group is dragged to the right.

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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Editing in Cursor mode

Gaps can be inserted in cursor mode by pressing [SPACE]. Gaps will be inserted at the cursor,
pushing 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]. 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, use [CTRL]|-[BACKSPACE] or

[SHIFT]-[BACKSPACE] (both keys held down together).

Undoing edits

Jalview supports the undoing of edits via the Edit = Undo Edit alignment window menu option.
Each editing action is stored and can be reversed in sequence. Colouring of the alignment is not

reversible via the Undo option.

7.f.

7.b.

7.c.
7.d.

7.e.

Exercise 7: Editing alignments
7.a.

Load the URL http://www.jalview.org/tutorial /unaligned.fa which contains part of
the ferrodoxin alignment from PF03460. Select the lower 5 sequences.

Place the mouse cursor over the selection at column 24. (RVGGQAK in 023813
MAIZE). Hold down [CTRL], press down the mouse button and drag the sequences
two spaces to the right until the G is aligned with the G in the row above. Release
the mouse button and the [CTRL] key.

Repeat for the next residue Q until it aligns with the @ in the row above.

Try editing a single sequence. Hold down [SHIFT| and drag the sequence to the
right. Just the clicked on sequence should move.

Delete the gaps created in the previous step by [SHIFT]-Clicking on the residue and
dragging it to the left.

Use the Edit = Undo Edit menu option to step backwards through the edits you
have made.
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Exercise 8: Keyboard edits

8.a. Load the sequence alignment at http://www.jalview.org/tutorial /unaligned.fa. Enter
cursor mode by pressing [F2]

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

8.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).

8.d. Insert 6 gaps at the start of this group. Go to column 1 row 2 by typing 1,2 then
pressing [RETURN]. Now insert 6 gaps. Type 6 then hold down [CTRL] and press
the space bar.

8.e. Now insert one gap at column 34 and another at 38. Insert 3 gaps at 47. Press 3
4 C then [CTRLI]-[SPACE]. Press 3 8 C then [CTRL]-[SPACE]. Press 4 7 C then 3
[CTRL-SPACE] the first through fourth sequences are now aligned.

8.f. The fifth sequence (FER1_PEA) is poorly aligned. We will delete some gaps and
add some new ones. 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 3 1 C [BACKSPACE] .

8.g. Similarly delete the gap now at column 34, then insert two gaps at column 38 .
Press 34 C [BACKSPACE] 3 8 C 2 [SPACE]. Delete three gaps at 44 and insert one
at 47 by pressing 4 4 C 3 [BACKSPACE] 4 7 C [SPACE]. The top five sequences
are now aligned.

1.6.5 Hiding regions

It can be the case that one does not wish to view some sequences or residues in the alignment
but does not wish to remove them from the alignment. Jalview allows sequences or regions to be
hidden. To hide a set of sequences, select them and right-click the mouse on the selected sequence
id’s to bring up the context menu. Select Hide Sequences and the sequences will be concealed, with
a small triangle indicating their position (Figure 1.21). To unhide (reveal) the sequences, right
click on the triangle and select Reveal Sequences from the context menu.

806 MuscleWs alignment of
File Edit Select View Format Colour Calculate '
80 90

FER_CAPAA/1-97 FOCPDDVY I LBGA

Eﬁ'giﬁ:ﬁ_ﬁ‘; FER_CAPAN/1-144 FRCP VRl LRQA FER_CAPAA/1-97

- L~ FER1_SOLLC/1-144 FECPDDVY | LDOA = /1
e Q93X/9_S0LTU/1-144_EFECPDDVY I L e
.‘I’RI_PEA/I—I49 FER1_SPIOL/1-147 FQCP VY I L Q93X/9_SOLTU/1-144 EFE
Q7XA9S_TRIPR/1-152 [ FER3_RAPSA/1-96 VECD ViV L FERI_SPIOL/1-147
FERI_MESCR/Li selection FER1_ARATH/1-148 VECDDDVHV L igﬁ’ﬁ';ﬁf:ﬁ;iis Hide Sequences
FERLSPIOL/1~ pep1 MESCR | |FER_BRANA/1-96 VECDDDVHV L FER_BRANA/1-95 Reveal Sequences
FER3_RAPSA/1 FidaSen FERZ_ARATH/1-148 VECEEDWYVL AGL FERZ_ARATH/1-148  Reveal All E
igale : Q93260_ARATH/1-118 EVECEEDVYVL AGL Q93Z60_ARATH/1- 118 ENEEE EBY AREE

= B M- FER1_MAIZE/1-150 LQVPDDVY I L DG I FER1_MAIZE/1-150 LQVP I LDOAEE
FER2_ARATH/1-148 E " (080429_MAIZE/1-140 ELQVPDDVY | LDFAEE
093760_ARATH/1-115 EVE 080429_MAIZE/1-140 ELGVPDDVY | L EGI -

Figure 1.21: Hiding Sequences Hidden sequences are represented by a blue triangle in the se-
quence ID panel

A similar mechanism applies to columns (Figure 1.22). Selected columns can be hidden and revealed
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in the same way via the context menu (right click) on the ruler bar. The hidden selection is indicated
by a blue triangle in the ruler bar.

8606 Muslews alignment of UnirefS0 Sequences - FASTA
File Edir Select View Format Colour Calculite Web Service
A0 il

JER_CAPAA/1-87 FO Al P
JERCAPAN/1- 344 y Q
FIRI_SOLLC/1- 144
QRIXR_SOUTUA - 144
FERI_PEASI-149

7 XAZS. TRIFR /1152
JERI_MESCR/1-148
FERI_SPIOL/1-147
FERI_RAPSA/] - 96

B sERi_ARATH - 145
e FER_BRANA/]-58

O enzamatii-14s  BNEE
S QRITECARATH/I-118 BMIEE

2NT OT UNIrersy dequences -
YWEL JCIVILE

late Web Service

Reveal

GGAVD

Hide Columns

-l -

Figure 1.22: Hiding Columns Hidden columns are represented by a blue triangle in the ruler bar

Exercise 9: Hiding and revealing regions

9.a. Close all windows then open the PFAM accession PF03460. Select a contiguous set
of sequences by clicking and dragging on the sequence ID panel. Right click on the
selected sequence IDs and select Hide Sequences.

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

9.c. Repeat but using a non-contiguous set of sequences. Note that when multiple regions
are hidden there are two options, Reveal Sequences and Reveal All

9.d. Repeat the above but hiding and revealing columns instead of sequences.

1.7 Colouring sequences

Colouring sequences is a key aspect of alignment presentation. Jalview allows both for colouring
of the whole alignment and colouring of selections/groups. The colour schemes available are the
same for both mechanisms and are described in section 1.7.3 below.
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1.7.1 Colouring the whole alignment

The alignment can be coloured via the Colour menu
option in the alignment window. Selecting the colour
scheme causes all residues to be coloured.

For certain colour schemes, the intensity of the colour
can be scaled by a conservation threshold. Selecting
Colour = By Conservation brings up a selection box al-
lowing the alignment colouring to be modified. Selecting
a higher threshold limits colouring to higher conserved
groups (Figure 1.23).

866 Jaly

File Tools Help Window

eme MuscleWs alignment of Uniref50 Sequences -
File Edit Select View Format Calculate Web Service
&v Apply Colour To All Groups

FER_CAPAA/1-97 EFDCPDDV Text Colour G
FER_CAPAN/1-144 EFDCPDNVW AG
FER1_SOLLC/1-144 ~ EFECPDDVeNone \G
Q93X/9_SOLTU/1-144 EFECPDD c
FER1_PEA/1-149 EFECPSD c
Q7XA98_TRIPR/1-152 EFDCPDDY BLOSUM62 Score \G
FERI_MESCR/1-148 ELECPDDV Percentage ldentity \G
FER1_SPIOL/1-147  EFQCPDDV zappo AG
FER3_RAPSA/1-96 EVECDDDY \G
FER1_ARATH;1-145 EVECDDDY lavlor G
FER_BRANA/1-96 EVECDDDV Hydrophobicity AG
FER2_ARATH/1-148 EVECEEDV Helix Propensity G
Q93Z60_ARATH/1-118 EVECEEDV - AG
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Figure 1.23: Conservation Threshold The transparency of the residue colouring is controlled by
the conservation threshold. The effect of 0% (left), 50% (center) and 100% (right) thresholds are

shown.

1.7.2 Colouring a group or selection

Selections or groups can be coloured via two ways. The first is via the alignment Colour menu but
ensuring that the Apply to all groups flag is not selected. This will have to be turned off specifically

as it is on by default.

The second method is to use the Selection = Group = Group Colour context menu option obtained

by right clicking on the group (Figure 1.24).

1.7.3 Colour schemes

Full details on each colour scheme can be found in the Jalview on-line help.
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Figure 1.24: Colouring a group via the context menu.
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Helix Propensity

The residues are coloured according to their helix

propensity. The highest propensity is magenta, the &

lowest is green.

Strand Propensity

The residues are coloured according to their Strand 7

propensity. The highest propensity is Yellow, the low-
est is blue.

Turn Propensity

The residues are coloured according to their turn
propensity. The highest propensity is red, the low-
est is cyan.

Buried Index

The residues are coloured according to their burial 7

propensity. The highest propensity is blue, the lowest
is green.
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Exercise 10: Colouring Alignments

10.a. Open a sequence alignment, for example the PFAM domain PF03460. Select the
alignment menu option Colour = ClustalX. 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 similar

sequences. Use the context menu (right click on the group) option Selection =
Group = Group Colour = Blosum62 to colour the selection. Notice how some
residues which were not coloured are ntw coloured. The calculations performed for
colouring schemes just apply to the group being coloured, not the whole alignment.

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

User Defined

This dialogue allows the user to create any number of names 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

anA Musclews alignment of Uniref 50 Sequences
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Figure 1.25: 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 11: User defined colour schemes

11.a. Load a sequence alignment. Select the alignment menu option Colour = User
Defined. A dialogue 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 in the appropriate field and click Save Scheme. You will be prompted
for a file name in which to save the colour scheme. The dialogue 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.

1.8 Screen layout and graphics output

1.8.1 Screen 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.

Wrapped alignments

Wrapped alignments can be toggled on and off using the Format = Wrap menu option (Figure 1.26).
Note that the annotation lines are also wrapped. Wrapped alignments are great for publications
and presentations but are hard to work with on the screen. Selecting regions can be difficult if they
span more than one line.

Fonts

. . an Change Font 7
Text appearance can be modified via the Format = Font... = &
alignment window menu. Additionally, font size and spacing  sw:(= 18  sye lan 8 |
can be adjusted rapidly by clicking the middle mouse button ) Ant-alias Fonts (Slower to render)
and dragging across the alignment window. (set s petauit) ok ) [

Numbering and annotations

The Format menu also provides options to control the display of numbers and annotations on
sequence alignments. The annotation lines which appear below the sequence alignment can be
hidden by toggling the View = Show Annotations menu option. Additionally, each annotation line
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Figure 1.26: Wrapping the alignment

can be hidden and revealed in the same way as sequences via the context menu on the annotation
name panel (Figure 1.27). 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. Dragging the top annotation line label up and down alters the relative size of the sequence
alignment and annotation alignment panels.

Exercise 12: Screen Layout

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

format and so on.
12.b. Hide all the annotation rows by selecting View = Show Annotations from the align-

ment window menu. Reveal the annotations by selecting the same menu option.
12.c. Right click on the annotation row labels to bring up the context menu. Select Hide
This Row. Bring up th econtext 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 posi-

tion. 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 2.3 below.
12.e. Drag the Secondary Structure label to resize the Alignment Annotation panel
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Figure 1.27: Hiding Annotations Annotations can either be hidden from the View menu (left)

or individually from the context menu (right)

1.8.2 Graphical output

Jalview allows alignments to be exported in three different '
formats, each of which is suited to a particular purpose. Im-
age export is via the File = Export Image = .

window menu option.

HTML

HTML is the format used by web pages.
Jalview outputs the alignment as an HTML
table with all the colours and fonts as seen.
This file can then be viewed directly with any
web browser. Each residue is placed in an
individual table cell. Unwrapped alignments
will produce a very wide page.

FERI_AKATH/1-145 VR |
VIKF |
li| VIKF |
) Q93260 _ARATH/1-118C Fl
Secondary Structure 1
.

Iron Sulphur Contacts

Consgpentine
Add New Row |._

Delete This Row
Show All Hidden Rows

[0 Edit Select View Format Colour Ca
Ferch Sequence(s)...

| .
| Add Sequences l__'MS. "
| Reload L -MASH
WA
2] #5 aIT irl
| SaveAs.. ¢4®S  ATTEALYL
| Output to Texibox n"‘MI
. | Prim wp PAATTER
- alignment ETTTT—
Export Fratures... EPS '
| Expart Annotatians... PNG
| Load Acsociated Tree ': nj
| Load Fearures / Annotatians
| Clase HW ﬂ
Moczilla Firefox (=T

KOO TR

et i
AARAET
AFR

R MALEE: L
FER, CAPAA/AT

VIR CAFANL: 144 CWART v - 144
FERD_SOLLC 144
I SOL 14
FERD PEA 149
QIXAH 152
FERI M R
FERI_SPIOL/L:L 147
I3 HATS AL -
FERI ARATI 368 14n
FER BRANA ]
FERY ARATH-J e
| ARA: 1E

FERA_ AR 13

ORI MALIE.

31



EPS

EPS is Encapsulated Postscript. It is the for-
mat of choice for publication and posters as
it gives the highest quality output of any of
the image types. It can be scaled indefinitely
so will still look good on an AQ poster. This
format can be read by most good presentation
and graphics packages such as Adobe Illustra-
tor.

PNG

PNG is Portable Network Graphics. This out-
put option produces an image that can be eas-
ily included in web pages and incorporated in
presentations using e.g. Powerpoint or Open
Office. It is a bitmap image so does not scale
and is unsuitable for use on posters.

1-97 3 LI
1-144 50 LI
/1-144 50 LI
IU/1-144 50 LI
-149 55 LV
PR/1-152 58 LI

Zoom Detail of EPS image.

[-97 3
[-144 50
1-144 50
"Uyl-144 50
149 55

LI
LI
LI
LI
LV

= e e e

PR/1-152 58

Zoom Detail of PNG image.

13.b.

13.c.

13.d.

Exercise 13: Graphical Output
13.a.

Load the example Jalview Jar file in Exercise 12. 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 favourite web browser.

Now wrap the alignment (Exercise 12) and export the image to HTML again. Com-
pare the two images. Note that the exported image matches the format displayed
in the alignment window but annotations are not exported.

Export the alignment using the File = Export Image = PNG menu option. Open
the file in an image viewer that allows zooming (eg. Paint or Photoshop on Windows,
Preview on Mac OS X) and zoom in. Notice that the image is a bitmap and it
becomes pixelated very quickly. Note also that the annotation lines are included in
the image.

Export the alignment using the File = Export Image = EPS menu option. Open
the file in a suitable program such as Ghostview or Preview (Mac OS X). Zoom in
and note that the image is indefinitely scalable.
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Chapter 2

Analysis

2.1 Analysis of alignments

Jalview provides support for sequence analysis in two ways. A number of analytical methods are
"built-in’” and run inside Jalview itself and are mostly accessed from the Calculate alignment window
menu. Other, more computationally intensive analyses, are run outside Jalview via web services,
typically accessed via the Web Services. It is anticipated that Jalview will extend further the range
of Web Services based analyses.

This section describes the built in analyses. Web Services are described in a subsequent section.

2.1.1 PCA

This calculation creates 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 the 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 expensive, and may fail for
very large sets of sequences - usually because the JVM has run out of memory. A future release of
Jalview will be able to avoid this by executing the calculation via a web service.

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
principle 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 principle 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 BLOSUM scores at each aligned
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position between each pair of sequences. The basic method is described in the 1995 paper by G.
Casari, C. Sander and A. Valencia ' and implemented at the SeqSpace server at the EBIL.

The PCA Viewer

PCA analysis can be launched from the Calculate = Principle Component Analysis menu option.
PCA requires a selection containing at least 4 sequences. A window opens containing the PCA tool
(Figure 2.1). Each sequence is represented by a 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 T 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

8ece Principal component analysis
File View

iment of Uniref50 Sequences - FASTA

uloum Web Service
Sort O7XASE_TRIPR

VDA cCalculate Tree

! Pairwise Alignments...
- Principal Component Analysis
N : dim 1 |4 dim2 [4) 2= "dim 3 [¥)
| x= dim 1 58 v= | dim2 8 z= | dim 3 %
3:3&* Autocalculate Consensus _ 2 Y . ’
LNQDDQS FLDDDO IDEGWV LT CAAYPVSD

Figure 2.1: PCA Analysis

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.

! Nature Structural Biology (1995) 2, 171-8. PMID: 7749921
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Figure 2.2: Calculating Trees Jalview provides four built in models for calculating trees. Jalview
can also load precalculated trees in Newick format (right).

Exercise 14: Principle Component Analysis

14.a. Load the alignment at http://www.jalview.org/examples/exampleFile.jar and select
Edit = Undefine Groups.

Select the menu option Calculate = Principle Component Analysis. A new window
will open. Move this window so that the tree, alignment and PCA viewer window
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 them on
the alignment and tree.

Click on the tree window. Careful selection of mouse location will divide the align-
ment into a number of groups, each of a different colour. Note how the colour of
the sequence id label matches the colour in the PCA plot.

14.b.

14.c.

2.1.2 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 and reconstructed with either average distance (UPGMA) or Neighbour joining algorithms.
The sequence alignment from which a tree is calculated is the current selection, or the whole
alignment if no selection is present.

On calculating a tree, a new window opens (Figure 2.2) which contains the tree. Various display
options can be found in the tree window View menu, and export options in the File = Save As
submenu. 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. The sequence ID’s have to match between the alignment and the
loaded tree. Nodes for which no sequence is found in the alignment are ignored.

Clicking on the tree brings up a cursor across the height of the tree. The sequences are automatically
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Figure 2.3: Interactive Trees The tree level cutoff can be used to designate groups in Jalview

partitioned and coloured (Figure 2.3). To group them together, select the Calculate = Sort = By
Tree Order alignment window menu option and the correct tree. The sequences will then be sorted
to group them together. The coloured background to the sequence IDs can be removed with Select
= Undefine Groups from the alignment window menu.

Other Calculations

On loading a sequence alignment, Jalview calculates alignment quality, conservation and consensus
as alignment annotations. Conservation is calculated according to Livingstone and Barton?. Con-
sensus 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 the Consensus label and selecting
Ignore Gaps in Consensus from the context menu. 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.

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

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.

27 Protein Sequence Alignments: A Strategy for the Hierarchical Analysis of Residue Conservation.”

C.D. and Barton G.J. (1993) CABIOS 9, 745-756

Livingstone
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Figure 2.4: Pairwise alignment of sequences. Pairwise alignments of three selected sequences
are shown in a textbox.

Exercise 15: Trees

15.a. Open the alignment at http://www.jalview.org/tutorial/alignment.fa. Select Calcu-
late = Calculate Tree = Neighbour Joining Using BLOSUMG62. A new tree window
will appear.

15.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, then 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.

15.c. Select Calculate = Calculate Tree = Neighbour Joining Using % Identity. A new
tree window will appear. The group colouring makes it easy to see the diferences
between the two trees, calculated using different methods.

15.d. Select from sequence 2 column 60 to sequence 12 column 123. Select Calculate =
Calculate Tree = Neighbour Joining Using BLOSUMG62. A new tree window will
appear. It can be seen that 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 two trees illustrates teh importance of selecting appropriate resides for
calculation of trees.

2.2 Web Services

Web services are a technology which allows the Jalview application to offload compute intensive
tasks to remote servers via the internet. Jalview will construct a job, 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 through a status window.
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It is essential that you have a continuous network connection in order to successfully use Web
Services from Jalview.

2.2.1 Realignment

Proteins can be realigned using any of three algorithms: ClustalW?, Muscle* or MAFFT® Of these,
ClustalW is the slowest but is historically widely used. Muscle is fast and probably the most
accurate for smaller alignments and MAFFT is probably the best for large alignments.

To run an alignment web service, select the appropriate method from the Web Service = Alignment
= ... submenu (Figure 2.5). A progress window will appear giving information about the job and
any errors that occur. After successful completion of the job, a new window is opened with the
results, in this case an alignment.

8ne Muscle Multiple Protein Sequence Alignment

i‘ I Muscle Multiple Protein Sequence Alignment - complete ( New Window )

Edgar, Robert C. (2004), MUSCLE: multiple sequence alignment with high accuracy and high
throughput, Nuclelc Acids Research 32(5), 1792-57.

B 75 Mness Mtipls Protess S Abggmmant alsgnevart of Ws115W5 shignomat of Uil 12

lAlignment of MuscleWS allgnment of Uniref50 Sequences - FASTA

lob detalls

** yamsas@Dundee University Life Sclences Bloinformatics Clustar Job =*
** Public Job Limits are 1 hour of CPU time and 1G of memary.

** All Dundee Hosted Web Services will be down between
** from 11-12-2006-17:45+GMT to 12-12-2006-09:00+GMT
** Cluster jobs will be suspended from 17:15 to 09:00

** Sorry for any Inconvenience.

Started Tue Dec 12 10:38:47 2006
Jopfs/gib_lab/software,Ix24-x86/bin/muscle -maxiters 16 -anchorspacing 32 -loga
/homes/ws-dev1/NOBACK/jobs/JalviewWs, MsaWs-Jobs/ muscle14280/ muscle.log -nacore
-verbose -quiet -In

/homes/ws-dev1/NOBACK/ jobs/: S-Jabs/ muscl gs.fasta -out
Jhomes/ws-dev1/NOBACK/jobs/ JalvIewwS/ MsaWs-Jobs/ muscle14280/ Inseqs_allgned.fasta

MUSCLE v3.0 (C} Copyright 2003,04 Robert C. Edgar
http://wivw. drives.comymuscle

profile-profile scorz  LE

Max [terations 16

Max trees 1

M2 Hima hin iy

Figure 2.5: Multiple alignment via web services The appropriate method is selected from the
menu (left), a status box appears (center), and the results appear in a new window (right)

37CLUSTAL 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

4" MUSCLE: a multiple sequence alignment method with reduced time and space complexity” Edgar, R.C. (2004)
BMC Bioinformatics 5, 113

5*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, 30593066. 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, 511518.
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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
= Mauscle Multiple Protein Sequence Alignment. 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. Select the first sequence set by clicking on the window and try running ClustalW and
MAFFT (from the Web Services = Alignment menu) on the same initial alignment.
Compare them and you should notice small differences.

2.2.2 Secondary Structure Prediction

Secondary structure prediction is performed using the Jpred® server at the University of Dundee’.
The behaviour of this calculation depends on the current selection:

o If nothing is selected, and the displayed sequences appear to be aligned, then a JNet prediction
will be run for the first sequence in the alignment, using the current alignment. Otherwise
the first sequence will be submitted for prediction.

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

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

Jpred is launched in the same way as the other web services. Select Web Services = Secondary
Structure Prediction = JNet Secondary Structure Prediction from the alignment window menu
(figure 2.6). 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.

Exercise 17: Secondary Structure Prediction

17.a. Open the alignment at http://www.jalview.org/tutorial /alignment.fa. Select the se-
quence FER_MESCR by clicking on the sequence ID. Then select Web Services =
Secondary Structure Prediction = JNet Secondary Structure Prediction from the
alignment window menu. A status window will appear and after some time 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 JNet performs
a PSI-BLAST search to expand the prediction dataset.

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

67 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
"http://www.compbio.dundee.ac.uk/ www-jpred/
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Figure 2.6: Secondary Structure Prediction Status (left) and results (right) windows for JNet
predictions.

2.3 Features and Annotation

Features and annotations are additional information that is overlaid on the sequences and the
alignment. Annotations are properties of the alignment as a whole - as the alignment changes, the
annotations will change along with it. Features are properties of the individual sequences. They
do not change with the alignment. Annotations are associated with columns in the alignment.
Features are associated with specific residues in the sequence.

2.3.1 Creating sequence features

Sequence features can be created by simply 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 2.7). A dialogue 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.

® 00 7 Create NewSequence Feawrets) %
Sequence Feature Name: feature_1 E
4 ! Feature Group: Jalview B I
] if Feature Colour:  [NDEEEEEEEESS |
~r5 ] | . . e s -
=l : ’:5 Al —_ 'KLITPDGPIEFE’CPDDV‘I’ILD'
LVTPEGKQELECPDD Output to Texthox... M5 G Description: LR L'\.I'TQE F E'CP SD\.I'Y LD
LVTPTGNVEFQCPDD C ©es Feat S w
FITPEGEQEVECDDD reate >equence Feature s

["KLITPE DVY I LD
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Figure 2.7: 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
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feature per sequence. Each feature remains associated with it’s own sequence.

2.3.2 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 can be 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 dialogue window (Figure 2.9) 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.
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Figure 2.8: Multiple sequence features. An alignment with many sequence features overlaid
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Figure 2.9: Customising sequence features. Features can be recoloured, switched on or off and
have the rendering order changed.
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Exercise 18: Creating features

18.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 dialogue
box will appear.

18.b. Enter a suitable Sequence Feature Name (e.g. ”Iron binding site”) in the appropriate
box. Click on teh 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.

18.c. 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 position 95. Roll the mouse over the features and you will see that
the feature has moved with the sequence. Delete the gap you created.

18.d. Add a similar feature to column 102. When the feature dialogue 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.

18.e. 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 turned off. Click it again and note that
the features are now displayed. Close the sequence feature settings box by clicking
OK or Cancel.

2.3.3 Creating user defined annotation

Annotations are properties that apply to the alignment as a whole and are visualised on rows in
the annotation panel. To create a new annotation row, right click on the annotation label panel
and select the Add New Row menu option (Figure 2.10). A dialogue box appears. Enter the label
to use for this row and a new row will appear.

30429_mAizE/1-140 ABSCESCABRVVE - -
000 Input

Label for annotation

Secondg g
Add New Row ! my annotation row
iron Sulpl  Hide This Row
Delete This Row _——
¢ Ecmced
¢ show All Hidden Rows i (Cancel) 0K
Export Annotation 3E

Figure 2.10: Creating a new annotation row. Annotation rows can be reordered by dragging
them to the desired place.

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 2.11). On selecting Label a dialogue 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
visible®. Annotations can be coloured or deleted as desired.
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Figure 2.11: Creating a new annotation. Annotations are created from a selection on the
annotation row and can be coloured as desired.

Exercise 19: Annotating alignments

19.a. Load the alignment at http://www.jalview.org/tutorial/alignment.fa. Right-click on
the annotation label for Conservation to bring up the context menu and select Add
New Row. A dialogue box will appear asking for Label for annotation. Enter ”Iron
binding site” and click OK. A new, empty, row appears.

19.b. Navigate to column 97. Select column 97 on the new annotation row. Right click
on the 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 dialogue and click OK. Press [ESC]| to remove the selection.

19.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.

2.3.4 Importing features from databases

Jalview supports feature retrieval from public databases exported via the Distributed Annotation
System®. To retrieve features, select View = Feature Settings... from the alignment window
menu. Select the DAS Settings tab in the Feature Settings Window (Figure 2.12). A list of DAS
sources compiled from the major public DAS registry'? is shown in the left hand pane. Highlighting
an entry on the left brings up information about that source in the right hand panel.

Select appropriate DAS sources as required then click on Fetch DAS Features. This can take
some time if a large number of sources is selected and if the alignment contains a large number of
sequences. The retrieved features are shown on the sequence and can be customised as described
previously.

Following DAS feature retrieval, the Feature Settings panel takes on a slightly different appearance

8When 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.

“http://www.biodas.org/

10
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Figure 2.12: Retrieving DAS annotations. DAS featrues are retrieved using the DAS Settings
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tab (left) and display customised using the Feature Settings tab (right).

(Figure 2.12 (right)). Each data source is listed and groups of features from one data source ccan

be selected /deselected by checking the labeled box at the top of the panel.

20.b.

20.c.

20.d.

Exercise 20: Retrieving features with DAS
20.a.

Load the alignment at http://www.jalview.org/tutorial/alignment.fa. Select View =
Sequence Features. .. from the alignment window menu. Select the DAS Settings
tab. A long list of available DAS sources is listed. Select a small number, eg Uniprot,
DSSP, signalP and netoglyc. Click OK. A window may prompt whether you wish
Jalview to map the sequence IDs onto Uniprot IDs. Click Yes. Jalview will start
retrieving features. As features become available they will be mapped onto the
alignment.

If Jalview is taking too long to retrieve features, the process can be cancelled with
the Cancel Fetch button. Rolling the mouse cursor over the sequences reveals a large
number of features annotated in the tool tip. Close the Feature Settings window.
Select View = Feature Settings... to reopen the Feature Settings window. All
the loaded feature types should now be displayed. Those at the top of the list sit
on top of and obscure those below. Move the feature settings window so that the
alignment is visible and uncheck some of the feature types by clicking the tick box
in the display column.. Observe how the alignment display changes. Note that
unselected feature types do not appear in the tool tip.

Reorder the features by dragging feature types up and down the order in the Feature
Settings panel. e.g. Click on CHAIN then move the mouse downwards to drag
it below DOMAIN. Note that DOMAIN is now shown on top of CHAIN in the
alignment window. Drag METAL to the top of the list. Observe how the cysteine
residues are now highlighted as they have a METAL feature associated with them.
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2.4 Working with structures

Jalview provides integration between protein sequences and protein structures by providing a simple
structure viewer. Structures are visualised as an alpha carbon trace and can be viewed, rotated
and coloured in a structure viewer and the results interpreted on a sequence alignment.

2.4.1 Automatic association of PDB structures with sequences

Jalview can automatically determine which structures are associated with a sequence, if that se-
quence has an ID from a public database such as Uniprot. Right-click on any sequence ID and
select <Sequence ID> = Associate Structure with Sequence = Discover PDB IDs from the con-
text menu (where <Sequence ID> is the ID of the sequence on which you clicked) (Figure 2.13).
Jalview will attempt to associate the sequence with a Uniprot sequence and from there discover any
associated PDB structures. This takes a few seconds and applies to all sequences in the alignment
which have valid Uniprot IDs. On moving the cursor over the sequence ID the tool tip now shows
the Uniprot ID and any associated PDB structures.
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FER1_SPIOL/1-147 1C
/5 FUEEIDQ | KEGWY LTCVAYPTGDVT | ETHKE FER3-R'FER1_5PIGLfl-14? C
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Fromrie i FERIAlynproTpopzz1 BC
e FER_BRApDR 1470
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FER1_SPIOL/1-147 B0 rers ra 150"
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Q93760_ARATH/1-118 SICABKVVSES | BosBas

Figure 2.13: Automatic PDB ID discovery. The tooltip (left) indicates that no PDB structure
has been associated with the sequence. After PDB ID discovery (center) the tool tip now indicates
the Uniprot ID and any associated PDB structures (right)

2.4.2 Viewing Protein Structures

The structure viewer can be launched through the sequence ID context menu. Select <Sequence
ID> = View PDB entry: <PDB ID>. A viewer window will open with the alpha carbon chain(s)
of the structure shown (Figure 2.14). The structure can be rotated by clicking and dragging in the
structure window. The structure can be zoomed using the mouse scroll wheel (if available).

Moving the mouse cursor over the sequence to which the structure is linked in the alignment panel
highlights the respective residue and shows a label on the structure (Figure 2.14 (right)).

Customisng 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 and
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Figure 2.14: Structure visualisation The structure viewer is launched from the sequence ID
context menu (left) and allows the structure to be visualised as a rotatable and zoomable alpha
carbon trace (right).

display parameters such as depth cueing and Z-buffering by selecting the appropriate option from
the View menu.

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 output to EPS or PNG format
via the File = Save As = ... submenu. 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.
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Exercise 21: Viewing Structures

21.a.

21.b.

2]1.c.

21.d.

21.e.

Load the alignment at http://www.jalview.org/examples/exampleFile.jar. Right-click
on the sequence ID label for any of the sequences (e.g. FERI_SPIOL) to bring
up the context menu. Select FER1_SPIOL = Associate Structure with Sequence
= Discover PDB ids. Jalview will now attempt to find PDB structures for the
sequences in the alignment.

Right-click on the sequence id for FER1_SPIOL. Select FER1_SPIOL = View PDB
Entry: 1A70 A structure viewing window appears. Rotate the molecule by clicking
and dragging in the structure viewing box. Zoom with the mouse scroll wheel.
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. Move the mouse over the structure. Placing
the mouse over the alpha carbon will bring up a tool tip indicating the name and
number of that residue. The corresponding residue in the sequence is highlighted in
black. 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.

Select Colours = Background Colour. .. from the structure viewer menu and choose
a suitable colour. Press OK to apply this. Select File = Save As = PNG and save
the image. View this with your web browser.

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.
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Chapter 3

Advanced Jalview

3.1 Customising Jalview

3.1.1 Setting preferences

3.2 The Jalview Interface

3.2.1 Multiple views

3.2.2 Keyboard Editing Mode
3.3 Regions
3.3.1 Locked Editing

3.3.2 Alignments including hidden regions

3.3.3 Secondary Structure predictions
3.4 Features and Annotations

3.4.1 Annotation display

Altering annotation row height
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3.4.2 Annotation files
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