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9.00-9.15am. Overview of the day

9.15am - 10.30am. Session 1. Introduction to Jalview
— starting the application, importing alignments, basic editing and creating figures.

10.30-11am. Coffee

1lam - 12.30pm. Session 2: Alignment & alignment analysis
— Creating sequence alignments, importing and calculating trees, tree based alignment
analysis
12.30pm to 1.30pm. Lunch
1.30pm — 3.00pm. Session 3: Annotating sequences & alignments

— Creating and viewing sequence annotation
— Protein Secondary structure prediction

3.00pm - 3.30pm Coffee

3.30pm — 4.30pm. Session 4: Working with molecular structures
— Viewing 3D Structures, superimpositions, mapping disorder and alignment quality
— Viewing RNA Secondary Structure

4.30pm — 4.45pm. Wrapup — what we didn’t cover today



Course materials

Everything (will be) online

http://www.jalview.org/tutorial/training-
materials/2014/Dundee/Oct/

— These slides

—Jalview v2.8 Manual (v1.4.1)
 Log in and
 Open the manual in your PDF Viewer NOW

— Additional exercises + ‘advanced topics’
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Launch Jalview Applet

Jalview comes In two =

Launch Jalview Desktop
flavours

The Jalview Desktop

The JalviewLite Applet
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Ex 1 — starting

The Jalview Dekstop
PAGE 7

Use the ‘Latest Build of Current Release’
via the development page
http://www.jalview.org/development/development-builds

Webstart launch link is
http://www.jalview.org/builds/release/webstart/jalview_2G.jnlp



http://www.jalview.org/development/development-builds
http://www.jalview.org/builds/release/webstart/jalview_2G.jnlp

Launching the

Jalview

e Jalview desktop

MAEFT Multipie Sequence Alignment of Retrieved from U 14
File Edit Select View Format Colour Calculate Web Service M = @ Average distance tree using B...
’ Original Spinach Feredoxin Structure FE2S2 Representati File View
60
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[ ‘R2_ARATH
Version: 2.8.0bl R1_MAIZE
/

[— Bioinformatics doi: 10.1093/bioinformatics/btp033
Sequenc

Last Updated: 31 January 2014

...Checking latest version...

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, 1.B., Martin, D.M.A, Clamp. M. and Barton, G. J. (2009)

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




Jalview 2.8
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— : brought to you by JSwingReader (jswingreader.sourceforge.net)
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1 Jan 4, 2013 Jalview in 2012 and 2013

A Nov 12, 2012 Jalview 2.8 release and the new look www.jalview.org

F Oct 18, 2012 Registration now open for 3rd Jalview Residential Training Course anc
[ Sep 22, 2011 Welcome to the Jalview Desktop news channel

[C ) Ta ]

o

it

<y C0ogle Summer of Code students: Lauren Lui and Jan Engelhart.

Jalview in 2012 and 2013
http:/fwww.jalview.org/General/General-news/Jalview-i1n-2012-and-2013

20112 was quite a year here at jalview.org. A number of long running projects finally bore fruit
with the launch of our new website and logo, and the release of Jalview Version 2 8. The
MNovember release of Jalview was the first to support JABAWS 2, which was launched in
December 2011, and to include RNA visnalization features developed by our 2010 and 2011

atabhaca Fatrkhare

[feeds /desktop/rss




Anatomy of Jalview: Figure 1.7
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Ex 1 — starting Jalview

* Tasks
— Modify user preferences

— Test that you can load the example file

manually
http://www.jalview.org/examples/exampleFile 2 7.jar



http://www.jalview.org/examples/exampleFile_2_7.jar

Ex 1 — starting Jalview

* Tasks
— Modify user preferences

— Test that you can load the example file

manually
http://www.jalview.org/examples/exampleFile 2 7.jar

* Questions
— Where to find help ?
— How to report a bug ?



http://www.jalview.org/examples/exampleFile_2_7.jar

Jalview Community

* Malling lists

— Discussion forum and developers forum

— Links from http://www.|alview.org/community
 Jalview bug database

— http://issues.jalview.org
 Also indexed on google

 Jalview development info
— http://www.jalview.org/development



http://www.jalview.org/community
http://issues.jalview.org
http://www.jalview.org/development

Ex 2 - Navigation

* Tasks
— Open the overview window for a view

— Jump to a specific row and column with
keyboard mode



Ex 2 - Navigation

* Tasks
— Open the overview window for a view

— Jump to a specific row and column with
keyboard mode

* Questions

— How do you locate a sequence or seguence
nosition if you don’ t know its row/column ?

— How do you find a sequence motif ?




Ex 3 Getting data into Jalview

« Tasks

— Importing an alignment via a url, local file, or
cut’ n’ paste

— Getting an alignment from Pfam



Ex 3 Getting data into Jalview

« Tasks

— Importing an alignment via a url, local file, or
cut’ n’ paste

— Getting an alignment from Pfam

* Questions

— What happens when you drag a file onto an existing
alignment ?

— What is different about the alignment retrieved from
Pfam ?

— What if you want to load a *really* big alignment ?



Ex 4. Saving alignments

* Tasks
— Save alignments in different formats



Ex 4. Saving alignments

* Tasks
— Save alignments in different formats

* Questions

— What's the biggest difference between a BLC
file and a pileup file ?

— Why are Jalview projects useful ?



Ex 5,6,7,8 and 9
selecting, reordering,
hiding/showing and editing

« Tasks

— Get used to the mouse and keyboard based selection
and alignment editing controls

— Learn how to work on specific parts of an alignment

« Exercise 8 and 9 let you practice mouse
and keyboard based editing techniques ....

— If you don't finish them now, do them when
you have a spare 15 mins at lunch.



How do | edit sequences in Jalview
http://www.]alview.org/examples/editing.html

Select Pop up
Insert / Delete Gaps .| or edit Mmenu | Edi n Id, Description
Shift Key + Drag Selection
Single Sequence -= Edit
-> Edit Sequence...
Ctrl / Apple + Drag Sequence

Multiple Sequences -> Edit Name / Description

Selected
seguences
can be
moved up
and down or
slid from left
to right



http://www.jalview.org/examples/editing.html
http://www.jalview.org/examples/editing.html

http://www.jalview.org/examples/editing.html

F2 enables/disables keyboard mode

10 20 30
I | I | I |

SeqA
SeqB

SeqC ATL- - - @ - LT G-A-TH
SeqD |
SeqE :

SeqF i

SeqG
SeqH

Cursor Keys - Move Cursor Windows 7 Users:

Alt + Cursor Keys - Move Sequence G | "
[3":] SFI'E'II!'.IE - Insert [.‘.{] gap(g] rOUP nsert - use

[X] Delete / Backspace - Delete [X] gap(s) Shift+Space
8 C - Move to Column B
45 - Move to Sequence 4 (nOt CTRL+Space)

8. d4<return> - Move to column 8, sequence 4

&P - Move to Position &

Q - Define the top left corner of selection area

M - Define the bottom right corner of selection area



Ex 5,6,7,8 and 9
selecting, reordering,
hiding/showing and editing
» Tasks

— Get used to the mouse and keyboard based selection
and alignment editing controls

— Learn how to work on specific parts of an alignment

* Questions
— Why would you create representative sequences ?

— How do you insert a gap in the middle of a sequence
without affecting the rest of its alignment ?



Ex 10 & 11 : Colouring

* Tasks
— Learn how to colour all, or part of the
alignment by
« Amino acid property
« Annotation



Ex 10 & 11 : Colouring

 Tasks

— Learn how to colour all, or part of the
alignment by

« Amino acid property
« Annotation
* Questions
— Why is colouring the alignment useful ?

— How would you highlight acidic residues in
your alignment ?



Ex 12,13 — alignment layout and

export
» Tasks
— Adjust the alignment formatting options
* Wrap

« Seqguence id margin

— Export the alignment as a figure
« HTML, EPS and PNG



Ex 12,13 — alignment layout and

export
» Tasks
— Adjust the alignment formatting options
* Wrap

« Seqguence id margin
— Export the alignment as a figure
« HTML, EPS and PNG
* Questions

— How do you control the number of columns shown In
wrapped mode ?

— How can you easily experiment with different
alignment figure layouts ?

— What programs can edit EPS files ?



* End of Session 1
* Loading/saving
* Navigation/Editing
* Colouring & Figures

* Session 2
* Alignment with

JABAWS

PAGE 58 IN MANUAL
* Alignment analysis

* Trees

« PCA

« Subfamily analysis




Anatomy of Jalview: Figure 1.7
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www.compbio.dundee.ac.uk/jabaws

JABAWS:MSA Troshin et al. 2011,
Bioinformatics.

of Retrieved from Uniprot

JABAWS 2 In Preparation.
. ‘rc~3-:‘$ns"'.'5' RO 1;;. A
Jalview Web
Edt setongs and run NW-NS-Pal
Se rVI Ce G U I :*'t'L‘ ”1:“' :‘.‘:':n:l;::;lu’~:t».ni. ac. uk/jabaws ’ e
Mafft weh Defauts
JABAWS o ]
Java Client =

JABAWS Virtual Native JABAWSInstalls JABAWS Amazon
Appliance for n . Machine Image
your private use. [ 0] 1) = O

amazon
webservices™

\—J

“orinan | [doud

Tomcat




Jalview’ s Alignment Methods

Web Service
BT http://www.compbio.dundee.ac.uk/jabaws

Secondary Structure Prediction » Tcoffee with Defaults

Protein Disorder ® Edit settings and run ...
Analysis » Run Tcoffee with preset
Conservation »

Fetch DB References Pn.)bcon.s with Defaults
e —— — Edit settings and run ...

el

.................... Muscle with Defaults

« JABWS a”gn ment Edit settings and run ...
services Run Muscle with preset

Mafft with Defaults
Edit settings and run ...

— Preset aligment modes g, mafft with preset
— User defined settings

Clustal
Realign with Clustal
« Pairwise alignment ClustalO

* Mostly used internally




Common types of alignment algorithm

a Hit1 b — Hit1 C Hit1
/\Query 7\Query
Hit5 /| \ Hit5 /|
Hit3 Hit2 \ —Hit2 \.
Hit4 i3 Hit4

Figure adapted from
Procter et al. (2010) Nature Methods 7 S16 - S25

a. Sequence database searches — optimal alignment between query
and hit

e.g. Blast (single sequence), PSI-Blast and HMMER

b. Progressive — optimise alignment between branches on guide tree
e.g. ClustalWw

c. Transitive — optimise MSA to maximise consistency between pairs
e.g. T-COFFEE, ProbCons

Profile methods — e.g. Muscle and MAFFT are hybrid of b and c.

Latest methods, e.g. ClustalO, also employ sampling strategies to
speed up tree building & refinement.



Jalview alignment
exercise 25 (sect. 2.4)

* Tasks
— Align seguences using different methods
« Use the Webservices’ “alignment’ submenu

— Explore how hidden regions affect alignment
jobs.



Jalview alignment
exercise 25 (sect. 2.4)

 Tasks

— Align seguences using different methods
« Use the Webservices’ “alignment’ submenu

— Explore how hidden regions affect alignment
jobs.

* Questions

— Why does jalview run several jobs if the input
iIncludes hidden regions ?

— What does ‘re-alignment’ mean ?



LUNCH



Alignment Job Parameter Settings

Browse or edit to
change name of set
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Why change alignment
parameters ?



Jaba Alignment Exercise

Task

—  Run the alignment from step b of ex. 25 using the JABA
clustalW service
1. Run with default settings

2. Use the ‘Edit parameters’ dialog to run an alignment with the
following:
Gap opening (internal and end gaps) = 3
Gap Extension = 0.05
—  Compare the two alignments. You may want to save them for
later, too.

Questions

—  What effect has modifying the gap penalties had on the
feredoxin alignment ?



e Session 2

* Alignment with
JABAWS

PAGE 58 IN MANUAL

* Alignment analysis
* Trees

« PCA
« Subfamily analysis




Alignment analysis — Section 2.2

- Principal component analysis

- Phylogenetic trees

- Redundancy removal

Tree based conservation analysis
Subdividing alignment by mutation




Phylogenetic analysis and Jalview

 Built In tree methods

— UPGMA

 Fast, simple, but not reliable for phylogenetic inferrence
— Neighbour joining

« Slower than UPGMA

« Useful for a first approximation
— NJ does not work well for very divergent sequence sets
» Need to add in close relatives to get an idea of topology

* Import trees from elsewhere

— Load a Newick format tree file onto an alignment from
another program



PCA and Phylogeny Section 2.2
Exercise 17 and 18

 Tasks

— Calculate Principal component analyses
(PCAs) and trees on the feredoxin alignment

— Explore the use of the interactive tree viewer
« Use it to select subgroups on the alignment.



PCA and Phylogeny Section 2.2
Exercise 17 and 18

 Tasks

— Calculate Principal component analyses
(PCAs) and trees on the feredoxin alignment

— Explore the use of the interactive tree viewer
« Use it to select subgroups on the alignment.
* Questions

— What is the role of BLOSUMG62 or Percentage
identity in the tree building process ?



Tree based conservation analysis
Sect. 2.2.3 Exercise 19

« “Poor man’s” character inference analysis

— Compare conservation patterns within and between
branches of a tree

« Task

» Use interactive tree viewer to subdivide alignment and
identify difference in conservation pattern



Tree based conservation analysis
Sect. 2.2.3 Exercise 19

« “Poor man’s” character inference analysis

— Compare conservation patterns within and between
branches of a tree

« Task

» Use interactive tree viewer to subdivide alignment and
identify difference in conservation pattern

* Questions
— How can you tell which differences are important ?



Sub-groups and Sub-group Annotation
Exercise 21

 Task

— Use the group consensus segquence logos to
more easily compare tree subgroups

— Use ‘Make groups for selection” to subdivide
groups by specific mutation



Sub-groups and Sub-group Annotation
Exercise 21

 Task

— Use the group consensus segquence logos to
more easily compare tree subgroups

— Use ‘Make groups for selection” to subdivide
groups by specific mutation
* Questions

— How can you navigate the sub-groups of a
large alignment ?



* End of Session 2
* Alignment & analysis

e Session 3

« Seguence DB refs and
Seguence Features

* Protein secondary
structure prediction




Sequence Features

Manual section 2.8

Phosporylation Site Predictions
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Getting and working with sequence
features and annotation

« Sequence Databases

« Seqguence feature sources
— DAS Seqguence feature retrieval
— GFF and Jalview feature files

* Visualizing features

— Highlighting annotated regions

— Shading and reordering based on scores and
labels



Sequence Feature Settings

Feature Settings | DAS Settings |
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Sequence Features
Section 2.8.1-3 & Ex 27

— Annotate the whole or part of a sequence
— Database refs are special case.

« Tasks
— Visualise, create, modify, import and export features.



Sequence Features
Section 2.6.1-3 & Ex 27

— Annotate the whole or part of a sequence
— Database refs are special case.

« Tasks
— Visualise, create, modify, import and export features.

* Questions

— What are the different types of file formats available
for import and export

— What services allow you to discover annotation for
seguence ?



Sources of segquence feature

data

Jalview seguence annotation files
DAS sources
GFF files

Certain ‘rich’ alignment formats
— Stockholm
— AMSA



Retrieval from External Databases

|
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DAS allows Jalview access to

Over 270 Sequence Databases...

| Latimeria_chalumnae.LatChal.reference (LatCha Scaffold 1) (DAS)
~ Schistosoma_mansoni.sma_v3.1.reference (sma_v Scaffold 3.1) (DAS) HJ

» @l RGSC
» [ TREESHREW
| RFAM (Full)
" PDB
v 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)

uniprot (UniProt Protein Sequence) (DAS)

Uniprot 2010_09 (UniProt Protein Sequence) (DAS)
Trichoplax_adhaerens.TRIAD1.reference (TRIAD Scaffold 1) (DAS)
Cavia_porcellus.cavPor3.reference (cavPor Scaffold 3) (DAS)
Petromyzon_marinus.Pmarinus_7.0.reference (Pmarinus_ Scaffold 7.0) (DAS)

" Ciona_savignyi.CSAV2.0.reference (CSAV Reftig 2.0) (DAS)
1 Myotis_lucifugus.Myoluc2.0.reference (Myoluc Scaffold 2.0) (DAS)
| Takifugu_rubripes.FUGU4.reference (FUGU Scaffold 4) (DAS) |
» (3] MEDAKA i

Database: uniprot (UniProt Protein Sequence) (DAS)
Example: P15498

4 »

l
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Sequ

Feature Settings | DAS Settings

Mickniame
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Registerad at: Sun Feb 11 17:15:51 GMT 2007
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Jalview and Sequence Databases
Sec 2.9.1 EXx. 29

« Can retrieve new seguences or match against
existing records using IDs

« Task

— Recover the Uniprot annotation for the ferredoxin
sequences using their IDs

— Verify retrieval by examining sequence annotation



Cut & Paste input - FAST

File Edit Seleck View Forma

Criginal | Wig 1|
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UniProt/Swiss-Prot|P5748
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UniProt/Swiss-Prot|P5748
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UniProt/Swiss-Prot| P3064
UniProt/'Swiss-Prot| O4578
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The Distributed Annotation System
Section 2.9.2, Exercise 30

— Web servers that jalview can use to discover
annotation for a sequence

 Task

— Browse available DAS sources for protein
sequences

— Retrieve annotation for the ferredoxin
alignment.



The Distributed Annotation System
Section 2.9.2, Exercise 30

— Web servers that jalview can use to discover
annotation for a sequence

 Task

— Browse available DAS sources for protein
sequences

— Retrieve annotation for the ferredoxin
alignment.

* Question
— What does the ‘optimise order’ button do ?



Working with sequence features
Ex 32 c,d,e (Sec 2.9.4 P. 80)

 Task

— Shading features using labels and scores
— Sorting alignment using feature scores

ONLY ATTEMPT: 32c, d, e

— DAS servers mentioned In exercise are not
currently available

— Instead experiment with
« Uniprot CHAIN annotation



Shading, thresholding, colour by
label.
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Working with seguence features

Ex 32c,d,e (Sec 2.9.4 P. 80)

 Task

— Shading features using labels
— Sorting alignment using features

* Questions

— What types of features are best displayed with
a ‘label’ colourscheme ?

— [If feature scores were available] How would
you display only the highest or lowest scoring
features ?



Protein secondary structure
prediction

Section 2.6 onwards
In the Manual
Page 65



File Edit Se(
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Ipre Protein Secondary Structure
incorporating Jnet Prediction Sec. 2.6

® © © )Net prediction on visible FER_CAPAA using alignment from MuscleWs alignment of Uniref50 ...
File_Edit Select View Format Colour Calculate Web Service

e { ® Neural network trained on amino acid profiles >
f&: — Predicts Helix, shEet, or Coil based on sliding window
%Z";  Also predicts coiled coils and surface accessibilities
=l * Server can take
=  _ Single Sequence
=  Service find homologs with PSI-Blast

— Alignment

« Service uses MSA to calculate profile for prediction




Exercise 26

 Tasks

— Perform a variety of Jnet predictions
* Note the effect of hidden regions
« Learn about sequence associated annotation

* Questions



Exercise 26

 Tasks

— Perform a variety of Jnet predictions
* Note the effect of hidden regions
« Learn about sequence associated annotation

* Questions

— What other data does Jnet provide ?

— Which is better — a PSI blast prediction or an MSA
based prediction ?

— What happens when you have hidden regions ?



« Session 4
« Working with structures
* Viewing 3D
structures

« Mapping data onto
structure

* Disorder prediction
* Alignment reliability
* RNA Structure
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Desktop Structure Visualization
3D structures and 2D RNA diagrams

Visual Analysis of ¢
RNA
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Associating structures with

sequences

 Local PDB file

— Attach PDB file to sequence manually

— drag and drop to match files to sequences by
ID

« Structures in the PDB database
— Provide PDB id (and chain) for sequence
— Discover references via sequence database
TTORTITMI £ CODDVYVLDAADQ | AECFVLT CAAYPTSDVT |

Structure » Assocnate Structure with Sequence 5

Hide Sequences View Structure
RIT-TIST LIv YA _ Ly B L LY LY.
1N _ a L3 LLL)




Protein Structures in Jalview
Sec 2.1. Exercise 14

 Task

— Discover PDB structures for ferredoxin
sequence(s)
 Note use
Fetch Database Refs->UNIPROT->Uniprot

— Save and load structures and manipulate
colouring



Protein Structures in Jalview
Sec 2.1. Exercise 14

 Task

— Discover PDB structures for ferredoxin
sequence(s)

— Save and load structures and manipulate
colouring

* Questions

— How does Jalview match up sequence data to
structural data
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Superposing Structures using Alignments
Sec 2.1.4 — Exercise 15

 Task
— Align structures using the ferredoxin alignment

If ‘View all N structures’ doesn’t align structures:
« Use Jmol->Align menu

— Experiment with views to control what part of the
alignment is used to superimpose the structures



Superposing Structures using Alignments
Sec 2.1.4 — Exercise 15

 Task
— Align structures using the ferredoxin alignment

— Experiment with views to control what part of the
alignment is used to superimpose the structures

 Questions

— What colourscheme would highlight the conserved
parts of the structures ?

— Which view gave the ‘best’ structure superposition ?
How did you decide this ?



Colouring structures using many

multiple alignments
Sect 2.1.5. Exercise 16




Supplementary exercises

* View the PDF from

www.]alview.org/training/tutorial-
materials/2014/Dundee/Oct

» 3 Short exercises
— Protein Disorder prediction
— Calculating/importing alignment gquality scores
— RNA Secondary & Tertiary structure



http://www.jalview.org/training/tutorial-materials/2014/Dundee/Oct
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Protein Disorder prediction
(Supplementary Exercise)

« Complementary problem to secondary
structure prediction

— Recognise structured & unstructured domains
— Predict holes in density maps (REM450)
— Detect flexible loops (HOTLOOPS')

* Programs provided by JABAWS 2 employ
— Machine learning methods (DisEMBL)
— Similarity to disordered sequences (RONN)

— Empirical amino acid statistics (IUPred,
GlobPlot)



Disorder Predictions from JABAWS
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“dialog to shade alignment using raw

Scores




1//1-177
20.21/1-177
8018.1//1-177
41603.1//1-158
9.1//1-176
1//1-154
2.2|/1-154

Conservation

Quality

Consensus

1//1-177
20.21/1-177

. - 103 LK E
103 LK E
8018.1//1-177 103 LK E

41603.1//1-158 102 SR
102FlsT

102 -LT-Q-QTlV'

102

9.1//1-176
1//1-154
2.2]/1-154

Conservation

Quality

Consensus
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RNA 2"d-ary Structure

RE01857 Retrieved from RFAM (Full)

7l3ﬁ;: 7Edit Select View Format Colour Calculate Web Service

Pyrococcus_furiosusG

-UGGGG-G--AGGCACGGCUGAAGGGCCGUGCUAA-ccccf

Methanoculleus_maGG - AAAGG-G-AUCAAUGCCCCGGAGGGGGCGGCGA-CCU - -

F.acidarmanus.1

GG UUUGC-A-UAUGCAACUUCAAAGGAUGAUGCAUA-UACA

ThermoflumpendeGU CCGUG-C-ACGG-CUCCUCGUAGGAGGAGGCCGA-GCAC
I — - - o o e e e e e e e me e e o o e e e -~

Structure Consensus Logo:
Shows base pair distribution at
each paired position in a given
RNA secondary structure

I celer 1

StrucConsensus &

Consensus it Etmmsis B =iSSsS
CO-UCCCC-CCCACCT

§G-UGGGC

secondary structu e_&_M__Q_( ( ((

e eGl - S aAce ClCAGacCACEEIIGACIIcER A aice El
~-ACAGG-A-UUCAA

-UUAUG-G-CCGGG _

-UGGCG-G--AGCC Try it now:

Oecec erYeeel 1. Import RF00162 from
Rfam (Full)

—

Sequence position 156 CG 45%; GC 18%; UA 15%; AU 9%; UG 7%; UU 0%; GU 0%; Al

Il

RALEE style
colouring highlights

distinct stems and
\helices




Selections and
mouse positions
shared between

alignment view and

VARNA

anooannon
PRI Er
cOoOnAANne D

cO» a -4 -
NP> ry»
reCcCcCCcCCCcCCCC —

[ _2al

Try it now:
1. Open VARNA with
‘Structure->View Structure->RNA Secondary Structure’
2. Explore difference between trimmed and untrimmed
3. Bonus points — add and link a Jmol structure view

VARNA has a wide
range of 2D RNA plots
and supports

Interactive annotation - v gl

VARNA: Interactive drawing and
editing of the RNA secondary S,
structure 4
Kévin Darty, Alain Denise and Yann

Ponty

Bioinformatics (2009) 25 1974-1975

secondary structure (with gaps)



2.8.1 - Interactive Alignment based

PNIA 9nd_ary Strycture Prediction
VlennaRNA

Alignment

Y i

Secondary Structure Prediction JNet Secondary Structure Prediction

Protein Disorder
Analysis
Conservation

. Fetch DB References

http://www.compbio.dundee.ac.uk/jabaws
RNAAIliFold Prediction

Change RNAAIiFold settings...

yvYyryy

\==-CUAUGA-CCUAG- G === ===~ cou

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

\=-CCUUUGU--UAAG-GA- === === CUUG

\ - AGGOGUCA-~--UCC-~Ar == => =~ CAAA



2.8.1 - Interactive Alignment based
PNIA 2nd_ary Strycture Prediction

VlennaRNA

E CGUU
D.Imeranogaster. 37 I1=o50 W = CGCU

D.melanogaster.2/1-63C-AUUCAAC
D.melanogaster.1/1-65G-AGCC-CU
R.norvegicus.7/1-66 C-CGGCACU
R.norvegicus.6/1-67 G-CCGCUUC
R.norvegicus.5/1-62 G-UUUUUCC
R.norvegicus.4/1-61 G-UCAGAUG

Consensus [l Eepder=i=t

G-UUUCAUU
RNAalifold Consensus B-HBKSWYY

Contact Probabilities l -

Lol LA & 5 %
Centroid Structure I_,z =4 OFF

MFE Structure.(‘;_,( Ll . .

StrucConsensusI FeeAnSs
(-((( (==~

* Can be enabled for
any view

« Updated if alignment
changes

e settings & results
saved in Jalview
project

Implemented by our
2013 Summer student



Tooltips show alternative base
pairs

Rnorvegicus.2/1-64 G- UUACAUU- - CARGACANCAGAAACA-UAAA--CUAUG

R.norvegicus.1/1-61 A-UAUUUGUU-UAUCAUGCEGUCACAGUG-UAAA--CUUCA
0.aries. 1/1-68 G- ACCCUMC- - -ABCACAGCAAGGCGACU-CAAA-UGUCUC

Consensus

C-UuucCAUUUU+AUCGACCCCCUGUGCUCUAAA-CCCU+C
RNAalifold Consensus & _UUUCAUL _ __AUGCACCCCCUGUGCU _UAAA_ _CCUCC

MFEStmcwre‘ ...... ‘ ..... ‘i‘—‘ ............ ‘

Centroid Structure - ‘ * ‘—‘

VEA Structure " ‘ ..... “;'&_‘ ............ ‘

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




T-COFFEE alignment reliability scores

1PHT
1889
1UHC
1YCS
1007
1A80
IFYN
1QCF
T-COFFEE

Quality

Conservation

Consensus

1PHT
1889
1UHC
IYCS
100T
1AB0
IFYN
1QCF
T-COFFEE

13
14
135

VI U

Conain o an

KGSLVALGFSDGQEARPEE ! 51

- This figure shows a set of structures

kg-| superimposed according to an alignment
- -{generated by T-COFFEE. The T-COFFEE
| reliability score highlights the most reliable
5999999990099095599959959508 10 regions in red, and least reliable in blue.

 1FYN:1FYN
File View Colours Jmol Help

G1G6CCCDO0O0E8B776 11 /7899999999598889



9.00-9.15am. Overview of the day

9.15am - 10.30am. Session 1. Introduction to Jalview
— starting the application, importing alignments, basic editing and creating figures.

10.30-11am. Cofffee

1lam - 12.30pm. Session 2: Alignment & alignment analysis
— Creating sequence alignments, importing and calculating trees, tree based alignment
analysis
12.30pm to 1.30pm. Lumeh
1.30pm — 3.00pm. Session 3: Annotating sequences & alignments

— Creating and viewing sequence annotation
— Protein Secondary structure prediction

3.00pm — 3.30pm Cofffee (Latel Sorry i)
3.30pm — 4.30pm. Session 4: Working with molecular structures

— Viewing 3D Structures, superimpositions, mapping disorder and alignment quality
— Viewing RNA Secondary Structure

4.30pm = 4.45pm. Wrapup = what we didn’t cover today
~Bpm - And then to Duke’s Cornert



Conservation
& Clustering

Consensus |~ | Shading

— | Trees/PCA

Analysis
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Pairwise
alignment
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Structures

Sequences

Features

Annotation
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Clickable
HTML

Line Art

Trees




Jalview Flavours

Common Data & Analysis
Editing, messaging and
File Input/Output

Multi-windowed Ul

Visualization & Analysis

The Jalview Desktop Figures
| . HTML
PNG

- I Al 1. .F e
~oliN ol . .
e

L impor
[ from web
—
. 2 \ Biological
Analysis Services g Pf
Data am
Protein 2*ary structure ABA\'\’SZ'“
J A Services {Rfam
Jpre: : f
Alignment Analysis | Protein Disorder:  Muitiple alignment Prot‘: ?D B e.
& E Im Sl s o Distbued)
= &iﬂ e PRORCONS ATy ( gn@Amdakn)
= TColfoe MUSCLE o 4

A Con b uoermaionshael

Lightweight Ul

Integrate with web sites

— — — — —_

applet
parameters

Alignment
And
Annotation

Bioinformatics
Web Server




Alignment
on Web

——=

!

- Jalview

Google

lllustrator

Word/LaTeX..

Etc...




The Jalview Desktop

Clustal Fasta Pile-Up
BLC Stockholm PIE

‘Rfam

s

PDB

Consensus |~ | Shading P‘Q P D B —
Conservation . m PROTEIN DATA BANK Elﬁ
& Clustering rees
Pairwise
" Alignments

Figure
eneratio

Clickable
HTML

Images

ey sscrare (e gt

/ Structures / Europaan Nucleotide Archivy

o Distributed
~@Annotation

Sequences

Features

Annotation

Jalview
Trees Features &

bCA GFF —

Line Art

Jalview Annotation &
T-Coffee Scores —
-
Newick &

New

Hampshire,

Extended



Clustal Fasta Pile-Up
NEW FOR ViennaRNA In PIE

SediMidhy structurd| F{ Ronny Lorenz et al. Algorithms for Molecular

Biology, 2011 doi:10.1186/1748-7188-6-26
Ipre I\ ¥ DB
Incorporating Jnet -
\_ViennaRNA / |JPred3 1€
brotein Disorder] | Chris Cole, Jon Barber and Geoff Barton
~ NAR Web Server Issue 2008
"m s 0] TNagkBL 308 . o i / pfo‘tm#
; el ANAlysis ) &~ — [ g Alignments
pEm s I E L AR
= 3 G % Structures Europaan Nucleotide Archivi

Distributed

Alignment Analysis = .. 2~ . @ eracti
~@Annotation

AsCon /| MSAprobs: multiple alignment with pair HMMs

Muttiple alignment! | Yongchao Liu, Bertil Schmidt, and Douglas L.
,,,,,,, .-+ | Maskell Bioinformatics 2010 26 1958 -1964
GLProbs MSAProbs| | ew
PROBCONS = GLProbs — adaptive sequence alignment ures &
Mafit MuscLe W2 ot
Yongtao Ye et al. Proc. ACM BCB, 2013 pp.152-
J AB fstz.l 160 tation &
e ’N"ﬁ”"&’ “hittp //Souncerdrge net’pro olp -
| Newick &
New
Hampshire

Extended



Jalview 2.8 and RNA 2"d-ary

7l5ile Edlt Select View Format Colour Calculate Web Service

Pyrococcus._furiosusG{§- UGGGG-G--AGGCACGGCUGAAGGGCCGUGCUAA-CCCC'
Methanoculleus_maGG - AAAGG-G-AUCAAUGCCCCGGAGGGGGCGGCGA-CCU - -
F.acidarmanus.1 GG UUUGC-A-UAUGCAACUUCAAAGGAUGAUGCAUA-UACA

ThermoflumpendeGU CCGUG-C-ACGG-CUCCUCGUAGGAGGAGGCCGA-GCAC
I — - = o o e e e e e e me e e o e e e B

Structure Consensus Logo: -UCCGU-U - —GAcccucgggrvgNﬁrrglltrerturedrtrwA rz}rr |
ShOWS base palr dIStrIbutlon at 125 ACAG G A U U CAA U A ~secondary structure trimm 0 Pyrococcus_furiosus_.

each paired position in a given |-UUAUG-G-CCGGGCU I/’”

RNA secondary structure ~UGGCG-G--AGCCCC qrrmmed secondary sr. | H
/ ©-AUGUG-A-UGGAU|inked VARNA RNA A

Tce er.1 BG-UGGGC-G--GGG Secondary Structure :_-Ju

secondary structu e_ﬁ_&ﬁ_é— LS viewer and editor. filfl

@

StrucConsensus & s Stisa "‘w.fréi\.
,I\:‘:\}

Consensus it s B SESSSiSadsh: N AL
el R i o o ol 200l ol el ¢ W ol ol all B Qo biies ' I8 o

Sequence position 156 CG 45%; GC 18%; UA 15%; AU 9%; UG 7%; UU 0%; GU 0%; AG 0%

I RALEE style
colouring highlights

il distinct stems and
\helices




DNA and Protein in Jalview

* Discussed in Section 2.10 of manual

* From DNA to Protein
— Calculations => Translate cDNA

— View protein annotation on exons using EMBL
records

* From protein to DNA

— Recover DNA for proteins using EMBL cross
references



Things | haven't talked about ...

Currently available inv 2.8.1

* Internationalisation (Spanish, so far)
* View flanking regions (Proteomics)
* More score models for PCA/Trees

* View ‘representative structures’

» Select columns by feature..



Select column by feature

nment of Retrieved from Uni| @ O O

Sequence Feature Settings

Calculate Web Service

TR MAFFT Aligj% B it

DS ettings

[g netphos
I 0 (v 1a70
DDVY | LDHAEEVG | E L[AEE
DDVIJ! LDAAEEAG I DLARIE | Feature Type | Colour | Display l
EG I D LAELS e -
DDVE§V LDAAEEAG | DL{AEK ::%%N%ES s '@
DDVE§V LDAAEEAG | D L{RETS —
DDVI§VLDAAEEAG | DLZAHE |VARIANT — v
EDViAV LDAAEEAGLD LS (METAL B v
EDVMVLDAAEEACGLDLIRER |PHOSPHORYLATION (S) e ™
PHOSPHORYLATION (T) EE——— &4
PHOSPHORYLATION (Y) ’
CONFLICT Sort by Score
TURN Sort by Density
HELIX Graduated Colour

Select columns containing

} Select columns that do not contain
' [ Invert Selection

r".




2.8.2 alpha - New look Jpred

10 20 30
1 | | | 1 | |
1IPHT/4-76 YQYRALYDYKKEREEDIDLHLGDI LTV.KGS LVALGEF ¢
1IBB9/13-83 FKVQA.HDYTAT DTDELQLKAGDVVLVIP------- FC

1UHC/14-73 QVYFAVYTFKARNPNEILSVSANQKIEKILE

1YCs/135-193  GV|I'YALWDY EPQNDDE|LPMK EGDCMT I | | Shade alignment

1007T/2-58  PKAVALY SFAGEESGDILP FRKGDV/I T/I Ly Py Burialor

1ABO/1-57 NLIEVALYDFVASGDNTILS | TKGEK|LR V LqSeécondary

1IFYN/5-62 TLIFEVALYDY EARTEDDILS FHK GEKIFQ/I LN StUcure_ _ g«

1QCF/5-61 | IMVALYDYEAIHHEDILS FQKGDQMVVLE------- E -
jnetpred = S

JNETHMM = D

Jnet Burial -

0063993330000000603000036396000363330(




Protein Secondary Structure
r .
]plncon?rating Jnet P re d I Ctl O n

® OO JNetg ® ] bS50 ...

File Edit Selec Interactive JPred3 MSA
mornior | gnnotation now in 2.8.2 alpha

AWCKTAG
FER1_SOLLC/1-144 AGCKVTA
QI3XJ9_SOLTU/1-144 ° 1 1 1 ACKVTA
el Pt 14 Also predicts coiled coils and surface yaiafe
Q7XA9S_TRIPR/1-152 accessibilities LGKVVN
FERI_MESCR/1-148 ACKVTS
FER1_SPIOL/1-147 ° Server can take AGKLKT
FER3_RAPSA/1-96 . ACKVVS
o Single Sequence oS
= SLOW « Service computes profile with PSI-Blast  [¢yye -
— = Alignment 88888

* Service uses MSA to calculate profile for [~~~
FAST! prediction

uuuuu




Secondary structure from 3D data

 Jmol includes a
Java port of DSSP

— Courtesy of the
Vriend Lab

http //Jmol sourceforge net ¢ Jalview 2.8.2
e — extracts secondary

structure from 3D
data




RNAView, pyRNA

Fabrice Jossinet’s
PYRNA server
includes RNAView"

— Identify and
characterise base pair
Interactions in 3D
structure

Used by Jalview to

obtain secondary

structure for RNA 3D

data

1 CCCUUAUCAACGAGAL
C ol G 6 € 00 O s o0 € ok

o

PD ppp|2G1s|2G1SIA/ 1-96
Sec. str.

PDB[2CIS|2CISIA/1-96 15 6 € U G G A GC CGCACUCGCG2U

Sec. str ( ( ( { { ( ( ( ( iR A R
g - _ - :

PDB|2GIS|2GISIA/1-96 29 C € € C A UG A A ACCCCGC4
) ) ) )

Sec. str.

PDBI2GIS|2GISIA/1-96 43 G C A A C A G A ATA B G G5
( ( ( ( ) ) )

Sec. str.

PDBI2GISI2GISIA/1-96 57 U G C C A AUl CclE UG € AN
: . > >

Sec. str. (- -' (-_ > o
G
(

PDB|2GIS|2GISIA/1-96 71 CGCGCAAACCGCUUCGAAS
=t

. ) ) ) ) ) ) . .
=]

Sec. str. eme—

PDBI2GIS|2CISIA/1-96 85 A G A U G A C C C A a 9!
B NI N IR B0 LSS [ SRy S )

—— -

Sec. str.

* RNAView will shortly be
replaced by DSSR (Xiang-Jun
Lu)



Jalview and Chimera

File Edit Select View Format Colour Calculate Web Servio
120 130 0

o v IR - {47
LNCT GOVEGAXRAREOEROPTESLEENE S LELO
EERNYKEC

comeses £r VEEQ
VEGAEPPERCERGLEEN L EENE S kL
CTQTLVNCT SK EEKTIKEC
V nu:-.w'.‘;,anwmuixs;w,

equence 1 [D: 50|P2E895IILT BOVIN Residos: GULN (132

Human Interleukin-7 structure
in Chimera coloured according
to IUPred disorder prediction
made in Jalview, with a
glutamate sidechain




Jalview + VARNA + Chimera

lllll d from FON
C |

cele -

- ™

OO0 G . R . RCA

s GRgCg L

=iz

Jalview Desktop uses UCSF Chimera to show

structures: .
« Optional - Enabled as a user preference

« Structures coloured & superposed like with

Jmol
e Poncitinnal hinhliadhtina from I1alview-SChimeaera




The Jalview
developers
Michele Clamp
Harvard & MIT.

James Cuff
Harvard & MIT

Steve Searle
- Sanger,

p UK

Andrew Waterhouse
Basel, Switzerland.

RNA Features
Lauren Lui
UC Santa Cruz, USA.

Jan Engelhardt

Univ. Leipzig,
Germany.

Yann Ponty (VARNA)

Ecole Polytechnique,
Google
SUMMER OF

CODL

-COFFEE Scores
Paolo di Tomasso
Notredame Group,
CRG, Spain.

I} Jalview
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www.jalview.org

Geoff Barton
David Martin (Teaching)

Sasha Sherstnev
(JABAWS)

Peter Troshin (JABAWYS)
Barry Strachan (logo)
Tom Walsh (Apache)
Ryan Maclaughlan (CSS)
Andrew Millar (Drupal)
All the Jalview users, and

JALVIEW
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