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Mon 14t May

9.15am Introduction to Jalview

Session 1

Loading sequences, structures and alignments
10.30 - 11am Coffee

Session 2

Multiple alignment Creation and Alignment Reliability
12.30 - 1.30pm Lunch

Session 3

Trees & subfamily analysis of Proteins & CDS
3-3.30pm Coffee

Session 4

Protein 2"dary structure & disorder, and annotation.



Tuesday 151" May

9.15am - Day 2 Start

Session 1: Introduction to Protein 3D Structure

Viewing and Comparing 3D structures with Jalview and UCSF
Chimera, Mapping sequence conservation to Biological Assemblies

10.30 - 11am Coffee

Session 2: Functional analysis of Protein Structures
12.30 - 1.30pm Lunch

Session 3: 3D Modelling for Functional Analysis

Homology modelling and model quality evaluation,

Ab initio models and searching for fold matches
3.30 —4pm Coffee

Analyse your own protein sequences and structures



This course is an experiment !

Functional Analysis
of 3D Structure

3D ab Inito &
Homology Modelling




Day 1 — Course Materials

http://www.jalview.org/tutorial/training-
materials/2018/Liverpool/May/

— (some of) These slides
— Jalview v2.10.3 Manual (v1.9.1)

— Additional exercises


http://www.jalview.org/tutorial/training-materials/2017/Dundee/Nov/
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Sequence = Alignment programs _
T-COFFEE, Muscle, Phylogenetic trees

Database
search Clustal, etc..
/N
| . Evolutionary Analysis
Ortholog STATLS-— Positive selection
database STALS- analysis, Molecular
TV LG|SP basis of character
E/1-12 ATAL- - traits

—> Molecular analysis
Structure-function

Domain or Motif

Columns relate distinct
database - -

molecules relationships, Active
sites, Binding motifs
Expert Knowledge i i \ZD & 3/D' structure
Experimental Published Literature ot
characterization, Figures, prediction
mutation studies. supplementary info



Curating Alignments

— Alignments sometimes need manual curation
— Correct alignments conserve common properties
— Shading can highlight differences

FER_CAPAA[28-82 AEEACHDLPYSCRAGSCSSCAGCK | AGCGAVDQTDGNF LDDDQLEEGWVLTCVAYPQ
FER_CAPAN/75-129 AEEACHDLPYSCRAGSCSSCACK | AGCGAVDQTDGNF LDDDQLEEGWVLTCVAYFPQ
FER1_LYCES/75-129 AEEEGHDLPYSCRAGSCSSCACKVTAGSVDQSDGNFLDEDQEAAGFVLTCVAYPK
Q93X)9_50LTU/75-129 AEEEGHDLPYSCRAGSCSSCACKVTAGTVDQSDCKFLDDDQEAAGFVLTCVAYPK
FER1_PEA/80-134 AEEVGIDLPYSCRAGSCSSCACKVVGGEVDQSDCSFLDDEQIEAGFVMLTCVAYPT
Q7XA98_TRIPR/83-137 AEEVGIELPYSCRAGCSCSSCACKVVNGNVNQEDCSFLDDEQ | EGGWVLTCVAFPT
FER1_MESCR/79-133 AEEAGIDLPYSCRAGCSCSSCACKVTSGSVNQDDGSFLDDDQ | KEGWVLTCVAYPT
FER1_SPIOL/78-132 AEEEGIDLPYSCRAGSCSSCACKLKTGSLNQDDQSFLDDDQIDEGWVLTCAAY PV
FER3 _RAPSA/28-82 AEEAGIDLPYSCRAGSCSSCACKVVSGSVDQSDQSFLDDDQ I AEGFVMLTCAAYPT
FER_ARATH/80-134 AEEAGIDLPYSCRAGSCSSCACGKVVSGSVDQSDQSFLDDEQIGCGEGFMLTCAAYPRT
FER_BRANA/28-82 AEEACIDLPYSCRAGSCSSCACKVVSGFVDQSDESFLDDDQ I AEGFVMLTCAAYPT
FER2 _ARATH/80-134 AEEAGLDLPYSCRAGSCSSCACKVVSGS IDQSDQSFLDDEQMSEGYMLTCVAYPRT
FER1_MAIZE/80-134 AEEDGIDLPYSCRAGSCSSCAGCKVVSGSVDQSDQSYLDDCQ!| ADGWVLTCHAYPRT
080429 _MAIZE/72-126 AEEEG IDLP FSCRAGCSCSSCACKVVSGSVDQSDQSFLNDNQVADGWY LTCAAYRT



Alignments are central ...

Evolutionary Analysis
Positive selection
analysis, Molecular
basis of character
traits

—> Molecular analysis
Structure-function
relationships, Active
sites, Binding motifs
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Jalview is designed for gene-centric analysis
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Autoinhibitory

A Results at each stage require analysis: > TRD 1551
ONMTT Finati -
i manual verification IR °'°'“ 620

V72 I

Analysis involves lots of different kinds of |

® CXX% data:
24 q .
g«"( I\ @ Sequences, alignments, trees, structures,
WA functional assays, literature.

M A stage may be repeated several times with | '

different methods and parameters

R J L
e N .

properly recorded

BAH1 1 N =
Fig. 1 Structural overview of mDNMT1(650—1602)-DNA 19-nucleotide oligomer complex with
bound AdoHcy. -
J Song et al. Science 2011;331:1036-1040 Science

Published by AAAS AYAAAS



» Key qualities for a workbench
— Undo and Redo!

— Archival of data, results and all
display settings
— Filtering & Multiple views

— Easy access to to databases
and programs

Word/LaTeX..
lllustrator — Etc...

Jalview
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Launch Jalview Desktop

Posted On: 19-10-2012
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jalview

Jalview Online Training

Home

Videos Playlists Channels Discussion About

The Jalview Team based at School of Life Scien... @ =

IS} Jalview

> o) 004/238

Q Upload ‘

Jalview

Online Training

I Subscribe kW

Already subscribed &

The Jalview Team based at School of Life
Sciences, University of Dundee, UK
487 views 1 year ago

Jalview Online Training YouTube Channel is a free
bioinformatics educational course suitable for
Undergraduate and PhD students. Playlists include (a)
Getting Started; (b) Selecting and Editing Sequences;
(c) Colour, Appearance and Figure Generation; (d)
Jalview Dundee.

This video features Dr Suzanne Duce, Dr Jim Procter,
Mr Mungo Carstairs, Mr Charles Tochukwu Ofoegbu,
Dr Alexey Drozdetskiy, Mr Dmitry Finkelbergs and Pr...



Getting Started > Playall

Selecting & Editing 9 6

Colour, Appearance and Figure Generation

minutes

Analysis and annotation



Printed Manual & Online Videos

.I' Basics Getting started
W Selecting and Editing Sequences Selecting & Editing

P Colourm_g Sequences and Figure Colour, Appearance and
Generation Figure Generation

" Annotation and Features
' Multiple Sequence Alignment

- , , Analysis and annotation
I Analysis of Alignments

" Working with 3D structures

I Protein sequence analysis and
structure prediction

[ﬁ DNA and RNA Sequences } Not covered today — some

P Webservices exercises out of date




Ex 1 — starting
The Jalview Desktop
PAGE 7

Pick the webstart link on the tutorial page
that works best for your computer !

~ 1G less than your physical memory
Or ~45% on older O.Ss (Java 1.7)



Launching the jalview desktop

X K ) Jalview 2.10.0

@) MAFFT Multiple Sequence Alignment of Retrieved from Uniprot

File Edit Select View Annotations Format Colour Calculate Web Ser © © © Average distance tree using BL...

File View
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FER_CAPAAF-87 RGO L3 I3 TN o (- I_+
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]
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Im; Jalview
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—

FERZ_RAPS A/ - N
FER1_ARATH/1- .

wonsuy Version: 2.10.0 .

H

Seconc ast Updated: 13 October 2016
...Checking latest version... ‘E
Authors: Jim Procter, Mungo Carstairs, Tochukwu 'Charles' Ofoegbu, Andrew Waterhouse, Jan Engelhardt, Lauren Lui, Anne
Menard, Daniel Barton, Natasha Sherstnev, David Roldan-Martinez, 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/fag and/or join the jalview-discuss@jalview.org mailing list

If you use Jalview, please cite:
Waterhouse, A.M., Procter, J.B., Martin, D.M.A, Clamp, M. and Barton, G. J. (2009)
Jalview Version 2 - a multiple sequence alignment editor and analysis workbench

Sequence 5 1D Bioinformatics doi: 10.1093/bioinformatics/btp033




;' o060 Jalview 2.10.0

0O

‘ MAFFT Multiple Sequence Alignment of Retrieved from Uniprot
' File Edit Select View Annotations Format Colour Calculate Web Ser @ O © Average distance tree using BL...

| [ Original ‘ Phosphorylation Site Predictions MAFFT Alignment ord File View

_+

| FER_CAPAA/1-87
FER_CAPAN/1-144

Do you want to help make Jalview better by enabling the collection of usage statistics with Google Analytics ?

(you can enable or disable usage tracking in the preferences)

m No f/ Yes \\

Qualityl

Consensus -
ol T For ) K W

MATTKVKLITPEGEQEFECPDDYY | LDAAEEAGIDLPY 3

Sequence 5 ID: FER1_PEA Residue: ALA (80)




Jalview News
MATYRVEL | TPEGPOEFBCcPBlvY | LBHABEVG B PvScRAGScsS | —1

aYaXé News from www.jalview.org

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

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

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

1€ D, R

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

2012 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
November release of Jalview was the first to support JABAWS 2. which was launched in
December 2011, and to include RNA visualization features developed by our 2010 and 2011
Google Summer of Code students: Lauren Lui and Jan Engelhart.
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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

e Questions

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



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

Help
Getting Started
FAQ
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+ JalviewLite is the web based version of Jalview, which is used on many web sites (there's a list of some here)
« The Jalview Desktop is for biologists and bioinformaticians who need o create, curate, analyse and publish multiple sequence alignments.

alview BSc Hons project poster
isted On: 08-01-2016

i display RNA secondary structure. The Jalview Desktop can also connect with databases and analysis services, and provides a graphical interface tc

Jalview has built in DNA, RNA and protein sequence and structure visualisation and analysis capabilities. It uses Jmol to view 3D structures, and VAF

alignment and analysis services provided by the JavA Bicinformatics Analysis Web Services framework.
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Ex 2 — Navigation (Page 11)

* Tasks
— Open the overview window for a view

— Jump to a specific row and column with
keyboard mode

Jalvi An online video about using jalview is available at
s Jalview ) _ .
—lOnline Training ~ http://www. jalview.org/Help/Getting-Started



Alignment editing modes

[F2] (PC) [F2] & Fn (Mac)




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 sequence
position 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

lvi An online video about using jalview is available at
I Jalview neo _
—lOnline Training ~ http://www. jalview.org/Help/Getting-Started



Ex 3 Getting data into Jalview

« Tasks

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

— Getting an alignment from Pfam

e 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 ?



‘Split Frame’ cDNA & Protein MSAs

Opened with any linked
cDNA/Protein data
e.g.

« ENATrecords

* Flat file

« cDNA translation

cDNA/Protein Alignment
Reconstruction:

» Gaps inserted
according to
‘reference
alignment’

Layout and display are
configurable.

Linked cDNA and protein view
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‘Split Frame’ cDNA & Protein MSAs

Linked cDNA and protein view
http://selectomne.unil.ch/wwwtmp/ENSGTO0530000063 155/ Euteleostomi/ENSCTO0530000063155.Euteleoston
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Linked alignments share:
» Selections
« Gap editing S e 7
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Ex 3 Getting data into Jalview

« Tasks

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

— Getting an alignment from Pfam

e 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 ?



Annotated Contigs, Genes, transcripts,

cDNA and products Products, and Variants
3D Structures Annotated Protein
Features & Annotation Domain Alignments

Annotated Protein Annotated RNA
Sequences Domain Alignments



Manually
created

OO0 MAFFT Multiple Sequence Alignment of Retrieved from Uny

File Edit Select View Format Colour Calculate Web Service
[ original = Phosporylation Site Predictions =~ MAFFT Alignment Ordering =~ FE252 Repr‘
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Features are
annotations on
sequences
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Ex 4. Saving alignments

» Tasks
— Save alignments in different formats

- An online video about using jalview is available at
I Jalview neo ,
—Online Training ~ http://www.jalview.org/Help/Getting-Started



Ex 4. Saving alignments

» Tasks
— Save alignments in different formats

e Questions

— What's the biggest difference between a BLC
file and a pileup (or MSF) file ?

— Why are Jalview projects useful ?



END of Session 1:
Getting Started

» Launching the Jalview Desktop
» Navigation
» Normal and Cursor Mode
» Getting data into Jalview
» CDS/Protein view
» Saving alignments and projects



Session 2:
Multiple Sequence Alignment

» Selecting parts of an alignment

» Jalview’s web services

» Performing alignments

» Creating hidden regions

» Understanding how hidden regions affect
alignment

» Changing alignment parameter settings



Ex S
selecting regions & making groups

« Task

— Get used to marking parts of the alignment with the
mouse and keyboard

— Learn how to create and remove groups

_ An online video about selection and creating groups is
|T_] Jalview available at

== Online Training . . L. L. .
http://www. jalview.org/training/Training-Videos



Normal Mode Cursor Mode

—] Original = Phos — Original = Phos

* T-'---A * T:---,
1-150 XTVLGSPR 1-150 XTVLGSPI

/1-148  MAAT--TAA 1-148  MAAT--TA/
149 MATT---PA 149 MATT---P/
11-144 e S 1-144 e :




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

F2 enables/disables keyboard mode

0 20 30
I | I | I |

SegA
SeqB

SeqC AT G- — _|@@ - T G- A-T1

SeqD ]

SeqE :
|
|

Seqf W--GTGC--AT G

SeqC
SeqH
Cursor Keys - Move Cursor Windows 7 Users:
Alt + Cursor Keys - Move Sequence
[X] Space - Insert [X] gap(s) GI’OUp. Insert - use
[X] Delete / Backspace - Delete [X] gap(s) Shlft+Space
8 C - Move to Column 8
4S - Move to Sequence 4 (nOt CTRL+Space)
8,4<return> - Move to column 8, sequence 4
6 P - Move to Position 6
Q - Define the top left corner of selection area
M - Define the bottom right corner of selection area




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

Select Pop up

Insert / Delete Gaps | or edit menu | Edi nce, Id, Description
Shift Key + Drag Selection
Single Sequence -> Edit
-> Edit Sequence...
Ctrl / Apple + Drag Sequence

Multiple Sequences -> Edit Name / Description

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



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

Creating selections with the mouse
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Click-drag
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CDDDV
CEEDV
CEEDY



Types of
selection In
Jalview

Click-drag
on ruler

KLITPDGPIEFDCPDDY
LITPDGPIEFDCPDNY
LITPEGPIEFECPDDY
CPDDV

Click-drag frspv
on
alignment froov

e CoDDY
FITPEEELEVECDDDM
FITPEGEQEVECDDDYV
FITPEGEQEVECEEDV
'KVKFITPEGEQEVECEEDV

sequence IDs

50 6?
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QAIFZE0 ARATH S -STARCCGRYVTAMATYKVKF I TPECEQEVECEEDY

50 e 70
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QI3XJI_SOLTU S -G - - R PDQP I EFECPDDV

FeriPeaT-sLkRT Selected vTrPDGTQEFECPSDV
Q7XAE_TRIPR SWISTK R | TPEGPQEFDCPDDY

FERI_MESCR S -'SASR i VTPEGKQELECPDDV
FERI_SPIOL T -IGSR - region VTPTGNYEFQCPDDV
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50 60 70

FER_CAPAA - - - ---------~- ASYKVRLITPDGPIEF—DCPDDV
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QazxmE ! AASYKYELITPDCGPIEFECPDDY
FER Selected AASYKVELYTPDCTQEFECPSDY
QIXADE AATYKYEKLITPECGPQEFDCPDDY
FERI_M AAAYKNYTLYTPECGKQELECPDDY
FERI_ Sequences AAAYKNYTLYTPTCONYEFQCPDDY
FERS_AYPSA - - - - - - - - -----ATYKVKFITPEGEQEVECDDDY
FERZ ARATHS -CTARGCGCGRYTAMATYKYKFITPECELEVECDDDY
FER_BRAMNA - - - - - === == — - — ATYKYKFITPECEQEVECDDDY

FERI_ARATHS -STARGCGRYVTAMATYKYKF I TPECEQEVECEEDY
QAIFZE0 ARATH S -STARGGRYTAMATYKYKF I TPECGEQEVECEEDY



Working with selections

50 6
1 ]
FER_CAPAA - - ----------~- AISYKYKLITPDGP HEFDCPDDY
FER_CAPAN S -A - -NGCKYTCMAISYKVKL ITPDGP NEFDCPDNY
FERI_SOLLC S-GC--RNGRITCMASYKYVKLITPEGP NEFECPDDYV
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FER1_MES S lected C | LECPDDY
FER1_5P1 e eC e O umnS FQCPDDV
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30 . o0 ‘ 70 .
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FER1_MESCR e eC e eg|0n VELECPDDV
FERI_SPIOL . ._ . "EFQCPDDV
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30 . 60 . 70 .
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oo Selected sequences creo
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FER3_RAPSA - ——————-——- -~ ATYKVKF I TPEGEQEVECDDDY
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Active selection can be:
Hidden

« Copy & Pasted

* Grouped & Annotated

 Edited

* Aligned in a new
window

* Used to compute a
Tree or PCA plot



Ex S
selecting regions & making groups

« Task

— Get used to marking parts of the alignment with the
mouse and keyboard

— Learn how to create and remove groups

_ An online video about selection and creating groups is
|T_] Jalview available at

== Online Training . . L. L. .
http://www. jalview.org/training/Training-Videos



Ex S
selecting regions & making groups

« Task

— Get used to marking parts of the alignment with the
mouse and keyboard

— Learn how to create and remove groups

Question:

* What happens if you press the up/down
arrow keys ?



Ex 6
Reordering the alignment

« Task

— Get used to selecting and reordering sequences

Question:

* What's the quickest way to move the
bottom-most sequence to the top of the
alignment ?

* What other ways can you reorder
sequences ?



Ex 7
hiding & showing

Task

* Learn about hiding columns and rows in the alignment

_ An online video about selection and creating groups is
EJ Jalview available at

Online Training . . .. .. .
http://www. jalview.org/training/Training-Videos



Ex 7
hiding & showing

Task

* Learn about hiding columns and rows in the alignment

Question:
« Why would you create representative sequences ?



Practice at home

» Exercises 8 and 9
— Selecting
— Creating groups
— Hiding and revealing hidden regions
— Editing with the keyboard and mouse



Lightning introductions @Coffee

* Who are you ?
* Where are you working ?
* What are you working on ?




LUNCH BREAK



Jalview’s web services
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www.compbio.dundee.ac.uk/jabaws
JABAWS:MSA Troshin et al. 2011,

Bioinformatics.

JABAWS 2 In Preparation.

JABAWS Virtual
Appliance for

your private use.

of Retrieved from Uniprot

Fulate  'Web Service
Mafftws 4 http://springtail. compbio.dundee.ac.uk:8080/jaba

Jalview Web
Service GUI

JABAWS
Java Client

MusceWS > Mafft with Defaults
/ CustalWs > Edit settings and run ...

TeoffeeWs » Run Mafft with preset »  FFT-NS-i(

ProbconsWs » - , L-INS-i (Aq
http://cha\host:BUS[J/Jaba',vs E-INS-i (A
Mafft with Defaults G-INS-i (A
Edit settings .and run ... NW-NS-Pal
Run Mafft with preset " EFT-NS-1
http://www.compbio.dundee.ac.uk/jabaws
Mafft with Defaults
Edit settings and run ...

) a

Native JABAWS installs JABAWS Amazon
on a range of platforms Machine Image

on EC2

powered by

amazon
webservices™

Apache ZQRMAA : theIOUd

Tomcat

Distributed Res e Management . ; market

Applicatio API www.drmaa.org




Jalview’ s Alignment Methods

| Web service [

Alignment
Secondary Structure Prediction
Protein Disorder
Analysis
Conservation
- Fetch DB References
TFAar il DYy e HEF

I

vVVvVvVVYyYVyYYy

* Multiple alignment
— Provided by JABAWS

* Pairwise alignment

— Builtin implementation
Needleman & Wunsch

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

Tcoffee with Defaults
Edit settings and run...
Run Tcoffee with preset

Probcons with Defaults
Edit settings and run...

Muscle with Defaults
Edit settings and run...
Run Muscle with preset

Mafft with Defaults
Edit settings and run...
Run Mafft with preset

MSAprobs with Defaults
Edit settings and run...

GlLprobs with Defaults
Edit settings and run...

Clustal
Realign with Clustal

ClustalO
Realign with ClustalO

vy

\ A 4



Why do we provide so many 7

 Different purposes
— Large alignments
— Difficult sequence families
— Special score models



Common types of alignment algorithm

a H|t1 b — Hit1 C Hit1
Query L__—Query
Hits= \ |EHit5;/| x
Hit2 it2

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. ClustalW

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.



Why do we provide so many 7

 Different purposes

— Large alignments

— Difficult sequence families

— Special score models
* Reproducibility

— Older methods still widely used
» Special features



Multiple Sequence Alignment
exercise 16 (Section 5.2)

» Tasks
— Align sequences using different methods

— Explore how hidden regions affect alignment
jobs.



Essential skill for next exercise:
Hiding columns

ar/git/jalview/examples /uniref50.fa

tions Format Colour Calculate Wek
N 80

N -y k Hide Columns  [RY
"CMASYKVKL I TPDGP | EFDCPDNY
TCMASYKVKLITPEGP I EFECPDDY
TCMASYKVKLITPDGP I EFECPDDY

Fra kdlhd W37 1 AT i T A e

/Users/jprocter/git/jalview/examples/uniref50.fa

View Annotations Format Colour Calculate Web Se
50 0 80 90

ol Reveal Hidd]en Columns with Rightl Mouse Button H [
A--MNCCKVTCMMNCP I EFDCPDNYY | LDOAEEACHI

C--RNGCGRITCMECGP ITEFECPDRDVY | LDOQAEEEGHI
C——RRCR I TOMOCP I FFRFCPMNWY I MMaA FFEFOHI




Multiple Sequence Alignment
exercise 16 (Section 5.2)

» Tasks
— Align sequences using different methods

— Explore how hidden regions affect alignment
jobs.



Multiple Sequence Alignment
exercise 16 (Section 5.2)

» Tasks
— Align sequences using different methods

— Explore how hidden regions affect alignment
jobs.

e Questions

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

— What does ‘re-alignment’ mean ?



Realignment with
ClustalW & ClustalO

1. Import a good alignment
— E.g. a PFAM seed

2. Add more sequences

e ClustalW

— Preserves original alignment

Clustal
Realign with Clustal

ClustalO
Realign with ClustalO

— Align new sequences to profile

e ClustalO

— Builds profile

— Aligns ALL sequences to
profile



Custom Analysis Parameters

Browse or edit to
change name of set

Buttons appear to
create, update,
rename or delete
user settings.

text box to add
notes for the
parameter set

Parameters
contains more
complex
settings

Start job with
current settings
or cancel.

® Edit parameters for Align with MuscleWs

Current parameter set name ’Llser Defaults Vl

[Revert | [ create ]

Tooltips give brief
description and
link (right click) to
further info

-‘v“"l

Parameters

| Sequence type

U

auko

le - use log-expectation profile score YTML240 (defau
sequences.) sp - use sum-of-pairs prokein profile scor

use sum-of-pairs profile score (YTMLZ240)
ALink

v

Maxiters

|
|

Options

[]dimer

[ ] Diagonal

[ ] Diagonal 1

Profile scoring rnsﬁzod
|

Start Job ][ Cancel Job ]




Modifying alignment parameters
?



End of Session 2:
Multiple Sequence Alignment

» Performing alignments with Jalview

» Understanding how hidden regions affect
alignment

» Changing alignment parameter settings



Alignment
Colouring and Analysis

Using jalview to analyse and
visualise the relationships
between aligned sequences.



Session 3
Colouring, Trees and PCA

» Colouring sequences and alignments
» Calculating PCA and Trees
» Colouring subgroups to highlight patterns




Ex 10: Colouring (Section 3.2)

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



Ex 10: Colouring (Section 3.2)

 Tasks

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

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

— How would you highlight acidic residues in
your alignment ?



PCA, Trees & subfamily analysis
(chapter 6)

Principal components analysis (PCA)
Phylogenetic trees

- Redundancy removal (homework)

- Tree based conservation analysis

- Subdividing alignment by mutation



Phylogenetic analysis and Jalview

 Built in tree methods
— UPGMA

» Fast, simple, good for understanding alignment structure
— Neighbour joining
« Slower than UPGMA

» Useful for a first approximation for evolutionary analysis
— 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



Jalview’s Calculation menu

| Original |

Phosphorylation Site Predictions

Qo3Xf8 50LTU/1-144
FER1_PEA/1-149
Q7XASE TRIPR/1-152
FER1 MESCR/1-148
FER1 SPIOL/1-147
FER3_RAPSA/1-96

Conservation I I I I I . -
Qualityl I

Consensus &

MATYKVEL

Gap count
—) Occupancy

Secondary Structure

Iron Sulphur Contacts

o
o

60 70
I
LWV

L1
L1

LV |
Fl

L
L
L
L

LV

===
o
- = =
R

VY
VY
VY
VY
VY
VY

I

I

I

I

I
WL

0 7 & 7 b

Lad

Sort
Calculate Tree or PCA...

Pairwise Alignment

v AutoCalculate Consensus
Sort Alignment With New Tree

Show flanking regions

N Extract Scores
3

Run Groovy console script
|| .

TF‘ ECEEFEF‘DDV‘I‘LDAEEACIDLPSCRACSCSSCACKVSC

SLAALICANAUW

Fe Fe Fe

4
-
Fe Fe Fe

—



Select or hide ...

* By Alignment

— Hide Insertions for
a selection

* By annotation

SN3) Select/Hide Columns by Annotation

Occupancy

Search Filter

Structures Filter

Select All Alpha Helix

Threshold Filter

Below Threshold ~

\/ 75.0

Select (®) Hide

OK

'y
v

Label Description

Beta Strand Turn

IET As Percentage

Cancel




PCA and Trees
Exercise 17 and 18

 Tasks

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

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



PCA and Trees
Exercise 17 and 18

 Tasks

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

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

— What is the role of BLOSUMG2 or Percentage
identity in the tree building process ?



Score models in Jalview

PCA and Tree calculations
— From Distance Matrices ® () () Choose Calculation (Original)

Principal Component Analysis

Import yOUr OWﬂ TrfeNeighbourJoining Average Distance
substitution matrices
— NCBI & AAIndex BLOSUM62 s

Calculate Close

Create your own score
models

— Via a Groovy script


https://www.ncbi.nlm.nih.gov/Class/FieldGuide/BLOSUM62.txt
http://www.genome.jp/aaindex/aaindex_help.html

Tree based conservation analysis
Exercise 20

* ad hoc ‘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
Exercise 20

* ad hoc ‘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 ?

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



Sub-groups and Sub-group Annotation
Exercise 22

e Task

— Use the group consensus sequence 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 22

e Task

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

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

— How can you work out which group is
associated with which annotation row ?



End of Session 3
Colouring, Trees and PCA

» Colouring sequences and alignments
» Calculating PCA and Trees
» Colouring subgroups to highlight patterns




http://www.jalview.org/tutorial/training-materials/2018/May/Liverpool/

ALIGNMENT RELIABILITY



Uses of alignments...



Are conservation scores
trustworthy ?

« Good quality alignments
— Conservation == probable molecular similarity

* Poor alignments
— Conservation == random noise

 How do you measure MSA reliability ?
— Try different methods. Vary parameters
— Compare the results.



Consistent Pairwise Alignments
Score = 740 Length = 17

PID = 100%

Q9BZ60_ARATH MASTALSSAIVSTSFLR

LEEEErr e
FER2 ARATH MASTALSSAIVSTSFLR

Score = 160 Length = 17
PID=29.41
FER1 MAIZE LGSPRAPAFFEFSSSSLR
o e o e
0937260 ARATH MASTALSSAIVSTSFLR

Score = 160 Length = 17

PID=29.41%

FER1 MAIZE LGSPRAPAFFFSSSSLR
e e

FERZ ARATH MASTALSSAIVSTSFLR

Score = 310 Length = 12

PID = 58.33%

080429 MAIZE MAATALSMSILR
P 1 T R

0937260 ARATH MASTALSSAIVS

Score = 310 Length = 12
PID=58.33%
080429 MAIZE MAATALSMSILR
P 1 T R
FERZ ARATH MASTALSSAIVS

Major inconsistency: +4 Shift
Score = 120 Length = 12

PID = 41.67%

080429_MAIZE MAATALSMSILR

S
FER1 MAIZE APAFFFSSSSLR

10
1
SUIAIJS—--—— SA IV
STALS----SAIVST
TVLGSPRAPAFFF
Al - - - - - - --

Calculate ‘shift’ between all
pairwise aligments and the
multiple sequence alignment

— Higher shifts are less reliable

FER2 ARATH/1-17
Q937Z60 ARATH/1-17
FER1 MAIZE/1-21
080429 MAIZE/1-12

H »nn H 9



Consistent Pairwise Alignments
Score = 740 Length = 17

PID = 100%

Q9BZ60_ARATH MASTALSSAIVSTSFLR

LEEEErr e
FER2 ARATH MASTALSSAIVSTSFLR

Score = 160 Length = 17
PID=29.41
FER1 MAIZE LGSPRAPAFFEFSSSSLR
o e o e
0937260 ARATH MASTALSSAIVSTSFLR

Score = 160 Length = 17

PID=29.41%

FER1 MAIZE LGSPRAPAFFFSSSSLR
e e oLl

FERZ ARATH MASTALSSAIVSTSFLR

Score = 310 Length = 12

PID = 58.33%

080429 MAIZE MAATALSMSILR
P 1 T R

0937260 ARATH MASTALSSAIVS

Score = 310 Length = 12
PID=58.33%
080429 MAIZE MAATALSMSILR
P 1 T R
FERZ ARATH MASTALSSAIVS

Major inconsistency: +4 Shift

Score = 120 Length = 12

PID = 41.67%

080429_MAIZE MAATALSMSILR
e

APAFFFSSSSLR

FER1 MAIZE

10
[

LS----SA1I
LS----SA1I
VLGSPRAPAFF

FER2 ARATH/1-17
Q93760 ARATH/1-17
FER1 MAIZE/1-21
080429 MAIZE/1-12

T-COFFEE 9 9 7
Quality . I I - I

Consensus

789999

MASTALS----SAIVSTSFLR

Cons ervatiorj




T-COFFEE alignment reliability scores

IPHT
1BRS
1UHC
1YCSs
100T
1AE0D
IFYN
1QCF
T-COFFEE

Quality

Conservation

Consensus

IPHT
1BRS
1UHC
1YCSs
100T
1AE0D
IFYN
1QCF
T-COFFEE

13
14
135

[, B W I

KGSLVALGFSDGOEARPEE | 51

ol A CCoarm an

- This figure shows a set of structures
ki -| superimposed according to an alignment

G- - generated by T-COFFEE. The T-COFFEE
¥~ reliability score highlights the most reliable

Lif regions in red, and least reliable in blue.

99999999999999999999999995993

als W !. 21 - Yale  1FYN:1FYN

File View Colours Jmol Help




T-COFFEE alignment reliability scores

IPHT
1BRS
1UHC
1YCSs
100T
1AE0D
IFYN
1QCF
T-COFFEE

Quality

Conservation

Consensus

IPHT
1BRS
1UHC
1YCSs
100T
1AE0D
IFYN
1QCF
T-COFFEE

13 == C o ki | el el . W o - W N

11 Easiest to do this is from command line, or from the T-

1 COFFEE web site

s s

 CORE - score an alignment
» http://tcoffee.crg.cat/apps/tcoffee/do:core

« M-COFFEE - combine results from many ‘popular aligners’
» http://tcoffee.crg.cat/apps/tcoffee/do:mcoffee
« Jalview can read the ‘score_ascii’ file for an alignment

See supplementary exercises for instructions

e
S ECWLMGVEES

S
DWNOHK-ELEK

7]l cemc e m e --RLN
L} e p——— --RVN
| R —— - -8
T S p— RELTT
'y e p——— RSLAT

po10000000G8TY

““““““““““““

DS

nment

OFFEE
reliable
blue.

Help



http://tcoffee.crg.cat/apps/tcoffee/do:core
http://tcoffee.crg.cat/apps/tcoffee/do:mcoffee

Session 5:
Features, Annotation, Databases

» Understand the difference between
Features and Annotation

» learn where features & annotation
come from

» Customise feature display

» Use feature and annotation to query
the alignment



Manually
created

OO0 MAFFT Multiple Sequence Alignment of Retrieved from Uny

File Edit Select View Format Colour Calculate Web Service
[ original = Phosporylation Site Predictions =~ MAFFT Alignment Ordering =~ FE252 Repr‘

60 70 80

MASYKVKLITPDGPIEFDCPDDVY | LDQAE®
MASYKVKLITPDGPIEFDCPDNVY I LDQAEZ
MASYKVKLITPEGPIEFECPDDVYILDQA
MASYKVKLITPDGPIEFECPDDVY | LD/ EGHDLPYSCRAGSCSSC
MASYKVKLVTPDGTQEFECPSDVY | | #AEEVGIDLPYSCRAGSCSSC
MATYKVKLITPEGPQEFDCPDDVY' ' LDHAEEVGIELPYSCRAGSCSSC
MAAYKVTLVTPEGKQELECPDDVY | LDAAEEAGIDLPYSCRAGSCSSC
MAAYKVTLVTPTGCNVEFQCPDDVYNEBDAAEEECIDLPYSCRAGSCSSC
BMATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
MATYKVKFITPEGELEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
FER_BRANA/1-96 BMATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
LY EMMATY KVKF I TPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
CEY WIS EIMATYKVKF ITPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
VAL MMOATYNVKLITPEGEVELQVPDDVYBDEAE EDCIDLPYSCRAGSCSSC

VIV S CUJQATYNVKL I TPEGEVELQVPDDVY | LDFAEEEGIDLPFSCRAGSCSSC

Features are
annotations on
sequences

FER_CAPAA/1-97
FER_CAPAN/1-144
FERI_SOLLC/1-144
Q93XJ9_SOLTU/1-144
FER1_PEA/1-149
Q7XA98_TRIPR/1-152
FER1_MESCR/1-148
FERI_SPIOL/1-147
FER3_RAPSA/1-96
FERI_ARATH/1-148

Secondary Structure 1— 2——3— Fe Fe Fe

Iron Sulphur Contacts Fe Fe Fe
Consenation MM B Nl ml | o =@ |
0767689 7367779568 9 3 59 9

Quality

CaICUIated ConsensusMATYKVKLlTPEGE EFECP .
from Q Annotation area shows
alignment graphs and symbols

- N\

[sequence position 79 D 80% \




Create New Feature...

IPALYGIAYS IOSFILRIQPMPMSY LT TKAFSN--GFLGLK
MPALYCTAVSTSFMRRQPYPMSVATTTTTKAFPSGFGLKS
faAl SCATMSTAFAPKT --PPMTAAT PTHNVG-RAT FGIKS

\TTLO8.0 O Create New Sequence Feature(s)

3T A Name Binding site

3T A e _

ST A —= Group: |Jalview

2 PR Colour: NN

Deduced by homology|
Description

. Cancel | [ OK




Jalview Test

NSNS http:/ /www.jalview.org/tutorial /alignment.fa
File Edit Select View Annotations Format Colour Calculate Web Service
10 20 30 40

FER_CAPAAS]1-9Y - - - ---- - - - - - - - —— - m mm - m - m e mm—— -
FER_CaAPANS1-144 -MASVSATMISTSFMPRKPAVTSLKPIP-NVYG-EALFGLK
FER1_SOLLC/1-144 -MAS | SCTMISTSFLPRKPAVTSLKAIS-NVYG-EALFGLK

Qa3x]J9_50LTUf1-144 -MAS I SCTMI STSFLPREKPYVTSLKATS-NYG-EALFCGLK
FERI_PEA/1-145 T T NS EeRERERERg| R TOPMPMSYVTTTKAFSN--GFLGLK
Q7XASE_TRIPR/1-152 T TSt a SN R R OPY PMSVATTTTTKAFPSCGFGLEK
FER1_MESCR/1-148 T TEENENeFmpr iy Binding site 4 15; Deduced by homology y G -R AL FGLK
FER1_SPIOLf1-147 AAINBEREGGINGESNERY P PQAPPMMAALPSNTG-RSLFGLK

FERS _RAPSASI-96 - - - - - - - - - - - - - - - - — m m m m mmmmmmmmmmm - — -
FERI_ARATH/1-148 ASTALSSAIVOGTSFIRRSPAPISLRSLPSANT-QSLFGLK

FER_EBRAMAfLI-9E - - - - - - - - - - - - - - — - m e m e e mmm— - -
FERZ_ARATH/1-148 ASTALSSAIVSTSFLRRQAQTPISLRSLPFANT-QSLFGLK

Qa3760_ARATH/1-118 ASTALSSAIVSTSFLRRQAQTPISLRSLPFANT-QSLFGLK
FER1I_MAIZEf1-150 GSPRAPAFFFSSSSLRAAPAPTAVALPAAKYG---1MCGRS
QB0429_MAIZEf1-140 - - - -MAATALSMS | LRAPP-PCFSSPLERLRYAVAKPLAAP

Sequence 8 ID: FER1_SPIOL Residue: THR (13)




Sequence Features are
visualised over the alignment

L LR L RS L DAL LA L) UL LSS LE L BLPELPE LP R T L B LA L

Phosporylation Site Predictions

?;0 . 9:0 . E:U

D EFDCFDD D AEEAGHD

D EFDCFPFDN D AEEAGHD

r EFECFDD D AEE GHD

D EFE DD D EE HD

D EFE D DHAEE D

b EFDCFPDD DHAEE b

b ELECFDD DAAEE D
| DD D

b EVEC DD DAAEE D -

- PHOSPHORYLATION () 73; ngh confidence server, Only hits with scores over IZI 8 are reported, ' Link
B

Fe



Sources of sequence features

Sequence databases

3D Structure associations

GFF2/3 (Generalised Feature Format)
Jalview format feature files

Certain ‘rich’ alignment text file formats
— Stockholm
— AMSA

Manual input of features in Jalview



Annotated Contigs,
cDNA and products

Mook dyp Topoleny

3D Structures T— j Annotated Protein
provide Domain

Features & Annotation Alignments

Annotated Protein Annotated RNA

Sequences Domain
Alignments



Retrieve from
database

i O @® Select Database Retrie

e
|| EMBL

|| EMBL (CDS)
|| ENSEMBL
|:| EnsemblGenomes
|| PDB
|| PFAM (Full)
|| PFAM (Seed)
|| RFAM (Seed)
|:| Uniprot
Ok

Match sequence to

database record
2aste Input - FASTA

ions Format Colour Calculatep\i/=s Service

VEEAGHDL
VEEAGHDL
VEEEGHDL
VEEEGHDL

VEFEWS L Ml

Alignment
Secondary Structu
Protein Disorder
Analysis

'V Trim retrieved sequences Fetch DB Referenc

. Standard Databases T ¥ TeTT
From EMBL ... UNIPROT | 4 EMBL

\EEAGIDL ' EMBLCDS

VEEAGLDL ENSEMBL

VEEAGLDL

VEEDGIDL EnsemblGenomes

VEEEGIDL PDB

UNIPROT




BEEE - rew in Jalview 2.10
» Principal source for w
Variant
— Transcripts W
— Protein products

— Reference genomes
A4
Reference Variant
 Sequence variants (ki Analysis




Retrieve Ensembl
ENSGO0000016779

ENSEMBL =7 "

Example query: ENSG0000015 . . . ‘ .
e | File Edit Select View Annotations Format Colour Calculate Web Service

Replace comma 3250 3260 3270 3280 3290 3300 3
ENSG00000167779 ENSCO0000167779/1-4910 GACCT.TCCTTCTC.TATTCMCTCCEG.TGCAGAGGAGAATCCTAGAGAGTAACCA
ENSTOOOO{"EAQEA?I‘1 1177
ENSTOOO00 .
evstooo  transcripts shown
ENSTOOO .
oK Example aligned to gene locus
) @ Linked CDS and protein view
Retrieved from ENSEMBL (GENE)
File Edit Select View Annotations Format Colour Calculate Web Service
380 390 400 41 420 3

ENSTO0000548547|CDS/1-714
ENSTO0000301464|ENSPO0O000301464/1-720

ENSTO00005438176|CDS/1-408 (sl lefepy Nelsqpeie i ou)

Ca'culate:) DS Nucleotide: Guanine (382) |
Proteins for Retrieved from ENSEMBL (GENE)
CrOSS-referenceS nnotations Format Colour Calculate Web Service
. 120 130 140 150
=>Uniprot ~ - - - '

160
Soraearis 332:::::::::::::::::::i": | 8 E, | DVNRRD
449344/1-13¢ BTN - B - - -B-B-BoA--------------— - === - - -
CDS/Protein split frame
shows isoforms and Variants on genomic
variant sites reference propagated to

product




Retrieve Ensembl
ENSGO0000016779

ENSEMBL "= "

Example query: ENSG0000015
Enter one or more accession ID:

Replace comma

File Edit Select View Annotations

ENSGO0000167779/1-4910 CACCTETCCTTCTCETATT ClEiR8c T c CBCET CCAGACCAGAATCCTAMECACACTHAA CEECA

Calculate Web Service
3270 3280

Format Colour

3250 3260 3290 3300 3

transcripts shown
aligned to gene locus

ENSG00000167779
ENSTOO00 el d T Ll el 12D
ENSTOO00
EMSTOOO
ENSTOOO
OK Example
) )

‘Predefined’ ordering and
colours for features

Linked CDS and protein view
Retrieved from ENSEMBL (GENE)
Calculate Web Service
400

Format Colour

Annotations
3ISO ) ?:90

8547 |CDSf1-714
PO301464/1-720

ENSTOO000543176|CDS1-408 [siei{efey}

Calculate=>
Cross-references
=>Uniprot

CDS/Protein split frame
shows isoforms and
variant sites

ACCTGCAGT / --------------------

DS Nucleotide: Guanine (382) ’
Proteins for Retrieved from ENSEMBL (GENE) j

nnotations Format Colour Calculate Web Service

. 120 _ 130 ' 140 . 150 . 160
448953/1-238 - - ---------~-~-~-~---—-—-~-~---[(--[3- NP K ESK P & E
301464/1-240 - = ——— - - - - - - - - —————- m----c- - 4 (9 DVNRRD

449344/1-136 [REELENNE S S SN -8-

7

Product alignment includes

Variants on genomic
reference propagated to

gaps for misaligned codons

product




‘Split Frame’ cDNA & Protein MSAs

Opened with any linked
cDNA/Protein data
e.g.

« ENATrecords

* Flat file

« cDNA translation

cDNA/Protein Alignment
Reconstruction:

» Gaps inserted
according to
‘reference
alignment’

Layout and display are
configurable.

Linked cDNA and protein view
http://selectome.unil.ch)wwwtmp/ENSCTO0530000063 155/ Euteleostomi/ ENSCTO0530000063155.Eutelecston
notations Format Colour Calculate Weh Service

500 5
i i

T
o
T
T
T

GACTTCTCCTCACACCTCTACCCCACACACATTTAGTTACTTCTCTCAGGTATCAAGCCTACGCAGCAGTCAA

|eotide: Adenine [217)
http://selectome.unil.ch)wwwtmp/ENSGTO0530000063 155/ Euteleostomi/ ENSCTO0530000063155.Euteleostan

notations Format Colour Calculate Web Service
. i
4 6

EEIEN view1
\TSEtm=er FSYFSQ) SS 5SS(

160 1
L G 5

’AFTC' T (T mm TU AGGTATCAACC T ACeACT |

rnr—rTr—rrrrrnr ACATICT 4 FCACAC AFA'I—ITAI—TTH.FTTFT!‘I‘I'AI"FTAT"A ACCITACCO ACC ACTCAA

o

F

Mmoo m-
P

PO00—-<>>
wrr—=—--H-
TUUUVUUTO
"M T T M m

z Z

N

» laliphatic Ipraline




‘Split Frame’ cDNA & Protein MSAs

Linked cDNA and protein view

http://selectomne.unil.ch/wwwtmp/ENSGTO0530000063 155/ Euteleostomi/ENSCTO0530000063155.Euteleoston
notations Format Caolour Calculate Web Service

TR view 1

500 510

470 3
A u A -

T A PR

T -

AT u A - -

TTA T E - - -

GACTTCTCCTCACACCTCTACCCCACACACATTTAGTTACTTCTCTCAGCTATCAAGCC TAGCCAGCAGTCAA

Linked alignments share:
» Selections
« Gap editing S e 7

http://selectome.unil.ch)wwwtmp/ENSGTO0530000063 155/ Euteleostomi/ ENSCTO0530000063155.Euteleostan

° MUItiple VieWS notations Format Colour Calculate Web Service
Ei!mﬂ' View 1
* Tree sub-groups

170 1

=00
o

Ll e e e |
TUUUVUUTO
[ R
[ R
[ T S T

Allow new Capabilities
 (Codon conservation

4

. il w o :
ZT S,\ pular ‘negallve 'allphall: TIproline F SY F SQ\/ S S C S S
(AT crc:s.:‘?., ¢ {AGA T TACTTACTT(TCTCAGC ATCMCCT AT

TCCCAa v A

rﬂf_I'Tr_l'Fl_r(‘AfanTfT . r‘r‘Ar‘ArArn'rrranTa.r‘TrrTr‘rrar‘rTATrAnrrr—rnrrr‘nrra.rTrnn

» laliphatic Ipraline




End of Session 5:
Features and Annotation

» Understand the difference between
Features and Annotation

» learn where features & annotation
come from

» Customise feature display

» Use feature and annotation to query
the alignment

» CDS/Protein split-view
» Ensembl
» ‘Show Cross-references’
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SECONDARY |
RNAAIiFold

STRUCTURE Not today!

PREDICTION

2261 0446-2610CCUAAGUCGELGCAUGELACUCGSEE - CUGCAL

secondany structure . - . ¢
referen ICBUpAGUeGee Cel

V:ennaRNA

RMAzlifold Consensus UCGUAAGUCE GCGLCC"JG cu |.| _A U(:C CGG CGGCG
MFE Structura- - - - - . A I

PROTEIN
DISORDER
PREDICTION




http://www.compbio.dundee.ac.uk/jpred

Jpred 4

Incorporating Jnet

A Protein Secondary Structure Prediction Server

vl
Input sequence(?) MQVWPIEGIKKFETLSYLPPLTVEDLLKQIEYLLRSKWVPCLEFSKVGFVYRENHRSPGYYDGRYW
TMWKLPMFGCTDATQVLKELEEAKKAYPDAFVRIIGFDNVRQVQLISFIAYKPPGC

Vi

Advanced options (click to show/hide)

Make Prediction Reset Form

Primary citation: Drozdetskiy A, Cole C, Procter J & Barton GJ. Nucl. Acids Res.
(first published online April 16, 2015) doi: 10.1093/nar/gkv332 [link]
More citations: link.

JERSIT)
= Yo

w B, #sBBSRC

blosc1ence for the future
DUNDEE THE BARTON GROUP



Protein Secondary Structure Prediction
Section 8.1

Filg

FER_{
FER_{
FER1
Q93X
FER
Q7X4
FER1
FER1
FER 3
FER 1
FER_I
FERZ
Q934

* Neural network trained on amino acid profiles

— Predicts Helix, shEet, or Coil based on sliding window
» Also predicts coiled coils and surface accessibilities

« Server can take
— Single Sequence
« Service find homologs with PSI-Blast

— Alignment
» Service uses MSA to calculate profile for prediction

T T T = =T




Exercise 27

 Tasks

— Perform a variety of Jpred4 predictions
* Note the effect of hidden regions
« Learn about sequence associated annotation
» Learn about reference sequence views

e Questions



Exercise 27

 Tasks

— Perform a variety of Jpred4 predictions
* Note the effect of hidden regions
« Learn about sequence associated annotation
» Learn about reference sequence views

* 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 ?



Exercise 28 — Disorder
predictions

— Run a variety of disorder predictions on
Interleukin7/

— look for available structure data to evaluate
predictions



DAY 1 WRAPUP
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SECONDARY |
RNAAIiFold

STRUCTURE Not today!

PREDICTION

2261 0446-2610CCUAAGUCGELGCAUGELACUCGSEE - CUGCAL

secondany structure . - . ¢
referen ICBUpAGUeGee Cel
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PREDICTION




BEEE - rew in Jalview 2.10
» Principal source for w
Variant
— Transcripts W
— Protein products

— Reference genomes
A4
Reference Variant
 Sequence variants (ki Analysis




Evolution

Variant

data Structure

Reference Variant Eunction

Genomes Analysis




P
: New Sequence Fetcher e N

\. ENSEMBL Ensembl REST API’s resolver

Example query: ENSG00000157764 . . . .
Enter one or more accession IDs separated by a semi- dlscovers IOCl aSSOCIated WIth
entered query

| | Replace commas wi

ENSG00000113924 A\ J
O C Retrieved from ENSEMBL
~ File Edit Select View Annotations Format Colour Calculate Web Service

I 6777 v , 7589 , 7599 .

| OK ENSCOO000113924/71- S435‘95CCACACCAAAATAATCCTCTCTCCCCCTA

ey EN T OOO002 83871 /1 - 2005 CCC-’-\CA-’-\CC-’-\L-’-\L
ENSTOOOO0O04 80862 /1-656 L.AATAATCCTLAGL.TCTGCCCCTALAA
ENSTOOOO0488183/1-572 CAATAATCCTCAGGTCTGCCCCTACAA
ENSTOOOOO466528/1-444 CAATAATCCTCAGGTCTGCCCCTACAAT
ENSTOOOOO485313/1-528 CAATAATCCTCAGCGTCTCGCCCCTACAAT
ENSTOOOO004 76082 /1-462 J L AG
ENSTODONO92108f1-631 =-=========cc=|scmcc s s s m === o
ENSTODNNNM 75447 f1-568 -=-==-=-==-=-c=-cc-ltcmrm s s s s s m s m ===

ENST00000494453/1683 == == === === ===l oo cccccaem e aa s Calculate->Show Cross-

|ntror_Is “““““““““““““““ References fo open
automatically CDS/Protein alignment
hidden
O C Overview Retrieved from ENSEMBL

IIIIIWW |IIW IIW

Overview allows
hidden regions to
be omitted




sequence_variant 674; G,C,A; likely pathogenic
sequence_variant 674; HGMD_MUTATION
sequence_variant 674; HGMD_MUTATION

Variants from locus translated to product

sequence_variant 225; p.Arg225Cys
sequence_variant 225; p.Arg225Pro; likely pathogenic
sequence_variant 225; p.Arg225His; likely pathogenic

ARG 225.A

80
ARTCETEETGA T THC
AATCCTCGTGATTTI
AATCCTCGTGATTT(
AATCCTCGTGATTT(
AACCCTAGAGATTT(
AATCCTCGTGATTT(
AATCCTCGTGATTT
AATCCTCGTGATTT
TGATTTI
TGATTTC
TGATTTC
TGATTT
AGATTT(
AGATTTC
TGATTTC
TGATTTT




Sequence Features have:
Name, Description, Group

L LR L RS L DAL LA L) UL LSS LE L BLPELPE LP R T L B LA L

Phosporylation Site Predictions

?'IO ' 8:0 . E:U

D EFDCFDD D AEEAGHD

D EFDCFPDN D AEEAGHD

£ EFECFDD D AEE GHD

D EFE DD D EE HD

D EFE D DHAEE D

- EFDCFPDD DHAEE -

- ELECPDD DAAEE D
| DD D

£ EVEC DD DAAEE MIMF YSCRAGS \ -

- PHOSPHORYLATION () 73; High confidence server, Only hits with scores over 0.8 are reported, «Link
B T :

Fe



Adding Features Manually

-‘&S | SGTMI STSFLPRKPV‘V‘TSLKAI S-NVYGC-EALF

F’ALYGTAVSTSFLRTQPMPMSVTTTKAFSN-—GFL

z;t; G  Sequence Det_auls :EE
T'TTTMMGMATT'FVI St_1o~.wannotapons > Lk
oo Hide annotations > | _
TALSSAIVCTSFIF Addreference annotations L F
—————————————— Edit > - - -
TALSSAIVSTSFLFE Outputto Textbox... » 5 LF

TALSSAIVSTSFL UG IR -ClU L. L F
PRAPAFFFSSSSL Create Group = M

--MAATALSMSI| LF Edit New Group » +PL




Customising Feature Display
View => Feature Settings...

* Drag features to
reorder on
alignment
— Or make

transparent

« Change colour

 Enable/disable byi

name and group

'F ® O 6O Sequence Feature Settings

1 | Feature Settings 1 DAS Settings |

B

Ao \g uniprot \g netphos \g 1a70

A

' | Feature Type Colour Display

4 |RESNUM

i MOD_RES v

A |VARIANT v

N METAL I v

' |PHOSPHORYLATION (S) v
PHOSPHORYLATION (T) v
PHOSPHORYLATION (Y) [ v

~ | CONFLICT I v
TURN ] v
HELIX v

E Optimise Order

A

e |

OK Cance

Sequence sor t by Score
Sequence sor t by Density
Help
Load Colours Save Col




Customising Feature Display
Right-click on feature => Popup menu

® OO0 Sequence Feature Settings
Feature Settings D NRE U
[g uniprot [g netphos [g 1a70
Feature Type |Colour |Display |
RESNUM I )
MOD_RES v
VARIANT I v
METAL ] v
PHOSPHORYLATION (S) I v
PHOSPHORYLATION (T) T v
PHOSPHORYLATION (Y) I v
CONFLICT | |
TURN Sort by Score
HELIX Sort by Density
Graduated Colour
Select columns containing Select
Select columns that do not contain .
O = Hide columns containing or Hlde
Hide columns that do not contain
O ey o columns
\_ Help |
OK \ Cancel ] ' Load Colours ] . Save Colours \




Customising Feature Display
Graduated Colour Scheme

feb-Servi ]
— R Sequence Feature Settings

" MAFFT Alignme
( DAS Settings |

tions Format

° . g0
YGPIEFDCPDDVY

Il q
JGPIEFDCPDNWY |1 / uniprot V/ netphos WV 1a70
SGPIEFECPDDWY | : Feature Type Colour Display
JGPIEFECPDDWY |
IGTQEFECPSDWY | RESNUM W
SGPQEFDCPDDVY || |MOD_RES v
CGKOQELECPDDYESI I | VARIANT \Z
I’ by An v O ameTa | ‘W
© O Graduated Feature Colour for CONFLICT W
i v
Colour by label Min: |:| Max: - &
\ No Threshold = v
~ Threshold the feature display by score. @
/ . N _
Threshold is min/max der \
tion \
OK Cancel

Sequence sort by Density

Help \

Cancel Load Colours | Save Colours |




Sources of sequence features

* Sequence databases
« 3D Structure associations
 GFF2/3 (Generalised Feature Format)

« Jalview format feature files
— Like GFF
— can create GFF in Excel
— Allows scores to be added



Occupancy

2tal ion-binding site ® OO  Select/Hide Columns by Annotation T ——

ar

| sequence_variant
modified residue S

emn—— — “ Show only ‘pathogenic’ variants
Sequence_varlant ’ f I - , on

1 1 1 2 1 1 1 1

[ Structures Filter

| | selectAll | | Alpha Helix | | Beta Strand | | Turn

Feature count tracks Threshold Filter
Via Groovy Script |

| Below Threshold % As Percentage
* for each feai in visibleFeatures ]
* Argument 'fei Il be a list of SequenceFeature |
*/ —_—
def getCounts = | . \ - 0.853

{ features —>
int[] obs = new int[visibleFeatures.size]
for (sf in features)

/*

* Here we inspect the type of the sequence feature. |
* You can also test sf.description, sf.score, sf.featureGroup, |
x sf.strand, sf.phase, sf.begin, sf.end

* or sf.getValue(attributeName) for GFF 'column 9' properties l
*/

String clinSig = (String) sf.getValue(GffConstants.CLINICAL_SIGNIFICANCE);

if (sf.type.equals("sequence_variant") && (clinSig==null || clinSig.equals(""))) | OK
int pos = 0

for (type in visibleFeatures)

) Select () Hide

Cancel

if (type.equals(sf.type))
{
obs [pos]++

pos++

obs



Variants coloured red

Structure for
hidden columns
shaded grey

UCSF CHIMERA

Human Homogentisate 1-2, dioxygenase
PDB ID 1eyp. Sites with pathogenic variants
in red



Key new features in Jalview
releases

O Major release
O Minor release

Faster PCA & Trees
(even) Less Memory

| ess Custom score
Merqow mOde|S
Occupancy (gap)
count
2.10.1 2
O OO 0—O >
2.9 2.10 3
CDS+Protein Ensembl+Variants
view GFF3 CDS
Chimera SIFTS & mmCIF
Free Text Scriptable MSA
Queries Calcs
\/ 15 2016 2017 2018 2019



2.10.3: Optimisations for variant
data

 Homogentisate diogygenase locus is
54kbp

* 10,000 variants from Ensembl

» Jalview must enable:
— Fast import

sequence_variant 674; G,C,A; likely pathogenic
sequence_variant 674; HGMD_MUTATION
sequence_variant 674; HGMD_MUTATION

80
EATCTETGATTi
; AATCCTCGTGATTT
Variants from locus translated to product ATCCTCOTOATTT



Key new features in Jalview
releases

O Major release
O Minor release

Faster PCA & Trees
(even) Less Memory
Custom score
models

2
O
\

Occupancy (gap)
count

Less
Mernory
2.10.1
O O-O-
2.9 210
CDS+Protein Ensembl+Variants
view GFF3 CDS
Chimera SIFTS & mmCIF
Free Text Scriptable MSA
Queries Calcs

O >
3

Mungo & Kira’s
‘go faster’ release
Data Import
Rendering Efficiency

S\ttt
15 2016 2017 2018



2.8

Released
Nov 12

2.8.1

O Major release
O Minor release

/> Spike (Experimental)

Archeopteryx

Mungo’s
Phylogeny Services (Koen)

go-faster branch

2101, 2 "¢
O OO0~ End of
2.9 2.10 \ ‘3 211 212 2 .X series ?
N
hmmer3 -=~
2.8.2 (thomas’)




A HMMER for Jalview 2.11
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2.11 - VCF import

VCF is a text file format (most likely stored in a compressed manner). It contains meta-information lines, a header line, and then
data lines each containing information about a position in the genome.

Challenges
There is an option whether to contain genotype information on samples for eact
Example: 1. Map chromosomal coordinates to
, aligned sequences
##fileformat=VCFv4.0 . ) ] .
##£ileDate=20090805 2. Visualise and Filter on variant
##source=myImputationProgramv3.1 attributes

##reference=1000GenomesPilot-NCBI36

##phasing=partial

##INFO=<ID=NS,Number=1,Type=Integer,Description="Number of ﬁ ha testers Beti™™
##INFO=<ID=DP,Number=1,Type=Integer,Description="Total Depth" .
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele FrequEﬁ
##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
##INFO=<ID=DB, Number=0,Type=Flag,Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membership">
##FILTER=<ID=ql0,Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GT, Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT N
A00001 NA00002 NA00003




Feb '18: Jalview meets Forester

L e Sequence
File Edit Select View Format Colour Calculate Web Service
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Homework: Ex 12,13

alignment layout and export

« Tasks

— Adjust the alignment formatting options
 Wrap
« Sequence id margin

— Export the alignment as a figure
« HTML, EPS, SVG 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 ?

— What happens when you drag an exported HTML file
back on to Jalview ?



Thanks !

* Feedback forms * Interested in trying
— See your email new features ?

* Any more questions, ¢ Interested in helping
problems, calls for develop them ?
help ?

Join
jalview-discuss

Sign up at
Issues.jalview.org




