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Biological(Sequence(Analysis(with(Jalview and(
Protein(Structure(and(Function(Modelling



Mon$14th 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'2ndary'structure'&'disorder,'and'annotation.'



Tuesday(15th 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'M 11am' Coffee
Session'2: Functional'analysis'of'Protein'Structures

12.30'M 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/training3

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/


Standalone)or)
web)based

Java

alignment viewer
and))

editor
&)

annotation,)
tree,)and)
structure

Available)at)

www.jalview.org

www.compbio.dundee.ac.uk

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


The$Jalview Core$Team

Tochukwu
(Charles)
Ofoegbu
Now$at

Imperial$College

Kira
Mourao

Mungo
Carstairs

Suzanne$Duce
Jalview$&$
Dundee
Protein$
Resource$

Geoff$Barton



Bioinformatics,
data,is,not,fun,to,

read…..



Newick CSV

GFF

FASTA

PDB



CSV

GFF

PDB

FASTA

Annotation

Features

Structure

Alignment

NewickTree



• Columns)relate)distinct)
sites)in)biomolecules
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Alignment)programs
T"COFFEE,(Muscle,(
Clustal,(etc..

Sequence)
Database)
search

Ortholog
database

Domain)or)Motif)
database

Expert)Knowledge
Experimental(
characterization,(
mutation(studies.

Phylogenetic)trees

2D)&)3D)structure)
prediction

Published)Literature
Figures,(
supplementary(info

Create

Curate

Refine

Evolutionary)Analysis
Positive(selection(
analysis,(Molecular(
basis(of(character(
traits
Molecular)analysis
Structure"function(
relationships,(Active(
sites,(Binding(motifs



Curating)Alignments
– Alignments)sometimes)need)manual)curation
– Correct)alignments)conserve)common)properties
– Shading)can)highlight)differences



• Columns)relate)distinct)
sites)in)biomolecules
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Alignments)are)central)…
Alignment)programs
T"COFFEE,(Muscle,(
Clustal,(etc..

Sequence)
Database)
search
Blast,(HMMer,(
etc..

Ortholog
database
Orthodb,(
Panther,(
HOGENOM,(etc.
Domain)or)Motif)
database
NCBI(CDD,(
Prosite,(
Pfam/Rfam,(PIR(
.. Expert)

Knowledge
Experimental(
characterization,(
mutation(
studies.

Phylogenetic)trees
MrBayes/RaXML/et
c

2D)&)3D)structure)
prediction
Homology(modelling,
Fold(recognition,(
secondary(structure(&(
disorder

Published)
Literature
Figures,(
supplementary(
info

Create

Curate

Refine
Analyse

Annotate

Evolutionary)Analysis
Positive(selection(
analysis,(Molecular(
basis(of(character(
traits
Molecular)analysis
Structure"function(
relationships,(Active(
sites,(Binding(motifs
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Raw$
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Fold6
change Interpret
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Jalview is)designed)for)gene0centric)analysis



J"Song"et"al."Science"20111331:103651040
Published*by*AAAS

Fig."1"Structural"overview"of"mDNMT1(650–1602)–DNA"195nucleotide"oligomer"complex"with"
bound"AdoHcy.

Results at each stage require analysis: 
manual verification

A stage may be repeated several times with 
different methods and parameters

Data, analysis, evidence and results must be 
properly recorded

Analysis involves lots of different kinds of 
data:

Sequences, alignments, trees, structures, 
functional assays, literature. 



Illustrator Word/LaTeX..1
Etc...

GoogleAlignment1
on1Web

Jalview

• Key%qualities%for%a%workbench
– Undo%and%Redo!
– Archival%of%data,%results%and%all%
display%settings

– Filtering%&%Multiple%views
– Easy1access1to1to1databases1
and1programs



http://www.jalview.org

Jalview
Launch
Buttons

Installation9
packages9
and9source

Help9and9
documentation

Jalview
Community

Jalview
Development9and9
release9history

Jalview
training9news9
and9course9
dates





Colour,'Appearance'and'Figure'Generation

Analysis'and'annotation

Selecting'&'Editing 96
minutes



Printed(Manual(&(Online(Videos

Colour,(Appearance(and(
Figure(Generation

Analysis(and(annotation

Selecting(&(Editing

Getting(started

Not$covered$today$– some$
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





Jalview News



Anatomy(of(Jalview:(Figure(1.7



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


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


Where%to%Find%Help?



Ex#2#– Navigation#(Page#11)

• 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#?



Alignment)editing)modes



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
• 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#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#?



‘Split'Frame’'cDNA &'Protein'MSAs

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

• ENA'records
• Flat'file
• cDNA translation

cDNA/Protein&Alignment&
Reconstruction:

• Gaps'inserted'
according'to'
‘reference'
alignment’

Layout&and&display&are&
configurable.



‘Split'Frame’'cDNA &'Protein'MSAs

Linked'alignments'share:
• Selections
• Gap'editing
• Multiple'Views
• Tree'subAgroups

Additional'Annotation
• Codon'conservation



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#?



Annotated Contigs,)
cDNA and)products

3D0Structures0
Features0&0Annotation

Annotated Protein)
Sequences

Annotated0Protein)
Domain)Alignments

Genes,0transcripts,0
Products,0and)Variants

Annotated RNA)
Domain)Alignments



Features(are(
annotations(on(
sequences

Annotation(area(shows(
graphs(and(symbols

Calculated(
from(

alignment

Manually
created



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#4.#Saving#alignments

• Tasks
– Save#alignments#in#different#formats

• 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#5
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





F2#enables/disables#keyboard#mode
http://www.jalview.org/examples/editing.html

Windows(7(Users:
Group&Insert&, use&
Shift+Space

(not&CTRL+Space)



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

Pop$up$
menu

Select$
or$edit

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

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


Click&drag+on+
sequence+IDs

Click&drag+
on+

alignment+

Click&drag+
on+ruler

Creating)selections)with)the)mouse



Click&drag+on+
sequence+IDs

Click&drag+
on+

alignment+

Click&drag+
on+ruler

Selected'
columns

Selected'
region

Selected'
sequences

Types'of'
selection'in'
Jalview



Working(with(selections

Active(selection(can(be:
• Hidden
• Copy(&(Pasted
• Grouped(&(Annotated
• Edited
• Aligned(in(a(new(
window

• Used(to(compute(a(
Tree(or(PCA(plot

Selected(Columns

Selected(Region

Selected(sequences



Ex#5
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



Ex#5
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#
bottomBmost#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



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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Shading 
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www.compbio.dundee.ac.uk/jabaws

Jalview Web6
Service6GUI

JABAWS
Java6Client

JABAWS:MSA6Troshin et6al.62011,6
Bioinformatics.-
JABAWS-2-In-Preparation.

Native JABAWS installs 
on a range of platforms

JABAWS Virtual 
Appliance for
your private use. powered by

JABAWS Amazon
Machine Image 
on EC2



Jalview�s)Alignment)Methods

• Multiple(alignment
– Provided(by(JABAWS

• Pairwise(alignment
– Builtin implementation(
Needleman(&(Wunsch



Why$do$we$provide$so$many$?

• Different$purposes
– Large$alignments
– Difficult$sequence$families
– Special$score$models



Common%types%of%alignment%algorithm

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,5ProbCons

Profile5methods%– 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.

Query

Hit4
Hit2

Hit1

Hit5

Hit3

a
Query

Hit4
Hit2

Hit1

Hit5

Hit3

b
Query

Hit4
Hit2

Hit1

Hit5

Hit3

c

Figure%adapted%from%
Procter%et%al.%(2010)%Nature'Methods'7 S16%K S25



Why$do$we$provide$so$many$?

• 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



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.

• Questions
– Why(does(jalview run(several(jobs(if(the(input(
includes(hidden(regions(?(

– What(does(�reLalignment� mean(?



Realignment*with
ClustalW &*ClustalO

1. Import*a*good*alignment
– E.g.*a*PFAM*seed

2. Add*more*sequences

• ClustalW
– Preserves*original*alignment
– Align*new*sequences*to*profile*

• ClustalO
– Builds*profile
– Aligns*ALL sequences*to*
profile



Custom'Analysis'Parameters
Browse'or'edit'to'
change'name'of'set

text'box'to'add'
notes'for'the'
parameter'set

Start'job'with'
current'settings'
or'cancel.

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

Parameters'
contains'more'
complex'
settings

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



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

• Questions
– Why#is#colouring#the#alignment#useful#?
– How#would#you#highlight#acidic#residues#in#
your#alignment#?



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 Calculation0menu

Gap0count



Select&or&hide&…

• By&Alignment
– Hide&Insertions&for&
a&selection

• By&annotation



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$BLOSUM62$or$Percentage$
identity$in$the$tree$building$process$?



Score&models&in&Jalview
• PCA&and&Tree&calculations
– From&Distance&Matrices

• Import&your&own&
substitution&matrices
– NCBI &&AAIndex

• 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$subFgroups$of$a$large$
alignment$?



Sub$groups*and*Sub$group*Annotation
Exercise*22

• 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

• 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



ALIGNMENT)RELIABILITY
http://www.jalview.org/tutorial/training3materials/2018/May/Liverpool/



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.
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M A S T A L S - - - - S A IV S T S F L R
M A T V L G S P R A P A F F F S S S S L R
M A A T A L - - - - - - - - - SM S I L R

T-COFFEE

Quality

Consensus

Conservation

9 9 7 6 5 5 3 1 1 1 1 3 4 4 5 7 8 9 9 9 9

                     

M A S T A L S - - - - S A IV S T S F L R

* * 7 7 7 7 - - - - - - - - - * 6 * 4 * *

Consistent Pairwise Alignments
Score = 740 Length = 17
PID = 100%
Q93Z60_ARATH MASTALSSAIVSTSFLR

|||||||||||||||||
FER2_ARATH MASTALSSAIVSTSFLR

Score = 160 Length = 17
PID=29.41%
FER1_MAIZE LGSPRAPAFFFSSSSLR

..|   .. . |.| ||
FER2_ARATH MASTALSSAIVSTSFLR

Score = 160 Length = 17
PID=29.41

FER1_MAIZE LGSPRAPAFFFSSSSLR
..|   .. . |.| ||

Q93Z60_ARATH MASTALSSAIVSTSFLR

Score = 310 Length = 12
PID=58.33%
O80429_MAIZE MAATALSMSILR

||.|||| .|. 
FER2_ARATH MASTALSSAIVS

Score = 310 Length = 12
PID = 58.33%
O80429_MAIZE MAATALSMSILR

||.|||| .|. 
Q93Z60_ARATH MASTALSSAIVS

Major inconsistency: +4 Shift
Score = 120 Length = 12
PID = 41.67%
O80429_MAIZE MAATALSMSILR

.|  .| | ||
FER1_MAIZE APAFFFSSSSLR

10

FER2_ARATH/1-17
Q93Z60_ARATH/1-17
FER1_MAIZE/1-21
O80429_MAIZE/1-12

M A S T A L S - - - - S A IV S T S F L R
M A S T A L S - - - - S A IV S T S F L R
M A T V L G S P R A P A F F F S S S S L R
M A A T A L - - - - - - - - - SM S I L R

Quality

Conservation

Consensus

T-COFFEE

                     

* * 7 7 7 7 - - - - - - - - - * 6 * 4 * *

M A S T A L S - - - - S A IV S T S F L R
9 9 7 6 5 5 3 1 1 1 1 3 4 4 5 7 8 9 9 9 9

• Calculate)‘shift’)between)all)
pairwise)aligments and)the)
multiple)sequence)alignment
– Higher)shifts)are)less)reliable
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T"COFFEE'alignment'reliability'scores

This figure shows a set of structures 
superimposed according to an alignment 
generated by T-COFFEE. The T-COFFEE 
reliability score highlights the most reliable 
regions in red, and least reliable in blue.



T"COFFEE'alignment'reliability'scores

This figure shows a set of structures 
superimposed according to an alignment 
generated by T-COFFEE. The T-COFFEE 
reliability score highlights the most reliable 
regions in red, and least reliable in blue.

Easiest'to'do'this'is'from'command'line,'or'from'the'T3
COFFEE'web'site

• CORE'– score'an'alignment
• http://tcoffee.crg.cat/apps/tcoffee/do:core

• M3COFFEE'– 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

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



Features(are(
annotations(on(
sequences

Annotation(area(shows(
graphs(and(symbols

Calculated(
from(

alignment

Manually
created



Create&New&Feature…





Sequence'Features'are'
visualised over the'alignment



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



µ
Annotated Contigs,*
cDNA and*products

3D0Structures0
provide

Features0&0Annotation

Annotated0Protein*
Domain*

Alignments

Annotated RNA*
Domain*

Alignments

Annotated Protein*
Sequences



Retrieve'from'
database

Match'sequence'to'
database'record



Ensembl – new*in*Jalview 2.10

• Principal*source*for
– Reference*genomes
– Transcripts
– Protein*products

• Sequence*variants
Variant'
Analysis

Reference*
Genomes

Variant*
data

Function

Structure

Evolution



Retrieve'Ensembl
ENSG0000016779

transcripts'shown'
aligned'to'gene'locus

Calculate=>
CrossBreferences

=>Uniprot

CDS/Protein'split'frame'
shows'isoforms'and'

variant'sites
Variants'on'genomic'

reference'propagated'to'
product



Retrieve'Ensembl
ENSG0000016779

transcripts'shown'
aligned'to'gene'locus

Calculate=>
CrossBreferences

=>Uniprot

CDS/Protein'split'frame'
shows'isoforms'and'

variant'sites
Variants'on'genomic'

reference'propagated'to'
product

‘Predefined’'ordering'and'
colours for'features

Product'alignment'includes'
gaps'for'misaligned'codons



‘Split'Frame’'cDNA &'Protein'MSAs

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

• ENA'records
• Flat'file
• cDNA translation

cDNA/Protein&Alignment&
Reconstruction:

• Gaps'inserted'
according'to'
‘reference'
alignment’

Layout&and&display&are&
configurable.



‘Split'Frame’'cDNA &'Protein'MSAs

Linked'alignments'share:
• Selections
• Gap'editing
• Multiple'Views
• Tree'subAgroups

Allow'new'Capabilities
• Codon'conservation



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’



RNAAliFold
Not*today!



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



Protein(Secondary(Structure(Prediction(
Section(8.1

• 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(PSIDBlast
– Alignment

• Service(uses(MSA(to(calculate(profile(for(prediction



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
– …



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



Clustal Fasta Pile+Up.
BLC.Stockholm.PIR.
..etc...

Newick &.
New.
Hampshire.
Extended

Jalview Annotation.&.
T+Coffee.Scores

Jalview
Features.&.
GFF

PDB

Distributed 
Annotation 
System 

In t er a c t i v e 
E d i t i n g V i su ali z a t i on 

A li gn m e n t s 

S t r u c t u re s 

Fe a t u re s 

A nn o t a t i on 

T ree s 

Se qu e n c e s 

P C A 

 

F i gu r e 
Ge n er a t i on 

C lic k a b l e 
H TM L 
C lic k a b l e 
H TM L L i n e A r t L i n e A r t 

I m a g e s I m a g e s 

A n al y s i s 
Pairwise

 

alignment

 
C on se n s u s 
C on se r v a t io n 
& C lu s t er in g 

Shading 

Trees/PCA 



RNAAliFold
Not*today!



Ensembl – new*in*Jalview 2.10

• Principal*source*for
– Reference*genomes
– Transcripts
– Protein*products

• Sequence*variants
Variant'
Analysis

Reference*
Genomes

Variant*
data

Function

Structure

Evolution



Variant'
Analysis

Reference'
Genomes

Variant'
data

Evolution

Structure

Function



Retrieve'Locus'from'Ensembl

Introns'
automatically'

hidden

Calculate3>Show'Cross3
References'to#open#
CDS/Protein#alignment

Ensembl REST'API’s'resolver'
discovers'loci'associated'with'

entered'query

Overview'allows'
hidden'regions'to'

be'omitted





Sequence'Features'have:
Name,'Description,'Group



Adding&Features&Manually



Customising Feature.Display
View%=> Feature%Settings…

• Drag.features.to.
reorder.on.
alignment
– Or.make.
transparent

• Change.colour
• Enable/disable.by.
name.and.group



Customising Feature.Display
Right&click*on*feature*=>*Popup*menu

Select
or(Hide
columns



Customising Feature.Display
Graduated(Colour Scheme



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



Feature'count'tracks
Via$Groovy$Script

Show'only'‘pathogenic’'variants



Human&Homogentisate 1.2,&dioxygenase
PDB&ID&1eyp.&Sites&with&pathogenic&variants&
in&red

UCSF CHIMERA

Structure&for&
hidden&columns&
shaded&grey

Variants&coloured red



Key$new$features$in$Jalview
releases

2.9
CDS+Protein

view
Chimera
Free$Text$
Queries

2.10
Ensembl+Variants

GFF3$CDS
SIFTS$&$mmCIF
Scriptable$MSA$

Calcs

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

Occupancy$(gap)$
count

Less$
Memory



2.10.3:'Optimisations for'variant'
data

• Homogentisate diogygenase locus'is'
54kbp

• 10,000)variants)from'Ensembl
• Jalview must'enable:
– Fast)import
– Responsive)UI



Key$new$features$in$Jalview
releases

2.9
CDS+Protein

view
Chimera
Free$Text$
Queries

2.10
Ensembl+Variants

GFF3$CDS
SIFTS$&$mmCIF
Scriptable$MSA$

Calcs

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

Occupancy$(gap)$
count

Less$
Memory

Mungo&&&Kira’s&
‘go&faster’&release&
Data$Import

Rendering$Efficiency





A"HMMER"for"Jalview 2.11
20

HBB_HUMAN/1-146
HBA_HUMAN/1-141
MYG_PHYCA/1-153
GLB5_PETMA/1-149

L T P E E K S A V T A L WG K V
L S P A D K T N V K A AWG K V
L S E G E WQ L V L H V WA K V
L S A A E K T K I R S AWA P V

20

G4_HMM/8-164
HBB_HUMAN/1-146
Group_HMM/0-7
HBA_HUMAN/1-141
MYG_PHYCA/1-153
GLB5_PETMA/1-149

L S E A E K T K V K A V WA K V
L T P E E K S A V T A L WG K V
- - - - - K T L V K A V W - - -
L S P A D K T N V K A AWG K V
L S E G E WQ L V L H V WA K V
L S A A E K T K I R S AWA P V

G4_HMM

Group_HMM

L S E A E K T K V K A V WA K V

- - - - - K T L V K A V W - - -

hmmbuild

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

uniref50/0-147
UniRef50_A0A1J7IXL5/9-101
UniRef50_A0A1J7IXL5/102-188
UniRef50_J3LXM1/57-129
UniRef50_J3LXM1/141-246
UniRef50_P16972/1-148
UniRef50_P00221/1-147
UniRef50_P27787/9-148
UniRef50_C3YJI1/71-148
UniRef50_C3YJI1/218-283
UniRef50_A0A1D6BIA7/87-230
UniRef50_P27789/19-134
UniRef50_P83525/1-96
UniRef50_B6U684/26-133
UniRef50_P00220/1-97
UniRef50_A0A176WFG5/5-142
UniRef50_P27320/1-96
UniRef50_Q7XYQ2/77-187
UniRef50_K7LTT9/83-207
UniRef50_A0A1J3D5W6/47-199
UniRef50_J3LUJ5/99-248
UniRef50_A0A0D9W136/547-663
UniRef50_I1H2D5/18-147
UniRef50_P07839/14-125
UniRef50_A0A1J6I6R5/29-150
UniRef50_P27788/27-151
UniRef50_M0RS83/150-263
UniRef50_A0A0D2TCB9/25-149
UniRef50_P0A3C7/1-98
UniRef50_K3ZXQ9/39-150
UniRef50_P14936/2-97
UniRef50_D9I8K3/91-187
UniRef50_F8LSW7/82-176
UniRef50_K3YA77/88-192
UniRef50_K3XMY9/40-144
UniRef50_I1HTM1/39-150
UniRef50_A0A1S3X097/10-112
UniRef50_P0A3C9/1-97
UniRef50_I1HIZ2/33-150
UniRef50_A0A1U8PN81/120-244
UniRef50_R1C925/133-225
UniRef50_B9FJ84/392-505
UniRef50_A0A1Q9EGW1/445-541
UniRef50_Q2IA61/21-144
UniRef50_M1DEE2/2-103
UniRef50_Q14K88/3-82
UniRef50_A0A1J1LEI6/56-156
UniRef50_Q7XYQ1/33-170
UniRef50_P00235/1-94
UniRef50_A0A1Q9DSN3/294-386
UniRef50_A9TZ70/8-148
UniRef50_A0A0M0JIL9/281-413
UniRef50_L8NYW1/102-201
UniRef50_A0A1Q9DSN1/79-170
UniRef50_Q2HZ25/24-123
UniRef50_Q00GM0/62-182
UniRef50_A7AU49/72-169
UniRef50_D1J717/4-99
UniRef50_A0A1Q9EMG6/67-165
UniRef50_U6MQJ4/106-233
UniRef50_I4IBB8/196-301
UniRef50_C5LWZ1/93-194
UniRef50_UPI0009A9D959/1-69
UniRef50_Q40722/5-86
UniRef50_Q9FIA7/12-148

- - - - - - - - - - - - - - - - - - - - - - M A A T A L S G A I L S T S F L R R K P A P T S L - A A L S - A V K E - - - - - - - A L L G L K S - - - S S - K R G G R V T AM A - T Y K V K L I T - P E - G - E - - V - E - L E C P D D V Y I L D A A E E A G I - D L P Y S C R A G S C S S C A G K V V - - - - - S G S V DQ S DQ S F L D D DQ I E E G F V L T C V A Y P T S D V T I E T H K E E E L V A -
- - - - - - - - - - - - - - - - - - - e t m - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - V I A - P S - G - T - - Q - E - F N C P D D V Y I L DQ A E E E G I - D L P Y S C R T G S C S S C V G K V K - - - - - Q G K V DQ T DG S F L D D E Q V D E G F V L T Y V A Y P Q S D V V I E T H K E E E L T - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G - T - - Q - K - F N C P D D V Y I L DQ A E E E W I - D L P Y S C R A S S C S S C A G K V K h g k v k Q G K V DQ T DG S F L D D E Q V D E G F V L T Y V A Y P Q S D V V I E T H K E E - - - - -
- - - - - - - - - - - - - - - - - - - - - d - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R S D F R A A A A - V Y K V K L V G - P E - G - K e g V - T - V N V Q E D T Y I L D A A E E A G V - D L P Y S C R A G A C S T C A G K V V - - - - - E G T V DQ S DQ S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R S D F R A A A A - V Y K V K L V G - P E - G - K e g V - T - V N V Q E D T Y I L D A A E E A G V - D L P Y S C R A G A C S T C A G K V V - - - - - E G T V DQ S DQ S F L D D T Q V G AG Y V L T C V A Y P T S D C V I Q T H K E S D L - - -
- - - - - - - - - - - - - - - - - - - - - - M A S T A L S S A I V G T S F I R R S P A P I S L r S L P S - A N T Q - - - - - - - S L F G L K S - - - G T - A R G G R V T AM A - T Y K V K F I T - P E - G - E - - L - E - V E C D D D V Y V L D A A E E A G I - D L P Y S C R A G S C S S C A G K V V - - - - - S G S V DQ S DQ S F L D D E Q I G E G F V L T C A A Y P T S D V T I E T H K E E D I V - -
- - - - - - - - - - - - - - - - - - - - - - M A A T T T T MMG MA T T F V P K P Q A P P MM a A L P S - N T G R - - - - - - - S L F G L K T - - - G S - R - - G G R M T MA - A Y K V T L V T - P T - G - N - - V - E - F Q C P D D V Y I L D A A E E E G I - D L P Y S C R A G S C S S C A G K L K - - - - - T G S L NQ D DQ S F L D D DQ I D E G WV L T C A A Y P V S D V T I E T H K E E E L T A -
- - - - - - - - - - - - - - - - - - - r a p - - - - - - - A F F F S S S S L R A A P A P T A V - A - L P - A A K V - - - - - - - G I MG R S A - - - S S - R R - - R L R A Q A - T Y N V K L I T - P E - G - E - - V - E - L Q V P D D V Y I L DQ A E E DG I - D L P Y S C R A G S C S S C A G K V V - - - - - S G S V DQ S DQ S Y L D DG Q I A DG WV L T C H A Y P T S D V V I E T H K E E E L T - -
- - - - - - - - - - - - - - - - - - - r t r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G G A - T Y K V T F K N - P D - G - E - - K - T - L D C P D D E Y I L D A A E S Q G L - E L P Y S C R A G A C S T C A G K I V - - - - - S G T V DQ S DQ S F L D D DQ I A A G - - - - - - - - - - - - - - - - - - - - - - - - - k
- - - - - - - - - - - - - - - - - - - - - d - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Q G V - E L P Y S C R A G A C T T C A G K I V - - - - - S G T V DQ S DQ T F L D A DQMA AG F V L T C V A Y P T S D L V I T T HQ E E N L - - -
- - - - - - - - - - - - - - - - - - - - a a - - - - - - M A T V L S S L R L P F S I C P A A P - A A P M - A A S R - - - - - - - V A L P L S S - - - T A - A R G M R L R AQ A - T Y K V K L I T - P E - G - E - - V - D - L E V P D D V Y I L D H A E E E G I - D L P Y S C R A G S C S S C A G K V V - - - - - S G Q L DQ S DQ S F L D D DQ I E A G WV L T C A A Y P T S D L V I E T H K E E E L T A -
- - - - - - - - - - a a p a t t v a m t r g - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A S S R L R A Q A - T Y N V K L I T - P E - G - E - - V - E - L Q V P D D V Y I L D Y A E E E G I - D L P Y S C R A G S C S S C A G K V V - - - - - S G S L DQ S DQ S F L D D S Q V A DG WV L T C V A Y P T S D V V I E T H K E D D L I - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A - T Y K V K L V T - P D - G - P - - V - E - F D C P D D V Y I L DQ A E E E G H - E L P Y S C R A G S C S S C A G K V S - - - - - A G T V DQ S DG N F L D D DQMA DG F V L T C V A Y P Q S D V I I E T H K E E E L T - -
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2.11$% VCF$import

Challenges

1.$Map$chromosomal-coordinates to$
aligned$sequences
2.$Visualise and$Filter$on$variant-
attributes-

Alpha$testers:$Betina Meyer$(Gärtner
lab)



Feb$’18:$Jalview meets$Forester
Powerful)phylogeny)
viewer
4 replace$Jalview’s tree$
display
File)format)support
4 NEXUS,$phyloxml
Web)services
4 iqtree,$mrbayes

Alpha)testers:)Spencer)
Bliven &)Maria)Anisimova)(U.)
Zurich)



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
– See'your'email

• Any'more'questions,'
problems,'calls'for'
help'?

Join
jalviewCdiscuss

• Interested'in'trying'
new'features'?

• Interested'in'helping'
develop'them'?

Sign'up'at'
issues.jalview.org


