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 —11.30am Geoff Barton: Multiple alignment and Analysis

11.30am - 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 is online

http://www.jalview.org/tutorial/training-
materials/2014/London/Dec/

— These slides

—Jalview v2.8.2 Manual (v1.5.0)
 Log in and
« Open the manual in your PDF Viewer NOW



e Session 4
e Working with structures
* Viewing PDB data
e Superimposing

structures

e Mapping data onto
structure

e Disorder prediction
 RNA helix shading




Desktop Structure Visualization
3D structures and 2D RNA diagrams

VARNA

Visual Analysis of
RNA

http://varna.lri.fr/




MAFFT Multiple Sequence Alignment of Retrieved from Uniprot
File Edit Select View Format Colour Calculate Web Service

[ Original = Phosporylation Site icti | MAFFT Al Ordering | FE252 Representatives | Spinach Feredoxin Structure Y
60 70 80 90 100
FER_CAPAA/1-97 HASYKVKLITPDGPIEFDCPDDVY | LDQAEEAGHDLPYSCRAGSCSSC

[ R YA S 7 B\ AS Y KVKL | TPDGP | EFDCPDNVY | LDQAEEAGHDLPYSCRAGSCSSC
[T T N S P ER\AS Y KVKL I TPEGP | EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSC
oLE T ERO RIS EEMVIAS Y KVKL | TPDGP I EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSC|
FERI_PEA/1-149 MASYKVKLVTPDGTQEFECPSDVYILDHAEEVGIDLPYSCRAGSCSSC
oY7L Rl IFCS LFMVIATY KVKL | TPEGPQEFDCPDDVY | LDHAEEVGIELPYSCRAGSCSSC|
(TS e YT I\ AAY KVTLVTPEGKQELECPDDVY I LDAAEEAGIDLPYSCRAGSCSSC
T3S VAN A A Y KVT LVTPTGNVEFQCPDDV Y IIDIAAEBEG | DLPYSCRAGSCSSC
FER3_RAPSA/1-96 BATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
3Ty P L BN ATY KVKF I TPEGELEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
FER_BRANA/1-96 BATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
TP LY P ST BN ATY KVKF I TPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
oLEr LW Y S EIVAT Y KVKF | TPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
3N 7S LI OATYNVK LI TPEGEVELQVPDDVYIMBBIGMAE EDGIDLPYSCRAGSCSSC
oLl VLN YA FF B EUJOATYNVKL | TPEGEVELQVPDDVY I LDFAEEEGIDLPFSCRAGSCSSC

ructure__ L2 3 Fe e Linked Jmol viewer

Fe 7

Linked tree viewer shows one or more

68 7367779568 3 3°5

allows subgroups to L structures coloured
be identified in by alignment
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ile View File View Colours Help
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Assoclating structures with

sequences

e Local PDB file

— Attach PDB file to sequence manually

— drag and drop to match files to sequences by
ID

e Structures in the PDB database
— Provide PDB id (and chain) for sequence
— Discover references via sequence database

__ 'Hﬂ I.II.EE}“L']IEH ullﬂ!? %‘ﬂ VARR:

0l T

14
FER1 SFIDL




New Structure tab in Jalview
Preferences

Checkboxes for:

e Secondary structure
— Protein DSSP built in
— RNAView web service

 Temperature factor

e Set default 3D viewer
— Jmol
— Chimera

Preferences oo B
Connections Output Editing DAS Settinas Web Services
Visual Colours Structure
Structure Options

v | Process secondary structure from PDB
v | Use RNAView for secondary structure
v | Add secondary structure annotation to alignment
v | Add Temperature Factor annotation to alignment
Default structure viewer |CHIMERA hd

Path to Chimera program D:\&pps\Chimera 1.10%bin\chimera.exe

| 0K || Cancel




When Protein annotation Is

enabled

« Add Reference Annotations

— Avallable when any sequence associated
annotation can be added to the current view

— Access via Sequence ID and ‘Selection’
submenu

T S - - LEYEcRABS CESCcA

FER1 SPIOL ' Show annotations FBLEvscRAaBscSSca
; ; LETSCRAESCSSCA

Structure " Hide annotations 4 AP HA B M
Hide Sequences Add reference annotations s UE N W M
LETSCRABESCSSCA

Reveal All Edit Name/Description LEvScRASSCSSCA

Add annotations for
JalviewPDB/Temperature Factor

1 .
zondany Strocture SEQUEHCE Details...

Sulphur Contacts Link




Protein Structures in Jalview
Sec 2.1. Exercise 14

e Task

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

— Save and load structures and manipulate
colouring



Protein Structures in Jalview
Sec 2.1. Exercise 14

e Task

— Discover PDB structures for ferredoxin
sequence(s)

— Save and load structures and manipulate
colouring

e Questions

— How does Jalview match up sequence data to
structural data

— Did anyone try ‘Add Reference Annotation’ ?
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be shown in a
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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:
e 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
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Protein Disorder prediction
Exercise 27

« 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

"]A\ABEA‘WS Disorder W] DisembIws W GlobPlotws W IUPredws
Sna YSIS Predictions Feature Type | Colour | Display
ervice Protein Disorder ] [+
COILS U
: REM465 — -
Create annotation and HDTLDDF,S B
features I:--‘__-"'-

predictions

”””””””””””””””””””””” Mﬂ/ ‘v /A A
MLOHW %
Use Threshold & Per-sequence

JronnWS (JRonn)  option on ‘Colour by Annotation’
“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
8018.1//1-177
41603.1//1-158
9.1//1-176
1//1-154
2.2//1-154

Conservation

Quality

Consensus
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RNA 2nd-ary Structure

RF01857 Retrieved from RFAM (Full)
File Edit Select View Format Colour Calculate Web Service

—~

Pyrococcus_furiosusG[- UCCGG-G- -AGGCACGCCUGAAGGGCCGUGCUAA-CCCC
Methanoculleus_maGG-AAAGG-G-AUCAAUGCCCCGGAGGGGGCGGCGA-CCU -~
F.acidarmanus.1 GG UUUGC-A-UAUGCAACUUCAAAGGAUGAUGCAUA-UACA
Thermoﬁium_pendEGU CCGUG-C-ACGG-CUCCUCGUAGGAGGAGGCCGA-GCAC

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

_UCCGU-U--GACGCUGACCCCACCCUCACIHCCCA_GACCE
-ACAGG-A-UUCAA —
-UUAUG-G-CCGGG _

-UGGCG-G--AGCC Try It NnOW:

VI TaDTEATTUTIT. I uu-AUGUG A-UGCGGA
T.celer.1 GG UGGGC-G--GGG ) Import RFOOlGZfI‘Om

secaondary structu EA_M_é_( (C( Rfam (FU”)

((

Ll
=LU
StrucConsensus Sk

[ -
S

et pEmRAES. 2. Select ‘Colour by RNA Helices’

Consensusi et B SESSSS
CC-UCOCO-CCOACCO

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

~

Overview RFO1857 F

RALEE style
colouring highlights

distinct stems and
\helices




Users/jimp/Documi
r Calculate Web Service

File Edit Select View Format Colg

Selections and I w R T
" Bmelanogaster 18- ABCC - CuU- - - CCARA-
mouse posltlons R.norvegicus.7 - - - -AAAA-
R.norvegicus.6 - - == ~-GAAA-

R.norvegicus.5 - === CCUCUAAA- -
R.norvegicus.4 -GAAA-
R.norvegicus.3
R.norvegicus.2
R.norvegicus.1
O.aries.1

M.musculus.9

shared between
alignment view and
VARNA

‘ -AAAA-
--GAUGAGAACAGBAAACA-UAAA- -

-UAUGAU CACA -UAAA- - ----

---AUGACAIBGAABBIACU - GAAA - -
CACU--ICAUGAA CUGICUWIG - AAAA-CCABlCCU - -
CAUU--AAUGCAGGABACACAG -AAAA-CCBIUCU - -
[EaRT] Tl Lol W ~ A A A A neoa v

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
Bacillus_amyloliquef.9 corresponds to PDB 3NPB

T —————— T T e E—— e TS
S

VARNA has aWide ssssssssssss : C.elegans .1 Nucleotide : Cytosine (19)
range of 2D RNA plots
and supports

interactive annW

VARNA: Interactive drawing and
editing of the RNA secondary
structure

Kévin Darty, Alain Denise and Yann
Ponty

Bioinformatics (2009) 25 1974-1975

secondary structure (with gaps)



2.8.1 - Interactive Alignment based

~BNIA 2nd_ary Strycture Prediction
ViennaRNA'

Alignment

e !
Secondary Structure Prediction » JNet Secondary Structure Prediction

.

.

t Protein Disorder > ] bio.dund < /iab

' Analysis > ttp./lj'wwl'\;lv.con;!:) '|o. undee.ac.uk/jabaws

+ Conservation > AA IFo Pr |con :

.

. Fetch DB References > — T

- CCUUUGU--UAAGGGU-------- UuG™

\--CUAUGA-CCUAG-G-~---~-~-~-~-~ GGu

- -GUUCA----CAC--=--=-=-===--- AGC Modify settings for the RNAAIiFold prediction. Use this to hide
- UCGUCUCU-UCCAC-CC-=-~-~-~-- CUGGu or show different results of the RNA calculation, and change
\-CCAGCCU--CGCUG-CGU---~-=-~-~-~- GGG RNA folding parameters

- CCUUUGU--UAAG-CGA-~-~-~-~-~-~ CuuG

\ - ALGGGUCA---UCC--A------~ CAAA



2.8.1 - Interactive Alignment based
PNIA 9nd_ary Strycture Prediction

ViennaRNA '

GCGUU
omeranogaster.sy1r=oow=-wwG CGCU
D.melanogaster.2/1-63 C-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-UCAGAUCG

o I

e {__I F l,_ ] :

Consensus = ¢ ===
G-UUUCAUU
RNAalifold Consensus B-HBKSWYY

Contact Probabilitiesl_-_

(. (CcCcC. ..
Centroid Structure_l‘.{l.:_z T zl' =

MFE Structure_(,;_( (( (I' .

o AL Cec
StrucConsensus & EEESSuws

« Can be enabled for
any view

o 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- - -ABCACAGCAAGCGACU-CAAA-UGUCUC

Consensus

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

MFESMME‘ ...... ‘ ..... ‘i‘—‘ ............ ‘

Centroid Structure - ‘ * ‘—‘

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

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




DNA and Protein in Jalview

e Discussed In Section 2.10 of manual

e 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



Jalview 2.8 and RNA 2"d-ary

V a W] I
RF01857 Retrieved from RFAM (Full)
File Edit Select View Format Colour Calculate Web Service

Pyrococcus_furiosusGlg- UGCCGG-G--AGGCACGGCGCUGAAGGGCCGUGCUAA-CCCC
Methanoculleus_maGG-AAAGG-G-AUCAAUGCCCCGGAGGGGGCGGCGA-CCU -~
F.acidarmanus.1 GG-UUUGC-A-UAUGCAACUUCAAAGGAUGAUGCAUA-UACA
Thermofilum_pendeGU - CCGUG-C-ACCG-CUCCUCGUACGGAGGAGGCCGA-GCAC

Structure Consensus Logo: |-UCCGU-U--GACGCUGACCCCACCCICACICECA-GACC
ShOWS base palrdIStrlbutlon at _ACACC-A-UU CAAUA§ . VARNA-5&({}ndarystruﬂur&trlmmedt{}PyH}.c{}ccus_fum}sus_.l

Structures Manager
each paired position in a given FUUAUG-G-CCGGGCU
RNA secondary structure. -UGGCG-G--AGCCCC

viewer and editor.
|

L
=LU
StrucConsensus Sk

(= (C((

trimmed secondary str.__
VI TdDUTEATTUIT. I T - AUGUG-A-UGGA Linked VARNA RNA
T.celer.1 GG-UGGGC-G--GGG
( (C((

Secondary Structure
secondary structu e“_'( CCS é_
I [ =TT

C= (=t
Consensus e EiSmsts B Siatasiaai=is
rﬂﬁ—llﬁﬁrﬁ-ﬁrﬁﬂﬁrrrlll

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

Overview RF01857 Retrieved from RFAM (Full)

RALEE style
colouring highlights

distinct stems and
\helices




RNAView, pyRNA

 Fabrice Jossinet’s
PYRNA server
includes RNAView"

— ldentify and
characterise base pair
Interactions in 3D
structure

e Used by Jalview to
obtain secondary
structure for RNA 3D

data

PD ppi2Gis|2GisIA/1-96 1 (G G € U U A UCAAGAIIA L

TG C C C (. o (.
ST ) I

PDB[2CGIS[2CIS|A/1I-96 15 € € U € € A C G GC A CUCGC G2
Sec. str. (ot S <

PDB[2GIS[2CIS|A/1-96 29 C € € G A U G A A G 4.
Sec. str. —_—hé
PDB[2GIS|2CIS|A/1-96 43 G C A AC €C A G A A AU GG
C  ( ( ) ) ) )

) ) .. .o
Sec. str. — EEee—— (CE—

- >
— M

G
)

— N

5¢

PDB[2GIS[2CGIS|A/1-96 57 U G C C A A U U CCUGT¢CAUTM
T U - - L O
Sec. str. ‘

)
PDB(2GIS|2CIS[A/1-96 71 G € G G A A A C C U WU
( ) ) ) )

G A A 8
Sec. str. [——#

PDB[2GIS|2CIS|A/1-96 85 A G A U G A G C C A a 9!

) o) ) ) )y ) ) ) ) L)
Sec. str. A ——

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

Multi-windowed Ul Common Data & Analysis Lightweight Ul
Editing, messaging and
File Input/Output

Visualization & Analysis Integrate with web sites

Figures

T iew Tarmar

mest rderng

File i e ilaze  Weh Serdee

f Predien T Alignmest Crdening
= ™ = ®

i TRl i ey VRV EE -

12, s AvElv dE aan NENE N

= Ly a o nhuE

1, 4 el 1R

e [ 2 3 i

e

v Sulon Comticts
('\r'tro:m: Ill_ I‘.._ . !I

from web

o (with applet
* parameters
iTServi Biological _ et
Analysis Services g Pfam Alignment
[Protein 2~ary structure | Data And
Jpre Services Rfam Annotation
|Alignment. Analysis| Protein Disorder| |Multiple a]ignmentl | PI‘Ot.:: %%%,ﬁ Bioi nformati cs
m Clugtalyy ENASAR (6:“/ Distribul_edk Web Server
RonN Siafy PROBCONS Eoncusonen, (- @ ammotall
TCoffee MuscLE o a —~
=n v




Alignment

.

Google

!

lllustrator

Jalview

Word/LaTeX..

Ty Ty




The Jalview Desktop Clustal Fasta Pile-Up

BLC Stockholm PIF

Functional site analysis S
el JlR‘
yIKFQM
P‘ - PDB (—
Consensus |~ | Shading o P D B e —
Conservation ., m PROTEIN DATA BANK EUROPE
& Clustering rees

Pairwise
_“alignment

Sequences

Features

Annotation

Jalview

_ Trees Features & —
PCA GFF A

Jalview Annotation &
T-Coffee Scores

Clickable

HTML Line Art

Newick &
New \
Hampshire,
Extended ~



Ve
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ViennaRNA |/

[se2bhdhy structurd| F
Jpre \

Incorporating Jnet

‘ Protein Disorder |

N

Clustal Fasta Pile-Up

Alignment Analysis |:: »

A/ Con

Multiple alignment|

GLProbs MSAProbs |

FRUOBCUNS
Mafft. MuscLE

NEW FOR ViennaRNA

JPred3

W

Im PIF
Ronny Lorenz et al. Algorithms for Molecular o
Biology, 2011 doi:10.1186/1748-7188-6-26 o8
€
Chris Cole, Jon Barber and Geoff Barton
NAR Web Server Issue 2008 #
: Ana s/)ssias %tirlggm& Alignments an*

Structures

Maskell Bioinformatics 2010 26 1958 -1964

GLProbs — adaptive sequence alignment

Yongtao Ye et al. Proc. ACM BCB, 2013 pp.152-

160

TISCUTGETarege.

JECTS/QIProbs

Newick &

New |
Hampshire
Extended =

. a1 —2 ! Seailence
MSAprobs: multiple alignment with pair HMMs
Yongchao Liu, Bertil Schmidt, and Douglas L.

Distributed
:.An notation

ew
ures &

tation &
res —



Things | haven’t talked about ...



T-COFFEE alignment reliability scores

1PHT 4 KCELVALCFSDOOEARPEE! 51

iEBS 13 == o —eah—an

LUHE 1;; - This figure shows a set of structures

00T 5 ci-| superimposed according to an alignment

1480 1 G- -\generated by T-COFFEE. The T-COFFEE

gl ; %~ "I reliability score highlights the most reliable
T-COFFEE 59599559559595995995553559503 - 1¢regions in red, and least reliable in blue.

v s N TH oag 000 e

File View Colours Jmol Help

Conservation

3 BEVE2322147-474277474

Consensus

1PHT
1889
1UHC
1YCs
1007
1ABO
1F¥N
1QCF

T-COFFEE 0010000000687 7 78999999993959889



Select column by feature
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Jalview and Chimera

Jalview Test

File Edit Select View Format Colour Calculate Web Servic
. 120 130 140
SpIPZERISING_BOVINA-I7F GTLTLLNCTSKG KGRK.P_S SKEQ
SplP132ZZILT_HUMANA 177 GTT | LLNCT GOVKGREPAALGEAQPTES LEENKS LKEQ
S P FRILT_ MOUSE/ 154 GT QT LVYNCTSK- - - - - - EEKNVKEQ
S QINZGRILT PIGA-17F  GTLTLFNCT SKVEGREPPEUGERSLTEN LEENKS LKEQ
S PSEATRIL RATAI-154 GT QT LWNCT SK- o oo oo oo EEKT | KEQ
SplQIEFA0ILT SHEER/-17F GT LT LLNCT 5 K G KGREEFEIEEESETRDEERRS L « £

Cnnsentatinn__. I

BE f i Bf------------------- 5
Quality n - - . -

COnsEnsus

GTLTLLHNCTSK+KGREPPSLGEAQPTEKNLEENKS LKEQ
IUPredws [Shartd
IUPredWs lLong)

IUPreditss [Shorta
|UPredWs [Longy

\Sequance 1 ID: sp|P26895|IL7_BOVIN Residue: GLN (132)

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




structures:

::::::::::

806 Retrieved from PDB

File Edit Select View Format Colour Calculate Web Service
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Sec. str, PR S ¢ ) ) ) )

67 UGCCAGCGGAAACGUUGAAAGALUES
Sec. str, Ea SN L O S ) ) )] ) ) )]

89 QA GCCA
Sec, str, ) ) ) )

Sequence 1 1D: PDB|2GIS|2GIS|A Nucleotide: Adenine (62)

AT=Sec. str. timmed to POB[2GISTZCISTA
Structures Manager

Sec. str. (with gaps)

trimmed Sec. str.

Jalview Desktop uses UCSF Chimera to show

« Optional - Enabled as a user preference
e Structures coloured & superposed like with

.
U

fr
o

-
-

&
S

r. (with gaps)

Jmol

e Pocitinnal hinhlinhtina from T1alvview->SChimera




Jalview & Dundee Protein Resource
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The Jalview RNA Features Geoff Barton
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