NUCLEOTIDE SEQUENCES
AND JALVIEW



DNA and Protein in Jalview

* Discussed in Section 2.10 of manual
— From DNA to Protein

» Calculations => Translate cDNA

* View protein annotation on exons using EMBL
(European Nucleotide Archive) records

— From protein to DNA

« Recover DNA for proteins using EMBL cross
references

o Defer till later;: New features Jalview 2.9!



Introduction to RNA structure

Slides from Yann Ponty
VIZBI| RNA Visualisation tutorial 2012

www.lix.polytechnique.fr/~ponty/talks/
VIZBI-2012-Tutorial-RNA.pptx



RNA structure(s)

UUAGGCGGCCACAGC
GGUGGGGUUGCCUCC
CGUACCCAUCCCGAA
CACGGAAGAUAAGCC
CACCAGCGUUCCGGG
GAGUACUGGAGUGCG
CGAGCCUCUGGGAAA
CCCGGUUCGCCGCCA
CC

Primary structure  Secondary structure Tertiary structure
Source: 5s rRNA (PDBID: 1K73:B)



RNA structure(s)

UUAGGCGGCCACAGC
GGUGGGGUUGCCUCC
CGUACCCAUCCCGAA
CACGGAAGAUAAGCC
CACCAGCGUUCCGGG
GAGUACUGGAGUGCG
CGAGCCUCUGGGAAA
CCCGGUUCGCCGCCA
CC

Primary structure ~ Secondary™ structure  Tertiary structure
Source: 5s rRNA (PDBID: 1K73:B)



How RNA folds

slled-ase( |eoluoue)

5s rRNA (PDB ID: 1UNG)

RNA folding = Hierarchical stochastic process
the pairing (hydrogen bonds) of a subset of its

bases.



Non canonical interactions
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RNA nucleotides bind through edge/edge interactions.

Non canonical are weaker, but cluster into modules that
are , evolutionarily conserved, and

functionally essential.



Non canonical interactions
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Non canonical interactions
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RNA nucleotides bind through edge/edge interactions.

Non canonical are weaker, but cluster into modules that

are , evolutionarily conserved, and
functionally essential.



Leontis/Westhof nomenclature:

A visual grammar for tertiary motifs

cis base pairs

cis trans

® O |Watson-Crick edge
M [ |Hoogsteen edge
4 < |Sugaredge

— AU cis Watson-Crick base pair
= GC cis Watson-Crick base pair
-0~ GU cis Watson-Crick base pair
Gor@ syn oriented

® nbifurcated base pair
@ water-mediated base pair

---- single H-bond interaction
 indicates base stacking

—>» indicates change in strand orientation

WATSON-
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trans base pairs

Leontis/Westhof,
NAR 2002

+ Tools to infer base-pairs from experimentally-derived 3D

models

RNAView, MC-Annotate...




Jalview 2.8 and RNA 2"9-ary

P P
RFO1857 Retrieved from RFAM (Full)
File Edit Select View Format Colour Calculate Web Service

Pyrococcus_furiosusG{®@- UGCGG-G--AGCGCACGGCUGAAGGGCCGUGCUAA-CCCC
Methanoculleus_ma GG - AAAGG-G-AUCAAUGCCCCGGAGGGGGCGGCGA-CCU - -
F.acidarmanus.1 GG UUUGC-A-UAUGCAACUUCAAAGGAUGCAUGCAUA-UACA
Thermoﬁfum_pendeGIU CCGUG-C-ACGG-CUCCUCGUAGGAGGAGGCCGA-GCAC

Structure Consensus Logo: |-UCCGU-U--GACGCUGACCGCAGGGUCAGICCGA-GACG
ShOWS base pair distribution at- ACAGG-A-UUCAAU Aa ™ (™ VARNA -secondary structure trimmed to Pyrococcus_furiosus_.1

. [ . . Structures Manager
each paired position in a given |-UUAUG-G-CCGGGCU

secondar',r structure (w..

RNA secondary structure. ~UGGCG-G--AGCCCCQrmmedsecondanys.
V. TdoTedrTurT. I Ln'u -AUGUG-A-UGGA Llnked VARNA RNA
T.celer.1 GG-UGGGC-G--GGG Secondary Structure
secondary structu e_ﬁ_&ﬁ_-ﬁ— CCCL! viewer and editor.
CS - A A
SchConsenSUS“i*i sy B welS R

Consensusite Serasis B SSasai=isSs
CO-UCCCC-CCCACCCCILL

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

Overview RFO1857 Retrieved from RFAM (Full)

|RIEN S RALEE style
colouring highlights

distinct stems and
\helices




RNA 2nd-ary Structure Prediction
«ViennaRNA ..

Alignment »
Secondary Structure Prediction »
Protein Disorder b
>
»
>

JNet Secondary Structure Prediction

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

Change RNAAIiFold settings...

Analysis
Conservation

\
\
\
\
\
\
.

. Fetch DB References

- -CUAUCA-CCUAG-G----~-~-~-~-~ cou

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

\- AGCGUCA---UCC--A-~--~-~-~-~ CAAA



RNAAIliFold: A Consensus Method

ViennaRNA ¢y

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

Consensus ¥ EHebtefi=
G- UUUCAUU
RNAalifold Consensus B-HBK SWYY

Contact Probabilitiesl_L

(CCC.
Centroid Structure?_z L.

MFE Structure .(,_w_

LG Ae !__. [; C E C
StrucConsensus & EEsseras

(= ((((---

* Quick

* Predictions update
when alignment
changes

 settings & results
saved in Jalview
project



e R ) e e g e S e e gl . .
Protein Disorder http://www.compbio.dundee.ac.uk/jabaws
v RNAAIiFold Prediction

>
Analysis > : :
> Change RNAAIiFold settings...

Conservation

Fetch DB References » | JPred Const
. . . . Modify settings for the RNAAIiFold prediction. Use this to hide
-CCUOUGU--URAGCCU------~-~- TueT™| Change JPr ) )
e CUAUGCA- CCUAG-Com e e === = = CCU g or show@fferent results of the RNA calculation, and change
e e GUUCA - - CAC - = e e e e e = = AGC D 1 RNA folding parameters
S TE o TE ol U ol T U T o oo i o o o | o o |
@ MEA Structure | Most Informative Sequence
| No Closing GU
| No GU _ | NoLP
" | old | Endgaps | Circular
(] d2 | G-Quadruplex

When ‘partition function’
enabled, the contact = ¥ Partition Function

p!’ObabllltleS are .| Ribosum Scoring
displayed
~Parameters
~Temperature
=( ) > 42.222

~bppmThreshold

O d )00001




Tooltips provide additional
RNAAIiFold information

R.norvegicus.1/1-61 A-UJAUUUGUU-UA
O.aries.1/1-68 C-ACCCUBDC---A

UCAUCKE
HCACA

UCACACGUG-UAAA--CUUCA
CCAACGACU-CAAA-UGUCUC

R.norvegicus. 2/1-64 G-UUACADU- - EAHCACADCACAAACA— UAAA--CUAUG

Consensus

C-UUUCAUUUU+AUCACCCCCUGUGCUCUAAA-CCCU+C
RNAalifold Consensus G _UUUCAULU _ _ _AUGCACCCCCUGUGCU_uUAAA_ _CCUCC

MFEStructure‘ ...... * ..... *#*—* ............ *

Contact Probabilities I J I_I '
I

"""" i8 >91:50.1% | 8->59:32.7% | 8->19:10.4% | . i_

....... " "
MEA Structure """ " ‘ ..... *il‘_‘ ............ *

Centroid Structure

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



“2.5D” RNA structure
RNAView, pyRNA

Fabrice Jossinet's
PYRNA server
includes RNAView

— ldentify and
characterise base pair
interactions in 3D
structure

Used by Jalview to

obtain secondary
structure for RNA 3D

data

PD posiacis2GsiA/ 196 | 1 [GIGIETUTUTATUIC A A G A A 1
Sec. str. ( ¢ ¢ ¢ ¢ ¢ ¢ ¢ . - ¢ ¢ ¢ .

PDB{2GIS|2GIS|A/1-96 15 6 G U G G A GG GCACUGG2
Sec. str. S S S S NI IS B

PDB({2GIS|2GIS[A/1-96 29 C C C GC A UGAAATCTCLC G 4,

PDB(2GIS|2GIS[A/1-96 43 G C A A C C A G A AJA U G G 5t

R R O O T B I I
SEC‘S"‘_ S

PDB(2GIS|2GIS[A/1-96 57 U G C C A A U U C C UG C AT
C . . )y . . . = = = ( |

Sec. str. - - ] e

PDE[2GIS[2GIS[A/1-96 71 G €C G G A A A CGUUGA AES

Sec. str CCC G o) ) ) ) ) ) ..
S — —

PDE[2GIS[2GIS[A/1-96 85 A CAUGAGCTCAa 9!
)y oy oy ) )

)
Sec. str. ——-

* RNAView will shortly be
replaced by DSSR (Xiang-Jun
Lu)
http://x3dna.org/index.php



Exercise 33

* Viewing RNA structures
— RFAM alignment
— Colour by helices
— Apply RNAAIiFold
— View 3D structure and 2.5D structure



Protein Feature visualization on DNA
Section 2.10, exercise 33

e Task

— Retrieve a DNA contig and visualize features
from UNIPROT at their coding positions.

e Question

— What fields in an EMBL sequence record can
Jalview use ?



Semantic Processing:

Database Reference

Tracing
‘get me the sequences from database blah for the
selected sequences’

Retrieved from EMBL

File Edit Select View Format Colour NeERFEEN wWeb Service

10

MBL|X04752/1-1167 caacagttatcctyg
MBL|UO7177/1-1068 aaacatgtccactg
MBL|AFO70998/1-1305 tttccggagtgceccgn
MBL|U95378/1-1267 gtaacactgataga
MBL|U1368B0V1-1254 cggcaaccgtcgac
MBL|U0717B/I-1668 aggcacgacgtgce
L|XO2152/1-1661 tgctgcagcecgetg
EMBLIM22585/1-1615 ggaccgagcgacce
MBL|U13687/1-1681 ggagcaacttggceg
MBL|X01964/1-1609 gtgtgctggageeca  Cxtract Scores...
MBL|X53828/1-1575 gaattccgccccgctacgaccgcagecge

FMBL|UD7178/1-1668

Sort
Calculate Tree
Pairwise Alignments..

Translate cDMNA

Sus domesticus lackate dehydrogenase-A [LDH-A) mRNA, complet
EMBL L07178

EMBL-ALIGN ALIGN 000494
GOA POO339
InterPro IPROCIZ36
InterPro IPRO01SS7
InterPro IPR0O11304
PDB ALDB

PDB QLDT

<

.

Principal Cornponent Analysis

Get Cross References
v Autocalculate Consensus

vl

4 10 5l0

L} 1
p tcagcagtaaggcectcaacatgtcca A
cctagctccagatgaaaaacaatce

acatgtagatgaagaaagcaggecce i
acagccatcga
rtestetatty 4 s this reference a

.........

cross reference ?

Is there already a
sequence
associated with
this reference ?

gctagaags
taagcetagtgattcaag

If not: Retrieve it.

Copy associated
sequence to new
alignment.

G+ CACCGTCAG+CTCC+G

Sequence § ID: EMBL|M22585 Nucleotide: Guanine (1)

Consensus

|
Status ba



Supplementary exercises

 cDNA and Protein splitframe






Day 1

9.30-9.40am. Overview of the Course

Session 1: Introduction to Jalview
— starting the application, importing and exporting alignments and sequence data

Coffee: 10.30am - 11am

Session 1: Continues
— Selection, colouring, basic editing and creating figures.

12.30pm to 1.30pm. Lunch
1.45pm to 2.30pm Geoff Barton — Multiple alignment and analysis

Session 2: Creating, editing and analysing alignments.
— Jalview alignment methods
— Creating sequence alignments

Coffee: 3.30pm — 4pm
Session 3: Alignment and analysis
- importing and calculating trees and PCA

- Tree based alignment analysis
- working with group associated alignment annotation.

5.15pm - 5.30pm: Wrap up and plan for tomorrow




Consensus
Conservation
& Clustering

Shading

Trees/PCA

Analysis

an

00 MAFFT Maltple Sequence Allgnment of Retreved from Uniprot

File Edi Select View Format Colour Calculate Web Service
AT,

FER_CAPAA/1-97
FER_CAPAN/1-144
FERI_SOLLC/1-144

Q7XA98_TRIPR/1-152
FERI_MESCR/1-148
FERI_SPIOL/1-147
FER3_RAPSA/1-96
FERI_ARATH/1-148
FER_BRANA/1-96
FER2_ARATH/1-148

W S E R QAT YNVK L I TPEGEVELQVPDDVYIMBDEA £ EDCIDLPYSCRAGSCSS(]
L LAY AR OAT YNVK LI TPEGEVELQVPDDVY | LDFAEEEGIDLPFSCRAGSCSS (]

Secondary Structurs
Iron Sulphur Contacts

Conservation

Besienes posr

0o s FE252 Repres o
FileView

FERL SOLIATO

Pairwise
alignment

fodastc

Fle Edit Select View Format Colour Calculate Web Service
10

Structures Manager
Secondar swcane
winmed secondary st

File View Colours Help

FERL_SPIOL

FERL_MESCR
FERL ARATH
FER3_RAPSA
FER2_ARATH

FERLMAIZE

Clickable
HTML

secondary structure (with gaps)

Alignments

Structures

Sequences

Features

Annotation

Trees

eneratio

Line Art

Images




One alignment,
many views

MAFFT Multiple Sequence Alignment o

t Colour Calculate Web Service

Sequence features on
sequences shown to

~__highlighted key regions

.—l\ Original

Phosporylation Site Predictions = MAFFT Alignment Ordering

FE2S2 Representally -

FER_CAPAA/1-97
FER_CAPAN/1-144
FER1_SOLLC/1-144

Q93XJ9_SOLTU/1-144

FER1_PEA/1-149

Q7XA98_TRIPR/1-152

FERI_MESCR/1-148
FER1_SPIOL/1-147
FER3_RAPSA/1-96
FERI_ARATH/1-148
FER_BRANA/1-96
FER2_ARATH/1-148

FERI_MAIZE/1-150

Secondary Structure

60 70
WASYKVKLITPDGP

MASYKVKLITPEGP

IEFDCPDDVY I LDQ/
MASYKVKLITPDGPIEFDCPDNVYILDC

IEFECPDDVYILD
MASYKVKLITPDGPIEFECPDDVY I LT,
MASYKVKLVTPDGTQEFECPSDVY |
MATYKVKLITPEGPQEFDCPDDVY I ZDHAEEVGIELPYSCRAGSCSSC
MAAYKVTLVTPEGKQELECPDDVY|ILDAAEEAGIDLPYSCRAGSCSSC
MAAYKVTLVTPTGNVEFQCPDDVYNEDAAEEEGCIDLPYSCRAGSCSSC
BMATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
MATYKVKFITPEGELEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
BMATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
MATYKVKFITPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
LRI ING IS EAMATY KVKF I TPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
QATYNVKLITPEGEVELQVPDDVYMBD@AEEDGCIDLPYSCRAGSCSSC
oL VLRIV FASCUIQATYNVKL I TPEGEVELQVPDDVY I LDFAEEEGIDLPFSCRAGSCSSC

Iron Sulphur Contacts

Conservation

076689 77367779568

AAEEVGIDLPYSCRAGSCSSC

Fe Fe Fe
Fe Fe Fe

on DL I w wllial

from calculations

Alignment annotation area
shows graphs and symbols

)|
and manual /
curation /




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

[ Original pory Site Predictions =~ MAFFT Ali Ordering = FE2S2 Rep i Spinach Feredoxin Structure ]
60 70 80 90 100
FER_CAPAA/1-97 BASYKVKLITPDGPIEFDCPDDVY | LDQAEEAGHDLPYSCRAGSCSSC

27 X VLIS B V2R AS Y KVK L | TPDGP I EFDCPDNVY | LDQAEEAGHDLPYSCRAGSCSSC
(2 TNl S TV BN AS Y K VKL | TPEGP I EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSC
Lo LENL I OR(I/ABSEYAVAS Y KVKL | TPDGP I EFECPDDVY | LDQAEEEGHDLPYSCRAGSCSSC
FERI_PEA/1-149 MASYKVKLVTPDGTQEFECPSDVY | LDHAEEVGIDLPYSCRAGSCSSC
(0Yo XL S LPAVMATY KVKL I TPEGPQEFDCPDDVY | LDHAEEVGIELPYSCRAGSCSSC
FTIW e VA EST AAAY KVTLVTPEGKQELECPDDVY I LDAAEEAGIDLPYSCRAGSCSSC
23T WSV AIAAY KVT LVTPTGNVEFQCPDDVYIBDAMEBEG IDLPYSCRAGSCSSC
FER3_RAPSA/1-96 BATYKVKF I TPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
ZTIWNIY A VT INAT Y KVKF | TPEGELEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
FER_BRANA/1-96 BMATYKVKFITPEGEQEVECDDDVYVLDAAEEAGIDLPYSCRAGSCSSC
2T Y WNTY A VT INAT Y KVKF | TPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
oLV IN L ASBEAMAT Y KVKF | TPEGEQEVECEEDVYVLDAAEEAGLDLPYSCRAGSCSSC
TSNV S /I OATYNVKLITPEGEVELQVPDDVYNMBB@ACEEDCIDLPYSCRAGSCSSC
(LI PP LRIV A T4 @ EUJQOATYNVKL I TPEGEVELQVPDDVY | LDFAEEEGIDLPFSCRAGSC

e
stctare L2 3 P Fe Linked Jmol viewer

. . Fe
Linked tree viewer il 1 . Wi I shows one or more
allows subgroups to L structures coloured
be identified in by alignment

KVKLITPEGEQEFECPDDVYILDAAEEAGIDLPYSCRAGSCSSC

alignment

= Group —~ Colours and -
selections mouseovers

) O O Average distance tree usin o0

ile  View File View Colours Help

FERL_SFIUL.LA/U

FER1_SPIOL

H

FER1_MESCR
FER1_ARATH

{ FER3_RAPSA

FER2_ARATH

FER1_MAIZE

Jmo),




Day 2
9.30am.- 9.40am Where did we get to ?

Session 4 Annotating sequences and alignments
— Database references, sequence features and DAS

Coffee: 10.30am - 11am
Talk from Geoff: A quick intro to protein structure

Session 5: Working with Structures
— Jmol and Chimera: Viewing 3D structures and superposing them using the alignment
— Alignment annotation tracks from PDB data

Session 6: Disorder prediction
— Protein disorder prediction

Lunch: 12.30am-1.30pm

Session 7: RNA, cDNA and Jalview

— Viewing RNA structure & Predicting RNA srtructure in VARNA and RNAAIiFold
— cDNA from the European Nucleotide Archive
— Aligning by protein and nucelotide

Coffee: 3.30pm — 4pm
Session 8: Jalview clinic




Desktop Structure Visualization
3D structures and 2D RNA diagrams

VARNA

Visual Analysis of
RNA

http://varna.lri.fr/




The Jalview Desktop Clustal Fasta Pile-Up

BLC Stockholm
Rfam™

Pfam PDB
Consensus | | Shading DBe =

Conservation - PCA PROTEIN DATA BANK EUROPE
& Clustering rees

Functional analysis

site

Pairwise ey
~-.{alignment | : Prot °
“““““ Alignments @
1 NASAS
Structures European Nucleotide Archive
““““““ in 1 <~ .|sequences o Distributed
"""""""" diting J& =\/isualizati :‘Annotati on
—— . T \ Features
‘,"‘" ) Annotation
2, ” Jalview
|_Trees Features & \;
PCA GFF
Clickable L Jalview Annotation &
HTML
Images T-Coffee Scores
. ‘\‘\/
Newick &
New

Hampshi re\
Extended ™



The lalview Decktop

NEW FOR 2014 ViennaRNA
[Secondary structurd | F{ Ronny Lorenz et al. Algorithms for Molecular
]pre \ Biology, 2011 doi:10.1186/1748-7188-6-26

Incorporating Jnet

\_ViennaRNA / |JPred3 e
Chris Cole, Jon Barber and Geoff Barton

~J NAR Web Server Issue 2008 doi:10.1093/nar/ e,
e oy Prot %
Alignments /

o
Structures / European Nucleotide Archive

Distributed

Clustal Fasta Pile-Up
h

DB

Protein Disorder|

“.Jalignment

nalysis | =

SR L R teracti

uuuuuuu

nnnnnnnnn

AfCon || MSAprobs: multiple ahgnment with pair H|V||V|S

@Annotation
Multiple alignment| | Yongchao Liu, Bertil Schmidt, and Douglas L.
gl o2 [ Maskell Bioinformatics 2010 26 1958 -1964
GLProbs MSAProbs| | ' | ew
ures &

~ PROBCONS GLProbs — adaptive sequence alignment
Mttt Musc [l Yongtao Ye et al. Proc. ACM BCB, 2013 pp.

]ABz.AWSZl 152-160 ptation &

Rttp-77sourceterge net/projects/giprobs/ - o 0w oo €9

Newick &
New

Hampshire
Extended

A *u" A



] re 3)our Calculate

Incorporating Jnet

Web Service

File Edit Se(
| MA

Original

Q7XA98_TRIPR/1-152
FER1_MESCR/-148
FER1_SPIOL/-147
FER3 RAPSA/1-96
FER1_ARATH/1-148
FER_BRANA/-96
FER2_ARATH/1-148

Secondary Structure

14

Spinach F

L

.<
< LS L L L
-

l

70 80

VY
VY
VY
VY]
VY]
VY]
MY

< &S mE M-

Iron Sulphur Contacts

- —a

% Alignment
eredoxin Stru :

Secondary Structure Prediction
Protein Disorder

Analysis

Conservation

Envision 2

Fetch DB References

v




