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ELERJACTLE
LTIL asmﬁﬁlb

Jennifer Gardy
Molecular Biology & Biochemistry
Simon Fraser University

@ .
.a. -
Lab 4.1 bioinformatics.ca !



http://creativecommons.org/licenses/by-sa/2.0/

@ Ereative
ommons

M O N § D D

Attribution-ShareAlike 2.0
You are free:

« to copy, distribute, display, and perform the work
e to make derivative works
+ to make commercial use of the wark

Under the following conditions:

Attribution. ou must give the original author credit,

Share Alike. If vou alter, transforr, or build upon this wark, you may
distribute the resulting worl: only under a license identical to this one,

+ For any reuse or distributian, you riust make clear to others the license termis of
this work.,

« Any of these conditions can be waived if you get permission from the copyright
halder.

Your fair use and other rights are in no way affected hy the above.

This is a hurnan-readable sumrnary of the Legal Code (the full license).

Disclaimer T

- _=
L L

Lab 4.1 bioinformatics.ca



Goals

« Learn the basics of multiple sequence
alignments (MSAs) and the Clustal program

« Understand how alignment settings can
significantly affect an alignment

« Complete questions 1 & 2 in the phylogeny
assignment
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Outline

e MSAS:

— Purpose

— Automated alignment considerations
— Clustal’s alignment strategy

— Manual editing

o Research Question

« ClustalX with default parameters

« Varying alignment settings

« Deleting sequences/regions of sequences
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MSASs: A Quick Review

« Why perform an MSA?

— Visualize trends between homologous sequences
« Shared regions of homology
« Regions unigue to a sequence within a family
« Structural/functional motif

— As the first step in a phylogenetic analysis

— Useful for improving accuracy of structure
predictions

« How does one perform an MSA?
— By hand: too hard!
— Automated alignment: Fast, but doesn’t

necessarily produce the “correct” alignment

Best approach = Automated alignment with

mar;ual*edifing
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Automated alignment

o« Technical considerations:

— Select sequences carefully
« Homologous over length, no unrelated sequences
« The algorithm will align everything you give it!

— Use an appropriate objective function
« Most common = simple sum-of-pairs w/ gap penalties
« Not evolutionarily ideal, but shown to perform well

— Computational intensity
« No current methods guarantee full optimization

« 3 categories of heuristics:

— Exact: close to optimal, can only use small number of sequences and
sum-of-pairs OF

— Progressive: most common, adds sequences to an alignment one-by-
one, fast, no great potential for optimization

— lIterative: produces an alignment, refines it through a series of cycles
until no more improvements can be made
“Recent progress in MSAs: a survey. C. Notredame. Pharmacogenomics. PMID: 11
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Clustal

o One of the most common MSA tools
« Uses sum-of-pairs with gaps OF

« Progressive alignment strategy:
— Seguences used to make guide tree
— Least dissimilar 2 segs aligned, make consensus

— Next closest seq aligned to consensus
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Manual Editing

« “Human-assisted quasi-optimization”:
— Fine adjustment of particular columns
« May incorporate specific knowledge about sequences

— Removal of gappy bits
« Important for phylogenetic analysis
— Removal of parts of sequences or whole
sequences

« Non-homologous regions
« Sequence included by error
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Research Question: Background

Bacterial Peptidoglycan '
Cell

Peptidoglycan-associated
Lipoproteins (PAL proteins)

What part of the
PAL protein is
involved in

@ o

peptidoglycan
binding?
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Research Question: Strategy

« Used 1 PAL protein you identified to search
NCBI databases for more PAL family proteins

« Found 4 more proteins from different bacteria

Next Step = Multiple Sequence Alignmer

Do all 5 sequences contain a domain that may be
involved in peptidoglycan binding?

Where in these proteins is this domain located?

Which residues in particular would you potentially

target for further laboratory study for their possible
role in PG binding?

@ o'’
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Starting up ClustalX
« Day 4 website > PALproteins.txt

o Start ClustalX - $ cl ustal x

o < =laix]
—Flle' ) Eile Et nt Ilrees Colors . Quality  Help =
-Load Sequence |Muyﬁ: Alignfent Mudej Font Size:lﬂ
Edit:

-Remove all gags
Alignment: Name Sequence
-Do complete Window Window

alignment
-Alignment

parameters
Trees: i CIKIN 0

-Bootstrapped NJ
-Output format .
Qg **.

options @
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Starting up ClustalX

« File > Load sequences > PALproteins.txt
« Examine the sequences:
— How are unaligned sequences displayed?

— Do the sequenceg ook similar to each other?
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PAL Proteins in ClustalX

File Edit Alignment Trees Colors Quality  Help

|Multiple Alignment Mode :] Font Size:l] 0 v|
Fs *

=100

P OFRF
RpPAL
YoLIP
CmPAL
YpLIFP

LM e D PO L

File J\workicbwALab5. SA\PAL proteins.txt loaded.

ruler
-
4 | K i

« Left-aligned, in order of input

« Default colouring (identity) — see help file for detalils

« Conservation score graph
« One long sequence g
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Let’s Do An Alignment!

« Alignment > Do complete alignment

« Generates an .aln file

® "
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Examine Your Alignment

— Is there a difference in the order of the
seguences?

— Could the order of the Iinput sequences affect
your alignment?

— What effect does the large N-terminal domain
have on your alignment?

— What effect will increasing the gap penalty have
on your alignment? Decreasing it?
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Sequence Order

« Order has changed, & input order affects alignment:

— Clustal’s “pairwise” strategy generates similarity
values for each pair of sequences
« The most similar pair is selected to build a consensus

« The consensus is re-compared to the other sequences
and new similarity values are generated

« Lather, rinse, repeat
— BUT... if two sequences have equal similarity

values, Clustal orders them based on the order
they were inputted in!

Let’s see that In pictorial form...

. 8 -."".
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Sequence Order

AlB|lC|D
A Al -
B B|.7]| -
¢ cl.8|(2) -
D D[ 6/(2).5] -

« BC and BD both show the lowest dissimilarity index

A | BC
BC| A _
AlBc|.75 | -
D "o 6 [.45

« However the BC and BD consensus sequences can be quite

different:

B= ELVIS BC= ELVIS BD= ELVI S
LI VES
--V-S

C= LI VES
D= EVILS

« Affects further similarity calculation

Lab 4.1
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Unusually Long Sequences

« Including 1 much longer sequence may affect
the alignment:

— Evolutionarily, it indicates an insertion or deletion
event

— Not part of the homologous region(s)
— Program will attempt to align it anyway

— N-terminal aligned regions are unreliable

. 8 -."".
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Gap Penalties

Shift-click each sequence name to select
Edit > Remove all gaps

Alignment > Alignhment parameters > Multiple
alignment parameters

Try a Gap Opening Penalty of 1, then 30

Important: Every time you make a
new alignment, a new .aln file will be
created. If you do not change the

filename, the previous file will be

overwritten.

Answer Question 1 in the phylogeny assignment

Lab 4.1
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The Effect of Removing Sequences

« Open PALproteins.txt in an editor

« Delete CmPAL and YpLIP, save the file

« Load this file in ClustalX

« Do an alignment with the default parameters
« Print this alignment, answer Question 2

»

— What effect did removing the sequences
have on your alignment?
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The Effect of Removing Sequences

« Increased N-terminal allgnment

i Clustal {1.83) - 0] x|
File Edit alignment Trees Colars Quality  Help

|Multiple Alignment Mode j Font Size:h 0 vl

F

|1 Empear M TRUTE AR ARG AGCTTRETT OB AG—— mQCEETC
2 VoLIF ——MLNEBTTLLL _;_SGCQAT OHATTG—————ETETHAT AGL ATEDD %
PfOFRF TLGHATGSTT A ATSHGAL A0GOG AN ECETIEE (@ DSy NEGARIGEETDDE

« What might this indicate?

Signal peptide
« Not a meaningful homologous sequence

« Best to remove such regions:
— Signal peptides
— Other domains
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Remainder of Lab Time

« Finish your assignment questions

— Q1: Effect of changing gap penalties (have your team try out
different values)

— Q2: Annotated printout

« Begin the MSA for Module 3 of the Integrated Assignment
(Section 3.2, Task 1)

— Need to have completed Module 2

— You have PLENTY of time for the IA and if you'd like to save it for
later, that's OK!!!

« Use Clustal to check out your favourite gene/protein family

« Try web-based Clustal:
— http://lwww.ebi.ac.uk/clustalw/
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