Multiple Sequence Alignment Introduction
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Scoring schemes

Match: +1 / Mismatch: -1 / Indel: -1
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Scoring schemes
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5

SLEEP--LEARN-
-—=—CHOOSE-TWO



Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension
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Gap opening / extension
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5
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-1 Total: -8.5



Gap opening / extension

Match: +1 / Mismatch: -1 / Gap opening: -1 / Gap extension: -0.5

SLEEP--LEARN-
———=CHOOSE-TWO
-1 Total: -9.5
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Match / Mismatch
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Needleman-Wunsch algorithm

Global alignments

GCATGCU \
GATTACA /

Needleman & Wunsch 1970 J Mol Biol



Needleman-Wunsch algorithm

Global alignments
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Needleman-Wunsch algorithm

Global alignments (match: +1, mismatch: -1, indel: -1)
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Smith-Waterman algorithm

Local alignments (match: +1, mismatch: -1, indel: -1)
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Smith-Waterman algorithm

Local alignments (match: +1, mismatch: -1, indel: -1)

GCATGCT
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Smith-Waterman algorithm

Local alignments (match: +1, mismatch: -1, indel: -1)
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Benchmarks: SP score

Proportion of correctly aligned sequence pairs

ClustalW MAFFT MUSCLE Probalign Probcons T-Coffee

set 1 0.415 0.538 0.465 0.571 0.547 0.549
set 2 0.799 0.863 0.845 0.883 0.875 0.874
set 3 0.769 0.846 0.820 0.846 0.834 0.833
set 4 0.638 0.769 0.717 0.756 0.751 0.739
set 5 0.637 0.774 0.702 0.766 0.766 0.763

Pais et al. 2014 Algorithms Mol Biol



Benchmarks: Execution time

ClustalW MAFFT MUSCLE Probalign Probcons T-Coffee

set 1 7 sec 27 sec 24 sec 42 sec 68 sec 86 sec
set 2 26 sec 46 sec 32sec 193sec 243sec 298 sec
set 3 335sec 591sec 289sec 41/7/1sec 5170 sec -

set 4 417 sec 585sec 266 sec 6040 sec 8143 sec -

set 5 90sec 298sec 133sec 1370sec 1813 sec 3805 sec

Pais et al. 2014 Algorithms Mol Biol



MAFFT

Multiple Alignment using Fast Fourier Transform

nucleotides are converted to four-dimensional vectors

iterative refinement

pairwise alignment
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re-align

Katoh & Standley 2013 Mol Biol Evol



MAFFT

O @ “~ m_matschiner — bash — 80x26

ceesbob:~ m_matschiner$ mafft —-help

MAFFT v7.213 (2014/12/05)

http://mafft.cbrc.jp/alignment/software/

MBE 30:772-780 (2013), NAR 30:3059-3066 (2002)
High speed:

% mafft in > out

% mafft ——retree 1 in > out (fast)

High accuracy (for <~200 sequences x <~2,000 aa/nt):
% mafft —-maxiterate 1000 --localpair in > out (% linsi in > out is also ok)
% mafft —-maxiterate 1000 --genafpair in > out (% einsi in > out)
% mafft —-maxiterate 1000 --globalpair in > out (% ginsi in > out)

If unsure which option to use:
% mafft ——auto in > out

-—0op # : Gap opening penalty, default: 1.53

-——ep # : Offset (works like gap extension penalty), default: 0.0
--maxiterate # : Maximum number of iterative refinement, default: O
--Clustalout : OQutput: clustal format, default: fasta

--reorder : Outorder: aligned, default: input order

-—-quiet : Do not report progress

——thread # : Number of threads (if unsure, --thread -1)




MAFFT

Needleman-Wunsch

O @ “~ m_matschiner — bash — 80x26

ceesbob:~ m_matschiner$ mafft —-help

MAFFT v7.213 (2014/12/05)

http://mafft.cbrc.jp/alignment/software/

MBE 30:772-780 (2013), NAR 30:3059-3066 (2002)
High speed:

% mafft in > out

% mafft ——retree 1 in > out (fast)

High accuracy (for <~200 sequences x <~2,000 aa/nt):
% mafft —-maxiterate 1000 --localpair in > out (% linsi in > out is also ok)
% mafft —-maxiterate 1000 --genafpair in > out (% einsi in > out)
% mafft ——maxiterate 1000 --globalpair in > out (% ginsi in > out)

If unsure which option to use:
% mafft ——auto in > out

-—0op # : Gap opening penalty, default: 1.53

-——ep # : Offset (works like gap extension penalty), default: 0.0
--maxiterate # : Maximum number of iterative refinement, default: O
--Clustalout : OQutput: clustal format, default: fasta

--reorder : Outorder: aligned, default: input order

-—-quiet : Do not report progress

——thread # : Number of threads (if unsure, --thread -1)




MAFFT

Smith-Waterman

O @ “~ m_matschiner — bash — 80x26

ceesbob:~ m_matschiner$ mafft —-help

MAFFT v7.213 (2014/12/05)

http://mafft.cbrc.jp/alignment/software/

MBE 30:772-780 (2013), NAR 30:3059-3066 (2002)
High speed:

% mafft in > out

% mafft ——retree 1 in > out (fast)

High accuracy (for <~200 sequences x <~2,000 aa/nt):
% mafft ——maxiterate 1000 --localpair in > out (% linsi in > out is also ok)
% mafft —-maxiterate 1000 --genafpair in > out (% einsi in > out)
% mafft —-maxiterate 1000 --globalpair in > out (% ginsi in > out)

If unsure which option to use:
% mafft ——auto in > out

-—0op # : Gap opening penalty, default: 1.53

-——ep # : Offset (works like gap extension penalty), default: 0.0
--maxiterate # : Maximum number of iterative refinement, default: O
--Clustalout : OQutput: clustal format, default: fasta

--reorder : Outorder: aligned, default: input order

-—-quiet : Do not report progress

——thread # : Number of threads (if unsure, --thread -1)




MAFFT

Gap openings

O @ “~ m_matschiner — bash — 80x26

ceesbob:~ m_matschiner$ mafft —-help

MAFFT v7.213 (2014/12/05)

http://mafft.cbrc.jp/alignment/software/

MBE 30:772-780 (2013), NAR 30:3059-3066 (2002)
High speed:

% mafft in > out

% mafft ——retree 1 in > out (fast)

High accuracy (for <~200 sequences x <~2,000 aa/nt):
% mafft —-maxiterate 1000 --localpair in > out (% linsi in > out is also ok)
% mafft —-maxiterate 1000 --genafpair in > out (% einsi in > out)
% mafft —-maxiterate 1000 --globalpair in > out (% ginsi in > out)

If unsure which option to use:
% mafft ——auto in > out

-—-op # : Gap opening penalty, default: 1.53

-——ep # : Offset (works like gap extension penalty), default: 0.0
--maxiterate # : Maximum number of iterative refinement, default: O
--Clustalout : OQutput: clustal format, default: fasta

--reorder : Outorder: aligned, default: input order

-—-quiet : Do not report progress

——thread # : Number of threads (if unsure, --thread -1)




MAFFT

Gap extensions

O @ “~ m_matschiner — bash — 80x26

ceesbob:~ m_matschiner$ mafft —-help

MAFFT v7.213 (2014/12/05)

http://mafft.cbrc.jp/alignment/software/

MBE 30:772-780 (2013), NAR 30:3059-3066 (2002)
High speed:

% mafft in > out

% mafft ——retree 1 in > out (fast)

High accuracy (for <~200 sequences x <~2,000 aa/nt):
% mafft —-maxiterate 1000 --localpair in > out (% linsi in > out is also ok)
% mafft —-maxiterate 1000 --genafpair in > out (% einsi in > out)
% mafft —-maxiterate 1000 --globalpair in > out (% ginsi in > out)

If unsure which option to use:
% mafft ——auto in > out

-—0p # : Gap opening penalty, default: 1.53

-—ep # : Offset (works like gap extension penalty), default: 0.0
--maxiterate # : Maximum number of iterative refinement, default: O
--Clustalout : OQutput: clustal format, default: fasta

--reorder : Outorder: aligned, default: input order

-—-quiet : Do not report progress

——thread # : Number of threads (if unsure, --thread -1)




MAFFT

no idea

O @ “~ m_matschiner — bash — 80x26

ceesbob:~ m_matschiner$ mafft —-help

MAFFT v7.213 (2014/12/05)

http://mafft.cbrc.jp/alignment/software/

MBE 30:772-780 (2013), NAR 30:3059-3066 (2002)
High speed:

% mafft in > out

% mafft ——retree 1 in > out (fast)

High accuracy (for <~200 sequences x <~2,000 aa/nt):
% mafft —-maxiterate 1000 --localpair in > out (% linsi in > out is also ok)
% mafft —-maxiterate 1000 --genafpair in > out (% einsi in > out)
% mafft —-maxiterate 1000 --globalpair in > out (% ginsi in > out)

If unsure which option to use:
% mafft ——auto in > out

-—0op # : Gap opening penalty, default: 1.53

-——ep # : Offset (works like gap extension penalty), default: 0.0
--maxiterate # : Maximum number of iterative refinement, default: O
--Clustalout : OQutput: clustal format, default: fasta

--reorder : Outorder: aligned, default: input order

-—-quiet : Do not report progress

——thread # : Number of threads (if unsure, --thread -1)




MAFFT

default

O @ “~ m_matschiner — bash — 80x26

ceesbob:~ m_matschiner$ mafft —-help

MAFFT v7.213 (2014/12/05)

http://mafft.cbrc.jp/alignment/software/

MBE 30:772-780 (2013), NAR 30:3059-3066 (2002)
High speed:

% mafft in > out

% mafft ——retree 1 in > out (fast)

High accuracy (for <~200 sequences x <~2,000 aa/nt):
% mafft —-maxiterate 1000 --localpair in > out (% linsi in > out is also ok)
% mafft —-maxiterate 1000 --genafpair in > out (% einsi in > out)
% mafft —-maxiterate 1000 --globalpair in > out (% ginsi in > out)

If unsure which option to use:
% mafft ——auto in > out

-—0op # : Gap opening penalty, default: 1.53

-——ep # : Offset (works like gap extension penalty), default: 0.0
--maxiterate # : Maximum number of iterative refinement, default: O
--Clustalout : OQutput: clustal format, default: fasta

--reorder : Outorder: aligned, default: input order

-—-quiet : Do not report progress

——thread # : Number of threads (if unsure, --thread -1)




MAFFT

that’s It.



AliView

http://www.ormbunkar.se/aliview/
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AliView
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AliView is yet another alignment viewer and editor, but this is probably one of the fastest and
most intuitive to use, not so bloated and hopefully to your liking.

The general idea when designing this program has always been usability and speed, all new
functions are optimized so they do not affect the general performance and capability to work
swiftly with large alignments. The speed in rendering even makes it possible to work with large
alignments on older hardware.

A need to easily sort, view, remove, edit and merge sequences from large transcriptome
datasets initiated the design of the program.

It is of course also working very well with smaller datasets:)

The program is developed at the department of Systematic Biology, Uppsala University, so there
is probably a predominance in functionality supporting those working with phylogenies.

Citation: Larsson, A. (2014). AliView: a fast and lightweight alignment viewer and editor for
large data sets. Bioinformatics30(22): 3276-3278.
http://dx.doi.org/10.1093/biocinformatics/btu531

The program is released under the Open Source Software License '‘GNU General Public License,
version 3.0 (GPLv3)'
Source code is available at GitHub: https://github.com/AliView/AliView

Download the latest version: 1.17 (22/Jan/2015) (Mac OS X, Windows, Linux)
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Site selection
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