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BLAST =

asic ocal lignment earch ool

Umbrella term for a collection of the world’s most widely used programs for analyzing
biological sequence data

» BLAST is used to compare experimentally determined DNA or protein sequences
with sequences already existing in a database.

» Basic idea: BLAST divides query sequences into short strings and initially only looks
for (exact) matches of those strings in database strings.
This is afterwards extended to get the entire alignment.

» very fast local alignment heuristic, but no optimality guarantee

» output: series of local alignments, i.e. comparisons of pieces of the searched
sequence with similar pieces from the database. In addition, BLAST indicates how
significant of the hits that have been found.

Databases e.g. for nucleotide sequences (Genbank of NCBI, EMBL, ...) or protein
databases (SwissProt, RefSeq, Pfam, ...).

BLAST homepage: blast.ncbi.nlm.nih.gov
Tutorial: digitalworldbiology.com/BLAST
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BLAST“Types”

type query target

blastn  nucleotide nucleotide

blastp  protein protein

blastx nucleotide (transl) protein

tblastn protein nucleotide (transl)
thlastx nucleotide (transl) nucleotide (transl)
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https://blast.ncbi.nlm.nih.gov/Blast.cgi — nucleotide blast — copy&paste —
press button BLAST

>Sequence_experimental

GACATTACGGCGACCCAGTCTCCCCCGGTGTTGTCAGTGGGACTGGGCC
AGACCGCAACCATCACTTGTACGGCCAGTCAAAGCATCTACAGTAACCT
TGCTTGGTACCAGCAGAGAGAAGGACAGAAGCCCTCTCTCCTGATCTAT
GCTGCGACAACGCGATACGAAGGAGTCTCCGAGCGATTCAGCGGCAGTG
GATCAGGGACCAGTTTCACCCTGACAATCAGCAACGTTCAGAATGAGGA
TGTCGCTGACTATTACTGTCAGATCGCATATTCGATCTACTCCGGTTCC
GTTGTTTTCGGTGAAGGAACCAAGCTCAGACTGAGCCGT

mRNA for some (specified) protein of a nurse shark.
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Clustal

Clustal is a series of computer programs used in bioinformatics for multiple se-
quence alignment.

Brief History:
» Clustal (1981, first version)
> ClLustalW (1994, great improvements)
> ClustalX (1997, first time with GUI)
» ClustalQ (latest standard version, 2011)
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Clustal

Basic idea explained on ClustalW (3 steps for input (= set {S;, ..., Sk} of sequences):

146 Algorithms in Bioinformatics A Practical Introduction
s, | s s, | s, | ss
. S,: PPGVKSDCAS N P
W1 Compute for all pairs S;, S; € ¢ S,: PADGVKDCAS . "
a pairwise alignment —- S3: PPDGKSDS o :
. . . S,: GADGKDCCS 3
pairwise distances D(S;, S;) S.: GADGKDCAS s,
, . (a) S
W2 Use distance matrix D to )
compute phylogenetic tree T
(via NeighbordJoining-method) Sy PPGVKSDCAS
S,: PATGVKDCAS
B S.: PPTGKSD--S
w3 U_se T to carry out a multiple S': GATGR-DCCS % AT
alignment Ss: GATGK-DCAS S: 83828 8
(d) (c)
FIGURE 6.6: The three steps of ClustalW (a progressive alignment meth-

ods). Five input sequences are given in (a). Step 1 computes the pairwise
distance scores for these five sequences (see (b)). Then, Step 2 generate
the guide tree such that similar sequences are grouped together first (see (c)).
Step 3 aligns the sequences one by one according to the branching order of the
guide tree, vielding the multiple alignment of all input sequences (see (d)).
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MUSCLE

MUIltiple Sequence Comparison by Log-Expectation (2004)
computer software used in bioinformatics for multiple sequence alignment.
Online available via https://uww.ebi.ac.uk/Tools/msa/muscle/

Basic idea for input (= set {S;, ..., Sk} of sequences (2nd and 3rd steps similar to
ClustalW):

1 Compute k-mer distances
=(dis)similarities D(S;, S;) between the sets of k-mers for all pairs S;, S; € ¢

Much(!) faster than [W1] in Clustal
W2 Use distance matrix D to compute phylogenetic tree T (via UPGMA-method)
W3 Use T to carry out a multiple alignment

4 Several re-iteration and refinement steps follow
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1.1 k-mer 1.3 progressive

counting [ | 11| UPGMA a#gnment
3 __ MSA1
b s k-mer distan TREE1 |
sequences -mer distance
matrix D1 2.1 compute
%ids from MSA1
—_— | Kimura distance
i I matrix D2
2.3 progressive 22 UPGMA
ii — —: No,
J e . o ——— delete
. c— 33re-aﬂgn MSA | ¥ == VYes.
,?{; 3.2 compute  profiles 3.4 SP , ——— save
\f\ subtree profiles score befter? . ,cqa
3.1delete
edge from TREE? —— i
giving 2 subtrees
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