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BLAST (Basic Local Alignment Search Tool)
allows rapid sequence comparison of a query
sequence againsta database.

The BLAST algorithm is fast, accurate,
and web-accessible.
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BLAST:
Basic local alignment
search tool
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BLAST: background on sequence alignment BLAST: background on sequence alignment

There are two main approaches to sequence [2] The second approach is local sequence
alignment: alignment(Smith & Waterman, 1980). The

alignmentmay contain just a portion of either
[1] Global alignment(Needleman & Wunsch 1970) sequence, and is appropriate for finding matched
using dynamic programming to find optimal domains between sequences. S-W is guaranteed
alignments between two sequences. to find optimal alignments, butit is
(Although the alignments are optimal, the computationally expensive (requires (O)n* time).

searchis not exhaustive.) Gaps are permitted o e
in the alignments, and the total lengths of both BLAST and FASTA are heuristic approximations to

sequences are aligned (hence “global”). local alignment. Each requires only (O)n?k time;
they examine only part of the search space.

How the original BLAST algorithm works:

How a BLAST search works three phases

Phase 1: compile a list of word pairs (w=3)
“The central idea of the BLAST above threshold T
algorithm is to confine attention
to segm‘entpairs that ct_)ntain a Example: for a human RBP query
word pair of length w with a score ...FSGTWYA... (query word is in yellow)
of atleastT.”
A listof words (w=3) is:
Altschul etal. (1990) FSG SGT GTW TWY WYA




Phase 1: compile alist of words (w=3)
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Pairwise alignment scores
are determined using a

A4
AR IR scoring matrix such as
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16 QDQ 12 EDQ 11 RDN 11 RDB 11 BDQ 10 RDP 10
RBQ 14 REQ 12 HDQ 11 RDD 11 ADQ 10 XDQ 10 RDT 10
RDZ 14 RDR 12 2DQ 11 RDH 11 MDQ 10 RQQ 10 RDY 10
KDQ 13 RDK 12 RNQ 11 RDM 11 SDQ 10 RSQ 10 RDX 10
RDE 13 NDQ 11 RZQ 11 RDS 11 TDQ 10 RDA 10 DDQ 9 ...

1

140

Extension using neighborhood words
greater than neighborhood score

threshold (T=11)

TLSHAWRLSNETDKRPFIETAERLRDQHKKDYPEYKYQPRRRKNGKPGSSSEADAHSE 58

TL WRL N +KRPF+E AERLR+QHKKD+P+YKYQPRRRK+ K G
TLESGWRLENPGEKRPFVEGAERLREQHKKDHPDYKYQPRRRKSVKNC

S D +
GQSEPEDGSEQ 197

better largew slower

worse faster
smallw

For proteins, default word size is 3.
(This yields a more accurate result than 2.)

PTEN [Takifugu rubripes]

197 bits (501), Ex = 2e-49, Method: Composit
/100 (95%), Positives = 98/100 (98%), Gaps = 0

DDVVRFLDSKHENHYKI 61

YNLCAERUYDTAKFNCRVAQYPF
YNLCAERHYD AKPNCRVAQY!
YNLCAERHYDAAKFNCRVAQY

83.6 bits (205), Expect = 4e-15, Method: Composition-based stats.
s = 60/103 (58%), Positives = 68/103 (66%), Gaps = 32/103 (31%)

Query 93  KONKMLEKDKN
KQNKM+KKDK

Query 12 169
Sbjet 320 362
danio rerio]
197 bits (500), Expect = 2e-49, Method: Composition-based stats.
ies = 95/99 (95V), Positives = 99/99 (98%), Gaps = 0/99 (OV)

Query 3 NKRRYQEDG! €2
NKRRYQEDGEDL

sbjct 9 RRYQEDGED! 68

Query €3

sbjct 69

Search speed
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STEP 1 Low-complexity sequence can often be recognized by
Remove low-complexity region or sequence \F’i5U3| if‘SPIEC“O”-
repeats in the query sequence P%tiﬁms‘;ghence
* "Low-complexity region" means a region of a PPCDPPPPPKDKKKKDDGPP
sequence composed of few kinds of elements Nucleotide sequence
+ The regions will be marked with an X (protein AAATAAAAAAAATAAAAAAT,

sequences) or N (nucleic acid sequences) and
then be ignored by the BLAST program

STEP 2

Make a k-letter word list of the query
sequence.

Take k=3 for example, we list the words of length

3 in the query protein sequence

To filter out the low-complexity regions, i N f A |
i i IS usuallv nr a SenllArnNre
SEG program is used for protein sequences MRSt

DUST program is used for DNA sequences =i

Word 1: PQG
Word 2: QGE
‘Word 3: GEF

Word 4: EFG



STEP 3
List the possible matching words.

* BLAST only cares about the high-scoring words.
» Example: the score obtained by comparing PQG
with PEG and PQA is respectively 15 and 12
» For DNA words, a match is scored as +5 and a

mismatch as -4, or as +2 and -3

STEP 6

Scan the database sequences for exact
matches with the remaining high-scoring
words.

The BLAST program scans the database
sequences for the remaining high-scoring word,
such as PEG, of each position
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STEP 4

Organize the remaining high-scoring words

into an efficient search tree.

» This allows the program to rapidly compare
the high-scoring words to the database
sequences.

STEP 5
Repeat step 3to 4 for each k-letter word in the
guerysequence

STEP 7

Extend the exact matches to high-scoring

segment pair (HSP).

« The original version of BLAST stretches a
longer alignment between the query and the
database sequence in the left and right
directions

QuerysequenceR P P Q G L F

Database sequence:D P P E G V V
L'Exact match is scanned.

Score:-2 7.7 2 6 1 -1

|“’HSP

Optimal accumulated score = 7+7+2+6+1 =23
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How a BLAST search works: 3 phases

STEP 8
Phase 3: when you manage to find a hit List all of the HSPs in the database whose score
(i.e. amatch betwegn.a “yvord” _and a database is high enough to be considered.
entry), extend the hit in either direction. « List the HSPs whose scores are greater than the

empirically determined cutoff score S.
* By examining the distribution of the alignment
Stop when the score drops below some cutoff. scores modeled by comparing random
sequences, a cutoff score S can be determined
such that its value is large enough to guarantee
KENFDKARF'SGTWYAMAKKDPEG 50 RBP (query) the significance of the remaining HSPs
MKGLDIQKVAGTWYSLAMAASD. 44 lactoglobulin (hit)

Keep track of the score (use a scoring matrix)

extend —— extend

STEP 9
Evaluate the significance of the HSP score. 040
* BLAST next assesses the statistical significance 035
of each HSP score by exploiting the Gumbel . 030
extreme value distribution (EVD). £ 931 Lormal
* It is proved that the distribution of Smith- §020 distribution
o
o

Waterman local alignment scores between two
random sequences follows the Gumbel EVD 0.0




The probability density function of the extreme
value distribution (characteristic value u=0 and
decay constant A=1)

0.40

0.35

0.30
*? 0.25 |
= normal extreme
< %21 distribution /! \
T ; '\ value
o o015 ‘distribution
5 <

0.10 I

0.05

o sre e e o
exponentially as the Score (S) of
the match increases. Essentially, the
E value describes the random
background noise. For example, an
E value of 1 assigned toa hit can be
interpreted as meaning that in a
database of the current size one
might expect to see 1 match with a
similar score simply by chance.

The lower the E-value, or the closer
it is to zero, the more “significant”
the match is. However, keep in
mind that virtually identical short
alignments have relatively high E
values. This is because the
calculation of the E value takes into
account the length of the query
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STEP 10

Make two or more HSP regions into a longer
alignment.

Sometimes, two or more HSP regions in one
database sequence that can be made into a
longer alignment.



