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Lecture 2
Sequence Searching: Pattern 

Matching and Blast

¥ Sequence format and notation
¥ Sequence comparison models
¥ Sequence searching phases
¥ BLAST: 3 step heuristic
¥ Hit statistics: P-value and E-value
¥ BLAST result interpretation
¥ BLAST ßavours
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Sequence databank searching is the process of extracting 
homologues of one or several query sequence(s) from a 
sequence database.

Sequence Searching

¥ a string of characters that represents the chain of 
    building blocks in a biopolymer 
¥ building blocks are amino acids (proteins) and 
    nucleotides (DNA, RNA) 
¥ the side chains deÞne the sequence 

Sequence

Sequence Searching
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¥ A sequence is composed of a name (often including an 
accession number) and the residue string.

¥ A sequence databank is a formatted (and often sorted) list 
of sequences (here FASTA format). 
      
>1epi epidermal growth factor (Mus musculus) 

NSYPGCPSSYDGYCLNGGVCMHIESLDSYTCNCVIGYSGDRCQTRDLRWWELR 

>1ixa EGF-like module coagulation factor (Homo sapiens) 

VDGDQCESNPCLNGGSCKDDINSYECWCPFGFEGKNCEL 

      

¥ Proteins are written from the N-terminus to the C-
terminus.

¥ Nucleotide sequences are deÞned within a 'reading frame'.

Sequence Format Conventions
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Mutations 
¥ Y35G-BPTI (bovine pancreatic trypsin inhibitor)
    mutation from Tyr to Gly at position 35
¥ K(B29)P-insulin
    mutation from Lys to Pro at position 29 in chain B 
¥ Des(B27-B30)-insulin-B26-carboxamide
    residues 27 to 30 deleted in chain B and C-terminus  
    amidated 
      
Chain notation 
    Chains are denoted A, B, C, D,... in successive order. 

Sequence Notation - 
Positions and Chains
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¥ Sequence searching and sequence alignment are different 
techniques.

¥ Sequence searching uses sequence matching (like 
alignment), but sequence alignment works on a pre-deÞned 
sequence set.

¥ In sequence searching one tries to extract homologous 
sequences, whereas in sequence alignment one assumes 
homology and tries to correctly identify similarities 
between homologues.

Sequence Searching and 
Sequence Alignment
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Sequence Searching Problem
given

required
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Sequence Searching Problem

¥ Query: sequence to search with (assume 300 aa)

¥ Database (search space): very many sequences 
(assume > 100000)

¥ Goal: Þnd sequences homologous to query

¥ a fast tool

¥ primarily a Þlter: most sequences will be unrelated to 
the query 

¥ Þne-tune the alignment later

given

required
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Sequence Databank Searching

Databank
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Result

Searching
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Prediction : Contingency Table
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Sequence searching is a prediction about the
homology relation between query and DB sequence. 
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Sequence Databank Searching
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Inference / Prediction Statistics
Random and Target Distributions

ROC or
benchmark

curve

Contingency Table
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Sequence comparison (searching and alignment) is predominantly based on 
three models:

1. Scoring Model PAM or BLOSUM matrix + gap penalties
Information content of matched amino acid pair is deÞned as
Score(XZ) = log [P(XZ) / P(X)P(Z)]
    with P(XZ): observed probability of matched XY in trusted alignments
    and P(X),P(Z): probabilities of X and Z in a random sequence

2.  Alignment Model
local or global alignment of homologues
    => alignment scores of biologically meaningful alignments

3. Random Model
local or global alignment of un-related (=random) sequence pair
    => alignment scores of random alignments

Models Underlying Sequence 
Comparison
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A  2

R -2  6

N  0  0  2

D  0 -1  2  4

C -2 -4 -4 -5 12

Q  0  1  1  2 -5  4

E  0 -1  1  3 -5  2  4

G  1 -3  0  1 -3 -1  0  5

H -1  2  2  1 -3  3  1 -2  6

I  -1 -2 -2 -2 -2 -2 -2 -3 -2  5

L -2 -3 -3 -4 -6 -2 -3 -4 -2  2  6

K -1  3  1  0 -5  1  0 -2  0 -2 -3  5

M -1  0 -2 -3 -5 -1 -2 -3 -2  2  4  0  6

F -4 -4 -4 -6 -4 -5 -5 -5 -2  1  2 -5  0  9

P  1  0 -1 -1 -3  0 -1 -1  0 -2 -3 -1 -2 -5  6

S  1  0  1  0  0 -1  0  1 -1 -1 -3  0 -2 -3  1  2

T  1 -1  0  0 -2 -1  0  0 -1  0 -2  0 -1 -3  0  1  3

W -6  2 -4 -7 -8 -5 -7 -7 -3 -5 -2 -3 -4  0 -6 -2 -5 17

Y -3 -4 -2 -4  0 -4 -4 -5  0 -1 -1 -4 -2  7 -5 -3 -3  0 10

V  0 -2 -2 -2 -2 -2 -2 -1 -2  4  2 -2  2 -1 -1 -1  0 -6 -2  4

B  0 -1  2  3 -4  1  2  0  1 -2 -3  1 -2 -5 -1  0  0 -5 -3 -2  2

Z  0  0  1  3 -5  3  3 -1  2 -2 -3  0 -2 -5  0  0 -1 -6 -4 -2  2  3

   A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V  B  Z

Scoring Model: Substitution Matrix
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Scoring Model: 
PAM Matrices

¥ Derive permissible mutations from trusted alignments.

¥ Step 1: Construct phylogenetic tree from protein 
alignments.

¥ Step 2: Fill substitution matrix with observed transition 
probabilities.

¥ A ÔPAMÕ is an evolutionary distance:
     1 PAM = 1 accepted mutation per 100 amino acids
 250 PAM = 2.5 accepted mutations per amino acid

¥ There are modern versions of the PAM matrix:
 Gonnet matrices or Jones-Taylor matrices.
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Scoring Model: 
BLOSUM Matrices

¥ Mostly used family of amino acid substitution matrices 
is the BLOSUM series (BLOSUM50, BLOSUM62).

¥ The BLOSUM matrices are derived from the BLOCKS 
database of multiple alignments (Henikoff & Henikoff, 
1992). 

¥ BLOSUM50 is derived from BLOCKS (core) alignment 
regions with >=50% sequence identity, Blosum62 from  
those >= 62%, etc.

¥ Note that there is NO underlying Markov model of 
amino acid substitution; BLOSUM is based on observed 
pairs of aligned residues. Higher numbers mean shorter 
evolutionary distance (opposite to PAM!).
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¥ The alignment model is the result of a meaningful sequence
    alignment, i.e. a correct alignment of two homologous
    sequences. In the ideal case this is identical to the
    alignment derived from structure superpositioning. 

¥ Such meaningful alignments are called Ôreference
    alignmentsÕ or Õtrusted alignmentsÕ. 

¥ Alignment models include local, global, probabilistic or
    other forms matching residue pairs.

¥ Generally we want to maximise P(XZ).

Alignment Model
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¥ The random model is the result of an alignment of random
    sequences. 

¥ The probability of Þnding a matched pair is just a chance 
    event, which is given by the product of the probability to
    Þnd the individual amino acids in the sequences (joint
    probability of independent events): P(X) * P(Z). 
  
¥ The random model is important, because amino acids have
    different frequencies of occurrence. 

¥ Is that the only random model you can think of? 

Random Model 
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Evolutionary Distance and 
Sequence Identity

Distant sequences are difÞcult to match,
because the amount of identical or similar residues is low
(signal / noise ratio is low).

Text
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Sequence Searching Phases
Matching Phase

Scoring Phase

Selection phase

The matched residues pairs are scored the scores are 
summed up.

The query sequence is matched (partially) with the 
databank sequence.

Based on a statistical criterion, database sequences with 
score above a user-deÞned cutoff score are returned as 
hits. Each sequence in the hitlist is a potential homologue.
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BLAST:
Basic Local Alignment

Search Tool
BLAST is a program designed to compare a query 
sequence with every sequence in a database and to 

report the most similar sequences.

Basic idea:

¥ High scoring segments have well conserved (almost 
identical) parts.

¥ After well conserved parts have been identiÞed, 
extend them to the real alignment.
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BLAST: History

Smith and Waterman,1981 
¥Exact Local Dynamic Programming

Lipman and Pearson, 1985
¥FASTA Þnds similar words (k-tup) on the same 
diagonal. 

Altschul et al., 1990
¥BLAST: The most widely cited tool in Biology
¥
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BLAST: k-word search

QKP
KKP
RQP
REP
RRP
RKP

Database: pre-processed
k-word lookup-table

Query: create
k-words

LVNRKPVVP

k-word RKP

  Gene134, IG_30, 
haemoglobin, ...

Index list

Considers only sequences with at least two 
k-word matches above a certain score.

21Tuesday, 4 May 2010



BLAST: match extension

Elongate k-word matches in both directions
as far as possible.

Query:  L  V  N  R  K  P  V  V  P

Database:  G  V  C  R  K  P   L  K  C

Score: -3  4 -3  5  2  7  1 -2 -3

Extension terminates if score drops below value X
(ungapped local alignments).
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BLAST: score evaluation
The BLAST search yields a match (alignment)
score for each query/hit sequence pair.

normal distribution extreme value distribution

Sampling from the extreme end of a normal 
distribution yields an extreme value distribution.
BLAST scores are extreme value distributed.
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BLAST: Score Evaluation
P-value:
Probability of Þnding at least a match score x.

K is calibrated with the database composition.
Lambda is calibrated with the substitution matrix.
mn is the search space, i.e. length ÔmÕ of query 
  sequence and length ÔnÕ of the database sequence.

24Tuesday, 4 May 2010



BLAST: Score Threshold

The likelihood of random sequences to  yield a 
score greater than T increases linearly with the 
logarithm of the search space mn. 

      
   This gives a formula for accepting hits:

S > T + log (mn) - λ
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BLAST: E-value

E-value: P-value adjusted by database size.
Number of database hits expected by chance

E-values are easier to compare than P-values,
because they represent a sequence count rather 
than a probability.
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P31383 Vs YEAST
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P31383 Vs YEAST P31383 Vs UniProt
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Psi-BLAST

Psi-BLAST performs a gapped BLAST database search.

Psi-BLAST program uses the information from any 
signiÞcant alignments returned to construct a position-
speciÞc score matrix, which replaces the query sequence 
for the next round of database searching.

Psi-BLAST may be iterated until no new signiÞcant 
alignments are found.

Position SpeciÞc Iterated version of BLAST.
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Psi-BLAST Iteration

C C

C C
C C

C S
C C

C C
C C

C S
C C

C C
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BLAST: E-value

   M  Y  C  E  Q  U  E  N  C  E  S  .  .
A  0  2 -1  0  0  0  0 -1  0 -1  3  
S -1 -1 -1  0 -1  0  0  0  5 -1 -1   
C -1 -1 10  1 -1  0  0  5  5  4 -1 
.
.
Y -1  6 -1 -1 -1  0 -1 -1 -1 -1 -1
V -1  1 -1 -1 -1  0 -1 -1 -1  1 -1
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Some genome sequences contain low-complexity regions. 
These can give false-positive hits. 
      
Example: 
HSGDLPERTCPPCPPPCPPCPPPPCPPPCPCPPCPPPPLWQPSSERTD 

         |-  low-complexity region  -|  

      

Most sequence searching programs use Þlters to recognise 
and skip such low-complexity regions. If such regions are 
by chance included in the hit, the output looks like:
HSGDLPERTXXXXXXXXXXXXXXXXXXXXXXXXXXXXXLWQPSSERTD
         |-  low-complexity region  -|  

Low Complexity Regions

33Tuesday, 4 May 2010



Domain 2

Domain 1

No Overlap
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¥ Repeats

¥ Multi-domain proteins

¥ Low-complexity regions

¥ Redundancy
 
¥ Very short queries

¥ Very distant sequences

¥ Un-annotated sequences

Tricky Problems 
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Post Processing of Search 
Results

¥ Match identiÞcation numbers and key words 

¥ Grep sequences out of the database 

¥ Compare results of different searches 
    (on different databases) 

¥ Filter sequences on speciÞed criteria 

¥ Align results using a multiple alignment 

¥ Recognise family patterns or generate a family proÞle 
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Typical Method Combinations

¥ Sequence search -> multiple alignment -> phylogenetic tree

¥ Sequence search -> sequence alignment -> homology modelling

¥ Sequence search -> sequence alignment -> mutation analysis

¥ Sequence search -> multiple alignment -> functional annotation
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¥ Principles of Sequence Searching
¥ Substitution Matrix and Scoring
¥ BLAST heuristics: k-word matching and local alignment
¥ Extreme value distribution
¥ True/false positive/negative hit
¥ P-value and E-value
¥ Interpretation of hit list
¥ BLAST for nucleotides and proteins
¥ PHI- and PSI-BLAST

Learning Outcomes
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