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DB search

 Databases created to store the large quantity of sequence data

 Need for efficient programs to be used in queries of these databases

 query sequence that must be compared to all those already in the 
database, in search of local similarities

 The quadratic complexity: methods unsuitable for searching large 
databases

 To speed the search, novel and faster methods based on heuristics have 
been developed



PAM matrices
 When comparing protein sequences, simple scoring schemes are not 

enough. 
 Amino acids have biochemical properties that influence their relative 

replacebility in an evolutionary scenario. 

 Use of scoring scheme that reflects these probabilities

 Direct observation of actual substitution rates

 PAM matrices: the acronym PAM stands for Point Accepted 
Mutations, or Percent of Accepted Mutations



PAM matrices



PAM matrices



PAM matrices

 Choose an evolutionary distance at which to compare the sequences. 

 These matrices are functions of this distance. 
 250-PAM matrix: comparing sequences that are 250 units of evolution apart. 

 For each evolutionary distance we have 
 a probability transition matrix M and 

 a scores matrix S. 

 The scores matrix is obtained from the probability matrix



PAM matrices

 Ingredients for building the 1-PAM matrix M:
 A list of accepted mutations

 The probabilities of occurrence pa for each amino acid a

 Accepted mutation: mutation that occurred and was positively 
selected by the environment; that is, it did not cause the demise of 
the particular organism where it occurred

 Align two homologous proteins from different species

 Each position where the sequences differ will give us an accepted 
mutation. 

 We consider these accepted mutations as undirected events



PAM matrices

 1-PAM matrix: consider immediate mutations, a -> b, not mediated 
ones like a —> c —> b.

 The probabilities of occurrence can be estimated by computing the 
relative frequency of occurrence of amino acids over a large protein 
sequence set. 



Example
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PAM matrices
 fab: number of times the mutation a <-> b occurs 

 Undirected mutations  fab = fba

 Total number of mutations in which a was involved: 

 Total number of amino acid occurrences involved in mutations:
 f is twice the total number of mutations

 1-PAM transition probability matrix M: 20 x 20 matrix with Mab being 
the probability of amino acid a changing into amino acid b. 



PAM matrices

 a and b may be the same, in which case we have the probability of a 
remaining unchanged during this particular evolutionary interval.

 Computation of Maa is done based on the relative mutability of 
amino acid a, defined as

 Mutability of an amino acid: probability that the given amino acid will 
change in the evolutionary period of interest. 

 The probability of a remaining unchanged is the complementary 
probability



Relative mutability



PAM matrices

 Probability of a changing into b: computed as the product of the conditional 
probability that a will change into b, given that a changed, times the probability 
of a changing. 

 We estimate the conditional probability as the ratio between the a <-> b 
mutations and the total number of mutations involving a.

 Use of a simplified model of protein evolution. 



PAM matrices



PAM matrices

 What is the probability that a will change into b in two PAM units of 
evolution? 
 In the first unit period a changes into any amino acid c with probability Mac

 Then c changes into b in the second period with probability Mcb

 The final figure is nothing more than M2
ab that is, an entry in the square of 

M. 

 Mk: transition probability matrix for a period of k units of evolution.



From PAM1 to PAM2



From PAM1 to PAM2, PAM100, PAM250, …



PAM matrices

 Scoring matrices: the entries are related to the ratio between two probabilities, 
namely, the probability that a pair is a mutation as opposed to being a random 
occurrence. This is called a likelihood or odds ratio.

 Let us then compute this ratio for two amino acids a and b. Suppose that we 
paired a with b in a given alignment. Taking the point of view of a, the 
probability that b is there in the other sequence due to a mutation is Mab. 

 There is a chance of Pb for a random occurrence of b. The ratio is then



PAM matrices

 Scoring matrix for k PAM distance:

 Sometimes we have two sequences and no information on their 
evolutionary distance. Recommended approach: compare the 
sequences using two or three matrices that cover a wide range, for 
instance, 40 PAM, 120 PAM, and 250 PAM. 

 In general, low PAM numbers are good for finding short, strong local 
similarities, while high PAM numbers detect long, weak ones.



PAM matrices



PAM matrices



Local alignment

 Local alignment seeks similar segments of unspecified length from 
the 2 sequences being compared. 

 Rigorous method: local dynamic programming, time is proportional 
to the product of lengths of sequences it compares. 

 BLAST: linear time heuristic algorithm. 

 Basic Local Alignment Search Tool – a family of most popular 
sequence search program including: Basic BLAST, Gapped BLAST, Psi -
BLAST 

 Main idea (basic BLAST): Homologous sequences are likely to contain 
a short high scoring similarity region a hit

 Each hit gives a seed that BLAST tries to extend on both sides 



BLAST

 BLAST programs among the most frequently used to search sequence 
databases worldwide. 

 BLAST: Basic Local Alignment Search Tool.

 Database: collection of sequences 

 BLAST returns a list of high-scoring segment pairs between the query 
sequence and sequences in the database. 

 A segment is a substring of a sequence. 

 Given two sequences, a segment pair between them is a pair of 
segments of the same length, one from each sequence



BLAST

 Because the substrings in a segment pair have the same length, we 
can form a gapless alignment with them. 

 This alignment can be scored using a matrix of substitution scores. 

 No gap-penalty functions are needed, as there are no gaps. 

 The score thus obtained is by definition the score of the segment 
pair.



Example



BLAST

 Given a query sequence, BLAST returns all segment pairs between 
the query and a database sequence with scores above a certain 
threshold S. 

 The parameter S can be set by the user, although a default value is 
provided in most servers that run the program.

 Maximum segment pair (MSP) between two sequences: segment 
pair of maximum score. 
 Measure of sequence similarity and can be computed precisely by dynamic 

programming. 

 BLAST estimates this number much faster than any dynamic programming 
method. 

 locally maximal segment pairs: those that cannot be improved further by 
extending or shortening them.



BLAST

 Finds certain "seeds," which are very short segment pairs between 
the query and a database sequence. 

 Seeds extended in both directions, without including gaps, until the 
maximum possible score for extensions of this particular seed is 
reached. 

 Not all extensions are looked at. The program has a criterion to stop 
extensions when the score falls below a carefully computed limit.



BLAST

We may think of BLAST as a three-step algorithmic procedure, 
undertaking the following tasks.

1. Compile list of high-scoring strings (or words, in BLAST jargon).

2. Search for hits — each hit gives a seed.

3. Extend seeds.



Step 1: find high scoring words





Step 2 – Finding hits
Scan database for exact matching with the list of words compiled in step1

using techniques as hash table (requires preprocessing of a database) 



Step 3: Extending hits


