
Statistical significance

•Normal 
Sum of {Xi} (e.g. Z-score)

•EVD
Max of {Xi } (e.g. HSP)

Probability of obtaining an 
alignment score
greater than “x” by chance is:
P(S>x) = 1 - exp (-exp(-λ(x-u)))
with u = log(Kmn)/ λ. K and λ 
can be calculated from the 
substitution matrix and the 
relative amino acid frequencies

(See pp305: properties of EVD)



Why worry about statistical significance if one knows the
highest-scoring alignment?

Any two sequences can be aligned, even if they are completely 
random and have nothing to do with each other. We need to 
understand whether the highest score found by BLAST could have 
been obtained purely by chance or if we may conclude that there is 
a significant biological relevance (i.e., homology).

Therefore, the question is: Is the obtained high-score high enough 
to provide statistical evidence for homology?

To answer this question one needs to have some understanding of 
how high a score can be expected due to pure chance alone.
⇒ We have to know the distribution of the scores in order to 
perform a statistical test.



We consider what happens under complete randomness, 
i.e. we have two sequences of lengths m and n with all 
their letters independent and identically distributed over 
all possible amino acids (according to empirical relative 
frequencies p = p1, p2, . . . , p20).

Given a fixed global alignment of the two 
sequences, denote by

Xj = the score assigned to the comparison at position j
(we take the index 1 for the first position at which two amino acids 
meet, and the index N for the last one).
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Karlin-Altschul theory (1990)

Assumptions:
1. A positive score must be possible; 2. The expected score is negative;
3. The letters of the sequences are independent and identically distributed;
4. The sequences are infinitely long; 5. The alignments do not contain gaps.

1. The expected number of none-gapped local 
alignments (excursions) reaching a score of at 
least S counted over all relative positions between 
the two sequences is approximately given by

)()( uSS eKmneSE −−− == λλ

2. The probability to find at least one alignment (excursion) with 
score S or higher under the null-model (complete randomness). 
Therefore, this is the p-value associated with the score S

)(1)( )(
max SEeSSP SE ≈−=≥ − Poisson tail!

where λ>0 is the unique solution of ΣpipjeλS(i,j) =1 and K>0 is 
constant depending on composition pi and scoring matrix S.
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•EVD allows analytical calculation of the probability of 
exceeding a certain alignment score by chance

– p-values = 0.01 means: 1 in 100 unrelated sequences 
gives at least this score
– In a database scan against 106 sequences, this would 
retrieve 10,000 false positives

•Expectation value: how many matches with at least a 
certain score are expected by chance in a database of N
sequences

– E-values = p x N (Notice that doubling the database size doubles 
the E-value. Typical cut-off for BLAST searches: E < 0.01)

•A search in a database with 1,000 sequences gives two hits:
One has E=10-5, the other has p=10-6.
Which hit is more significant? Why?

E = pN E(p)=10-6 x 103 = 10-3

The hit with E=10-5 is more significant





λ’

λ’

(λ’ = λ / ln2) 







Score = “standardized” bit score
= [bit score – ln K] / ln 2
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