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BLAST (Basic Local Alignment Search Tool) [Altschul et al., 1990]. 

• E-value < 10e-100                 Identical sequences. 
• 10e-50 < E-value < 10e-100  Almost identical sequences. 
• 10e-10 < E-value < 10e-50    Closely related sequences, domain match or similar.  
• 1 < E-value < 10e-6               Could be a true homologue but it is a gray area. 
• E-value > 1                             Proteins are most likely not related 
• E-value > 10                           Hits are most likely junk 

Additional material: 
https://www.ccg.unam.mx/~vinuesa/tlem/pdfs/Bioinformatics_explained_BLAST.pdf
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In contrast, the substitution score for the leucine–aspartate pair is negative (−4), 
consistent with our expectation that the replacement of a leucine by an aspartic 
acid, or vice versa, would be more detrimental to function and is therefore usually 
eliminated during evolution.

5.8 The fi rst step in deriving substitution scores is to 
determine the frequencies of amino acid substitutions 
and correct for amino acid abundances

Th e values in the BLOSUM matrix are derived by fi rst generating sets of alignments 
of the sequences of proteins that are related to each other. Th e sequences of glob-
ins from diff erent species might provide one such set of aligned sequences. Like-
wise, the sequences of triosephosphate isomerase enzymes might provide another 
set of aligned sequences, and so on. Each set of aligned sequences is broken into 
smaller blocks that are uninterrupted by insertions or deletions. Th e frequencies 
of amino acid substitutions are calculated for each block and then averaged over 
the whole set of aligned sequences. One such block is illustrated in Figure 5.12, 
which shows the alignment of a short segment of eight globin sequences. In actual 
practice, the sequence blocks that are used to derive the BLOSUM matrix include 
hundreds of sequences from a very diverse range of species.

It is important that the sequences within an aligned block not be too closely 
related to each other. To see why this is so, consider the fact that the sequences 
of hemoglobin subunits from mammalian species are nearly identical to each 
other because they have not diverged much on an evolutionary timescale. If 
many mammalian hemoglobin sequences are included in a block of aligned 
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Figure 5.11 The BLOSUM 
substitution matrix. The BLOSUM 
score, Sij, for a substitution of the 
i th residue by the j th one is color 
coded. The numerical values for 
each matrix element are shown. The 
color bar ranges from dark blue for 
a BLOSUM score of +5 or greater to 
dark red for a BLOSUM score of –4. 
The particular matrix shown here is 
referred to as the BLOSUM-62 matrix 
because it is based on sequence 
alignments in which no pair of 
sequences have greater than 62% 
sequence identity. (The BLOSUM-62 
matrix values are taken from 
S. Henikoff and J.G. Henikoff, 
Proc. Natl. Acad. Sci. USA 89: 
10915–10919, 1992.)

myoglobin
Hb Į

erythrocruorin
clam Hb
worm Hb
leghemoglobin
Glycera Hb

Hb ȕ

GHGQDILIRLFKSHPETLEKFDRF
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Figure 5.12 A sequence block. 
A block of aligned sequences with 
no insertions or deletions is shown, 
consisting of eight different globin 
sequences (N = 8), each consisting of 
24 residues (M = 24). Phe (F) and Leu 
(L) residues are highlighted in green 
and yellow, respectively. There are 
three columns, indicated by arrows, 
where there are both Leu and Phe 
residues. Hemoglobin is abbreviated 
as Hb.

BLOSUM-62 matrix for sequence alignment 
“block substitution matrix” 

BLOSUM-62  : based on sequence alignments in which no pair of sequences have greater than 62% sequence identity 
- in order to remove biases 
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In contrast, the substitution score for the leucine–aspartate pair is negative (−4), 
consistent with our expectation that the replacement of a leucine by an aspartic 
acid, or vice versa, would be more detrimental to function and is therefore usually 
eliminated during evolution.

5.8 The fi rst step in deriving substitution scores is to 
determine the frequencies of amino acid substitutions 
and correct for amino acid abundances

Th e values in the BLOSUM matrix are derived by fi rst generating sets of alignments 
of the sequences of proteins that are related to each other. Th e sequences of glob-
ins from diff erent species might provide one such set of aligned sequences. Like-
wise, the sequences of triosephosphate isomerase enzymes might provide another 
set of aligned sequences, and so on. Each set of aligned sequences is broken into 
smaller blocks that are uninterrupted by insertions or deletions. Th e frequencies 
of amino acid substitutions are calculated for each block and then averaged over 
the whole set of aligned sequences. One such block is illustrated in Figure 5.12, 
which shows the alignment of a short segment of eight globin sequences. In actual 
practice, the sequence blocks that are used to derive the BLOSUM matrix include 
hundreds of sequences from a very diverse range of species.

It is important that the sequences within an aligned block not be too closely 
related to each other. To see why this is so, consider the fact that the sequences 
of hemoglobin subunits from mammalian species are nearly identical to each 
other because they have not diverged much on an evolutionary timescale. If 
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coded. The numerical values for 
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color bar ranges from dark blue for 
a BLOSUM score of +5 or greater to 
dark red for a BLOSUM score of –4. 
The particular matrix shown here is 
referred to as the BLOSUM-62 matrix 
because it is based on sequence 
alignments in which no pair of 
sequences have greater than 62% 
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A block of aligned sequences with 
no insertions or deletions is shown, 
consisting of eight different globin 
sequences (N = 8), each consisting of 
24 residues (M = 24). Phe (F) and Leu 
(L) residues are highlighted in green 
and yellow, respectively. There are 
three columns, indicated by arrows, 
where there are both Leu and Phe 
residues. Hemoglobin is abbreviated 
as Hb.

Lij (substitution likelihood ratio)
      = fij / pij

Sij (substitution score)
     = 2log2Lij 

Sij 

read chapter 5.6-5.11 BLOSUM-62 matrix in preparation of practical of week 4


