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. Where did the BLOSUM®62 alignment score
matrix come from?

@4 © 2004 Nature Publishing Group http://www.nature

Sean REddy]

Many sequence alignment programs use the BLOSUM62 score matrix to score pairs of aligned residues. Where did

BLOSUM®62 come from?

Back in the good old days, so many things
were easier to understand. I once disassem-
bled the engine of my 1972 MG just to see
how it worked, but now I won’t touch the
squirrel’s nest of technology that’s inside
my modern Honda Civic. Likewise, in the
early days of sequence comparison, align-
ment scores were straightforward stuff that
anybody could tweak. The first sequence
comparisons just assigned —1 per mismatch
and -1 per insertion/deletion, and if you
didn't like that, you could make up what-
ever scores you thought gave you better-
looking alignments. Those days are gone.
Look inside a modern amino acid score
matrix, and you'll see a squirrel’s nest of 400
numbers. These highly tuned matrices,
which go by industrialized acronyms like
BLOSUMS62 and PAM250, no longer seem
to have any user serviceable parts inside.
Blame probability theory.

Alignment scores are log-odds scores

What we want to know is whether two
sequences are homologous (evolutionarily
related) or not, so we want an alignment
score that reflects that, Theory says that if
you want to compare two hypotheses, a

o a c o

ment score is the sum of individual log-
odds scores for cach aligned residue pair.
Those individual scores make up a 20 x 20
score matrix. The equation for calculating a
score s(a,b) for aligning two residues @ and
bis:

s(a,b) = —i— log #

The numerator (p,,) is the likelihood of
the hypothesis we want to test: that these
two residues are correlated because they're

The definition of ‘conservative
substitution” in a score matrix
is purely statistical. It has
nothing directly to do with
amino acid structure or
biochemistry.

homologous. Thus, p,;, are the target fre-
quencies: the probability that we expect to
observe residues @ and b aligned in homo-
logous sequence alignments. The denomi-

chance (p>f, ), then the odds ratio is
greater than one and the score is positive,
Operationally, we say that positive scores
mean conservative substitutions, and nega-
tive scores indicate nonconservative substi-
tutions. This definition of ‘conservative
substitution” in a score matrix is purely sta-
tistical. It has nothing directly to do with
amino acid structure or biochemistry.

This explains some details in BLOSUM62
that may seem counterintuitive at first
glance. For instance, tryptophan (W/W)
pairs score +11, while leucine (L/L) pairs
only score +4; why shouldn't all identitites
get the same score? The rarer the amino
acid is, the more surprising it would be to
see two of them align together by chance.
In the homologous alignment data that
BLOSUMS62 was trained on, leucine/leucine
(L/L) pairs were in fact more common
than tryptophan/tryptophan (W/W) pairs
(p, = 0.0371, p,.,, = 0.0065), but tryptophan
is a much rarer amino acid (ff = 0.099,
fv=10.013). Run those numbers (with BLO-
SUM62’s original A = 0.347) and you get
+3.8 for L/L and +10.5 for W/W, which
were rounded to +4 and +11.

Another example is that BLOSUM62
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The adaptive immune system in vertebrates has evolved to recognize non-self antigens,
such as proteins expressed by infectious agents and mutated cancer cells. T cells play an
important role in antigen recognition by expressing a diverse repertoire of antigen-specific
receptors, which bind epitopes to mount targeted immune responses. Recent advances
in high-throughput sequencing have enabled the routine generation of T-cell receptor
(TCR) repertoire data. Identifying the specific epitopes targeted by different TCRs in these
data would be valuable. To accomplish that, we took advantage of the ever-increasing
number of TCRs with known epitope specificity curated in the Immune Epitope Database
(IEDB) since 2004. We compared seven metrics of sequence similarity to determine
their power to predict if two TCRs have the same epitope specificity. We found that
a comprehensive k-mer matching approach produced the best results, which we have
implemented into TCRMatch, an openly accessible tool (http://tools.iedb.org/tcrmatch/)
that takes TCR p-chain CDR3 sequences as an input, identifies TCRs with a match in
the IEDB, and reports the specificity of each match. We anticipate that this tool will
provide new insights into T cell responses captured in receptor repertoire and single
cell sequencing experiments and will facilitate the development of new strategies for
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