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Figure 6. The distribution of optimal local alignment scores from the
comparison of a position-specific score matrix with 10 000 random protein
sequences. The score matrix was constructed by PSI-BLAST from the 128 local
alignments with E-value ≤0.01 found in a search of SWISS-PROT using as
query the length-567 influenza A virus hemagglutinin precursor (27) (SWISS-
PROT accession no. P03435). The random sequences, each of length 567, were
generated using the amino acid frequencies of Robinson and Robinson (20).
Optimal local alignment scores were calculated using the position-specific
matrix in conjunction with 10 + k gap costs. The extreme value distribution that
best fits the data (3,15) is plotted. A χ2 goodness-of-fit test with 34 degrees of
freedom has value 41.8, corresponding to a P-value of 0.20.

lowest E-value found, as well as the number of shuffled sequences
yielding E-values ≤1 and 10. For comparison, we performed the

identical shuffled-database test on the gapped and original
versions of BLAST. To reduce the probability that high-scoring
alignments were missed due to the heuristic nature of the
algorithms, we performed these tests with T = 9 rather than the
default value of 11. The results are given in Table 2. For the 11
queries, the median of the low PSI-BLAST E-values was 0.87,
which corresponds to a median P-value of 0.58 (8,9). The mean
numbers of shuffled database sequences with E-values <1 and 10
were 1.0 and 8.7, respectively, within 20% of the expected values
of 1.0 and 10.0. The equivalent tests for the ungapped and gapped
versions of BLAST also yielded results that diverged from theory
by <50%.

The ability to estimate with reasonable accuracy the signifi-
cance of gapped local matrix-sequence alignments permits us to
automate the construction of position-specific score matrices
during multiple iterations of the PSI-BLAST program. After each
iteration, we generate a new multiple alignment simply by
collecting those alignments with E-value lower than a defined
threshold. An interactive version of PSI-BLAST allows the user
to override either the inclusion or exclusion of specific local
alignments. Once a given database sequence has been used in the
generation of a position-specific score matrix, low E-values for
this sequence are virtually guaranteed in future iterations, for the
sequence is to a certain extent being compared with itself. The
biological relevance of PSI-BLAST output thus depends criti-
cally on avoiding the inappropriate inclusion of sequences in the
multiple alignment constructed. Specifically, the utility of the
score matrix produced is immediately vitiated by the inclusion of
any alignment involving a region of highly biased amino acid
composition (57,58).

Table 2. The comparison of various query sequences with a shuffled version of SWISS-PROT

Protein family SWISS-PROT Original BLAST Gapped BLAST PSI-BLAST
accession no. Low No. of seqs Low No. of seqs Low No. of seqs
of query E-value with E-value E-value with E-value E-value with E-value

≤1 ≤10 ≤1 ≤10 ≤1 ≤10

Serine protease P00762 0.86 1 7 3.0 0 4 0.94 1 8

Serine protease inhibitor P01008 3.9 0 4 0.078 1 9 1.5 0 9

Ras P01111 3.4 0 8 3.4 0 7 1.1 0 9

Globin P02232 2.4 0 7 2.8 0 5 8.2 0 2

Hemagglutinin P03435 0.11 2 11 0.46 3 16 0.87 1 8

Interferon α P05013 2.4 0 6 0.27 2 4 0.11 2 11

Alcohol dehydrogenase P07327 1.5 0 2 0.80 1 5 1.5 0 9

Histocompatibility antigen P10318 0.91 1 7 0.13 1 7 0.0031 2 6

Cytochrome P450 P10635 0.84 2 5 8.5 0 3 0.46 1 15

Glutathione transferase P14942 1.0 1 10 3.3 0 3 0.30 2 9

H+-transporting ATP synthase P20705 0.012 1 8 0.26 2 14 0.79 2 10

Average (median or mean) 1.0 0.7 6.8 0.80 0.9 7.0 0.87 1.0 8.7

The original and gapped BLAST comparisons use BLOSUM-62 substitution scores (18). All three programs use threshold T parameter set to 9, but the gapped
BLAST and PSI-BLAST programs use the two-hit method to trigger ungapped extensions. The original BLAST program has the X dropoff parameter set to nominal
score 23. The gapped BLAST and PSI-BLAST comparisons charge gaps of length k a cost of 10 + k. They have Xu set to 16, and Xg set to 40 for the database search
stage and to 67 for the output stage of the algorithms. Gapped alignments are triggered by a score corresponding to ∼22 bits. For PSI-BLAST, the query is first com-
pared to the SWISS-PROT database, and the position-specific score matrix generated is then compared to a shuffled version of SWISS-PROT. The median is used
for the average of the low E-values, and the mean otherwise.


