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FASTA - Pearson and Lipman (88)

• Earlier version by the same authors, FASTP, appeared in 85

• FAST-A(ll) is query-db similarity search tool

• Like BLAST, FASTA has various flavors

• By now FASTA3 is available

• changes to FASTA2 and FASTA3 are not well documented

• FASTA looks for the highest scoring subalignments of the query and

a few db sequences

• one alignment per sequence

• The FASTA algorithm goes through 4 steps
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Step 1 - find promising diagonals

• FASTA begins by searching for “initial regions”: diagonals of high

scoring conserved words of length ktup

• ktup defaults: 2 for AA, 6 for DNA

• A diagonal score is the sum of the scores of its conserved words minus

the number of residues in between the ktups

• Conserved AA words are scored by BLOSUM50 (default)

• DNA words by some constant (ktup2?)
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Step 1 - cont.

• Searching for the 10 best scoring diagonals is done similarly to BLAST

• Conserved pairs are identified using a table (ktup|Σ|)

• no automaton

• For each d the score and last position are kept

• If the score of the existing diagonal extended by the new word pair is

positive, then rank the extended diagonal

• Otherwise, a new diagonal is started and ranked
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Step 2 - gapless alignments from diagonals

• Each of the 10 best diagonals is scored as a gapless alignment and an

optimal subalignment is selected

• no X-dropoff
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Step 3 - joining high-scoring diagonals

• Try to join consistent diagonals into a skeleton of a gapped alignment

• consider only diagonals whose score ≥ cutoff value

• The score of the skeleton is the sum of the included diagonals minus

a “joining penalty” for each gap (default 20)

• A simple DP on a graph will yield the optimal skeleton

• The score of the optimal skeleton is assigned to the corresponding db

sequence
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Step 4 - banded DP

• The highest scoring library sequences are selected for a banded (32)

NW/SW

• centered on the best initial region (diagonal) that was found in

step 2

• The optimized score that FASTA reports is the resulting optimal SW

score

• Starting with FASTA2

• SW is no longer banded(?)

• Scores are adjusted for db sequence length
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FASTA in a picture
Proc. Natl. Acad. Sci. USA 85 (1988) 2445
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FIG. 1. Identification of sequence similarities by FASTA. The
four steps used by the FASTA program to calculate the initial and
optimal similarity scores between two sequences are shown. (A)
Identify regions of identity. (B) Scan the regions using a scoring
matrix and save the best initial regions. Initial regions with scores
less than the joining threshold (27) are dashed. The asterisk denotes
the highest scoring region reported by FASTP. (C) Optimally join
initial regions with scores greater than a threshold. The solid lines
denote regions that are joined to make up the optimized initial score.
(D) Recalculate an optimized alignment centered around the highest
scoring initial region. The dotted lines denote the bounds of the
optimized alignment. The result of this alignment is reported as the
optimized score.

much closer to the optimized score for many sequences. In
fact, unlike FASTP, the FASTA method may yield initial
scores that are higher than the corresponding optimized
scores.

Local Similarity Analyses. Molecular biologists are often
interested in the detection of similar subsequences within
longer sequences. In contrast to FASTP and FASTA, which
report only the one highest scoring alignment between two
sequences, local sequence comparison tools can identify
multiple alignments between smaller portions of two se-
quences. Local similarity searches can clearly show the
results of gene duplications (see Fig. 2) or repeated struc-
tural features (see Fig. 3) and are frequently displayed using
a "graphic matrix" plot (7), which allows one to detect
regions of local similarity by eye. Optimal algorithms for
sensitive local sequence comparison (6, 8, 9) can have
tremendous computational requirements in time and mem-
ory, which make them impractical on microcomputers and,
when comparing longer sequences, on larger machines as

well.
The program for detecting local similarities, LFASTA,

uses the same first two steps for finding initial regions that
FASTA uses. However, instead of saving 10 initial regions,
LFASTA saves all diagonal regions with similarity scores
greater than a threshold. LFASTA and FASTA also differ in
the construction of optimized alignments. Instead of focus-
ing on a single region, LFASTA computes a local alignment
for each initial region. Thus LFASTA considers all of the
initial regions shown in Fig. 1B, instead of just the diagonal
shown in Fig. 1D. Furthermore, LFASTA considers not

50 100 only the band around each initial region but also potential
sequence alignments for some distance before and after the
initial region. Starting at the end of the initial region, an
optimization (6) proceeds in the reverse direction until all
possible alignment scores have gone to zero. The location of
the maximal local similarity score in the reverse direction is
then used to start a second optimization that proceeds in the
forward direction. An optimal path starting from the forward
maximum is then displayed (5). The local homologies can be
displayed as sequence alignments (see Fig. 2B) or on a
two-dimensional graphic matrix style plot (see Figs. 2A and
3).

Statistical Significance. The rapid sequence comparison
algorithms we have developed also provide additional tools
for evaluating the statistical significance of an alignment.
There are approximately 5000 protein sequences, with 1.1
million amino acid residues, in the NBRF protein sequence
library, and any computer program that searches the library
by calculating a similarity score for each sequence in the
library will find a highest scoring sequence, regardless of
whether the alignment between the query and library se-
quence is biologically meaningful or not. Accompanying the
previous version of FASTP was a program for the evaluation
of statistical significance, RDF, which compares one se-
quence with randomly permuted versions of the potentially
related sequence.
We have written a new version of RDF (RDF2) that has

several improvements. (i) RDF2 calculates three scores for
each shuffled sequence: one from the best single initial region
(as found by FASTP), a second from the joined initial regions
(used by FASTA), and a third from the optimized diagonal.
(it) RDF2 can be used to evaluate amino acid or DNA
sequences and allows the user to specify the scoring matrix to
be employed. Thus sequences found using the PAM250
scoring matrix can be evaluated using the identity or genetic
code matrix. (iii) The user may specify either a global or local
shuffle routine.

Locally biased amino acid or nucleotide composition is
perhaps the most common reason for high similarity scores
of dubious biological significance (10). High scoring align-
ments between query and library sequences may be due to
patches of hydrophobic or charged amino acid residues or to
A + T- or G + C-rich regions in DNA. A simple Monte Carlo
shuffle analysis that constructs random sequences by taking
each residue in one sequence and placing it randomly along
the length of the new sequence will break up these patches of
biased composition. As a result, the scores of the shuffled
sequences may be much lower than those of the unshuffled
sequence, and the sequences will appear to be related.
Alternatively, shuffled sequences can be constructed by
permuting small blocks of 10 or 20 residues so that, while the
order of the sequence is destroyed, the local composition is
not. By shuffling the residues within short blocks along the
sequence, patches of G + C- or A+ T-rich regions in DNA,
for example, are undisturbed. Evaluating significance with a
local shuffle is more stringent than the global approach, and
there may be some circumstances in which both should be
used in conjunction. Whereas two proteins that share a
common evolutionary ancestor may have clearly significant
similarity scores using either shuffling strategy, proteins
related because of secondary structure or hydropathic pro-
file may have similarity scores whose significance decreases
dramatically when the results of global and local shuffling
are compared.

Implementation. The FASTA/LFASTA package of se-
quence analysis tools is written in the C programming lan-
guage and has been implemented under the Unix, VAX/
VMS, and IBM PC DOS operating systems. Versions of the
program that run on the IBM PC are limited to query se-
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LFASTA

• FASTA tries to maximize the similarity score of an alignment based

on joining non-overlapping initial regions

• one alignment per sequence

• LFASTA looks for as many “disjoint” high scoring subalignments as

there are

• The first two steps mirrors those of FASTA except that any initial

region scoring above T is kept

• These diagonals are subjected first to a backward banded SW starting

at its end

• and continuing past its beginning till all scores are 0

• then to a forward banded SW starting where the maximal backward

score was attained and extended till all scores are 0
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LFASTA - cont.

• Check for merging of multiple initial regions

• How is T determined?
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RDF2

• How to evaluate the statistical significance of FASTA’s results?

• use BLAST’s method. . .

• RDF2 is designed to test whether an observed similarity score can be

attributed to locally biased AA composition

• It takes the highest ranking optimized scores and shuffles the corre-

sponding db sequences 100-200 times

• invoking FASTA on each shuffle (db is one shuffled sequence)

• collect scores of shuffled alignments

• Report the z-value of the observed score: s−µ
σ

• µ and σ are the observed moments of the shuffled scores

• misleading: the distribution of best optimized score has a much

heavier tail than the normal one
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RDF2 - cont.

• Report in how many of the shuffles have we failed to reach the

unshuffled score

• What about stretches of low complexity?

• Shuffle within blocks

• What’s wrong with this whole approach?

• We were looking for sequences with a maximal unshuffled score

• Given that, it is not true that the shuffled sequences follow a

uniform distribution even under H0


