
SHGS 6212 LECTURE NOTES

WEEK 13: SEQUENCE ALIGNMENT

PRELIMINARIES

• An alignment is a comparison between two or more strings of characters or numbers
in such a way that a comparison between them is meaningful.

• For example, suppose we have following DNA sequences

CAAT, CATC, TAAT,

an intuitively “reasonable” alignment would be

CAATA

CA-TC

TAATA

Using the first sequence as a reference, we see that such an alignment tells us that the
second sequence suffered a deletion and a transversion from A to C; the third sequence
is different from the first by a transition from C to T. This observation suggests that
sequence 1 and 3 are likely to be more closely related, than they are to sequence 2,
thus providing the basis for building a phylogenetic tree.

• There are other ways of aligning the preceding sequences, such as

CAATA

-CATC

TAATA

so why did we use the first alignment and not others? The central idea in aligning
sequences is that we seek an alignment that maximises the similarity between the
sequences, based on some reasonable scoring scheme. An example is to score a
match with +2, punish a mismatch with -1, and punish a gap with -2. Accordingly,
the pairwise alignments in the first example have scores 3,7,0 ; and thse in the second
example have scores 0, 7, 0. Clearly, the total sum of pairwise alignment scores in the
first example is 10, while that of the second example is only 7. The first example wins!

• It is clear that the most important part of an alignment is the scoring scheme, together
with an efficient algorithm for implementing it.
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THE NEEDLEMAN-WUNSCH ALGORITHM FOR GLOBAL ALIGNMENT

• The Needleman-Wunsch (NW) algorithm was first proposed in 1970 to produce a global
alignment of two sequences, where gaps are permitted. It is a type of algorithm known
as dynamic programming.

• The basic idea in the NW algorithm is to use previous solutions for optimal alignments
of smaller subsequences to construct an optimal global alignment (e.g. the Viterbi
algorithm also uses the same idea).

• The two sequences, x = x1···n and y = y1···m are written along the row and column of
a matrix F , with the entry F (i, j) indicating the score of the best alignment between
the initial segment x1···i of x up to xi, and the initial segment y1···j of y up to yj.

• The entries of the matrix F can be filled up recursively as follows. First, we set
F (0, 0) = 0. Next, we begin to fill up entries from top left to bottom right. This
means we need to know the entries in F (i− 1, j− 1), F (i− 1, j) and F (i, j− 1) to find
F (i, j).

• We compute F (i, j) as

F (i, j) = max{F (i− 1, j − 1) + s(xi, yj), F (i− 1, j)− d, F (i, j − 1)− d},

where d is the penalty of opening a gap , and s(xi, yj) is the score when xi is matched
with yj.

• As we fill in F (i, j), we keep a pointer back to the entry from which F (i, j) is derived.
The boundaries of F are handled specially by defining F (i, 0) = −id, and F (0, j) =
−jd. The optimal alignment is found by tracing the pointers back from the bottom
right cell F (n,m) to the origin F (0, 0).

• For illustration, we will use the NW algorithm to align

GAATTC, GATTA,

scoring +2 for a match, -1 for a mismatch, and linear gap penalty d = 2.
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THE SMITH-WATERMAN ALGORITHM FOR LOCAL ALIGNMENT

• In some cases, we are only interested in aligning subsequences in x with those of y,
and not the entire length of both sequences. This situation arises in highly diverged
sequences where selection has more or less kept certain subsequences unchanged, but
the rest have accumulated enough noise through mutation that aligning them no longer
serves any purpose.

• The optimal alignment is therefore known as the best local alignment. The algorithm
for finding it is called the Smith-Waterman (SW) algorithm, which is very similar to
the NW algorithm, with one modification - if all options have negative values, F (i, j)
is taken to be 0, that is,

F (i, j) = max{0, F (i− 1, j − 1) + s(xi, yj), F (i− 1, j)− d, F (i, j − 1)− d},

• Taking 0 is equivalent to starting a new alignment. The rationale is that if the best
alignment up to some point has a negative score, it is unlikely to give the optimal
alignment - starting afresh rather than extending the sequence with negative score is
more likely to give an optimal alignment.

• The boundaries of the F matrix are all set as 0 in the SW algorithm, and the best
local alignment is found by tracing the entry with largest score back to some cell with
0 entry.

• As illustration, we will obtain the best local alignment of the amino acid sequences

HEAGAWGHEE, PAWHEAE.

The match, mistmatch scores are given by the BLOSUM50 matrix amino acid residues,
and the gap penalty is 8 (see handout).

HEURISTIC ALIGNMENT ALGORITHMS

• While useful, algorithms based on dynamic programming takes a long time to obtain
an optimal alignment as the length of sequences become long. Since the speed of
obtaining an alignment is an issue (no one wants to wait a day to get an alignment!),
heuristic algorithms have been developed.

• Heuristic algorithms only search a small fraction of the cells in the dynamic program-
ming matrix that contain high scoring alignments, so there is the risk of missing the
optimal alignment. They therefore sacrifice some accuracy to gain vast improvement
in speed (such compromises are common in the development of algorithms in bioinfor-
matics)
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• Two very popular heuristics algorithms are BLAST ( Basic Local Alignment Search
Tool; Altschul et al. 1990 ; http://blast.ncbi.nlm.nih.gov/) and FASTA
(http://www.ebi.ac.uk/Tools/fasta/index.html)

• To get an idea of researching for algorithms in bioinformatics work, refer to the follow-
ing papers and book.
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