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■ Pairwise alignment variations

■ Multiple sequence alignment

■ Introduction to phylogenetics



Local alignment variations
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DP algorithm modifications:

1) Initialization: 0th row and 0th column with 0’s to not penalize leading/trailing gaps

2) Recursion: to fill in the rest of the table, use global alignment (i.e. don’t restart at 0)

3) Traceback: start at the maximum value along the last row or last column



Approximate local alignment: BLAST

I sequenced something – what is it? 

Want to compare with all the sequences in published databases

Smith-Waterman far too slow (O(n2) time and space)

So in practice , often use heuristic (approximate) methods

BLAST (Basic Local Alignment Search Tool) 

https://blast.ncbi.nlm.nih.gov/Blast.cgi

“Basic local alignment search tool.” Altschul, S. F., Gish, W., Miller, W., Myers, E. 

W. & Lipman, D. J. J. Mol. Biol. 215, 403–410 (1990). 12th most cited scientific 

paper of all time (as of 2014). 

http://dx.doi.org/10.1016/S0022-2836(05)80360-2


Approximate local alignment: BLAST

1 Find potential matches (“seeds”) 

Query string: …RPPEGIAAXXPAPX…

Database string: …GPIGISIDPEGPX…

Scoring matrix aware k-mer search

Query String
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2 Extend matches around seed and 

join up high-scoring pairs

Not guaranteed to find the optimal alignment 

But in practice it is very good! 

Report the “E-value”: Expected number of 

matches we would see by chance



Affine (non-linear) gaps





Multiple Sequence Alignment



From pairwise to multiple alignment

AACTAGAGAG

AAC--AAGAG

AACTAGA-GAG

AAC--AA-GAG

AACTAGA-GAG

AAATAGA-GAG

AAATAGA-GAG

AAGTAGATGAG

K=6 sequencesK=2 sequences



AACTAGAGAG

AAC--AAGAG

AACTAGA-GAG

AAC--AA-GAG

AACTAGA-GAG

AAATAGA-GAG

AAATAGA-GAG

AAGTAGATGAG

How to score multiple alignments

Score = m(A,A)+m(A,A)+…. Score = S(column 1)+S(column 2)+…. 





K-dimensional dynamic programming

(i,j)(i-1,j)

(i,j-1)(i-1,j-1)

K=2

K=3

𝑆 𝑖, 𝑗 = 𝑚𝑎𝑥

൯𝑆 𝑖 − 1, 𝑗 − 1 + 𝑆(𝑎𝑖, 𝑏𝑗
ሻ𝑆 𝑖 − 1, 𝑗 + 𝑆(𝑎𝑖, −

൯𝑆 𝑖, 𝑗 − 1 + 𝑆(−, 𝑏𝑗

sequences a=a1a2a3… b=b1b2b3…

𝑆 𝑖, 𝑗, 𝑘 = 𝑚𝑎𝑥

൯𝑆 𝑖 − 1, 𝑗 − 1, 𝑘 − 1 + 𝑆(𝑎𝑖, 𝑏𝑗, 𝑐𝑘

൯𝑆 𝑖, 𝑗 − 1, 𝑘 − 1 + 𝑆(−, 𝑏𝑗, 𝑐𝑘
ሻ𝑆 𝑖 − 1, 𝑗, 𝑘 − 1 + 𝑆(𝑎𝑖, −, 𝑐𝑘
൯𝑆 𝑖 − 1, 𝑗 − 1, 𝑘 + 𝑆(𝑎𝑖, 𝑏𝑗, −

ሻ𝑆 𝑖, 𝑗, 𝑘 − 1 + 𝑆(−,−, 𝑐𝑘
൯𝑆 𝑖, 𝑗 − 1, 𝑘 + 𝑆(−, 𝑏𝑗, −

ሻ𝑆 𝑖 − 1, 𝑗, 𝑘 + 𝑆(𝑎𝑖, −, −



K-dimensional dynamic programming

S 𝑖, 𝑗, 𝑘, … = 𝑚𝑎𝑥

൯𝑆 𝑖 − 1, 𝑗 − 1, 𝑘 − 1,… + 𝑆(𝑎𝑖, 𝑏𝑗, 𝑐𝑘, …

൯𝑆 𝑖, 𝑗 − 1, 𝑘 − 1,… + 𝑆(−, 𝑏𝑗, 𝑐𝑘, …

⋮
⋮
⋮

ሻ𝑆 𝑖, 𝑗, 𝑘, … + 𝑆(−,−,−,…
ሻ𝑆 𝑖, 𝑗, 𝑘, … + 𝑆(−,−,−,…

2K-1 choices for each cell 

Number of cells = ς𝑖 length(sequence𝑖ሻ 
                             = nK if all length n 

So algorithm is O(2KnK)





K-dimensional dynamic programming

Assume you have some sequences that are n=50 characters long, and that pairwise 

alignment of K=2 such sequences takes one second on your computer. 

Then alignment of K=4 sequences takes 0.0001*(2n)K = 104s ~3 hours 

Suppose you had unlimited memory and you were willing to wait until the sun burns 

out and turns into a red dwarf in 5 billion years, how many sequences could you align? 



Progressive alignment



Iterative alignment

Idea: align sequences to each other in some 

order, so we only ever have to solve pairwise 

problems AACTAGA-GAG

ATC--AA-GAG

AACTAGA-GAG

AAATAGA-GAG

AAATAGA-GAG

AAGTAGATGAG

X1: AACTAGA-GAG

X2: ATC--AA-GAG

X1: AACTAGA-GAG

X2: ATC--AA-GAG

X3: AACTAGA-GAG

…

1) Align X2 to X1 2) Align X3 to 

the alignment 

of X2 and X3* K) etc… 

*How to align a sequence to an alignment? 

X1 X2 X3 XK



X1 X2 X3 XN

Progressive alignment

X1 X2 X3 XN

Key idea: Align most similar sequences first 



We want to use the multiple alignment to reconstruct the tree

But we need to know the tree to get the right multiple alignment



Clustal-W: multiple sequence alignment algorithm

■ 75,000 citations (2024)



■ Compute all possible pairwise alignments, use to create a 

pairwise distance matrix between the strings

■ Use the pairwise distance matrix to create a UPGMA or NJ 

tree graph (next week!)

■ Use the tree graph to iteratively merge pairwise alignments 

of nodes in the tree (which may be leaves or ancestral 

nodes). Start with most similar nodes first

Clustal-W: multiple sequence alignment algorithm



Clustal-W
workflow
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Clustal-W
workflow













Begin: using variation to reconstruct 
evolutionary events



VCF file format

Credit: Dan Bolster (EBI)



VCF file format

1000 Genomes Project (JPT population)
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