Multiple Sequence Alignment



Multiple Alignment Example
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Contacting residues between SARS-
CoV-2 and ACE2.Boxes denote the
contacting residues. Black boxes

. vl sl N denote mutations unique to omicron,
100 110 120 130 140 red boxes denote mutations occurring
in multiple variants, and grey boxes
denote no mutations in any variant.
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From pairwise to multiple

« A multiple sequence alignment of k sequences is an insertion of
gaps in the positions of the sequences, just like a pairwise

alignment.
Motif 1 Motif 2
H.s. Wee1 409-457 QVGRGLRYIISHS-LV MBI IFISRTSIPNAASEEGBEDDWASNK--~~
H.s. Ttk 614-659 NMLEAVHTINQHG-IVESEL FLIVDG---~-~- MLKLI IANQMQPD--
S.c. Ste7 313-358 GVLNGLDHLYRQYKII VLINSK----GQIKLC VSKKLI=-=-~-
S.c. Mkk1 332-376 AvLRGLSYLMEKK-VI ILLNEN----GQVKLC VSGEAV---~-
S.p. Byr1 168-213 SMVKGLIYLYNVLHII VVVNSR----GEIKLC VSGELV=-==~
S.c. St20 722-767 ETLSGLEFLESKG-VL ILLSME----GDIKLT FCAQINE=--~-
S.c. Ce15 129-172 QTLLGLKYLMGEG-VI ILLSAD----NTVKLA VSTIV-----
S.p. Byr2 505-553 QTLKGLEYLEMSRG-1V ILVDNK=----GKIKIS ISKKLELNST
S.c. Spk1 302-348 QILTAIKYIMSMG-IS ILIEQDD--PVLVKIT LAKVQG==~=~
S.p. Kin1 249-293 QIGSALSYLEAQNS-VV ILISKT----GDIKII LSNLYR===~
S.p. Cdr1 111-156 QILDAVAHCHMRFR=-FR ILIKVN---EQQIKIA MATVEP=-=-~-~
M.m. K6a1 507-556 TISKTVEYLESQG-VV ILYVDESGNPECLRIC FAKQLRA--~-
R.n. Kpbh 136-180 SLLEAVNFLEVNN-IV ILLDDN----MQIRLS FSCHLE=-=--~
H.s. Erk2 132-176 QILRGLKYIMSAM-VL LELNTT---CLSCKIC LARVA---~-~-
S.c. Kss1 137-182 QILRALKSIMSAQ-VI LELNSN------ cKvce LARCLASSS-
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“Two homologous sequences whisper, a multiple alignment
shouts loudly” -- Arthur M. Lesk



Heuristic Algorithm for Multiple Alignment

 There is a simple algorithm that can merge pairwise
alignments to a multiple alignment.

« The algorithm does not guarantee the optimality of the
result. But runs relatively fast.




Merging Two Pairwise Alignments

Suppose we have the following two pairwise alignments

t: A-GAGC
sl: ATGAGC
and

t: AGA-GC

s?2: AGTTGC

Our main idea is to use the shared sequence t to construct a
multiple alignment of s1, t, and s2.



Merging Two Pairwise Alignments

t: A-GAGC t: A-GA-GC
sl: ATGAGC sl: ATGA-GC
and and

t: AGA-GC t: A-GA-GC
s2: AGTTGC s2: A-GTTGC

A-GA-GC
ATGA-GC
A-GTTGC

« Algorithm: Insert gaps to the two alignments, so that the
superstrings for t become the same in the two alignments.

Then put the two alignments together.

Property: Maintains the pairwise alignment unchanged if
ignoring the all-gap columns of the pairwise alignment.



Merging Two Pairwise Alignments

T: A-GA-GC
sl: ATGA-GC
s2: A-GTTGC

t: AGASGC
s3: ATA--C

« The process can be continued to merge two multiple

sl:
S2:

A-GA-GC
ATGA-GC
A-GTTGC

A-GA-GC
A-TA--C

alignments together as a bigger one.
« Note that the obtained multiple alignment may not be

optimal.

sl:
S2:
s3:

A-GA-GC
ATGA-GC
A-GTTGC
A-TA--C



Heuristic Algorithm for Multiple Alignment

 |nput: s1,S2,...,Sn.
« Algorithm:
« Let A = pairwise alignment of s1 and s2.
« Forifrom 3 to n.
e Construct pairwise alignment P between s1 and si.

e Let A = merge(A, P, sl), i.e., merging A and P using s1 as
the template.

« Return A.



Progressive Alignment

The order of the merging is important to get good (but not
optimal) multiple alignment.

We want to merge similar sequences first.

One way is to construct a minimum spanning tree, and then
merge using the shared vertices.




Heuristic Algorithm

The exact algorithm for multiple alignment is super-polynomial.
Before we study it, let’s examine a heuristic algorithm.

A heuristic algorithm is an algorithm that gives up quality for

speed. It usually does not offer any performance guarantee in
terms of quality.

Well... We already sacrificed the quality because of a simple
scoring function any way.

If we cannot afford exponential time, the best we can ask for is a
suboptimal solution.

But practically, it might work sometimes.



Heuristic Algorithm

 We do not want to spend super-polynomial (e.q.
exponential) time.

“You get what you pay for”.



Exact Algorithm for Multiple Alignment

 When the optimal alignment is needed. There is an exact
algorihtm as well.



