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What’ s Multiple Seguence
Alignment?

* A generalization of pairwise seguence
alignment

« Align multiple sequences (e.g., aprotein
family) to maximize alignment score

 Biological goal isto identify evolutionary
relationships, structures, and functions



Why I1s MSA important?

Construct phylogenetic tree

Construct protein profile for database search
and structure prediction

Elucidate evolutionary conservation
|dentify DNA binding /regulatory sites

|dentify structural and functional important
sites of proteins

lmprove alignment quality



Example 1. plylogenetic tree
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Phylip unrooted tree
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Example 2: Functional Important
Residues/ Site

FUCO_ECOLI
GLDA BACST
GLDA ECOLT
MEDH BACMT
ADH1 CLOAB
ADHE ECOLI
ADH2_ZYMMO
ADH4 YEAST
ADHA CLOAB
ADHB CLOAB
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PLGAFYNTH
LEGEIHHLT
AIPDAHHYY|
QVGGVYKLQ
KTGAVFHIB
KLGSQFHIBH
OLGGYYNLH
OLGGFYHLB
ELSAYYDIT

GVANAT
GEKVAF
GEKVAF
GICNSV
GCANAT
GLANAL
GVCNAV
GVCNAV
GVGLATI

ELSAYYDIT

R

GVGLATI

iron containing alcohol dehydr ogenases

PSSM of BLOLIC [ADH_IRON_L;) 11 sequences.

conserved histidines probably bind the
ferrousion(s) required for these
enzymes activity

Source: http://bioinformatics.weizmann.ac.il/~pietro/Making_and_using_protein. MA/



Scoring Function of MSA

e Amino acid level: PAM and BLOSUM

e Score of acolumn: sum of the scores of all
residue pairs in the column.

e Score of an MSA: sum of the scores of all
columns.



Example: Scoring Function
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Column 3:
Residue pairs. (M,F), (M,G), (M,), (F,G), (F,1), (G,])
Scores. 0O, -3, 1,-3,0,-4
Score of column 3is-9

For m seguences, number of residue pairs of each

column: (m-1)*m/ 2. So what’ s time complexity?



DP for Multiple Seguence

Alignment
To align prefixes: Consider 23-1 = 7 Situations

PLLAL QULIL RIL-KT 9y Given P[1..i-1],Q[L.j-1],R[L..k-1], match
Pli], QU] and R[K]

1 1
YNTPHGVANAT YNTP -HGVANAT
J ]
HNGFTALEGEI HN-GF-TALEGET
k k

VHNGLTAIPDA VHNGLTATIPDA



(2) Given P[1..i],Q[1.j-1],R[1..k-1], (3) Given P[1..i],Q[1..j],R[L.k-1],

match gap, Q[j], and R[K] match gap, gap, and R[K]
i i
YNTPHG-VANAT YNTPHG-VANAT
] ]
HN-GF-TALEGEIL HN-GFT-ALEGEIL
k k
VHNGLTATIPDA VHNGLTATIPDA
(4) Given P[1..i],Q[1.j-1],R[1..k],  (5) Given P[1..i],Q[1..j-1],R[1..k-1],
match gap, Q[j], and gap match gap, Q[j], and R[K]
i i
YNTPHG--VANAT YNTPHG-VANAT
] ]
HN-GF--TALEGEI HN-GF-TALEGEIL
k k

VHNGLTA-IPDA VHNGLTAIPDA



(6)Given P[1..i-1],Q[1..j],R[1.k-1], (7)Given P[1..i-1],Q[1.j-1],R[1..K],

match PJi], gap, and R[K] match PJi], Q[j], and gap
1 1
YNTP-HGVANAT YNTP-H-GVANAT
] ]
HN-GFT-ALEGET HN-GF--T-ALEGET
k k
VHNGLTAIPDA VHNGLTA-IPDA
Cubic Matrix (ij-1k-1) (i,j-1.k)

Now, fill a3D matrix.
Time = n3. Each
Step has 23 — 1 paths.

| (i-1j-1k-1) )

(i.),K)

Now generalized to m seguences

(i-1, k-1) (i-1,,k .
Time Complexity = nm* 2m* m?



Heuristic MSA Approaches

DP can’t be used for more than three
Sequences

Star approach
Progressive approach
|terative approach
Hidden Markov Model




Star Approach

Use one sequence of your interest or closest to all other
seguences as seed. Align the seed to other sequences and
generate a MSA from pairwise alignments.

/

(Used by PSI-BLAST)

*.




Salect a seed 1. VHGMAHPLAFYNT-HGVANAT

2. HNGFT-E-GEIHHLTHGEKVF

1. VHGMAHPLAFYNTHGVANAI Pa| rW| e

2. ENGFTEGEIEHLTHGEKVP ©. Vetcunser, arvwTsGuaNaT
) 3. VHNGL-AIPDA-HYHGEKVAF

4. VHSHQVGGVYKLQHGICNSV

1. VHGMAHPL-AFYNT-HGVANAT
4. VHS--HQVGGVYKLQHGICNSV

Do combination step by step using seed as an anchor

1. VHGMAHPL-AFYNT-HGVANAT
2. HNGFT-E--GEIHHLTHGEKVF
3. VHNGL-AIPDA-HY-HGEKVAF

1. VHGMAHPLAFYNT-HGVANAI
2. HNGFT-E-GETHHLTHGEKVF

1. VHGMAHPL-AFYNTHGVANAI
3. VHNGL-AIPDA-HYHGEKVAF

1. VHGMAHPL-AFYNT-HGVANAT
4. VHS--HQVGGVYKLQHGICNSV

v

VHGMAHPL-AFYNT-HGVANAI
HNGFT-E--GEIHHLTHGEKVF
VHNGL-AIPDA-HY-HGEKVAF
VHS - -HQVGGVYKLQHGICNSV

BwW N R



Progressive Approach

» Basic idea align ssmilar sequences first
(1) construct a coarse phylogenetic tree

(2) usethetree asguidetreeto aign
seguences progressively.

* Representative methods. CLUSTALW and
T-COFEE



Simplified Example of Progressive MSA
1 2 3

. VHGMAHPLAFYNTHGVANAI
. HNGFTEGEIHHLTHGEKVF
. VHNGLAIPDAHYHGEKVAF
. VHSHQVGGVYKLQHGICNSV

B W R

Convert similarity matrix to
distance matrix if necessary

(Saa T Sob)/ 2- Sab

Align sequences pairwisely

to construct asimilarity matrix
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Construct a guide tree from
distance/similarity matrix
Step 3

Step 4

Align sequence progressively
according to guide tree.

*Align 2and 3

*Align 1 and 4

*Align group of 2-3 and
group of 1-4

Question:

How to align a group of
seguences against another
group of sequences?



2. HNGFT-|-GEITHHLTHGEKVF
3. VHNGL-AIPDA-HYHGEKVAF

- j Score(i,j) = S(E,-)+S(E,Q)+S(A ,-)+S(A,Q)

1. VHGMAHPL-AFYNT|{HGVANAT
4. VHS--HQVGGVYKLOHGICNSV

Align one group with another group:

*Treat each group as a single generalized sequence consisting
of columns

*Use the same dynamic programming algorithm

*Once add one gap into a position in one group, all

seguences in the group is added the gap

«Score(Col;, Coaly) isthe sum score of all residue pairs across
column i and columnj)



Some Progressive MSA Tools

CLUSTALW/(X) (neighbor-joining
algorithm, ssimilarity matrix)

PILEUP (UPGMA algorithm for guide tree)
MULTALIGN(UPGMA agorithm)

T-COFFEE (improved over CLUSTALW,
but slower)

3D-COFFEE (use structure information)



Iterative Approach

* Progressive approach is aheuristic
approach. Optimal MSA s not guaranteed.

« Alignmentsin previous steps are fixed.
Error propagation.

e |terative approach triesto adjust alignments
according to an objective function to
Improve alignments.



|terative M ethods

 PRRP: optimize a progressive alignment by
Iteratively dividing the sequences into two
groups and realigning them using a group-
to-group alignment algorithm

o SAGA: use agenetic algorithm

o |terative approach often improves alignment
accuracy at the expense of computation
time



Hidden Markov Model Approach

« MUSCLE ( ,
Robert Edgar)

o State of Art Multiple Sequence Alignment
e Online service:

* Not discussed here, but in Advanced
Bioinformatics (Spring, 2007)



A Case Study of Using CLUSTALW

HIV-1 Capsid Protein

VHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQA
AMQMLKETINEEAAEWDRVHPVHAGPIAPGOMREPRGSDIAGTTSTLQEQIGW
MTNNPPIPVGEIY KRWIILGLNKIVRMY SPTSILDIRQGPKEPFRDYVDRFYKTLR
AEQASQEVKNWMTETLLVONANPDCKTILKALGPAATLEEMMTACQ



Search Database
POL-HV1BR

VHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLK
ETINEEAAEWDRVHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTNNPPIPVGEIY

KRWIILGLNKIVRMY SPTSILDIRQGPKEPFRDYVDRFY KTLRAEQASQEVKNWMTETLL
VONANPDCKTILKALGPAATLEEMMTACQ

AAN23474

VHQAISPRTLNAWVKVIEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLK
ETINEEAAEWDRIHPVHAGPIAPGQM REPRGSDIAGTTSTLQEQIGWMTSNPPIPVGEIY

KRWIILGLNKIVRMY SPVSILDIRQGPKEPFRDYVDRFYKTLRAEQASQDVKNWMTETLL
VONANPDCKTILKALGPAATLEEMMTACQ

AANT73808

VHQAISPRTLNAWVKVIEEKAFSPEVIPMFSALSEGATPOQDLNTMLNTVGGHQAAMQMLK
ETINEEAAEWDRLHPVHAGPVAPGQMRDPRGSDIAGTTSTLQEQIGWMTSNPPIPVGEIY

KRWIILGLNKIVRMY SPVSILDIRQGPKEPFRDYVDRFYKTLRAEQATQEVKNWMTETLL
IONANPDCKTILKALGPAATLEEMMTACQ

AAD28894

VHQALSPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLK
ETINEEAAEWDRLHPVHAGPIAPGQMREPRGSDIAGTTSTLQDQIGWMTNNPPIPVGEIY

KRWIILGLNKIVRMY SPTSILDIKQGPKEPFRDY VDRFY KTLRAEQASQEVKNWMTETLL
VONANPDCKTILKALGPAATLEEMMTACQ



Clusta W

ISl Submission Form

ClustalV is a general purpose multiple sequence alignment program for DA ar proteins. |t
produces biologically meaningful multiple sequence alignments of divergent sequences. It
calculates the best match for the selected sequences, and lines thermn up so that the identities,
similarities and differences can be seen. Evolutionary relationships can be seen via viewing
Cladograms or Phylograms. Hew users, please read the FAGQ.

iy 3
® Web : ] == Download Software —'_»—I —!rl —d;ﬂ
%rVI Ce- YOUR EmMAIL ALIGRMEMT TITLE RESLULTS ALIGRMEMT CPLU MODE

ccs.ucf edu Sequence interactive full = single
KTUIP R ) et SCORE TYFE TORPDIAG FPAIRGAF
O RD SIZE) LEMGTH
def » def percent def = def
MATR GAR OFPEM ErD SAFR SAFR
GAFPS EXTEMSION DISTAMCES
def ~ def def def = def
QUTPUT FPHYLOGEMETIC TREE
QUTPLUT QUTPLT TREE TYFE COREECT DIST. IGHNORE GAPS
FORMAT ORDER
aln wa'numbers aligned = nj e on off =

Enter or Paste a set of Sequences in any supported format:

DIAGTTITLOEQIGWMTENPPIPVGEIYERWIILGLNEIVREMYIPW A
SILDIROGPEEPFRDYVDRFYETLRAEQALATOEVENWHTE TLL TOMA
NPDCETILEALGPAATLEEMMTACO

=AADZS5594

VHOALSPRTLMANMVEVVEEKAF SPEVIPFMFSALSEGATPOD LIMTHML
NTVGEHOLAMOMLEETINEELLAEWDRELHPVHAGF TAPGOMEEPRGS
DIAGTTITLODOIGWMTHNNPPIPVGEIYERWIILGLNEIWVEMYSPT
SILDIKOQOGPEEPFRDYVDRFYETLRAEQAZOEVENWMMTE TL LAWOQR L
HNPDCETILEALGPAATLEEMMTACO

Upload a file: Fun



Clustal X with GUI

M ClustalX (1.8) =13
g8 Edit Alignment  Trees Colors  Quality  Help

Load Sequences

Append Sequences ZI Font Size:10 ~

Save Sequences as...

Write Alignment as PostScripk

it

Load your sequence file

http://bioi nformati cs.unc.edu/software/opensource/index.htm



F
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Visualized M SA (conservation and variation)



= TreeWiew
File Edit Style Tree ‘Window Help

& hiv.phb

AADZEE594

POL-HV1ER

AAMNTIAT A

AANTIE0T

Distance Based Pylogenetic Tree (visualized by treeview:

http://taxonomy.zoology.gla.ac.uk/r od/treeview.html)



T-Coffee

4+ ch.EMBnet.org

T-COFFEE

This program is more accurate than ClustalWw for sequences with less than 30%
identity,
but it is slower...
For any question please contact the author: Cedric Notredame

Please cite:
"T-Coffee: A novel method for multiple sequence alignments”
C. Notredame, D. Higgins, J. Heringa
Journal of Molecular Biology, 302, 205-217, (2000)

Valid format for input is: FASTA(Pearson)
max number of sequences = 30
max total length of sequences = 10000

Help page

Output order :I Input 'I

Sequence type - % Protein C DNA

Input
sequences:
(see above

for valid
formats)

Run T-COFFEE | Clear Input |

Address: http://www.ch.embnet.org/software/TCoffee.ntmi



