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Multiple sequence alignment (MSA):
Why?

e Pair-wise alignment can concluded that there is probably
a functional relationship between the two sequences.

e |fitis known that there is a functional similarity amongst
a number of sequences, then we can use MSA to find out
where the similarity comes from.

e |t extract biologically important information (widely
dispersed sequence similarities) that can give biologist
hints about the evolutionary history of certain sequences.



Wwhy we do multiple alignments?

— Active site residues are under evolutionary pressure
to maintain their functional integrity and undergo
very fewer mutations than less functionally
Important amino acids.

— MSA is usec to study closely relatec gene or
proteins in order to find the evolutionary
relationships between genes.

— It identify shared patterns among functionally or
structurally related genes.

— It I1s wused characterize protein families and
determine the consensus sequence of several aligned
sequence.



Example of multiple alignment

Example: part of an alignment of SH2 domains from 14 sequences

Ink_rat

crkl _mouse
nck_human
ht16 _hydat
pip5_human
fer_human
lab2

Imil

1blj

1shd

1IkkA

lcsy

1bfi

1gri
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----------- YPWFHGPISRVRAAOLYOLOGPDAHGYFLVROS ESRR-GEYYLTFNL)-----GRARHLRLYLTERGOCRYQH--LHF PR VWIIML
----------- S ANIMGPYTROEAQTRLOGOR ---HEMFLYRDE 3 TCP-GDYYLA VS EN-----3RVaHY T INSLENRRFE IGD--QEFDHLPALL
------------- WY YGEYTRAQAEMALNERGH--EGDFLIRDGES S P-NDFRVELEAQ-----GRNEHFRVOLE -ETVI CIGO--REFS TMEELY
------------- WIHGE ITREVAVOVLLRRGGR -DGFFLIRDCGNAP-EDYVLAMMFR -----50 TLHFQ INCLGDNE RS IDNG-PTFQGLOMLI
----------- FEWTYDSLERGEAEDMLMR I PR --DGAFL IREREGS--DE YAT TFRAR -----GEVEHCR INRDG-RHFVLG TR -AYFERLYVELY
------------- WIHGAIPRIEAQELLKE -----0GDFLVRESHGE P-GEYVLA VIS0 -----GORRHF T IO TV-DNMYR FEG--TGFRNTPQLI
----------- EEWFHGYLPREEYVRLLNN-----DGDFLVRET IRNEESQIVLAYCW------NGHEHF IVOTTGEGNFRFEG--PRFAS IQEL]
----------- HaWTHGEVERNAREYLLSG I -—- NG FLVRES R P -GURA TR LR YE-----GRYIHYR INTASDGELYVS S E-SRENTLAELY

* conserved identical residues
: conserved similar residues



Central role of multiple alignments
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Multiple Alignment Method

Compare all sequences pair-wise.

Perform cluster analysis on the pair-wise data to generate
a hierarchy for alignment.

This may be in the form of a binary tree or a simple
ordering.

Build the multiple alignment by first aligning the most
similar pair of sequences, then the next most similar pair
and so on.

Once an alignment of two sequences has been made,
then this is fixed.



Overview of ClustalW Procedure

Hbb_Human CLUSTAL W

Hbb Horse - -
Hba Human . .60 - . s . s
59 .59 .13 - Quick pairwise alignment:

Hba Horse

Myg Whale - =77 75 75 - calculate distance matrix

Hizbh_Human *

Hik_Horse
Hba Human Neighbor-joining tree

Hba Horse (guide tree)

Myg_Whale
alpha-helices *

PEEKSAVTALWG
GEEKAAVLALWD C =

DADKTNUVKAAWG Progressive alignment
ARDRTIVIGLANS following guide tree
EHEWOLVLHVW




Most popular MSA tool: Clustalw
(http://www.ebi.ac.uk/clustalw)

 Both progressive global and local alignments
can be done in ClustalW.

 The user has the option to control parameters
to make the best alignments (e.g., word size,
matrix, gap open, extension, etc.).



Clustalw/ClustalO

e |t also provides two phylogenetic trees, a cladogram
(equal length of branched tree showing common
ancestry) or a phylogram (unequal length of
branched tree showing evolutionary distances).

* Alignment can be further edited using the Jalview
program (http://www.ebi.ac.uk/jalview).

 The main challenges for MSA is to handle growing
data set sizes of nucleic acid and proteins.



C 8 ebiacuk/Tools/msa/clustalo/

i Apps & cupeduin N cupeduin [ My Favorite Machin.. @ iMod Server home..

Lidhghyll Web services | Help & Documentation | Bioinformatics Tools FAQ ‘

Enter or paste a set of

PROTEIN

sequences In any supported format:

KKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPYNFKLLSHCLLVTLASHHFADFTP
AVHASLDKFLASVSTVLTSKYR

=5p|P13766|HBAZ_CAPHI Hemoglobin subunit zeta OS=Capra hircus GN=HBZ1 PE=3 SV=2
MSLTRTERTIILSLWSKISTQADVIGTETLERLFSCYPQAKTYFPHFDLHSGSAQLRAHG
SKWAAVGDAVKSIDNVTSALSKLSELHAYVLRVDPYNFKFLSHCLLVTLASHFPADFTA
DAHAAWDKFLSIVSGVLTEKYR

Or, upload a file: | Choose File | No file chosen Use a example sequence | Clear sequence | See

STEP 2 - Set your parameters

OUTPUT FORMAT

ClustalW




-
5 multiple sequence alignment - & X Results < Clustal Omega < Multl X F—- — : - -

“— & @ ebiacuk/Tools/services/web/toolresult.ebi?jobld =clustalo-120200418-095050-0522-88062448-p2m

Apps 28 cupeduin 2 cup.eduin m My Favorite Machin... @ iMod Server home...

Input form ‘ Web services Help & Documentation ‘ Bioinformatics Tools FAQ ‘

Results for job clustalo-120200418-095050-0522-88062448-p2m

M Result Summary Guide Tree Phylogenetic Tree Results Viewers  Submission Details

Download Alignment File  Show Colors

CLUSTAL O¢1.2.4) multiple sequence slignment

sp| P699ES | HBA_HUMAN MVLSPADK TNV AAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDL SHES AQVKGHG

sp|PB1942 |HBA_MOUSE MVLSGEDKSNIKAAWGK IGEHGAEYGAEALERMFASFPTTKTYFPHFDVSHGS AQVKGHG

sp|P13786|HBAZ_CAPHI HSLTRTERTIILSLHSKISTQADVIGTETLERLFSCVPQ#hTYFPHFDLHSESAQLR#HG
& 3 vewow ' = 3 L 3 e 4 $$$ $ .:3 $3$$3$3$ $$$$ $$

sp|P629@5 |HBA_HUMAN KKVADAL TNAVAHVDDMPMAL SALSDLHAHKLRVDPYNFKLLSHCLLVTLAAHLPAEFTP

sp|PB1942 |HBA_MOUSE KKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADFTP

sp|P13786 |HBAZ_CAPHI SKVVAAVGDAVKS IDNVTSALSKLSELHAYVLRVDPVNFKFLSHCLLVTLASHFPADFTA
_$$I $: _$I :$:: _$$$ $$:$$$: $$$$$$$$$:$$$$$$$$$$:$ $$:$$

sp|P699@5 |HBA_HUMAN AVHASLDKFLASVSTVLTSKYR

sp|PB1942 |HBA_MOUSE AVHASLDKFLASVSTVLTSKYR

sp|P13786 | HBAZ_CAPHI DAHAAMDKFLSTVSGVLTEKYR

JEEe FEEEL FF EFF FEE

PLEASE NOTE: Showing colors on large alignments is slow.




Scoring of MSA :Entropy score

* Define frequencies for the occurrence of each

letter in each column of multiple alignment

0, =1, pr=p5=p=0 (15 column)

e Compute entropy of each column

— Py logp,

X=A4,7T.G.C

0, =0.75, p; = 0.25, pc=p=0 (2" column)
0, =0.50, p; =0.25, p.=0.25 p:=0 (3 column)

AAA
AAA
AAT
ATC



Entropy: Example

A+ Best case
entropy| .=0

1
Worst case €"ory G+ ‘Ezlogz=




Entropy of an Alignment: Example

> > | > >
OO 0>
QO | >

column entropy:
-( palogpa + pclogpc + pglogpg + prlogpy)

*Column 1 = -[1*log(1) + 0*log0 + 0*log0 +0*log0]

=(

«Column 2 = -[t/p*log(Y,) + @/»*log(3/,) + 0*log0 + 0*logO0]

= -[ (U )*(-2) + (,)%(-.415) ] = +0.811

Column 3 = -[t/,)*log(*)+(*,)*log (Y )+ )*log(*,) +(*,)*log(*,)]

= 4 [(1)(-2)] = +2.0

*Alignment Entropy =0 + 0.811 + 2.0 = +2.811
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Thank you.

Email: sprakashsingh@mgcub.ac.in



