Multiple alighment




Orthologous genes vs. Parologous Genes

Orthologous genes: are homologous genes, present in different
but related species, which encode for proteins that have similar
functions and that have been separated not by a duplication
event, but as a result of speciation (separation of species).
(Homologous genes, different in different organisms derived from
specialization of the species, encode the same function)

Example: a-globin proteins from human and mouse have diverged
about 80 million years ago, when there was the division that gave
rise to primates and rodents. The two genes are considered
orthologous.

Paralogous genes: are genes originated from the duplication of a
single gene in the same organism. (Different genes generated by
gene duplication of an organism)

es. a-globin and B-globin human started to diverge after the
duplication of an ancestral globin gene. The two genes are
considered paralogs.



Multiple alignment

The best way to know the characteristics of a particular proteins
family is to aligh many proteins with similar function.

The functionally or structurally most relevant sites tend to
remain unchanged in homologous proteins, while the less
important sites may also change a lot.

Observe and study the conservations means understanding how
the protein families work, what makes them different from each
other, whether or not there exist inter- and intra-family
phylogenetic relationships.

In this way it is possible to identify the function of an unknown
protein only by observing the sequence of its residues.



The sequences to multi-align typically are obtained from the
database search using the search systems for similarities such as
BLAST and FASTA.

Since they come from an alignment (even if produced with heuristic
methods) and that they take into account only sequences that have
a high score (and a low E, expectation value), the alighment of
these multiple DATASET will give satisfactory results.

In a multiple alignment there are taken into account the columns of
residues, rather than the proteins to which they belong. Any residue
is lined up to be implicitly considered as evolutionarily related, in
some way.



Biological Meaning of
the multiple alignment

The multiple alignment summarizes:

« The evolutionary history of a family of proteins.

« The conservation of function related residues.

« The conservation of the structure related residues.




Methods for the multiple
alignment

«optimal alignment
—dynamic programming, MSA

 heuristic alignment
—Progressive
*Global (CLUSTALW, Pileup)
Local (PIMA)
— lterative
*Global (PRRP)
Local (dialign)




Optimal Multi-alignment
Complexity

On the surface of the cube
you will have the
comparison matrices in
pairs between the
sequences A-B, B-C and A-
C. The optimum alignment
of three sequences (A-B-C)
requires the filling of the
cube and the evaluation of
all possible moves within
the cube.

sequence B

sequence A

The complexity of this algorithm is (O(LN)), where L is the length and N is

the number of sequences. For

three sequences of 300 amino acids the

number of comparisons is 2.7 x 107. A complete algorithm of dynamic
programming is applicable only in the case of three sequences.




Optimal Alignment with
dynamic programming

Carrillo & Lipmann, 1988

To find an optimal alignment between the three sequences is
necessary to calculate the scores within the volume in gray: the

volume is bounded by the projections of the areas on the faces of the
cube.

This algorithm (implemented in the MSA program) can be used for a
few (<10) short sequences.




Heuristic Algorithm:
Progressive Alignment

Alignment of the three sequences A, B, C for the subsequent
steps
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N sequences (dataset) arranged
at random, not aligned

1

Align all proteins with all proteins,
in pairs: N (N-1) / 2 alignments

1

Determine a guide tree based on
the similarity scores of all pairs

1

Starting with the most similar pair,
determine the columns preserved, and
align the next couple keeping these
columns and calculating the overall score

!

N sequences (dataset) aligned




Progressive Alignment

 Alignments in pairs [N (N-1) / 2 comparisons] of all sequences
with dynamic programming or approximate methods (BLAST,
FASTA). Calculate a diagonal matrix of distances.

« Build a tree (Neighbor-joining, UPGMA, etc.) on the basis of
the matrix. The tree serves as a guide for subsequent
alignments.

« Beginning with the first node added to the tree, which
represents the closest two sequences, align gradually the other
nodes (which may be two sequences, a sequence and an
alignment or two alignments) until all sequences have been
aligned



( Distance Matrix Calculation

Obijective: From the single alignment performed at the first step, we have the score
representing the similarity between the aligned pairs. From it we compute the edit
distance for each pair.

@ now very important: scoring

@ so far: e type 1: similarity (e.g., PAM)
o type 2: distances = metric (edit distance)
minimum entropy

@ however: distances and similarities can be translated into each other.

e often: given similarity (PAM, BLOSUM), searched distance

@ one of the first approaches: Feng-Doolittle

o given: 2 sequences a,b and a similarity function S(-, )
o wanted: 2 sequences a,b and a distance function D(-, ")




Distance Matrix Calculation

Feng-Doolittle: Similarity <= Distance

D

o definitions:

o S(a, b) —> similarity of a, b
5(a, S(b, b
° ;‘EX = (2 3); (b, b) —> maximal possible similarity
® Siand —>  expected score for aligning two random

sequences a’, b’ with same length and
compositions = a, b shuffled

5(‘3: b) — 5ra.'}a'
S‘SEX — Srand

ﬂ-' . . . .
S;b normalised percentage similarity

then: define S&f, =

e values between 0 and 1
e converges exponentially slow to O for increasing evolutionary distance

hence: for an approx. linear distance define D(a, b) = — log ng[,

e comment: D(a, b) will be later used to build guide tree in
“progressive MSA"
£



y The guide Tree for the clusterization

« Give a score for each pair, it is possible to determine which is
the best way to pass from a protein to an another following a
specific order that can be considered as evolutionary
progression.

« The (rapid) methods to build the tree, given a score set, are
two:

« Neighbour Joining (NJ)
« Unweighted Pair Group Methos with Arithmetics Mean
(UPGMA)

* These methods base their topological schema on the Distance
Matrices that have different meaning with respect to the
scores:

« Score: high value => more similar sequences
« Distance : high value => more distant sequences => less
similar sequences
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Clusterization and guide tree

Hbb human
Hbb horse

Hba htuman

Hba torse

Myg whale

It is a matrix of
distances, the lower
the number, the
greater the similarity
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CLUSTAL: example

Pairwise alignment:
Calculate distance matrix

kb _ITuman 1 -
Hbb Hoese T 17 -
Hbe_Human 3 a9 A0 -
Hba_FHomse 1 a9 a9 i) -
Mg _Phvea a Kri e 75 75 -
GlG_Pelma G 41 A2 T3 74 A
Leb2 Luplu 7 A7 24 #h ] 'y Sl
1 I & a 3 <]
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Hbb Haoese
I: Hba_Human
HEba Horse
Muyg_Floca
Cilbas_[Fetma
| gh'}._f.llrlh:l

human beta globin
horse beta globin
human alpha globin
horse alpha globin
cyanchaemegleobin
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leghaemeglabin
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Fig. 3. CLUSTAL-produced multiple alignment of seven globin sequences taken from Lesk and Chothia (1980) (see RESULTS, section’

Higgins & Sharp 1988



Objective function for the multiple

alignment Seql  Seqp
AAAA AAAC
Seql A AAA
Se2 AAAA N(N-1)/2 ><
Seq3 AAAC comparisons AAAA AACC
Seq4 A ACC Seq3 Seq4
It is used the method of the sum of the
&====4 score pairs in each column to determine the ~ Seql Seq3
total alignment score. AALA AAAC
This method does not take into account the
history of the sequences and the fact that a AAAA AACC
same character in the column can be easily ~ Seq2 Seqd
shared by very similar sequences for Possible phylogenetic

evolutionary reasons. relations of the sequences

To remove the bias introduced by proteins in the same family, it is assigned
a weight to the sequences in order to increase the score in the comparisons
of evolutionarily distant sequences and decrease it in comparisons between
neighboring sequences.



4‘—- Assess the quality of a multi-alignment

Z Generally it is added up all the scores of all possible pairs of
| aligned proteins, weighing the values based on the similarity in

N-1 N
z Z A Objective Function (OF)
WSPscore = '1 'V\{ij S(Aij)
i= j=

A N: sequence number i,j: sequence pair
S: similarity score of the pair W: weight of the pair

The total value of the WSP depends on the scoring criteria used in
the alighment rather than by biological considerations, but it is a



CLUSTALW improvement

OB uman 0221 Thompson et al 1994

.226
.084 . .
061 s Hbb_Hore: 0225 The most phylogenetically distant
o 219 ““0:5 Hba_Human: 0194 sequences receive a weight
062 sy pacfomer 0203 proportionally higher in the
Myg Phyca: 0411 .
289 alignment
Glb5_Petma:  0.398
442

Lgb2 Luplu: 0.442

FiG. 3. Sequence weights for the seven globin sequences from Fig. 1. A rooted neighbor-
joining tree is shown with branch lengths. The weights are shown for each sequence before
normalization (the weights are normalized so as to make the largest equal to 1.0).

KESIDUE-DPECIFIC UAP UPENING FENALTY FPACTORS™

. Residue Penalty Residue Penalty )
The penalty to be assighed to the
A 1.13 M 1.29 d d th t f d
C 113 N 0.63 gap depends on the type of residue,
D 0.96 P 0.74 such as observed in sequences of
E 1.31 Q 1.07
- 120 By 07 known structure (Pascarella & Argos)
G 0.61 S 0.76
I;I }gg ‘Tf ?gg The penalty also depends on the
K 0.96 Y .00 location. If there are gaps around,
L 1.21 w 1.23 the penalty increases

http://www.ebi.ac.uk/clustalw/ o to download the software



http://www.ebi.ac.uk/clustalw/
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CLUSTALW improvement

ClustalW is the most famous and the most used software
for the progressive multi-alignment

It is available on EBI. - et L =
. ] W.“;; ; .Y c!r:.lll‘vH percznt ¥ det v cel ¥
ClustalX is a new version of s gy
ClustalW that provide an - R
intuitive GUI. Camn e
Characteristics — p—
167 0! 2SI 3 S21 Of SEQUENCES IN any SURPOred DIMa |  Help
-The algorithm weights el T

differently the sequences

and progressive changes matrix when add in the alignment proteins
less similar.

-It is possible to add sequences to the ones already aligned, using
pre-existing alignments.

-It is possible to perform structural alignments
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File D:ATree2\single-gene-treetothers\49.aln loaded.




Colors in the alighment

The raw-text files can be used to display the columns, but
you can associate different colors for different physical
residues with chemical characteristics. This greatly
facilitates the display of multi-alighment.

GUTVETANGLG-LAG GT—UEALFlspE—AAHEAHLIAcIi—G—PPSA.HDDL.UTP—UAAP-
TVENLEQLG-IRG GE-VEALFSGPP-EAvDEMBOBCEE-c-rrasnvIGLEAFP-STEE-
LG-LEG Gi-VEAFLAGEE- PHVLEMQATMEE-G-POLALVTQLETTFGRIEE-
LG-IHGVANLDDGS -VEAMLOGSA - Hufm Lsm -G- PPAiIgTEUSGEEls:f'Il-
SDEITUEAULEGP LEm I-G-PPGARVEDIEVQUEEYHG-

LD VEAVFEGT P.FLTJD LISWCYS-G-PESQAQVE EEPTC-

LPDGE-VELVLECEE-EEvELL Towaln-G- PPFAIUT EErfc-
LPD UEAHFEG —EvaD c 8-G- PPAA UHHETEUPEG-
STVDTASQLE-LTE LPDGH-VELVFEG —DIUED ~G-PRAAVVQDVAVEYEEDEC-

ELEVELEPYHG-

LPDGESVEAVVEGEG- DAUEIIIEHEL —G-PD
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SNTLVHELLELG-VEGWI LPDGS VEALFEGES-EQIERLISYCVS-N-MDPYVLAE v-YIEDYT-
QGTALQAERLA-LAG ~VEANVEGEE-Ah ELAEMLEI G-PEQABVECVELEEVCLOG-
QATHEELDELE-LDG LDD ~VEVVEGEE-D LERVLGH-c-PBH:EVE A VEVEQMP LG

SMBEELLELG- LSG




Using Colors

Colorazione

A DYNVFRDDIQPHMNEVIPENSNCGORNLIVIDKGKTPEMVDAINWLE I LMALVGEQFGCKDMES T GLV RVRGKGSKISVW
PL DYNVFRDDIQPEWEAFENWDCGURNKLIIINKCKIPEVLDAVNLEILLALIGCEQFGKDMESI CLV RVRGQGSKISVHW
DL DYNVFRDDIQPKWEAFPENNDGGRNLIIINKGKTIPEVLDAVNLEILLALIGEQFGKDMESI GLV NVRGQGSKISVW
PPSDYNVFRDGIEPMNEVPORONCORNLITIEKGRTPEIMDTINTEILMAMIGEQFSDDIESL GIV NVRCKGSKISVW
NGSDYYLFKECIKPHNEDVERVOQCCRNLVVVDRQRRTIQLLDONYWLELLMAIVGEQFDEYGDYI GAVVNVROKGDKVSLH
SC DYSLFKDCIEPMWEDERNRRCGCRNLITLSKHQREKMDLDRFWLETLLCLVGEAFDDHSDDY GAVINIRAKGDKIAIW
SC DYSVFKACIQPMNEDAORKKGORNLINLNKTIQROTHLODFWLETLLCLIGEGFDENSEE]L GATVNIRNKGDKLGLMW
LGSDYSLFKENIRPENEDAARKQGORKVITLNKSSKXTDL-DNLWLDVLLCLIGEAFDNS-DOI GAVIRIRCKSNKISIW
LGSDYSLFKENIRPHUNEDAANKQGCRRVITLNKSSKTDL-DRLVWLDVLLCLIGEAFDES-DOI GAVIRIRCKSNKISIW
PG DYSLFKDGIEPHNEDEERKRCGOCRNLITLNKQORRSDLDRFWLETLLCLIGESFDDYSDDV GAVVNVRAKGDKIAIW

Negative
P051t1ve

Aromatic
Hydrophobic




TRY1 HUMAN
TEYEP PIG

TEYU DECOME
TEYI_ DEOME
TRY1 ZSALZA

TRY1 HUMAN
TEYF PIG

TEYU DECOME
TEYI_ DEOME
TRY1 ZALZA

TRY1 HUMAN
TEYF PIG

TEYU DRECOME
TEYI DEOME
TRY1 ZSALZA

TRY1 HUMAN
TEYFP PIG

TEYU DECOME
TEYI DEOME
TRY1 ZSALZA

Raw Text files
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i (e DT S S Y TEY VQINRRRS 558 8
T (el DO T RNA DR

EWVE

* g0 * 100 * 120
——QFTINAAETINREEOY DREET LI InEsrTis T KS RAVIN--ARVITT SPTAP bPAT
L L

——QFTINAAKTITRIENENGHT LD eaarE T E s 218 AT L - - S RWVATWVIEPRSC

Y EVWRVE QLA PIE LY 5 5 T M Dig e DEELPLDEFETMEATVIASEQPE

GETLVEVAAYE WLEIEET LTFG——LSTRAIEEASTSPS
b
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1=27
127
138
1=29
1=27

192
192
203
194
191



TREY1 HUMAMN
TRYP PI=

TRYU_ DROME
TRY¥I DROME
TRY1 SALSA

TRY1 HUMAM
TREYP PTi=

TRYU DROME
TRYT DROME
TRY1 SALSA

TREY1 HUMAMN
TRYP PI=

TRYU_ DROME
TRY¥I DROME
TRY1 SALSA

TRY1 HUMAM
TREYP PTi=

TRYT_ DROME
TRYT DROME
TRY1 SALSA

Raw text files
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Consensus sequences

A consensus sequence is defined as a sequence derived by a
multi-alignment that presets only most conserved residues
for each position:

= It summarizes a multi-alignment.
= it Is different to all proteins of the input dataset.

= It Is possible to define special symbols that specify not
perfect conservation in some position.

= It Is possible to use a specific syntax that also allows to
specify variants in a position, other than conservations.



Consensus Sequences

To facilitate the reading of a multiple alignment and quickly highlight
conserved amino acids, it can be represented the "consesus"
sequence in the last line of a multi-alignment.

If all the sequences in a multiple alignment contains the same
amino acid in a location than it is represented in the consensus
sequence, in the same way if all the amino acids of a column
belong to the same class, in the consensus line it is shown the
symbol of class.

It can also be represented below the consensus sequence, the
rows of the consensus that below a certain percentage (for
example 90%, 80% or 70%). In these lines, to put a symbol it is
sufficient that the amino acid is conserved in a population of amino
acids of the upper column to the percentage of the consensus
(rather than in all).



Example of consensus

GLELAGWY sequence representation
Gy
Gy
Gy

ETWOEYEE
QEVEF
QU= F
QCVCF
AEVE
ACVECF
GVVQAGVEF
SEvOCINF

Exact consensus

QGINF Symbolic

QT consensus
L,

QE=VEEF )
GRVQGV--R-—--—~- A--LG——GWV Consensu with
GRVQOGh-aRvvvvvvAvVvVLGivGWV / variants

GRVQOG[VI]-[FY]R-—————= A—L-—-——-GWY

GRVOGV--R-6A—LG-—-GWV Consensus with

repetitions




http://www.ebi.ac.uk/clustalw

PEEKSAVTALWGKVN--VDEVGG
GEEKAAVLALWDKVN--EEEVGG
PADKTNVKAAWGKVGAHAGEYGA
AADKTNVKAAWSKVGGHAGEYGA
EHEWQLVLHVWAKVEAGVAGHGQ

Hbb human
Hbb horse
Hba human
Hba horse
Myg whale



