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Sequence alignment

Objectives
General concepts
Pairwise sequence alignment

Database similarity search
standard (BLAST)
advanced (profile, PSI-BLAST)

Multiple sequence alignment



Objectives

= Alignments allow the of
biological sequences. such comparisons are
necessary for different studies :
Identification of homologous genes

Search for functional constraints in a set of
genes or proteins.



Comparative analysis of human and carp
B-actin genes
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Objectives

= Alignments allow the of biological
sequences. such comparisons are necessary for
different studies :
Identification of homologous genes

Search for functional constraints in a set of genes or
proteins.

Function prediction
Structure prediction



Prediction of RNA structure
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Objectives

= Alignments allow the of biological
sequences. such comparisons are necessary for
different studies :
Identification of homologous genes

Search for functional constraints in a set of genes or
proteins.

Function prediction
Structure prediction

Reconstruct between
sequences (phylogeny)



Molecular Phylogeny
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Objectives

= Alignments allow the of biological
sequences. such comparisons are necessary for
different studies :
Identification of homologous genes

Search for functional constraints in a set of genes or
proteins.

Function prediction
Structure prediction

Reconstruct between
sequences (phylogeny)

Design of PCR primers
Sequence assembly



Alignment: representation

= Residues (nucleotides, amino-acids) are superposed so that
to maximise the similarity between sequences.

G TTAAGGCG-GGAAA-A
¢ TT---GCGAGGATCA

*x Kk % *x Kk % *x k% *

= Mutations :
Substitution (mismatch)
Insertion
Délétion
= Insertions or deletions : indels (gap).



Which one is the good alignment ?

GTTACGA G TTATCGA
G T T -GG A G T TG - G A
x Kk ok *x % *x Kk ok *x %
OR
G TTAC-GA
G TT--GGA
*x Kk ok *x %

o For the biologist, the good alignment 1s the one
that corresponds to the most likely evolutionary
process



How do we measure sequence similarity ?

= Score =§ SubstitutionWeight — SGapPenally

begin begin

= Example:
m identity = 1
m mismatch =0
m gap =-1
Score=10 -4 =6



Models of evolution (DNA)

A «— C

v XA

G <«— T

s Transition: A<>G T<>C(C
= [ransversions : other substitutions
= p(transition) > p(transversion)

G TTAZCGA G TTAZCGA
G TT -G GA G TTG - GA

*x KX % *x % *x KX % *x %



Substitution Matrix (DNA)

A C G T

Al 1101]05 O

ClL O] 110105

G|05] O 0

T| 005/ 0] 1

= Gap=-1
G T A C G A G
G T - G G A G
1 1 -10 1 1 1
score = 4

Examples :
O(AA)=1
O(A,C)=0
d(C,T)=0.5
T T A C G A
T T G - G A
1 1.5 -11 1

score = 4.5



Models of evolution (proteins)

= Genetic code

Asp (GAC, GAU) -> Tyr (UAC, UAU) : 1 mutation
Asp (GAC, GAU) -> Cys (UGC, UGU) : 2 mutations
Asp (GAC, GAU) -> Trp (UGQG) : 3 mutations

= Physico-chemical properties of amino-acids (acidity, hydrophobicity, etc.)

Val lle

NH2 NH2
I I
H—C —COOH H—C —COOH
| I

conservative HC — CH3 HC — CH3

. | I
substitutions CH3 CH2

|
CH3



Substitution matrix

= Dayhoff (PAM), BLOSUM: measure the frequency of
substitutions in alignments of homologous proteins

« PAM 60, PAM 120, PAM 250 (extrapolations from PAM 15)
« BLOSUM 80, BLOSUM 62, BLOSUM 40 (based on blocks

alignments) DE F G
D 4| 4|-6]|1
E| 4| 4|61
F|-6|-6|13|-6
G| 1| 1]-6|5




Weighting of gaps

TGATATCGCCA TGATATCGCCA
TGAT---TCCA TGAT-T--CCA
* % % K * % %k xkkk Kk kkk

Gap of length &:  Linear penalties: w=0,+0.k
9, : penalty for gap opening
Q. : penalty for gap extension
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Weighting of gaps (more realistic)

= Estimation of parameters with true alignments (e.g. based on known
structures)

= Gap of length £:
Logarithmic penalty: w =9, + 0, log(k)
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w = f(log(k), log(PAM), residue, structure)

— PAM: the probability of a gap increases with the evolutionary
distance

- Resides, structure: the probability of a gap is higher in a loop
(hydrophilic) than in the hydrophobic core of proteins



Similarity: global, local

protein A

protein B

global similarity
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Similarity, homology

s Two sequences are homologous if (and only if)
they derive from a common ancestor

s 30% identity between two proteins => homology,
except if:
Short block of similarity (< 100 aa)

Compositional biais (low-complexity regions, e.g. Pro-rich, Ala-
rich regions)



The number of alignments

AT A-T AT- —AT —AT —-—AT
AC AC- A-C AC- A-C AC—--

= Objective: for a given scoring scheme, find the best
alignment(s), 1.¢. the optimal alignment(s)

= Problem: the number of possible alignments between
two sequences increases exponentially with the length
of sequences. For example:
Lgl=3,Lg2=4: 129 possible alignments
Lgl =6, Lg2 =8:40,081 possible alignments



Algorithms for aligning two sequences

= Dynamic programming
Global alignment : Needleman & Wunsh
Local alignment : Smith & Waterman



Alignment representation: a
path in a matrix

Séquence A
A T C C G

N

A Q3 »

Séquence B

A T C C G
A T C - C



Recursive computation of the matrix

= Needleman & Wunsh, 1970

i—1 l
Subs. Delet.
J—1 ¢
. | Insert. L
J S(i, )

S(i -1, ) + 8(gap),
S(i,j) =max |SGi -1,j - 1)+ 8(a,.b,),

8@, j—-1)+ o(gap)




Dynamic programming: time and memory
requirements

= Alignment of two sequences of length M and N

= Needleman-Wunsh (global alignments), Smith-Waterman
(local alignments):

Time: O(N . M)
Memory: O(N . M)

= Improvement of Smith-Waterman (Huang & Miller 1991):
Time: O(N . M)
Memory: O(N + M)

= SIM, LALIGN



Dot Plot

= Graphical representation of similarities between
two sequences

= Inversion, duplications CTTGCACGTA T
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HSBTG1 {(horizontal) vs,

GDBTG1 {vertical}

1000

DOTTER: http://www.sanger.ac.uk/Software/Dotter/



Searching for similarities in sequence
databases

= Objective: compare one sequence to a database of
sequences, compare two databases, ...

= .8

I have 1dentified a new gene; does this gene have any
homologue (known or unknown) in sequence databases ?

[ want to 1identify all the genes that belong to a same gene
family

[ want to 1dentify all homologous genes between the
genomes of species A and species B



Searching for similarities in sequence
databases

= Exact Algorithms (Smith-Waterman)
SIM, LALIGN, SSEARCH, ...

= Heuristics
FASTA

1 -search for identical * k-tuples ’
2 - global alignment, anchored on the region of
similarity
BLAST
1 - search for similar ‘words’
2 - extend blocks of similarity



BLAST

Step 1: detect similar ‘words’

Mot
Sequence
from the database
Query
sequence -

Word length =W
Score = T (Threshold score)

Step 2: extend blocks of similarity

e E— —
Sequence
from the database
Query
sequence
HSP: high score segment pair)
Score max
Score A B

Seement Extension
Stop extension if:
- reach the end of a sequence
-score<0
- score < score_max - X



Example

—
SLAALLNIKCKT OQORLVNOQOW
(P QG
A PEG 5P, P)=7
PRGO—> Q,R) =1
. PKG 6(G’G):6
i Listof | P N G
| similar | P D G
| words | P H G
i R PMG
) - PSG Threshold Score
PQA 12
PQN 12 T=13
..
Query : 325 S LAALLNKCKT OQORLVNOQW 345
+ LA+ +L+ TP G R++ +TW

Sbjet : 290 TLASVLDCTVTPMGSRMLIEKRW 310



Block alignment or global alignment : comparison

BLAST / FASTA
Al Bl ClA'l A2 C2 B2
[ B I
protéine 1 protéine 2

Similarity search
Bl
BLAST B2

FASTA Al
A2

. A'l
Al Bl ClA'l A

== .

A2 C2 B2 C2




What to compare: DNA or protein ?

= Limits of DNA similarity search
» Reduced alphabet (4 letters)
» Degenerascy of the genetic code
= But ... some sequences are non-coding

» regulatory regions, structural RNAs, ...

Sequence (query) Database

blastn
DNA » DNA (e.g. GenBank)

tblastx

two strands !

blastx
tblastn

protein > protein (e.g. SwissProt)

blastp



Different versions of BLAST for
different problems

blastp: protein/protein
blastn: DNA/DNA (useful for non-coding sequences)

blastx: DNA-translated/protein (useful for query sequences
with unidentifed coding regions; more sensitive than
blastn)

tblastn: protein/DNA-translated (useful for database
sequences with unidentifed coding regions; e.g. search for
homologues of a protein gene in an unannotated genome ;
more sensitive than blastn)



BLASTP 2.0.14 [Jun-29-2000]

Query= MyProtein
(213 letters)

Database: sptrembl: SWISSPROT + TREMBL database ( Sep 23, 2002)
897,714 sequences; 282,774,038 total letters

L= e 5 o K R done
Score E

Sequences producing significant alignments: (bits) Value
GoPD ECOLI 491 Glucose-6-phosphate 1l-dehydrogenase (... 432 e-120
Q8XPS9 489 Probable glucose-6-phosphate 1-dehydrogen... 257 1le-=-37
Q9SUJY9 515 Glucose-6b-phosphate 1-dehydrogenase (EC 1... 121 1le-26
AAM51346 625 Putative glucose-6-phosphate dehydr... 93 4e-18
P95611 97 Orf9 protein (Fragment). 72 Y9e-12
QO9VNW4 581 CG7140 protein. 69 4de-11
Q8T8Z3 526 AT14419p. 50 4e-05

053176 435 Hypothetical protein Rv2449c. 33 3.6



>GoPD BUCAI 491 Glucose-6-phosphate 1l-dehydrogenase (EC 1.1.1.49) (G6PD).

Score =

Tdentities
Query: 3
Sbjct: 2
Query: 63
Sbjct: 62
Query: 123
Sbjct: 122
Query: 183
Sbjct: 182

Length = 491

239 bits (603), Expect = 3e-62

= 110/211 (52%), Positives = 156/211 (73%)

VTQTAQACDLVIFGAKGDLARRKLLPSLYQLEKAGQLNPDTRIIGVGRADWDKAAYTKVV
+ +T ACDLVIFGAKGDL +RKLLP+LY+LEK+ +++ TRII GRADW Y + +
ITETNHACDLVIFGAKGDLTKRKLLPALYKLEKSKKIHKYTRITASGRADWSTEDYIEKT

REALETFMKETIDEGLWDTLSARLDEFCNLDVNDTAAFSRLGAMLDOQKNRITINYFAMPPS
+ ++ F+ E I++ +W LS+R+ FCN+DV++ FRL +L QK I + Y A+P +
KTEVRKNFLNEEINDLIWKNLSSRIFEFCNIDVHEPLHFFRLKTILKQKKNIIVYYCAVPSN

TEFGAICKGLGEAKLNAKPARVVMEKPLGTSLATSQEINDQVGEYFEECQVYRIDHYLGKE
T +I GLG A LN+ P+R+V+EKPLG L TS++INDQ+ +YF E Q++RIDHYLGKE
TLNSIFIGLGNAHLNSVPSRIVLEKPLGVCLKTSKKINDQISKYFLESQIFRIDHYLGKE

TVLNLLALRFANSLEVNNWDNRTIDHVEITV 213
++LNL ALREF+N+ NW+N+TIDH++ITV
SILNLFALREFSNTCLEYNWNNKTIDHIQITV 212

62

61

122

121

182

181



Statistical significance of similarities

= Among the similarities that have been detected, which are
the ones that reflect biologically meaningful relationships ?
which are the ones that are observed simply by chance ?

= Frequency distribution of similarity scores of local
alignments between unrelated sequences

1000 1

800 :

600
Number of occurrences

400 1

200 A

0 4 .....4".:
20 30 40 50
Score

= Probability that a similarity of score S be observed by
chance



Filtering low complexity sequences and
repeated elements

= Low complexity sequences (proteins, DNA):
40% of proteins DNA: microsatellites
15%o0f residues example: CACACACACACACACACA
Ala, Gly, Pro, Ser, Glu, GIn
Filtering programs: SEG, XNU, DUST

RSPPR——KPQGPPQQEGNNPQGPPPPAGGNPQQPQAPPAGQPQGPP

QGPPRPGNQQCPPPQGG——PQGPPRP——GNQQRP——PPQGGPQGPP

s Repeated sequences: e.g. transposable elements
10° Alu, 10° L1 in the human genome
Filtering program: RepeatMasker

[ frad ]

/

NNNNNNNNNNNNN




Searching for homologues: summary

algorithm

substitution matrix, weighting of gaps

search strategy (DNA, protein)

filtering of low complexity or repeated sequences
completeness of sequence databases

| -rapid software, default parameters

2 - filtering (1f necessary)

3 - change parameters (matrix, W, k, etc.)
4 - change algorithm

S - repeat the search regularly



Special cases

= Search for similarities with very short DNA
sequences (€.g. PCR primers):

decrease W (11 — 7)

= Very rapid search for strong similarities
(e.g. cDNA to genome, human vs.
chimp, ...) :

megablast



BLAST au NCBI

Enter Query Sequence

Enter accession number, gi, or FASTA sequence ¢ Clear Query subrange ©

>Interleukin-1

MKVLLRLICFIALLISSLEADKCKEREEKIILVSSANEIDVRPCPLNPNEHKGTITWYKD O E l—'
DSKTPVSTEQASRIHQHKEKLWEVPAKVEDSGHYYCVVRNSSYCLRIKISAKEVENEPNL rom
CYNAQAIFKQKLPVAGDGGLVCPYMEFFKNENNELPKLOWYKDCKPLLLDNIHFSGVKDR :

LIVMNVAEKHRGNYTCHASYTYLGKQYPITRVIEFITLEENKPTRPVIVSPANETMEVDL = T
GSQIQLICNVTGOLSDIAYWKWNGSVIDEDDPVLGEDYYSVENPANKRRSTLITVLNISE °

TOCDOVVUNDMADAUNMUATRRARAVTAY TUNUMIDAFEMTATAUMY MUT TUNCUDTYY TOW

Or, upload file | Parcourir...

Job Title [Interleukin-1

Enter a descriptive title for your BLAST search

Choose Search Set

Database | Non-redundant protein sequences (nr) v/ ,4

Organism

Optional | C—
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown

Entrez Query |

Optional
Enter an Entrez query to limit search &) ¢

——

Program Selection

P

Algorithm & blastp (protein-protein BLAST)
¢ PSI-BLAST (Position-Specific Iterated BLAST)
¢ PHI-BLAST (Pattemn Hit Initiated BLAST)

Choose a BLAST algorithm

BLAST Search database nr using Blastp (protein-protein BLAST)

[T s results in a new window

P Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow

Séquence requéte

Choix de la base
de données

Choix du taxon,
requéte Entrez

Choix de
I'algorithme

Parametres



¥ Algorithm parameters

BLAST au NCBI

Note: Parameter values that differ from the default are highlighted in yellow

General Parameters

Max target 250 -| <
sequences
Select the maximum number of aligned sequences to display &
Short queries [v" Automatically adjust parameters for short input sequences &
Expect threshold ‘41 10 <
Word size ‘ 3 v o
Scoring Parameters
Matrix |BLOSUME2 ~| ue
Gap Costs ‘ Existence: 11 Extension: 1 v| o
Compositional \ Composition-based statistics <
adjustments
Filters and Masking
Filter |~ Low complexity regions &«
Mask |~ Mask for lookup table only &
|~ Mask lower case letters &
BLAST Search database nr using Blastp (protein-protein BLAST)

Show results in a new window

Nb. maximum de
séquences a visualiser

E-value limite
Taille du mot

Choix de la matrice

Pénalités des gaps

Filtrage (séquences
de faible complexité)



BLAST au NCBI

Job Title: Interleukin-1 ¥ Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.

1 1?0 2?0 3?0 4[]!0 5?0 56|9

16 prccan B 16 Domaines

conserves

<
BLASTP 2.2.16 (Mar-25-2007)

Reference:

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schidffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman
(1997), "Gapped BLAST and PSI-BLAST: a new generation of

protein database search programs", Nucleic Acids Res. 25:3389-3402.

Reference:

Schédffer, Alejandro A., L. Aravind, Thomas L. Madden, Sergei
Shavirin, John L. Spouge, Yuri I. Wolf, Eugene V. Koonin, and
Stephen F. Altschul (2001), "Improving the accuracy of PSI-BLAST
protein database searches with composition-based statistics

and other refinements", Nucleic Acids Res. 29:2994-3005.

RID: 6P3FH4UMO012

Banque de
Database: All non-redundant GenBank CDS <«

translations+PDB+SwissProt+PIR+PRF excluding environmental samples (j 4
from WGS projects Onnees
5,035,465 sequences; 1,742,204,576 total letters

If you have any problems or questions with the results of this search

please rc{cr toothc BLAST FAQS RéSUItatS
Taxonomy reports «§
par taxon

Query= Interleukin-l
Length=569



Distribution of 134 Blast Hits on the Query Sequence

BLAST au NCBI (4)

Mouse-over to show defline and scores. Click to show alignments

<40

Color Key for Alignment Scores
40-50

111345
0

100

200 300 400 500

600

Nombres de hits

Répartition des hits
en fonction du score



BLAST au NCBI (5)

Distance tree of results MW Related Structures

Score E
Sequences producing significant alignments: (Bits) vValue
ref |NP_000868.1 interleukin 1 receptor, type I precursor [Ho... 1189 . ‘

(=
—
(o]
[V

gb|AAH67508.1 Interleukin 1 receptor, type I [Homo sapiens]
gb|ARH67507.1 Interleukin 1 receptor, type I [Homo sapiens]
ref|XP 001107510.1| PREDICTED: interleukin 1 receptor, type I [M
ref|XP _001162875.1| PREDICTED: hypothetical protein isoform 1 [P
gb|AAR88996.1 interleukin-1 receptor type I precursor [Macaca £
ref |XP 538449.2 PREDICTED: similar to Interleukin-l receptor...

ref |NP_001075263.1| interleukin 1 receptor, type I [Equus cab...
emb | CAH90532.1 hypothetical protein [Pongo pygmaeus]

ref |XP 593695.3 PREDICTED: hypothetical protein [Bos taurus]
ref |[NP_032388.1 interleukin 1 receptor, type I [Mus musculus...
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dbi |BAC33372.1 unnamed protein product [Mus musculus] 837 .

dbi |BAC35666.1 unnamed protein product [Mus musculus] 835 . ES 4

ref |NP_037255.2 interleukin 1 receptor, type I [Rattus norve... 825 . equences
dbi|BAF34664.1| interleukin 1 bete receptor type 1 long trans... 825 . ESifT]ilEiirEBES
sp|Q02955|ILIR1 _RAT Interleukin-l receptor type I precursor (... 825 .

dbi |BAF34665.1 interleukin 1 beta receptor type 1 short tran... 825 .

ref|XP _001162910.1| PREDICTED: hypothetical protein isoform 2... _799 .

dbi |BAF34663.1 interleukin 1 beta receptor type 1 soluble fo... 747 .

pdb|1IRA|Y Chain Y, Complex Of The Interleukin-l Receptor Wit... 675 .

pdb|1ITB|8 Chain B, Type-l Interleukin-l Receptor Complexed W... _666 0.0

pdb|1G0Y|R Chain R, Il-1 Receptor Type 1 Complexed With Antag... _661 0.0

emb |CAH93030.1 hypothetical protein [Pongo pygmaeus ] 620 6e~176

ref|XP 001371210.1| PREDICTED: similar to interleukin-1 recep... 562 2e-158

ref |[NP_990816.1 interleukin 1 receptor, type I [Gallus gallu... _442 4e-122 m

gb|AAA50243.1 soluble IL-1 receptor type I 410 le-112

ref |[NP_573456.1 interleukin 1 receptor-like 2 [Mus musculus]... 395 3e-108 |§5
gb|EDL14573.1 interleukin 1 receptor-like 2, isoform CRA_a [Mus 395 3e-108



BLAST au NCBI (6)

Alignments
Getselectedsequences| Selectall Deselect all Distance tree of results , , .
Récupération
>[ gb|ARH67508.1 m Interleukin 1 receptor, type I [Homo sapiens] des Sequences

Length=569

Score = 1185 bits (§065), Expect = 0.0, Method: Composition-based stats.
Identities = 567/569 (99%), Positives = 567/569 (99%), Gaps = 0/569 (0%)

Query 1 MKVLLRLICATIALLISSLEADKCKEREEKIILVSSANEIDVRPCPLNPNEHKGTITWYKD 60
MKVLLRLICFYALLISSLEADKCKEREEKIILVSSANEIDVRPCPLNPNEHKGTITWYKD .
Sbjct 1 MKVLLRLICFYALLISSLEADKCKEREEKIILVSSANEIDVRPCPLNPNEHKGTITWYKD 60 L Iens vers d es

Query 61 DSKTPVSTEQASRIHQHKEKLWFVPAKVEDSGHYYCVVRNSSYCLRIKISAKFVENEPNL 120 b N C B I
DSKTPVSTEQASRIHQHKEKLWFVPAKVEDSCHYYCVVRNSSYCLRIKISAKFVENEPNL Eir](][]f;f;
Sbjct 61 DSKTPVSTEQASRIHQHKEKLWFVPAKVEDSGHYYCVVRNSSYCLRIKISAKFVENEPNL 120

Query 121 CYNAQAIFKQKLPVAGDGGLVCPYMEFFKNENNELPKLOWYKDCKPLLLDNIHFSGVKDR 180
CYNAQAIFKQ LPVAGDGGLVCPYMEFFKNENNELPKLOWYKDCKPLLLDNIHFSGVKDR
Sbjct 121 CYNAQAIFKQONLPVAGDGGLVCPYMEFFKNENNELPKLOWYKDCKPLLLDNIHFSGVKDR 180

Query 181 LIVMNVAEKHRGNYTCHASYTYLGKQYPITRVIEFITLEENKPTRPVIVSPANETMEVDL 240
LIVMNVAEKHRGNYTCHASYTYLGRKQYPITRVIEFITLEENKPTRPVIVSPANETMEVDL
Sbjct 181 LIVMNVAEKHRGNYTCHASYTYLGKQYPITRVIEFITLEENKPTRPVIVSPANETMEVDL 240

Query 241 GSQIQLICNVTGQLSDIAYWKWNGSVIDEDDPVLGEDYYSVENPANKRRSTLITVLNISE 300
GSQIQLICNVTGOLSDIAYWKWNGSVIDEDDPVLGEDYYSVENPANKRRSTLITVLNISE
Sbjct 241 GSQIQLICNVTGQLSDIAYWKWNGSVIDEDDPVLGEDYYSVENPANKRRSTLITVLNISE 300

Query 301 IESRFYKHPFTCFARNTHGIDAAYIQLIYPVTNFQKHMIGICVTLTVIIVCSVFIYKIFK 360
IESRFYKHPFTCFAKNTHGIDAAYIQLIYPVINFOQKHMIGICVTLTVIIVCSVFIYKIFK
Sbjct 301 IESRFYKHPFTCFAKNTHGIDAAYIQLIYPVTINFQKHMIGICVTLTVIIVCSVFIYKIFK 360

Query 361 IDIVLWYRDSCYDFLPIKASDGKTYDAYILYPKTVGEGSTSDCDIFVFKVLPEVLEKQCG 420
IDIVLWYRDSCYDFLPIKASDGKTYDAYILYPKTVGEGSTSDCDIFVFKVLPEVLERKQCG
Sbjct 361 IDIVLWYRDSCYDFLPIKASDGKTYDAYILYPKTVGEGSTSDCDIFVFKVLPEVLEKQCG 420



Multiple sequence alignment



Multiple alignments: impossible to use exact algorithms

= The Needleman&Wunsh algorithm can 1n theory be used for
more than two sequences, but it 1s impossible to use it in
practice .

y \

V/I
- ¥

Pairwise Alignment: Alignment of three -
three possibilities sequences : seven possibilities

= The number of possible paths for aligning n sequences is
proportional to 2" — 1.

= Computer time and memory increases exponentially with the
number of sequences
Use



Progressive Alignment

approach to compute multiple alignments, by grouping
pairwise alignments.

Three steps :
Alignment of sequence pairs.
Guide tree
Grouping of alignments (progressive alignment).

(Higgins, Sharp 1988, Thompson et al., 1994), the most
cited multiple alignment program.

MULTALIN, PILEUP, T-Coffee, Muscle
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Position specific gap penalty

Decrease gap penalty in

regions (= S residues).

Amino-acid specific gap penalty (e.g.
lower gap penalty for Gly, Asn, Pro).



Progressive alignment : not always

X

y
Z

ACTTA
AG-TA

ACTTA
AG-TA

optimal
Alignment of three sequences
X ...ACTTA...
Vv ...AGTA. .. ___ |
z ...ACGTA...
Guide tree
Step 1l: alignment Xy
x ACTTA x ACTTA X
y A-GTA v AGT-A 0%
Step 2: alignment XxXyz
x ACTTA x ACTTA X
y A-GTA v AGT-A 0%
z ACGTA z ACGTA z

Only one of these three alignments 1s optimal

ACGTA



Muscle
Edgar (2004) Nucleic Acids Res. 32:1792

http://www .drive5.com/muscle/

1.1 k-mer 1.2 1.3 progressive
counting FI:@ UPGMA alignment |
— HH = == s
unaligned '
sequences k-mer distance TREE1 _
matrix D1 2.1 compute
%lds from MSA1
— f | | Kimura distance
—_ — 1 N——— — matrix D2
o 2.3 progressive 2 2 UPGMA A
MSA2 alignment TREE?2 . o
[] . —=— No
——— o e 7 e delete
oy ra — I — o ¢ -
|__: R — Vo= = [T
— 33re-align ygp Y —_ — VYes.
/?i 3.2 compute  profiles Sy T Save
Subtree profiles SRS SEHE MSA3
3.1 delete A repeat

edge from TREE2
giving 2 subtrees



b)

Global Alignments,
Block alignments




Dialign
Morgenstern et al. 1996 PNAS 93:12098

Search for similar blocks without gap

AGCACGITIC AC TAGTCA
AGTCGMIC ACIA T T A OA
T C A CIA T T 5OA
CGCHn P" A CIT G A CAGT
Uniform block ﬁxact block

Select the best combination of consistent similar blocks (uniforms or
not) : heuristic (Abdeddaim 1997)

Alignment anchored on blocks

Slower than progressive alignment, but better when sequences contain
large indels

Do not try to align non-conserved regions



Local Multiple Alignments

i I B

b s .
...
Al

= MEME
= MATCH-BOX
= PIMA



Overview

= Muscle
s ClustalW

= Dialign
s T-coffee

= MEME




Multiple alignment editor

2 5| insulin.mase

| File ||Progs —t|| Sites I Sgecies”Footers” Search: " | Goto: " | Edit || Help I ><][-+_
e[l i

] sel=0 1 Seq:1 Pos:1|0 [Baa82315] 95

ﬁ B2282315 = M LHLQ V LLVLHMLV W Q VL QHLC HLVD LYLVC ER FFY KRDVD LL FL K

=7l INS_LOPPI M LHLQ F LLVLLVV W Qv QHLC HLVD LYLVC DR FFYN KRDVDQLL FL K
AAD22742 M LHLQ F LLVLHMV W Qv QHLC  HLVD LYLVC DR FFYN RRDVD LL FL ‘K vvQ
INS_CYPCA H VHIQ LLFLL ¥V VN N QHLC HLVD LYLVC FFYN KRDVD L FL K QE EV
Q73727 M VHLQ LLVLLYY V N QHLC HLVD LYLVC FFYN KRDVE LL FL 'K QE EV
INS_ONCEKE M FHLQ LLVLL L vD QHLC  HLVD LYLVC EK FFY KRDVD LI FL 'K KEHNEE
AACTT920 CV R R M LW RLL LL LL LW Q FVNQHLC HLVE LYLVC ER FFY K RRE EHN VEL L
INS_PIG FVNQHLC HLVE LYLVC ER FFY K RRE EH VEL L
INS_BOVIN H LW RLR LL LL LW R FVNQHLC HLVE LYLVC ER FFY 'K RREVE QV LEL
INS_SHEEP H LW RLVY LL LL LW H FVNQHLC HLVE LYLVC ER FFY K RREVE 'QV LEL
INS_CANFA M LHMRLL LL LL LW R FVHQHLC HLVE LYLVC ER FFY K RREVEDLQVRDVEL
INS_HUMAN M LWMRLL LL LL LW D FVYNQHLC HLVE LYLVC ER FFY K RRE EDLQV QVEL
INS_PANTR M LWMRLL LLVLL LW D FVHQHLC HLVE LYLVC ER FFY K RRE EDLQV QVEL
INS_CERAE M LHMRLL LL LL LW ‘D V' FVNQHLC HLVE LYLVC ER FFY 'K RRE ED QV QVEL
INS_MACFA M LWMRLL LL LL LW D FVYNQHLC HLVE LYLVC ER FFY K RRE ED QV QVEL
INS_AOTTR M LAMHLL LL LL LH E FVHQHLC HLVE LYLVC ER FFY K RRE EDLQV QVEL I
INS1_MOUSE M LLVHFL LL LL LHE K' Q FVKQHLC 'HLVE LYLVC ER FFY 'K RREVED QVEQLEL
INS1 RAT M LHMRFL LL LLVLHE K' @ FVKQHLC 'HLVE LYLVC  ER FFY 'K RREVED QV QLEL E
INSZ_MOUSE H LAMRFL LL LLFLWHE H Q FVKQHLC HLVE LYLVC ER FFY H RREVED QV QLEL
INSZ2_RAT M LHIRFL LL LLILWE R'  Q FVKQHLC HLVE LYLVC ER FFY ‘M RREVED QV QLEL
INS_CRILO M LHMRLL LL LLVLHE N Q FVNQHLC HLVE LYLVC ER FFY K RR VED QV QLEL
INS_PSAOB M LWMRLL LL FLILHE H FVHQHLC HLVE LYLVC ER FFY ' KFRR VDD QH QLEL
INS_RODSP M LHILL LL LLILH ‘D Q FVHNQHLC HLVE LYILVC ER FFY  'H RREVED QV QVEL
INS_RABIT M L LL LL LLVLCRLD Q FVNQHLC HLVE LYLVC ER FFY 'K RREVEELQV O EL
INS_CAVPO M LHMHLL VL LL LW H Q FV RHLC NLVE LY VCQ DD FFYI KDRRELED QVEQ EL H L
INS_OCTDE M HWMHLL VL LL LW ‘N VQ ¥ QHLC NLVE LYH C- R FYR HDRRELEDLQVEQ EL LE
INS1 XENLA M LHMQCL LVLVLFF N E LVHQHLC HLVE LYLVC DR FFYY KVKRDHMEQ LV QDHELD
INS2_HENLA M LHHMQCL LVLVLLF N E L HQHLC HLVE LYLVC DR FFYY KIKRDIEQ QVN QDHELD
INS_CHICK M LHIR L LL LLVF Y NQHLC HLVE LYLVC ER FFY K RRDVEQ LV LR E
INS_SELRF IQ L LL LL L H:' VNQHLC HLVE LYLVC  ER FFY 'K RRD EH LVH 'LH EV
INS_ANAPL NQHLC HLVE LYLVC ER FFY 'K DVEQ LVN 'LH EV
INS_MYHGL HL FL VI LVLLL R D R HLC KDLVN LYI C VR FFYD KHKRD L FL L ¥ ED




Some special cases of
sequence alignments



Alignment of protein-coding DNA

Sequences
L F L F
CTT TTC CTT TTC
CTC —--- ——— CTC
L - - L

(1) alignment of protein sequences

(2) back-translation of the protein alignment into a DNA
alignment

pI’Ota12 dna . http://bioweb .pasteur.fr/seqanal/interfaces/protal2dna.html



Spliced alignment (1)

= Align an mRNA with its cognate genomic
DNA => gene finding

= No gap penalty at introns => search for
splice sites

= sim4, est2genome



Spliced alignment (2)

= Align a protein with genomic DNA => gene
prediction

= No gap penalty at introns => search for
splice sites

= gCNnEwise



Shotgun sequencing

— Genome

B C D E

l Fragmentation (+2kb), cloning

Genomic DNA library

Sequencing (500 to 1000 bp)
Assembly

Contigs




Sequence assembly

= Search for overlaps between sequence reads

= Allow for sequencing errors (or
polymorphism)

= Take 1nto account sequence quality

= cap3, phred/phrap (more complex tools for
whole genome assembly)



Sequence similarity search:
advanced methods

Searching for weak similarities
between distantly related
homologs



Limits of pairwise comparison (BLAST, FASTA, ...

Seq A CGRRLILEFMLATCGECDTDSSE .. HICCIKQCDVQDIIRVCC
Insulin CGSHLVEALYLVCGERGFEFFYTP .. EQCCTSICSLYQLENYCN
Seq B YOSHLLIVLLAITLECFEFSDRK .. KROWISIFDLQTLRPMTA

Pairwise comparison:

Insulin / Seq A : 25% identity
Insulin / Seq B : 25% identity



INSL4
INSL3

RLN1
BBXA
BBXB
BBXC
BBXD
LIRP
MIP
MIP
MIP

MIP V
MIP VII

ILP
INS
IGF1
IGF2

Insulin gene family: sequence alignment

0l4641
P51460
P04808
P26732
P26733
P26735
P26736
P15131
P07223
P25289
P80090
pP31241
P91797
P22334
P01308
P01343
P01344

B-chain

ELRGCGPRFGKHLLSYCPMPEKTFTTTPGG. ..
REKLCGHHEVRALVRVCGGPRWSTEA. . ... ..
VIKLCGRELVRAQIAICGMSTWS..... ... ..
VHTYCGRHLARTLADLCWEAGVD. .. .......
ARTYCGRHLADTLADLCE--GVE..........
SQFYCGDFLARTMSTILCWPDMP. ... .......
GHIYCGRYLAYKMADLCWRAGFE..........
VARYCGEKLSNALKLVCRGNYNTMF........
RRGVCGSALADLVDFACSSSNQPAMV.......
PRGICGSNLAGFRAFICSNQONSPSMV.......
PRGLCGSTLANMVQWLCSTYTTSSKV.......
PRGICGSDLADLRAFICSRRNQPAMV.......
PRGLCGNRLARAHANLCFLLRNTYPDIFPR. ..
AEYLCGSTLADVLSEFVCGNRGYNSQP.......
NQHLCGSHLVEALYLVCGERGFFYTPKT. ... .
PETLCGAELVDALQFVCGDRGEYF.........
SETLCGGELVDTLQEFVCGDRGEFYF.........

* *

A-chain

. . . SGRHRFDPFCCEVICDDGTSVKLCT

.. .AAATNPARYCCLSGCTQODLLTLCPY

....PYVALFEKCCLIGCTKRSLAKYC
........ GIVDECCLRPCSVDVLLSYC
........ GVVDECCEFRPCTLDVLLSYCG
........ GIVDECCYRPCTTDVLKLYCDKQI
........ GIADECCLQPCTNDVLLSYC
........ GVFDECCRKSCSISELQTYCGRR

.QGTTNIVCECCMKPCTLSELRQYCP
.QRTTNLVCECCFNYCTPDVVRKYCY
.ESRPSIVCECCEFNQCTVQELLAYC

.QRTTNLVCECCYNVCTVDVFYEYCY

.EVMAEPSLVCDCCYNECSVRKLATYC
........ GLVEECCYNVCDYSQLESYCNPYS
........ GIVEQCCTSICSLYQLENYCN
........ GIVDECCFRSCDLRRLEMYCAPLK
........ GIVEECCFRSCDLALLETYCATPA

* % * *



Biomolecular Sequence Motif Descriptors

Consensus: e.g2. TATA box: TATAWAWR

= Regular expression: e.g. insulins PROSITE pattern
C-C-{P}-x(2-4)-C-[STDNEKPI]-x(3)-[LIVMFS]-x(3)-C

= Position-specific weight matrix (profiles, hidden markov models) :
position-specific weighting of substitutions and indels



Matrix of position-specific amino-acid frequency (A-chain of insulin)
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Alignment of SegA with the matrix of position-specific amino-acid frequency
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17
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20
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o o
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12
13

Score:

100



Alignment of SeqB with the matrix of position-specific amino-acid frequency

16
16
10

10
11

o=~

o O o

17
17
0

12
13
14

15
16
17
18
19
20
21

17

O+

o o

22
23

24
25

17
17

26
27

11

28
29
30

12
13

Score:

34



Position-specific weight matrix

= Matrix of position-specific amino-acid frequency
= log transformation => position-specific weight matrix = profile

= Similar approach using HMM



DNA weight matrix

= Splice donnor sites of vertebrates: frequency (%) of the four bases at each

position
Base Position
-3 -2 -1 +1 +2 +3 +4 +5 +6
A 33 60 8 0 0 49 71 6 15
C 37 13 4 0 0 3 7 5 19
G 18 14 81 100 0 45 12 84 20
T 12 13 7 0O 100 3 9 5 46

Cons. M A G G T R A G T



Searching for distantly related
homologues in sequence databases

1- search for homologues (e.g. BLAST)
2- align homologues (e.g. MUSCLE, MEME)
3- compute a profile from the multiple alignment

4- compare the profile to a sequence database (e.g. MAST,
pfsearch)

pfsearch: http://www.isrec.isb-sib.ch/profile/profile.html
MEME/MAST: http://meme.sdsc.edu/meme/website/



PSI-BLAST

= Position-Specific Iterated BLAST
I1- classical BLAST search
2- compute a profile with significant BLAST hits

3- BLAST search based on the profile
4 -repeat steps 2-3 up to convergence

s More sensitive than Smith-Waterman

s 40 times faster



Comparison of a sequence to
a database of protein motifs

= Databases: PROSITE, PFAM, PRODOM,
..., INTERPRO

s Search tools:
ProfileScan : http://hits.isb-sib.ch/cgi-bin/PFSCAN



= Needleman & Wunsh, 1970
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