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TODAY'S TOPICS

> BLAST & FASTA statistics

> Multiple Alignment
¢ Progressive alignment
(Clustal W)

> Assignment 7
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BLAST Search Set vs. Format Option

Can we find similar proteins from other Su/folobus species/genomes?

T —— HomeRecont Resulls_Saved Sttegios
Standard rotein BLAST
P - R
Enter Query Sequence
ey S 3 ]

°
S binding proti [Sufiobus. ]
Aign two or more sequences @

Choose Search Set

Databases. ® o - | < Try clustered nr database Q
Compare Selectto compare standard and expermental database ©
Standard
D [ Nonredundant profsin sequencos () v |©
Organism
Pty 1 oo €
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BLAST Search Set vs. Format Option

[Limit the search space BEFORE starting the search]

S O HomaRecantRosuls _ Savad Statogies
Standard Proton BLAST
vostn [T biesx | tbasn | bl

Enter Query Sequence

HILRAGLIVSKKAREIGOEILKEVF EEAKLSYVAEMGOY IOOVKNNELKALLVVSE
NGRERWEDIDGK
LoiseL y

[we.

From

| Using limited search set
reduces the search space:

i) E=Km’n’e™

Choose search s -» E-values become smaller

Databases ® ) < A=y
Gompare Salectto compare standard and experimentaldatabase
Standard
Database T —
Organism
B [ Sulfolobus (taxid:2284) \l oxclude (AaTorgarism)
©
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BLAST Search Set vs. Format Option

[Limit the search space BEFORE starting the search]

(Crioos Search et Search Parameters
Databases Program blastp
© standard dtabases oretc); EEAO) Experin] Word size s
Expect value 005
Hitlst size 5000
Standard Gapcosts Ta
Matrix BLOSUM62

Database Nor-edundant protein sequences (nr) Filter string F

o Genetic Code 1
a;“»',':“» Sulllobus (rid 2264) Window Size ©

Enterorganism common name, binamal, o taxid. 0] Threshold o

BLAST  » blastp suite » results for RID-1VY7YF20013
Database

IYIYE20013 Searchepres on 0502 1744 Karlin- R |
ﬂ Search space is r'educedli

Glatenv 0.398828 014
oatabsse Alpha 07916 19

W Secdetals v Alpha_y 496466 42,6028
Qw0 Sigma 436362

WP 016731819.1
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BLAST Search Set vs. Format Option

[Limit the search result AFTER the search]

BLAST © » blastp suite » results for RID-1VXP4K5401R

Home RecentResults Saved Strategies Help

Io Your results are filtered that 1id:2284)

Job Title AN Filter Results
ref|WP_016731819.1] S
RID S Organism _only top 20 willappear exclude
IVXPAKSAOIR Search expies on 0302 17:34pm g, Sulfolobus (taxid:2284)
Download All v \\\\ + Add organism
Program = S~

~o_Percentldentity  Evalue Query Coverage
BLASTP@ Citation v S

~Je to ‘ to |

Database ~———
e e
Query D

WP_016731819.1

Filtering the results does
not affect the search space
- E-values are not affected
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BLAST Search Set vs. Format Option BLAST Search Set vs. Format Option

After the search, results are filtered for “Sulfolobus" sequences Search is NOT limited;

Search Paramerers results are filtered Search is limited
rogram bas
:lorgd size 5 © . Database Database
Expect value 005 [ @ BLAST Help Videos *DBack to Traditional Results Page Posted date Posted date Mar 3,2024 230 AM
st size 5000 Nomber o fttrs Number of ltiers
Gapcosts 1 ls Number of sequences. Number of sequences
Matrix BLoSUMs2 ez query ome Btz quary (tid2284)
e sting_ : e TN cEn 4
Window Size a0 (@xa2208) (Database size is ~20,000 times larger)
Threshold ° e
Composition based stats 2 oy e F— Score Query cov Ewvalue % ident om0 EUmEey B G
s s [ e WP_011278902.1 432 99% 20143 44.44% S 432 99% 9e-148 44.44%
Posted date Mar 3, 2024 2:30 AM - — —
Number of letters. 278,407,168,794 eset
Number of sequences 722.992.963 — WP_198968373.1 60.1 26% 7e-06 28.29% > 60.1 26% 4e-10 28.29%
Envrez query None A

= = Search space is (E-values are ~10* times larger)
Karlin-Altschul statistics NOT affected
Lambéa 0310428 °
K 0136281 [ e— E=Km’n’e’s

=Km’n’e-

" 0398828 ons
o ozt L E-value is affected by the database size!
Sioma 436362 BIOS477/877 L14 -7 BIOS477/877 L14 -8

BLASTP Search Summary FASTA

Query: Q58746.1

Query length: 510 amino acids Word size (W) https://fasta.bioch.virginia.edu/fasta www2/fasta list2.shtml
Searen Paramerers - (L/// E-value threshold (includes also SSEARCH)

— Max target . -
st size Tooo """ || xTarget sequences https://www.ebi.ac.uk/jdispatcher/sss/fasta
v sose _J€ || Scoring matrix & gap penalties (includes also SSEARCH)

Filter string

Senetic Code ! Length separating two HSPs to trigger With gr‘aphic OUTPUT
Window Size p—— ; v
Threshold 0 €mm extension (A: two-hit methods)

Composarazed s 3 T Results can be obtained through email

— ====~L_ Neighborhood threshold (T)

osted date ar (no longer provided) .

Nemive of it Sraasmaesgen oerp https://www.genome.jp/tools/fasta/

4 K and H are pre-estimated (search can be done against KEGG databases)

Karlin-Altschul statistics for a combination of the scoring

Cambda 03To57 0267 matrix and gap penalties

« 0137272 0.0a1

i 0416015 014

‘Alpha 07916 o =

Alpha_v 496466 426028 | for gapped alignment

Sigma \ [43.6382 ) | BIOS477/877 L14 -9 BIOS477/877 L14 - 10

FASTA Similarity Search FASTA Statistics

Query: P.q

Search Databases with FASTA Library Swissptot (Umiprot). 2o e e

e Nt o disiase S53e%6e31 Faliahes A58 5 e sequences o Ext ue
Search Proteomas/Genomas e o treme vol
‘Statstical i < 2 — _ . distribution
Find intemal Duplications (lalign/plalion) 5 A one = represents ibrary seauences

P = Kmneis

Retieve resut RID: otsen Show secent searches Tt

. .
P . Show domain annotations & i
For the query 7 a8 -
Default DB: PIR § For the database seqs % ik
(small, limited, only for demo use) | v & i
(Choose SwissProt for actual search ) s E
B s Instead of shuffling a sequence,
© Databae o pairwise alignments between
e e [To see the null distribution of] the query vs. all database entries
Annotations: | interPro Domains/ B H
e ignment scores, check here are used to generate the null
[—— o

score distribution
(565,254 entries from SwissProt)

7.7578+/-0.000147;
(133785775220 4

36 i

Aligament Options: Highligh (= similariies ) differences ) compact diffesences.  OUpUL omst: FAsTA B

https:/fasta.bioch.virginia.edw/fasta 2/fasta_list2.shtml BOSSZATER G

82084/
EHECR 753

sampled from 50000 (52042) to 69692 sequences | BIOS477/877 L14 - 12
Shifnov 'fiaiiovie: 6:6137 (N=19) at 52

11 12


https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml
https://www.ebi.ac.uk/jdispatcher/sss/fasta
https://www.genome.jp/tools/fasta/
https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml

10000 T T r v
| [ Observed distribution i 3 P(S = x) = 1-exp[-Kmne %)
I s a
2 8000 — Expected distribution e 3 = l-exp[-e -]
g o3 or from bit score: x’
] Smith-Waterman score T P(S > x) = mn2- .
Z 6000 Query: human glucose transporter ] (8 2 x) =mn
2 - E Against: SwissProt (~84,000 seq) o 3 where m and n: the lengths of query
- 36 and each hit sequence
g 4000 5o
2 L |
2 Distribution based on nean_varoes. T0as/ 3573, 6 51 475 TAMm(110.0) 553 Betrimt 131 i 2767 1O0C
2000 database sequences can be Sozse " "
th ) used to simulate extreme 7
o value distribution x5, open/ext: -
2.0 2(5) (o as3y, Erant: o3 Tor 120y, wiat E(565254) = P x 565254
20 00 20 40 6.0 8.0 2S P(S > x) = 1-exp|[- Kmne‘ﬁ-‘] 12 SFos | SKAPS _XENTR Src kinas ociated phosphoprot ( 328) 2 SB13"453. 5 7 ee 30 T 000 T 000 "33 align
- i SPIQSXGP7 [SKAZA_XENLA Src kinase-associated phosphoprot ( 330) 1961 459.7 2.5e-128 0.927 0.967 330 align
P A A 1-exp|[-e- 1L spisuse7 sm;g,ﬁr::c zrc Kinase-associated phosphobrot ( 336) 1786 419.5 3.3e-116 0:906 0.952 330 align
14 16 18 20 22 24 26 28 30 i B 1 = re 19 5 30 ber)
bit e s e SIS, 3 K S ooyt (38 B S B Se v Sy
simitarity score e : P gh man i bRt B e
or Gumbel
Pearson (1998, 2013) NOTE: FASTA calculates P-value for E=NXP
BIOS477/877 L14 - 13 each pairwise alignment =IVX BIOS477/877 L14 - 14
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FASTA Statistics FASTA Statistics

2 0=anio reri (341 aa)
NODOM,

_DANRE Src

DANRE Src 2 05sbanio rert (341 a2) P(S>x) = 1-exp[-¢H<-9)]

tOptimum raw score,,stundar-duzed scor-e it scorey peam or
Region: 204-277 0+ score=2ol pits= "
Region: 278-319:2 its=53,0; (S >x) =mn2- X 10; C.st
u\g(n' 1069 init: opt: 797 z s nre~ 993.0 bits: 192 P( - ) - bl n: 548 opt: : 993.0 bits: 192.1 E(565254)' v Al
Snith-Vaterman score: 12 By StettarT 1n (x": bit score) Swith-aternan score; 1267, y (79:6% sinilar) in 343 aa overlap|(4-326:3-339)]
Sequence Lookup w .m_e_m -192.1 u Eheral igment
=328 x 341x 27
% & = =1.66 x 10

IDomains].

loona| E'= P x 565254

=9.40x 10

Aligned region

[alignge
110

[alignnent]
70
splasF[m LPEWKTLLTDLUFxsnvLKGETLsKKAKEKKEVLlKRLKDIKﬁsnSLEFnAEwDLEENDGFP Lpp- DAVSTASOR- DKDEELPVDG smwmm - YLRAGYLEK
sploee| vPEnrrrusnLnﬂ Tout Erkar G KSovLEK
i 50 ) 30 i 50 6 70 80 9 100 ][ 118
120 10 w0 10 10 10 180 19 M0 150 10 10 180 1% 20
5pIQSF RRIDHSF! c DGYRAKINDTLRKDAKKDCC spI0sF DGYRAKINDTLRIDAKKDCC
5p|06P R N FNIVGYTV RKDAKRDCC! K spla6P N s FNIVGYTV RKDAKRDCCFEV F DFLIKDLGGTTPEDEEEYDDCLSMSQSEVAT
10 130 14 150 160 1% 180 190 10 130 140 1se 160 170 180 190 200 llo_ 20 230
23 240 B0 %0 270 2 3w 230 210 20 260 270 280 29 30 310 30
5pIQSF SHEEDIVEEL TGOHPDELSFKHGDTIVIL 5pIQSF HEEDIVEEL TGDHPDELSFKHGDTIVIL 160
$p|Q6P LPDDDIVEELPEEDVPPSK > avn QGLWDCIGOQPDELSFKRGOTIVIL ey $p16P | PODDIYEELPEEDVPOPSK > avn QGLWDCIGDQPDEL SFRGOTIYILSKEYD et
20 250 20 210 280 201 30 310 30 3301 340 240 250 260 270 280 201 30 310 30 3301 3
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NOTE: FASTA calculates P-value for E=NxP

each pairwise alignment BIOS477/877 L1415
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FASTA Statistics FASTA Statistics

2 05=Danio reri (341 aa)  DAVRE Src 05=Danio reri (341 aa)
Region: 4-104: > ms Reaion: 4-104:3-105 : .589; 0=150.6 @=-10log10P
Region: 104 CiPH Pfan : Reqion: 104-203:106-308 + scores 10.710; 00953 CiPH pton ;
Region: 204-277:200-290 Domains Region: 204-271:209-299 :_scors NODOH Domains To be P<0.001
Region core its=53.0; .5+ C.SH3 Pfam (NODOM: no domain region) Region: 278-319:291-332 : scor: bits=53, .El ; C.SH3 Pfan - ‘.
InEAn: 1069 iniths 548 opts 797 2-scores 993.0 Bitss 192.1 E(365354)s O.de-d8 ot ot Intid: Sah ot 37 Doscores 303,47 bitsr 102,T Eligbas0)s ordeis Q>30
Swith-Waternan score: 1287; 58.9% identity (19,6 sinilar) in 3¢3 aa overlap (4-326:3-339) Snith-Waterman score: 1287; 18.9% identity (7906% sinilar) in 343 aa overlap (4-326:3-339)

Paindise alignnent

Sequence Lookup 5 eral re-sear Sequence Lookup General research Pairwise Alignment
0 =0

i o -
£ |:> i inboth
o «—— Domains in the hit sequence High scores across the region (Q»30)
I0omains] —
[alignment [alignme
10 ) ) 100 110
sp|Q5F MNE LPEDVKTLLWLETFISDVLKGETLSKKAKEKKEVLlKRLKﬂIKNSNSLEFﬂAEYDDLEB{DGFPLPP- -DAVSXASDR DKBEELPYDG SFVPL\IMDDLE VI.RAGVLEK sp|Q5F MNE LPEWKTI.LTDLEYFISDVLKGETI.SKKAKEKKEVLXKRLKDIKHS"SLEFQAEWDI.EBWGFPLPP- —~DAVSIASDR-DKDEELPYDG-SFYPLVAAQDLE- 'LRAGYLEK
splQ6P  MREVPEDFTTLISDLETFLTOVL nnvmsmmx plQ6P M vpznrrrusnmﬂ Tov AEFkdrrd GGSLHSEQTD AQDLOA 'LKSGYLEK
10 20 30 40 50 60 70 80 90 100 101 20 30 40 50 60 70 80 90 100 1 110
120 130 140 150 160 170 180 190 200 210 220 120 130 140 150 160 170 180 190 200 220
$p|Q5F RRKDHSF! C DGYMKNIDYI.NM)MKI.‘LL Sp|Q5F RKDHSFF C DGYMWDYLHKUMW\.L M Rf-NIPYEDEEL
spla6P N Yy RKDAKRDCC! 5p106P 3 N RKDAKRDCC!
120 130 140 150 160 170 180 190 200 120 130 140 150 ISB 170 180 190 200
230 240 250 260 270 280 290 260 270 280 290 300 310
Sp|Q5F PHEEDIYEELS TGDHPDELSFKHGDTIYIL! TGDHPDELSFKHGDTIYIL!

QGLWDCIGDQPDEL
270 280 291 300 310 320

0 QGLWDCIGDQPDELS
240 250 260 270 280 291 [ 300 310

spIQ6P
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FASTA Statistics

2250 |USYHSIPRIAG HUNAN Plecstrin hanology domet
Real : ; bit

ining fanily A membe (1048 aa) @=-10logroP
NOD(

otaras y Goi et }Domains To be P<0.001,

1 H .
on: 206-2¢ -210 score—M bits=11.2; : NOD(
initn: 58 initl: 50 opt: Q>30

w
soith-ateraan score; 201; B s». Ldentty (5. 1% sinilar) 40 196 a2 overlap (70-262:26-210)
Sequence Lookup Gens: Pairuise aligment

_:Ez Only SH3 domain region g Other regions do nat
i contribute to the score (Q~
: Alignment overextended.

has high scores (Q>30);
Passibly correctly aligned

[alignment]
50 60 o 80 % 100 130 140
5p|QSF SKKAKEKKEVLIKRLKDIKHSHSLEFQAETDDLEENDGF AL PYDGSFYPLVAAQDL
. S .
10 2 30 40 50 100
170 180 19 200 210 220 230 240 250 260
sDIQSF Arswcmwmnnumm IMNS-| ENIPTEDEEL
o] sxpu . L o it
110 120 130 140 150 0 170 180 190 200 21

280 290 300 310 320
splOSF YRPYRGLYDC GOHPDELSFIHCOTIYTLSKETYGHIGEIKGTTGLYPRAYHEAYDT

5p|Q9Y GCekaer 0L
220 230 240 250 260 270 280 29

FASTA uses domain information to indicate possible incorrect alignment
See Mills and Pearson (2013) BIOS477/877 L14 - 19

FASTA Statistics

>250 |OY2HS PRHAS HUNAN Plecks rin nomn\uqy domai
g

ining fanily A menbe (1048 aa) Q=-10logioP
e " e o } Domains | 7o be P <0.001,
etion

: 206-262; . 9

et Soiniti: o opt: 186 Zoscore: 2231 bits: 54,3 iBs2500 Q@>30
Saithdaternan scores 201 26.9% eneity (35,15 Sirtior) In 196 aa overiap (10-262:26-210)
Sequence Lookup General re-searc

“ et Peinifatioment This is the only aligned region!
? & = \ These are outside of the aligned regionl
\ R Should not be considered to be similar regionsil
Y

alic
110 120 130 140

30 49 50 60
59105 SKKAKEKKEVLIKRLKDIKHSHSLEFQAETDDLEENDGF

% 100
PYDGSFYPLVAAGDLE

5p]09) HSKTGHPAT Q VLVORCL
2 50 1 70 8 % 100
170 220 230 210 250 260
splost Arsmsmwmmmwu
splaoY sxm X KiHQ
110 120 170 180 19 200 210
280 29 300 310 320
o105 YAUPYRGLIDCTCOHPDELSFRUCOTIYTLSKENTYGHGBIKGTTGLUPHAYHERYOT
sploav]ec
220 230 240 250 260 270 280 29
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Multiple Sequence Alignment (MSA)

BIOS477/877 L14 -21
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Why multiple alignment?

> To examine evolutionary relationships between
sequences
=> To reconstruct phylogenetic trees

> To predict protein functions
(conserved regions, functional or structural domains)

> For homology modeling (structural prediction)
> To design PCR primers ele. ete. ...

BIOS477/877 L14 -22
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Multiple alignment as an extension of
pairwise alignment

> Dynamic programming algorithm
- Guarantees to find the optimal alignment
based on the scoring system
> Optimal alignments are searched based on
alignment score
=» Match/mismatch (S;) and gap penalties

BIOS477/877 L14 -23
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Multiple alignment: complexity

> Dynamic programming algorithm

Pairwise alignment Multiple alignment (3x)
T|T[G]G[A]C]G[T]G N

m A

Ic| /.

g e

S Search Space .

e}

€] *

1 v s N s

ST T T T T T T -

O(mxn) or 0(n2)<\ > o(n’)
Complexity can be expressed with big-O notation
BIOS477/877 L14 - 24
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Multiple alignment: complexity

> Dynamic programming algorithm
Pairwise alignment Multiple alignment for 3
3 ways to align 7 ways to align

A
= A
T

A -

o \

L
(ol ]

(]
1 Hap
[l

c
O(mxn) or 0(n2)<\ > on3)

Complexity can be expressed with big-O notation
BIOS477/877 L14 -25

Multiple alignment: complexi

> Dynamic programming algorithm
Pairwise alignment  Multiple alignment (3x,4x,5x....)

s

T[T[G[G[A[C[G[T[C

A

Search Space . et

s

N ERERRRE

v s N s

o@m?) o), 0(), O() ... O(r)
Impossible for more than 5 - 6 sequences!

BIOS477/877 L14 - 26
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Multiple alignment: Divide and Conquer (DCA)

https://bibiserv.cebitec.uni-bielefeld.de/dca

original sequences

Divide and Conquer algorithm

i) Breaks down g problem into small

7 dnde N sub-problems,
ii) Solves each sub-problem
independently,
avide N\ / dlvlde\ ep 4
— — iii) Combines the solutions to the sub-
= = problems to give a solution to the

| atign optimay | original large problem.

-1

N

Stoye (1998) BIOS477/877 L14 -28

S

25
How to score multiple alignment
> Sum of pairs score
S(A) =2;5(Ay)
Ay;: the score of the pairwise alignment between i and j
MEGP-GE
MDGPPPQ An
MEGP-GE
MEGP-GE S(A) =S8(A12) + $(A13) + S(A23)
A MDGPPPQ e A13 12 1 23
MEA--AD
MDGPPPQ
MEA--aD AZ
=> S(A) has no statistical justification
There is no single good method that can measure
the overall quality of multiple alignments!
BIOS477/877 L14 -27
27

Multiple alignment: Divide and Conquer (DCA)

28

https://bibiserv.cebitec.uni-bielefeld.de/dca

-

original sequences N N
For multiple alignment:

1. Each sequence is cut into two.

2. Each group of subsequences is
recursively cut into two until they
are short enough.

/ divide \

—— 3. Each group of short subsequence is
| aligned optimally (dynamic
—_— programming algorithm)
4. Short alignments are concatenated,
\ Ymm""e / / yielding a solution of the original

multiple alignment problem.

L

Stoye (1998) BIOS477/877 L14 -29

Multiple alignment: Divide and Conquer (DCA)

DCA:
» Uses (almost) exact multiple alignment
method on shorter fragments

» How can the suitable cutting positions
be found?

DIALIGN (local fragment alignment) can be
sed to find cutting positions (based on highly
conserved fragments)

Sammeth ef al. (2003) Bioinformatics 19: ii189-ii195
[Not implemented.]

BIOS477/877 L14 -30
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https://bibiserv.cebitec.uni-bielefeld.de/dca
https://bibiserv.cebitec.uni-bielefeld.de/dca
https://bibiserv.cebitec.uni-bielefeld.de/dialign
http://bibiserv.techfak.uni-bielefeld.de/dialign/

Multiple alignment: Heuristic methods

Progressive - aligning from closest o more distant

Global

Sequential branching
SBpima multal

NJ

clustalx
UPGMA ClustalW,
muitalign
pileup8

prip
Genetic Algo.
@ —

Iterative - iteratively optimize alignment

=

Thompson et al. (1999)

BIOS477/877 L14 -31

Multiple alignment: Heuristic methods (updated)

Progressive

Alignment
+ tree
SATE
Bali-Phy
roy
AliFritz

Profile
PROMALS

TM/2D/3D-
structure

WebPRANK*

HMMs

PnpProbs
6LProbs
Clustal 2*
T M5AProbs
&AMLL[I&MW[ MAFFT*)  Clustalwz/x2, MUSCLE* Fsa

PrabCons
ProbAlign
cmalign
SAM

DIALIEN 2
iterAlign

Iterative

*Available in EBI Tools website (hitos://www.ebl.ac.ulidispatcher/msa)
BIOS477/877 L14 - 32

For the newest review: Katoh (2021) and more available on CANVAS

31
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Progressive multiple alignment: Clustal W

Thompson et al. (1994)

. Pairwise al i'gnment .
(fast approximation or full"dynamic programming)

s

., . Generate a distance matrix
(% identities converted to distances)

u

. Constructa ﬁuide tree
(neighbor-joining phylogenetic tree)

g

Progressive alignment following the guide tree
(scoring matrix, sequence weight, gap penalties, efc.)

BIOS477/877 L14 -33

Progressive multiple alignment: Clustal W

> Pairwise alignment: fast approximation

¢ Choose diagonals

* k-tuple matches within the window size (w)

T O o B o R |
m M rrm M

r[r]c|c[a[c[c[a]r][r]c r[r][c[c]alc[c[alz][r]c]
L
K B o
G G L
EG Es
C = C a
CHfe cHeENGH
Ll Oz Phe—
. I is done onl
C :F. E L [GIT] within the diagonal band

[The default is to use full dynamic programming: better]

33

Progressive multiple alignment: Clustal W

> Generate a distance matrix from % identities

Pairwise alignment % identities Distances
(100 - % identities)

=) S12 mmmp D12

Seql XXXXX
Seq2 yyyyy

Distance matrix

===p S13 ===p D13 ﬂ p12 -
D13 D23 -

Seql XXXXX
Seq3 zzzzz

SeaZ YWY  pmp §03 mmmd D23

Seq3 zzzzz

Neighbor-joining tree
(Guide tree)

BIOS477/877 L14 -35
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Progressive multiple alignment: Clustal W

Thompson et al. (1994)

. Pairwise alignment .

(fast approximation or full"dynamic programming)

. .
., . Generate a distance matrix

(% identities converted to distances)

.
_ Construct a guide tree

(neighbor-joining phylogenetic tree)

B

Progressive alignment following the guide tree
(scoring matrix, sequence weight, gap penalties, efc.)

BIOS477/877 L14 -36
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https://www.ebi.ac.uk/jdispatcher/msa

Progressive multiple alignment: Clustal W

> Progressive alignment following the guide tree

Closest sequences are
0.02 g1 peeksav} aligned first
peeksav

geekaav  Pairwise alignment can
be done by using simply

the dynamic
programming algorithm

0.08 g2 geekaav

0.38
S3 egewglv

Next closest sequence is aligned
S4 aaektki against the.existing.alignment,

= Profile alignment
(can be an alignment between
alignments)

BIOS477/877 L14 -37
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Progressive multiple alignment: Clustal W

> Progressive alignment following the guide tree

From a scoring matrix -~

Slvs. S3= S(P,E)
s1 P | s2vs.53:5(6E)
s2|
53 ¢ . B
Y 9,1 si/szvs.s3
E|-g| 2% ={sCErsGEN2
—-2q Simple average from

(gap penalty = -g) all pairwise scores
Profile alignment: alignment vs. sequence, alignment vs. alignment

BIOS477/877 L14 -39

39

Progressive multiple alignment: Clustal W

> Sequence weights: based on branch lengths

Shorter branch lengths
- Fewer changes  (0:02 S

0.15]

Shorter branch lengths

-» Fewer changes

(e.g., S1 and S2 are more
s3 similar than S1 and $3)

sS4
—
Distance from the root
Rooted at the midpoint

BIOS477/877 L14 -41
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Progressive multiple alignment: Clustal W

> Progressive alignment following the guide tree

S1 peeksav cle|e|x|alalv]s2
S2 geekaav

=
S3 egewglv

<[efe[z=]a]am

A sequence (S3) is aligned
against the alignment (S1, S2)

0
w

Profile alignment: alignment vs. sequence, alignment vs. alignment

BIOS477/877 L14 -38
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Progressive multiple alignment: Clustal W

> Progressive alignment following the guide tree

[Simple average (without weighting)]
S P/GE)={S(PE)+S(GE)}/2
Leksav (W1) core( )={S(P.E) + S(6.E)}

bekaav (W2) or

[Weighted average]
’ P ={wil P

s3 ewglv (W3) & Score(P/6,E) = (WixW3xS(P,E)

+ }/2

sequence WelghTs the sqme as simple average s2| g
Thompson et al. (1994) s31 0 -g
v

Closely related sequences share information Elgp e

=» The sequences with duplicated information should
get smaller weights
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Progressive multiple alignment: Clustal W

> Sequence weights: based on branch lengths

Shorter branch lengths
0.02 .02 +0.15/2 +

=» Fewer changes Sl wi =_0 0
v } - 0.125
0.0 0.0852
0.38 s3

Root Divided by the number
0.46 s4 of sequences sharing
the branch

Closely related sequences share information
=» The sequences with duplicated information should
get smaller weights
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Progressive multiple alignment: Clustal W

> Sequence weights: based on branch lengths
Shorter branch lengths
- Fewer changes  0:02 §7 W1=0.02 +0.15/2 + 0.09/3
0.15 =0.125

0.0 0.08g2 W2=0.08+0.15/2 +

AV

Divided by the number
of sequences sharing
the branch

0.38
- s3
Root

0.46 s4
Closely related sequences share information

=» The sequences with duplicated information should
gef smaller weighfs BIOS477/877 L14 - 43
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Progressive multiple alignment: Clustal W

> How sequence weighting works: Example 1

101 ;) [Simpleaverage] [Weighted average]
2 Score(L/V.P) Score(L/V.P)
- V(5) ={S(LP)+S(VPY/2 = {11x12xS(L.P) +
=055(LP)+05S(VP)  Bxi2xS(V.P)}/2
12 = 66xS(L,P) + 30xS(V.P)
P a2 S(L.P)>» S(V.P)

[Aligning the 3rd sequence (P) to the first
2 sequences (L, V) previously aligned]

Closely related sequences share information

=» The sequences with duplicated information should
get smaller weights
BIOS477/877 L14 -45
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Progressive multiple alignment: Clustal W

> How sequence weighting works: Example 2

123 [Simple average] (match=2, mismatch=-1)
2% 81(1.1) B
. VAG Alignment (a)[Score = 1 + gap penalty]
05 52(1.1) VGA 1: Score = {S(V,VIS(V,V}+S(L,V)}/3 = (2¢2-1)/3 = 1
IV 2: Score = {S(A ,6)+5(6.6)+5(V.6)}/3 = (-1+2-1)/3= 0
S3(6.1) 3: Score = (gap penalty x 3)/3

Alignment (b)[Score = 2 + gap penalty]

T Score = 7 T(Ez-1)/3 =1

2: Score = (gap penglty x 3)/3

(@123 [p123] (123 3: Score = {S(6.6)5(A EWS(G.6)/3 = (2-1+2)/3 = 1
s1 VAG VAG VARG Alignment (c)IScore = 1+ gap penalty]
S2 VGA ©Ff VGA |9F VGA  1: Score = (gap penalty x 3)/3
s3 1ve ve IVG  2:Score ={S(AV}S(6.V)+S(V.V)}/3 = (-1-1+2)/3 = 0
ol s e VG 3:Score={S(6.6WS(A.G)S(6,6)/3 = (2-142)/3 = 1

[Aligning 54 to the first 3 sequences (S1, 52, and S3) previously aligned]
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Progressive multiple alignment: Clustal W

> Sequence weights: based on branch lengths

Shorter branch lengths

-+ Fewer changes  (0:02.§1 Y W1 ==%-g§5* 0.15/2 +0.09/3
0.15
0.08g2 » W2=0.08+0.15/2 +0.09/3
.02 = 0.185
238 _o3) w3=038+ 10410
Beol Divided by the number
0.46 s4 W4 = 0.46 of sequences sharing
the branch

*Weights are normalized so that the max
weight (0.46) becomes 1.0
Closely related sequences share information

=» The sequences with duplicated information should
get smaller weights BIOS477/877 L14 - 44
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Progressive multiple alignment: Clustal W

> How sequence weighting works: Example 2

o5 123
S1(1.1) VAG
25 52(1.1) VGA

How should 'VG' in S4 be
aligned against the
S4(7.0) VG 51/52/53 alignment?

Which is the best

(a)123 (p)123 (c)123 .
alignment, (a) or (b) or (c)?

S1 VAG VAG VAG
S2 VGA ©°T VGA ©°Ff VGA
S3 1IVG Ive Ive
sS4 VG- V-G -VG

[Aligning 54 to the first 3 sequences (S1, S2, and $3) previously aligned]
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Progressive multiple alignment: Clustal W

> How sequence weighting works: Example 2

0.5 123  [Weighted average] (match=2, mismatch=-1)
S1(1.1) VAG .
b5 52(1.1) vea Alignment (a)
ve 1: Score =
S3(6.1) {1.1x7xS(V,V}+1.1x7xS(V,V)+6.1x7xS(L,V)}/3
= {7.7x2+7.7x2+42.7x(-1)}/3 = -3.97
S4(7.0) ve
2: Score =

{1.1x7xS(A,6)+1.1x7xS(6.6)+6.1x7xS(V.6)}/3

(a)123 (b)123 (e)123
= {7.7x(-17.7x2+42.7x(-1)}/3 = -11.67

s1 VAG VAG VAG

S2 VGA ©°r VGA ©°f VGA 3: Score = (gap penalty x 3)/3

S3 1ve 1ve IVG  Alignment Score= -15.64 + gap penalty
sS4 VG- V-G -vG

[Aligning 54 to the first 3 sequences (S1, S2, and $3) previously aligned]
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Progressive multiple alignment: Clustal W

> How sequence weighting works: Example 2

0.5 123 [Weighted average] (match=2, mismatch=-1)
S1(1.1) VvAG .
b5 52(1.1) vea Alignment (b)
1: Score =
S3(6.1) {1.1x7xS(V,V)}1.1x7xS(V,V)}+6.1x7xS(L,V)}/3
= {7.7x2+7.7x2+42.7x(-1)}/3 = -3.97
S4(7.0) VG
2: Score = (gap penglty x 3)/3
(a)123 (123 (e)123  3i Score=
s1 vac e @ {L1x7xS(6 G}1.1x7xS(A 6)+6.1x7xS(6,6)}/3
S2 VGA ©°f VGA o VGA = {7.7x2+7.7x(-1}+42.7x(2)}/3 = 31.03
S3 1IVG IvGe IvGe Alignment Score= 27.06 + gap penalty
sS4 VG- V-G -VG

[Aligning S4 to the first 3 sequences (S1, 52, and S3) previously aligned]
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Progressive multiple alignment: Clustal W

> How sequence weighting works: Example 2

&5 81(1.1) 3,;; [Simple average]
25 52(1.1) VGA

(a) Alignment score = 1 + gap penalty
G (b) Alignment score = 2 + gap penalty

S3(6.1) (c) Alignment score = 1 + gap penalty
S4(7.0) ve
[Weighted average]
(a)123 (b)123 (e)123
s1 VAG VAG vac (@) Alignment score = -15.64 + gap penalty

2 ven o ven o ven (A s 2108w pedy
s3 1ve Ve baye] 9 RAAR LA
s4 VG- V-G -ve

[Aligning 54 to the first 3 sequences (S1, 52, and S3) previously aligned]
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Progressive multiple alignment: Clustal W

> How sequence weighting works: Example 2

0.5 123 [Weighted average] (match=2, mismatch=-1)
s1(1.1) vas .
b5 59(1.1) vea  Alignment (c)

ve 1: Score = (gap penalty x 3)/3

2: Score =
{L.1x7xS(A,V)+1.1x7xS(6,V)+6.1x7xS(V,V)}/3
= {7.7x(-1)+7.7x(-1)+42.7x(2)}/3 = 23.33

(a)123 (123 (e)123  3i Score=
s1 VAG VAG vAG {1.1x7xS(6,6)+1.1x7xS(A 6)+6.1x7xS(6,6)}/3
S2 VGA °f VGA °f VGA = {7.7x2+7 Tx(-1+42.7%(2)}/3 = 31.03
S3 1IVG IvVG IVG Alignment Score= 54.36 + gap penalty
sS4 VG- V-G -VG

[Aligning 54 to the first 3 sequences (S1, S2, and S3) previously aligned]
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Progressive multiple alignment: Clustal W

> How to choose scoring matrix:

¢ Choose only the scoring matrix series
(BLOSUM, PAM, efc.)

-=> Specific matrix is determined based on
distance between sequences

51

Progressive multiple alignment: Clustal W

> How gap penalties are determined:

=> Initial gap penalties: GOP (gap opening) and GEP
(gap extension) —» set by the user

—> Weight (scoring) matrix dependent gap penalties
-> Similarity level dependent gap penalties
—> Sequence length dependent gap penalties

=> Position specific gap penalties
¢ if gaps already exist
¢ residue specific (e.g., hydrophilic stretches)

Thompson et al. (1994)
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80 - 100% identity — Blosum80
60 - 80% identity — Blosum62
30 - 60% identity — Blosum45
0 - 30% identity — Blosum30

Thompson et al. (1994)
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Progressive multiple alignment: Clustal W

Pairwise alignment

] —

S 2 —

S —
S——+n13
S —_
§j———> D14

D12 -
D13 D23 -

= D12

* Progressive alignment
=¥ Greedy (finds local optima, but no guarantee for global optima)
= Errors (incorrect gap positions) in the early alignments cannot be

rectified later

Profile alignment

* Global alignment only (local similarity may be missed)
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Clustal Web servers
http:/www.clustal.org/ (Clustal original website)

O Clustal: Multiple Sequence Alignment

Qgﬁ [ A —
)

\ CLUSTAL

Clustal Omega ClustalW/ClustalX

[Legacy version]
Use Clustal Q instead / (part of Galaxy@ )
of Clustal W il in/tools:bi
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http://www.clustal.org/
https://galaxy.pasteur.fr/
https://www.genome.jp/tools-bin/clustalw

