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Today's topics

> Phylogeny-aware gap placement
methods (PRANK, etc.)

> Alignment trimming/filtering
» MBSA evaluation

» Conserved domain, pattern, profile
= Pattern and Profile (PSSM)

> Assignment 8
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Multiple sequence alignment methods
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For reviews: Katoh (2021) and more available on CANVAS BIOS477/877 L17 -3
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PRANK, WebPRANK

Mind the gaps: Progress in progressive alignment

D. G. Higgins*, G. Blackshields, and I. M. Wallace .
Conway Institute, University College Dublin, Belfield, Dublin 4, Ireland (2005 PNAS commentary)

"CLUSTALW attempts to compensate by using an elaborate scoring scheme to encourage
gaps to end up on top of each other. ... results in alignments that are very “block-like”..."

"... there may be a price for this prettiness and detachment from phylogenetic reality.
CLUSTALW (and other programs) may be guilty of ”overali; ”, that is where

that should not go together are forced into neat-looking blocks. These overaligned regions
may be neat looking but misleading."

"There is an understandable tendency for users of multiple alignment software to want their
residues neatly aligned in blocks and columns. This is fine when such blocks are biologically
accurate as will happen in parts of protein alignments. In cases where insertions or deletions
have happened in a less organized manner, as will happen in many noncoding DNA sequences
and in less organized parts of protein sequences, such block-like alignments may be
biologically meaningless. Perhaps we need to reeducate our eyes to see beauty in what
actually happened rather than what looks nice on paper."
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PRANK, WebPRANK

Loytynoja & Goldman (2008)

Insertions are more penalized than deletions in
progressive sequence alignment.

Insertion Deletion
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2 V% acT  AGT AGT
= T AGT
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iT]
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PRANK, WebPRANK

Available at EBL website.  Liytynoja & Goldman (2005, 2008, 2010)

> PRANK: Probabilistic Alignment Kit

= A probabilistic multiple alignment program for
DNA, codon, and amino-acid sequences.

= Treats insertions correctly.

= Avoids over-estimation of the number of deletion
events.

= Not meant for the alignment of very diverged
protein sequences.
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https://www.ebi.ac.uk/jdispatcher/msa
https://www.ebi.ac.uk/goldman-srv/webprank/

ProPIP:
PRANK, WebPRANK Progressive MSA with Poisson Indel Process

Loytynoja & Goldman (2008) Maiolo ef al. (2018, 2021)
. . . oy . a Region 1 Region 2 Region 3 Region 4
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MSAs generated by traditional methods show excess substitutions
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SP score (recall)

BAIli-Phy: Statistical coestimation method Large-scale MSA
" MSA
Nute et al. (2019), Redelings (2021), Gupta et al. (2021) : {
a) progressive
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Large-scale MSA learnMSA2
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https://www.bali-phy.org/index.php
https://www.bali-phy.org/index.php
https://www.bali-phy.org/index.php
https://www.bali-phy.org/index.php
https://github.com/Gaius-Augustus/learnMSA
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Protocol for reconstructing MSA and phylogeny
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Alignment trimming
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= trimAl (included in Phylemon2)

=> These hods do not use based information BIOS477/877 L17 - 15

GUIDANCE2:
Guide-tree based alignment confidence

Penn et al. (2010); Sela et al. (2015)

- IVALVVATI-IATVVWSI----VIIEYRKILROR
Input MSA - IVALVVTAL - IAIVVWSI ----VLIEYRKLLROR

- IVALVIAAI-IALIVWTI----VYIEYRKIRROR
- IVGLIVAFI-AATVVWTI---VLIEYRKIRKQK

Neighbor joining

bootstrap tree
reconstruction

(100 trees with 17

Progressive

ey {

PRANK,
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GUIDANCE score:
Reflects the robustness of an

alignment to perturbations  m
introduced by uncertain

MSA color-coded by GUIDANCE scores

(bootstrapped) guide trees, T:ﬁ"’s"" e ‘{
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GUIDANCE2 and SuperMSA

Ashkenazy et al. (2019)

(Base MSA)
ptish X o e MAFFT PRANK
o oot t0 o] om0 -0
Dosltotaerss
Neighborjoning e 7500 [t thn s sk
‘bootstiap tree. 1 T B orsethan base S
reconstruction 1T T 1T 1 Booom) § soom
(100trees with _* :
perturbations) i< ol -
Progressive o
——C v k o w 0 W@
~" oS P
SuperMSA = Base MSA concatenated Many alternative MSAs can be
with alternative MSAs better than the base MSA
TaBLEL  The effect of MSA weighting (GUIDANCE2, ZORRO, TCS) and averaging on tree inference accuracy for the PAM250 data set
No weighting GUIDANCE2 ZORRO CS [ SuperMsA
Average Average Average Average Average
Alignment  normalized | normalized normalized normalized normalized
method RFdistance | RFdistance Pvalue | RFdistance Pvalue RFdistance Pvalue | RFdistance  P-value

TrueMSA 0103 (00;
MAFFT 0187 (015) | 01840123 002 | 017(0129) 0295  0188(017) 066l | 0149(0099) 15%e-24
PRANK  0169(0108) \0168(0109) 028 / 012(011) 0999  076(014) 0999 \Q62(0105 000011

Robinson-Foulds (RF) distance: Distance of a test tree from the reference (true) tree;
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Ensemble MSA by Muscle5 |\181=] s 1=38)

> Re-implementation of ProbCons BT

= Slow but highly accurate MSA method based on hidden
Markov model (HMM)

= Generates ensemble MSAs for reference-free estimate of MSA
accuracy
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https://github.com/refresh-bio/FAMSA
https://clipkit.genomelybio.com/
http://phylogeny.lirmm.fr/phylo_cgi/one_task.cgi?task_type=gblocks
http://phylemon2.bioinfo.cipf.es/

Ensemble MSA by Muscle5 Muscle

"Picking a single best protocol disregards the possibility that the best may not be good
enough. ... Even if alternative protocols are ... less accurate, a thoughtful comparison of
the results provides a useful indication of whether the preferred protocol can be trusted. "

Edgar (2022)

= Easy alignment
=> Fewer alignment errors
= Ensemble MSA less
dispersed

= Difficult alignment
=> More alignment errors
= Ensemble MSA more
dispersed
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How to measure MSA quality

= Sum of pairs score (SPS) and total column score (CS or TCS)

o SPS: Proportion of correctly aligned AA pairs Ref Test  TCs=1/3
o TCS (CS): Proportion of correctly aligned columns VA-T  -VAT- 2332;’:

or
[available programs] VA-G  -VAG- (w/gweol)
* bali_score (from BAIiBASE website) MGTG  M-GTG .o /o
* qgscore: http:/drives.com/gscore SPS, CS, Shift Score, etc. U =55.6%
* Veralign: https:/wwwibivunl/programs/veralienwww/

= T-coffee consistency based evaluation
o TCS, iRMSD-APDB, Strike
= MUMSA: average overlap Score ntps:/msa.sbe.suse/cgi-hin/msa.cai
= GUIDANCE2: guide-tree based alignment confidence
= Muscle5: ensemble MSA based accuracy hitps:/www.drives.com/muscle/_

= AlignStat: MSA similarity/dissimilarity nits:/zithub.con/TS404/Alienstat
= QuanTest2: secondary structure prediction based

ttpy//www.bioinfucd.i QuanTest.tez (download only)
= Sequence logo: graphical representation of a multiple alignhment
o Weblogo 3: hitps: com/ BIOS477/877 L17 -21
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Assessing MSA quality using BAIIBASE
~[€]

»[£ ) Pais et al. (2014)

——probeons

SP score:
Sum-of-Pairs score

TC score:

Total-Column score

BBS:

Short version of BAIIBASE
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Muscle5 + CLOAK:
Cleaning on Alignment (K)onsensus

Wheeler et al. (2025); integrated into Muscle5

C. Partition each subset 1.00
into mutiple columns.

Delete amino acids with lMuscles

no consensus lgnment
MAFET
075 N

CLOAKL TAPER
1
Clustal Q GUIDANCEZ\DNv&er-d

A.cConvert 5. 1dentify

3 ;
:;"q‘:f,;‘,":, ::::::sor — 8050 i HmmCleaner-e »
backto & i .
numbers, foundin all ‘amino acid Divvier-pf
algnments sequence
025
= Likely alignment errors are identified as 0.0y, v oo T

departure from consensus among Precision
alternative MSAs (Muscle5 ensemble = Recall: proportion of aligned pairs in
MSAs) the reference MSA recovered

A . = Precision: proportion of aligned pairs
=> Gentle but effective removal of likely TR e GG

alignment errors BIOS477/877 L17 - 20
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Benchmark alignment database: BAIIBASE

Thompson et al. (1999); Bahr et al. (2001); Thompson et al. (2005)
BALBASE websi
» 9 reference alignment sets
=> can be used to luate multiple alig t programs

710 Reference 1: equidistant sequences with various levels of

conservation

Reference 2: families aligned with a highly divergent
orphan” sequence

Reference 3: subfamilies with <25% residue identity

between groups

o Reference 4: sequences with N/C-terminal extension

o Reference 5: internal insertions

Reference
Stensions

o References 6, 7, 8: various protein families containing
internal repeats, inversions, transmembrane regions, etc.

o References 9: linear motifs

o References 10: mixed

BIOS477/877 L17 -22

Other benchmark alignment databases

= HOMSTRAD: Homologous Structure Alignment Database
= Curated database of structure-based ts for protein families
https:/homstrad.miz hilab.org/homstra
= PREFAB: Protein Reference Alignment Benchmark
= Automatically generated from structural pairwise alignment
expanded with PSI-Blast
= Collection of bench k alij t datak is also available (BENCH)

BAIiBASE, HOMSTRAD, and PREFAB are all
—> biological benchmark datasets (actual protein sequences)
=> based on protein structural alignment
=> supposed to be highly accurate

[References]
* Edgar (2010) "Quality measures for protein alignment benchmarks" BENCH @ Muscle website
* Tantorno et al. (2014) "Who watches the watchman? An appraisal of benchmarks for multiple
sequence alignment.""
* Warnow (2021) "Revisiting evaluation of multiple sequence alignment methods"
> Discusses the challenges in evaluating MSA methods using biological vs. simulated
benchmark datasets BIOS477/877 L17 -24
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http://drive5.com/qscore
https://www.ibi.vu.nl/programs/veralignwww/
https://msa.sbc.su.se/cgi-bin/msa.cgi
https://msa.sbc.su.se/cgi-bin/msa.cgi
https://msa.sbc.su.se/cgi-bin/msa.cgi
https://www.drive5.com/muscle/
https://github.com/TS404/AlignStat
https://github.com/TS404/AlignStat
http://www.bioinf.ucd.ie/download/QuanTest.tgz
http://www.bioinf.ucd.ie/download/QuanTest.tgz
https://weblogo.threeplusone.com/
http://www.lbgi.fr/balibase/
https://homstrad.mizuguchilab.org/homstrad/
http://drive5.com/bench/

Assessing MSA quality:
Biological vs. simulated benchmarks

Biological benchmark datasets

g T I MSA methods perform
o ’ differently depending
o on different
A benchmark datasets
. ‘ 2 P ..
- “" = ’

Nute et al. (2018)
SP score (recall): how much of correct alignment is recovered
Modeler score (precision): how much of the reconstructed alignment is correct ~ BIOS477/877 L17 - 25
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Patterns, profiles, and profile HMMs

BIOS477/877 L17 -27
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Sequence similarity and search sensitivity

~10% or lower |- |: 5
E 80 <

/

> }""40% or‘higher ‘

( midnight Zone
Z ol 1 Automatic alignment methods
s i reliable (e.g., BLAST)

comparisons fail to
detect any structural -

> {20~ 30%]

At T ] A
similarities 5 I
g 0 Twilight Zone
8
rlh’ 10 More sensitive methods are required
00 30 4 To find weakly similar sequences:
Percen Patterns, Profiles, and Profile
Vogt et al. (1995) L HMMs can be used
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Assessing MSA quality:
Biological vs. simulated benchmarks

Biological benchmark datasets i i bench k

CXI [ = ool e ow o Rt od__| | e R g
K] Te J. 1l ° |z
£ o < H
MSA methods perform s 8
A differently depending on ° i

o
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&
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.
R o H

L ‘s 07
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sP.scors

© BA-Pry ® ConiAlgn  © NUSCLE © PRME  ® PROBCONS
sl © MAFFTG-INS- ® PRANK @ Probalin

Nute et al. (2018)

SP score (recall): how much of correct alignment is recovered
Modeler score (precision): how much of the reconstructed alignment is correct ~ BI0S477/877 L17 - 26
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Sequence similarity and search sensitivity

100 ORI g
% ‘
» 90 ? 1 ) +
P :
| ~, H

=AY 3 »40% or hlgher‘
E o7 T Lo
o . .
2 Automatic alignment methods
E o reliable (e.g., BLAST)
>
g w P ——
g S ~ 209
& < ‘20 30/"
©
g Automatic alignment
8 .,
510 % becomes difficult... -

0 L 0 : i

0 10 20 30 40 50 60 70 80 90 100

Percent ofidentical residues
Vogt et al. (1995)
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Similarity search

Query sequence Database Search result
(protein or nucleotide) O erEEEE) high similarity
MVLSPA. .. e zeque:ce; Sequence28
\‘ equence Sequence5
Similarity search: BLAST I Sequence3 Sequencell
(pairwise local alignment) [} Sequence4 Sequencel
\\ Sequence5
\ Sequence73
Sequence6
Sequence65
Sequence7
Sequence33
low simila‘ri;y‘

BIOS477/877 L17 - 30
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Finding remote similarity

Datab:
Query sequence (prn!eina:ram?csliu!ide) . S.ea.rcl.1 result
(protein or nucleotide) < = high similarity
equence
MVLSPA. . . ’< Segencez Sequence28
§ Sequence3 Sequence5
Similarity search: BLAST |} Sequence4 Sequencell
(pairwise local alignment) \ Sequence5 Sequencel
E & Sequence6 Sequence73
Sequence? Sequence65
.. Sequence33
low similal"it’y ’

Finding more remotely (weakly) similar sequences
helps:
= identify distant members of the protein family
(how proteins have evolved)
= identify functions (unknown or not very

obvious from the query sequence)
BIOS477/877 L17 -31
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How remote similarity search is done

Search result
: rotein or nucleotide
Profile-based PS " high similarity
P equence
similarity search Segencez Sequence28
Sequence3 Sequence5
Sequence4 Sequencell
Sequence5 Sequencel
Sequence6 Sequence73
Sequence’ Sequence65
Used as the query .. Sequence33
Construct low similarity

* Pattern

« Profile Multiple alignment

« Profile-HMM (proteins with known functions)

Query MVLSPAGLYAAKDIAVHDFVIEYIG

S$28 MNERGFGLVNREPIAVGDFVIEYVG

S5 SRIQGLGLYAAKDLEKHTMVIEYIG

S11 SRIQGLGLYAARDIEKHTMVIEYIG

s1 SRIQGLGLYAARDIEKHTMVIEYIG

S73 SATHGRGLFCKRNIDAGEMVIEYSG BIOS477/877 L17 -33
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Alignments — patterns — functions

S28 MRE NREPIAVGDFVIE! :L:Vr\IHAEFQRRMEQKQRDRDEN
S5 SRI LYAAKDLEKH' IEY|IGTIT KIYEEQNRGI
S11 SRI! LIYAARDIEKH IEY[IGTIT KLYESQNRGV
S1 SRI LYAARDIEKH' IEY|IGTIT KLYESQNRGV
s73 SAI!-E LIFCKRNIDA( IE IVIRSVLTDKREKFYDGKGIGC

Higher functional constraint q Functionally important

Once a sequence pattern - function correspondence is
established:
= such relationships can be used to predict functions
based on sequences/patterns

BIOS477/877 L17 -35
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How remote similarity search is done

Database Search result

Query sequence (protein or nucleotide) o
(protein or nucleotide) high similarity
T Sequencezs
Sequence3 :equencesl
Sequence4 equencel
Sequence5 Sequencel
Sequence6 Sequence73
Sequence?7 Sequence65
Sequence33
Construct low simila;it-y'

* Pattern

« Profile Multiple alignment

« Profile-HMM (proteins with known functions)

Query MVLSPAGLYAAKDIAVHDFVIEYIG

S28 MNERGFGLVNREPIAVGDFVIEYVG

S5 SRIQGLGLYAAKDLEKHTMVIEYIG

S11 SRIQGLGLYAARDIEKHTMVIEYIG

S1 SRIQGLGLYAARDIEKHTMVIEYIG

S73 SAIHGRGLFCKRNIDAGEMVIEYSG BIOS477/877 L17 -32
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How remote similarity search is done

(oot Databasle — Search result
N .ro ein or nucleotide
Profile-based ps " high similarity
P equence
similarity search Segxencez Sequence28
Sequence3 :equences
Sequenceéd aquencell
Sequence5 Sequencel
Sequence6 Sequence73
Sequence? Sequence65
Used as the query .. Seque.nce33
1
Construct : 5
* Pattern . " v SequenceXX
* Profile Multiple alignment o
. N . further low similarity /7
« Profile-HMM (proteins with known functions)

Query MVLSPAGLYAAKDIAVHDFVIEYIG

S28 MNERGFGLVNREPIAVGDFVIEYVG
S5 SRIQGLGLYAAKDLEKHTMVIEYIG
S11 SRIQGLGLYAARDIEKHTMVIEYIG

S1 SRIQGLGLYAARDIEKHTMVIEYIG
S73 SAIHGRGLFCKRNIDAGEMVIEYSG BIOS477/877 L17 - 34
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How to identify conserved patterns

s28 MNERGFGLVNREPIAVGDFVIEYVGEVINHAEFQRRMEQKQRDRDEN
s5 SRIQGLGLYAAKDLEKHTMVIEYIGTIIRNEVANRREKIYEEQNRGI
si1 SRIQGLGLYAARDIEKHTMVIEYIGTIIRNEVANRKEKLYESQNRGV
sl SRIQGLGLYAARDIEKHTMVIEYIGTIIRNEVANRKEKLYESQNRGV
s73 SATHGRGLFCKRNIDAGEMVIEYSGIVIRSVLTDKREKFYDGKGIGC

Consensus SRIQGLGLYAARDIEKHTMVIEYIGTIIRNEVANRREK-YE-QNRG-

Majority-rule consensus sequence
Residues probably not important for functions can be included

BIOS477/877 L17 - 36
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Conserved pattern

s28 MNEFEEE ;IVI NHAEFQRRMEQKQRDRDEN
S5 SRI( I TIRNEVANRREKIYEEQNRGI
Ss11 SRI( I IIRNEVANRKEKLYESQNRGV
sl SRI( I IIRNEVANRKEKLYESQNRGV
S73 SAII-E L EIVI RSVLTDKREKFYDGKGIGC
Pattern GXGLXXXXXXXXXXXVIEYXGxXXI

(x:any amino acid)

Conserved pattern including only identical sites
=» Very (too) strict

BIOS477/877 L17 -37
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PROSITE Pattern Database

pf A Q Database of protein domains, families and
functional sites
=> consists of biologically significant sites, patterns,
and profiles
https://prosite.expasy.org/

* PROSITE pattern syntax is described in:
https://prosite.expasy.org/prosuser.html - meth1

BIOS477/877 L17 -39
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PROSITE Pattern

PROSITE: PS00237 (G-protein coupled receptors family 1 signature)

[GSTALIVMFYWC]-|GSTANCPDE]-{EDPKRH}-x(2)- LIVMNQGA]-x(2)- [LIVMFT}-
[GSTANCI-[LIVMFYWSTAC]-[DENH]T [FY WCSH]-x(2)- [LIVM]

SH1A FUGRU/131-147
SH1A HUMAN/122-138
SH1A MOUSE/122-138
SH1A PANTR/122-138
SH1A RAT/122-138
SH1B_CAVPO/134-150
SH1B CRIGR/131-147
SH1B _DIDMA/134-150
SH1B_FUGRU/119-135
SH1B_ HUMAN/135-151
SH1B_ _MOUSE/131-147
SH1B_ HUMAN/135-151
SH1B RABIT/135-151
SH1B RAT/131-147
SH1B_ _SPAEH/131-147
SH1D_CANFA/124-140
SH1D_CAVPO/124-140
SH1D _FUGRU/122-138
SH1D HUMAN/124-140
SH1D MOUSE/121-137
SHI1D PIG/44-60
SH1D RABIT/124-140
SH1D _RAT/121-137
SH1E HUMAN/108-124
SH1E PANTR/108-124
Smaiw Bresss_7a

BIOS477/877 L17 -41
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Reguler expression pattern

S28 MNER
S5  SRI¢
S11 SRI¢
S1  SRI¢
S73 SAIL

(10 any amino acids)

Regular expression
=» More flexile than strict conserved pattern

BIOS477/877 L17 - 38
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PROSITE Pattern

PROSITE: PS00237 (G-protein coupled receptors family 1 signature)
[GSTALIVMFYWC]-[GSTANCPDE]-{EDPKRH}-x(2)-[LIVMNQGA]|-x(2)- [LIVMFT]-
[GSTANC]-[LIVMFYWSTAC]-[DENH]-R-[FYWCSH]-x(2)- [LIVM]

SH1A FUGRU/131-147 ssrinFcaraLi@Fheaz
SHiA mUMAN/122-138 SSIinfcazaL g wax

SHI1A MOUSE/122-138
SH1A PANTR/122-138

BIOS477/877 L17 -40
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PROSITE Pattern

PROSITE: PS00237 (G-protein coupled receptors family 1 signature)
[GSTALIVMFYWC]-[GSTANCPDE]-{EDPKRH}-x(2)-[LIVMNQGA]-x(2)- [LIVMFT]-

[GSTANC]-[LIVMFYWSTAC]-[DENH]-R-[FYWCSH]-x(2)- [LIVM]
— —

Only short regions can be
represented in regular
expression patterns

[OPRD_HUMAN]

BIOS477/877 L17 -42
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https://prosite.expasy.org/
https://prosite.expasy.org/prosuser.html
https://prosite.expasy.org/prosuser.html
https://prosite.expasy.org/prosuser.html

Profile (PSSM)

> Profile: Position Specific Scoring Matrix (PSSM)
= Constructed from multiple alignments
* Short conserved domains (BLOCKS, PRINTS)
* Protein families (PROSITE)
* Results of similarity search (PSI-BLAST)

> More flexible than simple patterns
—> PSSM lists amino acid frequencies for each
alignment position
> Profiles (PSSMs) can be used for database search
to identify remote similarities

BIOS477/877 L17 - 43

How to build a profile (PSSM)

» EMBOSS “Protein Profile” tools EMBOSS website
= PROPHECY: creates profiles from multiple alignment
[option]
* Simple amino acid "frequency”

# Columns are amino acid counts A->Z Seql RCQAH
# _Rows are alignment positions 1->n Seq2 HCEGH
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How to build a profile (PSSM)

» EMBOSS “Protein Profile” tools EMBOSS website

= PROPHECY: creates profiles from multiple alignment
[option]
* Gribskov protein profile
#lGribskov Protein Profile I Seql RCQAH
# Columns are amino acids A->Z Seq2 HCEGH

# Last column is indel penalty
# Rows are alignment positions 1->n

Consensus RCEGH
=$1 -2.33 0.00 1.33 1.33 -3.67 -2.
=$2 3.00 0.00(15.00}-5.00 -6.00 -1.00 2. .
3 2.67 0.00 -6.00 8.67 12.00 -6.67 4.00 4.67 ...
4 9.00 0.00 2.33 5.00 4.33 -5.67 12.00 -1.67 ...
0.

5 00 0.00 -1.67 4.67 4.33 -2.33 0.00 11.67 ...
D E F G H

B
(Asx)
Non-zero values are used even for the AAs that are not found! BIOS477/877 L17 -45

Seq3 RCEGN
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Gribskov profile
20 (Gribskov et al. 1987)
- H*
Mp.a) = ; W(pb)*Y(a.b) for amino acid a at position p
Multiple alignment BLOSUM62

A R N D C 0 E G H I L
[A 4 -1-2-2 0-1-1 0-2-1-1]

Seql [R§QAH
Seq2| HQEGH R-1 5 0-2-3 1 0-2 0-3-2
- N-2 0 6 1-3 0 0 0 1-3-3
W(,b): Seq3 \REEGN D-2-2 1 6-3 0 2-1-1-3 -4
frequency of each AA at pos. 1 ; ‘; 'i 'g ‘: § ': ': ': ': '; ';
20 E-1 0 0 2-4 2 5-2 0-3-3
M(l,A)=EW(1,b)*Y(A,b) G 0-2 0-1-3-2-2 6-2-4-4
b1 H-2 0 1-1-3 0 0-2 8-3-3
For amino acid A at position 1 r-1-3-3-3-1-3-3-4-3 4 2
-2.33 1.33 ... 8.33 ... 11.67 ...
15.00 -5.00 ... -1.00 ... -3.00 ...
-6.00 8.67 ... 4.67 ... 1.33 ...
2.33 5.00 ... -1.67 ... -3.00 ...
-1.67 4.67 ... 11.67 ... 3.67 ...
B c D e H o R o BIOS477/877 L17 -47
(Asx)

mymatrix Seq3 RCEGN
Length 5
Maximum score 11
Thresh 75
Consensus RCEGH
=»10 00,0 0 0 oo .0 .
=»2 0 0000000 .0 0 ..
30 0 0 O0f{2/0 0 0 O .0 {10
41 0 0 0 0 0 2 0 O .0 .00
50 0 0 0 0 0 0 2 O .1 .00
A B CDETF G H I N QR BIOS477/877 L17 - 44
(Asx) >Asn & Asp
44

Gribskov profile

(Gribskov et al. 1987)
= Used in PROSITE profile
= Weighted scoring matrix for each position
=> Generated from:
o Multiple alignment
o Scoring matrix (e.g., BLOSUMG62): Y(a,b)
=> For amino acid a at position p,

M(p.a) = W(p.b)*Y(a.b)

¥(a,b): Value in the scoring matrix for AA pair @ and b
W (p,b): Frequency of amino acid b in position p

BIOS477/877 L17 -46
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Gribskov profile
(Gribskov et al. 1987)

20
M(p,a)= > W(p,b)*Y(a,b
(p.@) Z (p-b) (@) for amino acid a at position p

Multiple alignment BLOSUM62
A RNDCOQEGHTIL

W({1,N)*¥(A,N) + W(1,D)*¥(A,D) +
..o + W(1L,H)* ¥(AH) + W(1,D*Y(A,I) +
[sum up for all 20 amino acids]

Ma.a) - Swasras Seql (REQAH Aae1-2-2 0-1-1 0-2-1-1
= Seq2| HYEGH I 5 0-2-3 1 0-2 0-3 -2
W(1,A) =0 Seq3 N-2 0 6 1-3 0 0 0 1-3-3
Frequency of Ala (b= g ': :; _; _g 'g _g _: :; :; :: :i
atpos. 1 Y(A,A) = 4 (for b=1) @-1 1 0 0-3 5 2-2 0-3-2
E-1 0 0 2-4 2 5-2 0-3-3
M1,A)= 0 *4+ W(1,R)*Y(A,R) + 2 0 -2 0-1-3-2-2 6 -2 -4 4

H

I

3
D

D

.
)

1 .00 -2.33 1.33 ... 8.33 ... 11.67 ...
2 0.00 15.00 -5.00 ... -1.00 ... -3.00 ...
3 2.67 0.00 -6.00 8.67 ... 4.67 ... 1.33 ...
4 9.00 0.00 2.33 5.00 ... -1.67 ... -3.00 ...
5 0.00 0.00 -1.67 4.67 ... 11.67 ... 3.67 ...
A B c D H R BIOS477/877 L17 -48
48


https://www.bioinformatics.nl/cgi-bin/emboss/
https://www.bioinformatics.nl/cgi-bin/emboss/

Gribskov profile
20 (Gribskov et al. 1987)
M(p.a) = W(p.b)*Y(a.b)

~ for amino acid a at position p

Multiple alignment BLOSUM62

A RNDGCOQETGEH I L

Mamy-Swansvan Sedl(REOAH A 4CD-2-2 0-1-1 0-2-1-1
= Seq2| HEEGH ~1 5 0-2-3 1 0-2 0 -3 -2
W(1,R) = 2/3 seq3\R#EGN -2 06 1-3 0 0 0 1-3-3
Frequency of Arg (b=2) q p-2-2 1 6-3 0 2-1-1-3-4
TAR)=-1 € ©-3-3-3 9-3-4-3-3-1-1
atpos. 1 rpn 271 10 0-352-20-3-2
=0 * * (. WrE= E-1 0 0 2-4 2 5-2 0-3-3
M(I’A) 0 %4+ 0.67%(1) + G 0-2 0-1-3-2-2 6-2-4-4
& 0*(_2)+0*(_2)+ H-2 0 1-1-3 0 0-2 8 -3 -3
. I-1-3-3-3-1-3-3-4-3 4 2
T et 033%(-2)+0 *(-1)+ + 1 a2 a1 A 2 a4 2 a 4
é‘ ... [sum up for all 20 amino acids]
1 0.00 -2.33 1.33 ... 8.33 ... 11.67 ...
2 0.00 15.00 -5.00 ... -1.00 ... -3.00 ...
3 2.67 0.00 -6.00 8.67 ... 4.67 ... 1.33 ...
4 9.00 0.00 2.33 5.00 ... -1.67 ... -3.00 ...
5 0.00 0.00 -1.67 4.67 ... 11.67 ... 3.67 ...
a B c b 1 TR BIOS477/877 L17 - 49

Gribskov profile

20 (Gribskov et al.
M(p.a) =Y W (p.b)*Y(a.b)

“~ for amino acid a at position p

Multiple alignment BLOSUM®62

But many amino

A R NDGCOQEGH

acids have Seql RCQAH A 4-1-2-2 0-1-1 0-2
0 counts! Seq2 HCEGH R-1 5 0-2-3 1 0-2 0
Shouldwejust |  seq3 RCEGN 522 163 0 2.4
ignore them? C 0-3-3-3 9 -3-4-3-3
9-1 1.0 0-3 5 2-2 0

M(LA)Y= 0 *4 + 0.67% 1) + co2 01322 62
S0 F(2) + 0 *(-2) + H-2 0 1-1-3 0 0-2 8
DL H0.33%(2)+0 *(-1)+ = -2 -2 -2 -1 -2 -2 -4 -2

[sum up for all 20 amino acids]

1 0.00 -2.33 1.33 ... .33 ... .67

2 0.00 15.00 -5.00 . .00 . .00

3 2.67 0.00 -6.00 8.67 . .67 . 33 ...

4 9.00 0.00 2.33 5.00 . .67 . .00 ...

5 0.00 0.00 -1.67 4.67 ... .67 ... .67 ...
A B (o} D H

1987)

BIOS477/877 L17 -50
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Gribskov profile

20 (Gribskov et al. 1987)
M(p.a) = W (p.b)*Y(a.b)

~ for amino acid a at position p

Multiple alignment BLOSUM62

Instead of 0,

avery small Seql RCQAH : -1 - _|2> S _‘1! _,1; g _g _i _Ii'
weight (e.g., Seq2 HCEGH -1 -2-3 1 0-2 0-3-2
0.025/#seq) Seq3 RCEGN 2 PO
can be used. 0 -3 9 -3 -4-3-3-1-1

Why not 0? 0-3 5 2-2 0-3 -2

-1 2-4 2 5-2 0-3-3
-1 -3 -2 -2 6 -2 -4 -4
-1-3 0 0-2 8 -3 -3
-3 -1-3-3-4-3 4 2

M(1,A) =0.008%4 + 0.67*(-1) +

& 0.008*%(-2) +0.008*%(-2) +

:, e +0.33%(-2)+ 0.008%(-1) +

il [sum up for all 20 amino acids]

°
|

-2

“HEZamOAUZ X
|
-
|
swoNORWNOUKR®D
'
swmoOOOWRAONZ

|
ak
|

1 0.00 -2.33 1.33 ... 8.33 ... 11.67 ...
2 0.00 15.00 -5.00 ... -1.00 ... -3.00 ...
3 2.67 0.00 -6.00 8.67 ... 4.67 ... 1.33 ...
4 9.00 0.00 2.33 5.00 ... -1.67 ... -3.00 ...
5 0.00 0.00 -1.67 4.67 ... 11.67 ... 3.67 ...
a B c D H R . BIOS477/877 L17 - 51
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