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General Definition on Conserved Regions

Conserved regions in proteins can be classified into 5 different groups:

» Domains: specific combination of secondary structures organized
into a characteristic three dimensional structure or fold
corresponding to a functional unit.

PPID_BOVIN (P26882) @@ (369 aa)
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Binding cleft (motif)

PPID family: 1 CSA_PPIASE (cyclophilin-type peptydil-prolyl cis-trans isomerase)
domain + 3 TPR repeats (tetratrico peptide repeat).
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General Definition on Conserved Regions

Conserved regions in proteins can be classified into 5 different groups:

» Families: groups of proteins that have the same domain
arrangement or that are conserved along the whole sequence.

PPID_BOVIN (P26882) @ (369 aa)
—— N\

—

{motif)

PPID family: 1 CSA_PPIASE (cyclophilin-type peptydil-prolyl cis-trans isomerase)
domain + 3 TPR repeats (tetratrico peptide repeat).
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General Definition on Conserved Regions

Conserved regions in proteins can be classified into 5 different groups:

» Repeats: structural units always found in two or more copies that
assemble in a specific fold. Assemblies of repeats might also be
thought of as domains.

PPID_BOVIN (P26882) 7W—@_@@_ (369 aa)
>

Cysl181:active site

Binding cleft (motif)

PPID family: 1 CSA_PPIASE (cyclophilin-type peptydil-prolyl cis-trans isomerase)
domain + 3 TPR repeats (tetratrico peptide repeat).
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General Definition on Conserved Regions

Conserved regions in proteins can be classified into 5 different groups:

» Motifs: region containing conserved active- or binding-residues or
short conserved regions present outside domains that may adopt
folded conformation only in association with their binding ligands.

PPID_BOVIN (P26852) 7WW (369 aa)

Cysl181:active site
Binding cleft (motif)
PPID family: 1 CSA_PPIASE (cyclophilin-type peptydil-prolyl cis-trans isomerase)
domain + 3 TPR repeats (tetratrico peptide repeat).
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General Definition on Conserved Regions

Conserved regions in proteins can be classified into 5 different groups:

» Sites: functional residues (active sites, disulfide bridges, post-
translationally modified residues)

PPID_BOVIN (P26852) WW‘W (360 aa)

Cysl181:active site
Binding cleft (motif)
PPID family: 1 CSA_PPIASE (cyclophilin-type peptydil-prolyl cis-trans isomerase)
domain + 3 TPR repeats (tetratrico peptide repeat).
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Sequence identity and similarity

> ldentity

Proportion of pairs of identical residues between two aligned

sequences.

Generally expressed as a percentage.

This value strongly depends on how the two sequences are aligned.
» Similarity

Proportion of pairs of similar residues between two aligned

sequences.

If two residues are similar is determined by a substitution matrix.

So this value depends strongly on the substitution matrix used.

Sequence similarity searches can identify « homologous » proteins
or genes by detecting excess similarity, i.e. statistically significant
similarity that reflects common ancestry. Significant similarity is
strong evidence that two sequences are related by evolutionary

I changes from a common ancestral sequence. I
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Sequence homology

Sequence similarity is the observation, homology is the
conclusion.

» Homology

Two sequences are homologous if and only if they have a common
ancestor. There is no percentage of homology! (It's either yes or no)
- Homologous sequences do not necessarily serve the same
function...

- ... Nor are they always highly similar: structure may be conserved
while sequence is not.

- Orthologs are homologous sequences that are the result of a
speciation event.

- Paralogs are homologous sequences that are the result of a
duplication event.

- Xenologs are homologous sequences that are the result of a
horizontal (or lateral) gene transfer event.
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Similarity search: The quest of the Graivl

» Sequence similarity searching is the most widely used, and
most valuable strategy for characterizing newly determined
sequences.

How to find similarity between sequences?

» There are many traps:

* Does the similarity reflect an
homology or does it result from
convergence?

Is the alignment the right one?

Is it an ortholog or only a paralog?
Is the function conserved?

Be careful!
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Sequence Homology vs Functional Conservation

» Homology often provides vital evidence in the prediction of molecular
function, but does not necessarily mean that two homologous proteins
possess common functions. It only means that they share a common
ancestor.

» Ex: GATA zinc fingers, trypsin protease and haptoglobin, spermidine
synthase (SPDS) and putrescine N-methyltransferase (PMT)

- PMT sequences are related more closely to those of plant SPDS than to
any methyltransferases.

5-mathytio
‘spermidine synthase (SPDS) AtSPDS1 KVEKVL TVE e 109
EC25.1.16 Mransterase (PMT)  DSSPDS1 ET KVEKIL YGKVLILDGVT!
putrescine ey DsEMT SEFSAL KIEKLL TL.DGAIQ* ENGGF 118
AtSPDS1  MITHLPLCSIPNPKKVLVI IEQIDMCE PDVA 168
DsSPDS1  MITHLPLCSIPNPKKVLVI 1' IDVSKQFFPNVA 140
? L H, & DsEMT MIVHLPLGSIPNPKKVLII rﬂx.mmvwvn(mwsmuwvwsmrwu 178
. & B ) ..........................................
HNAAS 3 j N
u:_ Lo ? m putrescine  AtSPDS1 TGDGVAFL RPG 228
oo m 43 DSSPDS1  IGYEDPRVKLHVGDGVAFLKFVAEGTYDAVT mnqzx.mrn:svmmc 200
OHOH | DsPMT ANENDPRVTLVLGDGAAEVKAAQAGYYDAT IGPAKDLFERPFFEAVAKALREG 238
spermine  decarboxylated S-adenosyl- Sadonosyl- L3ieeee b 1hes ehzé % eabiesdThebebesziabezesezibizeiies
synthase L L l
Ec251a l AtSPDS1 HMDIIEDIVSNCREI! e scvicndLe D 288
DsSPDS1 wvcra)}srwumnmA ANCRQT TVPTHPSGVIGEMLC 260
i Hon picotine, caly DsPMT {3S TWLHMHI IKQT TANC TTVETP ML 298
AN AN, primary metabolism | secondary metabolism o bt oo B IR tibrseeazzesssssetis sesete seseezesetiece b
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BLAST

A popular way to identify similarities

between proteins is to perform a T — Ty
pairwise alignment (Smith- £ :

Watermann, Needlemann-Wunsch, %
i
BLAST, ...). B
i3
Check which part of the query ::ﬁ
sequence the BLAST retrieves! gyﬁ;
: Py i
e~ - =
Prothrombin only matches the trypsin W—
domain. The N-ter is completely different. @
e
73 =gy Q_t_of] -
g @'@ @ Wiy = %,.
i
Redo BLASTs with 2
different parts A
) (domains) of your im
query protein. S5
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Similarity ldentification with Pairwise Alignments

»  Normally, when the identity is higher than 40% this method
gives good results.

>SCN2A_HUMAN_IQ repeat
EEVSAIIIQRAYRRYLLKQKVKKVSSIYKK

Blast
Fasta

sp QOUCDO Sodium channel protein type 8 subunit alpha (Sodium channel protein 1580 ik
SCNSA_HUMAN type VIII subunit alpha) (Voltage-gated sodium channel align
subunit alpha Havl.6) [SCH8A] [Homo sapiens (Human)]

Score = 36.3 hits (76), Expect = 0.025
Identivies = 10/13 (76%), Positives = 12/13 (92%)

— 13
EEVSL++ QRAYR
Shict: 16895|EEVSAVVLORAYR| 1907
Only the N-ter of the query sequence matches and with a low score!

Score = 32.7 bits (67), Expect = 8.13, Method: Composition-based stats.

Identities = 14/28 (50%), Positives = 21/28 (75%), Gaps = 2/28 (7%) Even if you manua”y

Query 1 EEVSALLIQRAYRRYLLKQKV--KKVSS| 286 adjus[ the best
EEVSA+HQRAYR +L ++ KK 45 - ol
Sbjct 1895 |EEVSAVVLQRAYRGHLARRGFICKKTTS| 1922 substitution matrix!
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Pairwise Sequence Alignments vs MSAs

* 20 *

QEVEEVEFTYKA :
RGFTCHEQYT S8

L 4 3 K

YCMEZA_HE
SCMEBA_HS

30
30

» Another weakness of the palr\lee alignment is that no distinction
is made between an amino acid at a crucial position (like an active
site) and an amino acid with no critical role.

. 20 .

SCHMZA_HS
SCHZA_RN
SCNIA_HE
SCMBA_HE
SCHMEA_MM

IQGAL HS 1 :
IQGAL_HE_Z :
IQGAL_HE_3 :
IQGAL HE 4 :
IQGAL MM 1 :

QR VERVSSTITYRER
IOKVEKVERIYEK
(ORLENISSNYNK :
RCGEICKETTRNK :
RGFEICREITSNK :
IJEFRSRMNFLEK :
[EAYDRLAYLRE
ERYRDRLQYFRD :
DDYKTLIMAEDD :
QEFRSRMNFLEK :

30
30
30
30
30
30
30
30
30
30

& R 4
» A multiple sequence alignr%ent (MSA) gives a more general view
of a conserved region by providing a better picture of the most
conserved residues, which are usually essential for the protein
function. It can help to identify subfamilies. An MSA contains more
information than a pairwise alignment and several tools have been
developed to extract this information.
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Extracting Information from MSAs

Several models based on multiple sequence alignment have been
developed in order to identify conserved regions (patterns, PSSMs,
fingerprints, generalized profiles/HMMSs). A search performed with
such models is generally more sensitive than a pairwise alignment
and can help identify very remote similarity (less than 20% of
identity). They also offer a better alignment of important residues:

» Consensus: patterns / regular expressions

» Profile: weight matrices
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Patterns

November 14 Protein Bioinformatics: Sequence-Structure-Function 2018 Basel



PROSITE patterns

» PROSITE patterns use a special syntax to describe the
consensus of all the sequences present in the multiple
alignment using a single expression.

» Used to describe small functional regions:

- Enzyme catalytic sites;

- Prosthetic group attachment sites (heme, PLP, biotin, etc.);

- Amino acids involved in binding a metal ion;

- Cysteines involved in disulfide bonds;

- Regions involved in binding a molecule (ATP, DNA, etc.)
or a protein.

» Excellent tool to annotate active sites in combination with
profiles (ProRules).
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How to build a PROSITE pattern

sw:EMP1_EUMEN/547-572 EN S--RPNRGGC- - EQ éIL TLGrKI
sw:CIQR1_RAT/424-446 [T Lo-mmm guecoT LE IMTDEEER
sw:CUEN_CANFZ/167-196 Din[EElc 1y scTr1GconcaTBeEMT2E 8 =8
s‘.::EGFLG_){ENLA.f"lSD—2DE-II A---VGKASCE INRRIV TFG.‘{I
sw:FBLN1_CAEEL/390-413 DIV N[@Elo - - - - - - 0Bvec su el il 1 » BN x

[ /TN

I
Pattern:  [DE]-[VI]-{[DN]-E-C-x(1,8)-[GS]-x(4,6)-C~x-N—~{TL]-x-G-[ST]-[YF]-x-C

» Collect sequences known to contain the signature and
produce a multiple sequence alignment of the region of
interest.

» Build a pattern.

- By hand
- You can use automatic methods (e.g.
http://web.expasy.org/pratt/) or a sequence logo to guide you
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http://web.expasy.org/pratt/

How to build a PROSITE pattern

sw:EMP1_EUMEN/547-572 EN S--RPNRGGC- - EQ éIL TL'KI
sw:C1QR1_RAT/424-446 I L------- guecoT LE IMTDEEER
sw:CUBN_CANFA/167-196 DWW NIEEo Iv SGTP LGCONGATEEMT AE8Y =
SM:EGFLS_XENLA.-"ISD—2DGII A---VGKASCE INRRIV TF ¥
sw:FBLN1_CAEEL/390-413 Djv/nf@Elo - - - - - - 0Bvec su el il 1 » BN x
pa ;
/1 /TN

Pattern:  [DE]-[VI]-{[DN]-E-C-x(1,8)-[GS]-x(4,6)-C~x-N—~{TL]-x-G-[ST]-[YF]-x-C

» Example using a sequence logo
(http://weblogo.berkeley.edu/logo.cgi):

ts

bi

S

4
3
2
1
0" &
N

weblago, berkeley, acu
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PROSITE patterns: the full syntax

>
>
>
>
>
>

aa are represented by a single letter code (e.g. S)
each position is separated by a dash -’ (e.g. S-P-R)
‘X’ represents any aa (e.g. S-X-R)
‘['group of aa accepted for a position (e.g. [ST]-X-[RK])
{} group of aa not accepted for a position (e.g. [ST]-{PG}-[RK])
‘() repetitions
Examples:
X(3) corresponds to x-x-x
X(2,4) corresponds to X-X Or X-X-X OF X-X-X-X
A(3) corresponds to A-A-A
Note: You can only use a range with X', i.e. A(2,4) is not a valid
pattern element.
» ’<’anchor at the N-term

»> ’>’anchor at the C-term
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PROSITE patterns syntax example

» Pattern: <M-X(0,1)-[ST](2)-X-{V}
» Regexp: "M.?[STH{2}.["V]
» Text:
- The sequence must start with a methionine,
- followed by any aa or nothing,
- followed by a serine or threonine twice,
- followed by any aa,
- followed by any aa except a valine.
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Tricks to build a PROSITE pattern

sw:EMP1_EUMEN/547-572 EN S--RPNRGGC- - EQ RIL TLGrKI
sw:CIQR1_RAT/424-446 [T Lo-mmm guecoT LE IMTDEEER
sw:CUEN_CANFZ/167-196 Din[EElc 1y scTr1GconcaTBeEMT2E 8 =8
s‘.::EGFLG_){ENLA.f"lSD—2DE-II L---VGKASCP INRRIV TFG.‘{I
sw:FBLN1_CAEEL/390-413 DIV N[@Elo - - - - - - 0Bvec su el il 1 » BN x
[ /TN

Pattern:  [DE]-[VI]-{[DN]-E-C-x(1,8)-[GS]-x(4,6)-C~x-N—~{TL]-x-G-[ST]-[YF]-x-C

» For the construction of the pattern, it is useful to consider residues and
regions proved/thought to be important to the biological function of that group
of proteins (e.g. enzyme catalytic sites, etc.).

» A first pattern is built from the MSA of the most conserved residues. It is used
to scan the database.

> If it picks up too many false positives, it is modified to make it more stringent.

» The difficulty resides in achieving a pattern which does not pick up too many
false positives yet does not miss too many sequences (false negatives).

> In some cases this result can not be achieved and an optimal sequence
pattern can not be built.
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How to Estimate the Quality of a Pattern

» We can not estimate the quality of a match with a pattern:
PATTERNS don’t produce a score, they match or not!
» But we can estimate the quality of the pattern.
» Two parameters can be computed to estimate the quality of a
pattern: precision and recall.
False positives = known false hits.
False negatives = known missed hits.
Precision = true hits/(true hits + false positives).
Precision = 1 = no false positive.
Precision = 0.8 = 20% false positives.
Recall = true hits/(true hits + false negatives).

Recall = 1 = No missed hits.
Recall =0.8 = 20% missed hits.

» To obtain these measures we require a well annotated protein
databases (PROSITE uses UniProtKB/Swiss-Prot)
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PROSITE patterns: example of a pattern entry

PIGSIEE cov psoore

Entry name [infc]
Aceession finfo]

Entry type [info]

Dste [nto]

PROSITE Doc. finfc]
Associated Frofude finfc]

Description finfo]
Pattem [iréo]

Home  ScarProsite  ProRule Documents  Dowricads  Links  Funding

General information about the entry

usp_1
Fs00972
PATTERN
JUN-1994 (CREATED); DEC-2013 (DATA LPDATE); APR-2015 (INFO UFDATE).

Active site

Name and characterization of the entry

Uniquibn specific protease (USF) domain signature 1
PSP i Y —————

[LIVESF)-[aF)

Numerical results o)

Numsrical resuts for UniProtiE{Swiss-Prot releass 2015_06 whiich cortains 548°586 sequence satiiss.

Total numier of hits

Number of trus positive s

Number of true positives

282 in 282 different sequences

262 in 282 diffarent saquences

N of unkncw it o
Namber of fese positie s 0 Number of false positives
Mumber of faise nagative sequences 2% Number of false negatives
Murrber of ‘partial sequences 1
Precision (true positives / (rus positives + false positives)) 10000 %
Recall (e positives { (e positives + faise negatives)) 9087 %

Comments o)

Tasonomic range finfo]

Eukaryotes, Eukanyolic wruses

Masirmum number of repetitions [nfo] 1

Site [info]
Version finfc]

November 14

sctive_site at position
1
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Limitations of PROSITE pattern

sw:EMP1_EUMEN/547-572 EN S--RPNRGGC- - EQ RIL TLGrKI
sw:CIQR1_RAT/424-446 [T Lo-mmm guecoT LE IMTDEEER
sw:CUEN_CANFZ/167-196 Din[EElc 1y scTr1GconcaTBeEMT2E 8 =8
s‘.::EGFLG_){ENLA.f"lSD—2DE-II A---VGKASCE INRRIV TFG.‘{I
sw:FBLN1_CAEEL/390-413 DIV N[@Elo - - - - - - 0Bvec su el il 1 » BN x
[ /TN
Pattern: [DE]-[VI]-[DN]-E-C-x{1,8)-[GS]-x(4,6)-C-x—N—-[TL]-x-G-[ST]-[YF]-x-C

» OK to detect and annotate very conserved regions, but
poor gap models

» residues at one position are considered equivalent in their
frequencies

» Patterns are not predictive: if a symbol is not present at one
position, this will exclude variants that have not yet been
observed from being detected

» no score of the match is produced (you match or not)

November 14 Protein Bioinformatics: Sequence-Structure-Function 2018 Basel



Position Specific Scoring Matrix
(PSSM)




i

Position Specific Scoring Matrix (PSSM)

A PSSM or a profile is based on the frequencies of each residue at a
specific position in an MSA. The MSA is converted into a matrix
where a score is given to each amino acid at each position of the
MSA according to the observed frequency (positive scores for
expected amino acids and negative scores for unexpected ones).

1234567
P49331: VN ND
P49332: VNRBEAD
P49333: SNGMYSF
P49334: AVGLKTI

P49335: RNIBATD
P49336: KGANITG

A c D E F G H b K L M N P Q R s T v W Y Alphabet
7,-116,-113,-105,-116,-112,-113, -98, 47,-109,-105,-105,-117,-101, 43, 46, -98, 57,-127,-113;
-105,-116, -93,-111,-120, 39,-101,-107,-103,-119,-111, 113,-121,-105,-111, -96, -98, 41,-137,-118;
36,-123,-115,-113,-120, 68,-114, 35, -99,-114,-109,-105,-118,-105, 69,-101,-110,-106,-122,-116;
-121,-125,-133,-127, 93,-128,-112, -97,-122, 30, -96,-128,-131,-123,-120,-122,-117,-104, 113, 72;
52,-121,-108, 39,-102,-115,-106, 46, 48,-105,-102,-109,-115,-100,-101,-103,-105, -98,-108, 71;
27,-110,-102,-107,-118,-106,-110,-112,-104,-116,-111, 45,-110,-105,-111, 47, 97,-104,-133,-115;
-112,-125, 90,-100, 58, 39,-112, 46,-113,-107,-109, -97,-119,-113,-119,-108,-109,-104,-121,-101;

HOUEWNE poSOocQaoo0
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Construction of a PSSM (1)

First step: weight sequences.

» When constructing a PSSM from an MSA it is a mistake to give
all sequence of the alignment the same weight.

» A large set of closely related sequences carries little more
information than a single member, but it will drastically influence
the score of each amino acid at each position and decrease the
influence of divergent sequences.

» To counteract this effect it is important to weight sequences, with
those having many close relatives receiving smaller weight.
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Construction of a PSSM: Weight Sequences (1)

.25
.25
.25
.25
.125
.125

TET

PP nHAHAg<
TR
O O O O O o

s
1]

» To compensate for this sampling bias, we can use sequence
weighting algorithms, e.g.:
- based on phylogenetic tree: Gerstein, Sonnhammer and Chotia
(GSC)
- based on Voronoi algorithm: Sibbald and Argos
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Construction of a PSSM (2)

2nd step: count the number of occurrence of the different amino
acids (or bases) at each position of the alignment

1p 1p la
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Construction of a PSSM (3)

3rd step: derivation of the preliminary frequency matrix

1 2 3 4 5 6 7
4a 3t 2s 31 4dm 2s 1v
1s 2s 1t 2a 11 11 2t
la 1v 1s
1p 1p la
1 2 3 4 5 6 7
A 0.8 0 0.2 0.4 0 0 0.2
L 0 0 0 0.6 0.2 0.2 0
M 0 0 0 0 0.8 0 0
v 0 0 0 0 0 0.2 0.2
P 0 0 0.2 0 0 0.2 0
S 0.2 0.4 0.4 0 0 0.4 0.2
T 0 0.6 0.2 0 0 0 0.4
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Construction of a PSSM (4)

4th step: correction of the sample bias.

» An MSA represent a sample of all proteins that contain such a conserved
region, thus a sample bias can be observed: not all possibilities are
represented in the MSA: some observed frequencies are equal 0 and thus
will exclude the corresponding amino acid at this position (like in
patterns).

» To circumvent this problem, one possibility is to add a small number to all
observed frequencies, pseudo-counts to avoid null frequencies.

» A more elegant way is to modulate the pseudo-count for conservative
substitutions using substitution matrices or dirichlet mixtures.

» The number of sequences in the MSA is also important. If there are a lot
of sequences there is less sample bias and thus pseudo-count are less
important.

(Usually logarithms of ‘corrected’ frequencies are used so as to speed up computation
time).
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Pseudo-counts

» For example we add 0.1 to all counts of the previous matrix
and re-normalize to obtain frequencies:

0.8+0.1 0.0+ 0.1 0.2+0.1
f(A, 1) = —— = =0.3,f(C,1) = —— " =0.0333,..., f(A,7) = ———— =0.1
+2 149 142
1 2 3 4 5 6 7
A | 0300 0033 0100 0166 0033 0033  0.100
C: 0.033 0.033 0.033 0.033 0.033 0.033 0.033
D | 0033 0033 0033 0033 0033 0033 0033
E | 0033 0033 0033 0033 0033 0033 0033
F | 0033 0033 0033 0033 0033 0033 0033
G | 0033 0033 0033 0033 0033 0033 0033
H | 0033 0033 0033 0033 0033 0033 0033
| 0.033 0.033 0.033 0.033 0.033 0.033 0.033
K | 0033 0033 0033 0033 0033 0033 0033
L | 0033 0033 0033 0233 0100 0100 0.033
M | 0033 0033 0033 0033 0300 0033 0033
N | 0033 0033 0033 0033 0033 0033 0033
P | 0033 0033 0100 0033 0033 0100 0.033
Q | 0033 0033 0033 0033 0033 0033 0033
R | 0033 0033 0033 0033 0033 0033 0033
s | 0100 0166 0166 0033 0033 0166  0.100
T | 0033 023 0100 0033 0033 0033 0.166
V | 0033 0033 0033 0033 0033 0100 0.100
W | 0033 0033 0033 0033 0033 0033 0033
Y | 0033 0033 0033 0033 0033 0033 0033
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Amino acid classification

» Amino acid side chains vary in size, shape, charge, hydrogen-
binding capacity and chemical reactivity.

» The side-chain can make an amino acid a weak acid or a weak
base, and a hydrophile if the side-chain is polar or a

hydrophobe if it is nonpolar. )
tiny




Substitution Matrices

» “All amino acids are equal, but some amino acids are more equal
than others.” inspired from Georges Orwell

» In proteins some mismatches are more acceptable than others.

» Substitution matrices give a score for each substitution of one
amino acid by another. These sets of numbers describe the
propensities of exchanging one amino acid for another.

Positive score: the amino acid are
similar.

(Mutations from one aa into the other occur more often
then expected by chance during evolution).

Negative score: the amino acids are
dissimilar.

(Mutations from one amino acids into the other occur less often
then expected by chance during evolution).

< 4 % 4 B %N EREHEONODNDIE®»

AR NDCGCGQEOGHNTILEMT®ZSTWYV

» Examples: PAM, blosum, gonnet.
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Search a Database With a PSSM

» The sequence (MCFVNRFYSFCMP) is aligned to the PSSM:

12,-41,-20, 5,-25,-42,-18,-18, 33,-12,-12,-19,-41, 42, 9, 2, 9,—61,—11:
-23,-54, -5,-24,-37,-19,-45, -3, 7,—35,—38,—41,—12,— 10, 65,-I7,-68,-15;
-13,-62,-14, 4,-53, 78,-36,-65,-15,-64,-49,-I4,-48, 9, @»10,—11,—63,—61,—42:
—36,—68,—63,—36,6—63,—38,—14,—47, 3,-21,-52,-53,-34,-5%,-39,-45,-26,138, ;
-22,-60,-54,-24, 76,-43, 0, 30, 13, 0,-22,-27,-59, 55, -9,- -11, 37,—57,@
-35,-46,-18, 14, =9,-51,-12,-19, 34,-39,-28, 36,-45, 44, -9, @ 41,-27,-24, ;
-33,-58, 37, —6,@,—39,—21, 61,-23, -1,-28, -6,-58,-17,-54,-20, -9, 14,-12, 11;

mEzoMeKYZdg =
~N o0 WwWN

» Searching algorithm: sliding windows. At each position of the
sliding window the score is obtained by summing the score of all
columns

» Best score: 16+59+5+60+12-3-16=133
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Search a Database With a PSSM

» The sequence (MCFVNRFYSFCMP) is aligned to the PSSM:

A C D E F G H I N \) Q R S T v ) Y
12,-41,-20, 5,-25,-42,-18,-18, 3 ,1 9 741, 42, 9, 2, 9,761,711:
-23,-54, -5,-24,-37,-19,-45, -3, 741,712,7 10, 65,-I7,-68,-15;
-13,-62,-14, 4,7 , 78,-36,-65, 749 -IZ,-48, 9, @»10,711,763,761,742:
-36,-68,-63,-36, 6 63, 738 3 -21,-52,-53,-34,-5%,-39,-45,-26,138, ;
-22,-60,-54,-24, \9 3, 0,-22,-27,-59, 55, -9,- -11, 37,—57,@
-35,-46,-18, 14, 51 -@— 34,-39,-28, 36,-45, 44, -9, @ 41,-27,-24, ;
-33,-58, 37, —6,@;@ , 61,-23, -1,-28, -6,-58,-17,-54,-20, -9, 14,-12, 11;

oMK PYZ2<dg 0=
Lo s WN e

» Searching algorithm: sliding windows. At each position of the
sliding window the score is obtained by summing the score of all
columns

» Best score: 16+59+5+60+12-3-16=133
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Interpretation of the score

» How do | interpret the score produced by a profile? Which
is the lowest score | consider to produce a true match?

» Only biological arguments tell you if a match is true or not.

» However, a statistical analysis can help us decide if a
match is statistically significant (true positive) or not (false
positive).
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Scores follow an EVD distribution

» The score distribution of a profile on unrelated sequences is

approximated by an Extreme Value Distribution (EVD) (green bars).

» This property permits to calculate the E-value: the number of

matches that we expect to occur by chance with a score = a given cut

off.

November 14

Frequency

homologous sequences S
non-homologuous sequences B
Observed distribution ===

Protein Bioinformatics: Sequence-Structure-Function

2018 Basel



Advantages and limitations of PSSM

Advantages:

» The score produced permits to estimate the quality of the
match produced.

» Can be used to model short motifs.

» The method is relatively fast and simple to implement.

Limitations:

» Insertions and deletions (Indels) are forbidden: long regions
cannot be described.
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PSSM: Fingerprints

» To overcome the gap limitation of PSSMs (missing gap model),
two or more PSSMs can be used to describe long regions. The
combination of various PSSMs is called fingerprints.

Fingerprint _
PSSM 1 PSSM 2 PSSM 3
-« «—» —

RELLVGAPVLL SCLLATCVG VRTTLQAA
RRILVAAPALL TCILGGCRG VRTSIIAA
RELARGAPVIL SCNLGGCKA KKSTLLLA
KKIIAGGPAII SCQQRGCEG VKGSSNAG
KRLLVGAPVLL SCNNGGCVG VKSSILAV

» The PRINTS database is a collection of annotated fingerprints.

November 14 Protein Bioinformatics: Sequence-Structure-Function 2018 Basel



Generalized profiles
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Modeling of Profiles

alpha-helix
1 20 3
GESERLEMM. - EVQE

ST WFHGE ER

219178 WYYGFIKR
SH2ILTS WIDGKILR

212192 - - FGRMSR

218183 WFHGYITG

SH24180 WILAF ISR

SH2§18L WYFGQITG

25078 WYHPALSR

215176 WIHSAITR

220174 YYHRFLYR

2118 WGHGN 1 56

SH210174 LFHGFANR -+ TAIAEARLON- - - TMY

218 WFWGKVSG - KGNSKAETQLND- - GGRO|
ST WFMKF | TWi KEAEECLMOR- EQR DI
21180 FFAGDLGK <+ LASYRLAT- - ARPP
H4LTE LYSGKVST AYVEMLLKT ~~~~~

ST WFAGDITR ENSEML- - - EKT]
216180 WFHGEI SR GPCIEDKPPEAEDRLLP»--NKQ
SH2YLT WY | PALDR KQAEELLLYS- GQHO)

217181 WFSGQVTR

runamsi’f‘;\uvmusw EQNSAYGKV | KHK £ RV DY YD
- PNGEQU KHYHINFLAAF- - -

QDAATLLQS- - GGEE
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Modeling of Profiles

model highly conserved columns vs columns
of low conservation

/ \ beta-strand beta-strand
70

alpha-helix
: 2, i ; g 3 i

s WFHGEI ER - GESERLLEMM- - KSDAMV?OC iTLSNSENSV = RFKEI I} SKMQRM- HILLNEIVWY'
SH24191-78 WYYGFIKR - NEAEGLLMN- - EIHHFRICTLTKG- FSOLPQLVYH
SH2140-75 WIDGKI LR - KEAEKYLSE- DSD KP ~MITPFIIHRNDDD- FPAISELIMY
S22 - - FGRMSR ~QQAEDIFRAGIGNKPGT FLVEESES- TPADGMSiﬂALAVRHNEPEQNSRVGKVINNKIFRVFDVVDD JLOHLGQLI EY
54218183 WFHGY ITG! GNEAEYQLVP- - - GKK] TLSVVFNDT- - - PNGEQIKHYHINFLAAF- - - FOTLADLISY:
SH-E180 WILAFISR ~TEVPLLELEI- SPAR| ¥TVTVRODG - RVKHFQICFKEDLKTP FCTINDL | DH
SH261-81 WYFGQITG. - EAEELIQKP- EGRNGFLV| TSR--TDGE----FALSVHNDGV---LTHPDRKHFRI EANDG- HCSFKQLIGL'
SH250-78 WYHPAI SR - STREQQLLK- - GNEEG S FLVIIK'SDP - RKGN- - FVLTRKVGSPE- - MANSCHKHYKVY RNGTK- - SLAEMIRL!
SH2151-76 WIHSAITR -~ DAVRMLRD- - - - PVE CFVVIlF SOT- SPGE- - - - WTLSVVFNA = VQILNPVMINRLEEK- FESLODIKTH:
SH2-201-74 YYHRFLYR - EEAYESELG- - - - - P| 1SLSVVDDG W ~ KM IWYRKCEVDNR- JFRTLOYLIQH
s2ne WGHGN | 56 - DDAEE | LQDP- RVP Sl F1EPVKYDDR: - ELSTVKHFKVETDANG- LDEITELVQY
SH2101-74 LFHGFANR . TAIAEARLQN- - - TMY| 1ALSLAHCS. . « SVKW- RIS TNENG- FSTLSQFVYH
SH221-86 WFWGKV SGI « KGNSKAETQLND- - GGRD 1AFSLRTDGD- <-RGEEVNNCKV PMDNG- FNTIQELIEV
SH210-77 WEMKF I TW - KEAEECLMDR- EQRDI FSISVREFG: . - SVGH | VVEYDNRG- INCHLGEL I HF'
SH2-1V1-80 FFAGDLGK « LASYRLAT- - ARPP 1 TVSVVDWGQ- - - KRMPKVKQ'LI LEECNG- FDEPQALVHG'
SH24174 LYSGKVST AYVEMLLKT~ .- T FTLSVRYQS: . - EVQHY 1 1DKQDGG- HGSLLEIVNH
SR WFAGDITR VENSEML- - - EKT} VLYWLDI S- = VVKHYLIENEQNC- JFSSLP LEVMD!
5H2-161-80 WFHGEI SR GPCIEDKPPEAEDRLLP - NKQ| ITLTLVTKN -~ NHSHVIIGFSETG- - - - LQDLVSH
SH291-T7 WY I PALDR: KQAEELLLYS- GQHQ FALSVRSGSP- - - KHIVICOSDEHR- FSSLEELVEV
SH2131-81 WFSGQVTR -QDAATLLQS- - GGEEGSFLVESDS- HQGV- - FSLSVLEQRD- - - SKKSKVHH I LVC SAED. FDGLFDLITH
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Modeling of Profiles

model highly conserved columns vs columns
of low conservation

/ \ beta-strand beta-strand
70

alpha-helix
: 2, i ; g 3 i

s WFHGEI ER - GESERLLEMM- - KSDAMV?OC iTLSNSENSV = RFKEI I} SKMQRM- HILLNEIVWY'
SH24191-78 WYYGFIKR - NEAEGLLMN- - EIHHFRICTLTKG- FSOLPQLVYH
SH2140-75 WIDGKI LR - KEAEKYLSE- DSD KP ~MITPFIIHRNDDD- FPAISELIMY
S22 - - FGRMSR ~QQAEDIFRAGIGNKPGT FLVEESES- TPADGMSiﬂALAVRHNEPEQNSRVGKVINNKIFRVFDVVDD JLOHLGQLI EY
54218183 WFHGY ITG! GNEAEYQLVP- - - GKK] TLSVVFNDT- - - PNGEQIKHYHINFLAAF- - - FOTLADLISY:
SH-E180 WILAFISR ~TEVPLLELEI- SPAR| ¥TVTVRODG - RVKHFQICFKEDLKTP FCTINDL | DH
SH261-81 WYFGQITG. - EAEELIQKP- EGRNGFLV| TSR--TDGE----FALSVHNDGV---LTHPDRKHFRI EANDG- HCSFKQLIGL'
SH250-78 WYHPAI SR - STREQQLLK- - GNEEG S FLVIIK'SDP - RKGN- - FVLTRKVGSPE- - MANSCHKHYKVY RNGTK- - SLAEMIRL!
SH2151-76 WIHSAITR -~ DAVRMLRD- - - - PVE CFVVIlF SOT- SPGE- - - - WTLSVVFNA = VQILNPVMINRLEEK- FESLODIKTH:
SH2-201-74 YYHRFLYR - EEAYESELG- - - - - P| 1SLSVVDDG ~ KM IWYRKCEVDNR- JFRTLOYLIQH
s2ne WGHGN | 56 - DDAEE | LQDP- RVP Sl F1EPVKYDDR: LDEITELVQY
SH2101-74 LFHGFANR . TAIAEARLQN- - - TMY| 1ALSLAHCS. FSTLSQFVYH
SH22186 WFWGKV SGI - KGNSKAETQLND- - GGRD 1AFSLRTDGD- FNTIQELIEV
SH210-77 WEMKF I TW - KEAEECLMDR- EQRDI FSISVREFG: INCHLGEL I HF'
SH2-1V1-80 FFAGDLGK « LASYRLAT- - ARPP 1TVSVVDWGQ FDEPQALVHG'
SH24174 LYSGKVST AYVEMLLKT~ .- T FTLSVRYQS: HGSLLEIVNH
SR WFAGDITR VENSEML- - - EKT} VEYWLDI S- JFSSLP LEVMD!
5H2-161-80 WFHGEI SR GPCIEDKPPEAEDRLLP - NKQ| ITLTLVTKN - - - LQDLVSH
SH291-T7 WY I PALDR. KQAEELLLYS- GQHQ FALSVRSGSP FSSLEELVEV
SH2131-81 WFSGQVTR -QDAATLLQS- - GGEEGSFLVESDS- HQGV- - FSLSVLEQRD- FDGLFDLITH

model deletions

November 14 Protein Bioinformatics: Sequence-Structure-Function 2018 Basel



Modeling of Profiles

model highly conserved columns vs columns
of low conservation

/ \ beta-strand beta-strand
70

alpha-helix
: 2, i ; g 3 i

s WFHGEI ER - GESERLLEMM- - KSDAMV?OC iTLSNSENSV = RFKEI I} SKMQRM- HILLNEIVWY'
SH24191-78 WYYGFIKR - NEAEGLLMN- - EIHHFRICTLTKG- FSOLPQLVYH
SH2140-75 WIDGKI LR - KEAEKYLSE- DSD KP ~MITPFIIHRNDDD- FPAISELIMY
S22 - - FGRMSR ~QQAEDIFRAGIGNKPGT FLVEESES- TPADGMSiﬂALAVRHNEPEQNSRVGKVINNKIFRVFDVVDD JLOHLGQLI EY
54218183 WFHGY ITG! GNEAEYQLVP- - - GKK] TLSVVFNDT- - - PNGEQIKHYHINFLAAF- - - FOTLADLISY:
SH-E180 WILAFISR ~TEVPLLELEI- SPAR| ¥TVTVRODG - RVKHFQICFKEDLKTP FCTINDL | DH
SH261-81 WYFGQITG. - EAEELIQKP- EGRNGFLV| TSR--TDGE----FALSVHNDGV---LTHPDRKHFRI EANDG- HCSFKQLIGL'
SH250-78 WYHPAI SR - STREQQLLK- - GNEEG S FLVIIK'SDP - RKGN- - FVLTRKVGSPE- - MANSCHKHYKVY RNGTK- - SLAEMIRL!
SH2151-76 WIHSAITR -~ DAVRMLRD- - - - PVE CFVVIlF SOT- SPGE- - - - WTLSVVFNA = VQILNPVMINRLEEK- FESLODIKTH:
SH2-201-74 YYHRFLYR - EEAYESELG- - - - - P| 1SLSVVDDG ~ KM IWYRKCEVDNR- JFRTLOYLIQH
s2ne WGHGN | 56 - DDAEE | LQDP- RVP Sl F1EPVKYDDR: LDEITELVQY
SH2101-74 LFHGFANR . TAIAEARLQN- - - TMY| 1ALSLAHCS. FSTLSQFVYH
SH22186 WFWGKV SGI - KGNSKAETQLND- - GGRD 1AFSLRTDGD- FNTIQELIEV
SH210-77 WEMKF I TW - KEAEECLMDR- EQRDI FSISVREFG: INCHLGEL I HF'
SH2-1V1-80 FFAGDLGK « LASYRLAT- - ARPP 1TVSVVDWGQ FDEPQALVHG'
SH24174 LYSGKVST AYVEMLLKT~ .- T FTLSVRYQS: HGSLLEIVNH
SR WFAGDITR VENSEML- - - EKT} VEYWLDI S- JFSSLP LEVMD!
5H2-161-80 WFHGEI SR GPCIEDKPPEAEDRLLP - NKQ| ITLTLVTKN - - - LQDLVSH
SH291-T7 WY I PALDR. KQAEELLLYS- GQHQ FALSVRSGSP FSSLEELVEV
SH2131-81 WFSGQVTR -QDAAYLLQS--GGEE SFLVEESDS- HQGV- - FSLSVLEQRD- FDGLFDLITH

model insertions model deletions
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Modeling of Profiles

model highly conserved columns vs columns
of low conservation

model boundaries

November 14

alpha-helix
: o,

WFHGEI ER - GESERLLEMM- -

WYYGFIKR - NEAEGLLMN-

WIDGKILR - KEAEKYESE- - -

- FGRMSR ~QQAEDIFRAGIGNKP,
WFHGY ITG! GNEAEYQLVP- - - GKK]
WILAFISR ~TEVPLLELEI- SPAR|
WYFGQITG: - EAEELIQKP- EGRNI
WYHPAI SR - STREQQLLK- - GNEE]
WIHSAITR -+ DAVRMLRD- PV
YYHRFLYR - EEAYESLLG- - -
WGHGN | 56 - DDAEEILQDP- RVPS

LFHGFANR <+--TAIAEARLON- - - TMY
WFWGKVSG - KGNSKAETQLND- - GGROI
WFMKF | TWi - KEAEECLMDR- EQR DI
FFAGDLGK - LASYRLAT- - ARPP
LYSGKVST AYVEMLLK'F oo Tl
WFAGDITR VENSEML- - - EKT]
WFHGEI SR GPCIEDKPPEAEDRLLP -

WY | PALDR KQAEELLLY S- GQHO)

WFSGQVTR

QDAATLEGS- -

GGEE

/ \ beta- suand

xsumvmc

¥vLvaLois.

TLTLVTKN
FALSVRSGSP
FSLSVLEQRD:

model insertions

K
ESES- rnuamssﬁuwmuep EQNSAYGKY | KHK £ RVE DY YD

FALSVHNDGV- - -
FVLTRKVGSPE- -

model boundaries

beta-strand
7 R 7
< RFKEI 1)l $KMQRM-
- EIHHFRICTLTKG:
~MITPF1IHRNDDD-

- PHOEQUKHYHINF LAAF. - -
- RVKHFQICFKEDLKTP
LTHPDRKHFRY | EANDG-
MANSCHKHY KV RNGTK-

- VQILNPVMINRLEEK-
- KV I WYRKC EVONR-

Protein Bioinformatics: Sequence-Structure-Function

JLonLcaLi ey

JFRTLOYLIQH

JFssiLe LLvmo!

1 LUNETVWY
FSDLPQLVYH
FPAISELIMY

FOTLADLI Y
FCTINDLI DH
HCSFKQLIGL
- SLAEMIRLY
FESLDDIKTH

LDEITELVQY!
FSTLSQFVYH
FNTIQELIEV
NCHLGELI HF
FDEPQALVHG
HGSLLEIVNH

- - - LQDLVSH
FSSLEELVEV
FDGLFDLITH

model deletions

2018 Basel



Build profiles: a pet example

LETAME VWV
LT SLMVT
S8:LMLT
LTPAMSS
LTALLSA
LATALLSA

» Sequence weighting: correct sampling bias.

» Residue counts: get the frequency of each residue at
each position of the MSA.

» Pseudo-counts: avoid frequencies of 0 = avoid exclusion
of residues.

» Build the final scoring matrix: used to build and score
alignments.
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: model gaps

Build profiles

-16
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: model gaps

Build profiles

-16
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=
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: model gaps

Build profiles

M2 M3 M4 M5 M6 M7

M1

-16

10

10
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c
=
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: model gaps

Build profiles

M2 M3 M4 M5 M6 M7

M1

Dz D3 D4 D5 Dé D7

D1

-16

10

10
13

10

2018 Basel

c
=
k5]
g
5
5
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B
b
4
g
o
g
8
Z
g
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2
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model gaps

Build profiles

16

M2 M3 M4 M5 M6 M7

M1

Dz D3 D4 D5 Dé D7

D1

-i5 -i6

-i4

-16

10

10
13

10

2018 Basel

c
=
k5]
g
5
5
&
5
©
B
b
4
g
o
g
8
Z
g
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4
=
]
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a
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2
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: model gaps

Build profiles

16

M1 -3 M2 - M3 M4 - M5 —» M6 -—» M7

Dz D3 D4 D5 Dé D7

D1

-i5 -i6

-i4

-16

-4

i T s S i e el

-4 -4 13 6

-4

10

10
13

10

2018 Basel

c
=
k5]
£
5
5
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5
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4
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: model gaps

Build profiles

16

M1 -3 M2 - M3 M4 - M5 —» M6 -—» M7

X U 4 X

/

A

Dz D3 D4 D5 Dé D7

D1

-i5 -i6

-i4

-16

-4

i T s S i e el

-4

-4 13 €

-4

10

10
13

10

_4){_4&_4){—4){—4){—4

- g

2018 Basel
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=
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Build profiles: model gaps

M1 -3 M2 - M3 M4 - M5 —» M6 -—» M7
A A

1-»D2Z —»D3 -»D4 —»D5 —=D& —»=D7

—i1 12 =43 Fid4 45 Ci6

a -16 -4 6 10 -4 -1 6
c -4 -4 -4 -2 -4 -4 -4
D -4 -4 -4 -2 -4 -4 -4
E 4 4 -4 -4 -4 -4 -4
F -4 -4 -4 -4 -4 -4 -4
G -4 -4 -4 -4 -4 -4 -a
H -4 —4 -4 —4 -4 -4 -4
1 -4 -4 -4 -4 -4 -4 -4
K EYRINE: RTINS BN RN |
L -4 -4 -4 13 6 6 -4
M -4 -4 -4 -4 16 -4 -4
n -4 -4 -4 -a -4 -4 -4
P -4 -4 6 -4 -4 & -4
o -4 -4 -4 -4 -4 -4 -4
R -4 -4 -4 -1 -4 -4 -4
s 6 10 10 -4 -4 10 6
T -4 13 6 =4 -4 -4 10
v -4 -4 -4 -4 -4 3 6
w -4 —4 -4 —4 -4 -4 -4
Y 4){ 4){ 4)§ 4){ 4){ 4){ 4

Del  —d17™-d2 Ptd3™-dd4 mdsmde Tmd7
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Build profiles: model gaps

I1 12 I3 14 I5 16
PN AN
M1 -3 M2 - M3 M4 - M5 M6 —» M7
LA A

D1 ~»=D2 —»=D3 ~»D4 —»D5 —»D& —»=D7

X
A 6
c -4
D -4
E -4
F -4
G -4
H -4
1 -4
K NV RENEY |
L 6 -4
M -4 -4
n -4 -a
P 6 -4
o -4 -4
R -4 -4 -4 -1 -4 -4 -4
s 6 10 10 -4 -4 10 6
T -4 13 6 =4 -4 -4 10
v -4 -4 -4 -4 -4 3 6
w -4 —4 -4 —4 -4 -4 -4
Y —4;{—4){—4&—4){—4){—4){—4
Del  —d17™-d2 Ptd3™-dd4 mdsmde Tmd7
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Build profiles: model gaps

I1 12 I3 14 I5
PN AN AN AN N /‘»..
M1 - }}m er 1a LME LMé L—M?
2

A J{i }éﬂ )@i ){i
D1 —»D2 —»D3 —3D4 —»D5 —=D§ —»D7

/1 x/
A -16 | -4 6| 10
c -4 | -4 | 4| -a
D 4| -4 | -a| -a
E 4| —a| -2 -a
F —4 -4 -4 -4
G 4| —a| -4 -a
H —4 —4 —4 —4
I 4| —a| -4 -a
¥ -4 | -4 | -4 | -4
L a4 -4 -4 13
M -4 I -4 ‘ -4 | -4
u 4l el -al -a
P —4\—4“ 6|‘ -4 -4
0 -4 || -a || -a| -2 |I
R -4 || -1 || ‘-4\-4|I‘-4\-4
s 6‘|‘10|\10|—4"—4\1o‘l‘6
T \13”6‘ \—4“—4 | 10
v -4\ - \a\'-\s\ﬂs
w -4 ‘4 X—4| \-a \74‘ |74| &—4
L g g g g

—d17™a2 P d3 ™ dd a5 de M hay

=]
0
4
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Build profiles: model gaps

IS YONOES)
O A S N S S
I1 12 I3 14 I5
NN N AN /‘*w
M1 - }}m er 1a LME LMé L—M?
K RO RORC R

D1 ~»=D2 —»=D3 ~»D4 —»D5 —»D& —»=D7

J

i1 -i2

A A

/B EVAR
A -16 -4
c -4 | -a| -a
D -4 | -2 | -4
E 4| 2| -a
F -4 -4 -4
G 4| -a| -a
H -4 —4 -4
1 4| -4 | -4
K -4 | -1 | -4
L 4| 2] -a
M -4 I -4 “ -4
n -4 |‘ -a || -a
P -4 || -4 “
o -4 || -2 ]| -4
R -4 || -4 || -2 | -4
s 6|10/ 10 | 10fl s
T -4 \13 ‘ \ | -4 |10
v -4 |-4 | sl | e
w | s x | ‘ |74| &—4
Pl e
Del  —d17™-d2 Ptd3™-dd4 mdsmde Tmd7
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Build profiles: model gaps

2 QO30 ()

10 11 12 13 14 15
2\ I W L /" My
—.* M1- }}MQ L,Mﬁ 1a L»ME LMé L.M? A,
X 2 ?fi y }ﬁ )ﬁ )4:\

D1 ~»=D2 —»D3 ~»D4 —»D5 —»D& —»=D7

Profile Y I VVLOMSG

Séquence YTVQI b ALN

4“ |‘ | -4
e‘|1o|\1 .—4 | 0]} &

\lj‘le‘ ‘wl,q | 10
-4\‘- H | el e

4|\ _‘ \ 5[ |4
| il

—d17™a2 P d3 ™ dd a5 de M hay

B KES<Huw@OREZEERHIZOEMEmOAO>
4
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Build profiles: model gaps

) Y ) ) ) )
\ K ("SR N SRR SRR SR &
10 11 12 14 15 16 17
PN AN A AN AN g

N Q« py !*:i ?a p )qi7,

Dl —»D2 —»D3 —»D4 —»D5 D6 D7

’ A
SRR | R
—.-;-“ M1 - ‘).Mz p‘\.ms u—m P MS - L.Mé L — @
\ /
/

4‘6‘\6

ME4HUNOTE R

_4 ‘ \_4 |_4‘
—4‘ \ 4| | |-a] | |-af |-a
*% bt bbb el
Del -d1*—d2 -da*—d:l Pds  Pmde Pma7
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Search sequences with
generalized profiles
with dynamic programming




Profiles: search and align with dynamic programming
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Dynamic programming is a
method for solving a complex
problem by breaking it down
into a collection of simpler
subproblems, solving each of
those subproblems just once,
and storing their solutions -
ideally, using a memory-based
data structure.

ALIGNMENT: score 28
123456--17

g oI I |

SGHELVGVVG

Protein Bioinformatics: Sequence-Structure-Function 2018 Basel



ic programming

ith dynam

ign wi

search and ali

Profiles

-1.0 -1.0 -1.0 -3.8
-1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0

-1.0 -1.0

-1.0

-1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0

2.0 -1.0 -1.0

6.8 -1.0

-1.0

-1.0

3.8 -1.0

6.8 -1.0 -1.0

2.0 -1.0 -1.0

-1.0 -1.0

-1.0

-1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0

2.0 -1.0 -1.0

-1.0
-1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0

-1.0 -1.0

-1.0

-1.0 -1.0 -1.0

-1.0

A

E

- 4

: Score 28

ALIGNMENT

0.0 0.0

4

-

=
bS

6 20

B

449.4

'4
t

0 0
QS\Q
0 0.0

0.0
7.4
022.4

DS
-

22.4 18.4 38.4

&

v . “2:27¢
4.9.424.217.4

0
0
0.0
0.0
.0
.0

0
0

1

0.0
0.0

f

-

4.2 12.2 31

0.0

;0 30,0
f t

6.2 21

.0
.0
.8

[
[
3

0.0 0.0

.0

t
0.0 9.8 28.0

N

2.0 11.0 29,0

0.

6.8 0.0

0.0

T

G

2018 Basel

c
=
k5]
£
5
5
&
5
©
B
b
4
g
o
g
8
Z
g
3
4
=
]
E
2
5
e
a
=
2
2
&

November 14




Calibration and Determination of the Cut-off |

The profile is scanned against a randomized database of proteins
(Swiss-Prot 34 reversed or shuffled) to calibrate the profile and to

deduce the cut-off value.

(Look at the distribution of scores on a randomized database).
The raw score is normalized to facilitate comparisons between

(Normalized scores of different profiles can be compared)

frequency

L L
900 1,200 1,500

Cut-off (usually E-value = 0.01)

E-value = relative frequency x size db

N score >
~log racte 9 = a+bS
NDB
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PROSITE profiles use normalized scorés

» PROSITE profiles don’t use directly E-values, but normalized
scores, which are a linear transformation of the raw score

N...= R; + R, ¥Score

score

Where R,and R, are 2 parameters characterizing the right tail of
the EVD.
» The N__ . and the E-value are related by the following

score

relationship
E(A) =A x 10— Nscore

where A is the number of residues in the searched database.
> For example, for a database containing 107 residues, a

normalized score of 9.0 corresponds to an E-value of 0.01.
»  Pagni, M and Jongeneel, CV (2001) Briefings in Bioinformatics, 2, 51-67.
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PROSITE and HAMAP generalized profiles: Example

p ‘Nomt}\&caﬂ%sne | ProRude || Documents || Downloads || Links || Funding
—SJ‘Q Entry: PS50006

General nformation about the entry
Entry name FHA_DOMAIN
Accession number PS50006
Entry type MATRIX
Date NOV-1995 (CREATED); NOV-1995 (DATA UPDATE); JAN-2013 (INFO UPDATE).
PROSITE Documentation PDOC50006
Assoclated ProRule PRU00086

Name and characterization of the entry

Description Forkhead-associated (FHA) domain profile
Matrix / Profile

Defaults values ——@iLr: Bi=50; F1--50; Hle.105; : INe-10% -

Match state ——# T

Implicit insertion ——4'
(from defaults)

Explicit insertion
Explicit deletion

Implicit deletion
(from defaults)

November 14 Protein Bioinformatics: Sequence-Structure-Function 2018 Basel



Summary about patterns and profiles

» Patterns
- model a multiple sequence alignment using a compact string
- suited to model short and well conserved motifs
- good to describe functional residues
- easy to build, but not producing a score
» Profiles
- model a multiple sequence alignment using a numerical matrix
representing the position specific distribution of the residues
- suited to model protein domains and gapped motifs
- excellent technology to detect distant homologies
- matches produce a score that can be interpreted using
statistical methods
» Profiles and pattern can be used together (rules) to produce

precise annotation
November 14 Protein Bioinformatics: Sequence-Structure-Function 2018 Basel



Databases
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Family and domain identification tools and databases

» General definition: a given pattern or PSSM/profile specific for
a domain is called a descriptor, descriptor motif, discriminator
or predictor.

» Domain databases: PROSITE, Pfam, SMART, ProDom
» Family databases: HAMAP, PRINTS, PANTHER, PIRSF,
TIGRFAM

Structural databases: SCOP, CATH

Integrated databases: CDD, InterPro

PSI-BLAST

Y V VY
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Tips and tricks
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Validate your results

Evaluate the score of the match

As for wet lab results cross-validate your results with other
methods:

» Use an integrated database (InterPro or CDD): matches with
different methods are likely to be true hits

» Perform a Blast with the matched region: matched sequences
should contain the same motif

» Build a pattern (ScanProsite), generalized profile (MyHits) or
HMM (MyHits) with the matched region: matched sequences
should contain the same motif

» Look for additional information provided by the database:
features like active or binding sites, PTMs or disulfides and
read the documentation describing the motif
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MyHits: Build your own profile...

S

18—

PFSEARCH

search | help

user: GUEST  width: 600  This web interface to PFSEARCH is meant to be used in conjunction with the MSA hub. To make a proficient use of this
log in settings service, new users are warmly encouraged to read the relative help page about PSI-BLAST.
Search ...

Pattern Search
BLASTP/PSI-BLAST
PFSEARCH (profile)
HMMER3 (profile-HMM)
Motif Scan
Query ..
by Protein
by Motif
Align...
MAFFT
TCOFFEE
profile Align
Classify
JACOP
MkDom2
Tools ...
Reformat MSA
Reformat SEQ
Dotlet
Hub
Results
Misc
Deprecated
Privacy notice

November 14

multiple sequence
alignment (MSA
multiple FASTA format =
clear input

seq source

¥ = - Swiss-Prot

[” bsz - Some complete proteomes from Bacteria

I s - Some complete proteomes from Archaea

I aux - Some complete proteomes from Eukaryota

™ uso - UniRefso

I urso_wim2o - UniRefs0 window shuffled (w=20)

I™ ecoli - Escherichia coli K12 proteome

¥ Hide optional parameters

Taxonomic restriction

(NCBI browser)

[~ no restriction [alll-

Search method

Cutoff (normalized score) inclusion
threshold

Cutoff (normalized score) report
threshold

Cluster matches at approx. identity
level

[ global an query =]

9.0 (e-value=0.021) >
6.5 (e-value=6.7) 2

70 % [~

Protein Bioinformatics: Sequence-Structure-Function
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This service is
very computer
intensive,
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MyHits: ...or HMM

[ 44
search ﬂl

user: GUEST  width: 600 This form lets you build a HMMER3 profile-HMM from a multiple sequence alignment (MSA), and search the databases of

HMMER3

I8 I—

log in settings protein sequences with it.
The HMMER3 package was written by Sean Eddy. Only those options that are most useful to build a profile from an MSA
Tools are available below.
Search ...
Pattern Search
BLASTP/PSI-BLAST
PFSEARCH (profile) multiple sequence
HMMER3 (profile-HMM) alignment (MSA]
Motif Scan examples =
Query
o B dlear input
by Motif
Align...
MAFFT
TCOFFEE
Profile Align ¥ o - Swiss-Prot search
Classify I bact - Some complete proteomes from Bacteria This service is
JACOP I ares - Some complete proteomes from Archaea very computer
MkDom2 seq_souzce [k - Some complete proteomes from Eukaryota T
Tools ... r - LD please be
Reformat MSA o - Uni patient.
Reformat SEQ I weso_wan20 - UniRefS0 window shuffled (w=20) e
Dotlet I” ecoli - Escherichia coli K12 proteome
Hub
Results ¥ Hide optional parameters
Misc Taxonomic restriction
Deprecated (NCEI taxonomic browser) [ no restrition [ei- 7|
(AR e E-value inclusion threshold [ 1e-3 =]
E-value report threshold  [1 =
Cluster matches at approx. identity ,—_ID
level 170% =
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Home | ScanProsite | | Documents | Downicads | Links | Funding
e
(T

pm[ule annotation rule: PRU00274

General rule information (7

ProRule

Data class.
Presters
Name

Fuacton (Clises prafersrmiaby AL ss, Lysias

» Additional information contained in a
rule associated to each PROSITE
descriptor increases its discriminatory —
power (combines advantages from both ..z
profiles and patterns). p——

Simitarity Eetongs to e pegidass &1 farmiy.

Acrosins are serine proteases of Corta #sedzan 31 dmain
trypsin-like cleavage specificity.

Propagated annctation

Gascription 7]

case FTGrou 1>
PROSITE PS00124: TRAPSIN_HIS:

ooy — @159
- oens ortogy 12
Haptoglobins have lost active site Kepmorde 1
residues and are therefore no longer e
catalytically active. e
FO0738 rams pssanan
{HPT_HUMAN) rrom caritiom f—

» Requires a good profile/sequence
alignment to be meaningful.
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