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Significance of Alighment Positions

Observed occurrence of amino acids at some
position in an alignment that deviates from expected
may indicate some (functional) significance

What ‘deviates from expected’?
* unlikely occurrences

What is unlikely?

* only (relatively) few possibilities to obtain observed
result
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Contribution

Pfam Ig Family Alignment
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Aquaporin: Motifs

° NPA: stabilizes loops B and E

°* G(a)xxxG(a)xxG(a):
* Crossing of

right-hand ) EF'
helical K B LA
bundles £, E

*
Tl 74 Yeadr’m0 u3
ALY N

Andreas Engel and Henning Stahlberg, in: Current Topics in
Membranes (2001), Hohmann, Agre & Nielsen (Eds.) Academic Press
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Counting...

Number of possibilities for finding some combination
of aminoacids:

* which types?
* how much of each?

Examples:
s WWW 3W [] only 1 way
* RHH 1R, 2 H [] three ways
* SHQ 1S,1H,1Q (] Six ways
SRS [0/ [ [FIGlNAI T gyﬁ




Counting... (2)

‘Real’ examples:

33 W 1 only 1 way
* RRRRRRRRRRRRRRRRHHHHHHHHHHHHHHHHH
16 R, 17 H [0 ? ways (~ 2% = 10°)
* SSSSSHSSCCCCCCCCEEQQEEEEEEEEEQEEE
7S,1H,8C,14E,3Q (1?7?77 ways (~ 5% = 10%)
‘many’ ways

1 but, we can calculate that!
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Shannon’s ‘Information Entropy’:

‘A Mathematical Theory of Communication’,
The Bell System Technical Journal, Vol. 27, 1948.

“ Can we define a quantity which will measure, in some
sense, how much information is ‘produced’ by such a
process, or better, at what rate information is
produced? ”

He was thinking about the Transmission of
Information, i.e., from a Source through some
Channel to a Destination.

ke
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Solution: Entropy

n

H = Zpi logp,

=1

the entropy of a set of probabilities p,
measures information, choice and uncertainty

zero only if only one p, is not zero
* there is only one choice
maximal if all p, are equal

* most ‘uncertain’ situation: all options are possible
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Information Content

Shannon was thinking about the Transmission of
Information, i.e., from a Source through some
Channel to a Destination.

...but it applies equally well to any type of ‘message’

We can use it to measure the level of conservation in
columns in an alignment
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Simple Example: Sequence Entropy

1 )
VAN

p,=p,="2
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p, =f(‘A’) p, =f(L’)
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Sequence Analysis: Comparing Groups

Many biological problems relate to questions like:
“Why do these proteins do this, and those proteins not? ”
or
“Why do these patients get sick, and those not? ”

[ ] The answer can be related to similarities and
differences between sequences

* Similarities (conservation) relate to functionally critical
positions

* Differences can explain functional differences
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TGF-B signalling pathway

TGF-f QE
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AR-Smads

BMPR-I BMPR-II

BR-Smads

Smad-association l

1 Smad-association

Nucleus Nucleus

division, differentiation,

activation/repression motility, adhesion, activation/repression
TGF-[ target genes BMP target genes
= e = programmed cell death
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Measuring Overlapping Distributions

Weigh both groups equally;
take pA+p? in stead of pAB :

A

p.
SHM = * 1o -
DI

Fixed interval [0,1], but not completely symmetrical
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Smads

Smad2 D.melanogaster
Smad5 R.norvegicus
Smad5 G.gallus
Smad8 R.norvegicus
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Smad3 R.norvegicus
Smad1 S.mansoni
Smad1 M.musculus
Smad1 H.sapiens
Smad1 S.scrofa
Smad1 X.tropicalis
Smad1 G.gallus
Smad8 M.musculus

Smad2 D.rerio

]
m
2
=
E
|
O]

16



t&

ignmen

MH2 Al
Functionally Specific Sites

Smad

‘
v
L
v
v
v
v
v
v
v
v
v
v
v
L
L
v
v
v
v
v
v
v

o

w0

Error

w
"
w

s::zzzzszssssszszzzzzzaz

v

v
v
L
v
v
v
v
v
v
v

cw
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi
'

»
A
A
A
»
A
»
A
A
A
A
A
A
A
A
A
a

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
I
Fy
Fy

"
"
"
"
"
"
"
"
"
"
"
"
"
"

e
e
e
e
"e
e
e
e
"
e
"e
e
e
e
e
e
"e

“
v
L
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

3%

21%

10%

Predict

6

1

2

12

Smads G gals

Method

AMAS

TreeDet

SDPpred

29 known sites of
functional specif

Icity

* based mostly on site-

specific mutants and

characterized on affinity

for binding to BMPR-I vs.
TBR-I receptor types
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Finding Low-harmony sites in Smad-MH2

Pos. Sec.str. | SH AR BR Interaction
L263 | BT
T267 | BT
5269 | loop Method Predict Error
A272 | loop _
F273 |loop &0 [F [Hy AMAS 6 3%
Q284 | B2 0 Qt N TBR-I
Q294 | loop 0.16 |Q Sq c-Sk!/SnoN TreeDet 21 21%
P295 | B3 0 P Trl c-Ski/SnoN
L297 | B3 0.11 | LMi | Vi c-Ski/SnoN
7298 | B3 0 |T |Li |cSkiSnoN SDPpred 12 10%
S308 | L1 0 Sa N c-Ski/SnoN
- L1 0 |- |Nsd |c-Ski/SnoN Sequence | ©"? 32 28%
E309 | L1 0 E Krs | c-Ski/SnoN Harmony (SHZ'S 33%
A323 0
V325
M327

. Pirovano, Feenstra & Heringa. “Sequence Comparison by
R334 22 (putative Sequence Harmony Identifies Subtype Specific Functional
R337 ?7? (putative Sites”, Nucleic Acids Res., in press (2006).

www.few.vu.nl/~feenstra/articles/NAR 2006 Sequence Harmony.pdf
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19

Smad-MH2: Functional Clusters
Y N

TBRR-I/BMPR-I/ALK1/2 A323
receptor-binding U M327
2 TPR-/ALK1/2

TRR-/BMPR-| ey
R410 g - _'

FAST1, Mixer, SARA

o’
.
.

._"1“‘

CO-repressors

. T .. !_ ‘: 2 A | I o
retention & transcription ach A ; c-Ski/SnoN

R,

SARA
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Conclusions Smad-MH2

40 Sites of Low Sequence Harmony in Smad-MH2
* different between the AR (TGF-[3) and BR (BMP) sub-type Smads
* Low Harmony sites in Smad-MH2 are functionally relevant
* Other methods cannot select all known sites!

Functional Sites are Interaction Surfaces on Protein Surface:
LI Next: Analyze Interaction Partners in the Pathway

14 Low Harmony Sites in Smad-MH2 of unknown function
* 11 putative functions from structural considerations

* promising candidates that determine TGF-[3/BMP specificity
* confirm (or rebuke) putative functions?
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Sequence Harmony Webserver

(5 \dentification of Subtype Specific Functional Sites - SeaMonkey ===

SIEE http://www.ibi.vu.nl/programs/segharmwww1-b/ =] )

Centre for Integrative Bioinformatics VU =
vrije Universiteit amsterdam

IBIVU - http:/libivu.cs.vu.nl/

Paste in a multiple alignment in fasta format:

Sequence Harmony iz an entropy-based method, which accuratehy

detectz subfamily specific functional sites frr— = = = - -
Or Upload a multiple alignment in fasta format:
Browse

alignment. The algorithm implements a new
NI oI | S T e || [ p— l-llj;.,:ll:,.ﬂ = = e

compositional differences between subfamilie
an intuitive scale.
Or RIEICRICE to select from input seguence

Information on the Input format

Method Background

names.
Pirovano WA1. Feenstra KA' and Heringa J. (2006} Seguence

Comparizon by Sequence Harmony ldentifies Subtype Specific Clear Input.
Functional Sites. Nucl. Acids Res., in press. =S il i

T Joint first authors
L
4] B |G [ 11 1 e TAC .

BENEHREEERN R]
B (o] | IN[FIOIRIMIA|T]
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Sequence Harmony Webserver: Groups

&3 Identifi

cation of Subtype Specific Functional Sites - SeaMonkey

Centre for Integrative Bioinformatics VU

vrije Universiteit amsterdam

IBIVU - http:fibivu.cs.vu.nlf

Paste in a multiple alignment in fasta format:
>2 2967646 :
DLQPVTYSEPAFWCSIAYYELNQRVGETFHASQPSLIVDGFTDPSNS-ERFCLGLLE
GRGVRLYYIGGEVFAECLSDSATFVQSPNCNORYGWHPATVCKIPEGCHLKIFNN
GFEAVYQLTRMCT IRMSFVKGWGAEYRRQTVT STPCWIELHLNGPLOWLDEVLT GM
>2 45331050
DLQPVTYSEPAFWCSIAYYELNQRVGETFHASQPSLIVDGFTDPSNS -ERFCLGLI
GRGVRLYYIGGEVFAECLSDSATFVQSPNCNORYDWHPATVCKIPEGCHLKIENN

GFEAVYQLTRMCT IRMSFVKGWGAEYRRQTVT STPCWIELHLNGPLOWLDEVLT GM
>2 5360217
DLQPVIYSEPAFWCSIAYYELNQRVGETFHASQPSLIVDGFTDPSNS -ERFCLGLI
GRGVRLYYIGGEVFAECLSDSATFVQSPNCNQRYGWHPATVCKIPEGCNLKIENN
Sequence Harmony is an entropy-based method, which accurately W crrayvyQLTRMCTIRMSFVKGHGAEYRRQTVT STPCWIELHLNGELOWLDKVLT QM

detects subfamily specific functional sitez from a multiple seguence e - i
alignment. The algorithm implements a new formula, able to score *rl . . ﬂl — _
compositional differences between subfamilies in a simple manner on W g0l fr=lelt=Moal0lefel{=R=1 el aloal=l0l SO R = L el

an intuitive scale.

Information on the Input format

Method Background

Pirovano WA', Feenstra KA' and Herim
Comparizon by Seguence Harmony lde
Functional Sites. Nucl. Acids Res., inpress. .

0967646
7 ART ?ﬂﬁgm

1 Jjoint first suthors 5758047721

/1 8 [ [




Sequence Harmony Webserver: Reference

-

|5 Identification of Subtype Specific Functional Sites - SeaMonkey =)o/

GFEAVY(LTRMCT IRMSFVEGWGAEYRROTVT STPCWIELHLNGPLOWLDEVLT
»2 59360217
DLOQPVIYSEPAFRCSIAYYELNQRVGET FHASQPSLIVDGFIDESNS-ERFCLGLL
GRGVRLYYIGGEVFAECLSDSAI FVQSENCHQRYGWHEPATVCKI PEGCNLEI FNN
GFEAVYQLTRMCT IRMSFVEGWGAE YRRQTVT STPCWIELHLNGPLOWLDKVLT

Sequence Harmony is an entropy-based method, which accurately
detects subfamily specific functional sites from a multiple sequence
alignment. The algorithm implements 8 new formula, able to score
compositional diff beth subfamilies in & simple manner on
an intuitive scale.

Infermation on the Input format

Method Background

Pirovanc WAt. Feenstra K.»‘\i and Hesinga J. (2008) Sequence
Compariscn by Sequence Hammony Identifies Subtype Spedific
Functional Sites. Mucl. Acids Res., i press.
!jor'nt first authors

Advanced Features
Sequence Harmony (basic)

Reference Seguence (optional):

Identifier: and starting position P
= i .' 1t tha = L...:lr.-lFF_ = = a

/our structur

sition' field. If you ma there 2
duced in your structure will not be meaningfull.

| Submit  Ciear Input |

The Sequance Harmony web server was developad by K. Anton Feenstra and Walter Pirovano

(c) IBNU 2006. If you are experiencing problems with the site, please contact the webmaster.

BENHREFER
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Sequence Harmony Webserver: Structure

-

|5 Identification of Subtype Specific Functional Sites - SeaMonkey =)o/

GFEAVY(LTRMCT IRMSFVEGWGAEYRROTVT STPCWIELHLNGPLOWLDEVLT
»2 59360217
DLOQPVIYSEPAFRCSIAYYELNQRVGET FHASQPSLIVDGFIDESNS-ERFCLGLL
GRGVRLYYIGGEVFAECLSDSAI FVQSENCHQRYGWHEPATVCKI PEGCNLEI FNN
GFEAVYQLTRMCT IRMSFVEGWGAE YRRQTVT STPCWIELHLNGPLOWLDKVLT

Sequence Harmony is an entropy-based method, which accurately
detects subfamily specific functional sites from a multiple sequence
alignment. The algorithm implements 8 new formula, able to score
compositional diff beth subfamilies in & simple manner on
an intuitive scale.

Infermation on the Input format

Method Background
Pirovanc WAt. Feenstra K.»‘\i and Hesinga J. (2008) Sequence
Compariscn by Sequence Hammony Identifies Subtype Spedific
Functional Sites. Mucl. Acids Res., i press.
!jor'nt first authors
Advanced Features
Sequence Harmony (basic)
Sequence Harmony cutoff value:
lues between 0-1 make sens

Referanca Sannanca (antinnall:

Reference Structure (optional):

Allanma anAd m
fhe sequente and Humbenng o
that of the referenca
ition' field. If you ma
uced in your structure will not be meaningfull.

The Sequance Harmony web server was developad by K. Anton Feenstra and Walter Pirovano

(c) IBNU 2006. If you are experiencing problems with the site, please contact the webmaster.

BENHREFER
Bl | [O]
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SMAD Sequence Harmony: Raw Table

S —

<2 7> ||

Sequence Harmony for 'Smad_23158+1KHX MH2 ali Muscle.fa'

Generated on Tue 21 Nov 2006 11:45 by CalculateSH version 0.1b

Flease cite:
Walter Pirovano, K. Anton Feenstra and Jaap Heringa
*Sequence Comparison by Sequence Havmony Identifies Subtype Spedfic Functional Sites”
Nucl. Acids Res., in prass (2006)

Group A: 16 sequences, length 211

Sequences: 2_2067646, 2_45331050, 2_5360217, 2_6288775, 2_58047721, 2_4000524, 2_30254710, 2_1KHX, 3_13002583, 3_11875320, 3_45331052, 3_18418623, 3 2564403, 3 6051174, 3_45383213, 3_47523072

Group B: 17 sequences, length 211

Sequences: 1_7160686. 1_61067024. 1 11464653, 1_6273783. 1_11007045, 1 20735652, 1_1654323. 1 3100871, 1 553026151, 5 61067006, 5_2360058, 5_5706366, 5_3082640, 5_6288777, 8_61967028. 8_2680620, 3 20532088

Raw Table

Results

Position Entropy Seq. Consensus
Ali  Ref A B AB  rel. Harm.Rnk A B

0.00

BENEREECRNNE
B] 1 [o] | [N[EIBIR]




Position

SMAD Seq

Consensus
rel. Harm.Rnk A

Entropy
AB

uence Harmony: Results

& Sequence Harmony for ‘Smad

158+1KHX_MH2_ali_Muscle.fa' - SeaMonkey

[CNENEY
Sequence Harmony for 'Smad_23158+1KHX MH2 ali Muscle.fa'

Generated on Tue 21 Nov 2006 11:49 by CalculateSH version 0.1b
Please cite:
Walter Firovano, K. Anton Feenstra and Jaap Heringa
*Sequence Comparison by Sequence Havmony Identifies Subtype Specific Functional Sites”
Nucl. Acids Res., in press (2006)
Group A: 16 sequences, length 211
Sequences: 22067646, 245331050, 25360217, 3_6288775, 2 58047721, 1 4000524, 2 40254710, 2 1KHDK, 3 13002383, 3_11875329. 3_45331052. 3_18418623. 3_1564403, 3_6081174, 3_43383213, 3_47523074
Group B: 17 sequences, length 211
Sequences: 17160686, 161967024, 1 11464653, 1 6373783, 1_11007945, 1 29725652, 1_1654323, 1 3192871, 1 55026151, 5 61967926, 5_2360058. 5_5706366, 5_3982640, 56288777, 8_61967028, 8_2680620, 8_27531938
testing

Results
Raw Table

Position Enfropy Seq. Consensus
Ali  Ref A B AB  rel. Harm.Enk A B

I

BENEREECRNNE
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SMAD Sequence Harmony: S
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