Significance of Alignment Positions

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

* What ‘deviates from expected’?

Genome Analysis « unlikely occurrences

* What is unlikely?

Walter Pirovano « only (relatively) few possibilities to obtain observed
21 sep 2007 result
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Pfam Ig Family Alignment

Aquaporin: Motifs

* NPA: stabilizes loops B and E
* G(a)xxxG(a)xxG(a):

« Crossing of
right-hand
helical
bundles

ndreas Engel and Henning Stahlber, in: Curnt Topics in
Membranes (2001), Hohmann, Agre & Nilsen (Eds.) Academic Press
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Counting... Counting... (2)
* Number of possibilities for finding some combination * ‘Real’ examples:
of aminoacids: .
+ which types? 3B3W = only 1 way
* how much of each? * RRRRRRRRRRRRRRRRHHHHHHHHHHHHHHHHH
18R, 17H =2 ways (~ 2% ~ 10°)
+ SSSSSHSSCCCCCCCCEEQQEEEEEEEEEQEEE
* Examples:
7S,1H,8C, 14E, 3Q =272 ways (~ 52 ~ 10%3)
e www - 3W = only 1 way
* RHH 1R,2H = three ways . X
. sHO 1S,1H,1Q = sixways many: ways

= but, we can calculate that!




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.

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

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

e

Solution: Entropy

n
H=2'p, logp,
i

* 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

Simple Example: Sequence Entropy
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Alignment & Known Functional Sites:
3303 2 5

Measuring Overlapping Distributions

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

SHM =Y p# log——* —
: gp,,x € apt

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

Smads: Comparing tw

Entropy vs. Sequence Harmony: Example
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Smad-MH2 Alignment & Finding Low-harmony sites in Smad-MH2
Functionally Specific Sites
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Smad-MH2: Functional Clusters
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Sequence Harmony Webserver

Sequence Harmony Webserver: Reference

Reference Sequence (option.
Identifier: a

Conclusions Smad-MH2

* 40 Sites of Low Sequence Harmony in Smad-MH2
- different between the AR (TGF-PB) 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:
= 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-R/BMP specificity
= confirm (or rebuke) putative functions?

Sequence Harmony Webserver: Structure
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SMAD Sequence Harmony: Raw Table SMAD Seqlfnce Harmony: Results
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