Modeling Evolution at the Amino Acid Level

Modeling the evolution
of protein sequences

Most previous work: DNA level

long time ago
how

Advantages:
Lots of data
Only 4 x 3 = 12 possible substitutions
Don't need to consider complicated
selective pressure

Disadvantages:
Fast substitutions: saturation
Tells little about the encoded proteins

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)
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Looking at the protein level

Advantages:
Can tell you about the protein
Selective pressure: can look deeper in
evolutionary time

Disadvantages:
Need more complicated models

Interpreting evolu'rionarY changes
require a mode

A% GrLs.

.l GRLS...

In evolution:
what is the rate at which
s become s?

e.g. 0.00005 / my Substitution
Matrix

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)
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Using current sequences to develop the
evolutionary mode/

Mouse: .. TLSPGLKI VSNPL...
Rat: .TLTPGLKLVSDTL...
Baboon: ..TVSPGLRI VSDGV...
Chimp: ..TI SPGLVI VSENL...

Rouse Chaboon f

Raboon

/ Each location
Mouse Rat Baboon Chimp

We need to find the
best model for the data

Computing P(Data | Model)

P(this particular path | model) =

Raboon

x P(1—>L)
X P(L—>1)
X

x P(1—>1)

)
Mouse Rat Baboon Chimp X

Chaboon

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)
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Computing P(Data | Model)

Rabm P(all possible paths | model) =

x P(X—Y)
ROUS@/@ Chaboon X P(Yﬂ |)

X
OOLOO xP(X> 2

x P(Z—1)
Mouse Rat Baboon Chimp X

All values of X, Y, Z

Finding the best model
Sequence data

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)



Modeling Evolution at the Amino Acid Level

Assumption: P(T—S) same
or all locations

Same for: inside, outside, helix, sheet,
coil, active site, dimerization site ...

We would like separate substitution
matrix for every location

’ ‘

LE-B-0-0-00-
LE-B-0-0 00
L8500 00
LE-B-0-0-0-0.

380N adjustable parameters!

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)
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P(Data | Model)

Sequence data

000939 00000 33000 33000
0009900300 939000 33000
0009900300 939000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000933 00300 30000 33000
000939 00000 33000 33000
0009900300 939000 33000
0009900300 939000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000933 00300 30000 33000
000939 00000 33000 33000
0009900300 939000 33000
0009900300 939000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000933 00300 30000 33000
000939 00000 33000 33000
0009900300 939000 33000
0009900300 939000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000953 00000 33000 33000
000933 00300 30000 33000
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Iad

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)

11



Modeling Evolution at the Amino Acid Level

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)

12



Modeling Evolution at the Amino Acid Level

F(A) = o, x hydro(A) + a, x

F((A) = ay x (hydro(A)) - )?
- )2

+ 0, X (

F (A) = X hydro(A)) + X

ARNDCQEGHI LKMFPSTWYYV
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exp (F(A))
PlA) = T exn FA)

F (A) = X i X
exp (F(A))
P(A) = T exn FA)

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)
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P(Site class k|Data at location | )

_ P(Data|Model for site class k) P(k)
- Z P(Data|Model for site class k ) P(k )
k

Dr. R. Goldstein, U. Michigan (ITP 5/15/01)
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