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Successive PCCA of dihedrals

configuration space spanned by two dihedrals
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Successive PCCA of dihedrals

PCCA of first dihedral
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Successive PCCA of dihedrals

PCCA of second dihedral
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Successive PCCA of dihedrals
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Successive PCCA of dihedrals
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Successive PCCA of dihedrals

PCCA of first dihedral
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Successive PCCA of dihedrals

PCCA of second dihedral
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Successive PCCA of dihedrals
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Successive PCCA of dihedrals
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Successive PCCA of dihedrals

PCCA of first dihedral
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Successive PCCA of dihedrals

PCCA of second dihedral
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Successive PCCA of dihedrals

OO

Cordes, Weber, Schmidt-Ehrenberg, 2002

14 PCCA+



Successive PCCA of dihedrals
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Application Areas of PCCA+

e Identification of conformations in drug design
o lIdentification of “connected conformations”
e Clustering of gene expression data

(WEBER, RUNGSARITYOTIN, SCHLIEP, 2004)

16 PCCA+



What does PCCA+ do?

Input — PCCA+

(N, N)-transition matrix —
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—  Output

classification of &
almost invariant substructures
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Completely uncoupled Markov chains

Xi(T)y=e=(1,...,1)

Xl
xl.}
x=XA linear combination |:
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Linear Mapping

ZIB

T: (6,6)-transition matrix with 3 uncoupled blocks

x=XA

1 0 0 1 —2.02 —0.55
LUl Ll =038 0.20 0.41 0.39
010 1 048 —0.91 )

= —0.40 0.33 0.07
010 1 048 —0.91 S (4
0 0 1 1 050 1.24 : ' '
0 0 1 1 050 1.24
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“Nearly uncoupled” Markov chains

Deuflhard, Huisinga, Fischer, Schiitte, 2000

"almost invariant” sets

MT)=1, Xoz=1-0(e)
Xi(T)=e=(1,...,1)
PCCA: |[x — X Al|» = min
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Perturbation analysis: PCCA

Perturbation analysis:

Lemma:

PCCA:

Deuflhard, Weber 2003

ZIB

T(e) =T +eT® +0(e?)
X(e) = X +eXD 4 0(e2)
z= 1 A’XQ

XM =B

only level shifts

2k—1

e [ sign structures (e = 0) out of ones

o k> 2: "dirty zeroes" generic  O(e) effect!
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Linear Mapping

ZIB

T: (6,6)-transition matrix with 3 almost uncoupled blocks

¥=XA

1 0 0 1 —2.02 —0.55
Big w2 0 L —Lan =0 0.20 0.41 0.39
0.1 0.8 0.1 1 023 —0.66 .

= —0.40 0.33 0.07
0 1 0 1 048 —0.91 S i (4
0 0.1 0.9 1 050 1.03 : ' '
0 0 1 1 050 1.24
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Almost characteristic functions: PCCA+

Positivity: Xi(e) >0

k
Partition of unity: > Xi(¢) =e¢

=1
(Xa(l), ..., Xk() € G (x1(), .-, Xk(1)) € o1
l=1,...,N l=1,...,N

Deuflhard, Weber, 2003
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Example n-butane: X versus X

02
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Uniqueness of clustering

Theorem

Let
. E o~
I) Zi:l Xi = €,
i) foralli=1,...,kandl=1,...,N: Xx;(I) >0,
i) x = XA with A regular,
iv) forall i =1,... k there exists [ € {1,..., N} with x;(I) = 1.
Then

e 3 out of 4: easy to assure

e all 4: unique solution for almost characteristic functions
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Constrained optimization problems

k
Scaling: Lo = Z; D Xi(l)
k T
Metastability: Iyja] = 5 20 T Xl
=1 Xie)n
I o[a] = max
subject to X)) €eop—1, 1=1,...
Y=XA
26

ZIB

,N and

PCCA+



Application Areas of PCCA+

e Identification of conformations in drug design
o lIdentification of “connected conformations”
e Clustering of gene expression data

(WEBER, RUNGSARITYOTIN, SCHLIEP, 2004)
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Example: Epigallocatechine

‘time interval’ =5000 fs ‘time interval’ =50 fs
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SARS protease inhibitor: conformations

FRANK CORDES, ALEXANDER FISCHER, 2003

weight = 56.5% 300K

29

weight = 35.6%

PCCA+



Example: Epigallocatechine

JOHANNES SCHMIDT-EHRENBERG, 2003
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Gene Expression Data

MARCUS WEBER, WASINEE RUGSARITYOTIN, ALEXANDER SCHLIEP, 2004

Cooperation with MPI for Molecular Genetics
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Conclusions

Robust cluster analysis via almost characteristic functions:

X — X = O0(e%).

Providing important informations: Identification of metastable sets, statisti-
cal weights, characterization of transition states...

e Geometrical clustering with PCCA+ is also possible.

Visit our homepage: http://www.zib.de/MDGroup

Thank you for your attention!!!
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