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Successive PCCA of dihedrals

configuration space spanned by two dihedrals

Cordes, Weber, Schmidt-Ehrenberg, 2002

3 PCCA+



Successive PCCA of dihedrals

PCCA of first dihedral

spectrum:

1.00 0.51 0.45 . . .

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

PCCA of second dihedral

spectrum:

1.00 0.99 0.72 . . .

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

PCCA of first dihedral

spectra:

1.00 0.71 0.63 . . .

1.00 0.76 0.61 . . .

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

PCCA of second dihedral

spectra:

1.00 0.99 0.73 . . .

1.00 0.75 0.64 . . .

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

PCCA of first dihedral

spectra:

1.00 0.71 0.68 . . .

1.00 0.75 0.64 . . .

1.00 0.69 0.61 . . .

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

PCCA of second dihedral

spectra:

1.00 0.71 0.68 . . .

1.00 0.76 0.61 . . .

1.00 0.99 0.90 . . .

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Successive PCCA of dihedrals

Cordes, Weber, Schmidt-Ehrenberg, 2002
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Application Areas of PCCA+

• Identification of conformations in drug design

• Identification of “connected conformations”

• Clustering of gene expression data

(Weber, Rungsarityotin, Schliep, 2004)
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What does PCCA+ do?

Input → PCCA+ → Output

(N,N)-transition matrix → classification of k
almost invariant substructures

→
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Completely uncoupled Markov chains

T =

T1

T2

T3

0

0 0

0 0

0

λ1(T1,2,3) = 1

X ′
i = χAi

λ1,2,3(T ) = 1

X1(T ) = e = (1, . . . , 1)

χ = XA linear combination

18 PCCA+



Linear Mapping

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

χ = XA



1 0 0
1 0 0
0 1 0
0 1 0
0 0 1
0 0 1

 =



1 −2.02 −0.55
1 −2.02 −0.55
1 0.48 −0.91
1 0.48 −0.91
1 0.50 1.24
1 0.50 1.24

 ·

 0.20 0.41 0.39
−0.40 0.33 0.07
0.00 −0.47 0.47
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“Nearly uncoupled” Markov chains

T̃ =

T1

T2

T3

E12
~

~

~

E23

E13

E32E31

E32

“almost invariant” sets

λ̃1(T ) = 1, λ̃2,3 = 1−O(ε)

X̃1(T ) = e = (1, . . . , 1)

PCCA: ‖χ− X̃Ã‖π = min

Deuflhard, Huisinga, Fischer, Schütte, 2000
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Perturbation analysis: PCCA

Perturbation analysis: T̃ (ε) = T + ε T (1) + O(ε2)

X̃(ε) = X + εX(1) + O(ε2)

ε = 1− λ̃2

Lemma: X(1) = χB

only level shifts

PCCA: • k sign structures (ε = 0) out of 2k−1 ones

• k > 2: “dirty zeroes” generic O(ε) effect!

Deuflhard, Weber 2003
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Linear Mapping

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

χ̃ = X̃Ã



1 0 0
0.8 0.2 0
0.1 0.8 0.1
0 1 0
0 0.1 0.9
0 0 1

 =



1 −2.02 −0.55
1 −1.52 −0.62
1 0.23 −0.66
1 0.48 −0.91
1 0.50 1.03
1 0.50 1.24

 ·

 0.20 0.41 0.39
−0.40 0.33 0.07
0.00 −0.47 0.47
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Almost characteristic functions: PCCA+

χ̃(ε) = X̃(ε)Ã(ε), Ã = (αij)

Positivity: χ̃i(ε) ≥ 0

Partition of unity:
k∑

i=1
χ̃i(ε) = e

(X̃2(l), . . . , X̃k(l)) ∈ σ̃k−1 (χ̃1(l), . . . , χ̃k(l)) ∈ σk−1

l = 1, . . . , N l = 1, . . . , N

Deuflhard, Weber, 2003
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Example n-butane: X̃ versus χ̃

k = 3, N = 42

σ̃2

0

0 σ2

X̃

1 42
−2

0

2

1 42
0

1

χ̃
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Uniqueness of clustering

Theorem

Let

i)
∑k

i=1 χ̃i = e,

ii) for all i = 1, . . . , k and l = 1, . . . , N : χ̃i(l) ≥ 0,

iii) χ̃ = X̃Ã with Ã regular,

iv) for all i = 1, . . . , k there exists l ∈ {1, . . . , N} with χ̃i(l) = 1.

Then

• 3 out of 4: easy to assure

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

Scaling: I1[α] =
k∑

i=1
max

l=1,...,N
χ̃i(l) ≤ k

Metastability: I2[α] =
k∑

i=1

〈χ̃i, T χ̃i〉π
〈χ̃i, e〉π

<
k∑

i=1
λ̃i

I1,2[α] = max

subject to χ̃(l) ∈ σk−1 , l = 1, . . . , N and

χ̃ = X̃Ã

26 PCCA+



Application Areas of PCCA+

• Identification of conformations in drug design

• Identification of “connected conformations”

• 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% weight = 35.6%300K
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Example: Epigallocatechine

Johannes Schmidt-Ehrenberg, 2003
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Gene Expression Data

Marcus Weber, Wasinee Rugsarityotin, Alexander Schliep, 2004
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Cooperation with MPI for Molecular Genetics
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Conclusions

• Robust cluster analysis via almost characteristic functions:

χ− χ̃ = O(ε2).

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

• Geometrical clustering with PCCA+ is also possible.

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

Thank you for your attention!!!
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