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Question: How to cluster these imperfect binary fingerprints
while resolving the N’s?

* Definition: Let fand g be two 0-1-N fingerprint * Definition: Given a set of 0-1-N fingerprint
vectors of length L. We say the fand g are vectors F, define a graph G.=(F,E) where two
compatible, if f[i] # g [i], then f[i]=N or g[i]=N, vertices (fingerprints) are adjacent if and only if
for 0 <i < L. A set of mutually compatible they are compatible. The graph G, will be called
fingerprint vectors form a cluster. the compatibility graph of F .
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Binary clustering with missing values Computational complexity

+ BCMV * Theorem: The problem BCMV(p) is NP
— Instance: a set F of 0-1-N fingerprint vectors. hard, for any p>3.
— Feasible solution: a partition of F' into disjoint subsets

F\,F,, ..., F} such that, for 1<i <k, any two 0-1-N
fingerprint vectors in F; are compatible. * Theorem: The problem BCMV(1) can be

— Measure: Cardinality of the partition, to be minimized. solved in polynomial time.

« BCMV(p)
— Instance: a set F of 0-1-N fingerprint vectors with at ¢ Theorem: For any p, BCMV(p) can be
most p missing values per vector. approximated in polynomial time with
ratio 27.




An efficient heuristic for BCMV(p):

Greedy Clique Partition Algorithm (GCP)
Algorithm: GCP (F,C)
V «—F;
i ~— 0;
repeat
while VertexInUniqueMaximalClique(V,V,) do
V — V\V,;
i —i+l;
endwhile;
V; +— FindMaximumClique(V);
V< V\V;
i — i+];
until V = J;
C — {V;]i=01,.};
end;

A java implementation of GCP is available at www.cs.ucr.edu/~andres

Experimental results on simulated data

GCP UPGMA 1 CLUSTER¢ 2

Jaccard’s [ Number of | Jaccard’s [ Numberof [ Jaccard’s | Number of

n .
clusters coefficient clusters clusters

2000 0.99965 500 0.99665 501.6 0.75497 8722
2000 505 0.98512 500 0.85452 575.6 0.35392 1618.8
2000 1.0 551 0.99950 551.8 0.85467 892.2
2000 5( 55 0.99388 551 0.94449 626.4 0.35756 15482
2000 | 25 5 0.99999 800 0.99990 802.4 0.95228 1176
2000 5 0.99902 ] 0.99002 891 0.34841 1510
2000 | 25 5 0.99944 807 0.99847 808.4 0.79545 1164.8

2000 D 0.95944 807 0.87338 872.8 [URKTYAY 1643.8
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Experimental results on real data

Number of Clusters

Data set UPGMA ' | CLUSTERZ

Bacteria 773 991
Fungi 566 870
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Worst case running time O(p2Pn?)

Real data

* The first data set is a collection of 1491
bacterial small subunit rDNA genes.
[Borneman et al.2002].

» The second data is a set of 1507 fungal
small subunit rDNA genes. [Valinsky et al.
2002]

Performance of popular real intensity
clustering methods in terms of incompatibility

DRMANAC ' [ R-UPGMA | R-CLUSTERc CLICK *

Bacteria | 0.7542 | 2.59 | 0.8064 | 2.75 | 0.7041 | 1.97 | 0.9310 | 4.13
Fungi 0.8315 | 2.21 | 0.6666 | 1.31 [ 0.6809 | 1.53 | 0.9184 [ 2.94

Average # of incompatible positions between fingerprints and
average # of incompatible fingerprints in a cluster
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Summary

An efficient heuristic for BCMV(p).
BCMV(p) is NP hard, for any p>3.
BCMV(1) can be solved in polynomial time.
Experiments on simulated and real data.

A java implementation of GCP is available at
www.cs.ucr.edu/~andres

Applications in Microorganism Classification
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al clustering
PGMA, CLUSTERG, etc.)
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Compositional differences between two
soil samples, 9C and 9E, by OFRG and DGGE

PCR primer distribution of clones
in the 8 clusters obtained by OFRG.

PCR primer distribution of clones
by using DGGE.

Thanks.
Questions? Comments?




