
DATASET

SOFTWARE

FINGERPRINTPARAMETERS

TANIMOTOCOEFFICIENT

EVALUATING THECLUSTERING METHODS

PARAMETERS VARIED

Biological screening data and structures of 42,687 compounds were
obtained from National Cancer Institute (NCI). The data are from a cell-based
assay measuring protection fromHIV-1 infection; and resultsarecategorized
as confirmed active (CA), confirmed moderately active (CM), or confirmed
inactive (Cl) in each group w ith 534,1111, and 41042 molecules, respectively
[5].

is a software for diversity calculations a nd clustering. Versio n 1.5.9
wasused during the calculations.
General features:

At present, includes the following command-line tools:

In the case database input, fingerprints are taken from structure tables (that
may be generated by ).
See

uses a proprietarymethod for generating fingerprints, which detects
all patterns (linear sequences of atoms and bonds) up to a given size in the
molecule and switchesonbitsthatrepresent these patterns.

Nearest neighbor searching in finds molecules that are similar to the
query object. The Tanimoto (or Jaccard) coefficient is calculated by the
following formula in the case of input:

(A,B) = /( + - )
where are are the number of 1 bits in the fingerprint of A and B,
respectively, is the number of common 1 digits in the two fingerprints.
The dissimilarity measure used for the Jarvis-Patrickmethod was1- (A,B).
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written in Java - it runsunderpractically every operatingsystem.
input/output: text files o r database tables (practically all database engines having
an SQL interface aresupported).

generates 2D hashed fingerprints from molecule file s (SDF, SMILES,
etc.)

compares two compound libraries using diversity and dissimilarity
calculations.

and perform Jarvis-Patrick and Ward type clustering, respectively,
based o n fingerprintsand/orotherdata stored in a database table or a textfile.

displays structures and other data in structure data files (SDfiles,
SMILES files,etc.)
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After (clusters with only one member) from the data
set,the following setsandparameterswere determined:
The whole data set is denoted as .The is calculated as

= number ofactivesin / number of structures in
The ( ) contains compounds from all clusters that
contain at least one active compound. As in [6], the

is calculated by
= number ofactivesin / number of structures in .

The expresseshowricheris in activesthan :
= /

Since the numberofactives in equals to the numberofactivesin ,
= numberofstructures in / number of structures in

A greater value of ensure s a better separation. Selecting parameters that
tighten the clustersusually increase . In that case however, especially when
the Jarvis-Patrick method is used, the number of singletons also grows,
which isa negative e ffect.

The following parameterswere varied during the evaluation:

leaving out singletons
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http://www.chemaxon.com/products.html for more details.

fingerprint

To support clustering, new software called has been developed as
an add-on module for ChemAxon's chemical database handling system,

. The application ca n generate for molecules,
but real number descriptors may also be used during the calculation. The
clustering process applies a version of the , which is
based on variable-length neighbor lists. In the case of fingerprint input, the
measure of similarity is the Tanimoto coefficient. Another clustering module,
applying and using Murtagh's

as a heuristic, isalso introduced.

Hiera rchical agglomerative cluste ringmethods build a hierarchical grouping
of the objects in a data setbyagglomerationsusing a dissimilarity measure.A
single partition, i.e., a cut a cross the hierarchy,canthenbetakenatanylevel
to give the desired number of clusters. Ward's method [1,2] minimizes the
variance of groups. The dissimilarity measure used in the Ward algorithm is
the . Usually, h ierarchical clustering is very demanding in
computational resources, with time and memory complexity of O( ) and
O( ), respectively, where is the number of objects to be clustered.
Applying algorithm [3], the
memory and time demand canbe decreased to O( ) andO( ), respectively.

The a lgorithm used is a modifiedv ersion ofthe o riginal Jarvis-Patrick method
[4]. The procedure is the following:

they are ineachotherslist ofnearest neighbors
they have at least of their nearest neighbors in common, where

is a ratio of the length o f the shorterlist
and are adjustable parameters. The advantages of the variable-length

clustering method are explained by
[7].

The fingerprinto fa molecule isbit string (a sequence o f "0" and "1" digits) that
contains information on the structure. Similar molecules should have
"similar" fingerprints.
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For each structure, collect the nearest neighbors that have a dissimilarity less than
a T threshold value.

Two structurescluster together if
−
− min
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CLUSTERINGMETHODS
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Brown and Martin[6] and Barnard and
Downs
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CLUSTERING RESULTS

with Jarp
1 512 5 0.1 0.3 8.74
2 512 5 0.1 0.5 9.15
3 512 5 0.1 0.8 13.54
4 512 5 0.12 0.8 11.14
5 512 5 0.12 0.5 7.00
6 512 5 0.12 0.3 8.15
7 512 5 0.14 0.3 4.45
8 512 5 0.14 0.3 5.05
9 512 5 0.14 0.3 9.74
10 512 5 0.16 0.8 8.40
11 512 5 0.16 0.5 4.01
12 512 5 0.16 0.3 3.67
13 512 5 0.18 0.3 2.80
14 512 5 0.18 0.5 3.10
15 512 5 0.18 0.8 6.61
16 512 5 0.2 0.8 4.86
17 512 5 0.2 0.5 2.62
18 512 5 0.2 0.3 2.34
19 1024 6 0.1 0.3 12.47
20 1024 6 0.1 0.5 13.57
21 1024 6 0.1 0.8 15.25
22 1024 6 0.12 0.8 14.92
23 1024 6 0.12 0.5 10.72
24 1024 6 0.12 0.3 10.08

fingerprint max.pattern T R Emin

length length

CLUSTERING RESULTS

with Ward fingerprint max.pattern cluster size
length length

E

1 512 5 1000 2.61
2 512 5 5000 10.20
3 512 5 10000 18.19
4 512 5 15000 24.54
5 512 5 20000 28.33
6 1024 5 1000 2.71
7 1024 5 10000 17.21
8 2048 6 1000 2.57
9 2048 6 10000 17.69
10 2048 6 15000 24.12
11 2048 6 20000 28.93

Example for displaying a cluster using
MarvinView
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Ward provided better results than Jarp.
Increasing the fingerprint length improved the separation in the case of Jarp. The reason is that longer fingerprints provide less chance for
overlapping bit placements for different patterns.

On the other hand, increasing the fingerprint length decreased the separation in the case of Ward in most cases. Longer fingerprints contain
more 0 bits. Corresponding 0 bitshave much less significance in structural similarity than corresponding 1 bits. Since Euclidean distance
doesn't distinguish between the above cases, it is lesse fficientwhenthe proportion of 0 v aluesare high.

Smaller clusters improved the results. (The average cluster size can be decreased by increasing Rmin and decreasing T in the case of Jarp).
Ifthe average cluster size is small, clustering provides toomany singletons,especially in the case ofJarp.
Jarp is significantly faster than Ward. Calculations with Jarp took less than 2 hours, while Ward run for almost one day using a 850Mhz
Celeron under Linux, using IBM'sJDK 1.3.

These resultsare preliminary. We continue testing the effectsofthe variousfingerprint parametersand plan to publish our results in a new paper.
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