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Molecular similarity

• The problem of finding similarities among molecules on the basis of a 
set of (chemical/physical/geometrical) properties P [5].

• Similar molecules tend to behave similarly
 Properties represented by descriptors
 Some properties influence other properties (e.g., geometry --> 

energy status)

e

• Similarity test is used for:
 Exploration of molecular structural space
 Development of structure-property models
 Querying molecular structure databases
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Representation vs Similarity

• The representation format influence similarity measures:

Example: Ascorbic Acid

1/C6H8O6/c7-1-2(8)5-3(9)4(10)6(11)12-5/h2,5,7-10H,1H2/t2-,5+/m0/s1

2D molecular graph
3D structure

1D InCHi notation

3D shape
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1D Similarity

• Molecules represented as strings obtained by a depth-first of breadth-
first molecular graphs traversal.

• Similarity based on ad-hoc string distance metrics.

• Similarity can be computed
 directly on the string representation
 among fingerprints
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2D Similarity

• Molecules represented as graphs

• Exact (graph-)similarity
 Graph-isomorphism algorithms (MCS)

G

• Approximated similarity
 Features Trees

• Atoms determining certain properties are grouped in super-atoms
• Super atoms represent features

• Subtree matching algorithms (split search, match search, ...)

S

 2D fingerprints
• modified hashing algorithms to ensure reversibility and approximated 

search.
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3D Similarity

• Molecules represented as 
 3D structures
 3D surfaces

• Similarities
 Atom based
 Pharmacophore based
 Volume based
 Surface based

• Techniques
 Alignment based
 Descriptor based

• Van der Walls fields
• Schrodinger wave equation
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Contextualization of the work

• Similarity test on small molecules
 tens of atoms
 weight ~ 1K Daltons

w

• Molecular representation
 3D surface-based descriptors
 geometric shape, donor and acceptor fields

• Allows better query formulation with 3D surface-based descriptors

• Applications:
 Pharmacology (drug absorption).
 Molecular database design.
 Molecule retrieval and mining.
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Surface Matching Process

 Definition of a standard coordinate system for comparison

 Computation of property distributions (surface descriptors)

C

 Independency on pose and conformation

 Query efficiency (speed)

Q

 Validation
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Standard coordinate system (1)

S

• Molecule representation
 mapping between the molecule surface and a suitable sphere
 molecule properties represented as distributions over the unit 

sphere [1].

Gauss Map:
• G  R3  the molecule surface
• S the unit sphere

M: G  S
is a gauss map iff

 "
• For each point p of G, the p 
normal is translated to the origin of 
S
• The normal endpoint lies on the 
surface of S
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 Standard coordinate system (2)

S

• Mapping all points in unpractical
 EGI (Extended Gaussian Image)

E

 sampled gaussian map
 each surface normal belonging to the same sample is associated 

with a single point on the sphere.

• EGI properties
 two convex objects with the same EGI are provably congruent 

(Minkowski theorem)

(

 if the surface rotates, the EGI rotates in the same way
 EGI “mass” is proportional to the inverse of the surface curvature
 the “center of mass” of the EGI coincides with the sphere's center.
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 Standard coordinate system (3)

S

• Problem: In non-convex shapes, multiple points can be mapped to the 
same point on the sphere.

     In computer vision the problem can be 
approached with SAI (Spherical Attribute 
Image).

• SAI is computationally expensive:
 tessellate the sphere
 compute the needed properties on surface samples

Computed properties:
 geometric shape
 donor field
 acceptor field}
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Similarity measure (1)

S

• Similarity of two molecules is defined in terms of the similarity of their 
property distributions.

• Property histograms’ intersection is a rapid way to compute it, due to 
its high efficiency and invariance to pose (translations and rotations).

• But property histograms by themselves are insufficient to 
disambiguate distributions.
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Similarity measure (2)

S

• Other information needed: spatial distributions.
• Compute the pair-wise distances between elements with same 

properties (geometry, donor, acceptor  same color in figure, same 
class). As many histograms as many classes of elements.

• Quantize the distances in k bins from [0, 1[, 1, 2[, … [C/2-1, 
C/2[ where C is the circumference of the sphere.



Similarity measure (3)

S

• Similarity measure is obtained by the intersections of the same-
property histograms of the two molecules to compare.

• Some figures to measure intesections are computed in sequence, to 
give a final similarity measure.

• Hfull is the average over all property

distributions of the corresponding 
TC histogram intersection values.



Accuracy in query-retrieval settings

• Test set: 5000 molecules randomly selected from MDDR database.

• Query and target molecules represented  by 20 conformers each
 400 distinct molecular structures

• Comparison made against ISIS (2D database)

C



Evaluation of performance (speed)

E

• Test set: 30 molecules selected as maximally-diverse

• Query and target molecules represented by 20 conformers for the 
model and one for the query
 20 distinct structures

• Comparison with other surface-based algorithms like COMPASS [3] 
and Molecular Hashkeys [2]



Validation through application (1)

V

• The proposed molecular similarity test has been applied to a real 
case: the building of a structure-activity model for modeling and 
predicting human intestinal drug absorption.

• Model construction (mapping between molecules) is built by 
employing a single-hidden-layer neural network using 20 training 
molecules.

• The descriptor design for the structure-activity model involves 
computing the similarity of the participating molecules with a 
predefined set of characteristic molecules.

• The similarity test is validated by using:

                             

  cross-validation Kendall’s tau ordering measure



 Validation through application (2)

V

• Ordinal measure is important because the ordering of the molecules 
is typically more robust to experimental variability than pure error-
based measures (enforce test reliability).

• Leave-one-out prediction to test performances of the models. Results 
are shown below

Molecular Hashkeys algorithm Proposed method



Basic improvements

• Comparison of molecule retrieval systems should be based on 
classical performance measures.

• Given a certain set of properties S
p 

Recall: ∣SpMolecules∩ReturnedMolecules∣

∣SpMolecules∣

∣SpMolecules∩ReturnedMolecules∣

∣ReturnedMolecules∣

Precision:



Possible improvement: Octrees

• Used to recursively encode 3D spaces [4]

• Colored octrees: might have multiple attributes (descriptors) per node
• Object shape becomes irrelevant
• Pose and conformation independence through canonization
• Looking for a certain property in a (canonic) tree is easier than graph 

isomorphism (matching on canonic forms).



Boolean Operations on octrees

• Useful to compute aggregate properties
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