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COMMENT

Searching chemical databases 
in the pre-history of cheminformatics
Peter Willett1* 

Abstract 

This article highlights research from the last century that has provided the basis for the searching techniques that are 

used in present-day cheminformatics systems, and thus provides an acknowledgement of the contributions made 

by early pioneers in the field.
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Introduction

This year sees the 15th anniversary of the founding of this 

journal in 2009, but many of the algorithms and meth-

ods that underlie modern cheminformatics date from 

very much earlier. This commentary seeks to highlight 

some of the more important contributions from the 

past that have provided the basis for techniques that are 

used today. The term ‘cheminformatics’ (and the alterna-

tive ‘chemoinformatics’) first appeared at the end of the 

1990s [1, 2], with the first university MSc programmes 

appearing in 2000 [3]. It hence seems appropriate for the 

‘pre-history’ discussed here to be based on articles that 

appeared in the research literature prior to the start of 

the present century, a rich literature that may by now be 

often forgotten. Specifically, a brief overview is provided 

of research that focused on ways of searching the files 

of machine-readable chemical structures that started to 

become available in the Fifties and Sixties, with Chen [4] 

and Willett [5] providing more extensive accounts of the 

historical development of cheminformatics.

Main text

Early chemical database systems normally represented 

their constituent structures by linear notations of vari-

ous sorts but these were increasingly replaced by connec-

tion tables. Ray and Kirsch [6] recognised that the latter 

could be regarded as labelled graphs and that substruc-

ture searching could hence be implemented by means 

of a subgraph isomorphism algorithm. This approach 

was taken up by workers at Chemical Abstracts Ser-

vice (CAS) [7] who were then working on what became 

the first version of the CAS Registry System [8]. A vital 

component of this project was the concept of extended 

connectivity as described in Morgan’s much cited article 

[9]. The basic algorithm was devised to provide a unique 

molecular code but it has since contributed to a range of 

graph-based procedures in both cheminformatics and 

other fields [10].

Subgraph isomorphism algorithms provided effec-

tive means for conducting substructure searches but 

even efficient implementations [11, 12] proved to be far 

too slow in operation for use with large databases, and 

the searching of such files only became possible with 

the development of screening systems in the Seventies. 

These encoded substructural fragments in binary-vector 

fingerprints, the matching of which drastically reduced 

the numbers of structures that needed to undergo the 

detailed, but time-consuming, subgraph isomorphism 

search. Systematic procedures for the design of such 
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fragment-based systems were described by Adamson 

et al. [13] and by Hodes [14], with both in-house and pub-

lic substructure searching systems well established by the 

start of the Eighties. Some years, however, were to pass 

before it became possible to augment these systems with 

facilities for similarity searching that enabled the identifi-

cation of those database molecules that were structurally 

most similar to an input query molecule. That a similar-

ity in structure often reflects a similarity in activities or 

properties, the so-called Similar Property Principle, had 

been known for many years [15, 16] so searching with 

a known active query could suggest new molecules for 

biological screening. Studies in the mid-Eighties [17, 

18] demonstrated that substructural fragments such as 

those used for screening substructure searches could also 

be used to quantify the degree of resemblance between 

pairs of molecules, and operational systems were rap-

idly adopted as an effective and an efficient method for 

similarity-based virtual screening. Similarity measures 

such as those developed for searching purposes have 

subsequently found application in a wide range of chem-

informatics applications, such as property prediction, 

computer-aided synthesis design, database clustering and 

molecular diversity analysis [19, 20].

More sophisticated search algorithms are required for 

substructure searching in databases of chemical patents, 

where molecules are defined by generic, or Markush, 

structures, each of which encompasses not just a single 

molecule but many, or extremely many, related variants. 

Early attempts to address this problem were based on 

fragment codes of various types [21] but these were sup-

planted by graph-based approaches that started to appear 

in the late Eighties from Télésystèmes-Questel and Der-

went [22] and from CAS [23], with the most extensive 

descriptions coming from a large-scale research pro-

gramme conducted by Lynch et al. in collaboration with 

both Derwent and CAS inter alia that developed connec-

tion table, screening and isomorphism procedures that 

were able to encompass the much greater complexity of 

generic structures [24].

Specialized techniques are also required if searches 

are to be carried out on databases of chemical reactions. 

Here, there is the need to encode and to search not just 

the reactants and products of a reaction but also the 

reaction centres, i.e., the parts of the molecules where 

some sort of substructural change had taken place as a 

result of the reaction. The automatic identification of 

these changes was first suggested by Vleduts (in an arti-

cle that also discussed how a computer could assist in the 

design of novel synthetic pathways) [25]. He subsequently 

described how the changes could be implemented by 

means of a maximum common subgraph isomorphism 

algorithm [26], an approach that formed the basis for the 

reaction searching systems that started to appear in the 

early Eighties [27].

The work discussed thus far had all involved 2D rep-

resentations of molecular structure, but work by Gund 

in the early Seventies demonstrated that graphs based 

on inter-atomic distances could be searched for pharma-

cophoric patterns in just the same way as could patterns 

of atoms and bonds [28, 29]. At this point in the Seven-

ties, the only 3D structures that were widely available 

were those in the Cambridge Structural Database and the 

matching operations in Gund’s work were far too slow 

for database applications. The first limitation was over-

come with the introduction in 1987 of CONCORD and 

CORINA, structure generation programs that were suf-

ficiently rapid in operation to enable the conversion of 

existing 2D databases to 3D form [30, 31]. The second 

limitation was addressed by the extension of conven-

tional screening and subgraph isomorphism procedures 

to enable the processing of distance-based graphs, hence 

forming the basis for the first operational 3D substruc-

ture searching systems at Pfizer and Lederle in the late 

Eighties [32, 33]. Subsequent work took account of the 

fact that many molecules are not rigid but contain rotat-

able bonds, hence enabling the development of a range 

of flexible searching systems [34]; in like vein, the initial 

work on ligand docking by Kuntz et al. in the early Eight-

ies [35] was followed by extensions to encompass ligand 

flexibility in the following decade.

Conclusions

This commentary has considered early work in just one 

aspect of cheminformatics, but there was much impor-

tant pre-historic work in other areas: for example, stud-

ies of pattern recognition in the Seventies [e.g., 36–38] 

can now be seen as foreshadowing the current intense 

interest in chemical applications of machine learning. It’s 

hence hoped that this brief article will serve two func-

tions. First, to acknowledge the contributions of early 

pioneers that have helped to lay the foundations of mod-

ern cheminformatics, the “standing-on-the-shoulders-

of-giants” phenomenon commonly attributed to Newton 

[39]; and, second, to spur others to study and then to 

document the history not just of searching techniques 

but also of the many other aspects of cheminformatics as 

it comes to play an increasingly important role across the 

whole spectrum of chemical science.
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