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Abstract 
Summary: ScaffoldGraph (SG) is an open-source Python library and command-line tool for the gen-

eration and analysis of molecular scaffold networks and trees, with the capability of processing large 

sets of input molecules. With the increase in high-throughput screening (HTS) data, scaffold graphs 

have proven useful for the navigation and analysis of chemical space, being used for visualisation, 

clustering, scaffold-diversity analysis and active-series identification. Built on RDKit and NetworkX, SG 

integrates scaffold graph analysis into the growing scientific/cheminformatics Python stack, increasing 

the flexibility and extendibility of the tool compared to existing software.  

Availability and implementation: SG is freely available and released under the MIT license at 

https://github.com/UCLCheminformatics/ScaffoldGraph 
Contact: edith.chan@ucl.ac.uk 

 

 

1 Introduction  

Molecular scaffolds are a core concept in medicinal chemistry. Represent-

ing the core structure of a molecule, the composition of a molecular scaf-

fold plays a large role in determining global molecular properties, as well 

as determining basic shape and geometric orientation of substituents (Hu 

et al., 2016). As such, scaffolds form an important part of modern drug 

discovery, especially in techniques such as parallel synthesis where com-

binatorial compound libraries are constructed around various central ring-

systems.  

Despite the ubiquity of the scaffold concept, defining a scaffold in silico 

can be subjective when there is ambiguity over which portion of the mol-

ecule is considered the core. The popular Bemis and Murcko definition 

(Bemis and Murcko, 1996) ignores these ambiguities, defining a scaffold 

as the union of rings plus linker atoms connecting them. To reduce ambi-

guity, it has been proposed that a molecule can be represented by a tree or 

network of interrelated scaffolds, defined by the iterative removal of pe-

ripheral rings from the Bemis and Murcko structure. The scaffold tree 

(Schuffenhauer et al., 2006) is one of these proposed methods in which a 

molecule is represented through a linear arrangement of sub-scaffolds, 

where during ring dissection only the ‘most peripheral’ ring is removed, 

determined by a series of  chemically intuitive rules. Aggregation of mul-

tiple linear graphs forms a scaffold tree. The scaffold network approach 

(Varin et al., 2011) deals with the ambiguity of determining the most pe-

ripheral ring by an exhaustive enumeration of all possible decompositions. 

Networks constructed from multiple molecules can be aggregated to form 

a large multipartite directed acyclic graph. The authors used constructed 

networks and trees for active series identification, identifying scaffolds 

statistically enriched for bioactivity using a method called compound set 

enrichment. With the increase in the availability of HTS data through plat-

forms such as PubChem, this analysis is useful in identifying scaffolds 

which may be further optimized into drug-like molecules. Scaffold net-

work and tree representations constructed for amodiaquine are shown in 

Figure 1. 

2 ScaffoldGraph 

ScaffoldGraph (SG) is a Python library and command-line interface (CLI) 

tool for the generation and analysis of scaffold networks, trees and various 

permutations of these concepts. SG focuses on being flexible and extensi-
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ble, integrating into the open-source Python scientific stack, enabling ef-

ficient data analysis and the ability to integrate into drug discovery pipe-

lines.  

Whilst there is existing open-source software capable of scaffold net-

work/tree construction, including Scaffold Network Generator (SNG) 

(Matlock et al., 2013) and Scaffold Hunter (Wetzel et al., 2009), SG aims 

to extend previous implementations through the implementation of addi-

tional features and through the provision of a library of methods for the 

construction and analysis of scaffold graphs. Some key features are high-

lighted below. 

 

Fig. 1. Scaffold network and tree representations of amodiaquine. The scaffold net-

work encompasses the whole diagram while the scaffold tree only constitutes the dotted 

path where the removed ring has been determined by a set of chemically intuitive rules. 

The top level scaffold, in this case level 3, will always represent the Bemis and Murcko 

scaffold while the subsequent levels represent the removal of a peripheral ring and the re-

sultant side-chains 

2.1 Features 

 The ability to construct both scaffold networks and scaffold trees. 

An option to construct HierS type scaffold networks (J. Wilkens et 

al., 2005) in which fused ring-systems are not dissected during the 

pruning procedure. 

 A utility to easily build custom rules and rule-sets for scaffold pri-

oritization during scaffold tree construction. 

 A utility for performing compound set enrichment (Varin et al., 

2011, 2010) using scaffold trees or networks coupled with a bino-

mial or Kolmogorov-Smirnov non-parametric hypothesis test. 

 Graph structures are built using NetworkX, thus providing the user 

with a familiar API and multiple graph analysis algorithms out-of-

the-box. 

 A CLI, analogous to that of SNG (Matlock et al., 2013), with the 

addition of a flexible and accessible Python library for ease of inte-

gration into data analysis pipelines for drug discovery. 

2.2 Performance 

SG offers substantial performance benefits compared to existing soft-

ware. Benchmarks were performed against SNG, the current best per-

forming software, using a random selection of 150,000 molecules from 

the PubChem assay 1063. All tests were performed on an Intel Core i7-

6700 3.4 GHz with 32GB of RAM.  

SG took 15m 25s to generate a scaffold network from the 150,000 

molecule dataset, while SNG took 27m 6s. SG can be run in parallel us-

ing multiple input sources, aggregating graphs after construction. When 

parallelized over 4 processes, SG took just 4m 29s to generate a scaffold 

network from the same 150,000 molecule dataset. 

2.3 Implementation 

SG is implemented in the Python programming language, built using the 

open-source cheminformatics package RDKit (Landrum, 2016) for pars-

ing and manipulating molecular structures, and the network analysis pack-

age NetworkX (Hagberg et al., 2008) providing graph structures which 

scaffold graphs are built upon. For the implementation of compound set 

enrichment, the SciPy library (Virtanen et al., 2019) is employed for non-

parametric hypothesis testing. Further implementation and usage details 

can be accessed at the GitHub repository. 

3 Conclusion 

SG provides an accessible Python library and command-line tool for the 

generation and analysis of scaffold networks and trees. Intended for use 

within drug discovery pipelines, SG extends existing implementations 

such as SNG, increasing the flexibility and accessibility of this type of 

analysis whilst improving performance.  
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