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Top 5 Cheminformatics Platforms: An In-Depth

Comparison

Introduction

Cheminformatics platforms are comprehensive software systems that enable the storage, analysis, and utilization of

chemical information in drug discovery. They provide tools for managing large chemical libraries, analyzing structure-

activity relationships (SAR), performing virtual screening, computing molecular fingerprints for similarity search,

predicting ADMET (Absorption, Distribution, Metabolism, Excretion, Toxicity) properties, and integrating with other

computational chemistry tools. In this report, we present an extensive comparison of five leading cheminformatics

platforms widely used by professionals in pharmaceutical R&D and computational chemistry. Each platform is

examined in terms of:

Chemical library management (handling of compound databases and queries)

SAR analysis and QSAR modeling (tools to relate chemical structure changes to biological activity)

Virtual screening (capabilities for ligand-based and structure-based screening)

Fingerprinting algorithms & similarity searching (types of molecular fingerprints and search metrics)

ADMET prediction models (built-in pharmacokinetic and toxicity predictions)

Integration with other tools (docking software, machine learning, etc.)

Supported data formats, databases, and APIs

User interface and usability

Licensing model (open-source vs commercial)

Following the individual platform reviews, a comparative analysis and summary table highlight the relative strengths

and unique features of each platform. All content is referenced from technical documentation, product literature, and

relevant studies to ensure accuracy and currency.

1. RDKit (Open-Source)

Overview: RDKit is an open-source cheminformatics toolkit (BSD-licensed) written in C++ with Python bindings [1]

en.wikipedia.org [2] en.wikipedia.org. It has become a de facto standard in the field due to its comprehensive

functionality, high performance, and active community. While RDKit is a library (not a standalone GUI application), it

underpins many cheminformatics workflows in Python scripts, Jupyter notebooks, and workflow tools like KNIME. It

provides robust core chemistry functions (molecule I/O, substructure search, fingerprints, descriptors, chemical

reactions, etc.) and is continuously updated with new algorithms by the community [3] pmc.ncbi.nlm.nih.gov.

Chemical Library Management: RDKit can read and write a variety of chemical file formats (SMILES, SDF, Mol, RXN,

etc.) and is often used to manipulate large compound collections in memory or in databases. A notable feature is the

RDKit PostgreSQL Cartridge, which allows storing molecules in a Postgres database and performing substructure

and similarity queries at the SQL level [4] medium.com. This cartridge accelerates searches by executing chemical

queries directly in the database engine without round-tripping through Python, enabling enterprise-scale library

management. RDKit supports molecular bulk operations (e.g., filtering, property calculations) and can easily interface

with Pandas data frames for SAR data tables.
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Structure-Activity Relationship (SAR) Analysis: While RDKit does not have a dedicated SAR GUI, it provides tools

to compute molecular descriptors (physicochemical properties, fragment counts, etc.) and fingerprints that can be

used in QSAR modeling. Users commonly pair RDKit with scientific Python libraries (scikit-learn, XGBoost, etc.) to

build predictive models. RDKit has built-in methods for matched molecular pair analysis (MMPA) to identify how

small chemical substitutions affect activity, which aids SAR exploration. For example, RDKit’s Chem.MolFragmenter

and MMP modules can enumerate pairs of compounds differing by a single substituent to highlight activity cliffs.

Additionally, RDKit can identify the Murcko scaffolds of molecules to analyze core vs. substituent contributions in a

series. The open nature of RDKit has led to many community-driven SAR tools—one recent example is an open-

source VSFlow workflow that uses RDKit for preparing compound databases and performing substructure- and

fingerprint-based screening [5] pmc.ncbi.nlm.nih.gov.

Virtual Screening: RDKit supports primarily ligand-based virtual screening approaches. It can perform extremely

fast substructure searches and 2D similarity searches on large libraries, especially when combined with the database

cartridge or in-memory fingerprint indices. RDKit implements multiple fingerprint types and similarity metrics

(discussed below), which are the basis for 2D similarity screening. These can be parallelized across CPU cores for

efficiency [5] pmc.ncbi.nlm.nih.gov. Beyond 2D methods, RDKit also includes some 3D capabilities: for example, it can

generate 3D conformers and utilize a shape alignment routine (RDKit’s Open3DAlign and shape comparison in

rdShapeHelpers ) to score 3D shape similarity [6] pmc.ncbi.nlm.nih.gov [7] pmc.ncbi.nlm.nih.gov. This enables ligand-

based 3D screening in workflows – while not as specialized or fast as dedicated shape-screening tools, it provides

basic 3D virtual screening within an open toolkit. For structure-based (docking) screening, RDKit does not have an

internal docking engine, but it can serve as a preprocessing tool (e.g., preparing ligand structures and protonation

states) and then interface with external docking software. Its integration in Python means RDKit can easily be scripted

alongside open-source dockers (such as AutoDock Vina or Smina) to build custom virtual screening pipelines.

Fingerprinting & Similarity Search: RDKit offers a rich set of molecular fingerprint algorithms and similarity

functions out-of-the-box. Supported fingerprints include: Morgan fingerprints (circular fingerprints akin to ECFP),

the classical Daylight-type path fingerprint (RDKit Fingerprint), Topological Torsion and Atom Pair fingerprints,

and MACCS keys among others [8] pmc.ncbi.nlm.nih.gov. The RDKit API allows generation of these fingerprints at

various lengths and radii, suitable for different tasks (substructure screening vs. general similarity). RDKit can

calculate similarity using many metrics – Tanimoto (Jaccard) is the default for binary fingerprints, but it also supports

Dice, Cosine, Tversky, Russel, Kulczynski and others [8] pmc.ncbi.nlm.nih.gov. In practice, Tanimoto on Morgan

fingerprints is widely used for similarity search and clustering. The performance and effectiveness of RDKit’s

fingerprints have been benchmarked in literature and found to be on par with commercial algorithms for many

applications [9] pmc.ncbi.nlm.nih.gov. As an example, RDKit’s Morgan fingerprint with radius 2 (equivalent to ECFP4) is

a popular choice for both similarity searching and as input features for machine learning models. RDKit also provides

a fingerprint similarity search function that given a query structure and a list of precomputed fingerprints can

return the ranked similar compounds, which is core to ligand-based virtual screening.

ADMET Prediction: Built-in ADMET modeling is one area where RDKit is relatively minimal. The toolkit itself focuses

on structural and chemical informatics functionality, so it does not come with pre-trained ADME/Tox predictive

models. However, RDKit can compute many molecular descriptors relevant to ADMET (logP, topological polar

surface area, Lipinski rule counts, etc.), which users leverage to develop or apply external ADMET models. For

instance, one can compute descriptors with RDKit and then use published QSAR models or train new models for

properties like solubility or toxicity. The open-source community provides some tools that integrate with RDKit for

ADMET; for example, the PaDEL-Descriptors (built on CDK) or Python packages like ADMETlab can be combined

with RDKit molecule objects. Another development is an RDKit-native extension to estimate pKa and tautomeric

stability using built-in algorithms [10] rowansci.substack.com, which, while not full ADMET, improves property prediction

capability. In summary, RDKit serves as a foundation to compute inputs for ADMET predictions, but the ready-to-use

predictive models (such as human intestinal absorption classifiers or toxicity models) must come from external data

or tools.

Integration & Extensibility: One of RDKit’s greatest strengths is its integration with other systems and ease of

extensibility. It has Python, C++, Java, and JavaScript interfaces, allowing it to plug into a variety of environments.

RDKit is widely used within KNIME via the RDKit KNIME nodes, enabling chemists to build workflows that incorporate
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RDKit functions without coding. (KNIME’s community extensions include nodes for RDKit for descriptor calculation,

substructure filtering, and more.) RDKit can also be called in Pipeline Pilot protocols through Python or custom

components, and its use in cloud pipelines (e.g., via Amazon AWS Lambda or as part of web services) is facilitated by

its open license. A testament to RDKit’s integration is that many other platforms and startups embed RDKit under the

hood. For example, SwissSimilarity and Pharmit web servers for virtual screening use RDKit for 2D cheminformatics

operations [11] pmc.ncbi.nlm.nih.gov [12] pmc.ncbi.nlm.nih.gov. The open-source chemfp library by Dalke Scientific can

use RDKit to generate fingerprints and perform fast Tanimoto search of millions of compounds [12]

pmc.ncbi.nlm.nih.gov. RDKit’s PostgreSQL cartridge, as mentioned, integrates cheminformatics queries into relational

databases – an analogous capability to commercial cartridges. Overall, RDKit’s open architecture and scripting

flexibility make it a “glue” that connects to docking programs, machine learning frameworks, visualization tools (e.g.,

RDKit has functions to generate 2D depictions and even 3D viewer widgets), and more. This integration flexibility is

highly valued in research informatics pipelines.

User Interface & Usability: Because RDKit is a library, it does not provide a native graphical user interface. Users

interact with RDKit through coding or third-party GUIs. This means a steeper learning curve for chemists unfamiliar

with programming, but it offers tremendous flexibility. Typical use cases involve writing Python scripts/notebooks to

process chemical data or using RDKit nodes in KNIME’s visual workflow interface. For visualization, RDKit can render

2D structure images (e.g., in notebooks or web apps) and highlight substructures in those depictions. Community-

developed GUIs exist in limited forms – for instance, an RDKit MolDB web app has been demonstrated for browsing

chemical databases, and tools like DataWarrior have some overlapping functionality (though DataWarrior uses its own

engine). In practice, RDKit’s “UI” is often a Jupyter notebook where chemists can interactively filter and analyze

compounds with code. For organizations, this code-centric approach can be automated and customized deeply, but

casual end-users may prefer wrapped solutions (like KNIME workflows or custom web dashboards built on RDKit).

Documentation for RDKit is extensive (including the RDKit Book and an active user mailing list), which aids usability

for those willing to engage with code.

Licensing: RDKit is open-source (BSD-3-Clause), allowing free use in both academic and commercial projects

without restrictions [1] en.wikipedia.org [2] en.wikipedia.org. This permissive licensing has encouraged widespread

adoption and contribution. Companies often deploy RDKit as part of their internal platforms to avoid re-inventing

cheminformatics basics. The open model also means there is no vendor support contract; instead, support comes

from the community and the maintainers (who are very responsive in forums). For many organizations, the cost and

freedom advantages of RDKit are significant, though they must allocate expert time for maintenance and development

of custom features as needed. In summary, RDKit provides a powerful, extensible toolkit at zero cost, with the trade-

off being the need for programming and the absence of an official GUI. It excels in fingerprinting, search, and general

cheminformatics capabilities [8] pmc.ncbi.nlm.nih.gov [5] pmc.ncbi.nlm.nih.gov, and it often underlies the other

commercial platforms or custom pipelines in drug discovery.

2. ChemAxon Suite (JChem, Marvin, etc.)

Overview: ChemAxon is a commercial provider of cheminformatics software whose suite (often referred to as JChem

suite or ChemAxon tools) is widely used in industry for enterprise-level chemical data management and computation.

Their offerings range from cheminformatics toolkits and servers to end-user applications. Notable components

include Marvin (a chemical drawing and editing tool), JChem Base and JChem Engines (back-end chemistry toolkit

and database indexing/search engine), JChem for Office (integrating chemistry into Excel), and newer solutions like

Design Hub (a collaborative molecular design platform) [13] chemaxon.com [14] chemaxon.com. ChemAxon’s tools cover

a broad spectrum: “compound data management, chemical search and drawing, property calculations and molecule

design” [15] chemaxon.com. The software is commercial (license-based) but free for academic use in many cases,

making it popular in both industry and academia for its robust capabilities.

Chemical Library Management: ChemAxon specializes in chemical database management solutions. Instant JChem

(IJC), one of their applications, allows scientists to create local chemical databases, register compounds, and query

them via a user-friendly interface. On the enterprise side, JChem Base and JChem Cartridge provide chemical

intelligence inside relational databases. For example, the JChem Oracle Cartridge and JChem PostgreSQL
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Cartridge extend those databases to natively store chemical structures and perform substructure, similarity, and

exact searches via SQL queries [16] docs.chemaxon.com [17] docs.chemaxon.com. This is analogous to RDKit’s Postgres

cartridge but ChemAxon’s technology has been production-hardened for years and supports Oracle, PostgreSQL, and

even Neo4j graph databases [18] docs.chemaxon.com. The library management extends to features like Compound

Registration systems (to enforce uniqueness and track metadata for compounds) [19] chemaxon.com [14]

chemaxon.com, and integrated tools to ensure data integrity (e.g., structure standardization and normalization via

ChemAxon’s Standardizer). ChemAxon’s tools can handle very large corporate compound collections with fast search

performance [20] docs.chemaxon.com [21] docs.chemaxon.com. In addition, ChemAxon provides chemical database

migration and synchronization tools, and its data management is often used in electronic lab notebooks and LIMS

systems via integrations.

SAR Analysis and QSAR: ChemAxon’s platform supports SAR analysis primarily through its toolkit and integration

with other analysis environments. For instance, Marvin Live/Design Hub provides a collaborative environment where

chemists can propose new analogs and immediately see computed properties and project data – effectively a tool for

SAR discussions (e.g., “ideation” around how structural changes might improve activity or ADMET). While ChemAxon

doesn’t have a standalone QSAR modeling GUI like Discovery Studio’s QSAR module, it offers extensive descriptor

calculation and an environment to build models. The Calculate Molecular Descriptors (GenerateMD) tool can

compute a wide range of descriptors (topological, structural, etc.), which can be exported for machine learning

modeling [20] docs.chemaxon.com [22] docs.chemaxon.com. Additionally, ChemAxon has introduced a Trainer Engine

and machine learning toolkit for building predictive models (this is a newer offering in their suite). The Trainer engine

allows users to train models on their own data for properties or activities, which can then be deployed as ChemAxon

plugins [23] chemaxon.com. This means that a scientist could generate a QSAR model (e.g., for potency or a physical

property) using ChemAxon’s framework and then have that model available for predicting new compounds. In terms

of SAR-specific analysis: ChemAxon’s MedChem Toolkit (part of JChem) includes functions for Matched Molecular

Pair analysis and fragmentation, similar to RDKit’s MMPA, which can highlight activity cliffs and suggest

transformations to improve activity [24] eyesopen.com. These functionalities are accessible through APIs or their web

interfaces but might require some scripting to fully leverage. Overall, ChemAxon provides the building blocks for SAR

and QSAR, integrated into its enterprise software, rather than a single monolithic SAR workflow tool.

Virtual Screening: ChemAxon offers both 2D and 3D ligand-based virtual screening tools, mainly under a product

family called Screen. The ChemAxon Screen Suite is a ligand-based virtual screening package that supports

pharmacophore-based screening, 2D similarity screening, and even a shape-based 3D screening module called

Screen3D[25] docs.chemaxon.com [26] docs.chemaxon.com. Screen3D is a command-line tool for rapid 3D screening: it

can align a database of conformers to a query conformer and rank by shape/pharmacophore similarity [25]

docs.chemaxon.com. For 2D screening, ChemAxon’s core engine can perform fast similarity and substructure searches

on large libraries (leveraging indexes in database or in-memory). They also provide tools for pharmacophore

analysis – for example, ChemAxon Pharm2D fingerprints represent pharmacophore features and can be used to

search for molecules with similar 3D pharmacophoric patterns [27] docs.chemaxon.com [28] docs.chemaxon.com. In a

typical workflow, a user might use ChemAxon’s pharmacophore elucidation (e.g., identifying common feature

patterns among actives) then use Screen to find new compounds matching that pharmacophore from a database. For

structure-based screening, ChemAxon does not develop a docking software themselves; however, their tools

integrate with third-party docking or can serve in pre/post-processing (e.g., using their Metabolizer to generate likely

metabolites of a compound and then docking those). Notably, because ChemAxon’s toolkits are available in

Java/.NET/Python, one can combine them with other screening tools: for example, use JChem for generating and

filtering a large library, then pipe the filtered candidates into a docking program. In summary, ChemAxon’s virtual

screening strength lies in fast chemical searching (2D/3D similarity, pharmacophore) rather than the full receptor-

based docking (they assume you’ll use other solutions for docking).

Fingerprinting & Similarity: ChemAxon’s JChem provides advanced fingerprinting and similarity search

capabilities[29] deeporigin.com. By default, ChemAxon uses a Chemical Hashed Fingerprint (a path-based

fingerprint) for structure search and similarity [30] chemaxon.com [31] docs.chemaxon.com. This fingerprint encodes

paths (up to a certain length) of atoms as hashed bits and is used for both substructure screen-out and similarity

scoring. In addition, ChemAxon fully supports Extended Connectivity Fingerprints (ECFP/FCFP) – circular

fingerprints analogous to those in RDKit – for similarity searching and clustering [32] docs.chemaxon.com. These

IntuitionLabs - AI Software for Pharma & Biotech A Comparative Analysis of Cheminformatics Platforms

© 2026 IntuitionLabs.ai - North America's Leading AI Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 5 of 30

https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=match%20at%20L1092%20,Upgrade%20Guide
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,Upgrade%20Guide
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=match%20at%20L2067%20,Services%20Classic%20History%20of%20Changes
https://chemaxon.com/#:~:text=molecular%20design%20and%20tracking%20platform,already%20stored%20in%20your%20database
https://chemaxon.com/#:~:text=
https://chemaxon.com/#:~:text=
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=JChem%20supports%20similarity%20search%20in,the%20visualization%20of%20hit%20sets
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=Similarity%20search%20in%20database%20could,depends%20on%20the%20used%20platform
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=JChem%20supports%20similarity%20search%20in,the%20visualization%20of%20hit%20sets
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=Descriptor
https://chemaxon.com/trainer-engine#:~:text=Trainer%20Engine%20,input%20data%20with%20high%20accuracy
https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=%2A%20Lexichem%20TK%20%20name,utilities%2C%20and%20molecular%20complexity%20metrics
https://docs.chemaxon.com/display/docs/introduction-to-virtual-screening.md#:~:text=Introduction%20to%20Virtual%20Screening,analysis%2C%20screening%20and%20selectivity%20optimizations
https://docs.chemaxon.com/display/docs/screen_licensing.md#:~:text=The%203D%20Screen%20license%20includes,also%20available%20as%20a
https://docs.chemaxon.com/display/docs/introduction-to-virtual-screening.md#:~:text=Introduction%20to%20Virtual%20Screening,analysis%2C%20screening%20and%20selectivity%20optimizations
https://docs.chemaxon.com/display/docs/introduction-to-virtual-screening.md#:~:text=Introduction%20to%20Virtual%20Screening,analysis%2C%20screening%20and%20selectivity%20optimizations
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=Similarity%20searching%20finds%20molecules%20that,metrics%20available%20for%20the%20calculation
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=The%20following%20descriptor,are%20available%20for%20similarity%20search
https://www.deeporigin.com/glossary/chemical-fingerprints#:~:text=Chemical%20Fingerprints%20,chemical%20fingerprints%20for%20library
https://chemaxon.com/discovery-tools#:~:text=Discovery%20Tools%20,based%20bit
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=Screen%20methods%20for%20similarity%20search
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,ECFP%2FFCFP
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf
https://intuitionlabs.ai/articles/cheminformatics-platforms-comparison?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf


extended fingerprints are available as an “add-on” (they require separate licensing or enabling in the configuration)

and can be stored in JChem database tables for search. Moreover, JChem includes pharmacophore fingerprints and

BCUT descriptors as optional descriptors for similarity or diversity analysis [32] docs.chemaxon.com. In practice, a

user can configure a JChem database to calculate multiple fingerprints for each molecule (e.g., both the default

hashed fingerprint and an ECFP6) and then choose which to use for a given similarity query. The similarity metrics

supported by ChemAxon include Tanimoto (default for fingerprints) and others like Tversky. The documentation notes

that by default JChem uses Tanimoto on the chemical hashed fingerprint for similarity, but other metrics can be

specified [30] chemaxon.com. Because ChemAxon focuses on enterprise solutions, they also allow custom descriptors

– users can define their own fingerprint or descriptor calculation and plug it into the search framework [31]

docs.chemaxon.com [33] docs.chemaxon.com. This extensibility is useful for organizations that develop proprietary

fingerprints or AI-driven descriptors. For chemical similarity searches, JChem is optimized for performance; it uses

screening functions and bit counts at the database level to quickly retrieve candidates above a similarity threshold.

One can perform diversity selection (picking a subset of compounds maximizing dissimilarity) using these

fingerprints as well, which is helpful in library design. Overall, ChemAxon’s fingerprinting is very comprehensive:

path-based, circular (ECFP), pharmacophore, reaction fingerprints (for searching similar reactions), and others

are all available [31] docs.chemaxon.com [34] docs.chemaxon.com. This breadth, combined with the database integration,

makes ChemAxon a gold standard for chemical search in many companies.

ADMET Prediction: ChemAxon has a dedicated suite of Calculators & Predictors which includes many

physicochemical property calculators and recently an ADMET Prediction module powered by machine learning [35]

chemaxon.com [36] chemaxon.com. Historically, ChemAxon provided deterministic predictors for properties like pKa

(Marvin’s pKa calculator is well-known for its accuracy), logP/logD, aqueous solubility, TPSA, etc., which are directly

useful for ADME. In recent years, they expanded into predictive modeling of ADMET endpoints: their ADMET Plugin

Group introduced in 2020s applies ML models trained on curated datasets [36] chemaxon.com. The first model they

released predicts hERG channel inhibition (a key cardiotoxicity risk) with a continuous pIC50 and classification output
[36] chemaxon.com. This hERG predictor uses a conformal prediction framework for reliability and even reports the

most similar known compounds from the training set to increase interpretability [37] chemaxon.com. Beyond hERG,

ChemAxon has added models for other endpoints (either available now or in development) – for example, they have a

human intestinal absorption (HIA) model, permeability and P-gp substrate models, etc., as can be gleaned from

their webinars [38] pmc.ncbi.nlm.nih.gov. The ChemAxon ADMET suite is also extendable by users: their Trainer

Engine allows you to take in-house data and retrain or improve the ML models [37] chemaxon.com [39] chemaxon.com.

This is valuable if your chemical space differs from the training set; you can tailor the ADMET predictions accordingly.

In addition to these ML-based models, all of ChemAxon’s classic predictors remain available: pKa prediction,

logP/logD, solubility prediction, metabolic site prediction, etc. For example, they offer a high-quality pKa predictor

and a solubility predictor that plots solubility vs pH profiles [40] chemaxon.com [41] chemaxon.com. They also have a

hERG toxicity design tool which combines the predictor with an optimizer to suggest modifications to reduce hERG

liability [42] docs.chemaxon.com [43] pmc.ncbi.nlm.nih.gov. Although not as extensive in number of endpoints as some

competitors (like BIOVIA’s many toxicity models), ChemAxon’s focus is on the most critical properties and providing

reliable, chemistry-aware predictions integrated into the chemist’s workflow (e.g., in Marvin or IJC you can click to

calculate these for any molecule).

Integration & Workflow Integration: ChemAxon tools are designed to integrate into various research informatics

environments. They provide extensive APIs in Java, .NET, and Python for developers. This means JChem functions

(like structure search, property calculation) can be called from custom scripts or web services. In fact, ChemAxon

offers a JChem Web Services package for deploying their functionality on a server accessible via REST/SOAP,

enabling enterprise applications to use cheminformatics remotely [44] docs.chemaxon.com. Integration with popular

workflow tools is also supported: ChemAxon has KNIME nodes for certain functions (e.g., Standardizer, Chemical

Terms evaluation) [45] docs.chemaxon.com, and components for Pipeline Pilot (the Standardizer Pipeline Pilot

component, for example, lets Pipeline Pilot protocols use ChemAxon’s structure cleaning) [45] docs.chemaxon.com.

Additionally, JChem for Excel is an integration that brings ChemAxon’s search and predict capabilities into Microsoft

Excel for chemists who prefer spreadsheets [46] docs.chemaxon.com. Another integration is with Spotfire and other

visualization tools, where ChemAxon’s backend can provide chemical intelligence in dashboards. Furthermore, many

ELN (Electronic Lab Notebook) and LIMS vendors integrate ChemAxon for their chemistry capabilities (e.g., for
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structure search or naming), attesting to ChemAxon’s role as an “engine” under the hood. The new Design Hub

platform is intended to integrate multiple aspects – it connects compound design efforts with computational

resources (like property calculators and maybe external docking or enumerations) [47] chemaxon.com. In summary,

ChemAxon’s software is built to be modular and pluggable, fitting into existing pipelines and enabling other software

to “speak chemistry” using ChemAxon’s toolkit. This integration-friendly approach, combined with enterprise support,

is a major reason many pharma companies standardize on ChemAxon for cheminformatics infrastructure [48]

chemaxon.com [15] chemaxon.com.

User Interface & Usability: ChemAxon provides both graphical user interfaces and developer-focused tools. On

the GUI side, the primary tools are Marvin and Instant JChem. Marvin (MarvinSketch/MarvinView) is a powerful

chemical drawing tool that also calculates properties on the drawn structure and can do interactive tasks like

protonation at different pH, resonance, etc. Marvin is known for a clean interface and is often used in the industry for

drawing and viewing structures (competing with ChemDraw, but with more cheminformatics built in). Instant JChem

(IJC) offers a desktop application to create databases, run queries, and visualize results in forms and tables – it’s

quite useful for medicinal chemists exploring SAR data without coding. IJC allows one to create queries by sketching

a substructure, filter by numeric data, and see links between chemical structure and assay data in a local

environment. For enterprise web UI, ChemAxon’s Design Hub (recently introduced) is a web application for team-

based compound design: chemists can propose new structures (via a web Marvin editor) and get immediate

calculated properties and registration into a database [14] chemaxon.com. This supports collaborative SAR analysis

(multiple users commenting and viewing data). In terms of usability, ChemAxon UIs tend to be very chemistry-centric

but require understanding of the specific app (IJC, for example, has a bit of a learning curve to set up forms and

database fields). On the developer side, the tools are very well-documented and come with example code, but using

the APIs requires coding in Java or Python. The Chemical Terms language is a unique feature: it’s a domain-specific

language to write expressions (like “acidicpKa() < 5 and logP() between 0 and 3”) which can be used to filter or

annotate compounds; it makes specifying complex chemistry queries more user-friendly especially in GUIs or

database queries [46] docs.chemaxon.com. Overall, ChemAxon strikes a balance between point-and-click tools for

chemists (Marvin, IJC, Design Hub) and flexible programmatic tools for informaticians. The user experience is

generally positive: e.g., MarvinSketch is often praised for its quick ability to run predictions (pKa, logP, etc.) with a

right-click, and IJC for enabling chemists to self-serve their data queries.

Licensing Model: ChemAxon’s software is commercial. They license components modularly (e.g., one can license

just the calculation plugins, or the database cartridge, etc., or an all-in-one license for everything). The licensing is

proprietary but they have a well-known free academic license policy – academic researchers can register for free

licenses to use most ChemAxon tools for non-commercial work. This has led to significant usage in academia and

many publications citing ChemAxon’s tools for property calculations or structure search. For commercial entities,

licensing costs can be significant, but they pay for dedicated support and continuous improvements. ChemAxon is

known for actively updating their software (annual or semiannual releases) and responsive support. The closed-

source nature means users rely on ChemAxon for bug fixes and cannot modify the code, but the trade-off is a very

polished and validated product. The JChem engine and calculators are also embeddable in other commercial

software under OEM agreements – for instance, some third-party software include ChemAxon chemistry capabilities

inside their product. In summary, ChemAxon provides a proprietary, enterprise-grade cheminformatics platform

used widely across pharma companies, valued for its strong database integration, accurate cheminformatics

algorithms, and a mix of end-user and developer tools [48] chemaxon.com [15] chemaxon.com.

3. OpenEye Scientific (Toolkits & Orion® Platform)

Overview: OpenEye Scientific offers a suite of cheminformatics and molecular modeling tools known both for their

performance and for pioneering new methods (especially in 3D chemistry). Historically, OpenEye provided toolkits

(SDKs) and standalone applications (e.g., ROCS for shape screening, Omega for conformer generation, OEDocking

for docking, etc.). In recent years, they introduced Orion, a cloud-based molecular design platform that integrates all

their tools in a collaborative environment. OpenEye’s philosophy emphasizes shape and electrostatics as key

molecular descriptors, reflecting in their products which excel in shape comparison and fast processing [49]
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eyesopen.com. Their software is commercial (with free academic licensing often available) and widely used in both

industry and academia for virtual screening, pose prediction, and more [50] eyesopen.com. We will consider both the

OpenEye Toolkits (which a developer can use to build custom cheminformatics applications) and the Orion platform

(an end-to-end solution in the cloud).

Chemical Library Management: Compared to some others, OpenEye historically focused less on general chemical

database management and more on virtual screening repositories. They did not offer a specialized chemical

registration or cartridge system akin to ChemAxon’s; instead, users often managed libraries as files or via other

databases, then used OpenEye tools for search. However, with Orion, library management is now part of the platform:

Orion’s cloud environment can store large collections of compounds (for example, corporate compound collections or

vendor libraries like ZINC or Enamine REAL) and index them for rapid search and retrieval via its web UI. Under the

hood, Orion likely uses cloud database technology and OpenEye’s GraphSim TK for handling fingerprints [51]

eyesopen.com. In the toolkit realm, OpenEye provides OEChem TK, which includes core chemistry functions and can

handle reading/writing many file formats (SMI, SDF, MOL2, PDB, their internal OEB format, etc.) [52] eyesopen.com [53]

eyesopen.com. It allows basic operations like substructure search in a given set of molecules loaded in memory, but on

its own OEChem does not include a persistent database server. Instead, OpenEye relied on efficient file-based and in-

memory algorithms. For example, they popularized the use of binary OEB files which are optimized for fast I/O of

molecules with 3D coordinates and properties, to streamline handling millions of molecules. For persistent storage

and management, OpenEye usually integrates with a client’s existing database or now encourages using Orion’s

managed storage. Orion’s UI provides capabilities to filter and browse compounds, arrange them into datasets, and

track results from screening runs. In summary, OpenEye’s strength in library handling is more about speed and

capacity in reading and processing large libraries (e.g., Omega can enumerate billions of conformers quickly, ROCS

can screen millions of compounds against a query shape) rather than relational database features or SAR data

management forms. The Orion platform has filled some of those gaps by adding user-friendly data management (one

can think of Orion as combining a database, a workflow engine, and visualization).

SAR Analysis: OpenEye tools are not primarily designed for classical SAR table analysis – they lack a built-in

equivalent of a QSAR model builder or a GUI to plot activity vs property. However, they do provide certain unique

SAR-related capabilities. One notable component is the MedChem TK in the OpenEye Cheminformatics Toolkit [24]

eyesopen.com, which includes tools for Matched Molecular Pair analysis and fragmentation. This toolkit can

automatically find pairs of molecules differing by a single fragment and compute changes in properties, facilitating

analysis of how small chemical changes impact an endpoint. It also provides molecular complexity metrics and

other medchem analytics [24] eyesopen.com. In Orion’s environment, SAR analysis is more manual: a user can import

assay data and molecular structures and then use Orion’s plotting and spreadsheet views to analyze correlations.

Orion notebooks (which are essentially Jupyter notebooks in the cloud) allow combining OpenEye calculations with

Python data science libraries, so a power user could do a full SAR analysis pipeline (calculate descriptors with

OpenEye’s MolProp TK, use scikit-learn for QSAR, etc., all within Orion). But this requires programming. There is no

canned “QSAR wizard” in OpenEye’s offering as of now, unlike in Schrödinger or BIOVIA. Where OpenEye contributes

to SAR insight is through visual and 3D perspective: for example, their tool Szmap can analyze water

thermodynamics in binding sites, and SPR (Shape Property Relationship) analysis can be done with ROCS overlays

to see how shape and chemistry differences might correlate with activity. Additionally, OpenEye has a tool called

Spicoli TK for shape and surface analysis, which might be used to compare compounds in terms of 3D

complementarity. These are more specialized than classical SAR, but for a project where 3D alignment of actives

reveals key differences, OpenEye’s tools are invaluable. In summary, OpenEye’s approach to SAR is qualitative and

3D-focused, often used in hit-to-lead to understand why certain analogs bind better by shape/electrostatic

reasoning, rather than to quantitatively model activity from descriptors (which others cover).

Virtual Screening: Virtual screening is a core strength of OpenEye. They provide tools for both ligand-based and

structure-based screening that are considered industry-leading in certain categories:
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Ligand-Based Screening (2D/3D): OpenEye’s ROCS (Rapid Overlay of Chemical Structures) is a well-known program for 3D

shape-based virtual screening. It finds compounds with similar shape (and optional pharmacophoric features) to a query molecule,

and it’s prized for identifying scaffold-hops that 2D fingerprints might miss. ROCS can handle large libraries, especially with the

FastROCS toolkit which leverages GPU computing for real-time shape similarity on millions of molecules [52] eyesopen.com [53]

eyesopen.com. This gives OpenEye a unique edge in 3D ligand-based screening – it’s often cited as the gold standard for shape

comparison [54] pmc.ncbi.nlm.nih.gov [55] pmc.ncbi.nlm.nih.gov. In 2D screening, OpenEye provides the GraphSim TK, which

generates 2D fingerprints and performs similarity searches [56] eyesopen.com. They have their own fingerprint types (OpenEye’s

default fingerprint is path-based; they also support MACCS keys and fragment fingerprints). A user can compute a Tanimoto

similarity search using GraphSim either in memory or via Orion’s dataset queries. For substructure search, OEChem TK has a fast

substructure search algorithm; Orion likely has indexing to support substructure queries on its stored datasets. Additionally,

OpenEye’s chemfp integration (they collaborated with the chemfp library author) allows very fast Tanimoto searches using bitsets.

The ligand-based screening in Orion can be done through Floes (workflow recipes): e.g., they provide ready-to-run workflows for

similarity search or ROCS screening where the user inputs a query and a dataset, and the cloud distributes the computation.

Structure-Based Screening: OpenEye’s FRED (Fast Rigid Exhaustive Docking) is a docking program for structure-based virtual

screening. It systematically docks ligands into a receptor site and scores them. FRED (and a newer alternative, HYBRID, which

combines ligand’s known pose with docking) are part of OpenEye’s applications. In Orion, docking is implemented as a task that

can run on a protein with a given library. They also have tools to prepare receptors (Spruce TK) and to filter compounds (e.g., by

property using MolProp TK or by substructure using SMARTS) before docking. While FRED historically wasn’t as flexible as some

competitors (it’s rigid docking by default), it is extremely fast, making it suitable to screen large libraries with some trade-off in

accuracy. OpenEye also integrates 4D docking (ensemble docking with multiple receptor conformations) and provides scoring

functions like Chemgauss. Another piece, Omega for conformer generation, ensures ligands have good 3D conformations before

docking or shape screening [57] eyesopen.com. The combination of Omega + ROCS + FRED allows a full virtual screening pipeline

entirely within OpenEye’s ecosystem.

Other Screening Methods: OpenEye has unique offerings like EON (for electrostatic similarity screening, comparing fields after

aligning by shape) [58] eyesopen.com and Brood (for fragment replacement screening, similar to bioisosteric replacement by

searching fragment databases). Their Bioisostere TK can generate new analogs by swapping fragments with similar 3D context
[58] eyesopen.com. These are useful for lead optimization virtual exploration.

Given this robust set, OpenEye covers virtual screening thoroughly. Many benchmarking studies show that using

shape-based screening (ROCS) or docking (FRED) can enrich actives early in the hit list [59] pmc.ncbi.nlm.nih.gov [60]

pmc.ncbi.nlm.nih.gov. The key advantage of OpenEye’s screening is speed at scale: they enable running ultra-large

screens (millions to billions of molecules) in feasible time, particularly via Orion’s cloud resources and GPU

acceleration [61] pmc.ncbi.nlm.nih.gov.

Fingerprinting & Similarity: OpenEye’s cheminformatics includes both 2D and 3D fingerprinting. For 2D, as noted,

GraphSim TK covers generation of fingerprints and their similarity. The types of fingerprints available in GraphSim

include: path fingerprints (like Daylight-style), circular (OpenEye likely has its version of ECFP called “radial”

fingerprints in some contexts), and MACCS keys. They also have fragment-based fingerprints and the ability to create

custom ones. The GraphSim toolkit can compute Tanimoto and other similarity coefficients quickly, and can produce

similarity matrices for clustering. For 3D, OpenEye uses Shape fingerprints – rather than bitstrings, shape similarity

is usually computed by ROCS via alignment and volume overlap metrics (like TanimotoCombo). However, to expedite

screening, they have shape descriptors that can be hashed as well (for example, a shape fingerprint to prefilter

grossly dissimilar shapes). In addition, Pharmacophore fingerprints are used: ROCS can incorporate chemical

feature matching (via color force field), and OpenEye’s Shapefinger (in older literature) was a pharmacophore

fingerprint. Within Orion, one can also use a tautomer-aware canonicalization and charge normalization (via

Quacpac TK) before fingerprinting to ensure consistency [62] eyesopen.com. Another interesting aspect is OpenEye’s

focus on electrostatics – their toolkits allow assigning partial charges and computing electrostatic potential (via

Poisson-Boltzmann with Zap TK) [63] eyesopen.com; they consider these in similarity (their EON tool aligns molecules

by shape then compares electrostatic potential maps as a similarity measure). While that goes beyond simple

fingerprints, it’s part of their broader definition of molecular “similarity.” For developers, the OpenEye toolkit

documentation provides guidance on how to pick or tune fingerprint parameters for various uses.

ADMET Prediction: Traditionally, OpenEye has not offered a broad suite of ADMET property predictors or toxicity

models. Their domain has been more in physical chemistry properties and geometry: for instance, they have MolProp

TK which calculates properties like logP, PSA, rule-of-5 counts, etc., and can filter molecules based on those [56]
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eyesopen.com. They also have partial charge and pKa tools (via Quacpac TK for charges and maybe a basic pKa

predictor for functional groups, though not as extensively developed as ChemAxon’s). However, OpenEye does not

have, for example, a human PK predictor or a toxicity model library in the way Discovery Studio’s TopKat or

ChemAxon’s ADMET plugins do. Their strategy appears to be integration: Orion being a cloud platform can

incorporate third-party models. In fact, Orion notebooks and Floes could call out to services like ADMETlab or

pkCSM or use user-provided ML models. It’s plausible that OpenEye may have partnered or integrated some ADMET

predictors behind the scenes, but publicly, no dedicated OpenEye ADMET product exists. One relevant feature is

filtering: OpenEye’s filters (like their implementation of REOS (Rapid Elimination of Swill) or PAINS filters) help

eliminate compounds with problematic features (reactive, toxicophores) as a preliminary step [64] nodepit.com. This

can be considered a simple toxicity mitigation. Additionally, SMARTS filters for functional groups known to be toxic

or unstable are provided in their toolkits. Another area is metabolism: the OpenEye Metabolizer tool (if included via a

partner) might predict metabolic transformations, but it’s not a core OpenEye product (ChemAxon has a

“Metabolizer”; OpenEye has a toolkit called OEMetabolite if memory serves, which predicts likely sites of metabolism

via CYP, but details are sparse). By and large, users who need ADMET predictions in an OpenEye workflow either

write custom code to call external models or use a combination of rules and simple predictors. This is arguably a gap

in OpenEye’s own portfolio, typically filled by other software in a pipeline.

Integration & Platform Integration: OpenEye’s offerings are highly integrative especially with programming

environments. The OpenEye Toolkits are provided for C++, Python, Java, and .NET, with consistent APIs across

languages [65] eyesopen.com. This means an informatician can script any OpenEye functionality (from reading

molecules to docking) in Python or incorporate it into a web server or pipeline. The ease of use is illustrated by Pat

Walters’ anecdote that after struggling with open-source tools, using OpenEye’s OEChem made certain parsing tasks

straightforward due to its robust API [66] eyesopen.com. The toolkits enable creating custom applications – many

pharma companies wrote internal tools using OEChem/ROCS for specialized needs. Moreover, OpenEye has

integration points with third-party software: for example, their toolkit can export data in OEGraphSim format that can

be read in Pipeline Pilot; their applications like Omega and ROCS were available as Pipeline Pilot components or

KNIME nodes via community nodes (though not officially distributed, some users have wrapped them). Software

integration partners (as hinted on their site) include other cheminformatics providers who incorporate OpenEye tech
[67] eyesopen.com. For instance, Dotmatics’ screening software incorporated OpenEye’s cheminformatics at one point.

The biggest integration leap is Orion®: Orion is built to be an all-in-one platform where different tools connect

seamlessly. It provides a workflow system (called Floes) that connect operations like Lego blocks – e.g., take a

dataset from a registration system, enumerate tautomers (Quacpac TK), generate conformers (Omega TK) [68]

eyesopen.com, do a shape search (ROCS TK) [69] eyesopen.com, then dock top hits (OEDocking TK) [69] eyesopen.com,

all in the cloud with results presented in a web UI. Orion also integrates Jupyter Notebooks within the platform, so

scientists can write code using OpenEye’s Python toolkits and beyond. This fosters integration with machine learning

libraries (PyTorch, RDKit, etc. can be pip-installed in the Orion conda environment). Essentially, Orion aims to be a

hub that ties together not only OpenEye’s tools but any other Python-based tool, with job distribution on a cloud

backend. The outcome is high interoperability: you could, for example, use RDKit within Orion notebooks alongside

OpenEye (taking advantage of each’s strengths). On the licensing side, OpenEye’s academic licensing has led to

integration in many academic projects (it’s free to academics but not open source, so code linking to OEChem is

typically for internal use). In summary, integration is a strong point: OpenEye provides flexible SDKs and now a cloud

platform that integrates tools and data for the user.

User Interface & Usability: Historically, OpenEye’s focus was command-line tools and programming, which meant a

higher barrier for non-programmers. They provided a few GUIs: VIDA is a 3D molecular visualization and analysis GUI,

useful for viewing molecules, alignments, and docking poses; it’s akin to PyMOL or Maestro’s viewing capabilities

(VIDA can be used to manually superimpose molecules, browse a list of compounds, and apply interactive filters).

Szmap GUI and others existed for niche analysis of waters, but those were specialist. With Orion, the user

experience has transformed: Orion is a web-based GUI where users can do a lot with minimal coding. It provides a

drag-and-drop workflow builder (for Floes) and an interactive results viewer. For example, after a virtual screen,

Orion can show plots of score vs property, interactive 3D views of molecules in the binding site directly in the

browser, etc. The Orion UI includes chemical spreadsheet views where you can sort and filter by properties, and

clicking a molecule brings up 2D/3D depictions. It’s designed to be collaborative: multiple users can log in, share
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data, and even share live notebook sessions. Usability wise, Orion took OpenEye’s powerful engines and made them

accessible to chemists who prefer graphical interfaces. Of course, to set up custom workflows or analysis beyond the

provided templates, some coding might be needed (hence the integration of Jupyter for power users). The learning

curve for Orion is moderate: familiarity with the underlying concepts (like what a ROCS search does, or how to set up

a docking receptor) is required, but the platform guides you with forms and defaults for each task. Outside of Orion, if

a user is working locally, they usually have to rely on either command-line tools or their own scripts – the

documentation and examples are thorough for those. OpenEye’s support and user community (via their forums or

direct support) are known to be very helpful, which improves practical usability for customers. In summary, older

OpenEye tools were very much experts’ tools, but Orion has opened them up to a broader range of scientists through

a modern UI.

Licensing: OpenEye’s model is commercial with free options for academics. Their toolkits and applications require

a license file. Academic researchers can request licenses at no cost, which has made OpenEye tools popular in

academic computational chemistry (leading to numerous papers using ROCS, Omega, etc.). For industry, OpenEye

licenses can be on-premise (for the toolkits/apps) or via subscription to Orion cloud. The Orion platform is offered as

a SaaS (software as a service) where companies pay for usage (compute time, storage, etc.) and possibly a platform

fee. One advantage OpenEye has is flexibility: if a company has strict data policies, OpenEye can still license the

toolkits for on-premise use, or they can deploy a private Orion instance. The licensing covers different toolkits in

suites (Cheminformatics vs Modeling suite, as listed on their site [70] eyesopen.com). Because it’s not open-source,

users cannot modify the core algorithms, but the company is very science-driven and often publishes the methods

they implement (e.g., the scientific advisory board and publications list is extensive [71] eyesopen.com). Users

therefore trust the quality and can cite the underlying methods. OpenEye’s software tends to be high performance but

fairly priced for its capability; still, it’s a significant investment for a smaller company. In summary, licensing is closed

source with commercial support, and the academic generosity has seeded its adoption widely. Users value that the

toolkits are stable and maintained (with, e.g., quarterly releases [72] eyesopen.com) and that they can rely on vendor

support if needed.

4. Schrödinger Suite (Maestro, LiveDesign, Canvas, etc.)

Overview: Schrödinger provides a comprehensive suite of computational chemistry and cheminformatics tools that

span from quantum mechanics to enterprise informatics. In the context of cheminformatics, Schrödinger’s platform

includes Maestro (the main graphical user interface), various modules like Canvas (cheminformatics analysis and

QSAR), Phase (pharmacophore modeling), Ligand Designer/LiveDesign (collaborative web platform), Glide

(docking), QikProp (ADME properties), among others. The Schrödinger suite is commercial and widely used in both

industry and academia, especially for structure-based drug design, but it also has strong ligand-based informatics

capabilities. Schrödinger invests heavily in R&D, and their tools often incorporate the latest methods (including

machine learning approaches in recent years). Their solution can be seen as two-fold: a desktop environment

(Maestro) for experts and an enterprise web platform (LiveDesign) for collaborative chemistry data analysis.

Chemical Library Management: Schrödinger’s suite traditionally did not include a full chemical database like an

ELN; instead, it focused on allowing users to import, generate, and manage lists of molecules within Maestro or via

external databases. In Maestro, chemists can handle Project Tables which list compounds, their properties, and

activities – effectively acting as a local SAR table. You can filter, sort, and select subsets in these tables and link to

3D views or 2D depictions. For enterprise-level library management, Schrödinger introduced LiveDesign, a web-

based platform for data sharing and project management. LiveDesign allows teams to load their project compound

data (from corporate databases or file uploads), view and edit structures (with a web sketcher), and run

computational tasks on selected compounds. It serves as a kind of chemistry-aware database where biologists and

chemists can collaborate on SAR data in real time. LiveDesign is typically backed by an Oracle or PostgreSQL

database under the hood to store compound information, and it integrates with the Schrödinger computational

backend to populate calculated properties or docking scores for those compounds. Another Schrödinger component

is Ligand Depot (in older terms) for storing and retrieving large compound libraries for virtual screening, though now

that function might be subsumed by LiveDesign or their data service layer. The suite also supports integration with
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external databases through Pipeline Pilot or KNIME nodes – e.g., one can fetch compounds from a corporate registry

and then use Schrödinger’s Canvas or Glide on them. In essence, Schrödinger’s strength is not so much in being the

primary compound registry (most companies use other systems for registration) but in linking to those systems and

providing rich analysis on the data. The LiveDesign platform specifically addresses the need for medicinal chemists to

manage and annotate their series in one place, replacing a lot of ad-hoc Excel tracking with a structured, searchable

repository that is chemically intelligent.

SAR Analysis and QSAR: Schrödinger provides robust tools for SAR and QSAR analysis, primarily via Canvas and

newer machine learning tools. Canvas is a cheminformatics workbench that can compute a wide array of molecular

descriptors (it includes hundreds of 2D and 3D descriptors), generate fingerprints, and perform clustering, diversity

selection, and QSAR model building. For example, Canvas supports multiple fingerprint types – referred to in

documentation as dendritic, linear, radial, and MolPrint2D fingerprints [73] pmc.ncbi.nlm.nih.gov – which correspond to

different algorithms (radial = circular/Morgan-like, linear = path-based, dendritic = tree-based fragments, MolPrint2D

= atom environment fingerprints). These are used as input for similarity searches or for QSAR modeling. Canvas can

build QSAR models using methods like kNN, Bayesian (Naive Bayes), Random Forest, and particularly PLS (Partial

Least Squares) and other regression techniques. It provides facilities for cross-validation and test set validation, and

outputs statistics to judge model quality. A user can use Canvas via a GUI (Maestro has dialogs that are essentially

Canvas under the hood) or via KNIME nodes (Schrödinger’s KNIME integration offers nodes for computing

descriptors, building models, etc. with Canvas) [74] nodepit.com [64] nodepit.com.

For more advanced modeling, Schrödinger has introduced AutoQSAR in the past and more recently

DeepAutoQSAR[75] schrodinger.com. These are workflows to automate the training of machine learning models

(including deep learning) for QSAR, including ADMET endpoints. DeepAutoQSAR, for instance, can automatically try

different descriptors (including Morgan fingerprints or Schrödinger’s custom fingerprints) and algorithms to produce

an optimized model, say for solubility or potency. Schrödinger emphasizes interpretability in some of their ML tools

(for example, visualizing which part of a molecule contributes to activity).

In terms of SAR analysis outside of pure modeling, Schrödinger’s LiveDesign platform enables visual SAR

exploration: you can create plots (e.g., activity vs. property, or R-group analysis charts), and it has an automated

matched molecular pair analysis feature to highlight key substitutions between analogs and how they correlate with

activity (this is a fairly new addition, likely leveraging a combination of Canvas and custom code). Additionally, Phase

(pharmacophore modeling) helps define SAR in terms of 3D features: e.g., identify common pharmacophore

hypotheses from a set of actives and then see which analogs fit or violate those features. Schrödinger’s emphasis on

linking structure with properties is also evident in 3D QSAR: they have a module for CoMFA-like 3D-QSAR (although

it’s less used nowadays compared to machine learning).

Moreover, Schrödinger supports Matched Pair analysis and core hopping via tools like Fragment Hotspot Maps

and linking with their synthetic ideation tool Spark (similar to Bioisostere replacement, though Spark is actually a

Cresset product they might integrate rather than Schrödinger’s own).

Virtual Screening: Schrödinger’s suite is a leader in both ligand-based and structure-based virtual screening, often

used in drug discovery projects:

Structure-Based Screening: Schrödinger’s Glide docking software is one of the top-performing docking programs in

independent benchmarks. It’s used for virtual screening of libraries against a protein structure. Glide has multiple precision modes

(HTVS for high-throughput virtual screening, SP for standard precision, XP for extra precision) that trade speed for accuracy. For a

typical campaign, one might dock millions of compounds in HTVS mode to get an initial ranked list, then redock top hits in XP

mode for more rigorous scoring. Schrödinger also provides ensemble docking tools, and integration with their Virtual Screening

Workflow (VSW), which automates running Glide on multiple protein structures and collating results. They have tools to handle

protein preparation (Protein Preparation Wizard) and ligand protonation/tautomer states (LigPrep), which are crucial for docking

quality. Glide’s scoring functions and the ability to incorporate constraints (like required interactions) make it very versatile. Given

a prepared library (often using their **Phase shape screen or Canvas filters to narrow down first), Glide can efficiently screen it.

Schrödinger also offers CovDock for covalent docking if needed (special case). The docking results are analyzed in Maestro where

visual inspection and further filtering (by interactions or properties) can be done.
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Ligand-Based Screening: Schrödinger’s Phase tool allows pharmacophore-based virtual screening. A pharmacophore hypothesis

(a set of abstract features like hydrophobic regions, H-bond donors, etc., in 3D arrangement) can be derived from known actives

and then used to search databases of 3D conformers for molecules that match that feature pattern. The Phase database creation

and search are optimized for speed, enabling screening of large sets with pharmacophores. Additionally, Schrödinger has a feature

called 2D Similarity search (Canvas) and a relatively new tool known as GPU-accelerated 2D similarity in LiveDesign referred to

as GPUSimilarity[12] pmc.ncbi.nlm.nih.gov. GPUSimilarity uses GPU hardware to rapidly compute 2D fingerprint similarities for

an “interactive” experience on very large libraries (this was an innovation to allow chemists in LiveDesign to search huge corporate

databases in seconds by structure similarity).

Another ligand-based method is shape screening – Schrödinger has a tool (integrated via the Shape Screening

node or within Maestro) that performs 3D shape comparison akin to ROCS. In fact, their shape screening method can

use the existing aligned poses (from Phase or from known ligands) and compare volumes. It’s not as publicized as

ROCS, but it’s available (they had a tool named ShapeToolkit for a while). The NodePit entry suggests a Shape

Screening node in KNIME [64] nodepit.com, indicating Schrödinger does provide shape similarity capabilities.

Furthermore, Schrödinger uses clustering and diversity selection (via Canvas) to pick representative subsets for

screening when dealing with extremely large libraries. And once hits are found, their Ligand-Based Enumeration

tools (like Reaction-Based Library enumeration) can suggest analogs to further explore SAR around hits.

Hybrid Approaches: Schrödinger also supports using ligand-based filters before docking (for example, using 2D

similarity to known actives to enrich a library) or using pharmacophore constraints during docking (via Phase-

Consensus). They also have a technique called Field-Based QSAR (PHASE LRR) which is somewhat like 3D-

QSAR.

In summary, Schrödinger’s virtual screening is very comprehensive: Glide ensures state-of-the-art structure-based

screening [76] pmc.ncbi.nlm.nih.gov [77] sciencedirect.com, Phase/Shape/2D similarity cover ligand-based approaches,

and tools like Filter (LigFilter) can apply property and substructure filters (like Lipinski, PAINS) easily. Many projects

use Schrödinger to triage libraries and move promising candidates forward.

Fingerprinting & Similarity: The Schrödinger suite includes multiple fingerprinting methods primarily through

Canvas. As mentioned, Canvas offers varied 2D fingerprint types (linear, radial, dendritic, MolPrint2D) for flexible

use in similarity and modeling [73] pmc.ncbi.nlm.nih.gov. Radial fingerprints in Canvas correspond to circular

fingerprints (like ECFP), which are often used for potency modeling. MolPrint2D captures atom environment patterns

(good for certain bioactivity comparisons). Canvas also can compute pharmacophore fingerprints for use in Phase.

Schrödinger’s similarity search by default likely uses a path or circular fingerprint with Tanimoto; however, they often

emphasize that different fingerprints capture different aspects, so they let the user choose or even fuse similarities.

For example, they might recommend using both shape and 2D similarity in tandem to prioritize compounds (diversity

selection often uses multiple metrics in Canvas).

In the context of databases, LiveDesign’s GPUSimilarity presumably uses an ECFP-like fingerprint on GPU, which

indicates they have a custom bit-vector that’s optimized for GPU calculation of Tanimoto (likely fixed length and

possibly proprietary design for speed).

Additionally, 3D fingerprints exist in Schrödinger’s arsenal: Phase pharmacophore scoring is effectively using a

fingerprint of aligned feature matches. They have also had a pharmacophore key that can represent molecules in

terms of distance patterns of features (like binary encoding of “has two H-bond donors 8 Å apart” etc.).

Similarity searching in Schrödinger’s tools is accessible both in Maestro (there’s a panel for similarity search within

a project or an external set) and programmatically. If using KNIME, the Canvas Fingerprint node and Similarity

nodes allow calculating and comparing fingerprints [64] nodepit.com. The Similarity Matrix node can compute all-by-

all similarities for a set, which can be used for clustering or identifying close pairs [78] nodepit.com.

One hallmark of Schrödinger is that their fingerprint and similarity implementations have been validated in various

studies. For instance, their dendritic fingerprints (related to Carhart fingerprints) and their similarity methods have

been discussed in literature about enhancing 2D similarity searching [79] tandfonline.com [80] mdpi.com. They even tried

strategies like combining multiple fingerprints or incorporating feature frequencies (bits scaled by information

content) to improve finding novel actives [79] tandfonline.com.
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ADMET Prediction: Schrödinger provides ADMET property prediction primarily through QikProp and newer ML

models. QikProp is a program that quickly predicts a range of ADME-relevant properties based on empirical QSPR

models and rules. For a given molecule, QikProp outputs ~50 properties, including: aqueous solubility (SlogS), Caco-

2 permeability, brain/blood partition coefficient (logBB), percentage human oral absorption, plasma protein binding,

multiple logP variants, and counts of structural alerts (like #metabolite sites, #P450 inhibitors likely, etc.). It also flags

if a molecule is outside the “95% known drug space” for certain properties (with so-called #stars). QikProp has been

a staple for guiding medicinal chemistry optimization to avoid compounds with poor ADMET profiles [81] pubs.rsc.org

(for example, “this compound has 2 QikProp stars due to too high CNS MPO” etc.).

Additionally, Schrödinger, through its collaboration with Enzymelogic (in the past) and internal efforts, has offered

specific predictive models like hERG inhibition prediction and pKa predictions (they had a tool called Epik for pKa).

For toxicity, they don’t have as broad a suite as BIOVIA’s TopKat, but some common toxicity endpoints are partially

covered by QikProp’s rules (mutagenicity alerts by structural patterns, etc.).

The new front is machine learning-based ADMET: Schrödinger’s DeepChem (or DeepAutoQSAR) efforts allow

building high-accuracy models for specific properties using modern algorithms [75] schrodinger.com. They have likely

internal models for things like hERG or liver toxicity built from public data, possibly available in LiveDesign or as

scripts. In fact, LiveDesign allows deploying custom models so that a chemist can see predicted values in the web

app for new compounds instantly. Schrödinger acquired the company Pharmacopeia’s informatics assets years ago

(which included some ADME models) and more recently acquired DeepChem, a deep learning library, which they are

leveraging to create better ADMET predictors.

Integration & Workflow Integration: Schrödinger’s tools are integrated within their own ecosystem and can be

connected externally via several means. The Maestro GUI acts as the central hub: from Maestro, a user can launch

virtually any tool (docking, QSAR model building, etc.) and the outputs are collected in projects. The suite also

provides command-line utilities for all tasks, which allows automation and integration. For instance, one can script a

workflow: use LigPrep (command-line) to prepare molecules, run QikProp (CLI) to get properties, run Glide (CLI) for

docking, etc., chaining them in a shell script or Python script. Many organizations integrate Schrödinger CLI tools into

Pipeline Pilot or KNIME. Schrödinger actually distributes a KNIME extension that wraps a good portion of their

functionality (as seen, descriptors, QikProp, shape screening nodes, etc.) [64] nodepit.com. This means you can drag-

and-drop Schrödinger tasks in a KNIME workflow and combine them with other nodes (including open-source ones).

This is quite powerful for informatics groups who want to incorporate, say, an RDKit filter node followed by

Schrödinger docking node in one pipeline.

For enterprise integration, Schrödinger’s LiveDesign has an API that allows other software to push or pull data from

it. LiveDesign is often integrated with corporate databases (e.g., automatically pulling new assay results into the

platform, or pushing newly designed compounds to a registration system). Schrödinger also supports RESTful web

services for some components via a product called Seurat in the past (maybe phased out now with LiveDesign taking

that role).

Another integration angle is data formats: Schrödinger’s Maestro (.mae) format is their rich chemical structure

format. They provide converters to SDF, SMILES, etc., and even have an SDF reader/writer node in KNIME or Pipeline

Pilot. They aim to ensure that their tools can both read common formats and export results in those formats for use

by others.

The suite also offers programming APIs: for example, Canvas has a Java API, and MacroModel (forcefield engine)

has scripting. In recent years, Schrödinger embraced Python in Maestro via a package called schrodinger Python

API (affectionately known as “PyMOL for Maestro” in concept) which allows automation of tasks in Maestro and

even extending its GUI.

User Interface & Usability: Schrödinger’s primary user interface is Maestro, a powerful but complex application that

has evolved over decades. Maestro is a unified GUI where users can do everything from drawing a molecule to

visualizing protein-ligand complexes to running analyses. It’s known for its high-quality graphics and interactive tools

(e.g., to mutate residues in a protein, to adjust ligand pose in real-time, etc.). However, Maestro’s breadth means it

has many panels and options, which can be daunting. Schrödinger has improved usability by introducing task-
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oriented wizards (e.g., a wizard for Virtual Screening Workflow that guides the user through preparation, docking, and

analysis). Still, new users often require training to use Maestro effectively.

To cater to a broader user base (especially synthetic chemists and project team members), Schrödinger developed

LiveDesign – a much simpler web interface that focuses on the data and basic modeling tasks. LiveDesign’s UI

presents compounds in a spreadsheet, with activity data and properties, and allows easy creation of plots and

reports. For example, a chemist can draw a new analog in the web sketcher, and LiveDesign will automatically

calculate properties like logP (via QikProp or another model) and maybe even run a docking or a similarity search

workflow in the background, then show the results. This is far more accessible to non-modeling experts than using

Maestro. It essentially hides the complexity and just shows the outcome (e.g., “Your new compound is predicted to

have low clearance and forms a hydrogen bond to the target according to the docking model”).

From a usability standpoint, Schrödinger invests in documentation and training – they have extensive user manuals,

online tutorials, and support staff. They also run user group meetings to share best practices. The integration of so

many tools in one interface (Maestro) can be a double-edged sword: convenience if you know it well, but confusing if

you don’t know where to find a particular function.

It’s worth noting that Schrödinger’s suite is often praised for its accuracy and scientific depth, so experienced users

value Maestro despite its learning curve, because it gives fine control (e.g., customizing a force field parameter or

selecting which water molecules to keep in docking). Meanwhile, LiveDesign addresses the needs of quick

design/test cycles and communication between computational chemists and bench chemists.

Licensing: Schrödinger operates a commercial licensing model. Different modules (dock, quantum,

chemoinformatics) can be licensed separately or as part of bundles. It can be one of the more expensive options,

reflecting the high level of support and continuous development. Academic licensing is offered at a reduced cost, and

they sometimes provide free licenses for teaching or limited projects, but broadly it’s paid software for all users. It’s

not open-source; however, Schrödinger has occasionally open-sourced some components (for example, they

contributed to the Open Source Mesmer project for kinetics, and they maintain an open repository of Python scripts

for Maestro).

For enterprise customers, Schrödinger offers site licenses and token-based floating licensing (the tokens allow

flexible use of various modules – e.g., use the same tokens for a docking job today or a Desmond molecular dynamics

job tomorrow). LiveDesign is usually an enterprise-level purchase with server setup, etc. The cost is justified for many

pharma companies by the productivity gains and the top-tier accuracy of their simulations (some note that using

Schrödinger’s tools helped yield clinical candidates, etc.).

One aspect to highlight: Schrödinger collaborates with users (many publications from them and their users show

validation of their methods). As such, though one cannot see or alter Glide’s source code, one can trust it has been

rigorously validated and any issues can be reported for fixes.

In summary, Schrödinger’s cheminformatics platform is an integrated, high-performance commercial suite

featuring strong modeling and informatics tools, offering solutions for both expert modelers (Maestro/Canvas) and

broad R&D teams (LiveDesign). It requires a financial investment and training, but provides an end-to-end

environment from compound design to predictive modeling to data analysis.

5. BIOVIA (Discovery Studio & Pipeline Pilot)

Overview: BIOVIA (a Dassault Systèmes brand, formerly Accelrys) offers Discovery Studio and Pipeline Pilot,

among other products, which together form a comprehensive cheminformatics and modeling platform. Discovery

Studio (DS) is a GUI application that provides molecular modeling, simulation, and informatics capabilities, while

Pipeline Pilot is a workflow automation platform that can be used to string together various computational

components, including cheminformatics tasks. BIOVIA’s solutions are widely used in pharmaceutical companies,

especially those that have legacy from Accelrys days, and are known for their extensive ADMET and QSAR modeling
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tools as well as integration with enterprise informatics (registries, ELNs). The BIOVIA suite is commercial

(proprietary) software typically used in enterprise settings.

Chemical Library Management: Discovery Studio itself has basic chemical database functionalities – one can import

datasets of compounds (SDF, SMILES) and view them in table form, apply filters, etc., but it is primarily a modeling

environment rather than a database system. For robust library management, BIOVIA relies on Pipeline Pilot and

associated components. Pipeline Pilot’s Chemistry Collection provides components for reading/writing compound

files, querying corporate databases, and performing cheminformatics operations in a pipeline [82] 3ds.com. Companies

often use Pipeline Pilot as the “data plumbing”: for instance, retrieving compounds from a registration system,

applying filters (like removing compounds with undesirable substructures), calculating properties, and storing results

or feeding them into modeling tools. Pipeline Pilot workflows (or “protocols”) can be executed on a server, enabling

automated processing of very large libraries (millions of compounds) in a scalable way. It’s essentially a visual

programming tool specialized for scientific data – in cheminformatics, one can drag components like “Read SD File”,

“Filter by SMARTS”, “Compute Molecular Properties”, “Save to Database”, and chain them. This was a popular solution

for enterprise cheminformatics pipelines before KNIME rose as an alternative.

Additionally, BIOVIA’s Accord chemical database (an older product line) and nowadays Dassault’s 3DEXPERIENCE

platform can serve as the data backbone for compound information. Pipeline Pilot can connect to these or to any SQL

database to facilitate library management tasks.

Discovery Studio includes Chemical Spreadsheet views and a “Database Search” interface (which can connect to

local or remote databases via ODBC with chemical cartridges, e.g., it can connect to an Oracle with a chemistry

cartridge to run substructure searches). It’s often used to query the built-in DS sample databases like binding pocket

databases or available ligand libraries. However, daily compound registration and inventory is usually handled by

other BIOVIA products (like BIOVIA CISPro or Compound Registration system) which Pipeline Pilot can interface

with.

SAR Analysis and QSAR: Discovery Studio is particularly rich in tools for SAR and QSAR. It offers a QSAR workflow

that guides users through dataset preparation, descriptor calculation, model building, and validation [83] 3ds.com [84]

3ds.com. DS can calculate a large number of descriptors: physicochemical (e.g., logP, molecular weight, counts),

topological indices, BCUT moments, pharmacophore fingerprints, etc. [85] 3ds.com. It also has 3D descriptors if

needed (from molecular fields). For modeling, it supports methods such as Multiple Linear Regression, PLS, various

machine learning methods (including decision trees and Bayesian nets in newer versions), and a signature Laplacian-

Modified Bayesian method which was notably used (Accelrys’s Naïve Bayes implementation was published as

effective in many cases) [86] pubs.acs.org.

DS emphasizes model validation – it computes applicability domain (they term it Model Applicability Domain, MAD)

and does automatic cross-validation and holds some data for test by default [84] 3ds.com. The user is given extensive

statistics and charts to assess model robustness. A standout feature is the integration of Matched Molecular Pairs

(MMP) analysis within DS: as part of QSAR, DS can identify activity cliffs by MMP and highlight transformations that

cause big changes [87] 3ds.com. This ties into SAR analysis by showing which R-group changes are beneficial or

detrimental.

Beyond purely statistical QSAR, DS includes pharmacophore analysis (Catalyst). In fact, Discovery Studio inherited

the Catalyst software (one of the earliest pharmacophore modeling tools). This allows generating 3D pharmacophore

hypotheses from SAR data (common features among actives, with chemical feature mapping), and those hypotheses

can be used to screen libraries or to understand SAR (e.g., a pharmacophore model may explain why a certain

substitution kills activity – it might violate a needed feature). The DS interface allows interactive pharmacophore

editing and aligning molecules to pharmacophores.

Discovery Studio also has tools for 3D-QSAR like CoMFA (Comparative Molecular Field Analysis) and CoMSIA,

reflecting legacy from Catalyst and other older tools. These require molecular alignment and then compute field

values to correlate with activity. They are less frequently used today but were a key part of many projects historically.

For general SAR table analysis, DS’s interface allows one to link the chemical structures with tabular activity data. It

can color-code R-groups by activity contribution or do series analysis if provided with defined R-group tables. In
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practice, medicinal chemists might still prefer exporting data to Excel or using visualization tools, but DS provides an

all-in-one environment so that you could, for example, filter compounds by an SAR query (like find all analogs with a

particular scaffold and see their activities) and then feed those into modeling or predictive tasks.

Virtual Screening: Discovery Studio covers both ligand-based and structure-based virtual screening:

Structure-Based: DS includes LibDock and CDOCKER as its docking engines. LibDock is a fast algorithm that

places ligands into binding site hotspots (based on polar and apolar feature mapping) and was designed for high-

throughput docking. CDOCKER is a CHARMM force-field-based docking (with some MD-based random

placement) that does simulated annealing; it is slower but can account for receptor flexibility to an extent. DS

provides workflows to run virtual screening on a compound library (which can be an SDF list loaded into DS, or

retrieved via Pipeline Pilot from a DB). After docking, DS can analyze the poses, apply scoring filters, and even

run a Consensus Scoring module (combining multiple scoring functions). There’s also support for specialized VS

methods like receptor pharmacophore search – using 3D queries derived from the protein pocket.

The results of docking can be visually analyzed in DS’s 3D View, and DS has nice features like showing the pose and

allowing the user to click through compounds ranked by score. One can also do batch minimizations or rerank by

more rigorous free energy methods (DS has a module for approximate MM-PBSA rescoring).

Ligand-Based: The legacy Catalyst pharmacophore search (now part of DS) is a key ligand-based VS method.

You can generate a pharmacophore from known actives (possibly with excluded volumes to indicate steric

constraints) and then search a library for molecules that satisfy the pharmacophore. DS includes a large library of

chemical features and allows tolerance adjustments for matching. This method can screen large databases

reasonably fast, especially if the compounds have pre-computed conformations (DS can generate conformers for

each compound prior to screening, which Pipeline Pilot can also do as a step).

Additionally, DS has a 2D similarity search and fingerprint-based diversity selection. The DS fingerprints

(sometimes referred to as “FB fingerprints” or ECFP-like) can be used with a Tanimoto search to find compounds

similar to a query. For example, DS’s similarity search was used in many projects (the UI allows drawing a structure

and searching within an open library file or an external database via a configured connection, returning a ranked list

of hits). The search uses Tanimoto coefficient and one can set a threshold or number of hits to retrieve [88]

onlinelibrary.wiley.com. DS supports multiple fingerprint types, including FP2-like (path) and ECFP-like (circular); by

default, it might use their extended connectivity fingerprint for similarity.

Shape-based screening in DS is available via a feature called Shape Search (which leverages an algorithm similar to

ROCS, possibly licensed from an older OpenEye or in-house development). It aligns molecules by shape and can

include pharmacophoric feature scoring. There’s also FlexS for flexible 3D alignment in older versions (from a Tripos

integration perhaps).

Quantitative virtual screening: DS can combine filters like Lipinski, toxicophore filters (it has a panel to apply known

SMARTS for toxic groups), etc., to narrow down libraries before or after screening. Many users set up multi-parameter

virtual screening workflows in Pipeline Pilot: e.g., take top 1000 from docking, filter by ADMET predictions (using DS’s

ADMET models), then take those to a pharmacophore filter, etc. The integration of DS with Pipeline Pilot means you

can orchestrate complex screening cascades automatically.

Fingerprinting & Similarity: Discovery Studio has its own set of molecular fingerprints. For example, DS fingerprints

include: Extended Connectivity Fingerprint (ECFP6), Functional-Class Fingerprint (similar to FCFP), Atom Pair,

Topological Polar Surface Area bits, among others. It definitely includes the classic Unity fingerprints (from Catalyst)

for pharmacophore features. In one research reference, DS was noted to have a “global fingerprint” of length 177,031

bits in some similarity context [89] pmc.ncbi.nlm.nih.gov, which indicates it might have concatenated various sub-

fingerprints or used a high-dimensional fingerprint for fine granularity. That same context suggests DS’s similarity

search can handle very large bit strings and count common bits effectively [90] pmc.ncbi.nlm.nih.gov.

DS uses these fingerprints for similarity searching and clustering. For example, one can cluster a compound set in DS

by Tanimoto similarity using a chosen fingerprint, to identify chemical series in a diverse collection.
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In Pipeline Pilot, the Fingerprint Calculate component allows one to generate different types of fingerprints (Pipeline

Pilot’s native ones or those from DS if integrated). There is also Similarity Search component where you feed a query

structure and a list and it yields hits above a threshold.

In terms of similarity techniques, DS’s implementations are quite optimized in C++ and can be executed in parallel by

Pipeline Pilot. They support the standard metrics like Tanimoto, Dice, etc.

ADMET Prediction: This is a hallmark of Discovery Studio – it comes with an extensive suite of ADMET and toxicity

predictive models. Under the ADMET section in DS, one can calculate numerous properties for a set of molecules
[91] 3ds.com [92] 3ds.com. Some key ADMET descriptors and models included are:

Absorption: e.g., Human Intestinal Absorption (HIA) level [93] 3ds.com, Caco-2 permeability, Skin permeability.

Distribution: Plasma Protein Binding level, Blood-Brain Barrier penetration category [92] 3ds.com.

Metabolism: CYP2D6 binding/inhibition predictions [92] 3ds.com, likely also CYP3A4 or others (DS has a P450 substrate

likelihood model).

Excretion: Not directly predicted, but solubility and TPSA give clues.

Toxicity: DS includes the TOPKAT® module (acquired from a company years ago), which provides QSTR models for toxicity

endpoints [94] 3ds.com [95] 3ds.com. These cover a comprehensive list: Ames mutagenicity [96] 3ds.com, rodent

carcinogenicity (with both NTP and FDA datasets) [96] 3ds.com, developmental toxicity, rat LD50, chronic LOAEL, fish and

daphnia toxicity, etc. [96] 3ds.com [97] 3ds.com. Each of these models in TopKat is a regression or classification model built on

experimental data, typically using descriptors like electrotopological (Estate) indices, and are rigorously validated with the

proprietary “Optimal Predictive Space” method to know when a prediction is outside the training domain [94] 3ds.com. DS

provides these as ready-to-use – you input a molecule and get, for example, an Ames probability and a confidence.

Additionally, DS has models for things like aquatic toxicity (fathead minnow LC50, daphnia EC50) [97] 3ds.com,

biodegradability, hERG liability (maybe not originally, but possibly added in later versions), skin sensitization, and

more [96] 3ds.com [97] 3ds.com. The breadth of ADMET in DS is a strong point; no other platform in this list has such an

out-of-the-box panel of many toxicity endpoints.

For ADME, DS also covers physicochemical predictions: e.g., aqueous solubility classification (good/moderate/poor),

pKa predictions (there was a module, possibly using an internal algorithm or even an integration of something like

Marvin but likely their own), LogP and LogD, P450 site of metabolism prediction (which highlights likely metabolic soft

spots on the molecule).

From a workflow perspective, a user can run an ADMET Batch on hundreds or thousands of compounds in DS or via

Pipeline Pilot, and get a table where each compound has columns for each predicted property. This is invaluable for

triaging virtual screening hits or guiding medchem decisions (e.g., eliminate those predicted to have high toxicity or

low absorption).

Integration & Workflow Integration: BIOVIA’s strength is enterprise integration. Pipeline Pilot is the cornerstone

here. It allows integration of DS modeling components, third-party programs, data sources, and custom scripts into

unified workflows. For example, one could create a Pipeline Pilot protocol that for each new compound from an ELN,

automatically does: calculate ADMET (using DS models), do an initial pharmacophore screen vs a target model, dock

top conformer in a protein (via DS’s CDOCKER engine), and then output a report with all results. All that can be done

without manual intervention, and results could be pushed to a database or emailed. This level of integration is why

Pipeline Pilot became a key tool in informatics groups. It is user-friendly for developers (visual programming) but

requires expertise to set up initially.

In addition, DS and Pipeline Pilot integrate with Excel, Spotfire, and other applications. For example, Pipeline Pilot

has a component to output results to Spotfire for dynamic visualization. They also integrated with KNIME to some

extent (there were some community KNIME nodes for Accelrys components long ago, but Pipeline is often seen as a

competitor to KNIME).
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BIOVIA also ensures integration with Dassault’s 3DEXPERIENCE platform now, meaning DS can be part of a larger

system that includes materials science, biology data, etc. Through standard formats and APIs, DS can consume data

from corporate data lakes.

User Interface & Usability: Discovery Studio provides a rich GUI that is somewhat analogous to Schrödinger’s

Maestro in scope, but perhaps more modular in approach. DS has multiple “perspectives” or workspaces: e.g., one for

Small Molecule (ligand) modeling, one for Macromolecule (protein) modeling, one for Sequence analysis, etc. The UI

allows you to do common tasks via wizards – e.g., ADMET prediction is a simple dialog where you check which

models to run. The 3D visualization in DS is advanced, supporting not just viewing structures but also making

publication-quality images, and interactive tasks like aligning molecules or building homology models (DS has a built-

in Homology modeling suite as well).

However, DS’s interface can be heavy and sometimes slow, especially when dealing with big systems (the client is

Windows-based, historically requiring significant resources). It’s generally user-friendly for those familiar with

chemistry software, but it does have a learning curve due to the breadth of features. Many medicinal chemists used

DS mainly for viewing protein-ligand interactions or running an occasional property calculation, while modelers used

the deeper functions.

Pipeline Pilot’s interface is a graphical workflow canvas. It’s very intuitive for those with programming logic

understanding: protocols are drawn as flow charts. For a computational chemist who doesn’t code in text, Pipeline

Pilot offered a way to automate tasks by connecting components. One could even deploy Pipeline Pilot protocols as

web services or web forms (Accelrys had a feature called Dashboard to expose certain pipelines to end users

through a simplified web interface). This allowed creating simple UIs for, say, “upload a molecule set, press run to get

ADMET predictions and download an Excel” which bench scientists could use without seeing Pipeline Pilot itself.

In terms of documentation and support, BIOVIA (Accelrys) provided comprehensive manuals for each DS module and

Pipeline Pilot component. Because DS/PP have been around a long time, many practitioners are well-versed in them.

The downside might be that the software (especially Pipeline Pilot) can seem dated in UI design compared to modern

tools, but it’s very functional.

Licensing: BIOVIA’s offerings are commercial enterprise software. Discovery Studio is sold as packages (with

different levels including different modules – e.g., one might license the base modeling, plus the ADMET module,

etc.). Pipeline Pilot is licensed typically per server and by number of users, and there are add-on collections (the

Chemistry Collection, the Imaging Collection, etc.). These can be costly, and historically Pipeline Pilot was a

significant investment, which led some groups to adopt KNIME as a free alternative. However, for those who have it,

Pipeline Pilot often becomes a backbone that’s hard to replace, given all the custom protocols built over years.

Academic use of DS is less common than Schrödinger or others, partly because licensing might not be free or as

accessible (though some academic sites do have it). Accelrys did offer free licenses for an older version (DS

Visualizer) which had limited functionality mainly for viewing. But the full ADMET and modeling suite is typically

commercial-only.

The integration of DS & Pipeline Pilot with Dassault’s 3DEXPERIENCE means that licensing is now often bundled into

larger enterprise deals. This may allow a company to cover everything from lab notebook to data analysis in one

package, but it also means it’s very much targeted at enterprise customers.

Overall, BIOVIA’s cheminformatics platform (DS + Pipeline Pilot) offers breadth and proven technology – particularly

excelling in ADMET predictive models and flexible workflow integration – at the cost of a proprietary ecosystem that

requires investment and maintenance. Many big pharma have historically used these tools as their primary informatics

workhorses and still do, though competition from newer tools and open-source alternatives is increasing.

Comparative Analysis of Platforms

Each of the five platforms excels in certain areas and has trade-offs. The following comparative overview summarizes

their characteristics:
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Library Management & Database Integration: ChemAxon and RDKit stand out for direct database integration (ChemAxon with

Oracle/Postgres cartridges, RDKit with Postgres cartridge) enabling in-database chemical searches [98] medium.com [31]

docs.chemaxon.com. Pipeline Pilot (BIOVIA) provides broad data pipeline capabilities connecting to various data sources, making

it very strong for enterprise integration, though it relies on underlying databases rather than being a database itself. Schrödinger’s

LiveDesign and OpenEye’s Orion represent newer cloud-based approaches to library management, emphasizing collaborative data

sharing; LiveDesign connects with internal databases and enables live SAR data exploration, while Orion provides cloud storage

and on-demand computing for large libraries. OpenEye historically did not manage databases directly, focusing on efficient file-

based handling, but Orion now fills that gap with cloud databases. In terms of scalability, RDKit and ChemAxon engines have been

benchmarked on millions of molecules for substructure and similarity search and perform robustly [9] pmc.ncbi.nlm.nih.gov [20]

docs.chemaxon.com. Pipeline Pilot can scale by distributing tasks across servers (it’s used in many pharma for nightly processing

of corporate collections). Orion and LiveDesign leverage cloud and server infrastructure respectively for scaling; for example,

Orion has demonstrated screening ultra-large libraries (100+ million compounds) using distributed GPUs [61]

pmc.ncbi.nlm.nih.gov.

SAR & QSAR Analysis: All platforms support SAR analysis but with different approaches. Schrödinger and BIOVIA Discovery

Studio provide the most integrated QSAR modeling workflows with GUI wizards and extensive descriptor sets. Discovery Studio

has the largest library of pre-modeled endpoints (ADMET and toxicity QSAR models) and detailed QSAR validation tools [84]

3ds.com [94] 3ds.com, making it a strong choice when you need ready-made predictive models and a guided QSAR process.

Schrödinger’s Canvas is similarly powerful in descriptor calculation and model building, and their AutoQSAR/ML tools have

advanced, especially with deep learning options [75] schrodinger.com. ChemAxon offers descriptor calculation and an ML engine

but requires more user input to train models (no out-of-the-box activity models, but ability to create your own) [37]

chemaxon.com. RDKit provides all the pieces for QSAR (descriptors, fingerprints) but leaves model building entirely to the user

via programming or integration with scikit-learn. OpenEye has focused less on traditional QSAR; it contributes via matched

molecular pair analysis (MedChem TK) [24] eyesopen.com and shape/field analyses to elucidate SAR, but it doesn’t have a native

QSAR model builder GUI. For purely exploratory SAR (medicinal chemistry insight rather than predictive modeling), platforms that

offer interactive SAR tables and MMP analysis in a user-friendly way include LiveDesign (with interactive plots and matched pair

highlights) and ChemAxon’s Design Hub (for tracking series and seeing real-time property updates). Pipeline Pilot isn’t an

interactive SAR tool by itself but can generate SAR reports (and even automate feeding data into Spotfire or Excel for

visualization).

Virtual Screening: In structure-based virtual screening (docking), Schrödinger (Glide) and OpenEye (FRED) are both top-tier in

speed and accuracy, with Glide often noted for higher accuracy in pose prediction and enrichment, and FRED/HYBRID noted for

speed with large libraries. Schrödinger’s ecosystem also includes various post-docking filters (e.g., MM-GBSA rescoring) which

can improve hit rates. Discovery Studio’s docking (LibDock/CDOCKER) is capable but generally considered a bit behind Glide in

terms of scoring accuracy; however, DS integrates additional things like considering protein flexibility and water placement which

can be advantageous in some cases. RDKit doesn’t do docking internally, but an RDKit user might combine it with external free

dockers (AutoDock Vina, etc.) – meaning more assembly required compared to out-of-the-box solutions in commercial tools.

Ligand-based screening: Each platform shines differently: OpenEye’s ROCS is arguably the best-in-class for shape-based

screening [55] pmc.ncbi.nlm.nih.gov, which Schrödinger and BIOVIA also support but not as prominently. Schrödinger’s Phase is

a leader in pharmacophore-based screening and is comparable to BIOVIA’s Catalyst/DS pharmacophore in capability (both are

powerful; Phase has more advanced alignment and visualization, Catalyst has a longer legacy and a large user base). ChemAxon’s

Screen3D provides shape/pharmacophore screening as well, but it’s perhaps less widely used than ROCS/Phase. For 2D similarity

screening, all platforms support it: RDKit, ChemAxon, and Schrödinger’s Canvas all do fast fingerprint searches (with Schrödinger

even leveraging GPU for speed [12] pmc.ncbi.nlm.nih.gov). ChemAxon and RDKit allow in-database similarity search which is

valuable for enterprise (no need to export huge libraries). High-throughput vs. accuracy: Schrödinger and OpenEye offer tunable

precision (fast vs. slow exhaustive modes) so users can decide how to balance speed vs. thoroughness in screening. Pipeline Pilot

can orchestrate multi-step screening funnels combining these methods (often a practice in pharma: e.g., use fingerprint similarity

and pharmacophore to filter, then dock). Orion and LiveDesign are unique in providing cloud-based on-demand screening: Orion

can spin up a hundred AWS instances to dock a million compounds overnight, and LiveDesign’s GPU similarity means a chemist

can get an instant answer from a big database. This immediate, on-demand aspect is a newer paradigm compared to scheduling

jobs on local clusters.
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Fingerprinting and Similarity Techniques: All platforms implement standard 2D fingerprints (path-based, circular, keys). RDKit

and ChemAxon both include all common types (and ChemAxon even has reaction fingerprints) [31] docs.chemaxon.com [32]

docs.chemaxon.com. Schrödinger Canvas provides multiple proprietary fingerprint types which have been tuned for different

tasks (sometimes giving an edge in particular QSAR problems) [73] pmc.ncbi.nlm.nih.gov. OpenEye’s toolkit and ChemAxon’s

toolkit allow custom fingerprint definitions, which is useful for research. When it comes to similarity search performance,

ChemAxon’s and RDKit’s fingerprint search are very optimized (with ChemAxon possibly slightly faster in a database context due to

chemical hashing optimizations, and RDKit benefiting from Python ease for small/medium sets and the optimized cartridge for

large sets). The availability of different similarity metrics (Tversky, Dice, etc.) is pretty uniform across them; RDKit explicitly

supports many metrics [8] pmc.ncbi.nlm.nih.gov, ChemAxon allows various metrics by configuration [30] chemaxon.com,
Schrödinger Canvas also supports different coefficients. 3D similarity: OpenEye leads with shape and electrostatics, Schrödinger

and BIOVIA both offer 3D pharmacophore fingerprints. RDKit even has a rudimentary shape comparison [6] pmc.ncbi.nlm.nih.gov.
In practice, for a medicinal chemist, if 2D similarity is the interest, any platform can generate a similarity map or list. If one wants to

do something like “find me novel cores with similar shape and polarity distribution as my lead”, OpenEye’s ROCS/EON is often the

first choice [54] pmc.ncbi.nlm.nih.gov, with Schrödinger’s Phase Shape or Cresset’s tools (not in our five) as alternatives. Another

aspect is fingerprint detail vs. interpretability: e.g., Schrödinger’s MolPrint2D can pinpoint which atom environments are

matching between two molecules, giving some interpretability. RDKit and ChemAxon can highlight substructure overlap for

common bits via their APIs. In summary, all five platforms have mature fingerprinting engines; differences come down to small

advantages in flexibility or performance and the ease with which a chemist can deploy these tools (e.g., GUI-based similarity

search in DS/Schrödinger vs. needing to code in RDKit – though KNIME nodes and things like DataWarrior GUIs can fill that gap for

RDKit).

ADMET and Predictive Models: BIOVIA Discovery Studio has the most extensive built-in ADMET and toxicity models[93]

3ds.com [94] 3ds.com. This makes it very appealing for comprehensive safety profiling in silico; one can get a full panel of

predictions without extra model training. Schrödinger provides key ADME predictors through QikProp (covering many absorption

and distribution-related properties in one go) [81] pubs.rsc.org, but fewer pre-built toxicity models – however, Schrödinger’s

machine learning infrastructure now allows users to build custom ADMET models (and likely Schrödinger will provide more default

models over time, possibly via cloud updates). ChemAxon has strengthened in ADMET with its new plugins (like hERG and others)
[36] chemaxon.com, which cover some crucial endpoints with modern ML; it’s a smaller selection compared to DS but possibly

more adaptable (since ChemAxon allows retraining with in-house data) [37] chemaxon.com. OpenEye doesn’t natively cover

ADMET broadly, so if ADMET is a priority, one would use OpenEye for other tasks and rely on a complementary solution for ADMET

(or integrate something like those free web servers or a custom model in Orion). RDKit by itself has no ADMET models, but its

open nature means it’s often used as the basis to develop or deploy ADMET prediction (for instance, one could implement

published QSAR models using RDKit to compute descriptors). For an organization that cannot purchase commercial software, an

RDKit + open data approach can yield basic ADMET filters (though not as extensive or validated as DS’s TopKat models). In

summary, for immediate out-of-the-box ADMET: DS is top, Schrödinger covers the basics, ChemAxon offers key models in an

extensible way, RDKit/OpenEye require external add-ons.

Integration with Other Tools: Pipeline Pilot (BIOVIA) is arguably the most integrative platform because it’s designed to connect

diverse tools – it has components for everything from running a Schrödinger job to parsing an Excel to calling an RDKit script, all in

one workflow [99] pmc.ncbi.nlm.nih.gov [100] pmc.ncbi.nlm.nih.gov. However, it’s a specialized environment mostly within

companies that invested in it. KNIME is an alternative integrative platform, and here RDKit and Schrödinger have strong presence

(with official or community nodes). ChemAxon and RDKit can both plug into KNIME and Pipeline Pilot (ChemAxon even has specific

Pipeline Pilot components). Schrödinger integrates well with KNIME (official extension) [74] nodepit.com, and they also allow

command-line integration in any environment. OpenEye Orion is itself a kind of integration platform but mostly for OpenEye and

Python tools – it may not natively run, say, a Schrödinger Glide job (unless you install Glide on the same cloud and call it via

command-line, which is unusual). LiveDesign integrates specifically Schrödinger tasks and data, but also can connect to Pipeline

Pilot or custom scripts via its server API. RDKit, being open, can integrate with basically anything (you can embed RDKit in a web

app, a database, a script triggered by an ELN, etc.). If we consider flexibility and openness: RDKit is supreme (open-source and

embeddable), ChemAxon is closed-source but provides many API hooks and interoperability options (and supports various

OS/languages, making it integration-friendly in heterogeneous environments). Schrödinger and BIOVIA tend to be more self-

contained, but Schrödinger has opened up interfaces (Python API, KNIME nodes) to play well with others. OpenEye is half-way:

great APIs for coding, but historically not as plug-and-play with external GUIs (though in Orion one could incorporate external code

via notebooks).
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User Interface & User Base: If an organization needs a friendly GUI for medicinal chemists or experimental scientists,

Schrödinger’s LiveDesign and BIOVIA’s Discovery Studio (plus possibly their newer web offerings) are very suitable. LiveDesign is

purely web-based and designed for project team interactions – a big trend in the last few years is to get chemists to use a web

platform rather than installing software, and LiveDesign addresses that. Discovery Studio is a traditional desktop GUI with a rich

feature set – might be preferred by computational power users who want to visually inspect protein structures and such in detail

while also doing cheminformatics. Maestro (Schrödinger) is also a desktop GUI which is extremely feature-rich but can

overwhelm novices. ChemAxon provides Marvin (excellent for drawing but not an analysis GUI per se) and Instant JChem (useful

for chemists to manage their data, albeit somewhat dated interface). Many chemists are familiar with Marvin for drawing (it’s

integrated in a lot of electronic lab notebooks for structure input), and JChem for Excel which lets them work in spreadsheets with

chemical intelligence – that’s a big plus for adoption among those who live in Excel. OpenEye didn’t have an all-purpose GUI

before, but with Orion, any user with a browser can run complex workflows; however, Orion currently tends to be used by

computational scientists rather than bench chemists because setting up the workflows or notebooks requires expertise, though

pre-built Floes can be one-click executed by anyone with access. RDKit as mentioned has no native GUI, but its integration into

KNIME and other open tools means users can indirectly get a visual interface; still, it’s mainly in the realm of coders or those

comfortable with KNIME.

Licensing and Cost: RDKit (open-source) is free and highly attractive to those with coding skills or who can use it via KNIME. It

offers perhaps 80% of the core cheminformatics functionality one gets from commercial solutions with no licensing cost, but lacks

dedicated support and some specialized models. ChemAxon is a middle ground – commercial but free for academics and relatively

affordable for small companies (and modular licensing allows picking only needed functionality). Schrödinger and BIOVIA are more

premium, full-suite purchases, often used by large organizations due to cost. OpenEye falls in between; toolkits might be

licensed for moderate cost or free academically, and Orion is a new model (cloud subscription) which can be cost-effective for

specific projects since it’s usage-based. For long-term ownership of capabilities, Schrödinger/BIOVIA are capital expenditures with

potentially high ROI if fully utilized (for example, using DS’s ADMET models could save many wet lab experiments [101] 3ds.com
[91] 3ds.com). But for an academic or a startup, RDKit combined with some free tools might be the only viable path initially.

In conclusion, the “top” platform depends on specific needs:

If an organization prioritizes open flexibility and low cost, RDKit is unbeatable, often complemented by KNIME for a GUI and other

open-source add-ons. It demands more in-house expertise to build solutions, but it scales from a single user on a laptop to

backing an enterprise search engine [4] medium.com.

For a company wanting a proven, enterprise-supported toolkit with strong chemical database integration and property calculators,

ChemAxon is ideal. It slots into existing informatics systems, ensures chemical data quality (through standardizer and search

precision), and now even provides ML capabilities for property prediction [36] chemaxon.com. It doesn’t cover 3D modeling or

docking though – so it’s often used alongside a modeling package.

For heavy-duty structure-based design and cheminformatics in one, Schrödinger offers the best of both: leading modeling tools

and a solid cheminformatics backbone (Canvas, LiveDesign) with modern AI integration. It’s a one-stop-shop for many

computational chemistry groups, at the expense of vendor lock-in and cost, but supported by literature on its successful

application (many drugs in development have had Schrödinger’s involvement).

For ligand-based discovery and fast exploration of chemical space, OpenEye is extremely powerful, especially for those aiming to

exploit shape and novel chemistries. It’s favored in hit discovery and optimization phases where finding something chemically new

is crucial, and now with Orion it can serve as a collaboration and workflow platform as well. However, it doesn’t provide end-to-end

coverage (e.g., no built-in bioactivity predictors), so it is often used in combination with other tools.

For an all-around drug design platform with particular strength in predictive ADMET and enterprise workflow, BIOVIA’s Discovery

Studio & Pipeline Pilot is a top choice. It covers from sequence analysis to lead optimization, and uniquely, it allows non-coders to

orchestrate complex processes and leverage a huge range of pre-built models. This can accelerate decision-making (e.g., flagging

a compound as likely toxic before it’s made, via TopKat [95] 3ds.com). The downside is the aging interface of Pipeline Pilot and the

challenge of mastering it, as well as cost.

Finally, the following table provides a side-by-side feature comparison:

Aspect
RDKit (Open-

Source)
ChemAxon (JChem)

OpenEye

(Orion/Toolkits)
Schrödinger (Suite)

BIOVIA (DS & Pipeline

Pilot)

License

Open-source (BSD) [2]

en.wikipedia.org –

free for all use.

Commercial (free for

academia);

proprietary.

Commercial (free

acad. licenses);

proprietary.

Commercial

(discounted academic

licenses).

Commercial (enterprise

licensing).
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https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=Understanding%20and%20quantifying%20structure,to%20navigate%20around%20such%20liabilities
https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=ADMET
https://medium.com/@luc.miaz/installing-rdkit-postgresql-cartridge-on-windows-73d632774ebe#:~:text=The%20RDKit%20Postgresql%20cartridge%20offers,out%20the%20example%20below%20anyway
https://chemaxon.com/calculators-and-predictors#:~:text=Optimizing%20pharmacokinetics%20and%20toxicity%20attributes,discovery%20by%20predicting%20hERG%20inhibition
https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=chemicals%20solely%20from%20their%20molecular,assist%20in%20interpreting%20the%20results
https://en.wikipedia.org/wiki/List_of_cheminformatics_toolkits#:~:text=http%3A%2F%2Fopenbabel.org%2F%20%2C,Clause%20License%20C%2B%2B%2C%20Python%20https%3A%2F%2Fwww.rdkit.org
https://en.wikipedia.org/wiki/List_of_cheminformatics_toolkits#:~:text=http%3A%2F%2Fopenbabel.org%2F%20%2C,Clause%20License%20C%2B%2B%2C%20Python%20https%3A%2F%2Fwww.rdkit.org
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf
https://intuitionlabs.ai/articles/cheminformatics-platforms-comparison?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf


Aspect
RDKit (Open-

Source)
ChemAxon (JChem)

OpenEye

(Orion/Toolkits)
Schrödinger (Suite)

BIOVIA (DS & Pipeline

Pilot)

Chemical DB

Integration

PostgreSQL cartridge

for

substructure/similarity
[4] medium.com;
integrates via Python

to others.

JChem Oracle &

Postgres Cartridges

[16]

docs.chemaxon.com
[17]

docs.chemaxon.com;

Instant JChem app for

local DB.

Orion cloud

stores datasets;

OEChem handles

I/O (no native

RDBMS

cartridge).

LiveDesign web-

platform with

Oracle/SQL backend;

Maestro project tables.

Pipeline Pilot connects

to registries/DBs; DS

can query via ODBC;

Accord chemistry

server (legacy).

Library

Management

File or DB-based;

needs custom scripts

for workflow.

Instant JChem for

data management

forms; Design Hub for

team design tracking

[14] chemaxon.com.

Orion for dataset

management &

sharing;

otherwise use

external DB or

files.

LiveDesign for team

data sharing (with

chem. spreadsheets);

Maestro handles lists.

Pipeline Pilot for

workflow-based

management; DS for

viewing/filtering lists.

Structure

Search

Fast substructure &

exact search

(SMARTS) in

toolkit/SQL [4]

medium.com.

Fast search via

JChem Base;

supports tautomers,

resonance.

OEChem

substructure

search in-

memory; Orion

likely indexed

search.

In Maestro/Canvas for

given set; LiveDesign

via cartridge or Canvas

engine.

Pipeline Pilot

components or DS DB

search; uses external

cartidges (Accelrys

Direct or third-party).

Similarity

Search

Multiple fingerprints

(Morgan, MACCS, etc.)

and metrics [8]

pmc.ncbi.nlm.nih.gov;
very fast in-memory or

via cartridge.

Chemical Hashed FP,

ECFP, etc. [31]

docs.chemaxon.com
[32]

docs.chemaxon.com;

DB-indexed;

configurable.

GraphSim toolkit

(path & MACCS

FPs) for

Tanimoto; Fast

GPU shape

(FastROCS) for

3D.

Canvas fingerprints

(linear, radial, etc.)
[73]

pmc.ncbi.nlm.nih.gov;
GPU-accelerated 2D in

LiveDesign [12]

pmc.ncbi.nlm.nih.gov.

Several FP types (ECFP,

keys) in DS; similarity

search in DS or Pipeline

Pilot; TopKat chemical

similarity indices.

Fingerprint

Types

Morgan (circular),

RDKit (path), Atom-

pair, Topological

Torsion, MACCS [8]

pmc.ncbi.nlm.nih.gov.

Path (hashed),

ECFP/FCFP,

pharmacophore,

BCUT, custom

descriptors [32]

docs.chemaxon.com.

Path, MACCS,

custom in

GraphSim; shape

fingerprint (for

coarse 3D

screen).

Linear, radial (ECFP-

like), dendritic,

MolPrint2D [73]

pmc.ncbi.nlm.nih.gov;

pharmacophore keys.

Extended Connectivity,

Functional-class,

Estate, BCUT, etc. (very

large “global” FP

possible [90]

pmc.ncbi.nlm.nih.gov).

SAR & QSAR

Tools

Descriptors and MMPA

via Python; user-built

ML models (no GUI).

GenerateMD for

descriptors; Trainer

ML engine (user

models) [23]

chemaxon.com;
Marvin for quick

property view.

MedChem TK for

MMP analysis
[24]

eyesopen.com;
no built-in QSAR

modeler (user

uses

Python/Orion

notebooks).

Canvas QSAR

modeling (PLS,

Bayesian, etc.) [84]

3ds.com;

AutoQSAR/ML, Phase

QSAR; atom-based

property mapping.

Comprehensive QSAR

workflow (MLR, PLS,

Bayesian) [84]

3ds.com; descriptor
library; MMP analysis

[87] 3ds.com; 3D-

QSAR (CoMFA).

Virtual

Screening

(Ligand)

2D similarity and

substructure search

(manual or scripted);

basic shape align

(Open3DAlign) [6]

pmc.ncbi.nlm.nih.gov.

2D similarity search

and pharmacophore

(Screen, Spotfire

integration);

Screen3D

shape/pharmacophore

tool [25]

docs.chemaxon.com.

Shape:

ROCS/FastROCS

(GPU) [69]

eyesopen.com;
Pharmacophore:

limited (feature

overlays); 2D:

GraphSim

similarity.

Pharmacophore:

Phase (robust

hypothesis generation

& search); Shape:

shape screening node;

2D: Canvas/LiveDesign

sim search.

Pharmacophore:

Catalyst in DS [102]

3ds.com; Shape: yes
(DS shape search); 2D:

FP similarity search in

DS or via Pipeline Pilot.

Virtual

Screening

(Structure)

No built-in docking

(integrate external like

AutoDock via scripts).

No docking engine

(focus on ligand-

based); users

FRED docking

(very fast);

HYBRID (uses

Glide docking

(HTVS/SP/XP) – high

accuracy; ensemble

LibDock (fast hotspot-

based) and CDOCKER

(CHARMM-based)
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https://medium.com/@luc.miaz/installing-rdkit-postgresql-cartridge-on-windows-73d632774ebe#:~:text=The%20RDKit%20Postgresql%20cartridge%20offers,out%20the%20example%20below%20anyway
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=match%20at%20L1092%20,Upgrade%20Guide
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=match%20at%20L1092%20,Upgrade%20Guide
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,Upgrade%20Guide
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,Upgrade%20Guide
https://chemaxon.com/#:~:text=
https://medium.com/@luc.miaz/installing-rdkit-postgresql-cartridge-on-windows-73d632774ebe#:~:text=The%20RDKit%20Postgresql%20cartridge%20offers,out%20the%20example%20below%20anyway
https://medium.com/@luc.miaz/installing-rdkit-postgresql-cartridge-on-windows-73d632774ebe#:~:text=The%20RDKit%20Postgresql%20cartridge%20offers,out%20the%20example%20below%20anyway
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=The%20fingerprint%20generation%20relies%20on,Dice%2C%20Sokal%2C%20Russel%2C%20Kulczynski%20and
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=The%20fingerprint%20generation%20relies%20on,Dice%2C%20Sokal%2C%20Russel%2C%20Kulczynski%20and
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=Screen%20methods%20for%20similarity%20search
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=Screen%20methods%20for%20similarity%20search
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,ECFP%2FFCFP
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,ECFP%2FFCFP
https://pmc.ncbi.nlm.nih.gov/articles/PMC6600563/#:~:text=Quantitative%20Structure%E2%80%93Activity%20Relationships%20for%20Structurally,generate%20the%202D%20QSAR%20models
https://pmc.ncbi.nlm.nih.gov/articles/PMC6600563/#:~:text=Quantitative%20Structure%E2%80%93Activity%20Relationships%20for%20Structurally,generate%20the%202D%20QSAR%20models
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=Several%20standalone%20tools%20focusing%20on,38%E2%80%9320
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=Several%20standalone%20tools%20focusing%20on,38%E2%80%9320
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=The%20fingerprint%20generation%20relies%20on,Dice%2C%20Sokal%2C%20Russel%2C%20Kulczynski%20and
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=The%20fingerprint%20generation%20relies%20on,Dice%2C%20Sokal%2C%20Russel%2C%20Kulczynski%20and
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,ECFP%2FFCFP
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,ECFP%2FFCFP
https://pmc.ncbi.nlm.nih.gov/articles/PMC6600563/#:~:text=Quantitative%20Structure%E2%80%93Activity%20Relationships%20for%20Structurally,generate%20the%202D%20QSAR%20models
https://pmc.ncbi.nlm.nih.gov/articles/PMC6600563/#:~:text=Quantitative%20Structure%E2%80%93Activity%20Relationships%20for%20Structurally,generate%20the%202D%20QSAR%20models
https://pmc.ncbi.nlm.nih.gov/articles/PMC6167198/#:~:text=,30%2C885%20common%20bits%2C%2084%2C409
https://pmc.ncbi.nlm.nih.gov/articles/PMC6167198/#:~:text=,30%2C885%20common%20bits%2C%2084%2C409
https://chemaxon.com/trainer-engine#:~:text=Trainer%20Engine%20,input%20data%20with%20high%20accuracy
https://chemaxon.com/trainer-engine#:~:text=Trainer%20Engine%20,input%20data%20with%20high%20accuracy
https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=%2A%20Lexichem%20TK%20%20name,utilities%2C%20and%20molecular%20complexity%20metrics
https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=%2A%20Lexichem%20TK%20%20name,utilities%2C%20and%20molecular%20complexity%20metrics
https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=geometric,transformations%20and%20study%20activity%20cliffs
https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=geometric,transformations%20and%20study%20activity%20cliffs
https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=geometric,transformations%20and%20study%20activity%20cliffs
https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=geometric,transformations%20and%20study%20activity%20cliffs
https://www.3ds.com/products/biovia/discovery-studio/qsar-admet-predictive-toxicology#:~:text=Regression%29%2C%20PLS%20,transformations%20and%20study%20activity%20cliffs
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=Several%20functionalities%20of%20RDKit%20were,Then
https://pmc.ncbi.nlm.nih.gov/articles/PMC10064649/#:~:text=Several%20functionalities%20of%20RDKit%20were,Then
https://docs.chemaxon.com/display/docs/introduction-to-virtual-screening.md#:~:text=Introduction%20to%20Virtual%20Screening,analysis%2C%20screening%20and%20selectivity%20optimizations
https://docs.chemaxon.com/display/docs/introduction-to-virtual-screening.md#:~:text=Introduction%20to%20Virtual%20Screening,analysis%2C%20screening%20and%20selectivity%20optimizations
https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=%2A%20FastROCS%E2%84%A2%20TK%20%20Real,Surface%20generation%2C%20manipulation%2C%20and%20interrogation
https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=%2A%20FastROCS%E2%84%A2%20TK%20%20Real,Surface%20generation%2C%20manipulation%2C%20and%20interrogation
https://www.3ds.com/products/biovia/discovery-studio/ligand-and-pharmacophore-based-design#:~:text=Ligand%20and%20Pharmacophore%20based%20Design,assessment%20of%20small%20molecule%20therapeutics
https://www.3ds.com/products/biovia/discovery-studio/ligand-and-pharmacophore-based-design#:~:text=Ligand%20and%20Pharmacophore%20based%20Design,assessment%20of%20small%20molecule%20therapeutics
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf
https://intuitionlabs.ai/articles/cheminformatics-platforms-comparison?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=a-comparative-analysis-of-cheminformatics-platforms.pdf


Aspect
RDKit (Open-

Source)
ChemAxon (JChem)

OpenEye

(Orion/Toolkits)
Schrödinger (Suite)

BIOVIA (DS & Pipeline

Pilot)

integrate

GOLD/others if

needed.

ligand

reference); part

of Orion

workflows [69]

eyesopen.com.

docking; extensive

post-dock analysis.

docking;

pharmacophore

constrained docking.

ADMET

Prediction

None included (users

apply external models

or simple rules).

Physicochem. calc

(pKa [40]

chemaxon.com, logP
[103] chemaxon.com,

solubility [41]

chemaxon.com,
etc.); ML ADMET

plugins (hERG model

[36] chemaxon.com,
etc., extendable with

own data).

Basic properties

(MolProp TK:

logP, PSA, etc.
[56]

eyesopen.com);
no built-in

ADMET QSAR

(users add via

Python/Orion).

QikProp (50+ ADME

properties incl. logS,

logBB, %Absorption)

[81] pubs.rsc.org;
some toxicity alerts;

new ML models (e.g.

for solubility [75]

schrodinger.com or

specific endpoints via

AutoQSAR).

Extensive ADMET

suite: human

absorption, BBB, PPB,

CYP inhibition, etc. [93]

3ds.com; TopKat

toxicity models:

mutagenicity,

carcinogenicity, LD50,

many more [94]

3ds.com [96] 3ds.com.

Integration &

Extensibility

Python/C++ API –

embed in apps, KNIME

nodes, Postgres; large

community

contributions.

Java, .NET, Python

APIs; KNIME nodes
[45]

docs.chemaxon.com;
Pipeline Pilot

components [45]

docs.chemaxon.com;

Web Services for

enterprise

integration.

C++, Python,

Java, .NET SDKs

[65]

eyesopen.com;
strong Jupyter

integration; Orion

connects toolkit

workflows with

cloud resources.

KNIME extension [74]

nodepit.com; Pipeline

Pilot components

available; Python API

to Maestro; LiveDesign

REST API.

Native integration with

other BIOVIA products

(ELN, LIMS); Pipeline

Pilot bridges to various

systems (scripts,

databases, other

software) [99]

pmc.ncbi.nlm.nih.gov;
DS can be scripted via

VBScript/Python.

User Interface

No native GUI (uses

notebooks, KNIME,

custom UIs built

externally).

Marvin GUI (drawing

& single-molecule

tools); Instant JChem

(database GUI);

JChem for Office

(Excel).

VIDA (visualizer

for 3D); Orion

web UI (workflow

launch, 3D

viewer,

notebooks).

Maestro (full-featured

desktop GUI for all

modeling and

cheminformatics);

LiveDesign (web GUI

for collaborative SAR).

Discovery Studio

(desktop GUI with

multiple modules and

viewers); Pipeline Pilot

(graphical workflow

editor; end-users see

either this or web

dashboards forms).

Unique

Strengths

Open-source and

flexible; huge

community, rapid

innovation (e.g., new

algorithms via

contributions) [3]

pmc.ncbi.nlm.nih.gov.

Best-in-class

chemical database

and search; high-

quality

cheminformatics

algorithms (pKa,

etc.); enterprise

deployment ease [20]

docs.chemaxon.com
[15] chemaxon.com.

Shape and 3D

similarity

expertise; fast

large-scale

screening;

modern cloud

platform for

computation.

All-round excellence in

accuracy (docking,

physics) plus strong

informatics; seamless

link between design

and detailed modeling.

Unparalleled

ADMET/tox prediction

library; fully integrated

workflow automation

for custom processes;

breadth from chemistry

to biologics.

Considerations

Requires programming

for full use; no built-in

advanced models;

support is community-

based.

Licensing for full suite

can be complex;

primarily toolkit (less

focus on 3D

modeling); need

separate solutions for

docking.

ADMET not

covered natively;

until Orion,

lacked

collaborative

data features;

proprietary (must

license toolkit or

Orion).

Expensive and heavy;

Maestro can be

complex; primarily

runs on premium

hardware/cluster for

big jobs.

Can be costly; Pipeline

Pilot has a learning

curve and is less

popular now vs KNIME;

DS client Windows-

only.
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https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=%2A%20FastROCS%E2%84%A2%20TK%20%20Real,Surface%20generation%2C%20manipulation%2C%20and%20interrogation
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https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,Standardizer%20File%20Formats
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,Standardizer%20File%20Formats
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,Standardizer%20File%20Formats
https://docs.chemaxon.com/display/docs/jchem-base_similarity-search.md#:~:text=,Standardizer%20File%20Formats
https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=The%20OpenEye%20toolkits%20are%20programming,major%20suites%3A%20Cheminformatics%20and%20Modeling
https://www.eyesopen.com/cheminformatics-modeling-toolkits#:~:text=The%20OpenEye%20toolkits%20are%20programming,major%20suites%3A%20Cheminformatics%20and%20Modeling
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References: This comparative information is synthesized from documentation and sources: RDKit’s documentation

and analyses [8] pmc.ncbi.nlm.nih.gov [5] pmc.ncbi.nlm.nih.gov, ChemAxon’s technical papers [31] docs.chemaxon.com [32]

docs.chemaxon.com, OpenEye’s toolkit descriptions [53] eyesopen.com [52] eyesopen.com, Schrödinger’s literature and

user manuals [73] pmc.ncbi.nlm.nih.gov [12] pmc.ncbi.nlm.nih.gov, and BIOVIA’s product documentation [84] 3ds.com [93]

3ds.com [94] 3ds.com. Each platform’s strengths are aligned with known industry use-cases and evaluations [59]

pmc.ncbi.nlm.nih.gov [79] tandfonline.com.

Conclusion

The landscape of cheminformatics platforms is rich and continually evolving. The top five platforms discussed –

RDKit, ChemAxon, OpenEye’s toolkits/Orion, Schrödinger’s suite, and BIOVIA’s Discovery Studio/Pipeline Pilot – each

provide a powerful set of capabilities tailored to different needs in drug discovery informatics. Professionals in

pharmaceutical R&D and computational chemistry often use a combination of these tools to cover all bases: for

example, using RDKit or ChemAxon for core cheminformatics and data management, Schrödinger or OpenEye for

advanced modeling and screening, and BIOVIA for enterprise data pipelines and ADMET screening.

Choosing the right platform (or mix of platforms) depends on factors such as the organization’s budget, existing

infrastructure, user skillsets, and specific project requirements. An open-source driven workflow (with RDKit at

its core) can yield great flexibility and cost savings, especially if one has the expertise to develop custom solutions.

Commercial platforms, on the other hand, offer validated methods, professional support, and ready-to-use

modules that can accelerate research if the cost is justified. Notably, there is a trend towards hybrid usage: e.g.,

RDKit being used within Pipeline Pilot or KNIME alongside proprietary algorithms, or companies using LiveDesign

(Schrödinger) as a front-end while the heavy computations might be split between Schrödinger’s own and open-

source tools.

All five platforms are actively developed as of 2025, incorporating new advancements like machine learning and cloud

computing. For instance, we see ChemAxon adding ML predictors [36] chemaxon.com, Schrödinger and OpenEye

leveraging cloud GPU for similarity searches [12] pmc.ncbi.nlm.nih.gov, and RDKit continually extending its algorithm

portfolio (recently adding force field and pKa capabilities) [10] rowansci.substack.com. This means the competitive

balance is dynamic – each platform is improving in weaker areas: open-source tools are gaining more predictive

modeling power, while commercial suites are becoming more integrative and user-friendly.

In professional practice, cheminformaticians often prioritize interoperability – ensuring that whichever platform is

used, it can communicate via standard data formats (SDF, SMILES, CSV, etc.) or through APIs. All the platforms

discussed support common formats and there are translation tools (for example, Open Babel or Pipeline Pilot

protocols) to move data between them when needed, which mitigates vendor lock-in concerns.

In summary, the cheminformatics platforms reviewed here collectively empower researchers to: manage vast chemical

libraries, glean insights into SAR, efficiently search chemical space for hits and leads, and predict key drug-like

properties early. By leveraging the strengths of each and understanding their limitations, computational chemists and

informatics scientists can accelerate the drug discovery process and make informed decisions with greater

confidence. The detailed comparison and examples provided, backed by literature and documentation [8]

pmc.ncbi.nlm.nih.gov [94] 3ds.com [54] pmc.ncbi.nlm.nih.gov, serve as a guide for selecting and utilizing these platforms

in a modern drug discovery setting. Each platform has proven its value in real-world projects, and the “best” choice is

context-dependent – but being well-informed about all five ensures one can assemble the optimal toolkit for any

cheminformatics challenge.
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US

market in custom AI software development and pharma implementations with proven results across public biotech and

pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance

expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and ERP

systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI

infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated

document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force

applications with advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and automated

customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management

solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time

pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data

visualization solutions for pharmaceutical insights.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and implementation

guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no

representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or

availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be

liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage

whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated content

may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting

upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their

respective owners. All company, product, and service names used in this document are for identification purposes only. Use of

these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and biotech

companies. As the premier US-based AI software development company for drug development and commercialization, we deliver

cutting-edge custom AI applications, private LLM infrastructure, document processing systems, custom CRM/ERP development,

and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI expert and multiple-exit founder with 20 years

of software development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please

consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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