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Editorial

What is the role of cheminformatics in a pandemic?
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The COVID-19 pandemic has led to a spike in research output [1, 2] surrounding all aspects of the disease, ranging in scale from the molecular to the population level. There have been many preprints (and subsequent journal publications) in the field of cheminformatics that attempt to address the discovery of therapeutics against the disease. For example, numerous virtual screening publications have proposed potentially interesting candidates (for an overview see this Scholia page [3]). During a recent conversation with our Editorial Board we discussed the possibility of a thematic issue in the Journal of Cheminformatics on COVID-19. We have decided instead to maintain our focus on novel cheminformatics and reiterate the requirement that studies proposing compounds as putative prophylactics or therapeutics be backed up by experimental validation, irrespective of whether the target is COVID-19 or some other disease.
Computation is necessary, but not sufficient
The urgency of the COVID-19 epidemic presents a number of challenges for the computational chemistry and informatics research community. While control and mitigation of viral spread is a primary focus of health systems, this is closely tied to identifying pre-existing or novel therapeutic approaches to treat the disease itself.
Cheminformatics approaches are one set of tools in the computational toolbox that can be applied to therapeutic discovery. Given the availability of Open Source and commercial tools, coupled with public data, we have seen many studies that have prioritized compounds as potential therapeutic candidates. From the point of view of this journal, straightforward applications of pre-existing or well-known pipelines are out of scope for research articles [4].
However, one might argue that in such a crisis situation, dissemination of all such applications could be beneficial. Indeed, while more knowledge is useful in the current pandemic, we believe that it needs to be rigorous knowledge. A particularly egrigeous example is applications of drug repurposing pipelines. Given the current state of the art it is very easy to propose lists of approved or investigational drugs, that could serve as COVID-19 therapeutics. While it is possible to make justifications for some of these based on prior knowledge of mode of action, it still remains that these are hypotheses. In our opinion, the urgency of the current pandemic requires that predictions be validated by experiment, and we can no longer carry on (computational) business as usual.
While testable hypotheses are a key requirement in the current setting, it is equally important that the pipeline used to reach such hypotheses be as rigorous as possible. For statistical and machine learning based approaches, appropriate statistical methodology should be employed [5–7]. Similarly, best practices should be followed for ligand-based [8, 9] and structure-based approaches [10, 11]. While we expect all work submitted to the journal to adhere to these practices, these aspects become even more important when computational work with experimental components are submitted to non-computational journals.
Open is a starting point
The challenge of the current pandemic is to identify novel therapeutics in a rapid but rigorous fashion. This suggests that novel method development may not be well suited to the current scenario. On the other hand, data being generated, either experimentally or computationally can serve as a foundation for computational studies. This is enabled by ensuring such data is made available in an open fashion and following FAIR principles [12, 13]. For example, see the COVID-19 Wikiproject [14] that aims to make drug discovery related data FAIR. Yet, it is important to remember that even when data and methods are shared openly, they may not actually be effective, as in a crisis situation, such as the COVID-19 pandemic, researchers will tend to stick to what they know. But more importantly, they will tend to stick to what they know works. We believe that in such a scenario, methodology development takes a back seat to data publication, and ensuring that the relevant data is made available and findable efficiently is a key task.
Cheminformatics in action
It is important to note that there are examples of work that exemplify computational-experimental collaboration and the community response to disseminating the plethora of computational studies and their data. We highlight two of them, namely the COVID Moonshot [15] and the COVID-19 Molecular Structure and Therapeutics Hub [16]. The COVID Moonshot focuses on finding inhibitors of the Main protease (Mpro) of COVID-19, and involves 300 participants with a core group of 20 people. Importantly, the project has access to computational, synthetic and bioassay resources, coupled to a synchrotron that produces multiple structures each week. The project has been able to identify Mpro binders exhibiting nanomolar potencies. While the project employs well-known computational methodologies, the key element is that computational results are part of the design-make-test cycle. In other words, computation is not isolated. Nonetheless, the project makes use of key Open Source products such as Fragalysis (a cloud-based application to progress hits in fragment-based drug design projects) [17]. The Hub, on the other hand, is an example of a resource that aggregates data of various types that can be used for computational studies. This includes structure models, simulation related datasets (e.g., configuration files, trajectories). While this does not directly lead to tested small molecules, it represents an invaluable coordinated resource covering the wide variety of computational studies that are being published.
Given that rapid dissemination via preprints and resources such as the Hub are more appropriate for the immediate response required in the current setting, it is reasonable to ask how effective these resources are in covering the research landscape and driving COVID-19 research in the computational chemistry domain. Such an evaluation is probably better suited for a more in-depth study, but we note that efforts such as the COVID Moonshot and the Hub now involve contributions from at least 15 industrial and academic groups from across the world.
Conclusion
It is clear that the computational chemistry and cheminformatics community are actively engaged in COVID-19 research and the rapid appearance of computational research [18] on COVID-19 attests to the value of Open Data, Open Source and Open Science in general. However, given the scope of this journal, and the desire to encourage rigorous cheminformatics studies, we have decided not to create a thematic issue focused on COVID-19, and rather continue to focus on actionable cheminformatics, irrespective of any specific disease. And when computational hypotheses are presented, we continue to require experimental validation.
The above discussion might suggest that the only role of cheminformatics is to identify new therapeutic interventions. While this is a key and pressing role in the current pandemic, there are many other areas such as databases (e.g., ChEMBL [19], which underlies a number of virtual screening studies, the NCATS COVID-19 OpenData Portal [20] which rapidly disseminates in vitro screening data against multiple SARS-CoV-2 targets and the canSAR Coronavirus Discovery resource [21] which collates multiple molecular and clinical data types related to COVID-19), literature (e.g., CORD-19 [22] which has collated scholarly articles around SARS-CoV-2 and related coronaviruses to enable text mining research), protein features such as post-translational modifications, force fields, physicochemical properties and associated models that underly many of the approaches that one can use to identify new therapeutics. We would argue that these foundational areas are also critical to ensuring that when the need arises for computational methods to be applied to therapeutic development, they can do so on a solid foundation.
Thus, we hope that cheminformatics researchers will consider the role of chemical information, methods and standards in the context of anti-viral research, and look forward to such submissions. But given the urgency of the current situation, and the need to focus resources on actionable outcomes, we suggest that there are other platforms for the publication of lists of putative inhibitors of a SARS-CoV-2 enzyme. The journal will continue to focus on studies which advance cheminformatics and can be applied both in this pandemic and in the next one.
Acknowledgements
We would like to thank members of the Editorial Board for the initial discussions that led to this editorial and the extensive feedback they provided as we developed the material.

Authors’ contributions
RG, EW, BZ and NJ conceived the idea and all contributed to the writing of the manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Chen Q, Allot A, Lu Z (2020) LitCovid: an open database of COVID-19 literature. Nucl Acids Res 49(D1):1534–1540 [cito:citesAsDataSource]Crossref

	2.
COVID-19 SARS-CoV-2 preprints from medRxiv and bioRxiv (2021) https://​connect.​biorxiv.​org/​relate/​content/​181. Accesssed 4 Jan. [cito:citesAsDataSource]

	3.
Scholia (2021) https://​scholia.​toolforge.​org/​topics/​Q82069695,Q4112105. Accessed 4 Jan. [cito:citesAsAuthority]

	4.
Guha R, Willighagen E (2017) Helping to improve the practice of cheminformatics. J Cheminform 9(1):40 [cito:agreesWith]Crossref

	5.
Nicholls A (2014) Confidence limits, error bars and method comparison in molecular modeling. Part 1: the calculation of confidence intervals. J Comp Aided Mol Des 28(9):887–918 [cito:citesAsAuthority]Crossref

	6.
Nicholls A (2016) Confidence limits, error bars and method comparison in molecular modeling. Part 2: comparing methods. J Comp Aided Mol Des 30(2):103–126 [cito:citesAsAuthority]Crossref

	7.
McGann M, Nicholls A, Enyedy I (2015) The statistics of virtual screening and lead optimization. J Comp Aided Mol Des 29(10):923–936 [cito:citesAsAuthority]Crossref

	8.
Fourches D, Muratov E, Tropsha A (2010) Trust, but verify: on the importance of chemical structure curation in cheminformatics and QSAR modeling research. J Chem Inf Model 50(7):1189–1204 [cito:citesAsAuthority]Crossref

	9.
Tropsha A (2010) Best practices for QSAR model development, validation, and exploitation. Mol Inf 29(6–7):476–488 [cito:citesAsAuthority]Crossref

	10.
Bohacek RS, McMartin C, Guida WC (1996) The art and practice of structure-based drug design: a molecular modeling perspective. Med Res Rev 16(1):3–50 [cito:citesAsAuthority]Crossref

	11.
Ban F, Dalal K, Li H, LeBlanc E, Rennie PS, Cherkasov A (2017) Best practices of computer-aided drug discovery: lessons learned from the development of a preclinical candidate for prostate cancer with a new mechanism of action. J Chem Inf Model 57(5):1018–1028 [cito:citesAsAuthority]Crossref

	12.
Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, Baak A, Blomberg N, Boiten J-W, da Silva Santos LB, Bourne PE, Bouwman J, Brookes AJ, Clark T, Crosas M, Dillo I, Dumon O, Edmunds S, Evelo CT, Finkers R, GonzalezBeltran A, Gray AJG, Groth P, Goble C, Grethe JS, Heringa J, ’t Hoen PAC, Hooft R, Kuhn T, Kok R, Kok J, Lusher SJ, Martone ME, Mons A, Packer AL, Persson B, Rocca-Serra P, Roos M, van Schaik R, Sansone S-A, Schultes E, Sengstag T, Slater T, Strawn G, Swertz MA, Thompson M, van der Lei J, van Mulligen E, Velterop J, Waagmeester A, Wittenburg P, Wolstencroft K, Zhao J, Mons B (2016) The FAIR guiding principles for scientific data management and stewardship. Sci Data 3(1):160018Crossref

	13.
Coles SJ, Frey JG, Willighagen EL, Chalk SJ (2020) Taking FAIR on the ChIN: the chemistry implementation network. Data Intell 2(1–2):131–138 [cito:citesForInformation]Crossref

	14.
Wikidata:WikiProject\_COVID-19 (2021) https://​www.​wikidata.​org/​wiki/​Wikidata:​WikiProject_​COVID-19. Accessed 4 Jan. [cito:citesAsPotentialSolution]

	15.
Chodera J, Lee AA, London N, von Delft F (2020) Crowdsourcing drug discovery for pandemics. Nat Chem 12(7):581 [cito:citesAsPotentialSolution]Crossref

	16.
Molecular Structure and Therapeutics Hub (2021) https://​github.​com/​MolSSI/​covid. Accessed 4 Jan. [cito:citesAsPotentialSolution]

	17.
Fragalysis (2021) https://​fragalysis.​diamond.​ac.​uk/​. Accessed 4 Jan. [cito:citesAsPotentialSolution]

	18.
Mulholland AJ, Amaro RE (2020) COVID19-computational chemists meet the moment. J Chem Inf Model 60(12):5724–5726 [cito:agreesWith]Crossref

	19.
Mendez D, Gaulton A, Bento AP, Chambers J, De Veij M, Félix E, Magariños M, Mosquera J, Mutowo P, Nowotka M, Gordillo-Marañón M, Hunter F, Junco L, Mugumbate G, Rodriguez-Lopez M, Atkinson F, Bosc N, Radoux C, Segura-Cabrera A, Hersey A, Leach A (2018) ChEMBL: towards direct deposition of bioassay data. Nucl Acids Res 47(D1):930–940 [cito:citesAsPotentialSolution]Crossref

	20.
Brimacombe KR, Zhao T, Eastman RT, Hu X, Wang K, Backus M, Baljinnyam B, Chen CZ, Chen L, Eicher T, Ferrer M, Fu Y, Gorshkov K, Guo H, Hanson QM, Itkin Z, Kales SC, Klumpp-Thomas C, Lee EM, Michael S, Mierzwa T, Patt A, Pradhan M, Renn A, Shinn P, Shrimp JH, Viraktamath A, Wilson KM, Xu M, Zakharov AV, Zhu W, Zheng W, Simeonov A, Mathé EA, Lo DC, Hall MD, Shen M (2020) An OpenData portal to share COVID-19 drug repurposing data in real time. bioRxiv. [cito:citesAsPotentialSolution]

	21.
canSAR Coronavirus Discovery Resource (2021) https://​corona.​cansar.​icr.​ac.​uk/​. Accessed 4 Jan

	22.
Wang LL, Lo K, Chandrasekhar Y, Reas R, Yang J, Eide D, Funk K, Kinney RM, Liu Z, Merrill W, Mooney P, Murdick D, Rishi D, Sheehan J, Shen Z, Stilson B, Wade AD, Wang K, Wilhelm C, Xie B, Raymond DM, Weld DS, Etzioni O, Kohlmeier S (2020) CORD-19: the COVID-19 open research dataset. ArXiv. [cito:citesAsPotentialSolution]



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		What is the role of cheminformatics in a pandemic?


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





