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Computational and artificial
intelligence methodologies for big
data analytics in structural biology

Mohammad Kalim Ahmad Khan, Umme Aiman, and Salman Akhtar

6.1 Introduction

The explosive growth of high-throughput biological technologies has deeply
impacted the life sciences world, making it a data-intensive field. Modern platforms
such as next-generation sequencing (NGS), cryo-electron microscopy (cryo-EM),
high-resolution mass spectrometry (MS), and large-scale interactomes have been
capable of generating enormous genomic, transcriptomic, proteomic, structural, and
imaging datasets at extremely high speeds and scales (Park et al., 2021). As a result,
there have been major analytical and computational challenges, primarily in the
domain of structural biology and bioinformatics, where comprehending the
functional, structural, and evolutionary impact of these data requires the use of
advanced computational methods. The biological data have several core features,
such as their massive scale, high throughput, natural heterogeneity, a high degree of
uncertainty, and the need for biological significance. These features call for the
creation of strong analytical frameworks that can connect different types of data,
reduce noise, guarantee reproducibility, and yield biologically meaningful results
(Auslander et al., 2021).

Biomedical major repositories are a good example of exponential data growth due to
multimodality and strong dependence on biological context. Protein sequences, three-
dimensional structures, and multiomics profiles ought to be processed using computa-
tional strategies that handle the noise and enable reproducible inference. The enormous
growth of protein sequences illustrated in Figs. 6.1, 6.2, and 6.3 demonstrates that
current sequencing technologies consistently outperform traditional computational
pipelines.

Conventional computer-based methods or heuristic computational approaches have
had a hard time trying to address these challenges at scale. To address this gap, machine
learning (ML), deep learning (DL), and advanced statistical modeling frameworks have
gradually become the main tools and emerged as central pillars of modern structural
biology. DL has brought about a significant change in structural biology (Cui et al.,
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