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CONTRIBUTIONS OF BASIC VIROLOGY TO BIOLOGY

Despite their biological limitations, viruses have provided us with an incredible wealth of information on the higher organisms they infect. Seen in the best of light, viruses provide us with the necessary tools to discover the essential building blocks of life. As our knowledge and appreciation of virus diversity grows we appear to be at a tipping point in how we perceive them; from simply being agents of disease to basic components of life–mobile genetic elements that enrich all life forms for better and worse.

History shows that fundamental research of viruses has been essential in the development of our understanding of molecular and genetic processes. Studies in the late fifties, sixties and seventies on the T4 bacteriophage were critical to solving the mysteries of the genetic code with discoveries of the triplet nature of the genetic code (1), non-sense codons [see Stahl (2)] and the collinearity of the gene with the polypeptide chain [see Brenner (3)]. As the tools of virology and the number of known viruses multiplied so too did the palette of techniques used to decipher the molecular mechanisms of the cell; contributing in the seventies to the elucidation of RNA polyadenylation (adenovirus and polyomavirus) [see Edmonds (4)], mRNA capping (reovirus) [see Furuichi and Shatkin (5)], RNA splicing (adenovirus) [see Berk (6)], tyrosine kinases (retrovirus) [see Hunter (7)], and reverse transcriptases [see Coffin and Fan (8)]. Our understanding of RNA and its unique structural properties were further expanded in the eighties by the discovery in plants of hammerhead ribozymes (secovirus satellite and avsunviroid) (9, 10) and pseudoknots (tymovirus) (11).

Indeed, staying within the plant realm, the transformative effect that basic research in virology has had on biological concepts is however probably best exemplified by tobacco mosaic virus, the first virus ever to characterized as such by Beijerinck (12) and the first to be purified by Stanley (13); work that led to its macromolecular dissociation and reconstitution and the first evidence that the RNA alone (not protein) had biological activity and was the “genetic material” (14). This physical dissection of its virions was to provide the scientific community with one of the best models of macromolecular organization and the foundation of nanobiotechnology.



THE CHALLENGES AND OPPORTUNITIES

The negative effects of humans' continued encroachment on and exploitation of the natural world is becoming all the more painfully evident. Viruses are continually evolving threatening our species health and those species we depend on for survival. In humans, viruses make up over half of all emerging diseases and cause 10–20% of cancers (15, 16) and yet, if used responsibly they could serve as an ally in a multitude of applications; from gene therapy (17) and nanotechnology (18) to cross protection (19) and vaccines (20).

Critical to our ability to utilize our collective knowledge across an ever growing landscape of specialty subjects that are used to understand basic virology will be how we synergically communicate across these disciplines. Such processes should nurture more creative thinking and problem solving. However, without access to the right resources and strategies we are potentially exposing ourselves to the risk of siloing our knowledge as we try and keep up with the diversification of technologies.



AN EXPANDING VIROME

A good example of this phenomenon is the rapid acceleration in our understanding of the Earth's virome because of advances in high throughput sequencing. Yearly, we are accumulating exponential amounts of biological sequence information (21) taken from specific organisms and metagenomic studies all of which provides a wealth of information on known circulating viruses but also untapped information on unknown viruses. Expertise in storing, accessing and manipulating this information is outside the comfort zone of most traditional virologists who rely on bioinformaticians. Full analysis of these datasets in search of novel inferred biological patterns and the classification of viral taxa leading to the development of testable hypotheses can only be achieved by strengthening the interactions between computer programmers and virologists. In fact, virus taxonomy itself is at the risk of losing relevance if it fails to keep up with the expanding virome that, in particular, metagenomic studies have uncovered while still recognizing the need for biological verification.

What constitutes a healthy virome and what are the triggers that can shift a symbiotic virus to be pathogenic are still far from clear (22). Likewise, the process of endogenization of virus elements into the host genome is poorly understood but represents a potentially significant driver in eukaryotic genome restructuring and evolution (23).



DEEPER FUNCTIONALITY

Viruses too are likely to help us uncover deeper genetic functionalities as they are the ultimate biological entity that combines the seemingly incongruent quality of genomic compactness with an ability to manipulate and subvert the complex cellular machinery of higher organisms for their own reproductive benefit (24).

This pressure from accelerating technologies could lead to missed opportunities because of the constant need to integrate the “next best thing” into our research plans. Virology has always harnessed advances in chemistry and physics and this relationship continues unabated. As the range of drugs both real and virtual, new or repurposed, expands so too does the search for antiviral compounds. Nanotechnology, for which viruses will be both potentially the tool and the target, is opening up a whole range of applications for research into vaccines, imaging, drug delivery and diagnostics (25). The inevitable (and very distant) outcome, as we learn to manipulate at a smaller and smaller level, will be real-time visualization of all cellular components (26). Systems approaches to virus macromolecular interactions will help in this goal as will novel techniques to in vivo global structural determination (27).



COMMUNICATE OR PERISH

Despite the astonishing scientific advances of the past enlightened centuries it can often seem that our discoveries only generate more problems and that we are caught in an endless cycle where technology is at the same time both constructive and destructive. This dualistic worldview in itself produces its own collective anxieties that feed public morality driving regional policymaking which in turn can have a significant impact on the directions and freedom of scientific investigative curiosity (28). One only needs to look at how transgenic technologies in agriculture, once hailed as promising a greener generation of crops, to appreciate the often-precarious position of science in the human collective psyche. This challenge is even more acutely felt as we enter an era where scientific misinformation and misinterpretation is rife.

Virologists like most scientists will always find time to fret over a lack of funding or interest in their field. This is especially true for fundamental virology which can often be seen by a wider audience as esoteric and lacking any obvious and immediate benefits. The consequences of the COVID-19 pandemic may soon fade in our collective memory as a period we would all rather forget; and yet, alternatively, it may (and should) provide the necessary wake-up call for a renewed interest and investment in virology research at all levels without an explicit need to justify the ends.

It seems therefore to be more pertinent than ever for fundamental virologists to continue creatively and responsibly exploiting new technologies to uncover more secrets on these fascinatingly miniscule obligate parasites, while at the same time we must learn to actively engage much better with an ever more informed and opinionated public.
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