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Revisiting long-standing biological questions through evolving
technologies
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SUMMARY: Advances in biological sciences and technology have continuously reshaped the questions that
researchers are able to address. Over the past several decades, developments in DNA sequencing, mass spectrometry,
genome analysis, and omics technologies have transformed not only biomedical research itself, but also the
interpretation of observations that previously remained unresolved because of technical limitations. This Editorial
reflects on how evolving technologies allow long-standing scientific questions to be revisited across generations of
research. Two examples illustrate this process. One concerns the structural re-analysis of a Strepfomyces lectin first
studied in the 1970s, whose molecular features could only later be clarified through advances in mass spectrometry and
expanding genetic databases. The second involves a recent transcriptomic re-examination of ethanol-associated lifespan
responses in Caenorhabditis elegans, where modern RNA-seq approaches provided pathway-level insights that were
not technically accessible in earlier studies. Together, these examples highlight that scientific progress often emerges
not only from asking new questions, but also from revisiting unresolved observations using new technologies and

perspectives.
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Recent advances in biological sciences and technology
have profoundly influenced biomedical research and
the way scientific questions are approached. During
the 1970s, when many current senior investigators
began their scientific training, technologies in protein
chemistry and molecular biology were undergoing
rapid development. These methodological advances
fundamentally changed what could be experimentally
examined and interpreted.

Among the most influential developments was
the establishment of amino acid and DNA sequencing
technologies. Frederick Sanger first determined the
amino acid sequence of insulin, representing a landmark
achievement in protein chemistry (/,2). Sanger and his
colleagues introduced the "dideoxy" chain-termination
method for sequencing DNA molecules in 1977, also
known as "Sanger Sequencing" (3). Though the first
DNA sequencing method was introduced by Maxam
and Gilbert, which was quickly followed by the more
facile Sanger method. This Sanger sequencing was
the most widely used form of sequencing for over
40 years, a technology that became the foundation of
molecular biology for several decades. These advances
enabled increasingly detailed analyses of genomes, gene
expression, and cellular regulation, ultimately leading to

contemporary genomics and transcriptomics.

The continuing expansion of genetic databases,
combined with improvements in sequencing platforms,
mass spectrometry, and computational biology, has
accelerated biological research since the early 2000s.
Modern omics technologies now allow comprehensive
analyses of molecular networks, signaling pathways, and
dynamic cellular responses at levels that were previously
impossible to achieve. As a result, observations that
once remained descriptive or mechanistically unresolved
can now be revisited using broader and more integrated
analytical approaches. Developments of major concepts
and technologies in biology are summarized in Table 1.

One example of this process involves earlier work
by Dr. Fujita-Yamaguchi on a lectin isolated from
Streptomyces (4). During her doctoral studies in the
1970s at the University of Tokyo, she attempted to
determine the primary structure of this lectin protein;
however, the available technologies at the time were
insufficient to resolve highly similar repetitive domains
within the molecule (5). After achieving her most
important early work of purifying the human insulin
receptor (6) and conducting research in the insulin
and IGF-I signaling field as a PI at Beckman Research
Institute of City of Hope (COH) and Tokai University,
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she returned to COH in 2014 and collaborated with Dr.
Markus Kalkum to restart her graduate work, which was
never completed. After advances in mass spectrometry
and expansion of genetic databases, the lectin structure
could finally be clarified through collaborative work at
City of Hope (5,7,8). These later studies demonstrated
how technological progress enabled re-analysis of a
biological problem that had remained unresolved for
many years.

A similar perspective can be applied to another
study presented in this issue of BioScience Trends (9):
"Gene expression profiling of the L4-stage nematode
Caenorhabditis elegans following ethanol exposure" by
Miyazawa et al. This research originated from earlier
investigations initiated more than two decades ago at
Tokai University, where the effects of ethanol exposure
on C. elegans lifespan were examined using conventional
experimental approaches. Although lifespan-associated
phenotypes were reproducibly observed, mechanistic
analyses at that time were necessarily limited to selected
candidate pathways and could not comprehensively
evaluate global transcriptional responses.

In the present study, the authors revisited this long-
standing experimental framework using time-resolved
RNA-seq analysis. Rather than establishing definitive
causal mechanisms, the study provides transcriptomic
and pathway-level perspectives on stress-response
programs and longevity-associated pathways potentially
linked to ethanol exposure in C. elegans. The observed
patterns, including changes in detoxification-related
pathways and stress-response signaling, illustrate how
modern transcriptomic approaches can provide broader
biological context for previously observed phenotypes.

Importantly, the value of such studies may extend
beyond the specific biological phenomenon itself.
They also demonstrate how scientific observations
that once exceeded available technical capabilities can
acquire new meaning when revisited through evolving
methodologies. In many cases, scientific progress arises
not only from generating entirely new questions, but
also from returning to unresolved observations with new
tools, analytical frameworks, and perspectives.

In this sense, technological advancement does not
merely accelerate science; it also allows unfinished
scientific questions to be revisited across generations of
research.
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