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LIGHT MICROSCOPY HAS BECOME INCREASINGLY CAPABLE

Optical microscopy is a cornerstone of the biological sciences. It has become the most important
imaging technique in biomedical research by providing high spatial resolution, high specificity,
and suitability for living specimens. From the first microscopic observations of embryos and
living cells in the 17th century over the first mass-produced optical microscopes and the formal
definition of optical resolution in the 19th century to a sheer endless list of technological inventions
that helped discover and unravel many biological mysteries throughout the 20th century, many
scientifically minded people have contributed their part to develop and establish light microscopy
as the powerful technique it is today (Rayleigh, 1896; Clara, 1966; van Zuylen, 1981; Paddock and
Eliceiri, 2014; Zanacchi et al., 2014; Wollman et al., 2015; Maienschein, 2016). Despite its long
history, light microscopy is experiencing rapid development in the 21st century. For example,
recent developments like light sheet microscopy (Huisken et al., 2004) and super-resolution
microscopy (Gustafsson, 2000; Klar et al., 2000; Rust et al., 2006; York et al., 2013) provide biologists
with tools to image fragile organisms in close-to-native conditions over long periods of time
(Figure 1B) and capture images of samples with spatial resolution exceeding the diffraction limit
(Figure 1C), respectively.

MODERN LIGHT MICROSCOPY PRESENTS BIOLOGISTS WITH
NEW POSSIBILITIES AND CHALLENGES

Technological advancements in light microscopy are driven by – and drive – biologists’ needs
to study and explore their samples in more detail. Recently, there has been the desire to move
from imaging single layers of cells to recording images in a more physiological context, e.g., three-
dimensional cell cultures or whole organisms, to move more to live samples to avoid side effects of
fixation, or to increase throughput and automation to gain statistically relevant results. As a result,
modern light microscopes do not resemble the compact optical devices they once were and are
now rather complex setups that blend well-proven lens arrangements with newly designed optics,
powerful electronics and intelligent software (Figure 1A). Early light microscopy was driven by
polymaths and involved only very few people: one person developing and building the microscope
and a second person preparing samples and documenting microscopic discoveries (Clara, 1966; van
Zuylen, 1981). Prior to the debut of film and later digital cameras in this field, microscopy images
were drawn by hand (Morrison and Gardner, 2015). While good microscope performance was
crucial to make new observations, the quality and usefulness of the images were largely determined
by the biologist’s artistic skills and a priori knowledge applied in the process of drawing. Today’s
digital imaging is crucial to record microscopic observations in a reproducible and quantifiable
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way, but an entirely new set of skills is required to be successful
in this endeavor. Modern light microscopy has become a
collaborative effort where many experts and a multitude of
disciplines are needed to develop and use the technology to
its full extent.

The desire to extract quantitative data from microscopy
images and the increasingly multidisciplinary aspect of optical
microscopy results in both opportunities and challenges.
With many features of modern light microscopes, such as
optical sectioning, reduced photo-damage, increased spatial
and temporal resolution, multi-sample imaging, automation,
or optical manipulation, biologists have the potential to
gain exciting new insights into their sample of interest.
Unfortunately, for many researchers these new features might
not be accessible: the increasing technical complexity of light
microscopy, the plethora of image data, and the multitude
of skills needed challenge traditional biologists. For example,
a lack of compatibility of existing microscope hard- and
software asks for programming and engineering skills that are
not taught in conventional biology courses. Moreover, rapid
technological advancements and frequent scientific publications
suggesting technological breakthroughs make it difficult to keep
track of promising developments and judge their feasibility
for specific imaging experiments. Many light microscopy
techniques, such as stochastic optical reconstruction microscopy,
structured illumination microscopy, deconvolution and multi-
view microscopy, ask for post-processing steps like restoration,
registration or reconstruction of hundreds or thousands of
images before the final result is seen (Agard and Sedat,
1983; Gustafsson, 2000; Rust et al., 2006; Preibisch et al.,
2010); the required computer skills and information technology
infrastructure are rarely present in a biology lab.

COMMERCIAL AND CUSTOM-BUILT
LIGHT MICROSCOPES

From a biologist’s perspective, commercial microscope
setups seem to provide all-in-one solutions to most of the
aforementioned challenges. Indeed, more and more advanced
imaging technology is a great opportunity for vendors to develop
and promote well integrated light microscopes that balance
consistent performance and ease of use. Such commercial
setups can provide a list of benefits for many researchers and
present them with the one accessible route to high-end optical
microscopy. With a common user interface, good integration of
established technologies, intelligent soft- and hardware solutions,
more and more automation features and on-site support from the
vendor, commercial microscopes can form the core of a biology
lab’s imaging needs. However, commercial optical microscopes
are often designed as “black boxes” with at least partly concealed
hard- and software solutions to simplify the user experience and
avoid user error, but also to protect the companies’ intellectual
property. Together with a tighter system integration and images
pre-processed with proprietary algorithms, such “turn-key”
instruments might prevent researchers from custom-fitting
their microscopes and integrating them in their individual

imaging workflows. Last but not least, the adaptation of new
optical microscope technologies in a lab environment is delayed
by the time it takes the company to turn an invention into
a stable, easy-to-use and serviceable product and make it
commercially available, a process that typically takes many
years. As a result, many new light microscopy techniques
only become accessible to a wider user base in a streamlined
fashion upon commercialization many years after the initial
scientific publication.

For many light microscopy applications in the life sciences,
the advantages of commercial setups easily outweigh their
downsides. However, the biologists’ ingenuity and curiosity
can quickly call for more tailor-made light microscopes, be
it to pioneer a new sample or to test a new hypothesis
with unconventional techniques. Those skilled in the art can
build custom light microscopes around the sample with just
the right combination of components, specifically tailored
for novel biological imaging projects. Such custom-built
microscopes tend to provide unique features and performance
not available in commercial microscopes, such as physiological
conditions for day-long imaging of Arabidopsis thaliana (Maizel
et al., 2011) or high-speed microscopy and post-acquisition
synchronization to reconstruct the beating zebrafish heart in
three dimensions (Mickoleit et al., 2014). Because patents and
company associations, as well as aspects like mass market
compatibility, scalability and interface optimizations are of lower
priority for scientists, custom microscopes can be finalized in a
timely manner and provide quicker access to new technology.
In many cases, though, the biologist’s desire for custom-built
light microscopes is limited by a historical disconnect between
scientific disciplines: optical microscopes are mostly developed
in physics-oriented environments, often far away from biological
samples and real-world applications. Therefore, biologists might
not be aware of new developments and might not be able to
access such microscopes. Even when published in full detail,
custom microscopes can remain exclusive builds only accessible
to the developer and close collaborators. Their often unique
and complex designs require substantial engineering, optics,
and computer science skills and make it next to impossible for
interested biologists to build a similar setup, reproduce published
results and facilitate custom microscope technology for their
own imaging ideas.

OPEN SCIENCE IS GAINING
IMPORTANCE

How well a technology is shared and used within a community
is a good indicator of how collaborative its development has
been. The inherent openness of multidisciplinary work directly
contributes to more accessible, reliable, and reproducible science.
In recent years, open science projects, such as the development
of open-source soft- and hardware, gained more and more
traction among developers and users of light microscopy. Today,
biologists have access to open-source software for image analysis
and even microscope control (Carpenter et al., 2006; Edelstein
et al., 2010; Schindelin et al., 2012). Open hardware projects
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FIGURE 1 | Comparison of early and modern light microscopy. Over the
course of 400 years, light microscopes transformed from pure lens
arrangements into complex and automated devices (A). Light microscopy
techniques in developmental biology can now capture dynamic processes in
tissues, organs and organisms under nearly physiological conditions (B)
(West, 2013; Mickoleit et al., 2014). In cell biology, light microscopes are now
capable of recording fine subcellular details (C) (York et al., 2013; Rob et al.,
2016). Previously published images reused under license 5144871109849.

provide building plans for custom components to upgrade
existing microscopes or build entire light microscope setups
(Pitrone et al., 2013; Nicovich et al., 2017; Voigt et al., 2019;
Diederich et al., 2020; Kumar et al., 2021). In addition, different

models have been proposed to enable new biological experiments
and give researchers better access to light microscopy technology
by either streamlining the submission of fixed specimens or
bringing mobile microscopes right to where the biological sample
is located (Power and Huisken, 2019; Schweigreiter et al.,
2019). While open solutions tend to require significantly lower
initial costs, they might pose risks like unforeseeable additional
investments and a lack of support. Here, institutions and funding
agencies are asked to step in and provide reliable and long-
term backing.

MASTERING MODERN LIGHT
MICROSCOPY REQUIRES A UNIQUE
COMBINATION OF SKILLS

In addition to the hurdles when accessing modern microscopy
technology, making full use of it is not without challenges,
either. Performing reproducible and scientifically sound imaging
experiments is a complex task often only covered in passing
during biology training (Boehm et al., 2021). Advertisements for
commercial light microscopes can give the impression that such
setups are straightforward to use, like a camera or a smartphone
set to “Auto.” Along the same lines, scientific publications tend
to oversell new microscopes and glance over shortcomings and
difficulties when building, aligning, and using the technique
on a regular basis. In reality, modern light microscopy, much
like any other scientific technique, requires a diverse set of
skills, good planning, time, and precise execution in order to
yield reliable results. A lack of knowledge and not following
established best practices can inadvertently lead to misleading
conclusions (Lambert and Waters, 2017; Montero Llopis et al.,
2021). Consequently, previously unrelated disciplines need to be
included in bioimaging workflows to extend the skill set and
make full use of new optical microscopy technologies emerging
for biological research. Experts who can make meaningful
contributions to common modern imaging experiments with
biologists include physicists, engineers, biochemists, computer
scientists, imaging scientists, image analysts, and animal
caretakers, among others (Figure 2).

A large variety of disciplines covering everything that is
needed to perform the ideal imaging experiment is rarely found
in traditional biology labs – often not even within individual
research institutions. Meanwhile, modern science has become a
multidisciplinary effort, requiring diverse groups of researchers
from different fields to work together to tackle scientific
challenges. In fact, technology development in light microscopy
does repeatedly benefit from multidisciplinary collaborations
and from knowledge transfer across disciplines. Examples
include the use of deconvolution to computationally reverse
optical distortion, a signal processing technology that was first
established in seismology and later applied in astronomy before a
biochemist and biophysicist introduced it to optical microscopy
(Wiener, 1949; Agard, 1984; Wallace et al., 2001). Another
precedent is the development of photoactivated localization
microscopy (PALM), a super-resolution technique that required
scientists with different backgrounds to join forces and leverage
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FIGURE 2 | A few examples of how a multitude of disciplines need to work hand in hand to turn new imaging ideas into reality. For example, an imaging scientist can
provide valuable help to the biologist in designing a clear and reproducible microscopy workflow, while a biochemist might be needed to develop specialized
fluorophores. At the same time, computer scientists, physicists, and engineers collaborate to modify or build an optical microscope needed for the experiment.

knowledge of biology, biochemistry, optics, and image processing
(Betzig et al., 2006; Hess and Betzig, 2010).

Importantly, multidisciplinary research helps form a more
complete and objective description by combining different
perspectives of the same scientific topic (Amato et al., 2019).
For example, in an imaging experiment, a biologist might
interpret varying intensities across one or more recorded images
as different expression levels, whereas an imaging scientist
might find it being caused by uneven illumination or an
unstable light source (Figure 2). In addition, multidisciplinary
work is invaluable for both well-designed presentations that
communicate results to a broad audience and for better

BOX 1 | Core values research institutions should embrace to support
collaborative and multidisciplinary work.
1 Acknowledge multidisciplinarity as a strength and not dismiss it as being
superficial and not specialized.
2 Appreciation of interdisciplinary work of individuals for career and
publications.
3 Foster communication among experts of different disciplines.
4 Willingness to delve into new and unknown science.
5 Demand a proof of concept and a demonstration of meaningful applications
beyond fundamental science.
6 Be critical of new ideas being sold as revolutionary when they are in fact
only evolutionary.
7 Acknowledge the meaning of true innovation, which has to enable others to
progress.
8 Expectation to share results and make them accessible for non-experts.
9 Work toward more open and reproducible science across all levels and
disciplines.

reporting on imaging methods for reproducible science (Marques
et al., 2020). Future challenges in light microscopy will
increasingly ask for close collaborations of different professions
and the integration of insights from other scientific fields.
For example, the growing need to integrate image processing
and analysis into imaging workflows, as well as the increasing
data sizes will further raise the importance of computer
science. Furthermore, streamlining the design of microscope
hardware and increasing its accessibility will require efforts
from engineering. Last but not least, designing reproducible
imaging experiments, encouraging open microscopy efforts, and
establishing comprehensive light microscopy education will ask
for more input from imaging scientists.

PATHS TO MORE MULTIDISCIPLINARITY

An individual research lab can become more multidisciplinary
in two ways: establishing collaborations with labs of other
disciplines or including researchers of different backgrounds in
their own lab. A common example of the former is a collaboration
between biology labs, microscope developers, and computer
science labs, such as the one resulting in the first lattice light sheet
microscope (Chen et al., 2014). In many ways, this is a fast way
of extending and combining skill sets to successfully work on
larger projects, but obtaining conclusive and reproducible results
can take a lot of time and effort with every new collaboration.
Whereas established structures of individual labs work well
for internal projects, workflows and routines will need to be
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adjusted for effective external collaborations. In addition, good
communication needs to be established between the labs, experts
need to adjust their language and explain concepts specific to
their discipline in more detail, and everyone involved must
provide useful and understandable feedback to facilitate progress.
Additional technical challenges include how biological samples,
tools, and large amounts of data can be shared across labs
and institutions. The second strategy, including most of the
required disciplines in a single lab, is a long-term effort, but
each imaging project will benefit and show results much faster.
Multidisciplinary research labs with expertise from multiple fields
interacting on a daily basis are at the forefront of developing
viable light microscopy technology. Our own lab has embraced
the idea of multidisciplinarity early on and has a long history
of developing custom light sheet microscopy around specific
biological samples and questions (Schmid et al., 2013; Weber
et al., 2017; Daetwyler et al., 2019). These projects were team
efforts from scientists of diverse disciplines collaborating in
the lab every day and resulted in powerful microscopes that
record the best possible images from the respective living
and developing organisms. We are convinced that an optics
development lab greatly benefits from including biologists, as
it helps to connect with the biological community and steer
microscope development in a meaningful direction. In the same
way, we believe it is highly beneficial for a biology lab to
hire scientists with different and often considered unrelated
professions, such as engineering and computer science. Having
all experts right in the lab is the most direct and effective way of
establishing a multidisciplinary lab. All experts learn to speak the
same language, share their experience and technology and expand
their perspective every day, right from the start.

SCIENTIFIC ENVIRONMENTS NEED TO
ACTIVELY SUPPORT
MULTIDISCIPLINARY WORK

Establishing a multidisciplinary lab requires not only a critical
mass of people, but also a supportive institution. Especially in the
early phase of building a research lab, its skill set can be extended
by the right environment: animal and cell facilities can assist with
handling and preparing samples, a machine shop can help out
with tools and engineering skills, a computer department can
build a reliable data backbone, and a light microscopy core facility
can be a crucial contributor of imaging expertise (Ferrando-
May et al., 2016; Lippens et al., 2019). Importantly, the support

of the institution should go well beyond maintaining existing
facilities and helping with technical challenges for collaborative
efforts and multidisciplinary labs to succeed. Universities and
research institutes need to accept and respect new lab structures
and the inclusion of previously foreign disciplines and must
see themselves as a unit of experts working together to do
the best possible science, not as individual labs competing
for independence. More appreciation from universities for
unconventional projects and community efforts can lower the
risks for individual labs and make additional investments for
technology development worthwhile (Fantner and Oates, 2021).
Research institutions also need to bolster core facilities with well-
trained staff and allow for time and resources to engage into
scientific collaborations and technology development (Adami
et al., 2020; Ravindran, 2020; Waters, 2020). Ideally, the scientific
environment not only accepts, but encourages scientists to engage
in multidisciplinary work. Research institutions might find our
list of core values (Box 1) helpful to make the productive,
multi-disciplinary workplace a reality. As light microscopy keeps
evolving over the coming years, multidisciplinarity on all levels
will remain critical to unlock its full potential.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

MW wrote the first version of the manuscript. JH wrote sections
of the manuscript. Both authors contributed to manuscript
revision and read and approved the submitted version.

FUNDING

We acknowledge funding by the Morgridge Institute for Research
and the Chan Zuckerberg Initiative.

ACKNOWLEDGMENTS

We thank K. Weiss and L. Herzel for their comments and
discussion on the manuscript. Illustrations for Figure 1 were
done by M. Neufeld (madyrose.com).

REFERENCES
Adami, V., Homer, N., Utz, N., Lippens, S., Rappoport, J. Z., Fernandez-Rodriguez,

J., et al. (2020). An international survey of Training Needs and Career Paths
of Core Facility Staff. J. Biomol. Tech. 20, jbt.2021–3201–002. doi: 10.7171/jbt.
2021-3201-002

Agard, D. A. (1984). Optical sectioning microscopy: cellular architecture in three
dimensions. Annu. Rev. Biophys. Bioeng. 13, 191–219. doi: 10.1146/annurev.bb.
13.060184.001203

Agard, D. A., and Sedat, J. W. (1983). Three-dimensional architecture of a polytene
nucleus. Nature 302, 676–681. doi: 10.1038/302676a0

Amato, K. R., Maurice, C. F., Guillemin, K., and Giles-Vernick, T. (2019).
Multidisciplinarity in Microbiome Research: a Challenge and Opportunity to
Rethink Causation, Variability, and Scale. Bioessays 41:e1900007.

Betzig, E., Patterson, G. H., Sougrat, R., Lindwasser, O. W., Olenych, S.,
Bonifacino, J. S., et al. (2006). Imaging intracellular fluorescent proteins
at nanometer resolution. Science 313, 1642–1645. doi: 10.1126/science.112
7344

Frontiers in Cell and Developmental Biology | www.frontiersin.org 5 October 2021 | Volume 9 | Article 739015

http://madyrose.com
https://doi.org/10.7171/jbt.2021-3201-002
https://doi.org/10.7171/jbt.2021-3201-002
https://doi.org/10.1146/annurev.bb.13.060184.001203
https://doi.org/10.1146/annurev.bb.13.060184.001203
https://doi.org/10.1038/302676a0
https://doi.org/10.1126/science.1127344
https://doi.org/10.1126/science.1127344
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles


fcell-09-739015 October 15, 2021 Time: 16:19 # 6

Weber and Huisken Multidisciplinarity in Modern Light Microscopy

Boehm, U., Nelson, G., Brown, C. M., Bagley, S., Bajcsy, P., Bischof, J., et al. (2021).
QUAREP-LiMi: a community endeavor to advance quality assessment and
reproducibility in light microscopy. Nat. Methods 2:54. doi: 10.1038/s41592-
021-01162-y

Carpenter, A. E., Jones, T. R., Lamprecht, M. R., Clarke, C., Kang, I. H., Friman,
O., et al. (2006). CellProfiler: image analysis software for identifying and
quantifying cell phenotypes. Genome Biol. 7:R100.

Chen, B. C., Legant, W. R., Wang, K., Shao, L., Milkie, D. E., Davidson, M. W.,
et al. (2014). Lattice light-sheet microscopy: imaging molecules to embryos at
high spatiotemporal resolution. Science 346:1257998.

Clara, S. B. (1966). The Early History of the Compound Microscope. Bios 37,
51–60.

Daetwyler, S., Günther, U., Modes, C. D., Harrington, K., and Huisken, J. (2019).
Multi-sample SPIM image acquisition, processing and analysis of vascular
growth in zebrafish. Development 146:dev173757.

Diederich, B., Lachmann, R., Carlstedt, S., Marsikova, B., Wang, H., Uwurukundo,
X., et al. (2020). A versatile and customizable low-cost 3D-printed open
standard for microscopic imaging. Nat. Commun. 11:5979.

Edelstein, A., Amodaj, N., Hoover, K., Vale, R., and Stuurman, N. (2010). Computer
control of microscopes using µManager. Curr. Protoc. Mol. Biol. 14:Unit14.20.

Fantner, G. E., and Oates, A. C. (2021). Instruments of change for academic tool
development. Nat. Phys. 17, 421–424. doi: 10.1038/s41567-021-01221-3

Ferrando-May, E., Hartmann, H., Reymann, J., Ansari, N., Utz, N., Fried, H. U.,
et al. (2016). Advanced light microscopy core facilities: balancing service,
science and career. Microsc. Res. Tech. 79, 463–479. doi: 10.1002/jemt.22648

Gustafsson, M. G. (2000). Surpassing the lateral resolution limit by a factor of two
using structured illumination microscopy. J. Microsc. 198, 82–87.

Hess, H., and Betzig, E. (2010). Developing PALM Microscopy. iBioMagazine
Research Talk. Available online at: https://www.ibiology.org/techniques/palm-
microscopy/

Huisken, J., Swoger, J., Del Bene, F., Wittbrodt, J., and Stelzer, E. H. K. (2004).
Optical sectioning deep inside live embryos by selective plane illumination
microscopy. Science 305, 1007–1009. doi: 10.1126/science.1100035

Klar, T. A., Jakobs, S., Dyba, M., Egner, A., and Hell, S. W. (2000). Fluorescence
microscopy with diffraction resolution barrier broken by stimulated emission.
Proc. Natl. Acad. Sci. U. S. A. 97, 8206–8210. doi: 10.1073/pnas.97.15.8206

Kumar, M., Kishore, S., McLean, D., and Kozorovitskiy, Y. (2021). Crossbill: an
open access single objective light-sheet microscopy platform. Biorxiv doi: 10.
1101/2021.04.30.442190

Lambert, T. J., and Waters, J. C. (2017). Navigating challenges in the application
of superresolution microscopy. J. Cell Biol. 216, 53–63. doi: 10.1083/jcb.
201610011

Lippens, S., D’Enfert, C., Farkas, L., Kehres, A., Korn, B., Morales, M., et al. (2019).
One step ahead: innovation in core facilities. EMBO Rep. 20:e48017.

Maienschein, J. (2016). Embryos, microscopes, and society. Stud. Hist. Philos. Biol.
Biomed. Sci. 57, 129–136.

Maizel, A., von Wangenheim, D., Federici, F., Haseloff, J., and Stelzer, E. H. K.
(2011). High-resolution live imaging of plant growth in near physiological
bright conditions using light sheet fluorescence microscopy. Plant J. 68, 377–
385.

Marques, G., Pengo, T., and Sanders, M. A. (2020). Science Forum: imaging
methods are vastly underreported in biomedical research. Elife 9:e55133.

Mickoleit, M., Schmid, B., Weber, M., Fahrbach, F. O., Hombach, S., Reischauer, S.,
et al. (2014). High-resolution reconstruction of the beating zebrafish heart. Nat.
Methods 11, 919–922. doi: 10.1038/nmeth.3037

Montero Llopis, P., Senft, R. A., Ross-Elliott, T. J., Stephansky, R., Keeley, D. P.,
Koshar, P., et al. (2021). Best practices and tools for reporting reproducible
fluorescence microscopy methods. Nat. Methods doi: 10.1038/s41592-021-
01156-w Epub online ahead of print.

Morrison, A. O., and Gardner, J. M. (2015). Microscopic Image Photography
Techniques of the Past. Present, and Future. Arch. Pathol. Lab. Med. 139,
1558–1564. doi: 10.5858/arpa.2014-0315-ra

Nicovich, P. R., Walsh, J., Böcking, T., and Gaus, K. (2017). NicoLase-An open-
source diode laser combiner, fiber launch, and sequencing controller for
fluorescence microscopy. PLoS One 12:e0173879. doi: 10.1371/journal.pone.
0173879

Paddock, S. W., and Eliceiri, K. W. (2014). Laser scanning confocal microscopy:
history, applications, and related optical sectioning techniques. Methods Mol.
Biol. 1075, 9–47. doi: 10.1007/978-1-60761-847-8_2

Pitrone, P. G., Schindelin, J., Stuyvenberg, L., Preibisch, S., Weber, M., Eliceiri,
K. W., et al. (2013). OpenSPIM: an open-access light-sheet microscopy
platform. Nat. Methods 10, 598–599. doi: 10.1038/nmeth.2507

Power, R. M., and Huisken, J. (2019). Putting advanced microscopy in the hands of
biologists. Nat. Methods 16, 1069–1073.

Preibisch, S., Saalfeld, S., Schindelin, J., and Tomancak, P. (2010). Software for
bead-based registration of selective plane illumination microscopy data. Nat.
Methods 7, 418–419. doi: 10.1038/nmeth0610-418

Ravindran, S. (2020). Core curriculum: learning to manage a shared microscopy
facility. Nature 588, 358–360. doi: 10.1038/d41586-020-03466-z

Rayleigh, X. V. (1896). On the theory of optical images, with special reference
to the microscope. Lond. Edinbur. Dub. Philos. Magaz. J. Sci. 42, 167–195.
doi: 10.1080/14786449608620902

Rob, D., Perkins, S. L., and Wynne, P. J. (2016). Welcome to the Microbiome.
United States: Yale Press.

Rust, M. J., Bates, M., and Zhuang, X. (2006). Sub-diffraction-limit imaging
by stochastic optical reconstruction microscopy (STORM). Nat. Methods 3,
793–795. doi: 10.1038/nmeth929

Schindelin, J., Arganda-Carreras, I., Frise, E., Kaynig, V., Longair, M., Pietzsch, T.,
et al. (2012). Fiji: an open-source platform for biological-image analysis. Nat.
Methods 9, 676–682. doi: 10.1038/nmeth.2019

Schmid, B., Shah, G., Scherf, N., Weber, M., Thierbach, K., Campos, C. P.,
et al. (2013). High-speed panoramic light-sheet microscopy reveals global
endodermal cell dynamics. Nat. Commun. 4:2207.

Schweigreiter, R., Cawthorne, C., Lippens, S., Van Minnebruggen, G., and Munck,
S. (2019). Collaborating by courier, imaging by mail. EMBO Rep. 21:e49755.

van Zuylen, J. (1981). The microscopes of Antoni van Leeuwenhoek. J. Microsc.
121, 309–328. doi: 10.1111/j.1365-2818.1981.tb01227.x

Voigt, F. F., Kirschenbaum, D., Platonova, E., Pagès, S., Campbell, R. A. A., Kastli,
R., et al. (2019). The mesoSPIM initiative: open-source light-sheet microscopes
for imaging cleared tissue. Nat. Methods 16, 1105–1108. doi: 10.1038/s41592-
019-0554-0

Wallace, W., Schaefer, L. H., and Swedlow, J. R. (2001). A workingperson’s guide to
deconvolution in light microscopy. Biotechniques 31:1082.

Waters, J. C. A. (2020). Novel Paradigm for Expert Core Facility Staff Training.
Trends Cell Biol. 30, 669–672. doi: 10.1016/j.tcb.2020.06.001

Weber, M., Scherf, N., Meyer, A. M., Panáková, D., Kohl, P., Huisken, J., et al.
(2017). Cell-accurate optical mapping across the entire developing heart. Elife
6:e28307.

West, J. B. (2013). Marcello Malpighi and the discovery of the pulmonary capillaries
and alveoli. Am. J. Physiol. Lung Cell. Mol. Physiol. 304, L383–L390.

Wiener, N. (1949). Extrapolation, Interpolation, and Smoothing of Stationary Time
Series: with Engineering Applications. United States: MIT Press.

Wollman, A. J. M., Nudd, R., Hedlund, E. G., and Leake, M. C. (2015). From
Animaculum to single molecules: 300 years of the light microscope. Open Biol.
5:150019. doi: 10.1098/rsob.150019

York, A. G., Chandris, P., Nogare, D. D., Head, J., Wawrzusin, P., and Fischer, R. S.
(2013). Instant super-resolution imaging in live cells and embryos via analog
image processing. Nat. Methods 10, 1122–1126. doi: 10.1038/nmeth.2687

Zanacchi, F. C., Bianchini, P., and Vicidomini, G. (2014). Fluorescence microscopy
in the spotlight. Microsc. Res. Tech. 77, 479–482. doi: 10.1002/jemt.22393

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Weber and Huisken. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org 6 October 2021 | Volume 9 | Article 739015

https://doi.org/10.1038/s41592-021-01162-y
https://doi.org/10.1038/s41592-021-01162-y
https://doi.org/10.1038/s41567-021-01221-3
https://doi.org/10.1002/jemt.22648
https://www.ibiology.org/techniques/palm-microscopy/
https://www.ibiology.org/techniques/palm-microscopy/
https://doi.org/10.1126/science.1100035
https://doi.org/10.1073/pnas.97.15.8206
https://doi.org/10.1101/2021.04.30.442190
https://doi.org/10.1101/2021.04.30.442190
https://doi.org/10.1083/jcb.201610011
https://doi.org/10.1083/jcb.201610011
https://doi.org/10.1038/nmeth.3037
https://doi.org/10.1038/s41592-021-01156-w
https://doi.org/10.1038/s41592-021-01156-w
https://doi.org/10.5858/arpa.2014-0315-ra
https://doi.org/10.1371/journal.pone.0173879
https://doi.org/10.1371/journal.pone.0173879
https://doi.org/10.1007/978-1-60761-847-8_2
https://doi.org/10.1038/nmeth.2507
https://doi.org/10.1038/nmeth0610-418
https://doi.org/10.1038/d41586-020-03466-z
https://doi.org/10.1080/14786449608620902
https://doi.org/10.1038/nmeth929
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1111/j.1365-2818.1981.tb01227.x
https://doi.org/10.1038/s41592-019-0554-0
https://doi.org/10.1038/s41592-019-0554-0
https://doi.org/10.1016/j.tcb.2020.06.001
https://doi.org/10.1098/rsob.150019
https://doi.org/10.1038/nmeth.2687
https://doi.org/10.1002/jemt.22393
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	Multidisciplinarity Is Critical to Unlock the Full Potential of Modern Light Microscopy
	Light Microscopy Has Become Increasingly Capable
	Modern Light Microscopy Presents Biologists With New Possibilities and Challenges
	Commercial and Custom-Built Light Microscopes
	Open Science Is Gaining Importance
	Mastering Modern Light Microscopy Requires a Unique Combination of Skills
	Paths to More Multidisciplinarity
	Scientific Environments Need to Actively Support Multidisciplinary Work
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


