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I am writing to provide a final evaluation of the completed project titled "Singularity Biology”. This project was led
by Principal Investigator Professor Takeharu Nagai of Osaka University, and it was my pleasure to have served as an
advisor. Overall, this project has been tremendously successful, having led to breakthrough technologies, a large
number of research publications, new collaborations, and multiple new opportunities for networking and researcher
exchange. The advancements made in this research area, particularly the development and application of the trans-
scale scope AMATERAS, have been very impressive. This new microscope technology has enabled the discovery of
new singularity phenomena and has significantly enhanced our understanding of rare cells in complex biological
systems. I am particularly impressed by the successful demonstration of fluorescent observation at 1000 nm and the
utilization of luminescent probes, which substantially expand the technological capabilities in this field. The volume
of scholarly output produced by this project is highly admirable, demonstrating a robust and productive research
environment. Notably, the total number of reported papers exceeds 650, including 42 publications in high-impact
journals such as Nature, Science, and Cell. I also understand that the project has received over 69 awards and has led
to the awarding of about 10 additional grant to team members. Clearly, these awards and new grants validate the
significant contributions made by the project team. Beyond the advances in research, the synergy between the
Measurement Group, Information Analysis Group, and Biology Group has served as a remarkable example of the
power of interdisciplinary collaboration. In summary, these research outputs and many awarded recognitions are
unambiguous evidence of the impact and success of the Singularity Biology project. It is my opinion that this project
has pioneered the promotion of singularity phenomena as an important new concept in biological research, while also
deepening our understanding of this new biological paradigm. I am certain that the many collaborations formed
through this project will persist long into the future and lead to many new and unexpected insights at the forefront of
biology and medicine.
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The idea of “Singularity Biology” is rather interesting. It could potentially usher in an entirely new era of research
exploration, shifting the conventional emphasis from average behaviors to the exploration of statistical outliers at the
level of single cells within tissues. If successful, this new direction should alter the landscape of our biological studies.
Of note is that this shift is partly enabled by the innovative AMATERAS microscope. It allows imaging and analysis
of single cells within a large sample pool, shedding light on the rare and unique cells that comprise around 0.01% of
approximately 100 million cells. Critically, the development of such trans-scale tools is rooted in the interdisciplinary
interactions of various disciplines, encompassing not only biology, but also mathematics, information science, and
measurement technology. In addition, the combination of deep learning and cell picking system based on
transcriptome phenotypes, ALPS, is also very remarkable. Moreover, it is not just about hardware; data science
advancements have become an indispensable cornerstone for fully harnessing the potential of these novel tools. In
this context, they had remarkable accomplishments in standardizing data formats. Sadly, COVID-19 restrictions have
dampened the spirit of collaborative research, limiting the ability for in-person interaction and visits to related
institutes in Japan. This pandemic on the global scale has impacted on everyone. Though the “Singularity Biology”
consortium has tried its best to communicate with the community through a dedicated YouTube channel
(https://youtu.be/af-0ih2CI-E), there is nothing compared to in-person on-site visits and face-to-face communications.
Looking forward, the “Singularity-Biology” direction promises to unveil a treasure trove of biological insights,
potentially shedding light on basic-science topics including iPS cell-derived tissues, transparent medicine, and the
dynamics of D. discoideum. These endeavors, akin to single-molecule biology I have also been involved, will bring
about new knowledge that transcends an ensemble-based picture and potentially points to new ways of therapeutic
innovations. All in all, despite setbacks, I believe that idea of “Singularity Biology” shall persist in its relentless
pursuit of innovation, refining our understanding of biology from an entirely different lens.

Feng Zhang. 7 *!)/1-Broad Institute (MIT/Harvard X%) - 4%

The team has done exceptional work on deciphering the "singularity phenomenon" and made many exceptional
achievements. The conception, development, and deployment of AMATERAS, leading to the discovery of novel
singularity phenomena, marks a paradigm shift, taking our understanding and approach to intricate biological systems
to a new level. The synergistic collaboration among the Measurement Group, Information Analysis Group, and
Biology Group isn't merely effective - it exemplifies the transformative power of interdisciplinary efforts,
underscoring the dynamism and innovation that such an approach fosters. The team has generated a strong set of
scholarly publications, complemented by numerous prestigious lecture invitations. these are further evidence for the
significant global reputation that this research continues to gather. There is also lots of potential for future
breakthroughs. The innovative application of fluorescence observation and luminescent probes, opens new
dimensions in our observational and investigative capabilities. This ingenuity is indicative of the team's ingenuity.
The team also has an impressive portfolio of research funding and awards which further demonstrates the impactful
nature of their research.

Steve Presse, 7 AUH-7')J FMKRF-&ix

First, I congratulate the successful achievements on the subject of “Singularity Biology”. When I first heard this
phrase, I could not envision the type of biology the team would pursue, by gathering different disciplines ranging
from biology to applied mathematics, information science, and measurement technology. I heard that inviting more
than 20 instrument companies was also one of the very unique features of this area. The concept of singularity biology
represented by the new gigantic microscope AMATERAS is perhaps one of the most remarkable achievements by
one-shot imaging of single cells over 1cm square sample spanning around 1 M cells, and focusing on the unique, rare
cells appearing about 0.01%. The YouTube (https://www.youtube.com/watch?v=af-0ih2CI-E&t=33s) sounds
remarkable, but this should be translated to English (with not only English subtitles). It is promising to imagine that
many new biological findings will be further achieved in addition to the D. discoideum dynamics addressed in the
paper, e.g., iPS cell-derived tissues for transparent medicine whose collective response has not been unresolved. I
have heard that there are multiple on-going efforts with both domestic collaborators as well as collaborators from
abroad in the future. The concept of rare cells (what they call singularity cells) or their events that trigger the global
features on dynamics and kinetics is an opportunity presented here that has not systematically been explored by
biologists. There is a strong analogy between the outliers identified here and work in single molecule where we study
the individual behavior of molecules in their unique environment. Thus, this research arena sounds unique, and [
anticipate other new findings to be published in the coming future. The advent of the new microscope is especially
welcome as we continue to develop data-driven tools. In this regard, some recent achievements such as the
standardization of data format, J.R. Swedlow et al “A global view of standards for open image data formats and
repositories” Nature methods 18(12) 1440-1446 (2021), and many body causal inference among agents, Sattari et al
“Modes of information flow in collective cohesion.” Science Advances 8(6), 1720 (2022) are noteworthy.
Unfortunately, due to COVID-19, scientists were prevented from visiting the institutes/universities involved in
AMATERAS in Japan. I myself could only partially interact with the researchers involved in this program and,
though I was invited to their Pacifichem symposium extended one year, it was ultimately only offered virtually
preventing us from hearing about the breakthroughs firsthand. My sincere hope is that the work continues, and that
singularity biology further succeeds in influencing our way of thinking beyond the cellular ensemble average
paradigm characteristic of the analysis of large scale tissue samples.
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