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GREETINGS FROM THE CO-DIRECTORS
Welcome to the Initiative in Theory and Modeling of Living Systems at Emory! The initiative has been
around for a few years now, but this our first newsletter. We hope these will become more frequent, as we
have more exciting news and results to share.
TMLS was started by Emory College in 2017 to establish Emory as an international leader in theoretical and
modeling approaches to living systems by growing the community of researchers interested in such
approaches, by connecting the community to experimentalists and clinicians, and by training the next
generation of researchers in the field -- researchers who would multiply our impact all over the world. The
College made a sizable investment in the Initiative, and now is a good time to take stock of some of the
trees that grew out of those seeds. This is especially true since, in the last year and a half, most of us have
been locked in our own homes, and did not have a chance to see what the rest of the community is doing.
The Initiative has grown to include over two dozen affiliated faculty members, who participate in some of its
activities (see Faculty Publications in this Issue). While originally started as a College Initiative, once it
matured, it was decided that the Initiative should expand to become a de facto umbrella for modeling in
biology for the whole university. To this extent, Lena Ting, John and Jan Portman Professor of Biomedical
Engineering in the School of Medicine, and Lance Waller, Rollins Professor of Biostatistics and
Bioinformatics, were added to the Advisory Board. With their help, we are continuously recruiting new
faculty members from the Woodruff Health Sciences Center. Crucially, the Initiative grows not only from
within, but also by helping the University to attract new faculty members. Nic Vega, Jennifer Rieser (see
Faculty Profile in this Issue), Shashank Shekhar, and Daniel Sussman are all new Assistant Professors,
whom TMLS helped to recruit. For example, Daniel Sussman, Assistant Professor of Physics, has pointed
out that, during his recruitment, the existence of TMLS sent him a signal about the culture at Emory. “Yes,
there would be a collection of excellent researchers that I would be joining (true at many places),” explained
Prof. Sussman, “but there might also be a culture of being actively engaged with the work of colleagues
(true... at some places), finding common interests, and collaborative inquiry. In short, it was clear that it
would be easy to have exciting conversations and form deep collaborations with a community that spanned
across departments. That mattered to me.” It is not surprising then that TMLS has helped to recruit and
foster some of the most prominent scientists in the field anywhere in the world (see Faculty Recognitions in
the Issue).
The voice and the footprint that TMLS has developed has increased the visibility of our individual research
groups. This is especially important for new laboratories that are just trying to establish themselves. For
example, Shashank Shekhar, Assistant Professor of Physics and Cell Biology, commented that “the visibility
that [his] research program has received due to being part of the TMLS community has been a key factor
behind several strong postdoc applications” to his group. TMLS increases this visibility in many ways. A
crucial mechanism is our unique program of collective recruitment of TMLS Postdoctoral Fellows, which
attracts top junior scientists because it does not recruit to a specific laboratory, but gives the recruits an
opportunity to explore collaborations with different groups (see TMLS Fellow Profile of Haicen Yue later in
this Issue). Second mechanism to increase visibility is our externally facing workshops and conferences.
During the COVID-19 pandemics we had to pivot quickly, and were one of the first scientific groups to
embrace the Zoom culture. In collaboration with scientists from Europe, we started the World Wide Physics
of Life web site to curate TMLS related virtual seminars from around the world, https://www.worldwide.org/Physics-of-Life/. Crucially, we also started a series of online TMLS Workshops (see 2020-2021
TMLS Workshop Series in the Issue), which address provocative questions in quantitative life sciences in
short talks and discussions among the leading researchers in the world,
https://www.youtube.com/c/EmoryTMLS. The 2020-2021 Workshop Series has been incredibly successful,
engaging more than 5000 people all over the world in synchronous and asynchronous discussions. The
2021-2022 Workshop program is being developed as we are writing this.

GREETINGS FROM THE CO-DIRECTORS CONT.
A crucial part of any scientific institution is training of the next generation of scientists, and TMLS has put a lot
of effort in such activities. We started with the Postdoctoral Fellows program. Then we created a unique
environment for graduate training by joining the International Physics of Living Systems Student Research
Network, supported by the National Science Foundation, http://livingtheory.emory.edu/programs/ipols-studentresearch-network.html (see also TMLS Graduate Student Profile of Tyler Smith in this issue). Most recently, in
cooperation with others around the College, we initiated a program to support undergraduate students from
financially disadvantaged backgrounds, who are interested in TMLS related research. We will reflect on TMLS
training activities and the trajectory of our alumni in detail in one of the next flyers.
TMLS is an integral part of the broader quantitative life sciences community at Emory and Atlanta, and our
role is to make this entire community stronger. We establish collaborations beyond our immediate boundaries,
create an environment for cross-pollination of ideas, bring forward the unique strength of our community, and
help in securing funding to make all of our programs sustainable. To this extent, with our Georgia Tech
colleagues, we support the ATL Next Gen Neuro program, http://livingtheory.emory.edu/about/index.html, with
the mission of developing experimental and theoretical foundations for the next decade of computational and
systems neuroscience research, and of growing the community of like-minded researchers in the Atlanta
area. Within neuroscience, our support for establishment and a continued collaboration with the Simons
Emory International Consortium on Motor Control (SEICMC) has been especially successful (see a TMLSSEICMC dialog in this Issue).
These are exciting -- if a bit unusual -- times. TMLS has done a lot on the way to its mission of making Emory
an undisputed world leader in our field, but there’s a lot of work remaining to be done. We are looking forward
to doing it with you all.
Ilya Nemenman and Katia Koelle
TMLS co-Directors

TMLS MEMBER PROFILES

Tyler Smith, PhD graduate,
Weissman Lab, Department
of Physics, Dissertation Title
“Information flow in spatially
structured populations”

TMLS is a community made of researchers
on all stages of their career. In what we hope
will be a regular feature of our Newsletters,
we will introduce some of these researchers
to you through their edited answers to our
Profiles questions.

Q: What brought you to Emory?
A: I liked the location and the weather (I grew up in Florida). There are a
lot of good theorists here that work on interesting problems, and... I felt
like it was an environment I could see myself succeeding in.
Q: What do you do?
A: Most of my work at Emory was in theoretical biophysics at either the
cellular or population level. Population genetics ended up being the
main focus of my dissertation. I worked with Daniel Weissman on
developing new models of how the movement of individuals in a
population affects how quickly genetic relatedness between individuals
decays with distance.
Q: What are the most exciting outcomes of your work?
Classic models assume that individuals can only move short distances in
a single generation, which is false for many real populations. Our
generalized model considers the case in which individuals can travel
very long distances in a single generation. We found that this leads to
very different predictions for the rate at which genetic relatedness
decreases with distance. This is exciting for many reasons. In particular,
this allows us to estimate how animals move from genetic sequencing of
populations, which is of paramount importance for predicting how
pandemics spread, or how populations would displace each other in
response to perturbations, such as from global warming.
Q: What are you looking forward to in the TMLS activities in the
upcoming year?
A: Honestly, not much. I just started a new job as an applied
mathematician in Boeing, and this takes my entire focus.

Haicen Yue, TMLS Postdoctoral
Fellow, Sussman Lab
Q: What brought you to Emory?
A: After my PhD at UCSD and the first postdoc at NYU, I wanted to focus on using
theory to study problems related to cell movement. This is a broad topic, including
both signaling and mechanics, spanning scales from subcellular to tissues. So I had
hoped to work at a place with plentiful opportunities for collaborations with
biophysicists in these fields. TMLS at Emory was a good match, with Professor
Nemenman’s group working on signaling; Professor Sussman modeling collective
cellular behavior, and Professor Kim’s group doing experiments on collective cell
migration.
Q: What do you do?
A: I have focused my interests on tissue-level collective behaviors, studied with soft
matter and active matter theory, which I do at Professor Sussman’s group. My
current projects are inspired by tissue fusion, which is important in embryo
development and tumor invasion. We find that previous researchers did not use the
latest hydrodynamic theory to understand the flow of tissues, and this is now my
focus. I am aided by discussions with Professor Burton in the Physics Department,
who is an expert in non-living fluid flows. Discussions with him help me to pinpoint
fundamental differences between living and nonliving mesoscopic soft matter
systems. This research is still in progress, but I am very excited about where it is
headed.

Jennifer Rieser, Assistant
Professor of Physics
Q: What brought you to Emory?
A: The strong and collaborative soft matter physics and biophysics research
environment makes Emory a really exciting place to be.
Q: What do you do?
My research is at the interface between soft matter physics and organismal
biophysics. My lab does experiments and modeling to better understand how the
physics of soft and flowable natural substrates (like sand and mud) drives
behavioral and morphological adaptations of animals that interact with soft
materials in their natural habitats.
Q: What are the most exciting outcomes of your work?
A: I’m really excited by developing a deeper understanding of how the physics of
complex environments may have driven evolutionary changes in animals, and I'm
particularly fascinated by the similarities and differences of both morphological
features and behavioral strategies that have evolved independently multiple times.
Q: How did the pandemic year affect you?
A: Transitioning from a postdoc to a faculty member while sitting in the exact same
chair in the exact same room in my apartment has been a really strange
experience. I’m looking forward to being on campus more and having more threedimensional interactions with students and colleagues.
Q: What are you looking forward to in the TMLS activities in the upcoming
year?
A: I find the online TMLS workshops rather thought-provoking and engaging, and I
look forward to seeing what workshops will be hosted in the coming months.

Q: How did the COVID-19 pandemic affect you? What are you looking forward
to in the TMLS activities in the upcoming year?
A: The pandemic has affected communication and collaboration. Online meetings
cannot substitute casual conversations, which may be short but inspiring. One good
aspect of the pandemic is that people got more used to online meetings, and this
improves communications with scientists far away. I am very happy that the research
work is gradually returning to normal, and I can work on campus now. I look forward
to more seminars in TMLS -- in person and online, to capitalize on what we learned -and to some opportunities for students and postdocs in TMLS to present their work to
each other.

BEYOND TMLS: SIMONS-EMORY INTERNATIONAL
CONSORTIUM ON MOTOR CONTROL (SEICMC)

One of the roles of TMLS is to establish collaborations and to
promote quantitative research in life sciences broadly, outside
of its own borders (see Directors’ Welcome in this Issue).
Recently, Ilya Nemenman, one of the TMLS co-Directors, sat
down for a virtual discussion with Sam Sober, Winship
Distinguished Research Associate Professor of Biology, and
Gordon Berman, Assistant Professor of Biology and Physics,
co-Directors of SEICMC, one of our collaborating groups.
Ilya Nemenman (IN): Sam, Gordon -- thank you for making
the time to talk to me. And welcome! Could you tell us briefly
what SEIMC is about?
Sam Sober (SS): Our primary focus is on understanding how
millions of neurons work together to learn and control complex
motor skills. This is a fundamental unsolved problem in
neuroscience. One of the main reasons it remains unsolved is
the lack of a adequate experimental tools for recording motor
activity at high resolution, along with a lack of computational
tools for understanding and comparing the common principles
that underlie complex motor behaviors across species. Thus
we started the consortium of eight eight research groups to
develop new experimental electrode systems and
computational methods, which would allow investigating
motor control comprehensively across species and behaviors.
Our collaboration aims to break down barriers between
otherwise disparate research communities, creating a
common framework for discovering how different brains
generate different behaviors.
IN: Thank you, Sam. And what’s the role of TMLS in this
research enterprise?
SS: Funny you should ask. To understand motor control
across species, we require not just novel experimental tools,
but also a framework for interpreting our results, and making
extrapolations and predictions. The framework is necessarily
mathematical in its nature. Put another way, with theory and
modeling, we can learn a lot more from our data than we can
without. Not only that, but theory also guides us towards
experiments able to answer the most impactful questions. As
you know, our collaboration -- yours and mine -- started this
way, with theory providing a fresh interpretation of our data,
but eventually it extended to theory being an equal partner in
the whole research enterprise. We aim to encourage this kind
of experience for this whole Consortium.

Gordon Berman (GB)
Gordon Berman (GB): I’ll add here that it is not surprising that all
four of the Emory members of the Consortium are also TMLS
members -- there’s simply no way of learning general principles of
motor control without expertise in control theory, information
theory, statistical physics, or neural networks. And at Emory, this
expertise resides in TMLS. Now SEICMC is its own unique and
internationally recognized entity, with ties that extend
geographically and thematically well beyond TMLS. However,
because of where the computational expertise resides, TMLS was
instrumental in helping us start SEIMC. TMLS seeded
collaborations among the relevant labs in the Atlanta neuroscience
landscape, and it helped us organize the Conference on New
Directions in Motor Control
https://news.emory.edu/stories/2017/05/er_neuroscience_conferen
ce/campus.html, which solidified ideas for the future of SEICMC.
IN: What is the nature of interactions between SEICMC and TMLS
now?
GB: Both entities aim for mathematics-driven understanding of the
natural world, with slightly different foci. When these foci overlap,
there’s a natural place for collaborations. For example, SEICM and
TMLS jointly organized an online workshop on Neural Dynamics
and trained junior researchers on Computational Methods for
analysis of neural and behavioral data. Together we have
sponsored external speakers for various neuroscience events. But
the most crucial collaboration, at least in my mind, is in weekly
journal clubs and other countless opportunities for interactions
among mathematically-inclined trainees studying the living world.
One cannot overstate the effect of such a mature community on
student development and the quality and the type of research we
all conduct.
SS: SEICMC, TMLS, Atlanta Next Gen Neuro, with its many
computational and neuroengineering training grants --- the
confluence of all of these is what makes the Atlanta scientific
landscape unique, and fosters these collaborations and more in the
future, cementing our position as a distinct international research
hub.

Left: Ilya Nemenman (IN) Right: Sam Sober (SS)

FACULTY RECOGNITIONS
TMLS Faculty are internationally recognized as some of the most innovative researchers and educators in their
fields, and recently they have received the following recognitions.
Sloan Research Fellowship is awarded “to stimulate fundamental research by early-career scientists and scholars
of outstanding promise”
Chethan Pandarinath, Neuroscience, 2019
Daniel Weissman, Physics, 2021
Cottrell Scholar award by Research Corporation “champions the very best early career teacher-scholars in
chemistry, physics, and astronomy”
Gordon Berman, 2019
Minsu Kim, 2017
Phi Beta Kappa Recognition for Excellent Teaching. Phi Beta Kappa recognition is bestowed on a faculty member
“who has encouraged and helped students to excel, and who exemplified intellectual rigor and enthusiasm for
scholarly pursuits”
Katia Koelle, 2020
Scialog Team Award by Research Corporation for early career theorists and experimentalists from physics,
biology, and closely related disciplines to develop a stronger quantitative connection between molecular
phenomena and phenomena at the cellular systems level by pursuing collaborative, high risk, highly impactful
discovery research on untested ideas in physical cell biology.
Minsu Kim, 2018
Simons Investigator in Mathematical Modeling of Living Systems. This award aims to help the research careers of
outstanding junior scientists working on mathematical and theoretical approaches to topics in the life sciences
Daniel Weissman, 2017
Simons Investigator in Mathematics, Physics, Astrophysics and Computer Science. This award supports
outstanding theoretical scientists in their most productive years, when they are establishing creative new research
directions, providing leadership to the field and effectively mentoring junior scientists
Ilya Nemenman, Theoretical Physics in Life Sciences, 2021
Maximizing Investigators' Research Award from NIGMS provides the nation's highly talented and promising
investigators with greater stability and flexibility, thereby enhancing scientific productivity and the chances for
important breakthroughs
Shashank Shekhar, 2021
The NINDS Landis Award for Outstanding Mentorship recognizes NINDS investigators, who have shown
dedication to superior mentorship and training in neuroscience research
Samuel Sober, 2021
NIH Director's New Innovator Award supports exceptionally creative early career investigators who propose
innovative, high-impact projects in the biomedical, behavioral or social sciences within the NIH mission
Chethan Pandarinath, 2021
Jennifer Rieser’s research was profiled in the New York Times’ Science section as work of exceptional interest
to the general public, 2021
Katia Koelle was appointed Co-Editor-in-Chief of the journal Epidemics: The Journal on Infectious Disease
Dynamics, 2018
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therapy of Staphylococcus aureus infections. Proc Natl Acad Sci USA. 118,

Wood, E. A. Mordecai, Towards common ground in the biodiversity–disease

e2008007118 (2021).

debate. Nat Ecol Evol. 4, 24–33 (2020).
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Ilya Nemenman

Place Area. Current Biology. 30, 544-550.e3 (2020).
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Dieter Jaegar

emergent selectivity and predict decoding properties of large populations of
neurons. PLoS Comput Biol, 7;16(5):e1007875, 2020

S. Abbasi, S. Maran, D. Jaeger, A general method to generate artificial spike
train populations matching recorded neurons. J Comput Neurosci. 48, 47–63

M.C. Morrell, A. Sederberg, I. Nemenman. Latent Dynamical Variables

(2020).

Produce Signatures of Spatiotemporal Criticality in Large Biological Systems.
Phys Rev Lett. 19;126(11):118302, 2021

J. Catanese, D. Jaeger, Premotor Ramping of Thalamic Neuronal Activity Is
Modulated by Nigral Inputs and Contributes to Control the Timing of Action
Release. J. Neurosci. 41, 1878–1891 (2021).
N. Takahashi, S. Moberg, T. A. Zolnik, J. Catanese, R. N. S. Sachdev, M. E.
Larkum, D. Jaeger, Thalamic input to motor cortex facilitates goal-directed
action initiation. Current Biology, S0960982221009180 (2021).
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