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On behalf of the Organizing Committee, | welcome you all to the CNCM 2023 Conference

on “Structure, Function and Development of Neural Circuits”. This is the third conference
hosted by the Center for Neural Circuit Mapping (CNCM) at UC Irvine under the
direction of Dr. Xiangmin Xu, following the success of the first two conferences held in
2021 and 2022. This year’s conference is co-sponsored by CNCM, the Cajal Club, and the
Allen Institute for Brain Science.

The first CNCM neural circuit conference was held in August 2021, with a hugely successful
first in-person meeting, “Relationship Between Transcriptomics and Connectomics”,
jointly sponsored by the Center and the Cajal Club. For most of the conference attendees,
that was their first in person scientific meeting that they attended after the start of
the COVID pandemic. Taking advantage of a relative lull in the pandemic, the CNCM staff
meticulously implemented a carefully designed, strict COVID prevention process that
ensured an interactive and safe meeting environment. The second conference, “Linking
Brain function to Cell Types and Circuits”, held in August 2022, continued the theme of
multilevel investigation of brain function from genes to cell types and circuits, and to
behaviors and diseases. This year, we are extremely excited to host another front-of-the-
field conference with many thought leaders who will bring unique perspectives to the
theme of integrating the different facets of neural circuits — structure, function, development
and disease.

I’'m thrilled to work alongside my fellow Cajal Club Board members, Drs. Leah
Krubitzer (current President of the Cajal Club) and John Rubenstein in co-organizing this
conference and to continue the Cajal Club’s legacy of pushing the frontier of
neuroanatomy. | also acknowledge the inimitable Dr. Charles Ribak (Cajal Club’s Secretary-

Treasurer) for facilitating the meeting.


https://cncm.som.uci.edu/
https://cajalclub.org/
https://alleninstitute.org/division/brain-science/
https://alleninstitute.org/division/brain-science/
https://www.nature.com/articles/s41380-022-01810-5
https://www.nature.com/articles/s41380-022-01810-5

The organizers are deeply grateful to the superb group of speakers who have agreed

to present their work and insights at our 2023 conference. We are especially excited about
the joining of multiple international speakers, elevating our conference to the international
level. Finally, we are greatly honored to announce this year’s P. J. Harman Lecturer of the
Cajal Club, Dr. Tirin Moore from Stanford University.

We thank the staff of CNCM and of the Beckman Center of the National Academies of
Sciences and Engineering for their attention to detail and logistic support. Thank you all for
coming to our Conference and we look forward to stimulating interactions and

brainstorming throughout the course of the meeting.

Sincerely,

Hongkui Zeng, Ph.D.

Executive Vice President and Director, Allen Institute for Brain Science



Hongkui Zeng, PhD Leah Krubitzer, PhD John Rubenstein, MD, PhD

Executive Vice President, Distinguished Professor, Professor, Psychiatry,
Director of the Allen Institute Psychology, School of Medicine
for Brain Science Center for Neuroscience, Weill Institute for Neurosciences,
University of California, Davis University of California,

San Francisco

Xiangmin Xu, PhD
Director, UCI Center for Neural Circuit Mapping
Professor, Department of Anatomy & Neurobiology
School of Medicine, University of California, Irvine
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2023 Conference Schedule

Co-sponsors:

The Cajal Club, the Allen Institute for Brain Science, and

the UCI Center for Neural Circuit Mapping
Conference Venue:

The Beckman Center of the National Academies of Sciences & Engineering near the

7:30-8:15a.m.
8:15-8:30 a.m.

UCIl campus
Organizing Committee:

Hongkui Zeng (Allen Institute), Leah Krubitzer (UC Davis),
John Rubenstein (UC San Francisco), Xiangmin Xu (UCI)

External Advisory Board:

Edward Callaway (Salk), Liqun Luo (HHMI/Stanford U.),
Hongkui Zeng (Allen Institute), Bing Ren (UC San Diego)

Day 1 - Monday, August 21

Continental Breakfast

Welcome & Introduction

Session 1: Cell Types and Circuits (Chair, Hongkui Zeng, PhD)
8:30-9:20 a.m.
9:20-9:55 a.m.
9:55-10:30 a.m.

10:30 - 10:50 a.m.
10:50-11:25 a.m.

11:25-12:00 p.m.

12:10 - 1:30 p.m.

Keynote speaker, Hongkui Zeng, PhD (Allen Institute)
Maria Antonietta Tosches, PhD (Columbia University)
Yuki Oka, PhD (California Institute of Technology )

Break

Silvia Arber, PhD
(Biozentrum and Friedrich Miescher Institute Basel, Switzerland)

Fan Wang, PhD (Massachusetts Institute of Technology)

Lunch / Poster Session



Session 2: Circuit Development (Chair, Liqun Luo, PhD)

1:30 - 2:05 p.m. Denis Jabaudon, MD, PhD (University of Geneva, Switzerland)
2:05-2:40 p.m. Hollis T. Cline, PhD (The Scripps Research Institute)

2:40 - 3:15 p.m. Corey Harwell, PhD (UC San Francisco)

3:15-3:35 p.m. Break

3:35-4:10 p.m. Nenad Sestan, MD, PhD (Yale University)

4:10 - 4:45 p.m. Sergiu Pasca, MD (Stanford University)

5:00 - 6:30 p.m. On-site reception for all attendees

6:30 p.m. Speaker Dinner (location to be determined)

Day 2 - Tuesday, August 22

7:30-8:30 a.m. Continental Breakfast

Session 3: Systems and Function (Chair, Leah Krubitzer, PhD)

8:30-9:30a.m. PJ Harman Lecture, Cajal Club: Tirin Moore, PhD (Stanford University)
9:30-10:05 a.m. Cory Miller, PhD (UC San Diego)

10:05 - 10:40 a.m. Cris Niell, PhD (University of Oregon)

10:40 - 11:00 a.m. Break

11:00 - 11:35 a.m. Karen Sears, PhD (UC Los Angles)

11:35-12:10 p.m. Leah Krubitzer, PhD (UC Davis)

12:10-1:30 p.m. Lunch / Poster Session

Session 4: Developmental Disorders of Connectivity (Chair, John Rubenstein, PhD)

1:30- 2:15 p.m. Thomas Sudhof, MD (Stanford University)

Distinguished Nobel Laureate Presentation
2:15-2:50 p.m. Anna Victoria Molofsky, MD, PhD (UC San Francisco)
2:50 - 3:15 p.m. Break
3:15 - 3:50 p.m. Linda Richards, PhD (Washington University in St. Louis)
3:50-4:25 p.m. John Rubenstein, MD, PhD (UC San Francisco)

4:25-5:00 p.m. John Ngai, PhD (BRAIN Initiative, NIH)



7:30 - 8:15 a.m.

Continental Breakfast

Session 5: Special & Selected Presentations (Chair, Edward Callaway, PhD)

8:15-9:35a.m.

9:35-10:15a.m.

10:15-10:40 a.m.
10:40- 12:00 p.m.

12:00 - 1:30 p.m.

Special talks from the Cajal Institute (Madrid, Spain) and other Spanish
institutions

Ruth Benavides-Piccione, PhD

Carlos Vicario, PhD

Sandra Jurado, PhD

Juan M. Encinas, PhD

Selected talks:
Laszlo Zaborszky, MD, PhD (Rutgers University)
Don B. Arnold, PhD (University of Southern California)

Break

Selected talks:

Xiaoxiao Lin, PhD (UC Irvine)

Shen-Ju Chou, PhD (Academia Sinica)

Alec J. Davidson, PhD (Morehouse School of Medicine)
Michel Baudry, PhD (Western University of Health Sciences)

Lunch

Session 6: Conference Workshops

1:30 - 5:00 p.m.

5:00 p.m.

(1) Spatial Transcriptomics (90+ minutes) presented by Vizgen
(2) Miniscope imaging (90+ minutes) by UCLA Miniscope

Main conference end

Additional Events - Thursday, August 24

4D Nucleome Consortium & Vizgen Co-hosted Bootcamps
[Interdisciplinary Science and Engineering Building (ISEB), UCI]

8:30 - 3:30 p.m.

8:30-2:00 p.m.

MERSCOPE Bootcamp
(selected applicants only, live stream available)

Statistics Bootcamp for Neuroscience &
Single Cell Omics Data Analysis

ek, 5 -
: 2 i T
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Day 3 - Wednesday, August 23



Conference Venue

We are pleased to hold our conference at the Arnold and Mabel Beckman Center of the
National Academies of Sciences and Engineering. Open in 1988, The Beckman Center has
brought Dr. Arnold O. Beckman’s reality of a West Coast Center where experts could discuss

matters of science and technology.

57 The Arnold and Mabel
55 i B:lckmanfi!nt:r of
. . t ational Academies
Directions 5 of Sceuencas and Engineering
100 Academy Way, Irvine CA. y
Near University Drive, exit from 73. it AG
Adjacent to the University of California, Irvine and e $
less than 3 miles from John Wayne Orange County ot oF
Airport. E]
L tﬁ_‘%‘ :-; UC Irvir
‘56:‘ . ch-:‘.‘-\ \ /{’5,
7\ L 3 *-AQ_
~" £ Paitason Dt
Beckman . ¢,
Center oy
. e, @
Parking

Parking is available on-site at no charge.
Electric charging stations are available on-site.

No overnight parking.

10


https://www.nationalacademies.org/beckman-center/about
https://www.nationalacademies.org/beckman-center/about
https://goo.gl/maps/i1h4LMNGyBTiSEDv8

Geographic Locations of Conference Attendees

Locations in the globe Locations in the USA

Non-UCI: 164 (65% of all registrants, 18 international)
UCI: 87 (35% of all registrants)

Non-UCI Academic Affiliation

Other institutions in USA

Stanford University

Yale University

International Institutions g Washington University in St. Louis

‘”ﬁ&'k--b, University of California Santa Cruz
/ 1 5.1%
» . Lo | 2O . . .
The Scripps Research Institute 4 7.2% - 5.8% Allen Institute for Brain Science

T

; ; oy : — University of California San Francisco
Wniversity of Califamia; San Diego University of California Los Angeles
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DAY 1—INVITED PRESENTATIONS
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Hongkui Zeng

Allen Institute for Brain Science, Seattle, Washington, USA

Cell Type Organization Across the Mouse Brain

To understand the function of the brain and how its dysfunction leads to brain diseases, it is
essential to uncover the cell type composition of the brain, how the cell types are connected
with each other and what their roles are in circuit function. At the Allen Institute, we have
built multiple technology platforms, including single-cell transcriptomics, spatial
transcriptomics, single and multi-patching electrophysiology, 3D reconstruction of neuronal
morphology, and brain-wide connectivity mapping, to characterize the molecular, anatomical,
physiological, and connectional properties of brain cell types in a systematic manner, towards
the creation of multi-modal cell atlases for the mouse and human brains.

We have now generated a comprehensive and high-resolution transcriptomic and
spatial cell type atlas for the whole adult mouse brain, based on the combination of two
single-cell-level, whole-brain-scale datasets by scRNA-seq and MERFISH. The atlas is
hierarchically organized into five nested levels of classification: 7 divisions, 32 classes, ~300
subclasses, ~1,000 supertypes and ~5,200 clusters. We systematically analyzed the neuronal,
non-neuronal, and immature neuronal cell types across the brain and identified a high degree
of correspondence between transcriptomic identity and spatial specificity for each cell type.
The study uncovered tremendous heterogeneity in neurotransmitter and neuropeptide
expression and co-expression patterns in different cell types, suggesting they mediate myriad
modes of intercellular communications. We also found that transcription factors are major
determinants of cell type classification in the adult mouse brain and identified a
combinatorial transcription factor code that defines cell types across all parts of the brain.
This study reveals extraordinary cellular diversity and underlying rules of brain organization. It
establishes a benchmark reference atlas and a foundational resource for deep and integrative
investigations of cell type and circuit function, development, and evolution of the mammalian
brain.
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Maria Antonietta Toches

Department of Biological Sciences, Columbia University,
New York, New York, USA

The Evolution of Cortical Cell Types and Circuits

The cerebral cortex is arguably the brain area that underwent the most profound
transformations in vertebrate brain evolution. The expansion of the cerebral cortex in
mammals was accompanied by an explosion of neuronal diversity. To discover general
principles underlying the evolution of neuron types and circuits, we study the simple cerebral
cortices of non-mammalian vertebrates.

Our work on amphibians and reptiles indicates that the cerebral cortex of
ancestral tetrapods was layered, with two main classes of neurons with distinct laminar
positions, molecular identities, and long-range projections (intra-telencephalic vs extra-
telencephalic). In salamanders, these two layers are generated sequentially from
multipotent progenitors in an outside-in sequence. We propose that in mammals new types
of pyramidal neurons evolved from these two ancestral classes by diversification, through the
emergence of novel gene regulatory interactions in post-mitotic neurons.

14



Yuki Oka

Departments of Biology and Biological Engineering, California Institute of
Technology, Pasadena, California, USA

Cell-Type-Specific Representation of Body Fluid Balance in
the Mammalian Brain

Maintaining water-salt balance is crucial for all animal species, and the brain is responsible for
achieving this function through constant monitoring of the body fluid status and inducing
appropriate ingestive behaviors. However, the central mechanisms for sensing internal fluid
balance remain poorly understood. Recently, we demonstrated, through transcriptomic and
genetic methods, that fore- and hindbrain interoceptive circuits are involved in detecting
water and salt deficits and has causal roles in water/salt appetites. These findings provide a
unique opportunity to investigate internal-state-sensing with cell-type-specific resolution. In
this talk, | will show the combinatorial neural coding of distinct fluid need states. | will also
discuss how individual neuron types mediate the behavioral responses toward water and salt.
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Silvia Arber

Biozentrum, University of Basel; Friedrich Miescher Institute,
Basel, Switzerland

Cell Types and Circuits for Body Movements:
Focus on the Brainstem

Movement is the behavioral output of the nervous system. Recent work has begun to dissect
the cell types and circuits involved in the regulation of diverse forms of body movement. The
brainstem is an important switchboard between motor system planning centers and the
circuit elements engaged in movement execution in the spinal cord. Using circuit tracing
approaches intersectionally with mouse genetics and a variety of technologies to record from
identified neurons in combination with tracking behavior, we have identified brainstem
centers dedicated to the generation of full body movements including locomotion and
posture, as well as regions involved in the construction of complex forelimb movements.
Strikingly, dedicated circuit modules defined by cell types are at the core of generating these
diverse forms of movement with high specificity. The regulation of these specific cell types by
synaptic inputs from higher motor centers including cortex and basal ganglia as well as intra-
brainstem processing of information are important ingredients in the process of generating
behavioral specificity as well as flexibility.
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Fan Wang

Department of Brain & Cognitive Sciences;
McGovern Institute for Brain Research, Massachusetts Institute of
Technology, Cambridge, Massachusetts, USA

Brainstem Cells and Circuits for Generating Rhythmic
Vocalization and Licking Behaviors

Healthy humans can talk, drink, and eat with ease using coordinated activity of distinct but
overlapping sets of orofacial muscles. The basic modular circuits that control these
fundamental orofacial behaviors reside in the brainstem although the details remain largely
vague. Using modern viral-genetic tools, we have been able to identify specific premotor
neurons for different muscles and their associated circuits controlling different orofacial
actions. Here | will describe two such studies. The first focuses on the circuits controlling
patterned vocalization and vocal-respiratory coupling, and the second examines the
mechanisms separately controlling tongue licking rhythm and licking amplitude. These studies
also reveal interesting interactions between neural circuits and physiology.
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Denis Jabaudon

Department of Basic Neurosciences, University of Geneva, Geneva,
Switzerland

Temporal Controls Over Neuronal Diversity
in the Developing Brain

The developing brain exhibits a remarkable diversity of neuronal cell types, each with
specialized functions that contribute to the proper function of the mature brain. The
mechanisms underlying the generation and specification of neuronal diversity during
development are complex and incompletely understood. Here, we investigate temporal
controls over this process by analyzing the developmental diversity of neuronal progenitors
across multiple brain regions and developmental timepoints. Our results demonstrate that
distinct spatial and temporal transcriptional programs control the timing and pattern of
neuronal differentiation and specification during brain development. Our findings provide
new insights into the mechanisms underlying neuronal diversity in the developing brain and
suggest novel strategies for manipulating these processes to direct neuronal identity and
connectivity.

18



Hollis T. Cline

Department of Neuroscience, The Dorris Neuroscience Center,
The Scripps Research Institute, La Jolla, California, USA

Visual Neurons Recognize Complex Image Transformations

Natural visual scenes are dominated by sequences of transforming images. Spatial visual
information is thought to be processed by detection of elemental stimulus features which are
recomposed into scenes. How image information is integrated over time is unclear. We
explored visual information encoding in the optic tectum. Unbiased stimulus presentation
shows that the majority of tectal neurons recognize image sequences. This is achieved by
temporally dynamic response properties, which encode complex image transitions over
several hundred milliseconds. Calcium imaging reveals that neurons that encode
spatiotemporal image sequences fire in spike sequences that predict a logical diagram of
spatiotemporal information processing. Furthermore, the temporal scale of visual information
is tuned by experience. This study indicates how neurons recognize dynamic visual scenes
that transform over time.
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Corey Harwell

Department of Neurology; Eli and Edythe Broad Center of Regeneration
Medicine, University of California San Francisco, San Francisco, USA

Development and Neural Diversity of Septal Nuclei

Septal nuclei in the basal forebrain have critical roles in regulating motivational and emotional
states including fear, anxiety, and aggression. Dysfunction of septal neurons believed to
contribute to the pathophysiology of various psychiatric disorders including schizophrenia,
bipolar disorder and depression. The septum can be classified into two regions: the medial
septum and the lateral septum. The medial septum is composed of cholinergic, GABAergic
and glutamatergic neurons that primarily project to the hippocampus. While the lateral
septum is made up of a diverse array of GABAergic projection neurons that have reciprocal
connections with several brain regions known to regulate emotional and motivational
states. It is currently unclear how septal neuronal diversity and circuit wiring are specified
during development. We have employed molecular genetic approaches and single-cell/nuclei
RNA-seq to systematically assess the extent of septal cell diversity and the developmental
logic for the production and wiring of these diverse neural cell types. We will discuss our
recent progress in understanding the anatomical organization and functional specialization of
neuronal cell types in the lateral septal nuclei.
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Nenad Sestan

Department of Neuroscience, Yale School of Medicine, New Haven,
Connecticut, USA

Development and Evolution of the Prefrontal Cortex

In my presentation | will discuss the importance of the prefrontal cortex (PFC) in cognitive
control, and the role of retinoic acid signaling in the development and evolution of the PFC.
Our transcriptomic studies of the developing human and macaque monkey brain have
identified several genes involved in retinoic acid signaling or regulated by retinoic acid that
are upregulated in the early-fetal and mid-fetal prospective PFC and motor cortex. Follow-up
studies discovered an anterior (frontal) to posterior (temporal), PFC-enriched gradient of
retinoic acid, a signaling molecule that regulates neural development and function. We
identified several potential sources of retinoic acid, including the species-specific expression
and cortical expansion of retinoic-acid-synthesizing enzymes specifically in primates as
compared to mice. Furthermore, retinoic acid signaling is largely confined to the prospective
PFC by CYP26B1, a retinoic-acid-catabolizing enzyme, which is upregulated in the prospective
motor cortex. Studies conducted on genetically edited mice, human primary neurons, and
organoids have revealed that retinoic acid signaling through RXRG and RARB receptors, along
with CYP26B1-dependent catabolism, plays a crucial role in controlling gene expression in the
developing PFC. This signaling pathway contributes to proper molecular patterning of the
prefrontal and motor areas, development of PFC-mediodorsal thalamus connectivity, intra-
PFC dendritic spinogenesis, and the expression of the layer 4 marker RORB. These findings
collectively demonstrate the crucial role of retinoic acid signaling in the development of the
prefrontal cortex (PFC) and potentially its evolutionary expansion.

21



Sergiu Pasca

Psychiatry and Behavioral Sciences, Stanford University, Stanford,
California, USA

From Stem Cells to Organoids to Assembloids and Toward
Buildings Human Circuits in Living Systems

The construction of the human nervous system involves a series of complex and largely
inaccessible processes. In my talk, | will describe efforts in my lab towards understanding the
rules that govern the molecular and cellular steps underlying the assembly of the human
brain and the mechanisms that lead to disease. Towards this, we have been developing
approaches to generate and assemble, from multi-cellular components, human neural circuits
in vitro and in living systems. We initially introduced instructive signals to derive, from
pluripotent stem cells, self-organizing 3D tissue structures called regionalized brain organoids
that resemble domains of the developing central nervous system. We have shown that these
cultures recapitulate many features of neural development, can be derived with high
reliability across dozens of cell lines and experiments, and can be maintained for years in vitro
to recapitulate an intrinsic program of maturation that progresses into postnatal stages. To
model complex cell-cell interactions, we developed assembloids and demonstrated their use
in modeling cell migration, formation of neural circuits and disease processes. To advance
maturation and circuit integration of organoids, we developed a transplantation paradigm and
demonstrated that engrafted human neurons can respond to sensory stimulation in the
animal and can drive reward-seeking behavior therefore enabling behavioral readouts from
patient-derived cells. Lastly, | will illustrate how these methods can be combined with modern
neuroscience tools to study the cellular and molecular consequences of mutations and copy
number variants associated with neuropsychiatric disorders.
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DAY 2—INVITED PRESENTATIONS
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Tirin Moore

Howard Hughes Medical Institute; Department of Neurobiology,
Stanford University, Stanford, California, USA

Pinckney J. Harman Memorial Lecture of the Cajal Club:
Large-scale, High-Density Recordings in the Primate Brain

Recent advances in recording technology have facilitated the development of large-scale, high
-density micro-electrode arrays resulting in a substantial increment (>10x) in the number of
neurons that can be studied simultaneously within a localized area of neural tissue. A prime
example is the recent development of the Neuropixels probe (IMEC, Inc.), which consists of a
high-channel count Si shank with continuous, dense, programmable recording sites (~1000/
cm). Neuropixels probes are transforming neurophysiological studies in rodent models by
enabling recording from large populations of neurons anywhere in the rodent brain. However,
their utility in other model systems, particularly nonhuman primates (NHP), which more
closely model human brain function, has been limited. | will first talk about the recently
developed NHP Neuropixels probes, which were designed to enable flexible and configurable
recordings from large populations of neurons throughout the entire macaque brain with
single-neuron resolution. Next, | will describe a couple of specific scientific questions we
recently addressed using large-scale, high-density recordings in NHPs.
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Cory Miller

Department of Psychology, University of California San Diego,
La Jolla, California, USA

Representing Social Space in the Marmoset Hippocampus

Social space reflects the intersection between where individuals are in the environment and
their identities and is foundational to the decision-making strategies at the core of the
primate social cognitive faculty. Here | will present work on how identity and spatial
representations are evident in the hippocampus of marmosets. Specifically, | will describe
recent neurophysiology experiments showing cross-modal representations of identity are
evident at the single neuron and population level, as well as complementary studies

investigating the nature of spatial representations in freely-moving marmosets in this
substrate.
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Cris Niell

Department of Biology, University of Oregon, Eugene, Oregon, USA

Neural Circuits for Active Vision and Natural Behavior

In the natural world, animals use vision to analyze complex scenes and enable a wide range of
visually-driven behaviors, many of which require movement through the environment.
However, in practice most studies of vision are performed in stationary subjects performing
artificial tasks in response to simple stimuli. In order to bridge this disconnect between how
vision is actually used and how it is studied in the lab, we are investigating the neural circuits
mediating ethological behaviors that mice perform. We have developed two behavioral
paradigms, prey capture and gap crossing, that have provided insight into behavioral
strategies and cell type-specific neural circuits for detection of relevant stimulus features
within a complex and dynamic sensory environment. We have also implemented novel
experimental approaches to measure neural coding of the visual scene as animals freely move
through their environment, which has revealed the impact of movement-related signals and
active sampling on visual processing.
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Karen Sears

Department of Ecology and Evolutionary Biology,
University of California Los Angeles, Los Angeles, USA

Developmental Origin and Evolution of Bat Wings

Bats (Order Chiroptera) are the only mammalian group that has achieved powered flight. This
achievement proceeded the massive adaptive radiation of bats into diverse ecological niches.
As a result, today’s bats exhibit diverse flight styles, the broadest range of dietary and sensory
adaptations of any mammalian group, and comprise 20% of mammalian species. As stated in
Popular Science, “Bats are like Darwin’s finches, only weirder.” My lab takes advantage of the
incredible diversity of bats to study questions of relevance to evolution and human health. In
this talk, | will present some of our research on the developmental mechanisms through
which bats arose and then diversified, focusing on the structure that enables the group’s
powered flight - the wing. The bat wing is formed from a mix of homologous elements
including the long bones of the fingers and arms, and novel structures including the
membrane which connects the 5th finger to the body and hind limb. Our work suggests that
the homologous long bones of the bat wing have diversified through tweaks in existing limb
developmental programs. In contrast, the novel membranes arose through de novo
outgrowths of the body flank that subsequently adhere and fuse to the limbs.
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Leah Krubitzer

Department of Psychology, University of California Dauvis,
Davis, California, USA

Combinatorial Creatures:
Cortical Plasticity Within and Across Lifetimes

The neocortex is one of the most distinctive structures of the mammalian brain, yet also one
of the most varied in terms of both size and organization. Multiple processes have contributed
to this variability including evolutionary mechanisms (i.e., changes in gene sequence) that
alter the size, organization and connections of the neocortex, and activity dependent
mechanisms that can also modify these same features over shorter time scales. Because the
neocortex does not develop or evolve in a vacuum, when considering how different cortical
phenotypes emerge within a species and across species over time, it is also important to
consider alterations to the body, to behavior, and the environment in which an individual
develops. Thus, changes to the neocortex can arise via different mechanisms, and over
multiple time scales. Brains can change across large, evolutionary time scales of thousands to
millions of years; across shorter time scales such as generations; and across the life of an
individual — day-by-day, within hours, minutes and even on a time scale of a second. The
combination of genetic and activity dependent mechanisms that create a given cortical
phenotype allows the mammalian neocortex to rapidly and flexibly adjust to different body
and environmental contexts, and in humans permits culture to impact brain construction
during development.
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Thomas Siidhof

Howard Hughes Medical Institute; Departments of Molecular and
Cellular Physiology, and Neurosurgery, Stanford University School of
Medicine, Stanford, California, USA

Distinguished Nobel Laureate Presentation:
Trans-Synaptic Adhesion Complexes Controlling
the Molecular Logic of Synapse Formation

The brain processes information via signals that are processed in a vast number of neural
circuits that operate in a parallel, interleaved, or sequential fashion. In each neural circuit,
information transmitted from one neuron to the next at synapses that computationally
process the information as it is being transmitted, translating a presynaptic spike code into
distinct postsynaptic signals depending on the properties of the synapses. Information
processing by neural circuits critically depend on the number and location of synapses
between their constituent neurons and equally on the computational properties of these
synapses that vary greatly. We posit that the synaptic architecture of neural circuits is based
on a molecular logic that governs the establishment and functional specification of synapses.
Moreover, we posit that this molecular logic is controlled by transsynaptic adhesion
complexes formed between pre- and postsynaptic recognition and signaling molecules.
Multiple cell-surface and signaling molecules contributing to the molecular logic of neural
circuits have been characterized. Two types of complexes mediating trans-synaptic
interactions that control the architecture of synapses stand out: Presynaptic neurexin
adhesion molecules and their multifarious postsynaptic signaling partners, including
neuroligins and cerebellins, and postsynaptic latrophilins and Bai’s that act as adhesion-
GPCRs and interact with presynaptic ligands, including teneurins and RTN4Rs, in synapse
formation. In my lecture, | will describe recent progress in understanding how selected
trans-synaptic interactions guide and shape the formation of synapses and thereby control
the molecular logic of neural circuits.
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Anna Victoria Molofsky

Department of Psychiatry; Weill Institute for Neurosciences,
University of California San Francisco, San Francisco, USA

Defining the Brain-immune Circuits that
Regulate Synapse Remodeling

Synaptic remodeling occurs during development and throughout life. However, remodeling
is not unique to brain synapses. Across organs, tissue remodeling is coordinated by the
innate immune system, whose ground crew are tissue-resident macrophages analogous to
microglia in the brain. Similarly, all tissues contain stromal cells and extracellular matrix
(ECM) that provide structural and trophic support, just as the stroma (astrocytes) and ECM
of the brain shape and stabilize synaptic connections. Thus, while neuron-autonomous
mechanisms of synaptic remodeling are critical, there is also an ecosystem of cell type
outside of neurons, whose functional principles are highly conserved throughout the body
but poorly defined in the brain. A central goal of my group is to define the immune circuits
that regulate synaptic remodeling “one cytokine at a time”. For example, my group
discovered that the cytokine Interleukin-33 promotes microglial engulfment of the
extracellular matrix to remodel excitatory synapses. We aim to define the mechanisms
of microglial ECM remodeling and conversely, to understand the composition and
function of the brain ECM at the level of individual synapses. We have also discovered
other cytokines that regulate neural circuit development, including cytokines that target
microglia to eliminate whole neurons, and others that directly signal to neurons to
promote inhibitory synapse formation. These findings reveal an unexpected precision in how
immune circuits that are conserved throughout the body guide distinct features of neural
circuit formation in the brain.
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Guoping Feng

Yang-Tan Collective and McGovern Institute for Brain Research,
Department of Brain and Cognitive Sciences, Massachusetts Institute of
Technology; Stanley Center for Psychiatric Research, Broad Institute of

MIT and Harvard; Cambridge, Massachusetts, USA

Dissecting Neurobiological Mechanisms of Autism
Spectrum Disorders: From Genes to Circuits

Recent genetic studies have identified a large number of candidate genes for autism spectrum
disorder (ASD), many of which encode synaptic proteins, suggesting that synaptic dysfunction
might be a key pathology in ASD. Using a variety of animal models, we have identified distinct
synaptic and circuitry mechanisms related to repetitive behaviors, social interaction deficits,
sensory abnormalities, attention deficit and sleep disruption. Combining single cell
transcriptomic analysis and cell type-specific functional manipulation, we have begun to
reveal circuit-specific targets for developing potential treatment for some of the debilitating
symptoms. In additions, new genome editing technologies allow us to develop non-human
primate models and explore gene therapy as an effective treatment for monogenic ASD.
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Linda Richards

Department of Neuroscience; McDonnell Center for Cellular & Molecular
Neurobiology, Washington University in St Louis,
St. Louis, Missouri, USA

Developmental Mechanisms Shaping Cortical
Interhemispheric Connectivity and Function

The corpus callosum connects the cerebral hemispheres and is the largest fiber tract in the
brain of placental mammals. Congenital corpus callosum dysgenesis (CCD) is evident by 20
weeks of fetal life and can occur in isolation or as part of a syndrome with other brain or
organ system abnormalities. People with CCD often have difficulties in processing complex,
novel information and generally have slower cognitive processing, which impacts their
decision making and social interactions. The development of the corpus callosum is mediated
by more than 400 genes. These regulate specific pathways controlling the formation of
callosal neurons, remodeling of the brain’s midline tissue to form a substrate for callosal axon
growth, and the guidance of callosal axons into the contralateral hemisphere. Structural MRI
and tract tracing have demonstrated that CCD not only affects interhemispheric
connections, but also significantly alters long-range ipsilateral projections. These findings
suggest that the brain’s long-range projections are highly plastic during development and may
vary considerably between individuals and in conditions such as CCD. Our long-term goal is to
understand the relationship between specific circuits and cognitive function and how similar
brain functions can be derived from circuits organized in dramatically different ways in both
humans and animals with CCD compared to neurotypical brains. To discover the mechanistic
drivers of long-range axonal plasticity, and how circuits underpin function, we are also
investigating the development of cortical wiring and the emergence of activity patterns in the
early brain of the marsupial fat-tailed dunnart, which develops largely outside the womb and
lacks a corpus callosum. This work is uncovering how activity-dependent and molecular
mechanisms regulate the development of functional cortical circuits in neurotypical brains
and compensatory networks in the context of CCD.
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John Rubenstein

Department of Psychiatry, University of California San Francisco
San Francisco, USA

ASD gene TBR1 Dependent WNT-signaling Promotes
Synaptogenesis of Cortical Excitatory Neuron - Rescue
with WNT Agonists and LiCl

ASD gene TBR1 is nearly exclusively expressed by postmitotic cortical excitatory neurons from
the time that they are generated through adult stages. Its early prenatal functions include
specifying layer 6 identity - in its absence, or with reduced dosage, layer 6 takes on layer 5
properties. Then early postnatally Tbrl is required for promoting the formation of excitatory
and inhibitory synapses. Tbrl mutants (homozygotes and heterozygotes) have reduced
synaptic density; these defects persist into adulthood. The cellular basis of reduced synaptic
density is a failure of synaptic spine maturation. Tbrl drives expression of Wnt7b. Synaptic
spine maturation and synapse formation is induced within 24 hours of treating young and
mature Tbrl mutants with LiCl, a medicine that has known WNT agonist properties.
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John Ngai

BRAIN Initiative, National Institutes of Health, USA

Accelerating Discovery Toward Cures

The NIH Brain Research Through Advancing Innovative Neurotechnologies® (BRAIN) Initiative
is an ambitious program whose mission is to develop and apply new technologies to answer
fundamental questions about the brain and to find new treatments for human brain
disorders. Launched in 2013, the NIH BRAIN Initiative supports research on understanding
neural circuit function by developing novel tools and applying innovate techniques to map
brain circuits. Organized as a highly collaborative initiative encompassing ten NIH Institutes
and Centers, the Initiative is uniquely situated for cross-cutting and accelerated discovery in
neuroscience by tapping into synergies across multiple fields to address the personal and
societal challenges imposed by human brain disorders.

Continuing investments by the Initiative have yielded exciting new tools for monitoring and
modulating neural circuits across diverse experimental models and probing neural circuit
function in humans; translational projects that shift technology from bench to clinic; and a
growing ecosystem for managing and integrating the Initiative’s burgeoning informatics and
data resources. In addition, the Initiative recently launched three bold “transformative
projects” that promise to transform neuroscience research: the BRAIN Initiative Cell Atlas
Network (BICAN), which will create a comprehensive atlas of the human brain; the
Armamentarium for Precision Brain Cell Access, which will provide new tools for cell access in
diverse species to a broad and diverse cross-section of researchers; and the BRAIN Initiative
Connectivity across Scales (BRAIN CONNECTS) Project, designed to develop and validate tools
for creating whole brain connectivity maps.

Based on a foundation of new tools supported by the BRAIN Initiative, the potential to
change the future of treating neurologic and neuropsychiatric diseases is fast coming into
focus: within a decade of its inception, the initiative is already having an impact in the clinic
while also developing foundational knowledge to enable a new generation of cures and
treatments. This knowledge will play a key role in understanding the mechanistic basis of
these diseases and arm scientists with tools for early diagnosis, prevention, and treatments.
The Initiative’s early deliverables to date portend significant and broader impact of the BRAIN
Initiative transformative projects through the discovery of additional brain cell types and
circuits specifically affected in human brain disorders and the ability to intervene with
precision cell- and gene-based therapies.
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Ruth Benavides-Piccione

Cajal Institute, Madrid, Spain
The Structure of Human Pyramidal Cells

Understanding the biological sources of human capacities is of great interest to basic and
applied neuroscience. However, most of our present knowledge of brain structure and
behavior has been obtained from experimental animals. It has been shown that the human
cerebral cortex, presents some unigue molecular, physiological and anatomical features,
which emphasize the importance of directly studying human brain. The basic building block of
the cerebral cortex, the pyramidal cell, has been shown to be characterized by markedly
different structure among species. In terms of function, differences in the structure of the
dendrites and axons of these neurons appear to be crucial in determining how they integrate
information. In the human cortex, pyramidal cell structure show distinctive attributes, that
contribute to distinct information processing characteristic of the human brain. | will discuss
to what extent human pyramidal neurons in different cortical regions and species have
parallel morphologies. In particular, intracellularly injected and 3D-reconstructed dendritic
and axonal morphologies show that there are some morphological parameters of the
pyramidal cells that are conserved, whereas others are species-specific.
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Carlos Vicario

Cajal Institute, Madrid, Spain

Generation of functional neurons from human iPSCs:
The impact of Parkinson’s and Alzheimer’s risk factors

Studying the processes and the mechanisms of human cell differentiation and
neurodegeneration has been difficult due to the scarcity of human cellular models. Human
induced pluripotent stem cells (iPSCs), first reported by S. Yamanaka and colleagues
(Takahashi et al., 2007), are very useful neuronal sources for investigating the process of
neurodegeneration in diseases such as Parkinson’s disease (PD) and Alzheimer’s disease (AD).
They are also instrumental to test the activity of new molecules with the potential capacity to
restore the healthy phenotypes in neurons and glia derived from PD and AD patients. In
particular, we are studying the impact of mutations in the GBA1 gene on iPSC-dopaminergic
neurons from PD patients (Rodriguez-Traver et al., 2019). Similarly, we are investigating the
effect of APOE polymorphism and of a PSEN1 mutation on iPSC-hippocampal neurons from
AD patients (Diaz-Guerra et al., 2019). | will present a summary of the results obtained and
discuss that iPSC and cerebral organoid technologies, combined with transplantation, could
help us shed light on how dysfunction and neurodegeneration occur in PD and AD.
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Sandra Jurado

Institute of Neuroscience, CSIC-UMH, San Juan Alicante, Alicante, Spain

Specification and Function of the Hypothalamic
Oxytocinergic System

The oxytocinergic system plays a crucial role in regulating both vital homeostatic functions
and complex behaviors such as social interaction, and its deregulation has been associated
with several psychiatric and neurodevelopmental disorders, including autism spectrum
disorder. Despite its importance, many details regarding the formation and function of
oxytocinergic modulation in the central nervous system remain unknown. In this talk, | will
present our latest research on the neurodevelopmental specification of the oxytocinergic
system and its plastic properties in the adult brain.

Using iDISCO+ and light-sheet ultra-resolution microscopy, we have reconstructed the
formation of the oxytocinergic circuit in 3D during mouse brain development. Our results
indicate a profound remodeling of the oxytocinergic system during early postnatal stages,
suggesting a critical period for neurotransmitter plasticity in the first two postnatal weeks. In
addition to developmental adaptations, oxytocinergic neurons in the paraventricular nucleus
(PVN) of the hypothalamus undergo plastic changes to modulate their connections in
response to environmental variations.

To explore the plastic properties of this circuit in the adult brain, we have performed
visually-guided electrophysiological recordings to assess the outcomes of different stimulation
protocols which are known to induce distinctive forms of plasticity in other brain areas such
as the hippocampus. Our findings indicate that long-term depression is the most prevalent
form of plasticity in PVN oxytocinergic neurons, and that OXT-dependent signaling plays a
major role in sustaining synaptic transmission in the PVN crucial for the maintenance of
various homeostatic and complex functions.

38



Juan M Encinas

Achucarro Basque Center for Neuroscience, Leioa, Bizkaia, Spain

Induction of Reactive Neural Stem Cells and Aberrant
Neurogenesis by Neuronal Hyperexcitation

Postnatal and adult neurogenesis, the generation of newborn neurons, takes place in the
hippocampus in the vast majority of mammals due to the persistence of a population of
neural stem cells (NSCs). Hippocampal NSCs give rise to progenitors that proliferate first and
then undergo neuronal differentiation, finally integrating into the granule cell of the dentate
gyrus. The properties of NSCs as well as the process of neurogenesis are tightly regulated by
neuronal activity. Different levels of neuronal hyperexcitation induce divergent responses
from NSCs and newborn neurons. Higher levels of neuronal hyperexcitation, such as those
found in models of mesial temporal lobe epilepsy with hippocampal sclerosis, trigger a
reactive pro-neuroinflammatory program in NSCs at the expense of abolishing neurogenesis.
On the other hand, milder seizures or epileptiform activity trigger an excess of newborn
neurons although with abnormal migration, dendritic arborization and dendritic spine density,
namely aberrant neurogenesis. In search of mechanism driving these alterations, we have
identified ATP signaling as a main actor linking neuronal hyperexcitation and the induction of
reactive neural stem cells and aberrant neurogenesis.
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Laszlo Zaborszky

Center for Molecular and Behavioral Neuroscience, Rutgers University,
Newark, New Jersey, USA

The Functional Architecture of the Forebrain Cholinergic
System: Database and Analysis

In order to understand the organizational features of the basal forebrain (BF) cholinergic
projection system we developed a pipeline for spatial registration of vectorial and image data
from 73 rat brains that received pairwise conventional retrograde (FB and FG) or virus tracer
injections in neocortical areas, (n=106), many of the regions electrophysiologically defined,
and cholinergic projection neurons in the BF were mapped in 200 um series. Cholinergic
neurons in this virtual environment were assessed for spatial correlation in respect to density
and to their cortical targets. We found high density spaces that showed systematic correlation
of cholinergic  projection neurons to pairwise targets that deviated from random
distributions, such as between various body parts of the somatosensory and motor cortex;
V1/prelimbic, auditory/postrhinal, retrosplenial/entorhinal cortex. It is assumed that these
spaces represent architectural features that may enable the cholinergic system to participate
in spatially selective signaling, including parallel modulation of multiple groupings of
functionally interconnected cortical areas. Supported by NIH/NINDS R01NS023945 and
RF123945-28.
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Don B. Arnold

Department of Biological Sciences, University of Southern California,
Los Angeles, California, USA

ATLAs, a Rationally Designed Monosynaptic Anterograde
Transsynaptic Tracer from Genetically Determined
Neurons

ATLAs (Anterograde Transsynaptic Labeling using Antibody-like probes) is a monosynaptic
strictly anterograde transsynaptic tracer for efficient tracing of neuronal circuits. ATLAs is
based on the AMPA.FingR (AF), an antibody-like protein that binds with high affinity and
specificity to the extracellular N-terminal domain of the GluAl AMPA receptor. To trace
transsynaptically, we engineered AF-Cre to be released from presynaptic terminals and
confirmed this property with direct visualization. At the postsynaptic side, AF-Cre binds
specifically to GIuAl receptors undergoing endocytosis at perisynaptic sites. Following
endocytosis, AF-Cre collects in endosomes and then translocates to the nucleus, providing
genetic access to the postsynaptic cell. Thus, ATLAs is the only tracer that has been confirmed
to be truly transsynaptic. Using floxxed versions of ATLAs containing AF-FLPo, we have traced
anterograde connections from Cre lines. Furthermore, it has no retrograde component and is
non-toxic. Currently, we have traced circuits that included cells in the thalamus, cortex,
inferior colliculus, superior colliculus, retina, cerebellum, hippocampus, and brainstem.
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Xiaoxiao Lin

Department Anatomy & Neurobiology, University of California, Irvine,
Irvine, CA, USA

Two Distinct Pathways within Retrosplenial Cortex
Granular Layer Facilitate Mice Action during Navigation

The retrosplenial cortex (RSC) contributes to complex cognitive functions in primates and
rodents, including spatial navigation, mnemonic processing, and planning. RSC has reciprocal
connections with many cortical and subcortical brain regions. It has been suggested that the
corticocortical connections between the RSC and secondary motor cortex (M2), as wel as
corticothalamic connections between the RSC and anterodorsal thalamus (AD), function as
semi-independent, but parallel pathways that regulate spatial information in distinct ways
during navigation. To examine distinctions in connectivity and function among different
projection-specific populations of RSC neurons, we used retrograde and anterograde viral
tracers alongside a monosynaptic retrograde rabies virus to quantitively characterize and
compare the afferent and efferent distributions of projection-defined RSC neuron sub-groups.
We find that M2-projecting RSC neurons obtain more extensive afferent input from the dorsal
subiculum, lateral dorsal and lateral posterior thalamus, and sensory cortices compared to AD
-projecting neurons. AD-projecting RSC neurons obtain greater afferent input from the
anterior cingulate cortex and the medial septum. While AD-projecting and M2-projecting RSC
neurons overlap in their projections to other brain regions, they do not project to M2 and AD,
respectively. To test the functional role of these projection-specific RSC populations, we
performed chemogenetic inhibition of M2- and AD-projecting RSC neurons and examined its
impact on object-location memory, object-recognition, open-field exploration, and place-
action association. Our findings indicate that inhibition of M2-projecting RSC neurons impairs
object location memory as well as place-action association, while the RSC to AD pathway
impacts only object-location memory. Our study demonstrates that RSC connectivity and
function is organized as a set of semi-independent circuits that integrate information from
distinct sets of RSC afferents. The findings highlight the importance of investigating the roles
of association cortices such as RSC in cognitive processes through the characterization and
manipulation of its specific input/output circuitries.
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Shen-Ju Chou

Institute of Cellular and Organismic Biology, Academia Sinica, Taiwan

Specifying Neuronal Regional Properties by Expression
Gradients of Patterning Transcription Factors

The mammalian cerebral cortex is a remarkably complex organ responsible for the perception
of sensory stimuli, the execution of motor actions, learning, cognition, and consciousness. To
perform such complicated functions, it is compartmentalized into multiple functional units
called cortical regions, including the newly evolved neocortex and evolutionarily older
paleocortex and archicortex. Each cortical region has unique cytoarchitectures, patterns of
gene expression, and distinct sets of input and output projections to perform specific
functions. We study how a specific cortical region arises at a specific location and acquires its
specific properties during development. Previously, patterning transcription factors were
shown to regulate area patterning in the neocortex. For example, COUP-TFI, an orphan
receptor expressed in a high-caudal-lateral-to-low-rostral-medial gradient in cortical
progenitors, determines the size and position of primary sensory areas in the neocortex.
Recently, we found COUP-TFI expression gradient further determines neuronal fate outside of
the neocortex. Altering the expression level of COUP-TFI affects the relative position of
neocortex and medial entorhinal cortex, two abutting cortical regions generated from the
same progenitor lineage. Further, the COUP-TFI expression gradient induces differential cell
affinity, which establishes sharp boundaries between cortical regions. Additionally, within the
hippocampus, the expression gradient of COUP-TFI regulates the relative size of the dorsal
and ventral hippocampus. Thus, we demonstrated that the determination of different cortical
regions and sub-regions relies on expression gradients of patterning transcription factors. As
many neurological disorders assault specific types of neurons in specific brain regions,
uncovering the mechanisms controlling cortical regional specification will contribute to the
understanding of cortical dysfunction in disease states.

43



Alec J. Davidson

Neuroscience Institute, Morehouse School of Medicine,
Atlanta, Georgia, USA

Arginine-Vasopressin Expressing Neurons in the Murine
Suprachiasmatic Nucleus Exhibit a Circadian Rhythm in
Network Coherence In Vivo

The suprachiasmatic nucleus (SCN) is composed of functionally distinct subpopulations of
GABAergic neurons which form a neural network responsible for synchronizing most
physiological and behavioral circadian rhythms in mammals. To date, little is known regarding
which aspects of SCN rhythmicity are generated by individual SCN neurons, and which aspects
result from neuronal interaction within a network. Here, we utilize in vivo miniaturized
microscopy to measure fluorescent GCaMP-reported calcium dynamics in arginine
vasopressin (AVP)-expressing neurons in the intact SCN of awake, behaving mice. We report
that SCN AVP neurons exhibit periodic, slow calcium waves which we demonstrate, using in
vivo electrical recordings, likely reflect burst firing. Further, we observe substantial
heterogeneity of function in that AVP neurons exhibit unstable rhythms, and relatively weak
rhythmicity at the population level. Network analysis reveals that correlated cellular behavior,
or coherence, among neuron pairs also exhibited stochastic rhythms with about 33% of pairs
rhythmic at any time. Unlike single-cell variables, coherence exhibited a strong rhythm at the
population level with time of maximal coherence among AVP neuronal pairs at CT/ZT 6 and 9,
coinciding with the timing of maximal neuronal activity for the SCN as a whole. These results
demonstrate robust circadian variation in the coordination between stochastically rhythmic
neurons and that interactions between AVP neurons in the SCN may be more influential than
single-cell activity in the regulation of circadian rhythms. Furthermore, they demonstrate that
cells in this circuit, like those in many other circuits, exhibit profound heterogenicity of
function over time and space.
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Michel Baudry

Western University of Health Sciences, Pomona, California, USA

Neuroscience Research at Western University:
Past, Present and Future

Western University of Health Sciences (WesternU) was started in 1977 as the College of
Osteopathic Medicine of the Pacific (COMP). It grew from 36 students in 1978 to over 400 in
1986. A Master of Science in Health Professions Education was started in 1986, which led to
the creation of the College of Allied Health Professions, which became the College of Health
Sciences in 2018. In 1996, a College of Pharmacy was added, resulting in changing the name
of the institution to Western University of Health Sciences. In 2008, a College of Graduate
Nursing and a College of Veterinary Medicine were added. The following year, 4 more Colleges
were added, Dental Medicine, Optometry, Podiatric Medicine and a Graduate College of
Biomedical Sciences (GCBS). As the university grew, so did research activities, as many
colleges recruited faculty with research programs. | moved from USC to WesternU in 2012 as
the Dean of the GCBS with the mission to start a PhD program, since WesternU only had
master programs. WesternU had significant research programs in 4 broad areas:
neuroscience, infectious diseases, metabolic disorders and cancer. | recruited several faculty
members in the GCBS with a strong background in neurosciences, which has now become the
strongest research area at WesternU. WesternU just recruited a new Sr VP Research, Dr.
Andrea Giuffrida, who was VP Strategic Ventures, Technology and Innovation at UT San
Antonio, and who has a strong background in neuroscience. | will present our plans to start an
Institute for Brain Disorders, an integrated platform across all the Colleges of WesternU to
perform basic, clinical and translational research on the mechanisms underlying brain and eye
disorders, in order to identify novel approaches to diagnose, prevent and/or treat these
disorders.
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Spatial Transcriptomics Workshop

The Vizgen Team will instruct this workshop hosted by the UCI Center for Neural Circuit
Mapping (CNCM), which currently houses two Vizgen MERSCOPE Platforms. The MERSCOPE®
Platform leverages MERFISH (multiplexed error-robust fluorescence in situ hybridization)
technology, developed by Xiaowei Zhuang’s group (Harvard). MERFISH expands on the
capabilities of single molecule FISH (smFISH) by using combinatorial labeling, sequential
imaging, and error-robust barcoding to detect 100s-1000s of RNA species with single cell and

subcellular resolution.

This workshop will provide an overview of the technology and an introduction to MERSCOPE,
the end to end single-cell spatial genomics platform. Vizgen will also demonstrate the
application of MERSCOPE imaging across a variety of case studies, including user cases
presented by Dr. Xiangmin Xu’s team on their research in Alzheimer’s disease and muscular

dystrophy leveraging the MERSCOPE Platform.

Agenda:

45 Minutes: Vizgen introduction led by Dr. George Emanuel,
Sr. Director of Scientific Affairs, Vizgen, Inc.

30 Minutes: Customer Case Studies, Dr. Xiangmin Xu and team,
UCI Center for Neural Circuit Mapping

15 Minutes: Group discussion
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Miniscope Imaging Workshop

Open-source miniaturized microscopes have revolutionized systems neuroscience allowing
large-scale and long-term recordings of large identified neuronal populations in freely
behaving animals. Dr. Peyman Golshani in collaboration with Dr. Daniel Aharoni, Dr. Matt
Shtrahman, Dr. Pingping Zhao, Dr. Blake Madruga will organize the workshop lecture; they will
review new developments in epifluorescent miniaturized microscopes and introduce our large
-field-view miniaturized two-photon microscopes for higher resolution and deeper imaging of
neuronal activity.

Agenda:

15 minutes: Introduction by Dr. Peyman Golshani

25 minutes: New miniscope updates by Dr. Daniel Aharoni

30 minutes: Miniaturized two-photon microscopes by Drs. Blake Madruga & Matt Shtrahman

20 minutes: Miniscope surgery and case studies by Dr. Pingping Zhao
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Day 4: Additional Events

(Location: Interdisciplinary Science and Engineering Building (ISEB), UCI)
419 Physical Sciences Quad, Irvine, CA 92697
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https://goo.gl/maps/hF6aWacnXYo3pudh7

Statistics Bootcamp for Neuroscience and Single-Cell
Omics Data Analysis

This bootcamp will be free and open to all conference registrants. Professor Zhaoxia Yu and
Professor Wei Li will be the instructors for this bootcamp, which includes engaging lectures
and hands-on components (data visualization, processing and statistical testing using
statistical packages). Dr. Yu’s research is focused on developing statistical methods to address
the challenges confronting scientists when analyzing multivariate and high dimensional data.
Dr. Yu has recently published a well-cited article in Neuron (Yu et al. 2022). During the
bootcamp, she will guide participants through the practical application of the methods
described in her paper, as well as other relevant methods. She will also provide statistical

consulting through the UCI CNCM.

Dr. Li is an Endowed Chair and Professor of Bioinformatics in the Department of Biological
Chemistry at UCI School of Medicine. He has developed a series of widely used bioinformatics
algorithms to harness the full power of population-scale genomics and epigenomics data. He
will present two recent projects that leverage bioinformatics and all-in-human large-scale
data analysis to facilitate scientific discoveries. He will also discuss the importance of
statistical rigor in data analysis, and the solution to deal with the exaggerated false positives

by popular differential expression methods when analyzing human population samples.
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Statistics Bootcamp for Neuroscience and Single-Cell
Omics Data Analysis (continued)

Agenda:
8:30 am — 9:50 am: Analyzing Clustered / Dependent Data in Neuroscience Research

8:30 am —9:00 am: A review of linear models and their limitations

9:00 am — 9:50 am: Introduction to mixed-effects models
9:50 am — 10:10 am: coffee break
10:10 am —11:30 am:

10:10 am — 10:30 am: exaggerated false positives in popular differential expression
methods

10:30 am — 11:00 am: epigenetic liquid biopsy for caner and brain disorders
11:00 am — 11:30 am: RNA therapy targeting Alternative Polyadenylation
11:30 am — 1:00 pm: Lunch break
1:00 pm — 3:30 pm: hands-on demos (a laptop is required)

1:00pm — 1:30pm: Install R and R Studio

1:30pm — 3:30pm: Use R to visualize and model clustered data

References:
1. Yu, Z., Guindani, M., Grieco, S.F., Chen, L., Holmes, T.C. and Xu, X., 2022. Beyond t test and ANOVA:

Applications of mixed-effects models for more rigorous statistical analysis in neuroscience research. Neuron,
110(1), pp.21-35.
Cui Y, Arnold FJ, Peng F, Wang D, Li JS, Michels S, Wagner EJ, La Spada AR, Li W: Alternative polyadenylation
transcriptome-wide association study identifies APA-linked susceptibility genes in brain disorders. Nature
Communications 14 (2023) 583.
Lin N, Lin Y, Xu J, Liu D, Li D, Meng H, Gallant MA, Kubota N, Roy D, Li JS, Gorospe EC, Sherman M, Gish RG,
Abou Alfa GK, Nguyen MH, Taggart DJ, Van Etten RA, Hoshida Y, Li W: A multi-analyte cell-free DNA-based
blood test for early detection of hepatocellular carcinoma. Hepatology Communications 6 (2022) 1753-1763. P
Li L, Huang KL, Gao Y, Cui Y, Elrod ND, Wang G, Ji P, Peng F, Russell WK, Wanger EJ, Li W: An atlas of alternative
polyadenylation quantitative trait loci contributing to complex trait and disease heritability. Nature Genetics 53
(2021) 994
Xu J, Shi J, Cui X, Cui Y, Li JJ, Goel A, Chen X, Issa JP, Su J, Li W: Cellular Heterogeneity-Adjusted clLonal
Methylation (CHALM) improves prediction of gene expression. Nature Communications 12 (2021) 400.
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Evans D, Meltzer SJ, Baba H, Brand R, Von Hoff D, Li W*, Goel A*: EpiPanGI Dx: A cell-free DNA methylation
fingerprint for the early detection of gastrointestinal cancers. Clinical Cancer Research 27 (2021) 6135-6144.
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MERSCOPE Bootcamp (Selected applicants only)

The MERSCOPE bootcamp will provide an immersive training experience to work with
Vizgen’s MERSCOPE platform, and learn how to use this powerful single-cell, spatially resolved
transcriptomic imaging platform to gather deeper insights in different biological systems.
Working with mouse brain samples , attendees will learn and get hands-on experience in

sample preparation, instrument operation and data visualization and analysis.

Agenda:
8:30-9:00am: MERSCOPE workflow overview
A short presentation to explain the general workflow of sample preparation for
MERSCOPE
9:00-12:30pm: MERSCOPE sample preparation demonstration
Hands on sample preparation training with fresh frozen mouse brain samples, covering
key steps of MERSCOPE’s sample preparation workflow, including:
e Probe hybridization (0.5 hours)
e Gel embedding (2 hours)
e Clearing (0.5 hours)
12:30-1:30pm: Lunch break
1:30-2:30pm: MERSCOPE instrument demo
A live demo walk-through of instrument loading for MERSCOPE imaging
2:30-3:30pm: MERSCOPE data visualization
A live demo of how to visualize MERSCOPE data using MERSCOPE Visualizer
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Poster # 1 (A Bhandiwad et al.)

Curvilinear coordinate systems for visualizing adult and developmental neuroanatomical
structures

Ashwin A Bhandiwad®, Lydia Ng'
Allen Institute for Brain Science, Seattle, WA, USA

The complex three-dimensional geometry of neuronal cell type organization and connectivity,
particularly through development, poses challenges in understanding brain structure.
Understanding how brain regions’ shape and connectivity change throughout an animal’s
lifespan allows extraction of topographic and organizational features for studying structural
organization and patterns of development. To understand these features, a nonlinear
coordinate system is essential. This system would transform data from Cartesian (x,y,z)
coordinates into a flatmap, a visualization that preserves nearest-neighbor relationships while
unfolding brain regions into a rectangular prism. Previously, Laplace’s equation was used to
find the shortest distance across the columnar axis of the mouse cortex to generate
curvilinear coordinates. Here we apply Laplace’s equation to develop a generalized workflow
for generating curvilinear coordinates for multiple brain structures. We provide specific
examples from the adult mouse hippocampus and in developmental prosomeric model
parcellations. The resulting flatmaps convert Cartesian axes to anterior-posterior, roof plate-
floor plate, and radial axes. Using parcellations and anterograde connectivity data, we show
that the resulting shortest distance paths preserve local topography and nearest-neighbor
geodesic distances. We show how curvilinear flatmaps reveal regional compartmentalization
within the hippocampal dentate gyrus and Ammon’s horn. Finally, we show how flatmaps
from hindbrain rhombomeres in early development can be aligned with the goal of
connecting regional flatmaps into a comprehensive geodesic map of the adult and
developmental mouse brain.
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Poster # 2 (A Deryckere et al.)

Developmental programs underlying the expansion of neuron types in the vertebrate
forebrain

Astrid Deryckerel, Saket Choudharyz, Elias Gumnit®, Jamie Woychl, Rahul Satija2'3, Maria
Antonietta Tosches®

! Department of Biological Sciences, Columbia University, New York, NY , USA
>New York Genome Center, 101 Avenue of the Americas, New York, NY, USA
* Center for Genomics and Systems Biology, New York University, NY, USA

The central nervous system is one of the most complex organs, allowing organisms to execute
daily tasks with astonishing accuracy. During vertebrate evolution, new neuron types have
evolved in the brain, contributing to a general expansion of nervous system complexity, and
ultimately behaviors. This expansion of neuron types originates from changes in the
developmental program, where progenitor cells sequentially generate distinct neuron types.
In the insect nervous system, new neuron types generally evolve by expanding the neurogenic
phase of a progenitor cell. By adding extra cell cycles and diversifying the progenitors’
temporal gene expression programs, new neuron types are added to the lineage of progenitor
cells. Whether a similar mechanism underlies the expansion of neuronal diversity in
vertebrate brains remains unclear.

To generate new insights on the evolution of neuron types in the vertebrate brain, we
study the development of neuronal diversity in the pallium (dorsal telencephalon) of
tetrapods. By studying the salamander Pleurodeles waltl, we discovered that pyramidal
neuron types are organized in at least two sublayers across the pallium, indicating that
layering of neuron types is ancestral in tetrapods. Additionally, birthdating experiments
indicate that these layers are generated sequentially in the salamander brain, similar to what
has been described in reptilian and mammalian cortices. To investigate whether the diversity
of salamander and mammalian pallia correlates with differences of radial glia progenitors, we
profiled the developing telencephalon of salamanders using single-cell RNA sequencing. We
found that the diversity of salamander and mammalian radial glia progenitors over
developmental time could be described by gradual changes in the expression of similar gene
sets, including the same temporal transcription factors. This indicates that an insect-like
model for the developmental expansion of neuronal diversity does not apply to the vertebrate
cerebral cortex. Our data suggest that the expansion of neuronal diversity in vertebrate brains
might have arisen through changes of neuronal specification programs in post-mitotic

neurons rather than in progenitors.
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Poster # 3 (A Halley et al.)

Movement representations in the primary somatosensory cortex (S1) of the greater galago
Otolemur garnetti

Andrew C. HaIIeyl, Iwona Stepniewska2, Qimeng Wangz, Jamie L. Reed?, Hui-Xin Qi%, Jon H.
Kaas®, Leah Krubitzer'?

'Center for Neuroscience, University of California, Davis
> Department of Psychology, Vanderbilt University
*Department of Psychology, University of California, Davis

What role does primary somatosensory cortex (S1) play in generating movements that are
unique to primates? S1’s role in movement has been shown by the application of long-train
intracortical microstimulation (LT-ICMS) in a wide range of mammals, including primates,
rodents, bats, and marsupials. It has also been shown that stimulation of S1, primary motor
cortex (M1), premotor cortex (PMC) and posterior parietal cortex (PPC) results in distinct
movement types (e.g. forelimb extension vs. retraction). In New and Old World monkeys, S1
plays a central role in motor control, but no study has yet applied these methods to a species
of prosimian primate — the lineage of living primates thought to most closely resemble the
earliest primate ancestors. In this study, we used LT-ICMS in order to characterize movement
representations in the primary somatosensory cortex (S1/3b), frontal motor (e.g. M1, PMC)
and posterior parietal (PPC) cortex of the greater galago (Otolemur garnetti). We found that
S1 contains motor representations of the hindlimb, torso, forelimb, jaw, lips, tongue, ears, and
eyelids. Stimulation of M1, PMC, S1, and PPC elicited distinct movement types of the
forelimb, hindlimb, and tongue. Each region included a large representation of the forelimb.
In comparison to other primates, the representation of forelimb digits was relatively smal in
the cortical areas that we examined. We also observed a large region of tongue
representation across cortical fields. This research shows that in galagos, as in other primate
lineages, S1 plays a central role in motor control of forelimb and other parts of the body.
Given its similar role in other mammalian lineages, it is likely that S1 has played a part in
neocortical control of movement since the earliest ancestors of living mammals.
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Poster # 4 (A Mabou Tagne et al.)

Frequent A9-THC exposure during adolescence impairs sociability in adult mice exposed to
an aversive painful stimulus

Alex Mabou Tagnel, Yannick Fotiol, Zachary Alan Springsl, Shiqi Sul, Daniele Piomelli**?

'Department of Anatomy and Neurobiology, School of Medicine, University of California,
Irvine, CA, United States

2Department of Biological Chemistry, University of California, Irvine, CA, United States
3Department of Pharmaceutical Sciences, University of California, Irvine, CA, United States

Early-life exposure to A9-tetrahydrocannabinol (A9-THC), the intoxicating constituent of
cannabis, has been found to potentially induce enduring neurochemical changes in brain
structures involved in the regulation of sociality. However, the precise impact of these
changes on social behavior later in life remains unclear. In this study, we exposed male mice
to moderate daily doses of A9-THC (5 mg/kg, intraperitoneal) during adolescence (postnatal
day, PND, 30 to 43) and, when animals reached adulthood (PND70), we assessed their
performance in the three-chamber social interaction task before and three weeks after
injection of the chemical irritant formalin (1 % vol, intraplantar), which produces both
immediate and persistent pain-related behaviors in mice. The results of our study revealed
that prior A9-THC treatment did not alter social interaction in control adult mice. By contrast,
it disrupted social behavior in animals that developed lasting sensory abnormalities following
formalin injection. These findings suggest that frequent exposure to A9-THC during
adolescence causes in male mice a dormant dysfunction in social behavior which can be
unmasked in adulthood when the animals experience a painful aversive state. Further
research is needed to elucidate the underlying neurobiological mechanisms and to determine
whether these effects are specific to male mice or extend to other populations.
Understanding the impact of early-life cannabis exposure on social behavior is crucial for
informing public health policies and interventions related to cannabis use, particularly among
teenagers.
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Poster # 5 (A Malci et al.)

Anatomical and functional connectivity between the visual cortex and the anterior cingulate
cortex in a mouse model of Angelman Syndrome

Ayse Malci' and Michael S. Sidorov™?

'Center for Neuroscience Research, Children’s National Medical Center, Washington, DC,
United States

’Departments of Pediatrics and Pharmacology and Physiology, The George Washington
University School of Medicine and Health Sciences, Washington, DC, United States

The anterior cingulate cortex (ACC) is a prefrontal area involved in multiple functions including
cognitive control, emotion regulation and pain perception in mice. Also, ACC is visually
responsive and receives direct input from the visual cortex (VIS). Our previous work
demonstrated that patterned visual experience drives plasticity in mouse ACC. Here, we seek
to understand the circuits underlying visual encoding and experience-dependent plasticity in
mouse ACC. We investigate anatomical connectivity of ACC and VIS by using viral tracing tools
and immunohistochemistry. To investigate the functional role of VIS-ACC projections in visual
information processing, we manipulate VIS-ACC projections by using chemogenetic tools and
combine this approach with in vivo visualy evoked local field potential (VEP) recordings in
awake mice. We show that ACC receives monosynaptic inputs from both primary visual cortex
(V1) and medial secondary visual cortex (V2M), with a stronger input coming from V2M. We
confirm that presentation of visual sequences across four days drives experience-dependent
plasticity in ACC and V1. In addition, chemogenetic inhibition of V1 during stimulus
presentation seems to affect experience-dependent plasticity in ACC.

Sensory processing deficits are common in individuals with neurodevelopmental disorders,
such as Angelman syndrome (AS) which results from functional loss of the maternal copy of
the UBE3A gene. According to studies in AS mouse models, impaired circuit development may
lead to functional deficits, particularly in visual processing. Therefore, we study anatomical
and functional circuitry to ACC in a mouse model AS. Our aim is to characterize long-range
anatomical projections from VIS to ACC in wild-type mice and test the hypothesis that
differences in VIS-ACC connectivity may lead to abnormal VIS and ACC f