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Anxiety and PTSD linked to increased myelin in the brain
A study from the lab of Helen Wills Neuroscience Institute (HWNI) member Daniela Kaufer and collaborators
at UCSF has found that veterans with post traumatic stress disorder (PTSD) and rats exhibiting anxiety
behavior after a stressful event have increased myelin in regions of the brain associated with memory and
emotion. Since myelin speeds neural signaling, this suggests that severe stress may cause certain neural
pathways to become hyperresponsive, resulting in long-term eﬀects.

A cross section of the brain of a rat
that exhibited anxiety behavior.
The oligodendrocytes are
stained green, while the myelin is
stained orange.
Image by Kimberly Long.

Berkeley Neuroscience PhD alum Kimberly Long is the ﬁrst author on the study, published in December 2021
in Translational Psychiatry. Kaufer’s Berkeley team, which included Neuroscience PhD alum Jocelyn Breton,
performed the rat studies. The UCSF team, led by professor Thomas Neylan, examined the brains of veterans
using MRI scans from professor Linda Chao.
The researchers found that veterans with PTSD and rats with stress-induced anxiety had increased myelin in
their gray matter compared to veterans and rats who did not develop symptoms from traumatic stress.
Speciﬁc symptoms — such as avoidance, fear, and anxiety — were associated with increased myelin in the
same brain regions in humans and rats. These included the hippocampus, which is involved in memory, and the
amygdala, which is involved in fear. When researchers in Kaufer’s lab experimentally increased the number of
myelin-producing oligodendrocyte cells in the dentate gyrus of the hippocampus, rats showed anxiety-like
behavior without being exposed to stress. These ﬁndings suggest that traumatic stress may increase myelin in
some individuals, and that ﬁnding ways to reverse or block this process could potentially result in new
interventions to treat or prevent PTSD.

Neuroscientists produce comprehensive atlas of cell types for
brain region that controls movement
In October 2021, a consortium of hundreds of scientists published the ﬁrst comprehensive atlas of cell types in
the mammalian primary motor cortex — a brain area that controls movement. HWNI members Helen Bateup
and John Ngai are co-authors on the ﬂagship paper, which synthesized the results of 17 new papers published in
Nature from the BRAIN Initiative Cell Census Network. Ngai, a professor emeritus and former director of HWNI
and the Berkeley Neuroscience PhD Program, is the director of the National Institutes of Health’s BRAIN
Initiative, which supported the groundbreaking collaboration.
Tracings of individual neurons in the
medial temporal gyrus of the
neocortex. The digital
reconstruction is overlaid on a slice
of human brain tissue donated by
a brain surgery patient.
Image courtesy of the Allen Institute
for Brain Science.

The scientists used nearly a dozen diﬀerent techniques to characterize primary motor cortex cells from humans,
marmosets, and mice, based on a variety of characteristics that included gene expression, physiology, shape, and
connections. Ngai, Bateup, and Berkeley faculty member Dirk Hockemeyer worked together to develop strains
of mice that expressed a ﬂuorescent marker in certain cells — an important tool for tracing their connections.
By integrating data from multiple methods across species, the researchers identiﬁed as many as 116 diﬀerent cell
types, around ﬁve times more than previously identiﬁed. Many were subtypes of known cell types; for example,
neurons that release certain neurotransmitters had more than a dozen subtypes each.
This work is the ﬁrst step towards the goal of creating a cell atlas of the entire brain. “Detailed information
about the types of cells that make up the brain and their properties will ultimately enable the development of
new therapies for neurologic and neuropsychiatric diseases,” Ngai told Berkeley News.
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Messages from Our Directors
Ehud Isacoff
Director, Helen Wills Neuroscience Institute (HWNI) and Berkeley Brain Initiative (2013-present)
Director, Weill Neurohub East (2019-present)
Evan Rauch Chair in Neuroscience
Professor of Neurobiology, Molecular and Cell Biology
It has been fantastic to see everyone again as our community starts to resume in-person events. In fall 2021, we held
our annual UC Berkeley Neuroscience conference in person, and started a new series of monthly HWNI faculty
lunches. Thank you to HWNI member Dan Feldman for spearheading this new opportunity to build connections!
I extend a warm welcome to all of the new members of our community, including our newest HWNI faculty members
Noah Whiteman, James Hurley, Steven Piantadosi, Michael Rape, and Nobel laureate Randy Schekman.
I am so proud of all of our members who, this year, have won awards, made research discoveries that help us
understand the brain and mind, and created new tools that will advance basic and clinical neuroscience. I am also
proud of our members who published research on important topics outside of traditional neuroscience, such as
COVID-19 and gender bias in academia.
I am thrilled to report that this year, neuroscience at Berkeley received a tremendous boost from several donors and
organizations. Roche Holding and Genentech are investing up to $53 million in our campus and UCSF for the new
Alliance for Therapies in Neuroscience, which is part of the Weill Neurohub. Additionally, the Berkeley Center
for the Science of Psychedelics received ﬁve philanthropic gifts totaling $7 million. I extend heartfelt thanks to all of
our donors and partners who are helping to turn our ambitious ideas into realities that could enable revolutionary
breakthroughs in neuroscience and human health. In the coming year, I look forward to having more opportunities to
reconnect in person and collaborate on innovative projects that expand the boundaries of neuroscience.

Michael Silver
Director, Neuroscience PhD Program (2017-present)
Director, UC Berkeley Center for the Science of Psychedelics (2020-present)
Professor of Optometry and Vision Science and Neuroscience
The past year has brought signiﬁcant change to Berkeley Neuroscience, and the coming years promise to bring even
more. We are extremely fortunate to have Leleña Avila, PhD as our new Graduate Program Manager and Kailyss
Freeman, MS as our new Neuroscience Manager. Candace Groskreutz and Natalie Terranova, who were previously
in these respective positions, have both taken new positions on campus. We wish Candace and Natalie continued
success and extend a warm welcome to Leleña and Kailyss!
We are very proud of our PhD students who graduated in the last year: Christine Liu, Colin Hoy, Greg Telian, Irene
Grossrubatscher, Jacob Miller, Kevin Yu, Maimon Rose, Melissa Newton, Sara Popham, Tobias Schmid, and
Vael Gates. Last fall, we welcomed the entering class of 2021 (pictured, page 7), many of whom have already
become active members of our community.
Our graduate students have been a driving force in promoting and enhancing diversity, equity, and inclusion (DEI).
The Berkeley Neuroscience Student Advocacy Committee developed a plan for graduate student/postdoc leadership
of DEI projects that they propose, and HWNI will compensate these leaders for their DEI work. This committee also
organized a DEI symposium that was held on April 22. We intend for this to become an annual event that is integrated
with our ongoing eﬀorts to support DEI in Berkeley Neuroscience and in society.
Planning is underway to create a Department of Neuroscience at UC Berkeley (projected for Fall 2023), including, for
the ﬁrst time, an undergraduate major in neuroscience. We’re very grateful to HWNI faculty member Dan Feldman
for his eﬀorts to make this new department a reality. The future looks very bright indeed!
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Research Discoveries
Bat study reveals brain mechanisms involved in
group social communication
Like humans, Egyptian fruit bats are social mammals who live and communicate in
groups. But how do they know who is vocalizing, and how is that represented in the brain?
A study from Michael Yartsev’s lab, published in Science in October 2021 and led by
Neuroscience PhD alum Maimon Rose and postdoc Boaz Styr, sheds light on these
complex social interactions. The researchers used a unique approach: they allowed bats to
freely interact in a group while monitoring their vocalizations, position, and neural activity
with the help of technology developed in the Yartsev lab. They discovered how the
identity of vocalizing bats is represented in the frontal cortex of the brain, and found that
the brain activity of bats in a group synchronizes when one is vocalizing — especially
when it is a “friendlier” bat. This work provides new insight into the neural basis of
social behavior.

“Up and Upside down” by
The Legend Kay via Flickr. CC BY-NC-ND 2.0

Drug used to treat alcoholism may help
patients with retinal degeneration

A mouse retinal ganglion cell is shown in green;
other retinal cell types are shown in blue.
Image credit: Shubhash Yadav, Kramer lab.

Diseases such as retinitis pigmentosa (RP) and age-related macular
degeneration cause progressive vision loss as photoreceptor cells in the
retina degenerate. Researchers from Richard Kramer’s lab, in
collaboration with the Goard lab at UCSB, recently discovered that a
drug used to treat alcoholism — disulﬁram or Antabuse — improves
vision in mice with retinal degeneration. Kramer and his colleagues
previously found that retinoic acid is produced when photoreceptors
die oﬀ. This leads to hyperactivity in retinal ganglion cells, which
obscures vision. The new study, published in Science Advances in March
2022, showed that lowering production of retinoic acid with disulﬁram
or inhibiting the retinoic acid receptor dramatically improved vision
in a mouse model of RP. The researchers plan to partner with
ophthalmologists to launch a clinical trial to discover whether disulﬁram
— which is already approved by the FDA — can improve vision in
patients with RP.

Pattern of brain connectivity associated with cognitive
performance differs across the poverty line

iStockphoto

A study from Silvia Bunge’s lab published in Nature Communications in December 2021 found
that a previously observed association between a pattern of brain connectivity and high
performance on cognitive tests does not apply, on average, to children below the poverty line.
The researchers analyzed fMRI brain scans from over 6,000 children ages 9-10 from diﬀerent
socioeconomic backgrounds. Scans of children from higher income families — who are
overrepresented in most research studies — replicated previous ﬁndings, while high-achieving
children from families living in poverty actually showed the opposite pattern. The study highlights
the importance of including participants from lower income groups in studies of cognitive
development.
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Research Discoveries
Brain area that maps space also maps abstract
relationships, using a similar code
The hippocampus is well-known to construct maps of physical space in the brain, but a recent study
from Joni Wallis’ lab shows that it can also create maps of completely abstract relationships —
speciﬁcally, relative value — and encodes the information in a similar way. In the study, published in
Cell in September 2021, the researchers recorded the activity of neurons in the hippocampus while
monkeys chose between images associated with diﬀerent reward probabilities. The scientists gradually
changed the reward probabilities of the three images, creating a 3D “value space”. They found many
neurons that consistently ﬁred when the animal was at a particular point within the value space,
similar to how hippocampal place cells ﬁre when an animal is at a certain location. This supports the
idea that the hippocampus encodes general cognitive maps and not just spatial ones.
Sign illustrating the concept of relative
value — how different items are
ranked with respect to each other.

Zebrafish enable large-scale
analysis of catastrophic
childhood epilepsy genes

Photo: “Trail signage” by Bryan Jones
via Flickr. CC BY-NC-ND 2.0

Examples of larval zebrafish movement from the paper:
Griffin, A. et al., Commun Biol 4, 680 (2021).
https://creativecommons.org/licenses/by/4.0/

Catastrophic childhood epilepsies involve persistent
seizures and are hard to treat. Although many genes have
been implicated in these types of epilepsy, lack of animal
models has made them diﬃcult to study. But Scott
Baraban’s lab recently used CRISPR-Cas9 gene editing
to create 40 lines of zebraﬁsh, each with a mutation in a
diﬀerent gene associated with catastrophic childhood
epilepsy. His team extensively characterized the ﬁsh
and found lines for eight genes that showed epileptic-like
seizure activity. The results were published in
Communications Biology in June 2021. The Baraban lab is
making their data and zebraﬁsh available to the scientiﬁc
community, in the hopes that these new resources will
advance understanding of catastrophic childhood
epilepsies and facilitate the development of new
treatments.

Visual input can specify cell types in the developing brain

Different layers of the cortex are
visualized as depths in the ocean, with
the sun playing the role of light/vision.
Illustration copyright 2022 Julia Kuhl.

It has long been known that visual input shapes the development of the visual system during early life,
but a recent study from Karthik Shekhar’s lab, in collaboration with the Zipursky lab at UCLA, goes
a major step further by analyzing this at the level of individual cell types in the visual cortex of the
brain. In the study published in Cell in January 2022, the researchers analyzed gene expression at the
RNA level of over 220,000 cells from the visual cortex of mice, at diﬀerent ages and under diﬀerent
light-rearing conditions. By combining this data with machine learning and other methods, the
researchers were able to track the development of 40 diﬀerent cell types. They found that visual
experience speciﬁed the identity of a small population of neurons in the visual cortex and aﬀected
their function. These results could have broad implications for our understanding of mammalian
brain development.
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Language shapes how we think about numbers

Postdoctoral fellow Benjamin Pitt, lead author of the study and
a member of Piantadosi’s Computation and Language Lab.

A recent study from Steven Piantadosi’s lab, in collaboration with Edward Gibson from
MIT, suggests that having words for larger numbers is critical for our ability to mentally
represent them. Participants in the study were from the Indigenous Tsimane’ community
in Bolivia, whose members vary greatly in the amount of number words that they know.
This allowed the researchers to examine the relationship between number words and
numerical concepts within a single group. The researchers found that participants could
only match the number of objects they were shown with diﬀerent objects up to the
highest number word they knew, and approximated for anything higher. Their ﬁndings
indicate that the ability to conceptualize larger numbers is dependent on having words for
those numbers, providing insight into how language inﬂuences cognition. The study was
published in Psychological Science in February 2022.

Photo illustration by Yasmin Anwar.

New illusion reveals lag in visual
perception that helps stabilize what
we see

Time-lapse videos of faces morphing from
young to old and male to female.
Image courtesy of the study’s first author, Mauro Manassi.

According to a study from David Whitney’s lab, published in
Science Advances in January 2022, what we see in a given moment
may actually have occurred 15 seconds beforehand. The researchers
showed study participants videos of faces slowly morphing into a
diﬀerent age or gender. When asked to identify the ﬁnal face,
people tended to pick the face that was shown 15 seconds before
the end of the video, indicating a lag in visual perception. This newly
discovered mechanism appears to be an eﬃcient way to keep our
vision stable while we are bombarded with ﬂuctuations in visual
stimuli such as light, shadow, and movement.

With the flip of a switch, scientists activate
pathway impaired in Parkinson’s disease

In the new method, a protein (gray vertical structure, left)
protrudes from the membrane of targeted cells and anchors
a light-sensitive molecule (green line with circular ends),
which then binds to and activates the D1
dopamine receptor (D1R) when exposed to blue light.
From Donthamsetti, P. et al., Nat Commun (2021).

Parkinson’s disease causes diﬃculty with movement, and is caused by the degeneration
of speciﬁc dopamine-producing neurons in the brain. The most eﬀective treatment
boosts dopamine production in these cells, but loses eﬀectiveness as more of them are
lost. But what if you could activate dopamine receptors directly? In a paper published
in Nature Communications in August 2021, scientists from Ehud Isacoff’s lab
described how they developed a method that uses light to turn on a speciﬁc type of
dopamine receptor in neurons that are part of the brain circuitry impaired in
Parkinson’s disease. In mice, activation of these receptors increased movement —
a ﬁnding that could ultimately lead to new treatments for Parkinson’s disease. The
method allows researchers to turn speciﬁc receptors in targeted cell types on and oﬀ
at will, which could lead to breakthroughs in our understanding of this and other
complex neural circuits.
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News
Postdocs lead study on gender bias in
academia

Anaïs Llorens
UC Berkeley photo by Brittany Hosea-Small.

Anaïs Llorens and Athina Tzovara were postdoctoral fellows in HWNI member
Robert Knight’s lab when they decided to tackle the problem of gender bias
in academia by assembling a team of 45 researchers from around the world to
ﬁnd and analyze literature on the topic. The resulting paper was published in
Neuron in July 2021, with Llorens and Tzovara as ﬁrst authors. It provides a
comprehensive summary of the many ways that gender bias can aﬀect women
throughout their careers in academia, with a focus on STEM ﬁelds and
speciﬁcally, neuroscience. The paper also proposes concrete solutions to
mitigate the eﬀects of gender bias, and breaks them down into actions that
can be taken at the individual, institutional, and societal levels.
Many members of the HWNI community participated in the project and were
co-authors on the paper, including Knight, HWNI faculty member Joni Wallis,
Neuroscience PhD students Mark Gorenstein and Brooke Staveland,
Neuroscience PhD alumni Colin Hoy, Yvonne Fonken, Chris Holdgraf, and
Katarina Slama, and current and former HWNI postdocs Ludovic Bellier,
Deborah Marciano, and Julia Kam. Llorens is currently an assistant project
scientist in the Knight lab, and Tzovara is an assistant professor at the University
of Bern in Switzerland.

Athina Tzovara
Photo courtesy of Athina Tzovara.

Meet our new administrators:
Leleña Avila and Kailyss Freeman
In December 2021, we were thrilled to welcome Leleña Avila as our new
Berkeley Neuroscience PhD Program Manager, and Kailyss Freeman as our
new Berkeley Neuroscience Manager.
Avila has a PhD in Biology and a Master’s degree in Evolution, Ecology, and
Behavior. She was previously an academic advisor in the Oﬃce of Instruction &
Student Aﬀairs at the Rausser College of Natural Resources at Berkeley. She has
additional managerial and student aﬀairs experience at Berkeley from her time
working in the Museum of Vertebrate Zoology, the Haas School of Business, and
the Lawrence Hall of Science.

Leleña Avila

Kailyss Freeman

Freeman has a Master’s of Science in Health Care Administration and a Bachelor’s
degree in Biological Sciences with a minor in Chemistry. She was previously the
administrative supervisor for the Department of Surgery at UCSF. She also brings
managerial, project management, and ﬁnancial planning experience from her
work at Providence St. Joseph Queen of the Valley Medical Center and UC Davis.
We are extremely lucky to have such talented and experienced professionals
join the Berkeley Neuroscience leadership team. Please welcome them to our
community!
For more about these and other Berkeley Neuroscience discoveries and news,
visit our website: neuroscience.berkeley.edu/news/
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Neuroscience PhD Program
Alum Profile: Visualizing a new path
John Long creates tech that helps firefighters see through smoke and darkness
“The mission of the company is to provide the best that cutting-edge technology has to offer, to the people who
need it most.”

John Long is a co-founder and the chief technology oﬃcer of Qwake Technologies, a company that builds systems
to help ﬁreﬁghters see and navigate through smoke and darkness using advanced thermal imaging, augmented
reality, and artiﬁcial intelligence. Their products also allow commanders outside of burning buildings to see, in real
time, what the ﬁrst responders inside are seeing. Qwake’s potentially life-saving technology was inspired by Long’s
experiences doing neuroscience research, which began when he was an undergraduate at UC Berkeley in HWNI
member Yang Dan’s lab.
“Yang was a great mentor to me,” Long says. After earning degrees in neurobiology and philosophy, Long joined the
Berkeley Neuroscience PhD Program where he worked with Jose Carmena on brain-machine interfaces, focusing
on how the brain learns to use a prosthetic device. “Jose was a new PI at that time, and being one of his ﬁrst
graduate students was a fantastic adventure,” he says.
John Long,
entering class of 2005

After graduating, Long did a postdoc at Rutgers University and New York University where he studied learning
and memory. “I’ve always been, and still am, very interested in how learning works […] and how it’s an interaction
between the innate physical properties of the system and the environment in which it’s in,” he says.
As part of this research, Long developed a multi-camera system to track and correlate animal behavior with neural
signals. He says he became “seduced” by engineering, and eventually used his expertise in computer vision to
co-found Qwake Technologies and develop the company’s technology. He is currently working on AI-based
navigation systems to enable ﬁreﬁghters to trace their paths back out of buildings if they become disoriented.
Read the full version of this and other alumni proﬁles on our website: neuroscience.berkeley.edu/alumni-proﬁles/

Welcome to our
new PhD students!
We are excited to welcome the
entering class of 2021 into the
Berkeley Neuroscience
community and to support them
in their scientiﬁc development.

From left to right, bottom row: Corrina Fonseca, Odilia Lu, Dyana Muller. Second row: Eduardo Sandoval, Allison Nieto,
Jing Jing Li. Third row: Atehsa Sahagun, Jen Holmberg. Top row: Tyler Toueg, Gergey Mousa, Tianhao Qiu.
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Ways to Give

Faculty Honors and Awards
• Hillel Adesnik (Neurobiology) was named a Chan Zuckerberg Biohub Investigator.
• Diana Bautista (Cell and Developmental Biology) was named a Howard Hughes Medical
Institute investigator.
• Yang Dan (Neurobiology) is part of a multidisciplinary, international team awarded
$9 million from the Aligning Science Across Parkinson’s initiative.
• Yvette Fisher (Neurobiology) was awarded a Sloan Research Fellowship by the Alfred P.
Sloan Foundation, and named a Chan Zuckerberg Biohub Investigator. She was also the
winner of the 2021 Rennie Fund for the Study of Epilepsy.

You can support the research and
education efforts of our faculty,
postdocs, and students by making
an online donation at this link:
give.berkeley.edu/ fund/FH5942000
To learn more about making a gift to
neuroscience at Berkeley, please contact:
Patrick Gutteridge
Senior Director of Development
Berkeley Brain Initiative
gutteridge@berkeley.edu
415.385.3687

• Andrea Gomez (Neurobiology) was named a 2021 Rose Hills Innovator.
• Stephan Lammel (Neurobiology) won a 2022 Neurobiology of Brain Disorders Award
from the McKnight Endowment Fund for Neuroscience.
• Markita Landry (Chemical and Biomolecular Engineering) was awarded a Vilcek Prize
for Creative Promise in Biomedical Science, and named a Camille Dreyfus TeacherScholar by the Camille & Henry Dreyfus Foundation. She was also reappointed as a
Chan Zuckerberg Biohub Investigator.

Stay Connected
To sign up for our quarterly electronic
newsletter, visit our website at
neuroscience.berkeley.edu

@UCBerkeleyNeuro

• Teresa Puthussery (Vision Science and Optometry) is part of a team that was awarded
funding from the National Eye Institute’s Audacious Goals Initiative.
• David Schaffer (Chemical and Biomolecular Engineering, Bioengineering, Neurobiology)
was elected to the National Academy of Inventors.
• Michael Yartsev (Bioengineering, Berkeley Nanosciences and Nanoengineering
Institute) won the C.J. Herrick Award in Neuroanatomy from the American Association
for Anatomy.

Helen Wills Neuroscience
Institute at UC Berkeley
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