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|. Executive Summary

A. Marmosets are a Cornerstone Biomedical Model System

The common marmoset (Callithrix jacchus) has experienced unprecedented growth as an
animal model in biomedical research across the United States and has now emerged as crucial
engine for scientific discovery. There are now more than 40 research colonies serving over 50+
Principal Investigators (PIs) in the United States. Since the 2019 Marmoset Community White
Paper, investment in marmoset research by the National Institutes of Health (NIH) has increased
considerably, reflective of the growing interest in and importance of the marmoset model. The
initial grassroots efforts by Investigators to champion this nonhuman primate are now being
complemented by support from crucial funding agencies - such as the NIH - with both targeted
investments in key infrastructure needed to further grow the model in the United States and an
increase in support for investigator-initiated proposals. While continued support for these initial
investments remain crucial for the field’s continued growth, new areas of concern and
opportunities for accelerating the model have presented themselves in parallel with the growth
of marmoset use nationwide. Specific strategic investment is now needed by the NIH to address
these issues and allow the marmoset model to realize its full potential as a cornerstone species
able to accelerate the rate of discovery in biomedical research and better understand human
disease.

This White Paper highlights both the advantages of marmoset monkeys for
accomplishing the stated mission of the NIH and identifies the crucial, strategic
investments needed to support and accelerate the impact of this model system for
biomedical research.

B. Past NIH Investment in Marmoset Research

Over the past 5 fiscal years [2016-2020] the NIH has invested ~$156,000,000 in research
involving marmosets. In FY2020, the NIH supported 54 grants with over $49,700,000 in funding
from 9 different Institutes and the Office of the Director. FY 2020 was the highest level of financial
support by the NIH for marmoset research and represented a ~40% increase in funding from the
previous year (FY2019). While three marmoset-specific RFAs released by the NIH BRAIN
Initiative for targeted investment in national infrastructure to support marmoset research
contributed to the increased support, the prodigious rise in funding for this NHP model primarily
reflects successful efforts to researchers to garner financial support through more standard
investigator initiated funding mechanisms (i.e. NIH R01, R21, U01, R34 etc grants).

C. Recommendations & Priorities for Future NIH investment in Marmoset Research
The marmoset model has witnessed substantial growth over the past decade largely through
grassroots, researcher-initiated projects. These foundational efforts are now being
complemented by the NIH as marmosets are increasingly recognized as a keystone model
organism for addressing NIH’s stated goal to enhance health, lengthen life and reduce iliness
and disability in humans. As a nonhuman primate species with several unique reproductive,
physiological and behavioral advantages, marmosets are uniquely positioned to accelerate
progress to this end. We are presently at a crucial juncture in the development of the model;
substantial investment by the NIH is needed to complement new core resources and
infrastructure for the rapidly growing community of marmoset investigators that will facilitate an
accelerated rate of discovery for human diseases.

Due to Covid-19, the biannual Marmoset Pl meeting in April 2020 was cancelled and the
community Pls gathered for a virtual meeting later the same year. in November. The goal of this
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abbreviated meeting was to identify current bottlenecks for growth and the crucial resources
needed to overcome these challenges. Based on input and feedback from the community, we
have identified the following four resource priorities that require immediate investment from the
NIH.

Investment in Developing Marmoset Behavioral Techniques & Technologies
Investment in Viral-based Gene-Editing Technologies in Marmosets.
Support for Cross-Institutional Training of Students/Post-Docs

Centralized Resource for Cataloging & Distributing Aging Marmosets

rownh =

To address these issues, we recommend the NIH support the following identified priorities
through several crucial RFA/PARs within the next year to foster the continued development of
foundational infrastructure and resources for marmoset research to flourish in the United States.

D. Marmoset Community Initiatives

Grass roots efforts by marmoset investigators is a pivotal foundation of our community’s future
success. We have established both a website — www.marmohub.org — and a Slack workspace
for Pls to coordinate efforts and facilitate communication across laboratories. During the 2020
Marmoset Pl meeting, the community identified two new initiatives that have since been
implemented in 2021.

1. Create a Forum for Sharing Methodological & Surgical Details.
2. Establish a Marmoset Journal Club.

E. Marmosets are a Keystone Model to Understand and Cure Human Disease in the 215t Century.

The principal long-term goal of the marmoset research community is to expand the use of this
model organism in order to accelerate our rate of discovery for understanding human disease.
The recommendations in this White Paper for immediate strategic investments by the NIH
supporting crucial resources and infrastructure are needed to maximize the impact of marmosets
as a cornerstone model organism to study human diseases. Marmosets offer unique
opportunities to study and understand biomedical processes that have not been feasible to
model in other nonhuman primates. The species’ rapid development and aging, for example,
make it possible to longitudinally examine diseases that afflict humans at specific times in life,
both during ontogeny and senescence. Likewise, the small size and high fecundity provide
logistical advantages for the development and implementation of next-generation gene-editing
technologies. Furthermore, due to the notable similarities in their social behavior, cognition and
communication with humans, as well as the shared functional brain architecture of all primates
- this nonhuman primate species is uniquely suited to model the neuropsychological disorders
that afflict humans. The marmoset model has the potential to transform our understanding of
the myriad of genetic, physiological and environmental factors affecting human disease as a
keystone biomedical model in the next chapter of scientific inquiry.



[l. Introduction

A. The marmoset is establishing itself as a keystone animal model for biomedical research
The common marmoset (Callithrix jacchus) is a New World monkey that has been used as a
model system in biomedical research for several decades. As outlined in the 2019 Marmoset
Community White Paper, the use of marmosets has rapidly increased in the past decade. While
only 7 marmoset colonies existed in the United States in 2008, nearly 40 colonies have been
established by 2021 that support over 50+ Investigators. The growth of the marmoset model is
also not restricted to the United States. In North America, two Institutions in Canada — Western
University and McGill University — have heavily invested in marmoset research by building
needed research infrastructure and establishing large breeding colonies that each support
multiple Investigators. Biomedical research with marmosets has also continued to expand in
Asia (China and Japan), Australia, UK, Europe (France, Germany) and Israel. The proliferation
of marmosets on an international stage indicates that the model’s ascension in the United States
is not occurring in isolation, but rather reflects the broader recognition of the species’ valuable
and unique attributes as a powerful animal model for biomedical research on a global scale.
Continued strategic investment in marmosets by the NIH will further demonstrate the United
States’ role as an international leader in nonhuman primate research.

The growing interest in marmosets both domestically and internationally stems from an
awareness of the species scientific and logistical advantages that this species of New World
primates offers biomedical research. For example, marmosets have a relatively short gestation
of only ~150 days and typically birth fraternal twins, which establishes marmosets as having
amongst the highest fertility of any primate (1). Likewise, marmoset development is notably rapid
— reaching adulthood in ~14-18months and becoming aged at ~8yo (2, 3) Marmosets are similar
in body size as rodents — weighing ~300-400g — making it possible for large populations to be
housed in smaller facilities than larger primates. Yet in stark contrast to rodents, marmosets
exhibit the shared physiological, behavioral and cognitive characteristics that distinguish
primates from all other animals, including the core functional architecture and organization of
our nervous system (4). This unique complement of characteristics affords the exciting
opportunity to feasibly utilize a primate species to model many of the diseases that afflict humans,
ranging from those that affect humans at specific times in life — including both developmentally
and during aging — to neuropsychiatric disorders that impact uniquely primate properties of our
brain.

A related advantage of marmosets has been the species’ amenability to modern
molecular gene-editing technologies. Following Dr. Erika Sasaki and colleague’s pioneering
work in marmosets demonstrating the first germline transmission of a transgene in a nonhuman
primate (5) efforts to implement modern gene-editing technologies in marmosets have
accelerated (6-8). This includes efforts to develop the most modern gene-editing approaches for
use in marmosets, such as CRISPR (9-11), as well as viral based approaches that make it
possible to more selectively target specific cell types and circuits in the brain (12-16) . These
viral technologies include the intravenous delivery of AAV capsids designed to cross the blood-
brain barrier in marmosets and are particularly promising because of their clear advantages for
translational work (17). Researchers are increasingly leveraging the advantages of optogenetic
and chemogenetic techniques to selectively manipulate circuits in the marmoset brain (18-21),
while also implementing calcium-imaging approaches in an effort to better understand large
populations of neurons in the marmoset brain (22-25). As this critical line of research and
technical development continues to evolve, the promise of marmosets as primate model that
can leverage genetic technologies is beginning to be realized.




B. The significance of marmosets as a NHP model in the 215t Century in the United States.

Rhesus monkeys have been and currently remain the dominant nonhuman primate model for
biomedical research in the United States. For the past few decades, biomedical research in the
US that uses macaques have relied on importing animals from international sources, primarily
from China. Recently, the availability of these monkeys for import into the US has rapidly
declined since China declared these animals a key resource and has invested heavily in
expanding their own research using rhesus monkeys, including in the Neurosciences
(https://www.economist.com/international/2021/07/24/attitudes-towards-experimenting-on-
monkeys-are-diverging). Given the enormous expense domestically to produce large quantities
of rhesus monkeys, it may not be feasible (or at least extremely difficult) to meet the research
needs in the coming years. Owing to their small body size that allows for housing large numbers
of animals in standard facilities, high fecundity and rapid development, marmosets are uniquely
suited to fill this gap and emerge as an increasingly valuable primate model in the next decade.
Efforts already underway to establish marmoset breeding centers in the US are strategically
important to meet these growing needs. Because most individual marmoset laboratories also
breed animals, these large-scale breeding centers can be complemented by animals made
available from investigators across the country through a coordinated national effort.

C. Current  Uses of Marmosets in
Biomedical Research

Marmosets are utilized as animal models in a 300

wide diversity of biomedical research
disciplines, ranging from infectious disease to
reproductive biology but neuroscience remains 225
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(Figure 1). Over the past two .Vears - 2019 and Figure 1. Plots the total number [#] of peer-reviewed
2020 - the number of published papers on publications with marmosets listed on PubMed each
marmosets eclipsed 250 papers annually. Listed  year from 2000-2020.

below are representative publications in

marmosets over this time period. The selective list only encompasses peer-reviewed research
papers in marmosets in high-profile scientific journals. Of note, the Representative Publications
that reached this threshold in the 2019 Marmoset Community White paper were relatively limited.
By contrast, several dozen manuscripts from a range of laboratories around the world are now
evident. This trend indicates that not only are the number of marmoset publications increasing,
including in more areas of scientific inquiry, but interest in marmoset research is likewise growing
in the broader scientific communities.




Representative Publications [2019-2020]

Systems Neuroscience.

e Spontaneous travelling cortical waves gate perception in behaving primates. (26)
Davis ZW, Muller L, Martinez-Trujillo J, Sejnowski T, Reynolds JH. Nature. 2020 Nov;587(7834):432-436.
e Spatial encoding in primate hippocampus during free navigation. (27)
Courellis HS, Nummela SU, Metke M, Diehl GW, Bussell R, Cauwenberghs G, Miller CT. PLoS Biol. 2019 Dec
9;17(12):e3000546.
e Arm movements induced by noninvasive optogenetic stimulation of the motor cortex in the
common marmoset. (18)
Ebina T, Obara K, Watakabe A, Masamizu Y, Terada Sl, Matoba R, Takaji M, Hatanaka N, Nambu A, Mizukami H,
Yamamori T, Matsuzaki M. Proc Natl Acad Sci U S A. 2019 Nov 5;116(45):22844-22850. do
e Optimal features for auditory categorization. (28)
Liu ST, Montes-Lourido P, Wang X, Sadagopan S. Nat Commun. 2019 Mar 21;10(1):1302.
¢ Retinotopic specializations of cortical and thalamic inputs to area MT. (29)
Mundinano IC, Kwan WC, Bourne JA. Proc Natl Acad Sci U S A. 2019 Nov 12;116(46):23326-23331.
e Local homogeneity of tonotopic organization in the primary auditory cortex of marmosets. (24)
Zeng HH, Huang JF, Chen M, Wen YQ, Shen ZM, Poo MM. Proc Natl Acad Sci U S A. 2019 Feb 19;116(8):3239-
3244.
e Contrast and luminance adaptation alter neuronal coding and perception of stimulus orientation. (30)
Ghodrati M, Zavitz E, Rosa MGP, Price NSC.Nat Commun. 2019 Feb 26;10(1):941.
e Submillimeter fMRI reveals a layout of dorsal visual cortex in macaques, remarkably similar to New World
monkeys. (31)
Zhu Q, Vanduffel W.Proc Natl Acad Sci U S A. 2019 Feb 5;116(6):2306-2311.
¢ Insula serotonin 2A receptor binding and gene expression contribute to serotonin transporter polymorphism
anxious phenotype in primates. (32)
Santangelo AM, Sawiak SJ, Fryer T, Hong Y, Shiba Y, Clarke HF, Riss PJ, Ferrari V, Tait R, Suckling J, Aigbirhio
Fl, Roberts AC. Proc Natl Acad Sci U S A. 2019 Jul 16;116(29):14761-14768.
o Face selective patches in marmoset frontal cortex. (33)
Schaeffer DJ, Selvanayagam J, Johnston KD, Menon RS, Freiwald WA, Everling S. Nat Commun. 2020 Sep
25;11(1):4856.
e Ventromedial prefrontal area 14 provides opposing regulation of threat and reward-elicited responses in
the common marmoset. (34)
Stawicka ZM, Massoudi R, Horst NK, Koda K, Gaskin PLR, Alexander L, Santangelo AM, Mclver L, Cockcroft GJ,
Wood CM, Roberts AC. Proc Natl Acad Sci U S A. 2020 Oct 6;117(40):25116-25127.
e Divergence of rodent and primate medial frontal cortex functional connectivity. (35)
Schaeffer DJ, Hori Y, Gilbert KM, Gati JS, Menon RS, Everling S. Proc Natl Acad Sci U S A. 2020 Sep
1;117(35):21681-21689.
e The role of adaptation in generating monotonic rate codes in auditory cortex. (36)
Lee JH, Wang X, Bendor D.PLoS Comput Biol. 2020 Feb 18;16(2):e1007627.
e Over-activation of primate subgenual cingulate cortex enhances the cardiovascular, behavioral and neural
responses to threat. (37)
Alexander L, Wood CM, Gaskin PLR, Sawiak SJ, Fryer TD, Hong YT, Mclver L, Clarke HF, Roberts AC.
Nat Commun. 2020 Oct 26;11(1):5386.

Molecular Neuroscience.

¢ Human-specific ARHGAP11B increases size and folding of primate neocortex in the fetal marmoset. (38)
Heide M, Haffner C, Murayama A, Kurotaki Y, Shinohara H, Okano H, Sasaki E, Huttner WB.Science. 2020 Jul
31;369(6503):546-550.

e |nnovations present in the primate interneuron repertoire. (39)
Krienen FM, Goldman M, Zhang Q, C H Del Rosario R, Florio M, Machold R, Saunders A, Levandowski K, Zaniewski
H, Schuman B, Wu C, Lutservitz A, Mullally CD, Reed N, Bien E, Bortolin L, Fernandez-Otero M, Lin JD, Wysoker
A, Nemesh J, Kulp D, Burns M, Tkachev V, Smith R, Walsh CA, Dimidschstein J, Rudy B, S Kean L, Berretta S,
Fishell G, Feng G, McCarroll SA. Nature. 2020 Oct;586(7828):262-269.

e Viral manipulation of functionally distinct interneurons in mice, non-human primates and humans. (13)




Vormstein-Schneider D, Lin JD, Pelkey KA, Chittajallu R, Guo B, Arias-Garcia MA, Allaway K, Sakopoulos S,
Schneider G, Stevenson O, Vergara J, Sharma J, Zhang Q, Franken TP, Smith J, Ibrahim LA, M Astro KJ, Sabri E,
Huang S, Favuzzi E, Burbridge T, Xu Q, Guo L, Vogel |, Sanchez V, Saldi GA, Gorissen BL, Yuan X, Zaghloul KA,
Devinsky O, Sabatini BL, Batista-Brito R, Reynolds J, Feng G, Fu Z, McBain CJ, Fishell G, Dimidschstein J. Nat
Neurosci. 2020 Dec;23(12):1629-1636.

Functional Neuroanatomy.

e Molecular Classification and Comparative Taxonomics of Foveal and Peripheral Cells in Primate Retina.
(40)
Peng YR, Shekhar K, Yan W, Herrmann D, Sappington A, Bryman GS, van Zyl T, Do MTH, Regev A, Sanes JR.
Cell. 2019 Feb 21;176(5):1222-1237.e22.
e Macroscale cortical organization and a default-like apex transmodal network in the marmoset monkey. (41)
Buckner RL, Margulies DS. Nat Commun. 2019 Apr 29;10(1):1976.
e A high-throughput neurohistological pipeline for brain-wide mesoscale connectivity mapping of the
common marmoset. (42)
Lin MK, Takahashi YS, Huo BX, Hanada M, Nagashima J, Hata J, Tolpygo AS, Ram K, Lee BC, Miller MI, Rosa
MG, Sasaki E, Iriki A, Okano H, Mitra P. Elife. 2019 Feb 5;8:e40042.
e Anatomical and functional investigation of the marmoset default mode network. (43)
Liu C, Yen CC, Szczupak D, Ye FQ, Leopold DA, Silva AC.Nat Commun. 2019 Apr 29;10(1):1975.
e A resource for the detailed 3D mapping of white matter pathways in the marmoset brain. (44)
Liu C, Ye FQ, Newman JD, Szczupak D, Tian X, Yen CC, Majka P, Glen D, Rosa MGP, Leopold DA, Silva AC.
Nat Neurosci. 2020 Feb;23(2):271-280. d
e Open access resource for cellular-resolution analyses of corticocortical connectivity in
the marmoset monkey. (45)
Majka P, Bai S, Bakola S, Bednarek S, Chan JM, Jermakow N, Passarelli L, Reser DH, Theodoni P, Worthy KH,
Wang XJ, Wéjcik DK, Mitra PP, Rosa MGP. Nat Commun. 2020 Feb 28;11(1):1133.

Behavior.

e Long-lasting vocal plasticity in adult marmoset monkeys. (46)
Zhao L, Rad BB, Wang X. Proc Biol Sci. 2019 Jun 26;286(1905):20190817.
e Cognitive control of complex motor behavior in marmoset monkeys. (47)
Pomberger T, Risueno-Segovia C, Gultekin YB, Dohmen D, Hage SR. Nat Commun. 2019 Aug 22;10(1):3796.
e Vocal state change through laryngeal development. (48)
Zhang YS, Takahashi DY, Liao DA, Ghazanfar AA, Elemans CPH. Nat Commun. 2019 Oct 9;10(1):4592.
e Vocal and locomotor coordination develops in association with the autonomic nervous system. (49)
Gustison ML, Borjon JI, Takahashi DY, Ghazanfar AA. Elife. 2019 Jul 16;8:e41853.
e Having Infants in the Family Group Promotes Altruistic Behavior of MarmosetMonkeys. (50)
Huang J, Cheng X, Zhang S, Chang L, Li X, Liang Z, Gong N. Curr Biol. 2020 Oct 19;30(20):4047-4055.e3.
e Theta Synchronization of Phonatory and Articulatory Systems in Marmoset Monkey Vocal Production. (51)
Risueno-Segovia C, Hage SR. Curr Biol. 2020 Nov 2;30(21):4276-4283.€3.

Disease Models.

e Fractionating Blunted Reward Processing Characteristic of Anhedonia by Over-Activating Primate
Subgenual Anterior Cingulate Cortex. (52)
Alexander L, Gaskin PLR, Sawiak SJ, Fryer TD, Hong YT, Cockcroft GJ, Clarke HF, Roberts AC. Neuron. 2019
Jan 16;101(2):307-320.€6.
e Plasticity of the Mycobacterium tuberculosis respiratory chain and its impact on tuberculosis drug
development. (53)
Beites T, O'Brien K, Tiwari D, Engelhart CA, Walters S, Andrews J, Yang HJ, Sutphen ML, Weiner DM, Dayao EK,
Zimmerman M, Prideaux B, Desai PV, Masquelin T, Via LE, Dartois V, Boshoff HI, Barry CE 3rd, Ehrt S,
Schnappinger D. Nat Commun. 2019 Oct 31;10(1):4970.




e Hominin-specific regulatory elements selectively emerged in oligodendrocytes and are disrupted in autism
patients. (54)
Castelijns B, Baak ML, Timpanaro IS, Wiggers CRM, Vermunt MW, Shang P, Kondova |, Geeven G, Bianchi V, de
Laat W, Geijsen N, Creyghton MP. Nat Commun. 2020 Jan 16;11(1):301.
e A high infectious simian adenovirus type 23 vector based vaccine efficiently protects
common marmosets against Zika virus infection. (55)
Luo S, Zhao W, Ma X, Zhang P, Liu B, Zhang L, Wang W, Wang Y, Fu Y, Allain JP, Li T, Li C. PLoS Negl Trop
Dis. 2020 Feb 12;14(2):e0008027. do

Innovative Methodology.

e Intracellular neuronal recording in awake nonhuman primates. (56)
Gao L, Wang X. Nat Protoc. 2020 Nov;15(11):3615-3631.

e Geometric deep learning enables 3D kinematic profiling across species and environments. (57)
Dunn TW, Marshall JD, Severson KS, Aldarondo DE, Hildebrand DGC, Chettih SN, Wang WL, Gellis AJ, Carlson
DE, Aronov D, Freiwald WA, Wang F, Olveczky BP. Nat Methods. 2021 May;18(5):564-573.

Here we outline the current use and advantages of marmosets for specific NIH Institutes,
Centers, and Initiatives that support nonhuman primate research in order to further emphasize
the unique advantages and broad potential of this species in the next chapter of biomedical
research.

Appendix 1 | NIH BRAIN Initiative

Appendix 2 | NIH Office of Research Infrastructure Programs

Appendix 3 | National Institute of Mental Health

Appendix 4 | National Institute Neurological Disorders and Stroke

Appendix 5 | National Institute Deafness and other Communication Disorders
Appendix 6 | National Institute of Aging

Appendix 7 | National Institute Child Health and Human Development
Appendix 8 | National Eye Institute

[1l. Past NIH Investment in Marmoset Research

Funding support for marmoset research has increased over the past decade. The most dramatic
increase has occurred over the past 5 years [2016-2020] in which the NIH has invested over
$145M in marmoset research. Notably, FY2019 and 2020 represent the highest level of funding
for marmosets by the NIH in history. A July 2021 search of NIH RePort Database using the term
‘Marmoset’ for ‘Project Title’ and ‘Project Abstracts’ revealed that in FY 2020 the NIH supported
54 projects with $49,700,000 in funding. Not only was this the highest annual funding for
marmoset research by the NIH, but it was also a nearly 40% increase from FY2019 in which NIH
supported 41 projects with $29,600,000 in funding. While some of this increase can be attributed
to several infrastructure related marmoset-specific RFAs released by the NIH BRAIN Initiative
that will be discussed below, these awards do not account for the precipitous increase in support
by the NIH for marmoset research. Rather, the increase in funding relates primarily to
investigator-initiated proposals using more traditional NIH funding mechanisms (i.e. R01, U0O1,
R24, U24, R21 etc), including several young investigator training awards (i.e. F32, K99, etc).
As was previously noted in the 2019 Marmoset Community White Paper, NIAID supports
nearly half of all NIH funding for rhesus monkeys, principally as animal models of various
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infectious diseases and related vaccines (~$22M in FY2020). Though little funding had
previously been reported by this Institute for marmoset research, in FY2020 NIAID supported 4
marmoset projects with ~$5M in research funding. This represents key investments in advancing
marmosets as primate models of infectious disease.

One key advantage of marmosets is that their lifespan affords the opportunity to
investigate questions related to ontogenetic and aging in nonhuman model (58). Noting this
benefit, the National Institutes on Aging released RFA-AG-20-0007 | Characterization of
Marmosets as a Model of Aging and Age-Related Disease in 2019. This award indicated the
Institutes awareness that marmosets are a keystone model for understanding aging.

IVV. Outcome of 2019 Community Priorities & Recommendations

The 2019 Marmoset Community White Paper outlined four following Recommendations &
Priorities for NIH Investment. The first two focused on key infrastructure needs for marmoset
research. Below we list each of these and the respective outcome of the NIH.

o Expansion of U.S. Marmoset Population.

The most significant concern amongst investigators in 2019 was a severe shortage of
marmosets available for purchase in the United States. This issue was emphasized in the
Community White Paper that year as the key bottleneck for the continued growth of the species
as a cornerstone primate model. At the time there were no consistent supplier of marmosets in
the country. In response to this concern, the NIH Brain Initiative released the following RFA
intended to expand the marmosets available for purchase to Investigators: RFA-MH-20-145 |
Marmoset Colonies for Neuroscience Research. Two grants were awarded in 2020, each of
which comprised two separate sites. Together they established an integrated network of
breeding centers— Johns Hopkins University (Baltimore, MD); Madison, WI; San Antonio, TX and
San Diego, CA - strategically located near the major research hubs in the country to optimize
transportation to these areas.

o Management of Genetic Diversity in Marmoset Populations.

A second related concern of the Marmoset Community at the 2019 Pl meeting was the dearth
of understanding about the genetic diversity and relatedness of marmosets in the country. This
was considered significant both to maximize the genetic diversity of the US population and to
identify natural gene mutations for modeling human disease. In response to this
recommendation, the NIH Brain Initiative issued the following RFA: RFA-MH-20-150 | Marmoset
Coordination Center. The mandate of this Coordination Center was not only to catalog and make
available a myriad of population biometric data on marmosets to the community, but to maximize
the genetic diversity of marmosets. In practice, this will occur by genotyping the marmosets in
each of the aforementioned breeding colonies to facilitate the diversity of these populations, as
well as individuals in laboratories throughout the US. This grant was awarded to the Oregon
Regional Primate Center at OHSU (Portland, OR).

o Investment in Developing Gene-editing Technologies for Marmosets.

One of the key advantages of marmosets pertains to their amenability for developing and
implementing next-generation genetic technologies. Indeed, the first demonstration in a
nonhuman primate of germ-line transmission of a transgene in marmosets by Sasaki and
colleagues (5) served to highlight the potential of this primate model for biomedical research.
While progress developing further tools has continued since this initial report (59), it was noted
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by the Marmoset Community at the 2019 Pl meeting that further strategic investment was
needed to accelerate this process. In 2020, the NIH BRAIN Initiative issued a RFA with due
dates in 2020 and 2021 in response to this recommendation: RFA-DA-21-006 | Tools for
Germline Gene Editing in Marmosets. The awards for the initial round of submissions are
expected to be announced later in 2021.

o Support for Marmoset Training and Meetings.

The inaugural Marmoset Bioscience Symposium took place in Chicago, IL (October 2019) just
prior to the annual Society for Neuroscience (SFN) meeting. The second Marmoset Bioscience
Symposium was scheduled to take place in Washington, DC in 2020 prior to the SFN meeting,
but due to Covid-19 it was held as a Virtual Conference. Each of these meetings was generously
supported by the NIH in the form of a R13 conference grant.

V. Recommendations & Priorities for future NIH Investment in
Marmoset Research.

The second Marmoset Principal Investigators meeting was planned for April 2020 in Boulder,
Colorado. Due to the impacts of Covid-19, this meeting was cancelled. Alternatively, the
Marmoset Pls convened for a virtual meeting on October 24", 2020. The meeting was attended
by 40 Investigators. The principal aim of this Pl meeting is to [1] identify key bottlenecks facing
marmoset research in the United States and [2] establish the strategic plans to address these
issues. The investment by the NIH in key infrastructure to accelerate marmoset research in the
US was noted as a crucial first step. Listed below are the most critical priorities discussed by
the investigators at the 2020 PI meeting along with recommendations that should factor heavily
for strategic plans in the next phase of marmoset research.

1. Investment in Developing Marmoset Behavioral Techniques & Technologies.
Owing to their relatively small body size (~300-400g), a notable advantage of marmosets for
biomedical research is their amenability to a wide range of behavioral techniques. This ranges
from traditional primate cognitive methodologies (i.e. Wisconsin card sorting task) to the use of
modern computer vision technologies (i.e. DeepLabCut) to quantify fine biomechanical details
in freely-moving animals across a range of contexts. Because of marmosets’ suitability for freely-
moving paradigms traditionally employed in other mammalian models (i.e. rodents) and more
conventional restrained paradigms typical of primate research, marmosets are uniquely suited
for powerful cross-species comparisons that identify critical points of shared and divergent
processes. Marmosets’ amenability to such a diverse catalog of behavioral approaches will
undoubtedly remain a pivotal advantage of this species for biomedical research in the
foreseeable future, particularly as disease models emerge using targeted gene manipulations.

We propose a two-fold critical investment in marmoset behavioral approaches. First, we
recommend an investment to establish a core set of tasks that can be widely performed in
marmoset laboratories. This would focus on testing a large corpus of marmosets on a focused
set of tasks in order to establish normal distributions for adult marmosets. This foundational
database could then be used to compare to marmosets in future experiments performed in
laboratories with more limited sample sizes, as well as to compare against ontogenetic and
developmental datasets. Second, we recommend a key investment to develop modern
computational technologies for behavioral analysis in marmosets. This includes augmenting
existing computer vision technologies, such as DeepLabCut, with software tools tailored to the
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idiosyncrasies of marmosets, as well as the computational analysis and modeling tools that
leverage these behavioral annotations towards unique insights into behavior and biomechanics.
Such approaches have already proven invaluable to both quantify and model the fine details of
behavior in other species that were not previously possible (60), and offer the opportunity to
dissect natural behaviors at a more precise temporal resolution better aligned to the timescales
of neural processes. As a result, these modern behavioral technologies are likely to become
invaluable for quantitative behavioral phenotyping marmosets and identifying changes that
emerge in marmoset disease models established through targeted gene manipulations. It is
likely that some of these manipulations may result in more subtle, nuanced behavioral and/or
cognitive processes that may not be identifiable with the relatively coarse phenotyping common
in the analogous rodent research, particularly for the dynamics of primate social and cognitive
processes.

Solution. One or more PAR/RFAs are needed to accelerate the advancement on marmoset
behavioral techniques and technologies. Given the difficulty of funding pure behavioral research
through more conventional NIH funding mechanisms, PAR/RFAs specifically for developing
behavioral methodologies in marmosets would be particularly impactful to the field.

2. Investment in Viral-based Genetic Technologies in Marmosets.

The strategic investment in gene-editing technologies focused on germline transmission in
marmosets by the NIH Brain Initiative is clearly critical to the field. However, viral-based gene-
editing approaches remain a powerful and likely keystone technologies for marmoset research
in the coming years. Practically speaking, the number of marmoset transgenic lines is almost
certain to be dwarfed by the catalog available for other genetically tractable animal models (i.e.
mice, zebrafish, etc) due to sheer cost of development and housing of these populations. As a
result, viral-based approaches are likely to be critical to performing precise, functional genetic
manipulations in marmosets to address a wide range of research questions in the coming years.
While advances in these technologies continue to occur (12, 13), strategic investment is needed
to accelerate this process and maximize its benefits for explicating the functional circuitry of the
primate brain. Investing in these technologies as the marmoset model continues to grow would
offer a key foundation to accelerate the rate of discovery for many years to come.

Solution. A Resource PAR/RFA is needed to directly fund the development and expansion of
the molecular tool kit available for use in marmosets using viral based gene-editing technologies,
including the intravenous delivery of AAV capsids because of their clear benefits for translational
research with humans.

3. Support for Cross-Institutional Training of Students/Post-Docs.

The accelerated growth of marmoset research is unprecedented for any primate model organism.
Because of the scarcity of marmoset laboratories a decade ago, the majority of researchers who
have adopted marmosets as a model organism in recent years did not receive formal training
during graduate school or post-doctoral periods. Instead, many new researchers previously
gained their primary training either in rodents or macaque monkeys and have faced considerable
challenges adapting their research program to marmosets. To address this issue, we propose
immediate investment to support the cross-institutional training of new students and post-docs
from established laboratories in the field.
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Solution. A Resource PAR/RFA is needed that awards funds to graduate students and post-
docs for the explicit purpose that they receive training in management, husbandry, surgical
approaches, and experimental techniques. This funding would support training periods at
Institutions with established marmoset laboratories and scientific leaders of different cutting-
edge technologies to accelerate research efforts and reduce the need for single labs to develop
approaches in isolation.

4. Centralized Resource for Cataloging and Distributing Aging Marmosets

One key advantage of marmosets as a biomedical model is their relatively rapid development
and short lifespan. Marmosets are considered adults by 18-20months and aged by 8 years. As
a result, they represent a powerful model in which to study and model the myriad of age-related
diseases and disorders that afflict humans. Most laboratories focus on animals during their adult
years ~2-7, As the number of marmoset colonies grow and expand, a critical infrastructure need
for the community would be a centralized resource for cataloging aged animals across the
country. Rather than euthanize animals when they reach an age at which they are no longer
viable for experiments with adult age animals, the utility of these individuals can be maximized
by making these individuals available to laboratories focused on questions of aging and age-
related diseases. A present, there is no central mechanism available for Investigators to know
of the availability and location of aged marmosets in the US. Rather Investigators rely on
contacting colleagues to query the age and availability of animals. A centralized resource that
governed aged marmosets would maximize animal use and minimize the number of animals
used in research, an important ethical consideration for nonhuman primate use in biomedical
research.

Solution. A Resource PAR/RFA is needed to establish and manage this database. A potential
alternative is to expand the role of the Marmoset Coordination Center to include the capacity to
catalog existing aged marmosets throughout the US and coordinate their distribution to
laboratories in need of these animals.

VI. Marmoset Community Initiatives

During the Pl meeting, the Community also identified initiatives that could be undertaken by the
Investigators to further strengthen marmoset research. The following two projects were
determined to address the most pressing concerns for the community.

1. Create a Forum for Sharing Methodological and Surgical Details.

The number of laboratories using marmosets has rapidly increased in the past 5-10years. Many
of the new Investigators have little to no experience working with marmosets. To expedite the
transition to marmoset and avoid unnecessary redundancy in technology development between
laboratories, a strong suggestion at the 2020 Marmoset Pl meeting was that we establish a
forum for sharing details about methodological and surgical approaches in use across the
marmoset community. This forum will serve as both a repository of existing knowledge about
methodological and surgical details and as a place for community members to share
experiences, ask questions and coordinate efforts across the country in an informal setting.
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To this end, we began a monthly seminar series on Zoom in January 2021 organized by
Drs. Yi Zhou and Steve Eliades. Each seminar is led by a single laboratory — Pl and lab members
- who describes in detail a novel methodological approach developed in that lab, including
surgical details. These seminars are intended to be informal and a balance between presenting
methodological details, asking questions and engaging in fruitful dialogues. These seminars
have been highly successful and attended by 40-50 individuals. The seminar series will continue
again in Fall 2021 for the academic year. This series has allowed remote interactions of
marmoset Pls during COVID at zero cost with maximum gain, proving the effectiveness of
grassroot community effort in advancing critical scientific activities during unprecedent
circumstances.

2. Establish a Marmoset Journal Club for Students across Institutions.

As evidenced by the large number of scientific publications in high-impact journal outlined above
in Representative Publications, the rate of publication for marmoset research has accelerated.
To keep the Marmoset Community apprised of these advances, it was suggested at the 2020
Marmoset Pl meeting that we establish a regular Journal Club. Each meeting would be led by
the primary author of a scientific manuscript that was in review or recently published. The
Journal Club is expected to meet monthly beginning in Fall 2021. These meetings will take place
on Zoom and be organized by post-doctoral fellows from UC San Diego and Western University
(Canada).
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Appendix 1

National Institute of Health BRAIN Initiative
2021 Marmoset Community White Paper

Central to the mission of the BRAIN initiative is the creation and application of innovative
technologies and gathering of information for understanding how individual cell types and
complex neural circuits interact in space and time to generate normal brain function and
dysfunction in the diseased brain. Priority research areas of the BRAIN Initiative include the
generation of brain cell atlases, understanding circuit wiring, the function of specific cell types
and circuits via causal manipulations, large scale multi-area interactions, and the link between
brain function and behavior. Marmosets offer unique advantages for both developing new
technologies and expanding our knowledge of the brain. As non-human primates, this New
World species is within the same taxonomic family as humans (Order: Primates) and share the
core brain architecture and broad behavioral repertoire. For example, marmosets have an
extensively developed prefrontal cortex, and their motor control, sensory perception and social
cognition is very similar to those of humans. In contrast to the more commonly used macaque
monkey, however, they offer the advantage of a much smaller body (300-400gr in weight), a
small lissencephalic brain, a shorter gestational period (5-6 months) and life span (8-12 yrs of
age), a faster maturational period (sexual maturity is reached around 1.5 yrs of age), and high
fecundity (producing litters of 2-3 offspring). These advantages make marmosets an ideal non-
human primate species to address many goals of the BRAIN Initiative. For example, the fast
maturation and high fecundity of the marmoset is a great advantage for the generation of
transgenic lines. Indeed, recent advances in genetic engineering in marmosets have opened
new pathways to study the brain, allowing modeling of disorders with a genetic component, such
as Alzheimer’s disease, Schizophrenia, Autism and Huntington’s disease, in which mouse
models have so far been unsuccessful in translation to humans. Moreover, the marmoset small
brain size is ideal for studying circuit wiring and connectomics in a complex hon-human primate
brain that is several orders of magnitudes smaller than the macaque brain, whose large brain
size still poses a big data challenge for computational tools. Additionally, in contrast to the large
and convoluted macaque brain, the marmoset’s small lissencephalic brain allows the
accessibility needed for brain-wide, high resolution in vivo imaging techniques, such as two-
photon microscopy.

Breadth of Current Research. There are several research questions within the BRAIN Initiative
mission currently being addressed using the marmoset as a model species. Following the initial
development of calcium imaging in the marmoset brain (23, 61, 62), several laboratories are
applying this technique to image network dynamics in real time in behaving marmosets (63-65).
Similarly, following the initial development of in vivo optogenetics in the marmoset (19), reports
are rapidly accumulating on its application to study marmoset cortical function and behavior (66-
69). These approaches will advance our knowledge of the neural basis of cognition and behavior,
a major goal of the BRAIN Initiative. Studies are currently underway to produce a spatially
specific catalog of cell types in the marmoset brain, using single-cell RNA sequencing; using this
approach a recent study has profiled RNA expression in a large number of inhibitory neurons
across several species, including marmosets (70). These approaches will pave the way for future
studies of primate genetics and circuits. BRAIN Initiative funds have been, and continue to be,
used successfully for the development of new viral tools for targeting specific cell types in the
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non-human primate brain. For example, novel recombinant adeno-associated virus (rAAV)
vectors that restrict gene expression to GABAergic interneurons in many vertebrate species
including marmosets using the mDIx enhancer (16) or the h56D promoter (71) have recently
been developed. Moreover, over the past year, two laboratories have developed viral vectors for
selective transgene expression in specific inhibitory neuron subtypes (parvalbumin and
somatostatin-positive interneurons) in marmoset cortex (71, 72). Studies of the auditory system
have successfully leveraged the aforementioned advantages of marmosets to pioneer numerous
neural recording and behavioral techniques to make new discoveries about the physiological
mechanisms underlying sensory perception and social communication in the primate brain (73-
86). More recently, researchers have also begun to take advantage of the marmoset natural
tendency to orient towards visual stimuli, perform visual tasks, and the accessibility of the middle
temporal (MT) visual area and frontal eye field on the cortical surface of this species, to study a
diverse range of visual behaviors in marmosets (26, 87-93).

The Future. The marmoset is a unique model to investigate the non-human primate brain in
ways that are not allowed by other primate species. Promising future research areas are briefly
discussed below. First, the marmoset small lissencephalic brain is ideally suited for the
development of wide-field calcium imaging to enable imaging of millions of neurons across
cortical layers and multiple brain areas. Future efforts are directed towards increasing the width
and depth capabilities of imaging in this primate species Second, the marmoset small brain size
is also ideal for the development of large-scale manipulations of cortical circuit activity, to
understand interareal interactions. Future efforts are directed towards developing large-area
manipulations throughout the cortical depth, and performing spatiotemporally patterned
photostimulation to mimic the spatiotemporal patterns of neuronal activity. Third, efforts are
under way to couple single-cell RNA sequencing with behavioral studies in marmoset (as
previously done in mouse (94)), to establish computational tools that allow linking gene
expression in specific cell types to behaviorally relevant circuits in a primate. Fourth, current and
future efforts are under way for further development of viral tools for cell specific targeting in
non-human primate brains; for example, rAAV vectors that can specifically infect additional
subtypes of inhibitory neurons in marmoset cortex, beyond those recently reported. Finally, a
revolution in understanding the human brain in health and disease will require non-invasive real-
time mapping of neurotransmitter and calcium signaling. New vasoactive imaging probes with
high sensitivity and resolution have been developed in rodents (95, 96) and are currently being
developed for marmosets.
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Appendix 2

National Institutes Office of the Director
Office of Research Infrastructure Programs

2021 Marmoset Community White Paper

The core mission of the Office of Research Infrastructure Programs (ORIP) within the Office of Director
(OD) is to advance the NIH mission by supporting research infrastructure and research-related resource
programs and by coordinating NIH’s science education efforts. Specifically, ORIP’s Strategic Plan
supports the NIH-Wide Strategic Plan by funding the “scientific human and physical resources that will
help to ensure the Nation’s capability to prevent disease.” ORIP awards grants to support research
resources, such as animal models of human disease and state-of-the-art biomedical instrumentation.
ORIP plans, organizes, and conducts workshops, both independently and in collaboration with NIH
Institutes and Centers, to identify and pursue scientific opportunities. ORIP supports research-training
opportunities for veterinary scientists to capitalize on their distinct perspective and expertise based in a
deep understanding of comparative medicine and insight into animal models of human diseases. In the
last several decades, the mouse system has been a powerful model for medical research due to, in large
part, an array of sophisticated gene-editing techniques to manipulate the mouse genome and strategies
for cell-type specific, inducible, or spatiotemporal regulation. However, considerable anatomical,
physiological, cognitive, and behavioral differences between mice and humans limit the degree to which
insights from mouse models shed light on human diseases. This is reflected in the high number of failed
clinical trials for drugs that were effective in treating mouse models of human disease. Thus, non-human
primates (NHPs) may serve as better models for studying human disease with the macaque being the
traditional choice. However, the common marmoset (Callithrix jacchus) has emerged recently as a
complementary species with advantageous characteristics over the macaque. First, marmosets share
with other primates, including humans, similar physiology, brain organization, and sophisticated social
and cognitive behaviors. For example, like humans, marmosets are diurnal and housed in social groups
consistent with the size and composition of groups in the wild. This is particularly important because the
range of sophisticated social and cognitive behaviors that emerge naturally within social groups can be
effectively studied under more controlled laboratory conditions. Second, marmosets are among the
shortest-lived NHPs with small body size and strong reproductive power, making them highly economical
and scalable for housing and generating the number of marmosets needed for preclinical evaluation.
Third, in contrast to rhesus macaques, marmosets are free of Herpes B viruses, making the species safer
to work with. Finally, technologies for generating genetically modified marmosets have already been
developed, and their short generation time represents a distinct advantage for creating and expanding
transgenic lines over larger nonhuman primate species.

Breadth of Current Research. Ongoing research in the marmoset is focused on modeling various
human diseases and investigating in a wide range of systems and at multiple levels of analysis, including
infectious disease, aging, Alzheimer’s disease, Parkinson disease, Schizophrenia, Huntington’s disease
and multiple sclerosis. Furthermore, the marmoset has been used to develop a model system to evaluate
various gene-editing approaches and strategies for gene therapy. Research efforts are also ongoing to
characterize the effects of pharmacological and life-style interventions on health span in the marmoset.

The Future. ORIP can play an essential role in addressing numerous resources issues that impede the
progress in using marmosets as a biomedical model. Here are some examples. First, one of major
bottlenecks in using marmosets to model human disease is the extreme short supply of marmosets
available for sale to research community. Second, the genetic diversity of marmoset population in this
country is largely unknown. The information is critical in better maintaining high population diversity and
modeling human disease. For example, it will be extremely informative to know the divergence and
frequency of marmoset alleles relevant to human mutations such as major risk factors ApoE and Trem2
for AD and other diseases. As marmosets are purposely kept as out-bred to maintain diversity, the
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database will provide information to understand (97) the extent of genetic diversity and ancestral
relationship of different populations; (98) assist the analysis of fidelity of genome following gene editing
and (8) facilitate the genome-based interpretation and comparisons of variations in phenotypes across
different populations. Third, it is not known if immunological reagents and protocols for analytic
experiments in the marmoset are available. Database for these reagents and, if needed, developing these
reagents will become critical for the success of modeling human disease. Fourth, it is critical to develop
genetic viral tools that work in the marmoset. Fifth, it will be important to develop and standardize a suit
of state-of-art behavioral tests for marmosets Sixth, it will be advantageous to establish an aging
marmoset colony and its related resources for the community. Finally, ORIP can offer workshops to
advance above endeavors and disseminate the resulting resources.

Author
Kuo-Fen Lee
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Appendix 3

National Institute of Mental Health
2021 Marmoset Community White Paper

The core mission of the National Institute of Mental Health (NIMH) is to transform the understanding and
treatment of mental illness through basic and clinical research. Traditionally, research funded by the
NIMH has taken advantage of three main species — namely the mouse, the macaque monkey, and the
human. This combination has led to a series of important discoveries that has gradually expanded our
understanding of how the brain supports a range of higher cognitive processes. However, progress
towards understanding and treating mental health and behavioral disorders has slowed, marking the
need for a substantial paradigm shift in the scientific approach toward more human-relevant
experimental-models. The recent emphasis on the common marmoset as a promising model for
neuroscience heralds a broadening of experimental paradigms to study brain mechanisms of cognition,
including those whose failure underlies prevalent mental disorders. Traditionally, research in cognitive
neuroscience has also taken advantage of the three aforementioned main species: the mouse, the
macaque monkey, and the human. This has led to a series of important discoveries, gradually
transforming our understanding of how the brain supports a range of higher cognitive processes. The
marmoset adds new and important dimensions to our understanding of brain function, with great
relevance to mental health and disease within an animal model whose brain shares many of its primate
specializations with the human. Importantly, new experimental opportunities are rooted in marmosets’
gregarious social behavior, which, together with their relative ease in breeding and handling, invite
investigation into interactive and developmental aspects of primate cognition. Marmosets are particularly
well suited for studying the brain in paradigms involving interactive social behavior. Several aspects of
their behavior closely resemble that of humans, including their cooperative foraging and defense,
reciprocal communication, and allomaternal rearing of offspring. The marmoset brain shares many of its
primate features with the human brain, including specializations for social perception and vocal
communication. These scientific factors, together with practical considerations such as the relative ease
in breeding and handling marmosets compared to macaques, opens the door to a range of naturalistic
experimental paradigms. Recent advances in miniaturization and telemetry make it possible to measure
and manipulate brain circuits during natural social exchanges, such as affiliative, competitive, and
reproductive behaviors. Further, the marmoset is an ideal species for studying mechanisms of prenatal
and postnatal brain development relevant to mental illness. Similar to other primates, marmoset brain
development diverges from other mammals by the inclusion of additional zones of neural progenitors,
the preservation of neural stem cells after birth, and an unusually protracted childhood during which the
brain matures slowly amid abundant social experience. The systematic investigation into the anatomy
and physiology of primate brain development and its bearing on cognition, from the cellular and molecular
processes in the embryo to the brain’s circuit development during critical periods in early life, requires a
high degree of control over a species’ reproductive biology, breeding, rearing, and weaning. Marmosets
breed easily in captivity and can be housed in multigenerational families that cooperate in the rearing of
infants. Moreover, marmosets exhibit routine twinning, typically with two reproductive cycles each year,
with offspring reaching sexual maturity at the age of eighteen months. Together, these factors provide a
much needed opportunity to study unique features of primate brain development whose failure is
suspected to be at the core of psychiatric disorders.

Breadth of research. In the past several decades, marmosets have been used in experimental
neuropsychology programs to study aspects of executive function (99, 100) and emotion (101, 102). This
work has demonstrated that the organization of the prefrontal cortex is similar to that found in macaques
and humans. In parallel, systematic mapping studies of the sensory systems have illustrated that the
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cortical blueprint of the marmoset is also fundamentally similar to that of the macaque and human (103-
106). Additional work has demonstrated specializations in the marmoset brain for the perception of faces
(33, 107, 108), the production and perception of vocal behavior (78, 83, 85, 86, 109-111), and more
recently begun to uncover circuits underlying curiosity driven behavior (112). Technological advances in
optical imaging using genetically encoded calcium indicators (25, 113), as well as viral based optogenetic
approaches (18-20) have rapidly begun to import technology developed in the mouse into the marmoset.
This, together with emerging transgenic methods (5-7), chronic wireless recordings (114, 115) and
interactive behavioral paradigms (116, 117), have expanded conceptions of the types of experiments
currently feasible in nonhuman primates.

Future. Future marmoset research holds great promise both for increasingly precise basic science
research into cognitive circuits, as well as the generation of primate models of neuropsychiatric disease.
In both cases, the creation of transgenic animals is likely to figure prominently into the research. For basic
scientific research, transgenic animals will serve as valuable tools for experiments in the domains of both
neurodevelopment and social interaction, providing, for example, cell-type specific reporters indicating
activity level or maturation state. The recent generation of transgenic marmosets expressing genetically
encoded calcium indicators at the NIH (7) is an important step in enabling chronic in vivo monitoring of
neural activity using high-resolution optical imaging. Regarding translational neuropsychiatric research,
preclinical models are beginning to yield deeper understanding into underlying mechanisms and potential
treatments for autism spectrum disorder (118), depression (52), stress response (119), and fear memory
relevant for PTSD in humans (120). In the creation of disease models, transgenic animals will enable
translational studies aimed at understanding the complex neural mechanisms of human brain function,
with the ultimate goal of molecular targeting for pharmacotherapy and brain stimulation. Taken together,
the remarkable similarities between marmosets’ brain architecture and cognitive and social capacities
with humans, as well as the species wide array of cutting-edge molecular and genetic tools, this primate
model provides a promising bridge between basic science research and clinical psychiatry.
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Appendix 4

National Institute of Neurological Disorders and Stroke
2021 Marmoset Community White Paper

The core mission of the National Institute of Neurological Disorders and Stroke (NINDS) is twofold.
First, NINDS seeks fundamental knowledge about the brain and nervous system.Second, NINDS aims
to use that knowledge to reduce the burden of neurologicaldiseases. In support of its mission,
NINDS performs and funds basic, translational, and clinical neuroscience research on more than 600
neurological diseases afflicting humans, including genetic diseases (e.g., Huntington’s disease;
muscular dystrophy), developmental disorders (e.g.,cerebral palsy), neurodegenerative diseases
(e.g., Parkinson’s disease; Alzheimer’s disease; multiple sclerosis), metabolic diseases (e.g.,
Gaucher’s disease), cerebrovascular diseases (e.g., stroke; vascular dementia), trauma (e.g., spinal
cord and head injury), convulsive disorders (e.g., epilepsy), infectious diseases (e.g., AIDS dementia)
and brain tumors. Common marmosets (Callithrix jacchus) offer unique,powerful advantages to both
components of the NINDS mission. In support of the first component, marmosets are particularly well
suited for neuroanatomical and functional brain studies, as their brains retain the typical anatomical
and functional organization of the primate brain. A significant advantage is that the marmoset is a
lissencephalic primate, which greatly facilitates the mapping of functional brain areas by neuroimaging
techniques, such as fMRI and optical imaging, as well as by electrophysiology, with highspatial
resolution. In support of the second component, marmosets are excellent modelsof neurological
disorders. Unlike rodents, marmosets are outbred, and every individual isgenetically different. Further,
the marmoset brain has a gray-to-white matter ratio comparable to humans, which strongly facilitates
modeling diseases such as multiple sclerosis and small vessel disease. The species also exhibits the
breadth of cognitive sophistication that distinguishes primates from other taxonomic groups. Finally,
gene-edited marmosets can be generated with an intergeneration time and establishment of
transgenic lines 2-3 times faster than other primate species, which makes marmosets bethe ideal
primate species for the development of genetically engineered lines. For all of the aforementioned
reasons, marmosets are poised to be a central player to advance the core mission of the NINDS.

Breadth of Current Research. Marmosets are currently being used to elucidate pathogenetic
mechanisms of multiple sclerosis (121-125). Marmoset models of MS haveclinicopathologic correlation
patterns, lesion heterogeneity, immunologic mechanisms, and disease markers more closely mimic
the human condition. Marmoset models of stroke (126, 127) have been developed as the marmoset
brain features cell types and behavioral deficits that most closely mimic human stroke. Marmosets are
advantageous models of neurodegenerative diseases due to their many anatomical, functional,
metabolic, and social similarities with humans. Marmosets are an ideal model in longitudinal studies
of cognitive decline (128), and the recent evidence that aging marmosets shows the biological
hallmarks for Alzheimer’s disease, including amyloid-beta (129-131), hyperphosphorylated tau, and
dystrophic microglia (132, 133), strongly elevates the marmoset as a superior model for the study of
aging and age-related diseases (134). Transgenic marmoset models of stroke (135), Parkinson’s
disease (136), polyglutamine diseases (137), spinocerebellar ataxia (138), and severe combined
immunodeficiency (139) have been developed to allow better modeling of neurological disorders.
Meanwhile, we know more about the organization of the primate brain thanks to the very high-
resolution anatomical, neurophysiological, and functional imaging efforts being made in marmosets,
with the development of brain atlases based on MRI (140-143), gene-expression (144), and
neuronal connections (145, 146). Finally, the use of high-resolution fMRI for mapping sensory and
social regions of the marmoset brain (147-150), resting-state brain networks (151, 152), and
neurophysiological, behavioral (153) and calcium imaging (62, 154, 155) studies in freely-moving
marmosets are significantly advancing our understanding of marmoset behavior in ways to understand
their changes due to neurological disorders.
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The Future. There’s a bright future for biomedical research, as marmosets are poised tomake a
tremendous, potentially revolutionary contribution both to our currentunderstanding of brain anatomy
and function and to the causes and mechanisms of neurological disorders. The small marmoset brain
allows, for the first time in a primate species, the integration of whole-brain morphological (MRI, fMRI,
and neuronal tracing) studies performed at the microscale with cell-specific gene expression. This will
enable the construction of a comprehensive atlas/database that will contain completely novel
knowledge about the primate brain. The development of genetic-engineering techniguesin marmosets
will enable the study of a broad range of neurological and neuropsychiatricdisorders as well as spur
the development of precision medicine and gene-therapy approaches to manage and treat these
diseases. In particular, being among the shortest-lived primate species, marmosets are uniquely suited
to provide crucial information about primate brain development and about the mechanisms of
neurodegenerative diseases inwhich aging is a major comorbidity and contributing factor.
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Appendix 5

National Institute of Deafness and Other Communication Disorders
2021Marmoset Community White Paper

The core mission of the National Institute of Deafness and Other Communication Disorders (NIDCD) to
understand normal and disordered processes of hearing, balance, taste, smell, voice, speech and
language as well as to improve the treatment of communication impairment and other sensory disorders.
The common marmoset (Callithrix jacchus) has contributed significantly to research designed to address
these key issues for several decades and will remain a cornerstone model to significantly advance the
core missions of the NIDCD in the years to come. With their complex and human-like social behavior and
brain organization, marmosets are an ideal model for studies of normal and disordered hearing. As a
non-human primate with hearing ranges and auditory brain structures similar to that of humans,
marmosets can provide greater insight into basic mechanisms of hearing than studies in more
evolutionarily distant rodent models can. Moreover, because they can be easily bred and raised in
laboratory conditions, have an average lifespan of 10 years, and exhibit age-related hearing loss,
marmosets provide a unique opportunity to longitudinally study the effects of development and aging
upon hearing over the entire lifespan. Because they are amenable to genetic manipulation, and close
genetic similarities, marmosets may provide a better understanding of genetic causes of hearing loss and
their rehabilitation. Marmosets are also one of the few non-human mammalian models of vocal
communication. Even in the laboratory colony, marmosets are highly social primates in constant
interactive vocal contact with each other facilitated by the ability to be kept in natural social and family
groups. As a result, marmosets can provide critical insight into normal mechanisms of communication,
the evolutionary origins of speech, and disorders in communication that can arise from deafness,
neurologic disease, or social isolation. Thus marmosets have substantial potential to understand the
critical interplay between hearing and vocal communication and the development of novel strategies to
prevent and treat disorders stemming from hearing loss. Notably, work in the marmoset auditory system
was the first to leverage the many advantages of this model organism to explore core questions of
systems neuroscience research with nonhuman primates, such as sensory coding in neocortex (156)
and the cortical basis of vocal communication (78, 157, 158). The potential of the marmoset model also
extends beyond hearing, and offers opportunities to explore less well investigated facets of the NIDCD
mission. As prolific scent markers, marmosets are amenable to studying the neural mechanisms of
olfaction in a non-human primate. As a species that naturally moves rapidly in three dimensions and
relies more heavily on head than eye movements (159), marmosets are potentially useful in studying both
the peripheral and central aspects of the vestibular system, in particular less-well understood encoding
of gravity and tilt.

Breadth of Current Research. Recent work in marmosets has begun to address many fundamental
questions central to the mission of the NIDCD. In basic hearing research, neural recordings in the
marmoset auditory cortex by Bendor and Wang (81) have localized a pitch-selective brain area,
answering a long-standing question in auditory perception and physiology. Marmosets also exhibit
human-like pitch perceptual patterns (73). Marmosets are beginning to be used to understand_therapies
for hearing loss, having recently become a model species for studying the neural effects of Cochlear
Implants, revealing critical similarities and differences from normal sensory processing (74). Marmosets
have also shown recent advances in our understanding of hearing loss genetics, with recent studies of
the marmoset cochlea showing patterns of hearing-related gene expression that are distinct from that in
mice and more similar to humans (160), thus suggesting marmosets may be a better model for genetic
hearing loss. Furthermore, recent evidence has now shown that marmosets, like humans, exhibit age-
related hearing loss (161). Marmosets are also proving themselves to be an excellent model for vocal
communication and its disorders (78, 109). Marmosets engage in cooperative, turn-taking vocal
conversations with rules similar to that of human communication (162, 163). Some evidence also
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suggests that infant marmosets babble, similarly to human babies, and their vocal development may be
dependent, in part, on interactions with their parents (164-166). Like humans, marmosets use their
hearing to help them control their vocalizations on a moment-to-moment basis, and can exhibit long-
lasting vocal plasticity, evidence of the intimate relationship between hearing and vocal production, (111)
with implications for human speech and vocal disorders. Marmosets are also able to learn and detect
artificial grammars, and ability that may be an ancestral trait for the evolution of language (167).

The Future. Marmosets are uniquely suited for future advances in our understanding of critical open
questions in disordered hearing and communication. For example, what are the long-term effects of
hearing loss and hearing restoration on the brain and what are the mechanisms by which this can
contribute to cognitive decline? This association has garnered significant recent interest and attention,
but the underlying mechanisms remain uncertain. Because of marmosets' lifespan, reproductive patterns,
and social behavior, they are an ideal model for studying age-related hearing loss and its consequences
on cognitive decline and social isolation that have been revealed as critically important in humans.
Furthermore, marmosets would be amenable to more rapid testing of hearing or other rehabilitation to
determine its effects on future age-related changes. Second line of critical forthcoming research pertains
to genetic and neuroanatomical origins of speech and other vocal communication disorders. Although
marmosets do not possess human language, their vocalizations exhibit many similarities and they are
the only non-human primate species in which vocal communication can readily be studied in the
laboratory, including greater homology with humans than other non-primate research models. When
combined with the potential for genetic manipulations and longitudinal studies during development,
marmosets are an ideal model for understanding these disorders and potential therapies.
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Appendix 6

National Institute of Aging
2021 Marmoset Community White Paper

The core mission of the National Institute of Aging (NIA) is to support and conduct genetic, biological,
clinical, behavioral, and social research on aging. Common marmosets (Callithrix jacchus) share with
other primates, including humans, many aspects of physiology, a complex brain organization, and
sophisticated social and cognitive behaviors, facilitating translational research on human conditions. With
an average lifespan of about 10 years and a maximum lifespan of 21, marmosets are also among the
shortest-lived anthropoid primates. This characteristic makes them uniquely suited for studies of aging,
as the dynamics of the aging process can be studied longitudinally throughout the entire lifespan, an
approach not feasible in more long-lived primates. Thus, marmoset models of human aging have the
potential to advance the NIA mission in multiple areas. First, the short lifespan of the marmoset provides
the opportunity to track the progression of normal aging and age-related disorders and study their
underlying mechanisms in order to achieve better prevention and prognosis. Interestingly, marmosets
develop several age-related changes of specific relevance to human late-life phenotypes. For example,
they exhibit age-related declines in basic biological markers, such as a decrease in lean muscle mass,
that are similar to those observed in humans. They also show a marked age-related increase in cancers,
amyloidosis, pathogenic tau accumulation, diabetes and renal diseases, typical of human late-life
disorders. Many aspects of functional decline during normative aging in marmosets are also similar to
those of humans, with marmosets exhibiting hearing loss as well as declines in cognitive and motor
function with increased age. Aging is the greatest risk factor for many diseases including Alzheimer’s
Disease (AD), and understanding how age-related changes at both the system and cellular levels
predispose the primate brain to these diseases will be critical to developing effective prevention and
treatment strategies. Of particular interest, aged marmosets spontaneously develop B-amyloid
deposition and tauopathies, both implicated in the pathogenesis of AD. Because the high rate of failure
in AD clinical trials has been ascribed, in part, to the inadequacy of rodent models that recapitulate only
limited aspects of AD pathology, these features of marmoset biology position the species as an excellent
primate model for advancing our understanding of AD. In addition, advances in genetic engineering are
leading to the generation of genetically modified marmosets as models for AD and other age-related
neurodegenerative conditions, such as Parkinson’s disease. Thus, the marmoset has substantial
potential for the development of novel strategies to prevent and treat neurological diseases of
aging. Moreover, because the marmoset is a highly social primate who forms long-lasting bonds and
can be maintained in a social group in the laboratory, it should also prove particularly valuable to study
social influences on the aging process and their impact on the pathogenesis of age-associated diseases.
Finally, this short-lived primate offers the opportunity to test the safety and efficacy of interventions
against age-related burden in a compressed time-frame relative to long-term studies in macaques or
humans, thus allowing for the evaluation of specific interventions to extend human healthspan.

Breadth of research. Recent work in the marmoset has documented age-related changes in a wide
range of biological systems (168), including the microbiome (169) immune system (170) and metabolome
(171), likely to have important consequences for aging trajectories. At the CNS level, efforts are ongoing
to characterize age-related changes in the marmoset brain (172, 173), associated changes in perception,
cognition and motor function (174, 175), and their neuroendocrine mechanisms (176, 177). A rapidly
growing area of research focuses on developing genetically modified marmosets to model AD (178),
Parkinson’s disease (11) and other age-related brain disorders (8). Capitalizing on the relatively short
lifespan of the marmoset, research evaluating the effects of pharmacological (e.g, rapamycin, (179)
metformin and acarbose (180)) and environmental (e.g., exercise (181)) interventions on healthspan in
this species is underway.
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Future. Offering key advantages for aging research, the marmoset provides a unique model to advance
our understanding of aging at multiple levels of analysis. Studies focused on the basic biology of aging
will help elucidate how age-related changes in immune function, mitochondrial function, DNA damage
repair and epigenetic processes may increase  the brain’s  vulnerability to
neurodegeneration. Complementary in vitro studies of marmoset neuron and astrocyte cultures (182)
will enable better understanding of the basic processes involved in aging and neurodegenerative
disorders. At the system level, advances in neuroscience techniques applicable to behaving marmosets,
such as chemogenetics, optogenetics, 2-photon imaging, and high field functional MRI, will be critical to
identify the neural changes that underlie perceptual and cognitive deficits in healthy and pathological
aging. Longitudinal studies integrating behavioral, physiological and neural assessments in naturally
aging marmosets, marmosets with induced pathology, and genetically modified models for
neurodegenerative diseases will provide better tools for understanding the mechanisms underlying
neurodegeneration and designing new treatment strategies with high translational potential to humans.
The marmoset will also be an ideal animal model to study the effects of early life interventions (e.q., diet,
caloric restriction) on the development of late-life diseases. Finally, the rich social behavior of the
marmoset, now amenable to functional neuroimaging (108), will offer the opportunity to study the
mechanisms by which social influences impact the aging process. Given the unique advantages of the
marmoset model for advancing fundamental questions of human aging, we urge NIA to support aging
marmoset colonies, to facilitate their distribution to Investigators and to support marmoset aging
research.
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Appendix 7

National Institute of Child Health and Human Development
2021 Marmoset Community White Paper

The principal mission of the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) is to ensure that every person is born healthy, that women suffer no harmful
effects from the reproductive process, that children have the chance to fulfill their potential to live healthy
and productive lives free from disease, and the well-being of all people through optimal rehabilitation.
Animal models of disease have significantly contributed to the quests meeting the NICHD mission. The
common marmoset (Callithrix jacchus) — a small monomorphic New World monkey — has a number of
critical advantages to accelerate the rate of discovery in this research area. Like other primates,
marmosets share the core physiological properties and brain architecture with humans. However, it is
the species’ small size, short life span, high fecundity, and human-like social structure that distinguish
them from other primates and make them a particularly powerful biomedical model of child health and
human development. Adult common marmosets average 300-450 grams, about the weight of a rat. They
are reproductively competent at approximately 1.5 years of age, produce litters of 2-3 offspring every 5-
6 months, and are considered aged at 8-12 years of age. The small size and fast life history of marmosets
represents an advantage in many types of studies, including those involving reproduction, child-rearing,
child health, impact of early life interventions, chronic disease effects, and testing compounds for which
only small volumes may be affordably available. In particular, within a 5-year grant period, a marmoset
can be followed from its own conception through to adulthood and reproduction in its offspring.
Furthermore, the frequent production of twins and triplets enables study designs that can effectively
control for genetic contribution by using siblings in different study groups. In addition, common marmosets
are cooperative breeders with shared parenting responsibilities, a social structure very similar to humans.
This similarity facilitates use of the common marmoset to model parenting and family effects on child
development. Tools that further enhance the value of this species include complete sequencing,
assembly, and annotation of the marmoset genome, generation of iPS cells, and production of transgenic
marmosets — the first successful production of a transgenic nonhuman primate with germline
transmission. For transgenic production, the fast maturation and high fecundity of the marmoset is a great
advantage. The use of marmosets may bring transgenic line production within an acceptable financial
range for areas of interest to NICHD in which the primate is a particularly compelling model such as
autism spectrum disorder, Fragile X syndrome, and osteogenesis imperfecta.

Breadth of Current Research. Ongoing common marmoset research covers many areas of interest to
NICHD. Several studies (183, 184) have documented a greatly diminished role for ovarian estradiol in
metabolism and have established the relationship between estradiol depletion and diminished negative
feedback in the development of polycystic ovarian syndrome (PCQOS). A group of studies (185-188) have
described marmoset pediatric obesity and its metabolic consequences as well as the role of both
developmental programming and the establishment of feeding phenotypes during weaning on the
development of pediatric obesity. Rutherford and colleagues (189-192) have taken advantage of litter
size variation in marmosets to model the effects of varying intrauterine environments on developmental
programming on a female’s future reproductive success. Ongoing studies are investigating the role of
dietary fat, puberty, and metabolism in the development of adolescent mood disorders. Pryce and
colleagues established a model for examining the impact of separation on infant attachment and affective
behavior during early development (193). This work has led to the further development of the model by
French and colleagues (194-196), who have examined the role of oxytocin in modulating mate-guarding
behavior and reunion affiliation following social separation in an attempt to understand the critical
behavioral processes that contribute to the preservation of long-lasting relationships. Marmosets are a
well-established model for vocal development. Their cooperative breeding system has been a major
asset in research showing the crucial role of social interaction in vocal development (164-166, 197).
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Importantly, there is evidence that marmosets are appropriate models for both autism (198, 199) and
Zika virus infection (200).

The Future. The marmoset is a unique and valuable nonhuman primate model to investigate human
development throughout the entire life process. Given their short lifespan and their short generation time,
they are particularly important for evaluating the impact of developmental processes and programming
on future generations. The development of tools allowing assessment of neurobehavioral developmental
milestones (201, 202) and brain development from infancy to adulthood (203) will greatly facilitate this
work, as will the ability to create transgenic models. There is great potential for the development of
genetically modified models for diseases that have dramatic impacts on child health and development,
such as autism spectrum disorder and Fragile X syndrome. Given the emergence of devastating
neotropical diseases, such as Zika, we also anticipate increasing interest in marmoset disease models,
particularly for diseases endemic to marmoset natural habitats and that may have prolonged latencies or
unexpected later life effects. Finally, there is increasing appreciation for the role of social interactions in
disease development and this is an area in which marmosets are a particularly valuable model over other
potential models due to their human-like family structure.
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Appendix 8

National Eye Institute
2021 Marmoset Community White Paper

The core mission of the National Eye Institute (NEI) is to support research on the mechanisms underlying
visual perception, from the early stages of processing in the eye to downstream processes in the lateral
geniculate nucleus, primary visual and extrastriate cortex, and including areas involved in higher order
visual processes such as visual attention and the control of eye movements. Natural selection has
endowed primates, including humans, with specializations that affect visual processing in all these areas
such as, critically, the fovea. The primate fovea has an outsized impact on the way visual information is
processed, not simply because it yields higher acuity than any other mammal, leading to fine spatial form
(shape) processing (204), but because it fundamentally changes how primates use their eyes to acquire
information about the world. The primate brain has a network of oculomotor areas (205) and efficient
strategies for moving the eyes so that the fovea is rapidly positioned over targets of interest. Rapid eye
movements (saccades), are made two to three times every second as the brain samples the visual scene,
and these signals are smoothly integrated across time so that it looks to the observer as though a wide
visual field is seen crisply during a period of viewing. The areas governing the planning of saccades also
play a critical role in the deployment of visuospatial attention, which strongly influences visual processing
(206). Eye movements are also critical for visuo-motor manipulations during tool use and face recognition
during social interactions. Relative to other mammals, primate vision is defined by these specializations
along the full extent of the visual pathway from enhanced low-level retinal processing through high-level
visual abilities. Thus vision research in non-human primates affords clear advantages over rodents. Both
Old- and New-world monkeys have critical roles to play in the study of primate vision, but marmosets
have several practical advantages: they are economical to house and easy to handle, and lack B-virus,
making them safer to work with. Further, as detailed below, the marmoset has additional advantages
over other primate models for vision research in multiple areas:

Development - Their short developmental timescale (reaching sexual maturity ~3x faster than
macaques) allows study of postnatal development in the early visual system, and they offer interesting
opportunities for developmental studies of color vision, as they exhibit genetic polymorphisms that affect
the long-wavelength sensitive cones, yielding both dichromats (all males, some females) and some
trichromats (some females) (207).

Mapping - The lissencephalic brain of the marmoset places multiple areas (such as V2, MT, face
patches in IT, FEF) on the surface of the brain, where they are readily accessible for laminar recordings,
array recordings, intrinsic imaging, fluorescent calcium imaging, and surface-based optogenetics (19, 20,
23, 25, 113, 208). The smaller brain of the marmoset makes large-scale mapping more efficient. Studies
in Japan have already shown the promise of large-scale mapping techniques such as diffusion tensor
imaging and widefield imaging.

Behavior — Like macaques, marmosets readily accept head restraint, a prerequisite for some
approaches to electrophysiology and imaging (209) and can readily perform tasks requiring sensory
discrimination (91). Marmosets make saccadic and smooth pursuit eye movements (87, 90) and preserve
the use of eye movements to explore visual scenes and the relationship between saccadic velocity and
displacement (91-93). Marmosets naturally exhibit a rich visuo-social behavior that in many respects
parallels human.

Disease — Treatments for debilitating diseases like blindness and retinal degeneration benefit
from studying animals whose retinae are similar to those of humans. Marmosets, macaques, and
humans have very similar foveal cone densities though marmosets have higher cone density in the visual
periphery (210). The rapid reproductive cycle of the marmoset and lower cost of housing relative to the
macaque is an advantage when testing novel treatments such as gene therapy and neuroprosthetics
where costs may be prohibitive in a macaque.
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Breadth of Current Research. The breadth of research related to the mission of NEI Eye currently
underway in marmosets is notable, ranging from disease modeling of the visual periphery to higher level
visual processing. For example, myopia (nearsightedness) is a prevalent disease of the eye that affects
>20% of the human population and can develop throughout life. Work has been done in marmosets
studying how corrective optics early in development can affect the evolution of nearsightedness (Troilo
& Judge, Vision Research 1993). Ongoing work in marmoset is studying the genetic markers and the
molecular signaling pathways involved in myopia so that potential therapeutic targets can be identified
(211). Recent work in marmosets has also begun to show how interactions between cortical areas affect
visual processing elucidating the long-debated role of cortical feedback in vision. Using novel optogenetic
techniques for circuit dissection, the specific effects of long-range projections from V2 on V1 function
were demonstrated advancing on work using more classical techniques in macaques (20). Moreover,
visual face processing is important in primate social interactions and developmental prosopagnosia and
autism are examples of specific disorders of face recognition afflicting a large fraction of the human
population. Marmosets are highly social (4) and, like humans, are highly attentive to faces (91, 93)
because they convey meaningful social information (212) and exhibit specialized regions for face
processing in high-level visual cortex (107). Studies of this face-patch network are poised to expand with
ongoing efforts to developed transgenic marmoset models of autism disorder. Close parallels are being
established between marmoset and human visual and oculomotor behavior, including comparable
performance on object recognition tasks (213) and motion perception (105). The Frontal Eye Fields,
which play a critical part in oculomotor planning have been functionally characterized in marmoset, (214)
helping to establish the marmoset as a model for studying eye movements (215). Advances are being
made in studying foveal vision in marmoset and there is evidence for pre-saccadic enhancement in
marmost V1(216). Marmosets were key to the discovery that traveling waves occur in the extrastriate
visual cortex in the awake state, and that these waves strongly regulate sensitivity to visual stimuli (26).
Detection and tracking of these waves in Area MT was only possible because unlike macaque MT, which
is at the bottom of the Superior Temporal Sulcus, in marmoset MT rests on the surface of the largely
lissencephalic marmoset cortex.

The Future. As a rapidly emerging model system, marmosets are likely to play a critical role in elucidating
the intricacies of the primate visual system for decades to come and increase the range of studies for
which the species is employed. Marmosets, for example, are an attractive species for studying diseases
with a developmental component because of their fast life cycle and high reproduction rates (217). The
rapid sexual maturation of marmosets (18 months) will be critical for studying schizophrenia, autism-
spectrum disorders, and attention-deficit hyperactivity disorder in which psychopathology is manifest in
childhood. Furthermore, visual deficits, particularly in the M pathway of early vision are well documented
in schizophrenia and can be studied in marmosets as well as studying oculomotor, face processing, and
visual attention deficits in autism. Marmosets are the shortest-lived anthropoid primates, with a typical
lifespan of 9—12 years as compared with 25-40 years for rhesus macaques. Their shorter lifespan makes
them better suited to longitudinal studies of age-related vision loss. Finally, an acute need exists
throughout neuroscience for means of targeting the elements of cortical circuits in the non-human primate.
Viral targeting strategies have been developed for highly selective expression of proteins, such as opsins
in non-genetically engineered species, and validated in marmoset (12, 13, 16). The benefits of the
development of these capacities, both through the establishment of genetically engineered Cre and Flp
lines and through the development of enhanced viral targeting capacities (16) will be particularly impactful
in the visual system due to the over 50 years of foundational research on visual circuits.
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