Curriculum Vitae

Ann Martin Graybiel

Education and Positions:

Harvard University, A.B.
Magna cum Laude, Phi Beta Kappa
Tufts University, Department of Biology
Woodrow Wilson Fellow
Massachusetts Institute of Technology, Ph.D.
Department of Psychology and Brain Science
Research Associate, M.I.T.
Assistant Professor in Psychology, M.I.T.
Associate Professor in Psychology, M.I.T.
Professor of Neuroanatomy, Dept. of Psychology, M.L.T.
Head, Course in Neuroscience and Professor, HST Division, Harvard Medical School
Professor of Neuroscience, Department of Brain and Cognitive Sciences, M.L.T.
Walter A. Rosenblith Professor of Neuroscience, M.I.T.
Investigator, McGovern Institute for Brain Research, M.L.T.
Affiliate, Picower Center for Learning and Memory, M.L.T.
Institute Professor, M.I.T.

Awards and Honors:

Porter Fellowship Award, American Physiological Society

Williams and Wilkins Award, American Association of Anatomists

Associate, Neuroscience Research Program (first woman)

Charles Judson Herrick Award, American Association of Anatomists

McKnight Senior Investigator Award

Member, National Academy of Sciences, USA

Javits Neuroscience Investigator Award, National Institutes of Health

Honorary Member, Royal Academy of Medicine, Seville, Spain

Member, American Academy of Arts and Sciences

Member, National Academy of Medicine, USA (formerly the Institute of Medicine)
Fellow, American Academy of Neurology

President, International Basal Ganglia Society

Teaching Prize for Excellence in Graduate Education, School of Science, MIT
Outstanding Women in Neuroscience Award, Brown University, Providence, Rhode Island
National Medal of Science, USA

James Rhyne Killian Jr. Faculty Achievement Award, M.L.T.

Robert S. Dow Neuroscience Award

Honorary Doctor of Science, Mount Sinai School of Medicine, New York, New York
2004 Woman Leader of Parkinson’s Science, Parkinson’s Disease Foundation, New York, New York
MERIT Award of the National Institutes of Health

Radcliffe Alumnae Recognition Award

Prix Plasticité Neuronale from the IPSEN Foundation

Honorary Doctor of Science, Tufts University, Medford, Massachusetts

Harold S. Diamond Honorary Professorship, National Parkinson Foundation
NARSAD Distinguished Investigator Award

Honorary Doctor of Philosophy, The Hebrew University, Jerusalem

Honorary Doctor of Medical Science, Queens University, Belfast

C. David Marsden Lectureship Award, Movement Disorder Society

Vanderbilt Prize in Biomedical Science

M.LT. Institute Professor

1964
1965-1966
1971

1971-1973
1973-1976
1976-1980
1980-1983
1986-1988
1983-

1994-2008
2001-

2001-2012
2008-

1967
1970
1978
1978
1985
1988
1988, 1995
1989
1991
1994
1997
1997-1998
2000
2001
2001
2002
2002
2003
2004
2004
2004
2005
2005
2005
2007
2007
2007
2008
2008
2008
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Honorary Member Award — Movement Disorders Society

The Kavli Prize

Diana Helis Henry and Adrienne Helis Malvin Medical Research Foundations
Joint Award Lecture Series in Parkinson’s Disease Research

Member, American Philosophical Society

The Gruber Neuroscience Prize

Honorary Memberships:

Royal Academy of Medicine, Spain

International Basal Ganglia Society

The Movement Disorder Society

Foreign Member, The Norwegian Academy of Science and Letters

Selected Named Lectures:

First Special Lecture, Society for Neuroscience, Dallas, Texas

Gordon H. Scott Memorial Lectureship, Detroit, Michigan

John D. French Lectureship, UCLA, Los Angeles, California

Olsweski Lectureship, Montreal Neurological Institute, Montreal, Canada

Rushton Lecture, Florida State University, Tallahassee, Florida

Servier Lecture, University of Montreal, Montreal, Canada

Ragnar Granit Lecture, Karolinska Institute, Stockholm, Sweden

Special Lecture, Society for Neuroscience, Washington, D.C.

Grass Lecture, University of Indiana, Bloomington, Indiana

George B. Murray Lecture, Massachusetts General Hospital, Boston, Massachusetts

Melvin D. Yahr Lecture, Mt. Sinai School of Medicine, CUNY, New York, New York

Distinguished Visiting Scientist Lecture, Albany Medical College, Albany, New York

Plenary Lecture, French Movement Disorder and Basal Ganglia Societies, Paris, France

NIH Tri-Institute Seminar, Bethesda, Maryland

Robert S. Dow Neuroscience Award Lecture, Portland, Oregon

NIH Director’s Lecture, Bethesda, Maryland

Plenary Lecture, 6th IBRO World Congress of Neuroscience, Prague, Czech Republic

John Flynn Memorial Lecture, Yale University, New Haven, Connecticut

Norman Geschwind Memorial Lecture, Beth Isracl-Deaconess Hospital, Boston, Massachusetts

Distinguished Lecture and Rodolfo Rivas Memorial Lecture, University of Maryland, College Park,
Maryland

Plenary Lecture, Gordon Conference on Catecholamines, Andover, New Hampshire

Plenary Lecture, Spanish Society on Neuroscience, Madrid, Spain

Heller Lecture in Computational Neuroscience, Hebrew University, Jerusalem, Israel

Millward Memorial Lecture, Brown University, Providence, Rhode Island

Special Lecture, Society for Neuroscience, Atlanta, Georgia

American Academy of Neurology Annual Meeting, Plenary Lecture, Chicago, Illinois

C. David Marsden Lecture, Movement Disorder Society’s 12™ International Congress, Chicago, Illinois

M.LN.D. Institute Distinguished Lecture, Davis, California

Lord Adrian Lecture, Cambridge, England

Mildred Trotter Lecture, Washington University, St. Louis, Missouri

David Smith Lecture, Oxford University, Oxford, England

The Mellon Award Lecture, University of Pittsburgh, Pittsburgh, Pennsylvania

Narabayashi Lecture, International Congress of Clinical Neurophysiology, Kobe, Japan

Plenary Lecture, Turkish Neuroscience Meeting, Istanbul, Turkey

Presidential Lecture, Society for Neuroscience, Washington, D.C.

Segerfalk Lecture, Lund University, Lund, Sweden

National Taiwan University Lecture, Taipei, Taiwan

The Kavli Laureate Lecture, Oslo, Norway

The Kavli Public Lecture, Bergen, Norway

2010
2012
2015

2016
2018

1989
2007
2010
2012

1985
1986
1994
1994
1995
1995
1995
1996
1999
1999
1999
2000
2000
2001
2002
2002
2003
2004
2004
2005

2005
2005
2006
2006
2006
2008
2008
2008
2008
2009
2010
2010
2010
2011
2011
2012
2012
2012
2012
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Carnegie Foundation Kavli Laureate Lecture, Washington, DC 2012
Druker Memorial Lecture, Beth Israel Deaconess Medical Center, Boston, Massachusetts 2013
Dean for Science Lecture in Neuroeconomics, New York University, New York, New York 2014
Jan and Dan Duncan Neurological Research Institute Distinguished Lecture, Houston, Texas 2014
Diana Helis Henry and Adrienne Helis Malvin Medical Research Foundations 2015
Joint Lecture Series in Parkinson’s Disease Research
McClintock Lecture, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 2016
Plenary Lecture, 10™ Annual Canadian Association for Neuroscience Meeting, Toronto, Canada 2016
Ruth K. Broad Foundation Seminar Series on Neurobiology and Disease, Duke University, 2017
Durham, North Carolina
Advisory Boards and Committees (National and International):
National Science Foundation
Panel for Neurobiology 1976-1979
Neuroscience Oversight Review Board 1986
Society for Neuroscience
Council 1976-1980
Program Committee 1976-1978
Gerard Prize Selection Committee 1989,1991
Board of Scientific Counselors of the NINCDS (National Institutes of Health) 1980-1984
American Association of Anatomists
Cajal Club, Program Committee 1977
President, Cajal Club 1983-1984
C. Judson Herrick Award Committee 1985
Max Planck Institute for Psychiatry, Munich, Germany 1985-1989
Institute of Basic Research Scientific Advisory Board 1989-1998
The McKnight Endowment Fund for Neuroscience 1986-1996
Vice President 1986-1996
Board of Directors 1986-1996
Research Project Awards Committee 1986-1996
Development Awards Committee 1986-1996
Member, Senior Review Committee 1987-1996
Tourette Syndrome Association 1986-1992
Scientific Advisory Board
Dystonia Medical Research Foundation
Scientific Advisory Board 1989-1994
United Parkinson's Disease Foundation
Scientific Advisory Board 1989-
International Brain Research Organization
Executive Committee 1991-1997
Encyclopedia of Neuroscience
Scientific Advisory Board 1993-
National Academy of Sciences
Neuroscience Award Selection Committee, Chair 1993
Class II Membership Committee 1995-1998
Chair, Section of Neurobiology 1995-1998
Class II Secretary 2001-
Beckman Institute
External Advisory Committee 1993-2007
Institute of Medicine
Board on Neuroscience and Behavioral Health 1997-2001
Chair, Board on Neuroscience and Behavioral Health 2000-2001
National Parkinson Foundation
Scientific Advisory Board 1997-2008
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National Institute of Mental Health

National Advisory Mental Health Council 1997-1999
Hereditary Disease Foundation

Scientific Advisory Board 2000-2006
Alzheimer Research Forum

Scientific Advisory Board 2000-
Max Planck Institute for Cybernetic Biology, Tiibingen, Germany

Scientific Advisory Board 2000-2006
American Association for the Advancement of Science

Member-at-Large, Section Committee, Section on Neuroscience 2001-2005
Movement Disorder Society

International Executive Committee 2001
Member, American College of Neuropsychopharmacology 2003
Society for Neuroscience International Affairs Committee — US National Committee (IAC-USNC)

to the International Brain Research Organization (IBRO) 2007
Stockholm Brain Institute, Stockholm, Sweden

Scientific Advisory Board 2007- 2010
Institut du Cerveau et de la moelle épinicre (ICM)

Scientifie Advisory Board 2008-2013
Ernst Striingmann Forum, Frankfurt, Germany

Scientific Advisory Board 2008-
Biomedical Science Advisory Board at Vanderbilt University 2010-
Eidgenossische Technische Hochschule Zurich Scientific Advisory Board 2010-
Dopamine International Advisory Board 2011
MIT Presidential Search Committee 2012
Foundation IPSEN 2012-2016

Neuronal Plasticity Prize Jury
Max Planck Florida Institute

Scientific Advisory Board 2013-
Beckman Institute, University of Illinois at Urbana-Champaign

External Advisory Committee 2013-
Bachmann-Strauss Dystonia & Parkinson Foundation, Inc.

Scientific Advisory Board 2013-
Troland Research Award Selection Committee 2013
The Lurie Center for Autism 2013-

Scientific Advisory Board
Pradel Research Award Committee (NAS) 2014
NINDS Committee for Research Challenges and Opportunities for Parkinson’s Disease 2014
American Philosophical Society, the Karl Spencer Lashley Award 2017

Selection Committee Member
Editorial Boards:
Neuroscience Letters 1975-1984
Neuroscience 1976-1999
Journal of Comparative Neurology 1980-1984

2008-2012
Neuroscience Research Communications 1986-
Movement Disorders 1989-1993
Neurodegeneration 1991-1997
Journal of Neurophysiology 1992-
Journal of Neuroscience 1980-1983
1988-2004

Synapse 1992-2004
Biological Psychiatry 1993-
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Anales de Anatomia 1993
Parkinsonism and Related Disorders 1994-1999
Neuroscience Research 2000
Neuropsychopharmacology 2000-
Frontiers in Neuroscience 2008-
2010-

Journal of Parkinson’s Disease
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Research: Ann Graybiel discovered that the striatum, the largest subcortical structure of the mammalian forebrain, has a
modular organization that is now recognized as shaping molecular signaling in the striatum and plasticity related to habit
learning, repetitive behavior, motivational control, and human neurologic and neuropsychiatric disorders.

When Graybiel began her work, the striatum was known by physicians as being important for extrapyramidal motor
disorders, but the striatum was largely ignored by basic scientists, as it was thought to be a primitive, homogeneous
structure. Graybiel nevertheless focused on the striatum, and in 1978, with student Ragsdale, discovered the
neurochemical compartments of the human striatum, which she named as striosomes and the surrounding matrix. It is now
known that this striosome-matrix architecture is altered in some human neurological and neuropsychiatric disorders and in
animal models of these conditions, and that this architecture is critical to the cholinergic-dopaminergic balance required
for normal motor and motivational function.

Graybiel and her students discovered that nearly all striatal neurotransmitter systems, including the critical
dopaminergic-cholinergic systems, are differentially expressed according to this striosome-matrix architecture. She and
her group discovered that this molecular modularity is observed by the distributions of the input-output circuits of the
striatum, by the lineage programs giving rise to striatal neurons, and by the development of their dopaminergic
innervation in species ranging from rodents to humans. Critically, Graybiel showed that striosomes correspond to the sites
at which the dopamine-containing nigrostriatal tract first terminates during development. She and her students went on to
suggest that striosomes are critical components of striato-nigro-striatal loops affected in Parkinson’s disease. In successive
studies, she and her group found selective striosome-matrix neuronal vulnerability patterns in non-human primate and
rodent models of Parkinson’s disease, in models of dopa-responsive dystonia and L-dopa induced dyskinesias, and with
colleagues discovered that striosomes are selectively vulnerable in Huntington’s patients exhibiting pronounced mood
problems. She and her students then found that striosomes have differential sensitivity to many dopaminergic drugs,
further pointing to dopamine-related functions. Reinforcing these findings, Graybiel and group discovered novel
CalDAG-GEF genes that link Ca*" and DAG signaling to Ras superfamily (Ras, Rap) signaling that have complementary
expression in striosome and matrix compartments. They showed that these genes are dysregulated in human Parkinson’s
and Huntington’s brain samples and in corresponding mouse models. In her latest work, she and her group have, using
mice that they have engineered, discovered that striosomes specifically target subsets of nigral dopamine-containing
neurons and their bundled dendrites in highly elaborated arbors forming ‘striosome-dendron bouquets’.

In parallel, Graybiel with her students discovered that the large matrix compartment surrounding striosomes is itself
modular, with ‘matrisomes’ organizing information flow from neocortex to basal ganglia output nuclei. Graybiel likened
this physical architecture to learning architectures in computational models and suggested that this organization could
underlie habit learning. She put this hypothesis to the test: her group made the first chronic recording from ensembles of
neurons in the striatum and neocortex of awake, behaving animals as they learned new tasks and developed habits. They
discovered wholesale plasticity in response properties of the striatal neurons as habits were formed, with activity
eventually marking the beginning and end of the habitual behaviors as though chunking together positively reinforced
behavioral repertoires. The task-bracketing patterns that they found in rodents, and now in non-human primates, suggest a
potential biomarker of habitual behavior.

Capitalizing on newly available optogenetic methods, Graybiel and her group then manipulated the corticostriatal
circuits they had identified electrophysiologically. They discovered that they could block the formation of habits, block
the expression of already formed habits and even toggle habits on and off, and that they could selectively block
compulsive behavior in a mouse model of compulsive behavior. This work, still on-going, suggests a stunning level of on-
line control of even apparently semi-automatic behaviors. Graybiel and group linked these neural patterns to oscillatory
field potential patterns important in Parkinson’s and related disorders. In long-term, chronic fast-scan cyclic voltammetric
recordings in behaving animals, they discovered a ramping dopamine release related to proximity to reward during
learning, suggesting a novel form of dopamine signaling paralleling classical phasic dopamine signaling.

Critically, in early work, Graybiel, with fellow Eblen, discovered that striosomes in macaques receive preferential
input from cortical regions implicated, in humans, in anxiety, depression and emotional tone. With the chronic multi-
electrode methods that her group developed for non-human primates, Graybiel and Amemori then found that they could
modulate emotion-related decision-making by electrical microstimulation of these striosome-projecting cortical regions,
inducing pessimistic or optimistic choices, and have shown that these effects are reversible by anxiolytic treatment. In
rodents, she with her fellows has now provided causal evidence that cortico-striosomal circuits are critical for decision-
making requiring cost-benefit integration. Graybiel with her group has thus discovered functionally critical neural circuits
leading from affect-related cortical regions through striosomes to the dopamine system. This work has uncovered a pivotal
role for striosomal circuits in the modulation of motivational signaling affected in a range of human disorders. Graybiel’s
work has ever-increasing importance for understanding circuits disrupted in neurological and neuropsychiatric disorders,
their cellular and genetic basis, and the therapeutic strategies needed to relieve them.
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Synopsis of Scientific Contributions of Graybiel and coworkers (please see list of publications for manuscripts):

Visuomotor Systems

* Identified multiple-channel cortical connectivity of the pulvinar system of the thalamus. 1970-1983

* Delineated brainstem connections of oculomotor and visuomotor systems and discovered 1974-1980
nearly every extrageniculate visual and visuo-oculomotor pathway in the brainstem.

* Identified mosaic organization of systems afferent to the superior colliculus. 1975-1978

* Delineated chemical compartments and mosaic organization of the superior colliculus. 1978-1984

* Identified sensory maps in the claustrum. 1980

» Identified chemical compartments of the visual thalamus and related these to the afferent- 1980-1983
efferent subdivisions of these thalamic regions.

Basal Ganglia

Striosomes and Matrisomes

» Identified histochemical compartments of the human striatum (striosomes and matrix). 1978

* Demonstrated that striatal inputs and outputs are organized in relation to striosomes. 1979-present

* Identified chemical compartments of embryonic and neonatal striatum and showed that 1980-1984
these correspond to dopamine islands.

* Demonstrated that neuropeptides in striatum follow striosomal architecture and, 1981
subsequently, that most other neurotransmitter-related substances do so as well.

* Demonstrated that striosomes are ontogenetic units of the striatum with defined 1982
developmental birthdates of striatal neurons.

* Identified mosaic organization of the striatal matrix (matrisomes) using combined 1986
electrophysiology and anatomy.

* Demonstrated that psychomotor stimulants induce immediate-early genes in 1990-1993
striosome/matrix-specific patterns in the striatum.

» Identified convergent-divergent architecture of functionally-defined corticostriatal and 1991-1995
striatopallidal circuits and likened this architecture to expert-systems learning
architectures.

*  Demonstrated that chronic psychomotor stimulant exposure induces network-level 1996
changes in gene expression in the striatum leading to striosome-enhanced induction
patterns in rodents.

* Demonstrated high correlation between striosome-predominant striatal gene expression 1999-2000
patterns and stereotypic behavior induced by chronic exposure to psychomotor stimulants.

* Demonstrated that natural movement and sensorimotor inputs activate striatal matrix. 2002

* Demonstrated that after chronic psychomotor exposure, the stimulant induces striosome- 2004
predominant early-gene expression in the primate striatum.

*  Demonstrated that mood dysfunction in Huntington’s disease patients is correlated with 2006
differential degeneration in striosomes of the striatum.

* Demonstrated that differential degeneration of striosomes occurs in a mouse model of 2008
DOPA-responsive dystonia.

*  Demonstrated that DYT-3 dystonia-related protein N-TAF1 is enriched in the striosomal 2011
compartment of the striatum.

*  Demonstrated that microstimulation in striosome-projecting region of macaque anterior 2012
cingulate cortex induces negative value-based decision-making in non-human primates.

» Identified a specific striosome-targeting corticostriatal circuit that selectively mediates 2015
decision-making under cost-benefit conflict conditions.

*  Demonstrated highly patterned prenatal development patterns of birth-dated striosomal 2015
and matrix neurons.

*  Demonstrated striosome-matrix developmental patterning of an autism spectrum disorder 2016
gene and its regulation.

* Discovered ‘striosome-dendron bouquets’, elaborate input arbors of striosomal fibers 2016
intertwined with the bundled dendrites of dopamine-containing neurons of the substantia nigra.

» Discovered that cholinergic interneurons in the striatum innervate differentially striosomes 2017

and matrix and can affect spike timing of their neurons by mechanisms blocked by
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stereotypy-inducing levels of amphetamine.

Discovered that the functional dynamics of cortico-striosomal circuits are disrupted by
exposure to chronic stress, through stress-induced dysregulation of an intrastriatal local
circuit mechanism.

Demonstrated that the major components of striatal architecture are set up by sharply
contrasting neural progenitor programs at the inception of striatal development (in review).
Developed the first in vivo 2-photon imaging of striosomes by combining birthdate-labeling
with imaging in mice performing reinforcement learning tasks.

Physiology of Habit Learning and Cortico-Striatal Circuits, Neuroplasticity

Demonstrated learning-related plasticity in spike activity of striatal tonically active
neurons (TANSs) during behavioral conditioning in primates, and showed that dopamine
modulates expression of this neuroplasticity.

Demonstrated that the activity of neurons in the striatum undergoes major reorganization as
rats learn procedural tasks and form habits.

Demonstrated that thalamic inputs regulate expression of learning-related plasticity

of striatal TANS.

Demonstrated that striatal TAN activity in macaque monkeys predicts behavioral response
probability.

Identified neural activity in macaque monkeys prefrontal cortex representing boundaries of
action sequences.

Demonstrated that striatal projection neurons exhibit multiple spiking changes during
acquisition, extinction and reacquisition of a procedural “habit” task.

Demonstrated existence of highly contrasting learning-related neural dynamics in
associative and sensorimotor striatum.

Demonstrated that optimal habits emerge without training in non-human primates.
Demonstrated that already acquired habits can be broken and reinstated in rats by on-line
optogenetic inhibition of medial prefrontal cortex.

Demonstrated that dopamine depletion and L-DOPA treatment have selective effects on
plasticity of learning-related ensemble spike activity in the sensorimotor striatum.
Demonstrated that dorsolateral striatum and medial prefrontal cortical habit-related

regions exhibit strikingly different dynamics of neuroplasticity during habit learning,

habit loss, and habit reinstatement.

Demonstrated that habit formation can be blocked by on-line optogenetic inhibition of
medial prefrontal cortex.

Demonstrated that acquired compulsive behavior can be selectively blocked by on-line
optogenetic excitation of orbitofrontal cortex and by excitation of orbitofrontal terminals
within the striatum.

Discovered a novel, extended form of dopamine release signaling that occurs during
approach to valued goals by use of fast-scan cyclic voltammetry in rats.

Demonstrated bivalent reinforcement signaling by cholinergic interneurons in ventral
striatum during habit learning.

Demonstrated heightened stereotypy in mice genetically engineered to express exaggerated
acetylcholine release.

Demonstrated that motivation and affective judgments elicit differential responses in cohorts
of neurons in prefrontal cortex and cingulate cortex of macaque monkeys.

Demonstrated that natural habit learning in non-human primates leads to development of a
caudate signal representing the integrated cost and benefit of the acquired behavior.
Demonstrated that acquisition of sequences of movements leads to bracketing of the first
and last members of the sequence by spike activity of striatal neurons but not primary motor
cortical neurons (in review).

Theoretical

Proposed that the basal ganglia can act to affect cortical cognitive pattern generators, in
addition to brainstem/spinal motor pattern generators.

2017

2017

2017

1994-1995

1999

2001

2002

2003

2005

2010

2010
2012

2013

2013

2013

2013

2013

2014

2014

2015

2015

2017

1997
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* Proposed that the basal ganglia act to enable chunking of action repertoires. 1998

* Proposed attractor state model of striatal processing. 2001

*  Proposed the concept of ‘neural exploration’ and ‘neural exploitation’ to parallel behavioral 2005
exploration and exploitation in procedural learning.

*  Proposed hierarchical learning model suggesting that striosome-matrisome architecture of 2011

the striatum provides template for context-specific learning whereby striosomes and
associated cholinergic interneurons generate responsibility signals.

*  Proposed a model of the cortico-striosomal circuit in which the circuit performs cost-benefit 2015
integration that is elicited under conditions of motivational conflict.
* Developed a non-linear multi-dimensional hidden state (NMHS) approach to complex neural 2016

circuit analysis.

Striatal Oscillations

* Demonstrated that beta-band (10-25 Hz) oscillations are a prominent feature of striatal 2003
activity in normal, awake behaving macaques.

*  Demonstrated temporally coordinated LFP activity in simultaneous recordings from 2005
neocortex and striatum of awake, behaving macaques.

*  Demonstrated that theta rhythms in the striatum and hippocampus become coordinated 2007-2008
during procedural learning.

*  Demonstrated network-level shifts in frequencies of oscillatory rhythms and synchronized 2011
spike firing in ventromedial striatum during habit learning.
Discovered that multiple oscillatory frequency bands in local field potentials are selectively 2012
altered by dopamine depletion and L-DOPA treatment.

*  Demonstrated different co-occurring learning-related theta sub-band oscillation activity in 2014
sensorimotor and associative striatal regions during habit learning.

* Demonstrated that brief bursts of beta oscillation mark the end of successfully completed 2015

task performance in non-human primates.

Other work on basal ganglia

» Demonstrated that mouse weaver mutation depletes dopamine in patterns resembling those 1984
of Parkinson's disease.

* Identified chemical compartments in substantia nigra pars compacta. 1989

» Demonstrated that intrastriatal grafts of fetal striatal cells develop striatal phenotype. 1989-1994

*  Documented brain and behavioral consequences of dopamine D1 and D3 dopamine receptor 1994-1996
deletion in transgenic mice.

» Introduced striatal organotypic slice cultures for studying regulation of gene expression in 1994
developing striatum.

+  Demonstrated that spatially selective phosphatase gates control cAMP-and Ca**-mediated 1996
CREB phosphorylation in developing striatum using organotypic slice cultures.

» Identified chemospecific compartments (“nigrosomes”) in human substantia nigra pars compacta 1999
and demonstrated that they are markers for neurodegeneration patterns in Parkinson’s disease.

* Demonstrated existence of time-stamp encodings of time in cortico-basal ganglia circuits. 2009

*  Demonstrated sharp increases in thyrotropin releasing hormone in striatum correlate with 2010
L-DOPA-induced dyskinesias.

* Developed a chronic recording system for non-human primates with >100 independently 2011
movable electrodes.

* Discovered that humanized Foxp2, engineered into mice, enhances learning to shift 2014
from place to habit strategies of performance.

*  Demonstrated, with colleagues, that Foxp2 is a critical controller of corticostriatal synapse 2016

formation during development.

Methodological Development

*  Developed microiontophoretic method for in vivo tracer experimentation. 1974
* Developed a silver intensification method for immunohistochemistry. 1996
* Developed a multi-electrode recording technique and devise with independently movable 2012
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electrodes for long-term, chronic neural recording in non-human primate.

* Developed a non-invasive head-holding devise for chronic non-human primate neural 2015
recording to avoid use of invasive head immobilization.

* Developed novel multi-stage algorithm for automated spike-sorting of high-dimensional 2015
neuronal data with high background noise.

e Developed novel multi-channel recording probes for fast-scan cyclic voltammetry and recording. 2017

Novel Gene Families
* Cloned and characterized the cAMP-GEF family of brain-enriched genes. 1998
* Cloned and characterized the CalDAG-GEF family of brain-enriched genes and demonstrated 1998
that they are striatum-enriched and have differential striosome-enriched (CalDAG-GEFII)
and matrix-enriched (CalDAG-GEF]I) distributions in the striatum.

* Demonstrated that CalDAG-GEFI is essential for platelet aggregation and thrombus 2004
formation.

*  Demonstrated that CalDAG-GEFI is essential to neutrophil adhesion and trafficking. 2006

*  Demonstrated that CalDAG-GEFT is essential for specific forms of neuroplasticity in the 2005-present

striatum including the development of drug-induced sensitization of stereotypic behavior
and long-term potentiation (abstract only, in progress).

*  Demonstrated, with collaborators, that that the human LAD-III syndrome is associated 2007
with defective expression of CalDAG-GEFI in the hematopoietic system.
*  Demonstrated that the striatum-enriched genes CalDAG-GEFI and CalDAG-GEFII are 2009

strongly and inversely dysregulated in relation to severity of L-DOPA-induced dyskinesias
(AIMs) in rat model of Parkinson’s disease.

*  Demonstrated that CalDAG-GEFI down-regulation is protective in a model of Huntington’s 2010
disease neurodegeneration and related to lowered expression of Htt nuclear aggregates.
*  Demonstrated that CalDAG-GEFT constitutive and conditional deletion in mice promotes 2014-present

behavioral repetitiveness and affects selectively a muscarinic cholinergic receptor-driven
signaling pathway in the mouse striatum (in preparation and on-going).
* Discovery with collaborators of patients with CalDAG-GEFI mutations (in preparation) 2017
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Publications of Ann Martin Graybiel:

Books:

1.

Kimura, M. and Graybiel, A. M., eds. (1995) Functions of the Cortico-Basal Ganglia Loop._Springer-Verlag: New
York.

2. Graybiel, A.M., Delong, M.R., and Kitai, S.T., Eds. (2003) The Basal Ganglia VI. New York: Kluwer
Academic/Plenum.

3. Grillner, S. and Graybiel, A.M., Eds. (2006) Microcircuits: The Interface between Neurons and Global Brain
Function. Cambridge, MA: MIT Press.

Papers:

1.  Graybiel, A.M. and Held, R. (1970) Prismatic adaptation under scotopic and photopic conditions. J. Exp. Psychol.,
85:16-22.

2. Graybiel, A.M. (1970) Some thalamocortical projections of the pulvinar-posterior system of the thalamus in the cat.
Brain Res., 22:131-136.

3.  Graybiel, A.M. (1971) Some fiber connections of the posterior thalamus in the cat. Doctoral dissertation,
Massachusetts Institute of Technology.

4.  Graybiel, A.M. (1972) Some extrageniculate visual pathways in the cat. Invest. Ophthalmol., 11:322-332.

5. Graybiel, AM. (1972) Some fiber pathways related to the posterior thalamic region in the cat. Brain Behav. Evol.,
6:363-393.

6.  Graybiel, A.M. (1972) Some ascending connections of the pulvinar and nucleus lateralis posterior of the thalamus
of the cat. Brain Res., 44:99-125.

7.  Graybiel, AM. (1973) The thalamo-cortical projection of the so-called posterior nuclear group: a study with
anterograde degeneration methods in the cat. Brain Res., 49:229-244.

8. Graybiel, A.M., Nauta, H.J.W., Lasek, R.J., and Nauta, W.J.H. (1973) A cerebello-olivary pathway in the cat: an
experimental study using autoradiographic tracing techniques. Brain Res., 58:205-211.

9.  Graybiel, AM. (1974) Studies on the anatomical organization of posterior association cortex. In: The
Neurosciences: Third Study Program, F.O. Schmitt and F.G. Worden, Eds. Cambridge: MIT, pp. 205-214.

10. Graybiel, A.M. and Devor, M. (1974) A microelectrophoretic delivery technique for use with horseradish
peroxidase. Brain Res., 68:167-173.

11. Graybiel, A.M. (1974) Visuo-cerebellar and cerebello-visual connections involving the ventral lateral geniculate
nucleus. Exp. Brain Res., 20:303-306.

12.  Graybiel, A.M. and Hartwieg, E.A. (1974) Some afferent connections of the oculomotor complex in the cat: an
experimental study with tracer techniques. Brain Res., 81:543-551.

13.  Graybiel, A.M. (1975) Wallerian degeneration and anterograde tracer methods. In: The Use of Axonal Transport for
Studies of Neuronal Connectivity, W.M. Cowan and M. Cuénod, Eds. Amsterdam: Elsevier, pp. 174-216.

14. Graybiel, A.M. (1975) Anatomical pathways in the brain stem oculomotor system. In: Eye Movements and
Movement Perception, J. Lott Brown, Ed. Rochester, NY: Center for Visual Science, pp. 37-38.

15. Graybiel, A.M. (1975) Anatomical organization of retinotectal afferents in the cat: an autoradiographic study. Brain
Res., 96:1-23.

16. Gould, B.B. and Graybiel, A.M. (1976) Afferents to the cerebellar cortex in the cat: evidence for an intrinsic
pathway leading from the deep nuclei to the cortex. Brain Res., 110:601-611.

17. Graybiel, A.M. (1976) Evidence for banding of the cat's ipsilateral retinotectal connection. Brain Res., 114:318-327.

18.  Graybiel, A.M. (1977) Direct and indirect preoculomotor pathways of the brainstem: an autoradiographic study of
the pontine reticular formation in the cat. J. Comp. Neurol., 175:37-78.

19. Graybiel, A.M. (1977) Organization of oculomotor pathways in the cat and rhesus monkey. In: Control of Gaze by

Brain Stem Neurons, R.G. Baker and A. Berthoz, Eds. Amsterdam: Elsevier, pp. 79-88.
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Graybiel, A.M. (1977) Basal ganglia in health and disease. In: Society for Neuroscience, 6th Annual Meeting,
Summaries of Symposia (BIS Conference Report No. 45). Los Angeles: Brain Information Service, pp. 41-45.

Graybiel, A.M. (1978) Organization of the nigrotectal connection: an experimental tracer study in the cat. Brain
Res., 143:339-348.

Graybiel, A.M. (1978) A stereometric pattern of distribution of acetylthiocholinesterase in the deep layers of the
superior colliculus. Nature, 272:539-541.

Graybiel, A.M. (1978) A satellite system of the superior colliculus: the parabigeminal nucleus and its projections to
the superficial collicular layers. Brain Res., 145:365-374.

Berson, D.M. and Graybiel, A.M. (1978) Parallel thalamic zones in the LP-pulvinar complex of the cat identified by
their afferent and efferent connections. Brain Res., 147:139-148.

Graybiel, A.M. and Ragsdale, Jr., C.W. (1978) Histochemically distinct compartments in the striatum of human,
monkey, and cat demonstrated by acetylthiocholinesterase staining. Proc. Natl. Acad. Sci. U S A4, 75:5723-5726.

Graybiel, A.M. (1979) Periodic-compartmental distribution of acetylcholinesterase in the superior colliculus of the
human brain. Neuroscience, 4:643-650.

Graybiel, A.M., Ragsdale, Jr., C.W., and Moon Edley, S. (1979) Compartments in the striatum of the cat observed
by retrograde cell labeling. Exp. Brain Res., 34:189-195.

Graybiel, A.M. (1979) Some patterns of connectivity in the central nervous system: a tribute to Rafael Lorente de
NO. In: Integration in the Nervous System, D.P.C. Lloyd, R. Lorente de No, V.J. Wilson and H. Asanuma, Eds.
Tokyo: Igaku-Shoin, pp. 69-96.

Graybiel, A.M. and Ragsdale, Jr., C.W. (1979) Fiber connections of the basal ganglia. In: Development and
Chemical Specificity of Neurons. M. Cuénod, G.W. Kreutzberg, and F.E. Bloom, Eds. Amsterdam: Elsevier, pp.
239-283.

Kaiserman-Abramof, .R., Graybiel, A.M., and Nauta, W.J.H. (1980) The thalamic projection to cortical area 17 in
a congenitally anophthalamic mouse strain. Neuroscience, 5:41-52.

Graybiel, A.M. and Berson, D.M. (1980) Histochemical identification and afferent connections of subdivisions in
the lateralis posterior-pulvinar complex and related thalamic nuclei in the cat. Neuroscience, 5:1175-1238.

Graybiel, A.M. and Ragsdale, Jr., C.W. (1980) Clumping of acetylcholinesterase activity in the developing striatum
of the human fetus and young infant. Proc. Natl. Acad. Sci. U S A4, 77:1214-1218.

Graybiel, A.M. and Berson, D.M. (1980) Autoradiographic evidence for a projection from the pretectal nucleus of
the optic tract to the dorsal lateral geniculate complex in the cat. Brain Res., 195:1-12.

Berson, D.M. and Graybiel, A.M. (1980) Some cortical and subcortical fiber projections to the accessory optic
nuclei in the cat. Neuroscience, 5:2203-2217.

Olson, C.R. and Graybiel, A.M. (1980) Sensory maps in the claustrum of the cat. Nature, 288:479-481.

Ragsdale, C.W., Jr. and Graybiel, A.M. (1981) The fronto-striatal projection in the cat and monkey and its
relationship to inhomogeneities established by acetylcholinesterase histochemistry. Brain Res., 208:259-266.

Graybiel, A.M., Ragsdale, C.W., Jr., Yoneoka, E.S., and Elde, R.P. (1981) An immunohistochemical study of
enkephalins and other neuropeptides in the striatum of the cat with evidence that the opiate peptides are arranged to
form mosaic patterns in register with the striosomal compartments visible by acetylcholinesterase staining.
Neuroscience, 6:377-397.

Graybiel, A.M. and Berson, D.M. (1981) On the relation between transthalamic and transcortical pathways in the
visual system. In: The Organization of the Cerebral Cortex. F.O. Schmitt, F.G. Worden and F. Dennis, Eds.
Cambridge: MIT, pp. 285-319.

Graybiel, A.M. and Berson, D.M. (1981) Families of related cortical areas in the extrastriate visual system:
summary of a hypothesis. In: Cortical Sensory Organization. Vol. 2: Multiple Visual Areas, C.N. Woolsey, Ed.
Clifton, NJ: Humana, pp. 103-120.

Graybiel, A.M., Pickel, V.M., Joh, T.J., Reis, D.J., and Ragsdale, Jr., C.W. (1981) Direct demonstration of a
correspondence between the dopamine islands and acetylcholinesterase patches in the developing striatum. Proc.
Natl. Acad. Sci. U S A4, 78:5871-5875.
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Graybiel, A.M. and Hickey, T.L. (1982) Chemospecificity of ontogenetic units in the striatum: demonstration by
3

combining [ H]thymidine neuronography and histochemical staining. Proc. Natl. Acad. Sci. U S A, 79:198-202.

Graybiel, A.M. (1982) Correlative studies of histochemistry and fiber connections in the central nervous system. In:

Cytochemical Methods in Neuroanatomy, V. Chan-Palay and S.L. Palay, Eds. New York: A.R. Liss, pp. 45-67.

Graybiel, A.M. and Ragsdale, Jr., C.W. (1982) Pseudocholinesterase staining in the primary visual pathway of the
macaque monkey. Nature, 299:439-442,

Berson, D.M. and Graybiel, A.M. (1983) Subsystems within the visual association cortex as delineated by their
thalamic and transcortical affiliations. In: Molecular and Cellular Interactions Underlying Higher Brain Function,
J.-P. Changeux, J. Glowinski, M. Imbert, and F.E. Bloom, Eds. Amsterdam: Elsevier, pp. 229-238.

Olson, C.R. and Graybiel, A.M. (1983) An outlying visual area in the cerebral cortex of the cat. In: Molecular and
Cellular Interactions Underlying Higher Brain Function, J.-P. Changeux, J. Glowinski, M. Imbert, and F.E. Bloom,
Eds. Amsterdam: Elsevier, pp. 239-245.

Graybiel, A.M. (1983) Compartmental organization of the mammalian striatum. In: Molecular and Cellular
Interactions Underlying Higher Brain Function, J.-P. Changeux, J. Glowinski, M. Imbert, and F.E. Bloom, Eds.
Amsterdam: Elsevier, pp. 247-256.

Berson, D.M. and Graybiel, A.M. (1983) Organization of the striate-recipient zone of the cat's lateralis posterior-
pulvinar complex and its relations with the geniculostriate system. Neuroscience, 9:337-372.

Edley, S.M. and Graybiel, A.M. (1983) The afferent and efferent connections of the feline nucleus tegmenti
pedunculopontinus pars compacta. J. Comp. Neurol., 217:187-215.

Graybiel, A.M. and Elde, R.P. (1983) Somatostatin-like immunoreactivity characterizes neurons of the nucleus
reticularis thalami in the cat and monkey. J. Neurosci., 3:1308-1321.

Oertel, W., Graybiel, A.M., Mugnaini, E., Elde, R.P., Schmechel, D.E., and Kopin, I.J. (1983) Coexistence of
glutamic acid decarboxylase- and somatostatin-like immunoreactivity in neurons of the feline nucleus reticularis
thalami. J. Neurosci., 3:1322-1332.

Graybiel, A.M. and Ragsdale, Jr., C.W. (1983) Biochemical anatomy of the striatum. In: Chemical Neuroanatomy,
P.C. Emson, Ed. New York: Raven, pp. 427-504.

Chesselet, M.-F. and Graybiel, A.M. (1983) Met-enkephalin-like and dynorphin-like immunoreactivities of the
basal ganglia of the cat. Life Sci., 33 (Suppl. 1):37-40.

Roffler-Tarlov, S. and Graybiel, A.M. (1984) Weaver mutation has differential effects on the dopamine-containing
innervation of the limbic and nonlimbic striatum. Nature, 307:62-66.

Graybiel, A.M., Brecha, N., and Karten, H.J. (1984) Cluster-and-sheet pattern of enkephalin-like immunoreactivity
in the superior colliculus of the cat. Neuroscience, 12:191-214.

Graybiel, A.M. (1984) Neurochemically specified subsystems in the basal ganglia. In: Functions of the basal
ganglia, D. Evered and M. O'Connor, Eds. London: Pitman, pp. 114-149.

Graybiel, A.M. (1984) Modular patterning in the development of the striatum. In: Cortical Integration: Basic,
Archicortical and Cortical Association Levels of Neural Integration, F. Reinoso-Suarez and C. Ajmone-Marsan,
Eds. New York: Raven, pp. 223-235.

Graybiel, A.M. (1984) Correspondence between the dopamine islands and striosomes of the mammalian striatum.
Neuroscience, 13:1157-1187.

Graybiel, A.M. and Chesselet, M.-F. (1984) Compartmental distribution of striatal cell bodies expressing
[Met]enkephalin-like immunoreactivity. Proc. Natl. Acad. Sci. U S A4, 81:7980-7984.

Illing, R.-B. and Graybiel, A.M. (1985) Convergence of afferents from frontal cortex and substantia nigra onto
acetylcholinesterase-rich patches of the cat's superior colliculus. Neuroscience, 14:455-482.

Lynch, J.C., Graybiel, A.M., and Lobeck, L.J. (1985) The differential projection of two cytoarchitectonic
subregions of the inferior parietal lobule of macaque upon the deep layers of the superior colliculus. J. Comp.
Neurol., 235:241-254.

Nastuk, M.A. and Graybiel, A.M. (1985) Patterns of muscarinic cholinergic binding in the striatum and their
relation to dopamine islands and striosomes. J. Comp. Neurol., 237:176-194.
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Sandell, J.H., Graybiel, A.M., and Chesselet, M.-F. (1986) A new enzyme marker for striatal compartmentalization:
NADPH diaphorase activity in the caudate nucleus and putamen of the cat. J. Comp. Neurol., 243:326-334.

Graybiel, A.M. (1986) Neuropeptides in the basal ganglia. In: Neuropeptides in Neurologic and Psychiatric
Disease, ].B. Martin and J.D. Barchas, Eds. New York: Raven, pp. 135-161.

Chesselet, M.-F. and Graybiel, A.M. (1986) Striatal neurons expressing somatostatin-like immunoreactivity:
evidence for a peptidergic interneuronal system in the cat. Neuroscience, 17:547-571.

Graybiel, A.M. (1986) Dopamine-containing innervation of the striatum: Subsystems and their striatal
correspondents. In: Recent Developments in Parkinson's Disease, S. Fahn et al., Eds. New York: Raven, pp. 1-16.

Illing, R.-B. and Graybiel, A.M. (1986) Complementary and non-matching afferent compartments in the cat's
superior colliculus: Innervation of the acetylcholinesterase-poor domain of the intermediate gray layer.
Neuroscience, 18:373-394.

Roffler-Tarlov, S. and Graybiel, A.M. (1986) Expression of the weaver gene in dopamine-containing neural systems
is dose-dependent and affects both striatal and nonstriatal regions. J. Neurosci, 6:3319-3330.

Malach, R. and Graybiel, A.M. (1986) Mosaic architecture of the somatic sensory-recipient sector of the cat's
striatum. J. Neurosci., 6:3436-3458.

Graybiel, A.M., Baughman, R.W., and Eckenstein, F. (1986) Cholinergic neuropil of the striatum observes
striosomal boundaries. Nature, 323:625-627.

Graybiel, A.M., Hirsch, E.C., and Agid, Y.A. (1987) Differences in tyrosine hydroxylase-like immunoreactivity
characterize the mesostriatal innervation of striosomes and extrastriosomal matrix at maturity. Proc. Natl. Acad. Sci.
U S 4, 84:303-307.

Izzo, P.N., Graybiel, A.M., and Bolam, J.P. (1987) Characterization of substance P- and [Met]enkephalin-
immunoreactive neurons in the caudate nucleus of cat and ferret by a single section Golgi procedure. Neuroscience,
20:577-587.

Malach, R. and Graybiel, A.M. (1987) The somatic sensory corticostriatal projection: Patchwork of somatic sensory
zones in the extrastriosomal matrix. In: Basal Ganglia and Behavior: Sensory Aspects of Motor Functioning, J.S.
Schneider and T.I. Lidsky, Eds. Toronto: H. Huber, pp. 11-16.

Olson, C.R. and Graybiel, A.M. (1987) Ectosylvian visual area of the cat: location, retinotopic organization, and
connections. J. Comp. Neurol., 261:277-294.
Hirsch, E.C., Graybiel, A.M., Duyckaerts, C., and Javoy-Agid, F. (1987) Neuronal loss in the pedunculopontine

tegmental nucleus in Parkinson's disease and in progressive supranuclear palsy. Proc. Natl. Acad. Sci. U S A,
84:5976-5980.

Jimenez-Castellanos, J. and Graybiel, A.M. (1987) Subdivisions of the dopamine-containing A8-A9-A10 complex
identified by their differential mesostriatal innervation of striosomes and extrastriosomal matrix. Neuroscience,
23:223-242.

Graybiel, A.M. and Newman-Gage, H. (1987) Ontogeny of dopaminergic systems in the basal ganglia. In:
Extrapyramidal Disorders in Childhood, L. Angelini et al., Eds. Amsterdam: Elsevier, pp. 1-10.
Jimenez-Castellanos, J. and Graybiel, A.M. (1987) Subdivisions of the primate substantia nigra pars compacta
detected by acetylcholinesterase histochemistry. Brain Res., 437:349-354.

Roffler-Tarlov, S. and Graybiel, A.M. (1987) Weaver—A mutant gene that affects the basal ganglia. In: Basal
Ganglia 1I: Structure and Function: Current Concepts, M.B. Carpenter and A. Jayaraman, Eds. New York: Plenum,
pp. 443-457.

Roffler-Tarlov, S. and Graybiel, A.M. (1987) The postnatal development of the dopamine-containing innervation of
dorsal and ventral striatum: effects of the weaver gene. J. Neurosci., 7:2364-2372.

Bolam, J.P., Izzo, P.N., and Graybiel, A.M. (1988) Cellular substrates of the histochemically defined
striosome/matrix system of the caudate nucleus: a combined Golgi and immunocytochemical study in rat and ferret.
Neuroscience, 24:853-875.

Nastuk, M.A. and Graybiel, A.M. (1988) Autoradiographic localization and biochemical characteristics of M1 and
M2 muscarinic binding sites in the striatum of the cat, monkey, and human. J. Neurosci., 8:1052-1062.
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Ragsdale, C.W., Jr. and Graybiel, A.M. (1988) Fibers from the basolateral nucleus of the amygdala selectively
innervate striosomes in the caudate nucleus of the cat. J. Comp. Neurol., 269:506-522.

Besson, M.-]., Graybiel, A.M., and Nastuk, M.A. (1988) [’H]SCH 23390 binding to D; dopamine receptors in the
basal ganglia of the cat and primate: delineation of striosomal compartments and pallidal and nigral subdivisions.
Neuroscience, 26:101-119.

Hirsch, E., Graybiel, A.M., and Agid, Y.A. (1988) Melanized dopaminergic neurons are differentially susceptible to
degeneration in Parkinson's disease. Nature, 334:345-348.

Newman-Gage, H. and Graybiel, A.M. (1988) Expression of calcium/calmodulin-dependent protein kinase in
relation to dopamine islands and synaptic maturation in the cat striatum. J. Neurosci., 8:3360-3375.

Ragsdale, C.W., Jr. and Graybiel, A.M. (1988) Multiple patterns of thalamostriatal innervation in the cat. In:
Cellular Thalamic Mechanisms, M. Bentivoglio and R. Spreafico, Eds. Amsterdam: Elsevier, pp. 261-267.

Graybiel, A.M. (1989). Dopaminergic and cholinergic systems in the striatum. In: Neural Mechanisms in Disorders
of Movement, A.R. Crossman and M.A. Sambrook, Eds. London: J. Libbey, pp. 3-15.

Hirsch, E.C., Graybiel, A.M., and Agid, Y. (1989) Selective vulnerability of pigmented dopaminergic neurons in
Parkinson’s disease. Acta Neurol. Scand. (Suppl.), 126:19-22.

Hirsch, E.C., Graybiel, A.M., Hersh, L.B., Duyckaerts, C., and Agid, Y. (1989) Striosomes and extrastriosomal
matrix contain different amounts of immunoreactive choline acetyltransferase in the human striatum. Neurosci.
Lett., 96:145-150.

Graybiel, A.M., Besson, M.-J., and Weber, E. (1989) Neuroleptic-sensitive binding sites in the nigrostriatal system:
Evidence for a differential distribution of sigma sites in the substantia nigra, pars compacta of the cat. J. Neurosci.,
9:326-338.

Ohta, K., Graybiel, A.M., and Roffler-Tarlov, S. (1989) Dopamine D, binding sites in the striatum of the mutant
mouse weaver. Neuroscience, 28:69-82.

Jimenez-Castellanos, J. and Graybiel, A.M. (1989) Evidence that histochemically distinct zones of the primate
substantia nigra pars compacta are related to patterned distributions of nigrostriatal projection neurons and
striatonigral fibers. Exp. Brain Res., 74:227-238.

Nastuk, M.A. and Graybiel, A.M. (1989) Ontogeny of M1 and M2 muscarinic binding sites in the striatum of the
cat: relationships to one another and to striatal compartmentalization. Neuroscience, 33:125-147.
Jimenez-Castellanos, J. and Graybiel, A.M. (1989) Compartmental origins of striatal efferent projections in the cat.
Neuroscience, 32:297-321.

Langer, L.F. and Graybiel, A.M. (1989) Distinct nigrostriatal projection systems innervate striosomes and matrix in
the primate striatum. Brain Res., 498:344-350.

Graybiel, A.M., Liu, F.-C., and Dunnett, S.B. (1989) Intrastriatal grafts derived from fetal striatal primordia: I.
phenotypy and modular organization. J. Neurosci., 9:3250-3271.

Graybiel, A.M. and Moratalla, R. (1989) Dopamine uptake sites in the striatum are distributed differentially in
striosome and matrix compartments. Proc. Natl. Acad. Sci. U S A, 86:9020-9024.

Graybiel, A.M., Ohta, K., and Roffler-Tarlov, S. (1990) Patterns of cell and fiber vulnerability in the mesostriatal
system of the mutant mouse weaver: [. Gradients and compartments. J. Neurosci., 10:720-733.

Roffler-Tarlov, S., Pugatch, D., and Graybiel, A.M. (1990) Patterns of cell and fiber vulnerability in the mesostriatal
system of the mutant mouse weaver: 1. High affinity uptake sites for dopamine. J. Neurosci., 10:734-740.
Giménez-Amaya, J.-M. and Graybiel, A.M. (1990) Compartmental origins of the striatopallidal projection in the
primate. Neuroscience, 34:111-126.

Liu, F.-C., Graybiel, A.M., Dunnett, S.B., and Baughman, R.W. (1990) Intrastriatal grafts derived from fetal striatal
primordia: II. Reconstitution of cholinergic and dopaminergic systems. J. Comp. Neurol., 295:1-14.

Ragsdale, C.W., Jr. and Graybiel, A.M. (1990) A simple ordering of neocortical areas established by the
compartmental organization of their striatal projections. Proc. Natl. Acad. Sci. U S A, 87:6196-6199.

Graybiel, A.M. (1990) Neurotransmitters and neuromodulators in the basal ganglia. Trends Neurosci., 13:244-254.
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Graybiel, A.M., Liu, F.-C., and Dunnett, S.B. (1990) Cellular reaggregation in vivo: modular patterns in intrastriatal
grafts derived from fetal striatal primordia. Prog. Brain Res., 82:401-405.

Graybiel, A.M, Moratalla, R., and Robertson, H. A. (1990) Amphetamine and cocaine induce drug-specific
activation of the c-fos gene in striosome-matrix compartment and limbic subdivisions of the striatum. Proc. Natl.
Acad. Sci. U S A, 87:6912-6916.

Graybiel, A.M., Hirsch, E.C., and Agid, Y. (1990) The nigrostriatal system in Parkinson's disease. In: Parkinson's
Disease: Anatomy, Pathology, and Therapy, M.B. Streifler, A.D. Korczyn, E. Melamed, and M.B.H. Youdim, Eds.
New York: Raven, pp. 17-29.

Agid, Y., Graybiel, A.M., Ruberg, M., Hirsch, E., Blin, J., Dubois, B., and Javoy-Agid, F. (1990) The efficacy of
levodopa treatment declines in the course of Parkinson's disease: do non-dopaminergic lesions play a role? In:
Parkinson's Disease: Anatomy, Pathology, and Therapy, M.B. Streifler, A.D. Korczyn, E. Melamed, and M.B.H.
Youdim, Eds. New York: Raven, pp. 83-99.

Graybiel, A.M. (1990) The basal ganglia and the initiation of movement. Rev. Neurol. (Paris), 146:570-574.

Besson, M.J., Graybiel, A.M., and Quinn, B. (1990) Co-expression of neuropeptides in the cat's striatum: an
immunohistochemical study of substance P, dynorphin B and enkephalin. Neuroscience, 39:33-58.

Quinn, B., Graybiel, A.M., Moratalla, R., Langston, J.W., Roffler-Tarlov, S., and Ohta, K. (1990) Patterns of
vulnerability of mesostriatal neurons. In: Basic, Clinical, and Therapeutic Aspects of Alzheimer's and Parkinson's
Diseases, Vol. I, T. Nagatsu, A. Fisher, and M. Yoshida, Eds. New York: Plenum, pp. 207-212.

Besson, M.-J., Graybiel, A.M., and Quinn, B. (1991) Coexpression of neuropeptides and glutamic acid
decarboxylase in cat striatal neurons: dependence on striosomal compartmentation. In: Basal Ganglia IlI, G.
Bernardi et al., Eds. New York: Plenum, pp. 29-38.

Graybiel, A.M., Flaherty, A.W., and J.-M. Giménez-Amaya. (1991) Striosomes and matrisomes. In: Basal Ganglia
11, G. Bernardi et al., Eds. New York: Plenum, pp. 3-12.

Langer, L.F., Jiménez-Castellanos, J., and Graybiel, A.M. (1991) The substantia nigra and its relations with the
striatum in the monkey. In: Role of the Forebrain in Sensation and Behavior, G. Holstege, Ed. Amsterdam:
Elsevier, pp. 81-99.

Giménez-Amaya, J.-M. and Graybiel, A.M. (1991) Modular organization of projection neurons in the matrix-
compartment of the primate striatum. J. Neurosci., 11:779-791.

Ma, T.P., Graybiel, A.M., and Wurtz, R.H. (1991) Location of saccade-related neurons in the macaque superior
colliculus. Exp. Brain Res., 85:21-35.

Berson, D.M., Graybiel, A.M., Bowen, W.D., and Thompson, L.A. (1991) Evidence for intrinsic expression of
enkephalin-like immunoreactivity and opioid binding sites in cat superior colliculus. Neuroscience, 43:513-529.

Nastuk, M.A. and Graybiel, A.M. (1991) Pharmacologically defined M1 and M2 muscarinic cholinergic binding
sites in the cat's substantia nigra: development and maturity. Brain Res. Devel. Brain Res., 61:1-10.

Robertson, H.A., Paul, M.L., Moratalla, R., and Graybiel, A.M. (1991) Expression of the immediate early gene c-
fos in basal ganglia: Induction by dopaminergic drugs. Can. J. Neurol. Sci, 18:380-383.

Liu, F.-C., Dunnett, S.B., Robertson, H.A., and Graybiel, A.M. (1991) Intrastriatal grafts derived from fetal striatal
primordia. III. Induction of modular patterns of Fos-like immunoreactivity by cocaine. Exp. Brain Res., 85, 501-
506.

Ragsdale, C.W., Jr. and Graybiel, A.M. (1991) Compartmental organization of the thalamostriatal connection in the
cat. J. Comp. Neurol., 311:134-167.

Graybiel, A.M. (1991) Immediate-early genes and the CNS. Neurosci. Facts, 2(21):14.

Flaherty, A.W. and Graybiel, A.M. (1991) Corticostriatal transformations in the primate somatosensory system.
Projections from physiologically mapped body-part representations. J. Neurophysiol., 66:1249-1263.

Graybiel, A.M. (1991) Dynamic gene regulation in striatal neurons: perspectives in memorial to Dr. Kyoji
Maekawa. Neurosci. Res., 12:41-44.

Berson, D.M. and Graybiel, A.M. (1991) Tectorecipient zone of cat lateral posterior nucleus: evidence that
collicular afferents contain acetylcholinesterase. Exp. Brain Res., 84:478-486.
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Graybiel, A.M. (1991) Immediate early gene activation in the striatum: new clue to function and plasticity in the
basal ganglia? IBRO News, 19(3):7.

Graybiel, A.M. (1991) Basal ganglia--input, neural activity, and relation to the cortex. Curr. Opin. Neurobiol.,
1:644-651.

Graybiel, A.M. Guide to the anatomy of the brain: basal ganglia. (1992) In: Encyclopedia of Learning and Memory,
L. Squire, Ed. New York: MacMillan, pp. 204-206.

Liu, F.-C. and Graybiel, A.M. (1992) Transient calbindin-D,sk-positive systems in the telencephalon: ganglionic
eminence, developing striatum and cerebral cortex. J. Neurosci., 12:674-690.

Hirsch E.C., Mouatt A., Thomasset, M., Javoy-Agid F., Agid Y., and Graybiel A.M. (1992) Expression of calbindin
Dask-like immunoreactivity in catecholaminergic cell groups of the human midbrain: normal distribution and
distribution in Parkinson's disease. Neurodegeneration, 1:83-93.

Moratalla, R., Quinn, B., DeLanney, L.E., Irwin, 1., Langston, J.W., and Graybiel, A.M. (1992) Differential
vulnerability of primate caudate-putamen and striosome-matrix dopamine systems to the neurotoxic effects of 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine. Proc. Natl. Acad. Sci. U S A, 89:3859-3863.

Liu, F.-C. and Graybiel, A.M. (1992) Heterogeneous development of calbindin-p2sk expression in the striatal matrix.
J. Comp. Neurol., 320:304-322.

Moratalla, R., Robertson, H.A., and Graybiel, A.M. (1992) Dynamic regulation of NGFI-A (zif268, egrl) gene
expression in the striatum. J. Neurosci., 12:2609-2622.

Berretta, S., Robertson, H.A., and Graybiel, A.M. (1992) Dopamine and glutamate agonists stimulate neuron-
specific expression of Fos-like protein in the striatum. J. Neurophysiol., 68:767-777.

Schoen, S. and Graybiel, A.M. (1992) 5'-Nucleotidase: a new marker for striosomal organization in the rat
caudoputamen. J. Comp. Neurol., 322:566-576.

Hirsch, E.C., Mouatt, A., Faucheux, B., Bonnet, A.-M., Javoy-Agid, F., Graybiel, A.M., and Agid, Y. (1992)
Dopamine, tremor, and Parkinson's disease. Lancet, 340:125-126.

Paul, M.L., Graybiel, A.M., David, J.-C., and Robertson, H.A. (1992) DI1-like and D2-like dopamine receptors

synergistically activate rotation and c-fos expression in the dopamine-depleted striatum in a rat model of Parkinson's
disease. J. Neurosci., 12:3729-3742.

Parthasarathy, H., Schall, J., and Graybiel, A.M. (1992) Distributed but convergent ordering of corticostriatal
projections: analysis of the frontal eye field and the supplementary eye field in the macaque monkey. J. Neurosci.,
12:4468-4488.

Liu, F.-C., Dunnett, S.B., and Graybiel, A.M. (1992) Influence of mesostriatal afferents on the development and
transmitter regulation of intrastriatal grafts derived from embryonic striatal primordia. J. Neurosci., 12:4281-4297.

Abeliovich, A., Gerber, D., Tanaka, O., Katsuki, M., Graybiel, A.M., and Tonegawa, S. (1992) On somatic
recombination in the central-nervous-system of transgenic mice. Science, 257:404-408.

Graybiel, A.M. (1993) Acute effects of psychomotor stimulant drugs on gene expression in the striatum. In
Activation of Immediate Early Genes by Drugs of Abuse. NIH Publication #93-3504:72-81.

Graybiel, A.M., Moratalla, R., Quinn, B., DeLanney, L.E., Irwin, 1., and Langston, J.W. (1993) Early-stage loss of
dopamine uptake-site binding in MPTP-treated monkeys. In: Parkinson's Disease: From Basic Research to
Treatment, H. Narabayashi, T. Nagatsu, N. Yanagisawa, and Y. Mizuno, Eds. New York: Raven, pp. 34-39.

Moratalla, R., Vickers, E.A., Robertson, H.A., Cochran, B.H., and Graybiel, A.M. (1993) Coordinate expression of
c-fos and jun B is induced in the rat striatum by cocaine. J. Neurosci., 13:423-433.

Flaherty, A.W. and Graybiel, A.M. (1993) Two input systems for body representations in the primate striatal
matrix: experimental evidence in the squirrel monkey. J. Neurosci., 13:1120-1137.

Berretta, S., Robertson, H.A., and Graybiel, A.M. (1993) Neurochemically specialized projection neurons of the
striatum respond differentially to psychomotor stimulants. In: Chemical Signalling in Basal Ganglia, G.W.
Arbuthnott and P.C. Emson, Eds. Amsterdam: Elsevier, pp. 201-205.

Graybiel, A.M. (1993) Functions of the nigrostriatal system. J. Clin. Neurosci., 1:12-17.
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Schoen, S.W. and Graybiel, A.M. (1993) Species-specific patterns of glycoprotein expression in the developing
rodent caudoputamen: association of 5'-nucleotidase activity with dopamine islands and striosomes in rat, but with
extrastriosomal matrix in mouse. J. Comp. Neurol., 333:578-596.

Fotuhi, M., Dawson, T.M., Sharp, A.H., Martin, L.J., Graybiel, A.M., and Snyder, S.H. (1993) Phosphoinositide
second messenger system is enriched in striosomes: Immunohistochemical demonstration of inositol 1,4,5-
trisphosphate receptors and phospholipase C, B and y in primate basal ganglia. J. Neurosci., 13:3300-3308.

Liu, F.-C., Dunnett, S.B., and Graybiel, A.M. (1993) Intrastriatal grafts derived from fetal striatal primordia--1V.
Host and donor neurons are not intermixed. Neuroscience, 55:363-372.

Walker, R.H., Arbuthnott, G.W., Baughman, R.W., and Graybiel, A.M. (1993) Dendritic domains of medium spiny
neurons in the primate striatum: relationships to striosomal borders. J. Comp. Neurol., 337:614-628.

Walker, R.H. and Graybiel, A.M. (1993) Dendritic arbors of spiny neurons in the primate striatum are directionally
polarized. J. Comp. Neurol., 337:629-639.

Flaherty, A.W. and Graybiel, A.M. (1993) Output architecture of the primate putamen. J. Neurosci., 13:3222-3237.

Kimura, M., Aosaki, T., and Graybiel, A.M. (1993) Role of basal ganglia in the acquisition and initiation of learned
movement. In: Role of the Cerebellum and Basal Ganglia in Voluntary Movement, N. Mano, 1. Hamada, and M.R.
DeLong, Eds. Amsterdam: Elsevier, pp. 83-87.

Flaherty, A.W. and Graybiel, A.M. (1994) Anatomy of the basal ganglia. In: Movement Disorders 3, C.D. Marsden
and S. Fahn, Eds. Oxford: Butterworth-Heinemann, pp. 3-27.

Flaherty, A.W. and Graybiel, A.M. (1994) Input-output organization of the sensorimotor striatum in the squirrel
monkey. J. Neurosci., 14:599-610.

Graybiel, A.M. and Illing, R.-B. (1994) Enkephalin-positive and acetylcholinesterase-positive patch systems in the
superior colliculus have matching distributions but distinct developmental histories. J. Comp. Neurol., 340:297-310.
Illing, R.-B. and Graybiel, A.M. (1994) Pattern formation in the developing superior colliculus: ontogeny of the
periodic architecture in the intermediate layers. J. Comp. Neurol., 340:311-327.

Quinn, B. and Graybiel, A.M. (1994) Myeloarchitectonics of the primate caudate-putamen. In: The Basal Ganglia
1V: New Ideas and Data on Structure and Function, G. Percheron, J.S. McKenzie, and J. Féger, Eds. New York:
Plenum, pp. 35-41.

Roffler-Tarlov, S., Cheng, S., Lin, C.S., Wensley, C.H., Graybiel, A.M., and Gusella, J.F. (1994) The chromosomal
location of the murine mutation weaver. Neurodegeneration, 3:61-72.

Aosaki, T., Tsubokawa, H., Ishida, A., Watanabe, K., Graybiel, A.M., and Kimura, M. (1994) Responses of
tonically active neurons in the primate's striatum undergo systematic changes during behavioral sensorimotor
conditioning. J. Neurosci., 14:3969-3984.

Aosaki, T., Graybiel, A.M., and Kimura, M. (1994) Effect of the nigrostriatal dopamine system on acquired neural
responses in the striatum of behaving monkeys. Science, 265:412-415.

Graybiel, A.M., Aosaki, T., Flaherty, A.W., and Kimura, M. (1994) The basal ganglia and adaptive motor control.
Science, 265:1826-1831.

Xu, M., Moratalla, R., Gold, L.H., Hiroi, N., Koob, G.F., Graybiel, A.M., and Tonegawa, S. (1994) Dopamine D1
receptor mutant mice are deficient in striatal expression of dynorphin and in dopamine-mediated behavioral
responses. Cell, 79:729-742.

Xu, M., Hu, X.-T., Cooper, D.C., Moratalla, R., Graybiel, A.M., White, F.J., and Tonegawa, S. (1994) Elimination
of cocaine-induced hyperactivity and dopamine-mediated physiological effects in dopamine D1 receptor mutant
mice. Cell, 79:945-955.

Liu, F.-C., Dunnett, S.B., and Graybiel, A.M. (1995) Embryonic striatal grafting: progress and future directions for
therapeutic approaches to neurodegenerative diseases of the basal ganglia. In: Age-Related Dopamine-Dependent
Disorders, M. Segawa and Y. Nomura, Eds. Basel: Karger, pp. 225-234.

Liu, F.-C., Takahashi, H., McKay, R.D.G., and Graybiel, A.M. (1995) Dopaminergic regulation of transcription
factor expression in organotypic cultures of developing striatum. J. Neurosci., 15: 2367-2384.

Graybiel, A.M. and Kimura, M. (1995) Adaptive neural networks in the basal ganglia. In: Models of Information
Processing in the Basal Ganglia, J.C. Houk, J.L. Davis, and D.G. Beiser, Eds. Cambridge: MIT, pp. 103-116.
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Graybiel, A.M., Berretta, S., Moratalla, R., Liu, F.-C., and Elibol, B. (1995) Effects of cocaine on immediate-carly
gene response in striatal neurons. In: The Neurobiology of Cocaine: Cellular and Molecular Mechanisms, R.P.
Hammer, Ed. Boca Raton: CRC, pp. 215-223.

Aosaki, T., Kimura, M., and Graybiel, A.M. (1995) Temporal and spatial characteristics of tonically active neurons
of the primate's striatum. J. Neurophysiol., 73:1234-1252.

Graybiel, A. (1995) The basal ganglia. Trends Neurosci., 18:60-62.

Kimura, M. and Graybiel, A.M. (1995) Role of basal ganglia in sensory motor association learning. In: Functions of
the Cortico-Basal Ganglia Loop, M. Kimura and A.M. Graybiel, Eds. Tokyo: Springer, pp. 2-17.

Eblen, F. and Graybiel, A.M. (1995) Highly restricted origin of prefrontal cortical inputs to striosomes in the
macaque monkey. J. Neurosci., 15:5999-6013.

Liu, F.-C. and Graybiel, A.M. (1995) Dopamine-mediated signaling in organotypic striatal slice cultures. In:
Molecular and Cellular Mechanisms of Neostriatal Function, M.A. Ariano and D.J. Surmeier, Eds. New York:
Austin, pp. 311-319.

Flaherty, A.W. and Graybiel, A.M. (1995) Motor and somatosensory corticostriatal projection magnifications in the
squirrel monkey. J. Neurophysiol., 74:2638-2648.

Graybiel, A.M. (1995) Building action repertoires: memory and learning functions of the basal ganglia. Curr. Opin.
Neurobiol., 5:733-741.

Quinn, B. and Graybiel, A.M. (1996) A differentiated silver intensification procedure for the peroxidase-
diaminobenzidine reaction. J. Histochem. Cytochem., 44:71-74.

Roffler-Tarlov, S., Martin, B., Graybiel, A.M., and Kauer, J.S. (1996) Cell death in the midbrain of the murine
mutation weaver. J. Neurosci., 16:1819-1826.

Graybiel, A.M. (1996) Basal ganglia: New therapeutic approaches to Parkinson’s disease. Curr. Biol., 6:368-371.

Moratalla, R., Elibol, B., Vallejo, M., and Graybiel, A.M. (1996) Network-level changes in expression of inducible
Fos-Jun proteins in the striatum during chronic cocaine treatment and withdrawal. Neuron, 17:147-156.

Hiroi, N. and Graybiel, A.M. (1996) Atypical and typical neuroleptic treatments induce distinct programs of
transcription factor expression in the striatum. J. Comp. Neurol., 374:70-83.

Moratalla, R., Xu, M., Tonegawa, S., and Graybiel, A.M. (1996) Cellular responses to psychomotor stimulant and
neuroleptic drugs are abnormal in mice lacking the D1 dopamine receptor. Proc. Natl. Acad. Sci. U S A4, 93:14928-
14933.

Liu, F.-C. and Graybiel, A.M. (1996) Spatiotemporal dynamics of CREB phosphorylation: Transient vs. sustained
phosphorylation in the developing striatum. Neuron, 17:1133-1144.

Moratalla, R., Vallejo, M., Elibol, B., and Graybiel, A.M. (1996) D1-class dopamine receptors influence cocaine-
induced persistent expression of Fos-related proteins in striatum. NeuroReport, 8:1-5.

Liu, F.C. and Graybiel, A.M. (1996) Protein phosphatases regulate CREB phosphorylation and Fos expression in
the developing striatum. In: The Basal Ganglia V, C. Ohye, M. Kimura, and J.S. McKenzie, Eds. New York:
Plenum, pp. 97-103.

Graybiel, A.M. (1997) The basal ganglia and cognitive pattern generators. Schizophr. Bull., 23:459-469.

Parthasarathy, H.B. and Graybiel, A.M. (1997) Cortically driven immediate-early gene expression reflects modular
influence of sensorimotor cortex on identified striatal neurons in the squirrel monkey. J. Neurosci., 17:2477-2491.

Berretta, S., Parthasarathy, H.B., and Graybiel, A.M. (1997) Local release of GABAergic inhibition in the motor
cortex induces immediate-early gene expression in indirect pathway neurons of the striatum. J. Neurosci., 17:4752-
4763.

Holt, D.J., Graybiel, A.M., and Saper, C.B. (1997) Neurochemical architecture of the human striatum. J. Comp.
Neurol., 384:1-25.

Xu, M., Koeltzow, T.E., Santiago, G.T., Moratalla, R., Cooper, D.C., Hu, X.-T., White, N.M., Graybiel, A.M.,
White, F.J., and Tonegawa, S. (1997) Dopamine D3 receptor mutant mice exhibit increased behavioral sensitivity to
concurrent stimulation of D1 and D2 receptors. Neuron, 19:837-848.
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Liu, F.-C. and Graybiel, A.M. (1998) Dopamine and calcium signal interactions in the developing striatum: control
by kinetics of CREB phosphorylation. In: Catecholamines: Bridging Basic Science with Clinical Medicine, D.S.
Goldstein, G. Eisenhofer, and R. McCarty, Eds. San Diego: Academic, pp. 682-686.

Liu, F.-C. and Graybiel, A.M. (1998) Region-dependent dynamics of cAMP response element-binding protein
phosphorylation in the basal ganglia. Proc. Natl. Acad. Sci. U S A, 95:4708-4713.

Graybiel, A.M. (1998). Basal ganglia circuits and schizophrenia. The Decade of the Brain, 9:8-10.
Graybiel, A.M. (1998) Cortico-basal ganglia loop systems. Progress in Medicine, 18:1440-1447.

Liu, F.-C. and Graybiel, A.M. (1998) Activity-regulated phosphorylation of cAMP response element binding
protein in the developing striatum: implications for patterning the neurochemical phenotypes of striatal
compartments. Dev. Neurosci., 20:229-236.

Graybiel, A.M. (1998) The basal ganglia and chunking of action repertoires. Neurobiol. Learn. Mem., 70:119-136.

Kawasaki, H., Springett, G.M., Toki, S., Canales, J.J., Harlan, P., Blumenstiel, J.P., Chen, E.J., Bany, LA.,
Mochizuki, N., Ashbacher, A., Matsuda, M., Housman, D.E., and Graybiel, A.M. (1998) A Rap guanine nucleotide
exchange factor enriched highly in the basal ganglia. Proc. Natl. Acad. Sci. U S A4, 95:13278-13283.

Kawasaki, H., Springett, G.M., Mochizuki, N., Toki, S., Nakaya, M., Matsuda, M., Housman, D.E., and Graybiel,
A.M. (1998) A family of cAMP-binding proteins that directly activate Rap1. Science, 282:2275-2279.

Matsumoto, N., Hanakawa, T., Maki, S., Graybiel, A.M., and Kimura, M. (1999) Nigrostriatal dopamine system in
learning to perform sequential motor tasks in a predictive manner. J. Neurophysiol., 82:978-998.

Berretta, S., Sachs, Z., and Graybiel, A.M. (1999) Cortically driven Fos induction in the striatum is amplified by
local dopamine D2-class receptor blockade. Eur. J. Neurosci., 11:4309-4319.

Damier, P., Hirsch, E.C., Agid, Y., and Graybiel, A.M. (1999) The substantia nigra of the human brain: I.
Nigrosomes and the nigral matrix, a compartmental organization based on calbindin D2gx immunohistochemistry.
Brain, 122:1421-1436.

Damier, P., Hirsch, E.C., Agid, Y., and Graybiel, A.M. (1999) The substantia nigra of the human brain: II. Patterns
of loss of dopamine-containing neurons in Parkinson’s disease. Brain, 122:1437-1448.

Anderson, M.E. and Graybiel, A.M. (1999) Basal ganglia and the regulation of movement. In: Encyclopedia of Life
Sciences. London: Macmillan.

Graybiel, A.M. and Penney, J.B. (1999) Chemical architecture of the basal ganglia. In: Handbook of Chemical
Neuroanatomy, Vol. 15: The Primate Nervous System, Part III, F.E. Bloom, A. Bjorklund and T. Hokfelt, Eds.
Amsterdam: Elsevier, pp. 227-284.

Holt, D.J., Herman, M.M., Hyde, T.M., Kleinman, J.E., Sinton, C.M., German, D.C., Hersh, L.B., Graybiel, A.M.,
and Saper, C.B. (1999) Evidence for a deficit in cholinergic interneurons in the striatum in schizophrenia.
Neuroscience, 94:21-31.

Jog, M..S., Kubota, Y., Connolly, C.1., Hillegaart, V., and Graybiel, A.M. (1999) Building neural representations of
habits. Science, 286:1745-1749.

Liu, F.-C. and Graybiel, A.M. (1999) Neural development of the striatal dopamine system. In: The Development of
Dopaminergic Neurons, U. di Porzio, R. Pernas-Alonso, and C. Perrone-Capano, Eds. Austin, TX: R.G. Landes, pp.
87-100.

Canales, J.J. and Graybiel, A.M. (2000) Patterns of gene expression and behavior induced by chronic dopamine
treatments. Ann. Neurol., 47(Suppl. 1):S53-S59.

Canales, J.J. and Graybiel, A.M. (2000) A measure of striatal function predicts motor stereotypy. Nat. Neurosci.,
3:377-383.

Gardier, A.M., Moratalla, R., Cuéllar, B., Sacerdote, M., Guibert, B., Lebrec, H., and Graybiel, A.M. (2000)
Interaction between the serotoninergic and dopaminergic systems in d-fenfluramine-induced activation of c-fos and
jun B genes in rat striatal neurons. J. Neurochem., 74:1363-1373.

Tan, A., Moratalla, R., Lyford, G.L., Worley, P., and Graybiel, A.M. (2000) The activity-regulated cytoskeletal
associated protein Arc is expressed in different striosome-matrix patterns following exposure to amphetamine and
cocaine. J. Neurochem., 74:2074-2078.
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Mochizuki, N., Ohba, Y., Kobayashi, S., Otsuka, N., Graybiel, A.M., Tanaka, S., and Matsuda, M. (2000) Crk
activation of JNK via C3G and R-Ras. J. Biol. Chem., 275:12667-12671.

Graybiel, A.M. (2000) The basal ganglia. Curr. Biol., 10:R509-R511.

Graybiel, A.M., Canales, J.J., and Capper-Loup, C. (2000) Levodopa-induced dyskinesias and dopamine-dependent
stereotypies: a new hypothesis. Trends Neurosci., 23 (Suppl.):S71-S77.

Graybiel, A.M. (2000) Motor and non-motor functions of the basal ganglia. Kinesis, 5:22-26.

Graybiel, A.M. and Rauch, S.L. (2000) Toward a neurobiology of obsessive-compulsive disorder. Neuron, 28:343-
347.

Graybiel, A.M. and Canales, J.J. (2001) The neurobiology of repetitive behaviors: clues to the neurobiology of
Tourette syndrome. In: Tourette Syndrome and Related Disorders, D.J. Cohen, C. Goetz, and J. Jankovic, Eds.
Philadelphia: Lippincott-Williams & Wilkins, pp. 123-131.

Matsumoto, N., Minamimoto, T., Graybiel, A.M., and Kimura, M. (2001) Neurons in the thalamic CM-Pf complex
supply striatal neurons with information about behaviorally significant sensory events. J. Neurophysiol., 85:960-
976.

Graybiel, AM (2001) Neural systems V: basal ganglia. Am. J. Psychiatry, 158:21.

Toki, S., Kawasaki, H., Tashiro, N., Housman, D.E., and Graybiel, A.M. (2001) Guanine nucleotide exchange
factors CalDAG-GEFI and CalDAG-GEFII are colocalized in striatal projection neurons. J. Comp. Neurol.,
437:398-407.

Djurfeldt, M., Ekeberg, O., and Graybiel, A.M. (2001) Cortex-basal ganglia interaction and attractor states.
Neurocomputing, 38-40:573-579.

Graybiel, A.M. and Blazquez, P.M. (2002) Adjusting behavior to context: striatal network functions in learning and
memory. In: Catecholamine Research: From Molecular Insights to Clinical Medicine, T. Nagatsu, R. Nabeshima,
R. McCarthy, and D.D. Goldstein, Eds. New York: Kluwer Academic/Plenum Publishers, pp. 361-364.

Jog, M.S., Connolly, C.I., Kubota, Y., Iyengar, D.R., Garrido, L., Harlan, R., and Graybiel, A.M. (2002) Tetrode
technology: Advances in implantable hardware, neuroimaging, and data analysis techniques. J. Neurosci. Methods,
117:141-152.

Brown, L.L., Feldman, S.M., Smith, D.M., Cavanaugh, J.R., Ackermann, R.F., and Graybiel, A.M. (2002)
Differential metabolic activity in the striosome and matrix compartments of the rat striatum during natural
behaviors. J. Neurosci., 22:305-314.

Graybiel, A.M. and Saka, E. (2002) A genetic basis for obsessive grooming. Neuron, 33:1-2.

Blazquez, P., Fujii, N., Kojima, J., and Graybiel, A.M. (2002) A network representation of response probability in
the striatum. Neuron, 33:973-982.

Saka, E., ladarola, M., Fitzgerald, D.J., and Graybiel, A.M. (2002) Local circuit neurons in the striatum regulate
neural and behavioral responses to dopaminergic stimulation. Proc. Natl. Acad. Sci. U S A, 99:9004-9009.

Canales, J.J., Capper-Loup, C., Hu, D., Choe, E.S., Upadhyay, U., and Graybiel, A.M. (2002) Shifts in striatal
responsivity evoked by chronic stimulation of dopamine and glutamate systems. Brain, 125:2353-2363.

Capper-Loup, C., Canales, J.J., Kadaba, N., and Graybiel, A.M. (2002) Concurrent activation of dopamine D1 and
D2 receptors required to evoke neural and behavioral phenotypes of cocaine sensitization. J. Neurosci., 22:6218-
6227.

Graybiel, A.M. Guide to the anatomy of the brain: the basal ganglia. (2002) In: Encyclopedia of Learning and
Memory, 2nd Ed., J.H. Byrne, Ed. New York: MacMillan.

Graybiel, A.M. and Kubota, Y. (2003) Understanding corticobasal ganglia networks as part of a habit formation
system. In: Mental and Behavioral Dysfunction in Movement Disorders, M.-A. Bédard, Y. Agid, S. Chouinard, S.
Fahn, A.D. Korczyn, and P. Lespérance, Eds. Totowa, NJ: Humana, pp. 51-57.

Courtemanche, R., Fujii, N., and Graybiel, A.M. (2003) Synchronous, focally modulated B-band oscillations
characterize local field potential activity in the striatum of awake behaving monkeys. J. Neurosci., 23:11741-11752.

Graybiel, A.M. and Saka, E. (2003) The basal ganglia and the control of action. In: The New Cognitive
Neurosciences, 3rd Ed., M.S. Gazzaniga, Ed. Cambridge, MA: MIT Press, pp. 495-510.
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Faull, R.L.M. (2007) Striosomes and mood dysfunction in Huntington’s disease. Brain, 130:206-221.

DeCoteau, W.E., Thorn, C.A., Gibson, D.J., Courtemanche, R., Mitra, P., Kubota, Y., and Graybiel, A.M. (2007)
Learning-related coordination of striatal and hippocampal theta rhythms during acquisition of a procedural maze
task. Proc. Natl. Acad. Sci. U S A, 104:5644-5649.
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Oscillations of local field potentials in the rat dorsal striatum during spontaneous and instructed behaviors. J.
Neurophysiol., 97:3800-3805.

Bergmeier, W., Goerge, T., Wang, H.-W., Crittenden, J.R., Baldwin, A.C.W., Cifuni, S.M., Housman, D.E.,
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K., Santangelo, S.L., Gusella, J.F., Sklar, P., Wu, B.-L., and Daly, M. J. (2008) Association between microdeletion
and microduplication at 16p11.2 and autism. N.E J. Med., 358:667-675.

Rev. 8/30/18



Curriculum Vitae: Ann Martin Graybiel, Ph.D. Page 23

251.
252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

Graybiel, A.M. (2008) Habits, rituals and the evaluative brain. Annu. Rev. Neurosci., 31:359-387.
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Natl. Acad. Sci. U S 4, 106:19156-19161.

Graybiel, A.M. (2009) Dynamic templates for neuroplasticity in the striatum. In: Dopamine Handbook, L.L.
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induces negative decision-making. Nat. Neurosci., 15:776-785.

Feingold, J., Desrochers, T.M., Fujii, N., Harlan, R., Tierney, P.L., Shimazu, H., Amemori, K.-I., and Graybiel,
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studying autonomic activity and social behavior in non-human primates. 34™ International Conference of the IEEE
Engineering in Medicine & Biology Society, San Diego, California, August 28 — September 1.

Surmeier, D.J. and Graybiel, A.M. (2012) A feud that wasn’t: Acetylcholine evokes dopamine release in the
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(2013) Optogenetic drive of neocortical pyramidal neurons generates fMRI signals that are correlated with spiking
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Holmes, E.A., Craske, M.G., and Graybiel, A.M. (2014) A call for mental-health science. Nature, 511:287-289.
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