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The Caltech Brain Imaging Center (http://magnet.caltech.edu/) was created 9 years ago 
from a 28-Million dollar grant given by the Gordon and Betty Moore Foundation to 
Caltech.  It is a state-of the art facility (ca. 20,000 sq. feet) within the Broad Center for 
the Biological Sciences housing four different MRI machines.  The tour will visit each of 
the four scanners and describe current research projects, as well as give an overview of 
the imaging center, its goals, and its future plans.  The broad aims are to understand 
how the brain develops; how it supports memory, emotion, decision-making, and 
consciousness; and how it breaks down in disease.  These scientific goals are pursued 
in a highly collaborative environment involving Caltech faculty from engineering, biology, 
chemistry, and the social sciences.

Planned activities

4:30 Broad Center, meet in Rock Auditorium (Broad 100)
4:30-4:45 Broad 100 auditorium: Introduction.

4:50 Tours of facilities (Imaging Center) and overview presentation (Room 67 Broad) will 
run concurrently in five groups of ca. 6 people.

Station 1: MR conference room (10 minutes)
Station 2: human imaging (10 minutes)
Station 3: Doris Tsao imaging lab (10 minutes)
Station 4: Russ Jacobs imaging lab (10 minutes)
Station 5: Richard Andersen imaging lab (10 minutes)

5:40 Wine and cheese reception (in lobby or outside at the Broad Cafe, weather 
permitting)
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What’s the big-picture goal?

To understand how the brain gives rise to the mind
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NeuroResource

Precision Functional Mapping of Individual Human
Brains

Highlights
d Individual brain organization is qualitatively different from

group-average estimates

d Individualized measures of brain function become reliable

with large amounts of data

d Individuals exhibit distinct brain network topography and

topology

d We release highly sampled, multi-modal fMRI data on ten

subjects as a NeuroResource

Authors
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In Brief
Gordon et al. demonstrate advantages of

conducting whole-brain fMRI research in

individual humans using large amounts of

per-individual data, which greatly

increases reliability and specificity. This

work illustrates new approaches for fMRI-

based neuroscience that allow detailed

characterization of individual brain

organization.

Gordon et al., 2017, Neuron 95, 791–807
August 16, 2017 ª 2017 Elsevier Inc.
http://dx.doi.org/10.1016/j.neuron.2017.07.011

Gordon et al., 2017
achieve an average (across subjects) correlation matrix reliability
of r > 0.85 (Figure 2A). Network assignment required even more
data (90 min) to achieve an average Dice coefficient > 0.75 (Fig-
ure 2B). Modularity achieved an average difference of < 3% from
the split-data sample (Figure 2E) with only 10 min of data, while
global efficiency required 90 min to achieve the same reliability
(Figure 2D). The PC measure never achieved a high degree of
split-data similarity in most subjects (maximum r = 0.5–0.65; Fig-
ure 2C). Reliabilities calculated at each graph density are shown
in Figures S2A–S2C.
Regarding global efficiency and modularity, increasing the

amount of data not only increased reliability but also altered
expectation values, suggesting that thesemetrics systematically
depend on data quantity. This effect is illustrated in Figures 2F
and 2G. Across all subjects, global efficiency calculated from
less than 20 min of motion-censored data was systematically
elevated (Figure 2F) while modularity calculated from less than
20 min of data was systematically depressed (Figure 2G).
Session-level RSFC matrix similarity was examined both

within and across subjects using an a priori group-level par-
cellation (Gordon et al., 2016). Within-subject similarity was
high across sessions (diagonal blocks in Figure 2H; worst in
MSC08), with intersession variability most prominent in primary

somatosensory and motor cortex (see Figures S2E and S2F).
For each session, correlation matrix similarity was greater within
subject than across subjects (all t > 3.34; all p% 0.001), meaning
that individual RSFC patterns were distinct. In the following
sections, we report detailed topographical and topological
characterization of these individually distinct networks.

High-Fidelity Individual RSFC Mapping Reveals
Individual-Specific Brain Network FeaturesObscured by
Group Averaging
To compare network topographies across individuals, we used
a graph-theory-based community detection approach (Power
et al., 2011). Networks were defined in each individual by
collapsing across density thresholds (Laumann et al., 2015)
and assigning identities based on similarity to a set of template
networks (Figure S3A). Identified networks included the default
mode (DMN); medial and lateral visual (mVis, lVis); cingulo-oper-
cular (CON); salience; fronto-parietal (FPN); dorsal attention
(DAN); ventral attention (VAN); hand, face, and leg somatomotor
(hSMN, fSMN, lSMN); auditory; premotor; parietal memory
(PMN); contextual association (CAN); and anterior and posterior
medial temporal networks (aMTL, pMTL). Network topographies
were consistent across density thresholds (Figures S3B and

Figure 1. Per-Subject Data Available in the MSC Dataset
Data includes four high-resolution T1 scans, four high-resolution T2 scans, four magnetic resonance angiogram (MRA) scans, four pairs of magnetic resonance

venogram (MRV) scans, five hours of fMRI RSFC data, six hours of fMRI task data across three different tasks, and four neuropsychological assessments

producing 21 individual assessment scores.

Neuron 95, 791–807, August 16, 2017 793

5



What’s missing?

Computational models
Causal mechanisms

6



CBIC highlights
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CBIC highlights

Computations across species
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Moeller, Freiwald & Tsao (2008).  Science 320:  1355
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Oya et al., (2017).  J Neurosci Methods 277: 101-112
Dubois et al. (2017).  BioRxiv
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CBIC highlights

Computations across species
Causal models
Conte Center
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CBIC highlights

Computations across species
Causal models
Conte Center
New Tools
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11/5/2016 Amygdala Atlas – Mike Tyszka @ Caltech

file:///Users/radolphs/Desktop/AAAAAASanta%20Barbara/Amygdala%20Atlas%20%E2%80%93%20Mike%20Tyszka%20@%20Caltech.htm 1/2

Amygdala Atlas
The Caltech Conte Center for the Neurobiology of Social Decision Making has constructed a probabilistic
atlas of the human amygdala based on 168 neurotypical adults from the Human Connectome Project
S500 data release. The atlas and associated templates are available for download  as an open and
evolving resource for future functional and structural imaging studies of the human amygdala.

Citation Tyszka, J. Michael, and Wolfgang M. Pauli. 2016. “In Vivo Delineation of Subdivisions of the
Human Amygdaloid Complex in a High-Resolution Group Template.” Human Brain Mapping, June. Link. 

Acknowledgements The authors would like to thank Ralph Adolphs and Katalin Gothard for invaluable
advice and discussions during the construction of this atlas. Funding for this work was provided in part by
the Neuroimaging Core of a Conte Center grant from the National Institutes of Health(5P50MH094258-
5388). Data were provided in part by the Human Connectome Project, WU-Minn Consortium (Principal
Investigators: David Van Essen and Kamil Ugurbil; 1U54MH091657) funded by the 16 NIH Institutes and
Centers that support the NIH Blueprint for Neuroscience Research; and by the McDonnell Center for
Systems Neuroscience at Washington University.

License This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International
License

Current Version 1.0.1 (MD5 b599f7b63579ab624e577c451ef95050)

Download “CIT168 Amygdala Atlas”

 Recent Publications

In vivo delineation of subdivisions of the
human amygdaloid complex in a high-
resolution group template.
Distinct Contributions of Ventromedial and
Dorsolateral Subregions of the Human
Substantia Nigra to Appetitive and
Aversive Learning.
Idiosyncratic brain activation patterns are
associated with poor social
comprehension in autism.
A specific hypoactivation of right temporo-
parietal junction/posterior superior
temporal sulcus in response to socially
awkward situations in autism.
The autism brain imaging data exchange:
towards a large-scale evaluation of the
intrinsic brain architecture in autism.

Related Sites

Caltech Conte Center for the Neurobiology
of Social Decision Making

Caltech Brain Imaging Center

Caltech Division of Humanities and Social
Sciences

California Institute of Technology

Mike Tyszka @ Caltech
Digital resources for neuroimaging and neuroscience

CIT168_Amygdala_v101.zip – Downloaded 28 times – 373 MB

Introduction Amygdala Atlas Teaching Publications Software
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Challenges for Imaging Neuroscience at Caltech

Caltech Advantage

Caltech Challenge

Interdisciplinary approach

Cross-species data

Engineering component

Necessary Tools

Human cognition

Human psychiatry

Consciousness

Causal Mechanisms
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Big Open Questions

1.  Teleology.  What’s the computation for?  How did it evolve?

2.  Scientific Psychology.  Can we revise psychology?

3.  Consciousness.  Does a computational understanding include it?

“The last frontier of the biological sciences -- the ultimate challenge -- is to 
understand the biological basis of consciousness and the brain processes by 

which we feel, act, learn and remember.”

(Principles of Neural Science, First sentence, Chapter 1)
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