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Highlights
e Individual brain organization is qualitatively different from
group-average estimates

e Individualized measures of brain function become reliable
with large amounts of data

e Individuals exhibit distinct brain network topography and
topology

e We release highly sampled, multi-modal fMRI data on ten
subjects as a NeuroResource
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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.

Cell


mailto:evan.gordon@va.�gov
mailto:laumannt@wustl.�edu
mailto:steven.nelson1@va.�gov
mailto:ndosenbach@wustl.�edu
http://dx.doi.org/10.1016/j.neuron.2017.07.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuron.2017.07.011&domain=pdf

Neuron

Precision Functional Mapping

of Individual Human Brains

Evan M. Gordon,’-215* Timothy O. Laumann,3.'5* Adrian W. Gilmore,*° Dillan J. Newbold,® Deanna J. Greene,5-¢
Jeffrey J. Berg,” Mario Ortega,® Catherine Hoyt-Drazen,3¢ Caterina Gratton,® Haoxin Sun,35 Jacqueline M. Hampton,®
Rebecca S. Coalson,®¢ Annie L. Nguyen,® Kathleen B. McDermott,%° Joshua S. Shimony,® Abraham Z. Snyder,3-6
Bradley L. Schlaggar,3:56:10:11 Steven E. Petersen,36.%:10,12,13,16 Gteven M. Nelson,-2:14:16*

and Nico U.F. Dosenbach?:8:11,16,17,*

1VISN 17 Center of Excellence for Research on Returning War Veterans, Waco, TX, 76711, USA

2Center for Vital Longevity, School of Behavioral and Brain Sciences, University of Texas at Dallas, Dallas, TX, 75235, USA
3Department of Neurology, Washington University School of Medicine, St. Louis, MO, 63110, USA

4Laboratory of Brain and Cognition, National Institute of Mental Health, National Institutes of Health, Bethesda, MD, 20892, USA
SDepartment of Psychiatry, Washington University School of Medicine, St. Louis, MO, 63110, USA

SMallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, MO, 63110, USA

“Department of Psychology, New York University, New York, NY 10003, USA

8Program in Occupational Therapy, Washington University School of Medicine, St. Louis, MO, 63110, USA

9Department of Psychological and Brain Sciences, Washington University in St. Louis, St. Louis, MO, 63130, USA
19Department of Neuroscience, Washington University School of Medicine, St. Louis, MO, 63110, USA

11Department of Pediatrics, Washington University School of Medicine, St. Louis, MO, 63110, USA

12Department of Biomedical Engineering, Washington University in St. Louis, St. Louis, MO, 63130, USA

13Department of Neurological Surgery, Washington University School of Medicine, St. Louis, MO, 63110, USA
14Department of Psychology and Neuroscience, Baylor University, Waco, TX 76789, USA

15These authors contributed equally
16Senior author
17| ead Contact

*Correspondence: evan.gordon@va.gov (E.M.G.), laumannt@wustl.edu (T.O.L.), steven.nelson1@va.gov (S.M.N.), ndosenbach@wustl.edu

(N.U.F.D)
http://dx.doi.org/10.1016/j.neuron.2017.07.011

SUMMARY

Human functional MRI (fMRI) research primarily
focuses on analyzing data averaged across groups,
which limits the detail, specificity, and clinical
utility of fMRI resting-state functional connectivity
(RSFC) and task-activation maps. To push our un-
derstanding of functional brain organization to the
level of individual humans, we assembled a novel
MRI dataset containing 5 hr of RSFC data, 6 hr
of task fMRI, multiple structural MRIs, and neuro-
psychological tests from each of ten adults.
Using these data, we generated ten high-fidelity,
individual-specific functional connectomes. This
individual-connectome approach revealed several
new types of spatial and organizational variability
in brain networks, including unique network
features and topologies that corresponded with
structural and task-derived brain features. We
are releasing this highly sampled, individual-
focused dataset as a resource for neuroscientists,
and we propose precision individual connectomics
as a model for future work examining the orga-
nization of healthy and diseased individual human
brains.
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INTRODUCTION

Over the past 30 years, functional magnetic resonance imaging
(fMRI) and, more recently, resting-state functional connectivity
(RSFC) fMRI studies based on the blood-oxygen-level-depen-
dent (BOLD) signal have significantly advanced our knowledge
of human brain function and organization. By spatially coregister-
ing and combining data from dozens, hundreds, or even thou-
sands of individuals, neuroscientists have been able to reliably
identify central tendencies of both task-induced activation pat-
terns (Martin, 2007; Petersen and Posner, 2012; Rugg and Vil-
berg, 2013; Wager and Smith, 2003) and the large-scale network
organization of the brain (Beckmann et al., 2005; Power et al.,
2011; Smith et al., 2009; Yeo et al., 2011). However, unlike struc-
tural MRI, which demonstrates clear clinical utility by describing
the physical structure of individual brains, fMRI and RSFC
research approaches have generally shied away from studying
individuals, with the notable exception of studies focused on spe-
cific regions of the cortex using functional localizers (Kanwisher,
2017) or high-field imaging (Cheng, 2016) (though see Huth et al.,
2016 for an alternative approach to studying individual brains).
Instead, much of systems neuroscience has focused on exam-
ining the group-average brain. While group averaging has re-
vealed many basic principles of functional brain organization,
the lack of emphasis on understanding individuals means that
clinical applications of fMRI and RSFC have been limited to pre-
surgical functional mapping (Mitchell et al., 2013; Sunaert, 2006).
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