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Fig. 1. Hypothesized globally connected circuits. (A) Previous research showed evidence for two large anti-correlated networks in cortex (Fox et al., 2005). Importantly, the functions of
these networks suggest that they may have high global brain connectivity (GBC). The cognitive control network (CCN; yellow/red) and default mode network (DMN; blue/green) are
thought to be involved in a wide variety of cognitive tasks. The depicted number scales are population z-scores (see Fox et al., 2005). Figure adapted from Fox et al. (2005). (B) Extensive
work with animal models, and some with humans, has suggested that midbrain neurotransmitter systems project widely throughout the brain (Herlenius and Lagercrantz, 2004), and
therefore are likely to have high GBC. Figure adapted from Herlenius and Lagercrantz (2004) and Squire et al. (2003). (C) Evidence from anatomical studies of basal ganglia (BG) shows
that loops are formed throughout cortex (not just motor cortex (Middleton and Strick, 1994)), suggesting high GBC for the parts of BG looping with high GBC cortical regions.
Anatomical loops have also been found between cerebellum and nearly all of cortex (Middleton and Strick, 1994), via the pons and thalamus, suggesting parts of cerebellum have high

GBC as well. Figure adapted from Kandel et al. (2000).

involvement in a wide variety of complex cognitive behaviors that they
would both have among the highest GBC in the human brain.

In addition to these two cortical networks, a variety of subcortical
brain regions have been found in animal models to have high global
connectivity. We predicted that these regions would also show high
global connectivity in humans. One such region is amygdala, which is
thought to integrate sensory and internal-state information for limbic
processing (Barbas, 2000; Jolkkonen and Pitkdnen, 1998). Similarly,
hippocampal cortex (HC) is thought to integrate information from a
wide variety of sources in order to encode entire episodes (Eichen-
baum et al., 2007). Also, several midbrain neurotransmitter (MNT)
regions such as locus coeruleus and substantia nigra are thought to
project to a variety of regions throughout the brain (Fig. 1B)
(Herlenius and Lagercrantz, 2004) and are thought to play important
roles in motivation and arousal.

Another region, thalamus, includes several nuclei with differing
connectivity profiles (Behrens et al., 2003), suggesting that only parts of
it might have highly extensive connectivity. Similarly, basal ganglia (BG)

and cerebellum connect with cortex via topographic loops (Kelly and
Strick, 2003) (Fig. 1C), suggesting that some loops would bestow more
wide-spread connectivity on parts of the structures than others. For
these reasons, we predicted that amygdala and HC would have high
global connectivity, as well as portions of thalamus, BG, and cerebellum.

Functional MRI (fMRI) is an increasingly important method for
measuring functional connectivity non-invasively. Among the func-
tional connectivity methods developed with fMRI, the decade-old
method of resting state functional connectivity MRI (rs-fcMRI) is
unique in its ability to capture functional connectivity largely
independent of any particular brain state. Evidence for this comes
from a study of anesthetized monkeys (Vincent et al., 2007) that
showed rs-fcMRI patterns similar to humans at rest, as well as a study
of rs-fcMRI during both task and rest in humans (Fair et al., 2007).
Though further research is necessary, rs-fcMRI is thought to be based
on very infrequent (~0.01 to 0.1 Hz) bursts of spiking activity in cortex
that drive correlated activity through brain networks (Golanov et al.,
1994; Kannurpatti et al., 2008).
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Fig. 4. Top percent uGBC regions. The GBC method developed by Buckner et al. (2009) was modified to quantify inter-subject consistency and to indicate the top percentages of
voxels. Unlike the wGBC method, the uGBC method uses an unweighted graph, such that the voxel values reflect the concept of degree from graph theory. Like the wGBC method, the
uGBC method indicates that both the DMN and CCN regions are among the top 5% of voxels. The map was thresholded based on statistical confidence that each voxel is higher than
the grand mean across all voxels.

Table 3
Top 5% uGBC voxel clusters.
Cluster labels Hemisphere Voxels (3.2 mm®) % Gray matter ~T-statistic Talairach coord: x ~ Talairach coord: y ~ Talairach coord: z Brodmann areas
PCC, IPL, PPC, precuneus, Both 1393 3.29 4.3092 6.1 —75.2 18.4 23,31,39,7,18
MTG/MOG
PMC Left 109 0.26 4.4035 —41.2 0.1 394 6
DLPFC Right 56 0.13 4.0605 39.4 26.7 22.6 46,9
VLPFC, Broca's area Left 48 0.11 3.9498 —525 1222 14.5 44, 45
rACC Left 36 0.09 4.0081 —3.6 433 52 32
IFJ Right 25 0.06 3.9852 449 —0.6 246 6,9
pPEC Right 25 0.06 4.0788 42.2 154 39.7 )
PMC Right 24 0.06 3.9138 47.1 —2.1 38.1 6
RLPFC Left 13 0.03 4.3039 —38.7 454 6.9 10
SFC Right 12 0.03 3.7321 18.2 37.2 41.2 8
Medial frontal cortex Left 8 0.02 3.5197 —28 34.6 40 8
AIC Right 7 0.02 3.7189 36.8 18.6 9.9 13
IPL Right 7 0.02 3.8329 514 —46.3 39.1 40
PPC, precuneus Right 7 0.02 3.678 53 —66.9 49.3 7

Cluster minimum for inclusion in table = 7 voxels. Note that some DMN and CCN regions had fewer than seven voxels remaining, and so are not included here. The percentage of gray
matter included in the table equals 4.18%, due to the cluster minimum threshold (i.e., the remaining 0.82% are in clusters with fewer than seven voxels).











