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Abstract

Parcellation of the orbitofrontal cortex, anterdimgulate cortex, and inferior frontal gyrus based
on their functional connectivity with the whole bran resting state fMRI with 654 participants
was performed to investigate how these regions different functions in reward, emotion and
their disorders are functionally connected to eatbler and to the whole brain. The human medial
and lateral orbitofrontal cortex, the ventromedgie¢frontal cortex, the anterior cingulate cortex,
and the right and left inferior frontal gyrus halifferent functional connectivity with other brain
areas and with each other; and each of these ebs several parcels with different functional
connectivity with other brain areas. In terms afidtional connectivity, the lateral orbitofrontal
cortex extends especially on the right into theitatbpart of the inferior frontal gyrus and
provides connectivity with premotor cortical are@le orbitofrontal cortex, especially the lateral
orbitofrontal cortex, has connectivity not only wianguage-related areas in the inferior frontal
gyrus (Broca's area), but also with the angular sugramarginal gyri. In this context, whereas
the connectivity of the orbitofrontal cortex, vesrtredial prefrontal cortex, and anterior cingulate
cortex is symmetrical, the connectivity of the e frontal gyrus triangular and opercular parts
is asymmetrical for the right and the left hemigpelse These findings have implications for
understanding the neural bases of human emotiordaadion-making, and for their disorders
including depression.



I ntroduction

It has been traditional, for historical reasonseasn what was technically possible with
the light microscope, to divide the cerebral coiitew different areas based on cytoarchitecture
and myeloarchitecture (Brodmann, 1909a; Brodma@@9h; Henssen et al., 2016; Ongur, Ferry,
& Price, 2003; Onglr & Price, 2000; Vogt, 2009; gj&, 1995). For example, the primary visual
cortex can be identified by its prominent layemdth many granule cells involved in processing
the massive visual sensory input from the lateesigulate nucleus. In another example, motor
cortex can be identified by its large pyramidalcéet layer 5, involved in sending motor outputs
directly to the spinal cord for fine control of théstal extremities such as the fingers. However,
an important way in which to define a cortical aiea terms of the functions it performs, which
are related to the inputs that it receives andeigeons to which it connects (Rolls, 2016a). The
implication is that a different way to divide thertex into different areas is in terms of the
connectivity of each brain area with other braieest

In this paper we utilize a method to delineate icaltareas based on their functional
connectivity with other brain areas, based on tbmputational concept that the functional
subdivisions of the cortex are likely to be relatedvhere they receive connections from, and
where they project to (Rolls, 2016a). In essertwe,concept is that the cerebral cortex, and the
human brain, can be understood in term of the cdatipns that each brain area performs, based
in the inputs that it receives, and where it seihdsutputs to (Rolls, 2016a). To achieve this
delineation of cortical areas based in their cotioes with other cortical areas, we measure the
functional connectivity of individual voxels in thabitofrontal cortex and closely related areas
the anterior cingulate cortex and inferior fromggtus with many different regions of the brain.
On the basis of the functional connectivity of eatxel we divide the voxels into different
groups or clusters to identify connectional sulsionis of voxels within the area being
investigated. Functional connectivity refers toretations between the fMRI BOLD signal in
different brain regions, and reflects direct conimes between cortical areas as shown by
combined anatomical pathways tracing and functimuainectivity analyses in macaques, and
also some trans-synaptic effects (Van Essen 2@l9). An advantage of functional connectivity
is that it can reveal trans-synaptic effects, anbin-invasive and can be performed in humans.

In the present case, the voxels of interest aréhén orbitofrontal cortex (OFC), the
anterior cingulate cortex (ACC), and the inferioorttal gyrus (IFG), because all of these areas
are implicated in different ways in emotion, andeimotional disorders including depression
(Cheng et al., 2016; Cheng, Rolls, Qiu, Xie, Lyuale, 2018; Cheng, Rolls, Qiu, Xie, Wei, et al.,
2018; Cheng, Rolls, Qiu, Yang, et al., 2018; Chdrglls, Ruan, & Feng, 2018; Rolls, 2014,
2018, 2019a, 2019c, 2019d; Rolls, Cheng, Du, et2@l19; Rolls, Cheng, Gong, et al., 2019).
This investigation thus goes beyond a previousgiaton of the orbitofrontal cortex (Kahnt,
Chang, Park, Heinzle, & Haynes, 2012) not onlyemts of the robustness of the analysis (they
utilized results from 13 participants, we utilizesults from 654 participants for robustness and
generalizability), but also because there is a aiset of connected systems involving the OFC,
ACC and IFG that are important in emotion and isotlers, so that it is very important to know
how all the subparts of these regions are connedted current investigation is the first to
conduct a parcellation of ACC and IFG together v@tRC, in order to show how the subparts of



these regions are functionally connected, givenirtigortance of at least parts of these regions
for emotion, decision-making, and their disordéisreover, in the approach described here, the
relations and divisions between areas are baseplamtitative measures of correlations between
the connectivity of areas (identified with the gtitative approach of cluster analysis) with the

rest of the brain, whereas anatomical investigatioh subnetworks has been based on a
gualitative analysis of network subdivisions (OndiiPrice, 2000; Price, 1999; Price, 2006; Price,
2007).

In the present investigation, the connectivity lmdw each voxel in the areas
OFC/ACCI/IFG and every AAL3 brain area (Rolls, Huamhgn, Feng, & Joliot, 2019) was
measured by the Pearson correlation between ti@iiDBsignals using resting state functional
magnetic resonance imaging (fMRI). The concept liethat in a system in which a task is not
being performed, the noise-produced perturbatinriké system will influence other nodes in the
system according to the strength of the connectimtaeen any two nodes in the system. The
noise in the system is produced by the almost mran@oisson) times of firing of the neurons in
the system for a given mean firing rate (Cabralingelbach, & Deco, 2014; Deco, Rolls,
Albantakis, & Romo, 2013; Rolls & Deco, 2010), whim turn can be related to factors such as
noise in ion channels (Faisal, Selen, & WolpertO0Rolls & Deco, 2010). A list of
abbreviations of AAL3 areas is provided in Table S1

M ethods

Participants

There were 254 healthy participants subjects (89e7+15.8, Male/Female: 166/88)
from Xinan (First Affiliated Hospital of Chonggingledical School in Chongging, China); and
there were 400 healthy participants (age: #2164, Male/Female: 147/253) from the NKI cohort

(Nathan Kline Institute-Rockland Sample (NKI-RS)tatset (Nooner et al., 2012). All the
functional connectivity-driven parcellations weragsbd on the resting-state fMRI data of the 254
subjects in the Xinan cohort and 400 subjects i biort to provide a sample of 654 subjects
for this parcellation analysis. Exclusion critefiar both groups were as follows: current
psychiatric disorders and neurological disordemgsbstance abuse; and stroke or serious
encephalopathy. Of note, all of the subjects ditl meet DSM-IV criteria for any psychiatric
disorders and did not use any drugs that coulcciafieain function. The collection of the data
used in this study was approved by the ReseardbsE@ommittee of the Brain Imaging Center
of Southwest University and First Affiliated Hosgitof Chongqing Medical School; and as
described elsewhere for the NKI data (Nooner et 2012). Informed written consent was
obtained from each subject.

Image Acquisition and Preprocessing

For the Xinan dataset, all the brain images werpiiaed on a 3.0-T Siemens Trio MRI
scanner using a 16-channel whole-brain coil (Siemktedical, Erlangen, Germany). High-
resolution T1-weighted 3D images were acquiredgusirmagnetization-prepared rapid gradient
echo (MPRAGE) sequence (echo time (TE) = 2.52 epefition time (TR) = 1900 ms; inversion
time (T1) = 900 ms; flip angle = 9 degrees; sliece$76; thickness = 1.0 mm; resolution matrix =



256x256; voxel size = 1x1x1 mm). For each subft?, functional images were acquired with a
gradient echo type Echo Planar Imaging (EPI) secpiéecho time (TE) = 30 ms; repetition time
(TR) = 2000 ms; flip angle = 90 degrees; slice®:slce thickness = 3.0 mm; slice gap = 1 mm;
resolution matrix = 64x64; voxel size 3.4x3.4x3 mmMyring image acquisition, participants

were instructed to keep their eyes closed whilepkgetheir head as still as possible without
falling asleep. All participants stayed awake dgrithe MRI imaging as confirmed by the

participants after the session.

For the NKI dataset, the resting-state fMRI dataduin this study were collected from
the publicly available Nathan Kline Institute (NKRockland sample of the 1000 Functional
Connectomes project (fcon_1000.projects.nitrc.od@k/enhanced). Scans were collected using
a multiband EPI sequence with the following pararet repetition time (TR)/echo time
(TE)=650/30 ms, voxel size3.0x3.0x3.0mm, and 40 slices, covering the whole brain.
Individuals' images were viewed one by one to enghat the whole brain was covered.

Data preprocessing was performed using DPARSF (@@ & Yu-Feng, 2010)
(http://restftMRI.net), which is a toolbox developfed the SPM8 software package. The first 10
echoplanar imaging (EPI) scans were discardedppress equilibration effects. The remaining
scans of each subject underwent slice timing ctbardyy sinc interpolating volume slices,
motion correction for volume to volume displacemepiatial normalization to standard Montreal
Neurological Institute (MNI) space using affinertsformation and non-linear deformation with a
voxel size of 3x3x3 mm followed by spatial smoothii8 mm full-width at half-maximum). To
remove the sources of spurious correlations, ptéseasting state blood oxygen level-dependent
data, all functional MRI time series underwent baads temporal filtering 0.01-0.1 Hz),
nuisance signal removal from the ventricles, arepdghite matter, and regressing out any effects
of head motion using the 24 head motion paramegisssedure (Friston, Williams, Howard,
Frackowiak, & Turner, 1996). Finally, we implemesitadditional careful volume censoring
(‘scrubbing’) movement correction (Power et al.12PDto ensure that head motion artefacts do
not drive observed effects. The mean framewiselatisment was computed with a framewise
displacement threshold of 0.3 mm, and any partidpavith a value greater than this were
excluded. Global signals were not regressed outdasons described elsewhere (Cheng et al.,
2016). For the NKI dataset, the preprocessing assthilar pipeline.

Definition of region of interest

We selected the orbitofrontal cortex (OFC), irderfrontal gyrus (IFG) and anterior
cingulate cortex (ACC) as regions of interest (RGd$jng the automated anatomical labelling
atlas AAL3 (Rolls, Huang, et al., 2019): Inferiaofital gyrus, opercular part; Inferior frontal
gyrus, triangular part; Inferior frontal gyrus panbitalis; Superior frontal gyrus, medial orbital;
Gyrus rectus; Medial orbital gyrus; Anterior orbitgrrus; Posterior orbital gyrus; Lateral orbital
gyrus; Anterior cingulate & paracingulate gyri (whiin AAL3 is divided into subgenual,
pregenual, and supragenual parts).

Connectivity-based parcellation

The aim of this study was to parcellate the er@FC/IFG/ACC into distinct subregions
based on their resting-state functional conne@witvith the whole brain. Specifically, we first
calculated the Pearson correlation coefficient betwthe time series in each ROI voxel and all



the time series from AAL3 regions (137 brain regjpfor each subject. This procedure was
repeated for all OFC/IFG/ACC voxels (5515 in tota obtain a 5515x137 functional
connectivity matrix in which each element i, j bétvector represents the correlation between the
i'th voxel of the OFC/IFG/ACC with the j'th AAL3 geoon. Because all the voxels are in MNI
space, the functional connectivity of every voxethe OFC/IFG/ACC with every brain region in
the AAL3 atlas could be measured, and the functisoanectivity of each voxel with every
AALS3 area could be determined based on the aveogle functional connectivity across all
654 participants.

Parcellation was performed using a standard k-selrstering algorithm. This method
in combination with this distance measure allowsdaucompute parcellations with 24 clusters of
voxels in which each cluster had a similar patt#roonnectivity with the rest of the brain. The
number of clusters for this k-means clustering @etermined by statistical tests to check that
each cluster had significantly different functiocahnectivity across the 654 participants with at
least one AAL3 area. (The details were as follows. formed a matrix of the 24 parcels x 137
AAL3 areas of the type shown in Fig. 2, but fortead the 654 participants. Then t-tests were
performed, with Bonferroni correction for multiptemparisons, to test whether for each of the
24 parcels, at least one of the connectivities aittAAL3 region was significantly different from
all other clusters. The large number, 654, of pgndints in this study contributed to the statigtica
power of this type of analysis, which has not bpessible in any previous investigation.) Factors
in the choice of 24 clusters in addition to spatiahtinuity of voxels in a cluster and statistigall
significantly different functional connectivity afach cluster with other brain areas, were that
with this number of parcels the symmetry index tlog orbitofrontal cortex was maximal, and
that with k larger than 24 some of the parcels feser voxels than 50, with the typical values
shown in Fig. 2. An additional criterion was a refilon in the stability of the clustering as k was
increased, using the "variation of information” @& (Kahnt et al.,, 2012). We randomly
assigned subjects to two subgroups (N = 327 forh egioup), averaged the functional
connectivity matrix within each subgroup, and cotepithe clustering for each group for k close
to 24 (k = 22-26). Across the 500 randomly selesid-half groups, the similarity (i.e., stability
decreased (increasing "variation of information$) a function of k. Accordingly, the k = 24
cluster solution is optimal in the sense that k 5 t2as an increase in the "variation of
information".

The cluster analysis / parcellation was performadafl voxels in both the left and right
hemispheres simultaneously. This enabled regionth wimilar connectivity in the two
hemispheres to be in the same cluster if they maiths functional connectivity; but also allowed
regions with different functional connectivity ihg two hemispheres to be in different parcels.
To quantify the symmetry of the cluster solutiom$vieen the two hemispheres, we computed a

similarity indexSlk (Kahnt et al., 2012). This index reflects the patage overlap between

clusters in both hemispheres if one hemisphere iisorad at the midline.Slk is computed

according to
1 (1 ifx,=x,
Slk = _2
n

v=1\0  otherwise



where N is the number of voxels in one hemisphere, &nahd % are the cluster labels of voxel

V in the original and mirrored cluster solution, resfively. Because this measure requires that
an ROI (e.g. the OFC) is mirror symmetric (i.eattbach voxel exists in both hemispheres), we
only included voxels that are present on both satet discarded voxels that are present on one
side only. A high value indicates that the paroettuded in the ROI are similar between the left
and right hemispheres, where similarity reflectethier voxels are placed in the same cluster.

The robustness of the parcellation was confirmedr®gasuring the similarity of the
parcellations when the parcellation was repeatadmber of times with k close to 24; and the
optimal number of clusters was measured by chedkiaigeach parcel was composed of spatially
contiguous voxels, that none of the parcels coathifewer than 50 voxels, by using the
symmetry index as described above, and by using'whgation of information" measure as
described above.

Results

The parcellation based on the resting state fMR6®f participants from the NKI and
Xinan datasets is shown in Fig. 1, with the averfagetional connectivity (FC) of the voxels of
each of the 24 parcels to the AAL3 brain areas shiowig. 2. The parcels and their connectivity
are as follows. Each of the parcels had connegtwith at least one of the AAL3 areas shown in
Fig. 2 that was significantly different at p=1.1%f@Bonferroni corrected). Fig. 3 illustrates the
connections of each parcel on surface maps of thia.bFigs 1-3 are relevant to the next four
sections on parcels in each of the orbitofrontaiecq anterior cingulate cortex, and left and right
inferior frontal gyrus. The exact locations of egrcel in MNI space are shown in Fig. S1 in
coronal slices.

Orbitofrontal cortex

The orbitofrontal cortex is implicated in rewardlwe representations, in learning and
rapidly changing associations between stimuli awdard vs nonreward, and thereby in emotion
(Rolls, 2014, 2018, 2019c, 2019d; Rolls, Cheng,efad; 2019). The medial orbitofrontal cortex,
areas 13 and 11, is especially implicated in rewatdation, and the lateral orbitofrontal cortex
in changing associations between stimuli and rewardon-reward (Rolls, 2014, 2018, 2019c,
2019d; Rolls, Cheng, & Feng, 2019).

The parcels in the left and right orbitofrontaldFil) are approximately symmetric, and
indeed the voxels on the right and left were inglmne cluster (or parcel) for the right and the lef
Indeed, the symmetry index for the 6 orbitofromiaitex parcels was 0.85 (see below).

The group of medial/mid orbitofrontal cortex aréparcel 2 medial orbitofrontal cortex),
posterior orbitofrontal cortex (parcel 3), and aioteorbitofrontal cortex (parcel 4) are strongly
connected with each other (see Fig. 6), and witiptgal cortical areas (Figs. 2 and 3A).

The medial orbitofrontal cortex (parcel 2) has hk@ with the anterior and posterior
OFC, with the OLF area, and with the gyrus rectuy] its connectivity with the lateral OFC
(AAL3 areas OFClat and IFGorb) is smaller (Fig.r2i88A). It also has moderate FC with the
inferior temporal visual cortex, and with the nudeaccumbens.



The posterior orbitofrontal cortex (parcel 3) haghhFC with the anterior and medial
OFC, and with the gyrus rectus, and it has someaexdivity with the lateral OFC (OFClat and
IFGorb2) and inferior frontal gyrus pars triangidgFig. 2 and 3A). It also has moderate FC with
the parahippocampal gyrus, hippocampus, the postarid- and inferior- temporal cortex and
fusiform gyrus, the insula, and the mid-cingulatetex. Parcel 3 (posterior OFC) is thus notable
in having moderate FC with a large number of obirain areas, and is in the graph theory sense a
hub. Parcels 2 and 3 have high FC with the OLForegivhich is a region at the posterior border
of the OFC where it adjoins the olfactory corteéxldercle.

The anterior orbitofrontal cortex (parcel 4) haghhiFC with the posterior and medial
OFC, and its connectivity with the lateral OFC (Q&tGnd IFGorb?2) is relatively low. It also has
high FC with inferior parietal cortex, and anterioferior temporal cortex, and the middle frontal
gyrus (MFG) (Figs. 2 and 3A). It has notably lownnectivity with the posterior cingulate cortex,
parahippocampal gyrus and hippocampus.

The gyrus rectus (parcel 1) has high FC with thieréor, medial and posterior OFC
(parcels 2-4), and OLF, and its connectivity witle {ateral OFC (OFClat and IFGorb2) is also
considerable (Figs. 2 and 3A). It also has highw#@ the angular gyrus, middle temporal gyrus,
with other prefrontal cortical areas including Raiiedorb (or VMPFC), and with the ACC pre
and ACCsub and ACCpost but not ACCsup. It has lomnectivity with the insula.

The posterior part of the lateral orbitofrontal tear (parcel 5) has very high FC with
IFGOrb2, high with the IFGtri but low with IFGoper@nd moderate FC with superior frontal, the
ventromedial prefrontal cortex (VMPFC, AAL3 areaoRtalMedOrb), gyrus rectus, posterior
OFC, OLF, middle and posterior cingulate, hippocasyparahippocampal gyrus, left angular
gyrus, all temporal cortical areas, the ACC pre A@fCsub but not ACCsup (Figs. 2 and 3A).
This parcel is larger on the right as shown in natslices Fig. 1 (right 128 voxels, left 115), and
the AAL3 area OFClat is larger on the right thae ldft. (Similarly, parcel 8, the connected and
related orbital part of the inferior frontal gyrus, larger on the right than the left (171 vs 46
voxels).) This is consistent with the lateral aoibntal cortex and inferior frontal gyrus areas
pars orbitalis areas being larger on the right, mamred to the left where they may be reduced in
size to accommaodate the larger inferior frontaligyareas that are part of Broca's area on the left.

The anterior part of the lateral orbitofrontal eort(parcel 6) has very high FC with
IFGOrb2, high with the IFGtri but low with IFGopergyrus rectus, very high with lateral OFC,
left angular gyrus, and mid and inferior temporgtigParcel 6 has overlap with AAL3 area
OFClat (Figs. 2 and 3A).

The lateral orbitofrontal cortex areas, and theugyrectus, are notable in having
moderate FC with the angular gyrus.

Anterior cingulate cortex and ventromedial prefrontal cortex

The anterior cingulate cortex receives informaticom the orbitofrontal cortex, and is
implicated in learning associatins between actiang reward vs punishment outcomes (Rolls,
2019b; Rushworth, Kolling, Sallet, & Mars, 2012).

The anterior cingulate cortex parcel 14 which igragallosal and posterior has high FC
with IFGoper but not IFGtri, and moderate FC withey prefrontal areas, supplementary motor



area, insula, midcingulate, supramarginal gyrusidate, putamen, globus pallidus, superior
temporal, ACCsup (where this parcel is locatedygF2 and 3B).

The anterior cingulate cortex parcel 13 which igragallosal and less posterior has high
FC with superior frontal, IFGoperc but not IFGtupplementary motor area, insula,
midcingulate, supramarginal gyrus, putamen, pattidsuperior temporal, ACCsup (where this
parcel is located). These two supracallosal AC@glarare notable in having moderate FC with
the supramarginal gyrus (Figs. 2 and 3B).

The pregenual anterior cingulate cortex (parcel H&y high FC with FrontalSupMed,
FrontalMedOrb, Superior Frontal Gyrus, OFCpost,aimigulate, post cingulate, left angular, and
ACCpre (where this parcel is located), ACC sub, AG€sup (Figs. 2 and 3B).

The ventromedial prefrontal cortex (upper partcphfl, which includes the subcallosal
anterior cingulate cortex) has high FC with ACCs¢where this parcel is located), with ACCpre
which is higher than ACCsup, superior frontal, OEFentalSupMed, FrontalMedOrb or VMPFC
(especially high), rectus, posterior cingulate wigbme mid-cingulate, nucleus accumbens,
hippocampus, left angular gyrus (Figs. 2 and 3B).

The ventromedial prefrontal cortex (middle partrgeh 10) has high FC with superior
frontal, OLF, SFGmedial, FrontalMedOrb (i.e. VMPR@here this parcel is located), rectus,
OFCpost, posterior cingulate, hippocampus and pa@vabampal cortex, angular bilaterally,
precuneus, middle temporal, temporal pole, ACCsub&CCpre but not ACCsup (Figs. 2 and
3B).

The ventromedial prefrontal cortex (lower part,qeh9, which includes part of the gyrus
rectus) has very similar FC to parcel 10 exceptldarer FC with ACCsub and ACCpre, but
higher FC with angular, and rectus (Figs. 2 and. 3Bjis fits with parcels 10 and 9 being
important areas in reward and memory with linkkatgguage.

Parcels 9-12 in the ACCpre and VMPFC are notablaaving moderate FC with the
angular gyrus and with anterior parts of the teraplmbe (Fig. 3B).

L eft lateral inferior frontal gyrus

The left inferior frontal gyrus is part of Brocasea and is implicated in language
production (Amunts & Zilles, 2012).

In the inferior frontal gyrus, pars triangularigrBel 15 (which is bilateral, and at the top
of the IFG) has high FC with Middle Frontal GyrisGtri (where this parcel is located), IFGorb
(bilaterally, part of the lateral orbitofrontal ¢ex), left fusiform, inferior parietal, posterior
temporal areas, with the supramarginal and angdeex, and with the caudate and putamen
(Figs. 2 and 3D).

In the inferior frontal gyrus, pars triangularisga 45), Parcel 18 (on the left only) has
high FC with superior and middle frontal gyrus, tiGwhere the parcels is located), IFGorb
(especially high on the left) and lateral orbitoftal cortex; angular, part of the supramarginal,
and inferior parietal cortices; supplementary motmea; the medial superior frontal gyrus
(FrontalSupMed); the posterior orbitofrontal cortegyrus rectus; and many temporal lobe
cortical areas including especially anteriorly &mel middle temporal gyrus (Figs. 2 and 3D).

In the inferior frontal gyrus, pars triangularisdampercularis, Parcel 17 (on the left only)
has high FC with precentral, middle Frontal Gyl&&tri and IFGoperc, IFGorb (especially left),
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supplementary motor area, OFCant (on the left},itsfula, left fusiform, supramarginal gyrus,
and posterior inferior temporal (Figs. 2 and 3D).

In the inferior frontal gyrus, pars opercularisydeh 16 has high FC with precentral and
postcentral, IFGoperc (of which it is a part), Rwle operculum, Supplementary Motor area,
insula bilaterally (very high), mid-cingulate, saprarginal (high FC bilaterally), putamen,
pallidum (Figs. 2 and 3D).

In the inferior frontal gyrus, pars orbitalis pdr@e(which is bilateral) has high FC with
IFGorb (where it is located), the supracallosat prthe anterior cingulate cortex and the mid-
cingulate cortex, IFGtri and IFGoperc, supplemegntamotor area, insula, cingulate mid,
Supramarginal left and right (but not angular gyrymitamen, pallidum, and superior temporal
(Figs. 2 and 3D).

In the inferior frontal gyrus, pars orbitalis pdr8e(which is bilateral) has high FC with
IFGorb (where it is located); notably with the tateorbitofrontal cortex (OFClat), anterior
cingulate cortex supracallosal part, and the miguliate cortex; IFGtri; OFCpost; supplementary
motor area; insula; supramarginal gyrus bilateraityid- and superior temporal areas, and
superior medial frontal cortex (Figs. 2 and 3D).

Right lateral inferior frontal gyrus

The right inferior frontal gyrus is implicated irorse types of behavioral inhibition
including some types of impulsivity (Aron, Robbirg,Poldrack, 2014; Deng et al., 2017). The
right inferior frontal gyrus may especially conveyormation from non-reward systems in the
lateral orbitofrontal cortex and orbital part oetmferior frontal gyrus to premotor areas (Rolls,
2019c; Rolls, Cheng, Du, et al., 2019; Rolls, Ché&ngeng, 2019).

IFGtri (posteriorly) Parcel 19 has high FC with qgeetral gyrus, IFGoperc (right
especially high), Middle Frontal Gyrus (right), IEG(right, where this parcel is located),
supplementary motor area (especially right), instilesiform, superior and inferior parietal,
supramarginal (especially on right), and posteeganporal (Figs. 2 and 3C).

IFGtri (and IFGorb) Parcel 20 has high FC with Ir@nd IFGorb (where it is located),
Middle FG, IFG opercular (area 44, right), OFCp@#ght), supramarginal (right), posterior
superior and middle temporal (right), with the nde parietal cortex, and with the right
supramarginal cortex (Figs. 2 and 3C).

Graphical Representation of the connectivity

The result of multidimensional scaling (MDS) ore thorrelation matrix of Fig. 2 is
shown in Fig. 4. The distance in this space refldaiw different the connectivity is of each
parcel. This diagram is complemented by Fig. 5 wiibows by the thickness and colour of the
lines the strength of the functional connectivigtheen the different parcels, shown in this case
on a view of the brain. It is also complemented Fig. 6 which shows the functional
connectivities between the parcels as a matrix. ddmeription that follows refers to the MDS
space in Fig. 4, but reference to Figs. 5 and balgb be useful.

The OFC areas OFCmedial, OFCposterior, and OFGantere close together.
Interestingly, the IFG triangular superior parcE)is close to these OFC areas.
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The lateral OFC areas (6 and 5) are somewhat gefddram these medial OFC areas,
and interestingly the gyrus rectus (1) is closthase lateral OFC areas. The IFG orbital parcel 8
is not very close to parcels 5 and 6, and IFG aklpiarcel 7 is closer to the other IFG areas.

The VMPFC parcels 9, 10 and 11 are well separatad bther parcels, with VMPFC
inferior (9) closest to OFC areas, and VMPFC supdfil) closest to ACC pregenual (12). The
subgenual/subcallosal cingulate cortex will be imitharcel 11.

The three ACC parcels are well spread out fromrotlegles, and from each other. It is
notable that the ACC supracallosal anterior paicelot close to the OFC lateral parcels, even
though both represent punishers and non-rewards(R2)19c, 2019d). This is probably because
the ACC supracallosal areas have connectivity mittvement-related areas.

The IFG parcels are in a region of the right of M®S space in Fig. 4, with,
interestingly, parcel 17 IFG triangular superiorabd parcel 18 IFG triangular superior R
relatively close to the medial OFC areas in par2eBand 4.

Correlations between the connectivity of the parcels

The correlations between the 24 different parcefsidd by their functional connectivity
with all areas in the AAL3 atlas (Rolls, Huang,aét 2019) are shown in Fig. 6. First, it should
be made clear that all the parcels are statisficlififerent, in that the least significant p valioe
the difference of a functional connectivity of amyo parcels with an AAL3 brain area is pZ£0
Fig. 6 shows that Parcels 1-7 are correlated vattheother. These are the orbitofrontal cortex
parcels. Parcels 9-13 are correlated with eactr,oéimel are the VMPFC and ACC parcels, with
the exception of the most posterior supracallosaCAparcel. The correlation matrix shows that
parcel 22, a small parcel at the junction of VMP&@ ACC, should be included with this group.
Parcels 15-24 (except for 22) form a third grodpin@olving inferior frontal gyrus areas. Fig. 6
shows that parcel 7 in the IFG orbital part cotedawith this IFG group, whereas parcel 8 also in
the IFG orbital part correlates only partly witletd-G group, and partly with the OFC group.

For comparison with what is shown in Fig. 6, weoalrectly measured the functional
connectivity between the 24 parcels by using threetation between the BOLD signals for every
pair of parcels. The BOLD signal for each parcebwaeasured by taking the average of the
BOLD signal across all voxels within each parcédie Tesulting functional correlation matrix was
very similar to that shown in Fig. 6, and indeeé ttorrelation between the two correlation
matrices was 0.91. This shows that the functionahectivity measured directly from the BOLD
signal correlations between the 24 OFC/ACC/IFG @argvas similar to that measured from the
correlations between the BOLD signal in each of2igparcels with all AAL3 areas. An almost
identical result was obtained when the functiomalrectivity directly measured using the BOLD
signal from the 24 parcels was compared to thatsared from the correlations between the
BOLD signal in each of the 24 parcels with all AAl&Beas except AAL3 areas in the
OFC/ACCI/IFG. These results are consistent withftinetional connectivities measured between
the 24 parcels in the orbitofrontal cortex / amtertingulate cortex / inferior frontal gyrus
reflecting both connectivity between the 24 parcatsd the connectivity of each of the parcels
with other brain areas.

Symmetry of the parcellation in the two hemispheres
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The similarity index for the parcels within the dfrontal cortex (OFC) ROI was 0.85,
for the anterior cingulate cortex (ACC) was 0.94q #or the inferior frontal gyrus (IFG) was 0.27.
This quantifies what is evident in Figs. 1 andnattfor the OFC and ACC, voxels in the left and
right hemispheres have similar functional conndistiwith other brain areas, and therefore are
clustered together by k-means into the same pdrcebntrast, for the IFG, several of the parcels
on the Left and Right do not have similar connefstivso the voxels in the left and right IFG are
placed into different parcels.

Discussion

The connectivity and some of the implications

The findings of this parcellation of the orbitoftahcortex, anterior cingulate cortex, and
inferior frontal gyrus based on the functional cectivity with the whole brain include the
following.

First, three parcels (2-4) located mainly in arda& and 11 in the medial / mid
orbitofrontal cortex had strong connectivity witach other, and moderate connectivity with
posterior to mid-temporal cortical areas and ingulaich are likely to provide visual, auditory
and taste inputs), with the cingulate cortex (whach likely to provide outputs to action-outcome
systems), and with the parahippocampal gyrus appoeampus (which are related to memory)
(Rolls, 2016a, 2019c¢, 2019d). Many rewards areesaprted in this region (Grabenhorst & Rolls,
2011; Rolls, 2019c, 2019d).

Second, two parcels (5 and 6) located mainly @adt2 the lateral orbitofrontal cortex
have interesting connectivity with the left anguigrus which is related to language, as well as
with widespread areas of the temporal lobe cottex;parahippocampal gyrus and hippocampus;
and with the triangular part of the inferior frohtgrus (which may provide for outputs), as well
as with the supracallosal anterior cingulate cortddany punishers and non-reward are
represented in this region (Grabenhorst & Rolld,120Rolls, 2019¢, 2019d). Two parcels in the
inferior frontal gyrus, pars orbitalis (8 and 7 esially on the right) have strong connectivity with
the lateral orbitofrontal cortex and also with amier of movement related areas (the
supplementary motor area, insula, midcingulate asupracallosal anterior cingulate,
supramarginal left and right). These inferior fangyrus pars orbitalis areas may relate the
lateral orbitofrontal cortex to brain areas invalve movement initiation (Cheng et al., 2019).

Third, parcels in the ventromedial prefrontal egrtparcels (9, 10 and 11) and the
pregenual anterior cingulate cortex (parcel 12)ehewnnectivity with the angular gyrus, with
anterior parts of the temporal lobe (Fig. 3B); witie orbitofrontal cortex; and with the
parahippocampal gyrus and hippocampus, postemgutite cortex and precuneus all of which
are implicated in memory (Rolls, 2016a, 2019c, 2)1%his fits with these areas being important
in reward, decision-making, and memory, with inséireg links to language (Rolls, 2016a, 2019c,
2019d).

Fourth, in the supracallosal anterior cingulatgecq parcels 13 and 14 have connectivity
with the mid-cingulate cortex, supplementary madoea and basal ganglia; with the inferior
frontal gyrus pars opercularis (BA 44) rather theith pars triangularis (BA45); and with the
supramarginal gyrus (BA 40) rather than the anggyans (BA 39). These supracallosal anterior
cingulate areas activated by punishers and nonrte\iRolls, 2016a, 2019c, 2019d) are thus
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more closely related to the brain areas involveth@ initiation of movements, and perhaps to
somatosensory function and phonology in which tlaegimal gyrus is implicated.

Fifth, the left inferior frontal gyrus, pars trigmlaris (area 45), and pars opercularis (area
44) involved in language as part of Broca's arehveith functional connectivity with the angular,
supramarginal, and inferior parietal cortices, watle anterior (area 45) and posterior (area 44)
temporal cortical areas also interestingly had sémetional connectivity with the orbitofrontal
cortex, and may thereby provide a route for sont@afrontal cortex areas to link to language
systems.

Functional connectivity parcellation and cytoarchitecture

There is some interesting similarity between thbdstsions of the OFC and ACC
produced by cytoarchitecture (shown in Fig. 7) (Gngt al., 2003) and the functional
connectivity parcellation (Fig. 1). For examplegréel 1 may correspond partly to the gyrus
rectus, areas 14 and 11m. Parcel 2 in the meddtiofnontal cortex may correspond partly to
area 13m. Parcel 3 in the posterior part of the (miedial) orbitofrontal may correspond partly to
area 13l. Parcel 4 in the anterior part of the (meédial) orbitofrontal may correspond partly to
area 11l but also part of 10p. Parcel 5 in thegr@st lateral OFC may correspond partly to area
12m. Parcel 6 in the anterior lateral OFC may amoad partly to area 12r. A different
cytoarchitectural analysis (Henssen et al., 20ld@Yyesponds less well with the functional
parcellation described here.

However, more importantly, the functional conneityiparcellation provides information
about connectivity, which the cytoarchitecture does and the connectivity is considered next
using the evidence provided in Figs. 2-6. The feily discussion focusses on some of the key
differences between the different parcels, usimgftimctional connectivity values in Fig. 2. In
Fig. 2, the strongest FCs provide an indicatiothefAAL3 region(s) where the parcel is located,
because there is typically high FC of the voxelthimian AAL3 region.

Relation to areas implicated in language

One aspect of interest is with respect to area$idatpd in language. The connectivity of
the angular gyrus (on the left especially) is higith parcels in the angular gyri (18); and
VMPFC/ACC (9, 10, 11, 12), gyrus rectus (1), antbdal orbitofrontal cortex (5 and 6). The
connectivity of the supramarginal gyrus (mostlyatskally) is high with parcels in the inferior
frontal gyrus (7, 16, 17, 18, 19, 20), and with slipracallosal anterior cingulate cortex posterior
part (14) and ACC pregenual parcel 12. A very bstng finding shown in Fig. 4 is that the
inferior frontal gyrus areas (IFG) implicated im¢aage (especially on the left) are quite close to
orbitofrontal cortex areas (e.g. the anterior anostgrior orbitofrontal cortex) in the
multidimensional space, and relatively far from tleamtromedial prefrontal cortex (VMPFC) and
the anterior cingulate cortex (ACC). This provideteresting evidence for a close relationship
between what is represented in the orbitofrontatexoand language. Consistent with this,
cognitive inputs at the language level can biasardwepresentations of odour, taste and flavour
in the orbitofrontal cortex (de Araujo, Rolls, Vetm, Margot, & Cayeux, 2005; Grabenhorst,
Rolls, & Bilderbeck, 2008); and the reported sutijecpleasantness of many rewarding stimuli,
including taste, flavor, and somatosensory stinmillinearly related to the activations of the
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medial / mid orbitofrontal cortex (Grabenhorst, Dia, Parris, Rolls, & Passingham, 2010;
Grabenhorst, Rolls, & Parris, 2008; GrabenhorstisRBarris, & D’'Souza, 2010).

Symmetry

Second, the orbitofrontal parcels are remarkabhyrsgtric across the midline (Similarity
Index 0.85), whereas in line with the lateralizatf language and the importance of the inferior
frontal gyrus in language (Amunts & Zilles, 201dp€§ Amunts, Laird, Fox, & Eickhoff, 2013),
the inferior frontal gyrus is asymmetric (SI=0.2¥he symmetry of the orbitofrontal connectivity
(and therefore parcellation) is consistent with findings that there is little evidence for strong
lateralization of activations of the orbitofrontairtex in task-related fMRI, with some differences
in individual studies not generally found when krgumbers of studies are considered
(Grabenhorst & Rolls, 2011). Interestingly, theesior cingulate cortex has a high Sl of 0.94,
reflecting great symmetry in the voxel-level cortivéty of the right and left anterior cingulate,
an area that receives reward value information fileenorbitofrontal cortex, and is then involved
in learning actions to obtain the rewards signalgethe orbitofrontal cortex (Rolls, 2019a).

Functional regions of the orbitofrontal cortex

Third, there is much evidence for a hedonic magh@orbitofrontal cortex, with many
rewards and subjectively pleasant stimuli reprexknn the medial orbitofrontal cortex, and
many unpleasant stimuli and non-rewards represeitiedhe lateral orbitofrontal cortex
(Grabenhorst & Rolls, 2011; Rolls, 2019c). Thislagpfor example to monetary reward and loss
(O'Doherty, Kringelbach, Rolls, Hornak, & Andrew&)01; Xie et al., 2019), olfactory stimuli
(Rolls, Kringelbach, & de Araujo, 2003), and notnwing in a reversal task indicating that
reversal should occur (Kringelbach & Rolls, 200B3hes the connectivity of the medial / mid
orbitofrontal cortex differ from that of the laté@bitofrontal in any way that may illuminate tRis
One difference is that the medial orbitofrontal tegr areas tend to have high functional
connectivity with the pregenual anterior cinguledetex in both of which rewards are represented.
In contrast, the lateral orbitofrontal cortex irdilug AAL3 areas such as OFClat and the inferior
frontal gyrus orbital part has high functional centivity with the supracallosal anterior cingulate
cortex, in both of which unpleasant stimuli and meward are represented (Rolls, Cheng, Gong,
et al., 2019). From Fig. 2, differences in the FGhe medial OFC (parcels 2, 3, and 4) from the
lateral OFC (parcels 5 and 6) are as follows. Tdterdl OFC has higher FC with the inferior
frontal gyrus, SFGmedial, ACCpost, angular gyrus] aid-temporal cortex. Parcel 6 (lateral
OFC, anterior parcel) has low FC with the ACCsul &ne, but parcel 5 posteriorly does not.
Parcels 7 and 8 in the orbital part of the infefiontal gyrus have high FC with the supracallosal
part of the anterior cingulate cortex, IFCopercuFGmedial, SMA, caudate, putamen and
pallidum, insula, and supramarginal gyrus. Par@elnd 8 may thus relate to unpleasantness
(because of the association with the supracallmsi@rior cingulate cortex), and in line with this,
have high FC with the insula, the anteroventral pawhich is related to autonomic function and
much of it to somatosensory function. Parcels 7 &wedn thus be considered as a lateral part of
the orbitofrontal cortex, connecting with the swgaléosal part of the anterior cingulate cortex,
both involved in punishers and non-reward, consistgith a more detailed analysis (Rolls,
Cheng, Gong, et al., 2019). The medial OFC has Righwith the inferior parietal cortex, and
low with the angular gyrus.
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The main parcels with high functional connectivityth the insula are in the IFGtri,
IFGoperc, IFGorb and ACCsup, with the OFCpost hgnsome connectivity. This may reflect
the insula being used as part of a viscero-mofgionefor outputs to autonomic function (Rolls,
2016b).

The larger extent of the lateral orbitofrontal earareas found in parcels 5 and 6 on the
right, and the parcels in or near the orbital pathe inferior frontal gyrus on the right (8 an@, 2
see Fig. S1) are of especial interest, for thesasaon the right are implicated in depression, in
that voxels in parts of these regions have higtctfanal connectivity in depression with the
angular gyrus, temporal cortex, the precuneus,t@gosterior cingulate cortex (Cheng et al.,
2016; Cheng, Rolls, Qiu, Xie, Wei, et al., 2018;e@8, Rolls, Qiu, Yang, et al., 2018; Rolls,
Cheng, Du, et al.,, 2019). These findings are ctardiswith the hypothesis that increased
attractor-related activity in the lateral orbitaftal cortex non-reward system contributes to
depression (Rolls, 2016c, 2018; Rolls, Cheng, &g&919), and that the right inferior frontal
gyrus provides a route to premotor systems for Wiehal output that relates to depression (Rolls,
Cheng, Du, et al., 2019). The right inferior frdrggrus is further implicated in routes to action,
in that this system is activated in the stop-sidask (Deng et al., 2017), and damage to the right
inferior frontal gyrus in humans impairs behavidrdiibition in the stop-signal task (and in this
sense increases response-related impulsivity) (Atai., 2014). If these lateral orbitofrontal and
inferior frontal gyrus regions have increased catimidy and are overactive in depression, then
behavioural ouput to action systems may be dimaudshith too much inhibition of behavior; and
if these regions are damaged, behavior may be ficigmtly stopped resulting in a type of
impulsiveness (Rolls, 2019c; Rolls, Cheng, Dulet819; Rolls, Cheng, & Feng, 2019).

Comparison with connections in the macaque

Comparison of the functional connectivity betwelea different parcels shown in Fig. 5B
and 6, and the anatomical connections of the drbittal cortex and anterior cingulate in the
macaqgue shown in Fig. 19 of Carmichael and Pri@8), indicates the following. (Carmichael
and Price identified medial prefrontal networksjahhincluded the anterior cingulate cortex, and
orbital networks.) In humans, parcels 2, 3, andrinfone network for the medial orbitofrontal
cortex. For the lateral orbitofrontal cortex, pascg and 6 are part of a network which includes
gyrus rectus and left inferior frontal gyrus paniangularis (18) and inferior frontal gyrus pars
orbitalis (8). Another network includes parcelstire ventromedial prefrontal cortex and the
pregenual and subgenual anterior cingulate co@gb0(11,12) and posterior lateral orbitofrontal
cortex (5). Another network includes the right dildteral inferior frontal gyrus areas (7, 8, 15,
16, 19, 20, 24), which notably include parcel 8lmGorb. Last, the left inferior frontal gyrus
(parcels 17 and 18) connect to other IFG regio& @t (5,6) and IFGorb (8). In the macaque
Carmichael and Price (1996) investigated the OFE€ AGC, and did not include the inferior
frontal gyrus, or of course any connectivity witnjuage areas, which was so interesting in the
human functional connectivity. In an 'orbital pmftal' network they showed a number of
subregions in the medial orbitofrontal cortex BAeas 13 and 11 with connections with
subregions in the lateral orbitofrontal cortex Biea 12. In contrast, in humans the medial and
lateral orbitofrontal networks were more separate] the lateral orbitofrontal cortex continues
round the inferior prefrontal convexity to inclu@de least inferior frontal gyrus orbital part
especially on the right. Carmichael and Price ()98éntified a macaque 'medial prefrontal
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network' which included the anterior cingulate egrtbut did not distinguish pregenual from
supracallosal parts of the ACC which have quitéedint functional connectivity in humans, and
also showed connectivity with a single VMPFC regiBA 10m) rather than the several VMPFC
subregions identified here in humans.

We further note that the present investigation dmmsgnd that of Kahnt et al (2012), by
including in the parcellation in addition to thebitofrontal cortex, for the first time also the
anterior cingulate cortex and medial prefrontalteqr so that we could directly compare the
functional connectivity of these nearby regionshwitther brain areas (Fig. 2), and with each
other (Fig. 6), because all are implicated in défeé ways in emotion and action (Rolls, 2019b,
2019c, 2019d; Rolls, Cheng, & Feng, 2019); andnisluding 654 participants compared to 13.

In conclusion, the new findings described hereudelthe following. First, in areas BA
13 and 11 in the medial / mid orbitofrontal cortead strong connectivity with each other, and
moderate connectivity with posterior to mid-tempamartical areas and insula (which are likely
to provide visual, auditory and taste inputs), wfté cingulate cortex (which are likely to provide
outputs to action-outcome systems), and with theatpppocampal gyrus and hippocampus
(which are related to memory). Second, parcelsea 8A 12 the lateral orbitofrontal cortex have
connectivity with the left angular gyrus, as wel aith the temporal lobe cortex; the
parahippocampal gyrus and hippocampus; and witkridnegular part of the inferior frontal gyrus
(which may provide for outputs), as well as witle thupracallosal anterior cingulate cortex.
Parcels in the inferior frontal gyrus, pars orliahave strong connectivity with the lateral
orbitofrontal cortex and with movement-related areend may provide a route from the lateral
orbitofrontal cortex to brain areas involved in rament initiation. Third, parcels in the
ventromedial prefrontal cortex and pregenual anteringulate cortex have connectivity with the
orbitofrontal cortex; angular gyrus; temporal lolpgrahippocampal gyrus and hippocampus,
posterior cingulate cortex and precuneus. Thisvith these areas being important in reward,
decision-making, and memory, with interesting links language. Fourth, the supracallosal
anterior cingulate cortex has connectivity with thditofrontal cortex and movement-related
areas, so may provide a route to movement fronothiéofrontal cortex. Fifth, the left inferior
frontal gyrus involved in language has functionahmectivity with the orbitofrontal cortex, and
may thereby provide a route for some orbitofrontatex areas to link to language systems.
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Table 1. Abbreviations.

A full list of the automated anatomical labellintpa 3 areas and their abbreviations is provided
in Tables S1 and S2. Those used commonly in tha teat are shown next for convenience,
together with other abbreviations used.

AAL2
AAL3
FC

MDS
ACCpre
ACCsub
ACCsup
ANG
HIP
IFGoperc
IFGorb
IFGtri
IPG

ITG
MCC
MFG
MTG
OFCant
OFClat
OFCmed
OFCpost
OLF
PCC
PHG
Rectus
SFG
SFGmedial
SMA
SMG
STG
VMPFC

automated anatomical labelling atlas 2 (Ra)sliot, & Tzourio-Mazoyer, 2015)
automated anatomical labelling atlas 3 (Rdiisiang, et al., 2019)
functional connectivity

multidimensional scaling

Anterior cingulate cortex, pregenual

Anterior cingulate cortex, subcallosal /grtual

Anterior cingulate cortex, supracallosal

Angular gyrus

Hippocampus

Inferior frontal gyrus, opercular part (88

Inferior frontal gyrus, pars orbitalis (paf BA12)

Inferior frontal gyrus, triangular part (Bi&)

Inferior parietal gyrus, excluding supramaadiand angular gyri
Inferior temporal gyrus

Middle cingulate & paracingulate gyri

Middle frontal gyrus

Middle temporal gyrus

Anterior orbital gyrus

Lateral orbital gyrus

Medial orbital gyrus

Posterior orbital gyrus

Olfactory cortex (including part of the olfacy tubercle)
Posterior cingulate cortex

Parahippocampal gyrus

Gyrus rectus (BA 14)

Superior frontal gyrus, dorsolateral

Superior frontal gyrus, medial
Supplementary motor area

Supramarginal gyrus

Superior temporal gyrus

Superior frontal gyrus, medial orbital whishoften termed

the VentroMedial Prefrontal Cortex
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Fig 1. Subdivisions or parcels of the OFC/ACC/IF@séd on the functional connectivity of
individual voxels in the regions with each of thet@nated anatomical labelling atlas (AAL3
(Rolls, Huang, et al., 2019)) areas of the braine Tain subdivisions of the 24 subdivisions
found are indicated by numbers. The exact locatansach parcel in MNI space are shown in
Fig. S1 in coronal slices. (Figurel 24May.tif)
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Fig. 2. Functional connectivity of each of the ftiogal connectivity delineated subdivisions of
the OFC/ACC/IFG shown in Fig. 1 (rows) with eachtlod automated anatomical labelling atlas
(AAL3 (Rolls, Huang, et al., 2019)) areas of thaibr(columns). High functional connectivity
values are shown in brown through red though yeltowow functional connectivity values
shown in green to blue. The columns on the rigbtwsthe number of voxels in each cluster; and
the abbreviated name of the AAL3 region that cqoesls most closely with each cluster, in
order to facilitate understanding of where eaclsteluis located. Parcels that are present on only
the left (L) or right (R) have this as the lastdebf the abbreviated name. (Figure2_2July.jpg)
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Fig. 3A. Surface maps showing the connectivityaxfreparcel. A. For the orbitofrontal cortex. B.
For the anterior cingulate cortex. C. For the iigiefrontal gyrus right and symmetric parcels. D.
For the inferior frontal gyrus left asymmetric palsc The functional connectivities have been
thresholded at 0.3. (figure3_new-1.jpg)
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Fig. 3B. Surface maps showing the connectivity afhe parcel. B. For the anterior cingulate
cortex and ventromedial prefrontal cortex. (figure8w-4.jpg)

L
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Fig. 3C. Surface maps showing the connectivityaatheparcel. C. For the inferior frontal gyrus
right and symmetric parcels. (figure3_new-2.jpg)

L
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Fig. 3D. Surface maps showing the connectivityadheparcel. D. For the inferior frontal gyrus
left asymmetric parcels. (figure3_new-3.jpg)

L
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Fig. 4. Multidimensional scaling for the connedjvimatrix shown in Fig. 2. The parcels are
named after the AAL3 name of the region that bestcdbes the location of each parcel, but it
must be noted that each parcel based on the fmatttonnectivity does NOT correspond exactly
to an AAL3 area. Abbreviations: OFC - orbitofrontairtex; ACC - anterior cingulate cortex;
IFG - inferior frontal gyrus.

Names: 1 gyrus rectus; 2 OFC medial; 3 OFC posteti©FC anterior; 5 OFC lateral posterior;
6 OFC lateral anterior; 7 IFG orbital; 8 IFG orhitd MPFC inferior; 10 VMPFC middle; 11
VMPFC superior; 12 ACC pregenual; 13 ACC supracallcanterior; 14 ACC supracallosal
posterior; 15 IFG triangular superior; 16 IFG op#ac; 17 IFG triangular Left; 18 IFG triangular
Left; 19 IFG triangular posterior; 20 IFG trianguRight. (figure 4.jpg)
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Fig. 5A. Similarity of different parcels in the ddifrontal cortex, anterior cingulate cortex, and
inferior frontal gyrus based on the functional cectivity (FC) of each parcel with the other
parcels that is illustrated in Fig. 6. The colortbé edges and their thickness represents the
strength of the functional connectivity. The cotdrthe parcel nodes indicates the brain region:
orbitofrontal cortex - red; anterior cingulate arghtromedial prefrontal cortex - green; inferior
frontal gyrus- yellow. The two parcels that aremasyetric in the left inferior frontal gyrus are
placed on the left of the brain (looking down orviaw of the orbitofrontal cortex). B. The
similarity (Correlation) based on the functionahnpectivity of each parcel with the whole brain
(i.e. all AAL3 areas). (figure 5 new.jpg)
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Fig. 6. Correlations between the different pardeiined by their functional connectivity with all
areas in the AALS atlas (Rolls, Huang, et al., 20tfggure 6.jpg)
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Fig. 7. Cytoarchitectural divisions of the orbitmfital cortex (left, areas 13, 11 and 12) and
anterior cingulate cortex (right, areas 24, 32 a8yl (modified from (Ongiir et al., 2003)). The

medial orbitofrontal cortex is in green; the lateyebitofrontal cortex is in red. Area 14 is in the

gyrus rectus. Area 45 is the inferior frontal gyrpars orbitalis (HumanCytoOFCACC.eps)

Orb|tofronta.| cortex Anterior cingulate cortex
ventral view medial view
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