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Abstract
To aid in the analysis of rhesus macaque brain images, we aligned digitized anatomical regions from the widely used atlas of
Paxinos et al. to a published magnetic resonance imaging (MRI) template based on a large number of subjects. Digitally labelled
atlas images were aligned to the template in 2D and then in 3D. The resulting grey matter regions appear qualitatively to be well
registered to the template. To quantitatively validate the procedure, MR brain images of 20 rhesus macaques were aligned to the
template along with regions drawn by hand in striatal and cortical areas in each subject’sMRI. There was good geometric overlap
between the hand drawn regions and the template regions. Positron emission tomography (PET) images of the same subjects
showing uptake of a dopamine D2 receptor ligand were aligned to the template space, and good agreement was found between
tracer binding measures calculated using the hand drawn and template regions. In conclusion, an anatomically defined set of
rhesusmacaque brain regions has been aligned to anMRI template and has been validated for analysis of PET imaging in a subset
of striatal and cortical areas. The entire set of over 200 regions is publicly available at https://www.nitrc.org/.

Keywords Rhesus macaque . Brain . Atlas . Regions of interest . Positron emission tomography (PET) . Magnetic resonance
imaging (MRI)

Introduction

In the analysis of neuroimaging data it is often necessary to
define regions of interest (ROI) or to identify the location of
voxels within the brain. This task can be made easier and also
more reproducible bymeans of a labelled template image that is
suitable as a registration target. Examples of such labelled tem-
plates are available for humans and rodents (Tzourio-Mazoyer
et al. 2002; Rubins et al. 2003). In recent years, such templates
have become available for macaques as well (Frey et al. 2011;
Rohlfing et al. 2012; Van Essen et al. 2012; Shi et al. 2017;
Ballanger et al. 2013). In the present work, we describe the
alignment of the Paxinos et al. (2009) rhesus brain atlas to a
rhesus MRI template based on a large number of subjects
(McLaren et al. 2009). We developed this 3D digital brain atlas
to aid in work with rhesus macaque positron emission tomog-
raphy (PET) brain imaging (Converse et al. 2013; Converse
et al. 2014; Christian et al. 2013; Wooten et al. 2013; Hillmer
et al. 2014), and it has proven useful for diffusion tensor MRI
work as well (Adluru et al. 2012; Zakszewski et al. 2014).

The rhesus macaque is the most commonly used non-
human primate model of human brain anatomy and function
(Paxinos et al. 2009). Advances in image resolution have fa-
cilitated brain research in macaques by PET (Tai et al. 2001).

Rolf Kotter is deceased (Stephan et al. 2010). His coauthors are grateful
for his contributions to this work.
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Neuroimaging with PET and magnetic resonance imaging
(MRI) permits longitudinal studies of macaques with experi-
mental manipulation and control not possible in human stud-
ies (Virdee et al. 2012; Strome and Doudet 2007). Moreover,
neuroimaging of the macaque in conjunction with invasive or
post mortem studies has been used to elucidate the neural
basis of imaging techniques used in humans (Logothetis
et al. 2001; Passingham 2009). Many such neuroimaging
studies in rhesus macaques would benefit from the conve-
nience and reproducibility of a labelled template image.

The goal of this work was to create a 3D digital brain atlas
of the rhesus macaque with labelled ROIs with suitable detail
for PET studies. In our approach, we aligned digital images of
brain structures delineated in 2D from a widely used rhesus
brain atlas (Paxinos et al. 2009) to an MR template image of
112 rhesus subjects (McLaren et al. 2009). We carried out the
alignment such that the resulting 3D digital brain atlas
consisted of ROIs that can be used to analyze imaging data.
As a partial validation, we calculated geometric overlap and
compared PET values obtained with the template ROIs against
hand-drawn ROIs in striatal and cortical regions. The com-
plete collection of ROIs is available at https://www.nitrc.org/.

Materials and Methods

The 3D digital rhesus brain atlas was created by aligning 2D
images to a 3D rhesus MRI template, and it was validated
against hand-drawn regions of interest. These steps are de-
tailed below and summarized in Fig. 1.

Two Dimensional Printed Atlas

The three dimensional atlas is based on anatomical informa-
tion as presented in the two dimensional rhesus atlas, BThe
Rhesus Monkey Brian in Stereotaxic Coordinates^ (Paxinos
et al. 2000; Paxinos et al. 2009). This comprehensive atlas is
currently the gold standard anatomical reference used by re-
searchers in a wide variety of neurological applications. The
Paxinos atlas consists of 151 coronal sections of the brain
spaced every 0.45 mm. Nine hundred thirty-six regions were
diagrammed and labelled at the hands of leading neuroanato-
mists based on an extensive review of the literature. Each
coronal diagram corresponds to a histologically stained sec-
tion of tissue from a single subject.

Serial Stacking and 2D Alignment of Digital Tracings

Another group, working in conjunction with the Collations of
Connectivity data on the Macaque brain (CoCoMac) project
(Stephan et al. 2001; Bakker et al. 2012), constructed digital
versions of the print Paxinos figures by tracing all 151 dia-
grams using graphic design software. The images are rendered

in scalable vector graphics (SVG) format, and a unique RGB
color profile was assigned to each of 936 structures, maintain-
ing the nomenclature and abbreviations from the Paxinos atlas
(Bezgin et al. 2009). Though not every region in the print atlas
is represented, most cortical, striatal, thalamic and amygdaloid
structures are included.

After obtaining these coronal SVG images, an intermediate
3D volume was created by stacking them serially anterior to
posterior. As the histological slices were each 0.045 mm thick
and made at 0.45 mm intervals, the vector images were first
converted to TIFF raster images at (0.45 mm)2 pixel size, such
that the pixel edge length was equal to the slice spacing. A
nearest neighbor interpolation scheme using minimum
Euclidian distance was used, without any anti-aliasing correc-
tion in order to preserve both the color index information and
fine anatomical detail. Images were thenmirrored across central
fiducial markers to create symmetric bilateral slices. The RGB
color profile information was converted, such that every distinct
labelled region was represented by a unique integer. The raster
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Fig. 1 Summary of steps to create 3D digital rhesus brain atlas
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images were assigned thickness of 0.45 mm. At some points in
the extreme rostral and caudal parts of the brain, the frequency
of drawings is less than every 0.45 mm, and in these cases, the
nearest slice was repeated as necessary to maintain the true
relative spacing between the drawn slices. After accounting
for the ‘missing’ slices, there were a total of 168 0.45 mm thick
slices that were stacked to make the intermediate volume.

The stacked volume suffered from artifacts introduced in
the preparation of the two dimensional slices (Fig. 2). Several
types of artifacts, both global and slice specific, commonly
result from the brain extraction and slide preparation process
(Dauguet 2010). Although the fiducial markers were pre-
served in the stacking process, the slice-to-slice misregistra-
tion is evident in the sagittal view (Fig. 2). Major artifacts
observed were the sagging of the dorsal cortex near the center
of the brain, and the apparent compression of the temporal
lobe towards the caudal end of the brain.

Several techniques have been pursued to correct the slice-
specific problems inherent in alignment of a series of 2D his-
tology slices. Both linear and non-linear approaches have been

used (Ourselin et al. 2001; MacKenzie-Graham et al. 2004;
Ganser et al. 2004; Yushkevich et al. 2006). Due to the pres-
ence of the major artifacts in the stacked volume, a three
dimensional nonlinear transform method was chosen for the
final template registration. However, within the individual two
dimensional slices, some minor artifacts were corrected using
a simpler linear method.

Within the slices, obvious misalignments were manually
corrected using SPAMALIZE software (Oakes n.d.) by trans-
lating slices as necessary. Next, an effort wasmade to align and
transform the slices to their neighbors to construct a more
cohesive volume. A linear transformation routine was scripted
using the FLIRT registration tool allowing 12 degrees of free-
dom (M Jenkinson and Smith 2001; Mark Jenkinson et al.
2002). Each slice, n, was aligned to the two slices adjacent to
it, (n-1) and (n + 1), as well as its neighbors two slices away,
(n-2) and (n + 2). The four transformation matrices were
weighted and averaged with the adjacent slices each assigned
a weight of 3/8 and the distant slices each assigned a weight of
1/8. The weighted transformation matrix was then applied to

Fig. 2 Initial 3D stacked volume of 2D atlas images. 2D printed atlas (top left), digital version (top mid), mirrored (top right), stacked (bottom left). Note
poor alignment in sagittal view (bottom right)
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the source slice. The resulting volume (Fig. 3) was a marked
improvement from the original stacked volume, but the result
was not acceptable as a true representation of the anatomy, as
some errors persisted. For example, some sagging of the dorsal
cortex near the center of the brain was still apparent (Fig. 3). A
major error introduced by this type of alignment is the banana
or z-shift effect, in which the natural three dimensional curva-
tures are lost (Streicher et al. 1997; Malandain et al. 2004).
Propagation of error due to individually distorted sections is
also a concern (Yushkevich et al. 2006). Even though these and
other errors were present, this slice-to-slice alignment step is
valuable as it corrects slice-specific deformations and provides
a reasonable starting point for the non-linear transformation.

3D Registration to Template

Registration Target

Tomaximize the utility of the final aligned atlas to the research
community, it should be matched to a target template that is

presented in a well defined space that is widely accessible, has
excellent detail and resolution, and is representative of the
subjects being investigated. The template published by
McLaren et al. meets these criteria and was used as a target
(McLaren et al. 2009). This template contains T1 and T2
weighted population average images of 112 rhesus macaques
from three separate sites (mean age 19.7 years). The T1 im-
ages were acquired at 0.6 × 0.6 × 0.7 mm3 (n = 37, coronal),
0.47 × 0.47 × 1.0 mm3 (n = 15, coronal), and 0.39 × 0.39 ×
1.0 mm3 (n = 60, transaxial). Known as 112RM-SL, this tem-
plate was constructed iteratively using 12-parameter affine
transformations. The 112RM-SL is aligned to the widely ref-
erenced D99-SL volume image (Saleem and Logothetis
2006), and thus the atlas presented here will be in a reference
space that has been broadly adopted and utilized.

Because the unilateral Paxinos atlas had been mirrored in a
prior step to make a left-right symmetric set of ROIs, the
112RM-SL T1 target template was modified to make it left-
right symmetric as well. The volume was rotated approxi-
mately one degree about the dorsal-ventral axis to better align
the sagittal midplane. A mirror image of the volume was cre-
ated by flipping each half of the volume across the midplane.
The original and mirrored image were then averaged, so that a
symmetrical MR image was created to serve as the atlas reg-
istration target.

Nonlinear Registration Techniques

To correct the three dimensional global deformations, several
different approaches have been used by various groups. Linear
approaches have been used with moderate success, but these
corrections are global, while local deformations and those
between successive slices are not accounted for (Hibbard
and Hawkins 1988; Andreasen et al. 1992; Goldszal et al.
1995; Cohen et al. 1998; Malandain et al. 2004; Mega et al.
1997; Yushkevich et al. 2006). Non-linear approaches of both
the parametric and non-parametric type have been used to
correct the more subtle differences and to allow more flexibil-
ity in the transformation routine (Kim et al. 1997; Chakravarty
et al. 2006; Chakravarty et al. 2008; Dauguet et al. 2007;
Ceritoglu et al. 2010). Though these routines provide visually
excellent reconstructions, they are susceptible to stability is-
sues and can introduce errors while processing artifacts such
as holes, torn or missing parts and folding common to histo-
logical preparations (Dauguet 2010). In this dataset, these
types of artifacts were corrected during the drawing process
of the Paxinos atlas diagrams, so primarily the three dimen-
sional deformation artifacts remained. Non-linear registration
is the best approach to correct for these types of registration
issues.

Deformable atlas registrations have been widely used in
human brain applications due to the inherent variations in
individual brain structure (Thompson et al. 2000). Likewise,

Fig. 3 Intermediate volume. Created by alignment of each coronal slice
to 1st and 2nd nearest neighbors in anterior and posterior directions. Not
all regions are delineated due to the color scale in this rendition
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the surface of the rhesus macaque brain contains an intricate
pattern of sulci and gyri, so it is reasonable to expect similar
issues with variation in structure, both inherent in the anatomy
and due to ex-vivo processing.

The nonlinear registration algorithm used here, ANTS
(Avants et al. 2008), showed consistent high performance in
an evaluation of available nonlinear registration methods
(Klein et al. 2009). ANTS uses differentiable deformation
fields and normalizes the images by maximizing the cross
correlation within the deformation space (Avants et al.
2008). Cross correlation performs well in situations with lo-
cally varying intensities, as it depends on the local image
average rather than the global approach of other schemes such
as mutual information (Studholme et al. 2006). This charac-
teristic makes it well suited for deformable registration.

Final Nonlinear Registration

The 112RM-SL template volume has a voxel size of 0.5 mm×
0.5 mm× 0.5 mm, compared to the intermediate stacked atlas
image at 0.45 mm× 0.45 mm× 0.45 mm. The ANTS frame-
work allows for a rigid registration with Euclidian distance
nearest neighbor interpolation, so, as an initial step, the atlas
volume was aligned and resliced to match the voxel size of the
template volume.

Because the atlas image is arbitrarily indexed with integers
corresponding to region labels as its intensity information, a
direct registration to the in vivo MR template image is impos-
sible. Therefore, a pseudo-MR image was created from the
atlas image by setting the indexed values to 1. In this way,
the atlas volume became a mask of most of the grey matter in
the brain, as white matter and any unlabelled regions had a
zero value. The MR template image was segmented into grey
matter, white matter and cerebrospinal fluid as detailed below
using the FAST segmentation routine (FSL) in order to be an
analogue of the pseudo-MR. The white matter and cerebrospi-
nal fluid were zeroed leaving the greymatter. In order to better
match the atlas pseudo-MR, grey matter regions that did not
appear in the atlas (such as those in the cerebellum) were also
zeroed in the segmented grey matter MR template (Fig. 4).

The segmentation of the MR template image presented a
number of challenges. As this image would ultimately drive
the final transformation, decisions in selecting the segmenta-
tion parameters were crucial. In an MR image, the boundary
between grey and white matter transitions in a wider gradient
than it does anatomically, and not all gray and white matter has
the same intensity profile in the MR image. As parameters for
the numerical cutoff must be chosen, it was decided to take a
conservative approach with respect to the size of the grey
matter. Because the atlas regions of interest will ultimately
be used to determine functional rather than anatomical data,
it is preferable to have the regions of interest lie entirely within
the actual anatomical region, rather than have them be too

large. Because anatomical and registration variations will
come into play when dealing with actual data images, it is
prudent to have the atlas regions of interest be slightly smaller
and centrally located rather than attempt to extend into areas
where the grey matter designation is less than certain.

The main transformation was performed using the grey
matter segmented and adjusted 112RM-SL template as the
target image, and the slice-aligned stacked atlas grey matter
pseudo-MR volume as the source image. The ANTS program
was used with its SyN transformation model and cross corre-
lation as the similarity metric. The process was run iteratively
on three different sizes of resolution in a multi-level Gaussian
pyramid, with a maximum of 100, 100, and 20 runs before
convergence at each step size from coarsest to finest resolu-
tion. The total deformation was regularized with a Gaussian of
3 pixels in the variance term. The transformations from this
step were then applied to the slice-aligned atlas image con-
taining the integer index information to produce the final atlas
image aligned in the symmetrized 112RM-SL space. For those
wishing to use the ROIs in the 112RM-SL space itself, the
symmetrized template was aligned to the original by 6 degrees
of freedom and the resulting transformation was applied to the
ROIs.

The original hand drawn atlas contained 936 distinct la-
belled regions. Because many regions were very small and
only appeared in a single slice, after the conversion of the
2D vector drawings to 0.5 mm× 0.5 mm× 0.5 mm voxels,
286 regions remained. Several of the smaller regions were
combined to provide additional larger composite regions of
interest as defined in the literature, e.g. prefrontal cortex.
Certain regions that were not included in the original hand
drawings were introduced and included as well, such as the
cerebellum. These regions were mapped out on the symmet-
rical target image by hand.

Registration Evaluation

To gauge the accuracy and utility of the atlas image, it was
tested using MRI and PET source datasets.

Source Datasets

A set of twenty T1-weighted MR images of adult rhesus ma-
caques with accompanying anatomical regions of interest la-
bel sets was used (8 F: 12 M, 6.8 ± 0.8 years, unpublished
data). Bilateral caudate and putamen regions had been hand
drawn by researchers directly on the T1 MR images using the
SPAMALIZE software package. Three bilateral cortical re-
gions were also delineated using fslview: superior temporal
gyrus area 2 sulcal and gyral part (ST2), area 6 of the cortex
ventral part caudal subdivision (6VC), and anterior cingulate
gyrus (ACG). These regions were chosen because they were
easily visualized in the MRIs and exhbited significant
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[18F]fallypride binding in PET. To perform these validations,
six delineators drew 477 ROIs consisting of 12,357 slices
(Table 1). As this is the typical method in which regions of
interest are generated, these hand drawn label sets were as-
sumed to be accurate and treated as the ground truth for the
analysis.

The T1 MR images were aligned using FLIRT with a 12
parameter affine transformation to the 112RM-SL T1 image.
The transformation matrices from these transforms were ap-
plied to the previously drawn striatal region of interest mask
images. Following drawing of the cortical ROIs, the MRIs
were further aligned using ANTS with deformation field
transformations, which were applied to all of the hand drawn
ROIs. Thus, all MR images and regions of interest were
brought into the same imaging space as the atlas image for
direct comparison.

Another dataset was comprised of dynamic PET images of
the same subjects acquired using the dopamine D2/D3 recep-
tor antagonist [18F]fallypride. [18F]fallypride accumulates in
dopamine receptor rich areas such as the caudate and puta-
men. Fourteen of the 20 subjects were scanned twice resulting
in a total of 34 PET images. These studies were carried out
generally following procedures described elsewhere
(Converse et al. 2013; Converse et al. 2014). Scans were per-
formed on a microPET P4 under isoflurane anesthesia.
Following a Co-57 transmission scan, emission data were ac-
quired for 150 min with [18F]fallypride injected 60 s after scan
start (5 mCi i.v.). Events were binned into 5 × 1, 5 × 2, 3 × 5,
and 12 × 10 minute frames. Images were reconstructed by

filtered backprojection with a ramp filter to 0.95 × 0.95 ×
1.21 mm3 voxels. Early time sum images (0–15 min), which
more clearly depict tracer delivery to the whole brain, were
aligned to the template iteratively using a 9 parameter affine
transformation (flirt). After a preliminary alginment of all im-
ages to the 112RM-SL T1 image, the average image was
aligned, and the images were aligned within-subject to this
aligned average. The resulting transforms were applied to
the dynamic images. Images were inspected for motion and
corrected as needed. The approximate reconstructed image
resolution was 1.7 mm full width at half maximum
(FWHM), which remained <2 mm FWHM following the 9
degree of freedom transformation.

Evaluation Metrics

Spatial overlap of the atlas and hand drawn ROIs was evalu-
ated by the mean overlap, also known as the Dice coefficient.
The Dice coefficient is the volume of the intersection of the
hand drawn (H) and atlas (A) regions divided by their mean
volume, n{H∩A} / ((n{H} + n{A})/2), where n{} represents
the voxel count in a region (Zijdenbos et al. 1994; Dice 1945).
The Dice coefficient ranges from 0 (no overlap) to 1 (perfect
overlap).

To evaluate the performance of the atlas when used on a
dataset from a study, the binding potential in the regions of
interest in the [18F]fallypride PET dataset were calculated
using both the hand drawn and atlas generated regions of
interest and compared for similarity. Binding potentials were

Fig. 4 Pseudo MRIs. MRI T1
template image segmented for
grey matter regions of atlas (left)
and binarized intermediate atlas
image (right)
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calculated using the Logan graphical analysis method with a
cerebellar reference region (Logan et al. 1996). The reference
region is a cerebellar graymatter area drawn to exclude vermis
and avoid spillover from adjoining regions (see Supplemental
Fig. 1). Binding potentials for the atlas ROIs were compared
to hand drawn by linear regression.

Results

Qualitative Evaluation

Visually, the non-linear registration of the atlas to the MR
template appears favorable. Major global artifacts that
were present in the stacked volume were addressed, such
as the sagging dorsal cortex and the compressed temporal

lobe. The dimensions of the atlas closely matched the
template, and most major sulci and gyri appeared to fall
in the correct arrangement. Fig. 5 shows the atlas volume
overlaid on the template MR image to demonstrate the
overall agreement between the two volumes. Atlas ROIs
are compared to hand drawn ROIs and shown on a PET
[18F]fallypride image in Fig. 6.

Quantitative Evaluation

A subset of atlas ROIs were quantitatively validated against
hand drawn ROIs by calculating their spatial overlaps and
comparing PET binding potentials (Table 1). The atlas vol-
umes agreed with the hand drawn volumes to better than 10%,
except for 6VC, for which the atlas volume was only 40% of
the hand drawn. The Dice coefficients were 61 ± 15% (mean

Fig. 5 Final alignment. Atlas
ROIs overlaid on MRI template.
Every tenth 0.5 mm slice shown.
Coronal (top), axial (mid), and
sagittal (bottom)
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± s.d. over 10 regions, range 38% - 74%). For 6VC, the over-
lap was relatively poor apparently because the hand drawn
regions were large, and the overlap for ST2 appeared to suffer
because the template region did not extend as far laterally as
the hand drawn. When comparing regions of unequal vol-
umes, the maximum possible Dice coefficient, which occurs
when the smaller region is entirely contained within the larger
region, is less than one. The Dice coefficients divided by their
maximum possible values ranged from 51 to 80% over the ten
regions (Supplementary Table 1).

Binding potentials for [18F]fallypride are shown as well
in Table 1 and also in Fig. 7. There was good agreement
between binding calculated using atlas and hand drawn
regions (r = 0.92 ± 0.04, range 0.85–0.98). The variance
in binding over the 34 scans of 20 subjects using the hand
drawn ROIs was comparable to that using the template
ROIs (Supplementary Table 1). In regions for which mul-
tiple drawers delineated ROIs, correlations over subjects of
atlas vs. hand based binding were generally comparable to
inter-rater correlations (Table 1).

Discussion

We have described here the creation of an anatomically la-
belled rhesus macaque brain imaging template. This work
was driven by the desire to conveniently and reproducibly
analyze PET imaging data using established ROIs. This result
demonstrates the successful application of a general procedure
for aligning a 2D labelled atlas to a 3D imaging template with
good accuracy while maintaining contiguity of individual
ROIs.

We expect this labelled template will be generally useful
for rhesus macaque neuroimaging analysis. As we showed by
validating against hand drawn ROIs, the labelled template is
suitable for analysis of PET data in cortical and subcortical
regions, but we note two caveats. First, the animals used in the
MR template were older than those used in typical imaging
studies. Second, because the Paxinos regions are unilateral,
we applied them to a symmetrized version of the MRI tem-
plate. The literature suggests that macaque brain anatomy is
relatively symmetric compared to humans and chimpanzees
(Heilbroner and Holloway 1989; Bogart et al. 2012; Hopkins
et al. 2015), nevertheless we also provide a set of regions
aligned to the original MRI template. We also note that, de-
spite the registration to a relatively coarse 0.5 mm cubic voxel
space, the fine anatomical detail of the original Paxinos draw-
ings still appears in this version. In some applications, it might
be beneficial to smooth the regions to better match the scanner
image resolution. Additionally, we note that in creating the
binary target image, it might have been more accurate to per-
form a manual, rather than the automated, segmentation.

Other labelled macaque templates have been reported in the
literature (Frey et al. 2011; Rohlfing et al. 2012; Van Essen
et al. 2012; Reveley et al. 2017; Shi et al. 2017). The present
work is distinguished from these in that (1) the parcellation is
based upon the widely used Paxinos et al. (2009) atlas, (2) the
target 3D template is based on over 100 rhesus MRIs
(McLaren et al. 2009), (3) the resulting labelled regions are
easily extracted and therefore appropriate for ROI analysis,
and (4) it has been partially validated against hand drawnROIs.

0.0 

+2.5

+5.0

+7.5

+10.0

+12.5

+15.0

+17.5

+20.0

+22.5

-2.5

-5.0

-7.5

-10.0

-12.5

Cd Pu

ST2

6VC

ACG

Fig. 6 Qualitative validation of alignment. Selected atlas ROIs (red)
overlaid on (left) template MRI, (center) average over all delineators
and all subjects of hand drawn ROIs, and (right) average fallypride
radioactivity image (0–19 min post-injection, individual images scaled
to injected dose / body weight). Coronal slices are shown from
22.5 mm anterior (top row) to12.5 mm posterior (bottom row) relative
to anterior commissure. ACG = anterior cingulate gyrus, 6VC = area 6 of
the cortex ventral part caudal subdivision, ST2 = superior temporal sulcus
area 2, Cd = caudate nucleus, Pu = putamen. See Table 1 for further
details
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We expect these anatomically defined regions may be use-
ful to other researchers. They are appropriate for analysis of
PET data, particularly of striatal and cortical binding of dopa-
minergic tracers (Converse et al. 2013; Converse et al. 2014).
Among other applications of interest may be the definition of
seed and target ROIs for connectivity analyses (Adluru et al.
2012; Zakszewski et al. 2014).

Conclusions

Motivated by the need to conveniently and reproducibly per-
form ROI analyses of PET data, we have aligned a widely
used 2D rhesus macaque atlas to a published rhesus macaque
MRI template. A subset of striatal and cortical regions have
been validated for analysis of PET data. ROIs from this la-
beled template have been used now in a number of studies
(Converse et al. 2013; Converse et al. 2014; Christian et al.
2013; Wooten et al. 2013; Hillmer et al. 2014; Adluru et al.
2012; Zakszewski et al. 2014), and we make them available
here to the wider neuroimaging community.

Information Sharing Statement

The labeled template described here is freely available at the
Neuroimaging Informat ics Tools and Resources
Clearinghouse (NITRC) at https://www.nitrc.org/.
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