Supplementary Material
1  Boundaries of the Acb Suggested by Anatomical Analyses
As summarized by Salgado and Kaplitt (2015), the boundaries of the anatomical Acb region suggested by more modern anatomical analyses could be described as follows: (1) posterior limit: the posterior border of the anterior commissure (Heimer, 2000; Neto et al., 2008); (2) anterior limit: where the rostral limit of the internal capsule starts separating the caudate from the putamen (Neto et al., 2008); (3) medial limit: the sagittal plane passing by the inferior border of the lateral ventricle; (4) lateral limit: a line extending downwards and laterally to the rostral edge of the internal capsule; (5) dorsal limit: the horizontal plane passing under the caudate nucleus head from the inferior border of the lateral ventricle to the inferior limit of the internal capsule, and (6) ventral limit: the external capsule (lateral side) and Broca’s diagonal band (medial side) anteriorly, the anterior hypothalamic nucleus posteriorly (Neto et al., 2008).
2  Preparation of the Specimens and MRI Data Acquisition
[bookmark: OLE_LINK2]High-resolution adult rhesus macaque (Table S1) MRI dataset1 (MDS1) consisted of 8 brain specimens. These monkeys were obtained from a colony maintained by Kunming Institute of Zoology, Chinese Academy of Sciences, and were judged by the veterinarian as appropriate subjects for euthanasia due to serious physical diseases (acute gastroenteritis and enteritis). The macaques were administered an overdose of pentobarbital (100 mg/kg). After verifying the status of deep anesthesia, they were transcardially perfused with phosphate-buffered saline (PBS) solution containing 1% heparin (PH7.4), followed by a pre-cooled PBS solution containing 4% paraformaldehyde. 5 minutes after beginning the perfusion, the speed was lowered to 1 ml/min, which was maintained for 2 hours. The heads were then removed from the bodies and stored in PBS solution containing 4% paraformaldehyde. The skull was carefully removed to expose the whole brain and was transferred to an MRI compatible holder, bundled with medical gauze, and immersed in Fomblin (Solvay, Brussels, Belgium) to prevent dehydration and susceptibility to artifacts. No apparent structural anomaly was found in any of the brains used in the present study. 
Table S1. Descriptive information for the 8 rhesus macaque brain specimens
	Perfusion date (year-month-day)
	No.
	Sex
	Age (years)
	Body weight (kg)

	[bookmark: _Hlk527813801]
2016-05-09
	93310
	female
	23
	3.24

	
	08046
	female
	8
	3.58

	
	12027
	male
	4
	3.06

	
	12411
	male
	4
	2.89

	
2016-05-10
	01006
	female
	15
	3.57

	
	04084
	female
	12
	4.23

	
	10427
	female
	6
	3.69

	
	11402
	female
	5
	2.90


* Note: Their body weights are significantly lower than the normal rhesus macaque due to diseases.
3  MRI Data Acquisition 
MRI data were performed on a 9.4T horizontal animal MRI system (Bruker Biospec 94/30 USR) with Paravision 6.0.1, the gradients are equipped with slew rate of 1170 mT/m/ms and maximum strength 300 mT/m, radiofrequency transmission and reception were achieved with a 154 mm inner-diameter quadrature radiofrequency coil. T2w images were acquired using 2D Turbo RARE sequence with TR/TE = 8464/30.9 ms, flip angle = 90, matrix = 280×220, FOV = 8466 mm, slice thickness = 0.6mm, number of excitations = 4. DTI images were acquired using a 2D diffusion weighted spin echo pulse sequence, TR/TE = 9800/21.8 ms, bandwidth = 304 kHz, FOV = 94×66 mm, matrix = 140×110, and voxel sizes = 0.6×0.6×0.6577 mm. 60 diffusion directions with b = 1000 s/mm2 (Δ/δ = 10.9/4.5 ms, maximum gradient amplitude = 276 mT/m) and 4 non-diffusion gradients (b = 0 s/mm2) acquisition, and time cost was approximately 115 hours per specimen. The data quality of these diffusion images were analyzed in Section 4.
4  MRI Data Quality Checking
The visual inspection was first performed for these MRI data to ensure there were no obvious artefacts and geometric distortions caused by living bodies’ motion and physiological noise, as well as the static magnetic field inhomogeneity and the eddy current, etc.
[bookmark: OLE_LINK77]For the ex vivo macaque diffusion MRI data, the b-value was not set to the 4000 s/mm2 recommended in previous studies (D’ Arceuil et al., 2007; Dyrby et al., 2011) but at the relatively low value of 1000 s/mm2 like some other studies (see Table S2). For example, Calabrese et al. (2015) reconstructed 42 major white matter tracks and even several smaller pathways (e.g., the cranial nerves, the fasciculus retroflexus, and the stria medullaris) using diffusion images with the relatively low b-value of 1500 s/mm2. In this study, a preliminary test of the data quality was performed for these diffusion images using a typical signal-to-noise ratio (SNR). Further testing was performed by comparing the parcellation results generated using different b-values (1000, 2000, 3000, and 4000 s/mm2) for the diffusion images.
Table S2. Previous studies using relatively low b-value for tractographic reconstruction
	Authors
	Scanner
	Subjects
	DTI Sequence
	TR/TE
(ms)
	# Dir. 
	Max b-value (s/mm2)
& other parameters

	Calabrese et al., 2016
	Agilent 7T field strength 650 mT/m gradient 65mm QUA. Coil
	10 rhesus monkey brain specimens
	3D diffusion weighted spin echo
	100/21.5
	12
	1500
Δ = 14 ms
δ = 4 ms
amplitude = 50 G/cm

	Rane et al., 2010
	Siemens TRIO
3T 
	4 rhesus monkey brain specimens
	STEAM EPI;
STEAM EPI;
double spin-echo
	1500/80;
1500/80;
1500/104
	30;
30;
30
	1700, δ = 21 ms, diffusion time = 48 ms;
1700, δ = 21 ms, diffusion time = 192 ms;
1700, δ = 21 ms, effective diffusion time = 45 ms

	Budde et al., 2011
	Bruker Biospec
7T field strength; 
microimaging gradient insert and a 20-mm
probe.
	5 (8-12 week-old; female) Wistar rats brain specimens
	A multiple-echo pulsed gradient spin echo sequence
	4000/20
	30
	1200
Δ = 10 ms
δ = 4 ms

	[bookmark: _Hlk519614380]Feng et al., 2017
	A Bruker 4.7 T scanner
	10 (age: 5.3 ± 2.8 years; body
weight = 5.67 ± 2.34 kg; 6 male) macaques
	3D multiple spin echo diffusion tensor sequence
	700/32.5
	8
	1000


[bookmark: _GoBack][bookmark: OLE_LINK112][bookmark: OLE_LINK111]The diffusion tensor is reconstructed by evaluating the signal loss in diffusion weighted images with respect to the signal of a reference image (b = 0 s/mm2) with no diffusion attenuation. Hence, the low difference signal can be overwhelmed by noise, which adds to that of the diffusion weighted image and the reference one. The insufficient SNR can present a critical problem for the subsequent tractographic reconstruction and eventual parcellation. The SNRs of the macaque diffusion images were calculated and checked using a single image-based two-region method (Dietrich et al., 2007; Griffanti et al., 2012). Specifically, for each macaque, two separate tissues, the gray matter (GM) and white matter (WM), were extracted in subject-native diffusion space to estimate the signals; a region positioned in the background was used to evaluate the noise. The SNRs were then calculated for these diffusion images (Fig. S1). As a rule of thumb, the SNR of the diffusion MRI acquisition image should be at least 20 to derive relatively unbiased measures of parameters, such as the fractional anisotropy (Mukherjee et al., 2008). All the diffusion images in this study met this requirement and thus had an appropriate SNR for the subsequent tractographic reconstruction.
[image: ]
Figure S1. Scatter plot visualizing the SNRs generated by the WM (A) and the GM (B). The horizontal axis indicates 8 macaque brain specimens. ‘X’ marks showing the SNR value of the diffusion images (64 values per subject). The mean and extreme (maximum and minimum) SNRs are indicated by solid line and triangular symbols, respectively. All these SNRs are far above 20.
[bookmark: OLE_LINK1]The primary purpose of this study was the tractography-based parcellation. Therefore, we performed a further test of the data availability by comparing the similarities between the parcellation results generated by different b-values. For this purpose, we prepared another macaque brain specimen using the above-mentioned operations and used it to acquire four sets of diffusion MRI data at b-values of 1000, 2000, 3000, and 4000 s/mm2 while keeping all the other parameters unchanged. Then, the nucleus accumbens (Acb) was chosen as seed to construct the tractography-based parcellation using these four sets of data (the individual parcellation procedure was detailed in main text). The parcellation results (Fig. S2) had similar subregions distribution pattern across the MRI data for the different b-values (1000, 2000, 3000, and 4000 s/mm2), at least in 2-, 3-, 4-, 5-, and 6-cluster solutions. In particular, the 2-, 3-, and 4-cluster solutions results from the low b-value (e.g., 1000 s/mm2) diffusion MRI data seemed to present a high degree of overlap with those from the higher b-values (e.g., 4000 s/mm2) diffusion data, suggesting that low b-value diffusion data is feasible for tractography-based parcellations.
Taking above quality tests into account, the macaque diffusion MRI data acquired in this study at a relative low b-value of 1000 s/mm2 had an appropriate SNR for tractographic reconstruction and could also enable us to obtain parcellation results that are consistent with those that would have been obtained using higher b-values data. Thus, we conclude that the other 8 ex vivo macaque diffusion data should have the same ability to support the parcellation research.
[image: ]Figure S2. The parcellation results of the Acb. Different diffusion MRI data (b-values = 1000, 2000, 3000, and 4000 s/mm2) were used for this procedure and the results are shown here for comparison. The Acb was parcellated into 2, 3, 4, 5, and 6 clusters. The parcellation results show similar Acb subregions spatial distribution patterns across datasets. Left hemisphere, LH; right hemisphere, RH.
5  Necessary Measures to Parcellate the Acb
The down-sample of the tractographic images of voxels will inevitably cause a loss of connectivity details, and thus may impact on the connectivity-based parcellation result. We added an additional test to investigate the degree of parcellating precision affected by the down-sample of the tractographic images. We took an individual Acb region as an example and parcellated this region using the whole-brain connectivity matrix formed by the down-sampled tractographic images (voxel sizes: 0.6×0.6×0.6577 mm) and the whole-brain connectivity matrix formed by the tractographic images have not yet been down-sampled (voxel sizes: 1.2×1.2×1.3154 mm) respectively. We found their well consistent parcellation results at a relative coarse-grained resolution (see the 2-cluster solution shown in Fig. S3) and similar but not identical parcellation results at a relative fine-grained resolution (see the 4-cluster solution shown in Fig. S3). In view of this, we used the down-sampled tractographic images to parcellate the striatum to define the Acb (at a coarse-grained resolution), while used the high-precision original tractographic images to investigate a finer Acb parcellation than the traditional dichotomization.
[image: ]
Figure S3. The effect of the down-sampled tractographic images on the parcellation. The original tractographic images and the down-sampled tractographic images were used to parcellate the individual (No. 11402) Acb region (347 voxels) and their results are shown in top and low panel respectively. We found similar topological distribution of the final parcellation results in the 4-cluster solution, but a few individual clusters present certain volumetric differences, i.e., different side lengths of the corresponding squares shown in right two panels.
6  The ventral striatal subregions
[image: ]
Figure S4. The ventral striatal subregions. The neurochemically unique domains of the accumbens and putamen (NUDAPs) in primate striatum was described as a histological region comprising of ventral one-third of the putamen and a small region of the lateral accumbens shell (Voorn et al., 1996). The counterpart region in this study was thus named NUDAPs-like division (right panel). Sld, shell-like division; Cld, core-like division; Tz, transion zone; Put, putamen.
7  Definition of the criteria for the target areas
Referring to earlier literature (Cauda et al., 2011; Xia et al., 2017), we chose a set of brain areas which had ‘important’ connections with most of the two Acb subregions as target group. The ‘important’ anatomical connectivity was defined according to the following criteria: 1) The number of activation voxels included in the area surpassed a fixed fraction, > 2%, of the total voxels of that area, or 2) the number of activation voxels included in the area surpassed a fixed fraction, > 2%, of the total number of activation voxels. And the ‘important’ functional connection was defined according to the following criteria: 1) The number of activation voxels included in the area surpassed a fixed fraction, > 5%, of the total voxels of that area, or 2) the number of activation voxels included in the area surpassed a fixed fraction, > 5%, of the total number of activation voxels.
[image: ]
Figure S5. The targets family. 17 targets meeting above mentioned connection criteria were extracted from the histological atlas to construct the fingerprint framework. Acronyms: TP, temporal pole; Pa, pallidum; Ca, caudate nucleus; Pu, putamen; INS, insula cortex; Amyg, amygdala; Hipp, hippocampus; EC, entorhinal cortex; hTha, hypothalamus; MD, mediodorsal part of the thalamus; MidB, midbrain.
8  The Whole-Brain Voxel-Wise of the Acb Subregions
[image: ]
Figure S6. The whole-brain voxel-wise significant rsFC maps of the Acb subregions. For each Acb subregion, all individual normalized z-valued rsFC maps were fed into a random effects one-sample t-test to determine the regions that had significant correlations with this Acb subregions in a voxel-wise manner. A statistical threshold of p (uncorrected) < 0.05 was set to achieve a corrected cluster wise statistical significance of p < 0.05, with the cluster size estimated based on the group-averaged GM mask and the group-averaged Gaussian filter width.
9  The RsFC between the Acb Subregions
For each pair of these Acb subregions, we extracted their mean time series using the non-smoothing fMRI data and calculated their Pearson correlation (i.e., rsFC) in each individual for subsequent statistical analyses. A contrasts rsFC was calculated using a paired samples t-test to compare the differences in the functional connection between all the pairs of the subregions (see Fig. S7). For each Acb subregion in the left and right hemisphere, we calculated the Pearson correlation between their mean time series in each individual and showed the statistical results in Fig. S8.
[image: ]
Figure S7. The rsFC between the four Acb-like subregions. The left and right panel indicates the rsFC in left and right hemisphere, respectively. For example, the group-level averaged rsFC between the dCore and the other three subregions in left hemisphere are shown in most left three bars. And the rsFC between the dCore and lShell is significant lower than the rsFC between the dCore and mShell.
[image: ]
Figure S8. The rsFC between the corresponding Acb subregions.
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