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Abstract

The single nucleotide polymorphism rs356219 in the α-synuclein (SNCA) gene has been shown to 

significantly contribute to an earlier age at onset of Parkinson's disease (PD), regulate SNCA 

expression in PD-brain regions, blood and plasma. Here, we used multimodal MRI to study 

healthy adults with and without the rs356219 risk genotype. Motor and cognitive tests were 

administered and all participants underwent functional and structural MRI. Imaging analyses 

included: 1) task-based functional MRI, 2) task-based functional connectivity, 3) free-water 

diffusion MRI of the substantia nigra, 4) voxel-based morphometry, 5) surface-based 

morphometry. There were no differences between the two groups in motor and cognitive 

performance, or brain structure. However, carrying a PD risk variant was associated with reduced 

functional activity in the posterior putamen and primary motor cortex. Moreover, the posterior 

putamen had reduced functional connectivity with the motor cortex during motor control in those 

with a risk genotype compared to those without. These findings point to functional abnormalities 

in the striato-cortical circuit of rs356219 risk genotype carriers.
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1. Introduction

The motor symptoms of Parkinson's disease (PD) have been the primary source for the 

clinical diagnosis of PD. (Brooks, 2012) It is also recognized that non-motor features are 

prominent early in PD, and could predate motor symptom onset. (Chaudhuri et al., 2006) 

The Movement Disorders Society has begun considering criteria for prodromal PD, and 

numerous contributory factors can put an individual at greater risk for PD. (Berg et al., 2015) 

One of the risk factors that has been identified is genetic history, including specific loci 

identified in genome-wide association studies that are associated with increased odds risk for 

PD. Despite knowing that older adults can carry a risk variant that places them at greater risk 

for developing PD, we are still just beginning to understand how being a carrier of a specific 

genetic risk variant affects key aspects of brain physiology in living humans.

Mutations in the α-synuclein (SNCA) gene have been known to cause autosomal dominant 

forms of PD (Biskup et al., 2008), while the risk of SNCA mutations in loci in sporadic PD 

have emerged from genome-wide association studies. (Lesage and Brice, 2012; Nalls et al., 

2011) Among the single nucleotide polymorphisms (SNPs) in the SNCA gene associated 

with an increased risk of PD, the rs356219 SNP in particular has been shown to significantly 
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contribute to earlier age at onset of the disease, regulate SNCA expression in PD-brain 

regions, blood and plasma. (Brockmann et al., 2013; Fuchs et al., 2008; Lesage and Brice, 

2012; Mata et al., 2010a; Nalls et al., 2014). Specifically, in a study that analyzed levels of 

α-synuclein in blood and human post mortem brain tissue showed that rs356219 had a 

significant effect on SNCA mRNA levels in the substantia nigra and cerebellum (Fuchs et 

al., 2008). In the current study, we use an approach that combines multimodal magnetic 

resonance imaging (MRI) and genetics to determine if healthy older adults that carry a risk 

genotype for SNCA rs356219 have imaging markers in the brain that mimic those of people 

with a diagnosis of PD. This approach is an important first step towards understanding the 

role of SNCA in brain function in health and disease.

Task-based functional magnetic resonance imaging (fMRI) and free-water diffusion 

magnetic resonance imaging (dMRI) have been identified as two key imaging markers for 

PD. Reduced fMRI signal in the putamen/posterior putamen has been repeatedly shown in 

cross-sectional motor control studies of PD patients compared with controls (Herz et al., 

2013; Spraker et al., 2010). Recently, a longitudinal task-fMRI study indicated reduced 

signal in the putamen and primary motor cortex (M1) with the progression of PD. (Burciu, et 

al., 2016) Furthermore, studies have shown that the functional connectivity of the putamen 

with other regions of the brain is disrupted in PD patients compared to healthy controls. 

(Rieckmann et al., 2015; Tessitore et al., 2014) As for structural MRI changes, work from 

our group has shown that elevated free-water (FW) derived from diffusion MRI occurs in the 

posterior substantia nigra of early stage PD, as well as newly diagnosed de novo PD (Burciu 

et al., 2017; Ofori et al., 2015a), and in the anterior and posterior substantia nigra of 

moderate stage PD and parkinsonian syndromes. (Planetta et al., 2016) Moreover, it was 

found that FW levels in the posterior substantia nigra continue to increase with the 

progression of PD over the course of one, two, and four years. (Burciu et al., 2017; Ofori et 

al., 2015b) By contrast, cortical structural changes are not the hallmark of PD, and any 

abnormalities observed in the integrity of the cerebral cortex have often been linked to the 

later stages of the disease and/or cognitive dysfunction. (Chen et al., 2017; Rektorova et al., 

2014)

In the current hypothesis-testing study, we used multimodal MR imaging and several motor 

and cognitive tests to study healthy older adults that carry a rs356219 risk genotype. The 

SNP examined was selected apriori based on its clear association with increased odds of 

developing PD. (Fuchs et al., 2008; Li. et al., 2013; Mata et al., 2010b; Nalls et al., 2015b; 

Nalls et al., 2014; Pan et al., 2012) Based on the recent evidence showing deficits in 

dopaminergic transmission that precede cell death and motor dysfunction in an α-synuclein 

transgenic mouse model (Janezic et al., 2013), we hypothesized that individuals carrying a 

PD risk genotype will present with functional abnormalities of the basal ganglia circuitry 

without structural brain changes or overt motor symptoms compared with individuals with a 

low risk, normal genotype.
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2. Materials and Methods

2.1. Participants

A total of 31 older adults were tested in this study. They were recruited using advertisements 

from the local and surrounding communities in North Central Florida, and had no history of 

neuropsychiatric or neurological problems. Importantly, structural imaging was used to rule 

out microstructural brain abnormalities. The testing protocol included structural and 

functional brain imaging, and motor and cognitive tests. Genotyping was available for all 

participants and used to group people into those who had a risk genotype and those who had 

a normal genotype based on the SNP rs356219 of the SNCA gene (Table 1). The study was 

approved by the Institutional Review Board at the University of Florida, and all participants 

provided informed consent prior to data collection.

2.2. Genotyping using NeuroX

The NeuroX platform was used for genotyping (Nalls et al., 2015a). Genotyping was 

executed as per the manufacturer's protocol (Illumina, Inc). Our genotype calling workflow 

used a publicly available cluster file for the exome array standard content, which we 

modified to maximize variant calling for the NeuroX custom content. NeuroX comprises a 

backbone of standard Illumina exome content of approximately 240,000 variants, and over 

24,000 custom content variants focusing on neurologic diseases. Standard GWAS quality 

control was undertaken with inclusion criteria such as a minimum call rate of 95% for 

participants and SNPs, a minor allele frequency of > 0.01, a Hardy-Weinberg equilibrium P 

value of > 1 × 10-7, no first-degree relatives in the sample collection (identity-by-descent 

score < 0.125 in PLINK) and European ancestry confirmed by multidimensional scaling 

analyses. For the SNP of interest, rs356219, the genotype for each individual was found in 

the NeuroX spreadsheet. If a subject was a carrier of at least one risk allele he/she was 

assigned to the risk genotype group (N=18), whereas if a subject did not have a risk variant 

he/she was assigned to the normal genotype group (N=13).

2.3. Clinical measures

Motor symptoms were assessed using part III of the Movement Disorder Society Unified 

Parkinson's Disease Rating Scale (MDS-UPDRS-III). (Goetz et al., 2008) We also evaluated 

bimanual coordination using the Purdue Pegboard Test as the total number of pins placed on 

the pegboard within 1 minute with both hands working simultaneously, and gait using the 

Dynamic Gait Index (DGI). (Desrosiers et al., 1995; Shumway-Cook et al., 1997) Cognitive 

status and the existence and severity of depression were measured with the Montreal 

Cognitive Assessment (MoCA) (Nasreddine et al., 2005) and Beck Depression Inventory, 

respectively. (Beck et al., 1961)

2.4. Acquisition of MR images

MR imaging was performed on a 3T Philips Achieva (Best, The Netherlands) MRI system 

equipped with a 32-channel SENSE head coil. We collected: 1) functional scans using a 

T2*-weighted, single shot, echo-planar pulse sequence with repetition time=2500 ms, echo 

time=30 ms, flip angle=80°, field of view=240×240 mm, acquisition matrix=80×80, voxel 
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size=3 mm isotropic with no gap between slices (N=46); 2) whole brain diffusion imaging 

data using a single-shot spin echo EPI sequence: repetition time=7748 ms, echo time = 86 

ms, flip angle=90°, field of view=224×224 mm, voxel size=2 mm isotropic with no gap 

between slices (N=60), diffusion gradient (monopolar) directions=64, diffusion gradient 

timing DELTA/delta=42.4/10 ms, b-values: 0, 1000 s/mm2, fat suppression using SPIR, in-

plane, SENSE factor=2; and 3) high-resolution structural data using a 3D T1-weighted 

sequence with repetition time=8.2 ms, echo time=3.7 ms, flip angle=8°, field of 

view=240×240 mm, acquisition matrix=240×240, voxel size=1 mm isotropic with no gap 

between slices (N=170). To rule out microstructural brain abnormalities, we also acquired a 

T2-weighted scan: repetition time=7.0 ms, echo time=54 ms, flip angle=22°, field of 

view=224×224 mm, acquisition matrix=224×224, voxel size=1 mm isotropic with no gap 

between slices (N=64).

2.5. fMRI task: unimanual grip force

The task is well established in PD and is thoroughly detailed elsewhere. (Burciu, et al., 

2016; Neely et al., 2015; Spraker et al., 2010). Prior to entering the MRI scanner, all 

participants were trained on the task and had their maximum voluntary contraction (MVC) 

measured using a pinch grip. The MVC was used to set the same target force level for all 

participants (i.e., 15% MVC). The fMRI protocol consisted of a block-design that alternated 

force and rest blocks as follows: 30s rest, 30s force with performance feedback, 12.5s rest, 

and 30s force without performance feedback. (Burciu et al., 2015; Neely et al., 2015; 

Spraker et al., 2010) This sequence was repeated four times and there was an additional 30s 

rest period following the final block of force without performance feedback. The task was 

visually guided and involved repetitive contraction and relaxation of hand muscles. A green 

cue was the go-signal for pushing on the force sensor and sustaining force (2 s), while red 

indicated a rest period (1 s). Hand use was balanced within groups to avoid a potential 

influence of hand response/dominance on the behavioral and imaging results.

2.6. Force data analysis

Data analysis procedures were consistent with the methodology used in our previous work. 

(Neely et al., 2013; Planetta et al., 2015) Force output was filtered using a 10th order 

Butterworth filter with a cutoff frequency of 15 Hz, and three variables were calculated: (1) 

mean force during the hold period expressed as % MVC, (2) mean rate up - the rate of 

change of increasing force across the ramp period, and (3) mean rate down - the rate of 

change of decreasing force across the relaxation period.

2.7. MRI data analysis

2.7.1. Task-based fMRI—Consistent with previous studies, the fMRI and T1-weighted 

scans of those participants who performed the task with their left hand were flipped along 

the midline prior to preprocessing. (Burciu et al., 2015; Neely et al., 2015; Spraker et al., 

2010) Data preprocessing was performed using Analysis of Functional NeuroImages (AFNI, 

https://afni.nimh.nih.gov/), and included the following steps: removal of the first four 

volumes of the functional scan to allow for T1 equilibration effects; slice timing and head 

motion correction; normalization of the signal in each voxel at each time point by the mean 
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of its time series; registration of each volume of the functional data set to its first volume; 

co-registration of the functional scan with the structural scan; spatial normalization of the 

structural scan to the MNI152 template; reslicing of the functional scan in MNI space using 

the normalization parameters from the previous step; smoothing of the functional scan with 

a Gaussian kernel of 4 mm full width at half-maximum FWHM. Finally, fMRI data were 

regressed to a simulated hemodynamic response function for the task sequence (using the 

3dDeconvolve function in AFNI), and percent signal change was calculated for each TR. Of 

note, the signal at each TR was averaged across force, consistent with previous studies. 

(Burciu, et al., 2016; Spraker et al., 2010) We calculated a mean percent signal change 

across 6 TRs toward the end of the task. This time interval was selected based on previous 

results showing a significant group (controls vs. PD) by TR interaction with task progression 

in nuclei of the basal ganglia (Spraker et al., 2010), and was confirmed to be sensitive to 

disease progression in a longitudinal fMRI study. (Burciu, et al., 2016) The regions used for 

the percent signal change analysis were the posterior putamen derived from the putamen 

ROI included in the Basal Ganglia Human Area Template (BGHAT) (Prodoehl et al., 2008), 

and M1 extracted from the Human Motor Area Template (HMAT) (Mayka et al., 2006), all 

contralateral to the hand tested. We also included a control ROI, a region responsible for 

complex non-motor functions which is not typically affected in PD. (Seghier, 2013) The 

control ROI was the contralateral angular gyrus and it was extracted from the Automated 

Anatomical Labeling Template (AAL). (Tzourio-Mazoyer et al., 2002)

2.7.2. Task-based functional connectivity—The analysis was carried out in AFNI and 

just like the task-based analysis it used AFNI's afni_proc.py scripting algorithm. 

Importantly, time series were further processed using ANATICOR in AFNI to extract 

spurious or nonspecific sources of variance from the BOLD data. These sources included the 

6 motion parameters that describe rigid-body registration, white matter and cerebrospinal 

fluid, and the average signal across all voxels in the brain (i.e., global signal). Seeds were 

placed in the ROIs where percentage signal change differed with rs356219 genotype. 

Pearson correlations were computed between the seed and other voxels in the brain. The 

correlation maps were then converted to a Z-score.

2.7.3. Free-water diffusion MRI—The FMRIB Software Library (FSL, http://

www.fmrib.ox.ac.uk/fsl/) and custom UNIX shell scripts were used to preprocess the data. 

First, scans were eddy current and head motion corrected. Gradient orientations were 

compensated to account for any rotation applied to the images, and non-brain tissue was 

removed. FW maps were calculated from the corrected volumes using a custom code written 

in MATLAB R2013a (The Mathworks, Natick, MA). (Ofori et al., 2015a; Ofori et al., 

2015b) Briefly, a bi-tensor model was applied, where signal attenuation is computed from 

two compartments: one that models tissue and another that models FW. Next, the b0 images 

were normalized to a MNI-T2 template by an affine transformation with 12 degrees of 

freedom and trilinear interpolation. The spatial transformation parameters obtained from this 

step were applied to the FW maps. Finally, for each participant, ROIs corresponding to the 

left and right posterior substantia nigra were hand-drawn on the normalized b0 image, and 

blinded to group status according to genotype, and blinded to the FW image. Consistent with 
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previous FW studies, we averaged FW across the left and right posterior substantia nigra. 

(Ofori et al., 2015a; Ofori et al., 2015b; Planetta et al., 2016)

2.7.4. Voxel-based morphometry—The voxel-based morphometry (VBM) analysis was 

performed using the Computational Anatomy Toolbox (CAT12, http://dbm.neuro.uni-

jena.de/cat/) which runs in Statistical Parametric Mapping 12 (SPM12, http://

www.fil.ion.ucl.ac.uk/spm/software/spm12/). Briefly, T1-weighted images were corrected 

for signal intensity non-uniformities, segmented into tissue classes (gray matter - GM, white 

matter - WM, cerebrospinal fluid - CSF), spatially normalized using the DARTEL 

algorithm, modulated in order to obtain the absolute volume of GM tissue corrected for 

individual brain sizes, and smoothed with a Gaussian kernel of 8 mm FWHM. For exclusion 

of artefacts on the GM-WM border (i.e., incorrect voxel classification), we applied a GM 

threshold of 0.2.

2.7.5. Surface-based morphometry—For surface-based morphometry (SBM), we used 

the surface-preprocessing pipeline implemented in the CAT12 toolbox which extracts the 

cortical surface and quantifies cortical thickness based on an absolute mean curvature 

approach. (Dahnke et al., 2013; Luders et al., 2006) The T1-weighted images were 

segmented into tissue classes to estimate WM distance, and the resulting WM distance maps 

were used to project the maximum local WM distance that is equivalent to the local 

thickness to other voxels. The left and right central cortical surfaces were reconstructed 

separately. Finally, for between-group comparisons, the left and right cortical thickness maps 

were resampled into a common coordinate system and smoothed with a Gaussian kernel of 

15 mm FWHM.

2.8. Statistical analyses

First, Hardy-Weinberg equilibrium for rs356219 was tested using the Online Encyclopedia 

for Genetic Epidemiology HWE tool (OEGE). (Rodriguez et al., 2009) Next, we evaluated 

group differences in age and sex using an independent-samples t-test and Pearson Chi-

Square, in order to determine if the upcoming statistical analyses should include these 

measures as covariates. Since there were no differences in age or sex (p values listed in 

Table 1) between people with a rs356219 risk genotype and people with a rs356219 normal 

genotype, we performed group analyses on the clinical and force measures without 

covarying for age and sex. Clinical and force data were entered in a multivariate analysis of 

variance (MANOVA) with genotype (risk vs. normal) as a fixed factor. For the trial by trial 

analysis of the force data, we used a repeated measures ANOVA with force condition and 

trial as repeated factors and genotype (risk vs. normal) as between-group factor. All these 

analyses were considered significant when p < 0.05.

For the imaging analyses, the following tests were used: 1) Percent signal change of the 

task-fMRI signal for the posterior putamen, M1, and angular gyrus was compared between 

groups using an independent t-test with the significance level set at p < 0.05. 2) In the 

functional connectivity analysis, Z-score maps were compared between groups using an 

independent t-test, and because this analysis involved multiple comparisons we corrected the 

p value using AFNI's new ACF approach incorporated in the 3dClustSim function (p < 0.05 
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family-wise error - FWE corrected, minimum cluster size of 12 voxels, voxel size = 3 × 3 × 

3 mm). 3) An independent t-test was used to compare FW in the posterior substantia nigra 

between the two groups at p < 0.05. 4) The group analysis of GM density was voxel-wise 

and performed using an independent t-test with a multiple comparisons correction at p < 

0.05 (FWE correction). 5) Similar to the VBM analysis, an independent voxel-wise t-test 

was used to assess group differences in cortical thickness and corrected for multiple 

comparisons at p < 0.05 (FWE correction). For the significant group effects, the effect size 

was calculated using Hedges' g.

3. Results

3.1. Clinical measures

The study sample was in Hardy-Weinberg Equilibrium (HWE) for rs356219 with a Χ2 of 

0.20. There were no significant differences between individuals with rs356219 risk genotype 

and individuals with rs356219 normal genotype on any of the clinical, motor and cognitive 

measures (p values > 0.05; Table 1).

3.2. Force measures

Similarly, the force dependent measures (i.e., mean force, rate of force increase, and rate of 

force decrease) did not differ with genotype (p values > 0.05; Table 1). The repeated 

measures ANOVAs on the trial by trial force data indicated no group differences, condition 

by group, or trial by group effects for the rs356219 SNP (p values > 0.05).

3.3. Imaging measures

3.3.1. Task-based fMRI—Figure 1 shows percent signal change in the two ROIs 

(posterior putamen, M1) as well as the control ROI (angular gyrus) for the rs356219 

genotype groups. The independent t-tests revealed significant group differences in the 

contralateral posterior putamen [t(29) = 2.596, p = 0.015, Hedges' g effect size = 0.943] and 

contralateral M1 [t(29) = 2.272, p = 0.031, Hedges' g effect size = 0.829], but not in the 

contralateral angular gyrus (p = 0.948). Specifically, the rs356219 risk genotype group had 

reduced percent signal change in the contralateral posterior putamen and M1 compared to 

the rs356219 normal genotype group (Table 2).

3.3.2. Task-based functional connectivity—The functional connectivity analyses 

using the contralateral posterior putamen as a seed showed reduced functional connectivity 

during grip force between the posterior putamen and cortical motor regions in the rs356219 

risk genotype group compared to the rs356219 normal genotype group. The significant 

cluster is shown in Figure 2 and spanned the contralateral sensorimotor and premotor 

cortices, with the peak effect in M1 (MNI coordinates: x = -48, y= -18, z = 36; t = 4.236; 75 

voxels -voxel size = 3 × 3 × 3 mm). No group differences in functional connectivity were 

found when placing a seed in the contralateral M1.

3.3.3. Free-water diffusion MRI—FW in the posterior substantia nigra did not differ 

between the rs356219 risk and normal genotype groups (p = 0.274) (Table 2).
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3.3.4. Voxel-based morphometry—There were no significant differences between the 

rs356219 risk and normal genotype groups in gray matter density.

3.3.5. Surface-based morphometry—Finally, the two rs356219 genotype groups did 

not differ in cortical thickness.

4. Discussion

The current study tested the hypothesis that in healthy older adults that carry a PD risk 

variant for SNCA rs356219, multimodal brain imaging markers of PD differ in comparison 

to older adults that do not carry a risk variant. There were two key findings. First, we 

observed reduced fMRI signal during a force control task in the contralateral posterior 

putamen and contralateral M1 in the group with the risk genotype relative to the group with 

the normal genotype. Second, when using functional connectivity analysis of the task-based 

fMRI data, we found that the contralateral posterior putamen had reduced functional 

connectivity with the contralateral cortical motor areas in carriers of a risk genotype but not 

in carriers of a normal genotype. These findings were observed in the absence of group 

differences in clinical measures as well as brain structure as assessed by VBM and SBM, 

and provide the first evidence that neuroimaging markers from task-fMRI serve as an 

endophenotype of being a carrier of a PD risk genotype.

SNCA rs356219 has received considerable attention in large-scale genome-wide association 

studies (Nalls et al., 2014), and its importance for PD risk was also confirmed in various 

ethnic populations. (Li. et al., 2013; Pan et al., 2012) Alpha-synuclein is a major component 

of Lewy bodies, which are the pathological hallmark of PD. (Mollenhauer et al., 2011) 

SNCA rs356219 is a tagging SNP for a disease associated haplotype in the 3′ region of the 

SNCA gene, and has been shown to influence the level of SNCA mRNA in the substantia 

nigra and cerebellum. (Fuchs et al., 2008) Importantly, the rs356219 risk allele was also 

found to be associated with an early onset of PD. (Brockmann et al., 2013) The novelty of 

this study is that by using a task-fMRI paradigm well-established in PD we were able to 

study the basal ganglia motor circuit of healthy older adults carrying a PD risk genotype and 

show that the fMRI signal in the posterior putamen and M1 contralateral to the hand 

producing force was reduced in people carrying a risk genotype compared to people carrying 

a low risk genotype. Results are consistent with other task-fMRI studies in the PD literature 

which demonstrate abnormalities in the putamen and M1 across different stages of PD. 

(Herz et al., 2013) The fact that force-related activity in the posterior putamen and M1 was 

reduced in the subjects who carried a risk genotype, without any functional changes in non-

PD regions such as the angular gyrus, suggests that functional brain abnormalities across the 

striato-cortical motor pathway may occur before onset of any motor symptoms. A 

longitudinal study in PD and parkinsonism found that the fMRI signal during force 

production in the contralateral putamen and M1 decreased over one year in PD patients but 

not in the control group, suggesting that these structures become more affected with disease 

progression. (Burciu, et al., 2016) Interestingly, the task-based functional connectivity 

analysis using a seed-based approach revealed that the ROI corresponding to the posterior 

putamen, where the percent signal change effect had been found, had reduced functional 

connectivity with the cortical motor areas (peak effect in M1). This result suggests that 

Burciu et al. Page 9

Neurobiol Aging. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



interactions within the striato-cortical motor network are disrupted in carriers of a rs356219 

risk genotype during the performance of a motor task. Of note, fMRI and functional 

connectivity effects do not appear to be explained by any difficulty in performing the task as 

both groups showed comparable motor performance inside the scanner. Moreover, we found 

no differences on other motor tests such as the pegboard and gait tasks, or cognitive status 

(MOCA score) and BDI depression score. In addition, structural MRI measures derived 

using VBM, SBM, and FW diffusion MRI did not differ between the two groups. Therefore, 

structural brain differences are unlikely to have confounded the fMRI results. A recent 

resting-state fMRI study showed that in asymptomatic LRRK2 G2019S mutation carriers 

there is a reorganization of cortico-striatal circuits that mirrors changes observed in patients 

with PD (Helmich et al., 2010). Current findings propose task-based fMRI and task-based 

functional connectivity as possible endophenotypes for carriers of a PD risk genotype, which 

could open the door to studying a prodromal cohort in the future. For example, in 

Alzheimer's disease mild cognitive impairment (MCI) and pre-MCI have become well 

categorized and are used in clinical research studies to identify prodromal cohorts that may 

get Alzheimer's disease (Jack et al., 2013). Also, amyloid imaging is being used to assess 

how novel therapeutics affect amyloid plaques in MCI and pre-MCI cohorts.

In summary, by utilizing neuroimaging to study the genetic variation in the SNP rs356219 of 

the SNCA gene in older adults, we found an abnormal pattern of functional activity and 

functional connectivity across the striato-cortical motor pathway in asymptomatic carriers of 

a PD risk variant. Given that the sample size here is relatively small and can be considered a 

limitation of the study, future research studies with larger samples are necessary to confirm 

and extend these findings. Also, future work should include more comprehensive 

neuropsychological assessments and additional volumetric analyses of the basal ganglia. 

Studies that incorporate a multimodal approach and follow up a healthy group of people that 

include carriers and non-carries of PD risk variants longitudinally using imaging and 

behavioral measurements may provide a cohort of prodromal parkinsonism.
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• Multimodal non-invasive imaging of healthy individuals with and without the 

SNCA rs356219 risk genotype

• Reduced functional activity of the putamen and primary motor cortex in 

carriers of a risk genotype

• The putamen presents abnormal functional connectivity with cortical motor 

brain regions in carriers of a risk genotype
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Figure 1. 
Percent signal change for the contralateral posterior putamen, M1, and angular gyrus, plotted 

for the risk genotype and normal genotype groups. Data are mean +1 standard error.
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Figure 2. 
Task-based functional connectivity results using the contralateral posterior putamen as a 

seed. Results show reduced functional connectivity during grip force between the 

contralateral posterior putamen and a cluster in the contralateral cortical motor areas (peak 

in M1) in the risk genotype group compared to the normal genotype group.
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