Loss of functional connectivity is an early imaging marker in primary lateral sclerosis
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Supplementary Methods
MRI acquisition
All participants were scanned on a 3T MRI scanner (GE HDX, GE Medical Systems, Milwaukee, WI) with a receive-only, eight-channel head coil. Sequences consisted of 1) two high-resolution T1-weighted sequences (3D fast spoiled gradient echo sequence, TR + TE vary, TI = 450ms, FOV 240X240, resolution 256X256, 140 slices, 1mm thickness) were acquired and averaged at each time point for FreeSurfer evaluation of volumes and cortical thickness; 2) resting state functional MRI (rs-fMRI) (TE/TR 30ms/2s, FOV 240X240, resolution 64x64, 40 axial slices, 3.8 mm thickness, 6-7 minutes with visual fixation) 3) left- and right-finger tapping task fMRI, alternating 20-s blocks of finger tapping with 30-s blocks of rest and 4) multi-slice diffusion weighted images (single-shot spin-echo echo planar sequence, FOV 240X240, resolution 96X96, 64 axial slices, 2.5mm thickness). A total of 80 diffusion volumes were acquired. Diffusion weighting was applied in 70 directions with 10 volumes at b=300 s/mm2 and 60 volumes at b=1100 s/mm2. Ten additional volumes were collected without gradients applied (b0). The b0 and b=300 s/mm2 volumes were distributed evenly throughout the acquisition, and the DTI protocol was broken up into four scans, each lasting approximately 5 minutes long (Sarlls et al., 2011). A high-resolution T2-weighted image was also acquired for anatomical registration and echo-planar distortion correction (fast spin echo, TE/TR 100ms/7100ms, FOV 240X240mm, resolution 256X256, 100 axial slices, 1.7mm thickness).  

MRI processing
fMRI - Finger Tapping Task 
Task functional data were preprocessed and analyzed using FSL’s FEAT Version 6.00 (FMRIB's Software Library, www.fmrib.ox.ac.uk/fsl). 
All healthy volunteers with technically adequate scans were analyzed as a single group to identify the voxel of peak activation in the cerebrum during the left and right finger tapping tasks. Analysis of each task was performed separately, yielding a voxel in the right motor cortex (MNI: 42, -16, 52) and left motor cortex (MNI: -42, -20, 52) from the left- and right-hand tapping tasks, respectively. The coordinates of peak activation were used as the centers of 10-mm diameter motor Volumes of Interest (VOIs), which were constructed in MNI 152 space and subsequently transformed into individual subjects’ functional space for seed-based functional connectivity. 

fMRI - Resting State 
Preprocessing was performed with FSL and included motion and slice timing correction, spatial smoothing (5mm), and high pass filtering (0.02 Hz). Regression was performed to remove the effects of nuisance variables, including six motion parameters, mean white matter and cerebrospinal fluid signal, and their temporal derivatives. Data were low-pass filtered (0.1 Hz) and normalized. A whole-brain correlation analysis was performed by correlating the mean time series of the voxels in each subject’s motor seed VOI with the time series of every other voxel in the brain. FMRIB's Local Analysis of Mixed Effects (FSL FLAME) was used for group-level comparison of correlation maps, and the resulting Z-statistic images were thresholded using clusters determined by Z > 2.0 and a (corrected) cluster significance threshold of P  0.05 (Worsley 2001). Age and gender were included as covariates in the group analysis. All pair-wise group contrasts were evaluated. 

Cortical thickness and volumes
Cortical reconstruction and volumetric segmentation was performed with the FreeSurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/). The technical details of these procedures have been described and validated in prior publications (Fischl et al., 1999; Fischl et al., 2002; Fischl et al., 2004). Processing included skull stripping, Talairach transformation, optimization of the grey matter-white matter and grey matter-CSF boundaries, segmentation, and tessellation (Dale et al., 1999). Images were visually inspected by a second investigator and scans with errors in segmentation of cortical or CSF surfaces and grey-white junctions were manually corrected. The tessellated surfaces were then inflated and registered to the Desikan-Killiany atlas which parcellates the cerebral cortex into 34 regions in each hemisphere based on gyral and sulcal structures (Desikan et al., 2006). The FreeSurfer QDEC tool was used to carry out whole-brain vertex-wise cross-sectional comparisons between healthy controls and the pre-PLS and established PLS groups. Data were smoothed at 10 mm, and FDR corrected p < 0.05 was used as criteria for significance. The cortical thickness was compared between groups at baseline. The FreeSurfer longitudinal stream, which creates an unbiased within-subject template for measuring changes in cortical thickness over time (Reuter et al., 2012) was used for comparing the thickness of the precentral gyrus in pre-PLS patients with multiple scans. 

Diffusion Tensor Imaging
[bookmark: _GoBack]The TORTOISE software package (https://science.nichd.nih.gov/confluence/display/nihpd/TORTOISE) was used for processing raw diffusion-weighted images, including correcting motion artifacts, eddy current distortion, EPI distortion, calculation of the tensor and DTI metrics of fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD) and radial diffusivity (RD). A voxel-wise comparison of whole-brain FA skeletons of the pre-PLS, established PLS, and control groups was carried out in Tract-Based Spatial Statistics (TBSS v1.2, http://www.fmrib.ox.ac.uk/fsl/) using the methods of Smith (Smith et al., 2006). The most “typical” subject in the study was chosen by TBSS as the target image for registration. A threshold of 0.2 was used to create the mean FA skeleton. Contrasts were performed using the Randomise tool in FSL (v2.9, 5000 permutations), with gender and age as covariates. Thresholding for significant clusters was determined using Threshold-Free Cluster Enhancement, corrected for multiple comparisons across space (FWE). Threshold for significance was p < 0.05 for group comparisons. Whole-tract diffusion metrics were obtained for the corticospinal tract and segments of the corpus callosum using fiber tracking methods previously described (Danielian et al., 2010).
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