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Supplementary Methods

1. Methods

1.1. General linear model analysis
The group GLM included a set of basis functions consisting of the predicted BOLD response to the stimulation paradigm, based on the stimulus timing convolved with the hemodynamic response function, a constant function, and the first 2 principal components of the time series data for all voxels in the spinal cord and brainstem. The first two principal components across all voxels account for dominant components of physiological noise (respiration and cardiac effects) and bulk motion and do not include contributions from task-related regressors, which occur within specific localized regions [1-3]. Analyzing the normalized data averaged over the group takes advantage of the fact that signal fluctuations due to random noise and physiological motion that are uncorrelated between acquisitions will be reduced, whereas the consistent BOLD-related fluctuations in signal are synchronized with the stimulus paradigm and will be enhanced [1]. Between-condition contrasts were determined by subtracting the group time series data on a voxel-by-voxel basis. A threshold of p < 0.001 was chosen to balance Type-I and Type-II errors-given that the data consisted of approximately 5000 independent voxels, at a p-value threshold of p < 0.001, 5 false-positive results (voxels) distributed randomly throughout the analyzed volume, might be expected. 

1.2. Functional MRI data: preprocessing
Data preprocessing included conversion of the data files from DICOM to NIfTI format, followed by coregistration within each series to correct for bulk motion. Coregistration was carried out in 3D using the nonrigid 3D registration tool in the Medical Image Registration Toolbox (MIRT; [4]). The data were subsequently interpolated to 1 mm cubic voxels and then spatially normalized, in accordance with previously established methods [1,5-7]. The method consists of matching sections of the template to the image data, with a process to ensure that the length of the cord anatomy is not altered compared to the original image data. Fine-tuning normalization is then applied to match the normalized images to the template using the MIRT toolbox [4]. The anatomical reference image was based on data from 356 healthy participants, and a corresponding anatomical region map has been defined as well, as described previously [2,6]. This anatomical map was used to automatically identify anatomical regions in subsequent analyses.

1.3. SEM analysis
The underlying concept is that BOLD signal fluctuations in a region are most closely related to input signaling from other regions. The BOLD signal time-course in a target region is therefore expressed as a weighted sum of the BOLD signal time-courses in the regions that may be providing the input (i.e. the source regions) [8]. The linear weighting factors (-values) reflect the connectivity between regions. The model assumed for this analysis is shown in Supplementary Figure 1, and includes the medial portion of the thalamus (Thal), the hypothalamus (Hyp), periaqueductal gray matter (PAG), nucleus raphe magnus (NRM), nucleus gigantocellularis (NGc), parabrachial nucleus (PBN), locus coeruleus (LC), nucleus tractus solitarius (NTS), dorsal reticular nucleus of the medulla (DRt), and right dorsal region of the 6th cervical spinal cord segment (C6RD). The anatomical precision of connected regions was also refined by dividing each region in 7 sub-regions based on the BOLD time-course properties, by means of k-means clustering. Networks were investigated for every combination of anatomical sub-divisions of each region in order to identify the sub-divisions that yielded the best fits to the measured data. In order to allow for variations in connectivity over the course of the stimulation paradigm, SEM analyses were carried out in a dynamic manner. Connectivity values were computed using data only from time periods spanning 40.5 seconds (7 volumes center-to-center), but the time period was shifted one volume at a time, in a sliding-window manner, to span the entire paradigm. 
The goodness-of-fit was determined by computing the amount of variance in each target region that is explained by the fit, expressed as the R2 value. The significance was estimated by converting the R value to a Z-score by means of Fisher’s Z-transform. The significance of each network component, with a given set of anatomical sub-divisions, was determined based on previously determined probability distributions [8]. Network components were inferred to be significant at a family-wise error corrected pfwe < 0.05. F-tests were used to determine the significance of each source region to the fit to each target region, and significance was inferred at F(1,() > 3.845 was used, corresponding to p < 0.05. The significance of linear weighting values (i.e.  values) were determined, compared to the null hypothesis (i.e.  = 0), based on a T-test. Significance was again inferred at a family-wise-error corrected pfwe < 0.05, accounting for the total number of network combinations that were tested.
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Supplementary Tables

Supplementary Table 1: Full list of spinal cord and brainstem regions exhibiting BOLD signal changes in the Group GLM for Main effect of Affective Condition.
	
	
	Negative 
	Neutral
	Positive

	Spinal Cord Segments
	
	
	
	

	
	C1
	2+ Right Dorsal
	
	

	
	
	8+ Medial Ventral 
	
	

	
	C2
	8+ Right Ventral 
	
	

	
	C3
	
	8- Right Dorsal
	

	
	C4
	
	3- Right Dorsal 

10- Right Ventral
	

	
	C5
	
	16- Right Ventral 
	3- Right Dorsal

	
	C6
	2+ Right Ventral
	10+ Left Ventral
	2+ Right Ventral

	
	C7
	
	54+ Left Ventral 
	15+ Right Ventral 

	
	C8
	
	2+ Left Ventral 
	

	
	T1
	
	11- Right Dorsal 
	4- Right Dorsal 

	Brainstem 
	
	
	
	

	
	Pons
	59+ Medial Ventral 
	
	

	
	Medulla
	16+ Right Ventral 
	8+ Left Dorsal 
	

	
	
	8+ Medial Ventral 
	
	


Note: All statistical inferences were made at p < 0.001. Number of voxels exhibiting BOLD signal increase in a given region is indicated with “+”, while BOLD signal decreases are indicated with “-“. It is of note that the large extent of ventral activation across the lower spinal cord segments is consistent with Smith SD, et al., who reported a large spread of ventral activity in response to viewing Neutral IAPS images, without any accompanying sensory or motor stimulation.

Supplementary Table 2: Full list of spinal cord and brainstem regions exhibiting differences BOLD response between conditions for the Group-Level Between Condition Contrasts.
	
	Negative > Positive 
	Negative > Neutral
	Neutral > Positive

	Spinal Cord Segments
	
	
	

	
	C1
	2+ Left Ventral
	4- Left Dorsal
	

	
	C2
	
	
	15- Right Medial

	
	C3
	
	9+ Right Dorsal
	11- Right Ventral 

35- Right Dorsal

11- Medial

	
	C4
	3- Medial Ventral 
	12+ Right Ventral
	10- Right Ventral 

	
	C5
	
	
	

	
	C6
	
	10- Left Ventral
	15+ Left Ventral 

	
	C7
	8- Medial Ventral 
	9- Left Ventral
	6- Right Ventral 

	
	C8
	
	
	

	
	T1
	9+ Right Dorsal
	31+ Right Dorsal
	15+ Medial Ventral

5 + Right Dorsal

	Brainstem 
	
	
	

	
	Pons
	5- Right Ventral (BPN)
	13- Right Ventral (BPN)
	7+/7- Medial (Caudal)

	
	
	13- Left Dorsal 
	51- Right Ventral 
	12+ Right Ventral (BPN)

	
	
	8+ Medial Ventral
	7- Left Ventral
	17+ Left Dorsal (PBN) 

	
	
	5+ Left Medial
	
	24+ Left Ventral (Caudal)

	
	Medulla
	5+ Left Ventral
	10+ Right Ventral
	18- Left Dorsal (Caudal)

	
	
	10- Left Dorsal
	
	12+ Left Dorsal (Rostral)


Note: All statistical inferences were made at p < 0.001. Number of voxels exhibiting greater BOLD response in the primary condition is indicated with “+”, while “-” indicate BOLD responses that were greater in the reverse contrast.
Supplementary Figure 1: The SEM model assumed for analysis; includes the medial portion of the thalamus (Thal), the hypothalamus (Hyp), periaqueductal gray matter (PAG), nucleus raphe magnus (NRM), nucleus gigantocellularis (NGc), parabrachial nucleus (PBN), locus coeruleus (LC), nucleus tractus solitarius (NTS), dorsal reticular nucleus of the medulla (DRt), and right dorsal region of the 6th cervical spinal cord segment (C6 RD).
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