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Emotion-Dependent Functional Connectivity of the Default Mode Network in 
Adolescent Depression 

 
Supplementary Information 

 

Diagnostic Assessment of Subjects 

The Schedule for Affective Disorders and Schizophrenia for School-Age Children-

Present and Lifetime Version (K-SADS-PL) was administered to all potentially depressed 

adolescents. All K-SADS-PL diagnoses were verified by a board-certified child and adolescent 

psychiatrist (TTY). All depressed subjects in the study met full criteria for a current primary 

diagnosis of major depressive disorder (MDD) and were excluded from the study if they had a 

primary diagnosis of any other psychiatric disorder other than MDD. The computerized 

Diagnostic Interview Schedule for Children 4.0 (1) and the Diagnostic Predictive Scale (2) was 

used to screen for the presence of any Axis I diagnoses in the healthy control adolescents. 

In addition to completing forms on basic demographics and general medical 

development, all subjects completed the following within three days of their scan session: 

Edinburgh Handedness Inventory (3), Customary Drinking and Drug Use Record (4), Family 

Interview for Genetics Studies (5), Ishihara Color Plates Test (8 plates, 2005 edition), Standard 

Snellen Eye Chart, Tanner Stage (6), and Wechsler Abbreviated Scale of Intelligence (WASI) 

(7). Parental socioeconomic status was measured using the Hollingshead Two Factor Index of 

Social Position (8). 

 

Inclusion/Exclusion Criteria 

All depressed subjects in the study met full criteria for a current primary diagnosis of 

MDD according to the DSM-IV and were excluded from the study if they had a primary 
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diagnosis of any other psychiatric disorder other than MDD. Exclusionary criteria for 

adolescents with MDD included left-handedness, prepubertal status (Tanner stage 1 or 2), being 

color blind or having less than 20/40 correctable vision, any contraindication to MR imaging 

(e.g., pregnancy, claustrophobia, metallic implants), a full scale IQ score < 80 (as measured by 

the WASI), a serious medical or neurological illness, a learning disability, the use of any 

medication with effects on the central nervous system within 2 weeks of their scan, substance 

abuse, evidence of illicit drug use or misuse of prescription drugs, and more than 2 alcoholic 

drinks per week or within the previous month at the time of scanning. All subjects but 5 were 

either actively engaged in cognitive behavioral therapy or family therapy consistently (n = 18) or 

had been at one point 3-4 years prior to the scan (n = 3). All depressed subjects were entirely 

naïve to antidepressants except for two: one had ceased medication usage 4 months before their 

scan and one had ceased 4 years before their scan. See Table 1 for a full summary of the clinical 

characteristics of our depressed subjects including comorbidities and Table S1 for a summary of 

psychosocial treatment history. 

Healthy control (HCL) adolescents were excluded from the study for any of the 

exclusionary criteria for the depressed group, as well as any current or lifetime Axis I psychiatric 

disorder or any family history of mood or psychotic disorders in first- or second-degree relatives. 

Three MDD subjects failed to complete the Ruminative Responses Styles (RRS), five 

depressed subjects could not provide an accurate age of illness onset, one healthy control failed 

to complete the Beck Depression Inventory-II (BDI-II), Multidimensional Anxiety Scale for 

Children, and RRS, and five other healthy controls failed to complete the RRS; these subjects 

were therefore excluded from all analyses involving these respective measures.  
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Six subjects (3 MDD) failed to have their button responses in the scanner recorded and 

were therefore excluded from final analyses.  

Our fMRI analyses included rigorous motion and outlier thresholds. Volumes where the 

Euclidean norm of the motion derivatives exceeded 0.2 or where more than 10% of voxels 

exceeded the median absolute deviation of the detrended time-series were censored (see Image 

Analysis in the main text for more details). If more than 20% of the volumes within a single 

subject were censored, this subject was excluded from our final analyses. As a result, fourteen (8 

depressed) subjects were excluded from the final whole brain and emotion-dependent functional 

connectivity analysis. We therefore report whole brain and emotion-dependent functional 

connectivity results for 63 subjects total: 26 adolescents with MDD and 37 HCL. For the resting-

state data, we used a generalized least squares regression model that estimates the serial 

correlation of noise with an autoregressive moving average method. To control for the effects of 

physiological processes (cardiac, respiratory effects), we included the demeaned motion 

parameters, their derivatives, and the mean signal from white matter and cerebral spinal fluid as 

nuisance regressors into our model. Bandpass filtering (0.01< f <0.1) was also applied to the data 

via an inclusion of a series of sines and cosines into the regression model. This method of 

bandpass filtering, in addition to our nuisance regressors and our conservative censoring 

procedure (described above), therefore required a minimum number of time points for our 

regression model to successfully fit the time-series data. Subjects whose preprocessed resting-

state data did not meet this minimum threshold of time points for appropriate model fitting were 

therefore excluded from further analysis. Consequently, the data from 7 participants (4 MDD and 

3 HCL) were excluded. We therefore report resting-state results for 57 subjects.  Exclusion rates 

did not differ significantly between groups: χ2 = 0.429, p = 0.513.  
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Experimental Stimuli and Paradigm 

Emotional face stimuli have been shown to deactivate regions of the default mode 

network (DMN) in healthy individuals (9), making them the ideal stimuli to use to examine 

abnormalities in the DMN related to emotional processing. However, the only other functional 

connectivity study in adolescent depression using emotional face stimuli did not explicitly 

examine the DMN and only used static fearful faces in their emotional processing task (10). 

While fearful faces have been shown to elicit exaggerated responses in depressed versus healthy 

individuals (11, 12) and that this pattern reverses with successful treatment (13-15), there is also 

mounting evidence that depressed individuals exhibit differential responses to mood-incongruent 

stimuli such as happy faces (16) that is also modulated with successful treatment (17, 18). 

Moreover, there are at present no fMRI studies examining neural responses to sad faces in 

adolescents with depression (12). However, several studies have reported abnormal brain 

activation to sad faces in depressed adults (16, 19, 20) that normalizes with treatment (21-24) 

and predicts clinical remission (25), strongly suggesting that neural processing of sad stimuli 

may be especially relevant to depression. Finally, because dynamic face stimuli are considered 

more ecologically valid and more robustly activate facial affect processing regions compared to 

static face stimuli (26, 27) and because the only other functional connectivity study using face 

stimuli to examine adolescent depression used only static fearful faces (10), our emotion 

identification task employed dynamically morphing faces expressing fear, happiness, and 

sadness.  

Our facial emotion identification task was adopted from a previously published PET 

paradigm (28), which was created and presented using an in-house Tcl script 



Ho et al. 

5 

(http://www.tcl.tk/software/tcltk/). Ten faces (5 female) from a standardized series of facial 

expressions of fear, happiness, and sadness (29) were morphed using computer graphical 

manipulation (28, 30). On Face trials, a screen displaying text of the three possible emotions to 

discern (Fear, Happy, Sad) was presented for 1500 ms. Next, a neutral face morphed in linear 

steps to an emotion of prototypical intensity over the span of 3000 ms. The face of maximal 

emotion then remained on the screen for an additional 800 ms of the trial before the screen 

turned blank for 700 ms (see Figure 1A in the main text). At stimulus onset, two possible 

emotion choices were displayed in text on the bottom left and right corners; subjects were 

instructed to press one of two buttons corresponding to the displayed emotion as soon as they 

recognized the emotion of the face. The pairs of possible emotion choices were: Happy versus 

Sad, Happy versus Fear and Sad versus Fear. As a sensorimotor control, we also had Oval trials 

(6 s per trial), where subjects had to determine if the top of an oval was tilting to the left or right 

and make a button response accordingly as soon as they recognized the tilt direction (see Figure 

1B in the main text). The maximal angle of the oval tilt was 10°. At the end of the functional 

scan, a blank screen was presented for 10 s. In total, there were 80 trials (60 facial trials and 20 

oval trials; total run = 490 s). Response time and accuracy on every trial during scanning was 

recorded. 

 

Image Acquisition 

All scanning was carried out on a General Electric 3T MR750 System (General Electric 

Healthcare, Milwaukee, WI) with Twin Speed gradients and a GE 8-channel head coil at the 

Center of Functional MRI at the University of California, San Diego. A fast spoiled gradient 

recalled sequence was used to collect T1-weighted images: TR = 8.1 ms, TE = 3.17 ms, TI = 450 

http://www.tcl.tk/software/tcltk/
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ms, flip angle = 12°, 256 x 256 matrix, FOV = 250 x 250 mm, 168 sagittal slices 1 mm thick 

with an in-plane resolution of 0.98 x 0.98 mm. For the emotion identification task, T2*-weighted 

echo planar images (EPI) were acquired using the following pulse sequence: TR = 1000 ms, TE 

= 30 ms, flip angle = 90°, 64 × 64 matrix, FOV = 192 x 192 mm, 490 repetitions, 20 contiguous 

axial slices 3 mm thick with an in-plane resolution of 3 x 3 mm. For the resting-state scan, EPI 

images were acquired with the following pulse sequence: TR = 2000 ms, TE = 30 ms, flip angle 

= 90°, 64 × 64 matrix, FOV = 192 x 192 mm, 256 repetitions, 30 contiguous axial slices 3 mm 

thick with an in-plane resolution of 3 x 3 mm. Subjects lay supine in the bore of the magnet. 

During the task, they were instructed to relax but remain awake and as still as possible while 

making responses on a button box. During resting-state, subjects were instructed to look at a 

centrally presented white fixation cross and to keep as still as possible. Visual stimuli were 

projected onto a screen and viewed through a small, angled mirror mounted above the subject’s 

head.  

 

Emotion-Dependent Functional Connectivity (Psychophysiological Interaction [PPI]) 

Image Analysis 

Individual raw time-series data underwent standard preprocessing (see Image Analysis in 

the main text), bandpass filtering (0.009 < f < 0.08), and motion outlier censoring. The mean 

preprocessed time-series from each seed was extracted for each participant, detrended, then 

deconvolved before being multiplied with the condition regressor (Face-Oval) to yield the 

interaction time-series. The interaction time-series, along with task condition and baseline 

regressors, were entered into a generalized least squares regression model that estimates the 

serial correlation of noise with an autoregressive moving average method, with correlation 
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coefficients and corresponding beta-weights as outputs of this model. The resulting correlation 

coefficients from the regression model were converted to z-scores using Fisher’s transformation 

for the purposes of group analysis (see Between-Group Emotion-Dependent Functional 

Connectivity Analysis in the main text for details on the group analysis). Information on the 

resting-state analysis has been published previously (31) and can be found in the following 

section (Resting-State Image Analysis). 

 

Resting-State Image Analysis 

Functional image analysis was conducted using AFNI (32) and FSL (33). T1-weighted 

images were skull stripped using AFNI and transformed to MNI152 standard space using FLIRT 

(34, 35) followed by nonlinear alignment using FNIRT (36). The T1-weighted images were 

segmented into gray matter, white matter (WM) and cerebrospinal fluid (CSF) components using 

FSL’s FAST (37). Prior to transformation to standard space, the WM mask was eroded by 1 

voxel to reduce partial volume effects at the gray-white borders (38). EPI images were motion-

corrected and aligned to the T1-weighted images in scanner space using a local Pearson 

correlation method (39). The time-series data were spatially blurred with a 4.2 mm full width at 

half maximum (FWHM) isotropic Gaussian filter kernel and subjected to global mean-based 

intensity normalization before being nonlinearly transformed to standard space (using the same 

matrix that transformed the T1-weighted images to MNI152 standard space). All subsequent 

analyses were thus conducted at 3 × 3 × 3 mm resolution in standard space. 

For our resting-state functional connectivity analysis, we used a generalized least squares 

regression model that estimates the serial correlation of noise with an autoregressive moving 

average method. To control for the effects of physiological processes (e.g., cardiac, respiratory), 
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we included the 6 motion parameters (3 rotational and 3 translational), their derivatives, and the 

mean signal from WM and CSF as nuisance regressors into the regression model (40). We opted 

not to include a global signal nuisance covariate in our model given the recent controversy 

regarding its use in resting-state analyses (40-43). Resting-state data have been shown to be 

particularly influenced by head motion (44); thus, we also applied rigorous motion outlier 

thresholds during preprocessing: volumes where the Euclidean norm of the 6 motion parameters 

were greater than 0.2 or where more than 10% of voxels were greater than the median absolute 

deviation of the detrended time-series were considered outliers and censored. Finally, bandpass 

filtering (0.01 < f < 0.1) was applied to the data via an inclusion of a series of sines and cosines 

into the regression model (31). This method of bandpass filtering, in addition to our nuisance 

regressors and our conservative censoring procedure (described above), therefore required a 

minimum number of 177 time points for our regression model to successfully fit the time-series 

data. Subjects whose preprocessed resting-state data did not meet this minimum threshold of 

time points for appropriate model fitting were therefore excluded from further analysis. 

Consequently, the data from 7 participants (4 MDD and 3 HCL) were excluded. We therefore 

report resting-state results for 57 subjects. More details on image analysis for the resting-state 

data can also be found in (31). 

 

Comparisons with Prior Resting-State Data 

Resting-state data from 11 of the 26 depressed adolescents and 30 of the 37 healthy 

controls in the present study have been previously published (31). However, the resting-state 

functional connectivity analyses in the present study used seeds based on emotionally-selective 

regions of the DMN and are therefore methodologically and anatomically distinct from the ones 
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used by Connolly and colleagues, which focused on portions of the anterior cingulate cortex 

defined based on a priori coordinates previously published (45). Moreover, one of the primary 

aims of the present study was to specifically examine emotion-dependent functional connectivity 

of the DMN since 1) emotional dysregulation is a key feature of MDD and 2) the role of the 

DMN more generally in adolescent depression is unclear. No work to date has explicitly 

examined the DMN during emotional processing in depressed adolescents. To our knowledge, 

there are only two studies examining functional connectivity of emotional processing in 

depressed adolescents (10, 46), and both are limited in their sample sizes (n = 14 per group in the 

paper by Perlman and colleagues and n = 19 per group by Ho and colleagues) and focus only on 

regions involved in salience and affective processing (e.g., amygdala, subcallosal cingulate 

gyrus). Thus, there is currently a gap in the literature regarding the role of the DMN specifically 

in adolescent depression. There has also been no work examining resting-state DMN 

connectivity in depressed adolescents until recently (47); however, this latest study reported no 

significant differences in resting-state DMN connectivity between depressed and never-

disordered adolescents (47). Thus, the present study is the first to compare and report differences 

in emotion-dependent and resting-state functional connectivity of the DMN, as our prior resting-

state study did not examine any task-based fMRI data whatsoever. 

 

Between-Group Whole Brain Task Analysis 

Several areas of the DMN were deactivated in HCL during emotional processing, 

including a large area of medial prefrontal cortex (mPFC) extending inferiorly into the pregenual 

anterior cingulate cortex (Table S2, Figure 2), left posterior cingulate cortex (PCC) (Table S2, 

Figure 2), and bilateral middle temporal gyri (Table S2, Figure S1). MDD failed to show 
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deactivation in these same regions during emotional processing and even exhibited 

hyperactivation in right parahippocampal and middle temporal clusters relative to HCL (Table 

S2, Figure S1). Moreover, activation in bilateral anterior insula was blunted in MDD compared 

to HCL (Table S2, Figure S1). Finally, MDD showed greater activation in visual processing 

regions (middle occipital cortex, lingual gyrus) compared to HCL (Table S2, Figure S1).  

 

Controlling for Multiple Comparisons 

All reported fMRI results were corrected at a whole brain level (cluster-wise p < 0.05). 

We computed the minimum number of contiguous voxels passing the voxel-wise threshold for a 

significant group difference (F1,61 = 4.00, p = 0.05) that would result in a cluster-wise p < 0.05 

corrected threshold at the whole brain level using 10,000 iterations of Monte Carlo simulations.  

Our simulations were based on an average skull-stripped whole brain mask comprising 

24,511 voxels (661,797 µL) that overlapped with at least 90% of the slice stacks created from all 

our subjects and the imposed FWHM values (48). We used a first-nearest neighbor clustering 

method such that all above threshold voxels were considered part of a cluster if their faces 

touched. Based on our simulations, this minimum cluster threshold was 51 voxels (1377 µL). 

An alternative method for estimating smoothness of functional data is to compute the 

FWHM values based on the individual residuals arising from the regression model in the first-

level analysis (49, 50). However, this approach may not be appropriate when examining 

between-group effects and when the applied smoothing kernel is not three or more times larger 

than the voxel size, as is the case in the present study (48, 49, 51-53). As a comparison to our 

original approach, we estimated the smoothness of the functional data by averaging across all the 

individual residuals resulting from the first-level analysis. With these averaged FWHM values as 
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inputs into our Monte Carlo simulations, the alternative resultant cluster threshold was 65 voxels 

(1755 µL). Thus, all of the significant results reported in the main text survive this threshold 

except one – the subcallosal cingulate gyrus/lentiform nucleus region arising from the between-

group PPI analysis with the PCC seed, which is 63 voxels (see Figure 4, Table 3 for more 

details). Given that several of the regions implicated in MDD are small in volume (e.g., 

subcallosal cingulate cortex, components of the striatum, limbic areas, etc), it is imperative to 

analyze fMRI data in a manner that is sensitive to detecting group differences in these structures, 

while at the same time optimally guarding against false positives. In the present study, we 

applied an appropriately sized smoothing kernel (54, 55) in conjunction with a conservative 

methodological approach to achieve these goals. Specifically, we employed a multiple regression 

model that accounts for the serial correlation of noise with an autoregressive moving average 

method at the first-level in combination with a linear mixed effects analysis that models subjects 

as random effects (and therefore more appropriately estimates variance in comparison to 

ANOVA or t-tests) at the group-level (56, 57).  Thus, we feel confident that our methods take 

into account the variance between subjects and correlations between neighboring voxels while 

properly guarding against false positives.   

 

Relating Emotion-Related Activation of mPFC and PCC with Elevated Emotion-

Dependent Functional Connectivity 

We correlated emotion-related activation of the mPFC and PCC with the emotion-

dependent functional connectivity values from the areas exhibiting significant between-group 

differences in emotion-dependent functional connectivity of the respective seed (mPFC, PCC). 

The mPFC and PCC regions were those that resulted from the between-group whole brain task 
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results (see Between-Group Whole Brain Task Analysis in Methods section of the main text for 

more details). Emotion-related activation here is operationalized the percentage signal change 

computed from the Face-Oval linear contrast (see Image Analysis in the main text for more 

details). These mPFC and PCC regions were also used as seeds in the between-group emotion-

dependent functional connectivity (PPI) analysis. For the purposes of this analysis, we 

operationalized functional connectivity as the beta-weights corresponding to the correlation 

coefficients resulting from our generalized least squares regression analysis when conducting the 

first-level PPI analysis (see Emotion-Dependent Functional Connectivity (PPI) Image Analysis, 

above, for more details). These beta-weights were extracted from each region exhibiting 

significant between-group differences in the PPI analysis. The correlations between emotion-

related activation in the mPFC and PCC with each of these regions exhibiting significant 

between group differences in emotion-dependent functional connectivity of either the mPFC or 

PCC were conducted across the entire subject sample using two-tailed tests of the non-

parametric Spearman’s correlation coefficient (rs). For a summary of the remaining correlational 

results, see Table S3.  

 

Exploratory Analysis of Functional Connectivity 

Emotion-dependent functional connectivity of mPFC and PCC seeds were performed as 

described in Emotion-Dependent Functional Connectivity (PPI) Image Analysis but with each 

emotion type as a condition regressor (i.e., Fear-Oval, Happy-Oval, Sad-Oval) in a distinct 

regression model. See Tables S4-S6 for a summary of the results from these exploratory 

analyses. 
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Examination of Psychosocial Treatment History 

All depressed participants but 5 were either actively engaging in cognitive behavioral 

therapy, family therapy, or supportive therapy on a consistent basis (n = 18) or had done so at 

one point 3-4 years prior to the scan session (n = 3; see also Table S1). Using unpaired t-tests, we 

compared depressed subjects who were currently undergoing psychosocial therapies (n = 18) 

versus those who were not (n = 8) on depression rating scores, emotion-related activation in the 

mPFC and PCC seeds, and on functional connectivity values (i.e., Fisher’s z-scores) in the 

clusters arising from the between-group PPI analysis. The mPFC and PCC regions were those 

that resulted from the between-group whole brain task results (see Between-Group Whole Brain 

Task Analysis in Methods section of the main text for more details). Emotion-related activation 

here is operationalized the percentage signal change computed from the Face-Oval linear 

contrast (see Image Analysis in the main text for more details). These mPFC and PCC regions 

were also used as seeds in the between-group emotion-dependent functional connectivity (PPI) 

analysis. Functional connectivity here is operationalized as Fisher’s z-scores (see Emotion-

Dependent Functional Connectivity (PPI) Image Analysis, above, for more details). The Fisher’s 

z-scores were extracted from each region exhibiting significant between-group differences in the 

PPI analysis. We did not find any significant differences between depressed adolescents 

currently and not currently undergoing psychosocial therapies in BDI-II or Children's Depression 

Rating Scale-Revised depression scores (all p’s > 0.2), brain activation in the mPFC and PCC 

(all p’s > 0.27) nor in any of the functional connectivity values of the regions resulting from the 

between-group PPI analysis (all p’s > 0.59). See Table S7 for a summary of these results. 
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Table S1. Summary of psychosocial treatment history in the depressed sample. All 
depressed subjects were medication-free except two: one ceased antidepressant usage 4 months 
before their brain scan and one ceased antidepressant usage 4 years before their brain scan. 

Psychosocial Treatment n (%) 

No Treatment 5 (19.23%) 

Cognitive Behavioral Therapy (past, 3-4 years before scan) 2 (7.7%) 

Family Therapy (past, 4 years before scan) 1 (3.8%) 

Cognitive Behavioral Therapy (present) 10 (38.46%) 

Family Therapy (present) 4 (15.38%) 

Supportive Therapy (present) 4 (15.38%) 
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Table S2. Summary of location and size of significant clusters from the between-group 
whole brain task analysis. All results are corrected for multiple comparisons at a cluster-wise 
threshold of p < 0.05. Locations are reported according to the center of mass of cluster in 
Montreal Neurological Institute coordinates (radiological convention). See Figure S1 for more 
details and Figure 2 for more details on the seeds used for the psychophysiological interaction 
analysis. 

Region (Brodmann’s Area) 
Location 

(x,y,z) 
# of 

Voxels 

Directionality: MDD > HCL 
L medial prefrontal cortex (BA 10/11), pregenual cingulate 
cortex (BA 24) 

-4, 51, -2 350 

L posterior cingulate cortex (BA 30) -2, -51, 15 189 

R parahippocampal cortex, amygdala, lentiform nucleus 27, -7, 5 170 

R middle temporal gyrus (BA 21) 54, -6, -13 116 

L middle temporal gyrus (BA 21) -56, -13, -10 91 

L lingual gyrus (BA 18) -22, -88, -10 69 

L middle occipital cortex (BA 19) -42, -78, 6 57 

Directionality: MDD < HCL 
R anterior insula (BA 13), inferior frontal gyrus (BA 47) 34, 23, 2 140 

L anterior insula (BA 13), inferior frontal gyrus (BA 47) -33, 21, 0 130 
BA, Brodmann area; HCL, healthy controls; L, left; MDD, major depressive disorder; R, right. 
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Table S3. Correlations between emotion-related activation in the medial prefrontal cortex 
(mPFC) and posterior cingulate cortex (PCC) with psychophysiological interaction effect 
(beta-weights) across all subjects. 

 
Precuneus Cingulate Gyrus 

Inferior Parietal Lobule 
Supramarginal Gyrus 

mPFC Seed rs = -0.010, p = 0.936 rs = 0.148, p = 0.247 rs = 0.204, p = 0.109 

 
Precuneus Cingulate Gyrus 

Dorsal Striatum 
Subcallosal Cingulate 

Gyrus 

PCC Seed rs = -0.058, p = 0.654 rs = 0.081, p = 0.527 rs = 0.271, p = 0.032 
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Table S4. Regions showing significant between-group differences in fear-dependent functional connectivity. All 
results survived correction for multiple comparison at a cluster-wise p < 0.05. Locations are reported according to the 
center of mass of cluster in Montreal Neurological Institute coordinates (radiological convention). Fisher’s z-scores are 
reported as mean ± SEM.  

Region  
(Brodmann’s Area) 

Seed 
Region 

MDD 
(Mean ± SEM) 

HCL 
(Mean ± SEM) 

Location 
(x,y,z) 

# of 
Voxels 

R Cingulate Gyrus, Postcentral Gyrus mPFC 0.142 ± 0.023 0.071 ± 0.016 38, -18, 33 128 

L Inferior Parietal Lobule mPFC 0.150 ± 0.023 0.079 ± 0.017 -51, -19, 28 95 

R Middle Temporal Gyrus (BA 21) mPFC -0.016 ± 0.014 0.059 ± 0.014 61, -30, -3 90 

L Middle Temporal Gyrus (BA 21) mPFC 0.026 ± 0.017 0.098 ± 0.011 -62, -26, -1 82 
R Middle Temporal Gyrus (BA 21) mPFC -0.045 ± 0.011 0.026 ± 0.009 62, -10, -12 68 

L Anterior Cingulate Cortex (BA 32) mPFC 0.156 ± 0.028 0.067 ± 0.015 -3, 35, 28 63 

R Medial Frontal Gyrus (BA 10) mPFC -0.026 ± 0.012 0.043 ± 0.008 19, 64, -3 60 

L Supramarginal Gyrus mPFC 0.132 ± 0.025 0.053 ± 0.016 -46, -54, 36 52 

Precuneus (BA 7) PCC 0.140 ± 0.022 0.058 ± 0.014 8, -68, 38 264 

R Cingulate Gyrus (BA 31) PCC 0.150 ± 0.022 0.069 ± 0.016 20, -37, 35 165 

R Cingulate Gyrus, Postcentral Gyrus PCC 0.142 ± 0.023 0.071 ± 0.016 38, -18, 33 128 

L Supramarginal Gyrus PCC 0.132 ± 0.025 0.053 ± 0.016 -46, -54, 36 52 
BA, Brodmann area; HCL, healthy controls; L, left; MDD, major depressive disorder; mPFC, medial prefrontal cortex; PCC, 
posterior cingulate cortex; R, right. 
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Table S5. Regions showing significant between-group differences in happy-dependent functional connectivity. All 
results survived correction for multiple comparison at a cluster-wise p < 0.05. Locations are reported according to the 
center of mass of cluster in Montreal Neurological Institute coordinates (radiological convention). Fisher’s z-scores are 
reported as mean ± SEM.  

Region  
(Brodmann’s Area) 

Seed 
Region 

MDD 
(Mean ± SEM) 

HCL 
(Mean ± SEM) 

Location 
(x,y,z) 

# of 
Voxels 

L Precuneus (BA 7/31)  mPFC 0.053 ± 0.009 0.007 ± 0.009 -7, -63, 33 92 

L Superior Temporal Gyrus, Middle 
Temporal Gyrus 

mPFC 0.044 ± 0.012 -0.004 ± 0.007 -36, 5, -30 74 

R Subgenual Anterior Cingulate Cortex 
(BA 25), Orbitofrontal Gyrus (BA11) 

mPFC 0.037 ± 0.007 -0.018 ± 0.007 5, 32, -16 56 

Parahippocampal Cortex, Thalamus PCC 0.051 ± 0.009 0.002 ± 0.008 -10, -24, -2 257 

L Medial Frontal Gyrus (BA 11), 
Orbitofrontal Gyrus 

PCC 0.039 ± 0.008 -0.010 ± 0.007 -4, 43, -14 225 

R Lentiform Nucleus, Putamen PCC 0.052 ± 0.01 0.001 ± 0.008 35, -28, -4 126 

Precuneus (BA 7) PCC 0.050 ± 0.01 0.003 ± 0.009 4, -68, 37 113 

L Middle Temporal Gyrus (BA 21) PCC 0.048 ± 0.01 0.000 ± 0.008 -62, -19, -11 92 

R Middle Temporal Gyrus (BA 21) PCC 0.059 ± 0.007 0.018 ± 0.007 52, 6, -19 84 

R Fusiform Gyrus (BA 20) PCC 0.037 ± 0.008 -0.003 ± 0.006 46, -16, -23 73 
L Middle Temporal Gyrus (BA 21) PCC 0.031 ± 0.008 -0.011 ± 0.006 -43, 5, -30 51 

BA, Brodmann area; HCL, healthy controls; L, left; MDD, major depressive disorder; mPFC, medial prefrontal cortex; PCC, 
posterior cingulate cortex; R, right. 
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Table S6. Regions showing significant between-group differences in sad-dependent functional connectivity. All 
results survived correction for multiple comparison at a cluster-wise p < 0.05. Locations are reported according to the 
center of mass of cluster in Montreal Neurological Institute coordinates (radiological convention). Fisher’s z-scores are 
reported as mean ± SEM.  

Region  
(Brodmann’s Area) 

Seed 
Region 

MDD 
(Mean ± SEM) 

HCL 
(Mean ± SEM) 

Location 
(x,y,z) 

# of 
Voxels 

L Parahippocampal Cortex, Amygdala mPFC 0.070 ± 0.013 0.004 ± 0.014 -16, -10, -10 56 

L Fusiform Gyrus mPFC 0.058 ± 0.011 -0.002 ± 0.01 -28, -41, -20 51 
R Middle Temporal Gyrus (BA 21),  
Superior Temporal Gyrus (BA 22) 

PCC 0.031 ± 0.008 -0.016 ± 0.007 58, -24, -2 360 

R Medial Prefrontal Cortex (BA 10)  PCC 0.044 ± 0.01 -0.006 ± 0.008 21, 54, 3 154 

R Parahippocampal Cortex, Hippocampus PCC 0.046 ± 0.01 -0.003 ± 0.008 25, -40, 1 65 

L Caudate PCC 0.029 ± 0.01 -0.018 ± 0.009 -17, 5, 24 65 

R Superior Temporal Gyrus  PCC 0.022 ± 0.01 -0.021 ± 0.008 43, -50, -19 58 

R Anterior Cingulate Cortex (BA 32) PCC 0.017 ± 0.01 -0.030 ± 0.009 10, 46, 10 57 
BA, Brodmann area; HCL, healthy controls; L, left; MDD, major depressive disorder; mPFC, medial prefrontal cortex; PCC, 
posterior cingulate cortex; R, right. 
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Table S7. Comparison of fMRI results between depressed subjects currently receiving psychosocial treatment (n = 18) 
versus those who are not (n = 8). For all depressed subjects, we extracted mean percentage signal change (Face-Oval) from 
the mPFC and PCC regions arising from the between-group whole brain task analysis (see Methods and Figure 2 the main 
text, as well as Table S2), and the mean functional connectivity (Fisher’s z-scores) from all clusters arising from the between-
group emotion-dependent functional connectivity analysis (see Methods and Tables 2-3 and Figures 3-4 in the main text for 
more details). We then compared these measurements between the MDD subjects currently undergoing psychosocial therapy 
and those who were not at the time of their scan. None of these results were statistically significant (all p’s > 0.27). See also 
Table S1 for a detailed summary of the psychosocial treatment history of the depressed subjects. 

Analysis  Resulting Region of Interest Statistic (t24) 

Between-group whole brain task analysis mPFC (see Figure 2 and Table S2) t = 0.55, p = 0.59 

Between-group whole brain task analysis PCC (see Figure 2 and Table S2) t = 0.04, p = 0.97 

Between-group PPI analysis with mPFC seed Precuneus (see Figure 3, Table 2) t = 0.82, p = 0.42 

Between-group PPI analysis with mPFC seed Cingulate gyrus (see Figure 3, Table 2) t = 1.12, p = 0.27 

Between-group PPI analysis with mPFC seed Inferior parietal lobule/supramarginal gyrus 
(see Figure 3,  Table 2) 

t = 0.98, p = 0.34 

Between-group PPI analysis with PCC seed Precuneus (see Figure 4, Table 3) t = 0.19, p = 0.85 

Between-group PPI analysis with PCC seed Cingulate gyrus (see Figure 4, Table 3) t = 0.64, p = 0.53 

Between-group PPI analysis with PCC seed Dorsal striatum/subcallosal cingulate area 
functional connectivity  (see Figure 4, Table 3) 

t = 0.04, p = 0.96 

MDD, major depressive disorder; mPFC, medial prefrontal cortex; PCC, posterior cingulate cortex; PPI, psychophysiological 
interaction. 
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Figure S1. All regions showing significant between-group differences on the emotional 
identification task. All areas survived correction for multiple comparisons at a cluster-wise 
threshold of p < 0.05. Locations are reported in Montreal Neurological Institute coordinates 
(radiological convention). See Table S2 for more details. ACC, anterior cingulate cortex; L, left; 
OFC, orbitofrontal cortex; R, right. 
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Figure S2. Summary of significant correlations between clinical variables and emotion-
dependent functional connectivity. Within the major depressive disorder group only, the 
relationships between Children's Depression Rating Scale-Revised (CDRS-R), Beck Depression 
Inventory-II, Ruminative Responses Styles, Multidimensional Anxiety Scale for Children, and 
the mean Fisher’s z-score within each of the significant regions identified by the between-group 
psychophysiological interaction analysis were examined with two-tailed tests of Pearson’s 
correlation coefficient (r). The following relationships were significant: medial prefrontal cortex 
(mPFC)-cingulate gyrus and CDRS-R (A), posterior cingulate cortex (PCC)-cingulate gyrus and 
CDRS-R (B), and PCC-subcallosal gyrus and age of depression onset (C) Locations are reported 
in Montreal Neurological Institute coordinates (radiological convention).  
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