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eMethods

Section S1. Selective Attention Predicts Cognitive Performance Across Numerous Domains 
To determine whether feature-based selective attention capabilities predict other cognitive behaviors, we compared Stroop reaction time measures to nine cognitive tasks. As shown in eFigures 1 and 2, we found that Stroop performance was significantly correlated with all cognitive tasks (Major Depressive Disorder (MDD): all p’s<.01, HC: all p’s<.05) except Finger Tapping in healthy controls (p=0.582). Note that these figures include the full sample of participants with complete cognitive performance data, but the results remain the same when the Stroop reaction time cutoffs of >100ms and <5000ms are applied as in the rest of the manuscript. These correlations were not simply due to overall correlations among the cognitive variables, shown in the correlation matrices for MDD patients and healthy controls (eFigure 3). To directly compare the relationship of Stroop reaction times with cognitive domains to the relationship of cognitive domains with other cognitive domains, we used the Fisher R to Z transformation and compared Fisher Z scores to one another. The results of this analysis (eFigure 4) revealed that most correlations with the Stroop were stronger than correlations with other cognitive domains, which suggests that selective attention may represent an important latent variable that underlies cognitive performance across numerous cognitive domains.

Section S2. fMRI Methods
Image acquisition
MRI images were acquired in Sydney, Australia using a 3.0-T GE Signa scanner and an eight-channel head coil. Functional MRI (fMRI) images were acquired using echo planar imaging (TR=2500ms, TE=27.5ms, matrix=64 x 64, FOV=24cm, flip angle=90 degrees). Forty slices, each 3.5mm thick, covered the whole brain in each volume. Structural MR 3D T1-weighted images were acquired in the sagittal plane using a 3D spoiled gradient echo (SPGR) sequence (TR=8.3ms; TE=3.2ms; flip angle=11 degrees, TI=500ms, NEX=1, ASSSET= .5, matrix=256 x 256). A total of 180 contiguous slices, each 1 mm thick, covered the whole brain with an in-plane resolution of 1mm x 1mm. All participants were instructed to refrain from caffeine and tobacco use prior to the scan.

Image preprocessing 
Preprocessing and data analysis were performed using Statistical Parametric Mapping software implemented in MATLAB (SPM8; Wellcome Department of Cognitive Neurology, London). First, images were motion-corrected and un-warped using default parameters in SPM8. Next, time points with large head movements or extreme changes in blood-oxygenation level dependent (BOLD) signal intensity were identified and censored (i.e., temporally masked) from the analysis using the time series difference analysis toolbox (http://www.fil.ion.ucl.ac.uk/spm/ext/#TSDiffAna). Large head movement was defined as frame-wise displacement from one time point to the next of greater than 0.3mm, calculated as the sum of the absolute values of the differentiated realignment estimates (Power et al., 2014). Extreme changes in signal intensity were calculated as the mean squared difference in signal intensity from one time point to the next divided by the mean signal across the volume; scaled signal intensity differences of greater than 10 were censored. A temporal mask was then created for each censored time point plus the subsequent time point and used as a regressor of no interest (Power et al., 2014). Since movement-related artifacts have been shown to impact data acquired before and several seconds after the movement (Power et al., 2014), a total of four temporal masks were created for each movement spike (an additional volume before and two volumes after the movement spike). Images were then slice time corrected, spatially normalized to Montreal Neurological Institute space (Andersson et al., 2007) and smoothed using an 8 mm full-width-at-half-maximum Gaussian kernel in SPM8. 	

Quantifying fronto-parietal attention circuit functional connectivity
Region-to-region intrinsic functional connectivity was derived from the residual time series when three tasks were concatenated, following the removal of task and covariate effects (more details below). For each task, 120 volumes were collected with a total scan time of 5 minutes and 8 seconds. The details of the three tasks have been previously described (Korgaonkar et al., 2013). Briefly, tasks assessed (i) inhibition processes using a Go-NoGo task, as well as (ii) conscious and (iii) non-conscious processing of emotional faces. This procedure results in patterns of functional connectivity that closely mimic those found in resting-state scans (Korgaonkar et al., 2014).
Intrinsic connectivity in the fronto-parietal attention circuit was then quantified by averaging region-to-region functional connectivity for key pairs of regions based on our theoretical model (Williams, 2016). Using a priori defined regions and region-to-region connectivity circumvents type I error problems inherent in voxel-wise connectivity approaches (Eklund et al., 2016). Data were first censored for motion and high variance spikes: signal variance spikes plus the immediately following time-point, and frame-wise displacement plus the immediately preceding and two immediately following time-points were censored from the time series. Only participants with at least 120 volumes retained following censoring were included in the fMRI analyses. Key regions of the fronto-parietal attention circuit were identified a priori based on a theoretical model (Williams, 2016) and spatially defined using an automated meta-analysis with the search term “attention” (Yarkoni et al., 2011). The meta-analytic map was constrained using a false discovery rate threshold of .01 and a restriction that each region extend no farther than 10mm from the peak. To calculate intrinsic connectivity, BOLD time series from three tasks were concatenated and residualized for task effects (Korgaonkar et al., 2014) and additional covariates of non-interest (Volterra expansion of the motion parameters, the white matter and cerebrospinal fluid average signal, signal variance spikes plus the immediately following time-point, and frame-wise displacement plus the immediately preceding and two immediately following time-points). Intrinsic functional connectivity was then computed as correlations between residualized time series for key pairs of regions (Yan et al., 2016). Connectivity was converted to Fisher Z scores, standardized using the mean and standard deviation of the healthy controls, and averaged across pairs of regions (left anterior insula (aI) with right medial superior prefrontal cortex (msPFC), right aI with right msPFC, left anterior inferior parietal lobule (aIPL) with left aI, left aIPL with left precuneus, right aIPL with right aI, and right aIPL with right precuneus), yielding a single measure of attention circuit connectivity.

Section S3. Specificity of relationship between attention impairments and fronto-parietal hypo-connectivity
To further confirm the specificity of this relationship, we compared fronto-parietal attention network dysfunction to participants’ performance on nine core cognitive tests: 1–back Continuous Performance Test, Go–NoGo, Verbal Interference, Austin maze, Stroop, Forward Digit Span, Choice Reaction Time, Trails A/B, and Finger Tapping. Among the summary scores for these tasks, we found that only the Stroop performance correlated significantly with fronto-parietal connectivity (r(90)=0.243, p=0.021) (eFigure 5) unlike all other cognitive performance summary scores (0.21<p’s<.92) (eFigure 6). This was driven primarily by reaction time in the Color condition (r(97)=0.286, p=0.012) (eFigure 7); Word reaction time and accuracy in each condition (0.17<p’s<0.34) (eFigure 7). We therefore use this particular reaction time measure for all subsequent analyses as our behavioral measure of attention. For the purpose of comparison, we also include mean reaction times for the Word condition.

Section S4. Specificity of relationship between attention impairments and posterior alpha oscillations
To examine the specificity of the selective attention impairment and alpha power relationship, we computed correlations between selective attention impairment and other EEG measures, and between posterior alpha power and other cognitive tasks. We found no relationship between selective attention impairment and oscillatory power in the delta, theta, or beta frequency bands in a frontal electrode (Cz) during eyes-closed rest (p’s>.05) or when subtracting eyes-open rest from eyes-closed rest (p’s>.05, except frontal beta power and Color reaction time r(678)=-0.121, p<.01). In comparing posterior alpha oscillations to performance across other cognitive tasks, we found that posterior alpha power during eyes-closed rest predicted summary scores for all cognitive tasks analyzed (all p’s<.05), with the exception of eyes-closed alpha predicting finger tapping performance (p>.05), which suggests that alpha may represent a more general mechanism that supports normal cognitive function. 

Section S5. Mean quality of life ratings are lower in the Inattention Biotype group
We also explored whether MDD participants in this Inattention Biotype group reported lower quality of life than age- and sex-matched MDD participants who were not in the Inattention Biotype group. Those in the Inattention Biotype group reported lower quality of life (eTable 1). Although these differences do not meet statistical significance (p’s>.05), these lower overall ratings may constitute clinical significance. 

Section S6. Analysis of constituent connectivity values comprising the fronto-parietal network.
Complementing our analyses of overall fronto-parietal network hypo-connectivity, we also analyzed the six constituent connectivity values comprising our pre-defined fronto-parietal network to determine whether particular connections had especially strong correlations with selective attention performance. This analysis, depicted in eFigure 8, revealed that intrinsic connectivity between the aIPL and anterior insula had significant correlations with Color reaction times on the selective attention task, remaining marginally significant after FDR correction (Left hemisphere: r(97)=-.24, p=.019, adj. p=.09; Right hemisphere: r(97)=-.22, p=.030, adj. p=.09). Note that these negative correlations indicate hypo-connectivity associated with poorer (longer) reaction times, consistent with our finding in the overall fronto-parietal network. The connection between aIPL and precuneus in the left hemisphere was marginally significantly correlated with Color reaction times but did not survive FDR correction (r(97)=-.18, p=.081, adj. p=.162). The other three connectivity measures comprising the fronto-parietal attention network did not have significant correlations with Color reaction times (msPFC to left anterior insula: r(97)=-.12, p=.226, adj. p=.339; msPFC to right anterior insula: r(97)=-.04, p=.729, adj. p=.873; right aIPL to precuneus: r(97)=.02, p=.873, adj. p=.873). Analyses of constituent connectivity measurements’ correlation with Word reaction time on the selective attention tasks revealed no significant correlations (all p’s > .05).
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Figure Legends

eFigure 1: Correlation of Stroop performance with nine cognitive tasks in MDD patients. Abbreviations: MDD: Major depressive disorder, RT: Reaction time.
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eFigure 2: Correlation of Stroop performance with nine cognitive tasks in healthy controls. Abbreviation: RT: Reaction time

eFigure 3: Correlations among the cognitive variables in (A) MDD patients and (B) healthy controls. Abbreviations: MDD: Major depressive disorder; RT: Reaction time.

eFigure 4: Comparison of the relationship of Stroop reaction times with cognitive domains to the relationships of the cognitive domains with other cognitive domains. Comparison of correlations between selective attention performance (Stroop color and word reaction times) and correlations in performance among various other cognitive domains. Shading represents Pearson correlations after Fisher R-to-Z transformation. Stars indicate significant differences between 1) the correlation between two cognitive domains (e.g., Continuous Performance and Finger Tapping) and 2) the correlation between one of the cognitive domains with selective attention performance (e.g., Continuous Perofrmance with Stroop Color RT) at p<.05. Abbreviation: RT: Reaction time.

eFigure 5: Correlation of Stroop performance with fronto-parietal connectivity.

eFigure 6: Correlation of Stroop performance with the remaining eight cognitive performance summary scores.

eFigure 7: Accuracy and reaction time for the Word and Color conditions of the Stroop task. Abbreviations: RT: Reaction time.


eFigure 8: Analysis of constituent connectivity measures comprising the fronto-parietal network. Correlations of constituent connectivity measures comprising the fronto-parietal network with Color reaction times on the selective attention task. Solid lines indicate no significant correlation between a particular connectivity measure and Color reaction times. Dashed lines indicate at least marginal significance between hypo-connectivity of a particular connection and Color reaction times, with pink stars indicating connectivity measures whose correlation with Color reaction times was significant (p < .05). 


eFigure 9: Selective attention impairments are independent of other symptoms. Panel A: Association of selective attention with insomnia ratings (reports of night-time awakenings), Panel B: Association of selective attention with overall symptom severity, Panel C: Association of selective attention with excessive worrying (CORE rating scale), Panel D: Association of selective attention behavior with clinician-rated inattentiveness. Abbreviation: HAM-D: Hamilton Depression Inventory. Error bars represent bootstrapped 95% confidence intervals.

