
Supplementary Material: Aberrant Dynamic Functional Architecture in Major Depressive Disorder: Vertex-Wise Large-Sample fMRI Analyses Reveal Network-Specific Alterations and Symptom Associations

Complementary analysis methods
Given concerns regarding the choice of window length, which may have a significant impact on results, we further used two different window lengths of 30 s and 120 s (15 TRs and 60 TRs) to replicate the stability analysis and test the robustness of our findings. The temporal stability maps across the whole brain were generated using the DPABISurf toolbox [1] (available with DPABI at http://www.rfmri.org/dpabi), following the same method as in the main text, except for the window length. Two-sample t-test was conducted to compare functional stability between MDD and HC, controlling for age, sex, education, head motion (mean FD), and scan site as covariates. Multiple comparison correction was applied using 5 000 permutation tests (PT) with threshold-free cluster enhancement (TFCE) to balance false positive rates and reproducibility of results. The cluster-wise threshold was set at two-tailed P < 0.025.
Additionally, we assessed whether the four identified symptom-associated regions of interest - the right postcentral gyrus (PCG), right superior insula (INS, Sup.), right and left superior frontal gyri (SFG) - are likely to participant in the common abnormal dynamic functional connectivity (dFC) network. The left PCG (x=-57, y=-16, z=42) was used as an additional seed to replicate the seed-based dFC analysis. The left PCG was (i) repeatedly observed as a significant cluster in the altered dFCs generated from the symptom-associated regions of interest, suggesting that, if the shared abnormal dFC distribution exists, it likely involves both the left PCG and the previous four seeds; (ii) also observed as a significant cluster surviving the stability analysis, which is consistent with the approach used in this study (and in some previous work in the field [2, 3]) for selecting seed regions for dFC analysis following stability analysis. Thus, it was considered an appropriate additional seed to examine the potentially shared abnormal dFC network derived from the exploratory symptom-associated regions of interest, which contributes to the observed stability alterations. The seed-based dFC maps across the whole brain were generated with the DPABISurf toolbox [1] (available with DPABI V7 at http://www.rfmri.org/dpabi), using the same method as in the main text, maintaining the same window length and step size. Two-sample t-tests were performed to identify abnormal dFC patterns in MDD by comparing seed-based dFC maps between MDD and HC. Covariates and multiple comparison correction strategies were the same as those used in the primary dFC variation analysis with one-tailed cluster-wise P < 0.05. And if the independently generated abnormal dFC distribution resembles the observed altered connections and includes all or most of the identified symptom-associated regions, this would to some extent support that these regions are more likely to reflect the common abnormal dFC network.

Supplementary Table Captions
Table S1. Functional stability in MDD compared with HC.
Table S2. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: SFG (L).
Table S3. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: SFG (R).
Table S4. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: PCG (R).
Table S5. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: INS, Sup (R).

Supplementary Figure Legends
Figure S1. Functional stability in MDD compared with HC. The window length was set as 30 s (15 TRs).
Figure S2. Functional stability in MDD compared with HC. The window length was set as 120 s (60 TRs).
Figure S3. Dynamic Functional Connectivity in MDD compared with HC.
Figure S4. Histograms of z-standardized stability indices. 

Table S1. Functional stability in MDD compared with HC. 
	Anatomic region† 
	Cluster size (vertices)
	Peak Intensity
	Peak coordinates

	
	
	
	xa
	yb
	zc

	L
	
	
	
	
	

	Cluster 1: Superior frontal (G)
	1982
	5.562
	-8
	24
	59

	Superior frontal (G)
	13.9253% (276)
	
	
	
	

	Middle frontal (G)
	8.47629% (168)
	
	
	
	

	Orbital (G)
	6.60949% (131)
	
	
	
	

	Parahippocampal (G)
	5.80222% (115)
	
	
	
	

	Inferior insular (S)
	5.34813% (106)
	
	
	
	

	Inferior insular (G)
	4.03633% (80)
	
	
	
	

	Superior frontal (S)
	3.83451% (76)
	
	
	
	

	Temporal pole
	3.7336% (74)
	
	
	
	

	Anterior cingulate (G&S)
	3.58224% (71)
	
	
	
	

	Inferior temporal (G)
	3.32997% (66)
	
	
	
	

	Rectus (G)
	2.72452% (54)
	
	
	
	

	Middle frontal (S)
	2.67407% (53)
	
	
	
	

	Inferior frontal (S)
	2.4218% (48)
	
	
	
	

	Inferior frontal (G)
	2.32089% (46)
	
	
	
	

	Anterior insular (S)
	2.32089% (46)
	
	
	
	

	H Shaped orbital (S)
	2.27043% (45)
	
	
	
	

	Frontomarginal (G&S)
	2.21998% (44)
	
	
	
	

	Superior temporal, planum polare (G)
	2.01816% (40)
	
	
	
	

	Occipito-temporal medial (S)
	1.96771% (39)
	
	
	
	

	Precentral (S)
	1.76589% (35)
	
	
	
	

	Superior temporal, lateral (G)
	1.56408% (31)
	
	
	
	

	Inferior frontal, orbital (G)
	1.51362% (30)
	
	
	
	

	Orbital medial (S)
	1.51362% (30)
	
	
	
	

	Superior temporal, transverse (G)
	1.31181% (26)
	
	
	
	

	Short insular (G)
	1.2109% (24)
	
	
	
	

	Inferior temporal (S)
	1.16044% (23)
	
	
	
	

	Cluster 2: Superior occipital (G)
	837
	-4.884
	-9
	-89
	17

	Occipito-temporal medial, lingual (G)
	10.9916% (92)
	
	
	
	

	Middle occipital (G)
	9.55795% (80)
	
	
	
	

	Superior occipital (G)
	9.43847% (79)
	
	
	
	

	Superior occipital (S)
	8.3632% (70)
	
	
	
	

	Occipito-temporal, fusiform (G)
	8.24373% (69)
	
	
	
	

	Occipito-temporal medial, lingual (S)
	7.76583% (65)
	
	
	
	

	Cuneus (G)
	7.64636% (64)
	
	
	
	

	Middle occipital and lunatus (S)
	7.04898% (59)
	
	
	
	

	Inferior occipital (G&S)
	6.69056% (56)
	
	
	
	

	Anterior occipital (S)
	5.37634% (45)
	
	
	
	

	Superior parieral (G)
	4.42055% (37)
	
	
	
	

	Calcarine (S)
	4.06213% (34)
	
	
	
	

	Parieto-occipital (S)
	3.22581% (27)
	
	
	
	

	Cluster 3: Postcentral (G)
	469
	-4.209
	-57
	-16
	42

	Central (S)
	37.5267% (176)
	
	
	
	

	Postcentral (G)
	33.049% (155)
	
	
	
	

	Precentral (G)
	11.5139% (54)
	
	
	
	

	Subcentral (G&S)
	6.82303% (32)
	
	
	
	

	Superior parietal (G)
	5.97015% (28)
	
	
	
	

	Postcentral (S)
	5.11727% (24)
	
	
	
	

	Cluster 4: Superior insular (S)
	174
	-3.880
	-36
	-16
	20

	Superior insular (S)
	63.7931% (111)
	
	
	
	

	Lateral fissure, posterior (S)
	12.6437% (22)
	
	
	
	

	Inferior parietal, supramarginal (G)
	12.069% (21)
	
	
	
	

	Cluster 5: Occipital pole
	25
	5.562
	-16
	-102
	-5

	Occipital pole
	100% (25)
	
	
	
	

	R
	
	
	
	
	

	Cluster 6: Temporal transverse (G)
	893
	4.552
	41
	-25
	9

	Orbital (G)
	15.1176% (135)
	
	
	
	

	Parahippocampal (G)
	10.8623% (97)
	
	
	
	

	Inferior insular (S)
	10.0784% (90)
	
	
	
	

	Rectus (G)
	5.5991% (50)
	
	
	
	

	Middle frontal (G)
	5.26316% (47)
	
	
	
	

	Temporal pole
	5.15118% (46)
	
	
	
	

	H Shaped orbital (S)
	4.92721% (44)
	
	
	
	

	Superior temporal, planum polare (G)
	4.3673% (39)
	
	
	
	

	Anterior insular (S)
	4.03135% (36)
	
	
	
	

	Orbital medial (S)
	3.80739% (34)
	
	
	
	

	Occipito-temporal medial (S)
	2.91153% (26)
	
	
	
	

	Anterior cingulate (G&S)
	2.68757% (24)
	
	
	
	

	Temporal transverse (G)
	2.57559% (23)
	
	
	
	

	Middle frontal (S)
	2.57559% (23)
	
	
	
	

	Frontomarginal (G&S)
	2.23964% (20)
	
	
	
	

	Cluster 7: Postcentral (G)
	845
	-4.668
	62
	-9
	31

	Central (S)
	27.2189% (230)
	
	
	
	

	Postcentral (G)
	20% (169)
	
	
	
	

	Postcentral (S)
	14.2012% (120)
	
	
	
	

	Paracentral (G&S)
	11.2426% (95)
	
	
	
	

	Precentral (G)
	10.0592% (85)
	
	
	
	

	Superior frontal (G)
	5.32544% (45)
	
	
	
	

	Cingulate, marginal (S)
	2.95858% (25)
	
	
	
	

	Subcentral (G&S)
	2.72189% (23)
	
	
	
	

	Cluster 8: Middle occipital (G)
	749
	-5.128
	45
	-79
	-2

	Superior occipital (G)
	10.8144% (81)
	
	
	
	

	Occipito-temporal medial, lingual (G)
	9.61282% (72)
	
	
	
	

	Superior occipital (S)
	9.61282% (72)
	
	
	
	

	Middle occipital (G)
	8.94526% (67)
	
	
	
	

	Cuneus (G)
	8.67824% (65)
	
	
	
	

	Inferior occipital (G&S)
	8.14419% (61)
	
	
	
	

	Middle occipital and lunatus (S)
	6.80908% (51)
	
	
	
	

	Occipito-temporal medial (G)
	6.67557% (50)
	
	
	
	

	Occipito-temporal, fusiform (G)
	6.00801% (45)
	
	
	
	

	Parieto-occipital (S)
	5.8745% (44)
	
	
	
	

	Anterior occipital (S)
	5.34045% (40)
	
	
	
	

	Calcarine (S)
	5.20694% (39)
	
	
	
	

	Cluster 9: Superior insular (S)
	178
	-4.770
	35
	-7
	15

	Superior insular (S)
	69.6629% (124)
	
	
	
	

	Lateral fissure, posterior (S)
	16.2921% (29)
	
	
	
	

	Cluster 10: Superior frontal (G)
	169
	4.797
	7
	38
	43

	Superior frontal (G)
	85.7988% (145)
	
	
	
	

	Inferior frontal (G)
	2.32089% (46)
	
	
	
	

	Anterior insular (S)
	2.32089% (46)
	
	
	
	

	H Shaped orbital (S)
	2.27043% (45)
	
	
	
	

	Frontomarginal (G&S)
	2.21998% (44)
	
	
	
	

	Superior temporal, planum polare (G)
	2.01816% (40)
	
	
	
	

	Occipito-temporal medial (S)
	1.96771% (39)
	
	
	
	

	Precentral (S)
	1.76589% (35)
	
	
	
	

	Superior temporal, lateral (G)
	1.56408% (31)
	
	
	
	

	Inferior frontal, orbital (G)
	1.51362% (30)
	
	
	
	

	Orbital medial (S)
	1.51362% (30)
	
	
	
	

	Superior temporal, transverse (G)
	1.31181% (26)
	
	
	
	

	Short insular (G)
	1.2109% (24)
	
	
	
	

	Inferior temporal (S)
	1.16044% (23)
	
	
	
	

	Cluster 11: Inferior temporal (G)
	139
	3.727
	51
	-37
	-23

	Inferior temporal (G)
	33.8129% (47)
	
	
	
	

	Middle temporal (G)
	25.8993% (36)
	
	
	
	

	Cluster 11: Superior frontal (S)
	69
	3.548
	11
	52
	32

	Superior frontal (S)
	42.029% (29)
	
	
	
	


Data are peak coordinates of the significant brain clusters, assessed using DPABI V7.0 (permutation test with threshold-free cluster enhancement in the two-sample t-test, with cluster-wise threshold at p < 0.025 for each hemisphere, i.e. p < 0.05 for whole brian). Total n = 2891 participants. †Clusters are named based on their largest overlap with the Destrieux (a2009s) cortical atlas provided by FreeSurfer. Only clusters with more than 50% of their vertices and at least 20 vertices mapped to the atlas are reported. L: left hemisphere. R: right hemisphere. G: gyrus. S: sulcus. Peak coordinates are obtained in FreeSurfer fsaverage5 white surface space. aPositive x coordinate indicates right hemisphere. bPositive y coordinate indicates anterior to the commissure landmark. cPositive z coordinate indicates above the anterior-posterior commissure line.


Table S2. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: SFG (L).
	Anatomic region†
	Cluster size (vertices)
	Peak Intensity
	Peak coordinates

	
	
	
	xa
	yb
	zc

	L
	
	
	
	
	

	Cluster 1: Postcentral (G)
	37
	-5.149
	-56
	-17
	43

	Postcentral (G)
	64.8649% (24)
	
	
	
	

	Central (S)
	35.1351% (13)
	
	
	
	


Data are peak coordinates of the significant brain clusters, assessed using DPABI V7.0 (permutation test with threshold-free cluster enhancement in the two-sample t-test, with cluster-wise threshold at p < 0.05 for each hemisphere). Total n = 2891 participants. †Clusters are named based on their largest overlap with the Destrieux (a2009s) cortical atlas provided by FreeSurfer. Only clusters with more than 50% of their vertices mapped to the atlas are reported. L: left hemisphere. R: right hemisphere. G: gyrus. S: sulcus. Peak coordinates are obtained in FreeSurfer fsaverage5 white surface space. aPositive x coordinate indicates right hemisphere. bPositive y coordinate indicates anterior to the commissure landmark. cPositive z coordinate indicates above the anterior-posterior commissure line. Coordinate of the seed SFG (L) is x = -8, y = 24, z = 59.



Table S3. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: SFG (R).
	Anatomic region†
	Cluster size (vertices)
	Peak Intensity
	Peak coordinates

	
	
	
	xa
	yb
	zc

	L
	
	
	
	
	

	Cluster 1: Postcentral (G)
	11
	-5.271
	-56
	-17
	43

	Postcentral (G)
	90.9091% (10)
	
	
	
	

	Central (S)
	9.09091% (1)
	
	
	
	

	R
	
	
	
	
	

	Cluster 2: Middle-post cingulate (G&S)
	233
	4.250
	9
	-7
	52

	Superior frontal (G)
	38.6266% (90)
	
	
	
	

	Superior frontal (S)
	35.6223% (83)
	
	
	
	

	Middle-post cingulate (G&S)
	10.3004% (24)
	
	
	
	

	Middle-anterior cingulate (G&S)
	3.00429% (7)
	
	
	
	

	Cluster 3: Middle-frontal (S)
	32
	2.90
	27
	35
	31

	Superior frontal (S)
	53.125% (17)
	
	
	
	

	Midlle frontal (S)
	46.875% (15)
	
	
	
	

	Cluster 4: Precentral (S)
	24
	3.25
	47
	-1
	37

	Precentral (G)
	79.1667% (19)
	
	
	
	

	Precentral (S)
	20.8333% (5)
	
	
	
	

	Cluster 5: Middle-frontal (G)
	6
	2.71
	40
	5
	48

	Middle-frontal (G)
	100% (6)
	
	
	
	


Data are peak coordinates of the significant brain clusters, assessed using DPABI V7.0 (permutation test with threshold-free cluster enhancement in the two-sample t-test, with cluster-wise threshold at p < 0.05 for each hemisphere). Total n = 2891 participants. †Clusters are named based on their largest overlap with the Destrieux (a2009s) cortical atlas provided by FreeSurfer. Only clusters with more than 50% of their vertices mapped to the atlas are reported. L: left hemisphere. R: right hemisphere. G: gyrus. S: sulcus. Peak coordinates are obtained in FreeSurfer fsaverage5 white surface space. aPositive x coordinate indicates right hemisphere. bPositive y coordinate indicates anterior to the commissure landmark. cPositive z coordinate indicates above the anterior-posterior commissure line. Coordinate of the seed SFG (R) is x = 7, y = 38, z = 43.

Table S4. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: PCG (R)
	Anatomic region†
	Cluster size (vertices)
	Peak Intensity
	Peak coordinates

	
	
	
	xa
	yb
	zc

	L
	
	
	
	
	

	Cluster 1: Postcentral (G)
	66
	3.899
	-46
	-11
	26

	Central (S)
	71.2121% (47)
	
	
	
	

	Postcentral (G)
	22.7273% (15)
	
	
	
	

	Precentral (G)
	6.06061% (4)
	
	
	
	

	Cluster 2: Anterior cingulate (G&S)
	48
	-4.429
	-12
	29
	23

	Anterior cingulate (G&S)
	60.4167% (29)
	
	
	
	

	Middle cingulate (G&S)
	39.5833% (19)
	
	
	
	

	R
	
	
	
	
	

	Cluster 3: Anterior cingulate (G&S)
	190
	-4.31
	14
	36
	16

	Anterior cingulate (G&S)
	57.3684% (109)
	
	
	
	

	Middle cingulate (G&S)
	28.4211% (54)
	
	
	
	

	Superior frontal (G)
	7.89474% (15)
	
	
	
	

	Pericallosal (S)
	6.31579% (12)
	
	
	
	

	Cluster 4: Central (S)
	55
	3.980
	44
	-18
	35

	Central (S)
	69.0909% (38)
	
	
	
	

	Postcentral (G)
	30.9091% (17)
	
	
	
	

	Superior frontal (G)
	7.89474% (15)
	
	
	
	

	Cluster 5: Precentral (G)
	30
	3.855
	52
	-2
	45

	Precentral (G)
	83.3333% (25)
	
	
	
	

	Central (S)
	10% (3)
	
	
	
	

	Precentral (S)
	6.66667% (2)
	
	
	
	

	Cluster 3: Postcentral (G)
	25
	3.936
	63
	-8
	26

	Postcentral (G)
	52% (13)
	
	
	
	

	Subcentral (G&S)
	28% (7)
	
	
	
	

	Central (S)
	20% (5)
	
	
	
	


Data are peak coordinates of the significant brain clusters, assessed using DPABI V7.0 (permutation test with threshold-free cluster enhancement in the two-sample t-test, with cluster-wise threshold at p < 0.05 for each hemisphere). Total n = 2891 participants. †Clusters are named based on their largest overlap with the Destrieux (a2009s) cortical atlas provided by FreeSurfer. Only clusters with more than 50% of their vertices mapped to the atlas are reported. L: left hemisphere. R: right hemisphere. G: gyrus. S: sulcus. Peak coordinates are obtained in FreeSurfer fsaverage5 white surface space. aPositive x coordinate indicates right hemisphere. bPositive y coordinate indicates anterior to the commissure landmark. cPositive z coordinate indicates above the anterior-posterior commissure line. Coordinate of the seed PCG (R) is x = 62, y = -9, z = 31.


Table S5. Seed-based dynamic functional connectivity in MDD compared with HC. Seed location: INS, Sup. (R).
	Anatomic region†
	Cluster size (vertices)
	Peak Intensity
	Peak coordinates

	
	
	
	xa
	yb
	zc

	R
	
	
	
	
	

	Cluster 1: Middle cingulate (G&S)
	128
	4.143
	10
	-7
	50

	Middle cingulate (G&S)
	61.7188% (79)
	
	
	
	

	Superior frontal (G)
	23.4375% (30)
	
	
	
	

	Paracentral (G&S)
	10.1562% (13)
	
	
	
	

	Middle-anterior cingulate (G&S)
	3.125% (4)
	
	
	
	


Data are peak coordinates of the significant brain clusters, assessed using DPABI V7.0 (permutation test with threshold-free cluster enhancement in the two-sample t-test, with cluster-wise threshold at p < 0.05 for each hemisphere). Total n = 2891 participants. †Clusters are named based on their largest overlap with the Destrieux (a2009s) cortical atlas provided by FreeSurfer. Only clusters with more than 50% of their vertices mapped to the atlas are reported. L: left hemisphere. R: right hemisphere. G: gyrus. S: sulcus. Peak coordinates are obtained in FreeSurfer fsaverage5 white surface space. aPositive x coordinate indicates right hemisphere. bPositive y coordinate indicates anterior to the commissure landmark. cPositive z coordinate indicates above the anterior-posterior commissure line. Coordinate of the seed INS, Sup. (R) is x = 35, y = -7, z = 15.


[image: ]
Figure S1. Functional stability in MDD compared with HC. Brain maps of t-statistics show the locations of significant clusters surviving the permutation test with threshold-free cluster enhancement (PT with TFCE) in the two-sample t-test. The cluster-wise threshold was set at p < 0.025. The window length was set as 30 s (15 TRs).

[image: ]
Figure S2. Functional stability in MDD compared with HC. Brain maps of t-statistics show the locations of significant clusters surviving the permutation test with threshold-free cluster enhancement (PT with TFCE) in the two-sample t-test. The cluster-wise threshold was set at p < 0.025. The window length was set as 120 s (60 TRs).

[image: ]
Figure S3. Dynamic Functional Connectivity in MDD compared with HC. (A) Brain maps of t-statistics show the significant clusters of seed-based dynamic functional connectivity variation between the left PCG and the whole brain. These clusters survived PT with TFCE in the two-sample t-test, with the cluster-wise threshold set at p < 0.05. The seed is shown in red. (B) Locations of all the significant clusters derived from the additional seed of the left PCG (areas in red) and from the four seeds of identified symptom-associated regions of interest (areas in yellow). Seed locations are shown in green. The abbreviations represent the following: SFG (superior frontal gyrus), PCG (postcentral gyrus), INS, Sup. (superior insular sulcus).

[image: ]
Figure S4. Histograms of z-standardized stability indices. The histograms in blue show the distributions of z-standardized temporal stability values across the whole-brain vertices within the fsaverage5 template for (A) all the HC participants, (B) all the MDD participants, (C) an arbitrary HC participant, and (D) an arbitrary MDD participant. The curves in red represent the corresponding normal distribution shapes for comparison. While the W distributions from individual participants may exhibit slight skewness, the group-level distributions tend to more approximate normality as sample size increases.
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