
Supplementary Material1006

Please see supplemental figures and tables contained below.1007

• Figures1008

– Fig. S1: Atlas, Template, and Coordinate (Stereotactic)1009

Space1010

– Fig. S2: Atlas Morphology: Sizes and Shapes (All atlases)1011

– Fig. S3: Network measures for remaining atlases1012

– Fig. S4: Network measures for controls and patients1013

separated1014

– Fig. S5: Network measures for di�erent thresholds1015

– Fig. S6: E�ects of Registration: Volumetric- and Surface-1016

based approaches1017

– Fig. S7: Coverage of electrode contacts1018

– Fig. S8: "Brain Atlas" Search in PubMed1019

– Fig. S9: Prevalence of select brain atlases and neuroimag-1020

ing software1021

– Fig. S10: Electrode localization and region selection1022

• Tables1023

– Table. S1: Atlas Sources and References (3 pages).1024

– Table. S2: Patient and Control Demographics1025

• Other materials1026

– Glossary1027

Glossary1028

1. Atlas abbreviations and definitions. For further details,1029

see Table. S1.1030

(a) AAL. Automated anatomical labeling atlas.1031

(b) AAL1, AAL2, AAL3. AAL atlas versions 1, 2, and 3,1032

respectively.1033

(c) AAL-JHU. The AAL atlas and the JHU labels atlas1034

combined. For overlapping regions, the JHU atlas takes1035

precedence.1036

(d) AAL600. AAL atlas with 600 parcels.1037

(e) AICHA. Atlas of Intrinsic Connectivity of Homotopic1038

Areas.1039

(f) BNA. Brainnetome atlas.1040

(g) Craddock 200-400. Craddock atlases with a specified1041

number of parcels (e.g. Craddock 200 will have 2001042

parcels). There are two atlas sizes publicly available -1043

the Craddock 200 and Craddock 400 atlases.1044

(h) DKT31 OASIS. The DKT atlas from the OASIS1045

dataset. See Table. S1 sources for more details. It is1046

the volumetric version.1047

(i) DKT40. The DKT atlas used as part of FreeSurfer.1048

See Table. S1 sources for more details. It is the surface1049

version.1050

(j) DK. The Desikan-Killiany atlas. Surface atlas from1051

FreeSurfer.1052

(k) HO. Harvard-Oxford atlas.1053

(l) HO cortical-only. HO atlas with only cortical regions.1054

The symmetrical regions (the same region name on the1055

contralateral hemisphere) are labeled with di�erent iden-1056

tifications. Thus, this atlas has non-symmetrical labels1057

(e.g. both temporal pole regions are labeled with a di�er-1058

ent identification number). Left and right structures were1059

re-labeled with di�erent identification numbers using the1060

sagittal mid-line (in MNI space, x coordinate at zero) as1061

a separator.1062

(m) HO cort-only. Same as the HO cortical-only atlas.1063

(n) HO sym. cortical only. HO atlas with only cortical 1064

regions. The symmetrical regions (the same region name 1065

on the contralateral hemisphere) are labeled with the 1066

same identification. Thus, this atlas is has symmetrical 1067

labels (e.g. both temporal pole regions are labeled with 1068

the same identification number). The default atlases 1069

given by FSL are symmetrical atlases. 1070

(o) HO subcortical-only. HO atlas with only subcortical 1071

regions. 1072

(p) HO subcort-only. Same as the HO subcortical-only 1073

atlas. 1074

(q) HO combined. HO atlas with both cortical and sub- 1075

cortical regions. This atlas has non-symmetrical labeling 1076

(e.g. both temporal pole regions are labeled with a di�er- 1077

ent identification number). 1078

(r) HO cortical + subcortical. Same as the HO combined 1079

atlas. 1080

(s) JHU. The Johns Hopkins University atlases. There are 1081

two white matter atlases: thee JHU labels and JHU 1082

tracts atlases. 1083

(t) MMP. Multi-modal parcellation atlas. Sometimes re- 1084

ferred to as the "Glasser Atlas" after the first author of 1085

the original publication. 1086

(u) Random atlas 10-10,000. Atlases created with ran- 1087

dom parcels with a specified number of parcels (e.g. Ran- 1088

dom atlas 1,000 will have 1,000 parcels). These atlases 1089

were built in the ICBM 2009c Nonlinear Asymmetric 1090

template. Thus, these atlases are whole-brain atlases 1091

(includes cortical gray matter, subcortical gray matter, 1092

and white matter). See the ’Atlases’ Methods section for 1093

more details. 1094

(v) Schaefer 100-1,000. The Schaefer atlases with a speci- 1095

fied number of parcels (e.g. Schaefer 100 will have 100 1096

parcels). There are ten atlases of 100, 200, 300, 400, 500, 1097

600, 700, 800, 900, and 1,000 parcels. 1098

(w) Yeo liberal. The Yeo atlases where the boundaries of 1099

each parcel is extended slightly into the white matter, 1100

past the cortical boundary. 1101

(x) Yeo conservative. The Yeo atlases where the bound- 1102

aries of each parcel is extended slightly into the white 1103

matter, past the cortical boundary. 1104

2. � SFC. The change in SFC between ictal and preictal stats 1105

(SF Cictal ≠ SF Cpreictal). This indicates whether or not the 1106

change in functional connectivity is congruent with the under- 1107

lying structural connectivity. 1108

3. Contact. A single sensor on an electrode that records LFP. 1109

Not to be confused with an electrode. See Fig. S7, bottom. 1110

4. ECoG: Electrocorticography. 1111

5. Electrode. Not to be confused with contact. See Fig. S7, 1112

bottom. 1113

6. Derived atlas: An atlas which was derived from another 1114

atlas. For example, the AAL 600 is derived from the AAL 1115

atlas in which its parcellations are further sub-divided using a 1116

specified algorithm. Derived atlases may also be sub-divided 1117

randomly so that it is both considered a random and derived 1118

atlas (a quasi-random atlas). The BNA is also a derived atlas 1119

in which it initially used the parcellations of the DK atlas. 1120

7. Functional connectivity (FC). The statistical relationship 1121

between two signals (two contacts in this study). 1122

8. grayordinate. Atlas that includes gray matter structures, 1123

including cortical and subcortical gray matter regions. 1124

9. ROI. Region of interest 1125

10. ROI, parcel, parcellation, region. These terms may be 1126

used interchangeably in the literature. They refer to discrete 1127

areas of a brain. These regions are labeled with a categorical 1128

identification (rather than a continuous variable seen in tem- 1129

plates - see Fig. S1), and all voxels or surface vertices with the 1130

same identification are part of thee same region. 1131
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11. SEEG: Stereoelectroeenccephalography.1132

12. Structural connectivity (SC). The physical relationship1133

between two brain regions. We use streamline counts in this1134

manuscript from High Angular Resolution Di�usion Imaging.1135

13. T1w. T1-weighted MRI image.1136
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Fig. S1. Atlas, Template, and Coordinate (Stereotactic) Space. | These three terms are commonly confused in
the neuroscience literature because they all relate to the "map" of the brain. "Atlas" and "template" are sometimes used
interchangeably3, however, they are distinct. Here, we define them more formally. a, A brain atlas refers to a neurological map
that defines brain region labels. We use this definition throughout the main text. b, An atlas is distinct from a brain template,
which refers to a brain pattern. Similar in common usage, a template is a mold, gauge, or starting point representation of the
brain. Usually it is composed of multiple individuals’ brain representing an average of a population. Many templates exist
and are reviewed in various publications2,9, The templates illustrated here are the MNI152 Nonlinear asymmetric 2009c T1w
template (http://www.bic.mni.mcgill.ca), the OASIS brain template https://www.oasis-brains.org/ created and used by ANTs
(http://stnava.github.io/ANTs/ with templates linked here), a gray matter probability map, a PET template, and a b0 DTI
template. c, The coordinate system, or the stereotactic space, of the brain describes the physical positioning of the brain,
similar to the geographical coordinate system of longitude and latitude of the Earth. Historically, a common stereotactic space
was the Talairach space, and more recently, the MNI spaces. The analogy between the geographical terms of the Earth and the
geographical terms of the brain is not exact. The analogy falls apart in that while there in one world, there are many brains.
There is variability across populations and a spectrum of di�erences between species, therefore, it is challenging to represent
one brain for use in every scientific study appropriately. MNI, Montreal Neurological Institute; OASIS, Open Access Series of
Imaging Studies; GM, Gray Matter probability map; PET, Positron Emission Tomography; DTI, Di�usion Tensor Imaging.
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Table S1. Atlas sources and references. | This table provides a short note and references to the source material of common
atlases in the neuroscience literature. See also Table 1.
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Table S1. (cont.) Atlas sources and references. | This table provides a short note and references to the source material of
common atlases in the neuroscience literature. See also Table 1.
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Table S1. (cont.) Atlas sources and references. | This table provides a short note and references to the source material of
common atlases in the neuroscience literature. See also Table 1.
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Fig. S2. Atlas Morphology: Sizes and Shapes. | All standard atlases and one permutation for each of the standard atlases
are shown here. Volume means and sphericity means are in parentheses at the bottom of each graph. See Table S1 for atlas
abbreviations, descriptions, and sources.
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Fig. S3. Structure-Function Correlation (SFC) for All Atlases. | We show network measures the remaining atlases
illustrated in Table 2. See Table S1 for atlas descriptions. HO, Harvard-Oxford; Sub, subcortical; Cort, cortical
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Fig. S4. Network Measures: Controls vs Patients. | We replicate Fig. 2 (N=41) in the manuscript by separating out
controls (N=13) and patients (N=28). All global network measures above are similar between patients and controls, with
patients having slightly lower (but not significant, Fig. 2 bottom right panel) measurements for the di�erent network properties.
Specific connectivity di�erences between controls and patients were not explored (e.g. to explore if connections from the
hippocampus to the anterior cingulate are changed in temporal lobe epilepsy) and out of the scope of this manuscript. See
Table S1 for atlas descriptions.
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Fig. S5. Network Measures: di�erent thresholds. | We replicate Fig. 2 (N=41) in the manuscript by calculating network
measures using di�erent thresholds. The main text figure includes all weights with no threshold (threshold = 0). We set
thresholds at 01., 0.2, 0.3, and 0.4. This was done to show how various network measures may also change when eliminating
low-level connections at di�erent thresholds.
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Fig. S6. E�ects of Registration: Volumetric- and Surface-based approaches | Volumetric-based analyses, as opposed
to surface-based analyses, have been more prevalent in human neuroimaging studies for the last few decades21. Volumetric-based
approaches to map the neocortex have been shown to be inaccurate in some cases. For example, the top row shows a single
subject’s T1w image and the resulting labels of three atlases registered using a surface-based approach and two atlases using a
volumetric-based approach. The DKT atlas using a surface-based approach follows the cortical folds of the T1w image closely,
but the DKT atlas registered using a volumetric-based approach may have many mis-aligned areas. These images show the
improved accuracy in mapping and labeling brain structures using surface-based analyses, but the adoption of surface-based
analyses has been slow and attributed to five main reasons discussed in Coalson et. al 201821. Briefly, it is due to (1) the
need to compare results with existing volumetric-based studies, (2) the prevalence of volumetric-based tools compared to
surface-based tools, (3) the learning curve of surface-based approaches; (4) an unawareness of the problems and benefits of each
approach; (5) and uncertainty or skepticism as to how much of a di�erence these methodological choices make. In some cases,
it may make a di�erence, however, it does not make a di�erence in this study. Here, we used a surface-based approach to
register three di�erent atlases to each patient. The atlases were outputs of FreeSurfer’s recon-all pipelinee78 - the DKT40,
Desikan-Killiany (DK), and Destrieux atlases. The DKT atlas has a modified parcellations of the DK atlas, and the Destrieux
atlas is an alternative atlas o�ered by the FreeSurfer piepline. The Destrieux atlas has a finer parcellation scheme (i.e., more
number of regions). We repeat analyses of Fig. 5 and Fig. 6 of the main text, along with results from two volumetric-based
atlases for side-by-side comparison. The volumetric-based atlases include the DKT (DKT31 OASIS) and AAL3 atlases. While
the volumetric DKT atlas does not properly align and label the entire cortical gray matter regions, the AAL atlas extends
deeply into the white matter and does label much of these gray matter regions. For the experimental design of this study in
localizing electrode contacts and measuring structural connectivity, the AAL3 atlas provides the most power out of all these
atlases in detecting a change in SFC. In the original AAL manuscript88, the authors “chose to extend the internal limit of the
regions beyond the gray matter layer [to account for] anatomical variability”. This extension past the internal gray matter
boundary may be optimal in our case for measuring SFC because the parcellations may capture streamlines that otherwise
would have ended prematurely before reaching gray matter.
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Fig. S7. Coverage of electrode contacts. | Top: We show the percentage of contacts assigned a region given an atlas. If a
contact fell outside an atlas, it would not be assigned a location and would not be used in SFC analysis. We also show the
Harvard-Oxford atlas regions (cortical and subcortical combined) that contain electrode contacts (middle and bottom figures).
The middle figure shows the number of patients with at least one contact in an atlas region (at least one of the regions on both
hemispheres). The bottom figure shows the total number of contacts in each listed region. Note that 1792 out of 2474 contacts
(72%) contained within the brain parenchyma (gray matter or white matter) is higher than the mean percent coverage listed in
the top figure (65% for the HO combined) because some patients with fewer contacts may have lower coverage by the atlas,
thus bringing the mean percent down. Also note the larger number of contacts in the frontal pole because this region in the
Harvard-Oxford atlas is large. We chose to show the Harvard-Oxford atlas because it has the largest e�ect size in Fig. 6.
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Fig. S8. The increase in publications related to brain atlases. | We searched for any publications since 1945 using the
term “Brain Atlas” on PubMed. We note that since the introduction of BOLD fMRI in 1990, the need for neuroanatomical
maps of the brain has increased, especially in the neuroimaging community. Many atlases have been published over the last 30
years, and many publications across the neuroscience literature have used these atlases. However, no comprehensive study
exists evaluating, in any regard, to the suitability and nuances related to these atlases. We hope our work provides a valuable
resource to others in our field, launches a larger discussion to critically evaluating the neuroanatomy of the brain, and direct
future reproducible research for other scientists and clinician investigators.
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Fig. S9. Prevalence of select brain atlases and neuroimaging software | a, We searched on PubMed for any publications
since 1945 using the verbatim terms shown in each line graph legend. The tool used is from https://esperr.github.io/pubmed-
by-year/89. This search was done to gain a better understanding how often the field is using di�erent tools, and thus to make
some recommendations as to which atlases to use and facilitating the comparison of results. Note that due to the prevalence of
the term "AAL" which may not relate to the AAL atlas, we opted for the term "AAL atlas". Another example is the use of
"Multimodal Parcellation" rather than "MMP". The search for "AAL" is shown at the bottom right, where articles appear
before the original AAL manuscript in 200288, most likely not relating to the AAL atlas. However, the prevalence of "AAL"
increases substantially after 2002, more than other atlases. These search terms serves as a rough estimate of the prevalence of
atlases, and may not reflect the true prevalence of each term. b, We show to prevalence of select neuroimaging software. Again,
due to the ambiguity of search terms such as "ANTs", we opted for the full name of the software, despite some manuscripts
only having used the abbreviated terms. "Advanced normalization tools" searched in quotes is shown at the bottom right,
having first appeared formally in the literature in 200990.
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Fig. S10. Electrode localization and region selection | Assignment of each electrode contact to an atlas regions was
performed by rounding electrode coordinates (x,y,z) to the nearest voxel and indexing the given atlas at that voxel. Electrodes
that fell outside the atlas of interest were excluded from subsequent analysis. The structural connectivity network, representing
normalized streamline counts between each atlas region, was also down sampled to only include regions that contained at least
one SEEG contact. This gave one static representation of structural connectivity. In the case where multiple electrodes fell in
the same atlas ROI, a random electrode was selected to represent the functional activity of that neuroanatomically defined
region.
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Table S2. Patient and control demographics.| Patient IDs with asterisk have clinically annotated seizures for structure-
function calculation. Localization of the seizure onset zone was pulled from patient charts, either from the clinically hypothesized
brain regions if the patient did not undergo surgery, or if the patient underwent surgery, the targeted location for resection or
ablation. One control did not have age or sex information. M, Male; F: Female; L, left; R, Right; NR, Not reported
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