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Supplementary Results

Replication of structural covariance gradients in eNKI dataset

To evaluate whether the observed organizational axes of structural covariance could also be
detected in a different dataset with a wider age-range, we evaluated the structural covariance
gradients in the eNKI dataset (799 individuals, ages 12-85yrs). Here we observed, similar to
the main observations in the HCP dataset, a principal anterior posterior gradient explaining 15%
of variance and a secondary gradient traversing from inferior to superior regions explaining
11% of variance. Overall patterns were highly comparable (G1: r=0.81, p_spin<0.001, G2:

r=0.88, p_spin<0.001) between HCP and eNKI covariance gradients (Fig S1).

Robustness of principal and secondary gradient

To assess robustness we compared the first two gradients from our main analysis relative to the
first two gradients when varying various analysis steps in the gradient computation, exploring
different algorithm parameters through the BrainSpace toolbox (29). Other kernels (Pearson,
Spearman, Gaussian, or Cosine Similarity) showed all a high correlation between the original
G1 and G2 and their respective outputs (r>0.90). Also, the use of an alternative non-linear
dimension reduction (Laplacian eigenmap) or linear approach (PCA) give highly similar results
(r>0.95). Last, varying the cut-off value of the covariance matrix did not change the outcome

(1>0.90).

The third — eight gradient of thickness covariance and genetic correlation of thickness.

Additionally, we studied the third-eight gradient of thickness covariance and genetic correlation
of thickness, explaining 5-10% of variance (Fig S3). The third gradient traversed from sensory-
motor and mid temporal areas to both frontal and occipital cortices, and a comparable gradient
was observed in genetic correlation of thickness. The fourth gradient had a bilateral axis in

superior dorsolateral frontal cortex on the one hand and frontal polar, parietal and temporal
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polar regions on the other hand. The fifth gradient showed strong lateralization between left
temporal parietal regions and right lingual gyrus and corresponded to the sixth gradient of
genetic correlation of thickness. The sixth gradient was centered in the right supramarginal
gyrus extending to sensory-motor areas on the one hand, and less so in the left sensory cortex,
and on the other hand precuneus and para-limbic areas, a similar gradient was not observed in
genetic correlation of thickness. The seventh gradient related to sensory-motor, fusiform gyrus
and posterior-mid cingulate on the one hand, and temporal regions and precuneus on the other
and was most pronounced in the right hemisphere, this gradient was similar to the fifth gradient
in coheritability of thickness. The eighth gradient showed a dissociation between temporal
parietal regions and posterior-mid cingulate on the one hand, and occipital and sensory regions

on the other.

Structural gradients are above and beyond geodesic distance.

Previous work has shown a strong relationship between structural thickness covariance, genetic
correlation of cortical thickness, and geodesic distance. Thus, we explored the relationship
between organization of structural covariance and geodesic distance. Geodesic distance was
defined as the average distance between each of the 400 parcels ipsilaterally (Fig S6). In line
with previous reports, we observed a strong relation between structural covariance and geodesic
distance (left hemisphere: r=-0.52, p<0.00001, right hemisphere: r=-0.51, p<0.00001).
Moreover, we observed that genetic correlation varied as a function of the organization of
distance, with regions at comparable levels of the geodesic distance gradients showing high
genetic correlation among each other. The current work capitalized on unsupervised
assessments of large-scale cortical organizational patterns capturing main global embedding
axes based on each regions’ covariance profile. Given that visual and prefrontal cortex are most

distant from each other, this is the dominant large-scale axis based on geodesic distance.
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When regressing out the effects of geodesic distance on structural covariance we found
evidence suggesting that the principal gradients of structural covariance remain largely intact,
yet reversed (Gl: Glpistcov: r= 0.13, p>0.05; G2pistcov: r=0.65, p_spin<0.01 and G2:
Gpistcov: 1=0.80, p_spin<0.001; G2pistcov: r=-0.34, p_spin>0.1). The primary covariance
gradient stretched from sensory-motor, temporal, and paralimbic regions to frontal and parietal
cortices, whereas the secondary gradient stretched from visual and sensory-motor cortex to
default and paralimbic areas. Post-hoc analysis suggested that the first (archicortex: r=-0.13,
p=0.07 (p_spin >0.1), energy-test: p<0.1, and paleocortex: r=0.50, p<0.0001 (p_spin<0.002),
energy-test: p<0.001) but not the second (archicortex: r=0.01, energy p>0.1 and paleocortex:
r=-0.57, p<0.0001 (p_spin<0.002), energy-test: p<0.001), gradient showed a differential
relation to archi- and paleocortex distance, albeit at trend level. Moreover, the second (r=0.53,
p_spin<0.005) but not the first (r=0.24, p_spin>0.1) gradient related to functional organization.
Comparing the distance-corrected covariance gradients to laminar differentiation, we found that
while the second gradient traversed from paralimbic to idiotypic areas (Spearman’s r=-0.47,
p<0.0001 (p_spin<0.005)), while the principal gradient did not (Spearman’s r=-0.03, p>0.1),

but rather highlighted a differential mapping of paralimbic versus heteromodal areas.

Regressing out effects of distance in covariance in macaques, we observed a correspondence
between the principal gradients of structural covariance and the distance-corrected gradients
(G1: Glpistcov: = 0.83, p_spin<0.001; G2pistcov: r=0.07, p>0.1 and G2: Gpistcov: r=-0.08,
p>0.1; G2pistcov:r=0.68, p spin<0.01), as well as a trend-level association of the first
(paleocortex: Spearman’s r=0.44, p<0.02, energy-test p<0.l, archicortex: r=-0.27, p>0.1,
energy-test p<0.1) but not the second (paleocortex: Spearman’s r=-0.07, archicortex:
Spearman’s r=-0.03) gradient with the dual origin model. Last, comparing the human and
macaque distance-corrected covariance gradients, we found a correspondence between the

principal gradient in both species (r=0.38, p<0.0005) and the second gradient in both species
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(I‘=0.29, p<0.005), but not across gradlentS (Glmacaque'Gzhuman: I‘=-0.07; szacaque'Glhuman:

=0.11).

Relationship between large-scale organization of genetic correlation of regional thickness and
microstructure profiles

In a last step we evaluated the association between the two main axis of regional covariance
topology and cortical microstructure (T1w/T2w) and microstructural covariance gradients (27),
in order to qualify and quantify the relation of the observed covariance gradients in thickness
to previously reported microstructural organization (27). We probed cortical microstructure at
12 equidistant surfaces sampled between the outer and inner cortical layer in a sub-set of our
participants (HCP S900 sample). We observed a strong negative relationship between Glscoy
and cortical T1w/T2w at all layer depts (-0.34 <r>-0.44) (Fig S7; Table S2). G2y, however,
only showed a significant positive association with the two most outer strata (layer 1: r=0.60,
layer 2: r=0.40), but not with layers closer to the GM/WM surface (Fig S7; Table S2).
Subsequently, we probed the association between organizational gradients of within-individual
microstructural profile covariance and topological organization of structural covariance of
cortical thickness. To do so, we computed the mean microstructural profile covariance (MPC)
maps across individuals and preformed gradient decomposition. We observed, as previously
reported (27) a primary gradient of cortical microstructural profile covariance traversing a
sensory-fugal pattern (22% of variance), and secondary gradient (17% of variance) traversing
a pattern from sensory-motor to frontal cortices. We found that the first MPC gradient showed
a close correlation with the inferior-superior gradient of genetic covariance of thickness
(r=0.62, p_spin<0.005), but not with the posterior-anterior gradient of genetic covariance of
thickness (r=-0.02). Conversely, the secondary gradient of MPC was associated with the
posterior-anterior gradient of genetic covariance of thickness (r=0.30, p_spin<0.025), but not

with the inferior-superior gradient of genetic covariance (r=-0.09, p>0.1).
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Functional topography along macro-scale organizational patterns of thickness

We conducted a meta-analysis using the Neurosynth (78) database and estimated the center of
gravity across a set of diverse cognitive terms (27, 28) along the posterior-anterior and inferior-
superior macro-scale organization patterns of thickness (Fig S8). In the posterior-anterior
gradient we observed a divergence between sensory and visual functions posteriorly and
‘working-memory’, ‘reading’, as well as ‘motor’ and ‘action’ processing anteriorly. Various
terms such as ‘emotion’ and ‘reward’ related to both posterior and anterior regions. The
inferior-superior gradient on the other hand related to ‘motor’, ‘working memory’ and ‘action’

in superior regions, but ‘emotion’, ‘reward’, ‘affective’, ‘pain’ in inferior regions.
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SUPPLEMENTARY TABLE
ROI h2 p ROI h2 p ROI h2 p ROI | h2 p

10,223 | 5,50E-06 101 | 0,398 | 1,76E-06 | 201 | 0,246 | 5,00E-07 | 301 | 0,143 | 5,86E-03

210,379 | 2,93E-13 102 | 0,379 | 3,97E-05 | 202 | 0,440 | 1,48E-08 | 302 | 0,395 | 4,79E-06

3| 0,205 | 6,57E-05 103 | 0,247 | 4,20E-06 | 203 | 0,183 | 5,75E-04 | 303 | 0,249 | 3,50E-06

410,358 | 7,01E-14 | 104 | 0,331 | 1,68E-02 | 204 | 0,217 | 2,17E-05 | 304 | 0,315 | 3,27E-01

510,358 | 3,54E-12 105 | 0,118 | 2,33E-02 | 205 | 0,378 | 8,46E-07 | 305 | 0,100 | 3,90E-02

6 | 0,223 | 1,69E-05 106 | 0,334 | 3,45E-04 | 206 | 0,370 | 6,15E-05 | 306 | 0,347 | 5,77E-04

7 10,289 | 6,13E-10 107 | 0,347 | 8,85E-04 | 207 | 0,174 | 6,36E-04 | 307 | 0,338 | 4,10E-02

81| 0,116 | 1,67E-02 108 | 0,296 | 1,00E-07 | 208 | 0,381 | 6,68E-06 | 308 | 0,352 | 3,18E-03

910,387 | 3,42E-13 109 | 0,233 | 2,96E-05 | 209 | 0,229 | 1,65E-05 | 309 | 0,189 | 2,46E-04
10 | 0,436 | 3,46E-11 110 | 0,284 | 2,00E-07 | 210 | 0,176 | 5,36E-04 | 310 | 0,318 | 1,05E-02
11 | 0,356 | 1,78E-04 | 111 | 0,228 | 1,42E-05 | 211 | 0,425 | 1,07E-07 | 311 | 0,294 | 1,00E-07
12 | 0,452 | 1,04E-09 112 | 0,364 | 6,40E-05 | 212 | 0,519 | 1,12E-17 | 312 | 0,196 | 1,90E-04
13 | 0,331 | 4,31E-03 113 | 0,178 | 4,24E-04 | 213 | 0,414 | 1,25E-05 | 313 | 0,300 | 3,55E-01
14 | 0,163 | 1,06E-03 114 | 0,431 | 9,18E-09 | 214 | 0,471 | 4,15E-12 | 314 | 0,240 | 1,44E-05
15| 0,411 | 4,28E-07 115 | 0,291 | 1,00E-07 | 215 | 0,387 | 1,87E-05 | 315 | 0,360 | 4,64E-05
16 | 0,496 | 1,05E-13 116 | 0,373 | 5,34E-05 | 216 | 0,122 | 1,01E-02 | 316 | 0,328 | 2,14E-02
17 | 0,172 | 7,86E-04 | 117 | 0,302 | 1,00E-07 | 217 | 0,520 | 8,72E-11 | 317 | 0,217 | 3,41E-05
18 | 0,402 | 5,40E-09 118 | 0,452 | 2,23E-09 | 218 | 0,348 | 5,06E-04 | 318 | 0,231 | 4,28E-05
19 | 0,448 | 1,66E-12 119 | 0,176 | 7,01E-04 | 219 | 0,594 | 1,35E-21 | 319 | 0,342 | 4,54E-04
20 | 0,468 | 8,71E-13 120 | 0,185 | 2,37E-04 | 220 | 0,500 | 2,42E-12 | 320 | 0,231 | 5,10E-06
21 | 0,528 | 6,94E-17 121 | 0,350 | 3,08E-02 | 221 | 0,382 | 837E-05 | 321 | 0,464 | 1,18E-11
22 | 0,406 | 7,06E-07 122 | 0,278 | 1,00E-07 | 222 | 0,204 | 4,30E-05 | 322 | 0,278 | 3,00E-07
23 | 0,338 | 1,18E-02 123 | 0,337 | 1,01E-03 223 | 0,452 | 1,91E-09 | 323 | 0,245 | 1,06E-05
24 | 0,385 | 8,46E-05 124 | 0,227 | 2,93E-05 | 224 | 0,445 | 1,41E-10 | 324 | 0,298 | 1,34E-01
25| 0,457 | 7,53E-11 125 | 0,306 | 4,97E-03 225 | 0,390 | 5,06E-08 | 325 | 0,196 | 2,34E-04
26 | 0,485 | 4,67E-12 126 | 0,525 | 5,96E-15 | 226 | 0,333 | 2,11E-02 | 326 | 0,303 | 2,00E-07
27 | 0,302 | 9,82E-03 127 | 0,243 | 3,60E-06 | 227 | 0,217 | 1,03E-04 | 327 | 0,206 | 1,27E-04
28 | 0,191 | 2,65E-04 | 128 | 0,176 | 3,48E-04 | 228 | 0,324 | 7,59E-04 | 328 | 0,349 | 2,84E-04
29 | 0,511 | 1,73E-13 129 | 0,161 | 2,09E-03 229 | 0,411 | 2,25E-07 | 329 | 0,305 | 6,85E-02
30 | 0,350 | 5,85E-06 130 | 0,257 | 4,40E-06 | 230 | 0,302 | 1,57E-01 | 330 | 0,243 | 5,80E-06
31 | 0,422 | 1,85E-07 131 | 0,134 | 6,76E-03 231 | 0,490 | 3,12E-11 | 331 | 0,480 | 5,52E-13
32 | 0,468 | 4,83E-10 132 | 0,090 | 4,75E-02 | 232 | 0,245 | 3,40E-06 | 332 | 0,144 | 2,78E-03
33 | 0,286 | 2,61E-01 133 | 0,048 | 1,93E-01 233 | 0,327 | 1,55E-02 | 333 | 0,217 | 3,13E-05
34 | 0,275 | 1,00E-07 134 | 0,274 | 1,00E-07 | 234 | 0,422 | 2,66E-07 | 334 | 0,096 | 4,35E-02
35| 0,226 | 4,05E-05 135 | 0,277 | 3,00E-07 | 235 0,200 | 4,28E-04 | 335 | 0,142 | 6,71E-03
36 | 0,430 | 4,30E-08 136 | 0,207 | 6,02E-05 | 236 | 0,347 | 2,97E-03 | 336 | 0,171 | 6,06E-04
37| 0,109 | 3,04E-02 137 | 0,190 | 2,48E-04 | 237 | 0,219 | 3,63E-05 | 337 | 0,080 | 6,30E-02
38| 0,195 | 1,27E-04 | 138 | 0,342 | 1,40E-03 238 | 0,129 | 1,03E-02 | 338 | 0,161 | 1,46E-03
39 | 0,349 | 8,35E-03 139 | 0,235 | 3,20E-06 | 239 | 0,330 | 1,24E-02 | 339 | 0,123 | 1,59E-02
40 | 0,317 | 2,54E-02 140 | 0,350 | 9,33E-06 | 240 | 0,322 | 3,81E-02 | 340 | 0,251 | 2,60E-06
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ROI h2 p ROI h2 p ROI h2 p ROI | h2 p

41 | 0,210 | 4,81E-05 141 | 0,191 | 2,58E-04 | 241 | 0,309 | 3,96E-01 | 341 | 0,190 | 4,62E-04

42 | 0,215 | 3,70E-05 142 | 0,206 | 7,64E-05 | 242 | 0,180 | 5,18E-04 | 342 | 0,163 | 1,04E-03

43 | 0,276 | 2,00E-07 143 | 0,250 | 4,10E-06 | 243 | 0,102 | 3,33E-02 | 343 | 0,354 | 1,50E-04

44 | 0,424 | 5,94E-09 144 | 0,372 | 2,34E-05 244 | 0,243 | 9,30E-06 | 344 | 0,275 | 1,00E-07

45 | 0,294 | 1,06E-01 145 | 0,323 | 4,51E-03 245 | 0,164 | 7,11E-04 | 345 | 0,245 | 5,00E-06

46 | 0,360 | 4,09E-05 146 | 0,396 | 5,79E-05 | 246 | 0,477 | 1,74E-12 | 346 | 0,306 | 1,60E-01

47 | 0,221 | 1,82E-05 147 | 0,509 | 3,42E-13 247 | 0,285 | 2,95E-01 | 347 | 0,246 | 4,70E-06

48 | 0,367 | 1,45E-05 148 | 0,315 | 4,05E-02 | 248 | 0,271 | 1,00E-07 | 348 | 0,224 | 2,79E-05

49 | 0,253 | 3,70E-06 149 | 0,192 | 2,38E-04 | 249 | 0,396 | 3,40E-07 | 349 | 0,312 | 1,15E-01

50 | 0,296 | 2,44E-01 150 | 0,248 | 1,60E-06 | 250 | 0,232 | 2,16E-05 | 350 | 0,211 | 3,94E-05

51| 0,462 | 1,83E-11 151 | 0,225 | 5,90E-06 | 251 | 0,529 | 4,57E-17 | 351 | 0,314 | 4,65E-03

521 0,299 | 1,03E-01 152 | 0,179 | 4,16E-04 | 252 | 0,258 | 1,30E-06 | 352 | 0,230 | 1,57E-05

53] 0,143 | 3,31E-03 153 | 0,335 | 5,15E-02 | 253 | 0,268 | 9,00E-07 | 353 | 0,056 | 1,39E-01

54| 0,397 | 3,46E-06 154 | 0,256 | 8,00E-07 | 254 | 0,305 | 4,56E-02 | 354 | 0,320 | 2,90E-03

55 0,222 | 3,35E-05 155 | 0,098 | 3,06E-02 | 255 0,305 | 1,70E-01 | 355 0,197 | 1,88E-04

56 | 0,156 | 1,80E-03 156 | 0,281 | 1,00E-01 256 | 0,436 | 2,67E-08 | 356 | 0,264 | 4,00E-07

57| 0,442 | 1,27E-08 157 | 0,119 | 1,33E-02 | 257 | 0,249 | 2,80E-06 | 357 | 0,149 | 1,98E-03

58 | 0,208 | 5,22E-05 158 | 0,071 | 1,04E-01 258 | 0,226 | 1,03E-05 | 358 | 0,461 | 1,34E-09

59 | 0,309 | 3,98E-02 159 | 0,178 | 5,23E-04 | 259 | 0,365 | 1,06E-05 | 359 | 0,353 | 5,73E-03

60 | 0,260 | 1,70E-06 160 | 0,229 | 6,70E-06 | 260 | 0,284 | 1,00E-07 | 360 | 0,258 | 1,60E-06

61 | 0,209 | 3,78E-05 161 | 0,322 | 9,19E-03 261 | 0,230 | 6,40E-06 | 361 | 0,303 | 3,03E-02

62 | 0,266 | 8,00E-07 162 | 0,138 | 3,97E-03 262 | 0,465 | 6,15E-12 | 362 | 0,107 | 2,14E-02

63 | 0,417 | 1,37E-09 163 | 0,243 | 1,15E-05 | 263 | 0,310 | 5,23E-02 | 363 | 0,160 | 1,56E-03

64 | 0,351 | 9,46E-05 164 | 0,193 | 2,34E-04 | 264 | 0,288 | 2,02E-01 | 364 | 0,092 | 4,01E-02

65 | 0,189 | 1,54E-04 | 165 | 0,200 | 7,14E-05 | 265 | 0,354 | 7,29E-04 | 365 | 0,008 | 4,42E-01

66 | 0,333 | 3,22E-02 166 | 0,337 | 9,93E-07 | 266 | 0,237 | 1,13E-05 | 366 | 0,113 | 1,89E-02

67 | 0,346 | 1,95E-03 167 | 0,173 | 8,09E-04 | 267 | 0,235 | 1,40E-06 | 367 | 0,224 | 1,85E-05

68 | 0,219 | 5,04E-05 168 | 0,256 | 2,00E-07 | 268 | 0,287 | 7,23E-02 | 368 | 0,291 | 1,00E-07

69 | 0,131 | 9,90E-03 169 | 0,331 | 4,54E-02 | 269 | 0,289 | 4,26E-01 | 369 | 0,389 | 2,96E-06

70 | 0,272 | 7,00E-07 170 | 0,155 | 1,42E-03 270 | 0,373 | 2,65E-05 | 370 | 0,263 | 2,10E-06

71| 0,225 | 1,69E-05 171 | 0,279 | 4,00E-07 | 271 0,314 | 1,39E-01 | 371 | 0,185 | 2,44E-04

72 | 0,236 | 4,00E-06 172 | 0,180 | 1,76E-03 272 | 0,229 | 7,30E-06 | 372 | 0,229 | 1,43E-05

73 | 0,177 | 7,24E-04 | 173 | 0,334 | 6,62E-04 | 273 | 0,164 | 2,04E-03 | 373 | 0,208 | 4,73E-05

74 | 0,166 | 1,15E-03 174 | 0,418 | 2,28E-11 274 | 0,209 | 1,11E-04 | 374 | 0,222 | 2,35E-05

75| 0,286 | 3,00E-07 175 | 0,284 | 1,00E-07 | 275 0,154 | 1,26E-03 | 375 | 0,260 | 1,00E-07

76 | 0,014 | 4,04E-01 176 | 0,440 | 1,12E-10 | 276 | 0,098 | 3,41E-02 | 376 | 0,209 | 9,50E-05

77 | 0,121 | 1,05E-02 177 | 0,340 | 2,01E-03 277 | 0,196 | 3,82E-04 | 377 | 0,238 | 4,40E-06

78 | 0,130 | 9,71E-03 178 | 0,453 | 3,66E-10 | 278 | 0,137 | 6,42E-03 | 378 | 0,318 | 5,97E-03

791 0,197 | 1,11E-04 | 179 | 0,488 | 7,57E-15 | 279 | 0,152 | 2,69E-03 | 379 | 0,315 | 5,56E-03

80 | 0,142 | 5,45E-03 180 | 0,315 | 4,43E-02 | 280 | 0,119 | 1,62E-02 | 380 | 0,380 | 5,24E-05

81 | 0,399 | 3,28E-07 181 | 0,255 | 8,00E-07 | 281 | 0,087 | 4,68E-02 | 381 | 0,239 | 3,10E-06

82 | 0,266 | 3,00E-07 182 | 0,381 | 2,24E-06 | 282 | 0,258 | 1,30E-06 | 382 | 0,361 | 4,93E-04
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ROI | h2 P ROI | h2 P ROI | h2 P ROI | h2 P
8310395 [ 2,39E-05 | 183 | 0,282 | 1,00E-07 | 283 | 0,198 | 2,01E-04 | 383 | 0,418 | 5,51E-08
84 | 0,345 | 5,04E-02 | 184 | 0,391 | 8,05E-08 | 284 | 0,121 | 1,12E-02 | 384 | 0,417 | 3,01E-06
850,305 | 1,00E-07 | 185 0,185 | 4,58E-04 | 285 | 0,279 | 1,00E-07 | 385 | 0,399 | 5,82E-07
86 | 0,090 | 4,08E-02 | 186 | 0,222 | 3,31E-05 | 286 | 0,376 | 1,82E-05 | 386 | 0,416 | 8,83E-08
87| 0,182 | 3,42E-04 | 187 [ 0,277 | 7,00E-07 | 287 | 0,254 | 2,90E-06 | 387 | 0,266 | 4,00E-07
88 | 0,137 | 6,42E-03 | 188 0,416 | 2,65E-07 | 288 | 0,340 | 6,16E-03 | 388 | 0,310 | 1,64E-02
89 | 0,376 | 5,08E-05 | 189 | 0,378 | 2,33E-05 | 289 | 0,300 | 2,73E-01 | 389 | 0,337 | 2,31E-03
90 | 0,224 | 5,17E-05 | 190 | 0,390 | 1,15E-05 | 290 | 0,220 | 7,36E-05 | 390 | 0,259 | 7,00E-07
91| 0,174 | 7,52E-04 | 191 | 0,256 | 8,00E-07 | 291 | 0,231 | 1,81E-05 | 391 | 0,359 | 4,38E-05
92 10,177 | 3,90E-04 | 192 0,180 | 8,31E-04 | 292 | 0,149 | 3,17E-03 | 392 | 0,373 | 2,90E-05
930,238 | 7,50E-06 | 193 | 0,324 | 2,90E-02 | 293 | 0,179 | 3,26E-04 | 393 | 0,385 | 2,28E-04
94 0,307 | 1,19E-02 | 194 | 0,262 | 7,00E-07 | 294 | 0,195 | 3,27E-04 | 394 | 0,226 | 1,42E-05
95| 0,221 | 222E-05 | 195 0,126 | 1,15E-02 | 295 | 0,123 | 1,66E-02 | 395 | 0,304 | 1,23E-01
96 | 0,252 | 3,60E-06 | 196 | 0,228 | 1,03E-05 | 296 | 0,195 | 1,75E-04 | 396 | 0,143 | 4,55E-03
97 [ 0,404 | 1,42E-08 | 197 [ 0,313 | 1,59E-01 | 297 | 0,183 | 2,22E-04 | 397 | 0,264 | 1,00E-07
98 | 0,364 | 123E-04 | 198 0,323 | 6,79E-03 | 298 | 0,197 | 2,45E-04 | 398 | 0,396 | 3,84E-07
99 [ 0,126 | 8,51E-03 | 199 | 0,199 | 3,75E-04 | 299 | 0,358 | 1,71E-04 | 399 | 0,190 | 2,19E-04
100 | 0,434 | 8,36E-08 | 200 | 0,241 | 4,70E-06 | 300 | 0,116 | 1,19E-02 | 400 | 0,201 | 5,57E-05

Table S1. Heritability of cortical thickness in each parcel. Heritability of cortical thickness in each parcel,
controlling for global thickness. Parcel numbers refer to the Schaefer 400, 7 networks solution (25).

Gradient 1

TIiw/T2w Correlation with G1 TIw/T2w Correlation with G1
Layer 1 -0.34, p<0.000001 Layer 7 -0.42, p<0.000001
Layer 2 -0.40, p<0.000001 Layer 8 -0.43, p<0.000001
Layer 3 -0.40, p<0.000001 Layer 9 -0.43, p<0.000001
Layer 4 -0.38, p<0.000001 Layer 10 -0.44, p<0.000001
Layer 5 -0.39, p<0.000001 Layer 11 -0.43, p<0.000001
Layer 6 -0.40, p<0.000001 Layer 12 -0.43, p<0.000001
Gradient 2

TIw/T2w Correlation with G2 TIiw/T2w Correlation with G2
Layer 1 0.64, p<0.000001 Layer 7 -0.05, p>ns

Layer 2 0.40, p<0.000001 Layer 8 -0.04, p>ns

Layer 3 0.12, p<0.02 Layer 9 -0.03, p>ns

Layer 4 -0.01, p>ns Layer 10 -0.03, p>ns

Layer 5 -0.05, p>ns Layer 11 -0.02, p>ns

Layer 6 -0.05, p>ns Layer 12 0.00, p>ns

Table S2. Correlation between layer-dependent T1w/T2w and covariance gradients. Correlation between
layer-based T1w/T2w and the first two gradient of thickness covariance (G1 and G2, please see Fig 1).
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SUPPLEMENTARY FIGURES

A) Replication of structural covariance gradients in eNKI dataset C) Robustness of structural covariance gradients as a function of parcellation method
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Fig S1. Replication of structural covariance gradients. A) Replication of the first two gradients in the eNKI
dataset, using the Schaefer 400 parcellation; B) Cortical thickness estimation in HCP sample based on Freesurfer
6.0 standard pipeline and CIVIT 2.1.0. standard pipeline; C) Cortical thickness parcellated using the Desikan-
Killiany atlas; the Glasser atlas; and the Schaefer 800 atlas; D) Cortical thickness covariance without global
distance correction.
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Fig S2. Robustness of structural covariance gradients as a function of gradient construction. Correlation of
principal and secondary gradient in structural covariance reported in F1 with gradients produced with other
kernel/approach/cut-off values. Left: kernel variation: Pearson, Spearman, Gaussian and Cosine Similarity kernels;
Middle: approach: Laplacian eigenmaps; PCA; Right: cut-off (10, 30, 50, 70% percentile cut-off of covariance

matrix).
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Fig S3. Gradients of structural covariance and genetic correlation. The first eight gradients of structural
covariance of thickness (A) and genetic correlation (B), all in same color scheme.
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A) Structural covariance vs genetic/environmental correlation  C) Bivariate heritability
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Fig S4. Structural covariance of thickness and its genetic and environmental components. A) Whole brain
correlation between covariance and genetic correlation (black) and environmental correlation (red). B) Correlation
covariance and genetic correlation (blue outline) and environmental correlation (no outline) within each
functional community (25); C) Bivariate heritability; D) Percentage of phenotypic correlation explained by genetic
factors; E) Association between structural covariance and percentage of phenotypic correlation explained by

between

genetic factors, covariance pairs part of the row-wise top 10% used for covariance are highlighted in blue.

Fig S5. Large-scale organizational gradients of environmental correlations of thickness. Performing non-
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linear matrix decomposition methods on the environmental correlation of thickness.
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Structural covariance versus distance in humans

A) Geodesic distance between B) Distance vs C) Gradients of geodesic distance D) Genetic correlation
parcels structural covariance
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Fig S6: Controlling for distance in structural covariance. A) Geodesic distance matrix of ipsilateral 400
Schaefer parcels (25); B) Correlation between geodesic distance and structural covariance between parcels; C)
Principal and secondary gradient of geodesic distance; D) Genetic correlation as a function of the binned geodesic
distance gradients; E) Correlation between geodesic distance and distance-regressed structural covariance; F)
Distance corrected gradient versus covariance gradients reported in Fig 1; G) Covariance gradients while
controlling for geodesic distance; H) Distance-corrected gradients versus large-scale functional gradient (28); I)
Relation of binned-gradients to distance from archi- and paleocortex; J) Distance-corrected gradients versus
laminar differentiation; K) Geodesic distance in Markov parcellation in macaques (32); L) Correlation between
geodesic distance and structural covariance between parcels in macaques; M) Principal and secondary gradient of
geodesic distance in macaques; N) Covariance as a function of the binned geodesic distance gradients in macaques;
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O) Correlation between geodesic distance and distance-regressed structural covariance in macaques; P) Distance
corrected gradient versus macaque covariance gradients reported in Fig 3; Q) Macaque covariance gradients while
controlling for geodesic distance; R) Relation of binned-gradients to distance from archi- and paleocortex in
macaques; S) Cross-species comparison transformed human gradient to macaque surface; T) Human versus
macaque distance corrected gradient; Right: Scatter plot of both macaque (x-axis) and human (y-axis) distance
corrected covariance gradients.

Relationship between large-scale organization of genetic correlation of thickness and cortical T IwT2w

A) Layer-based TIwT2w B) Microstructural profile covariance
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Fig S7. Link between organization of macro-scale organization of thickness and microstructure. A)
Relationship between large-scale organization of genetic correlation of thickness and cortical TIw/T2w; i.
T1w/T2w values of equidistant layers between the pial and GM/WM surface and the correlation with the principal
and secondary gradient (Glscovand G2scov) of macro-scale organization of thickness. For visualization purposes
only the first (blue), fourth(orange), seventh (yellow), tenth (purple) of 12 probed layers are reported; B) Principal
and secondary gradient of microstructure profile covariance (MPC) and the relationship between MPC gradients
and Glscovand G2scov.
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Fig S8. Neurosynth functional meta-analysis. Meta-analysis maps for diverse cognitive terms were obtained
from Neurosynth similar to Margulies et al. (28). We calculated parcel-wise z-statistics, capturing node-term
associations, and calculated the center of gravity of each term along the poster-anterior and inferior-superior
gradients. The plots depict the average z-score within binned (20-bins) gradient layer of meta-analysis maps.
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