The connectivity-based architecture of the human piriform cortex - Supplementary Material


1. Bimodal parcellations

Bimodal parcellations were generated in each subject via a combination of structural and functional connectivity matrices with subsequent spectral clustering. These parcellations were similar to those obtained via dMRI (Table S1 and Figure S1) and did not show an improvement in ARI or separability of amygdala and PC over dMRI alone (Figure S2).


Table S1. Similarity of bimodal and dmri-based parcellations computed via ARI. For this analysis, the dMRI parcellation obtained with 2 mm resolution to allow for comparability.
	left hemisphere
	right hemisphere

	solution
	ARI
	solution
	ARI

	2
	1
	2
	0.99

	3
	0.94
	3
	0.97

	4
	0.97
	4
	0.95

	5
	0.62
	5
	0.79

	6
	0.67
	6
	0.92

	7
	0.64
	7
	0.86

	8
	0.59
	8
	0.85

	9
	0.67
	9
	0.88

	10
	0.68
	10
	0.72
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Figure S1. Coronal slices of clustering results of the right region of interest based on bimodal connectivity. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index. Background image: MNI152 brain.
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Figure S2. Coronal slices of clustering results of the left region of interest based on bimodal connectivity. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index.

Figure S3 depicts individual-to group similarities of bimodal parcellations as compared to parcellations generated from random data.

[image: ]
Figure S3. Comparison of adjusted rand indices with those obtained from parcellations generated from shuffled connectivity matrices. For each parcellation, a paired sample t-test was conducted; **** = p < 0.00
01 (Bonferroni corrected for 18 tests).


Figure S4 highlights distinctions of piriform cortex from amygdala based on bimodal parcellations with comparisons to random data. Furthermore, two slightly different definitions of piriform cortex – with one including olfactory nuclei of the amygdala – are compared for their distinctions based on bimodal CBP.

[image: ]
Figure S4. A) Distinction of amygdala from piriform cortex via CBP based on bimodal data as compared to parcellations obtained from shuffled connectivity data of the same individuals (paired-sample t-test, ****=p<0.001, Bonferroni corrected).  B) Comparison of this distinction with distinctions achieved by an alternative definition of PC including olfactory amygdala in the predefined PC ROI (cortical_amygdala_as_pc); paired sample t-test, ****=p<0.001, Bonferroni corrected for 9 tests, respectively.



Bimodal parcellations were inferior to dmri-based parcellations in its distinctions of the PC from the amygdala on the right hemisphere (3-cluster solution and solutions >= 6 clusters), while on the right hemisphere, no difference was detected (Figure S5).
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Figure S5. Comparison of distinctions of PC from the amygdala in the modalities dmri, fmri and bimodal. Paired samples t-tests were conducted for the contrasts bimodal vs. dmri and dmri vs. fmri and correction for 36 tests was applied. 







2. Validation cohort

To validate the robustness of our results, another cohort of 100 subjects from the HCP dataset who were both unrelated to each other and unrelated to the 100 subjects from the original cohort were analyzed. Forty-seven subjects were female.

2.1 Structural parcellations – validation cohort

Diffusion MRI based parcellations were highly similar to those from the original cohort (see manuscript, table 1). 
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Figure S7. Coronal slices of clustering results of the right region of interest based on structural connectivity. Here, only data from the validation cohort was used. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index.
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Figure S8. Coronal slices of clustering results of the left region of interest based on structural connectivity. Here, only data from the validation cohort was used. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index.
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Figure S9. Comparison of adjusted rand indices with those obtained from parcellations generated from shuffled connectivity matrices (validation cohort). For each parcellation, a paired sample t-test was conducted; **** = p < 0.00
01 (Bonferroni corrected for 18 tests).
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Figure S10. A) Distinction of amygdala from piriform cortex via CBP based on Diffusion MRI data (validation cohort) as compared to parcellations obtained from shuffled connectivity data of the same individuals (paired-sample t-test, ****=p<0.001, Bonferroni corrected).  B) Comparison of this distinction with distinctions achieved by an alternative definition of PC including olfactory amygdala in the predefined PC ROI (cortical_amygdala_as_pc); paired sample t-test, ****=p<0.001, Bonferroni corrected for 18 tests, respectively).


2.2 Functional parcellations – validation cohort

Parcellations based on fMRI data also yielded similar results to the original cohort, with large variability of connectivity especially on the right hemisphere, leading to lacking group parcellations.

[image: Ein Bild, das Text, Screenshot enthält.

Automatisch generierte Beschreibung]
Figure S11. Coronal slices of clustering results of the right region of interest based on functional connectivity. Here, only data from the validation cohort was used. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index.
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Figure S12. Coronal slices of clustering results of the left region of interest based on functional connectivity. Here, only data from the validation cohort was used. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index.
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Figure S13. Comparison of adjusted rand indices with those obtained from parcellations generated from shuffled connectivity matrices (validation cohort). For each parcellation, a paired sample t-test was conducted; *=p<0.05, **=p<0.01, *** =p<0.001, ****=p< 0.00
01 (Bonferroni corrected for 18 tests).
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Figure S14. A) Distinction of amygdala from piriform cortex via CBP based on functional MRI data (validation cohort) as compared to parcellations obtained from shuffled connectivity data of the same individuals (paired-sample t-test, ****=p<0.001, Bonferroni corrected).  B) Comparison of this distinction with distinctions achieved by an alternative definition of PC including olfactory amygdala in the predefined PC ROI (cortical_amygdala_as_pc); paired sample t-test*=p<0.05, **=p<0.01, *** =p<0.001, ****=p<0.0001 (Bonferroni corrected for 9 tests, respectively)




2.3 Bimodal parcellations -  validation cohort

Bimodal parcellations from the validation cohort were similar to those from the original cohort.

[image: ]
Figure S15. Coronal slices of clustering results of the right region of interest based on bimodal connectivity. Here, only data from the validation cohort was used. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index.
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Figure S16. Coronal slices of clustering results of the right region of interest based on bimodal connectivity. Here, only data from the validation cohort was used. Progression from left to right indicates progression from anterior to posterior, while granularity of clustering solutions increases from top (k=2) to bottom (k=10). Numbers indicate mean adjusted rand index.


3. Descriptive Statistics: Individual volumes of the piriform cortex and its subregions

To obtain individual volumes of the piriform cortex, its subregions as obtained via spectral clustering were warped back to native structural space. For this analysis, bilateral 7-cluster solutions were selected, as both a) separated PC from insula and b) both contained 3 similar subregions within the PC (f-PC, dorsal t-PC, anterior and ventrotemporal PC). The right PC and its subregions were larger than the left PC, as was expected.



Table S2. Volumes of bilateral PC in µl in native subject space

	Left hemisphere
	Mean (sd)
	Range (min - max)

		Overall
	644.3 (83)
	474 - 953.5

		f-PC
	131.6 (18.8)
	91.9 - 188.3

		dt-PC
	108.4 (15.3)
	74.8 - 160.5

		avt-PC
	404.2 (58.6)
	273 - 628.7

	Right hemisphere
	
	

		Overall
	985.5 (134.7)
	666.4 - 1390.9

		f-PC
	135.5 (21.6)
	76.1 - 197.9

		dt-PC
	189.5 (28.4)
	131.4 - 294.6

		avt-PC
	660.6 (99.6)
	417.4 - 945.3





4. Statistical testing of odor identification abilities according to individual to group ARI

In this auxiliary analysis we probed whether subjects on either end of the spectrum of individual to group similarities of their dMRI based parcellations differed in their abilities to identify different odors. Per subject, the dMRI based individual-to-group ARI were averaged per hemisphere for all 9 clustering solutions. Subsequently, subjects from the top and bottom quantiles of individual-to-group ARI were selected and their age adjusted odor identification ability, as available in the HCP data, were compared. A Wilcoxon rank sum test was conducted.


4.1 Results

For both hemispheres, no effect of better odor identification was observed in subjects from the upper quantile of individual to group ARI as compared to those from the lower quantile (left hemisphere: p=0.05955, W=131; right hemisphere: p=0.43, W=171).

One contributing reason for this lack of an effect may be that subjects from this HCP dataset were young healthy adults whose odor identification scores showed little variation across the population (Table S3). In older subjects or in subjects with neurological conditions such as epilepsy or Parkinson’s disease, due to greater variation in the behavioral variable, such an effect might become observable in future experiments.

Table S3. Average odor identification metric of subjects from the respective ARI-based quantiles. Quantile 1 = highest ARI, Quantile 5 = lowest ARI.
	Left hemisphere
	
	
	
	

	quantile
	median
	Mqr
	Mean
	sd

	
	
	
	
	

	1
	98.04
	13.37
	102.26
	9.5

	2
	98.04
	12.41
	99.91
	11.8

	3
	98.04
	12.41
	101.35
	9.39

	4
	98.04
	12.65
	100.24
	10

	5
	97.19
	13.26
	97.13
	12.79

	
	
	
	
	

	Right hemisphere
	
	
	
	

	quantile
	median
	Mqr
	Mean
	sd

	
	
	
	
	

	1
	98.04
	12.41
	101.85
	8.22

	2
	104.25
	6.45
	101.6
	10.84

	3
	98.04
	12.65
	100.44
	10.76

	4
	97.62
	12.41
	98.3
	12.05

	5
	98.04
	12.41
	98.7
	11.84


4. Functional connectivity of PC clusters obtained from dMRI based parcellations

Functional connectivity of PC clusters was compared statistically using FSL randomize, resulting in twelve tests (6 bilaterally for 3 clusters per hemisphere; avt-PC, f-PC and dt-PC). After Bonferroni correction, the alpha was therefore set to 0.0042 after prior FWE correction using threshold free cluster enhancement.

Figure S17 depicts t maps of significantly stronger connectivity of f-PC compared to avt-PC and dt-PC on either hemisphere.
Frontal PC showed significantly stronger connectivity with the basal ganglia on both sides. Furthermore, strong connectivity with bilateral supramarginal gyri and with the dorsolateral prefrontal cortex were observed.
No region showed significantly stronger connectivity with dt-PC than with avt-PC or f-PC outside the immediate vicinity of dt-PC. 
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Figure S17. Results from paired two-sample t-tests comparing functional connectivity of bilateral f-PC with further ipsilateral PC subregions, as obtained from bilateral dMRI-based 7-cluster solutions. The colorbar indicates t-values, ranging from 0 to 6, which was thresholded for all analyses for better visual comparability. T-values are overlayed on regions that showed significant differences for each contrast. rh = right hemisphere, lh = left hemisphere. dt-PC = dorsal division of temporal piriform cortex, avt-PC = anterior and ventrotemporal division of piriform cortex, f-PC = frontal piriform cortex.

We then compared the functional connectivity of the amygdala with the piriform cortex (cf. Manuscript section 3.6). No brain region was significantly stronger connected to the amygdala compared to the piriform cortex. Figure S18 depicts t-maps of regions that had stronger connections with the PC compared to the amygdala (Contrast PC > Amygdala, Bonferroni corrected for four comparisons).

[image: ]
Figure S18. Results from paired two-sample t-tests comparing functional connectivity of bilateral PC with the respective ipsilateral amygdala. PC and amygdala ROI were obtained from bilateral dMRI-based 7-cluster solutions. The colorbar indicates t-values, ranging from 0 to 6, which was thresholded for all analyses for better visual comparability. T-values are overlayed on regions that showed significant differences for each contrast.
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