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Figure 1 Flowchart of the subject quality control
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A5 FH3THIMRIZ 4 (GE Healthcare Systems,
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Figure 2 (Color online) Group-level insular activation map induced by nociceptive stimuli (statistical threshold corrected using cluster-level FWE)
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Figure 3 (Color online) GWAS Manhattan plot of nociceptive-elicited insular activation phenotypes. (a)—(c) show the GWAS results of the
nociceptive-elicited activations in the left insula, in the right insula and the average activation in the bilateral insula, respectively. The gray dashed lines
represent the threshold of lL—5X1076, and the red dots represent the loci annotated to the gene
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Table 1 Independent loci significantly associated with the insular nociceptive activation phenotypes

M aE ks e SNP ID AR BIEER:3 TH PlE MAF INFO
3 70651917 152087706 297 0.45 5.15 4.91x1077 0.32 0.94

18 1463031 1572867512 278 -0.45 —5.14 5.16x107° 0.32 0.92

10 55974993  rs12244828 321 0.71 5.10 5.82x107° 0.09 0.96

5 51807639 1511959832 313 —-0.43 —-4.94 1.30x107° 0.29 0.97

e 2 222507028 1516863807 293 —0.41 —491 1.55%x107° 0.45 0.95
‘ 6 44233997 153734703 323 -0.48 —4.84 2.04x107° 0.20 0.98
9 95427176  1s357522 283 0.40 4.84 2.20x107° 0.46 0.93

11 117311203 15497902 308 —0.67 -481 2.37x107° 0.10 0.91

14 55766157 136573058 304 0.52 4.73 3.51x107° 0.19 0.93

6 15880309  rs2066399 302 —0.40 —4.65 4.92x107° 0.27 0.95

3 70651917 152087706 297 0.43 5.04 8.29x1077 0.32 0.94

14 55766157 136573058 304 0.53 4.90 1.60x107° 0.19 0.93

6 15880309 152066399 302 —0.41 —4.89 1.65x107° 0.27 0.95

_- 95379260  1s35431736 269 0.42 4.75 3.39x107° 0.43 0.91
4 170236953 4:172}256253' 298 —0.40 473 3.46x107° 0.40 0.96

22 44224713 1574731396 314 -0.53 473 3.51x107° 0.15 0.95

22 27265989 15134792 267 —-0.42 —4.67 4.87x107° 0.38 0.91

3 70651917 152087706 297 0.46 5.32 2.04x107" 0.32 0.94

6 15880309 152066399 302 —-0.43 —5.04 8.28x107 0.27 0.95

14 55766157 136573058 304 0.55 5.00 9.89x107" 0.19 0.93

5 51807639 1511959832 313 —-0.43 -495 1.21x107° 0.29 0.97

9 95379260  1s35431736 269 0.44 4.97 1.24x10°° 0.43 0.91

- 170236953 4:1228_6(9}53' 298 -0.41 —4.86 1.90x107° 0.40 0.96
17 57265248  rs16958138 333 —0.64 —-478 2.70x107° 0.08 1.00

22 27265989 15134792 267 —-0.43 —4.80 2.74x107° 0.38 0.91

5 61489437 15117585159 333 -0.55 —4.70 3.93x107° 0.11 1.00

18 63276473 1s8089331 294 0.47 4.68 4.49x107° 0.22 0.91

11 117311203 rs497902 308 —0.65 —4.66 4.77x107° 0.10 0.91

12 121479339 rs12812497 303 -0.39 —4.66 4.90x107° 0.42 0.96
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A genome-wide association study of insular activation by
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The insula serves as one of the central hubs for the processing of pain. This cortical structure has been shown to be robustly
activated by nociceptive stimuli but exhibits large inter-individual variability. One reason behind such inter-individual
variability of pain-elicited insular activation may be attributed to genetic factors. Therefore, understanding its genetic
underpinnings is essential to understanding the origin of the inter-individual variability of the insular activations and
consequently the inter-individual differences in pain sensitivity and behaviors. Genome-wide association study (GWAS)
has emerged as a powerful tool for uncovering the genetic basis of complex traits and diseases, providing a comprehensive
analysis of single nucleotide polymorphisms (SNPs) across the entire genome. The objective of the present study is to
uncover possible genetic factors underlying the inter-individual differences in pain-elicited neural responses within the
insula using a GWAS approach in a cohort of healthy Chinese Han subjects. A total of 333 healthy Chinese Han
participants with both genetic and brain imaging data after quality control were included in the present study. The genotype
data contained 5270947 SNP loci after quality control and imputation. Brain imaging data were functional magnetic
resonance imaging (fMRI) data of a nociceptive stimulation task. Based on these fMRI data, a voxel-wise general linear
model (GLM) was used to obtain a group-level activation by nociceptive stimulation within a pre-defined bilateral insular
area; then a mean activation value (i.e., the average f value across voxels within the group-level insular activation area) was
obtained for each of the left, the right and the bilateral insular regions for each participant. After outliers removal and
normal score transformation, the three mean insular activations were used as the phenotypes in the subsequent GWAS
analyses. In the GWAS analyses, associations were tested between each of the three insular activation phenotypes and each
of the 5270947 SNPs. The results demonstrated that, at the threshold of P<5X10_6, the activation amplitudes of the left
insula, the right insula and the overall activation of the bilateral insula were significantly associated with 10, 7 and 12
independent SNP loci, respectively. All significant SNP loci were annotated to 9 specific genes, among which BACE[ has
previously been reported to be associated with pain, and the remaining genes have been linked to brain imaging phenotypes
or common neuropsychiatric disorders. In summary, the present study discovered 29 associations between pain-elicited
insular activations and SNP loci in humans using fMRI and GWAS. These findings provide important evidence for the
genetic underpinnings of the interindividual variability in pain-elicited neural responses within the human insula.

pain, brain activation, insula, genome-wide association analysis, functional magnetic resonance imaging
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