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Supplementary Table 1. miRNA genes selected in the present study. The miRNAs were selected on the basis of their target genes, 
considered good candidates for psychiatric disorders, using Tarbase and MiRecords databases (only validated targets) or because described 
in neuronal functions.

Selected_miRNA Target gene-Tarbase
Target  

gene-MiRecords Reference
miRNA Gene 

Studied
Cluster Included  

in the study

miR-1 SNX6, MET, NRP1, PTBP1, 
PTBP2, LASP1, LIN7C, 
PREX1, ZNF264

MET, LASP1, LIN7C, 
PREX1, ZNF264, 
FoxP1

1 miR-1-1 isolated

miR-1-2 cluster_18.1 (miR-1-2, 
miR133a-1)

miR-7 2, 3, 4 miR-7-1 isolated
miR-7-2 cluster_15.1 (miR-7-2, 

miR-1179)
miR-7-3 isolated

miR-9 REST, trkC, RCOR1 1, 3, 5 miR-9-1 isolated
miR-9-2 isolated
miR-9-3 isolated

miR-10a HOXA1 HOXA1 6, 7 miR-10a isolated
miR-15a IGSF4 8 miR-15a cluster_13.1 (miR-15a, 

miR-16-1)
miR-16 SNX15, CDK5RAP1, 

LUZP1, PANX1
IGSF4 8 miR-16-1 cluster_13.1 (miR-15a, 

miR-16-1)
miR-16-2 cluster_3.2 (miR-16-2, 

miR-15b)
miR-19a PTEN PTEN miR-19a cluster_13.2 (miR-17, 

miR-18a, miR-19a, 
miR-20a, miR-19b-1, 
miR92a-1)

miR-21 PTEN PTEN 2, 3, 9 miR-21 isolated
miR-23a 2, 10, 11 miR-23a cluster_19.1 (miR-23a, 

miR-27a, miR-24-2)
miR-23b 10, 11 miR-23b cluster_9.2 (miR-23b, 

miR-24-1, miR-27b, 
miR-3074)

miR-24 SLITRK1 12, 13 miR-24-1 cluster_9.2 (miR-23b, 
miR-24-1, miR-27b, 
miR-3074)

miR-24-2 cluster_19.1 (miR-23a, 
miR-27a, miR-24-2)

miR-27a MYT1 Sp4 1, 2, 3 miR-27a cluster_19.1 (miR-23a, 
miR-27a, miR-24-2)

miR-30 6, 11, 14, 15, 16 miR-30a cluster_6.2 (mir-30a, 
mir-30c-2)

miR-30b cluster_8.1 (miR-30b, 
miR-30d)

miR-30c-1 cluster_1.2 (miR-30c-1, 
miR-30e)

miR-30c-2 cluster_6.2 (mir-30a, 
mir-30c-2)

miR-30d cluster_8.1 (miR-30b, 
miR-30d)

miR-30e cluster_1.2 (miR-30c-1, 
miR-30e)

miR-34b NOTCH4 miR-34b cluster_11.1 (miR-34b, 
miR-34c)

miR-34c NOTCH4 miR-34c cluster_11.1 (miR-34b, 
miR-34c)
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Selected_miRNA Target gene-Tarbase
Target  

gene-MiRecords Reference
miRNA Gene 

Studied
Cluster Included  

in the study

miR-92 3, 9, 10, 13, 17 miR-92a-1 cluster_13.2 (miR-17, 
miR-18a, miR-19a, 
miR-20a, miR-19b-1, 
miR92a-1)

miR-92a-2 cluster_X.3 (hsa-mir-106a, 
miR-18b, hsa-mir-20b, 
hsa-mir-19b-2, 
hsa-mir-92a-2, hsa-mir-
363)

miR-92b isolated
miR-93 2, 11 miR-93 cluster_7.1 (mir-106b, 

mir-93, mir-25)
miR-96 HTR1B 18 miR-96 cluster 7.2 (miR-182, 

miR-96, miR-183)
miR-103 11, 14, 19 miR-103-1 cluster_5.1 (miR-103-1, 

miR-103-1-as)
miR-103-1-as cluster_5.1 (miR-103-1, 

miR-103-1-as)
miR-103-2 cluster_20.1 (miR103-2, 

miR103-2-as)
miR-103-2-as cluster_20.1 (miR103-2, 

miR103-2-as)
miR-106b 2, 11 miR-106b cluster_7.1 (mir-106b, 

mir-93, mir-25)
miR-124 EPIM, PTBP1 STX10, SYPL, 

RHOG, EPIM, 
PTBP1, JAKMIP1, 
SYPL, THG-1, 
TSPAN15

1, 3, 7, 20 miR-124-1 isolated

miR-124-2 isolated
miR-124-3 isolated

miR-125b FAM19A1, ODZ2, 
PCDHB10

3, 9, 19, 21, 22 miR-125b-1 isolated

miR-125b-2 isolated
miR-128 2, 3, 13, 19 miR-128-1 isolated

miR-128-2 isolated
miR-129 2, 7, 23 miR-129-1 isolated

miR-129-2 isolated
miR-132 RICS RICS 3, 5, 9, 10, 11, 

18, 24
miR-132 cluster_17.1 (miR-132, 

miR-212)
miR-133b PTBP2, HCN2 PTBP2, PITX3 11, 25 miR-133b cluster_6.1 (miR-133b, 

miR-206)
miR-134 21, 26 miR-134 cluster_14.1 (mir-379, 

mir-411, mir-299, 
mir-380, mir-1197, 
mir-323, mir-758, 
mir-329-1, mir-329-2, 
mir-494, mir-543, 
mir-495, mir-376c, 
mir-376a-2, mir-654, 
mir-376b, mir-376a-1, 
mir-300, mir-1185-1, 
mir-1185-2, mir-381, 
mir-487b, mir-539, 
mir-889, mir-544, 
mir-655, mir-487a, 
mir-382, mir-134, 
mir-668, mir-485, 
mir-453, mir-154, 
mir-496, mir-377, 
mir-541, mir-409, 
mir-412, mir-369, 
mir-410, mir-656)
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Selected_miRNA Target gene-Tarbase
Target  

gene-MiRecords Reference
miRNA Gene 

Studied
Cluster Included  

in the study

miR-137 27, 28 miR-137 isolated
miR-139 3, 11 miR-139 isolated
miR-141 CLOCK miR-141 cluster_12.1 (miR-141, 

miR-200c)
miR-146b 2, 10, 29, 30 miR-146b isolated
miR-148b 2, 11 miR-148b isolated
miR-153-1 3, 11 miR-153-1 isolated
miR-155 SYPL1, SNAP29, 

CDK5RAP3, MET, 
PLXND1, PRAF2, 
RCOR1

miR-155 isolated

miR-181b GRIA2 GRIA2, VSNL1 6, 12, 31 miR-181b-1 cluster_1.4 (miR-181b, 
miR-181a)

miR-181b-2 cluster_9.3 (miR-181a-2, 
miR-181b-2)

miR-181c 6 miR-181c cluster_19.2 (miR-181c, 
miR-181d)

miR-182 11, 32 miR-182 cluster 7.2 (miR-182, 
miR-96, miR-183)

miR-184 33 miR-184 isolated
miR-185 11, 34 miR-185 isolated
miR-190 3, 11 miR-190 isolated
miR-191 11, 14, 19 miR-191 cluster_3.1 (miR-191, 

miR-425)
miR-193a PTK2 35 miR-193a isolated
miR-195 11, 14 miR-195 cluster_17.2 (miR-195, 

miR-497)
miR-199a MET 7 miR-199a-1 isolated

miR-199a-2 cluster_1.3 (miR-199a-2, 
miR-214, miR-3120)

miR-199b 6, 11, 30 miR-199b cluster_9.4(miR-199b, 
miR-3154)

miR-200 ZEB2 36, 37 miR-200a cluster_1.1 (miR200b, 
miR-200a, miR-429)

miR-200b cluster_1.1 (miR200b, 
miR-200a, miR-429)

miR-200c cluster_12.1 (miR-141, 
miR-200c)

miR-205 ZEB2 11 miR-205 isolated
miR-206 UTRN, ESR1 ESR1 38, 39 miR-206 cluster_6.1 (miR-133b, 

miR-206)
miR-210 EFNA3 EFNA3 miR-210 isolated
miR-212 ZO-1 2, 18, 39 miR-212 cluster_17.1 (miR-132, 

miR-212)
miR-214 PTEN PTEN 4, 7, 11 miR-214 cluster_1.3 (miR-199a-2, 

miR-214, miR-3120)
miR-219 2, 10, 11, 40 miR-219-1 isolated

miR-219-2 isolated
miR-325 12 miR-325 isolated
miR-346 11, 41 miR-346 isolated
miR-484 2 miR-484 isolated
miR-486 6 miR-486 isolated
miR-502 6, 42 miR-502 cluster_X.1 (miR-500a, 

miR-362, miR-501, 
miR-660, miR-502)

miR-659 GRN 43 miR-659 cluster_22.1 (mir-658, 
mir-659)

let-7a ITGB3 1, 44 let-7a-1 cluster_9.1 (let-7a-1, 
let-7d, let 7f-1)

let-7a-3 cluster_22.2 (let-7a-3, 7b)
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Selected_miRNA Target gene-Tarbase
Target  

gene-MiRecords Reference
miRNA Gene 

Studied
Cluster Included  

in the study

let-7b GPR56, RHOG, SYPL1, 
SNAP23

1, 44 let-7b cluster_22.2 (let-7a-3, 7b)

let-7f KIF1A, NTS 1, 44 let-7f-1 cluster_9.1 (let-7a-1, 
let-7d, let 7f-1)

let-7f-2 cluster_X.2 (let-7f-2, 
miR-98)

Supplementary Table 1. (Continued)
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Supplementary Table 5. Primers and conditions used for PCR amplification in the mutational screening 
of miRNA genes associated with ASD in our case-control association study.

Amplified miRNA gene Primers T1 T2

miR-133b F: ACATTCTGGACAAGGCAAGC 64°C 57°C
R: TGTGTTGAGCATTAAAATCTTGCT

miR-206 F: GAATAAGCCAGGGAAACGTG 64°C 57°C
F: CTCAAGAGGGGGAGATAGGG

miR-17, miR-18°, miR-19°, 
miR-20°, miR-19b-1, miR92a-1

F: CCCCATTAGGGATTATGCTG 64°C 57°C

R: GCAACCCCAAAAGTGAAATG

All PCR amplifications were performed under the following conditions:
15ml final volume.
30 ng of genomic DNA.
0.25mM of each primer.
0.45U of GoTaq® DNA polymerase (Promega, Madison, WI, USA).
2 mM MgCl2 Solution (Promega).
3 mM 5X GoTaq® Flexi Buffer (Promega).
Cycles were performed with a touch-down protocol (14 cycles of 1’ at 95°C, 30” at T1–0.5°C/cycle, 
30” at 72°C, followed by 30 cycles of 1’ at 95°C, 30” at T2, 30” at 72°C).

Supplementary Table 4. Assessment of population stratification using 44 unlinked SNPs in our European 
sample of 636 cases and 673 controls with the STRUCTURE v2.3 software.

Number of subpopulations (K) LnP(D)a SD [Ln(P)]b Posterior probability of Kc

1 259615.7 0.10 1
2 259655.8 31.1 3.72e-18
3 260766.5 685.2  1.0e-306
4 260279.8 458.1 3.9e-289

a, Ln of the probability of the data, calculated as an average of five independent iterations, with burning 
period and number of MCMC repeats set to 10,000. An admixture ancestry model with correlated allele 
frequencies (l  1) was assumed.
b, Standard Deviation of the five LnP(D) iterations.
c, Calculated using Bayes’ rule.
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Supplementary Table 6. Statistics for the ‘callability’ of each sample under study in %. ‘Callability’ is 
defined as the percentage of the exome covered by at least 10 reads with a mapping quality score greater 
than 30, and with a base quality phred-score greater than 20. The first column lists the family ID 
(Fam_ID) and the second the family type; the following columns list every single individual.

Fam_ID Family Type Father (.1) Mother (.2) Sib1 (.3) Sib2 (.4) Sib3 (.5)

MT_28 M 87.02 86.59 86.45 88.09
SJD_49 M 83.91 79.14 81.44 82.80
MT_151 M 88.30 88.00 88.60 89.10
SJD_10 M 87.81 86.96 89.31 89.25
MT_69 M 80.80 75.89 75.25 80.01
MT_109 M 87.78 88.42 85.91 83.80
SJD_50 M 85.90 86.28 85.80 84.17 85.13
SJD_34 M 77.70 73.64 75.76 75.70
MT_160 M 78.03 78.25 79.22 79.34
MT_76 M 87.59 84.56 89.93 78.82
MT_107 S 84.42 81.96 84.26
MT_110 S 83.35 49.90 83.28
MT_120 S 85.80 87.11 86.02
MT_121 S 83.93 81.90 84.22
MT_128 S 70.26 78.94 82.74
MT_168 S 83.47 87.83 87.67
MT_42 S 83.67 78.32 80.98
MT_46 S 83.91 84.82 81.01
MT_67 S 83.49 84.11 85.84
MT_85 S 83.04 85.50 83.60
SJD_15 S 78.14 78.11 78.75
SJD_18 S 82.22 82.70 82.42
SJD_22 S 83.33 79.96 82.78
SJD_23 S 81.80 81.98 81.25
SJD_33 S 78.71 78.44 82.95
SJD_3 S 78.40 78.75 80.28
SJD_45 S 84.00 84.63 84.45
SJD_58 S 85.41 83.99 85.08
SJD_59 S 84.64 84.74 82.92
SJD_61 S 83.27 84.06 84.57

M, Multiplex family.
S, Singleton family.
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Supplementary Table 7. Results of the case-control association study in the replication sample. Nominal P-values  0.05 are indicated in 
bold.

Genotyping 
Success Rate (%)

HWE¹ 
(P-value)

MAF 
Cases

MAF 
Controls

P-values

miRNA gene SNP Alleles MA German Spanish Italian Overall

miR-219-1 rs110662 C/T C 99.31 1 0.22 0.24 0.595 0.171 0.239 0.154
rs383711* - - - - - -
rs107822 A/G A 99.88 0.41 0.24 0.24 0.525 0.804 0.916 0.645
rs2854028 A/G A 99.07 0.23 0.28 0.24 0.667 0.853 0.046 0.059

cluster_6.1 
(miR-133b, 
miR-206)

rs1413917 A/G G 99.88 0.27 0.15 0.13 0.898 0.881 0.238 0.216

rs9370102 A/G A 99.77 0.38 0.29 0.34 0.953 0.072 0.082 0.029
rs17640030 G/T T 99.77 0.6 0.13 0.11 0.83 0.639 0.305 0.236
rs1892275 C/T C 100 1 0.07 0.09 0.21 0.85 0.824 0.437
rs16882131 C/T T 99.65 0.91 0.29 0.31 0.155 0.503 0.877 0.51
rs1537670 C/T C 100 0.65 0.05 0.06 0.031 0.42 0.849 0.391
rs17578851 C/T T 99.19 0.37 0.19 0.21 0.309 0.91 0.595 0.453
rs10484882 C/T T 100 1 0.1 0.1 0.355 0.61 1 0.561
rs3789779 C/T T 99.65 0.14 0.22 0.24 0.452 0.043 0.836 0.457
rs12153884 A/C C 99.77 0.67 0.37 0.37 0.856 0.16 0.292 0.977

cluster_7.1 
(mir-106b, 
mir-93, mir-25)

rs4729575 G/T T 99.07 0.4 0.29 0.29 0.086 0.528 0.54 0.908

rs4928 C/G G 99.88 0.55 0.05 0.04 0.915 0.312 0.932 0.611
rs13242458 A/G A 99.88 1 0.1 0.15 0.241 0.171 0.102 0.011
rs2070215 A/G G 99.77 0.21 0.26 0.26 0.958 0.065 0.155 0.773
rs999885 C/T C 99.88 0.92 0.39 0.45 0.253 0.042 0.75 0.879
rs4729577 C/T T 99.88 0.68 0.39 0.41 0.509 0.006 0.779 0.468

miR-129-2 rs11037479 C/T C 100 0.39 0.23 0.22 0.65 0.527 0.186 0.53
rs11606426 A/G G 99.88 0.4 0.1 0.1 0.509 0.708 0.423 0.992
rs11037481 A/G G 99.88 0.38 0.19 0.17 1 0.689 0.158 0.182

cluster_13.1 
(miR-15a, 
miR-16-1)

rs9535416 A/G A 99.88 1 0.48 0.49 0.208 0.533 0.963 0.303

rs2177313* - - - - - -
rs2066575 A/T A 100 0.49 0.23 0.23 0.619 0.917 0.515 0.989

cluster_13.2 
(miR-17, 
miR-18a, 
miR-19a, 
miR-20a, 
miR-19b-1, 
miR92a-1)

rs6492538 A/C A 100 0.43 0.16 0.19 0.82 0.749 0.06 0.186

rs17642969 C/T C 99.88 0.41 0.11 0.1 0.292 0.707 0.511 0.729
rs4284505 A/G A 100 0.31 0.37 0.4 0.58 0.516 0.194 0.16
rs7318578 A/C C 99.77 1 0.26 0.29 0.712 0.415 0.11 0.176

MA, Minor Allele.
MAF, Minor Allele frequency.
*, Out of the genotyping design.
¹, HWE test performed in the whole control sample.
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Supplementary Table 9. The genes regulated by the clusters miR-133b/miR-206 and miR-17/miR-18a/miR-19a/miR-20a/miR-19b-1/
miR92a-1 were pooled together to analyse the biological categories enriched in Gene Ontology. The ten most significant categories for 
‘molecular function’, ‘cellular component’ and ‘biological process’ were considered in this analysis.

Molecular function GO number Genes P-value Adjusted P-value

growth factor binding 0019838 BMPR2, CTGF, HOXA5, NR4A2, RUNX1, TGFBR2,THBS1 0.000002865 0.000002819
protein kinase binding 0019901 CCND1, HOXA5, MAP3K12, NR4A2, TGFBR2, VIM 0.0003614 0.00007427
glycosaminoglycan 

binding
0005539 CTGF, FSTL1, HOXA5, TGFBR2, THBS1, VEGFA 0.0003081 0.00007427

ligand-dependent 
nuclear receptor 
activity

0004879 E2F1, ESR1, HOXA5, MEF2D, NR4A2, PITX3, RUNX1 0.0003774 0.00007427

sequence-specific 
DNA binding

0043565 E2F1, ERG, ESR1, HOXA5, MECP2, MEF2D, NR4A2, PITX3, 
RUNX1, SRF

0.0002651 0.00007427

polysaccharide binding 0030247 CTGF, FSTL1, HOXA5, TGFBR2, THBS1, VEGFA 0.0006328 0.0001038
kinase binding 0019900 CCND1, HOXA5, MAP3K12, NR4A2, TGFBR2, VIM 0.000001053 0.000148
protein kinase 

regulator activity
0019887 CCND1, CDKN1A, HCN2, HCN4, HOXA5 0.000001961 0.0002144

protein complex 
binding

0032403 CCND1, CDKN1A, CTGF, HOXA5, ITGA5, THBS1 0.000001833 0.0002144

enzyme binding 0019899 BCL2, CCND1, HOXA5, MAP3K12, MECP2, NR4A2, TGFBR2, 
VIM

0.000003972 0.0003006

Cellular Component GO number Genes P-value Adjusted P-value

external side of plasma 
membrane

0009897 HOXA5, ITGA5, NR4A2, RUNX1, S1PR1, TGFBR2, THBS1, TNF 0.0000002214 0.00005113

cell surface 0009986 BMPR2, HOXA5, ITGA5, NR4A2, RUNX1, S1PR1, TGFBR2, 
THBS1, TNF, VEGFA

0.0000005694 0.00006576

axon 0030424 BACE1, ESR1, HCN4, HOXA5, MAP3K12, TAC1, VIM 0.00002439 0.000001878
cell projection 0042995 BACE1, ESR1, HCN4, HOXA5, ITGA5, MAP3K12, MET, NR4A2, 

TAC1, UTRN, VIM
0.0001103 0.000006368

neuron projection 0043005 BACE1, ESR1, HCN4, HOXA5, MAP3K12, TAC1, UTRN, VIM 0.0003369 0.00001556
membrane raft 0045121 BMPR2, ERBB4, GJA1, KRAS, TGFBR2, TNF 0.0004726 0.0000182
axon part 0033267 ESR1, HCN4, HOXA5, MAP3K12 0.000005237 0.0001728
extracellular space 0005615 FSTL1, HOXA5, IL8, NR4A2, RUNX1, TAC1, THBS1, TNF, VEGFA 0.00000707 0.0002041
cAMP-dependent 

protein kinase 
complex

0005952 HCN2, HCN4, HOXA5 0.0000122 0.000313

membrane fraction 0005624 BACE1, BCL2, HOXA5, ITGA5, KRAS, MAP3K12, MET, NR4A2, 
UTRN

0.00002007 0.0004593

Biological Process GO number Genes P-value Adjusted P-value

organ morphogenesis 0009887 BCL2, BDNF, BMPR2, CCND1, CDKN1A, CTGF, E2F1, ERBB4, 
HOXA5, IL8, MEF2D, NR4A2, PITX3, PTEN, RUNX1, S1PR1, 
SRF, TGFBR2, THBS1, TNF, VEGFA

7.49E-20 1.64E-16

cell migration 0016477 BCL2, CTGF, E2F1, ERBB4, HOXA5, IL8, ITGA5, MET, NR4A2, 
PTEN, S1PR1, SRF, TAC1, THBS1, TNF, VEGFA

7.97E-18 8.73E-12

cellular component 
movement

0006928 BCL2, BDNF, CTGF, E2F1, ERBB4, HOXA5, IL8, ITGA5, MET, 
NR4A2, PTEN, S1PR1, SRF, TAC1, THBS1, TNF, VEGFA, VIM

4.34E-14 3.17E-11

regulation of cell 
proliferation

0042127 BCL2,BDNF,BMPR2,CCND1,CDKN1A,E2F1,ERBB4,GJA1,HOXA5,
IL8, KRAS,NR4A2,PTEN,S1PR1,TAC1,TGFBR2,THBS1,TNF,VE
GFA

9.27E-14 5.08E-11

cell motility 0048870 BCL2, CTGF, E2F1, ERBB4, HOXA5, IL8, ITGA5, MET, NR4A2, 
PTEN, S1PR1, SRF, TAC1, THBS1, TNF, VEGFA

1.43E-13 6.30E-11

response to hormone 
stimulus

0009725 BCL2, CCND1, CDKN1A, ERBB4, ESR1, HOXA5, KRAS, NR4A2, 
PTEN, SRF, TAC1, TGFBR2, THBS1, TNF

4.28E-12 1.56E-09

behavior 0007610 BCL2, CCND1, CDKN1A, ERBB4, ESR1, HOXA5, KRAS, NR4A2, 
PTEN, SRF, TAC1, TGFBR2, THBS1, TNF

3.18E-11 9.94E-09

regulation of 
locomotion

0040012 BCL2, E2F1, ERBB4, HOXA5, IL8, NR4A2, PTEN, S1PR1, TAC1, 
THBS1, VEGFA

4.06E-11 1.11E-08

regulation of 
developmental 
process

0050793 BCL2, BDNF, BMPR2, CCND1, CDKN1A, E2F1, ERBB4, ESR1, 
HOXA5, KRAS, NR4A2, PTEN, RUNX1, SRF, TGFBR2, THBS1, 
TNF, VEGFA

5.55E-14 1.35E-08

response to steroid 
hormone stimulus

0048545 BCL2, CCND1, CDKN1A, ERBB4, ESR1, KRAS, NR4A2, PTEN, 
TGFBR2, THBS1, TNF

8.50E-11 1.86E-08
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Supplementary Table 10. Rare variants identified by whole-exome sequencing (WES) in miRNA genes 
not transmitted to affected siblings by parents. Thirty families (20 singletons and 10 multiplex) were 
included in this study.

Chr
Genomic position 
(GRCh37/hg19) Expected Found

Pre-miRNA 
gene Fam_Type Origin Conservation

4 38869742 A G MIR574 S Mother Not conserved
5 159912376 CTTT CTT MIR146A S Father Conserved
8 141742707 T C MIR151 S Father Conserved
9 96938681 C G MIRLET7F1 S Father Not conserved
11 111383694 A T MIR34B S Father Conserved
14 101377518 C T MIR370 S Mother Not conserved
15 55665200 T C MIR628 S Mother Not conserved
17 79099712 G C MIR338 S Mother Not conserved
19 54210774 T G MIR520C M Father Not conserved
19 54206067 G A MIR518B S Father Not conserved
20 33578253 C A MIR499 S Father Conserved
22 23165356 C T MIR650 M Father Conserved

M, Multiplex family.
S, Singleton family.
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Supplementary Table 11. Comparison of all enriched categories between the two pools of miRNAs 
which rare variants were either transmitted or not transmitted by parents to affected sibs. The range of 
P-values for each category as calculated with Ingenuity Pathway Analysis are shown.

Enriched Category Pool P-value Max P-value Min

Hereditary Disorder Transmitted 5.63E-07 1.49E-02
Hereditary Disorder Not transmitted 9.58E-05 2.15E-02
Skeletal and Muscular Disorders Transmitted 5.63E-07 4.03E-02
Skeletal and Muscular Disorders Not transmitted 9.58E-05 2.77E-02
Developmental Disorder Transmitted 6.01E-07 1.49E-02
Developmental Disorder Not transmitted 9.58E-05 2.15E-02
Connective Tissue Disorders Transmitted 1.12E-05 2.77E-02
Connective Tissue Disorders Not transmitted 1.02E-04 2.77E-02
Inflammatory Disease Transmitted 1.12E-05 2.77E-02
Inflammatory Disease Not transmitted 3.93E-05 4.59E-02
Inflammatory Response Transmitted 1.12E-05 1.12E-05
Inflammatory Response Not transmitted 9.44E-04 4.59E-02
Organismal Injury and Abnormalities Transmitted 1.12E-05 1.12E-05
Organismal Injury and Abnormalities Not transmitted 9.44E-04 9.44E-04
Respiratory Disease Transmitted 1.12E-05 1.12E-05
Respiratory Disease Not transmitted 2.51E-04 5.30E-03
Neurological Disease Transmitted 1.16E-04 5.78E-03
Neurological Disease Not transmitted 4.83E-04 5.78E-03
Psychological Disorders Transmitted 1.16E-04 1.16E-04
Psychological Disorders Not transmitted 3.25E-03 3.25E-03
Dermatological Diseases and Conditions Transmitted 1.30E-04 2.77E-02
Dermatological Diseases and Conditions Not transmitted 1.30E-04 2.77E-02
Cancer Transmitted 4.83E-04 2.67E-02
Cancer Not transmitted 2.20E-06 5.00E-02
Cell Death and Survival Transmitted 4.83E-04 1.82E-02
Cell Death and Survival Not transmitted 2.41E-03 4.96E-02
Hematological Disease Transmitted 4.83E-04 4.83E-04
Hematological Disease Not transmitted 1.75E-03 2.72E-02
Immunological Disease Transmitted 4.83E-04 4.83E-04
Immunological Disease Not transmitted 3.86E-03 2.72E-02
Cellular Development Transmitted 9.66E-04 3.75E-02
Cellular Development Not transmitted 2.41E-03 3.10E-02
Cellular Growth and Proliferation Transmitted 9.66E-04 3.75E-02
Cellular Growth and Proliferation Not transmitted 2.41E-03 2.34E-02
Organ Morphology Transmitted 1.45E-03 1.45E-03
Organ Morphology Not transmitted 1.93E-03 4.17E-02
Cell Cycle Transmitted 1.93E-03 4.27E-02
Cell Cycle Not transmitted 1.58E-02 2.03E-02
Cellular Function and Maintenance Transmitted 2.41E-03 2.41E-03
Cellular Function and Maintenance Not transmitted 8.67E-03 2.25E-02
Tumor Morphology Transmitted 2.41E-03 1.82E-02
Tumor Morphology Not transmitted 2.41E-03 4.82E-03
Cardiovascular Disease Transmitted 4.82E-03 4.03E-02
Cardiovascular Disease Not transmitted 9.66E-04 2.77E-02
Cell-To-Cell Signaling and Interaction Transmitted 5.30E-03 5.30E-03
Cell-To-Cell Signaling and Interaction Not transmitted 1.45E-03 3.85E-02
Endocrine System Disorders Transmitted 5.78E-03 2.67E-02
Endocrine System Disorders Not transmitted 5.78E-03 4.50E-02
Reproductive System Disease Transmitted 5.78E-03 7.71E-03
Reproductive System Disease Not transmitted 2.20E-06 4.78E-02
Cellular Movement Transmitted 7.71E-03 3.75E-02
Cellular Movement Not transmitted 1.45E-03 4.16E-02
Metabolic Disease Transmitted 7.71E-03 7.71E-03
Metabolic Disease Not transmitted 7.71E-03 1.58E-02
Gastrointestinal Disease Transmitted 8.47E-03 2.67E-02
Gastrointestinal Disease Not transmitted 7.93E-06 1.96E-02
Connective Tissue Development and Function Transmitted 1.58E-02 1.58E-02
Connective Tissue Development and Function Not transmitted 1.58E-02 2.30E-02
Hepatic System Disease Transmitted 2.44E-02 2.44E-02
Hepatic System Disease Not transmitted 7.93E-06 6.67E-05
Cellular Assembly and Organization Transmitted 3.00E-02 3.00E-02
Cellular Assembly and Organization Not transmitted 6.27E-03 3.00E-02



         33

Supplementary Figure 1. Typical miRNA secondary structure. The hairpin includes a loop, the mature miRNA (∼20 nt) and a 
complementary region of the mature miRNA (MIR*). The mature miRNA bears the active region (seed) involved in the binding with 
the target mRNA.

Supplementary Figure 2. Rare T/G variant found in the mature miR-541 gene in one autistic proband. The upper and lower figures show 
the secondary structure of the wild-type and mutated miR-541, respectively, as predicted by UNAFold. The mature miRNA is coloured 
in red and the identified change is underlined. Free energy depending on the allele present at position chr14:101530906 is calculated for 
both RNA structures. The allelic variant determines the enlargement of one hairpin bulge as shown in the predicted structure for the 
mutated variant.


