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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.

Target miRNA Gene Cluster Included
Selected_miRNA Target gene-Tarbase gene-MiRecords Reference Studied in the study
miR-1 SNX6, MET, NRP1, PTBP1, MET, LASP1, LIN7C, 1 miR-1-1 isolated
PTBP2, LASP1, LIN7C, PREX1, ZNF264,
PREX1, ZNF264 FoxP1
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, CDK5RAPI, IGSF4 8 miR-16-1 cluster_13.1 (miR-15a,
LUZP1, PANX1 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 MYTI1 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-30¢c-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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Supplementary Table 1. (Continued)

Target miRNA Gene Cluster Included
Selected_miRNA Target gene-Tarbase gene-MiRecords Reference Studied 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 HTRIB 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, 1,3,7,20 miR-124-1 isolated
RHOG, EPIM,
PTBP1, JAKMIP1,
SYPL, THG-1,
TSPAN15
miR-124-2 isolated
miR-124-3 isolated
miR-125b FAM19A1, ODZ2, 3,9, 19, 21, 22 miR-125b-1  isolated
PCDHBI10
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, miR-132 cluster_17.1 (miR-132,
18, 24 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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Supplementary Table 1. (Continued)

Target miRNA Gene Cluster Included
Selected_miRNA Target gene-Tarbase gene-MiRecords Reference Studied 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, miR-155 isolated
CDKS5RAP3, MET,
PLXNDI, PRAF2,
RCORI
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 ESRI1 38, 39 miR-206 cluster_6.1 (miR-133b,
miR-206)
miR-210 EFNAS3 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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Supplementary Table 1. (Continued)

Target miRNA Gene Cluster Included

Selected_miRNA Target gene-Tarbase gene-MiRecords Reference Studied in the study

let-7b GPR56, RHOG, SYPL1, 1, 44 let-7b cluster_22.2 (let-7a-3, 7b)

SNAP23
let-7f KIF1A, NTS 1, 44 let-7£f-1 cluster_9.1 (let-7a-1,
let-7d, let 7f-1)
let-7f-2 cluster_X.2 (let-7f-2,
miR-98)
Reference 14. Mellios N, Huang HS, Grigorenko A, Rogaev E, Akbarian
S (2008): A set of differentially expressed miRNAs, includ-

1. Schratt G (2009): microRNAs at the synapse. Nat Rev ing miR-30a-5p, act as post-transcriptional inhibitors
Neurosci. 10:842—-849. of BDNF in prefrontal cortex. Hum Mol Genet. 17:

2. Abu-Elneel K, Liu T, Gazzaniga FS, Nishimura Y, 3030-3042.

Wall DP, Geschwind DH, et al. (2008): Heterogeneous dys- 15. XuY, Li F, Zhang B, Zhang K, Zhang F, Huang X, et al.
regulation of microRNAs across the autism spectrum. Neu- (2010): MicroRNAs and target site screening reveals a
rogenetics. 9:153-161. pre-microRNA-30e variant associated with schizophrenia.

3. Sempere LF, Freemantle S, Pitha-Rowe I, Moss E, Dmitro- Schizophr Res. 119:219-227.
vsky E, Ambros V (2004): Expression profiling of mamma- 16. XuY, Liu H, Li F, Sun N, Ren Y, Liu Z, et al. (2010): A
lian microRNAs uncovers a subset of brain-expressed polymorphism in the microRNA-30e precursor associated
microRNAs with possible roles in murine and human neu- with major depressive disorder risk and P300 waveform. J
ronal differentiation. Genome Biol. 5:R13. Affect Disord. 127:332-336.

4. Chen H, Shalom-Feuerstein R, Riley J, Zhang SD, Tucci P, 17. Nowakowski TJ, Fotaki V, Pollock A, Sun T, Pratt T, Price
Agostini M, et al. (2010): miR-7 and miR-214 are specifi- DJ (2013): MicroRNA-92b regulates the development of
cally expressed during neuroblastoma differentiation, corti- intermediate cortical progenitors in embryonic mouse brain.
cal development and embryonic stem cells differentiation, Proc Natl Acad Sci U S A. 110:7056-7061.
and control neurite outgrowth in vitro. Biochem Biophys Res 18. Juhila J, Sipila T, Icay K, Nicorici D, Ellonen P, Kallio A,
Commun. 394:921-927. etal. (2011): MicroRNA expression profiling reveals miRNA

5. Clovis YM, Enard W, Marinaro F, Huttner WB, De Pietri families regulating specific biological pathways in mouse
Tonelli D (2012): Convergent repression of Foxp2 3’UTR frontal cortex and hippocampus. PLoS One. 6:¢21495.
by miR-9 and miR-132 in embryonic mouse neocortex: 19. Krichevsky AM, King KS, Donahue CP, Khrapko K,
implications for radial migration of neurons. Development. Kosik KS (2003): A microRNA array reveals extensive
139:3332-3342. regulation of microRNAs during brain development. RNA.

6. Ghahramani Seno MM, Hu P, Gwadry FG, Pinto D, Mar- 9:1274-1281.
shall CR, Casallo G, et al. (2011): Gene and miRNA expres- 20. Sun AX, Crabtree GR, Yoo AS (2013): MicroRNAs: regula-
sion profiles in autism spectrum disorders. Brain Res. 1380: tors of neuronal fate. Curr Opin Cell Biol. 25:215-221.
85-97. 21. Edbauer D, Neilson JR, Foster KA, Wang CF, Seeburg DP,

7. LiangY, Ridzon D, Wong L, Chen C (2007): Characteriza- Batterton MN, et al. (2010): Regulation of synaptic struc-
tion of microRNA expression profiles in normal human tis- ture and function by FMRP-associated microRNAs miR-
sues. BMC Genomics. 8:166. 125b and miR-132. Neuron. 65:373-384.

8. Moya PR, Wendland JR, Salemme ], Fried RL, Murphy DL 22. Stappert L, Borghese L, Roese-Koerner B, Weinhold S,
(2013): miR-15a and miR-16 regulate serotonin transporter Koch P, Terstegge S, et al. (2013): MicroRNA-based promo-
expression in human placental and rat brain raphe cells. Int tion of human neuronal differentiation and subtype specifi-
J Neuropsychopharmacol. 16:621-629. cation. PLoS One. 8:¢59011.

9. Schaefer A, O’Carroll D, Tan CL, Hillman D, Sugimori M, 23. Zongaro S, Hukema R, D’Antoni S, Davidovic L, Barbry P,
Llinas R, et al. (2007): Cerebellar neurodegeneration in the Catania MV, et al. (2013) The 3’ UTR of FMR1 mRNA is
absence of microRNAs. ] Exp Med. 204:1553-1558. a target of miR-101, miR-129-5p and miR-221: implications

10. Talebizadeh Z, Butler MG, Theodoro MF (2008): Feasibil- for the molecular pathology of FXTAS at the synapse. Hum
ity and relevance of examining lymphoblastoid cell lines to Mol Genet. doi: 10.1093/hmg/ddt044
study role of microRNAs in autism. Autism Res. 1: 24. Scott HL, Tamagnini F, Narduzzo KE, Howarth JL, Lee YB,
240-250. Wong LF, et al. (2012): MicroRNA-132 regulates recogni-

11. Sarachana T, Zhou R, Chen G, Manji HK, Hu VW (2010): tion memory and synaptic plasticity in the perirhinal cortex.
Investigation of post-transcriptional gene regulatory net- Eur J Neurosci. 36:2941-2948
works associated with autism spectrum disorders by micro- 25. Kim J, Inoue K, Ishii J, Vanti WB, Voronov SV, Murchison
RNA expression profiling of lymphoblastoid cell lines. E, et al. (2007): A MicroRNA feedback circuit in midbrain
Genome Med. 2:23. dopamine neurons. Science. 317:1220-1224.

12. Park CS, Tang SJ (2009): Regulation of microRNA expres- 26. Gao J, Wang WY, Mao YW, Graff J, Guan JS, Pan L, et al.
sion by induction of bidirectional synaptic plasticity. ] Mol (2010): A novel pathway regulates memory and plasticity via
Neurosci. 38:50-56. SIRT1 and miR-134. Nature. 466:1105-1109.

13. Perkins DO, Jeffries CD, Jarskog LF, Thomson JM, Woods 27. Lett TA, Chakravarty MM, Felsky D, Brandl EJ, Tiwari AK,

K, Newman MA, et al. (2007): microRNA expression in the
prefrontal cortex of individuals with schizophrenia and
schizoaffective disorder. Genome Biol. 8:R27.

Goncalves VF, et al. (2013): The genome-wide supported
microRNA-137 variant predicts phenotypic heterogeneity
within schizophrenia. Mol Psychiatry.



(2011): Genome-wide association study identifies five new
schizophrenia loci. Nat Genet. 43:969-976.

Liu DZ, Ander BP, Tian Y, Stamova B, Jickling GC, Davis
RR, et al. (2012): Integrated analysis of mRNA and micro-
RNA expression in mature neurons, neural progenitor cells
and neuroblastoma cells. Gene. 495:120-127.

Urdinguio RG, Fernandez AF, Lopez-Nieva P, Rossi S,
Huertas D, Kulis M, et al. (2010): Disrupted microRNA
expression caused by Mecp2 loss in a mouse model of Rett

Beveridge NJ, Tooney PA, Carroll AP, Gardiner E, Bowden
N, Scott RJ, et al. (2008): Dysregulation of miRNA 181b in
the temporal cortex in schizophrenia. Hum Mol Genet.

Griggs EM, Young EJ, Rumbaugh G, Miller CA (2013):
MicroRNA-182 regulates amygdala-dependent memory
formation. J Neurosci. 33:1734-1740.

Nomura T, Kimura M, Horii T, Morita S, Soejima H, Kudo
S, et al. (2008): MeCP2-dependent repression of an
imprinted miR-184 released by depolarization. Hum Mol

Xu B, Hsu PK, Stark KL, Karayiorgou M, Gogos JA. (2013)
Derepression of a neuronal inhibitor due to miRNA dys-
regulation in a schizophrenia-related microdeletion. Cell.

Wibrand K, Pai B, Siripornmongcolchai T, Bittins M,
Berentsen B, Ofte ML, et al. (2012): MicroRNA regulation
of the synaptic plasticity-related gene Arc. PLoS One.

28.
29.
30.
syndrome. Epigenetics. 5:656—663.
31.
17:1156-1168.
32.
33.
Genet. 17:1192-1199
34.
152:262-75
35.
7:¢41688.
36.

Choi PS, Zakhary L, Choi WY, Caron S, Alvarez-Saavedra
E, Miska EA, et al. (2008): Members of the miRNA-200
family regulate olfactory neurogenesis. Neuron. 57:41-55.

37.

38.

39.

40.

41.

42.

43.

44.

5

Peng C, Li N, Ng YK, Zhang J, Meier F, Theis FJ, et al.
(2012): A unilateral negative feedback loop between miR-200
microRNAs and Sox2/E2F3 controls neural progenitor cell-
cycle exit and differentiation. J Neurosci. 32:13292-13308.
Lee ST, Chu K, Jung KH, Kim JH, Huh JY, Yoon H, et al.
(2012): miR-206 regulates brain-derived neurotrophic factor
in Alzheimer disease model. Ann Neurol. 72:269-277
Olsen L, Klausen M, Helboe L, Nielsen FC,Werge T. (2009)
MicroRNAs show mutually exclusive expression patterns in
the brain of adult male rats. PL.oS One. 4:€7225. d0i:10.1371/
journal.pone.0007225.

Dugas JC, Cuellar TL, Scholze A, Ason B, Ibrahim A, Emery
B, et al. (2010): Dicerl and miR-219 Are required for nor-
mal oligodendrocyte differentiation and myelination. Neu-
ron. 65:597-611.

Zhu 'Y, Kalbfleisch T, Brennan MD, LiY. (2009) A Micro-
RNA gene is hosted in an intron of a schizophrenia-suscep-
tibility gene. Schizophr Res. 109:86-9. doi: 10.1016/j.schres.
2009.01.022.

Sun G, Yan J, Noltner K, Feng J, Li H, Sarkis DA, et al.
(2009): SNPs in human miRNA genes affect biogenesis and
function. RNA. 15:1640-1651.

Rademakers R, Eriksen JL, Baker M, Robinson T, Ahmed Z,
Lincoln SJ, et al. (2008): Common variation in the miR-659
binding-site of GRN is a major risk factor for TDP43-positive
frontotemporal dementia. Hum Mol Genet. 17:3631-3642.
Sangiao-Alvarellos S, Manfredi-Lozano M, Ruiz-Pino F,
Navarro VM, Sanchez-Garrido MA, Leon S, et al. (2013):
Changes in hypothalamic expression of the Lin28/let-7 sys-
tem and related microRNAs during postnatal maturation
and after experimental manipulations of puberty. Endo-
crinology. 154:942-955.

Supplementary Table 2. SNPs genotyped in this study within the region encoding the mature miRNA. Genotyping data are shown in
case and control populations.

Cases Controls
MAF Genotyping Success N MA/total N MA/total Allelic Test

SNP miRNA  Alleles MA (dbSNP137) Rate (%) MAF Alleles MAF Alleles (P-Value)
rs72563729 miR-200b AIG A 0.007 failed - - - -
rs72631824 miR-93 c/T T 0.005 98.53 (monomorphic) - 0/1272 - 0/1340
rs72631827 miR-106b G/T T 0.003 98.68 0.0008 1/1269 0.0015 2/1344 0.59
rs76481776 miR-182 c/T T 0.057 96.41 0.12 135/1131  0.09 109/1181 0.056
rs73159662 miR-96 A/G A 0.007 98.75 0.004 5/1267 0.008 11/1335 0.16
rs72631829 miR-124-2 AIG G 0.002 98.75 (monomorphic) — 0/1272 - 0/1346
rs76662330 miR-7-1 G/T T 0.014 98.68 (monomorphic) - 0/1270 - 0/1346
rs78086449 miR-181b-2 G/T T 0.083 98.75 (monomorphic) - 0/1272 - 0/1346
rs72631835 miR-199b Cc/T T 0.0001 98.53 (monomorphic) — 0/1266 - 0/1346
rs76149940 miR-146b c/T T 0.013 98.75 - 0/1272 0.0007 1/1345 0.33
rs74878365 miR-148b A/C A - failed - - - -
rs72631826 miR-16-1 c/T C 0.008 98.75 (monomorphic) — 0/1272 - 0/1346
rs72631821 miR-92-al C/T T 0.005 failed - - - -
rs41280052 miR-184 G/T T 0.011 98.24 0.015 19/1253 0.018 24/1308 0.77
rs75737367 miR-7-2 A/C C 0.14 97.07 (monomorphic) - 0/1232 - 0/1340
rs60406007 miR-193-a G/T T - 98.75 (monomorphic) - 0/1272 - 0/1346
rs72631828 miR-10a AIG A 0.005 98.75 (monomorphic) - 0/1272 - 0/1346
rs76199191 miR-7-3 G/T G - 98.75 (monomorphic) — 0/1272 - 0/1346
rs895819 miR-27a T/C C 0.33 failed - - - -
rs34059726 miR-124-3 G/T T - failed - - - -
rs72631830 miR-325 G/T T 0.005 98.68 (monomorphic) - 0/737 - 0/780

N, Number.
MA, Minor Allele.

MAF, Minor Allele frequency.
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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)? SD [Ln(P)]® Posterior probability of K¢
1 —59615.7 0.10 1

2 —59655.8 31.1 3.72e-18

3 —60766.5 685.2 <1.0e-306

4 —60279.8 458.1 3.9e-289

2, 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 (A= 1) was assumed.

b Standard Deviation of the five LnP(D) iterations.

¢, Calculated using Bayes’ rule.

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°, F: CCCCATTAGGGATTATGCTG 64°C 57°C

miR-20° miR-19b-1, miR92a-1
R: GCAACCCCAAAAGTGAAATG

All PCR amplifications were performed under the following conditions:

15ul final volume.

30 ng of genomic DNA.

0.25uM of each primer.

0.45U of GoTaq® DNA polymerase (Promega, Madison, WI, USA).

2 mM MgCl, Solution (Promega).

3 UM 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 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) Sibl (.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.
. P-values
Genotyping HWE! MAF MAF
miRNA gene SNP Alleles MA Success Rate (%) (P-value) Cases Controls 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/IG 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 rs1413917 A/IG G 99.88 0.27 0.15 0.13 0.898 0.881 0.238 0.216
(miR-133b,
miR-206)
rs9370102 A/IG 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 rs4729575 G/T T 99.07 0.4 0.29 0.29 0.086 0.528 0.54 0.908
(mir-106b,
mir-93, mir-25)
rs4928 C/IG 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 rs9535416 A/G A 99.88 1 0.48 0.49 0.208 0.533 0.963 0.303
(miR-15a,
miR-16-1)
rs2177313* - - - - - -
rs2066575 A/T A 100 0.49 0.23 0.23 0.619 0.917 0.515 0.989
cluster_13.2 rs6492538 A/C A 100 0.43 0.16 0.19 0.82 0.749  0.06 0.186
(miR-17,
miR-18a,
miR-19a,
miR-20a,
miR-19b-1,
miR92a-1)
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 0005539  CTGF, FSTL1, HOXA5, TGFBR2, THBS1, VEGFA 0.0003081 0.00007427
binding
ligand-dependent 0004879  E2F1, ESR1, HOXA5, MEF2D, NR4A2, PITX3, RUNX1 0.0003774 0.00007427
nuclear receptor
activity
sequence-specific 0043565  E2F1, ERG, ESR1, HOXA5, MECP2, MEF2D, NR4A2, PITX3, 0.0002651 0.00007427
DNA binding RUNXI1, SRF
polysaccharide binding 0030247 CTGF, FSTL1, HOXA5, TGFBR2, THBS1, VEGFA 0.0006328 0.0001038
kinase binding 0019900 CCNDI1, HOXA5, MAP3K12, NR4A2, TGFBR2, VIM 0.000001053 0.000148
protein kinase 0019887 CCNDI1, CDKNI1A, HCN2, HCN4, HOXA5 0.000001961 0.0002144
regulator activity
protein complex 0032403 CCNDI1, CDKNI1A, CTGF, HOXAS5, ITGA5, THBS1 0.000001833 0.0002144
binding
enzyme binding 0019899  BCL2, CCND1, HOXA5, MAP3K12, MECP2, NR4A2, TGFBR2, 0.000003972 0.0003006
VIM
Cellular Component GO number  Genes P-value Adjusted P-value
external side of plasma 0009897 HOXAS5, ITGA5, NR4A2, RUNXI1, S1PR1, TGFBR2, THBS1, TNF 0.0000002214 0.00005113
membrane
cell surface 0009986  BMPR2, HOXA5, ITGA5, NR4A2, RUNXI1, S1PR1, TGFBR2, 0.0000005694 0.00006576
THBS1, TNF, VEGFA
axon 0030424 BACEIl, ESR1, HCN4, HOXA5, MAP3K12, TAC1, VIM 0.00002439 0.000001878
cell projection 0042995 BACEI, ESR1, HCN4, HOXA5, ITGA5, MAP3K12, MET, NR4A2,  0.0001103 0.000006368
TACI1, UTRN, VIM
neuron projection 0043005 BACE]l, 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 ESRI, HCN4, HOXA5, MAP3K12 0.000005237 0.0001728
extracellular space 0005615  FSTLI1, HOXAS5, IL8, NR4A2, RUNX1, TAC1, THBS1, TNF, VEGFA 0.00000707 0.0002041
cAMP-dependent 0005952 HCN2, HCN4, HOXA5 0.0000122 0.000313
protein kinase
complex
membrane fraction 0005624 BACEl, BCL2, HOXAS5, ITGA5, KRAS, MAP3K12, MET, NR4A2, 0.00002007 0.0004593
UTRN
Biological Process GO number  Genes P-value Adjusted P-value
organ morphogenesis 0009887  BCL2, BDNF, BMPR2, CCND1, CDKNI1A, CTGF, E2F1, ERBB4, 7.49E-20 1.64E-16
HOXAS5, IL8, MEF2D, NR4A2, PITX3, PTEN, RUNXI, S1PRI1,
SRF, TGFBR2, THBS1, TNF, VEGFA
cell migration 0016477 BCL2, CTGF, E2F1, ERBB4, HOXAS5, IL8, ITGA5, MET, NR4A2, 7.97E-18 8.73E-12
PTEN, S1PR1, SRF, TAC1, THBS1, TNF, VEGFA
cellular component 0006928 BCL2, BDNF, CTGF, E2F1, ERBB4, HOXAS5, IL8, ITGA5, MET, 4.34E-14 3.17E-11
movement NR4A2, PTEN, S1PR1, SRF, TAC1, THBS1, TNF, VEGFA, VIM
regulation of cell 0042127 BCL2,BDNF,BMPR2,CCND1,CDKNI1A,E2F1,ERBB4,GJA1,HOXA5, 9.27E-14 5.08E-11
proliferation 1L8, KRAS,NR4A2,PTEN,S1PR1,TAC1,TGFBR2, THBS1,TNF,VE
GFA
cell motility 0048870  BCL2, CTGF, E2F1, ERBB4, HOXAS5, IL8, ITGA5, MET, NR4A2, 1.43E-13 6.30E-11
PTEN, S1PR1, SRF, TAC1, THBS1, TNF, VEGFA
response to hormone 0009725 BCL2, CCND1, CDKNI1A, ERBB4, ESR1, HOXA5, KRAS, NR4A2, 4.28E-12 1.56E-09
stimulus PTEN, SRF, TAC1, TGFBR2, THBS1, TNF
behavior 0007610 BCL2, CCND1, CDKNI1A, ERBB4, ESR1, HOXA5, KRAS, NR4A2, 3.18E-11 9.94E-09
PTEN, SRF, TAC1, TGFBR2, THBS1, TNF
regulation of 0040012  BCL2, E2F1, ERBB4, HOXA5, IL8, NR4A2, PTEN, S1PR1, TACI, 4.06E-11 1.11E-08
locomotion THBS1, VEGFA
regulation of 0050793 BCL2, BDNF, BMPR2, CCND1, CDKNI1A, E2F1, ERBB4, ESR1, 5.55E-14 1.35E-08
developmental HOXAS5, KRAS, NR4A2, PTEN, RUNXI1, SRF, TGFBR2, THBS1,
process TNF, VEGFA
response to steroid 0048545 BCL2, CCND1, CDKNI1A, ERBB4, ESR1, KRAS, NR4A2, PTEN, 8.50E-11 1.86E-08

hormone stimulus

TGFBR2, THBS1, TNF




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.

Genomic position Pre-miRNA
Chr (GRCh37/hgl9) Expected Found gene Fam_Type Origin  Conservation
4 38869742 A G MIR574 S Mother Not conserved
5 159912376 CTTT CTT MIRI146A 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
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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.

miR-541, chr14: 101530906T AG= - 29.3 kcal/mol
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miR-541, chr14: 101530906G ~ AG=-25.2 kcal/mol
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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.



