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Supplementary Material

1 Supplementary Data

Sequence of primers employed for site-directed mutagenesis through whole-plasmid PCR is reported
below. Mismatch sites corresponding to changes introduced in plasmid constructs sequence through
whole-plasmid PCR are reported in bold.

Primer name

Sequence (5'-3")

CACNAIH K785M F
CACNAIH K785M R

getgegecgeategtgga
atgccgctgaaggtaacccagag

CACNAIH P849S F

getctetgggctacatceggaac

CACNAIH P849S R cgcaggccageagcttca
CACNAIH P2124L F ggtggccggeggegage
CACNAIH P2124L R agagaggcttcggggccatg
CACNAIH _S2338F F cccctcagecaccectg

CACNAIH S2338F R

aaccctggtttctccagaggac

2 Supplementary Tables

Supplementary Table 1. Ultra-rare deleterious variants in VGCCs genes identified in our WGS data
set. ASD affected individuals are indicated in bold.

Genomic change Effect Individual ID Total MAF SFARI
g Amino acid change (CADD . dbSNP (gnomAD Gene Gene
(hg38) (Inheritance)
score) v.3.0) score
NC _000002.12:g. NP_001005747.1: missense 98.3
151860740A>G  p.(1lc246Thr) (274)  (Paternal)  [5763961368  0.00000698  CACNB4
NC _000009.12:g. NP_000709.1: missense 66.3
138023642C>T  p.(Are967Trp) (18) (Maternal) rs200418906  0.00004250 CACNAIB 3
NC _000009.12:g. NP_000709.1: missense 31.3-31.4
138121659G>A  p.(Arg2227Gln) (24.6) (Paternal) 0.00000698  CACNAIB 3
NC _000009.12:g. NP_000709.1: missense 87.3-87.4
138121688G>A  p.(Ala2237Thr) (1573)  (Maternal) 77641565 0.00030000  CACNAIB 3
NC _000009.12:g. NP_000709.1: missense 60.3
138121809C>T  p.(Thr22771le) (22.9)  (Paternal) 760115118 0.00006980  CACNAIB 3
NC _000009.12:g. NP_000709.1: missense 18.3
138121907G>A  p.(Val2310Met) (22.4)  (Paternal) 5201689333 0.00002090  CACNAIB 3
NC 000023.11:g. NP _005174.2: missense 53
49211360C>T  p.(Alal419Thr) (18.34)  (Maternal) 1782741094 0.00020000  CACNAIF 3
NC 000023.11:g. NP _005174.2: missense 112.3
49211983C>T  p.(Gly1350Ser) (247)  (Maternal) 5782780521 0.00002840  CACNAIF 3
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181790333CoA" p(GniosoLysy (1689 (patematy 0199539 CACNALE
20104619 2010 NP-0000s02: T do.4 cachals
48620del p-(Phe1468Cysfs*14) 0 (Maternal)
I;ﬁ&?%g%ﬁgg' EI()T—%%%ZO&‘S) m‘(szsgr)‘se (‘;\23;2:1‘) rs146158332  0.00006980 CACNAIS
;ﬁ&gﬁggléigg' Ef(—}?fggggii‘) m‘(szsf)‘se (M:Z'; ay 15762350071 0.00004890  CACNAIS
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. 68.3-68.4-
N pe Ny e TS
SR s e s
NC_000010.11g. NP_OOO715.2: missense 103.3 CACNB2
18514277G>C p-(Aap183His) (.28.5) (Maternal)
ISSHSISGOT  p(ysa2shom O3y (Matormal) 199539261 0.00030000  CACNB2
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12\16(;—9(;?3%13('}12%‘ El()fﬁflsfggos'z;) e (M;gfn ay  SSS4T37427 0.00002090  CACNAIC
NG 0 NP e 1
Iﬁz%zgg%(gglozg. EI()K?S?%}VZ;) m(lf;eg)se (P:t:ial) 1s375325893  0.00020000 CACNAIH
11\12%—5%%520% EI()C_}?116861992L1§2;) m(‘zsie;)se (MZ;i ay 75165169 0.00004190  CACNAIH
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NC_000016.10:g. NP_066921.2: missense  42.3-424 15202114960 CACNAIH




1208193A>T p-(Aspl112Val) (18.84) (Maternal)

NC 000016.10:g. NP_066921.2: missense 15.3

1209051t & 1 (ve 105 ooty (Pamay | TSSTO035669  0.00006980 CACNALH 2

NC 000016.10:g. NP_066921.2: missense 62.4

1210913G>A  p.(Alal389Thr) (23.1)  (Maternal) 78438100 0.00001400  CACNAIH 2

NC 000016.10:g. NP_066921.2: missense 17.3

2130660 5 b Arel6756i) 00 (Matomal) | TS149367557  0.00006280 CACNALH 2

NC 000016.10:g. NP_066921.2: missense 92.3

2176t & b Are2082en) 5oy (Maemaly | BTTI7I9773 000004190 CACNAIH 2

NC _000016.10-g, . frameshift

1220652 122065 P-066921.2: insertion 733 1s757244810  0.00004900 CACNAIH 2

. - p-(Asp2243Glyfs*17) (Maternal)

3insG @)

NC_000016.10:g. NP_066921.2: migsense ot

1230045t (G2 338P ) (16.99) 225 rs757713867  0.00002790 CACNAIH 2
(Paternal)

NC _000017.11:g. NP_000714.3: missense 22.3-22.4

39175200A>T  p.(1le597Asn) (238)  (Paternal) CACNBI 3

NC _000017.11:g. NP_000714.3: missense 28.3-28.4

39187570T>C _ p.(Asn108Ser) (234)  (Paternal) 3768331592 0.00001400  CACNBI 3

NC 000017.11:g. NP _061496.2: missense 48.3

50569291A>T  p.(le161Phe) (22.5)  (Paternal)  'S368561457 : CACNAIG 3

NC 000017.11:g. NP _061496.2: missense 34.3

50575862G>A  p.(Argd87His) (22.6)  (Maternal) 273237429 0.00002090  CACNAIG 3

NC 000017.11:g. NP _061496.2: missense 66.3

50596835G>A  p.(Gly1057Asp) (225)  (Maternal) 0.00001400  CACNAIG 3

NC 000017.11:g. NP _061496.2: missense 5.3

50626104C>G  p.(Leu2163Val) (16.31)  (Paternal) CACNAIG 3

NC _000019.10:g. NP _001120693.1: missense  113.4-113.5

13208986T>C _ p.(Thr2185Ala) (223)  (Unknown) '$1028538547 0.00002100  CACNAIA — 1-S

NC _000019.10:g. NP _001120693.1: missense 94.3

13214241C>T _ p.(Glul979Lys) (26.8)  (Maternal) CACNAIA—1-S

NC _000019.10:g. NP _001120693.1: missense 4.3

13214276C>T __ p.(Arg1967Gln) (27.2)  (Maternal) 199886234 0.00040000  CACNAIA — 1-S

NC _000022.11:g. NP _066919.2: missense 16.3

TR . o Are29Ten, o6 (Matomal) | [ST60018532 0.00004890 CACNAII 3

NC _000022.11:g. NP _066919.2: missense 4.3

39672234G>A  p.(Metl15251l¢) (21.2)  (Paternal) 3770133846 0.00000698  CACNAII 3

NC _000022.11:g. NP _066919.2: missense 14.3

39679369G>A  p.(Gly1773Asp) (1589)  (Maternal)  "50°8740018 = 0.00001400 ~ CACNAIL 3

Supplementary Table 2. Relevant ultra-rare deleterious variants identified in families 22 and 105.
ASD affected individuals are indicated in bold.

Genomic change Effect Individual ID Total MAF SFARI
8¢ Amino acid change (CADD . dbSNP (gnomAD Gene Gene
(hg38) (Inheritance)
score) v.3.0) score
a) Family 22
NC 000006.12:g. NP 065073.3: missense 22.3-22.4 ARFGEF3
138336377T>G  p.(Val2142Gly) (27.1) (De novo)
NC _000001.11:g. NP _001073312.1: missense  22.3-22.4-22.5
10653490G>A  p.(Pro856Leu) (20.1)  (Paternal)  'S367611106 : CASZI !
NC 000011.10:g. NP _113621.1: missense 22.3-22.4
119341673G>A  p.(R539C) G1) (Paternal) rs374823079 0.00003488 MFRP 2
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NC 000014.9:g.1 NP_006026.3: missense 22.3-22.4
0205t (EL 153, Doty (e TSS3921711 000004888 CDC42BPB 2
NC 000016.10:g. NP_066921.2: missense 22.3-22.4
1220945C>T  p.(Ser2338Phe) (16.99)  (Paternal)  "$7°7713867 0.00002792  CACNAIH 2
NC _000019.10:g. NP_004136.2: missense  22.3-22.4-22.5 0.00000697
17203202C>T  p.(S1645Leu) (22.8)  (Maternal) 1762171057 9 MYO9B 2
NC _000005.10:g. NP_000818.2: missense  22.3-22.4-22.5
153698985G>A  p.(R455H) (26.9) (Paternal)  '8/°90117420°0.00002094 — GRIA] 2
NC _000009.12:g. NP _054729.3: missense 22.3-22.4
116975233C>T  p.(Val5711) (248)  (Paternal)  'S7°2349961 0.00002094  ASTNZ 2
NC _000001.11:g. NP_950252.1: missense  22.3-22.4-22.5
190098059G>C_ p.(Pro754A) (23.8)  (Maternal)  'S7/°1323612 BRINP3 3
NC _000012.12:g. NP _997320.2: missense  22.3-22.4-22.5
123838461G>A  p.(MI1518]) (25.1)  (Paternal)  'S7°0213588 0.00002094  DNAHIO 3
NC _000017.11:g. NP_060003.2: missense 22.3-22.4
10459346C>T  p.(Val498M) (25.7)  (Paternal)  'S143641715 000009777 MYH4 3
NC 000017.11:g. NP_000714.3: missense 22.3-22.4
39175200A>T  p.(fle597Asn) (238)  (Paternal) CACNBI 3
NC 000017.11:g. NP_000325.4: missense 22.3-22.4
63945452C>T  p.(Glul210Lys) (19.44)  (Paternal)  "S7611333490.00002094  SCN44 3
NC _000020.11:g. NP_003648.2: missense  22.3-22.4-22.5 BCAS] 3
53953667G>A  p.(Thrd82lIle) (17.26)  (Maternal)
NC 000003.12:g. NP _996898.2: missense 22.3-22.4
175097095A>G  p.(Serl 17Gly) (18.11)  (Paternal)  "°/46178036 NAALADL2 3
NC _000006.12:g. NP_066958.2: missense  22.3-22.4-22.5
166459476G>T _ p.(Pro350Thr) (18.58) (Paternal) RPS6KA2— 3
NC_000007.14:g, splicing  22.3-22.4-22.5 0.00000698 .o 5
128030912C>T 0 (Paternal) 2

frameshift
NC 000008.11:¢. NP 112598.3: rames 22.3-22.4
143867209insC_ p.(Val2016Cysfs*82) ms‘zr;“’n (Maternal) 15751861594 0.00002817 EPPKI 3
NC _000006.12:g. NP_892006.3: missense  22.3-22.4-22.5
152453654C>T  p.(Asp987Asn) (244)  (Paternal) 0.00001396  SYNEI 3-5
NC _000013.11:g. NP_000273.2: missense 22.3-22.4
100209381C>G_ p.(Alal73Gly) (23) (Paternal)  "5/°0928504 - 0.00002094  PCCA S
NC _000015.10:g. NP_004658.3: missense  22.3-22.4-22.5 HERC2 S
28142369G>C  p.(Leu3857Val) (23) (Paternal)
b) Family 105
NC 000007.14:g. NP _001290343.1: missense 105.3
142771008T>C __ p.(Phe9Ser) (19.74) (De novo)  $7373337390.00008545  PRSS2
NC 000011.10:g. NP _001287871.1: _ missense 105.3 Sy 5
76544332T>C p-(Met943Thr) (24.9) (Paternal)
NC 000014.9:29 NP 001333147.1: _ missense 105.3 NG9 5
3621924A>T  p.(Asnl614le) (22.5)  (Maternal)
NC _000016.10:g. NP_066921.2: missense 105.3
1205207C>T  p.(Pro849Ser) (1822)  (Paternal)  [$3706758100.0000977  CACNAIH 2
NC _000005.10:z. NP_001240626.1: _ missense 105.3 0.00000698
66054545G>T  p.(Argl076Leu) (27.5) (Paternal) 5774967294 3 ERBIN 2
NC 000001.11:g. NP _001073887.1: _ missense 105.3 0.00000697
34868751C>T  p.(Arg780His) (226)  (Maternal) 5743644846 9 DLGAP3 3
NC 000019.10:g. NP _061985.2: missense 105.3
1045174G>C  p.(Arg463Pro) (22.9) (Paternal)  'S5/°2233 00002 ABCA7 3
NC _000002.12:g. NP_004516.2: missense 105.3
169259049G>A  p.(Ser830Leu) (23) (Maternal) 1767923381 0000014 LRP2 3
NC 000002.12:g. NP _997198.2: missense 105.3 CMPK?2 3




6865123C>T  p.(Vall92Ile) (1675)  (Maternal)
NC 000021.9:g.3 NP _003015.2: missense 105.3
3797479G>A  p(Glu685Lys) 21.7)  (Maternal) /69346913 [TSN1 3

Supplementary Table 3. Summary of clinical data of ASD individuals carrying CACNA 1 H biallelic

autism features level

variants.
Proband 22.3 Proband 22.4 Proband 105.3
Age at first assessment 40 months 40 months 40 months
Sex F F M
Morphology
Growth at birth weight =2.021 kg weight =1.984 kg weight =3.5 Kg
Head circumference (HC) HC: 50 %ile HC: 50 %ile HC: 75 %ile
Neurodevelopment
Non-verbal brief IQ . 36 48 . 48
. (severe intellectual (moderate intellectual | (moderate intellectual
(Leiter-R) o o .
disability) disability) disability)
Speech development Lack of speech Lack of speech Delayed and atypical
speech
Autism scales
CARS2-ST total score
(ASD diagnosis cut-off = 30) 48.5 43 39
ADOS-2 (module 1) High (8) High (9) High (8)

DSM-5 severity level

3 (“requiring very
substantial support”)

3 (“requiring very
substantial support”)

3 (“requiring very
substantial support”)

Neurological
Four febrile
convulsions and two
, apparentl
Epilepsy gIe)rI:eralizeyd i i
convulsive seizures
without fever
Frequent multifocal spike-
Focal (right mid- waves in the left central
FEG pf)sterior) and Normal and in the right centro-
diffuse paroxysmal temporal regions,
abnormalities increased in the early
stages of sleep
Brain MRI (1.5 Tesla) Normal Normal Normal
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