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Materials and Methods  

Filtering steps of the whole exome sequencing (WES) 

 In the variant filtering steps of WES analysis, we first excluded all variants with a base 

quality score < 20. The variants with a high probability of affecting gene functions including 

nonsense, frameshift, splice site, indel and missense variations were included. In the next step, 

variants located on conserved genomic regions based on 46-way alignment were included. We then 

excluded all the sequence variants reported in dbSNP 137, the 1000 Genomes Project, Exome 

Variant Server, Exome Aggregation Consortium and our in-house exome sequencing data from 195 

unrelated Thai individuals with minor allele frequency (MAF) > 0.01 to identify novel and rare 

variants. Finally, we chose to filter down the list of potentially causative variants in this patient 

based mainly on the known 762 ASD candidate genes from AutDB, SFARI and TruSight Autism 

genes and 1,912 intellectual disability (ID) genes from databases and literature reviews. Several in 

silico prediction tools including SIFT, Polyphen2, Mutation Taster, and FATHMM software 

programs were used to predict the effect of identified variants on protein function, stability and 

structure. Interpretation of potentially causative variants was performed based on guidelines of the 

American College of Medical Genetics and Genomics (ACMG) (Richards et al., 2015). The 

simplified diagram of WES analysis is shown in Supplementary Figure S1. 
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 Whole exome sequencing of a proband with ASD sequenced by Illumina Hiseq2000 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Supplementary Figure S1. Variant filtering strategy following whole exome sequencing of a 

proband with ASD. Compound heterozygous mutations of the TRAPPC9 gene, a novel frameshift 

mutation (c.2415_2416insC, p.His806Profs*9) and a rare splice site mutation (c.3349+1G>A), 

were identified. Abbreviations: ASD, autism spectrum disorder; ID, intellectual disability; Indels; 

insertions and deletions; 1000G, 1000 Genomes Project; ESP 6500, Exome Variant Server (NHLBI 

Exome Sequencing Project (ESP) 6500 exome); ExAC, Exome Aggregation Consortium; MAF, 

minor allele frequency; N, number of remaining variants 

Primary data analysis, read mapping and variant calling 

N = 73,534 

 

Filtering of high coverage variants (Quality score > 20) 

N = 68,661 

Variant filtering 
 

Functional variants (missense, nonsense, frameshift, splice site) 

N = 9,634 

Exclude silent variants 

Variants in conserved genomic regions 

N = 4,264 

Filtering of variants by candidate gene lists 

ASD candidate genes (762 genes) 

N = 17 

ID candidate genes (1,912 genes) 

N = 21 

Filtering of potentially causative variants 

(homozygous, compound heterozygous and X-linked variants) 

Identify compound heterozygous mutations of TRAPPC9  

 

 

 

Variants with MAF ≤ 1% or not reported (dbSNP137, 1000G, ExAC, 

NHLBI ESP 6500, in-house exome sequencing data) 

N = 4,264 

Validation and family segregation 
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Result 

Whole exome sequencing 

Whole exome sequencing was performed on an ASD patient with 80% coverage across the 

target regions and 113.1X average sequence read depth, with 97% covered with at least 10X 

coverage. There was a total number of 73,534 variants including 67,394 single nucleotide variants 

(SNVs) and 6,140 indels. Of these, 20,075 SNVs and 494 indels were located on protein-coding 

regions. 

Bioinformatic analysis to narrow down candidate variants resulted in a total number of 17 

variants in ASD candidate genes and 25 variants in ID candidate genes. Among these, mutations 

in only TRAPPC9 gene were identified in the compound heterozygous state, and were selected for 

further validation and discussion based on supportive evidence in the literature reviews. 



   

Supplementary Table S1 Primers used in this study. 

Gene Exon Forward  primer sequence (5’->3’) Reverse  primer sequence (5’->3’) 
Product 

Size 

Primers used to confirm whole exome sequencing results 

TRAPPC9  

(c.2415_2416insC) 
Exon 15 TGGTGATTCTTCTTTGGGAAG CTGACTTCAACTGAATCCACAAA 374 bp 

TRAPPC9 

(c.3349+1G>A) 
Exon 21 CCCATCTGAGGGTCTCTGTC TTCCCGTGATGACCTTCAGT 309 bp 

Primers used for quantitative RT-PCR (Mir et al., 2009) 

TRAPPC9 

(Target gene) 

Spans Exon 

2 and 3 
GATAAGATCCCCCTTCTCTGTGTC CTTGGCACCGCTTCTTGTAAT 91 bp 

HPRT 

(Reference gene) 

Spans Exons 

6-8 
TGGTCAGGCAGTATAATCCAAA TCAAGGGCATATCCTACAACAA 136 bp 
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Supplementary Table S2 Clinical features of patients with TRAPPC9 mutations from the literature review.  

Clinical 

features 

Homozygous mutations, Homozygous deletion/duplication 

Compound 

heterozygous CNV + 

rare variant 
Total previous 

case reports 

Mir et al., 2009 

Mochid

a et al., 

2009 

Philippe 

et al., 

2009 

Koifman 

et al., 

2010 

Abou 

Jamra 

et al., 

2011 

Kakar et 

al., 2012 

Marangi et 

al., 2013 

Giorgio et 

al., 2016 
Abbasi et al., 2017 Mortreux et al., 2018 

Origin Pakistan Iranian 
Israeli 

Arab 
Tunisian Filipino Syrian Pakistan Italian Egyptian Pakistan Pakistan Algerian Tunisian Italian French  

Consanguinity Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No  

No. Affected 

individuals 
7 3 3 3 1 6 3 2 1 3 3 1 3 1 1 41 

Male: Female 1:6 3:0 0:3 3:0 0:1 3:3 0:3 0:2 0:1 2:1 3:0 0:1 1:2 0:1 0:1 16:25 

Diagnosis ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID 

TRAPPC9 

mutation 
c.1423C>T 

(p.Arg475*) 

c.2311_2314 

delTGTT 

(p.Leu772Trpfs*7) 

c.1423C>T 

(p.Arg475*) 

c.1708C>T 

(p.Arg570*) 

141.46 kb  

deletion of 

8q24.3   

including 

TRAPPC9 

c.1423C>T 

(p.Arg475*) 
c.1024+1G>T 

c.2851-2A>C 

(p.Thr951Tyrfs*17) 

c.1423C>T 

(p.Arg475*) 
c.2065G>T 

(p.Glu689*) 

c.1423C>T 

(p.Arg475*) 

 

115 kb 

duplication in 

TRAPPC9a 

c.1708C>T 

(p.Arg570*) 

119 kb 

duplication in 

TRAPPC9 

+ 

deletion 

variantb 

189 kb 

deletion in 

TRAPPC9 

 + 

c.2134C>T, 

(p.Arg712*)c 

 

Developmental 

delay 
7/7 3/3 3/3 3/3 1/1 6/6 3/3 2/2 1/1 3/3 3/3 1/1 3/3 1/1 1/1 41/41 (100%) 

Autistic 

features 
0/3 NA 0/3 NA NA NA 0/3 0/2 NA NA NA 0/1 1/3 1/1 1/1 3/17 (17.6%) 

Microcephaly 5/6 3/3 3/3 3/3 1/1 6/6 3/3 2/2 1/1 2/2 3/3 1/1 3/3 0/1 1/1 37/39 (94.9%)  

Obesity NA NA NA 3/3 NA NA 0/3 2/2 1/1 0/3 0/3 0/1 3/3 1/1 0/1 10/21 (47.6%) 

Seizure 1/3 0/3 NA NA NA 1/6 0/3 1/2 NA 1/3 1/3 0/1 0/3 0/1 0/1 5/29 (17.2%) 

Hand-flapping 

movements 
NA NA 1/3 NA NA 6/6 NA NA 1/1 NA NA NA NA NA NA 8/10 (80%) 

Frequent sleep 

awakenings 
NA NA NA NA NA NA NA 2/2 1/1 NA NA NA NA NA NA 3/3 (100%) 

Brain 

abnormalities 
 

Thin corpus 

callosum 
3/3 NA 2/2 NA 1/1 NA NA 2/2 1/1 NA NA 1/1 3/3 1/1 1/1 15/15 (100%) 
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Cerebral 

hypoplasia 
3/3 NA 2/2 NA 1/1 NA NA 2/2 1/1 NA NA NA NA NA NA 9/9 (100%) 

Cerebellar 

hypoplasia 
3/3 NA 1/1 NA 1/1 NA NA 2/2 0/1 NA NA NA NA NA NA 7/8 (87.5%) 

Abnormal 

signal of white 

matter 
3/3 NA 0/1 2/2 1/1 NA NA 2/2 1/1 NA NA 1/1 3/3 1/1 1/1 15/16 (93.75%) 

Delayed 

myelination 
NA NA NA 0/1 1/1 NA NA NA 1/1 NA NA NA NA NA NA 2/3 (66.7%) 

Dysmorphic 

facial 

featuresd 
0/3 0/3 NA 2/3 1/1 6/6 0/3 2/2 1/1 1/3 0/3 1/1 3/3 1/1 1/1 19/34 (55.9%) 

Brachycephaly NA NA NA NA 1 NA NA 2 1 NA NA NA NA NA NA 4 

Round face NA NA NA NA 1 NA NA 2 1 NA NA NA NA NA NA 4  

Wide  nasal 

bridge  
NA NA NA NA 1 NA NA 2 1 NA NA 0 2 1 0 7 

Synophrys NA NA NA NA 1 6 NA 2 1 NA NA NA NA NA NA 10  

Hypertelorism NA NA NA 2 NA NA NA 2 NA NA NA NA NA NA NA 4  

Deep-set-eyes NA NA NA NA 1 NA 3 NA 1 NA NA NA NA NA NA 5  

Short philtrum NA NA NA 2 1 NA NA NA NA NA NA 1 2 1 1 8  

Thin upper lip NA NA NA NA NA NA NA 2 1 NA NA 0 0 1 1 5  

Cleft lip 0/7e 0/3e 0/3e 1/3 0/1e 0/6e 0/3e  0/2e 0/1e  0/3e 0/3e 0/1e 0/3e 0/1e 0/1e 1/41 (2.4%)  

NA, not available; ID, intellectual disability; ASD, autism spectrum disorder 

a  homozygous 115 kb duplication of 8q24.3 including out-of-frame exons 2–9 in TRAPPC9. 

b compound heterozygous for 119 kb duplication of 8q24.3 including in-frame exons 9–16 in TRAPPC9 and a deletion variant 

(c.568_574delTGGCCAC, p.Trp190Argfs*95). 

c compound heterozygous for 189 kb deletion of 8q24.3 including out-of-frame exons 18 and 19 and a nonsense variant (c.2134C>T, p.Arg712*). 

d not complete report. 

e assumption of the authors. 
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