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Abstract 
 

High locus and allelic heterogeneity found in Autism Spectrum Disorders (ASD) highly complicates 

the comprehension of the genetic bases of these disorders. Thousands of clues have emerged 

from initial exome sequencing studies, identifying few possible de novo Novel (DNN) mutations 

associated to ASD. Affected proteins seem to be highly interconnected and expressed mainly in 

brain. Most of the variants reported to date were found mostly in Caucasian or European 

descendant cohorts but Latin American cohorts have not been studied. We applied exome 

sequencing, at a 50X depth, in a cohort of Colombian – South American (admixed population) 

trios. After analyzing all mutations using different bioinformatic approximations, the global 

outcomes guide to a possible link between retinoic acid pathway and gene HERC2 to ASD. 

Furthermore, our results suggest that it is primordial to sequence and to genotype understudied 

populations as South American population since these data might broad genetics knowledge of 

ASD etiology. 
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Introduction 
 

Autism spectrum disorders (ASD) is a range of complex neurodevelopmental conditions mainly 

characterized by several dysfunctions related to mental development 1. ASD symptomatology is 

variable and includes language and social cognition dysfunctions, and also repetitive behavior 

patterns. The first two characteristics are considered inherent human qualities and the underlying 

genetics could aid in understanding social and language cognitive processes 2. Furthermore, this 

disorder compromises the biology and the biochemistry of the brain where non-apparent causes 

have yet been described 3. At the same time, it has been hypothesized that ASD are a group of 



continuous disorders instead of a discrete disorder 4, explaining why ASD patient symptomatology 

is so variable. 

 

A report of the Centers for Diseases and Prevention (CDC) in U.S.A. suggests that ASD and other 

related disorders are more common than originally thought. In fact, CDC reported in 2012 that the 

prevalence of ASD is 1 affected child in 88 children. Moreover, the prevalence of ASD has been 

increasing worldwide 5. It is not clear if the numbers of cases have been growing due to a higher 

prevalence of similar disorders or because of the optimization of different tools to diagnose the 

disorder 3. Referring to the Colombian population, the incidence of ASD has not been well 

established. The Colombian government in the year 2002, established that 12% of the population 

(at that time ~5’000,000 inhabitants) manifested cognitive, sensorial or motor limitations that 

perhaps were related to ASD. That report also showed that at least half of that percentage 

corresponds to underage population as the reports by Save the Children, 1999 and the Plan 

Nacional de Atención a las Personas con Discapacidad, 2002 informed 6. 

 

At the genetic level, two models have been proposed: the Multi-hit model and the rare variant 

model7–9. The multi-hit model (common variation model) predicts that ancient and common gene 

variants, that have undergone natural selection, are present in affected individuals at various 

combinations. This theory focuses on gene variants with minor allele frequencies (MAF) greater 

than 5% that contribute (each with low penetrance) to the syndrome prevalence 8. The major 

problem of this hypothesis, is that even though it is considered the major driving force to ASD 

appearance (40% – 60% variance explained) 10, the impact of each individual variant has been 

almost impossible to calculate. The mutation selection hypothesis is based on de novo deleterious 

variants that have a strong impact on individual disease risk. Most of our understanding of the 

molecular basis of ASD comes from reports of rare CNVs and few rare mutations 11,12. This 

methodology has been recently used to look for de novo variants in complex diseases such as 

ASD, schizophrenia and mental retardation 13–19. Few variants have been reported to date, and 

most of them are located in genes that have known functions in cell and neuronal development, 

projection, motility and proliferation; also in genes involved in the regulation of spine and dendrite 

plasticity13–17. Nonetheless all this information has been derived from mostly Caucasian individuals 

and we hypothesize that novel genes and even novel pathways involvement in ASD pathogenesis 

might be found in an understudied populations such as South American’ populations. 

 

Materials and Methods 
 

Cohort selection 



 

Four family trios referred by Liga Colombiana de Autismo (Colombian League of Autism) were 

selected to participate in the study. All individuals are from the city of Bogotá – Colombia. Affected 

individuals were engaged in a series of tests-tasks that evaluate patterns and maturity of the child, 

interaction with parents and family patterns. The ADI-R 20, ADOS 21 and CARS-2 22 were given to 

all participants at the league. The ADOS was administered and scored by specially trained 

personnel who demonstrated reliability with the authors of the instruments and on-site trainers. A 

qualified psychologist administrated the ADI-R and CARS-2. Inclusion in the present study 

required meeting criteria for autism on the ADOS and ADI-R and subject were confirmed to meet 

DSM-V (APA, 2012) criteria for autism by experienced clinicians who observed and interacted with 

them over several visits. Furthermore, the parents had a personal interview with the psychologists 

to rule out any possible familial cases of ASD. 

 

After psychological examination, the selected individuals were revised by a genetic counselor 

physician who discarded any comorbidity with syndromes like fragile X, Rett, Down, Angelman, 

Prader-Willi or any ASD related syndrome. The ethical committee of Universidad de los Andes 

approved this study. 

 

DNA extraction, exome capture and sequencing 
 

DNA extraction was carried out using FlexiGene DNA kit (Qiagen, Gaithersburg, MD, USA). The 

extraction was carried out parting from 300uL of leucocytes following manufacturer instructions. A 

mean of 8.7ug of DNA per individual was sent to Otogenetics Corporation in Atlanta GA, USA. 

Exome capture was carried out using Agilent Sureselect All Exon V4 platform yielding a mean 

capture of 50Mb. Sequencing was performed using PE100 Illumina HiSeq2000 platform at a 50X 

mean coverage.  

 

Sequence mapping and variant calling 
 

Sequence reads were cleaned using the latest version of FASTX-Toolkit (V 0.0.13.2) 

(http://hannonlab.cshl.edu/fastx_toolkit/index.html). Short sequences were mapped using BWA 23 

and the latest version of the human genome available at UCSC Genome Browser (HG19). SAM 

tools 24 and PicardTools (from http://picard.sourceforge.net) were used to manipulate and mark 

sequence duplicates. 

 

To emphasize detection of rare genetic variants, SNPs and small indel calling was achieved using 

GATK (Genome Analysis Toolkit from http://www.broadinstitute.org/gatk/) 25,26. Best practices of 



GATK were followed in order to guarantee an efficient variant calling. Nonetheless, two workflows 

were applied: one used the Mills and 1000 Genomes gold standard Indels database for the first 4 

steps of GATK variant calling pipeline while the second one did not. 

 

De novo variant discovery 
 

Genotypes were generated using GATK HaplotypeCaller tool for each family trio at the same time. 

De novo variant’s effect was predicted using snpEff 27. Putative de novo variants were identified 

using awk language and three filters: 1) Hard filter: Discovery of variants that are homozygous 

(wild allele) in both parents but heterozygous in the child, with a depth coverage (Wild/Alternative 

allele) of ≥10X/0X for both parents, and a depth of coverage (Wild/Alternative allele) of  ≥10X/≥8X 

for the child. 2) Medium filter: Discovery of variants with a depth of coverage (wild/Alternative 

allele) of ≥15X/≤2X for both parents, and depth of coverage (Wild/Alternative alleles) of ≥4X/≥4X 

for the child. 3) Soft filter: Discovery of variants with a depth of coverage (Wild/Alternative alleles) 

of ≥4X/0 for both parents, and a depth of coverage (Wild/Alternative alleles) of ≥4X/≥4 for the child. 

 

After filters were applied, normalized Phred-scaled likelihoods (PLs), defined as 10*log10[P(call is 

true)/P(call is false)], were checked for presumed de novo indels and SNPs with a synonymous, 

non-synonymous and nonsense affecting coding sequences. ASD individual’s variants that scored 

≥30 for homozygous to the wild allele or ≥40 to the alternative allele were considered as true de 

novo variants when their parents’ heterozygosity and homozygocity PL was >30. From the set of 

true de novo variants, variants that were not reported to the dbSNP (novel variants) or variants 

reported were not considered in this study. 

 

Sanger validation 
 

Different sets of primers were manually designed, using PrimerBLAST, to flank the variants 

position obtained during calling (Supplemental Material, table 1). Primers were designed using the 

last NCBI reference (build 37.5). PCR was carried out for each of the variants following the 

protocols described in supplemental material, table 1. The PCR fragments were sequenced at 

Macrogen, Seul – Korea; or at Universidad de los Andes’ Sanger sequencing facility (3500 Genetic 

Analyzer; Applied Biosystems, USA). 

 

Variant analysis and prioritization 
 



Variant annotation was achieved using snpEff V. 27. Non-synonymous variants were analyzed 

using SIFT 28, PolyPhen 29 and PROVEAN 30 to observe the predicted effect on protein stability. All 

software were used using the default options. Synonymous SNV was analyzed using SilVA 31 to 

analyze its impact on codon usage, splice sites, splicing enhancer and suppressors and so on, and 

ESEfinder 32,33 to detect any new splice sites. Also, insertions that might cause possible new 

splicing sites were also evaluated using ESEfinder. 

 

Retinoic Acid Response Element bioinformatic’s prediction 
 

Genomic sequence spanning 10000bp upstream to 1000bp downstream from the initial 

transcription site was attained from NCBI Nucleotide database 

(http://www.ncbi.nlm.nih.gov/nuccore; Human genome build NCBI 37.5) for two selected genes. As 

positive controls, the same long sequences were obtained from three genes (ADRB1, HNF1A and 

NGFR), which are already known to be regulated by Retinoic Acid (RA) through Retinoic Acid 

Receptors’ (RARs) binding to the Retinoic Acid Response Elements (RAREs)34. We looked for 

RAREs using the online interface of Patser (online site: 

http://stormo.wustl.edu/consensus/html/Html/main.html) 35. Since RARE pattern is composed by an 

hexameric sequence 5’-(A/G)G(G/T)TCA-3’ or the more relaxed 5’-(A/G)G(G/T)(G/T)(G/C)A-3’ 

motif separated by one, two or five nucleotides 34,36,37; we used only the relaxed motif as the more 

specific is included in it. Three motif matrixes were generated to seek for the RAREs in the set of 

genes. 

 

Results 
 

Exome sequencing’ technical outcomes, variant calling and de novo variant 
discovery 
 

An average coverage per family trio of 69.1X was reached (higher than 50X expected). In average, 

we obtained ~228,116.1 variants per family trio, from which ~44,618.5 (located in exons and 

proximal intron sequences having different coverage values) were novel according to dbSNP 

(http://www.ncbi.nlm.nih.gov/SNP/). After filtering variants, we obtained a total of nine de novo 

called variants. From this total, two were reported in dbSNP, which were considered as artifacts 

since they are already known. To determine if all the de novo Novel events were real, we designed 

flanking primers for each of the seven remaining variants. Individual PCR was carried out for each 

set of primers, and Sanger sequencing corroborated each SNV or Indel. A total of 3 SNVs and 2 

Indels were validated as true de novo events. The true de novo variants were classified as: 



frameshift, synonymous, non-synonymous, codon insertion. We observed a total of ~1.25 de novo 

Novel exonic mutations per family, where the most common type of mutation was non-

synonymous mutation; and transvertion-transition ratio was 1:2. No coding SNV or Indel was found 

in one of the families studied (Table 1). 

 
Table 1. De novo coding variants found across the analyzed four families.  

 
 

We observed that when the Mills and 1000 Genomes gold standard Indels database was not used, 

only family Fam10 had different results. In detail, this family showed one de novo Novel insertion 

when this database was not included in GATK’s pipeline. This nucleotide insertion is located in an 

open reading frame (ORF) C16orf3 (Table 1). For the other families, the use of this database did 

not produce any significant differences on the amount of SNVs or Indels observed. 

 

Variant analysis and prioritization 
 

The Indel observed in gene HERC2 in the Fam02 proband generates a frame-shift and it is 

therefore considered a harmful mutation. The insertion is located in exon seven of 87 exons. 

Therefore, its effect is deleterious since it changes completely the reading frame of the mRNA. 

 

The results obtained from the non-synonymous variants observed showed that the non-

synonymous SNVs in genes FOXN1 and ALDH1A3, found in Fam07 might be deleterious 

depending on the software. Non-synonymous mutation in gene FOXN1 is only considered harmful 

by SIFT, but the non-synonymous mutation in ALDH1A2 is considered deleterious according to 

PROVEAN and possibly damaging according to PolyPhen but tolerated by SIFT (Table 2). 

 
Table 2. Predicted impact using SIFT, PROVEAN and Polyphen to the non-synonymous de novo Novel variants in 

proband Fam07. 

 
 

On the other hand, since two mutations (one synonymous in gene NR4A2 and one Indel, which 

generates a codon insertion in ORF C16orf3 that is located in intron 2 of gene GAS8; Table 1) 

Child Mother Father Child Mother Father Child Mother Father Child Mother Father

Fam02 HERC2 15 28518114 . TC T . 22 16 19 6 0 0 22 16 19 6 0 0
ALDH1A3/LRRK1 15 101454953 . T C I*T 24 40 30 55 0 0 24 40 55 30 0 0

FOXN1 17 26851543 . C T S*L 41 73 98 39 0 0 41 73 98 39 0 0
NR4A2 2 157186342 . C A S*S 31 71 63 27 1 1 30 70 72 27 0 0

C16orf3/GAS8 16 90095617 . G GCTGCGGG
GCAGC

. . . . . . . 15 16 21 5 0 0

Coverage/(Mills/DB/included)

Alternative/alleleWild/allele

Coverage/(Mills/DB/not/included)

Wild/allele Alternative/allele

Position dbSNP/ID Wild/allele
Alternative/

allele
Amino/acid/
change

Fam10

Fam07

Family/
ID Gene Chromosome

Gene
ALDH1A3 '3.534 Deletereous 0.142 Tolerated 0.878 Possibly=Damaging
FOXN1 '0.241 Neutral 0.006 Harmful 0.137 Beningn

PolyPhen)(Corte<0.85)PROVEAN)(Corte<:2.5) SIFT)(Corte<0.05)



were found in individual from family Fam10, we considered verified if they might have a negative 

impact on mRNA processing including aberrant splicing or mRNA instability. We decided to 

evaluate it because synonymous mutations might alter preference codon usage, mRNA stability or 

splicing 38–40. The findings suggest that the synonymous variant in gene NR4A2 (Table 1) does not 

affect splicing since it does not generate another splice site according to ESEfinder; and it is 

classified as likely benign according to SilVA. Referring to the Indel found in C16orf3 we 

hypothesize that due to its location, it might damage GAS8 splicing. But ESEfinder did not show 

any new probable splicing site for the Indel in C16orf3. 

 

RARE’s bioinformatic prediction 
 

After analyzing the promoter regions of genes ALDH1A3 and FOXN1 and three positive control 

genes (ADRB1, HNF1A and NGFR 34; see Materials and Methods section), the results obtained 

(Table 3) illustrate that ALDH1A3 and FOXN1 have at least one RARE (See Materials and 

Methods section). Intriguingly, FOXN1 has an internal RARE at +668pb. This prediction makes us 

think both genes are involved and regulated by Retinoic Acid (RA) pathway. 

 
Table 3. Bioinformatic prediction of retinoic acid response element’s (RARE’s) pattern. RARE’s prediction was carried 

out on genes ALDH1A3 and FOXN, using genes ADRB1, HNF1A and NGFR as positive controls. Relative position is 

given from the transcription site of each gene. 

 
 

Discussion 
 

We aimed to find de novo and novel variants, through WES, in ASD probands in a South American 

population from Bogotá-Colombia. After applying a similar approximation as previous studies 13–19, 

and considering that the selected cohort seems small (only four families); the findings replicate a 

Gene RARE'pattern
Relative'
Position Score ln(P5value)

!3035
!2304
!6224
!3527
!7903
!1542

5'!(A/G)G(G/T)(G/T)(G/C)A!NN!(A/G)G(G/T)(G/T)(G/C)A!3' !5758 10.61 !11.096<6!9.456
5'!(A/G)G(G/T)(G/T)(G/C)A!NNNNN!(A/G)G(G/T)(G/T)(G/C)A!3' !6146 10.69 !11.096<6!9.489

ALDH1A3 5'!(A/G)G(G/T)(G/T)(G/C)A!NN!(A/G)G(G/T)(G/T)(G/C)A!3' !8300 10.61 !11.096<6!9.456
5'!(A/G)G(G/T)(G/T)(G/C)A!N!(A/G)G(G/T)(G/T)(G/C)A!3' !7659 10.58 !11.096<6!9.441

!5335
+668

FOXN1 5'!(A/G)G(G/T)(G/T)(G/C)A!NN!(A/G)G(G/T)(G/T)(G/C)A!3'

5'!(A/G)G(G/T)(G/T)(G/C)A!NNNNN!(A/G)G(G/T)(G/T)(G/C)A!3'

Control6genes

ADRB1

HNF1A

NGFR

Evaluated6genes

10.61 !11.096<6!9.456

5'!(A/G)G(G/T)(G/T)(G/C)A!NN!(A/G)G(G/T)(G/T)(G/C)A!3'

5'!(A/G)G(G/T)(G/T)(G/C)A!N!(A/G)G(G/T)(G/T)(G/C)A!3'

10.69 !11.096<6!9.489

10.61 !11.096<6!9.456

10.58 !11.096<6!9.441



previous gene identified in Amish’ families 41 and suggest an understudied metabolic pathway to 

be involved in ASD’s etiology. 

 

As this is the first attempt to apply WES to a South American ASD cohort, we were forced to 

compare our results mostly with Caucasian populations, mainly because the lack on next 

generation sequencing data from our country and Latin America.  The five previous studies have, 

on the most part, used Caucasian cohorts from the Simons simplex collection and 20 European 

descendant families 13–17. Moreover, as the 1000 genome project reported in 2010, human 

variation is dependent on population history and background 42. Thus even though this study did 

not evaluate ancestry, we believe our findings are relevant to comprehend ASD from a more 

worldwide outlook. 

 

Even though this research covered the analysis of four family trios, our findings suggest important 

differences with the latest WES and whole genome (WG) data13–17,43 thus confirming the high 

heterogeneity of ASD. Actually, none of the genes we reported have been found to be possible 

causal for ASD in the 982 whole-exome sequenced families, or in any of the ten whole-genome 

sequenced family trios. While in consensus, the latest WES on ASD stated that a de novo Novel 

mutation might be a causal of ASD only if the affected gene is affected in two or more independent 

probands, we consider our findings should be carefully considered inasmuch as the lack of the 

genomic information the studied population has. 

 

According to Iossifov, et al. 2012, non-synonymous mutations are not considered as a high causal 

factor to ASD since these mutations seem not to be over-represented in probands compared to 

their siblings. In our study, we found two non-synonymous mutations (Table 2). We consider these 

mutations might influence ASD manifestation only when functional characterization of each of them 

is performed. In fact, Sanders et al. 2012, suggested that according to their simulations, the 

appearance of a de novo variant is not enough to associate it with ASD. Nonetheless, according to 

SIFT, PROVEAN and PolyPhen the non-synonymous mutations reported in this work seem to 

have a negative impact. Incredibly, in proband Fam02, genes ALDH1A3 and FOXN1 seem to be 

involved in RA pathway (As discussed below) suggesting it as a plausible ASD candidate. 

 

Whole-Exome sequencing outcomes 
 

Since we observed ~44,618.5 Novel variants per family (in exon and proximal intron sequences at 

different coverage), it might demonstrates the lack of genomic information from South America. We 

understand the large amount of artifacts and false positive variants this value counts, but since this 

is the first reported WES from a South American population, we believe this value proves that 



more genomic data should be acquired from admixed populations. In the other hand, as a mean 

coverage of 69.1X was obtained, this improves our approximation to detect any de novo event or 

possible variant. 

 

Referring only the de novo coding variants, we observed that the de novo Novel events per family 

(~1.25) was higher than the reported in previous works: O'Roak, et al. 2011 reported ~0.9 de novo 

Novel coding regions, Sanders, et al., 2012 reported ~0.63 de novo Novel SNVs in coding regions, 

O'Roak, et al. 2012 reported ~1.31 de novo Novel variants when all regions were considered, 

Neale, et al., 2012 reported ~0.92 de novo Novel SNVs per family in coding regions and Iossifov, 

et al., 2012 reported ~1.98 de novo Novel variants per family when all regions were taken into 

account. We hypothesize that this result is due to a higher mutation rate in the population 

analyzed. In fact, mutation rate differs across population, genomic regions and even among 

families 42,44–47.  We understand that our sample number is quite small and we are not able to 

conclude anything with these data. Therefore, we believe it is highly important to extend the cohort 

(including both, ASD trios and control family trios) to calculate a formal mutation rate in this 

population. 

 

Variants across families and phenotype correlation 
 

Like the previous five studies whose aim was to find de novo Novel variants in ASD family trios, 

our candidate genes were not associated to ASD in previous WES studies. Instead, we found 

three genes that might be related to the disorder where one of them has been already associated 

to ASD 41. As each ASD symptomatology is different among affected individuals 48, we consider 

highly important to correlate the clinical and psychological features to the found genotype. 

 

WES found that FAM02 proband carries one de novo Novel event (Table 1). The variant is a 

insertion, which affects gene HERC2 causing a frame-shift. Referring to HERC2 gene, a non-

synonymous mutation (p.Pro594Leu) found in this gene has already been associated to ASD in an 

Amish family 41. Briefly, the phenotype of the Amish cohort in comparison to Fam02 is not highly 

dissimilar. The Amish cohort, as the proband Fam02, presented clumsy wide-based gait, slow 

language development and language impairment persisted through time. They also presented a 

rudimentary language comprehension, and most of them presented echolalia and different 

stereotyped conducts like hand-flapping. Even though this gene has been found to be associated 

as a cancer risk 49,50, it seems to bind and activate UBE3A ubiquitation activity 51. Moreover, 

UBE3A mutation cause Angelman syndrome 52,53, which in many cases is accompanied with ASD 
54,55. UBE3A gene seems to modulate long-term potentiation (LTP) in glutamatergic synapses 

indirectly 56,57. Thus if only one allele of HERC2 activates UBE3A, we hypothesize that this frame-



shift might cause a failure in hippocampal LTP due to a UBE3A’s activation insufficiency, which 

may contribute to ASD in this proband. 

 

Through WES, we found in proband Fam07 two de novo Novel missense mutations in two different 

loci (Table 1, Table 2). One mutation is located in ALDH1A3 gene that, according to PROVEAN is 

deleterious, and according to PolyPhen is possibly damaging. ALDH1A3 is a retinaldehyde 

dehydrogenase family member (family composed by ALDH1A1, ALDH1A2 and ALDH1A3). Each 

of them seems to be expressed at different developmental stages and is responsible for RA 

synthesis. In mice, ALDH1A3-/- is deleterious and they have different nasal and ocular 

development defects 58. In humans, homozygous mutations in this gene have been linked to 

anophthalmia and microphthalmia 59. Fares-Taie, et al. 2013 also reported that from the analyzed 

cohort, two out of four living individuals analyzed presented ASD. Also the authors stated that 

ALDH1A3 might be unrelated to ASD since the gene may not affect any functions of the central 

nervous system (CNS) even though a correlation between anolphthalmia/microphthalmia and ASD 

occurs 60. Nonetheless, ALDH1A3 knockouts present an altered GABAergic neuronal 

differentiation in forebrain basal ganglia 61. GABAergic neurons are inhibitory neurons that 

modulate neuronal activity and synaptic plasticity. Malfunctions in this inhibitory system have been 

found to be associated to mental disorders like ASD, schizophrenia and bipolar disorder 62,63. 

Therefore, malfunctions in ALDH1A3 might contribute to problems in GABAergic system due to a 

local inhibition malfunction or poor development.  

 

The second missense SNV found in Fam07 is located in gene FOXN1 (Table 3). Even though this 

gene does not have any reports relating it to ASD, it seems to be regulated by retinoid through 

RORα (Retinoic acid-related orphan receptor alpha) in keratinocytes 64. RORα has been 

associated to ASD since it might transcriptionally regulate many genes associated with autism in 

neurological pathways like neuron projection morphogenesis, axon guidance, neuron 

differentiation and so on 65. Furthermore, since this gene is regulated by RORα, we hypothesize 

that this gene might be regulated by RA receptors (RARs). Therefore, after seeking for RARE 

pattern in FOXN1 and ALDH1A3 promoter regions we detected the RARE pattern in both of them 

(Table 3). This suggests RA by RARs action might also regulate FOXN1 and ALDH1A3. With this 

approximation, we believe that disrupting RA pathways might contribute to ASD by altering normal 

brain development 34. Functional studies to verify RARs and RA regulate both genes are being 

performed in collaboration with Dr. Neena Haider From Harvard to confirm this hypothesis. 

 

We did not find any de novo coding mutations in proband Fam09. Nontheless, on proband Fam10 

we found two de novo variants: A synonymous mutation in gene NR4A2, and an insertion affecting 

ORF C16orf3. In gene NR4A2, a non-synonymous SNV was found in O’Roak, et al. 2012 but was 



not considered as pathogenic. Referring to this gene, NR4A2 codes for a transcription factor 

involved in corticotropine-releasing hormone (CRH) regulation 66. In fact, one study showed that 

NR4A2 is able of inhibit proinflamatory neurotoxic mediators in mouse microglia and astrocytes 67. 

Also, its lower expression causes an overstated inflammatory response. NR4A2 seems to be 

essential to the differentiation of nigral dopaminergic neurons 68. Consequently, this gene has been 

associated to dopaminergic system malfunction syndromes like schizophrenia, Parkinson disease 

and other different behavioral syndromes like manic depression 68. Lately, synonymous mutations 

have been shown that they might not be as silence and neutral as originally was thought 39,40. In 

fact, it has been hypothesized that some synonymous mutations that were initially ignored may be 

the causal for different Mendelian and complex diseases either by altering mRNA stability or by 

altering codon preference usage 38,69,70. For that reason we decided to evaluate though a 

bioinformatics approximation this mutation using SilVA and ESEfinder. Both software predicted no 

negative effect or a Novel splicing site. These results may indicate this mutation is likely to be 

benign but until functional studies are performed we cannot assure it is completely silence. 

Moreover, the insertion found in C16orf3 might not alter GAS8 gene splicing (According to 

ESEfinder) so this variant is not considered to be pathogenic. 

 

Conclusions 
 

According to the results obtained in this pilot study, we believe WES is an adequate technique to 

analyze de novo mutations that might be related to ASD. The results indicate that it is important to 

apply next generation sequencing in South American populations due to the lack of information 

regarding this highly admixed population. Thus, generation of new genetic data from poorly studied 

cohorts might contribute to new perspectives and hypothesis to explain genetic basis of ASD. We 

believe that functional studies are essential to associate any de novo event before concluding a 

gene is or not associated to such a complex trait. 
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