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Abstract 

Psychotic major mental disorders – schizophrenia, bipolar disorder and 
schizoaffective disorder – are heritable diseases caused by a complex interplay 
between genetic and environmental factors and have a pathology consisting, from 
a genetic point of view, of the combined effect of common and rare variants. In 
this work, we have checked previously identified rare copy number variants 
(CNVs), Insertions and Deletions (INDELS) and single nucleotide variants (SNVs) 
in new recruited patients from the same geographical regions of the two originally 
previous studied families with high prevalence (Family 1 and Family 2) in order to 
replicate results that allow us to demonstrate their pathogenicity and to prove 
founder effects. SNVs and INDELS genotyping were performed by PCR 
amplification of DNA extracted from peripheral blood, followed by DNA 
electrophoresis, PCR purification and Sanger sequencing. CNVs were analyzed 
by droplet digital PCR. As our results show evidence of the presence of the 
genotyped CNVs in subjects from the same geographical regions as the previous 
studied families, we conclude that these CNVs are pathogenic and that they have 
originated a founder effect. 
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INTRODUCTION 

1. Major mental disorders 

A major mental disorder is defined as a behavioural, emotional or mental illness 
that causes severe functional disability, limits or significantly interferes with one 
or more major life activities (NIMH, National Institute of Mental Health). They are 
usually characterized by a significant disturbance in terms of behaviour, regulation 
of emotions and / or cognition in an individual at a clinical level, reflecting a 
dysfunction in the biological, psychological and / or developmental processes 
underlying mental functioning1. 

Some major mental disorders, especially schizophrenia and bipolar disorder, 
include or can include the presence of psychosis, which is known as a domain of 
symptoms marked by a loss of contact with reality such as delusions (false beliefs) 
or hallucinations (sensory experiences created by the mind and not based on real 
stimuli)1,2. While an essential characteristic of schizophrenia is the presence of 
psychotic episodes, bipolar disorder is characterized by disruptive mood swings 
(from depression to mania) although psychotic symptoms are significant too, 
particularly in subtype I 3–7.  

Since Kraepelin – The Kraepelinian dichotomy –, schizophrenia and bipolar 
disorder have been considered two separate entities in clinical classifications8–10. 
Although, it must be mentioned their substantial phenotypic overlap, as clinical 
distinction between both disorders may be so confusing that in some cases an 
initial diagnosis of schizophrenia has ended up with a definitive diagnosis of 
bipolar disorder or vice versa11–13. Due to these unclear borders, Dr. Jacob 
Kasanin proposed a “mixed” diagnosis category: the schizoaffective disorder, 
defined as a disorder between bipolar disorder and schizophrenia that requires 
the presence of psychotic symptoms as well as mood symptoms14–17. 

 

2. Mental disorders genetics 

Genetic research of schizophrenia, schizoaffective disorder and bipolar disorder 
has tried to answer if their phenotypic overlap translates into a common genetic 
susceptibility. Evidence collected so far seems to confirm that these disorders 
share at least part of their genetic susceptibility, and the psychosis domain may 
play an important role in it2,7,18–23. 

Psychotic disorders are considered complex diseases because of its important 
genetic contribution and as the inheritance pattern is the consequence of a 
complex interaction between genetic and environmental factors24–26.  

Genetic contribution is normally quantified by estimating Heritability, which is the 
phenotypic variation rate in a disease or trait defined by inherited genetic 
variants27,28. Thus, it enables to determine to which extent a disease or trait can 
be associated with genes27. It ranges between 0 (genetics explain a low proportion 
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of the phenotypic variability) and 1 (genetics explain a high proportion of the 
phenotypic variability). There are 3 types of heritability: broad heritability (H2), 
narrow heritability (h2) and SNP-based heritability (h2

SNP). While H2 is described 
as the quotient between the variance of the trait explained by genetic factors and 
the total variance of the trait in the population, h2 divides the variance due to 
genetic factors into additive, dominant/recessive and gene-environment 
interactions effects and focuses on additive genetics effects. SNP-based 
heritability, a subtype of h2, assesses SNP correlation among unrelated cases and 
compares it with SNP correlation among unrelated controls. It is calculated directly 
from genetic data (genotyped SNPs from SNP array)2,29. 

Regarding schizophrenia and bipolar disorder, they are highly heritable disorders, 
since their heritability has been estimated in multiple studies and the principal 
conclusion has remained the same. As for schizophrenia, studies point to a 
Heritability about 80% 30, whereas for bipolar disorder it is around 70% 31. In both 
cases, environmental factors contribute to their disease risk32. 

Several factors define the genetic architecture of a complex disorder, describing 
the relationship between the phenotype and the genotype: the number of risk 
genetic variants that contribute to the disease, their frequency in the population 
(common and rare variants), the probability of being affected by the disease given 
a certain genotype and how the variants interact with each other25,33,34.  

There are two main hypotheses to understand the genetic architecture of complex 
diseases: the ‘Common Disease, Common Variant (CDCV)’ hypothesis and the 
‘Common Disease, Rare Variant (CDRV)’ hypothesis35–37. The CDCV hypothesis 
argues that the genetic susceptibility to the disease is the consequence of the 
combined or cumulative effect of many genetic variations with noticeable 
frequency, but low ‘penetrance’ (effect size or the probability that a carrier of the 
genetic variation will express the disease). As carrying just one or some of these 
variants with small or modest effect is not enough to develop the disease, it 
appears when a determinate burden threshold of risk variants is reached or 
surpassed38–40. Alternatively, the CDRV hypothesis argues that the genetic 
susceptibility to the disease is the result of rare and gene-disrupting DNA 
sequence variations of recent origin with high penetrance37,41,42, in which this 
thesis is focused on.  

In both hypotheses, environmental factors are supposed to also play a relevant 
role37. While CDCV has been tested in genome-wide association studies 
(GWAS)38,43 and recently with their derived polygenic risk scores (PRS), CDRV 
was originally implicit in first linkage analyses and has been lately busted by copy 
number variant (CNV) studies44,45 and whole-exome/genome-based studies46–48. 
A copy number variation is when the number of copies of a concrete gene differs 
from one individual to the next, according to the National Human Genome 
Research Institute (NHGRI). It is a type of structural variation with a variable 
number of copies of a specific DNA segment longer than 1 kilobase (Kb) and 
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shorter than 3-5 megabases (Mb)2. CNVs may play a role in human pathology via 
distinct mechanisms. They can influence protein expression multiplying or 
removing a particular gene or its regulatory factors49. Genomic CNV studies have 
established a role for rare variations in the aetiology of schizophrenia50. Evidence 
confirm that schizophrenia patients have a higher burden of rare and large CNVs 
(frequency <1% and size >100 kb) in comparison to controls and a higher 
frequency of de novo mutations CNVs50–54. Today, the contribution of rare CNVs 
to complex diseases like schizophrenia is well known52. Early CNV studies results 
propose that rare variations also play a role in bipolar disorder55–57. 

 

3. Studied Familes 

Family-based approaches are a method to analyse rare variants (CNVs, SNPs 
and INDELs)50,58–61. These studies are focused on non-synonymous variants, 
including frame-shift variants (single point deletion or insertion resulting in a 
frame-shift), nonsense variants (point mutations which result in a stop codon or 
altering a splicing site) and missense variants (point mutations resulting in amino 
acid substitution)2.  

The main idea of family-based approaches relies on the identification and analysis 
of large extended pedigrees with a high prevalence of the disorder to be studied 
in order to identify rare highly penetrant variants co-segregating with the disease, 
which are rare in the population but enriched in families2,62–64. 

Previously studied families in the thesis “Disentangling the genomic architecture 
of psychosis in families with high prevalence through system genomic 
approaches” are the following:  

Family 1 (See Figure 1A): The family comes originally from two small towns in 
Mallorca. The proband (SZ3) is a woman affected by schizoaffective disorder, 
characterized by changing between manic and depressive events together with 
delusional ideation of paranoid type. She is a mother of 5 children. The symptoms 
began to arise in 1985 after the birth of her twin daughters. The proband has three 
sons: SZ7 started to present schizophrenia when he was 19 years old with 
prevalent negative symptomatology; SZ8 onset of psychotic symptoms at the age 
of 16 and diagnosed with paranoid schizophrenia. He died in 2014 by suicide. And 
SZ9 evidence anxiety, behavioural disorders, and somatic symptoms from the age 
of 14, later diagnosed as schizoaffective disorder. The twin daughters (subjects 
10 and 11) do not show any psychiatric symptoms. The proband’s family history 
includes an alcoholic brother who died of cirrhosis (subject 304), an uncle with 
mental illness and epilepsy (subject 206), another uncle with psychosis and 
autism (subject 203), and a cousin with anxiety (subject 6) who, in turn, has a 
daughter affected by bipolar disorder subtype I (subject BD12) whose father is 
diagnosed with major depressive disorder (subject 5). 
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Family 2 (See Figure 1B): The second family is hugely multigenerational and has 
a high prevalence of mental disorder. It comes from “Las Alpujarras” (Andalusia), 
a schizophrenia hotspot65. Part of the family resides in the Balearic Islands and 
their family members were recruited by the psychiatry department of the 
University Hospital Son Espases (HUSE), in Mallorca. Through an informative 
member of the family, the other individuals of the family were contacted by 
psychiatrists. A total of 34 individuals were recruited and participated in the study 
(9 psychotic patients, 10 non-psychotic mental disorder patients, 14 healthy 
individuals and 1 with an unknown diagnosis). 
 
 

 

Figure 1. Pedigrees Family 1 (A) and Family 2 (B). 

 

4. Preliminary data 

CNV analyses identified a total of 14 CNVs between both families. In Family 1, 10 
subjects had at least a CNV (5 narrow phenotype patients, 2 wide phenotype 
patients and 3 healthy subjects) whereas in Family 2, 19 subjects had at least a 
CNV (7 narrow phenotype patients, 7 wide phenotype patients, 4 healthy subjects 
and 1 undefined phenotype subject). As a result, the percentage of subjects that 
carried at least a CNV affecting a gene was 85.71% for the narrow phenotype, 
69.23% for the wide phenotype and 33% for healthy individuals. This corroborates 
the published evidence that psychotic individuals carry more rare CNVs affecting 
genes than non-psychotic or healthy individuals44,45,52,66.  

In Family 1, two rare duplications (DUP3p26.3 and DUP16p23.3) were identified.  



 10 

DUP3p26.3, located on chromosome 3 (from 1159787 to 1781739 bp), affects the 
CNTN6 gene which encodes the protein contactin-6. CNVs affecting this gene 
have been widely identified in subjects with neuropsychiatric disorders, including 
schizophrenia and bipolar disorder among others, indicating an important role for 
this type of disorders as well as for neurodevelopmental disorders67–74. Besides, 
the penetrance of this duplication in Family 1 is incomplete and variable since 
some healthy subjects are carriers. Similar duplications have described at this 
genomic location showing incomplete penetrance 67,72,74, which may also suggest 
that CNVs affecting the CNTN6 gene could be neutral unless they are combined 
with other predisposing variations75.  

DUP16p23.3 is located on chromosome 16 (from 82180075 to 83664582 bp) 
containing the cadherin-13 (CDH13) gene. CDH13 expression is implicated in 
inhibitory and excitatory synapses in the hippocampus. It seems to have a 
relevant role in the equilibrium between excitation and inhibition, so dysfunctions 
in it may drive to an excitation/inhibition imbalance76,77. Cadherins, CDH13’s 
family, have been related with many neuropsychiatric disorders, schizophrenia 
and bipolar disorder among them78–82. 

In Family 2, three rare SNP/INDEL variants were identified in different genomic 
regions.  

In narrow regions has been identified the variant g. 99006061 G>A (p. H321Y), 
which is the only rare variant shared among all psychotic subjects, also present 
in almost all non-psychotic subjects plus in a healthy subject. This variant affects 
ARHGAP19, a gene located on chromosome 10 that encodes a member of the 
Rho GTPase-Activating protein (RhoGAP) family. Being a RhoGAP, it is a gene 
with probabilities to be related with schizophrenia, as some RhoGAPs have been 
associated with it83–87. Additionally, ARHGAP19 is targeted by miR-24, a micro-
RNA upregulated throughout neuronal differentiation88,89, which has been also 
related with altered expression in the prefrontal cortex of schizophrenia subjects90.  

In non-filtered regions was identified a variant, g. 20230301 G>A (p. R119W), 
previously associated with schizophrenia91, which affects RTN4R, a gene with 
solid evidence of involvement in schizophrenia91–93. RTN4R is located in the 
region 22q11 and so, it is affected among other genes by the DEL22q11, the main 
genetic risk factor for schizophrenia94,95. 

Finally, in non-coding regions, a rare small 2 bp deletion was detected in 
chromosome 9, affecting the gene LINC00474 (chr9: 118667077) in all non-
psychotic subjects. 
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HYPOTHESIS AND OBJECTIVES 
 

Hypothesis 

As linkage and family-based association studies have shown a relation of these 
CNVs and SNPs with major mental disorders, it is expected to find them in 
subjects from the same geographical area. 

 

Objectives 

The objective is to genotype these CNVs and SNPs in patients from the same 
geographical region in order to: 

1. Demonstrate that they are pathogenic. 
2. Demonstrate a founder effect. 
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METHODOLOGY 

1. DNA extraction from peripheral blood 

No more than one or two days after the blood collection, DNA was extracted using 
the DNA Blood Extraction Kit (5Prime®) according to the manufacturer’s protocol. 
After extraction DNA samples were quantified using nanodrop and stored in a -20 
ºC freezer.  
 

The following sections were carried out for subjects from the same geographical 
region as the Family 2 patients. 

2. DNA amplification by PCR 

50 ng/μl of DNA were used per reaction. Temperature gradients were performed 
to set up the melting temperature for each pair of primers. PCR reaction was 
performed in a total volume of 20 μl containing 2 μl buffer 5X, 1.5 μl MgCl2 
(25mM), 2 μl dNTPs (2,5mM), 2 μl of each primer (5 μM) and 0.25 μl (5u/μl) of Go 
Taq® G2 Flexi DNA polymerase. Thermocycler conditions were as follows: Initial 
denaturing at 95 ºC for 5 minutes followed by 35 cycles of denaturing at 95 ºC for 
30 seconds, annealing for 30 seconds at 55 ºC for ARHGAP19 and 57 ºC for 
LINC00494 and extension at 72 ºC for 90 seconds, and a final extension time for 
5 minutes at 72 ºC and 4 ºC to finish the process. 

 

3. DNA electrophoresis in agarose gels 

PCR products were checked running 3 μl of each sample in a gel made of 2% 
agarose and TAE buffer (40 mM Tris-acetate, 1 mM EDTA pH 8.0). 

 

4. DNA amplified purification 

The resting 17 μl were purified using the Kit DNA Clean & Concentrator™-5 (Zymo 
Research), a spin column-based DNA purification method. 

 

5. Sanger sequencing 

Samples were sent to the biotechnology company Macrogen to be sequenced by 
the Sanger chain-termination method, consisting of using a mix of 
dideoxynucleotides (ddNTPs) and deoxynucleotides (dNTPs) during 
amplification. The ddNTPs prevent the formation of the phosphodiester bond as 
they lack a 3’-hydroxyl group, terminating the synthesized chain. Each of the four 
ddNTPs (ddGTP, ddATP, ddTTP and ddCTP) is labelled with a different 
fluorescent dye, each of which emit light at different wavelengths. 
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Droplet Digital PCR (ddPCR) was used for subjects from the same geographical 
region as the Family 1 patients. 

 

6. ddPCR 

Digital PCR was performed using the QX200 Droplet Digital PCR System (Bio-
Rad). 

Before ddPCR, gDNA of each subject was digested for 1 hour at 37 ºC with the 
restriction enzyme Hind III (1000 ng gDNA, 1 µl Hind III HF, 2 µl Cut Smart Buffer, 
and H2O in a final volume of 20 µl). PCR master mixes for each subject being 
analyzed were then prepared (ddPCR™ Supermix for Probes (No dUTP) 1X, 
Primer Target Forward (900 nM), Primer Target Reverse (900 nM), Primer 
Reference Forward (900 nM), Primer Reference Reverse (900 nM), FAM probe 
(Target) and VIC probe (Reference) (5 mM) and H2O in a final volume of 20 µl). 
Afterward, they were partitioned into drops using the Droplet Generation Oil for 
Probes (Bio-Rad) and the QX200 AutoDG Droplet Digital PCR System (Bio-Rad). 
The plate was sealed using the PX1 PCR Plate Sealer (Bio-Rad). The PCR was 
performed in a C1000 touch thermocycler (Bio-Rad) with the following cycle 
conditions: Initial denaturalization at 95 ºC for 10 minutes, followed by 39 cycles 
at 94 ºC for 30 seconds and an extension at 57.1 ºC for 1 minute, with a final 
denaturing at 98 ºC for 10 minutes. Droplet analysis was performed using the 
Q200 Droplet Reader (Bio-Rad). 

CNVs were calculated using the QuantaSoft software (Bio-Rad), dividing the 
number of copies of the target by the number of copies of the reference and 
multiplying it by 2 (the number of copies of the reference locus in the genome). 
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RESULTS 

1. Primers sets optimization 

First, optimal annealing temperatures of the pair of primers used to amplify the 
SNPs studied were determined.  

The annealing temperature for rs145032100 (ARHGAP19) (55 ºC) was already 
determined within the context of the PhD thesis: “Disentangling the genomic 
architecture of psychosis in families with high prevalence through system genomic 
approaches”, on which the present study is based. 

For rs74315508 (RTN4R) a PCR was done together with rs145032100 
(ARHGAP19) (Figure 2).  
 

 
Figure 2. Agarose gel for ARHGAP19 and RTN4R. * = ladder. 

As figure 2 shows, rs145032100 (ARHGAP19) did amplify well while rs74315508 
(RTN4R) amplification was too weak to carry on with the same conditions for it. 
Therefore, and as a test, it was decided to change the double-distilled water in the 
mix for betaine 0.5% DMSO and annealing temperature from 55 ºC to 57 ºC 
(Figure 3). 
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Figure 3. Agarose gel for RTN4R with betaine 0.5% DMSO and 57 ºC as 
annealing temperature. Control DNA has been used as it was a conditions 

optimization test. 

Unfortunately, and as seen in figure 3, the introduced changes did not work. An 
attempt has been made to amplify the region of interest of rs74315508 (RTN4R), 
rich in C-G content, but given the negative results, it has been decided to change 
the primers and the corresponding work will be done in the context of another 
study. 

Whereas for LINC00474 a PCR was made with a temperature gradient (57 ºC, 59 
ºC, 60 ºC, 62 ºC), showing 57 ºC as the most optimal annealing temperature 
(Figure 4).  
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Figure 4. Agarose electrophoresis showing the results obtained after performing 
the gradient temperature for ASTN2, LINC00474 and Del 205 bp. Samples were 
loaded as follows from left to right: DNA ladder, ASTN2 (57 ºC, 59 ºC, 60 ºC, 62 
ºC), LINC00474 (57 ºC, 59 ºC, 60 ºC, 62 ºC) and Del 205 bp (57 ºC, 59 ºC, 60 

ºC, 62 ºC). * = ladder. 

As shown in figure 4, ASTN2 did not work at any temperature, whereas the other 
two amplicons amplified well at all tested temperatures, although LINC00474 
amplified better at 57 ºC and Del 205 bp (Start 116463148 and End 116463353. 
It affects an intergenic region) at both 57 ºC and 59 ºC. Thus, it was decided to 
amplify all samples of these two genes at 57 ºC. On the other hand, for ASTN2, 
despite having evidence that the primers amplified at 55 ºC, the conditions had to 
be optimized again. To do so, double-distilled water in the master mix was 
replaced by betaine 1% DMSO (Figure 5). 
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Figure 5. Agarose gel for ASTN2 with betaine 1% DMSO and temperature 

gradient (57 ºC, 59 ºC, 60 ºC and 62 ºC). 

Given the poor results shown in figure 5, conditions for ASTN2 still need to be 
improved to achieve its amplification, work that, as well as for rs74315508 
(RTN4R), will be done in the context of another study. 

 

2. DNA electrophoresis in agarose gels 

Two samples of the amplification checking of the samples to be sequenced are 
shown below (Figures 6 and 7). 

Figure 6. Agarose gel for ARHGAP19.    Figure 7. Agarose gel for LINC00474. 
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In total, 27 samples from ARHGAP19 and 27 from LINC00474 were amplified and 
sent to be Sanger sequenced. 

Both gels show successful amplification for most samples. Just one sample for 
each gel did not amplify. 

 

3. Sanger sequencing 

PCR products were purified and were sent to the company Macrogen to be 
sequenced. Unfortunately, the results of the sequencing were not received on 
time to be included in this thesis and we were not able to conclude whether there 
is any new patient harboring the mutations tested. 

 

4. Confirmation of non-reported INDELS identified in Family 2 

We next checked whether potential novel INDELS, identified through Whole 
Genome Sequencing (WGS) using the algorithm HaplotypeCaller of GATK 
(v3.3.0) (https://gatk.broadinstitute.org/), were real. WGS was previously 
performed in 12 patients from family 2, and two small INDELS were identified in 
affected members. A deletion of 94 bp in the gene LPAR was shared by affected 
subjects 1-18, 1-19 and 3-13 (pedigree Family 2; Figure 1B). And the second 
interesting INDEL to validate was a 4 bp insertion in the gene PAPPA, present in 
subjects 1-24, 1-25, 1-26 and 1-27 of Family 2 (see pedigree Figure 1B). 

 

LPAR1 DEL 94 bp (chr9:113669166-113669260) 

The first INDEL analyzed was a 94 bp deletion at chr9. We amplified the genomic 
region containing the deletion, and the purified PCR products were sequenced by 
Sanger. As shown in figure 8, we could observe a double electropherogram 
signal, compatible with the starting point of the deletion at chr9:113669166, 
coinciding with the coordinates obtained with the algorithm HaplotypeCaller of 
GATK (v3.3.0), used to identified small INDELS. 
 

Figure 8. LPAR1 DEL 94 bp (chr9:113669166-113669260). In the 2% agarose 
gel (A), the different genotypes for this variant for the members of the family are 

https://gatk.broadinstitute.org/
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displayed. In (B), the red arrow indicates the base pair in where the deletion starts, 
which results in an electropherogram where the two sequences, WT, and DEL 
overlap. 

 

PAPPA 4 bp INDEL (chr9:119154431) 

The second INDEL validated by molecular biology was a 4 bp insertion at PAPPA 
gene (chr9:119154431). In this case, we decided to check whether we could 
discriminate between WT and inserted sequence by running the product of an 
amplicon containing the genomic region of interest (Forward 5’-
TCGTCTGTGAAGAGAGGA-3’ and Reverse 5’-GTTGGTGATGCAGGATTC-3’). 
For this purpose, the PCR products were run in a 2% agarose gel. Patients 1-24, 
1-25, 1-26 and 1-27, harbored the 4 bp insertion, as shown in the electrophoresis 
(Figure 9a). This INDEL was also validated by Sanger sequence, demonstrating 
a duplicated electropherogram right at the genomic site predicted by Haplotype 
Caller (Figure 9b). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. PAPPA 4bp INDEL (chr9:119154431). In the 2% agarose gel (A), the 
different genotypes for this variant for the members of the family are displayed. In 
(B), the red arrow indicates the deletion location which results in an 
electropherogram where the two sequences, WT, and INDEL overlap. 
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5. Validation of DUP16p23.3 and DUP3p26.3 by ddPCR 

By using CNVnator, in Family 1 two duplications were identified, DUP16.p23.3 
and DUP3p26.3. To validate those duplications in the different family members 
and in psychotic patients from the same geographic region, ddPCR analyses were 
performed. Regarding the presence of DUP16p23.3, containing the CDH13 
(cadherin-13) gene, patients 9, 10, 11 and 12 harbored the DUP, as evidenced 
for the presence of 3 copies instead of the normal 2 DNA copies (Figure 10). As 
for the presence of DUP3p26.3, which contains the CNTN6 (contactin-6) gene, 
the same patients (9, 10, 11 and 12) harbored the duplication, presenting 3 copies 
in contrast to the 2 copies of the other subjects (Figure 11). 
 

Figure 10. Validation of DUP16p23.3 CNV in Family 1 population subjects. 
 
 
 

 
Figure 11. Validation of DUP3p26.3 CNV in Family 1 population subjects. 
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In both cases, samples 9 and 10 were from Family 1 patients, while the rest of the 
tested patients were psychotic subjects outside the family but from the same 
geographic region. 

 

 

 

DISCUSSION 

Even the study limitations we have had to face, as the little sample size and the 
lack of Sanger sequencing results, most samples did amplify, and we have 
purified the amplification products and sent them to be sequenced. 

Nevertheless, we have been able to demonstrate the presence of two small 
INDELs. The first one, a 94bp deletion affecting the open-reading frame of the 
gene Lysophosphatidic acid receptor 1 (LPAR1), related to neurodevelopmental 
disorders and central nervous system diseases, such as neuropsychiatric 
disorders96. And the second, a 4 bp insertion in a non-coding region of  
Pappalysin-1 (PAPPA), a gene affected in major mental disorder patients97, both 
previously identified by algorithms developed by WGS, proving that they are real 
INDELS, using classical cell biology techniques for their identification. The 
pathogenicity of both INDELs will have to be explored in further investigations. 

Regarding the duplications validated by ddPCR (DUP16p23.3 and DUP3p26.3), 
the presence of both duplications was evident in patients 9, 10, 11 and 12, as they 
have 3 DNA copies instead of the usual 2 (Figures 10 and 11). But we also could 
notice that for certain patient’s results were not that clear (Figure 10. Sample 5), 
as the ratio between the set gene and the normalizing gene was 2.5. (Figure 10B). 
These results should be repeated in order to clarify whether this patient harbor 
the DUP. Other samples also evidenced some technical problems, as low droplets 
were generated. The ddPCR states that at least 10.000 droplets need to be 
generated in order to fully trust the results (Figures B and D). 

The objective of this study was to demonstrate the pathogenicity and a founder 
effect of the genotyped rare CNVs and SNVs in subjects from the same 
geographical region of the previous studied families.  

A founder effect, also called founder mutation or founder variant, is a genetic 
alteration observed in a community that is or was culturally and/or geographically 
isolated, in which a single ancestor was the carrier of the altered gene that has 
proliferated in the group (NIH).  

Various cases of founder effect have been detected until today. In 2007 a 
published study reported genetic founder effects in hospital-treated cases of 
psychosis, self-harm and suicide between years 1877 and 2005 in cohorts of a 
small rural community in Norway98. There are also several cases of founder effect 
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in schizophrenia98,99, one of them was found in a geographical isolated French 
island in the Indian ocean100. Other cases of founder effect in mental related 
diseases were detected in Alzheimer’s Disease101 and Fragile X Syndrome102. 

Novel studies including higher number of patients will need to be performed in 
order to finally demonstrate a founder effect of any of the rare SNVs identified in 
the family 2 of the isolated region of Las Alpujarras. The same approach will need 
to be further investigated to elucidate whether the duplications identified in Family 
1, which origin is two small villages from the north of Majorca, may have arisen as 
a founder effect. 

 

 

 

CONCLUSIONS 

1. We have set up the experimental conditions to validate by Sanger 
sequence and agarose electrophoresis three rare INDELS (LINC00474 
INS_2bp (chr9: 118667077); Del 205 bp (Start 116463148 and End 
116463353. It affects an intergenic region); LPAR1 DEL_94 bp 
(chr9:113669166-113669260); PAPPA INS_4bp (chr9:119154431). 
 

2. We have studied in a new cohort of 27 patients the potential founder effect 
of the new rare SNVs rs145032100 (ARHGAP19) and rs74315508 
(RTN4R), by amplifying by PCR the genomic region containing the 
mutation and Sanger sequencing the purified PCR product. 

3. We have validated by ddPCR the presence of two CNVs (DUP16p23.3 and 
DUP3p26.3) in Family 1 and we have studied its potential founder effect in 
a new cohort of 5 patients from the same towns. 
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ANNEX 
 
 
 

Figure A. DUP16p23.3 CNV validation threshold settle. 
 
 
 
 
 
 

Figure B. DUP16p23.3 CNV validation events. 
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Figure C. DUP3p26.3 CNV validation threshold settle. 
 
 
 
 

 
Figure D. DUP16p23.3 CNV validation events. 
 
 
 
Table: Set of Primers Used to Validate SNPs, CNVs and INDELs 
 

Name Forward Reverse Probe PCR 
ARHGAP19 

(rs145032100) 
5’- GACTCCACAAATCTTAATGC-3’ 5’- GAGAACCACTGTCCTTGC-3’   PCR 

DUP16p23.3 5’-TTGGTGTTTGACCCTGTGAA-3’ 
5’-TGAGCTAGGGCTCCCACTTA-

3’ 

5’-FAM-
TTTGGATTGCTTTGCCTACC-

BHQ1-3’  

Digital 
PCR 

DUP3p26.3 5’-TCAGTGAAGTGCCTGGTTTG-3’ 
5’-GGCTGTTCCATGAGGAATGT-

3’ 

5’-FAM-
CTAGGCTGGGCTCACTTGTC-

BHQ1-3’ 

Digital 
PCR 

 


