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ABSTRACT 

Schizophrenia is a psychiatric syndrome that affects approximately 1 % of the world population and is among the 

top 10 reasons for disability. In this case-control study, we investigated the association between 15 insertion/dele-

tion (Indel) polymorphisms and schizophrenia risk using pooled samples. In the present case-control study, 361 

individuals with schizophrenia and 360 healthy individuals were included in the study. We examined the inser-

tion/deletion polymorphisms in APOB, ADRA2B, PDCD6IP, LRPAP1, TLR2, DHFR, VEGF, HLA-G, TPA, DBH, 

UCP2, FADS2, MDM2, TP53 and SLC6A4 genes. Our results revealed that the Del allele of the HLA-G 14bp Indel 

polymorphism increased the risk of schizophrenia (OR=1.23, 95 % CI=1.01-1.52, p=0.045) and the Alu- allele of 

the TPA Alu+/Alu- polymorphism negatively associated with the schizophrenia risk (OR=0.67, 95 % CI=0.54-

0.82, p<0.001).  
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INTRODUCTION 

Schizophrenia is a common severe mental 

illness. Twin and other studies have consist-

ently shown that there is a large genetic com-

ponent to schizophrenia, with heritability es-

timated at around 80 %. Genome-wide asso-

ciation studies showed that multiple common 

variants, each with small effect, are associated 

with schizophrenia. More than 100 loci are 

significantly associated with schizophrenia 

(McCutcheon et al., 2020).  

Both single nucleotide polymorphisms 

(SNPs) and Insertion/deletions (Indels) gen-

erally are abundant in human genomes. Alt-

hough, Indels discovery efforts have lagged 

significantly behind SNPs discovery efforts, 

numerous Indels have been identified. Many 

of Indels have been identified within known 

genes and they might be located in the pro-

moters and exons of genes, where gene func-

tion would be expected to be influenced the 

greatest (Mills et al., 2006). Taken together, 

Indels are an important source of genetic var-

iations. It should be noted that there are no so 

many reports on association between Indels 

and the risk of multifactorial complex dis-

eases including schizophrenia. Therefore, the 

present study was carried out to examine the 

association between several Indels and schiz-

ophrenia risk using pooled samples.  

mailto:saadat@shirazu.ac.ir
https://dx.doi.org/10.17179/excli2022-5734
https://dx.doi.org/10.17179/excli2022-5734
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3334-5596
https://orcid.org/0000-0002-0021-4055


EXCLI Journal 2023;22:310-314 – ISSN 1611-2156 

Received: December 24, 2022, accepted: February 21, 2023, published: February 28, 2023 

 

 

 

311 

APOB 9bp Indel, ADRA2B 9bp Indel, 

PDCD6IP 15bp Indel, LRPAP1 37bp Indel, 

TLR2 22bp Indel, DHFR 19bp Indel, VEGF 

18bp Indel, HLA-G 14bp Indel, TPA 311bp 

Indel (also named Alu+/Alu- polymorphism), 

DBH 19bp Indel, UCP2 45bp Indel, FADS2 

22bp Indel, MDM2 40bp Indel, TP53 16bp In-

del and SLC6A4 44bp Indel (also named L/S 

polymorphism) were studied.  
 

MATERIALS AND METHODS 

Participants 

In the present case-control study, 361 in-

dividuals with schizophrenia (267 males, 94 

females; mean age ± SD = 41.5 ± 13.0 years) 

and 360 healthy individuals (267 males, 93 fe-

males; mean age ± SD = 39.8 ± 11.2 years) 

were included in the study, as reported previ-

ously (Taghipour et al., 2019; Abbasi and 

Saadat, 2021).  As mentioned in our previous 

reports, all participants were Caucasians liv-

ing in Shiraz (Fars province, southern Iran). A 

psychiatrist performed Diagnostic and Statis-

tical Manual of Mental Disorders, fourth edi-

tion (DSM-IV) Clinical Interview and the pa-

tients were chronic cases. The present case-

control study has been approved by Shiraz 

University’s ethics committee. Informed con-

sent has been taken from all individuals under 

the study.  

Using the Epi Info software (version 

7.2.2.6), assuming a statistical power of 0.80, 

=0.05, case/control ratio equal to 1.0, 20 % 

frequency of the Del alleles for Indel poly-

morphisms, and OR=1.50, a minimum of 270 

patients and 270 controls would be needed to 

identify a real difference in allelic frequency 

between the schizophrenia patient and healthy 

control groups. It should be noted that here 

361 schizophrenia and 360 controls were in-

cluded in the present case-control study. 

 

Estimation of allelic frequencies 

Considering that the use of pooled sam-

ples for estimation of allelic frequencies is 

simple, inexpensive and fast method, this 

method was used in the present study to com-

pare allelic frequencies of 15 Indels 

polymorphisms between the schizophrenia 

patients and control group. Genomic DNA 

was extracted from blood samples by boiling 

method (Newton, 1995). Two pooled samples 

(healthy control and schizophrenia groups) 

were prepared by mixing equal amounts of 

extracted genomic DNA. As mentioned pre-

viously (Saadat et al., 2019), the accuracy of 

relationship between the band intensity and 

DNA amount was investigated using serial di-

lution samples. Using 1, 2, 4, 8, and 16 dilu-

tion times of a single PCR product, the corre-

lation coefficient between the band intensity 

and the relative DNA amount was investi-

gated, the slope of linear regression (in no-in-

tercept model) was equals to 0.998. This slope 

is showing the efficiency of the model for es-

timation of the relative DNA amount. It 

should be noted that the band intensity has 

been measured with ImageJ software, version 

1.53e.  

The pooled DNA samples and DNA of a 

heterozygous individual (as a calibrator sam-

ple) were used for PCR. The specific forward 

and reverse primers for PCR were shown in 

the Supplementary information. After PCR, 

on gel electrophoresis, two bands were ob-

served for the Ins and Del alleles. The inten-

sity of the Ins and Del bands in pooled sam-

ples and heterozygote sample, was measured 

and the allelic frequencies in pooled samples 

were estimated using the method described 

previously (Saadat et al., 2019). PCR, gel 

electrophoresis, and measuring the intensity 

of the bands were performed three times. For 

each polymorphism, the number of Ins and 

Del alleles in schizophrenia and control 

groups were calculated using the estimated al-

lelic frequencies.  

 

Statistical analysis 

The ORs (odds ratios) and the 95 % con-

fidence intervals (95 % CIs) indicate the asso-

ciation between polymorphisms and schizo-

phrenia. In statistical comparisons, the Ins al-

leles were used as reference alleles (OR=1.0). 

Data was analyzed by SPSS software version 

25. The logistic regression was used and the 
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statistical significance level was set at a p-

value of 0.05. 

 

RESULTS AND DISCUSSION 
Data on allelic frequencies of the studied 

Indel genetic polymorphisms in schizophre-

nia patients and control group were summa-

rized in Table 1. The results showed that the 

Del allele of the HLA-G 14bp Indel polymor-

phism increased the risk of schizophrenia 

(OR=1.23, 95 % CI=1.01-1.52, p=0.045) and 

the Alu- allele of the TPA Alu+/Alu- poly-

morphism negatively associated with the 

schizophrenia risk (OR=0.67, 95 % CI=0.54-

0.82, p<0.001).  

However, it should be noted that signifi-

cant differences were not observed in the 

other insertion/deletion polymorphisms stud-

ied in this research (Table 1).  
In this study, we used a simple, fast, inex-

pensive, and accurate method for estimating 

the allelic frequency of 15 insertion/deletion 

polymorphisms in pooled samples so that we 

could examine more genes in the appropriate 

sample size in a short time.  

The TPA Alu+/Alu- is a functional poly-

morphism and might play a role in the protein 

secretion rate or protein primary structure 

(Jern et al., 1999). However, there is no study 

on this polymorphism and the risk of schizo-

phrenia, but previous studies showed that ab-

normal function of TPA is related to the path-

ogenesis of schizophrenia and tPA actively 

participates in the mechanisms of neurogene-

sis and angiogenesis, which might justify not 

only the impaired neurogenesis but also the 

low prevalence of neoplastic diseases among 

schizophrenics (Hoirisch-Clapauch and 

Nardi, 2013). The present study shows that 

the insertion allele is associated with an in-

creased risk of schizophrenia. 

In addition, the human chromosome seg-

ment 6p21.1-p22.3 has a significantly higher 

number of susceptible loci, including the 

HLA, suggesting that components of the im-

mune system are associated with the risk of 

schizophrenia (Saadat, 2013). HLA-G 14bp 

Indel is a functional polymorphism and is as-

sociated with the gene expression. This ge-

netic variant also influences brain morpho-

metric measures and HLA-G could be an im-

portant biomarker for schizophrenia (Raja-

sekaran et al, 2014). Further, low levels of 

soluble HLA-G were shown to have a signif-

icant impact on severity of schizophrenia (Ra-

jasekaran et al, 2016). Our study demonstrates 

that the deletion allele is associated with an 

increased risk of schizophrenia. 

Finally, we should mention major limita-

tions of the present study. By comparing the 

allelic frequency between schizophrenia and 

control groups using pooled samples, we can-

not compare genotypes of the cases and con-

trols with each other and investigate the ef-

fects of environmental factors and genotypes 

simultaneously. Also, it is impossible to study 

the potential interactive effects of associate 

genes. As mentioned earlier, the use of pooled 

sample method is accompanied by a reduction 

in costs and time, and the researcher can 

simply examine a larger number of genetic 

polymorphisms. 

In summary, the HLA-G 14bp Indel and 

tPA Alu Indel polymorphisms were associ-

ated with schizophrenia. Future case-control 

genetic association studies are needed to con-

clude that these polymorphisms are risk fac-

tors for schizophrenia.  
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Table 1: Comparison of allelic frequency of 15 insertion/deletion genetic polymorphisms in control and 
schizophrenia groups 

P 95 % CI OR Controls Cases Alleles Polymorphisms 

 - 1.0 496 (68.89) 508 (70.42) Ins APOB 9bp indel 

0.544 0.74-1.17 0.93 224 (31.11) 214 (29.58) Del 

       

 - 1.0 298 (41.35) 306 (42.43) Ins ADRA2B 9bp indel 

0.702 0.78-1.18 0.96 422 (58.65) 416 (57.57) Del 

       

 - 1.0 195 (27.08) 166 (23.06) Ins PDCD6IP 15bp indel 

0.073 0.98-1.58 1.24 525 (72.92) 556 (76.93) Del 

       

 - 1.0 148 (20.62) 136 (18.80) Ins LRPAP1 37bp indel 

0.412 0.86-1.44 1.11 572 (79.38) 586 (81.20) Del 

       

 - 1.0 557 (77.41) 541 (74.97) Ins TLR2 22bp indel 

0.280 0.90-1.46 1.14 163 (22.59) 181 (25.03) Del 

       

 - 1.0 493 (68.42) 479 (66.28) Ins DHFR 19bp indel 

0.389 0.88-1.37 1.10 227 (31.58) 243 (33.72) Del 

       

 - 1.0 315 (43.79) 311 (43.13) Ins VEGF 18bp indel 

0.796 0.83-1.26 1.03 405 (56.21) 411 (56.87) Del 

       

 - 1.0 399 (55.38) 362 (50.13) Ins HLA-G 14bp indel 

0.045 1.01-1.52 1.23 321 (44.62) 360 (49.87) Del 

       

 - 1.0 292 (40.58) 365 (50.54) Ins TPA 311bp indel 
<0.001 0.54-0.82 0.67 428 (59.42) 357 (49.46) Del 

       

 - 1.0 377 (52.30) 386 (53.5) Ins DBH 19bp indel 

0.675 0.78-1.18 0.96 343 (47.70) 336 (46.5) Del 

       

 - 1.0 150 (20.85) 173 (23.98) Ins UCP2 45bp indel 

0.155 0.65-1.07 0.83 570 (79.15) 549 (76.02) Del 

       

 - 1.0 328 (45.50) 340 (47.13) Ins FADS2 22bp indel 

0.559 0.76-1.15 0.94 392 (54.50) 382 (52.87) Del 

       

 - 1.0 595 (82.60) 610 (84.5) Ins MDM2 40bp indel 

0.344 0.66-1.15 0.87 125 (17.40) 112 (15.5) Del 

       

 - 1.0 258 (35.85) 254 (35.19) Ins TP53 16bp indel 

0.795 0.83-1.28 1.03 462 (64.15) 468 (64.81) Del 

       

 - 1.0 432 (60.00) 456 (63.11) Ins SLC6A4 44bp indel 

0.288 0.71-1.08 0.87 288 (40.00) 266 (36.89) Del 
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