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This study aims to analyze in-silico the most frequent variants of PTEN in a Saudi Arabian cohort with suspected Mendelian 
disease. PTEN mutation variants data of Saudi cohort extracted from the Saudi Human Genome Project (SHGP) database. 
Individual samples were sequenced for the PTEN gene. In-silico analysis using the various bioinformatic tools were carried 
out for pathogenicity and functional predication. the analysis showed that around 5% of mutations had a frequency of more 
than 40% of homozygous alleles, based on the elevated rate of consanguinity in Saudi Arabia. Interestingly, eight variants 
were found at >1% of the analyzed cohort and were considered single nucleotide variations (SNV). Compared with other 
geographical populations, the rs1799734 and rs701848 PTEN variants were found to have increased by around 30% in 
allele frequencies. Variation found in  PTEN allele frequencies could be representing a common Arab-enriched or Arab-
specific common variants. Optimistically, this work may contribute to better preventive medicine, timely diagnoses, and an 
improved understanding of the history of PTEN-related disorders.  
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INTRODUCTION 

PTEN is a tumor suppressor gene that acts as a dual-
specificity phosphatase in several pathways implicated in 
cellular growth. PTEN dysfunction causes dysregulation of 
the PI3K/AKT/ mTOR growth-promoting signaling cascade 
and other pathways, causing hereditary predisposition to 
cancer and overgrowth disorders. Germline mutations of 
PTEN can result in a broad-spectrum pf phenotypes, 
ranging from cancer to autism. Therefore, the PTEN 
hamartoma tumor syndrome (PHTS) term was cond. 
PHTS is a highly variable autosomal dominant condition 
associated with intellectual disability, overgrowth, and 
phenotypes of tumor predisposition that frequently 
overlap. PHTS has several historical clinical 
presentations, including Cowden syndrome (CS), 
Bannayan-Riley-Ruvalcaba syndrome (BRRS), and 
macrocephaly-autism/developmental delay syndrome 
(Tan et al. 2012; Macken, Tischkowitz and Lachlan, 2019; 
Yehia, Keel and Eng, 2020). 

PTEN holds nine exons that canonically encode a 
protein of 403 amino acids (Li et al. 1997). Generally, 
PTEN mutations affect the abundance of the protein, 
resulting in haplo-insufficiency and reduced or lost 
phosphatase activity, behaving in a dominant-negative 
manner, and/or resulting in abnormal localization and 
function (Lee, Chen and Pandolfi, 2018). Germline 
mutations spectrum of PHTS is broad, with numerous 

mutations impacting all of PTEN nine exons. Additionally, 
various pathogenic promoter mutations were found to 
influence the transcription and translation of PTEN gene 
due to the alteration of RNA secondary structure (Zhou et 
al. 2003a; Heikkinen et al. 2011). Recently, some 
unsuspected intronic variants of PTEN gene have been 
reported to result in pathogenic exon skipping, alternative 
splicing, or the use of cryptic splice sites (Chen et al. 
2017). These splicing changes were correlated with 
significant lower levels of PTEN protein and p-AKT 
elevation in patients with splicing changes compared with 
those with normal splicing. However, PTEN large 
deletions were found to occur in approximately 3–10% of 
PHTS patients over the entire coding sequence (Zhou et 
al. 2003b; Mester and Eng, 2013; Yehia, Ngeow and Eng, 
2019). 

Interestingly, genetic disorders occur at a high 
frequency in several Arab communities. About two-thirds 
of these genetic diseases in Arab patients are inherited in 
autosomal recessive mode. High fertility rates, combined 
with an increasing number of consanguineous marriages 
(25–60% of all marriages are consanguineous, and first-
cousin marriages are common) in Arab populations, tend 
to increase the rates of genetic and congenital 
abnormalities (Abedalthagafi, 2019; AlHarthi et al. 2020). 
Many of the nearly 500 genes explored in Arab individuals 
have revealed remarkably heterogeneous spectra, and 
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several novel and rare mutations have caused many 
different clinical outcomes (Tadmouri, Sastry and 
Chouchane, 2014). Population-specific studies on genetic 
variants and diversity have provided information on 
variants, such as the type of variation, the location of the 
variation in a chromosome, the relevant genes, and 
population-specific allele frequencies and genotypes, all of 
which are critically important in precision medicine and 
individualized prevention and management. This study 
aimed to identify PTEN genetic variants present in a Saudi 
Arabian cohort as well as their in-silico analysis.  
 
MATERIALS AND METHODS 

2.1 Data 
Data on PTEN gene variant mutations were obtained from 
the Saudi Human Genome Project (SHGP) database in 
March 2021. The data were drawn from a Saudi 
population cohort that was analyzed between 2013 and 
2015. According to the SHGP database, from a Saudi 
cohort of 6,038, individual samples (screenee) were 
sequenced for the PTEN gene on the date of data 
extraction. The readings were mapped to the UCSC 
GRCh37/hg19 assembly (Church et al. 2011). SHGP is an 
ongoing project that aims to sequence 100,000 Saudi 
genomes. To date, 56,799 genome samples have been 
sequenced (https://shgp.kacst.edu.sa/). Authorization on 
the use of SHGP database information for publication is 
approved upon citation of the following work (Saintenac, 
Access and Saintenac, 2015; Abouelhoda, Sobahy, et al. 
2016). All sequenced individuals were enrolled under 
several King Faisal Specialist Hospital and Research 
Centre institutional review board-approved protocols after 
providing an assigned informed written consent form 
relevant to the disease with which they presented 
(Saintenac, Access and Saintenac, 2015; Abouelhoda, 
Faquih, et al. 2016; Abouelhoda, Sobahy, et al. 2016). 
These individuals were phenotyped for suspected 
Mendelian diseases. Venous blood was collected for DNA 
extraction as mentioned on the SHGP publications 
(Saintenac, Access and Saintenac, 2015; Abouelhoda, 
Faquih, et al. 2016; Abouelhoda, Sobahy, et al. 2016). 
The study was conducted in accordance with the Helsinki 
declaration.  
Moreover, UCSC genome browser, ClinVar, GenomAD, 
dbSNP and Kaviar (Glusman et al. 2011) databases were 
used to identify various data on the variants (e.g., variant 
positions, allele frequencies, reported conditions, etc.). 

2.2 Sequence Variant Nomenclature 
The Mutalyzer 2 Position Converter and Name Generator 
was used to convert chromosomal positions to transcript-
oriented positions and to generate valid variant 
descriptions, respectively, based on the guidelines of the 
Human Genome Variation Society (HGVS). Mutalyzer 2 
checks sequence variant nomenclature according to the 

HGVS guidelines (den Dunnen et al. 2016; Lefter et al. 
2021a).   

2.3 In-silico predictions 
 The variants of the PTEN gene identified in this study 
were classified using the in-silico variant pathogenicity 
predictor MutationTaster2 (Steinhaus et al. 2021). For the 
PTEN g.89690828G>A variant, BayesDel (addAF and 
noAF), DEOGEN2, EIGEN/EIGEN PC, FATHMM, LIST-
S2, LRT, M-CAP, MVP, Mutation assessor, PROVEAN, 
PrimateAI and SIFT were used through their own 
webservers(Ionita-Laza et al. no date; Chun and Fay, 
2009; Kumar, Henikoff and Ng, 2009; Choi, 2012; Choi et 
al. 2012; Shihab et al. 2013; Jagadeesh et al. 2016; 
Raimondi et al. 2017; Sundaram et al. 2018; Malhis et al. 
2020; Qi et al. 2021). Each method yields a quantitative 
prediction score measuring the likelihood of a variant 
being deleterious or not. Some qualitative predictions 
were assigned based on the specific cutoff score of 
deleteriousness endorsed by the creators, as shown in 

Table 6. MetaLR, MetaSV, MetaRNN, and REVEL Meta 

Score algorithm predictors were used to determine 
pathogenicity based on the combined evidence from 
multiple other in-silico predictors (Liu, Jian and 
Boerwinkle, 2011; Dong et al. 2015a; Liu et al. 2020; Li et 
al. 2021). Moreover, protein functional domains were 
identified through the InterPro database (Blum et al. 
2021). DynaMut predictors were used to assess the 
impact of mutations on protein stability and dynamics 
(Rodrigues, Pires and Ascher, 2018). 
 
RESULTS  

3.1 PTEN variant dataset from dbSHGP 
This retrospective study investigated PTEN gene 

variants. Datasets of PTEN gene variants were retrieved 
from the SHGP database. The data extraction yielded a 
cohort of 6,038 individuals (screened). Samples were 
analyzed for PTEN genes by DNA sequencing, either 
through WGS or targeted gene panel analysis (Saintenac, 
Access and Saintenac, 2015; Abouelhoda, Sobahy, et al. 
2016). Sequencing of PTEN in this cohort showed a total 
of 292 different variants, or 4.84% of the analyzed 
samples. The zygosity of the variants revealed the 
following: 41.3% homozygous and 69.8% heterozygous 
variant allele frequency (VAF). Single nucleotide variants 
in more than 1% of the studied population were found at 
2.47%, while the rest of the variants were considered less 
than 1% of the investigated population. The types of 
mutation varied as follows: 3.59% base substitution, 
0.59% insertion, and 0.64% deletion. A summary of these 
results is provided in Table 1. 
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Table 1: Summery of PTEN variants. 

PTEN gene Count 
Percentage 

% * 

PTEN Variants  292 4.84 

Variant allele 
 frequency(VAF) 

Homozygous 49 41.3 

Heterozygous 277 69.8 

Single-nucleotide 
 variant(SNV) 

>1% 8 2.74 

<1% 284 97.26 

Mutation types 

Substitution 217 3.59 

Insertion 36 0.60 

Deletion 39 0.65 

* Percentages were calculated relevant to the cohort sample numbers. 

3.2 Single nucleotide variation (SNV) 
PTEN variants of dbSHGP were sorted based on 

variant frequency. The 30 most frequent variants were 
selected for further analysis (Table 2). Moreover, dbSNP 
identifiers (IDs) for most of the variants were identified, 
except for seven variants that were not identified by the 

dbSNP or by any other genomic variant database, as 
verified by Kaviar (Glusman et al. 2011)  and other SNV 
search tools. As table 2 shows, eight PTEN variants were 
found at >1%, and the rest of the variant frequencies were 
found below 1%. Notably, the first two variants were 
present at a high frequency in the investigated population, 
at 45% and 33%, respectively. Furthermore, the first eight 
variants were considered SNP because they were found 
in >1% of the analyzed cohort. Thus, compared with other 
reported population frequencies described on the 
reference dbSNP IDs, variants 1 (rs555895) and 2 
(rs1903858) were at similar frequencies. Variants 4 
(rs71022512) , 5 (rs2943772) and 7 (rs34003473) showed 
an elevated allele frequencies by 5% to 1% of increment. 
Variant 6 (rs1120260) showed around 5% less on 
mutation frequencies. Interestingly, variants 3 (rs1799734)  
and 8 (rs701848)  were shown to be almost 30% lower 
than the reported allele frequencies reported on their 
dbSNP IDs. Furthermore, the types of nucleotide 
variations were mainly single nucleotide exchanges, in 
addition to six variants of the indel mutation. 

 
Table 2: Variant frequencies of the top 30 PTEN mutations 

 

 
Chromosomal 

variant * 
Nucleotide 

change 
Variant 

Frequency 
Variant Frequency 

(Homo) 
Variant Frequency 

(Hetero) 
SNP IDs* 

1 g.89720907T>G T/G 0.451 0.160 0.290 rs555895 

2 g.89653686A>G A/G 0.336 0.120 0.216 rs1903858 

3 g.89690955_89690959insTCTTA - / TCTTA 0.047 0.019 0.028 rs1799734 

4 g.89623861delT T/- 0.047 0.047 0.000 rs71022512 

5 g.89623901G>C G/C 0.047 0.047 0.000 rs2943772 

6 g.89727414C>T C/T 0.016 0.001 0.014 rs1120260 

7 g.89720634delT T/- 0.015 0.000 0.015 rs34003473 

8 g.89726745T>C T/C 0.012 0.004 0.007 rs701848 

9 g.89623323G>A G/A 0.009 0.001 0.008 rs1044322 

10 g.89711855_89711856insT - / T 0.007 0.000 0.007 rs756623620 

11 g.89725294delT T/- 0.007 0.000 0.007 --- 

12 g.89685398G>A G/A 0.005 0.000 0.005 rs185262832 

13 g.89624377A>G A/G 0.005 0.000 0.005 --- 

14 g.89720633delT T/- 0.005 0.000 0.005 rs376702513 

15 g.89624116G>T G/T 0.004 0.000 0.003 rs761148721 

16 g.89653719A>T A/T 0.003 0.000 0.003 rs185005124 

17 g.89624135C>T C/T 0.003 0.000 0.003 --- 

18 g.89712152G>A G/A 0.002 0.001 0.001 rs149607752 

19 g.89623716G>A G/A 0.002 0.000 0.002 rs12573787 

20 g.89623581C>T C/T 0.002 0.000 0.002 rs866865188 

21 g.89717799G>A G/A 0.002 0.000 0.002 rs116160352 

22 g.89712028A>G A/G 0.002 0.000 0.002 --- 

23 g.89720633C>T C/T 0.002 0.000 0.002 rs376702513 

24 g.89624131A>T A/T 0.002 0.001 0.000 --- 

25 g.89624132A>T A/T 0.002 0.001 0.001 --- 

26 g.89711834delT - / T 0.002 0.000 0.002 --- 

27 g.89624133G>A G/A 0.001 0.001 0.000 --- 

28 g.89690828G>A G/A 0.001 0.000 0.001 rs202004587 

29 g.89624340C>T C/T 0.001 0.000 0.001 rs190707033 

30 g.89720580T>A T/A 0.001 0.000 0.001 rs1207532534 

*Some of the dbSNP Identifiers are equivalence to genomic location of the Gh38 assembly. 
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3.3 Mutation analysis 
All 30 variants were analyzed in-silico using the Mutation 
Taster tool for functional prediction. Benign mutations 
were predicted for almost all analyzed variants (Table 3). 
Interestingly, one of the results predicted a deleterious 
effect on variant No. 27: g.89720580T>A. Thus, Random 
Forest classification algorithm of this tool results ranged 
from 0 –25 decision trees for deleterious alterations, and 
100–299 decision trees of benign alterations. Notably, 
regarding the g.89720580T>A variant, 89 decision trees 
showed deleterious alterations, and only 11 decision trees 
showed benign alterations. Almost all mutational changes 
were positioned on the intronic regions and UTRs. More 
importantly, all the variants analyzed using 
MutationTaster2 were predicted to have no effect on 
splicing sites. However, the indel variants were not 
compatible with MutationTaster2 analysis. 

 

3.4 Intronic variants 
Table 4 presents the coding DNA references obtained by 
the Mutalyzer Position Converter using the genomic 
location (Lefter et al. 2021b). The detection of variant 
gene regions by the genome viewer positioned gene 
alterations on different introns of the PTEN 8 introns, while 
some other variants were positioned on the UTR at the 
first and last exons of the 9 PTEN exons, as mentioned 
earlier (Figure 1). Additionally, one mutation was found in 
the flanking region of 5'UTR. Moreover, most mutations 
were not detected at any splicing site. The findings of 
several recent studies have suggested that deep intronic 
variants, that is, variants that lie >100 bp away from the 
nearest exon–intron junctions, might lead to a variety of 
significant effects on gene expression. Notably, 11 
variants were considered deep intronic variants because 
they were located more than 100 base pairs away from 
exon–intron junctions (Table 4). 

Table 3: Prediction of mutation effect 

 
Chromosomal 

variant * 
SNP IDs* Prediction Tree vote 

(del | benign) 
Gene 

Region 
Splice site 

change 

1 g.89720907T>G rs555895 Benign 0|100 Intron No 

2 g.89653686A>G rs1903858 Benign 0|100 Intron No 

3 g.89690955_89690959insTCTTA rs1799734 --- --- --- --- 

4 g.89623861delT rs71022512 --- --- --- --- 

5 g.89623901G>C rs2943772 Benign 3|297 5'UTR No 

6 g.89727414C>T rs1120260 Benign 0|100 3'UTR No 

7 g.89720634delT rs34003473 - - - - 

8 g.89726745T>C rs701848 Benign 0|100 3'UTR No 

9 g.89623323G>A rs1044322 Benign 2|298 5'UTR No 

10 g.89711855_89711856insT rs756623620 --- --- --- --- 

11 g.89725294delT --- --- --- --- --- 

12 g.89685398G>A rs185262832 Benign 0|100 Intron No 

13 g.89624377A>G --- Benign 0|100 Intron No 

14 g.89720633delT rs376702513 Benign 25|275 Intron No 

15 g.89624116G>T rs761148721 --- --- --- --- 

16 g.89653719A>T rs185005124 Benign 0|100 Intron No 

17 g.89624135C>T --- Benign 25|275 5'UTR No 

18 g.89712152G>A rs149607752 Benign 0|100 Intron No 

19 g.89623716G>A rs12573787 Benign 21|279 5'UTR No 

20 g.89623581C>T rs866865188 Benign 7|293 5'UTR No 

21 g.89717799G>A rs116160352 Benign 0|100 Intron No 

22 g.89712028A>G --- Benign 0|100 Intron No 

23 g.89720633C>T rs376702513 Benign 0|100 Intron No 

24 g.89624131A>T --- Benign 1|299 5'UTR No 

25 g.89624132A>T --- Benign 1|299 5'UTR No 

26 g.89711834delT --- --- --- --- --- 

27 g.89624133G>A --- Benign 18|282 5'UTR No 

28 g.89690828G>A rs202004587 Deleterious 89|11 CDS No 

29 g.89624340C>T rs190707033 Benign 0|100 Intron No 

30 g.89720580T>A rs1207532534 Benign 0|100 Intron No 
*Some of the dbSNP Identifiers are equivalence to genomic location of the Gh38 assembly.  

https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs555895
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs1903858
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs1799734
https://www.ncbi.nlm.nih.gov/snp/rs71022512
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs2943772
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs11202607
https://www.ncbi.nlm.nih.gov/snp/rs34003473
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs701848
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs1044322
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs756623620
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=185262832
https://www.ncbi.nlm.nih.gov/snp/rs376702513
https://www.ncbi.nlm.nih.gov/snp/rs761148721
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=185005124
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=149607752
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=12573787
https://www.ncbi.nlm.nih.gov/snp/rs866865188
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=116160352
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=376702513
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=202004587
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=190707033
https://www.ncbi.nlm.nih.gov/snp/rs1207532534
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Figure 1: Locations of the top 30 variants on PTEN Gene. Mapping of the variants were done using genomic 
positions as indicated by the colored vertical lines 

 

 
Table 4: PTEN intronic variants. 

 Chromosomal variant  Coding Variant1 
Alteration 

region 
No. of Exon / 

Intron 
Position2 

Deep Intronic 
Variant 

1 g.89720907T>G c.1026+32T>G Intron Intron 8 32 <100bp 

2 g.89653686A>G c.80-96A>G Intron Intron 1 -96 <100bp 

3 g.89690955_89690959insTCTTA c.253+109_253+113insTCTTA Intron Intron 4 109-253 >100bp 

4 g.89623861delT c.-366delT 5'UTR Exon 1 -366 >100bp 

5 g.89623901G>C c.-326G>C 5'UTR Exon 1 -326 >100bp 

6 g.89727414C>T c.*2185C>T 3'UTR Exon 9 *2185 >100bp 

7 g.89720634delT c.802-17delT Intron Intron 7 -17 <100bp 

8 g.89726745T>C c.*1516T>C 3'UTR Exon 9 *1516 >100bp 

9 g.89623323G>A c.-904G>A 5'UTR Upstream Intron 1 -904 >100bp 

10 g.89711855_89711856insT c.493-20_493-19insT intron Intron 5 - 20 to -19 >100bp 

11 g.89725294delT c.*65delT 3'UTR Exon 9 *65 <100bp 

12 g.89685398G>A c.209+84G>A Intron Intron 3 84 <100bp 

13 g.89624377A>G c.79+72A>G Intron Intron 1 72 <100bp 

14 g.89720633delT c.802-18delT Intron Intron 7 -18 <100bp 

15 g.89624116G>T c.-111G>T 5'UTR Exon 1 -111 >100bp 

16 g.89653719A>T c.80-63A>T Intron Intron 1 -63 <100bp 

17 g.89624135C>T c.-92C>T 5'UTR Exon 1 -29 <100bp 

18 g.89712152G>A c.634+136G>A Intron Intron 6 136 >100bp 

19 g.89623716G>A c.-511G>A 5'UTR Exon 1 -511 >100bp 

20 g.89623581C>T c.-646C>T 5'UTR Exon 1 -646 >100bp 

21 g.89717799G>A c.801+23G>A Intron Intron 7 23 <100bp 

22 g.89712028A>G c.634+12A>G Intron Intron 6 12 <100bp 

23 g.89720633C>T c.802-18C>T Intron Intron7 -18 <100bp 

24 g.89624131A>T c.-96A>T 5'UTR Exon 1 -96 <100bp 

25 g.89624132A>T c.-95A>T 5'UTR Exon 1 -95 <100bp 

26 g.89711834delT c.493-41delT Intron Intron 5 -41 <100bp 

27 g.89624133G>A c.-94G>A 5'UTR Exon 1 -94 <100bp 

28 g.89690828G>A c.235G>A CDS Exon 4 235 - 

29 g.89624340C>T c.79+35C>T Intron Intron 1 35 <100bp 

30 g.89720580T>A c.802-71T>A Intron Intron 7 -71 <100bp 
1 Sequence variants including the (plus) (minus) and (asterisk) are described according to the HGVS-nomenclature. 2 Distance from the closest exon-
intron boundary.  

3.5 Indel variants  
Most prediction tools using genomic position coordinates 
have been designed for the analysis of single nucleotide 
changes. Thus, the indel variants of the top 30 PTEN 
variants were checked for their effects and pathogenicity 
using ClinVar and previously published reports (Table 5). 
Similarly, all indel variants indicated benign or likely 

benign effects under conditions of PHTS, hereditary 
cancer-predisposing syndrome, and CS 

3.5 Indel variants 
Most prediction tools using genomic position 

coordinates have been designed for the analysis of single 
nucleotide changes. Thus, the indel variants of the top 30 
PTEN variants were checked for their effects and 
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pathogenicity using ClinVar and previously published 
reports (Table 5). Similarly, all indel variants indicated 
benign or likely benign effects under conditions of PHTS, 
hereditary cancer-predisposing syndrome, and CS. 
 
3.6 chr10:g.89690828G>A variant 
The variant g.89690828G>A (c.235G>A) is a missense 
variant located on exon 4, with a variation that causes 
amino acid substitution, that is, p.A79T. However, the 
dbSNP database classifies this variant as of uncertain 
significance, while ClinVar classifies it as likely benign 
(dbSNP: rs202004587, ClinVar: 41682). Additionally, 
several conditions linked to this variant, which were 

reported from 2012–2022, indicated its clinical impact as 
benign, likely benign, or of uncertain significance. The 
reported conditions varied between PHTS, CS, 
macrocephaly-autism syndrome, and hereditary cancer-
predisposing syndrome. Moreover, in almost all the 
indicated conditions, this variant was identified as a 
germline mutation characterized by autosomal dominant 
inheritance. Notably, this mutation was observed at a 
1.4% frequency of homozygous mutation in the SHGP 
cohort (Table 2). Moreover, the pathogenicity of this 
variant was predicted using various algorithms, as shown 
in Table 6.  

 
Table 5: Indels variants of PTEN gene IDs and pathogenicity. 

Variant 
No. 

Chromosomal variant SNP ID 
ClinVar 

interpretation 
Condition 

3 
g.89690955_89690959 

ins TCTTA 
rs1799734 Not Reported in ClinVar --- 

4 g.89623861delT rs71022512 Benign Not specified 

7 g.89720634delT rs34003473 Benign/Likely benign 
PHTS 

Hereditary cancer-redisposing syndrome 

10 g.89711855_89711856insT rs756623620 Benign/Likely benign 
PHTS, CS 

Hereditary cancer-redisposing syndrome 

11 g.89725294delT rs878853930  Benign PHTS 

15 g.89624116G>T rs761148721 Uncertain significance PHTS, CS 

26 g.89711834delT --- Not Reported in ClinVar --- 

*Some of the dbSNP Identifiers are equivalence to genomic location of the Gh38 assembly. 

 
Table 6: In-silico predictions of the PTEN g.89690828G>A variant. 

Algorithmic method Prediction Score 
Rank 
score 

Range1 

Meta Scores 

MetaLR Damaging 0.7996 0.9322 0 to 1 

MetaSVM Damaging 0.3912 0.8896 -2.0058 to +3.0399 

MetaRNN Tolerated 0.3464 0.5159 0 to 1 

REVEL Benign 0.485 0.7765 0 to 1 

Individual 
Predictions 

BayesDel addAF Damaging 0.08652 0.6279 -1.29334 to 0.75731 

BayesDel noAF Damaging 0.1462 0.7994 -2.0058 to +3.0399. 

DEOGEN2 Tolerated 0.4127 0.7668 --- 

EIGEN Benign -0.0983 0.3746 --- 

EIGEN PC Benign 0.1291 0.4604 --- 

FATHMM Damaging -4.93 0.9839 -16.13 to +10.64 

FATHMM-MKL Damaging 0.671 0.3331 0 to 1 

FATHMM-XF Damaging 0.6021 0.5941 --- 

LIST-S2 Damaging 0.8753 0.5863 --- 

LRT Deleterious 0.000024 0.5587 0 to 1 

M-CAP Damaging 0.09697 0.7669 0 to 1 

MVP Pathogenic 0.981 0.9808 --- 

Mutation assessor Neutral -0.39 0.03026 -5.135 to +6.49 

PROVEAN Neutral 0.09 0.05917 -14 to +14 

PrimateAI Damaging 0.8159 0.8441 --- 

SIFT Tolerated 0.579 0.06011 0 to 1 

SIFT4G Tolerated 0.594 0.08106 0 to 1 
1 Ranges with empty boxes are assigned as cut off-value. 
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Figure 2: PTEN Protein domains. The red line indicates the p.A79T variant site at PTEN amino acid sequence. 

 
The in-silico analysis of the variant using the meta-

scores algorithm revealed a damaging effect at a score of 
0.7996 by the MetaLR algorithm and a score of 0.3912 by 
the MetaSV algorithm (Dong et al. 2015b). In contrast, the 
MetaRNN and REVEL algorithms predicted tolerant and 
benign scores of 0.3464 and 0.485, respectively. 
Individual prediction scores are shown in Table 6. 
Furthermore, a protein domain check by InterPro revealed 
that a p.A79T mutation was located on the catalytic tensin-
type phosphatase domain (amino acids 14–185) (Figure 
2). The DynaMut  prediction suggested that the effects of 
the A79T substitution on the conformational dynamics and 
stability of the PTEN protein destabilize it (ΔΔG: −0.3431 
kcal/mol; a negative value of ΔΔG indicates the mutation 
destabilizes the protein). Additionally, the GO annotation 
to the PTEN protein indicated a dephosphorylation 
biological process (GO:0016311) and phosphatase activity 
molecular function (GO:0016791).   
 
DISCUSSION 

This study explored the mutational spectrum of PTEN 
tumor suppressor gene variants in a Saudi Arabian cohort 
drawn from the SHGP. Germline and somatic mutations in 
PTEN can cause a spectrum of clinical syndromes, 
including CS, BRRS, autism spectrum disorders with 
macrocephaly, and PHTS. Thus, the significance of this 
gene warrants a context-dependent investigation, which 
could lead to better variomics research and improved 
diagnosis, personalized prevention, and treatment 
practices.  

Summarized counts of the PTEN variants in the 
SHGP dataset demonstrated that around 5% of mutations 
had a frequency of more than 40% of homozygous alleles, 
likely due to the elevated rate of consanguinity in Saudi 
Arabia. Interestingly, eight variants were found at >1% of 
the analyzed cohort and were considered SNV. Compared 

with other geographical populations described in reference 
dbSNP IDs, variants 3 (rs1799734)  and 8 (rs701848) 
were found to be increased by around 30% in allele 
frequencies. This finding may represent Arab-specific or 
Arab-enriched common variants. Moreover, this finding 
highlights the importance of anthropologically informed 
sampling in researching human genetic diversity, 
especially for personalized and disease-oriented 
preventive medicine. 

The in-silico functional prediction of the top 30 PTEN 
variants indicated that almost all mutations were benign. 
Additionally, it was found that these mutations were 
located on the intronic and UTR regions, away from any 
splicing sites. These findings could be indicating that 
these mutations are not disease-causing, as introns and 
UTR used to be considered noncoding DNA sequences. 
However, it has been proposed that noncoding regions 
may affect gene function and expression (Chen et al. 
2017; Qian et al. 2021). In addition, previous studies on 
mis-splicing mutations were based on exome data and 
were mainly limited to exons and canonical splice sites 
(Jung, Lee and Choi, 2021). Notably, in the present study, 
11 PTEN variants were considered deep intronic 
mutations. The presence of this type of intronic mutations 
called for attention to the mutation per se and its carriers, 
as many mutations are mostly context dependent. A 
previous study reported that various PTEN intronic 
mutations near splice junctions can result in exon 
skipping, premature termination, or a shift in isoform 
usage (Chen et al. 2017). However, to the best of our 
knowledge, comprehensive studies of intronic mutations 
have not been conducted because of the lack of large-
scale matched whole-genome sequencing and RNA-seq 
data. 

The overall functional prediction of p.A79T revealed 
contradictory predictions regarding its pathogenicity. 
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Multiple in silico algorithms predicted a pathogenic variant, 
while others suggested a benign effect on protein function. 
However, p.A79T was found to be located on the 
functional domain responsible for its phosphatase activity. 
Thus, it is important to maintain observations of PTEN 
variant carriers because the mutation was present in 1.4% 
of the studied population. Moreover, this percentage is 
higher than that of previously reported allele frequencies, 
in which this variant was found at a frequency of 0.008% 
in healthy individuals and a frequency of 0.02% in 
individuals and families with CS, BRRS, PHTS, Lynch 
syndrome, or breast and ovarian cancer (Figer et al. 2002; 
Ngeow et al. 2011; Pilarski et al. 2011; Tan et al. 2011, 
2012; Nizialek et al. 2015; Yurgelun et al. 2015; 
Dominguez-Valentin et al. 2018; Momozawa et al. 2018) 

CONCLUSION 
In conclusion, variomics provides the foundation for 

personalized medicine by linking genetic variations to 
disease expression, outcome, and treatment, yet its utility 
depends on appropriate assays to evaluate the effects of 
mutations on protein. In this study, an in-silico analysis 
was conducted on the spectrum of the PTEN variant. The 
studied cohort, who was drawn from the SGHP, illustrated 
the different PTEN variants mutations and their 
frequencies in Saudi Arabia population. Also, it revealed a 
wide range of intronic mutation variants with elevated 
allele frequencies and differing zygosity. In fact, these 
information and data call for greater epidemiologic studies 
considering the evolving role of the mutations in prognosis 
and personalized management.  

Based on the outcomes of this study, variomics 
studies importance lies relevance of discovering the 
hidden diversity of variants in different geographical 
regions to aid in the genetic diagnostic yield. Improved 
knowledge of mutations and variants could lead to the 
development of preventive measures to reduce the 
likelihood of developing genetic-related disorders. 
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