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ABSTRACT

Aims: Chronic kidney disease and renal failure are major health concerns in Saudi Arabia, especially in the Hail 
region. These diseases are commonly coupled with hypertension and hypercholesterolemia. Genetic factors strongly 
contribute to them. This study was undertaken in an effort to identify genetic variations that might contribute to 
renal failure in the Hail population. Methods: We performed Whole Exome Sequencing (WES) on genomic DNA 
of four unrelated Hail patients afflicted by renal failure. Exonic variations located in genes known to be implicated 
the disease were selected and validated by Sanger sequencing. Results: In all four patients, we identified a c.C803T 
transition in exon 2 of the angiotensinogen gene (AGT), causing an M268T amino acid substitution in the protein. 
All four patients were homozygous for T268 allele. Conclusion: AGT is implicated in blood pressure regulation; it 
contributes to normal kidney function. The M268T AGT mutation has been known to be associated with hypertension 
and kidney disease. Whether or not it is a determinant of the kidney failure of our patients could be established if 
family studies show segregation of the mutant allele with the disease. This study illustrates how WES can be used to 
identify candidate genetic variations for inherited kidney diseases. 
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INTRODUCTION

Renal diseases are a congruence of many vascular and metabolic diseases, particularly hypertension, diabetes and 
obesity. They cover a large spectrum of diseases ranging from relatively common to rare, and from benign disorders to 
high-morbidity/high-mortality disorders [1]. There are no definite epidemiological data on the prevalence of chronic 
kidney disease (CKD) and its risk factors in Saudi Arabia. In a pilot community-based screening of young Saudi 
conducted in Riyadh in 2010, the prevalence was estimated at 5.7% [2]. In the Hail region of the kingdom, a 75% 
overall prevalence of risk factors for CDK was observed in a cross-sectional survey of 5000 Saudis. The factors 
included cardiovascular disease, use of non-steroidal anti-inflammatory drugs and cigarette smoking [3]. 

End-stage renal disease (ESRD) is the ultimate complication of CKD; it is managed by dialysis or renal transplantation. 
With 28 million inhabitants (including 5.5 million expatriates), Saudi Arabia has an incidence of dialysis of 140 new 
cases per million population (PMP) [4], comparable to that in India (163 PMP) [5], but lower than that in the United 
States (360 PMP) [6], or Europe (585 PMP) [7]. 

Only 10% of CDK cases are known to due to Genetic Renal Disease (GRD); a large proportion is yet to be identified 
as such; for nearly half of those identified as GRD, the gene implicated remains unknown [8,9]. A typical example 
of GRD is Autosomal Dominant Polycystic Kidney Disease (ADPKD), a common, potentially lethal disease [10].
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In recent years, enormous progress has been achieved in the field of molecular genetics and genomics. Next-Generation 
Sequencing (NGS) collectively describes genetic technologies that enable rapid and cost-effective sequencing of 
large amounts of DNA. NGS facilitates rapid identification of disease-causing genetic variants in patients with a 
suspected Mendelian disorder. Because of its reduced cost and time, Whole Exome Sequencing (WES) has become 
the preferred initial method for disease gene identification in small pedigrees, replacing previous methods, such as 
linkage analysis and association studies. In nephrology, NGS has identified disease-causing mutations responsible 
for atypical haemolytic uremic syndrome [11,12], steroid-resistant nephrotic syndrome [13-15] and nephronophthisis 
[16-25].

Here, we used WES by the Ion Torrent Technology with its automated Bioinformatics platform to identify causative 
genes of GRD in the Saudi population. We sequenced the exome of four unrelated ESRD patients, analyzed the 
data for variations or mutations of genes known to be associated with CDK risk factors, and validated the identified 
mutations by Sanger sequencing.

MATERIALS AND METHODS

Genomic library construction and ion proton sequencing

Genomic DNA (gDNA, 50-100 ng) was used to prepare the genomic library which was amplified by PCR using the 
Ion ampliseq exome kit (Ion torrent). The PCR products were pooled, blunted, ligated to adaptor and purified using 
Agencourt® AMPure® XP Reagent from (Ion torrent). Validation of the library was done on an Agilent Bio-Analyzer 
to assess fragment distribution. The analyzed product was quantitated using a Qubit fluorometer (Invitrogen).

Each molecule of the validated library was amplified on an Ion OneTouch™ by emulsion PCR methodology, to 
recover template-positive Ion Sphere Particles (ISPs) harboring the desired fragment. The enriched PCR product was 
cleaned, loaded on Ion PITM Chip V2 and sequenced on an Ion proton platform. 

Bioinformatics analysis

Bioinformatics tools used to analyze the sequence for variants of interest are summarized in Figure 1. Briefly, they 
included, successively, signal processing, base calling, base recalibration and reference alignment; mapping of raw 
reads to the human genome reference assembly (GRCh37/hg19); variant calling and filtering for minimum allele 
frequency, quality and coverage as well as maximum length of homopolymer and strand bias; quality scoring (e.g. 
FreeBayes); and, finally, annotation of variants for known or putative functional importance and disease association. 

Variant sequence validation

The selected variants were validated by Sanger sequencing.

RESULTS

The four ESRD patients were identified by numbers 35, 4303, 5344 and 5346. Their anthropomorphic, clinical, and 
biochemical parameters are described in Table 1. The normal glomerular filtration rate (GFR) as assessed via cystatin 
(GRFcy) and creatinine clearance (GFRcr) is above 90 mL/min/1.73 m2; in the four patients, it ranged from 17 to 
25 mL/min/1.73 m2, representing a 72% to 79% decrease in renal function. The patients showed an accumulation of 
creatinine in the bloodstream (188-261 µmol/L compared to normal value of 60-110 µmol/L) and, most dramatically, 
of uric acid (104 - 443 µmol/L compared to the normal range of 2-8 µmol/L). The alteration of the above parameters 
represents a big deterioration in the renal function characteristic of ESRD.

WES was applied on genomic DNA from the four patients. The number of variants called from the sequencing data 
are described in Table 2. After stringent filtering and annotations using the different bioinformatics algorithms (Figure 
1), we identified the M268T mutation caused by a c.C803T transition in exon 2 of the angiotensinogen gene (AGT) 
(Figure 2) as potentially causative of GRD in the four patients (Table 2). They were all homozygous for T268 allele.

Table 1 Anthropomorphic and biochemical parameters of the patients a

Parameters b Units Normal 
Range

Patient ID
35 4303 5344 5346

Gender F/M - F F M F
Age Years - 72 56 61 63

Glucose mmol/L 3.3-5.6 10.8 13 5 9
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GFRcy mL/
min/1.73m2 ≥ 90 17 24 22 17

GFRcr mL/
min/1.73m2 ≥ 90 18 25 22 17

Creatinine μmol/L 60-110 213 261.7 251.8 188
Uric acid mmol/L 2.0-8.5 443.56 131 124.3 103.9

Blood pressure mmHg N/A THT* THT* THT* THT*
Urea mmol/L 2-7 9.3 7.18 9.42 5.89

K+ mmol/L 3.5-5.1 4.8 3.76 4.1 4.7
Na+ mmol/L 135-147 134 136 135.1 132.6
Cl- mmol/L 95-110 104 100 99 99

Ca2+ mmol/L 2.1-2.8 2.14 2.45 2.54 2.31
a The bold highlighted are parameters most symptomatic of kidney failure. b Abbreviations: GFR, glomerular filtration rate as assessed via cystatin 
(GFRcy) and creatinine clearance (GFRcr); F/M: female/male; THT*: Treated Hypertension

Table 2 Variant calling, filtering and validation leading to the identification of the AGT missense mutation

Samples 
ID

Torrent variant 
calling

Free 
Bayes

Disease Association 
Filter

Sanger 
Validation

Validated 
SNPs Gene Mutation Amino Acid 

Change
35 51019 17949 35 7 1 AGT c.803T>C Met268Thr

4302 42856 24129 7 7 1 AGT c.803T>C Met268Thr
5344 292293 23896 7 7 1 AGT c.803T>C Met268Thr
5346 16971 19258 7 7 1 AGT c.803T>C Met268Thr

Figure 1 Schematics of the steps illustrating variant reduction protocol for the samples 

Figure 2. Sanger sequencing result characterized by conversion of Methionine to Threonine

Figure 2 shows Sanger sequencing the AGT gene. Above the nucleotide sequence profile are shown the codon and the 
amino acid sequences. The T/C nucleotide transition and Met/Thr amino acid substitution are indicated by upwards 
and downwards arrows, respectively.
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DISCUSSION

In this WES study, we have identified an AGT gene missense mutation as a potential cause of ESRD in four 
unrelated residents of the Hail region of Saudi Arabia. The AGT gene is localized on the chromosome 1 at the 
position 1q42.2. It codes for the angiotensinogen protein, a crucial player of the renin-angiotensin-aldosterone system 
(RAAS), which regulates blood pressure and the balance of fluids and salts in the body. In a cascade of proteolytic 
events, angiotensinogen is converted by renin to angiotensin I, which is in turn converted to angiotensin II (AngII) 
via angiotensin converting enzyme (ACE). Angiotensin II (Ang II) causes vasoconstriction provoking high blood 
pressure. This molecule also stimulates production of the hormone aldosterone, which triggers the absorption of salt 
and water by the kidneys [25]. In addition, Ang II may play a more direct role in kidney development by affecting 
growth factors involved in the development of kidney structures in mice [26]. At least six mutations in the AGT 
gene have been found to cause a severe kidney disorder called renal tubular dysgenesis, a condition characterized by 
abnormal kidney development before birth, anuria, and severe hypotension [27]. 

We have characterized single nucleotide polymorphism (SNP, rs699) located in exon 2 of the AGT gene and 
corresponding to c.T803C transition and leading to p.M268T amino acid substitution. The minor allele frequency of 
T268 is 88% in African Americans, 83% in Asians, 64% in all Americans and 41% in Europeans [28]. This genetic 
variant gene leads to increased production of angiotensinogen [30]. People carrying this variant are salt-sensitive and 
this increased salt sensitivity provokes sodium retention with increases blood volume, leading to high blood pressure 
[30]. The variant is also associated with a higher risk for non-dipper, a condition characterized by high blood pressure during 
sleep time putting a greater, potentially pathogenic burden on their cardiovascular system and kidneys function [31].

It is known that Ang II, like insulin, has trophic effect on tissues. It is probable that the M268T ATG mutation 
which leads to increased production of Ang II might induce abnormal growth of collecting tubule cells constituting 
the nephrons. Nephron hypertrophy might provoke more sodium reabsorption increasing blood pressure. Indeed, 
in experimental animals, Ang II infusion leads to activation of the kidney RAAS, including an increased intrarenal 
Ang II production; this results in elevated blood pressure and injury to the kidneys and other tissues. Blockade of 
prominent type 1 Ang II receptors prevents this phenomenon [32].

The M268T variation is also known in the scientific literature as M235T. The latter nomenclature ignored the 33 
amino acids of the signal peptide of the AGT preproprotein. In recent years, the T268 allele has been associated with 
negative prognostic of renal function [33], atherosclerosis [34], diabetic nephropathy [35], essential hypertension 
[35], renal cysts [36], and ESRD [37].

CONCLUSION

In conclusion, we have characterized AGT mutation (rs699, c.803T>C, p.M268T) in four ESRD patients. Based 
on previous studies on this mutation, it is likely that it may have contributed to their condition. A family study 
showing the co-segregation of the minor allele with the disease should corroborate this presumption. The fact that 
four unrelated ESRD patients of the Hail region of Saudi Arabia carried this mutation suggests that the latter might 
be relatively frequent in this region. Thus, regional genotyping for this SNP might be warranted. It would allow 
the genetic counselling of carriers for lifestyle modification aimed at reducing the risk factors of a renal pathology 
and prevent its onset. The study also illustrates how WES could be applied to identify candidate genes for a given 
pathology in a particular population.
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