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Abstract. Nephrotic syndrome (NS) is considered as a primary disease of the kidney that represents a heterogeneous group of glomerular
disorders occurring mainly in children. It is generally divided into steroid-sensitive and steroid-resistant forms, depending upon the patient’s
response to steroid therapy. Among the genes involved, the NPHS2 gene has been reported as the causative gene in steroid resistant form of
nephrotic syndrome. In the present study, heterozygosity rate, allelic frequency and linkage of rs2274625 and rs3829795 markers were
investigated in the NPHS2 gene region. To determine the SNP alleles, tetra-primer ARMS PCR was used. After genotyping rs2274625 and
rs3829795 polymorphic markers in 120 unrelated individuals and nine trios families, the data were analysed using various computer
programs such as UCSC Genome Browser, dbSNP and SNPper. Based on the statistical analysis of the results, for rs2274625 marker, allele
frequency for C and T alleles was 97% and 3%, respectively. For rs3829795 marker allele frequency for G and A alleles was 55% and 45%,
respectively. The values of heterozygosity index for the examined markers were 5% for rs2274625 and 45/8% for rs3829795. Consequently, two informative haplotypes, CG/CA, were identiﬁed in the NPHS2 gene region through combination of these two markers. These
haplotypes can serve as appropriate tools for the identiﬁcation of heterozygous carriers and linkage analysis of nephrotic syndrome disease
in the Iranian families with an affected child.
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Introduction
Nephrotic syndrome (NS) is a nonspeciﬁc kidney disorder
that belongs to glomerular heterogeneous disease. It can
affect individuals of all ages, but mostly occurs in children
(Choi et al. 2017). The annual occurrence of this disease is
4.7 cases in every 100,000 people worldwide (Paranjape
2018). The symptoms of the disease include severe proteinuria, hypoalbuminaemia, hyperlipidaemia, and edema
(Shin et al. 2018). Depending on the patients’ response to
steroid treatment, nephrotic syndrome is divided into two
groups, steroid sensitive and steroid resistant (Caridi et al.
2005). The most affected people with this disease are steroid-sensitive NS (SSNS), and about 20% of children and
40% of adults are steroid-resistant NS (SRNS) (Benoit et al.
2010; Tory et al. 2014; Bullich et al. 2015). To date, at least
30 different genes have been identiﬁed for this type of disease (SRNS) (Wang et al. 2017). Major portion of SRNS is
caused by inherited structural defects in proteins of the

glomerular ﬁltration barrier. SRNS is inherited as both
autosomal recessive (AR) or autosomal dominant (AD)
manner (Yang et al. 2012). The main reason of congenital
and childhood onset SRNS is mutations in nephrin (NPHS1)
and podocin (NPHS2) genes, respectively with an AR
inheritance (Bullich et al. 2015; Thomas et al. 2018).
The present study focusses on the SRNS that has been
created by NPHS2 gene mutation which is located on 1q2531 chromosome (Ranganathan 2016). The gene size is 25 kb
and the coding area of the gene has a length of 1149 bp with
eight exons (Franceschini et al. 2006; McKenzie et al.
2007). NPHS2 encodes a 42 kDa membrane integral protein
called Podosine. This protein is a member of Stomatin
proteins family including 383 amino acids (Ruf et al. 2004;
Gbadegesin et al. 2007). Podosine protein is expressed in slit
podocytes of kidney diaphragm and it has a fundamental role
in ﬁltration of glomerular wall (Dong et al. 2015). Podocytes
contain cellular groups which consist of a cell body, major
processes and foot processes (FPs), which have a major role
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in selective permeability, structure stability and ﬁltration of
glomerulus wall (Reiser and Altintas 2016). Most NS types
are caused by impairments in podocytes and mutations in
NPHS2 caused early proteinuria, disappearing of FPs, separation of podocytes from the glomerular basement membrane (GBM), and ﬁnally, irreversible loss of podocytes
(Kerjaschki 2001; Greka and Mundel 2012).
More than 100 pathogenic mutations and 25 polymorphic
variants have been identiﬁed in NPHS2 gene (Baylarov et al.
2019). The reported mutations exist throughout the gene and
include any type of alternations such as deletion, missense
and nonsense mutations (Caridi et al. 2005). Because of the
large number of mutations, timing of their analysis, and high
cost of direct analysis as well as wide range of unknown
mutations in the Iranian population, indirect analysis of the
polymorphic markers with linkage analysis could be used as
an alternative method for molecular diagnosis of genetic
diseases (Nadeali et al. 2014).
Single-nucleotide polymorphism (SNP) markers are the
most common polymorphisms in the human genome and
they exist in the average distance of 290 bp in the genome
(Jazaeri et al. 2016). Each SNP indicates a single-nucleotide
change in the genome. A single-nucleotide position is usually considered as a SNP when the frequency of its recessive
allele in the population is 1% or more (Ebrahimi and Vallian
Borujeni 2016). SNPs have many known advantages in
linkage analysis including high frequency, distribution, stability, intense linkage, and even high speed and power of
SNP determination systems. Because the frequencies of the
alleles and haplotypes of SNPs is different from one population to another, markers should be analysed separately for
each population and informative haplotypes and markers
should be introduced speciﬁcally for the understudied population (Ebrahimi and Vallian borujeni 2017; Fazeli and
Vallian 2013).
To date, no study has been performed on the polymorphic
markers in NPHS2 gene region in the Iranian population.
Among the SNPs related to NPHS2 gene, rs2274625 and
rs3829795 have shown high heterozygosity and high allele
frequency in some populations; thus, allele and haplotype
frequencies as well as linkage disequilibrium (LD) of two
aforementioned markers in the NPHS2 gene region were
investigated for the ﬁrst time in a group of Iranian population (Isfahan).

Materials and methods
In silico studies and SNP selection

An in silico analysis with various signiﬁcant databases such
as UCSC Genome Browser (https://genome.ucsc.edu/),
dbSNP (http://www.ncbi.nlm.nih.gov/SNP) and SNPper
(http://snpper.chip.org/bio/snpper-enter) was carried out on
the polymorphic markers in the NPHS2 gene region. As two
important characteristics of genetic markers are MAF and

heterozygosity rate for their informativeness in linkage
analysis (Jones and Ardren 2003), the markers with high
minor allele frequency (MAF), high heterozygosity and
physical distance close to the gene including rs2274625 and
rs3829795 were selected.
Sample collection and genotyping

Peripheral blood samples were collected from 120 unrelated
healthy individuals and nine-family trios in the selected Iranian population. The families were consisted of both parents
and one or two healthy children. The reason for choosing
family trias in this study was to increase the accuracy and
precision of the subsequent statistical analysis. Genomic DNA
was extracted from peripheral blood leukocytes using standard salting out method (Miller et al. 1988).
The selected rs2274625 marker was genotyped using tetraprimer ampliﬁcation refractory mutation system PCR
(ARMS-PCR) (Ye et al. 2001). This technique is based on the
use of two allele-speciﬁc inner primers and two outer primers
to amplify three different length fragments from template
DNA in a single PCR reaction followed by gel electrophoresis
for the designation of genotypes (Amirmahani et al. 2017;
Jamalvandi et al. 2018). Large fragment contains the SNP and
illustrates the control band and the two smaller fragments
indicate each of the two allele-speciﬁc products (ﬁgure 1).
Two inner primers produce allele-speciﬁc fragments and the
speciﬁcity was created through a mismatch at the 30 end corresponding to the site of the SNP. Intentional mismatches to
enhance the speciﬁcity were at position, from the 30 end as
well. The proper selection of primers were obtained using
various software packages such as Oligo7 (https://www.oligo.
net/) and Primer1 (http://primer1.soton.ac.uk/), which assess
appropriate primers for a given sequence. The sequences of
primers are shown in table 1. ARMS-PCR was used for
genotyping rs3829795. Four primers were used for each DNA
sample of which three were added in each PCR tube and two
PCR reaction were carried out for each person (ﬁgure 2). In
fact, the differences between these two methods are the
number of primers in each tube and the number of PCR
ampliﬁcation for each sample.
The PCR reaction were carried out for rs2274625 and
rs3829795 in optimal conditions using an Eppendorf thermal
cycler machine (Eppendorf, Germany). The PCR conditions
for rs2274625 marker was 25 lL total volume containing 50
ng of template DNA, 0.25 lL of 10 pmol primers for forward and reverse outer primers, 1 lL for forward and reverse
inner primers. Two lL of 50 mM MgCl2 and 1 lL of 10 mM
dNTP, 2.5 lL 109 buffer and 0.2 lL of 5 U Taq DNA
polymerase. PCR condition of rs3829795 marker was 25 lL
total volume containing 50 ng of template DNA, 1 lL of 10
pmol primers for forward outer and reverse inner primers,
0.25 lL for reverse outer primer. 1 lL of 50 mM MgCl2 and,
1 lL of 10 mM dNTP, 2.5 lL 109 buffer and 0.2 lL of 5 U
Taq DNA polymerase.
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Figure 1. Schematic illustration of SNP genotyping using tetra-primer ARMS PCR. The two outer primers amplify a large fragment of the
gene as an integral control. Two inner primers were designed to speciﬁc ampliﬁcation of the alleles (Ye et al. 2001).
Table 1. The sequences of the designed primers used for genotyping rs2274625 and rs3829795 SNP markers.
Polymorphism
rs2274625 (G[A)

rs3829795 (G[A)

Primer name

Primer sequence

Forward outer primer (FO)
Reverse outer primer (RO)
Forward inner primer (FI)
Reverse inner primer (RI)
Forward outer primer (FO)
Reverse outer primer (RO)
Reverse G primer (RG)
Reverse A primer (RA)

50 -CTGTGGATCACTGAGGGGAG-30
50 -CAAGCACGGTTAAGCATAGAAC-30
50 -ATCCTAATCTTTCAAGGCCAAC-30
50 -GGGGAGTTATTAGCATCGGA-30
50 -CATCAACATCAGGCATAAGCAT-30
50 -ACAAAAGGTCATCGAATTAGGGT-30
50 -CCTTTCTCTCCTCCCTCCG-30
5-0 CCTTTCTCTCCTCCCTCCA-30

Primary denaturation was carried out at 94°C for 5 min,
followed by 30 cycles including 40 s denaturation at 94°C;
annealing temperature at 59°C for 40 s, extension at 72°C
for 50 s and ﬁnally a 10 min ﬁnal extension at 72°C for two
markers. The PCR products were separated on 2% agarose
gel electrophoresis and genotyped (ﬁgure 2).

Statistical analysis

The approximation of the allele frequency as well as the
observed and expected heterozygosity was determined using

Amplicon size
With
With
With
With
With
With
With
With

RO: 416
FO: 416
RO: 174
FO: 283
RO:292
FO: 292
FO: 201
FO: 201

Amplicon type
Control
Control
G Allele
A Allele
Control
Control
G Allele
A Allele

the GENEPOP website (Raymond 1995). Analyses were
computed under the Hardy–Weinberg equilibrium (HWE)
since its existence is essential for the accuracy and precision
of human genetic statistical analyses. P value is a standard
for detecting the deviation from HWE. In this study, the
HWE P values were examined for the two studied markers
using an accurate test of the PowerMarker software. Also,
the haplotype frequency for 120 unrelated healthy individuals was evaluated using the PowerMarker software (https://
brcwebportal.cos.ncsu.edu/powermarker/) and for nine
families, FBAT software (https://gaow.github.io/geneticanalysis-software/f/fbat/) was used. To provide a better
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description of the earned outcomes from the haplotype
estimation, linkage disequilibrium (LD) for unrelated individuals was also carried out using the PowerMarker. LD was
measured by using the standardized D0 . The D0 is the LD
relative to its maximum value for a given set of allelic frequencies for the pair of sites and was calculated using
PowerMarker as well. In this regard, D0 is a normalized
value of LD. Span of D0 is between ?1 and –1. D0 =1 represents that LD is complete and LD is present (Zhao et al.
2007). When D0 is 0, it is evident that the presence of linkage
equilibrium is between two loci. As D0 could not supply
substantial prediction in the probable performance for multiallelic markers, another multiallelic LD statistics, chi-

square (v2) was used (Zhao et al. 2005). Chi-square determines the direct assessment of the strength of the correlations between alleles located at the two loci. To approximate
D0 and v2, PowerMarker software was used. The null
hypothesis for random relation between pairs of alleles at the
two loci (D0 = 0) was determined by v2 value. The v2 value
for two pairwise markers was compared with v2 obtained
from the chi-square chart (PB0.05). Phasing of haplotypes
for the markers was computed using the PowerMarker,
which calculates the most plausible haplotypes according to
the prepared genotypic data. The study was approved by
biosafety committee of University of Isfahan for the use of
human blood samples.

Results

Figure 2. Electrophoretic pattern of (a) rs2274625 by the tetraPrimer ARMS PCR and (b) rs3829795 by conditional ARMS PCR.
(a) In both lanes, 416 bp band represents as an internal control.
Also, 283 and 174 bp speciﬁc bands show A and G alleles,
respectively. Lane 2 represents the GG homozygous, while the
other one shows the GA heterozygous sample. (B) 292 bp band
shows the internal control. Speciﬁc 201 bp bands illustrate G or A
alleles based on the primer. Lanes 2 and 3 show the GG
homozygous samples, lanes 4 and 5 represent AA homozygous
and lanes 6 and 7 are GA heterozygous samples.

In the present study, two markers including rs2274625 and
rs3829795 in the NPHS2 gene region were genotyped in 120
unrelated healthy individuals of the Iranian population.
Based on the results, the observed heterozygosity degrees of
alleles were 7 and 55 for rs2274625 and rs3829795,
respectively (table 2). HWE was evaluated for the indicated
markers; therefore, HWE departure could inﬂuence the statistical analyses accuracy. P value of 1 and 0.4620 were
obtained for rs2274625 and rs3829795, respectively, and
HWE was veriﬁed for these markers.
Moreover, by using PowerMarker and FBAT software, the
haplotype frequency was computed. As shown in table 3,
among the four identiﬁed possible haplotypes, two with
frequencies ‡5% were considered as informative haplotypes
in the Iranian population. Haplotypes were estimated at the
family level using FBAT software and the results showed
that G–C and A–C haplotypes have frequencies more than
5%. These ﬁndings were consistent with the results of
studies on nonrelative healthy individuals at the population
level. These results introduced rs2274625 and rs3829795
combination as an informative haplotype. As the presence of
relatively high proportion of informative haplotypes in the
studied population, the LD pattern for the pairing of these
two markers was evaluated using PowerMarker program.
This program computes average D0 and v2 (Liu and Muse
2005). As shown in table 4, the values of D0 for two possible
pairing of markers are higher than zero. Also, the v2 values
were higher than v2 values obtained from the chi-square

Table 2. Allele frequency, heterozygosity and homozygosity of rs2274625 and rs3829795 SNP markers in 120 unrelated healthy individuals in the Iranian population.
Polymorphism

Allele

rs2274625

G
A
Allele
G
A

rs3829795

Frequency

Heterozygosity

Homozygosity

0.97
0.03

Observed
7

Expected
6.82

Observed
113

Expected
113.17

0.55
0.45

55

59.54

65

60.45

Polymorphic markers in NPHS2 gene
Table 3. Haplotype frequencies for rs2274625 and rs3829795
SNP markers in 120 unrelated healthy individuals in the Iranian
population.
Haplotype
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Table 5. Minor allele frequencies of rs2274625 and rs3829795 in
different populations based on the obtained data from this study and
the information available on Ensemble database (Zhang et al.
2019).

Frequency
Population

rs2274625–rs3829795
C–G
C–A
A–T
G–T

0.55147
0.42219
0.02733
0.00002

Table 4. Analysis of D0 and v2 values for pairing of the rs2274625
and rs3829795 markers in the NPHS2 locus in the Iranian
population.
Pairing of markers

D0

P value

v2

rs2274625–rs3829795

1

0

8.96

table (P<0.05) (Fazeli and Vallian 2009). These results
conﬁrmed the LD for the two studied markers.

Discussion
NS is a primary disease that belongs to a group of
glomerular heterozygous diseases (Kodner 2009). It is the
most frequent cause of proteinuria in children and is
appearing as a major cause of uremia. To date, more than 50
different genes have been identiﬁed and that the mutations in
the NPHS2 gene is associated with SRNS (Sharif and Barua
2018). The disease is usually inherited in an autosomal
recessive pattern. NPHS2 encoded an integral membrane of
42 kDa protein with 383 amino acids, named Podocin
(Caridi et al. 2005). Also, several polymorphisms of NPHS2
gene have been reported in association with NS (Mishra
et al. 2014; Joshi et al. 2017). Therefore, the markers of the
NPHS2 gene may be applied as bio-markers to evaluate
individualized risk of the diseas. Because of more accuracy
of haplotype analysis for genotype–phenotype correlations
than individual SNPs, it is beneﬁcial to do this procedure
(Judson et al. 2000; Yang et al. 2012). Also, it is more
informative to analyse the markers in groups although each
of them could be evaluated separately. Additionally, haplotype analysing could be more informative than analyses of
individual markers independently, while multiple markers in
a unique chromosome were applied to ﬁnd their association
with a disease (Crawford and Nickerson 2005). Principally,
the molecular diagnosis of nephrotic syndrome is based on
direct analysis of gene mutations and indirect examination
by linkage analysis (Crawford and Nickerson 2005).
Sequencing and direct identiﬁcation of mutations due to the
several number of known mutations in the NPHS2 gene and

Japanese
Chinese
Chinese
Indian
Mexican
European
Italian
African
Kenya
Nigerian
Iranian

SNP
rs2274625
MAF (A)
0.367
0.353
0.299
0.257
0.233
0.217
0.181
0.053
0.003
0
0.03

rs3829795
MAF (A)
0.375
0.443
0.367
0.348
0.273
0.392
0.393
0.298
0.287
0.206
0.4458

the probability of de novo mutations in this gene is a costly
and time-consuming process. Hence, the alternative method
for genetic diagnosis is based on association study using
polymorphic markers that are used to determine the carriers
(heterozygote) as well as prenatal diagnosis in families with
affected children (Männikkö et al. 1997).
In the present study, among the present markers in the
NPHS2 gene region, one intronic marker, rs2274625, and
another marker in the promoter region, rs3829795, were
investigated. The allele and heterozygosity degree of these
markers were computed in the Iranian population and these
results were compared with those in other population. The
allele frequency variation at polymorphic markers has
determined to be useful for the study of genetic relationship
between human populations (Fazeli and Vallian 2013). The
results on the rs2274625 showed that C allele with 97%
frequency and T allele with 3% frequency had the highest
and lowest frequencies, respectively, in the selected population of the Iran. However, for rs3829795, the highest allele
frequency was observed for the G allele with 55.42% frequency and A allele had the lowest frequency of 44.58%.
Moreover, the observed heterozygosity percentage for
rs2274625 and rs3829795 markers in the Iranian population
were 7% and 55%, which was respectively higher and lower
than the expected heterozygosity. As shown in table 5,
according to the International HapMap project database
(http://hapmap.ncbi.nlm.nih.gov), the highest frequency for
the recessive allele of the rs2274625 was for the Japanese
population, while the Iranian population showed the highest
frequency of the recessive allele for rs3829795. However,
for both markers, Nigerian population have less allele frequencies than other populations. Comparison of the results
of this study with the available data of the International
HapMapProject database shows that the allelic frequency of
rs2274625 marker in the Iranian population is less than that
of the Japanese, Chinese, Indian, Mexican, European,
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Italian, African populations. While the allele frequency of
this marker in the Iranian population is more than Kenya and
Nigeria. On the other hand, the allelic frequency of the
rs3829795 marker in the Iranian population is higher than
European, Japanese, Chinese and Nigerian populations
(Zhang et al. 2019).
The samples of our study consisted of unrelated healthy
individuals and family trios. Data combination when collected through various study designs, such as family trios
and unrelated samples, creates more precision and is
affordable compared to separate data analysing (Crawford
and Nickerson 2005). Haplotype phasing was performed for
the two markers combination, which could increase the
heterozygosity and informativeness of the markers in the
form of haplotypes for applications of the linkage analysis
(Haghighatnia et al. 2012). Haplotype frequencies estimation for the studied markers in families and unrelated individuals demonstrated two of the four haplotypes to be
common in the Iranian population with frequencies ‡5%.
Therefore, they can be used as informative haplotypes to
identify pathogenic alleles of the NPHS2 gene in families
with NS. In addition, the estimation of D0 and v2 for the pair
of markers showed a LD in NPHS2 genomic region. Finally,
due to the fact that these markers are is in the intronic and
promoter regions of the gene, the presence of the LD
between the two markers indicated their linkage with the
gene, which could play a role as an important property in the
indirect detection of pathogenic alleles of NPHS2 gene.
In conclusion, this study was conducted to determine the
characteristics of rs2274625 and rs3829795 markers in the
Iranian population. The results showed that rs2274625, due
to its linkage to the NPHS2 gene, and rs3829795 with a high
allelic frequency and heterozygosity degree could be used in
indirect diagnosis of nephrotic syndrome. The combination
of these two markers resulted in the identiﬁcation of two C–
G and C–A informative haplotypes in the NPHS2 gene. In
fact, these haplotypes could be used as a means of identifying carriers as well as prenatal diagnosis of nephrotic
syndrome in Iranian families. These markers could be also
used as single-nucleotide markers in linkage studies to detect
mutations in the NPHS2 gene in the molecular diagnosis of
the disease.
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