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Introduction

Phenylketonuria (PKU), the most prevalent 

disorder of amino acid metabolism, is a widespread 

autosomal‑recessive hereditary disease with a frequency 

of 1/10000 in Caucasians[1] and a variable incidence 

in other ethnics and populations.[2] In Iran, PKU is 

estimated to be about 1.6 in 10000.[3] The deficiency 

of the phenylalanine hydroxylase (PAH; MIM# 261600) 

enzyme leads to elevated phenylalanine (Phe) levels in 

the blood and various tissues including the brain and if 

left untreated, causes mental retardation.[4] This enzyme 

has three structural domains consisting of an N‑terminal 

regulatory domain, a catalytic domain, and a C‑terminal 

tetramerization domain.[5]

Occurred mutations at the PAH gene, encoding the 

PAH enzyme, is the most reason of the disease with 

over than 600 known mutations to date (http://data.

mch.mcgill.ca/pahdb_new/). This gene spans about 

90 kb on chromosome 12q and comprises 13 exons 

and 12 intervening sequences (IVS). The mutation 

profile of the PAH gene is spreads throughout the entire 

structural domains and shows enormous diversity.[6] 
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BACKGROUND: Phenylketonuria (PKU) is an inborn error 
of amino acid metabolism that results from a deficiency 
of phenylalanine hydroxylase (PAH). According to PAH 
database, exons 6 and 7 and their flanking introns of 
PAH gene contain the greatest number of mutant alleles. 
Therefore, as a preliminary study, nucleotide sequence 
analysis of exons 6 and 7 of the PAH gene has been 
performed in 25 PKU patients whose ancestors lived in 
Kermanshah province of Iran. To date, there has been no 
mutation data describing the genotypes of the PKU disease 
in this Kurdish ethnic region background.
MATERIALS AND METHODS: Twenty‑five patients (aged 
between 2 and 23 years) participated in this study. The DNA 
fragments containing two exons of the PAH gene [6 and 7] 
and their exon‑flanking intronic sequences were amplified 
and sequenced.
RESULTS: The total of detected mutations were 
R261X (8%), R176X (4%), R243Q (4%), R243X (2%) and 
R261Q (2%), as they accounted for 20% of all mutant 
alleles in this study. The identified polymorphisms are: 
IVS5 ‑54 G > A (22%), Q232Q (8%) and V245V (4%). All 
of the detected mutations in this study are related to CpG 
dinucleotides in the PAH gene sequence.
CONCLUSION: The frequency of R261X, the most 
common mutation in our study, in Iranian population is <5%. 
Furthermore, there is no report of detection of R176X and 
R243Q in Isfahan and Azeri Turkish populations. These 
findings confirm the common Mediterranean mutations 
in this local population, although with more or lower 
frequencies than those reported in other related studies 
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in Iran. Therefore, it may be necessary to study the PAH 
gene mutations in other provinces of Iran separately.
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The severity of the disease is also diverse from mild 
hyperphenylalaninemia (MHP) to classical PKU, which 
is characterized by pretreatment blood phenylalanine 
levels or dietary tolerance.[7]

Kermanshah province with the Kurdish ethnic 
background is located in the Central West portion of 
Iran, with about two million populations, bordering to 
the West with Iraq and to the North, East and South 
with the provinces of Kurdistan, Hamadan, Lorestan 
and Ilam.[8] In spite of some reports regarding the PKU 
disease among different ethnics in Iran,[9‑11] there has 
been no mutation data describing the genotypes of the 
PKU disease in Kermanshah province.

Determining the relationship between genotype and 
phenotype would provide very useful information for 
planning dietary and therapeutic strategies. Therefore, 
we analyzed exons 6 and 7 of the PAH gene in 25 PKU 
patients born in Kermanshah province and compared 
them with those of other related studies in Iran.

Materials and Methods

Patients

From 2010 to 2011, 25 unrelated families who had 
an affected child with PKU were referred to the Medical 
Genetics Laboratory of the Reference Laboratory in 
Kermanshah; detailed questionnaires, including clinical 
and family history, were collected. The PKU patients, 
15 males and 10 females (aged between 2 and 23 years) 
originated from Kermanshah province. They were 
selected from the database‑records at the Imam Reza 
hospital in Kermanshah city. The primary diagnosis of 
these patients had based on clinical criteria and laboratory 
findings (detection of elevated Phenylalanine (Phe) 
levels in blood samples by using HPLC). According 
to the plasma phenylalanine concentration prior to 
phenylalanine restriction diet, they were classified to 
classical PKU, moderate PKU, or MHP with the level of 
1200 µM or more; 600‑1200 µM; and less than 600 µM, 
respectively. Urinary pterin analysis was performed to 
exclude BH4 deficiencies. Informed consent for DNA 
analysis was obtained from the patient or the patients’ 
family (in case of most patients). Consanguinity among 
parents was proven in 23 (92%) cases.

Methods

Genomic DNA was extracted using QIAamp DNA Mini 
Kit (Qiagen, USA) after collection of blood samples (5 ml) 
from patients and parents. The DNA fragments containing 
two exons of the PAH gene [6 and 7] and their exon‑flanking 
intronic sequences were amplified by polymerase chain 
reaction (PCR) using the primers as showed in Table 1. 
PCR conditions were as follows: initial denaturation95°C, 
5 min: each cycle: denaturation 94°C, 30 sec, annealing 
57°C, 30 sec, elongation 72°C, 45 sec, 30 cycles: Final 
elongation: 72°C, 7 min. The agarose gel was stained with 
ethidium bromide for visualizing the fragment migration.

Sequence Analysis

Samples were analyzed by direct sequencing of 
exons 6 and 7 of the PAH gene in an ABI‑3130 DNA 
analyzer (Applied Biosystems, USA). PCR products 
were purified by using QIAquick PCR purification kit. 
Then, sequencing samples were precipitated with 
Ethanol‑Sodium Acetate precipitation and were used 
for cycle sequencing. After Sequencing, the data were 
analyzed using DNA sequencing analysis v 5.2 software.

Results

Nucleotide sequence analysis of exons 6 and 7 of the 
PAH gene revealed 5 different mutations on 10 of the 50 
mutant alleles (diagnostic efficiency of 20%) [Table 2].

These included two missense mutations (6%) and 
three nonsense mutations (14%). The most frequent 

Table 1: Oligonucleotide amplification primers and PCR 
conditions
Exon # Primer sequence (5´-3´) Annealing 

temperature
Length 

(bp)
6 (F) CACTGCTTAACCAAATCAC 57°C 582

(R) CAGAGCACAGTGAAATTTAG
7 (F) CTTGATCCAGATCACCTAGC 57°C 506

(R) CAATCAGTCTGGTCTATCTAC

Table 2: The PAH mutations identified as the results of 
the study
Mutation 
name

Systematic 
name

location Mutation 
type

Allele 
frequency

Relative 
frequency (%)

R261X c.781C>T Exon 7 Nonsense 4 8
R176X c.526C>T Exon 6 Nonsense 2 4
R243Q c.728G>A Exon 7 Missense 2 4
R243X c.727C>T Exon 7 Nonsense 1 2
R261Q c.782G>A Exon 7 Missense 1 2
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mutation was R261X (8%), accounted for four of all 
mutant alleles. The remaining four mutations were 
R176X, R243Q, R243X and R261Q representing 4, 4, 
2 and 2%, respectively.

Among the seven patients with identified PAH gene 
mutations, three of them were homozygous (1 case of 
R243Q and 2 cases of R261X) and four of them showed 
only one mutant allele (two cases ofR176X and one case 
each of R243X and R261Q).

The identified polymorphysms are: IVS5 ‑54 
G  > A (intron 5), Q232Q (exon 6, CAA  > CAG) and 
V245V (exon 7, GTG > GTA), with the frequencies of 
22%, 8% and 4%, respectively [Table 3]. Genotypes of 
25 PKU patients from this cohort are shown in Table 4.

Discussion

PKU is caused by the deficiency of PAH, an enzyme 
responsible for converting the amino acid phenylalanine 
into tyrosine in the liver, and leads to increase of 
phenylalanine in the blood. This accumulation is toxic to 
brain tissue and if untreated, infants with PKU develop 
mental retardation.[4]

In Kermanshah, Kurds are the prominent ethnic 
group that has lived in this area from the first millennium 
before the present age. Kermanshah has been known 
as the gate of Asia with the important Silk Road 
passing through this area.[12] This is the first report 
about the DNA lesions in the PAH gene causing 
PKU in Kermanshah province with the Kurdish ethnic 
background.

According to PAH database, exons 6 and 7 and their 
flanking introns contain the greatest number of mutant 
alleles. All of the detected mutations in this study are 
related to CpGdinucleotides in the PAH gene sequence. 
The CpG dinucleotide is often located at hotspots for 
pathogenic mutation in coding DNA. Deamination of the 
5‑methylcytosine at these sites leads to the conversion 
of Arg to Gln and Arg to stop codon (X).

R261X, the most common mutation in our study, 
is also detected in Iran[10,11] and some countries such 
as Croatia,[2] Italy,[13] Brazil,[14] Germany,[2] Korea,[15] 
Lithuania[16] and Portugal[17] [Table 5]. This mutation as 
well as R176X and R243X are nonsense mutations that 
lead to a premature step in translation.

R243Q andR176X were seen with the frequency of 
4% in this study. R243Q is a common mutation in the 
Southeast Asia countries.[15] R176X has previously been 
reported as the second major PKU‑causing mutation in 
Moroccan[18] and in relatively frequencies in Cuban[19] 
and Egyptian[20] populations. The frequencies of these 
mutations in Iranian population is <2%.[11] Furthermore, 
there is no report of detection of these two mutations 
in Isfahan[9] and Azeri Turkish (northwestern of Iran)[10] 
populations [Table 5].

Two mutation remaining, R261Q and R243X are major 
mutations in Iranian population but were observed with 
the frequencies of 2% in this study. R261Q has previously 
been reported in relatively high frequencies in various 
populations, primarily in the Mediterranean and southern 
Europe. This mutation is a common mutation in the world 
and the second common mutation in Turkey.[21]

The neutral polymorphisms IVS5 ‑54 G   >  A 
(intron 5), Q232Q (exon 6, CAA > CAG) and V245V (exon 
7, GTG  > GTA), which does not lead to amino acid 
substitution, with the frequencies of 22%, 8% and 4%, 
respectively, was identified.

Conclusion

As seen on achieved results, the common Mediterranean 
mutations were detected in this local population, although 
with different frequencies than those reported in other 
related studies in Iran. Therefore, it may be necessary 
to study the PAH gene mutations in other provinces in 
Iran separately. Moreover, obtaining the full spectrum 
of mutations of this gene in Kermanshah province PKU 
patients needs to analysis of 11 remaining exons.[1‑5,8‑13]

Table 3: The PAH polymorphisms identified in the current study
Polymorphism name Systematic name Other name Location Allele frequency Relative frequency (%)
IVS5‑54G>A c.510‑54G>A G/A Intron 5 11 22
Q232Q c.696A>G CAA/CAG Exon 6 4 8
V245V c.735G>A GTG/GTA Exon 7 2 4
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Table 4: Genotypes for mutations and polymorphisms of 
the PAH gene in 25 Kurdish PKU patients
Genotype Polymorphism(s) Classa Number of 

patients
R261X/R261X IVS5‑54G>A/IVS5‑54G>A 1 2
R176X/U Q232Q/Q232Q, V245V/U 1 1
R176X/U ‑ 1 1
R243Q/R243Q ‑ 1 1
R243X/U Q232Q/U, V245V/U N.A. 1
R261Q/U IVS5‑54G>A/U 1 1
‑ IVS5‑54G>A/IVS5‑54G>A 1 3
‑ Q232Q/U 1 1
‑ ‑ 1 9
‑ ‑ 2 4
‑ ‑ N.A. 1
a1: Classic PKU, 2: Moderate PKU, 3: Mild HPA, NA: Not available

Table 5: Comparison of frequencies of detected 
mutations in this study with other studies in Iran and 
some other countries.

R243XR261QR243QR176XR261X
22448Current study

6.912.11.21.64.8Iran (11)
4.55.7004.5Iran (Northwestern) (10)
07.69000Iran (Isfahan) (9)
00.6121.30.6Korea (15)
1601.1<1Germany (2)
00.500.50.5Lithuania (16)
09004Croatia (2)
022.5002Italy (13)
010.4000.4Portugal (17)

4.104.18.30Morocco (18)
011.507.70Egypt (20)
015.805.30Cuba (19)
012.201.70Brazil (14)
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