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ABSTRACT

BACKGROUND AND OBJECTIVE: Phenylketonuria (PKU) is the most prevalent inborn error of amino acid
metabolism in the world and its incidence rate is increasing in Iran. The aim of the present study was to assess the
efficiency of HRM technique as a fast and suitable method in identifying common mutations of phenylalanine
hydroxylase gene including IVS10-11G>A and P281L in order to improve the early detection of the disease to prevent
the occurrence of it.

METHODS: In this case-control study, 20 DNA samples including one sample with 1VS10-11G>A mutation , one
sample with P281L mutation and 18 control samples were extracted from peripheral blood collected in Medical
Genetic Center of Isfahan and were genotyped with HRM technique. To validate the mutations, the mutant samples
were genotyped using sequencing. Bioinformatic analyses were used for determining structural and functional effects
of P281L mutation on the of PAH protein.

FINDINGS: HRM analysis identified 1VS10-11G>A and P281L mutations with a sensitivity and specificity of 100%
and the mutant and normal samples differentiated well in normalized and difference plots. Bioinformatic analyses
demonstrated instability and pathological effects of PAH protein containing P281L mutation.

CONCLUSION: HRM is a simple and fast technique detecting the two 1VVS10-11G>A and P281L mutations with
100% sensitivity and specificity.

KEY WORDS: Phenylketonuria, Sensitivity, Specificity, Genotyping.

Please cite this article as follows:
Amir M, Emadi Baygi M, Vallian S, Nikpour P, Akhondi F. Molecular assessment and bioinformatic analysis of two common
mutations of phenylalanine hydroxylase (PAH) gene by HRM. J Babol Univ Med Sci. 2017;19(6):42-9.

* Corresponding author: M. Emadi Baygi (PhD)

Address: Department of Genetics, Faculty of Basic Sciences, University of Shahrekord, Rahbar Blvd, Shahrekord, I.R.Iran
Tel: +98 38 32324419

E-mail: emadi-m@sci.sku.ac.ir



WWAF 13,5 15 0 lasd /23595 095 ¢ bl (S5 pole olKuiily dloxo
Ol g ol Ko ¢ JsSUso paseis > HRM i,

References

1.Schuck PF, Malgarin F, Cararo JH, Cardoso F, Streck EL, Ferreira GC. Phenylketonuria pathophysiology: On the
role of metabolic alterations. Aging Dis. 2015;6(5):390-9.

2.Jahja R, Spronsen FJ, Sonneville LM, Meere JJ, Bosch AM, Hollak CE, et al. Social-cognitive functioning and social
skills in patients with early treated phenylketonuria: a PKU-COBESO study. J Inherit Metab Dis. 2016;39(3):355-62.
3.Richardson SC, Aspbury RA, Fisher MJ. The role of reversible phosphorylation in the hormonal control of
phenylalanine hydroxylase in isolated rat proximal kidney tubules. Biochem J. 1993;292(2):419-24.

4.0zalp I, Coskun T, Tokatli A, Kalkanoglu H, Dursun A, Tokol S, et al. Newborn PKU screening in Turkey: at
present and organization for future. Turk J Pediatr. 2001;43(2):97-101.

5.Kimura T, lkeda H, Akaba K, Guldberg P, Giittler F, Maki K, et al. Mutation analysis of phenylketonuria in
Yamagata prefecture, Japan. Pediatr Int. 2001;43(1):1-3.

6.Guldberg P, Henriksen KF, Sipila I, Gittler F, de la Chapelle A. Phenylketonuria in a low incidence population:
molecular characterisation of mutations in Finland. J Med Genet. 1995;32(12):976-8.

7.Senemar S, Ganjekarimi H, Fathzadeh M, Tarami B, Bazrgar M. Epidemiological and clinical study of
Phenylketonuria (PKU) disease in the national screening program of neonates, fars province, Southern Iran. Iran J Pub
Health. 2009;38(2):58-64.

8.Li N, Jia H, Liu Z, Tao J, Chen S, Li X, et al. Molecular characterisation of phenylketonuria in a Chinese mainland
population using next-generation sequencing. Sci Rep. 2015;5:15769.

9.Dobrowolski SF, Heintz C, Miller T, Ellingson C, Ellingson C, Ozer I, et al. Molecular genetics and impact of
residual in vitro phenylalanine hydroxylase activity on tetrahydrobiopterin responsiveness in Turkish PKU population.
Mol Genet Metab. 2011;102(2):116-21.

10.Daniele A, Cardillo G, Pennino C, Carbone M, Scoghamiglio D, Correra A, et al. Molecular epidemiology of
phenylalanine hydroxylase deficiency in Southern Italy: a 96% detection rate with ten novel mutations. Ann Hum
Genet. 2007;71(2):185-93.

11.Zare-Karizi S, Hosseini-Mazinani S, Khazaei-Koohpar Z, Seifati S, Shahsavan-Behboodi B, Akbari M, et al.
Mutation spectrum of phenylketonuria in Iranian population. Mol Genet Metab. 2011;102(1):29-32.

12.Bonyadi M, Omrani O, Moghanjoghi SM, Shiva S. Mutations of the phenylalanine hydroxylase gene in Iranian
Azeri Turkish patients with phenylketonuria. Genet Test Mol Biomarkers. 2010;14(2):233-5.

13.Reed GH, Kent JO, Wittwer CT. High-resolution DNA melting analysis for simple and efficient molecular
diagnostics. Pharmacogenomics. 2007;8(6):597-608.

14.Dobrowolski SF, Ellingson C, Coyne T, Grey J, Martin R, Naylor EW, et al. Mutations in the phenylalanine
hydroxylase gene identified in 95 patients with phenylketonuria using novel systems of mutation scanning and specific
genotyping based upon thermal melt profiles. Mol Genet Metab. 2007;91(3):218-27.

15.Zhou L, Wang L, Palais R, Pryor R, Wittwer CT. High-resolution DNA melting analysis for simultaneous mutation
scanning and genotyping in solution. Clin Chem. 2005;51(10):1770-7.

16.Lin M, Jiao J-W, Zhan X-H, Zhan X-F, Pan M-C, Wang J-L, et al. High resolution melting analysis: A rapid
screening and typing tool for common B-thalassemia mutation in Chinese population. PLoS One. 2014;9(8):e102243.
17.Liu Y-P, Wu H-Y, Yang X, Xu H-Q, Chen D, Huang Q, et al. Diagnostic accuracy of high resolution melting
analysis for detection of KRAS mutations: a systematic review and meta-analysis. Sci Rep. 2014;4:7521.

18.Miller S, Dykes D, Polesky H. A simple salting out procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res. 1988;16(3):1215.

19.Akhoundi F, Parvaneh N, Modjtaba E-B. In silico analysis of deleterious single nucleotide polymorphisms in human
BUB1 mitotic checkpoint serine/threonine kinase B gene. Meta Gene. 2016;9:142-50.

20.Hamzehloei T, Hosseini S, Vakili R, Mojarad M. Mutation spectrum of the PAH gene in the PKU patients from
Khorasan Razavi province of Iran. Gene. 2012;506(1):230-2.

21.Liileyap HU, Alptekin D, Pazarbasi A, Kasap M, Kasap H, Demirhindi H, et al. The importance of arginine
mutation for the evolutionary structure and function of phenylalanine hydroxylase gene. Mutat Res. 2006;601(1):39-45.
22.5ong F, Qu Y-j, Zhang T, Jin Y-w, Wang H, Zheng X-y. Phenylketonuria mutations in northern China. Mol Genet
Metab. 2005;86:107-18.



J Babol Univ Med Sci; 19(6); Jun 2017
Molecular Diagnosis with HRM Method; M. Amir, et al

23.Djordjevic M, Klaassen K, Sarajlija A, Tosic N, Zukic B, Kecman B, et al. Molecular genetics and genotype-based
estimation of BH4-responsiveness in Serbian PKU patients: spotlight on phenotypic implications of p. L48S. JIMD
Rep. 2013;9:49-58.

24.Noori-Daloii M, Faraji K. High resolution melt analysis (HRM) and its strategic applications especially in molecular
genetics. Horizon Med Sci. 2016;22(1):77-88. [In Persian].

25.Jones AC, Austin J, Hansen N, Hoogendoorn B, Oefner PJ, Cheadle JP, et al. Optimal temperature selection for
mutation detection by denaturing HPLC and comparison to single-stranded conformation polymorphism and
heteroduplex analysis. Clin Chem. 1999;45(8):1133-40.

26.Liew M, Pryor R, Palais R, Meadows C, Erali M, Lyon E, et al. Genotyping of single-nucleotide polymorphisms by
high-resolution melting of small amplicons. Clin Chem. 2004;50(7):1156-64.

27.Zhou L, Myers AN, Vandersteen JG, Wang L, Wittwer CT. Closed-tube genotyping with unlabeled oligonucleotide
probes and a saturating DNA dye. Clin Chem. 2004;50(8):1328-35.

28.Zhou L, Vandersteen J, Wang L, Fuller T, Taylor M, Palais B, et al. High-resolution DNA melting curve analysis to
establish HLA genotypic identity. Tissue Antigens. 2004;64(2):156-64.

29.Dworniczak B, Grudda K, Stlimper J, Bartholomé K, Aulehla-Scholz C, Horst J. Phenylalanine hydroxylase gene:
novel missense mutation in exon 7 causing severe phenylketonuria. Genomics. 1991;9(1):193-9.

30.0kano Y, Wang T, Eisensmith RC, Longhi R, Riva E, Giovannini M, et al. Phenylketonuria missense mutations in
the Mediterranean. Genomics. 1991;9(1):96-103.

31.Dworniczak B, Aulehla-Scholz C, Kalaydjieva L, Bartholome K, Grudda K, Horst J. Aberrant splicing of
phenylalanine hydroxylase mRNA: the major cause for phenylketonuria in parts of southern Europe. Genomics.
1991;11(2):242-6.



