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Abstract:

Background: Phenylketonuria (PKU) is a heterogeneous and autosomal recessive metabolic
disorder that is mainly caused by mutations in the hepatic phenylalanine hydroxylase (PAH)
gene. Distribution pattern of mutations in the PAH gene are specific to each population. To
date, no reports of phenylketonuria molecular analysis have been found in this population.
The aim of this study was to identify PAH mutations within exon 4 in PKU patients in
Guilan Province and compare it with the studies in other parts of Iran.

Materials and Methods: In this cross-sectional and descriptive study, 25 unrelated PKU
patients (age range, 1-21 years) were identified from different regions of Guilan Province
during a one-year period. After collecting blood samples and DNA extraction, the DNA
fragments containing the exon 4 of the PAH gene and its flanking intronic sequences were
amplified and sequenced.

Results: In this study, IVS4+5G>T mutation (10%) was identified. This mutation was found
in two homozygous PKU patients and one heterozygous patient; they had mPKU and cPKU
phenotypes, respectively and their parents were third degree relatives. In addition,
IVS4+47C>T (28%) and 1VS3-22C>T (8%) polymorphisms were also detected.
Conclusion: Investigation of mutations in the PAH gene can be a useful tool for molecular
detection of the PKU disease and carrier detection in this population. Moreover, the other 12
remaining exons need to be analyzed to obtain the full spectrum of mutations of this gene
among the PKU patients in Guilan Province.

Keywords: Mutation, PAH, PKU, Exon 4, PCR-sequencing

* Corresponding Author.

Email: khazaei@toniau.ac.ir

Tel: 0098 115 427 1105

Fax: 0098 1142 744 09 Conflict of Interests: No

Feyz, Journal of Kashan University of Medical Sciences, December, 2019; Vol. 22, No 6, Pages 595-601

Please cite this article as: Pourvatan N, Khazaei—Koohpar Z. Investigation of exon 4 mutations of phenylalanine hydroxylase gene in
phenylketonuria patients in Guilan Province using PCR-sequencing. Feyz 2019; 22(6): 595-601.

040



https://feyz.kaums.ac.ir/article-1-3666-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-05-21 ]

(5295 $3S 438 4 Miso (o plass 53 33hauaS 9 300 (YT 05 ¥ (9381 (SLacien (oua 53

PCR-Sequencing jl ealdivl b 98 (ylical ya

*y \

YRl ST TITRE
RW)7EY
55 (20 gl g0 51 50 sdas 5 sbar a5l 03528 5 o shie Jog Bl S e It G (PKU) (5, 50 558 Jotd 180 9 dles
& 05SU Cwl Comexr o PAH 05 55 bl w55 8 Aibs suS (PAH) S s50e ¥ L 03
35 PAH 05 (a0 sl g0 gl andllas ol 51 GBud ol 0l Sl Cameir ol 33 (55558 b S50 Jlow 51 5,158
550 00l sl i sl 53 45 8 Oy s Slalllae b OF anglis 5 IS Okl 53 PKU 0,y 3 o 03551
153 Ul Y 6 ) Wl i 5 PKU ey Y0 slaws by 055 K (b oabiie o 5 andllas cpl 55 i 595 g Slgo
5 s PAH 05 % 05581 Jols DNA Siladas DNA (5luli 5 o131 51 855 4 ged dl 51 e ik ol OMS Oliusl s
A IS e g 4Bl S 5l ey glo s STy Jaw s OT SIbI g 4!
K 03 5 DK Dot PKU Sles 55 55 Gigr cpl dd glubd (doys V0) IVSAHEGST g addlas ol s il
w55 0I5l 5 LT cpally 5 wxsls CPKU 5 MPKU Glacs g o ja Oty cnl s sdalie &850 0 &) st slo
s asete 73 (1033 A) IVS3-22C5T 5 (a3 YA) IVSAHATCST lapei s n s e tis g 5w

Sl o Men ol Comez ol 53 B ens 9 PRU (g les J iS50 Jadels Gl oo I3l bl sl s (o) 5 18 5 4

il K3 08IV Ly a5k IS Ot PKU 0 jla 53 05 o) a0 semb 30 JolS b 4 ol

PCR-Sequencing f &3381 «s) 5 55 Juid « 5homS 55008 VT i « igr 1Sl OB 319

080-F+\ Oloriee AV Wikl y fpogp F ol I3 5 S 093 (b g — ke asliols g5

0953295 4k 593k 55 (PAH) s gyn VT Juid 05
Wy 05 ol [0] ol o Bl 022-024 4G 45 \Y
S odkes ssba (o85S S [F] Al D5 VY 5 055
o bml S gy0m YT S 05 3 sOsmbige b
S A5 e e 055G PAH oS ) asls oKL 5 52
Sl (e 5 ek gLl dex 5 il
Sy el sl 5 Sr S slags (SrsS 5 Son
L0 sl g cab aS eals OLI suwe Sladllas [V] Cusl 63 S
[f] el wylan (il e 0o 53 PKU Lls
Sare 51 (gl 3 ol 05578 Sl s5lew S PKU
2ol PKU (g len b o 0 80l ge Yo 51 iy 0l andllae
5 paRie Camez a5 W ig opl ST 5 Slsl 3 aS edd
g5 31 IVSAHEGOT i [A] sl K3 Comer 51 plae
Juo 55 s o 5 PAH 05 F 05500 53 48 ddl (ol sm
g5 b s 015 PKU Cosez 55 5550 Sig Slolp YoNN
mamad [F] sl sdss 5 5158 deo s /Y O, Ken 5 550
OKer 5 g o2y s YV Jlu 3 &S 6,505 adlhe o
S Ol 3 daays VY Glsl 3 b g ol 23 8 &y g0
PKU 5,50 #¥0 asdllas b 55 O)Ken 5 al) s [4] Sl 0

3588 Y4 55 15 e onl YO Jl s 01l cilee bl

Ao

b oo Jlgisl sl & PKU) (o, 6558 Jid
P N L R e e R
23 ) Slal Comaz 3 NSl paed [V] Al e
Jo0 Vb ped cnl 5 [¥] ol ks 3,505 o3 g FEYY
50k [F] el Gl Come 3 Jel bzl YL Ol
-0lys ol s b s (Fdibecie PKU oy ol oy 5
Sl wiy 31 IS ol Wyl eSS el edl
S jsliws 51 (S o oY1 S plaw IS gl mlie
[F] ol 03 (Fhibecde Jlee 55 S5

ok rolisd G295 o J5Sha 5 sk pale 2l pulidh)lS (55nils '
S gollasl ST o815 (S5 329 o siamn S poke 22515 (50 9

ol xl

323 gt pole 03555 ¢ S50 5 ok wlidh Cam 09,5y 3biel "
Olpal (S5« go sl 51T 28> (oS

sdoiune 03Jung03 ¢3S *

OIS 32y (g pole 238D (J9SUse 9 (Jokw wlid S 29,5
Ol 85« sollusl 31T 281>

SVEFYEE-Q 30n30308 <110FFYI -0 5pdls
khazaei@toniau.ac.ir «S5yg)3sl cuny

IFAV/A/1 1 3303 isgady Ay 1FAV/0/VE 1cblys ayG

048


https://feyz.kaums.ac.ir/article-1-3666-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-05-21 ]

oY1 8 05,55 ¥ 05581 Sl ier s

(PCR) 3l oy (slo iy 2S5
Analytik ) (Sl ge 5 o&ws ;5 PCR sty
3,00 s ST Slasie 238 ¢lxi! (jena, Germany
ol JF el odal N ojled g 3 STy cpl s eslizd
omemen S 1 b Oligo7 ANles 31 el b s 85T
Seslial b 5 5550 s g ln byl O35 ol
S 55 b g Wbl e s 8wy NCBI Blast 4 ,
FiSly olg gz Jgb .23 5 o) se o5 oS Bioneer
-55 Y0 PCR us1y by ole = 5 YA bp PCR
AccuPower® PCR PreMixX <. 3l eslizwl b 45 54 I
DNA s S ¥ 03551 b 5 (a5 o5 Bioneer o5 ,2)
(JpesSa Y1) ol o s Koo ¥ (p S50V -V 0) (a5
PreMixX dgoes s Ko 0 4 ol O ds S VY
BY A ey (ST AL ﬁ;.ﬂ ANTPMgcl, ss>)
AN ey Glogy SIS el
bz 1AL o 25 Dy o OF SIbI gl (15 5 F 055
sl akds 0 Sea ol S gle axys AF Ayl Kl ol
pels Gl i els Sew 2 a8 S T STy ol S
= ool Ok (5l 4233 ) ety o B Sle a3 AF Ko
VY il sk gles 5 4l ¥ ey ol F Sle 4 ys £A
VY ole ol b sl 5 4l ¥ Seny o5 Sle ax o

g ads 0 Sdaa 35 Slu ax o

PCR oY guazs 5, 485 2SI

501 CiS 5 5 3,5m ankad 2SS 51 Olabl (sl
N gmame 51 2l Son ¥ ol b SV g 25 e
V50081 d5 e V0 Bp SOk s (Oley sladiged) 28Ty
Y ojlad JS5) s 5 5,589 50 5 (6513850 Ao

IF e

‘_;th”nu_,a u:l...b.i. )‘,Jé.'aq PCR QYM
AF e KAS g e el iSO Oladad 53 34 e
5)5 oj;;b C—S,ﬁ) AB|3730 f.dj‘,gu a\gl.wé Ja.»,s
(orrmen (LS D0 6y @ gy ) el by (o g
s chromas .CLC main work bench 5 slles 5l
ooy il awlie 5 b JIg lss cgx Gene runner
O sl 15 s PAH 05 F 05581 Lol ody b s 5K
(0 9 ¥ A)Lw.fn dlAJSJ) A eslaiwl

% o skad |YY 050 [VAY|ldasl 5 cpoge | b asliologo

Coraz 2 0 Syl a4 am g b [V] a8 sdalin (U ¥/7)
o ML gl ol Dl ki b K ol K
bl 5 Gl 5 J g pasis 5o mls el palise
mAl ol gl GOl pleld il w54 o
0 (SE) by (Hb 53 i g e Jlo (g ba
Sas [N Wb olen ol S et bl 5L
PAH 03 ¥ 05551 slasier S o 2l addllas
Obl 51 6,555 Job a4 N Olley 55 K Ku g4
Sl sy e 3 85 g0 Sllas b 0T amlis 5 ONS

.L&Law C}|j.3_|

by 595 9 g0

b Al o g el adllas K ol andlas
B] .UJLQPJ,:; 9 PKU slew YO slaws 4.“.\.«&1 0y9 »Sg
Oyles opl plobd . Lad plubd IS Okl il 4
Sy smae WoOke ks 53 a3 laediy bl
S 5 g T sl el gl 5 Oley 5l i (238 Oy 50
-¢,§ OB S S L8 a5 5l e el Josa © o adllan s
SLeslgls b 5 Slen sow 5l wlid y 5 wliculs, sl
(g 3 Shbcis jlrs b S355 e a5 3,050 43) OUI
50 J3 Phe g ol g Ol addllas ol s A WA,
HPA 9 A_A:A? PKU uS;.w)Lf PKU o‘gjf w3 C)LU:
SR 0> B S Gme b (g SN sel A F IS hks
IRJAU.RASHT.REC.-) i, axly odhul sf51 o&ls
Al Y0 U5 4 Sl 55 a5l s plwil (1397.138
0586 510 saml 3l 58 P lp g del Josar 5055
-4 Y50 /0 EDTA 2y S ¥ ol (s 2 Joe VO sla
A sl slaail Al esbe O g

DNA ¢ s
Dynabio™ c.s 3 DNA ofscul oy
Takapozist, ) Blood/Tissue DNA Extraction Mini kit
osliiul sdijle 8,3 Jaadly s ulul 5 (Tehran, Iran
<z PCR sty ot 51 5 5 DNA &l gl 51 g bt
3 PRl 56 b ol nsty DNA (SES § il S 1
(NanoDrop, 2000C, Thermo scientific, USA) g3
wad gl el DNA CiS ab lp comomed A3 m)
andlan 3550 Ao ys V3,81 U5 555 55835 2 ha, b ek gas
O oled K2) 38 15

04y


https://feyz.kaums.ac.ir/article-1-3666-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-05-21 ]

a5l 55 CABLHEGSTIVSMHEGST iy jur &
s IVS3-22C>T(rs2037639) gy po b 53 5 ¥
¥ 5T bl s o e IVSA+4TC>T(rs1718301)
SCPKU 553 LY o lad 4503 caigad YO 5 dis F plulis
$lols ¥ 092l 5o MPKU (g8 LY 51Y o jled sbad o
Coseh ¥ bl 5o oS Koy IVSAHEGST il g
S Rbger Sogen Yoo g Y L g5 s 5 S
Mol sbml ol 05 cal ¥ 05 53 5L ek tad edalis
Gpdsgohy orzmer 2y oad PAH 05 s il
IVS3-22C>T(rs203763- 4 IVS4+47C>T(rs1718301)
sdalie (Loys A) JT Y 5 (awoys YA VY L5 e 9)
i i SO g ¥ 08 (T 00 51 PTYY s s S
(deys V) W10 L5 (C.AA1+5G>T) IVS4+5G>T
(:!)f,,é,,&]! 3 o ) Al Olley Slasiin S plulis
SLE ¥ oyled K8 5 ¥ jled Jpde s IVSAHEGST i
VE 5o IVSAHATCOT iy compan ol ad o3l
Sopon Sl Y5 O K5 Sogen Lo A ) P
Y ,s) JT ¥ s IVS3-22C>T [ ST PR P PV
BTov 5l (s slen V5 ©K5s 0 Oson ley
b 9 opl by I pl S Sl s plulid addllas ) 50
ek osls Ol 0 5 F ojled sl K3 55 Sy r...»:.;)y

sl

25 S s ok

A

Glpoodd plulid sl BT slaws b P s Glsl 3
andllas 3550 S T JS slitas 2 ol sy so b e S
o 93 45 Al b rseh b e OF (i SIS G
sl 0t Sl ooy Oy gty andllas

Pl
Olleny i 58

Wooku ks 4 a8 PKU [l Y0 adlas ol o

JUbl jaasie S5 haw s (Ns g 03505 axxl o S35 45
S S Phe mhe lely Ohley X8 F I3 pusp 2550
55 Ol (Y ojlad gdr) ks s 098 ¥ 4 Ol
oo T o sd a5 andls L5 Jle Y B Y s esgdons
g (o3 VY) S5 5 (o3 \Y) L6 (ao s VE) SUE
(Golom SIS e dhe 1 g Ay Ol Clasls
2 S g pllly Nglin > Oleys 51 5 VT S Ol

) ol el LAY AJL«J J}J’-

N
Y gaze (Y ojled JK2) FVA DD Jgb b olaisl Kl
85 ¥ 058 A S g o b ks S IS e
(P10 PKU [l Y0 55 0T GIbI Sy ,ml 15 s PAH

adllae pl s eslanal 5,90 paul n Slasiin =Y ol Jyds

o5 rU

i Js PCRJMJ}E

(PAH-E4) Forward

5 -GACGGGTGGGAGGGAGATGAG-3

#VA bp

(PAH-E4) Reverse

5-AGCACTTGACTTAAACCTCCATAGATG-3

Oloys 31 b VT s clale bl andlas 5550 5130 53 (golew Jlsl 5 =Y o led Jsd

(do ;3081 oy

Sl oo 23

\xd
Y

Y

S PKU (cPKU)
iz PKU (MPKU)
s HPA (MHPA)

ol adlas )3 IVSAH+5G>T i dols Olen Slasiin Y o led Jsd

Figs 2 53 IVSAHEGST g consd [ Ol 3 Jd ¥ Jud clale (Umol/L) Solom RS iy Slew
i Sy *cPKU VA Sy Ll 5 A
H+ SIS **mPKU 1144 S Lyl g \Y
++ LS mPKU Vege Sus Soligs Y

S K5 i/ i) geartlt s PKU ** Luds PKU s

08A

4 AJLQ.:' IYY 69 I\r*V|J~J3~»| KR |UA.:5 MUALBJ)


https://feyz.kaums.ac.ir/article-1-3666-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-05-21 ]

oY1 e 05,0 F 05581 Gl igr o p

2;\“‘1'“‘,‘ I (1] f\;“];‘
VLYV VNV VIV

55 IVS322C5T i 1555 250 - wlact JSC2
(3, I =S

250 Olys 5 Ol s S o se PKU g4

3ol 3 Jaere Py K e odd dgdone ld
9o Ol Gy o ol odd Bl anw g gl 48
S gogbu tars o Sl 1) Olsl3 g s SILE al s S plnil
wlold diea b b 3 oS, plaz) Olgy Oleedl b
b g gt Ui allaie a5 Sl p3Y e [VY] 58
500 Nom 131 s olen (al sbml Jele PAH b e
SAIUE b olen b 2 a3 I G 4B 8 G e
53 .38 Jles! Bt Sy NI 5 0dd plulid (K55
PCR oV pams pitis b M5 51 osliiul L ol adlllae
Obwl 3 PKU Ol 5o Slbl Ss,ml s 5 F 0558
L (C.A41+5G>T) IVSAH5G>T sl ,m g S ONS
YA) IVSAHATCST djgoidh 53 5 deops Vo Glslp
o98) &S s B sl (hw s A) IVS3-22C5T 5 (aw)s
IS Dbl 51 PKU Comazr )3 iy g0 b 93 00l 51 5,155
r*éu“): OLes 5 g8 oy YN e 5ol e
[¥] K585 5,18 0 PKU comes 55 1, IVSA+H4TCST
ik 9 0L 5 sude YNY L
5 PKU kg s 1, 1IVS3-22C>T 4 IVS4+47C>T
55 OF ol [V¥] L3 S plubs (0140 o ,8) oliibe S Ol
3 ;& bug IVS3-22C>T pogeh YN0 Jl
2 s [VE]Y0F LSS 5L Ol 5 s gLkl 5l 01,
Ao Vo GhlS 3L O1)Kes 5 515 ske bw s 55 YAV Jl
Blwrez 3 gobms 33 PAH 05 o g [V0] as 5,158
Wb ol g5 3 IVSAHEGET g ol 0id aalllas
gl gl s s s Fy PAH o5 % 050 55 oS
50RO pon e K5 A3 Vv Gl L e
25k S S A etalie S5 ses S slen g3 2

b PAH 05 55 ol pm oKl sbml Sl 05 opl ¥ 0,

4 AJLQ':' |YY 092 |\‘~QV|-\L3.~:|‘5 s |u.b.35 MUAL«})

s — B S S

CIIL L

)Lq.ﬁct}fo.}\' )\"'\":’C\J"-:”’\DNA))}’JJ:Q‘_\ e)Lq..iJ.{J

Sl i e s SoeiM s s 58T 5 s,

0=V o,ks) PCR e sames 55585 2 EE =T ol S
N osled clos N 5,81 U5 s GYADP) ¥ 05581 4 by e

Gl iz Ve Sl pl) Lo e J 28 4 5e0)

= = -MJLEQ‘NAJ"_. ’{:M =3 p&
IVS4+5G>T e 1S S ¥ s S }
(i, JI) & Sls ma L s (€.441+5G>T)

W
| (I\ | A it
(I — I
‘ i ‘ R, ,‘\I [
AR 1 VL
'H | | :l | \I 4 | A | J I
l\ [ \I‘ “' | “\J H \ | | , f H l\ ,‘f \j H
IRRIAARA R\ SAVARINRATE
.__a‘\_.'y"__'\_,i__' V) N TIRTE |

DL IVS4+47C>T M)j“)i r\;jﬁjjzg‘ -Y b)L»..;J.i.i
(o) ) @, -

044


https://feyz.kaums.ac.ir/article-1-3666-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-05-21 ]

amslis 55 OWS Oll PKU 0l )by )3 IVSA4+5G>T g
1 Vb puand 45,5 2050 Ol gl 5o 055K S SWlae b
Voo s G e ol adlae 5o Ll Lol esls OLE
B b 0351 Caws g edd 3L Lapsises S Ao
a3l NS okl PKU Olkes 53 PAH 05 slad sl 50
S i b Sl 4 a5 b sl s 05FINY )
5 BB sl slyls Ol ) il glaisu s PAH 03
“ et Ol e bl > pale Slalae ploxit b 11 sl e
ot ose 558 bl ) e p ol sl e Ol
S 30 T 51 el Sleys 5 48 iy Slaal s
g SIS arag 2y e 5 PAH 05505 Jsb Juls Godow

2505 dsb JS Sambisn )

& 5 4o
A n s onss PAH 05 b g alulis
$lr OF 53 hslh g gl glos & ax g b 38 abs
S s b sl Gleny ©us e g SIS wly b
AP sp 3590 allas cpl s PAH 05 0581 S s oS
05 onl SO gmbign JolS b 03,50 Gty (gl ol 45 S
S s, K 89NN s OMS Okl PKU O lay 53

bl o0

S 9 KL
Loyl b8 g emtils wlOLL fols dlie ol
proe Joup 5 o il S5 BT 5 OB N 5 ASL
y iass ol O uilcms a5 Cdy ja 5 VY Ol slo

Wyl 0y Sla a8 JS..;S JLS Liles god (5,L

References:

[1] Hamzehloei T, Hosseini SA, 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.

[2] Koochmeshgi J, Bagheri A, Hosseini-Mazinani
SM. Incidence of phenylketonuria in Iran estimated
from consanguineous marriages. Inherit Metab Dis
2002; 25(1): 80-1.

[3] Hosseini-Mazinani SM, Koochmeshgi J, Kha-
zaee- Koohpar Z, Hosein-Pur-Nobari N, Seifati SM,
Carrier detection of phenylketonuria in Iranian
families by variable number tandem-repeat poly-
morphism analysis. East Mediterr Health J 2008;
14(6): 1445-51.

Fon

25 S s ok

o 3 0l 53 PKU Coms 51 &8 sl 218 ol
562 ol 1ol ) 4 el s g g0 IVSAH5GST
WYY 3 1) PAH 05 Ssmbge cab YoV Jl s 0,
A seon 250 SIS PRU b sl Sl 00l sl
S Ao 5l il glahgr adlas pl s sl
A SIS F Oyl g dee s A Glsl s L IVSAHSGST
9 omeeds huwg YOV 3 S Gladlas s edes [F]
A S e PAH Lai b Jlpl el gl A s 0f,5es
PCR-Sequencing s, b <lbl sl s 5 0551\
S dhe 5l il Jhg Y pluld 4 e 4SAS o p
A3 VXY Sl W PAH 05 F 05,20 55 C.A41+5G>T
PYO oy p b YA Jlu 55 OKen 5 315 copizman [A] A
Laged 5,158 2550 Y4 o 1y Ligr opl 010 3 PKU L
PKU iz sbacames 53 0556 a5 Sllas sl 5 V0]
@ w38 e Ol 5o PAH Ssmbise cab b bls,l o
4 Olg o ahex)l sl odii o)lil IVSA+E5GST g
S5 o elie LPKU Ol e 55, 0,\Kan 5 (g3l anlas
LIV] bl S Okl 31 O,en 5 dsu de V] &5
adlae 5 [VF] cno5d 5 Obxy Dbl g5 )3 OLKes 5 5K
5 Olden Oll g5 53 YOIA Jlu s OLKes 5 25w s
b 53 IVSA+EGST jigr Slslp 508 o,L50 [V] Ol
w3 VA ST G A] das /A Ol g e ba is
3T ss s edeme VLI VY] dys VE Wl g (A
deo 53 W8 Mgy [VA] doys O/YY sl [VA] T V40
NOVOs- 5 Kemero =t g ;5 5 [YV] doys ¥ S 5 (Y]
S Y] ho 3 VAL 5 /¥ i fas 28 (S o3 IDIFSK
s Wy 43 IVSAHEGST igm w)p ol ol

V] cl 0dd Ao )5 AVIV 4 AP 5l g slulis SR

[4] Zare-Karizi S, Hossini-Mazinani SM, Khazaei-
koohpar Z, Seifati SM, Shahsavan-behboodi B,
Akbari MT et al. Mutation spectrum of phenylketo-
nuria in Iranian population. Mol Genet Metab 2011;
102(1): 29-32.

[5] Fazeli Z, Vallian S. Phenylketonuria from genet-
ics to clinics: An lranian prospect. Iran J Biotech
2011; 9(3): 163-72.

[6] Moradi K, Alibakhshi R, Ghadiri K, Khatami
SR, Galehdari H. Molecular analysis of exons 6 and
7 of phenylalanine hydroxylase gene mutations in
Phenylketonuria patients in Western Iran. Indian J
Hum Genet 2012; 18(3): 290.

[7] Alibakhshi R, Moradi K, Biglari M, Shafieenia
S. Spectrum of phenylalanine hydroxylase gene

4 AJLQ.:' IYY 69 I\V*Vlm' KR |u;a.:5 MUALBJ)


https://feyz.kaums.ac.ir/article-1-3666-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-05-21 ]

oY1 8 05,55 ¥ 05581 Sl ier s

mutations in Hamadan and Lorestan provinces of
iran and their associations with variable number of
tandem repeat alleles. Iran J Med Sci 2018; 43(3):
318-23.

[8] Aulehla-Scholz C, Heilbronner H. Mutational
spectrum in german patients with phenylalanine
hydroxylase deficiency. Hum Mutation Mutation
Brief 2003; 21(4): 1-6.

[9] Razipour M, Alavinejad E, Sajedi SZ, Talebi S,
Entezam M, Mohajer N, et al. Genetic study of the
PAH locus in the Iranian population: familial gene
mutations and minihaplotypes. Metabolic Brain Dis
2017; 32(5): 1685-91.

[10] Shirzad T, Saeidian AH, Bagherian H, Saleh-
pour S, Setoodeh A, Alaei M, et al. Molecular gene-
tics of a cohort of 635 cases of phenylketonuria in a
consanguineous population. J Inherit Metab Dis
2018; 1-9.

[11] Binaafar S, Mahdieh N. Genetics of Phenyl-
ketonuria in Iran: A Review Study. J Mazandaran
Univ Med Sci 2017; 27(147): 446-55. [in Persian]
[12] Haerian Ardakani H, Khazaei Koohpar Z,
Mohammadian S. Mutations Analysis of exon 10 -
11 of phenylalanine Hydroxylase gene in phenyl-
ketonuria patients from Golestan province. Razi J
Med Sci 2018; 25(172): 38-46.

[13] Alibakhshi R., Moradi K , Mohebbi Z, Ghadiri
K. Mutation analysis of PAH gene in patients with
PKU in western Iran and its association with poly-
morphisms: identification of four novel mutations.
Metab Brain Dis 2014; 29(1): 131-8.

[14] Biglari A, Saffari F, Rashvand Z, Alizadeh S,
Najafipour R, Sahmani M, et al. Mutations of the
phenylalanine hydroxylase gene in Iranian patients
with phenylketonuria. Springerplus 2015; 4(1): 542.
[15] Alavinejad E, Sajedi SZ, Razipour M, Entezam
M, Mohajer N, Setoodeh A et al. A novel variant in
the PAH gene causing phenylketonuria in an iranian
pedigree. Avicenna J Med Biotechnol 2017; 9(3):

% o skad |YY 050 [VAY|ldasl 5 cpoge | b asliologo

146-9.

[16] Bonyadi M, Omrani O, Mohamadi Moghanj-
oghi S, Shiva S. Mutations of the phenylalanine
hydroxylase gene in Iranian Azeri Turkish patients
with phenylketonuria. Genet Test Mol Biomarkers
2010; 14(2): 233-5.

[17] Daniele A, Cardillo G, Pennino C, Carbone
MT, Scognamiglio D, Correra A, et al. Molecular
epidemiology of phenylalanine hydroxylase deficie-
ncy in southern Italy: a 96% detection rate with ten
novel mutations. Ann Hum Genet 2006; 71(2):
185-93.

[18] Dobrowolski SF, Ellingson C, Coyne T, Grey
J, Martin R, Naylor EW, et al. Mutations in the
phenylalanine hydroxylasegene 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: 218-27.

[19] Bercovich D, Elimelech A, Zlotogora J, Korem
S, Yardeni T, Gal N, et al. Genotype—phenotype
correlations analysis of mutations in the phenylala-
nine hydroxylase (PAH) gene. J Hum Genet 2008;
53(5): 407-18.

[20] De Lucca M, Arias I, Casique L, Araujo K,
Merzon RM. Improving phenylketonuria genotyp-
ing by screening for the 1VS4+5g>t mutation in the
PAH gene. Clin Chim Acta 2009; 402(1-2): 206-8.
[21] Dobrowolski SF, Heintz C, Miller T, Ellingson
C, Ellingson C, Ozer I, et al. Molecular genetics and
impact of residualin vitrophenylalanine hydroxylase
activity on tetrahydrobiopterin responsiveness in
Turkish PKU population. Mol Genet Metab 2011,
10: 116-21.

[22] Baturina OA, Morozov 1V. Comparative ana-
lysis of phenylalanine hydroxylase mutations spect-
rum in Novosibirsk and Kemerovo regions of
Western Siberia, Russia. Eur J Med 2016; 11(1): 4-
11.

£y


https://feyz.kaums.ac.ir/article-1-3666-fa.html
http://www.tcpdf.org

