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Analysis of Phenylalanine Hydroxylase Deficiency Genotypes
and Phenotypes in Phenylketonuria Syrian Patients

Diana Alasmar”

Abstract
Introduction: Phenylketonuria (PKU) manifests due to phenylalanine hydroxylase (PHA) deficiency. PHA
database provides information about the genetic basis of PHA and genotype-phenotype correlation.
This study describes the phenotype and genotype of 35 unrelated Syrians patients with phenylketonuria,
and aims to show the rate of genotype-phenotype correlation and the predicting Biopterine
responsiveness.
Methods: It is a prospective study of PKU diagnosed in patients followed by Metabolic diseases at
Damascus University Children Hospital. The genetic study was Conducded in the Atomic Research
Center in Syria. Patients were clinically classified using Gulberg classification.
Results: the study included 35 PKU patients mainly presented with psychomotor retardation (60%) at a
mean age of 3 years, 65% presented classical PKU. 16 different mutations were found: missense 75.6%,
splice site 33.4%, and frame shift 9%. The predominant mutation was p.R261Q (12>6%) p.R243Q,
p.F55>Lfs and 1VS2+5G>C (8.75% for each). Some rare variants were depicted. Such as pS310F, Y387H,
IVS9+G>A and p.D151G. No data was shown for the last mutation.
Genotype-phenotype correlation was found positive in 40% of the cases and negative in 28.6% and
unpredictable in 31%. Biopterine responsiveness was estimated in 22.9%of the cases.
Conclusion: The diagnosis of the genetic type is very important and helpful in the management and
prognostic prediction of PKU
Key Word: Phenylketonuria, PAH, PKU, Genotype, Phenotype, Syria.

" Assistant Professor at faculty of Medicine, Pediatric Department, Damascus University.
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PRA: predicted residual activity in vitro, AV: arbitrary value, cPKU: classic PKU, mPKU: moderate
PKU, miPKU: mild PKU, ?: unknown.

5_ikll Mutation Ex/I Domain | No. of Frequency Mutation
alleles (%) Type

Trivial name Systematic (n="70)

Name
p-R261Q c.782G>A Ex.7 Catalytic 9 12.86 Missense
p.F55>Lfs c.165delT Ex.2 Regulatory 6 8.57 Frame shift
p-R243Q c.728G>A Ex.7 Catalytic 6 8.57 Missense
IVS2+5G>C c.168+5G>C 1.2 Regulatory 6 8.57 Splice
IVS10-11G>A c.1066-11G>A 1.10 Catalytic 5 7.14 Splice
p.P281L c.842C>T Ex.7 Catalytic 5 7.14 Missense
p-R270K c.809G>A Ex.7 Catalytic 5 7.14 Missense
IVS4+5G>T c.441+5G>T 1.4 Regulatory 4 5.72 Splice
p-S310F ¢.929C>T Ex.9 Catalytic 4 5.72 Missense
p-P.E280K c.838G>A Ex.7 Catalytic 4 5.72 Missense
IVS9+5G>A c.969+5G>A 1.9 Catalytic 3 4.29 Splice
IVS11+1G>C c.1199+1G>C L11 Catalytic 2 2.86 Splice
IVS7+1G>A c.842+1G>A L7 Catalytic 2 2.86 Splice
p-Y387H c.1159T>C Ex.11 Catalytic 2 2.86 Missense
p-R408W c.1222T>C Ex.12 Catalytic 2 2.86 Missense
p.DI51E c.453T>A Ex.5 Catalytic 1 1.43 Missense
Total Characterized 66 94.31

Uncharacterized 4 5.69 100.00
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cPKU: classic PKU, mPKU: moderate PKU, miPKU: mild PKU, ?: unknown

sl LailiGenotype Mutation type AV PRA% |Predictive| n [cPKU| mPKU |Inconsistency
) phenotype
p.[R261Q];[R261Q] Missense 4 30 mPKU 4 3 1 3
p.[R243Q];[R243Q)] Missense 2 <10 ¢PKU 3 1 2 2
p.[F55>Lfs];[p.F55>Lfs] frameshift 2 0* ¢PKU 3 3 0 0
[IVS2+5G>C];[IVS2+5G>C] Splice 2 0° ¢PKU 3 3 0 0
p.[S310F];[S310F] Missense ? ? cPKU? | 2 2 0 ?
p.[P281L];[P281L] Missense 2 <1 PKU | 2 | 1 1 1
[IVS10-11G>AL;[IVS10-11G>A] Splise 2 0 c¢PKU 2 1 1 1
Ip.[E280K];[E280K] Missense 2 10-0.9 c¢PKU 2 1 1 1
p.[Y387H];[Y387H] Missense ? ? c¢PKU? 1 1 0 ?
p.[R408W];[R408W] Missense 2 2.7-0.3 cPKU 1 1 0 0
p.[R270K];[R270K] Missense ? 2.1c cPKU 1 0 1 1
[IVS9+5G>A];[IVS9+5G>A] Splice 2¢ ? miPKU? | 1 0 1 ?
[IVS7T+1G>A];[IVS7+1G>A] Splice 2 07 ¢PKU 1 1 0 0
[TVS4+5G>T];[TVS4+5G>T] Splice 2° 0%f ¢PKU | 1 0 1 1
[IVS11+1G>C];[IVS11+1G>C] Splice 2 ? ¢PKU 1 1 1 0
p.[R270K];[?] Missence/? ? 2.1/? 2 2 1 1 ?
p-[R261Q1;[?] Missense/? 2/? 30/? miPKU? | 1 0 1 ?
p.[P281L];[?] Missence/? 1/? <1/? miPKU? | 1 0 1 ?
[IVS4+5G>T];[IVS9+5G>A] Splice/splice 2/? 0/? c¢PKU? 1 1 0 ?
[IVS4+5G>T];p.[R270K] Splice/missense 2/? 0/2.1 c¢PKU? 1 1 0 ?
p.[DIS1EL[IVS10-11G>A] Missence/splice 2/1 2/0 2 1 1 0 ?
Liiga S (goallall Jysall Galgil &) sdsi of (Sas  (IVS2+5G>C «p.FS5>LEs <)y alall cu &g o g
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Lty Ly PKU Cigan g RAOSWe TVSTHIG>A

Laill ) daailly ) 3K gyl eV b il
& ki MPKU aw 3aals Alla 3 33155 3 p.R261Q
L) @5y «oPKU @ (wimye 3 pallsi s
t— 3-8lsu ¥ Lay mPKU g IVS4+5G>T «R270K
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i_dllatie 3 5 IVS9+SG>A «Y387H «S310F gz li Y|
N
[IVS4+5G>T];p.[R270K]¢[[TVS9+5G>A

IVS4+5G>T]] a 3 ezl

o L) ddllase 3 5 ¢ [p.[DISIEL[IVS10-11G>A]

[1lp.P281L]  <[f)e[p.[R261Q]  «[$]<[p.[R270K]

99



B b 05 il Ay ainye e DSy 0] Jl s V) A sally dppppedl allaall il

o sal) aall) g JaUSH) Jaall) (38155 Al
8yib 16,4 (S)gall Jaail) pa jallall Jaail) (38155 Guyd
Slalandl 33 gally @15 L Lnai 21 e A
i gy (PRA% 4oiiiall 5y0eall dllad il s <BioPKU
Okano et al zlajll & 4 g)aall Cllladll e )5 Wl
Guldberg 3yl JSI (3ilsall Jarsall AV pen ziliy >
12 3 gdsiall allall Jaall apas e oSaill 5. et al
aa oty ((3dsaal)liaie 24 vie Caay L U
Llal 7 8 adsiall alall Laailly i) Jaail) o Ll
i) Bl 4/3 agie . ye 10 die Asise Gy
o mPKU a— Ll o 3l R261Q 3-8kl
athai OLS ) ¢(BioPKU  db)e¥Lall (44%74.26
o2 (385 Jaw 28 LS ()a0 dga ag PKU_aLL
e 3[25 P Lpmsaa Gyl JIS T 08, Ll
e Ledils Ja ) R243Q Byihall £ LiaY) Bl
O ¢(BioPKU db) <¥lall 1w %84.44 i cPKU
Gy dhll e JS 5«2/l 5« mPKU aldall o glags
& 7z L)) Abladl TVS10-11G>A« E280K «P281L
e %90 (1o ST 3 cPKU Gigan pe Lgiilys 53
2 Ly 8 Lygpe coallss (BioPKU  db) iy Lal
Bl aie MPKU lagaad (piayye Laas Laiy .mPKU
A 85 (IVS4+5G>T s R270K (xiy—dlall z L oY)
%90 (o SSI & cPKU g Lagiilss BioPKUdb <)l
gyalall ) deill clahall (ia sy LaS ce¥LA (e
Al 5y il ) A lly gyaly 190 1

(3 dﬁ;ﬂ).lsems

1 AAL)
el Aal) Tala¥) 8 T Te gt Al eyl
35 aie 4dlide gyila 16 C0AA 3 LS s aly )
s S e (S Bl s S 13a L Liayye
b pR261Q syikall il PO dihiaa ey hyla
s liall clyaball (e b5 (%12.86) dbslas ,3SY)
% 8.7 5 lid 4 %10.3 thaugidl il Gl
a8 %1575 2 At a 8% 8.5, (LS5
IVS10- Alassial) gyihall ils5 LS Laiy ¢ 2 Ly
Ol A 5ydkall oia gaadiy A9)lie Ladd %7.1 11G>A
lehsaa A (e dyyiiag 2 %24.6 LS55 2 %27.6
(A F55>Lfs alll Cang ady . M iy cordl
Ol (A \ghsan A (e Aysiie LI (e %8.57
Jsall 8 Caolas alsydbll oda o Shys. 21 %7
¢ Al dantls oo 8 Lad Lol «gyaY) Al
DU (e %7.14 5 Cang pR2TOK 3kl Gl
b lalan Haiiy (Lpualy Ligysl (o Lgitalas aulay
leg s Y 5y all) LAl 2420 4l gl 4 ahidl)
o Crgad Claslaall 522 sy p RAOSW Lidlle
Gy shll iy aga 8k 38 N AN o« %2.86
ik e Siad %8.7 Ay p.R243Q (IVS2+5G>C
(IVS4+5G>T ¢ p.P281L L gia 4ilida coe iy gyl
fyih a5 p.E280K (IVS9+5G>A (IVS11+1G>C
syalall Gl (2627 1)) s cdagiall dibie b daild
PPy Gpall o8 Cirga s (%5.72)p.S310F
rie daslaall (%2.86) p.Y387H 3yahlly >0 . skl
Caay Uaag a8, Ayl 5yd 8 ella g, 0Lyl
& Ll 52c 6 3)8 al5 (p.DISTE Jie 30Ul <l alall

A e Gl

100



)MS{.\ o

2017 = S sl = Dl OB sl ~Zmaall aglell Biad dasls Alae

& allally Jysall (il G @Al Gle )

Ll uage die i gal) Jaadll g iad) Baail (38153 il 30 g0l

cPKU: classic PKU, mPKU: moderate PKU, miPKU: mild PKU, ?: unknown
Predictivel Consistency* Inconsistency*| Non productive| Total
Genotypes 12 10/24 7/24 9 21
Patient 24 14/24 10/24 11
% 57.1 429 100
p-[R261Q];[R261Q]  [p.[R261Q];[R261Q] [p.[R261Q];[R261Q] p.[S310F];[S310
p-[R243Q[;[R243Q]  |p.[R243Q];[R243Q] |p.[R243Q];[R243Q] F]
p.[F55>LAs];[p.F55>Lelp. [FS5>LAs;[p.F55> |p.[P281L];[P281L] p.[Y387H];[Y38
] Lfs] [IVS10-11G>A];[IVS10-  [7H]
[IVS2+5G>C];[IVS2+ [IVS2+5G>C]; 11G>A] [LVS9+5G>A]:[IL
5G>C] [IVS2+5G>C] p.[E280K];[E280K] VS9+5G>A]
Ip.[P281L];[P281L]  |p.[P281L];[P281L] |p.[R270K];[R270K] p.[R270K];[?]
[IVS10- [IVS10-11G>A]; [[VS4+5G>T];[IVS4+5G>T p.[R261Q];[?
11G>AJ;[IVS10- [IVS10-11G>A] ] p.[P281L];[?]
11G>A] p.[E280K];[E280K] [IVS4+5G>T][I
Ip-[E280K];[E280K]  [p.[R408W];[R408W] IVS9+5G>A]
p.[R408W];[R408W] [[IVSI1+1G>A];[IVS [IVS4+5G>T];p.
p.[R270K];[R270K] [l1+1G>A] [R270K]
[IVS11+1G>AL;[IVS1 [IVS7+1G>A]; p.[DIS1E];[IVS
1+1G>A] [IVS7+1G>A] 10-11G>A]
[IVS7+1G>A];[IVST+
1G>A]
[IVS4+5G>TJ;[IVS4+
5G>T]
I ¢PKU| 11 9/10 6/7 4?
'Lé mPKU| 1 1/10 1/7 0
é miPKU| 0 0 0 3?
S P 0 0 0 3
2 § o cPKU| 20 ] 5
R m— e, 0
o o :
£ g miPKU 0 35 phenotypes 3
2 0 3
27 28] oPKU 15 13/15 3/15 7 23
2 5 [ mPKU 9 1/9 7/9 4 12
O & | miPKU 0 0 0 0 0
Number of patient 24 14/24 10/24 11 35
Yol 68.6 40 % (24) 28.6% (24) 314 100
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Lajiys oM PAH ) (s il 8 ayakll yals 2y
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A BHAD L), el

Ll ) djailly juaa BHAJL 250l i) g)a
IVS10-11G>A p.R261Q &, g LX)
BH4 lgulan wl 485 20 IVS9+5G>A «p.Y387H
oyt Ail) o2a s cliilyy & cuhalall (a%25 (S,
il ) Fpall e aly * i dl il e
e %24.24 5 %31.6 dpaie ol cNU S A
O JS e (sl aaill 385 g pmall G - s
O i la e BHAU dlas WY Phe U Janl)
s ) Vs die ladh Gl Alaiu) Apas (5535
AV Liase b Gyl ald agrian (apddl e
dalaid) 8 ) dllig 7 HPA Jf mPKU e 45
O %68 ol <3 Euaa (Catalytic  domain 4 sl
Jla sy 0 Al ol 3 4 & Ly ol <y alal
(10 s2adl) iy b Alsasa ik 16/13

: i)

als chalall Ll 4 1S Less Jysall Calall (50
sy eileall i ehals oy Dlasea Taaly Unas aa
o b ilss SISV G R261Q Jawssial) el
LY .chalall e %12.86 V) <y a1 481 V) L
e AIS Lliaall UL Joditl Auball JLaS) (e
2 BHAJL z3lall 4lat ) e la Sl o)y a) araad
shalo mavn Jsall bl (adids & L Jie Al
Sl e LA (e dall Jeal) U 8 (il
el 480 @y aly oY) e 1y 530 534S
iyl

55—.1
C

Slagiall Gl Las « oSt Shay) sl Qe
Lyd (e digdd) JICEY) e mM 1000-120
G e L)y b olial el aag 27 T Juadl
Y Aallaall Phe aiy Ledalsy) ade s Lpnanll Lo 505
iaa Ao mM 1000 G 38T ClS Lgnpen 2l )
Lad 4025 yam S AN s il dale
e ladia) 4y Al oy 48 mM 835 = Phe
pacs Bolans alill (8 Cligray (Sa agy sk Al
E280K & Li oY) A tildia 3y aka 4 pals (g pay Jualss
S AV callsll gLl e 4 b ading
Phe dafy (gadiill v jeell Jsgae Clsin 5 oyac
7 i) Aallatie 5yalay ¢ lie Calas 4,0 mM 766=
Pla aniad e Glaglea Wal puls p[R261Q%[7]

L) Al gakal)
p.[S310F];[S310F] <¥la 3 BioPKUdb <hlawi adg
e Ledili 53 xa p[Y387H];[Y387H] (lillas clas
oAl el Lo e Lol ol s i ag a8 «cPKU
(IVS9+5G>A 3yahll e chlagleall chalial) L cPKUAwm
Lai %% 480 0 5,0 V) (iany b KD
285 (HPA (5)-aly emPKU i]ls BioPKUdb chla
.CPKU aaly (ayye die Wy 4 haaill 138 Gaagan
o o 28 7 L) ddllae clyalal) G (263 Jsaall)
[IVS4+5G>TJ;[IVS9+5G>A] Alla calalull 32 <@
«cPKU gz LIS 488 5ia [IVS4+5G>T];p.[R270K] Alss
B8 o LS s gyl JSEIL sl Wy 3
&30 miPKU— p.[P281L1:[?] 5 p.[R261Q];[?] Jaail
P Dlaslaa Lilsth alg mPKU. @ L)y 8 (34))
p.[R270K];[?] bl—aY1 ¢ Ll sa ol
ibyla 35 o) adsiyy .p[DISIEL[IVS10-11G>A] 5
(Mapping the functional landscape) PHA 4ullxé Jlas
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