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A B S T R A C T

Background: Mucopolysaccharidoses types I and IIIA are lysosomal storage diseases caused by mutations in the 
IDUA and SGSH genes, leading to deficiencies in α-L-iduronidase and heparan sulfamidase, respectively. These 
progressive, autosomal recessive disorders require early diagnosis.
Purpose: The study targeted and investigated the p.Pro533Arg mutation, known to cause mucopolysaccharidosis 
type I, and the p.Arg377Cys mutation, associated with mucopolysaccharidosis IIIA, in newly recruited Moroccan 
families. In parallel, variants/polymorphisms associated with these mutations were searched for.
Methods: Researchers employed RFLP assays for the p.Pro533Arg and p.Arg377Cys mutations and genomic PCR 
sequencing for variant detection. PolyPhen-2, MutPred2, SIFT, and MutationTaster were used to assess the 
pathogenicity of these variants, helping to evaluate their potential impact on disease.
Results: The p.Pro533Arg mutation was found in newly recruited families with Hurler syndrome, consistent with 
previous findings. Similarly, the p.Arg377Cys mutation was present in a newly recruited family with Sanfilippo A 
syndrome. DNA sequencing revealed five SNPs four in the IDUA gene and one in the SGSH gene with three IDUA 
SNPs and one SGSH SNP being novel.
Conclusion: The p.Pro533Arg and p.Arg377Cys mutations are common among Moroccan patients with MPS I and 
MPS IIIA, respectively. The ability to detect these mutations using restriction endonucleases allows for molecular 
diagnosis in affected families. Five polymorphisms were identified among them four are novel.

1. Background

Mucopolysaccharidoses (MPS) are a heterogeneous group of rare 
inherited diseases of glycosaminoglycans catabolism, caused by the 
deficiency of lysosomal enzymes [1]. Eleven known deficient enzymes 
give rise to seven different types of mucopolysaccharidoses. Recently, 
several papers have mentioned three additional types: MPS-plus [2,3], 
MPS X [4,5], and MPS IIIE, with the latter belonging to type III [6].

MPS Type I is an autosomal recessive class of mucopolysaccharidosis 
that is due to a deficiency in alpha-L-iduronidase (IDUA; EC 3.2.1.76; 

OMIM: 252800). This deficit leads to the generalized intracellular 
accumulation of heparan sulfate and dermatan sulfate. The disease has a 
wide range of clinical phenotypes that have historically been classified 
into three forms: Hurler (OMIM 607014) has a life expectancy of less 
than 10 years, Hurler-Scheie (OMIM: 607015) is an intermediate form 
that has a lifespan of less than 25 years, and Scheie (OMIM: 607016) can 
survive until the mature age [7,8]. More than 295 mutations have been 
identified to date [9]. The disease has a worldwide prevalence of about 
1:100,000 [10].

MPS IIIA (Sanfilippo type A) is a subtype of MPS type III. The disease, 

Abbreviations: MPS, Mucopolysaccharidosis; OMIM, Online Mendelian Inheritance in Man; IDUA, alpha-L-iduronidase gene; SGSH, N-sulfoglucosamine sulfo
hydrolase gene; RFLP, Restriction Fragment Length Polymorphism; pb, peer of bases; SNP, Single Nucleotide Polymorphism; LD, Linkage Disequilibrium.

* Corresponding author.
E-mail addresses: houdaelfissi@gmail.com (H. El Fissi), fadoua.bouzid@edu.uiz.ac.ma (F. Bouzid), sebbar.m.said@hotmail.com (M.S. Sebbar), m.serghini@uiz.ac. 

ma (M.A. Serghini), f.msanda@uiz.ac.ma (F. Msanda), n.alif@uiz.ac.ma (N. Alif). 

Contents lists available at ScienceDirect

Molecular Genetics and Metabolism Reports

journal homepage: www.elsevier.com/locate/ymgmr

https://doi.org/10.1016/j.ymgmr.2025.101186
Received 7 June 2024; Received in revised form 3 January 2025; Accepted 3 January 2025  

Molecular Genetics and Metabolism Reports 42 (2025) 101186 

2214-4269/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC license ( http://creativecommons.org/licenses/by- 
nc/4.0/ ). 

mailto:houdaelfissi@gmail.com
mailto:fadoua.bouzid@edu.uiz.ac.ma
mailto:sebbar.m.said@hotmail.com
mailto:m.serghini@uiz.ac.ma
mailto:m.serghini@uiz.ac.ma
mailto:f.msanda@uiz.ac.ma
mailto:n.alif@uiz.ac.ma
www.sciencedirect.com/science/journal/22144269
https://www.elsevier.com/locate/ymgmr
https://doi.org/10.1016/j.ymgmr.2025.101186
https://doi.org/10.1016/j.ymgmr.2025.101186
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


inherited in an autosomal recessive pattern, is caused by a deficiency of 
N-sulfoglucosamine sulfohydrolase (Sulfamidase; SGSH; EC 3.10.1.1; 
OMIM: 252900). Sanfilippo A is considered the most severe subtype 
with early onset symptoms and a shorter life expectancy [11,12]. To 
date, 152 mutations have been identified in the SGSH gene [9]. There is 
no worldwide prevalence for subtype A, but MPS III is considered the 
most frequent type of mucopolysaccharidoses with a birth prevalence of 
0.28–4.04 per 100,000 [13].

These syndromes are progressive in nature and are characterized by 
multisystem involvement [14–16]. The definitive diagnosis is always 
based on the enzyme activity test, which is considered the gold standard. 
However, it is always recommended to carry out a molecular analysis to 
establish genotype-phenotype correlation [17], tough, this can be 
particularly challenging, especially with novel variants, where correla
tions may not always be possible.

Our previous studies have shown that the p.Pro533Arg 
(NM_000203.5:c.1598C>G p.(Pro533Arg*); rs121965021) mutation is 
responsible for MPSI in Moroccan patients [18,19]. We have identified 
the p.Arg377Cys (NM_000199.5:c.1129C > T p(Arg377Cys*); 
rs772311757) mutation in a limited number of two patients with San
filippo A [20]. Our suspicion of these mutations in newly recruited 
families prompted us to seek them out using the RFLP method. We 
consider this method efficient and useful for screening these two syn
dromes. In parallel, we have identified the polymorphisms associated 
with these syndromes in patients, their relatives, and in controls.

We specifically recruited patients affected by MPS I and MPS IIIA, 
enabling us to directly investigate the genetic and clinical characteristics 
associated with these types within our patient population. Additionally, 
we continue to investigate the other types of MPS.

2. Materials and methods

2.1. Ethical approvals

The ethics committee of the MOHAMED VI university hospital center 
in Marrakech has approved all procedures. Written and signed informed 
consents were obtained from the parents or the legal guardians of the 
patients for participation in this study.

2.2. Study cohort

The RFLP technique was carried out on four new families: three with 
MPS I and one with MPS IIIA. Research of SNPs was conducted on 16 
families: 14 with MPS I, including patients (N = 14), unrelated parents 
(father or mother of each patient, N = 8), and relatives (N = 2), and two 
with MPS IIIA, including two patients and one parent. Fifty unrelated 
healthy individuals were examined as healthy controls. When a nuclear 
family had multiple affected individuals, only one individual was 
considered. Similarly, in cases where patients belonged to related fam
ilies, only one family was included in the analysis.

After clinical suspicion, the biochemical investigation identifies the 
type of accumulated GAGs. The determination of alpha-L-iduronidase 
and heparane sulfamidase activities, in patients and healthy controls, 
in parallel to enzyme controls, β-D-glucuronidase and α-D-N-acetygly
cosaminidase, respectively, confirmed the diagnosis.

2.3. RFLP- genotyping

Five milliliters of venous blood were collected from patients, their 
parents and relatives, and healthy controls. DNA was extracted on the 
same day of collection whenever possible, following the DNA extraction 
method detailed in Sambrook and Russell (2001), Chapter 7 [21]. The 
quality and integrity of the DNA samples were assessed using a Nano
Drop spectrophotometer to ensure their suitability for downstream 
analyses.”

Primers and PCR conditions used are listed in Tables 1 and 2, 

respectively. Then, we proceeded to the RFLP technique on Exons XI and 
XII of the IDUA gene and exon VIII of the SGSH gene using the restriction 
endonucleases BsiEI and HhaI, respectively. Digestion with each endo
nuclease was carried out for an hour at 37 ◦C in a final volume of 20 μl, 
containing 10 μl of PCR products, 10 units of enzymes, and 1× Buffer 
Tango as recommended by the manufacturer. Digested products were 
run on a 2.5 % agarose special (Low EEO) gel, stained with ethidium 
bromide, and visualized under UV.

light.

2.4. Sequencing

In order to study the mutational and polymorphism spectrum, we 
performed sequencing of three amplified genomic fragments: exon III, 
and VII for the IDUA gene and exon VIII for the SGSH gene. Bidirectional 
sequencing analysis for PCR was carried out using a big-dye terminator 
for the amplified and purified products. DNA sequencing analysis was 
carried out in both forward and reverse sequences. Primers and PCR 
conditions are listed in Tables 1 and 2. The amplified products were 
purified using the ExoSAP-IT kit, then directly sequenced using a 
sequencing kit (BigDye v3.1) and an automatic sequencer (ABI 3130xl 
Genetic Analyzer, 16 capillary sequencer, Applied Biosystems).

2.5. Data analysis

The alignment and comparison of sequences were performed by 
using the BLAST program. To test the pathogenicity of variants, four 
different softwares: Polyphen-2, Mutpred2, Sift and MutationTaster 
where scores and sensitivity are displayed were used. Allele and geno
type frequencies of SNPs were determined using PopGene32 software 
[22]. Deviation from Hardy-Weinberg expectations and investigation of 
the differences in allele frequencies between the studied samples were 
tested using the Chi-square (X2) test with StatCalc software Epi Info™ 
7.2.2.2. Pairwise linkage disequilibrium (LD) among SNPs was analyzed 
using Lewontin’s D′ statistic and the squared correlation statistic r2 
through SNPStats online analysis program.

Table 1 
Primers and conditions for polymerase chain reaction amplification and 
sequencing.

Genes Exons Primers sequences Product 
size in pb

Tm 
(C◦)

IDUA III S: 5′TCCCACATGCTCCGTTGT3′ 
R: 
5′GAATGGACATCCAAGGACTCAGA3′

274 50

VII S: 5′TGCGGCTGGACTACATCTC3′ 
R: 5′ AGGTTCTGATGCTGCGC3′

447 52

XI and 
XII

S: 5′GTGTGGGTGGGAGGTGGA3′ 
R: 5′CATGGGTGAAGGGGTCG3′

459 65

SGSH VIII S: 5′TTGGATTGGAGAAGGGAGC3′ 
R: 
5′CCGGTAGTAGTAATGACGGAGG3′

457 63

Table 2 
: PCR conditions.

Mixture PCR Temperature 
◦C

Duration 
(min)

1× PCR buffer: Initial 
denaturation

95 10

200 ng genomic DNA Denaturation 95 1
0.2 mM dNTP Annealing Tm 1
1.5 mM MgCl2 Extension 72 1
5 units Taq DNA 

polymerase
Final extension 72 10

Total reaction volume: 
25 μl

Number of cycles: 
35

- -
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3. Results

3.1. RFLP of DNA from the family with Hurler disease

As for the IDUA gene, the BsiEI restriction enzyme has one restriction 
site on the amplified DNA from the wild-type samples, cleaving the PCR 
amplicons into two products with lengths of 311 and 148 bp. We pre
sented the genotypic pattern of one family among the three newly 
recruited MPS I families. The restriction digest from a ten-year-old girl 
patient produces three fragments with lengths of 277, 148, and 34 pb as 
the enzyme cuts the DNA at two sites, confirming that she is homozygous 
for the p.Pro533Arg mutant allele. Samples from his parents and his 
brother exhibit four different fragments with lengths of 277, 148, 311, 
and 34 bp, confirming that they are heterozygous for the mutant allele. 
Meanwhile, his paternal grandmother shows bands of 311 and 148 bp, 
indicating that she is homozygous for the wild allele (Fig. 1).

3.2. RFLP of DNA from the family with Sanfilippo A disease

Digestion of the 457 bp fragment from the exon VIII of SGSH by HhaI 
resulted in three fragments of 211, 77, and 169 pb in the presence of two 
cut sites in wild-type samples. The p.Arg377Cys mutation abolishes a 
recognition site. The digested amplicon from a seven-year-old girl pa
tient produces two fragments with sizes 211 and 246 pb as the enzyme 

cuts only once, confirming that she is homozygous for the p.Arg377Cys 
mutant allele. Samples from his father exhibited four fragments 211, 77, 
169, and 246 pb, confirming that he is obligatory heterozygous (Fig. 2).

3.3. SNPs in IDUA and SGSH genes

During the exploration of the IDUA and SGSH genes, we specifically 
sequenced 3 exons from the IDUA gene and 1 exon from the SGSH gene 
to search for any SNPs. The nucleotide sequence from MPS I and IIIA 
patients, their respective parents and relatives, and controls were 
aligned.

The nucleotide sequence alignment aimed to detect SNPs within the 
IDUA and the SGSH genes in MPS I and IIIA patients, their respective 
parents and relatives, and controls.

The Fig. 3 displays the five SNPs detected in the present study: four in 
the IDUA gene and one in the SGSH gene. In the IDUA gene the p.Val325, 
was previously reported, while three are novel. The first one is the G106 
variant, which was detected with a novel nucleotide change indicated in 
bold of GGC to GGA. The second one is the p.Ala266Glu, where GCG was 
changed to GAG, and the third one is the IVS3–17 t > a. In the SGSH 
gene, the detected variant is novel. It is the p.Arg346Lys, where CGG is 
changed to CTG. All of these SNPs were detected in a heterozygous state.

The p.Gly106 was found in one patient and two unrelated parents. 
The A266E was observed in three patients and two unrelated parents. p. 
Val325 (rs2153022311) in exon VII was detected in all homozygous 
patients for the p.Pro533Arg mutation and their relatives. The IVS3–17 t 
> a variant was present in three patients and three unrelated parents. 
The mutant allele frequencies of p.Gly106, p.Val325, and IVS3–17 t > a 
are higher in patients (50 %, 6.25 %, and 18.75 %, respectively) than in 
controls (1 %, 4 %, and 5 %, respectively). Regarding p.Ala266Glu, the 

Fig. 1. Detection of the p.Pro533Arg mutation by BsiEI enzyme. Electropho
resis profiles of digested DNAs onto 2.5 % agarose gel with ethidium bromide. 
RFLP of the exon XI and XII of the IDUA gene. Lane M, 25 pb DNA ladder. Lanes 
C1, C2, undigested (459 pb) and digested (311 and 148 pb) from control in
dividuals, respectively. Lane IV-2, the proband shows 277 and 34 pb which 
indicates his homozygosity for the mutant allele. Lanes III-3 (her mother), III-4 
(her father), and IV-3 (her brother) show a wild band of 311 pb, and mutated 
bands of 277 and 34 pb, which means that they are heterozygous. Lane II-5 (her 
paternal grandmother) shows wild bands. She is homozygous for the wild allele. 
Roman and Arab chiffers indicating generations and individuals, respectively, 
are equivalent to those of the family tree.

Fig. 2. Detection of the p.Arg377Cys mutation. Electrophoresis profiles of 
digested DNAs onto 2.5 % agarose gel with ethidium bromide. RFLP of the exon 
VIII of the SGSH gene with HhaI. Lane M, 25 pb DNA ladder. Lanes C1, C2, 
undigested (457 pb) and digested (211, 169, and 77pb), respectively, from 
healthy control. Lane V1 (the proband), shows a band of 246 pb, which in
dicates his homozygosity. Lane IV4 (her father) shows both cut (169 and 77pb) 
and uncut (246 pb) fragments. Numbers are equivalent to those of the fam
ily tree.
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Fig. 3. (A) SNPs in IDUA gene; a and b: Heterozygous and wild allele of p.Val325, respectively; c and d: Heterozygous and wild allele of p.Gly106, respectively; e and 
f: Heterozygous and wild allele of IVS3–17 t > a, respectively; g and h: Heterozygous and wild allele of p.Ala266Glu, respectively. (B) SNP in SGSH gene: (a) and (b) 
wild allele and Heterozygous of p.Arg346Lys, respectively.
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mutant allele frequency is 18 % in patients compared to the zero fre
quency observed in the control subjects (Table 3).

The pathogenicity of the p.Ala266Glu variant was evaluated using 
MutationTaster, which classified it as a polymorphism. This prediction 
was consistent with MutPred2, which indicated the variant as non- 
pathogenic with a score < 0.5. However, SIFT predicted the variant to 
be intolerant with a score < 0.05. Additionally, PolyPhen-2 classified the 
variant as possibly damaging under both the HumDiv and HumVar 
models, with a score < 0.990 (Table 4).

The χ2 test identified that the genotypic and allelic frequencies of p. 
Gly106 and IVS3–17 t > a did not significantly differ between controls 
and patients, where the P-value for the p.Gly106 and the IVS3–17 t > a 
are 0.41 and 0.094, respectively. However, a significant difference oc
curs between controls and patients regarding allelic and genotypic 

frequencies of p.Val325 and p.Ala266Glu (p < 0.05) (Table 3).
We also investigated interactions between pairs of SNPs in the IDUA 

gene. The linkage disequilibrium (LD) analysis revealed a strong LD, on 
one hand, between the pairs p.Val325- p.Gly106, and p.Val325-IVS3–17 
t > a, and, on the other hand, between p.Gly106 -IVS3–17 t > a, and p. 
Gly106 - p.Ala266Glu (D′ > 0.8) (Table 5).

Regarding the SGSH gene, we found the variant p.ArgR346Lys in 
exon VIII (chr17:80210924) (Fig. 3). NCBI reported p.Arg346Gln with 
the rs number rs367883023. In this study, the nucleotide change is 
different: G > T instead of G > A. G > T leads to an amino acid change of 
arginine to leucine while G > A leads change of arginine to glutamine. p. 
ArgR346Lys was observed in a heterozygous state in one patient and her 
father, and two controls. None of the patients or controls were homo
zygous for this variant. Analysis of its pathogenicity by Polyphen2, 

Fig. 3. (continued).

Table 3 
Genotype and allele frequencies of the SNPs of IDUA and SGSH genes.

Gene SNP; Tribucleotide 
change in NCBI /* 
Tribucleotide 
change in our 
study

HGVS 
nomenclature

rs number/ 
Nucleotide change 
in NCBI; nucleotide 
change in our study

Genotype 
and allele

Cases 
N = 14;

Parents and 
relatives N =
10

Controls 
N = 50

χ2 P-value OR

Cases/ 
Genotype 
and allele 
frequency 
(%)

Subjects/ 
Genotype 
and allele 
frequency 
(%)

Subjects/ 
Genotype 
and allele 
frequency 
(%)

IDUA p.Val325: (GTC >
GTA)

NM_000203.5: 
c.975C>A p. 
(Val325*)

rs2153022311/C >
A

Genotype CC 0/0 0/0 46/92 20.62 0.00001 NA
CA 8 /100 8/100 4/8 0
AA 0/0 0/0 0/0 NA

6 (?) 2 (?) 0 (?)
Allele C 8 /50 8 /50 96/96

A 8 /50 8 /50 4/4
p.Gly106: (GGC >
GGT)

NM_000203.3: 
c.318C>T p. 
(Gly106*)

rs1174027022/C >
T; *C > A

Genotype 
frequency

CC 7/87.5 6/75 49/98 0.65 0.41 1
CA 1/12.5 2/25 1/2 2.619
AA 0/0 0/0 0/0 NA

6 (?) 2 (?) 0 (?)
Allele 
frequency

C 15/93.75 14/87.5 99/99
A 1/6.25 2/12.5 1/1

IVS3–17 t > a **/ t > a Genotype 
frequency

TT 5/62.5 5/62.5 45/90 2.8 0.094 1
TA 3/37.5 3/37.5 5/10 3.75
AA 0/0 0/0 0/0 NA

6 (?) 0 (?) 0 (?)
Allele 
frequency

T 13/81.25 13/81.25 95/95
A 3/18.75 3/18.75 5/5

p.Ala266Glu:/* 
GCG > GAG

**/C > A Genotype 
frequency

CC 5/62.5 6/75 50/100 11.46 0.00071 1
CA 3/37.5 2/25 0/0 16.8
AA 0/0 0/0 0/0 NA

6 (?) 0 (?) 0 (?)
Allele 
frequency

C 13/81.25 14/87.5 100/100
A 3/18.75 2/12.5 0/0

(*) Change in our study; (**) Unreported rs; (?) Not known; (NA) Not applicable; (OR) Odds Ratio.
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Mutpred, and MutationTaster shows that p.ArgR346Lys is considered 
disease-causing, while SIFT indicated that it is tolerated (>0.05) 
(Table 4).

4. Discussion

Here, we report a DNA analysis including pathogenic and SNPs 
variants of the IDUA and SGSH genes in families affected by MPS I and 
IIIA, respectively. Among these families, four are newly recruited.

The cumulative number of MPS I and MPS IIIA cases across our 
previous study (14 MPS I and two MPS IIIA cases) and the current study 
(three MPS I and one MPS IIIA case) is 17 and three, respectively. It is 
worth noting, that MPS III is the most frequent type in several European 
countries [23–25], and also in Tunisia [26], with whom the Moroccan 
population shares a certain genetic and ethnic similarity, so this number 
of cases cannot reflect the real frequency of this disease in Morocco. 
However, data compiled from 33 countries, as reported by Celik et al. in 
2021 [27], has led to the conclusion that the prevalence and incidence of 
all MPS are underestimated due to insufficient methods for identifying 
all cases of MPS. Therefore, a combination of biochemical and molecular 
diagnosis will improve the detection and identification of new cases 
with MPS IIIA.

4.1. Pathogenic mutations

In the newly recruited families, we searched for the p.Pro533Arg 
mutation known to be responsible for MPS I in Moroccan patients, and 
the p.Arg377Cys mutation thought to be responsible for MPS IIIA. Based 
on the literature [28,29] and bioinformatics research with Gene Runner 
software [30], the targeted p.Pro533Arg and p.Arg377Cys mutations 
can be highlighted by restriction endonucleases BsiEI and HhaI, 
respectively. In the MPS I studied family, since the paternal grand
mother is homozygous for the wild allele, it is likely that the mutant 
allele was inherited from the paternal grandfather. Unfortunately, his 
DNA was not available. In our global cohort, including previous families, 
the three newly recruited families with Hurler syndrome, like the twelve 
out of fourteen previously studied have the p.Pro533Arg mutation. This 
maintains a high frequency of over 93 % (26 out of 28) and (32 out of 
34), in both previous [18] and current studies, respectively. This is the 
highest frequency recorded so far of this mutation, followed by that 
reported in Algeria and Tunisia with frequencies of 81, and 62.5 % 
respectively [31,32].

The female patient with Sanfilippo A investigated in this study is the 
third, in our series to possess the p.Arg377Cys mutant allele (6/6). Even 
though the number of cases is limited to three (Two in the previous [20] 
and one in the present studies, respectively), the result suggests that this 
p.Arg377Cys mutant allele could potentially be a common variant, 
providing a basis for studying a larger number of cases. This mutation is 
rare since it is reported only once in the homozygous state in an Italian 
patient [28] and in the heterozygote state in a Tunisian patient [33] and 
one Chinese [34].

The observed high frequencies of both the p.Pro533Arg and p. 
Arg377Cys mutations suggest a founder effect in Morocco, emphasizing 
the importance of conducting rapid molecular analysis for their detec
tion [19,20]. It is worth mentioning that investigated families with MPS 
I and MPS IIIA, are first-degree consanguineous. The high rate of 
inbreeding in Morocco is strongly associated with autosomal recessive 
disorders [35,36]. This also promotes the spread of the deleterious 
mutations in the population.

4.2. SNPs variants

During the exploration of the IDUA and SGSH genes, we have noticed 
the presence of four SNPs in the IDUA gene: p.Gly106, p.Ala266Glu, p. 
Val325, and IVS3–17 t > a, and one in the SGSH gene. To our knowl
edge, four of them are novel: p.Gly106, p.Ala266Glu, and IVS3–17 t > a 
in the IDUA gene and p.Arg346Lys in the SGSH gene. The p.Gly106 
variant in exon III (chr4:1000630) was reported in NCBI with the rs 
number of rs1174027022, but in this study, the nucleotide change is 
different: C > A instead of C > T. Nevertheless, this novel change 
maintains the amino acid as synonymous. The p.Ala266Glu variant in 
exon VII (chr4:1001988) and the IVS3–17 t > a variant in intron 3 
(chr4:1000595) are novel, as they are not reported anywhere. The p. 
Arg346Lys variant in SGSH gene is novel, as the substituted amino acid 
is leucine (CGG > CTG) in our study instead of glutamine (CGG > CAG) 
in NCBI, where the R346Q is reported with the rs number of 
rs367883023. The novel changed nucleotides observed in this study, in 
both cases of the IDUA and SGSH genes, are transversions. When pre
sent, we have found these polymorphisms in only a heterozygous state.

The genotype frequencies of p.Val325 and p.Ala266Glu, in our pa
tient group, are significantly different from those in the controls. In both 
polymorphisms, the nucleotide change is C to A. For Ala266Glu, the CC 
genotype decreases from 100 % in controls to 62.5 % in patients, and 75 
% in parents and relatives. The absolute absence of the wild-type CC 
genotype for p.Val325 in all patients and their parents and relatives, and 
its presence at 100 % in controls could potentially suggest a protective 
effect against the onset of the disease. Instead, the CA genotype in both 
p.Val325 and p.Ala266Glu variants may interact with other genetic 
factors, contributing to the expression of the disease.

The p.Gly106 and p.Val325 variants are considered synonymous. In 
the p.Ala266Glu variant, the amino acid change has led us to analyze its 
pathogenicity. Two of the four software programs used have considered 
this variant as tolerant. We can confirm its non-pathogenicity from the 
point of view that the MPS I causing mutation is identified in the ho
mozygous state in all patients. On the other hand, the zero frequency of 
the variant in controls could suggest that this polymorphism can 

Table 4 
Analysis of pathogenicity of variants by prediction tools.

Mutpred2 Sift Polyphen2 Mutationtaster

HumDiv HumVar

Score Prediction Score Prediction Score 
(Sensitivity)

prediction Score 
(Sensitivity)

prediction Prediction

IDUA/p. 
A266E

0.391 Non- 
pathogenic

0.02 Intolerant/ 
Deleterious

0.939 (0.8) Possibly 
damaging

0.673 (0.79) Possibly 
damaging

polymorphism

SGSH/p. 
R346L

0.563 Pathogenic 0.17 Tolerated 0.993 (0.7) Probably 
damaging

0.873 (0.71) Possibly 
damaging

Disease- 
causing

Table 5 
Pairwise Linkage Disequilibrium Extent and Correlation Coefficient among 
IDUA SNPs.

SNPs D′ r

p.Val325- p.Gly106 0.9963 0.3596
p.Val325- IVS3–17 t > a 0.8072 0.452
p.Val325- p.Ala266Glu 0.4854 0.3796
p.Gly106 - IVS3–17 t > a 0.9967 0.6423
p.Gly106 - p.Ala266Glu 0.9966 0.4598
IVS3–17 t > a- p.Ala266Glu 0.483 0.3458
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increase the risk of the disease since the major phenotype observed in 
our cohort study is Hurler. Furthermore, it has been hypothesized that 
some polymorphisms may alter the clinical phenotype of the patient due 
to structural effects on the IDUA gene, especially for those with missense 
mutations. Besides, other polymorphisms were reported to be associated 
with the Hurler / Scheie and Scheie phenotypes [37–39].

4.3. Haplotype analysis

The study of interactions between these SNPs showed a strong LD 
between p.Val325, on the one hand, and p.Gly106 on the other hand, 
with the other SNPs. These results suggest a probable association be
tween these polymorphisms and the p.Pro533Arg/MPSI disease.

The presence of these novel polymorphisms in the Moroccan popu
lation can be explained by the high rate of consanguinity in this country. 
Indeed, rare genotypes inherited through consanguineous marriages are 
maintained within this population [32]. Thus, these variants may serve 
as biomarkers of MPS I disease in this population. Additionally, 
compiling these polymorphisms with other haplotypes (as reported in 
our latest study [40]) can establish a more detailed genotype back
ground and also contribute to determining the origin of mutations 
within Moroccan MPS I patients.

Regarding the SGSH gene, the p.Arg346Lys polymorphism was found 
in a Sanfilippo A patient and her father. The pathogenicity of this variant 
was evaluated with four different prediction tools, all of which 
confirmed its potential pathogenicity except for the Sift software. 
However, we lack evidence to confirm whether this missense mutation 
indeed causes the disease. Our classification of it as non-pathogenic is 
based on the fact that we detected this variant in two individuals from 
our control group. However, the Lod Score disequilibrium and Corre
lation Coefficient were not determined for the SGSH gene. This is 
because, on the one hand, we have only a limited number of patients, 
and on the other hand, we did not conduct the screening on DNA sam
ples from controls.

5. Conclusion

Genetic testing for all hereditary diseases, not just mucopoly
saccharidoses, should be recommended because specific treatment for 
those of which treatment exists can, if implemented early, prevent 
deterioration and improve the quality of life. We describe a RFLP test for 
the MPS I/p.Pro533Argand MPS IIIA/p.Arg377Cys mutations that is a 
more affordable alternative compared to next-generation sequencing 
(NGS) and Sanger sequencing methods. These mutations should be 
initially sought in patients of Moroccan descent. In our study, we 
identified five polymorphisms, four of which are novel. Understanding 
the association between these polymorphisms and pathogenic mutations 
is crucial for improving diagnosis.
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