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Type I galactosemia is an inborn error resulting from mutations on both alleles of the GALT gene, which leads to
the absence or deficiency of galactose-1-phosphate uridyltranseferase (GALT), the second of three enzymes cat-
alyzing the conversion of galactose into glucose. On the basis of residual GALT activity, Type I galactosemia is clas-
sified into severe “Classical” and mild “Duarte” phenotypes. Classical galactosemia is frequently associated with
S135L, Q188R and K285Nmutations in the GALT gene. The functionally neutral N314D variation in the GALT gene
is associated with Duarte galactosemia and is widespread among various worldwide populations. The present
study aimed at detecting S135L, Q188R and K285N mutations and the N314D variant in the GALT gene by PCR
using amplification refractory mutation system (ARMS). ARMS assays were established using standard DNA
samples and were used for 8 galactosemia patients and 190 unrelated normal subjects all of Pakistani origin.
S135L and K285N mutations were present neither in galactosemia patients nor in normal subjects. Only one
galactosemia patient carried Q188R mutation that was in homozygous state. However, the N314D variant was
frequently found both in affected (7 out of 16 alleles) and normal subjects (55 out of 380 alleles). This finding
indicates that Duarte allele D314 might be far more common in Pakistani population than in European and
North American ones.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Type I galactosemia (McKusick or MIM # 230400) is an inborn re-
cessive disorder of galactose metabolism caused by mutations in the
GALT gene encoding for galactose-1-phosphate uridyltranseferase
(EC2.7.7.12). Two types of Type I galactosemia are known: Classical
galactosemia that is characterized by almost undetectable GALT
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activity in hemolysates and Duarte galactosemia that is character-
ized by 75% reduction in GALT activity with reference to normal
value (Langley et al., 1997). Duarte galactosemia patients are hetero-
zygous and inherit a “G” allele leading to severely impaired GALT ac-
tivity and a “D2 or simply D” allele leading to partially impaired GALT
activity. Another variant of Duarte galactosemia is called Los Angeles
galactosemia and is characterized by D1 allele causing an increase in
GALT activity (Langley et al., 1997). The incidence of classical galac-
tosemia is 1/40,000-60,000 live births (Kwon and Farrell, 2000) and
that of Duarte galactosemia is 1/4000 live births (Ficicioglu et al.,
2008). Classical galactosemia patients exhibit clinical symptoms
mostly within first 2–3 weeks of neonatal age. These symptoms
may include vomiting, diarrhea, weight loss, failure to thrive, lethargy,
hypotonia, jaundice, hepatosplenomegaly, Escherichia coli septicemia,
cataracts, and bleeding tendencies. Restriction of all galactose during in-
fancy and lactose for the remaining life of patients is the only standard
treatment (Leslie, 2003). Duarte galactosemia patients manifest no
symptom in some cases while in others they present only with milder
symptoms. Dietary galactose restriction is currently a matter of contro-
versy for Duarte galactosemia (Ficicioglu et al., 2008). Endogenous
galactose production is considered a major hurdle in the treatment of
galactosemia. Despite strict dietary control, classical galactosemia pa-
tients may develop long-term complications of cognitive development,
speech difficulties, and ovarian failure (Leslie, 2003).
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Table 2
Primers used for the screening of S135L, Q188R and K285N mutations and N314D
variant.

Primers 5′–3′ sequence Tm °C AT °C Ps (bp)

S135L
NF 5′-GTGCTTCCACCCCTGGTC-3′ 61.5 62.0 259
MF 5′-GTGCTTCCACCCCTGATT-3′ 58.4
CR 5′-ACGGAGCTCTGTTAGCCAAA-3′ 60.0

Q188R
NF 5′-CCCCACCCCCACTGCCA-3′ 69.0 66.0 260
MF 5′-CCCCACCCCCACTGTCG-3′ 66.0
CR 5′-TCTCCATGCTGACTCTTATAGGCCTGC-3′ 68.5

K285N
NF 5′-TCATGAAGAAGCTCTTGACCAAG-3′ 60.9 54.0 243
MF 5′-TCATGAAGAAGCTCTTGACCCAT-3′ 62.4
CR 5′-GTAGTTTCACCAAGTTTGCTGCT-3′ 59.9

N314D
NF 5′-AGAGGCTGGGGCCAACTGGA-3′ 68.7 63.0 188
MF 5′-AGAGGCTGGGGCCAACTTGG-3′ 68.0
CR 5′-CATACTGCATGTGAGAGTCTGGAGACG-3′ 67.4

NF = forward primer that was used to amplify normal allele, MF = forward primer
that was used to amplify mutant allele, CR = common reverse primer, Tm °C = melt-
ing temperature, AT °C = annealing temperature and Ps (bp) = product size in base
pairs. Bold underlined nucleotides in MFs point to mismatches which were induced
to amplify mutant alleles with higher specificity.
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More than 230 mutations in the GALT gene (MIM# 606999) have
been reported (Calderon et al., 2007a; Õunap et al., 2010). The most
frequent of these mutations are S135L in Blacks (Lai et al., 1996)
and Q188R and K285N in Caucasians (Kozak et al., 1999; Mirzajani
et al., 2006; Õunap et al., 2010; Tyfield et al., 1999). A common
D314 (N314D) allele of the GALT gene is widespread among world-
wide populations with a pan-ethnic frequency of near 8 to 11%
(Carney et al., 2009; Suzuki et al., 2001). This D314 allele is function-
ally neutral and is referred to as Duarte galactosemia allele (D2) when
it is linked to a 4-bp deletion (c.-119_-116delGTCA) in the promoter
of the GALT gene (Carney et al., 2009) and as Los Angeles galacto-
semia allele (D1) when it is linked to a silent substitution of thymine
(CTA→TTA encoding L218L) at codon 218 of the GALT gene ((Langley
et al., 1997). While the 4-bp deletion is associated with impaired pro-
moter activity and under-expression of the GALT gene (Carney et al.,
2009), the CTA→TTA substitution is proposed to improve the trans-
lational efficiency of the gene transcripts (Langley et al., 1997).
These molecular mechanisms may be responsible for variable GALT
activity in hemolysates of Duarte (Carney et al., 2009) and Los
Angeles galactosemia patients (Langley et al., 1997).

S135L, Q188R and K285N mutations and the N314D variant are
commonly being screened to confirm the diagnosis of galactosemia in
newborn screening programs (Calderon et al., 2007b; Dobrowolski et
al., 2003). In this study, we have developed ARMS-based PCR assays
(Newton et al., 1989) for the screening of these common mutations.
The assays were validated in Pakistani galactosemia patients and nor-
mal subjects.
2. Subjects and methods

A total of 8 unrelated galactosemia patients (3 males and 5 females
of age range 1.6–15 months) were recruited from the Department of
Pediatric Gastroenterology and Hepatology, Children's Hospital and In-
stitute of Child Health, Lahore. Diagnosis of galactosemia included typ-
ical clinical symptoms, elevated serum bilirubin, AST and ALT levels,
normal hemoglobin level, and a positive test for urinary reducing sub-
stance with glucose level within normal range. Clinical symptoms of
each galactosemia patient are presented in Table 1. One hundred and
ninety unrelated individuals manifesting no galactosemia symptoms
and representing fourmajor provinces of Pakistan (Balochistan, Khyber
Pakhtunkhwa, Punjab and Sindh) were also included in the study. The
number of individuals was proportioned according to the population
size of Balochis, Pathans, Punjabis and Sindhis. DNA samples from
some of these individuals have also been used in a previous study enti-
tled “Frequency distribution of PRNP polymorphisms in the Pakistani
population” (Imran et al., 2012). Approval for the study was obtained
Table 1
Clinical symptoms and mutational screening of Pakistani galactosemia patients.

Patient # 1 2 3

Sex Male Female Male
Parental consanguinity × √ √
Vomiting √ √ √
Diarrhea √ √ √
Failure to thrive √ √ √
Hepatomegaly √ √ √
Splenomegaly √ √ √
Jaundice √ √ √
Ascites √ √ √
Underweight-for-age √ √ √
Stunting (developmental delay) √ √ √
Bilateral cataracts √ × √
Response to diet restriction √ √ √
S135L × × ×
Q188R × × ×
K285N × × ×
N314D × √hetero ×
from Ethical Review Board of University of Health Sciences, Lahore
and informed signed consent was obtained from patients' parents.

DNAwas extracted fromwhole blood following a standard organic
procedure. Allele specific primers for S135L, Q188R and K285N muta-
tions and the N314D variant were designed using the GALT gene se-
quence (GeneBank accession # M96264.1). Primer sequences and
annealing temperatures are provided in Table 2. PCR ingredients
consisted of 50 ng DNA, 1× Taq buffer [75 mM Tris–HCl (pH 8.8 at
25 °C), 20 mM (NH4)2SO4 and 0.01% (v/v) Tween 20], 2 mM MgCl2,
200 μM of each dNTP, 5 ρmol of each primer and 0.5 U of Taq DNA
polymerase (Fermentas BioSciences, USA). The final reaction volume
was 25 μl. Thermal PCR profile consisted of an initial denaturation
at 95 °C for 5 min, 35 cycles of denaturation at 94 °C for 30 s,
annealing at 54–66 °C for 30 s and extension at 72 °C for 1 min,
followed by a final extension step at 72 °C for 10 min. PCR products
were resolved in 2% ethidium bromide-containing agarose gels and
were visualized under UV light (Fig. 1). Standard DNA samples carry-
ing S135L, Q188R and K285N mutations were provided by Dr. Raza
Mirfakharie from the National Institute of Genetic Engineering and
Biotechnology, Tehran, IR, Iran. These samples served as positive con-
trols. A DNA pool from 110 Pakistani unrelated individuals served as
positive control for assaying the N314D variant. Each sample was an-
alyzed for three times to determine specificity of the results.
4 5 6 7 8

Female Male Female Female Female
√ √ √ √ ×
√ √ √ √ √
√ √ √ √ √
√ √ √ √ √
√ √ √ √ √
√ √ √ √ √
√ √ √ √ √
√ √ √ √ √
√ √ √ √ √
√ √ √ √ √
× × √ √ ×
√ √ √ √ √
× × × × ×
√homo × × × ×
× × × × ×
× √hetero √homo √homo √hetero



Fig. 1. Screening of S135L, Q188R and K285Nmutations and N314D variant in eight Pakistani (1–8) galactosemia patients. PC refers to positive control and NTC to non-template control.
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3. Results and discussion

We have developed simple, cost-effective, and rapid ARMS-based
PCR assays (Newton et al., 1989) for the screening of S135L, Q188R
and K285N mutations and the N314D variant in the GALT gene.
These assays are superior to widely used conventional SNP
genotyping assays such as restriction fragment length polymorphism
(RFLP) and allele specific oligonucleotides melting which require ad-
ditional post-PCR process, time and ingredients to provide informa-
tion about the genotype of a sample. In ARMS-based PCR assays, the
genotype of a PCR-amplified DNA sample can directly be analyzed
on agarose gel after its electrophoretic separation.

As reported by Newton et al. (1989), the PCR amplification of nor-
mal and mutant alleles was carried out in separate reactions. Both ho-
mozygous and heterozygous samples were used as positive controls.
A wide range of temperature gradients (51 °C to 67 °C) was used to
find stringent annealing temperature. The amplification of S135L,
Q188R and K285N mutant alleles was not detected when a DNA
pool containing 110 unrelated DNA specimens in equivalent concen-
tration was used as template. The N314D variant was detected in het-
erozygous state in this DNA pool. We considered the DNA pool to
serve as positive control for subsequent PCR assays. Both homozygous
and heterozygous positive controls showed specific amplification of
S135L, Q188R and K285N normal and mutant alleles at annealing
temperatures given in Table 2. The positive control for S135L muta-
tion served as negative control for the screening of Q188R, K285N
and N314D variations and vice versa. DNA from peripheral leukocytes
of each of 8 galactosemia patients studied was isolated on 2–3 different
occasions and three serial amplifications on the same day were
performed for each isolated DNA specimen. The results were
concordant every time. These findings indicate that the developed
ARMS-based PCR assaysmay be useful for the diagnosis of galactosemia.
Table 3
Allele frequencies of N314D variant in different worldwide healthy populations.

Population Number of
individuals

Allele
frequency
(%)

Significance References

Pakistan 190 14.5 Present study
Korea 100 2 S Ko et al. (2010)
Hungary 100 11.5 NS Milánkovics et al. (2009)
Croatia 221 7.5 S Bari et al. (2008)
Italy 802 7.7 S Bari et al. (2008)
Ireland 743 9.9 S Tighe et al. (2004)
Slovenia 174 8 S Lukac-Bajalo et al. (2002)
USA 4796 7.8 S Suzuki et al. (2001)
Czech Republic 504 8.2 S Kozák et al. (1999)
Germany 289 14.9 NS Shin et al. (1998)
UK 248 17 NS Morland et al. (1998)

P≤0.05=significant (S); P>0.05=non-significant (NS).
Theymay also be used to determine the frequency of carriers in general
population.

In contrast with galactosemia patients from Western countries,
our galactosemia patients presented with more severe clinical symp-
toms such as vomiting, diarrhea, failure to thrive, weight loss, jaun-
dice, hepatosplenomegaly, ascites, and developmental delay. These
symptoms were seen with 100% frequency in our patients (Table 1).
This contrast in symptoms outcome might be due to age difference
at which ours and Western galactosemia patients are hospitalized.
Half of our galactosemia patients (4/8) developed bilateral cataracts.
None of screened mutations was detected in two of these galacto-
semia patients manifesting bilateral cataracts. The remaining two ga-
lactosemia patients were homozygous for the N314D variant. Of the
four galactosemia patients without cataracts, one inherited the
Q188R mutation in homozygous state and the remaining 3 the
N314D variant in heterozygous state (Fig. 1). The L135, R188 and
N285 alleles were not found in 190 normal subjects. The Duarte allele
D314 was detected in 14.5% of normal alleles (55 out of 380 alleles).
These results suggest that some other mutations in the GALT gene
may be responsible for classical galactosemia in Pakistan. Therefore,
sequencing of the GALT gene in our classical galactosemia patients
may disclose novel pathogenic mutations. According to this study,
the frequency of D314 allele is higher in Pakistanis than in many Cau-
casian populations and in Americans (Table 3). Due to higher fre-
quency of the D314 allele, the Duarte galactosemia (D1 or D2/G)
may be more frequent in Pakistani population than classical galacto-
semia (G/G). However, large patients’ sample size is required to con-
firm the results of the present study. Because the Duarte galactosemia
patients usually present with milder phenotype in adulthood
(Fernhoff, 2010; Ficicioglu et al., 2010), their identification during in-
fancy is difficult to carry out. In such situations, the implementation of
newborn screening programs becomes a prerequisite. It should be no-
ticed that although the patients of Duarte galactosemia, caused by
one D314 allele and the other “G” allele, usually appear to be benign,
some of these patients may develop ovarian failure and presenile
cataracts later in life (Bari et al., 2008). The differential production
of endogenous galactose may be responsible for this difference.
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