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Detection of the G1138A Mutation in the FGFR3 Gene for the
Diagnosis of Achondroplasia by Allele-Specific Polymerase
Chain Reaction
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Background: Achondroplasia is the most common inherited skeletal dysplasia caused by the G1138A (98%) mutation in the FGFR3
gene. Detection of the mutation can be done by several methods such as DNA sequencing or restriction enzyme-based polymerase
chain reaction (PCR).

Objective: We developed an allele-specific PCR (ASPCR) technique for the detection this mutation in the FGFR3 gene that is more
convenient, timesaving and cost effective than previous methods.

Materials and Methods: Genomic DNA from 7 patients with a clinical diagnosis of achondroplasia was extracted. The samples were
analyzed using the new ASPCR technique and compared with restriction enzyme-based PCR and DNA sequencing.

Results: The G1138A mutation in the FGFR3 gene was detected in all patients by the ASPCR technique, restriction enzyme-based
PCR and DNA sequencing. However, the ASPCR technique had a shorter processing time and lower cost compared with the others.

Conclusion: ASPCR is a more rapid and convenient technique that is more cost-effective than either DNA sequencing or restriction
enzyme-based PCR techniques for the diagnosis of achondroplasia.
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Achondroplasia is the most common inherited
skeletal dysplasia that causes a disproportionate short stature
in humans with prevalence of 1: 26,000 to 28,000 live
births!?. Tt is caused by missense mutations in the Fibroblast
Growth Factor Receptor-3 (FGFR3) gene with 98% of cases
caused by a G1138A mutation and the remaining 2% by a
G1138C mutation®. These mutations cause a glycine to
arginine substitution at codon 380 in the transmembrane
domain of the FGFR3 protein that results in exaggerated
physiological negative regulation of chondrocyte
proliferation®. The classic physical features include
disproportionate short stature, macrocephaly, frontal bossing,
midfacial hypoplasia, rhizomelic shortening of the long bones,
trident hand configuration and lumbar hyperlordosis®.
Radiological findings include a small base of the skull, small
cuboid vertebral bodies with short pedicles, narrowing of the
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lumbar interpedicular distance, thoracolumbar kyphosis with
lumbar lordosis, small iliac wings, narrow greater sciatic
notch, metaphyseal flare, short tubular bones and short
femoral neck®. Although achondroplasia can be diagnosed
by its clinical characteristic and radiological features,
molecular analysis for the FGFR3 gene mutations is still
useful in patients who cannot be differentiated from
hypochondroplasia. It is also necessary for confirming the
diagnosis prenatally. Detection of a G1138 A mutation in the
FGFR3 gene can be done by several methods, such as DNA
sequencing, restriction enzyme-based polymerase chain
reaction (PCR) or high-resolution melting analysis®71%.
However, these procedures take several steps and are also
expensive. Therefore, we aimed to develop an allele-specific
PCR (ASPCR) technique for the detection of the G1138A
mutation in the FGFR3 gene that is more convenient than the
previous methods, can save time and cost and yet produce a
diagnosis of achondroplasia. This study was approved by
the Ethics Committee in Human Research, Khon Kaen
University, with the approval number of HE591329.

Materials and Methods
This is a prospective study. Genomic DNA was
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collected from seven patients with a clinical diagnosis of
achondroplasia. The genomic DNA was processed by 3
molecular techniques including restriction enzyme-based
polymerase chain reaction, DNA sequencing and allele specific
polymerase chain reaction for detecting of G1138A mutation
in FGFR3.

DNA extraction

Genomic DNA collected from seven patients with
aclinical diagnosis of achondroplasia was isolated from 3 mL
of peripheral blood using isopropanol-fractionation with
concentrated Nal and SDS technique as described in a previous
study?.

Restriction enzyme-based polymerase chain reaction

PCR was done using primers described by Shiang
et al®. Primer A (5’~-AGGAGCTGGTGGAGGCTGA-3)
and primer B (5’-GGAGATCTTGTGCACGGTGG-3") as
shown in Figure 1. The samples containing 100 ng of DNA
were amplified in a 30 pl reaction mixture containing 10 mM
Tris-HCI (pH 8.5), 1.5 mM MgCl,, 0.2 mM dNTPs, 5 uM
primer A, 5 uM of primer B and Taq DNA polymerase
(GoTaq® colorless Master Mix, Promega®). PCR conditions
were initial denaturation at 94°C for 5 min and then 30 cycles
with denaturation at 94°C for 30 seconds, annealing at 65°C
for 30 seconds, extension at 72°C for 30 seconds and 1 final
extension cycle at 72°C for 5 min (nexus GSX1
Mastercycler®; Eppendorf®). The PCR product of 164 bp
was subjected to restriction enzyme digestion. Ten pl of
PCR product were digested with Sfcl (New England Biolab)
at 37°C for 1 hour. The fragments were separated by 2.5%
agarose gel electrophoresis as shown in Figure 2.

DNA sequencing

PCR products were purified using GF-1 AmbiClean
kit (Vivantis). All samples sequenced using an automated
DNA sequencer, Applied Biosystems 3130/Genetic
Analyzers to confirm the mutation. The sequencing reaction
was performed as described in the kit’s manual, BigDye
Terminator v3.1 Cycle Sequencing kit.

Allele specific polymerase chain reaction (ASPCR)
The new ASPCR protocol for detecting the
G1138A mutation of FGFR3 was developed as follows.
The FGFR3 was amplified by using the set of oligonucleotide
primers including primer A (5’-AGGAGCTGGTGGAGGC
TGA-3"), primer B (5’-GGAGATCTTGTGCACGGTGG-
3’) as internal control and primer D that containing G—A
mutation (5’-GCATCCTCAGCTACA-3’) as shown in
Figure 1. The samples containing 100 ng of DNA were
amplified in a 20 pl reaction mixture containing 10 mM Tris-
HCI (pH 8.5), 1.5 mM MgCl,, 0.2 mM dNTPs, 0.5 uM
primer A, 5 UM of primer B and primer D, and Taq DNA
polymerase (GoTaq® colorless Master Mix, Promega®). PCR
conditions were initial denaturation at 94°C for 5 min and
then 30 cycles with denaturation at 94°C for 30 seconds,
annealing at 63°C for 30 seconds, extension at 72°C for 30
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Figure 1. The diagram shows restriction enzyme-
based PCR and allele-specific PCR. The
conventional method of restriction enzyme-
based PCR with A and B primers results in a
164 bp PCR product If the G—A mutation is
present, the PCR product digested by Sfcl
results in 109 bp and 55 bp fragments (A).
The new allele-specific PCR (ASPCR) method
with D primer that is specific for the G—>A
mutation at the 3’ end results in 122 bp and
164 bp PCR products (B).

A 1 2 3 45 6 7 8 9 10711

200 bp
100 bp
B 1. 2: 3«4 5 '6; 5 8 9 10011
200 bp
100 bp
Figure 2. Agarose gel electrophoresis of amplification

genomic DNA fragments surrounding the
G1138A mutation in the FGFR3. A) restriction
enzyme-based PCR technique. B) ASPCR
technique. Lane 1, 100 bp ladder; Lane 2,
positive control for heterozygous G1138A
mutation; Lane 3, normal individual; Lane 4,
distilled water; Lane 5 to 11, patients with
achondroplasia (heterozygous for the
G1138A substitution).

seconds and 1 final extension cycle at 72°C for 5 min (nexus
GSX1 Mastercycler®; Eppendorf®). Ten ul of the PCR
reaction mixture were analyzed on 2.5% agarose gel
(AxyGEN®). After electrophoresis, the gel was stained with
0.5 ng/ml of ethidium bromide solution. The DNA in the gel
was visualized under UV light and an image was taken with a
CCD camera, ChemiDoc® MP Imaging System (BIO RAD).
Ifthe G—A mutationwas present, there were 2 PCR products
with 122 and 164 bp fragments. The results of ASPCR were
compared with those of the conventional method for detection
of G1138A mutation®,
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Results

DNA samples collected from seven patients with
a clinical diagnosis of achondroplasia were analyzed by
ASPCR along with restriction enzyme-based PCR techniques.
All samples were amplified by PCR with primer A and primer
B to yield 164 bp products. For the detection with ASPCR,
the primer D was additionally used to yield 122 bp products,
while Sfcl was used for the digestion of the 164 bp product
using the restriction enzyme-based PCR technique to yield
109 bp and 55 bp products.

The overall findings of both techniques were
compared as shown in Figure 2. ASPCR produced 164 and
122 bp fragments in individuals heterozygous for the G1138A
substitution including samples in lane 2 (a positive control),
5,6,7,8,9,10and 11. A single band of 164 bp was detected
in normal individuals including samples in lane 3 (a normal
control). The results of ASPCR were compared with the
method of restriction enzyme-based PCR. The restriction
enzyme-based PCR produced 164, 109 and 55 bp fragments
in individuals heterozygous for the G1138A substitution in
lane 2 (a positive control), 5, 6, 7, 8, 9, 10 and 11. A single
band of 164 bp fragment was detected in normal individuals
including samples in lane 3 (a normal control). The DNA
sequence for all patients and normal individual was analyzed
and the results were confirmed as heterozygous for the
G1138A substitution in all patients as shown in Figure 3.

Discussion

We successfully develop an ASPCR test as a rapid
method to detect the FGFR3 mutation G1138A in 7
achondroplasia patients in our hospital. This method was
confirmed with the standard methods of restriction enzyme-
based PCR and DNA sequencing. Basically, there are several
techniques in regular practice to detect the G1138A mutation
in the FGFR3 gene, such as restriction enzyme-based PCR
and DNA sequencing. The standard method that is used for
detection in our laboratory is a restriction enzyme-based
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Figure 3. DNAsequencing data, the arrow in (A) shows
no mutation was found at position 1138 in
the FGFR3 gene in the normal contro], the
arrow in (B) shows a heterozygous G—A
mutation at position 1138 in the FGFR3 in

the patient.
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PCR technique. This technique requires 2 steps for analysis,
DNA amplification followed by mutation detection. The
mutation detection requires the digestion of an amplification
product with the restriction endonuclease Sfcl. This enzyme
restricts the specific site of the mutant allele and produces 2
fragments of 109 and 55bp, but not for the wild type allele.
Thus, an individual heterozygous for the G1138A mutation
presents 3 fragments of 164, 109 and 55 bp, and the
homozygous individual presents 2 fragments of 109 and 55
bp, but the normal individual presents only a fragment of
164 bp.

We developed a more rapid, convenient and
timesaving technique by the ASPCR in our lab. This technique
can be operated with a single DNA amplification, which
easier than the previous more complex method. This technique
can theoretically be used to confirm the diagnosis of a
homozygous individual by presenting a single fragment of
122 bp, although this was not found in the patients presented
in this study. This technique can save the time by eliminating
the enzyme digestion step from the procedure. It also saves
665 Baht ($US 20.71) per assay by using this method
compared with the restriction enzyme-based PCR and 1,805
Baht ($US 56.21) compared with DNA sequencing.

Conclusion

ASPCR is a more rapid, convenient and cost-
effective than either DNA sequencing or restriction
enzyme-based PCR techniques for confirming the diagnosis
of a G1138A mutation in the FGFR3 gene that leads to
achondroplasia.

Whatis already known on this topic?

Detection of the G1138A mutation in the FGFR3
gene can be done by DNA sequencing and restriction enzyme-
based polymerase chain reaction (PCR).

What this study adds?

The new ASPCR technique is more convenient,
timesaving and cost-effective for the diagnosis of
achondroplasia, especially in limited resource settings.
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