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Rapid screening of UPBI1 gene variations by
high resolution melting curve analysis
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Abstract. The present study aimed to analyze gene mutations
in patients with B-ureidopropinoase deficiency and establish a
rapid detection method for f-ureidopropinoase (UPBI) patho-
genic variations by high resolution melting (HRM) analysis.
DNA samples with known UPBI mutations in three patients
with B-ureidopropinoase deficiency were utilized to establish
a rapid detection method for UPBI pathogenic variations by
HRM analysis. Further rapid screening was performed on two
patients diagnosed with (-ureidopropinoase deficiency and 50
healthy control individuals. The results showed that all known
UPBI gene mutations can be analyzed by a specially designed
HRM assay. Each mutation has specific HRM profiles which
could be used in rapid screening. The HRM method could
correctly identify all genetic mutations in two children with
B-ureidopropinoase deficiency. In addition, the HRM assay
also recognized four unknown mutations. To conclude, the
results support future studies of applying HRM analysis as a
diagnostic approach for -ureidopropinoase deficiency and a
rapid screening method for UPBI mutation carriers.
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Introduction

p-ureidopropinoase deficiency (Online Mendelian
Inheritance in Man no. 613161) is a rare autosomal
recessive disease which is caused by mutations in the
B-ureidopropinoase (UPBI) gene. The clinical phenotypes
of reported cases are complicated. Several patients presented
with severe neurological involvement or mild psychomotor
development delay, while other patients do not show any
symptoms (1). Most patients are diagnosed before the age of
two years, while numerous patients who do not present with
any symptoms may not have been diagnosed (1). Since the
disease lacks clinical specificity, auxiliary examination plays
an important role in diagnosis. Gas chromatography-mass
spectrometry (GC-MS) is widely used to diagnose this
disease, however, analysis of gene mutation is the main tool
used to confirm diagnosis (2,3).

High-resolution melting analysis (HRM), a novel tech-
nology for mutation, polymorphism and epigenetic alteration
detection in double-stranded DNAs, has been one of the most
widely used molecular diagnostic techniques in clinical and
research settings (4). The basic principle of HRM is that
DNA-saturated fluorescent dye is added into the PCR reaction
system (5). The PCR amplicon is denatured by heating in a
certain temperature range (6). Specialized instruments detect
the degenerated double-stranded DNA fluorescent signal and
a melting curve is plotted (7). The combination of fluorescent
dye with PCR products is monitored in real-time during the
heating process (5). A single-nucleotide mismatch leads to
double-stranded DNA unwinding in the heating process (8).
Fluorescent dyes are released from DNA molecules that are
locally opened up, and the presence of mutations can be
determined from the fluorescence intensity and time curves
according to different melting temperature and shape of the
melting curve, which allows wild-type and heterozygous
mutation types to be effectively distinguished (9).

Considering the advantages of HRM in gene screening
and detection, HRM in combination with other molecular
diagnostic techniques can expand the application scope and
improve the efficiency of HRM. For example, by using compet-
itive multiplex PCR and HRM, copy number variations can
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be detected accurately (10). Recently, the rapid development
of instruments, DNA dyes and analysis software significantly
enhanced the sensitivity, specificity and accuracy of HRM (11)
This provides a fast, efficient and economic molecular diag-
nostic platform for molecular diagnosis of inherited disease,
molecular profiling and target therapy of cancer, identification
of pathogens and individualized medicine (12-15). The present
study evaluated the potential application of HRM analysis
for identifying gene mutations in patients and carriers with
[-ureidopropinoase deficiency.

Materials and methods

Clinical details. The methods used in the present study were
performed in accordance with approved guidelines by the
Committee for the Ethical Review of Research Involving
Human Subjects at Tianjin Children's Hospital. A total of
50 healthy individuals were recruited as controls in this study
from October 2018 to August 2019 in Tianjin Children's
Hospital (Tianjin, China), including 27 males and 23 females,
with a mean age of 2 years (range, 6 months to 12 years old).
Physical examination and GC-MS results of these controls were
normal. The controls had no relationship with any of these five
patients. Peripheral blood specimens were collected from all
subjects after informed consent was obtained from their parents.

During the screening of suspected children by urine
GC/MS, those identified with abnormal increase in pyrimidine
degradation metabolites, including N-carbamyl-f-alanine
(B-UP), N-carbamyl-B-aminoisobutyric acid (3-UIB), uracil,
thymine, dihydouracil and dihydothymine, were diagnosed as
B-ureidopropinoase deficiency. Five patients were recruited to
the present study. The first three families have been previously
reported (16). Case 1, a 2-month-old male, was hospitalized
with jaundice for nearly 2 months and progressive aggravation
with occasional clay-like tool. The male was diagnosed with
[-ureidopropinoase deficiency by GC-MS (16).

Case 2, a 3-day-old male, was admitted due to temporary
convulsion. His father also suffered from B-ureidopropinoase
deficiency. Elevated pyrimidines and metabolites in urine
were detected by GC-MS. The male was diagnosed with
[-ureidopropinoase deficiency (16).

Case 3,a2-year-old male, was admitted because of language
delay. The male was able to sit by himself in 7 months, climb
in 10 months and walk until 14 months. The male was unable
to speak until 2 years and 4 months. The results of GC-MS
urine screening showed that the male has (3-ureidopropinoase
deficiency (16).

Case 4, an 8-month-old male, entered with a one-day
history of dizziness, vomiting and stroking twice. The boy
was delivered with a birth weight of 3.65 kg. No obvious
abnormalities were detected in neurological examinations.
The result of GC-MS urine screening showed the boy has
[-ureidopropinoase deficiency.

Case 5, a 20-month-old boy, was admitted due to motor
retardation. No obvious abnormalities were detected in exami-
nations. B-ureidopropinoase deficiency was initially identified
by GC-MS performed in the clinical setting.

Genomic DNA extraction. A total of 1 ml peripheral blood
was collected with EDTA anticoagulant. Genomic DNA

was isolated using a Blood Genomic DNA Mini kit (CoWin
Biosciences) according to the manufacturer's instructions.
DNA quality and concentration were assessed using a
NanoDrop™ 2000 UV-Vis Spectrophotometer (Thermo
Fisher Scientific, Inc.).

PCR primer selection and amplification. Primers for PCR
amplification of UPBI genes with a size range of 271-490 bp
were selected (16). The entire UPBI coding region were ampli-
fied by PCR using these primers. Primers were synthesized by
Genewiz, Inc. PCR reactions were performed in a total reac-
tion volume of 25 pl (16). The amplicons were detected using
1.5% agarose gel electrophoresis and visualized by ChemiDoc
XRS+ Imaging system (Bio-Rad Laboratories, Inc.). The DNA
products were sent to Genewiz, Inc. for Sanger sequencing.
Sequences from amplified UPBI were compared to known
sequences using Chromas Lite and Gene Runner (Frank
Buquicchio and Michael Spruyt; version 6.5.51x64).

HRM primer selection. Primers for HRM amplification of
UPBI genes with a size range of 77-249 bp were designed
(Table I). Primers were synthesized by Suzhou Jinweizhi
Biotechnology Co., Ltd. The primers for HRM are shorter
than those used for PCR.

HRM reaction. HRM was performed using a Forget-Me-Not
EvaGreen qPCR Master Mix kit (Biotium, Inc.;
cat. no. 31042-1). The total volume of the reaction was
20 ul, including 10 gl premix (2x), 1 ul forward and 1 ul
reverse primers (10 uM) and 25 ng genomic DNA template.
Amplification was performed using a LightCycler 480 High
Throughput Real-Time Fluorescence Quantitative PCR system
(Roche Diagnostics GmbH; 96-wells). The following thermo-
cycling conditions were used for the PCR: Initial denaturation
at 95°C for 5 min; 48 cycles of denaturation at 95°C for 5 sec,
annealing at 60°C for 10 sec and extension at 72°C for 20 sec
with fluorescence reading and single point acquisition mode.
The subsequent melting analysis process of PCR amplification
products included three steps: Denaturation at 95°C for 1 min;
renaturation at 40°C for 1 min followed by continuous fluores-
cence reading mode at 65-95°C. The rise rate was 0.02°C/sec,
and data acquisition was 25 times/°C (once every 0.04°C
rise in temperature). The melting curve was analyzed using
LightCycler 480 Gene Scanning software (version 1.5; Roche
Diagnostics GmbH). Each sample was performed in duplicate.
All fragments showing HRM aberrant patterns in controls
(cases 1, 2 and 3) and the two families (cases 4 and 5) were
amplified by PCR analysis. All PCR products were purified
and sequenced by Genewiz, Inc. Subsequently, the PCR
products were sent to Genewiz, Inc. for Sanger sequencing.

Results

HRM development. DNA samples of the first three families
(cases 1,2 and 3) were detected using whole exome sequencing.
These families with known mutations were used to determine
proper parameters and normalized HRM profile (Table II).
PCR amplifications of exon fragments 1, 7, 9 and 10 of the
UPBI gene followed by HRM analysis were performed. All
selected mutations were confirmed by Sanger sequencing.



Table I. UPBI gene primers of high resolution melting curve analysis.
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Length of

Name Direction Sequence (5'-3") amplification (bp)

EX1-F Forward GTGCGCGGACACAAGCACTG 165

EXI1-R Reverse CCATTAGCTTAGCCTCTTGG

EX2-F Forward AAGTGGAGCAGACTGCATCA 246

EX2-R Reverse ATGGTCAAAAGAGTCTGCAC

EX3-F Forward CCATATGCATTAGGATGAGAT 201

EX3-R Reverse AGGCAGCAGAGAAAGCAC

EX4-F Forward TGCCCTTTCTCCTATTTATAG 140

EX4-R Reverse CCAGAGGCACCGTTAATG

EXS-F Forward ATAAGTGGGACTCTGCCA 216

EX5-R Reverse ATCTTATGGGTGGCTCAC

EX6-F Forward GAGTCTAAGGAAATCTTGAAGG 249

EX6-R Reverse CAGACCCCACCAACTGA

EX7-F Forward GCTGAGCATCCACTGAGTC 228

EX7-R Reverse CATGTGTGCAGAGGGAAC

EX8-F Forward TAACTGTTTCCTGGCTGAC 235

EX8-R Reverse GAAGCAGACAGAGAAGGG

EX9A-F Forward AGCCCACAGTGCATCTAC 77

EX9A-R Reverse AAAGTAGCCAAAGTCCTG

EX9B-F Forward AAGCTCACAGATGTGTTTCTT 226

EX9B-R Reverse AGAGGAGCAGGCAACAACAG

EX10-F Forward CGAGCCTTCCTGATGCGTTC 246

EX10-R Reverse CAGAGGTGTCTTCCTCACCC

UPB1, B-ureidopropinoase; 9A, the front part of exon 9; 9B, the latter part of exon 9.

Table II. Mutations of the UPBI gene verified in the five families.

Case Polymorphism Mutation Exon

Case 1 cIIG>A Heterozygous 1
cI977G>A Homozygous 9

Case 1's father c977G>A Heterozygous 9

Case 1's mother cI91G>A Heterozygous 1
c9771G>A Heterozygous 9

Case 2 c.851G>T Heterozygous 7
c977G>A Heterozygous 9

Case 2's father cI977G>A Homozygous 9

Case 2's mother c.851G>T Heterozygous 7

Case 3 c.853G>A Heterozygous 7
c917-1 G>A Heterozygous Intron 8

Case 3's father c.853G>A Heterozygous 7

Case 3's mother cI917-1 G>A Heterozygous Intron 8

Case 4 c977 G>A Homozygous 9

Case 4's father c977 G>A Heterozygous 9

Case 4's mother c977 G>A Heterozygous 9

Case 5 cI91G>A Heterozygous 1
c977 G>A Homozygous 9

Case 5's father c977 G>A Heterozygous 9

Case 5's mother cIIG>A Heterozygous 1
c977 G>A Heterozygous 9
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Figure 1. High resolution melting analysis of the UPBI gene in the three families (cases 1, 2 and 3). The (A) melting curves and (B) difference plot of exon 1.
The (C) melting curves and (D) difference plot of exon 7. The (E) melting curves and (F) difference plot of exon 9A. The (G) melting curves and (H) difference
plot of exon 9B. WT, wild-type; het, heterozygous; hom, homozygous; UPBI1, -ureidopropinoase.
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Figure 2. High resolution melting analysis of the UPBI gene in the two families (cases 4 and 5) and 50 controls. The (A) melting curves and (B) difference
plot of exon 1. a, c.91G>A heterozygous mutation. The (C) melting curves and (D) difference plot of exon 9B in the two families. b, c.977G>A heterozygous
mutation. ¢, ¢.977G>A homozygous mutation. WT, wild-type; het, heterozygous; hom, homozygous; UPBI, B-ureidopropinoase.
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Figure 3. UPBI gene mutations in the last two families (cases 4 and 5). (A) Case 4 carries a c.977G>A (p.R326Q) homozygous mutation. (B and C) The parents
of case 4 carry a ¢.977G>A heterozygous mutation. (D and E) case 5 carries a ¢.91G>A heterozygous mutation and a c.977G>A (p.R326Q) homozygous
mutation. (F) The father of case 5 carries a c.977G>A heterozygous mutation. (G and H) The mother of case 5 carries ¢.91G>A and c.977G>A heterozygous
mutations. The mutations are indicated by the black arrows. UPBI, -ureidopropinoase.

As shown in Fig. 1, each mutation had specific melting curve
profiles which significantly differed from the wild-type. HRM
also clearly divided heterozygote variants with homozygote
variants in each sample. However, when the c.917-1G>A
mutation was analyzed, the melting curve profile showed that
there was no curve variation with wild-type controls. Hence, a
primer checking was performed and it was found that although
the primers uncovered the mutation site, the placement of
primers were not appropriate enough for HRM splice-site
variation analysis. A set of primers were then redesigned to
differentiate this mutation. This data indicated that for patho-
genic splice-site mutation HRM, the primer needs to extend
into part of the intronic region until the splice donor/acceptor
site is incorporated.

HRM to identify UPBI mutations in 3-ureidopropinoase
deficiency. To evaluate the diagnostic utility of HRM to detect
UPBI mutations, two [-ureidopropinoase deficiency cases
(cases 4 and 5) with unknown mutations were selected. The
melting curves of different UPBI mutations were used as posi-
tive controls, and the wild-type UPBI gene was used as the
normal control. The results are as follows. Case 4 carried a
c.977G>A p.R326Q homozygous mutation from his parents.
Case 5 carried a maternal c.91G>A p.G31S heterozygous
mutation and a ¢.977G>A p.R326Q homozygous mutation
from his parents (Fig. 2). Sanger sequencing was performed to
verify the genotyping results (Fig. 3).

Application to carrier screening. To validate the use of
HRM for mutation carrier scanning in -ureidopropinoase

deficiency, 50 randomly chosen healthy children samples
were first tested by HRM. Among the 50 samples negative
for B-ureidopropinoase deficiency, 46 samples were identified
as wild-type and 4 samples were identified to have harbored
mutations. All melting curves of 46 healthy children were
consistent with those of normal melting profiles (Fig. 4).
The four mutant samples carried c.977G>A, c.957G>A,
c.1072-63C>A, c.1072-70G>A and c.1122G>A heterozygous
mutations.

Following HRM analysis, all samples were genotyped by
Sanger sequencing. For each of these mutation types and geno-
types, HRM and Sanger sequencing gave consistent results
(Fig. 5).

Discussion

p-ureidopropinoase deficiency is an autosomal recessive
disease. The pathogenic gene, UPBI, is located at chromosome
22ql1.2 and consists of 10 exons. The cDNA is 1,152 bases
long and encodes 384 amino acids (1,17). B-ureidopropinoase
is the ultimate reactive enzyme in the metabolic path-
ways of uracil and thymine (18). Defects in the activity of
B-ureidopropinoase directly affects the degradation of 3-UP
and B-UIB, resulting in the abnormal increase of $-UP and
B-UIB in body fluids (2,19). Concurrently, the uracil, thymine,
5,6-dihydrouracil (DHU) and 5,6-dihydrothymine (DHT) of
its upstream metabolic substrates also accumulate to varying
degrees (2). It eventually leads to a series of clinical symptoms
mainly of nervous system abnormalities and dysplasia, known
as [-ureidopropinoase deficiency (18).
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Figure 4. High resolution melting of the UPBI gene in 50 controls. The (A) melting curves and (B) difference plot of exon 9B in the 50 controls, including
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heterozygous mutation, ¢.1072-70G>A heterozygous mutation and c.1122G>A heterozygous mutation. WT, wild-type; UPBI1, B-ureidopropinoase.

Routine blood and biochemical tests showed no specific
changes in patients with B-ureidopropinoase deficiency (2).
The MRI results of some patients are abnormal without speci-
ficity (1). Therefore, B-ureidopropinoase deficiency cannot
be diagnosed by routine examination. Nowadays, GC-MS
metabolic screening of pyrimidine metabolism evaluation
of the B-ureidopropinoase catalytic activity has been widely
used (2). Although GC-MS is routinely used for the diagnosis
of B-ureidopropinoase deficiency, genetic testing has become
increasingly important, particularly in the identification of
asymptomatic patients and healthy carriers.

With the development of gene detection technology, the
mutant sites of the UPBI gene that causes f-ureidopropinoase
deficiency have been gradually discovered. According to the
ClinVar database, >50 mutations have been found in exons
1-10 and their introns of UPBI (https://www.ncbi.nlm.
nih.gov/clinvar/?term=UPB1%5Bgene%5D). Previously,
we reported seven Chinese patients with five mutations in
the UPBI gene (11). Our study showed that the c.977G>A
mutation was the most common mutation of UPBI in the
Northern Chinese population, which suggested that a
significant percentage of individuals with Chinese ethnicity
may have B-ureidopropinoase deficiency (20). Therefore,
B-ureidopropinoase deficiency may be more prevalent
than the current estimates, owing to a number of undiag-
nosed patients. Moreover, f-ureidopropinoase deficiency
is associated with a variable clinical phenotype. Although
only a low number of cases have been reported, patients
have presented with such symptoms as seizures, delayed
myelination, growth delay, microcephaly, mental retarda-
tion, brainstem hypoplasia, atrophia cerebri and cortical
dysplasia (16). Children with -ureidopropinoase deficiency
may be difficult to identify due to the variable clinical
phenotypic presentation, the subtlety of symptoms or the
costly and time-consuming nature of gene screening. To
meet the demands of clinical application, the development of

high throughput, cost-effective and rapid DNA assays offers
the possibility of avoiding missed diagnosis in susceptible
individuals. HRM allows for large-scale carrier testing
screening, which can provide sufficient capacity for the
detection of known mutations in the UPBI gene, playing a
major role in accurate diagnosis.

Since the introduction of HRM, its advantages and disadvan-
tages have been the focus of a number of researches (4,21,22).
HRM technology is widely used in mutation scanning due
to its simplicity, accuracy, rapidity, low cost, short cycle time
and high throughput (23). Because each DNA segment has
its own unique sequence, similar to DNA fingerprinting, it
has a unique melting curve shape during heat denaturation,
which makes HRM analysis highly specific, stable and repeat-
able (8). In addition, compared with other mutation screening
methods, HRM analysis is a real closed-tube method, which
indicates that the amplification product could be directly
analyzed by the melting curve without any other treatment,
make screening more convenient (24). At present, mutation
detection methods have been relatively established, such as
TagMan probe-based PCR and the molecular beacon method,
which have higher requirements for probe design (25). Besides,
molecular hybridization-based methods, such as dynamic
allele-specific hybridization and oligonucleotide ligation
assays, which also involve expensive sequence-specific
probes, increases the cost of detection (18,19,26,27). Other
PCR-combined molecular methods are also available, such
as single-strand conformation polymorphism and denaturing
gradient gel electrophoresis (28,29). These techniques have
their own distinctiveness, but the experimental design is rela-
tively complex. Compared with them, HRM does not require
specific probes, is relatively simple in the experimental design
and detection is not limited by mutation type. Furthermore,
HRM is inexpensive, which do not require fluorescent
probes, with a cost of approximately $0.6 per reaction, when
compared to a cost of approximately $3 per reaction for Sanger



EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 403, 2021

| m Wy
i “h
Ty ““u
Wil
A“ | ﬂ B

Ah M)
il

= @ ® ® ®E = ®E ® ® &
A C T C C T G G G C

l

n
A

ol

i,

c

- I = -
c A C

J’l
(o} |}
Ol
[oN |

gl
hmm

Tl

] L L |
A A G

ity

QI
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sequencing (30,31). Since the price of genetic testing is still
generally high, HRM is a more convenient and low-cost rapid
detection technology.

However, HRM still has several limitations, such as low
ability to identify complex gene fragments with multiple

mutations (polymorphisms) or GC-rich templates, the analysis
sensitivity is limited by the length of amplification products
and the detection ability of large fragments is lower compared
with small fragments (4,11). The requirements for the quality of
nucleic acid samples, experimental apparatus and fluorescent



8 XU et al: HRM ANALYSIS FOR UPBI

Table III. Sensitivity and specificity of this procedure.

Gold standard
+ _ Total
Procedure
+ 29 0 29
_ 0 101 101
Total 29 101 130

Sensitivity, 100%; specificity, 100%; positive predictive value, 100%;
negative predictive value, 100%.

dye are higher, making HRM genotyping to have a certain
degree of uncertainty (30,31). Therefore, the optimization of
HRM methods is key for successful experiments. Firstly, the
DNA template should be homogeneous. The present study
unified the concentration and the purity (A,¢/A,5=1.8-2.0)
of the DNA template prior to PCR. Secondly is the design of
primers. The sensitivity and specificity of HRM analysis for
PCR products within 400 bp were 100% (32). Therefore, the
length of each amplified fragment was set to <400 bp when
designing primers. Moreover, in most studies, pathogenic
mutations are more widely studied than benign polymorphic
sites. The presence of polymorphic sites will affect the posi-
tive rate of HRM and increase sequencing workload (33).
Therefore, polymorphic loci should be avoided as much as
possible in primer design to reduce interference in pathogenic
mutation scanning. Several researchers also use samples with
polymorphic sites and wild-type samples as well as normal
controls to distinguish polymorphic sites from pathogenic
mutants (34). Through appropriate condition optimization and
disadvantage avoidance, effectiveness in HRM analysis was
achieved in the present study.

As p-ureidopropinoase is a rare disease, it is difficult
to collect a large number of pedigrees to comprehensively
evaluate the specifications of HRM in detecting the mutation
hotspots of the UPBI gene. Therefore, 50 normal samples
were screened to further confirm that HRM analysis can
accurately distinguish heterozygote and wild-type mutations
of the UPBI gene. In the present study, HRM can not only
verify the genotypes of 50 normal control cases according
to the known melting curves of wild-type and mutant UPBI
gene, but also find new unknown mutants. Of the 50 samples
negative for P-ureidopropinoase deficiency, four mutant
samples carried five mutations. One of the controls have two
mutations, which were c.957G>A heterozygous mutation and
¢.1072-70G>A heterozygous mutation without any clinical
phenotype. The c.957G>A is a synonymous mutation which
has been reported as a benign/likely benign mutation in the
ClinVar database (35). ¢.1072-70G>A is a deep intronic muta-
tion, which is unlikely to cause disease. This screening result
further indicated that the PCR-HRM method for the UPBI
gene established in the present study has high sensitivity
and specificity. It can not only identify known mutations,
but also identify other mutations in the PCR coverage area,
which is suitable for high-throughput screening of the target

population. Following HRM analysis, all samples were geno-
typed by Sanger sequencing. The results showed that HRM
has the same accuracy as Sanger sequencing in detecting
UPBI mutations (Table IIT). However, several types of vari-
ants cannot be distinguished using the HRM method, such
as A/T or G/C, where melting profiles may become indis-
tinguishable (36). In the present study, the UPBI mutation
presented here did not harbor any A/T or G/C nucleotide
change, which may not lead to erroneous results. There might
be a need for further optimization of HRM parameters that
are specific for UPBI mutations. Although Sanger sequencing
is still the gold standard to detect mutations in the clinical
setting, for patients diagnosed with B-ureidopropinoase defi-
ciency, HRM can be used to scan the entire UPBI gene, and
subsequently sequence suspicious fragments to determine
the pathogenic mutation, which can decrease the sequencing
workload.

A previous study revealed an association between muta-
tions in the UPBI gene and 5-fluorouracil (5-FU) toxicity
in subjects of Chinese/Asian ethnicity (35). 5-FU is widely
used for therapy of cancers, however, some patients may
occur symptoms of severe 5-FU toxicity (36). The entire
molecular mechanisms underlying 5-FU-related toxicity
remains unclear. It was suggested that UPBI variants may
impair the 5-FU catabolic pathway, resulting in a delay of
5-FU clearance (37). Knowledge of this association might
be useful to help prevent 5-FU toxicity complications by
screening cancer patients for frequent UPBI variants before
prescribing 5-FU or a related drug. Since the HRM technique
can be performed in a shorter period of time, it can be an
ideal screening tool.

In summary, the present study established a PCR-HRM
screening method for the pathogenic gene UPBI of
p-ureidopropinoase deficiency, which is suitable for
rapid screening of large samples of clinically suspected
p-ureidopropinoase deficiency. It may also be a suitable
technique for evaluating the hotspot mutation regions of the
UPBI gene, mutation site-related toxicity prediction and
population-based mutation analysis. The sensitive, simple and
cost-effective advantages of the UPBI HRM analysis makes it
suitable for its use in future research.
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