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Propionic Academia: Exome Sequencing Identified Novel 
Mutation in Exon 12 of PCCA Gene
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Abstract

Propionic acidemia (PA) is a rare autosomal recessive genetic dis-
order resulting from propionyl-coenzyme A carboxylase deficiency. 
This mitochondrial enzyme is a heterocopolymer of two subunits a 
and b that are encoded by PCCA and PCCB genes, respectively. The 
phenotypes of PCCA mutations are most varied ranging from mild 
to lethal within a few days after birth because there is great hetero-
geneity in the mutations of PCCA, while PCCB bears only a limited 
number of mutations. Deep resequencing of all human genes could 
potentially identify allelic variants involved in a given rare mono-
genic disease. Whole exome sequencing (WES) is well justified as an 
efficient strategy to search for mutations in rare Mendelian disorders. 
Here, we analyzed an Iranian couple with the history of having a child 
who died probably due to PA by WES. We could report a novel het-
erozygous non-sense mutation (p.Y380X) in exon 12 of the PCCA 
gene, resulting in the protein truncation. We could find that both of 
parents are carrier for a heterozygous novel non-sense mutation in 
PCCA gene. We showed that WES in parents, along with appropriate 
filtering against public SNP databases, is sufficient to identify carriers 
for a known monogenic disorder, PA, in a consanguineous family.
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Introduction

Propionic acidemia (PA, OMIM #606054) is a rare [1] auto-
somal recessive genetic disease [2] resulting from propionyl-
coenzyme A (CoA) carboxylase deficiency [3]. This mitochon-
drial enzyme is essential near the end of the catabolic pathway 
to metabolize leucine, isoleucine, valine, threonine, methio-
nine [3-6] and 3-carbon fatty acids [2].

Propionyl-CoA carboxylase catalyzes conversion of prop-

ionyl-CoA to methylmalonyl-CoA [3-6]. The enzyme is a het-
erocopolymer of two subunits a and b [7] that its configuration 
is either a4b4 or a6b6 [8]. Then a subunit catalyzes an ATP-
dependent carbon dioxide in addition to the biotin producing 
carboxybiotin. Then, carboxy group of the carboxybiotin is 
transferred to propionyl-CoA generating methylmalonyl-CoA 
by b subunit [3, 9]. These subunits are encoded by PCCA and 
PCCB genes located on chromosomes 13 and 3 [2-6].

The phenotypes of PCCA mutations are most varied rang-
ing from mild to lethal within a few days after birth because 
there is great heterogeneity in the mutations of PCCA, while 
PCCB bears only a limited number of mutations [3, 9]. So, in 
general, defects in these genes result in insufficiency of the 
enzyme and accumulation of propionyl-CoA [3-6], ammonia 
and severe ketoacidosis [2].

Clinical manifestations typically appear when infants 
wean from breast milk (early-onset) because formula is high 
in protein, whereas breast milk is relatively low in protein [2]. 
Most of the affected babies, if not treated, die in the neona-
tal period or during the first 10 years of life [10, 11]. In the 
rare cases, and for unknown reasons, symptoms of this disease 
occur in adulthood (late-onset) [12]. About 80% of cases ap-
pear during the neonatal period and late-onset cases especially 
those proving fatal are more uncommon [13].

The most common and most severe form of PA presents in 
the neonatal period, and patients typically present within their 
first 3 months of age with acute metabolic acidosis, hyperam-
monemia and progressive encephalopathy [14], seizures, and 
coma [1, 2]. Late-onset cases tend to run more heterogeneous 
courses, presenting with episodic acidosis, acute encephalopa-
thy, mental retardation, and movement disorders, with extrapy-
ramidal signs such as choreoathetosis and dystonia, even with-
out metabolic decompensation [1, 13]. Early- and late-onset 
PA can cause severe and permanent neurological damage [15, 
16]. The degree of neurological insult is related to the degree 
of hyperammonemia [15].

Deep resequencing of all human genes could potentially 
identify allelic variants involved in a given rare monogenic 
disease [17]. One of approaches is the targeted resequencing 
of all protein-coding subsequences (whole exome sequenc-
ing (WES)), which requires about 5% as much sequencing as 
a whole human genome [18-20]. Sequencing of the exome, 
rather than the entire human genome, is well justified as an 
efficient strategy to search for mutation discovery of rare Men-
delian disorders [21].

Here we analyzed an Iranian couple with the history of 
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having a child who died probably due to PA by WES. The child 
with poor feeding, vomiting, loss of appetite, hypotonia and 
lethargy born to a first cousin parents died in age of 1 year. 
Biochemical and enzymatic assays that have been performed 
for her were in favor of PA diagnosis.

Case Report

Ten milliliter peripheral bloods were collected from parents 
in EDTA tubes. Genomic DNA was isolated from leukocytes 
using salting out standard method. WES was done for one of 
the parents. Human exonic regions were enriched by using the 
NimbleGen SeqCap EZ Human Exome Library v2.0 and se-
quenced on an Illumina HiSeq2000.

Analysis of the WES data was performed by using the 
alignment and analysis software NextGENeTM v2.18 by Soft-
genetics. The raw data were filtered for low quality reads before 
alignment. Reads that passed the quality filter were aligned to 
the whole human genome hg18. The average exome coverage 
was determined using a complete list of human exons gener-
ated by the UCSC Table Browser. The same procedure was 
performed for PCCA gene coverage. The following analytical 
steps were performed only with reads that matched exonic re-
gions including exon intron-boundaries.

Potential mutations were verified by Sanger sequencing 
generally using an Applied Biosystems 3130xl instrument. 
Primer sequences and PCR conditions are available upon re-
quest.

By various filtering steps, we focused on the novel variants 
or those with very MAF less than 1% found in the genes known 
so far for methylmalonic academia and PA. We considered the 
genes for methylmalonic academia as well in order to not miss 
anything as these two diseases are very similar and it is difficult 
most of the times to discriminate them based on clinical and 
biochemical findings. WES revealed only one promising novel 
heterozygous mutation in PCCA. It included the single-base 
substitution c.1140C>G, resulting in a premature stop codon 
at amino acid position p.380 (p.Y380X) in exon 12. We could 
confirm by Sanger sequencing this non-sense mutation in both 
parents, but we could not confirm the parental segregation of 
p.Y380X in their infant, in whom no material was available.

Discussion

More than 7,000 rare diseases have been described, and in the 
aggregate, these affect more than 25 million people. The ma-
jority of these diseases are considered genetic disorders, and 
many of them are thought to be monogenic. Exome sequenc-
ing of a small number of affected family members or affected 
unrelated individuals is a powerful, efficient and cost-effective 
strategy for markedly reducing the pool of candidate genes for 
rare monogenic disorders and may even identify the responsi-
ble gene(s) specifically [17]. It uses DNA-enrichment methods 
and massively parallel nucleotide sequencing to comprehen-
sively identify and type protein-coding variants to identify sin-
gle nucleotide variants (SNVs), and small insertion/deletions 

(49 new) throughout the genome [22, 23]. This approach is 
likely to become a standard tool for the discovery of genes un-
derlying rare monogenic diseases [17] because it has been used 
so far successfully in many rare diseases [22, 23].

In this study, we encounter parents with consanguineous 
marriage that lost their infant because of suffering a genetic 
disease suspicious to PA. We did not have any material for 
examination and diagnosis of her disease.

Iran is one of the countries located in the consanguineous 
marriage belt, where prevalence rate of consanguineous mar-
riages is estimated to be 23-78% [24]. Therefore, the rate of 
recessive mutations is expected to be higher in Iranian popula-
tion compared to other populations [25]. In the country with 
lower rate of consanguineous marriage, individuals suffering 
from PA are most commonly compound heterozygotes [26]. 
As PA is an autosomal recessive disorder [2] and parents were 
first cousin, we assumed that it is more likely parents are car-
riers of the same disease-causing variants. So we applied WES 
on one of the parents and confirmed the variants found in the 
other parent by Sanger sequencing in order to reduce the cost.

A novel heterozygous non-sense mutation (p.Y380X) in 
exon 12 of the PCCA gene resulting in the protein truncation 
was found through this study.

Determining genetic diagnosis prenatally allows patients 
to make informed reproductive decisions and to be counseled 
about possible fetal outcomes, management options and recur-
rence risks. Therefore, it is important for the physician to be 
conscious of the full spectrum of genetic conditions, and to use 
appropriate testing and referrals to genetic healthcare provid-
ers in order to obtain a specific diagnosis [27].

Conclusions

We showed that WES in parents, along with appropriate filter-
ing against public SNP databases, is sufficient to identify carri-
ers for a known monogenic disorder, PA, in a consanguineous 
family. Therefore, principled methods combining genomic, 
biochemical, and clinical data will be required to usher NGS 
into the clinical arena [28].
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