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Abstract

Primary carnitine deficiency is caused by a defect in the OCTN2 carnitine transporter encoded by
the SLC22A5 gene. It can cause hypoketotic hypoglycemia or cardiomyopathy in children, and
sudden death in children and adults. Fibroblasts from affected patients have reduced carnitine
transport. We evaluated carnitine transport in fibroblasts from 358 subjects referred for possible
carnitine deficiency. Carnitine transport was reduced to 20% or less of normal in fibroblasts of
140/358 subjects. Sequencing of the 10 exons and flanking regions of the SLC22A5 gene in
95/140 subjects identified causative variants in 84% of the alleles. The missense variants identified
in our patients and others previously reported (n=92) were expressed in CHO cells. Carnitine
transport was impaired by 73/92 variants expressed. Prediction algorithms (Polyphen-2, SIFT)
correctly predicted the functional effects of expressed variants in about 80% of cases. These
results indicate that mutations in the coding region of the SLC22A5 gene cannot be identified in
about 16% of the alleles causing primary carnitine deficiency. Prediction algorithms failed to
determine the functional effects of amino acid substitutions in this transmembrane proteins in
about 20% of cases. Therefore, functional studies in fibroblasts remain the best strategy to confirm
or exclude a diagnosis of primary carnitine deficiency.
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INTRODUCTION

Primary carnitine deficiency (MIM# 212140) is an autosomal recessive disorder of the
carnitine cycle resulting in defective fatty acid oxidation (Longo, et al., 2016). The incidence
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of primary carnitine deficiency varies with a frequency of approximately 1:40,000 newborns
in Japan, 1:37,000-1:100,000 newborns in Australia, and 1:142,000 in the USA (Koizumi, et
al., 1999; Longo, et al., 2016; Therrell, et al., 2014; Wilcken, et al., 2003). The highest
incidence of primary carnitine deficiency (1:300) is in the Faroe Islands, an archipelago in
the North Atlantic that remained geographically isolated for many centuries, where about
5% of the population is carrier for an abnormal allele (Longo, et al., 2016; Rasmussen, et al.,
2014a; Rasmussen, et al., 2014b; Steuerwald, et al., 2017).

The gene for primary carnitine deficiency, SLC22A5 (MIM# 603377), spans about 30 kb on
chromosome 5q31 (chr5:132,369,752-132,395,614, hg38) and encodes for the organic
cation transporter novel 2 (OCTN2) carnitine transporter (Longo, et al., 2016; Tamai, et al.,
1998; Wu, et al., 1998). OCTN2 was identified in 1998 for its homology to the organic
cation transport novel 1 (OCTN1) (Tamai, et al., 1998; Wu, et al., 1999; Wu, et al., 1998).
OCTNL1 and OCTN2 are part of the SLC22 family of membrane transporters, along with
organic anion and cation transporters (Burckhardt and Wolff, 2000; Frigeni, et al., 2016;
Longo, et al., 2016). OCTN2 operates as a Na*-independent organic cation transporter as
well as a high affinity (K, = 2.9 £ 0.7 uM) Na*-dependent carnitine transporter (Longo, et
al., 2016; Tamai, et al., 1998; Wang, et al., 2000b; Wu, et al., 1999). Over 150 genetic
variants are described in the SLC22A5 mutation database (http://www.arup.utah.edu/
database/OCTN2/OCTN2_display.php), of which 86 are pathogenic (including missense,
nonsense, indels, frame-shifting, splice-site altering mutations and one large gene deletion).

Defective carnitine transport results in urinary carnitine wasting, low serum carnitine levels
(< 9 uM, normal 25-50 uM), and decreased intracellular carnitine accumulation (Longo, et
al., 2006; Longo, et al., 2016). Patients with primary carnitine deficiency lose most (10—
95%) of the filtered carnitine in urine, and their heterozygous parents lose 2 to 3 times the
normal amount, explaining their mildly reduced plasma carnitine levels (Longo, et al.,
2016). Since carnitine is required for the transfer of long-chain fatty acids from the
cytoplasm to the mitochondrial matrix for subsequent p-oxidation, the lack of carnitine
impairs the ability to use fat as energy source during periods of metabolic stress (Longo, et
al., 2016). If carnitine supplements are not promptly started, patients with primary carnitine
deficiency can present with an acute metabolic decompensation early in life, or later in life
with skeletal and cardiac myopathy or sudden death from arrhythmia (Longo, et al., 2016;
Rose, et al., 2012; Wang, et al., 2000a). Siblings of affected children had only mild
developmental delays or were asymptomatic (Longo, et al., 2016; Spiekerkoetter, et al.,
2003; Wang, et al., 2001).

With the advent of expanded newborn screening, infants with primary carnitine deficiency or
their affected mothers can be identified by very low levels of free carnitine (Longo, et al.,
2016). The diagnosis of primary carnitine deficiency can be biochemically confirmed by
demonstration of low free carnitine levels in plasma with reduced renal reabsorption (less
than 90%), and normal renal function with no abnormalities in the urine organic acids
(although a non-specific dicarboxylic aciduria has been reported during acute attacks)
(Longo, et al., 2016; Scaglia, et al., 1998). Given the possibility of a maternal disorder
causing primary or secondary carnitine deficiency, plasma and urine carnitine, plasma
acylcarnitine profile, and urine organic acids should be evaluated in the mother as well when
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carnitine levels are low in the newborn screening (Longo, et al., 2016). The diagnosis can be
definitively confirmed by verifying reduced carnitine transport activity (< 20% of normal
controls) in skin fibroblasts from the patient or by mutational analysis of the SLC22A5 gene
(Longo, et al., 2016).

The measurement of carnitine transport in cultured fibroblasts is a very reliable method to
confirm the diagnosis of primary carnitine deficiency, but is time demanding and requires a
skin biopsy (Longo, et al., 2016). For this reason, molecular analysis (sequencing and
deletion/duplication analysis) of the 10 exons of the SLC22A5 gene and exon/intron
boundaries in DNA obtained from blood is now the first-line test for diagnostic confirmation
(Longo, et al., 2016).

Here the reliability of DNA testing is compared to functional studies in fibroblasts to
confirm the diagnosis of primary carnitine deficiency in 95 subjects. In addition, several
novel missense mutations are expressed in heterologous cells to confirm their pathogenicity.

MATERIALS AND METHODS

Patients and Membrane Transport

All studies were approved by the IRB of the University of Utah. Patients were referred for
diagnostic confirmation either after symptomatic presentation or after identification by
newborn screening programs. Some of the patients reported in this study were previously
individually described (Amat di San Filippo and Longo, 2004; Amat di San Filippo, et al.,
2006; Amat di San Filippo, et al., 2008; Amat di San Filippo, et al., 2003; De Biase, et al.,
2012; Filippo, et al., 2011; Rose, et al., 2012; Schimmenti, et al., 2007; Wang, et al., 2000a;
Wang, et al., 2001; Wang, et al., 2000b; Wang, et al., 2000c; Wang, et al., 1999). Fibroblasts
from patients with primary carnitine deficiency were obtained by skin biopsy for diagnostic
purposes. They were grown in Dulbecco’s Modified Eagle Medium (Thermo Fisher
Scientific Inc., Waltham, MA) supplemented with 12% fetal bovine serum (Sigma-Aldrich
Corp., St. Louis, MO), 2 mM L-Glutamine (Thermo Fisher Scientific Inc., Waltham, MA),
100 U/ml Penicillin-Streptomycin (GE Healthcare Life Sciences HyClone Laboratories,
South Logan, UT), 2.5 pug/mL Amphotericin B solution (GE Healthcare Life Sciences
HyClone Laboratories, South Logan, UT). 3H-Carnitine (0.5 uM) transport was measured
for 4 hours at 37 °C in adherent cells using the cluster-tray method (Scaglia, et al., 1999;
Wang, et al., 2000b). Non-saturable transport was measured in the presence of 2 mM cold
carnitine and was subtracted from total transport to obtain saturable transport (Scaglia, et al.,
1999; Wang, et al., 2000b). Values are reported as means = SE of 6 independent
determinations obtained in two separate experiments.

DNA Analysis and Molecular Techniques

Genomic DNA was extracted from fibroblasts or peripheral blood by standard methods.
GenBank sequence AB016625.1 was used as reference for the gene, NM_003060.2 was
used as the reference sequence for the cODNA, and NP_001295051.1 for the protein.
Nucleotide numbering uses the A of the ATG translation initiation start site as nucleotide +1.
The 10 exons of the SLC22A5 gene including exon/intron boundaries were amplified by
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PCR using a total of 10 primer pairs tailed with universal M-13 forward and reverse
sequences. Amplification was verified by automated gel electrophoresis in the HDA-GT12™
Genetic Analyzer. PCR fragments were purified with ExoSap-IT (USB) and bi-directionally
sequenced using BigDye-Terminator v.1.1 cycle sequencing kit and capillary electrophoresis
in the ABI3730. Generated sequences were aligned to reference sequence (GenBank
AB016625.1) using Mutation Surveyor v.4.0 (Softgenetics) to detect mutations (Wang, et al.,
2001). Multiplex ligation-dependent probe amplification (MLPA) analysis was performed to
detect large deletions within the SLC22A5 gene. Each DNA sample (400 ng) was analyzed
using the SALSA MLPA P076 ACADVL-SLC22A5 Probemix for SLC22A5 (MRC-
Holland, Amsterdam, The Netherlands) following the manufacturer’s recommendations
(http://mlpa.com/WebForms/WebFormMain.aspx).

Missense variants identified in patients with primary carnitine deficiency were re-created in
the OCTN2-EGFP expression vector by site-directed mutagenesis using the Quick Change
system (Agilent Technologies Inc., Santa Clara, CA) following the manufacturer’s
instructions (Amat di San Filippo, et al., 2003; Wang, et al., 2000b). The final plasmids were
sequenced to confirm the presence of the mutation and the absence of PCR artifacts and
stably transfected into Chinese Hamster Ovary (CHO) cells. The plasmid contained the
neomycin-resistance gene and cells were selected for resistance to G418 (Geneticin, 0.8
mg/ml) for 3 weeks before testing. A mass culture including different clones was then used
for functional studies. Confocal microscopy was used to confirm protein production, since in
our expression vector the OCTNZ2 transporter is tagged with the green fluorescent protein
(Wang, et al., 2000b). CHO cells were grown in Ham’s F12 Nutrient Mixture (Thermo
Fisher Scientific Inc., Waltham, MA) supplemented with 6% fetal bovine serum (Sigma-
Aldrich Corp., St. Louis, MO), 2 mM L-Glutamine (Thermo Fisher Scientific Inc., Waltham,
MA), 100 U/ml Penicillin-Streptomycin (GE Healthcare Life Sciences HyClone
Laboratories, South Logan, UT), 2.5 pg/ml Amphotericin B solution (GE Healthcare Life
Sciences HyClone Laboratories, South Logan, UT). Carnitine (0.5 uM) transport was
measured at 37°C with the cluster-tray method as previously described (Amat di San
Filippo, et al., 2003; Wang, et al., 2000b).

In silico analysis of missense mutations

The missense variants identified and expressed in CHO cells were evaluated using Sorting
Intolerant From Tolerant (SIFT, http://sift.jcvi.org/www/SIFT_enst_submit.html) and
Polymorphism Phenotyping Version v2.2.2r398 (POLYPHEN-2, http://
genetics.bwh.harvard.edu/pph2/index.shtml) software programs for variant evaluation.

Estimate of allele frequency

The Exome Aggregation Consortium Browser Beta (EXAC, http://exac.broadinstitute.org/)

and the Genome Aggregation Database (gnomAD, http://gnomad.broadinstitute.org/) were

used to determine the allele frequency of the variants identified in the SLC22A5 gene (Lek,
etal., 2016).
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RESULTS

Functional and molecular characterization of fibroblasts from patients with primary
carnitine deficiency

Carnitine transport was measured in skin fibroblasts from 358 subjects referred for possible
primary carnitine deficiency (Figure 1). A wide range of carnitine transport activity was
observed in these cells with a nearly continuous distribution of activity from 0% of control
to values above that measured in matched controls. A reduction of carnitine transport to 20%
or less than paired normal control fibroblasts was used as cut-off for the diagnosis of
primary carnitine deficiency, since all of our patients whose fibroblasts had carnitine
transport below 20% of normal controls were not able to maintain free carnitine level =9
pumol/L (normal 25-50 pM) without supplements (Longo, et al., 2016). Cells from 140/358
subjects (39%) had carnitine transport activity below 20% of paired normal controls.

Molecular studies (sequencing of the 10 exons and flanking regions of the SLC22A5 gene
encoding the OCTNZ2 carnitine transporter and deletion/duplication analysis) were
performed in 95/140 of the affected subjects. Table 1 shows carnitine transport activity in
fibroblasts of the 95 patients diagnosed with primary carnitine deficiency along with the
variants identified in their SLC22A5 gene. Among the 72 variants identified, 48 were
missense, 9 caused a frameshift, 8 were nonsense, 2 were in-frame deletions, 1 was a
synonymous variant, and 4 were localized in flanking regions of the SLC22A5 gene.
Overall, the most frequent mutation was ¢.136C>T (p.Pro46Ser), which was identified in
13/190 alleles. This mutation has been identified in asymptomatic or minimally
symptomatic (easy fatigability, muscle pain with exercise, fasting intolerance) adult women
(Longo, et al., 2016; Schimmenti, et al., 2007) and in a mother (compound heterozygous
p.Pro46Ser/p.Asn32Ser) who suffered repeated episodes of cardiac arrest requiring
placement of a defibrillator, episodes that resolved after her diagnosis and initiation of
carnitine therapy (De Biase, et al., 2012). This mutation (p.Pro46Ser) reduces, but does not
abolish carnitine transport and affects glycosylation and maturation to the plasma membrane
of the OCTN2 carnitine transporter (Filippo, et al., 2011; Longo, et al., 2016). This and
other similar missense mutations seem protective against early clinical manifestations of
primary carnitine deficiency, but can still be associated with fatal cardiac arrhythmia leading
to sudden death (De Biase, et al., 2012; Longo, et al., 2016; Rose, et al., 2012). Molecular
analysis identified causative variants in 84% of the affected alleles, but failed to identify
significant variations in 6/95 patients, and a second mutation in 19/95 patients (Table 2),
despite a functional diagnosis of primary carnitine deficiency.

Expression of SLC22A5 variants in CHO cells

Molecular analysis is becoming the preferred method for diagnostic confirmation in patients
with suspected primary carnitine deficiency since it does not require a skin biopsy and is
relatively rapid. Among samples received for molecular analysis (including the 95 patients
who had carnitine transport analyzed in fibroblasts), 133 different variants were identified,
with 33 being novel (Table 3A). Of the 133 variants identified, 90 were missense, 16 caused
a frameshift, 14 were nonsense, 8 affected splicing, 2 were in-frame deletions of single
amino acids, 1 was a ~1.6 Mb deletion encompassing the entire OCTN2 gene (Li, et al.,
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2010), 1 was a 113 bp deletion encompassing the initiation codon of exon 1 (Nezu, et al.,
1999), and 1 was a synonymous variant that created a splice site (c.453 G>A, p.Val151Val).
An additional missense variant (c.393G>C, p.Glu131Asp) in the last nucleotide abolished
the donor site of exon 1 and is predicted to affect splicing. Twenty-six new missense variants
and 1 new in-frame deletion detected in our patients, as well as 64 missense variants and 1
in-frame deletion reported in the literature (most never previously expressed in heterologous
cells, see Figure 2 for their location on the OCTN2 transporter), were expressed in CHO
cells to determine their effect on carnitine transport. Carnitine transport was expressed as
percent of the value measured in CHO cells expressing the wild-type OCTNZ2 carnitine
transporter, assumed to be 100% (Table 3A). Carnitine transport was reduced to less than
20% of control in 73/92 variants, indicating that these amino acid substitutions significantly
impaired carnitine transport activity.

Frequency of tested variants in the general population

Of the 92 variants tested, 19 retained significant residual carnitine transport activity (>20%
of normal), and several of them (p.Gly12Ser; p.Leu20His; p.Alal42Ser; p.Val151Met;
p.Ala214Val; p.Arg254Gln; p.Thr264Met; p.lle312Val; p.Glu317Lys; p.11e348Thr;
p.Arg488H; p.Pro549Ser) had frequency in the EXAC Browser Beta and in the gnomAD
much higher than those impairing carnitine transport activity, with some individuals being
homozygous for some of these milder variants (Table 3B). These variants affected different
domains of the OCTN2 carnitine transporter (open circles in Figure 2), including
transmembrane and hydrophilic regions in a manner similar to pathogenic missense variants
(filled circles in Figure 2). While we cannot exclude that some of these changes might
represent mutations (they could affect splicing which was not directly tested here, or they
could be in combination with other variants impairing carnitine transport such when
p.Alal42Ser is in ciswith p.Arg488His (Amat di San Filippo, et al., 2006)), we can
conclude that they do not affect the function of the protein if synthesized.

Functional studies allowed us to calculate the minimal estimated frequency of people
carrying two abnormal alleles from the frequency in normal individuals reported in the
ExAC Browser Beta and in the gnomAD (Table 3B). From these data, 1:221 (0.0045289)
alleles contained either one of the missense mutations expressed in this study or a mutation
causing the premature insertion of a stop codon or affecting splicing in the SLC22A5 gene
(Tables 3B and Supplemental Table 1). Note that one normal subject reported in the
gnomAD browser was homozygous for the p.Tyr449Asp variant (Table 3B). This variant
reduced carnitine transport to about 17% of normal OCTNZ2 and has only been identified in
one heterozygous patient whose fibroblasts had about 50% of normal carnitine transport
(carrier of primary carnitine deficiency) (Amat di San Filippo and Longo, 2004). We cannot
exclude that the subject homozygous for this variant has a late-onset form of primary
carnitine deficiency.

Given the frequency of pathogenic variants in the normal population (p), the predicted
frequency of individuals with two abnormal alleles (p2) in a general population would be
1.6817*107° or 1:59,465.
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Variant analysis software

Polyphen-2 and SIFT are software programs commonly used to predict the pathogenicity of
missense variants. The 90 missense variants and 2 in-frame deletions whose carnitine
transport was tested in CHO cells were evaluated using these software programs and the
results compared (Table 3C). Both programs were effective in separating benign from
damaging variants (p=0.0005 for Polyphen-2 and p=0.0009 for SIFT using analysis of
variance, Table 4). However, about 20% of the variants were incorrectly assigned by either
program, with a more marked error in the prediction of benign variants (Table 4). When only
variants in which the two programs provided a concordant interpretation (74/92) were
analyzed, the correct prediction rate increased to 86% (Table 4).

DISCUSSION

Primary carnitine deficiency is a recessive condition caused by mutations in the OCTN2
carnitine transporter encoded by the SLC22A5 gene (Longo, et al., 2016). The defective
OCTN2 carnitine transporter is expressed in fibroblasts and these cells can be used for
diagnostic confirmation (Longo, et al., 2016). By looking at a large number of diagnostic
samples on which functional studies were performed, there was a continuum of distribution
of carnitine transport activity, from 0% in some patients up to 1.5 times normal in certain
subjects (Figure 1). While some of this variability might be in part related to variability of
the assay, the measurements reported in individual cells were reproducible in repeated
experiments, indicating the likely contribution of genetic factors. It is interesting that 218 of
358 fibroblast strains had no evidence of a carnitine uptake defect and that carnitine
transport activity was above 60% of normal (the highest levels we have seen in a carrier) in
about 70 patients. This suggests that in many cases confirmatory testing might have been
requested immediately at the time of initial presentation, without following over time plasma
carnitine levels to remove cases of secondary carnitine deficiency (in most cases nutritional).

Genetic analysis identified a number of missense variants, some of which decreased
substantially transport activity, others that caused only a modest or no impairment (Table 3).
The variability reported here for a limited number of subjects is only a portion of that
observed in normal individuals, with about 354 missense variants reported in the EXAC
Browser Beta (http://exac.broadinstitute.org/gene/ENSG00000197375) and in the gnomAD
browser (http://http://gnomad.broadinstitute.org/gene/ENSG00000197375). It is conceivable
that missense variations, in addition to variations in regulatory sequences of the gene, are
responsible for this continuous, rather that discontinuous distribution of carnitine transport
activity in fibroblasts.

In our experience, patients whose fibroblasts had less than 20% carnitine transport activity
were unable to maintain free carnitine level =9 pmol/L and required carnitine
supplementation. For this reason, we established 20% of normal transport as the cut-off
below which we diagnose primary carnitine deficiency and provide carnitine
supplementation. Fibroblasts from 95 patients had carnitine transport activity <20% (Table
1). Molecular analysis identified causative mutations in 159/190 alleles, while no variants
were identified in 31/190 alleles (Table 2), indicating that some mutations lie outside the
coding region or flanking sequence of the SLC22A5 gene. It must be noted that we still
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know very little of the promoter region of this gene and other regulatory sequences that are
not routinely sequenced. For this reason, the diagnosis of primary carnitine deficiency can be
missed in some patients if only DNA studies are performed. For example, 6 out of 95 of our
patients would have been missed completely by molecular analysis (no significant sequence
variations identified in either allele), if functional studies in fibroblasts had not been
performed. This has profound implications since these patients could have escaped diagnosis
and could have been left untreated without functional studies.

It is crucial to correctly identify all the patients affected by primary carnitine deficiency and
promptly start carnitine supplements. If left untreated, primary carnitine deficiency can lead
to hypoketotic hypoglycemia early in life, or manifest with skeletal and cardiac myopathy,
and in some cases sudden death at any age (Longo, et al., 2016). At the same time, a subject
wrongly diagnosed with the disease will have to face an unnecessary lifelong therapy with
carnitine supplements (Longo, et al., 2016).

Unlike mutations causing the premature insertion of a stop codon or affecting splicing, the
interpretation of missense variants found by molecular analysis can be difficult and requires
additional studies. Here we expressed 90 missense variants and 2 in-frame deletions
identified in our patients in CHO cells to determine their carnitine transport activity (Table
3A). A carnitine transport activity of 20% or less than CHO expressing the wild-type
OCTNB2 carnitine transporter (transport activity of 100%) was considered pathogenic. Of the
variants tested, 73/92 were pathogenic, and 19/92 were benign (Table 3A).

Polyphen-2 and SIFT are software programs commonly used to predict the effect of
missense variants on protein function. We compared the predictions of Polyphen-2 and SIFT
against functional studies of carnitine transport in CHO cells (Table 3C). Our results indicate
that while Polyphen-2 and SIFT were effective in separating benign from damaging variants,
they incorrectly identified the effect of variants in about 20% of the cases (Table 4). For
variants in which Polyphen-2 and SIFT provided a concordant interpretation, the effect of
benign variants was wrongly predicted in 53% of the cases, while the error was reduced to
3% when predicting the effect of damaging variants (Table 4). For these reasons, these
programs seem skewed in predicting more damaging effects of missense mutations than
experimentally observed (false positive results) in the OCTNZ2 carnitine transporter. We do
not know whether this could extend to the interpretation of functional effects in other
membrane transporters.

The incidence of primary carnitine deficiency is approximately 1:142,000 in the USA as
ascertained by newborn screening (Therrell, et al., 2014). From the frequency of pathogenic
alleles reported in the EXAC Browser Beta and in the gnomAD Browser in about 120,000
healthy (heterozygotes) individuals (Table 3B and supplemental table 1) (Lek, et al., 2016),
the calculated frequency of mutant alleles is 1:221, with a minimal estimated frequency of
people carrying two abnormal alleles in the general population of 1.6817*107° or 1:59,465
individuals. This frequency is significantly higher than the one reported by newborn
screening, indicating that some affected individuals might be missed by the current neonatal
screening protocols. We do not know whether this is due to specific mutations (Chen, et al.,
2013) and/or to problems related to the timing of collection of the newborn screening
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sample, in which the blood samples are collected at 1-3 days of age and carnitine levels
might reflect those of the mother (Pasquali and Longo, 2013; Rasmussen, et al., 2017;
Schimmenti, et al., 2007). Carnitine is transferred from the mother to the child viathe
placenta, and immediately after birth levels of free carnitine (C0) are usually lower in infants
of mothers with primary carnitine deficiency as compared to infants with the disease
themselves (Pasquali and Longo, 2013). With time, levels decrease in infants with primary
carnitine deficiency, but remain stable or slightly increase in infants of mothers with primary
carnitine deficiency (Pasquali and Longo, 2013). The diagnosis can therefore be missed if
screening is performed too close to birth and no second screening is obtained. In the Faroe
Islands, post-neonatal screening (age >2 months) was able to identify additional patients
who had unrevealing newborn screening, confirming that patients with primary carnitine
deficiency are missed by current newborn screening methods (Steuerwald, et al., 2017). For
these reasons, primary carnitine deficiency should be considered in children and adults with
a suitable clinical presentation (hypoglycemia, cardiomyopathy, arrhythmia, sudden death)
even in the presence of a normal newborn screening test.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Carnitinetransport by fibroblasts obtained from 358 individuals referred for possible
primary carnitine deficiency

3H-Carnitine (0.5 uM) transport was measured for 4 hours at 37°C. Nonsaturable transport,
measured in the presence of 2 mM cold carnitine, was subtracted from total transport to
obtain saturable carnitine transport. Transport activity was normalized to the one of
simultaneous normal controls (100% activity). Each bar represents the average of 6
observations in two separate experiments with the sample humbered from 1 (lowest activity)
to 358 (highest activity) indicated on the X-axis. Carnitine transport activity of 20% or less
of normal controls was indicative of primary carnitine deficiency (continuous line).
Fibroblasts from some of the subjects had carnitine transport higher than their paired normal
controls (100% activity, dashed line).
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Figure 2. Schematic of the OCTN2 carnitine transporter with location of the 92 variants
expressed in CHO cells

The OCTNZ2 carnitine transporter is composed of 557 amino acids. Hydropathy analysis and
conservation with other organic cation transporters indicates that the transporter forms 12
transmembrane spanning domains (rectangles) with both the N- and C-termini facing the
cytoplasm. Glycosylation sites are indicated by branching (Filippo, et al., 2011). The 92
OCTN2 variants identified and expressed in CHO cells are indicated by circles. Mutations
reducing carnitine transport to 20% or less than wild-type when expressed in CHO cells are
indicated by full circles; variants retaining more that 20% residual activity are indicated by
empty circles. The A142S and R488H mutations (indicated by black stripes circles) impair
carnitine transport when in ¢/s on the same allele, but not alone (Amat di San Filippo, et al.,
2006).
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Table 2
Molecular studiesin patientswith primary carnitine deficiency

Sequencing and deletion/duplication analysis of all 10 exons of the SLC22A5 gene and flanking regions was
performed in 95 patients diagnosed with primary carnitine deficiency because of a low level of carnitine
transport in fibroblasts (activity <20% of matching normal controls). No variants were identified in 31/190
(16%) of the alleles sequenced. For 6/95 (6%) affected patients no variants were identified in either alleles,
while for 19/95 (20%) affected patients no variant was identified in one allele.

NUMBER of PATIENTS 95

NUMBER of ALLELES 190

Alleles with unknown mutations | 31/190 (16%)

Patients with no identified variant in one allele | 19/95 (20%)

Patients with no identified variant in either alleles 6/95 (6%)
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Page 20

Frigeni et al.

uBluag Buibeurep (2002 “[e 19 ‘1usaqyEY) GeT a|igzesd 1<9g89 T
ubiuaq Buibewep 0 29200000 (2102 “[e 18 ‘850Y) 165G usvgzes'd V<OLLD T
Buibewep / 0 65200000 (2002 “[e 32 "yemuoywe) 90 PPEZaYdd PPOY Y90 T
ubiuaq Buibeurep T 0T9ET000 * L9y Hozre 1d V<1650 T
uBluag Buibeurep (T00z “[e 18 ‘Buem) €0¢C 0.deThivd 0<9960 T
BuiBewrep  Buibeurep 0 7090000°0 (900z “[e 38 ‘UBqIN 0TOZ “[2 18 ‘8877) 7201 ne.teud d 9<OI§0 T
ubiuaq ubiusq * 000 ne19To.d"d 1<01%2 T
BuiBewrep  Buibeurep 0 820T000°0 (0702 “1e 18 ‘qeneH-13) SOTT di1gTAIod 1<9gpd T
Buibewrep  BuiBewep T 2STL000°0 (0TOZ "2 39 '11) LTS »szTA|od v<ored T
0 €/70000°0 (T00Z “Ie 18 ‘Buem) ik d 9<oZTd 1
(666T "1e 39 ‘nzaN) 9ETS§0.deh v d osuiG ¥o T
BuiBewrep  Buibeurep 0 S0-3€z°€ (5002 “[e 32 ‘Pisjomoigoq) 9T’0 ne TR INd 1<9€9 1
(666T “[e 38 'NZON) PpPZZ 160 T
(otoz “re 18 ‘11) uoIPPP ZNLOO
ZN1D0
1418 z-eydfod  (Ovx3)snobAzowor  (0vxa) Aowenbeidaplly SpowRp ol NI3L0¥d VNG uox3
1Jodsue. |
2 9 v

*AS9%6°UaBEG%GVZ2D 1S=WIB); /TeAUIO/A0B Y 1U" WU I0OU MMM//:SdNY JEAUID 01 PaNiwgns

aJam SIURLIBA "ZS 3]qel [eiuswajddns ul papiodal aie uonnISgNs pIoe oulwe Yoes 10} SanjeA [enjoy pPaledipul s10aya palolpald syl YlIMm a1emijos
(S0°0> 10 21095 ® yum abueys Aue Buibewep se Buiwnsse pue siajaweted Jnegep Bulsn ‘jwiywWgns 1sus | 41S/Mmm/Bio 1Aay1s//:dny) 141S pue
(ST'0< 2409s & yum jueLreA Aue Bulbewep Bululyap ‘sialawesred Jneyap Buisn ‘jwiys xapul/zydd/npa:preatey yma-sonauaby/:dny) 86€1z 2 2N Z-usydAjod
ayy Buisn Anoiuaboyied Joj pajenfens alam s|j8d OHD Ul Paisal Sem 1odsuea] aulIUIRD 8SOYM SUOIIBISP SWRIL-Ul Z PUB SJUBLIBA 3SUISSIW 06 3y L

(D) ausb svzzH 7S aur ul Buidids Bunoaye 10 uopod dojs e Jo uoluasul ainjewsald syl Buisned uoieInw e 10 Apnis SIy) Ul Passaldxa SuoIeINW aSUISSILL
31 JO BUO JBYMId PauILILI0D SB|9|e TZZ:T "a]9]|e 214193ds e 10} snobAzowoy [enpiAIpul [BWIOU JO JBquinu 8yl yum Buoje swuaired Jno ul punoy ss|ajfe ay}
JO @vwoub ay) Ul pue e1ag Jasmolg JWwX3 ayl Ul sjenpialpul fewlou ul Aauanbaly ayr smoys ge ajgel (g) ‘siueLien g6/ Ag ZNLDO adA1-pjIm 40 9402
uey) ssa| 01 paonpas sem Lodsuel] auniure)d (AlIANIe 0400T) Jeuodsueny auniuted ZNLOO adA-pim ayr Buissaidxe s|199 OHD ul AlIAISR ay) Jo Juddiad
se passaidxe sem uodsuel] suniuie)d "(A11ANJe [euonouny) uodsuel) auniued 31en|eAs 0] S|J89 OHD Ul passaldxa alam SUOIS|aP sWrii-Ul Z pue SJueLIeA
3SUBSSIW 06 ‘PalHiIUBP! SIUBLIRA €ET aUl JO () [2A0U BuIaq €€ YlIM ‘SluelieA ST Paliuapl suaited Ino ul ausb G/Zzo 7S aup Jo sisAjeue JeinasjoN (V)

auniutes Arewnida|qissod Joj paioeisiuaired ulaueb Gyzz) 1S ayl ulsiuelep
€ 3|qelL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Hum Mutat. Author manuscript; available in PMC 2018 December 01.


http://genetics.bwh.harvard.edu/pph2/index.shtml
http://sift.jcvi.org/www/SIFT_enst_submit.html
https://www.ncbi.nlm.nih.gov/clinvar/?term=SLC22A5%5Bgene%5D

Page 21

Frigeni et al.

ubiuaq Buibewuep 0 0€€0000°0 * €6'59 BWTSTEA V<OTSro ¢
(10Z “[e 38 ‘UeH) 0SSusvSspTay L *d vdnpeeyd ¢
BuiBewrep  Buibeurep 0 7800000°0 (0t0Z 1238 '17) 8TT negrToidd 1<082rd 2
uBluag uBiuag 0 ¥670000°0 (9002 “'[e 30 ‘oddi|14 UeS Ip Jewy) 89'Ge BszyTe|vd 1<overo ¢
* «0vTdiLd V<OBTFd ¢
(666T "o 19 ‘Buel

0 28000000 '666T [ 39 ‘NZAN ‘666T "[€ 13 ‘IWNZI0N) seerdard V<O9ED ¢

(2102 “1e 18 ‘8s0y) V<19T-¥6£2  TSAI

(¥70Z 1218 ‘UeH) V<OG+EBED  TSAI
fuibewep  Buibewep x ¥8°2¢ dsyreTniod D<9EBED T
Buibewrep  BuiBewep (0T0Z "2 39 '17) 96°€T AogzTend O<1g9ed T
0 27000000 (0TOZ "2 39 '17) »Trdard v<O0SED T
Buibewep  Buibewep x Yo' AogTTdsyd o<WhED T
Buibeuwrep  BuiBewep 0 L26€000°0 (0TOZ "2 39 '17) G9'6T e|v9eA|od 0<9/829 T
uBiuag uBiuag * 26'82 reAsene 1d 9<0e8z0 T
Buibewep  Buibewep x 000 dilesesd 9<08/22 T

(Tooz _
0 G8E0000°0 “[e 19 ‘Buem 200z “Ie 38 ‘yemuoywe) Sv.Sik1o68e|I'd dnpyoz v5eo T
Buibewrep  BuiBewep 0 €2€¥000°0 (#002 "[e 39 ‘paasydeIN) ¥T°0 neegbuy-d 1<98zo T
0 T8T0000°0 (9002 “1e 30 ‘oddiid Ues Ip Jewy) 15:SHU16/SIHd oppzeze T
uBluag uBiuag 0 L1T0000°0 (0TOZ " 39 '17) €6°T 0.d5/61v°d o<9%ezd T
Buibewep  Buibewep (0T0Z "2 38 17) 08T 0.d99uyL1d O<V9eTd T
Buibewep  BuiBewep * 000 1K106sA0 d V<OBYT0 T
Buibewep  Buibewep 0 20200000 x Ty ne1ov0.d-d 1<Q/eT T
Buibewrep  BuiBewep 0 GTS5000°0 (2002 "e 39 ‘BUBLILIYIS) e Bs9yo.idd 1<O9€T? T
BuiBewep  Buibewrep 0 L6T0000°0 * A eArielv d L<OTETO T
(avtoz "B
ubiuaq Buibewuep 0 8920000°0 19 ‘udssnwisey ‘200 |8 19 ‘yemuoywe) 880 Bszewsyd O<ve60 T
ZNL1D0
1418 z-eydfod  (Ovx3)snobAzowoH  (0vxa) Aowenbeidaplly Gpowepy SO NI3L0¥d VN@  uox3
1Jodsue |
2 9 v

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Hum Mutat. Author manuscript; available in PMC 2018 December 01.



Page 22

Frigeni et al.

BuiBewrep  Buibewrep 0 8TET000°0 (5002 “[e 32 ‘Pisjomoigoq) YT'6T PWzezyLd 1<06690 ¥
Buibewrep  BuiBewep * 000 audregesd 1<0Z69° ¥
BuiBewrep  Buibewrep 0 80700000 (otoz “re 18 11) 080 rne-jogzeud-d 0<18890 ¥
Buibewrep  BuiBewep 0 /1500000 (0TOZ "l 39 '17) STl SIH.gZhvd V<0890 ¥
uBiuag Buibewep M VETT neGzzesd 1<2v/9 14
Buibewep  Buibewep * S2'82 sAeTeiyLd V<09590 ¥
x O<VZ€590  ESAI
0 2210000°0 (2002 “Ie 1 ‘yemuoywe-) V<OT+2590  ESAI
BuiBewrep  Buibewrep 14 68620000 * 95°Ce eAvTZelv d L<OTP90 €
Buibewrep  BuiBewep 0 78000000 (666T “[e 18 'ZBA) 000 sAkotTzALd O<vee9d €
ubiuaq Buibewep 0 €020000°0 * €T0 BS0TZUSY d 9<V6290 €
Buibewep  Buibewep * 000 BivsozeIN'd O9<I¥T90 €
0 ¥670000°0 (0t0Z "2 38 '17) ZT.spligeTusyd OPPELSD €
* €T.sibIvesTeud d BP8YS G950 €
BuiBewep  Buibewep 0 17000000 (otoz “re 18 11) 000 0idogtred o<l/560 €
uBluag uBiuag (666T "[e 39 ‘1WNZI0X) €T'8y neI6LTRINd 1<vGesd €
BuiBewep  Buibewep 0 T.0T000°0 (otoz “re 18 11) ovvT eALLT N O<V6280 €
uBiuaq Buibewep 0 0£€0000°0 x €02 BINGLTRAd V<OEZGD €
(#70Z 12 18 ‘UeH) €.s58h0g/Tre1d oBPLIS? €
Buibewrep  BuiBewep 0 L¥¥0000°0 (666T "[e 12 ‘[3uIMINg) 220 u|96918.vd V<9905 €
BuiBewep  Buibewrep 0 11500000 * 20 0.d69Thuv"d 0<990§0 €
(0002
BuiBewrep  Buibeurep 0 2800000°0 “[e 19 ‘Buem 1200z “Ie 38 ‘yemuoywe) 100 di16916.vd 1<08082 €
* 19.SJdsy/9Toud'd  uoIeRp € UoX3
(#7102 "1e 18 ‘UeH) L1<OT+/6V0  TSAI
(5002 “[e 12 'Disjomoigoq) TyssiesTend PPESY 8570 ¢
0 €€70000°0 * EATSTeAd V<OESHD
ZN1D0
1415 zeydApd  (Ovx3)snobAzowoH  (Ovx3) Aouenbed aply (s)eoue Y M“»w_m__u_%m NI3.L0¥d VN@®  uox3
1Jodsue |
2 9 v

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Hum Mutat. Author manuscript; available in PMC 2018 December 01.



Page 23

Frigeni et al.

0 T¥00000°0 (otoz “le18 ‘17) BTEUIDd 1<06560 G
uBluag Buibeurep 0 28000000 (8002 "'[e 30 ‘oddi|14 UeS Ip Jewy) 00°00T skL1EN|Od V<0616  §
(otoz
ubiuaq uBiuag 0 2,08000°0 “le 18 ‘I :800¢ “[e 18 ‘oddi|id UeS 1p Jeuwy) vT'L9 reActes|I'd O<WrEED G
Buibewep  Buibewep (9000z “[e 18 ‘Buem) €e0 dsvroge|v'd V<0206 S
0 2800000°0 (S00z "1e 30 ‘pisjomoigoq) «68204v°d 1<0598° G
BuiBewrep  BuiBewep (666T “[e 10 ‘IWnzI0y) 000 skoggzdiLd 1<96¥80  §
Buibewep Buibewep (0002 “[e 18 ‘YjodareAeN) S0 Biyegzdild  w<l1 ‘D<1/¥890 [
uBiuag Buibewep (9002 “[e 10 ‘oddi)1 UeS 1p Jewy) 09'S ulozgZhiv-d V<OGr80 G
(600z I8 32 ‘1s0]WO>) «Geeend oPPr8Y G
(666T “[e 10 ‘Buem)

0 ¥670000°0 {(666T 1230 ‘ZeA '666T “[B 18 ‘[PuIming) «282hIvd L<Ovp8o G
Buibeurep  BuiBewep 0 78000000 (9002 “'[e 30 ‘oddi|14 UeS Ip Jewy) €50 aydoge s d 1<06E82 G
0 28000000 (002 “[e 32 "yemuoywe) vTSjdsvegebiv-d opp6egd  §
0 28000000 (5002 “[e 12 ‘Disjomoigoq) «G/edi1d V<OGZ89  §

899.¢ 0009Y€7°0 (STOZ “*[e 18 Seskeq v-npNIN) O<IET+Z8D  #SAl
Buibewep  Buibewep * 98 0.d69zre1d 0<19089 ¥
(2002 "1e 18 ‘wnegiapa)) Lz:sibivegere1d 1PP908Y ¥
Buibeurep  BuiBewep 0 90700000 (0TOZ "2 39 '17) 8v'e BavpyozayLd 9<OT6LD ¥
BuiBewrep  Buibeurep 0 0€€0000°0 (8002 “Ie 30 ‘oddiid Ues Ip Jewy) 00'9% PWroZIyLd 1<OT6LD ¥
Buibeurep  BuiBewep 0 90600000 (0TOZ "2 39 '17) S9°L di1/661vd 1<069/0 ¥
(9002 e 30 ‘oddi|i4 uesS 1p jewy) x9Gedu1-d v<989/0 ¥
Buibewep  Buibewep 0 9£27000°0 * YZve u|opsehay-d V<9190 14
0 T,0T000°0 (z00z “1e 10 ‘Buel) Gebivd 1<009.2 ¥
(¥T0Z "|e 18 ‘UeH) €T.S)neI6kzoud d PPy, Gv.o ¥
Buibewep  Buibewep x 100 Biv.vzoid-d 9<O0PLD 14
Buibewep  Buibewep (00002 “Ie 18 ‘Buem) 000 enzyzAlod 1<96z/0 ¢
uBiuaq BuiBewep (0T0Z "1 32 '17) 90 lyl1ovee|vd V<O8TLD ¥

ZNL1D0
1418 z-teydApd  (Dvx3)snobAzowoH  (Dvx3) Aouenbeid apily (S)ow RpY M“»w_m__u_%m NI3L0¥d VNGO  uox3
1Jodsue |
2 9 v

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Hum Mutat. Author manuscript; available in PMC 2018 December 01.



Page 24

Frigeni et al.

(¥702 "|e 18 ‘UeH) 85N d oppzLETd 8
Buibewrep  BuiBewep 0 2,00000°0 (0TOZ "2 39 '17) 8T'0 B1vssroid-d O<OPYET? 8
Buibewrep  BuiBewep 0 6700000 (e0002 “'|& 19 ‘Buem) 44 sA1egyniod V<OVSETD 8
Buibewrep  BuiBewep T L¥2€000°0 (#00z ‘0fuo pue oddi|id Ues Ip Jewy) 9591 dsveyiALd O<IGPETO 8
ubiuaq Buibewep x 29°0T negrreAd 1<OZveETd 8
Buibewep Buibewep ‘y00z ‘0buo u:MNowﬂN____u__mhMm. __F%Hm%&mw 000 sAD/v AL d O<VOVET D 8
BuiBewrep  Buibewrep 0 17000000 (0002 “1e 18 Stadorelen) 850 audarrend 1<OQ9EETO 8
uBiuaq Buibewep (otoz “rese 1) €0 eAErFOUd d O<I/ZETO 8
BuiBewrep  Buibewrep (070Z ““Ie 38 ‘qeneH-|13) €8vT 3| lerrelvslIDDPPSZET ¥2ET0 8
Buibewrep  BuiBewep 0 S9T0000°0 (2002 "|e 12 ‘yemuoyue) 000 BWoryIyLd 1<DBIETO 8
BuiBewep  Buibewep * 250 Aoserend O<I9TET? 8
(666T “[e 30 ‘Buem) veselveerh|od OPPCOET? 8

(5002 “[e 32 ‘Pisjomoigoq) PPEZ+/9ZT €+/92T0  /SA
ubiuaq ubiuag * 2L 10T Kozty s d O<WHEZTO L

(6661 -
0 2800000°0 “Ie 18 ‘Buem 200z “Ie 38 ‘yemuoywe) «ToyJALd  wsulgoer 20eto L
BuiBewrep  Buibeurep 0 2910000°0 (T00Z “[e 18 ‘Buem) S0 ujoeeebIv-d V<OBIT? L
Buibeurep  BuiBewep 0 T¥20000°0 (0TO0C "'[2 30 ‘qeneH-|3) 12534 Ki166eb1vd 1<OG6TTO £
BuiBewrep  Buibeurep 0 68600000 (9002 e 30 ‘oddiid ues 1p Jewy) 970 ne186g0.1d d L1<Og6ITD L
BuiBewrep / 0 28000000 * 6C'S ppreeroTd  PPLTT GLTTO L
0 €2€0000°0 (z00Z *“1e 10 ‘Buel) x/81A1°d O<ITITTd L
Buibeurep  BuiBewep 0 T¥00000°0 (0T0Z " 19 ‘reuldy) 000 oideggened 0<1880T9 £
BuiBewrep  Buibeurep 0 28000000 (0t0Z 1238 '17) 800 usvgse AL d V<12/0T9 L
Buibewrep uBiuag 0 78000000 (0TOZ "2 39 '17) SST megge oS d 1<Ov90To .
Buibewep  Buibewep (20002 ““Ie 18 ‘Buepn) 000 Bayrgedayd O<1TSOT™D 9
uBiuaq Buibewep 0 96700000 x 6925 lylisves|rd J<1EV0Td 9
(2002 “1e 18 ‘yemuoywre) ZrssjoudzegayLd VPpsooT? 9
ZNL1D0
1415 zeydApd  (Ovx3)snobAzowoH  (Ovx3) Aouenbed aply (s)eoue Y M“»w_m__u_%m NI3.L0¥d VN@®  uox3
1Jodsue |
2 9 v

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Hum Mutat. Author manuscript; available in PMC 2018 December 01.



Page 25

Frigeni et al.

uBluag ubiuaq 8z 06679000 19 ‘uequn 800z “Ie 19 ‘oddiji4 %wmvomm:% 6L€C eserg0.dd 1<OGP9T0 0T
(2002 "[e 38 ‘BUBLIWIYIS) €:SISIHTeS®II'd  dnpegST 95GT9 6
Buibeurep  BuiBewep 0 €2€0000°0 (0TOZ "2 39 '17) S8y Bs/06neT1d O<l1025T9 6
BuiBewrep  Buibeurep 4 0292€00°0 (9002 e 30 ‘oddiid ues Ip Jewy) 6T°0F SiHggyB v d V<OEWT? 6
Buibeurep  BuiBewep 0 21700000 (2002 "e 39 ‘nUBLIWIYIS) 056 sAoggybivd 1<OZ9¥TO 6

0 LL1¥000°0 (666T "'Ie 1 ‘nzeN) V<OT-TSHT?  8SAI
uBluag uBiuag (8002 “'[e 30 ‘oddi|14 UeS Ip Jewy) 00°€9 aydtsylend 1<OTHTo 8
BuiBewrep  Buibeurep (666T “[e 18 ‘Buel) 820 ne18.y01dd L<OgerTd 8
Buibewrep  Buibewep (ST0Z "2 38 Seikeqiv-npniA) 000 B.v9spreTd o<l/zvTd 8
BuiBewrep  Buibeurep (€00 “'[e 19 ‘Jop00x125431dS) or'T SIHTYBvd V<OZIPID 8
Buibeurep  BuiBewep (TT0Z I8 38 ‘0ddij1d) 000 0.dT/iBivd J<OZTHPId 8
BuiBewrep  Buibeurep 0 G9T0000°0 (2002 “1e 18 ‘yemuoywre) 000 audoLyes d L1<O60VTO 8
Buibeurep  BuiBewep 0 78000000 (2002 "¢ 19 "yemuoyue) 790 BavgoyayL-d 3150150 4 ]
BuiBewrep  Buibeurep 0 G9ST000°0 (666T *“[e 18 ‘1LNZI0Y) 95°9T shkoLov s d 9<000rT2 8
* 62 SHU LS9V eAMOSUIPPEOYT ¢6ET0 8
Buibewep  Buibewep x 08¢ eAcovAlod 1<9OG8ET D 8

ZN1D0
1415 zeydApd  (Ovx3)snobAzowoH  (Ovx3) Aouenbed aply (s)eoue Y M“»w_m__u_%m NI3.L0¥d VN@®  uox3
1Jodsue |
2 9 v

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Hum Mutat. Author manuscript; available in PMC 2018 December 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Frigeni et al. Page 26

Table 4
Correlation between functional studies and predictions of variant analysis software

programs

Polyphen-2 and SIFT are software programs commonly used to predict the pathogenicity of missense variants.
Functional studies of carnitine transport in CHO cells expressing 90 missense variants and 2 in-frame
deletions identified in our patients were compared to the predictions of Polyphen-2 and SIFT. Carnitine
transport activity of 20% or less that the wild-type transporter was considered pathogenic. Both programs were
effective in separating benign from damaging variants (p=0.0005 for Polyphen-2 and p=0.0009 for SIFT using
Fisher exact text). However, about 20% of the variants were incorrectly predicted by either program, with a
more marked error in the prediction of benign variants. Polyphen-2 and SIFT provided a concordant prediction
of the effect of a variant in 80% of the cases (74 of 92 variants). In 86% of the cases the results provided by
the two programs were concordant with the results obtained analyzing carnitine transport in CHO cells, with
57/59 (97%) variants correctly identified as pathogenic, but only 7/15 (47%) correctly identified as benign.

POLYPHEN-2 VARIANT ANALY SIS SOFTWARE

90 variants analyzed | benign damaging

transport <20% of WT-OCTN2 3 68

transport >20% of WT-OCTN2 7 12

75/90 (83%) correctly identified. Two-tailed p value 0.0005

SIFT VARIANT ANALY SIS SOFTWARE

92 variants analyzed | benign damaging

transport <20% of WT-OCTN2 13 60

transport >20% of WT-OCTN2 11 8

71/92 (77%) correctly identified. Two-tailed p value 0.0009

POLYPHEN-2 AND SIFT CONCORDANT PREDICTIONS

benign damaging
transport <20% of WT-OCTN2 2 57
transport >20% of WT-OCTN2 7 8
64/74 (86%) correctly identified. | Two-tailed | p value 0.0001
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