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A B S T R A C T

Purpose: Sphingosine phosphate lyase insufficiency syndrome (SPLIS) is a rare, often fatal,
metabolic disorder and monogenic form of steroid-resistant nephrotic syndrome. Other
manifestations include primary adrenal insufficiency, ichthyosis, and neurological defects.
SPLIS is caused by biallelic pathogenic variants in SGPL1, encoding sphingosine-1-
phosphate lyase, a pyridoxal 5'-phosphate-dependent enzyme that catalyzes the final step of
sphingolipid metabolism. Treatment is primarily supportive, but pyridoxine supplementation
may be therapeutic in some cases, and gene therapy is being explored. We sought to
determine the prevalence of SPLIS globally and among different populations to facilitate
patient finding in anticipation of SPLIS clinical trials.
Methods: Using publicly available genomic data sets, including Genome Aggregation Database
(gnomAD) v.2.1.1 and gnomAD v3.1.2, Iranome, IndiGen, and private genomic data sets from
Israeli, Saudi, South Dakota Hutterite, and Turkish populations, we estimated SPLIS prevalence
based on cumulative variant allele frequencies for high-confidence pathogenic variants. SPLIS
prevalence estimates were adjusted by the level of inbreeding when the inbreeding coefficient
was known. A Bayesian point estimate and 95% credible interval for worldwide SPLIS were
calculated based on gnomAD v2.1.1 (GRCh37).
Results: The SPLIS prevalence estimate based on the total number of samples included from
gnomAD v.2.1.1 (n = 141,430) was 0.015/100,000 (95% CI: 0.010 to 0.021). Using additional
population data sets, we calculated SPLIS prevalence ranging from 0.046/100,000 to 0.078/
100,000 in Turkish and Iranian populations, respectively.
Conclusion: The estimated worldwide number of SPLIS individuals is 11,707. Individuals with
East Asian, Finnish, Turkish, and Iranian ancestries have an especially high estimated prevalence.
© 2023 The Authors. Published by Elsevier Inc. on behalf of American College of Medical
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abbreviations
LOVD – Leiden Open Variation Database
pLOF – predicted loss of function
S1P – sphingosine-1-phosphate
SPL – sphingosine phosphate lyase
SPLIS – sphingosine phosphate lyase insufficiency syndrome
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Introduction

Sphingosine phosphate lyase insufficiency syndrome
(SPLIS), also known as nephrotic syndrome type 14
(OMIM# 617575), is an ultra-rare autosomal recessive dis-
order of sphingolipid metabolism.1 SPLIS is caused by
inactivating pathogenic variants in SGPL1 (OMIM#603729;
HGNC:10817), which encodes sphingosine-1-phosphate
(S1P) lyase, a pyridoxal 5'-phosphate dependent enzyme
that catalyzes the final step of sphingolipid metabolism.2

Loss of function (LOF) is a well-established mechanism
of SPLIS based on animal models and experimental analysis
of enzyme activity in patient fibroblasts.3–7 For example,
skin fibroblasts derived from children with SPLIS exhibit
less than 10% of the S1P lyase activity observed in healthy
control fibroblasts.7 However, other mechanisms could
potentially also be at play.

S1P lyase activity results in the irreversible cleavage of
S1P, a bioactive sphingolipid metabolite with diverse func-
tions in development and physiology.8 By controlling intra-
cellular S1P levels and generating extracellular S1P
chemotactic gradients, S1P lyase plays a critical role in the
regulation of lymphocyte trafficking and other cell migratory
events, angiogenesis, pro-inflammatory and pro-fibrogenic
cytokine signaling, calcium homeostasis, mitochondrial
function, and epigenetic regulation of gene transcription.9

Hexadecenal and ethanolamine phosphate, the 2 products
generated by S1P lyase-mediated cleavage of the S1P sub-
strate, are needed for autophagy, apoptosis, olfaction, and
other functions. Additionally, by guarding the only exit point
of sphingolipid metabolism, S1P lyase activity indirectly
controls the levels of other upstream sphingolipid in-
termediates, including ceramides and sphingoid bases, which
regulate cell-cycle progression and cell fate.

Children with SPLIS manifest a wide spectrum of clinical
manifestations, including steroid-resistant nephrotic syn-
drome, adrenal insufficiency, male gonadal dysgenesis,
hypothyroidism, peripheral neuropathy, ichthyosis, failure
to thrive, and lymphopenia with or without severe functional
immunodeficiency.2 When nephrotic syndrome is present, it
usually progresses rapidly to end-stage renal disease.
Rarely, retinal, brain, and cardiac abnormalities have been
described in SPLIS patients. The most severe cases present
prenatally with hydrops fetalis, adrenal calcifications, and a
uniformly fatal outcome. On the other end of the spectrum,
some individuals present late in childhood with an isolated
peripheral neuropathy/axonopathy.10 The wide phenotypic
spectrum likely reflects the differing amounts of residual
enzyme activity among patients.

More than 2 dozen high-confidence pathogenic variants
distributed across the length of the SGPL1 gene, including
most exons, have been reported in association with
SPLIS.1,7,10–22 To date, the most frequently reported variant
is the c.665 G>A; p. Arg222Gln substitution, which is
found in the homozygous state in about 25% of SPLIS
cases.7,11,12,20 Other missense variants, along with a small
deletion, truncating variants, and canonical and non-
canonical splice site variants, have also been reported in
individuals with SPLIS (Supplemental Table 1). To our
knowledge, no variants have been reported to occur de
novo, and parents, when studied, were shown to be healthy
heterozygotes. SGPL1 genotype/phenotype correlations are
not yet well understood, and major phenotypic differences
even among SPLIS patients within the same family have
been observed, indicating the existence of significant
inherited and/or environmental disease modifiers.23

Unlike many sphingolipid degrading enzymes, which are
found in the lysosome, S1P lyase is an integral membrane
protein of the endoplasmic reticulum. Thus, SPLIS is
representative of a growing list of atypical, non-lysosomal
sphingolipid disorders that are being discovered through
diagnostic next-generation sequencing.24 Treatment for
SPLIS includes renal transplantation, hormone replacement,
and other supportive measures. Currently, there is no tar-
geted therapy for SPLIS. However, pyridoxine cofactor
supplementation and gene therapy show promise as poten-
tial strategies to increase S1P lyase activity and resolve the
root cause of the condition.6,7

Less than 100 individuals with biallelic SGPL1 patho-
genic variants and 1 or more of the typical SPLIS features
have been reported worldwide since the syndrome was first
described in 2017.11,12 Case clusters are observed in the
Middle East, North Africa, Turkey, Pakistan, and the Hut-
terite colonies of North America. However, it is reasonable
to assume that the most severe cases of SPLIS resulting in
fetal loss, as well as the least severe cases with isolated
peripheral neuropathy, never receive a genetic diagnosis.
Thus, the total reported cases are likely a significant un-
derrepresentation of the true prevalence of SPLIS. A reliable
estimate of the prevalence of SPLIS in different geoancestral
populations is a crucial step in guiding patient finding efforts
in anticipation of conducting clinical trials.

The purpose of the current study was to provide preva-
lence estimates for SPLIS by determining high-confidence
pathogenic SGPL1 variant allele frequency rates in various
populations and to use this information to calculate the
expected prevalence of individuals with biallelic SGPL1
pathogenic variants. Using both public and private popula-
tion data sets, we have calculated the SPLIS prevalence in
multiple populations and provide the first estimate of the
number of SPLIS patients worldwide. Because additional
pathogenic variants are likely present in populations, this
estimate is expected to be an underestimate of the true
number of SPLIS patients.
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Materials and Methods

General methodology

To estimate the prevalence of SPLIS, we searched for SPLIS
cases in the literature and queried SGPL1 (NM_003901.3)
variants in 2 publicly available clinical databases (Leiden
Open Variation Database [https://databases.lovd.nl/shared/
variants/SGPL1/unique] and ClinVar [https://www.ncbi.
nlm.nih.gov/clinvar/]).25,26 We also searched Human Gene
Mutation Database Professional, a curated database of
disease-causing variants, and included variants from affected
individuals shared with us via personal communications. The
resulting list contained 46 variants: 1 small deletion, 16
truncating variants (frameshift and nonsense), 4 canonical
and 1 non-canonical splice site variants, 22missense variants,
and 2 in-frame deletions of the same amino acid. We curated
the list by applying modified American College of Medical
Genetics and Genomics (ACMG)/Association for Molecular
Pathology (AMP) codes and identified a subset (pathogenic/
likely pathogenic) that we considered high-confidence dis-
ease-causing variants (Supplemental Table 1). We used Hu-
man Genome Variation Society nomenclature to describe the
sequence variants and Mutalyzer (https://mutalyzer.nl/) to
determine chromosomal positions in both GRCh37 and
GRCh38. We then checked public (Genome Aggregation
Database [gnomAD] v.2.1.1 and gnomAD v3.1.2, Iranome,
and IndiGenomes) and private (Saudi, Turkish, Israeli, and
South Dakota Hutterite) population data sets to determine the
allele frequency of our high-confidence disease-causing
variants (listed in Supplemental Table 1). In addition, because
LOF is a well-established mechanism of disease, we included
all predicted LOF (pLOF) variants found in each population
data set.27 Our pLOF list includes all exonic variants anno-
tated as stop gained, frameshift, and splice acceptor sites. This
list of variants requires validation for disrupted protein
function because coding alterations that result in a functional
protein would lead to an overestimate in our prevalence
calculations.

Data sets

The publicly available gnomAD v2.1.1 data set (GRCh37/
hg19) contains 125,748 exome sequences and 15,708
genome sequences, whereas the gnomAD v3.1.2 data set
(GRCh38/hg38) contains 76,156 genomes from unrelated
individuals around the world (https://gnomad.broadinstitute.
org/).27 The IndiGenomes resource encompasses the
genomic data from more than 1000 genome sequences
sequenced from across India and represents diverse geog-
raphies and ancestries (https://clingen.igib.res.in/indigen/).28

The Iranome data set (http://www.iranome.ir/) contains
exome sequences of 800 individuals, including 100 healthy
individuals from 8 major Iranian ethnic groups: Arabs,
Azeris, Balochs, Kurds, Lurs, Persians, Persian Gulf Is-
landers, and Turkmen.29 Several additional private data sets
(Turkish, Saudi, Israeli, and South Dakota Hutterite),
described below, were also utilized. A recently reported
Turkish variome, including 2589 exomes and 773 genomes
from 3362 unrelated Turkish participants, was shared by
(anonymized).30 A data set of 1563 genomes and 1563
exomes from a mixed cohort of participants suspected of
having a genetic disease and unaffected participants of
Saudi ancestry was provided by (anonymized).31 An Israeli
data set comprising approximately 10,200 exomes,
including 3250 of Ashkenazi Jewish origin and the
remainder being non-Ashkenazi Jewish or Arab ancestries
(https://hadassahinternational.org/database-at-hadassah-un-
locks-the-door-to-disease-detection/), was shared by (ano-
nymized). Genome sequencing for 121 genomes from South
Dakota Hutterites was shared by (anonymized).

Variant curation

We compared the classifications from Human GeneMutation
Database (27 disease-causing variants), Leiden Open Varia-
tion Database (4 likely pathogenic and 1 uncertain signifi-
cance), and ClinVar clinical submissions (7 pathogenic, 4
likely pathogenic, 3 uncertain significance, and 1 likely
benign) for all the variants in our list (46 variants,
Supplemental Table 1). We added pathogenicity calls from
the automated ACMG/AMP algorithm, VarSome, scores
from the REVEL in silico predictor, and used SpliceAI scores
to predict pathogenicity for the non-canonical splice site
variants (c.395A>G and c.1298+6T>C). Although some
variants had consistent classifiers from multiple sources,
several variants were not classified or had discrepant classi-
fiers. We therefore decided to have 2 curators apply ACMG/
AMP codes using available data from all sources to classify
the variants in our list.32 We modified the codes as follows:
(1) we applied PS1 and PM3 for pathogenic/likely pathogenic
variants, (2) we applied PP3 for REVEL scores>0.6 based on
the scores of the 2 missense variants (p.Arg222Trp and
p.Arg222Gln) at the most frequently reported amino acid in
SPLIS patients, (3) we reviewed functional studies and
applied PS3_supporting or moderate based on suggestions in
Brnich et al (2019),33 (4) we collapsed PP4 and PS4 and used
PP4 to determine which cases to count for PS4, we applied
PS4_supporting for (2-3), PS4_moderate (4-5), and
PS4_strong (>5), (5) we used the ClinGen Sequence Variant
Interpretation recommendation for in trans criterion Version
1.0 to apply PM3 (https://clinicalgenome.org/working-
groups/sequence-variant-interpretation/), and (6) we did
not apply PP5 or BP6 per recommendations from Biesecker,
Harrison, and ClinGen Sequence Variant Interpretation
Working Group (2018).34 Each curator independently eval-
uated the evidence and applied ACMG codes; discrepancies
between application of codes was resolved through discus-
sion. Applied ACMG codes with modifications and final
variant classifications are listed in Supplemental Table 1.
Only variants that were classified as pathogenic or likely
pathogenic in Supplemental Table 1 or pLOF variants from

https://databases.lovd.nl/shared/variants/SGPL1/unique
https://databases.lovd.nl/shared/variants/SGPL1/unique
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/clinvar/
https://mutalyzer.nl/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
https://clingen.igib.res.in/indigen/
http://www.iranome.ir/
https://clinicalgenome.org/working-groups/sequence-variant-interpretation/
https://clinicalgenome.org/working-groups/sequence-variant-interpretation/
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population data sets were considered high-confidence dis-
ease-causing variants and were thus included in our
calculations.

Prevalence calculations

Within each population, the frequencies of high-confidence
pathogenic variants were combined assuming linkage
equilibrium. To obtain the point estimate and 95% credible
set for the birth prevalence of SPLIS (denoted by K), a
Bayesian approach was applied to these data.35 Given that
pathogenic allele frequencies are rare, under linkage equi-
librium the probability of sampling a pathogenic allele-free
chromosome from the general population is∏m

i=1(1 − pi) ≅ 1−∑m
i=1 pi; in which pi is the frequency of

the ith pathogenic allele from a total of m pathogenic vari-
ants segregating in the population. Treating the allele fre-
quencies as fixed, the birth prevalence calculation leverages
Hardy-Weinberg equilibrium to obtain homozygous fre-
quencies from the sum of allele frequencies, assuming that
the penetrance values for each pathogenic variant is 1.0 in
homozygous configuration:

K = [1 −∏m
i=1

(1 − pi)]
2

≅ (∑m
i=1

pi)
2

To estimate the birth prevalence from population-based
sequence data, we explicitly model the sampling proper-
ties of chromosomes from the general population and treat
the allele frequencies as random variables within a Bayesian
estimation procedure. The point estimate was calculated as
the mathematical expectation of the posterior density of the
frequency of individuals within the population with a ho-
mozygous combination of pathogenic variants at SGPL1
(eqn 1).

K̂=E(q2⃒⃒x;2n)= (2n−1)!
2(2n−x−1)!(x−1)!∫

1

0

q
x
2(1− ̅̅̅

q
√ )2n−x−1dq;

(eqn1)

where q is the sum of the population-specific frequencies of
the fully penetrant pathogenic SGPL1 variants (q=∑m

i=1pi),
x is the number of chromosomes harboring a pathogenic
variant, and n is the number of diploid samples. The 95%
credible set was calculated through numerical integration of
the posterior density such that the density mass was 2.5%
below the lower value and 2.5% above the upper value.35

Incorporation of population-specific estimated inbreeding
coefficients to the point estimate was accomplished through
the adjustment in (eqn 2) which inflates the point estimate of
the birth prevalence (KF):

K̂F=E(q2 ⃒⃒x;2n)+ 1
4n2

[x(2n−x)]F̂ ; (eqn2)
where F̂ is an estimate of the population-specific inbreeding
coefficient from published reports. Prevalence estimates and
expected number of cases were calculated using the Bayesian
point estimates and 95% credible sets along with estimated
population size data for both the United States and globally.
Results

We searched exome and genome data from gnomAD v2.1.1
(GRCh37) for variants from our curated list and identified
31 of our high-confidence pathogenic variants within the
SGPL1 gene (Table 1). These variants occurred in 108
samples out of the 141,391 gnomAD genome and exome
samples queried, with a resulting estimate of 0.015/100,000
(95% CI: 0.010/100,000 to 0.021/100,000) individuals at
risk for SPLIS globally.

We performed the same calculations for variants from
our curated list that are present in gnomAD v3.1.2
(GRCh38) because it includes individuals of Middle
Eastern and Amish ancestry not included in gnomAD
v2.1.1. Within this data set, 19 of our high-confidence
pathogenic variants were identified (Table 1). These vari-
ants occurred in 51 samples out of a total 76,136 samples
queried, resulting in an estimate of 0.011/100,000 (95% CI:
0.006/100,000 to 0.019/100,000) individuals at risk for
SPLIS globally.

The expected number of individuals with SPLIS was
calculated for both the United States and globally using
Bayesian estimator results for ancestral groups and the 2021
US (United Stated Census Bureau 2022) and global popu-
lation data.36,37 Calculations were performed for both the
gnomAD v2.1.1 (GRCh37) and gnomAD v3.1.2 (GRCh38),
as v2.1.1 contains a much larger sample size, whereas v3.1.2
includes individuals of both Middle Eastern and Amish
ancestry.27 Expected number of SPLIS cases for each
ancestral group for both the United States and globally are
presented in Table 2. The expected total number of SPLIS
cases within the United States is 71 (35 to 125) for gnomAD
v2 and 76 (19 to 195) for gnomAD v3. Calculations using
global population estimates predict a total of 11,707 (95%
CI: 6288 to 19,699) cases of SPLIS using gnomAD v2.1.1
and 11,770 (95% CI: 2941 to 30,965) using gnomAD
v3.1.2. It is important to note these are very rough estimates
because the ancestral composition of the gnomAD samples
may not accurately reflect the ancestral compositions of the
US and global populations. These estimates also do not
account for consanguinity, which may thereby underesti-
mate the true prevalence of SPLIS. Many variants in the
SGPL1 gene were only recently identified and have very
little information available, thus future studies are likely to
identify pathogenic variants not included within this study.
Because of the highly conservative nature of our variant
curation, our values likely underestimate true SPLIS prev-
alence. Lastly, not all variants included in the calculations
have been verified as pathogenic. Although our curated list
thoroughly evaluated available data to identify high-



Table 1 Variants in the SGPL1 gene identified in the gnomAD data set v2.1.1 (GRCh37) and v3.1.2 (GRCh38), the Iranome and IndiGenomes data sets, as well as private data sets (Turkish
and Israeli)

SNP v2 v3 Ir In T Is
Position

(GRCh37.p13 chr 10)
Position

(GRCh38.p14 chr 10)
Transcript

Consequence
Protein

Consequence Annotation
ACMG

Classification Source

rs138122500 1 NC_000010.10:g.72576635T>A NC_000010.11:g.70816879T>A c.26T>A p.(Leu9Ter) Nonsense LP a pLOF
rs1196497635 1 NC_000010.10:g.72604336G>A NC_000010.11:g.70844579G>A c.134G>A p.(Trp45Ter) Nonsense LP PC, CV
rs779596408 1 NC_000010.10:g.72604368G>T NC_000010.11:g.70844611G>T c.166G>T p.(Gly56Ter) Nonsense LP a pLOF
rs1326452400 1 NC_000010.10:g.72604384del NC_000010.11:g.70844627del c.184del p.(Gln62SerfsTer31) Frameshift LP a pLOF
rs1268871343 1 NC_000010.10:g.72614467del NC_000010.11:g.70854711del c.265del p.(Gln89LysfsTer4) Frameshift LP a pLOF
rs1383984196 1 NC_000010.10:g.72614500dup NC_000010.11:g.70854741dup c.297dup p.(Ser100Ter) Frameshift LP a pLOF
rs763301254 1 NC_000010.10:g.72614521del NC_000010.11:g.70854767del c.321del p.(Val108TrpfsTer6) Frameshift LP a pLOF
rs184929689 44 15 1 2 NC_000010.10:g.72619288T>G NC_000010.11:g.70859531T>G c.388T>G p.(Leu130Ter) Nonsense LP a pLOF
rs1564626153 1 NC_000010.10:g.72614598A>G NC_000010.11:g.70854841A>G c.395A>G p.(Glu132Gly) Missense LP Pub11

rs1450370338 1 1 NC_000010.10:g.72617368C>T NC_000010.11:g.70857611C>T c.410-3C>T NA Splice LP a pLOF
rs1282580893 1 NC_000010.10:g.72617369A>G NC_000010.11:g.70857612A>G c.410-2A>G NA Splice LP a pLOF
rs867880706 2 1 NC_000010.10:g.72619158dup NC_000010.11:g.70859401dup c.517dup p.(Leu173Profs*55) Frameshift LP PC
rs1460166813 1 NC_000010.10:g.72620150G>T NC_000010.11:g.70860393G>T c.565G>T p.(Glu189Ter) Nonsense LP a pLOF
rs1183269280 2 NC_000010.10:g.72620153del NC_000010.11:g.70860397del c.569del p.(Ala190AspfsTer?) Frameshift LP a pLOF
rs1168934353 1 NC_000010.10:g.72620159del NC_000010.11:g.70860407del c.584_

588del
p.(Cys195PhefsTer2) Frameshift LP a pLOF

3 1 NC_000010.10:g.72619246C>T NC_000010.11:g.70859489C>T c.605C>T p.(Ser202Leu) Missense LP Pub7,11,42

rs771620665 1 1 NC_000010.10:g.72628110dup NC_000010.11:g.70868353dup c.629dup p.(Thr211AsnfsTer17) Frameshift LP a pLOF
rs1131692255 1 NC_000010.10:g.72628150C>T NC_000010.11:g.70868393C>T c.664C>T p.(Arg222Trp) Missense LP Pub11,

CV
rs769259446 2 1 NC_000010.10:g.72628151G>A NC_000010.11:g.70868394G>A c.665G>A p.(Arg222Gln) Missense P Pub7,11,12,

18,20,

43–45,
CV

rs775261141 24 10 NC_000010.10:g.72628188dup NC_000010.11:g.70868431dup c.704+7_704
+10dup

NA Frameshift LP a pLOF

rs370799576 2 1 NC_000010.10:g.72629548G>A NC_000010.11:g.70869791G>A c.705-1G>A NA Splice LP CV
2 NC_000010.10:g.72630826del NC_000010.11:g.70871069del c.832del p.(Arg278Glyfs*17) Frameshift P Pub11

rs1131692235 3 2 NC_000010.10:g.72631618del NC_000010.11:g.70871861del c.934del p.(Leu312Phefs*30) Frameshift P Pub13,
CV,

LOVD
rs1446015195 1 NC_000010.10:g.72631679del NC_000010.11:g.70871919del c.995del p.(Pro332HisfsTer10) Frameshift LP a pLOF
rs757042460 1 2 NC_000010.10:g.72631677C>G NC_000010.11:g.70871920C>G c.993C>G p.(Tyr331Ter) Nonsense LP Pub7,43,46,

CV
rs771565079 1 1 NC_000010.10:g.72633106A>T NC_000010.11:g.70873349A>T c.1060-2A>T NA Splice LP a pLOF
rs985654475 1 NC_000010.10:g.72633127G>T NC_000010.11:g.70873370G>T c.1079G>T p.(Gly360Val) Missense LP Pub7,15,

18,43,
CV

rs1196613157 1 NC_000010.10:g.72633161C>G NC_000010.11:g.70873404C>G c.1113C>G p.(Tyr371Ter) Nonsense LP a pLOF

(continued)
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Table 1 Continued

SNP v2 v3 Ir In T Is
Position

(GRCh37.p13 chr 10)
Position

(GRCh38.p14 chr 10)
Transcript

Consequence
Protein

Consequence Annotation
ACMG

Classification Source

rs1233243952 1 NC_000010.10:g.72633235del NC_000010.11:g.70873478del c.1192_
1222del

p.(Gly398Ter) Frameshift LP a pLOF

rs779485098 2 3 NC_000010.10:g.72633295A>G NC_000010.11:g.70873538A>G c.1247A>G p.(Tyr416Cys) Missense P Pub7,11,
PC, CV

rs750709005 1 NC_000010.10:g.72635206C>A NC_000010.11:g.70875449C>A c.1346C>A p.(Ser449Ter) Nonsense LP a pLOF
rs371029518 1 3 NC_000010.10:g.72635244C>T NC_000010.11:g.70875487C>T c.1384C>T p.(Arg462Ter) Nonsense LP a pLOF
rs1453958211 1 NC_000010.10:g.72636297G>A NC_000010.11:g.70876540G>A c.1446-1G>A NA Splice LP a pLOF
rs374024951 3 2 NC_000010.10:g.72636335C>T NC_000010.11:g.70876578C>T c.1483C>T p.(Arg495Ter) Nonsense LP CV
rs746887949 1 3 NC_000010.10:g.72636365C>T NC_000010.11:g.70876608C>T c.1513C>T p.(Arg505Ter) Nonsense P Pub13,

CV,
LOVD

rs777196613 1 NC_000010.10:g.72636988del NC_000010.11:g.70877233del c.1605del p.(Asn536IlefsTer26) Frameshift LP a pLOF
1 NC_000010.10:g.72637020_

72637022del
NC_000010.11:g.70877263_

70877265del
c.1635_

1637del
p.(Phe545del) In-frame

Deletion
LP Pub12,18

1 NC_000010.10:g.72637007del c.1626_
1632del

p.(Val544TrpfsTer16) Frameshift LP a pLOF

VUS Variants
Present in
1+ Datasets

rs188194665 116 59 3 25 71 NC_000010.10:g.72604246A>G NC_000010.11:g.70844489A>G c.44A>G p.(Tyr15Cys) Missense VUS Pub7,21,43,
LOVD

2 NC_000010.10:g.72619152A>G NC_000010.11:g.70859395A>G c.511A>G p.(Asn171Asp) Missense VUS Pub47

rs201533115 2 2 NC_000010.10:g.72619192T>C NC_000010.11:g.70859435T>C c.551T>C p.(Ile184Thr) Missense VUS Pub10

rs752537084 4 NC_000010.10:g.72631630G>A NC_000010.11:g.70871873G>A c.946G>A p.(Ala316Thr) Missense VUS Pub11, CV
rs1437439236 2 NC_000010.10:g.72631702C>T NC_000010.11:g.70871945C>T c.1018C>T p.(Arg340Trp) Missense VUS Pub16,18

rs752722320 1 NC_000010.10:g.72633274T>G NC_000010.11:g.70873517T>G c.1226T>G p.(Met409Arg) Missense VUS Pub21,
LOVD

Variants From
Our List Not
Present in
the Datasets
Queried

NC_000010.10:g.72576610_
72576636del

NC_000010.11:g.70816854_
70816880del

c.1_27del Start loss P Pub48

rs1131692254 NC_000010.10:g.72576616dup NC_000010.11:g.70816860dup c.7dup p.(Ser3Lysfs*11) Frameshift P Pub11,12,
CV

NC_000010.10:g.72604289del NC_000010.11:g.70844532del c.87del p.(Tyr29*) Nonsense LP CV
NC_000010.10:g.72604367G>A NC_000010.11:g.70844610G>A c.165G>A p.(Trp55*) Nonsense LP CV

rs1131692253 NC_000010.10:g.72610968G>A NC_000010.11:g.70851211G>A c.261+1G>A Splice P Pub12,19,
CV

NC_000010.10:g.72629547A>G NC_000010.11:g.70869790A>G c.705-2A>G Splice LP PC

(continued)
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Table 1 Continued

SNP v2 v3 Ir In T Is
Position

(GRCh37.p13 chr 10)
Position

(GRCh38.p14 chr 10)
Transcript

Consequence
Protein

Consequence Annotation
ACMG

Classification Source

NC_000010.10:g.72629559dup NC_000010.11:g.70869802dup c.715dup p.(Gln239fs*8) Frameshift P Pub18

rs1131682256 NC_000010.10:g.72631721G>T NC_000010.11:g.70871964G>T c.1037G>T p.(Ser346Ile) Missense LP Pub11,
CV

NC_000010.10:g.72631733A>G NC_000010.11:g.70871976A>G c.1049A>G p.(Asp350Gly) Missense LP Pub44

NC_000010.10:g.72633125del NC_000010.11:g.70873368del c.1077del p.(Gly360Alafs*49) Frameshift LP Pub7

NC_000010.10:g.72633127G>A NC_000010.11:g.70873370G>A c.1079G>A p.(Gly360Asp) Missense LP LOVD
NC_000010.10:g.72633130C>G NC_000010.11:g.70873373C>G c.1082C>G p.(Ser361*) Nonsense LP Pub10

NC_000010.10:g.72633132T>A NC_000010.11:g.70873375T>A c.1084T>A p.(Ser362Thr) Missense LP PC
NC_000010.10:g.72633281del NC_000010.11:g.70873524del c.1233del p.(Phe411Leufs*56) Frameshift P Pub14

NC_000010.10:g.72633314_
72633315del

NC_000010.11:g.70873557_
70873558del

c.1266_
1267del

p.(Gln422Hisfs*35) Frameshift LP CV

NC_000010.10:g.72636420T>C NC_000010.11:g.70876663T>C c.1566+2T>C Splice LP Pub7

NC_000010.10:g.72629563G>T NC_000010.11:g.70869806G>T c.719G>T p.(Ser240Ile) Missense VUS PC
NC_000010.10:g.72630848G>A NC_000010.11:g.70871091G>A c.854G>A p.(Cys285Tyr) Missense VUS Pub7

NC_000010.10:g.72630862T>C NC_000010.11:g.70871105T>C c.868T>C p.(Phe290Leu) Missense VUS Pub7,43,46

NC_000010.10:g.72631616C>G NC_000010.11:g.70871859C>G c.932C>G p.(Pro311Arg) Missense VUS Pub22

NC_000010.10:g.72631627G>T NC_000010.11:g.70871870G>T c.943G>T p.(Asp315Tyr) Missense VUS PC
NC_000010.10:g.72631741A>G NC_000010.11:g.70871984A>G c.1057A˃G p. (Lys353Glu) Missense VUS Pub21

NC_000010.10:g.72631742A>G NC_000010.11:g.70871985A>G c.1058A>G p.(Lys353Arg) Missense VUS Pub7

NC_000010.10:g.72633352T>C NC_000010.11:g.70873595T>C c.1298+6T>C Splice VUS Pub19

rs1131692252 NC_000010.10:g.72637017del NC_000010.11:g.70877260del c.1632del p.(Phe545del) In-frame
Deletion

VUS CV

VUS variants present in 1+ dataset(s), as well as variants that are not present in the datasets are included for future research but were not used for calculations.
ACMG, American College of Medical Genetics and Genomics; CV, ClinVar; In, IndiGenomes; Ir, Iranome; Is, Israeli; LOVD, Leiden Open Variation Database; LP, likely pathogenic; P, pathogenic; PC, personal

communication; pLOF, predicted loss of function; Pub, Publication; v2, GnomAD v2.1.1 (GRCh37); v3, GnomAD v3.1.2 (GRCh38); T, Turkish dataset; VUS, variants of unknown significance.
aPredicted loss of function.27
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Table 2 Estimation of the expected number of cases of SPLIS within the United States and globally by ancestral group calculated using
Bayesian point estimates and 95% credible sets for the gnomAD data set v2.1.1 (GRCh37) and v3.1.2 (GRCh38), the Iranome and IndiG-
enomes data sets, as well as private data sets (Turkish)

United States Expected SPLIS Cases

RefPopulation Size Expected Affected Credible Interval

Turkish 203,326 0 (0 to 0) 36

Iranome (Iranian) 465,254 0 (0 to 2) 36

IndiGenomes (Asian Indian) 3,303,512 2 (0 to 11) 36

GRCh37
Ashkenazi Jewish 7,636,725 NA (0 to 0) 36

Latino/Admixed American 62,753,963 1 (0 to 3) 36

African American 45,156,291 4 (1 to 12) 36

South Asian 6,308,599 0 (0 to 1) 36

East Asian 8,964,851 62 (34 to 101) 36 a

European 196,894,711 3 (1 to 7) 36

Other 4,316,410 0 (0 to 1)
GRCh37 Total 332,031,554 71 (35 to 125)
GRCh38
Ashkenazi Jewish 7,636,725 NA (0 to 0) 36

Latino/Admixed American 62,753,963 3 (0 to 14) 36

African American 45,156,291 2 (0 to 5) 36

South Asian 6,308,599 1 (0 to 4) 36

East Asian 8,964,851 60 (16 to 145) 36 a

European 196,894,711 10 (3 to 23) 36

Middle Eastern 3,320,315 NA (0 to 0) 36

Other 996,094 0 (0 to 3)
GRCh38 Total 332,031,554 76 (19 to 195)

Global Expected SPLIS cases

Population Size Expected Affected Credible Interval Ref

Turkish 83,800,000 39 (3 to 136) 37

Iranome (Iranian) 85,000,000 66 (0 to 451) 37

IndiGenomes (Asian Indian) 1,393,000,000 664 (0 to 4516) 37

GRCh37
Ashkenazi Jewish 10,000,000 NA (0 to 0) 37

Latino/Admixed American 718,753,964 7 (0 to 30) 36,37

African/African American 1,418,156,291 127 (18 to 388) 36,37

South Asian 1,969,000,000 88 (10 to 286) 37

East Asian 1,650,000,000 11,423 (6256 to 18,624) 37

European 744,000,000 11 (3 to 25) 37

Other 1,327,089,745 51 (0 to 346)
GRCh37 Total 7,837,000,000 11,707 (6288 to 19,699)
GRCh38
Ashkenazi Jewish 10,000,000 NA (0 to 0) 37

Latino/Admixed American 718,753,964 37 (1 to 160) 36,37

African/African American 1,418,156,291 59 (10 to 171) 36,37

South Asian 1,969,000,000 168 (0 to 1144) 37

East Asian 1,650,000,000 11,070 (2919 to 26,694) 37

European 744,000,000 39 (11 to 89) 37

Middle Eastern 454,400,000 NA (0 to 0) 37

Other 872,689,745 398 (0 to 2706)
GRCh38 Total 7,837,000,000 11,770 (2941 to 30,965)

NA, not applicable; SPLIS, Sphingosine phosphate lyase insufficiency syndrome.
aChinese, Japanese, Korean, Mongolian, and Taiwanese Americans.
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confidence variants, further functional analysis is necessary
to truly classify variants as pathogenic. We acknowledge
that inclusion of any nonpathogenic variants could lead to
an overestimate of SPLIS prevalence.
Bayesian estimates for each ancestral group included in
both gnomAD v2.1.1 and gnomAD v3.1.2 are presented in
Table 3, and global prevalence estimates are presented in
Table 4. Most noteworthy, the Turkish population had an



Table 3 Bayesian point estimates and 95% credible sets calculated from the occurrence of potentially pathogenic variants in the SGPL1
gene for the gnomAD data set v2.1.1 (GRCh37) and v3.1.2 (GRCh38), the Iranome and IndiGenomes data sets, as well as private data sets
(Turkish)

Genome Reference
Consortium Human
Build

Ancestry or
Dataset

Samples with
Pathogenic Variant

Total Number
of Samples

Bayesian
Point Estimate

95% Credible
Set Lower

95% Credible
Set Upper

Turkish 5 4024 4.63E-07 4.07E-08 1.62E-06
Iranome (Iranian) 1 800 7.81E-07 2.51E-10 5.31E-06
IndiGenomes (Asian Indian) 1 1024 4.77E-07 1.53E-10 3.24E-06

GRCh37 African/African American 7 12,480 8.99E-08 1.27E-08 2.74E-07
Latino/Admixed American 3 17,717 9.56E-09 3.05E-10 4.16E-08
Ashkenazi Jewish 0 5183 NA NA NA
East Asian 52 9976 6.92E-06 3.79E-06 1.13E-05
European (Finnish) 24 12,561 9.51E-07 3.75E-07 1.89E-06
European (non-Finnish) 15 64,563 1.44E-08 4.23E-09 3.31E-08
Other 1 3612 3.83E-08 1.23E-11 2.61E-07
South Asian 6 15,308 4.48E-08 5.17E-09 1.45E-07
GRCh37 Total 108 141,391 1.47E-07 9.82E-08 2.09E-07

GRCh38 Other 1 1047 4.56E-07 1.46E-10 3.10E-06
Latino/Admixed American 3 7646 5.13E-08 1.64E-09 2.23E-07
European (Finnish) 10 5314 9.74E-07 2.04E-07 2.58E-06
Amish 0 456 NA NA NA
East Asian 13 2604 6.71E-06 1.77E-06 1.62E-05
Middle Eastern 0 158 NA NA NA
African/African American 8 20,739 4.18E-08 6.93E-09 1.21E-07
South Asian 1 2419 8.54E-08 2.74E-11 5.81E-07
Ashkenazi Jewish 0 1736 NA NA NA
European (non-Finnish) 15 34,026 5.18E-08 1.52E-08 1.19E-07
GRCh38 Total 51 76,136 1.14E-07 6.22E-08 1.87E-07
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estimate of 0.046/100,000 (95% CI: 0.004/100,000 to 0.162/
100,000), and the Iranian population had an estimate of 0.078/
100,000 (95%CI: 0.00/100,000 to 5.31/100,000). This finding
was not reflected in the gnomAD v3.1.2 Middle Eastern
ancestry group; however, this comprised a small number of
individuals (158) and may not accurately reflect genetic vari-
ants present in those of Turkish and Iranian ancestry. Those of
Finnish ancestry had an estimate of 0.095/100,000 (95% CI:
0.037/100,000 to 0.189/100,000) and 0.097/100,000 (95%CI:
0.020/100,000 to 0.258/100,000) for gnomAD v2.1.1 and
gnomAD v3.1.2, respectively. Lastly, those of East Asian
ancestry had an estimate of 0.692/100,000 (95% CI: 0.379/
100,000 to 1.120/100,000) and 0.671/100,000 (95%CI: 0.177/
100,000 to 1.618/100,000) for gnomAD v2.1.1 and gnomAD
v3.1.2, respectively, indicating that individuals with this
ancestry are at highest risk of having SPLIS among all the
ancestral groups included in these data sets. Calculated prev-
alence in additional ancestries were: Latino 0.001/100,000;
European (non-Finnish) 0.001/100,000; South Asian 0.004/
100,000; African/African American 0.009/100,000. No path-
ogenic variants were identified in the Amish or Ashkenazi
Jewish populations.

Data sets of Saudi, Turkish, Iranian, Indian, Israeli, and
South Dakota Hutterite populations were also used.28–30 No
variants from our curated list were identified in the Saudi,
Israeli, or South Dakota Hutterite data sets; however, the
Saudi and Hutterite data sets had a small sample size, and it is
possible other pathogenic variants exist that were not
evaluated here; thus, further evaluation of these populations
is warranted. High-confidence pathogenic variants (Table 1),
Bayesian estimates (Table 3), and prevalence estimates
(Table 4) were calculated for each population. Most note-
worthy were the Turkish data sets. In the Turkish variome, 2
high-confidence pathogenic variants were identified. These
variants occurred in 5 individuals of 4024 total individuals.
The Bayesian estimate for individuals of Turkish ancestry at
risk for SPLIS was 0.046/100,000 (95% CI: 0.004/100,000 to
0.162/100,000). A reliable inbreeding coefficient for these
data was not available. However, Kars et al (2021) deter-
mined that a subset of Turkish individuals have a high
inbreeding coefficient, suggesting that our estimate likely
underestimates the number of individuals at risk for SPLIS.30

Using the Iranome data set, we determined a SPLIS preva-
lence of 0.078/100,000 (95% CI: 0.000/100,000 to 0.531/
100,000). Using the IndiGenome resource, a prevalence of
0.048/100,000 (95% CI: 0.00/100,000 to 0.324/100,000) was
predicted for individuals of South Asian ancestry.

Overall, using gnomAD v2.1.1 we predict 11,707 (95%
CI: 6288 to 19,699) cases of SPLIS exist globally, and using
gnomAD v3.1.2 we predict 11,770 (95% CI: 2941 to
30,965) cases. Our results also suggest that, of the different
ancestral groups evaluated, members of the Finnish, East
Asian, Iranian, and Turkish populations are most at risk for
having SPLIS. It is worth noting the Iranian data set esti-
mate has a highly variable credible set intervals because of
small sample sizes (800 individuals). The Amish and



Table 4 Estimated global prevalence of SPLIS calculated using Bayesian point estimates and 95% credible sets for the gnomAD data set
v2.1.1 (GRCh37) and v3.1.2 (GRCh38), the Iranome and IndiGenomes data sets, as well as private data sets (Turkish)

Genome Reference
Consortium Human
Build Ancestry or Dataset

Estimated
Global

Population

Anticipated
Affected

(per 100,000)
Anticipated Affected
Lower (per 100,000)

Anticipated Affected
Upper (per 100,000) Ref

Turkish 83,800,000 0.046 0.004 0.162 37

Iranome (Iranian) 85,000,000 0.078 0.000 0.531 37

IndiGenomes (Asian Indian) 1,393,000,000 0.048 0.000 0.324 37

GRCh37 African/African American 1,418,156,291 0.009 0.001 0.027 36,37

Latino/Admixed American 718,753,964 0.001 0.000 0.004 36,37

Ashkenazi Jewish 10,000,000 NA NA NA 37

East Asian 1,650,000,000 0.692 0.379 1.129 37

European (Finnish) 5,500,000 0.095 0.037 0.189 37

European (non-Finnish) 738,500,000 0.001 0.000 0.003 37

Other 1,337,089,745 0.004 0.000 0.026 37 b

South Asian 1,969,000,000 0.004 0.001 0.015 37

GRCh37 Total 7,837,000,000 0.015 0.010 0.021 37

GRCh38 Other 1,069,989,745 0.046 0.000 0.310 37 b

Latino/Admixed American 718,753,964 0.005 0.000 0.022 36,37

European (Finnish) 5,500,000 0.097 0.020 0.258 37

Amish 373,620 NA NA NA 37

East Asian 1,650,000,000 0.671 0.177 1.618 37

Middle Eastern 454,400,000 NA NA NA 37 a

African/African American 1,418,156,291 0.004 0.001 0.012 36,37

South Asian 1,969,000,000 0.009 0.000 0.058 37

Ashkenazi Jewish 10,000,000 NA NA NA 37

European (non-Finnish) 738,500,000 0.005 0.002 0.012 37

GRCh38 Total 7,837,000,000 0.011 0.006 0.019 37

aSum of Egypt, Iran, and Western Asia (minus Armenia, Azerbaijan, and Georgia).
bOther - Global minus European, African/African American, Latino, East Asian, and South Asian.
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Middle Eastern populations had no occurrences of poten-
tially pathogenic variants within the SGPL1 gene; however,
only 456 Amish and 158 Middle Eastern exomes were
present in gnomAD.
Discussion

To the best of our knowledge, this is the first reported esti-
mate of SPLIS prevalence using a method other than
counting recognized cases. In contrast to the number of
SPLIS cases (<100) that have been reported in the literature
or communicated to us privately, we estimate there are
11,707 to 11,770 individuals with biallelic pathogenic
SGPL1 variants and undiagnosed SPLIS globally. Thus, re-
ported cases account for less than 1% of the predicted cases,
vastly underestimating the total disease burden associated
with this condition. This discrepancy can be explained by a
combination of factors. Many individuals on either end of the
phenotypic spectrum of SPLIS are not likely to be tested for a
genetic etiology. Fetal losses and unexplained infant deaths
often go undiagnosed. The mildest cases, such as those
manifesting as isolated peripheral neuropathy, may not pre-
sent until adulthood; a potential genetic diagnosis is less often
considered by practitioners of adult patients. In addition,
there is a lack of familiarity with SPLIS in the medical
community because the condition was just described in 2017
and is not yet in the pediatric or genetic textbooks. Some
patients who receive a genetic diagnosis are not reported in
the literature. In addition, SGPL1 is not included on many
commercially available disease-focused next-generation
sequencing diagnostic panels. Despite these considerations,
we expect the rate of SPLIS diagnosis will improve as fa-
miliarity with SPLIS increases, and genome and exome
sequencing diagnostic investigations continue to move into
the mainstream of medical practice.

The prevalence of SPLIS is not uniform around the world.
Using gnomAD v2.1.1, we predict SPLIS prevalence in East
Asian individuals to be about 0.692/100,000—over 40-fold
higher than the worldwide prevalence of SPLIS. Those of
Finnish ancestry had a predicted prevalence of 0.095/
100,000—roughly 6-fold higher than the worldwide preva-
lence. Other noteworthy groups are those of Turkish (0.046/
100,000) and Iranian (0.078/100,000) ancestries. These
findings are consistent with the higher rates of consanguinity
in these communities.30,38 Despite the higher predicted rates
of SPLIS in the Iranian people, their smaller global popula-
tion results in a predicted contribution of less than 1% of the
total number of worldwide SPLIS cases. In contrast, East
Asian and South Asian ancestries together make up about
60% of the world’s total population. Combined, these groups
contribute more than 95% of the world’s predicted cases. The
remaining cases are expected to be found in African, Euro-
pean, and Latino populations in roughly equal numbers. It
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should be emphasized that the predictions of SPLIS preva-
lence in different populations is highly dependent on which
variants are included in the calculations. As functional data
become available, they could result in the reclassification of
variants of uncertain significance with high prevalence in
certain populations, which could have a significant impact on
the prevalence of SPLIS in these geoancestral groups.

In most cases, we have relied on the gnomAD v2.1.1
(GRCh37) data set for our calculations because this set
contains significantly more genomes than the gnomAD
v3.1.2 (GRCh38) version. We relied on the gnomAD v3.1.2
(GRCh38) data set for calculation of SPLIS in the Middle
Eastern and Amish populations because these groups were
not recognized as a separate entity in the gnomAD v3.1.2
(GRCh38) data set. In cases where more than one data set
was available for analysis of prevalence in an ancestral
group, rates were roughly concordant. Differences in the
calculated rates within the same ancestral group could be
explained by sampling effects caused by rare variants being
present at slightly different rates in 2 data sets from the same
population just by chance.

In addition to the major population groups listed above,
SPLIS may be more prevalent in smaller communities
where inbreeding rates are high. In our analysis, no patho-
genic or likely pathogenic SGPL1 variants were found in the
Amish (from gnomAD v.3.1.2) or Hutterites (private data
set). However, we are aware of 3 cases of SPLIS in the
Hutterite colony in Alberta, Canada, all of which are ho-
mozygous for a previously reported c.1247A>G;
p.Tyr416Cys SGPL1 variant.11 Similar to the Amish, the
Hutterites are a sect of Anabaptist Christians; the latter
settled in North America in the 1800s.39 They comprise 3
groups or “leut” located in Western Canada and the upper
Great Plains area of the United States. Because of the
presence of 3 cases in this small community, we sought to
determine the pathogenic SGPL1 allele frequency in the
population. For, the Hutterites, we used genome sequence
data from 121 South Dakota Hutterites. The fact that we did
not identify pathogenic SGPL1 variants in these genomes
suggests that the variant responsible for the 3 known cases
of SPLIS among the Hutterites is isolated to 1 leut or may
even have arisen within 1 isolated colony.11

One significant reason for establishing SPLIS prevalence
is to design clinical trials. We recently reported the efficacy
of adeno-associated virus-mediated SGPL1 gene therapy
(AAV-SPL) in proof-of-concept studies conducted in a
robust knockout mouse model of SPLIS.6 Significant im-
provements in potency of AAV-SPL have now been ach-
ieved, setting the stage for further development of AAV-
SPL as a potentially lifesaving treatment for SPLIS (our
unpublished results). Similar gene therapy approaches could
be considered for other disorders of the sphingolipid cata-
bolic pathway. Thus, our methodology for estimating the
prevalence of SPLIS could be similarly applied to other
conditions of sphingolipid metabolism in anticipation of
gene therapy trials in those conditions. Additionally, we
have reported the potential efficacy of an alternative
therapeutic strategy in SPLIS, namely, the use of pyridoxine
cofactor supplementation, which may overcome the poor
cofactor binding affinity and poor protein stability of the
R222Q variant and possibly others.7 In regard to clinical
trials, we have estimated the number of SPLIS cases in the
United States, where clinical trials are likely to be carried
out first. In the United States, using the overall rate of 0.015/
100,000, an estimated 71 cases should exist. However,
extrapolating from the worldwide SPLIS estimate of
~11,770 and with the United States representing 4.3% of the
world’s population, more than 500 individuals with SPLIS
in the United States, and more than a 1000 in the United
States and European Union, would be predicted. Even using
the lower estimates, our results indicate that clinical trials in
SPLIS should be feasible, provided awareness and patient
finding improve the rate of detection. Further, considering
that the majority of variants used in our calculations are
pLOF variants, most individuals with SPLIS predicted by
these calculations would be expected to be on the severe end
of the phenotypic spectrum.

One major limitation of our study is that ancestral groups
are broadly defined, whereas each of the groups listed in our
study and defined by gnomAD represent many subgroups
separated by national borders, geography, language, and
culture and which are not genetically homogeneous.
Another caveat is that our predictions are only as good as
our variant curation. Although it is reasonable to suggest
that SGPL1 biallelic variants in individuals with SPLIS are
putatively pathogenic, the inclusion of missense SGPL1
variants without functional studies to show they result in
LOF could introduce errors in our calculations if any of the
variants are proven benign in further studies. Using the
conservative approach of leaving out variants of unknown
significance makes the possibility of underestimating SPLIS
prevalence more likely. Our results could be refined in the
future as clinical and/or experimental evidence for a larger
number of likely pathogenic variant alleles becomes avail-
able and additional databases, particularly those with
detailed clinical information, become accessible. It should
be noted that, although it is possible that individuals may
exist with biallelic combinations of pathogenic SGPL1
variants and not express SPLIS because of unknown
compensatory mechanisms, this possibility is considered
unlikely because it is rare to find such individuals for the
large majority of similar early-onset, severe monogenic
diseases.40 If there is incomplete penetrance for 1 or more of
the pathogenic variants investigated in this study, then the
SPLIS prevalence estimates would represent moderately
inflated values over the true disease rate. In addition, we
have assumed linkage equilibrium between the pathogenic
variants in the prevalence estimates and an over-
representation of chromosomes carrying 2 or more of the
pathogenic variants would also produce mild overestimates
in the SPLIS prevalence. This is also not likely because rare
alleles are predominantly more recent variants, and the
probability of the occurrence of a new pathogenic variant on
a chromosome already carrying a pathogenic allele would be
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very small given that SGPL1 pathogenic allele-carrying
chromosomes are rare in all populations. On the other
hand, additional disease-causing variants are likely to exist
that we have not included. For example, we are aware of
multiple cases of SPLIS associated with the homozygous
c.665 G>A; p.Arg222Gln variant in individuals of Pakistani
and Middle Eastern ancestry. However, this variant was not
detected in the private population studies we used in our
analysis. The existence of known “missed” cases suggests
that our calculations underestimate the number of true cases.
On the other hand, some databases such as gnomAD tend to
be biased toward disease cohorts, which could result in our
overestimating SPLIS prevalence. Further, the accuracy and
quality control of variant calling and classification can differ
significantly between platforms, and the higher detection
rates in Turkish and Iranian cohorts could reflect the smaller
representation of subjects from these areas. Thus, these rates
may need to be interpreted with a degree of caution. We also
have not taken into account pathogenic variants occurring
within non-coding regulatory regions of SGPL1.19 In fact,
ENSEMBL predicts 18 different SGPL1 transcripts, which
suggests the expression of this gene is highly regulated.41

We do not know the full spectrum of disease in SPLIS
and have assumed the recessive combinations of variants are
fully penetrant, which may not be true. The shortened life-
span of individuals with SPLIS and the lack of specific
treatments would be expected to have a substantial influence
on disease prevalence. A prospective SPLIS natural history
study and newborn screening for SPLIS would be helpful in
providing more information about these factors, which
could then be applied to revise our estimates.
Data Availability
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