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Abstract
Background  Prenatal whole exome sequencing (WES) is becoming an increasingly used diagnostic tool for fetuses 
with structural anomalies. However, the identification of variants of uncertain significance (VUS) in clinically relevant 
genes can significantly complicate prenatal diagnosis and genetic counseling.

Case presentation  A fetus conceived through in vitro fertilization at the third attempt presented with polydactyly 
and molar tooth sign at 24 + 6 weeks of gestation. Trio-based WES was performed on both parents and the affected 
fetus, revealing a pair of compound heterozygous CPLANE1 variants (c.4646 A > T/p.Glu1549Val and c.1233 C > A/p.
Tyr411*) potentially associated with Joubert syndrome. According to the ACMG guidelines, one of the biallelic variants 
was classified as VUS, and the other as pathogenic. However, these variants had no allele frequencies in the general 
population. The p.Tyr411* variant was classified as deleterious, while the p.Glu1549Val variant was located in highly 
conserved residues, was predicted to be damaging by in silico tools, and altered hydrogen bonding. Furthermore, 
CPLANE1 expression was highest in the brain during the embryonic and fetal stages. These findings provide additional 
support for the association between CPLANE1 variants in this fetus and Joubert syndrome. Thus, the most likely 
diagnosis was Joubert syndrome, and after careful consideration, the couple decided to terminate the pregnancy.

Conclusion  The expression patterns of CPLANE1 and the molecular effects of the variants may provide further 
evidence supporting the potential for prenatal diagnosis of Joubert syndrome in the case of biallelic VUS and 
pathogenic variant. This study suggests that molecular insights may play a role in interpreting VUS in clinically relevant 
prenatal genes for prenatal diagnosis.
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Background
Fetal structural anomalies are observed in 2–4% of preg-
nancies, resulting in increased infant morbidity, mortal-
ity, and intangible suffering for families [1, 2]. Accurate 
and timely prenatal diagnosis is crucial for informed 
reproductive decision-making [1]. More recently, whole 
exome sequencing (WES) has been become increasingly 
used for prenatal diagnosis, with diagnostic yields rang-
ing from 8.5 to 35% [3]. However, variants of uncertain 
significance (VUS) in primary findings, incidental find-
ings unrelated to the clinical indication, and secondary 
findings of known disease genes, pose challenges to clini-
cal practice and genetic counseling in prenatal diagnosis 
[4–6]. In particular, VUS identified in clinically relevant 
genes may affect current and future pregnancies [7]. 
These uncertainties may also cause parental anxiety with-
out providing immediate benefits for decision-making 
[8], underscoring the need for further evidence to clar-
ify the associations between the variants and the fetal 
phenotype.

Biallelic variants in the CPLANE1 gene (OMIM* 
614571) have been reported to cause Joubert syndrome 
(JS, OMIM# 614615), a rare disorder characterized by a 
peculiar cerebellar and brainstem malformations known 
as molar tooth sign (MTS) [9–11]. In addition, CPLANE1 
variants have also been identified in patients with Orofa-
ciodigital syndrome (OFD) VI (OMIM# 277170), which 
overlaps with JS for peculiar cerebellar and brainstem 
malformations but has additional key features, includ-
ing tongue hamartomas and/or frenulae, upper lip notch, 
polydactyly, and hypothalamic hamartoma. Therefore, 

OFD VI is also classified as JS with oral-facial-digital 
defects (JS-OFD) [9–11]. Prenatal diagnosis of these dis-
orders is challenging due to phenotypic heterogeneity, 
limited availability of fetal phenotypes, and potential evo-
lution of phenotypes over time. All documented prena-
tal cases were identified by postmortem examination for 
phenotypic assessment, WES or targeted exome sequenc-
ing of aborted fetal tissue, and/or functional studies [9–
17]. No reports of CPLANE1 variants in prenatal cases 
with JS or OFD VI have been identified through WES of 
fetal amniotic fluid prior to pregnancy termination.

In this study, we identified compound heterozygous 
CPLANE1 variants in the amniotic fluid of a fetus with 
polydactyly and MTS. The biallelic variants were clas-
sified as one VUS and one pathogenic variant. Further 
investigation of the expression characteristics of the 
CPLANE1 gene and the molecular effects of these vari-
ants may help in the interpretation of the VUS and pro-
vide additional evidence for the potential of prenatal JS 
diagnosis.

Case presentation
At 24 + 6 weeks of gestation, ultrasound revealed poly-
dactyly and possible cerebellar hypoplasia in a fetus con-
ceived through the couple’s third in vitro fertilization 
(IVF) cycle after two previous unsuccessful attempts 
(Fig.  1a). Subsequent magnetic resonance imaging con-
firmed partial agenesis of the cerebellar vermis and the 
MTS (Fig. 1b). Trio-based WES was performed to deter-
mine the underlying cause of the observed anomalies.

Fig. 1  Imaging manifestations in CPLANE1 variants as potential Joubert syndrome. (a) Polydactyly of both hands of the fetus on ultrasound at 33 + 1 
weeks of gestation before abortion. (b) Partial agenesis of the vermis of the cerebellum and molar tooth signs on magnetic resonance imaging of the 
fetus at 25 + 1 weeks of gestation
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Genomic DNA was extracted from fetal amniotic 
fluid and parental peripheral blood. Target genes were 
captured by probe hybridization and enriched via the 
IDT xGen Exome Research Panel. Sequence reads were 
aligned to the GRCh38/hg38 reference genome, and vari-
ant annotation was conducted via ANNOVAR software. 
Pathogenic variants were screened for their presence 
in exonic regions, nonsynonymous mutations, and fre-
quency of less than 5% in databases such as ExAC, 1,000 
Genomes, and gnomAD. Further evaluation of variants 
was conducted via databases including dbSNP, OMIM, 

HGMD, and ClinVar. Variant pathogenicity was assessed 
according to ACMG guidelines and confirmed through 
Sanger sequencing.

A pair of compound heterozygous missense and trun-
cation variants were identified in the CPLANE1 gene 
(Fig.  2a, b, transcript NM_023073.3). According to the 
ACMG guidelines, the p.Glu1549Val variant is classified 
as a VUS (PM3 + PM2 + PP3 + PP4), while the p.Tyr411* 
variant is classified as pathogenic (PVS1 + PM2 + PP4) [1, 
18]. Notably, the CPLANE1 gene is primarily expressed 
during the embryonic and fetal stages, with the highest 

Fig. 2  Analysis of CPLANE1 variants and expression patterns. (a) Pedigrees of the case with the CPLANE1 variant and the phenotypes. (b) DNA sequence 
chromatograms of the CPLANE1 variants. The arrows indicate the positions of the variants. (c) Amino acid sequence alignment of the missense variant 
with protein substitutions. Glu1549 is highly conserved across species. (d) Hydrogen bonding changes of the p.Glu1549Val variant from the present study. 
(e) Expression pattern of CPLANE1 in life stages, data from the UniGene database. (f) Expression level of CPLANE1 in the human brain, data from the Human 
Protein ATLAS database. nTPM, normalized transcripts per million
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expression in the brain (Fig.  2e, f ). Both variants were 
absent in the gnomAD database. Amino acid sequence 
alignment revealed that the p.Glu1549Val variant was 
located at highly conserved residues across mammals 
species (Fig.  2c). In addition, the p.Glu1549Val variant 
was predicted to be damaging by in silico prediction tools 
and altered hydrogen bonding with surrounding amino 
acids, as analyzed via the AlphaFold web tool and the 
PyMOL system (Table 1; Fig. 2d). Based on the clinical, 
genetic, and molecular findings, JS was the most likely 
prenatal diagnosis. After careful consideration, the cou-
ple eventually decided to terminate the pregnancy.

Discussion
The CPLANE1 gene (also known as C5orf42) plays a cru-
cial role in ciliogenesis and planar polarity. It is expressed 
primarily during the embryonic and fetal stages, par-
ticularly in the brain. In mice, homozygous deletion of 
cplane1 results in preweaning lethality, highlighting its 
importance in early development. The probability of a 
transcript falling into the distribution of recessive genes 
(pRec) is 1.00, indicating that CPLANE1 is highly intol-
erant to recessive loss-of-function mutations [19]. Thus, 
the compound heterozygous CPLANE1 variants identi-
fied in this study are potentially loss-of-function and may 
be deleterious to the fetus.

Clinically, biallelic variants in CPLANE1 have been 
reported to cause JS or OFD VI, which is also classified 
as JS-OFD [9–11]. Cases documented in the prenatal 
period, exhibited a range of phenotypic manifestations, 
including the molar tooth sign, cerebellar dysplasia, 
encephalocele, hydrocephalus, Blake’s fossa cyst, and 
Dandy-Walker malformation [9–17]. Fetal diagnosis is 
typically confirmed by postpartum examination of the 
aborted fetus for additional phenotypes, WES or tar-
geted exome sequencing of aborted tissue, and even by 
functional studies (Supplementary Table 1) [9–17, 20]. 
Due to the limited availability of fetal phenotypes and 
clinical heterogeneity, definitive prenatal diagnosis based 
on imaging alone can be challenging, highlighting the 
importance of WES for prenatal diagnosis.

However, the presence of VUS associated with clini-
cal indications in prenatal WES, particularly in cases of 
VUS in “trans” with a pathogenic variant, may complicate 
genetic counseling for fetal abnormalities and require 
additional support for couples compared with those with 
a definitive diagnosis [5, 6, 21]. Given that the couple had 
already had two unsuccessful IVF cycles, the decision to 
terminate a pregnancy should be approached with cau-
tion. In this case, the biallelic variants inherited from the 
asymptomatic parents were consistent with a classical 
recessive inheritance pattern and were not present in the 
gnomAD database. In addition to the truncation variant, 
another conserved missense variant was predicted to be Ta
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deleterious by in silico tools and altered hydrogen bond-
ing with surrounding amino acids. Besides the function 
of the gene and the highest expression levels in the brain 
during the embryonic and fetal stages, these findings fur-
ther support the potential pathogenicity of the biallelic 
variants in CPLANE1 and strengthen the likelihood of 
the prenatal diagnosis of JS.

This report has several limitations. First, the absence of 
a postmortem examination made it impossible to deter-
mine whether this condition was OFD VI or JS-OFD, as 
there was no evidence of oral, facial, or hypothalamic 
hamartoma features. Second, further validation of gene 
expression patterns and molecular effects of variants in 
the prenatal diagnosis of VUS cases is needed in a larger 
cohort of fetal samples. Third, the functional conse-
quences of the variants were not investigated, which are 
essential for establishing a definitive prenatal diagnosis.

In conclusion, the expression patterns of CPLANE1 
across different organs and life stages, together with the 
molecular effects of the variants on protein structure, 
may provide further evidence supporting the potential 
for prenatal diagnosis of JS in the case of biallelic VUS 
and pathogenic variant. This study suggests that molecu-
lar insights may play a role in the interpretation of VUS 
in clinically relevant genes for prenatal cases.
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