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Ellis-van Creveld syndrome (EvC) is a chondral and ectodermal dysplasia caused by biallelic

mutations in the EVC, EVC2 and WDR35 genes. A proportion of cases with clinical diagnosis of

EvC, however, do not carry mutations in these genes. To identify the genetic cause of EvC in a

cohort of mutation-negative patients, exome sequencing was undertaken in a family with

3 affected members, and mutation scanning of a panel of clinically and functionally relevant

genes was performed in 24 additional subjects with features fitting/overlapping EvC. Com-

pound heterozygosity for the c.2T>C (p.Met1?) and c.662C>T (p.Thr221Ile) variants in DYN-

C2LI1, which encodes a component of the intraflagellar transport-related dynein-2 complex

previously found mutated in other short-rib thoracic dysplasias, was identified in the 3 affected

members of the first family. Targeted resequencing detected compound heterozygosity for the

same missense variant and a truncating change (p.Val141*) in 2 siblings with EvC from a sec-

ond family, while a newborn with a more severe phenotype carried 2 DYNC2LI1 truncating var-

iants. Our findings indicate that DYNC2LI1 mutations are associated with a wider clinical

spectrum than previously appreciated, including EvC, with the severity of the phenotype likely

depending on the extent of defective DYNC2LI1 function.
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1 | INTRODUCTION

Ellis-van Creveld syndrome (EvC; MIM 225500) is a rare autosomal

recessive chondral and ectodermal dysplasia with major features

including short ribs, short limbs, congenital heart defects, postaxial

polydactyly, and dysplastic teeth and nails.1,2 Cognitive and motor

development is normal. Heart defects occur in about 60% of affected

subjects, and include abnormalities of atrial septation (common
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atrium most commonly), atrioventricular canal defect, defects of the

mitral and tricuspid valves, patent ductus arteriosus, ventricular septal

defects, and hypoplastic left heart syndrome.3,4

EvC is caused by biallelic mutations in EVC (MIM 604831) or

EVC2 (MIM 607261).5–7 These genes encode transmembrane pro-

teins that localize to primary cilia and act downstream of the 7-

transmembrane protein smoothened (SMO; MIM 601500) to promote

hedgehog (Hh) signal transduction.8,9 Consistently, accumulating evi-

dence indicates that EvC is caused by impaired Hh signaling in cardiac,

skeletal and orofacial tissues during embryonic development.10

While the clinical features of patients with EvC appear to be sim-

ilar regardless of whether the disorder is caused by mutations affect-

ing EVC or EVC2,6,7 approximately 15% of individuals with clinical

diagnosis of EvC do not carry disease-causing variants in the 2 genes,

further supporting genetic heterogeneity.11 Consistent with this

observation, biallelic splicing variants in WDR35 (MIM 613602),

encoding retrograde intraflagellar transport protein 121, have

recently been causally linked to a distinctive form of EvC.12 WDR35

has been documented to be required for EVC/EVC2 recruitment into

the ciliary compartment, and proper cell response to Hh signals, pro-

viding further evidence for defective Hh signaling as the pathogenetic

mechanism underlying EvC.

Based on our previous finding that a significant proportion of

patients with a clinical diagnosis of EvC do not have mutations in any

of the identified disease genes,11,12 we performed whole-exome

sequencing (WES) in a family segregating EvC proved to be EVC/

EVC2/WDR35 mutation-negative, and analyzed a panel of candidate

genes by targeted resequencing in 24 additional subjects also molec-

ularly negative for known EvC genes, but diagnosed with EvC or hav-

ing features overlapping with this condition, to investigate further the

molecular genetics of this disorder. We report that a specific combi-

nation of variants in DYNC2LI1, a gene that had previously been

shown mutated in other short-rib thoracic dysplasias (SRTDs), includ-

ing Jeune syndrome, accounts for a small proportion of EvC cases.

Our findings suggest that the severity of the phenotype associated

with DYNC2LI1 mutations depend on the extent of defective DYN-

C2LI1 function.

2 | PATIENTS AND METHODS

2.1 | Patients

A cohort of 25 unrelated subjects with features fitting EvC or sug-

gestive for this disease were included in the study. Clinical assess-

ment was performed by experienced clinical geneticists, and all

subjects had previously been tested negative for mutations in the

EVC, EVC2 and WDR35 genes. In all subjects, chromosome and

high-resolution CGH array analysis excluded the occurrence of clini-

cally relevant CNVs. Clinical data and biological material collection,

use and storage were attained after written informed consent was

secured, in accordance with the ethical standards of the responsible

institutional committees on human experimentation. Written

informed consent was obtained from the parents for patients'

photos publication.

2.2 | Whole-exome sequencing

WES was performed in a single affected individual, BL1304-12 (V-2,

family 1), from a medium-sized family with 3 affected members having

clinical diagnosis of EvC (Figure 1 and Table 1). DNA was obtained from

leukocytes. Exome capture was carried out using Nextera rapid capture

v1.2 (Illumina, San Diego, CA), and sequencing was performed on a Next-

Seq 500 platform (Illumina). WES data were processed and analyzed

using an in-house implemented pipeline as previously described.13–16

Briefly, high-quality variants were filtered against public databases

(dbSNP147 and ExAC V.0.3) to retain novel and clinically associated var-

iants, and annotated variants with unknown frequency or having MAF

<0.1%, and occurring with a frequency <1% in an in-house database

including frequency data from approximately 800 population-matched

WES. SnpEff toolbox v.4.2 was used to predict the functional impact of

variants, which were filtered to retain only those located in exons with

any effect on the coding sequence, and splice site regions.17 Functional

annotation of variants was performed using SnpEff v.4.2 and dbNSFP

V.2.9,18 and their functional impact was analyzed by Combined Annota-

tion Dependent Depletion (CADD) v.1.3,19 and dbNSFP Support Vector

Machine (SVM) v.2.9.20 For sequencing statistics, see Table S1, Support-

ing Information. Validation of the DYNC2LI1 variants (NM_001193464.1)

and segregation analyses were performed by Sanger sequencing using

ABI BigDye Terminator Sequencing chemistry (Applied Biosystems, Fos-

ter City, CA) and an ABI 3500 Genetic Analyzer (Applied Biosystems).

2.3 | Targeted resequencing analysis

A custom HaloPlexHS target panel (Agilent, Santa Clara, CA) was

designed on RefSeq hg19 using the SureDesign tool (www.agilent.com/

genomics/suredesign) to capture all coding exons and intronic flanking

regions (�25 bp) of DYNC2LI1 and other 67 genes of interest (size of

target regions: 283.5 kbp; amplicons: 14 415; target coverage: 99.41%),

including genes mutated in ciliopathies with skeletal involvement or pri-

mary ciliary dyskinesia, or coding proteins functionally related to EVC,

EVC2 and DWR35 (Table S2). Sequence enrichment was performed

using a HaloPlexHS target enrichment kit (Agilent), and sequencing was

carried out on a MiSeq platform (Illumina) generating paired-end 150 bp

reads. Variant calling and data analyses used the Sure Call software

V.3.5.1.46 (Agilent). Validation of the DYNC2LI1 variants and segrega-

tion analyses were performed by Sanger sequencing as indicated above.

2.4 | mRNA studies

Total RNA was extracted from leukocytes of both parents of case

MGM14-1183 (family 3) using RNeasy Plus Mini kit (Qiagen, Hilden,

Germany). RNA was retro-transcribed (Superscript IV, Invitrogen,

Waltham, MA) using random hexamers, and the entire DYNC2LI1

coding sequence and 30 untranslated region (30-UTR) were analyzed

by Sanger sequencing.

3 | RESULTS

3.1 | Molecular analyses

Data analysis of the WES performed in subject BL1304-12 allowed

to identify 80 179 high-quality variants, of which 14 996 were
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predicted to have functional impact (missense, nonsense and frame-

shift changes, small indels, and splice site changes). Among the latter,

526 private, rare and clinically associated variants were retained for

further analysis (Table S1). Based on the occurrence of multiple

affected individuals in the family, autosomal recessive transmission

was considered as the most likely inheritance model. Filtering and pri-

oritization of the 11 genes with biallelic variants pointed out to DYN-

C2LI1 (dynein, cytoplasmic 2, and light intermediate chain 1; MIM

617083) as the most promising candidate gene for the disease. DYN-

C2LI1 encodes a component of the dynein-2 microtubule motor pro-

tein complex with a role in the retrograde transport of cargo in

primary cilia via the intraflagellar transport system. Compound heter-

ozygosity for the c.662C>T (p.Thr221Ile) and c.2T>C (p.Met1?) DYN-

C2LI1 variants was confirmed by Sanger sequencing, which also

proved their co-segregation with the disorder in the family

(Figure S1). The disruptive c.2T>C change had previously been

reported (rs200859699; total MAF < 0.0001, ExAC), while the mis-

sense substitution, c.662C>T, had been described as disease-causing

in a subject with a Jeune-like phenotype.21 None of the 2 variants

had previously been annotated in the available population-matched

in-house database (approximately 800 exomes), and both variants

were predicted to be damaging (Table 2).

To confirm the involvement of DYNC2LI1 mutations in EvC and

explore their prevalence in the disorder, 24 additional subjects with

clinical features fully or partially overlapping EvC were screened for

mutations in the entire coding sequence of DYNC2LI1 by parallel

sequencing. Besides DYNC2LI1, the panel included 67 genes that had

been considered as disease gene candidates for EvC being either

involved in primary ciliary dyskinesia or ciliopathies with skeletal

involvement, and/or functionally related to the previously identified

EvC genes. Biallelic variants in DYNC2LI1 were identified in 1 family

with 2 affected siblings (MGM03-0553 and MGM03-0552, family 2)

with clinical diagnosis of EvC, and in a sporadic case (MGM14-1183,

family 3) exhibiting a more severe phenotype (Figure 1 and Table 1).

MGM03-0553 and MGM03-0552 were heterozygous for a mater-

nally transmitted truncating variant (c.420delA, p.Val141*) and the

previously identified missense change, c.662C>T (p.Thr221Ile), which

was inherited from the father. MGM14-1183 was a compound heter-

ozygote for a frameshift change (c.123_124insA, p.Gly42Argfs*12)

and an intronic variant close to the exon 8 acceptor splice site

(c.658-11delT). The variants, which were either rare or private, were

validated by Sanger sequencing, and proved to co-segregate with dis-

ease (Table 2 and Figure S1). No gene with functionally relevant bial-

lelic variants or de novo changes was identified in the other subjects.

FIGURE 1 Family trees and clinical phenotype of the subjects with biallelic DYNC2LI1 mutations. A, Pedigrees of the 3 families included in the

study. B, Features of SC742D1 (24 years, female) (left panels, above) and BL1304-12 (4 years, male) (left panels, below) (family 1), MGM03-
0553 (13 years, male) (middle panels, above) and MGM03-0552 (20 days, female) (middle panels, below) (family 2), and MGM14-1183 (1 month,
female) (right panels) (family 3) are shown. Note the long and narrow chest, postaxial polydactyly of hands (surgically corrected in SC742D1 and
MGM03-0553) and feet, brachydactyly, dysplastic nails, and cleft lip
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To confirm pathogenicity of c.658-11delT, the functional impact

of the variant on DYNC2LI1 transcript processing was assessed. As

biological material of subject MGM14-1183 was not available for the

study, total RNA extracted from leukocytes of her parents was retro-

transcribed and used to scan the entire DYNC2LI1 coding sequence

and 30-UTR, demonstrating allele-specific transcript decay associated

with the c.658-11delT variant. Sequencing of the DYNC2LI1 cDNA in

both parents, identified 2 informative SNPs that served to document

loss of the maternal DYNC2LI1 mRNA transcribed from the allele con-

taining the splice site change, thus providing direct evidence for the

disruptive impact of the variant on transcript processing (Table S3).

3.2 | Clinical features of DYNC2LI1 mutation-
positive subjects

Clinical data of the 6 affected subjects are summarized in Table 1,

and are compared with the features characterizing EvC and Jeune

syndrome.

As anticipated, affected members in families 1 and 2 had features

within the clinical spectrum of EvC. In family 1, the phenotype of the

3 affected subjects was homogeneous. The 2 siblings, SC741D1 and

SC742D1, had previously been clinically described.22 The older sister,

SC742D1, was 42-year-old and exhibited postaxial polydactyly of

hands and left foot, brachydactyly, nail dysplasia, narrow thorax,

median cleft of upper lip, oral frenula, and absence of 2 lower molars.

Her 31-year-old sister, SC741D1, had signs of skeletal dysplasia

(elongated and narrow thorax, short ribs, highly positioned short cla-

vicles, congenital stenosis of the spinal canal with short pedicles,

wedging of the vertebral bodies at the thoracolumbar junction, bilat-

eral postaxial polydactyly of hands and feet), median notch of the

upper lip, oral frenula, and absence of a molar. In addition, she had a

partial atrioventricular canal defect with a common atrium. After sur-

gical correction of polydactyly and cardiac defect, she appeared in

good health with the exception of spinal disorders (disc herniation

operated at 24 years, and multiple intraspongious herniations) and

mild scoliosis; recently, she gave birth to a healthy child. The 4-year-

old relative, BL1304-12, showed macrocephaly, central cleft lip, gingi-

val frenula, hypodontia, narrow elongated thorax, mesomelic shorten-

ing of limbs, postaxial polydactyly of both hands, complete cutaneous

syndactyly between the second and third toes, nail dysplasia, and

horse-shoe kidneys. Of note, height was within the normal range in

all affected members of the family.

Similarly, MGM03-0553 (family 2), a 23-year-old male subject,

displayed short ribs and narrow thorax, short limbs, bilateral hand and

feet polydactyly, aortic coarctation, supernumerary teeth, oral frenula,

and stature within the normal range. His 16-year-old sister, MGM03-

0552, had comparable features, including mild narrow thorax, short

limbs, bilateral postaxial polydactyly of hands and feet, patent ductus

arteriosus, hypodontia, central cleft lip, and normal stature.

Subject MGM14-1183 (family 3), a female child of healthy par-

ents, showed a more severe condition, which was characterized by

prenatal and postnatal evidence of short limbs, bilateral postaxial pol-

ydactyly of hands and feet, severely narrowed thorax, and congenital

heart defect (hypoplastic left ventricle). The baby died in the first

month of life due to cardiorespiratory complications.

4 | DISCUSSION

Here, we report on the identification of biallelic DYNC2LI1 mutations

as the molecular event underlying EvC in 5 affected subjects from

2 unrelated families, and confirmed the severity of the clinical pheno-

type resulting from loss of DYNC2LI1 function in a sixth individual.

DYNC2LI1 is a widely expressed gene coding a component of the

intraflagellar transport-related dynein-2 complex, a machinery mediat-

ing retrograde traffic along the cilium, and whose function is required

for cilium assembly and function, including signal transduction.23 This

complex is composed of at least 5 components, including DYNC2H1

(MIM 603297), WDR34 (MIM 515633) and WDR60 (MIM 615462),

whose coding genes are mutated in SRTDs with or without polydac-

tyly.24 Among these disorders, features differentiating the individual

nosologic entities are the variable presence of craniofacial, ocular,

renal, hepatic and cardiac malformations. Of note, the severity of the

disease varies significantly among conditions, with a number of disor-

ders, including SRTD15 (MIM 617088) and Jeune syndrome (MIM

208500), being usually lethal due to the profound respiratory insuffi-

ciency occurring in the neonatal age. By contrast, this complication

generally does not occur in patients with EvC, who instead are dis-

tinctively characterized by extra-skeletal features, including cardiac,

genitourinary and ectodermal anomalies most commonly.

Biallelic inactivating mutations in DYNC2LI1 had previously been

identified as the cause of SRTD15 with 3 reported fetuses from

3 unrelated families identified by prenatal ultrasound showing shor-

tened long bones, postaxial polydactyly of the upper and lower extre-

mities, a long narrow thorax with very short horizontal ribs, irregular

metaphyseal borders with lateral spikes, without any significant

involvement of other tissues and organs (Table 1).25 Clinical features

of these cases were considered to be similar to those occurring in

SRTD3 (MIM 613091) and SRTD11 (MIM 615633), which are respec-

tively caused by mutations in the DYNC2H1 and WDR34 genes.26,27

Independently, compound heterozygous DYNC2LI1 mutations have

been reported in a single family with 3 affected siblings sharing fea-

tures suggestive of Jeune syndrome and clinically overlapping EvC

(Table 1).21 In the present series, almost 5 of 6 affected individuals

showed an apparent homogeneous, milder phenotype fitting EvC.

Shared/recurrent features in these patients included congenital heart

defect (particularly atrioventricular canal defect), median cleft lip with

multiple oral frenula, and ectodermal defects, all of which are typical

signs for EvC. In these subjects, chest narrowing was less evident

compared with that occurring in patients with Jeune syndrome. Con-

sistently, 4 subjects reached adulthood and none of them suffered

respiratory complications during infancy. In addition, polydactyly and

oral features, including oral fenula, cleft lip, hypodontia and abnormal

teeth, and ectodermal defects, such as dysplastic nails, do not usually

occur in Jeune syndrome.24 Overall, the clinical phenotype of

affected subjects from families 1 and 2 of this report strongly

resembled EvC, and comparison between these subjects and EVC/

EVC2 mutation-positive EvC cases did not reveal any significant dif-

ference in clinical features except for the stature that was observed

within the normal range in the 5 subjects with biallelic DYNC2LI1

mutations. Remarkably, besides the occurrence of a truncating
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mutation, the c.662C>T missense change was a common finding of

patients sharing the EvC phenotype, including the cases previously

reported by Kessler et al.21 The nucleotide substitution affects a

highly conserved threonine among vertebrate orthologues, and was

suggested to have a disruptive impact on nucleoside triphosphate

hydrolase function.21 Overall, this finding suggests that compound

heterozygosity for this specific missense change, which probably acts

as a hypomorphic mutation, can result in a variable clinical spectrum

having Jeune syndrome and EvC as recognized nosologic entities.

In conclusion, the present findings demonstrate that biallelic DYN-

C2LI1 mutations account for a small proportion of EvC. Together with

previously reported observations, these data also document that DYN-

C2LI1 mutations are associated with a wide phenotypic spectrum, and

suggest the presence of genotype-phenotype correlations, with the

c.662C>T being specifically associated with a distinctive form of EvC.

ACKNOWLEDGEMENTS

The authors wish to thank the subjects and families for participating

in the study. This work was supported, in part, by Fondazione Bam-

bino Gesù (“Vite coraggiose” and “CUoRE” to M.T.), and Italian Minis-

try of Health (Ricerca Corrente 2016 and 2017 to M.N., M.L.D.,

M.C.D. and A.D.L.).

Conflict of interest

The authors declare that they have no competing financial interests.

ORCID

M.L. Dentici http://orcid.org/0000-0002-9505-5906

M. Tartaglia http://orcid.org/0000-0001-7736-9672

REFERENCES

1. Ellis RWB, van Creveld S. A syndrome characterized by ectodermal
dysplasia, polydactyly, chondro-dysplasia and congenital morbus cor-
dis: report of three cases. Arch Dis Child. 1940;15:65-84.

2. Baujat G, Le Merrer M. Ellis-van Creveld syndrome. Orphanet J Rare
Dis. 2007;2:27.

3. Digilio MC, Marino B, Ammirati A, Borzaga U, Giannotti A,
Dallapiccola B. Cardiac malformations in patients with oral-facial-
skeletal syndromes: clinical similarities with heterotaxia. Am J Med
Genet. 1999;84:350-356.

4. Hills CB, Kochilas L, Schimmenti LA, Moller JH. Ellis-van Creveld syn-
drome and congenital heart defects: presentation of an additional
32 cases. Pediatr Cardiol. 2011;32:977-982.

5. Ruiz-Perez VL, Ide SE, Strom TM, et al. Mutations in a new gene in
Ellis-van Creveld syndrome and Weyers acrodental dysostosis. Nat
Genet. 2000;24:283-286.

6. GaldzickaM, Patnala S, HirshmanMG, et al. A newgene, EVC2, is mutated
in Ellis-van Creveld syndrome.Mol GenetMetab. 2002;77:291-295.

7. Ruiz-Perez VL, Tompson SW, Blair HJ, et al. Mutations in two non
homologous genes in a head-to-head configuration cause Ellis-van
Creveld syndrome. Am J Hum Genet. 2003;72:728-732.

8. Caparrós-Martín JA, Valencia M, Reytor E, et al. The ciliary Evc/Evc2
complex interacts with Smo and controls Hedgehog pathway activity
in chondrocytes by regulating Sufu/Gli3 dissociation and Gli3 traffick-
ing in primary cilia. Hum Mol Genet. 2013;22:124-139.

9. Blair HJ, Tompson S, Liu YN, et al. Evc2 is a positive modulator of
Hedgehog signalling that interacts with Evc at the cilia membrane and
is also found in the nucleus. BMC Biol. 2011;9:14.

10. Ruiz-Perez VL, Goodship JA. Ellis-van Creveld syndrome and Weyers
acrodental dysostosis are caused by cilia-mediated diminished
response to Hedgehog ligands. Am J Med Genet. 2009;151:341-351.

11. D'Asdia MC, Torrente I, Consoli F, et al. Novel and recurrent EVC and
EVC2 mutations in Ellis-van Creveld syndrome and Weyers acrofacial
dyostosis. Eur J Med Genet. 2013;56:80-87.

12. Caparrós-Martín JA, De Luca A, Cartault F, et al. Specific variants in
WDR35 cause a distinctive form of Ellis-van Creveld syndrome by
disrupting the recruitment of the EvC complex and SMO into the cil-
ium. Hum Mol Genet. 2015;24:4126-4137.

13. Kortüm F, Caputo V, Bauer CK, et al. Mutations in KCNH1 and
ATP6V1B2 cause Zimmermann-Laband syndrome. Nat Genet.
2015;47:661-667.

14. Niceta M, Stellacci E, Gripp KW, et al. Mutations impairing GSK3-
mediated MAF phosphorylation cause cataract, deafness, intellectual
disability, seizures, and a Down syndrome-like facies. Am J Hum
Genet. 2015;96:816-825.

15. Flex E, Niceta M, Cecchetti S, et al. Biallelic mutations in TBCD,
encoding the tubulin folding cofactor D, perturb microtubule dynam-
ics and cause early-onset encephalopathy. Am J Hum Genet.
2016;99:962-973.

16. Sferra A, Baillat G, Rizza T, et al. TBCE mutations cause early-onset
progressive encephalopathy with distal spinal muscular atrophy.
Am J Hum Genet. 2016;99:974-983.

17. Cingolani P, Platts A, Wang le L, et al. A program for annotating and
predicting the effects of single nucleotide polymorphisms, SnpEff:
SNPs in the genome of Drosophila melanogaster strain w1118; iso-2;
iso-3. Fly. 2012;6:80-92.

18. Liu X, Jian X, Boerwinkle E. dbNSFP v2.0: a database of human non-
synonymous SNVs and their functional predictions and annotations.
Hum Mutat. 2013;34:E2393-E2402.

19. Kircher M, Witten DM, Jain P, O'Roak BJ, Cooper GM, Shendure J. A
general framework for estimating the relative pathogenicity of human
genetic variants. Nat Genet. 2014;46:310-315.

20. Dong C, Wei P, Jian X, et al. Comparison and integration of deleter-
iousness prediction methods for nonsynonymous SNVs in whole
exome sequencing studies. Hum Mol Genet. 2015;24:2125-2137.

21. Kessler K, Wunderlich I, Thiel CT. DYNC2LI1 mutations broaden the
clinical spectrum of dynein-2 defects. Sci Rep. 2015;1:11649.

22. Digilio MC, Torrente I, Dallapiccola B. Ellis-van Creveld syndrome
with hydrometrocolpos is not linked to chromosome arm 4p or 20p.
Am J Med Genet A. 2004;126A:319-323.

23. Bisgrove BW, Yost HJ. The roles of cilia in developmental disorders
and disease. Development. 2006;133:4131-4143.

24. Schmidts M. Clinical genetics and pathobiology of ciliary chondrodys-
plasias. J Pediatr Genet. 2014;3:49-64.

25. Taylor SP, Dantas TJ, Duran I, Wu S, Lachman RS, Krakow D. Muta-
tions in DYNC2LI1 disrupt cilia function and cause short rib polydac-
tyly syndrome. Nat Commun. 2015;16:7092.

26. Merrill AE, Merriman B, Farrington-Rock C, et al. Ciliary abnormalities
due to defects in the retrograde transport protein DYNC2H1 in
short-rib polydactyly syndrome. Am J Hum Genet. 2009;84:542-549.

27. Huber C,Wu S, Kim AS, et al.WDR34mutations that cause short-rib pol-
ydactyly syndrome type III/severe asphyxiating thoracic dysplasia reveal
a role for the NF-κB pathway in cilia. Am J Hum Genet. 2013;93:926-931.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the sup-

porting information tab for this article.

How to cite this article: Niceta M, Margiotti K, Digilio MC,

et al. Biallelic mutations in DYNC2LI1 are a rare cause of Ellis-

van Creveld syndrome. Clin Genet. 2018;93:632–639. https://

doi.org/10.1111/cge.13128

NICETA ET AL. 639

http://orcid.org/0000-0002-9505-5906
http://orcid.org/0000-0002-9505-5906
http://orcid.org/0000-0001-7736-9672
http://orcid.org/0000-0001-7736-9672
https://doi.org/10.1111/cge.13128
https://doi.org/10.1111/cge.13128

	 Biallelic mutations in DYNC2LI1 are a rare cause of Ellis-van Creveld syndrome
	1  INTRODUCTION
	2  PATIENTS AND METHODS
	2.1  Patients
	2.2  Whole-exome sequencing
	2.3  Targeted resequencing analysis
	2.4  mRNA studies

	3  RESULTS
	3.1  Molecular analyses
	3.2  Clinical features of DYNC2LI1 mutation-positive subjects

	4  DISCUSSION
	  ACKNOWLEDGEMENTS
	  Conflict of interest

	  REFERENCES


