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Exome sequencing reveals a novel nonsense mutation
of GLI3 in a Chinese family with ‘non-syndromic’
pre-axial polydactyly

Ying Xiang1,3, Zhigang Wang2,3, Jingxia Bian2, Yunlan Xu2 and Qihua Fu1

Polydactyly is a clinically and genetically heterogeneous disorder. In the current report, we present a five-generation Chinese

family with non-syndromic pre-axial polydactyly with thumb polydactyly (pre-axial polydactyly type I (PPD-I)) as a major clinical

feature. Using whole-exome sequencing (WES), a novel nonsense mutation c.714T4A (p.Y238*) of the glioma-associated

oncogene family zinc-finger 3 gene (GLI3) was identified as the pathogenic mutation for this family. Our study has, for the first

time, suggested the possible contribution of GLI3 in the patheogenesis of PPD-I, and demonstrated that WES provided an

applicable diagnostic tool for identifying mutations in disorders with highly genetical heterogeneity such as polydactyly.
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INTRODUCTION

Polydactyly is the most common digital malformation, which is
characterized by whole or partial duplication of one or multiple
digits.1 Digit duplication of polydactyly could be classified into two
categories based on the location as follows: pre-axial (radial side)
polydactyly with an extra thumb or hallux malformation, and
post-axial (ulnar side) polydactyly with an extra little finger or
toe.2,3 Polydactyly is mostly inherited in an autosomal dominant
manner,4 and over a 100 genes have been identified to be associated
with human polydactyly.1,5–9

In the current report, we undertook a clinical and genetic study of a
Chinese family with non-syndromic bilateral pre-axial polydactyly
(Supplementary Table 1) and identified a heterozygous nonsense
mutation (c.714T4A /p.Y238*) of GLI3 gene as the putative disease-
causing mutation. Such mutation was validated as co-segregated in
this family by Sanger sequencing.
Our study demonstrated that WES provided a fast, accurate and

cost-effective molecular diagnostic tool for identifying mutations
in highly genetically heterogenous disorders, and broadened the
phenotypic spectrum of GLI3 mutations.

PATIENTS AND METHODS

Members of a five-generation Chinese family with digit duplication of
polydactyly were recruited with written consents, and the study was
reviewed and approved by the ethics committee of Shanghai
Children’s Medical Center.

For all affected individuals in this family, the phenotypes were
obtained on the basis of orthopedists’ diagnoses and the proband’s
grandmother’s statements (Figure 1, Supplementary Table 1). A
complete medical history was obtained, and a thorough physical
examination was performed for all the participants in this study.
Patients’ hands, feet and head were radiographed. Measurements
included occipitofrontal (head) circumference, head shape, facial
dysmorphism, brain imaging, inter-pupillary distance, inner-canthal
distance, height or limb length, genitalia, anus and throat (epiglottis)
were also examined in order to exclude other congenital
malformations.
According to the Temtamy–McKusick classification,10 the major

manifestation of the affected individuals in this family was pre-axial
polydactyly type I (PPD-I; Supplementary Table 1). The propositus
had bilateral PPD-I in both feet, and bilateral pre-axial polydactyly
with incomplete syndactyly in both thumbs. The whole-exome
sequencing (WES) was conducted to identify the pathogenic muta-
tion(s), following experimental procedures and bioinformatics analysis
pipelines described previously.11,12 The findings of WES were validated
by Sanger sequencing.

RESULTS

The propositus was a 5-year-old child of a non-consanguineous
parents, who had a symmetrical head with normal circumference
(47.0 cm, normal range: 46.2–49.0 cm). The head circumference
of all other family members studied was within normal range
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Figure 1 (a) Pedigree of a Chinese family with complex digital anomalies. Squares and circles denote males and females. Filled shapes indicate affected
members. Individuals labeled with a solidus are deceased. An arrow denotes the proband. Members marked with * were participants in this study. (b) Clinical
features of the proband (V-1). (c) Clinical features of the patient (III-2). (d) Clinical features of the patient (IV-2). A full color version of this figure is available
at the Journal of Human Genetics journal online.
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(adult male: 56.1–59.2 cm; adult female: 54.0–56.9 cm). The physio-
logical and intellectual development of all family members in this
study was also normal. Except thumb polydactyly, no other abnorm-
ality was observed in this family. The diagnosis of non-syndromic pre-
axial polydactyly (PPD-I) was established based on the symptoms and
physical examination, imaging studies and exclusion of differential
diagnosis, such as Pallister–Hall syndrome, Greig Cephalopolysyndac-
tyly syndrome and Acrocallosal syndrome.
Among genetic variances detected by WES (Supplementary

Table 2), there was a novel heterozygous mutation (c.714T4A,
p.Y238*, Figure 2) in exon 6 of GLI3. Sanger sequencing was
performed to validate the novel mutation in the family. As shown
in Figure 2, this mutation co-segregated with the polydactyly
phenotype in this family.

DISCUSSION

Polydactyly exhibits various clinical presentations and can be caused
by mutations of over a 100 genes. The correlations between pathogenic
genetic changes and polydactyly phenotypes have not been fully
established. Therefore, it would be impractical to identify pathogenic
mutation(s) using Sanger sequencing for a given case of polydactyly.
The WES, due to its high efficiency, accurateness and cost-effectiveness
in exome scanning, has become an ideal approach for patients with
polydactyly to identify disease-causing mutations.
GLI3 protein has been shown to be associated with five distinct

types of polydactyly disorders. Three of them are syndromes with
polydactyly as a significant feature.9,13,14 Another two types are
non-syndromic: post-axial polydactyly type A/B (PAP-A/B)15 and
PPD-IV.16 In a previous work, three de novo mutations of GLI3 were
identified in post-axial polydactyly cases, which were pathogenic given
their loss of function impact on protein.17 In our present work, we
identified a GLI3 mutation (p.Y238*) using WES analysis in a Chinese
family with PPD-I, and to our knowledge, it is for the first time that
GLI3 mutations has been linked to the pathogenesis of PPD-I. The
genotype–phenotype correlation between the novel GLI3 mutation of

c.714T4A (p.Y238*) and PPD-I phenotype expanded the phenotypic
spectrum of GLI3 mutations.18–20

In conclusion, a novel GLI3 mutation c.714T4A (p.Y238*) was
identified in a Chinese family with pre-axial polydactyly. Our results
broadened the phenotypic spectrum of GLI3 mutations and
demonstrated the feasibility of WES in clinical application of
molecular diagnosis.
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