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Abstract: Objective: To investigate the feasibility of whole exome sequencing (WES) and whole genome re-sequenc-
ing (WGS) in the prenatal diagnosis of achondroplasia (ACH). Methods: Eleven highly suspected with ACH or hypo-
chondroplasia (HCH) fetuses and their parents were enrolled in this study. Routine prenatal examinations were 
carried out in all pregnant women. WGS was performed for the detection of copy number variation (CNV). WES was 
conducted to determine the mutation of fibroblast growth factor receptor 3 (FGFR3) gene in one special family with 
rickets and dwarfism. Moreover, all subjects were performed Sanger sequencing for the screening of high frequent 
mutation sites in FGFR3 gene. Results: For ultrasound (US) examination, short femur was noted in all fetuses with 
FL less than 4SD and 2SD in 8 cases and one case compared with those of normal gestational weeks, respectively. 
CNV abnormality was identified in 5 cases, including heterozygous deletion in 4 cases and heterozygous duplica-
tion in one case. Among these variation, one case was acknowledged to be pathogenic, one case was identified as 
genomic polymorphism, while the pathogenicity remained unknown in other 3 cases. For the exome and Sanger 
sequencing, heterozygous mutation p.Tyr278Cys (833A>G) was noted in the fetus and husband of the special fam-
ily, while homozygous c.1959+19G>A mutation was identified in another case. Conclusion: Multiple sequencing 
technologies may provide an additional diagnostic tool and facilitates genetic counseling in the patients with ACH. 
Further improvement of gene sequencing should be done in the prenatal diagnosis for the mutant screening in other 
genes.   

Key words: Achondroplasia, hypochondroplasia, whole genome re-sequencing, whole-exome sequencing, sanger 
sequencing   

Introduction

Achondroplasia (ACH) is the most frequently 
encountered type of genetic dwarfism, with a 
prevalence of 1/30,000 to 1/20,000 in live-
born infants [1]. It is a skeletal disorder with an 
autosomal dominant inheritance and full pene-
trance even if approximately 85% of cases are 
sporadic with new dominant mutation [2]. ACH 
is characterized by disproportionate short stat-
ure and other skeletal abnormalities resulting 
from a defective gene encoding for fibroblast 
growth factor receptor 3 (FGFR3). The vast 
majority of ACH cases are caused by the unique 
amino acid substitution of G380R as the result 
of G to A transition (97%) and G to C transition 
(3%) at cDNA position 1138 [3].

Hypochondroplasia (HCH) is a type of skeletal 
abnormality with similar inherited fashion and 

clinical manifestations of ACH. It is acknowl-
edged as the mildest phenotype among FGFR3-
related skeletal dysplasia [4]. The pathogenesis 
of HCH is usually associated with the gain-of-
function mutation via ligand-independent acti-
vation of FGFR3 [5, 6]. Currently, several types 
of FGFR3 gene mutation have been identified, 
among which p.N540K substitution is the most 
common type accounting for about 70% of HCH 
cases [7]. Thus, it is reasonable to speculate 
that mutation of FGFR3 may be applicable in 
the diagnosis and identification of ACH and 
HCH.      

To date, the outcome of clinical diagnosis of 
fetuses with growth failure of extremities is not 
satisfactory. Genetic analysis is considered as 
the optimal alternative responsible for the diag-
nosis of ACH or HCH, which is particularly impor-
tant in the prenatal screening. Nowadays, 
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extensive studies have been conducted on the 
screening of genetic diseases using the appli-
cation of generation sequencing technologies 
[8, 9]. Whole-exome sequencing (WES) and 
whole-genome sequencing (WGS) have shown 
considerable potential in the identification of 
genetic mutation of these diseases [7, 10]. In 
addition, Sanger sequencing is generally used 
for the mutations of suspected patients with 
ACH or HCH under the condition of uncertain 
clinical diagnosis [11]. 

In this study, 11 fetuses diagnosed as ACH or 
HCH was recruited based on clinical and ultra-
sonic findings. WGS was performed for the 
detection of copy number variation (CNV). WES 
was conducted to detect the potential variants 
of FGFR3 in one special family. Furthermore, 
Sanger sequencing was further carried out for 
screening high frequent mutation sites in 
FGFR3 gene, based on which to provide multi-
ple sequencing approaches for the effective 
diagnosis in fetuses with ACH. 

Materials and methods

Subjects

Fetuses and their parents highly suspected 
with ACH or HCH presented to our department 
between January 2012 and January 2015 were 
enrolled in this study. Eligibility with ultrasound 
(US) test was as follows: (i) fetuses with femur 
length (FL) of less than 4 standard deviations 
(SDs) compared with those of normal gesta-
tional weeks; (ii) the ratio of FL to abdominal 
circumference (AC) was lower than 0.16; (iii) 
angular deformities in femur with or without 
other skeletons. The diagnosis of ACH or HCH 
was finally established according to the neona-
tal examination or pathological autopsy. Written 
informed consent was obtained from each 
patient. The study was carried out with the 
approval from the Ethics Committee of Beijing 
Obstetrics and Gynecology Hospital, Capital 
Medical University.   

Sample collection

Peripheral venous blood (2~3 mL) was collect-
ed from all couples using EDTA anticoagulant 
tubes. Genomic DNA was extracted from blood 
using DNeasy Blood & Tissue Kit (Qiagen, 
Hilden, Germany), strictly adhering to the manu-
facture’s instructions. 

The samples of amniotic fluid (5 mL) and/or 
umbilical cord blood were obtained from fetus-
es by amniocentesis and cordocentesis. 
Genomic DNA was extracted by QIAamp Blood 
Mini kit (Qiagen, Hilden, Germany) following  
the manufacturer’s protocol for the further 
research. 

Multiple prenatal examination 

All pregnant women received routine obstetric 
examinations, including ultrasound nuchal 
translucency (NT) screening at 11~14 weeks of 
gestation, Down’s syndrome screening or non-
invasive DNA testing at 16~20 weeks, exclu-
sion of malformations at 18~22 and 28~32 
weeks. Furthermore, the special couple with 
rickets (wife) and dwarfism (husband) were car-
ried out chromosome analysis.    

CNV-seq 

Genomic DNA (50 ng) was randomly fragment-
ed and ligated to special sequencing adaptors. 
One paired-end library with about 200 bp insert 
size was generated. DNA sequencing was per-
formed on one lane of HiSeq2500 platform 
(Illumina, San Diego, CA) and about 5 M 100 bp 
paired-ends reads were generated. The reads 
were mapped on the human genome version 
19 reference genome with  described previous-
ly method.

Exome sequencing

Genomic DNA (5 μg) was fragmented to 200 bp 
with ultrasound treatment (Covaris, Inc., 
Woburn, MA). Special adaptor ligation was con-
ducted followed by blunt end. An initial library 
with 300-bp was generated after ligation-medi-
ated (LM-PCR) procedure was performed for 
amplification of the above detected DNA seg-
ments. Afterwards, DNA hybridization was con-
ducted at 65°C overnight with Agilent 
SureSelect Target Enrichment Kit (Agilent, 
California, USA). The captured DNA hybrids 
were recovered using Dynal Dynabeads MyOne 
Streptavidin T1 (Invitrogen/Life Technologies, 
Grand Island, NY, USA). Resultant library of 
exon capture was generated with the Kapa 
SYBR fast qPCR kit (Kapa Biosystems, Woburn, 
MA) followed by LM-PCR. Exome sequencing 
was conducted with Illumina HiSeq2500 with 
300-bp paired-end reads. Sequence reads 
were aligned to the human reference genome 
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with BWA [12] and variants were called with 
SAM tools [13].  

Sanger sequencing 

Mutation analysis was performed with Sanger 
sequencing on an affected fetuses and on both 
parents. A set of intronic primers was designed 
based on the genomic sequence of the FGFR3 
gene and used to amplify all exons of FGFR3 
(primer sequences and PCR conditions were 
available in Table 1). Genomic DNA was ampli-
fied with AmpliTaq Gold®360 Master Mix 
(Applied Biosystems, Carlsbad, CA) on a 
StepOne Plus system. PCR reactions were per-
formed in a total of 50 µl containing 25 μL 
Gold® 360 Master Mix, 1 µL each specific 
primer to a final concentration of 10 µM, and 2 
µL cDNA template. PCR was performed under 
the following conditions: pre-denaturation at 
95°C for 10 min, followed by 30 cycles of dena-
turation at 95°C for 30 s, annealing at 55°C for 
30 s, and extension at 72°C for 30 s with 5 min 
final extension at 72°C and a 4°C hold. 
Amplified PCR products were purified with gel 
purification kit (Qiagen, Hilden, Germany) and 
sequenced by the Sanger sequencing method 
(Invitrogen, Inc., Carlsbad, CA). DNA sequence 
was analyzed using DNAStar.Lasergene.v7.1 
software (Madison, WI, USA).    

Results

Study population

A total of 11 pregnant women were recruited in 
this study including primipara and multipara.  
The mean age in this cohort was 26±3 years. 
Among multiparous patients, one case under-
went labor induction at 26 weeks of gestation 
as a result of cardiac malformation. All preg-
nant women denied illegal drug use, smoking, 
alcohol abuse and the history of consanguine-
ous marriage. One couple (No. 9) enrolled in 
this cohort was special with the prominent skel-
etal lesions manifested as rickets of wife 
(height: 125 cm) and dwarfism of husband 
(height: 128 cm). The same clinical manifesta-
tions were not noted in other members of their 
families.    

Perinatal autopsy

Ten couples decided to terminate pregnancy by 
the means of labor induction, while one case 
delivered after full term pregnancy by cesarean 
section. A total of 9 cases (4 males and 5 
females) were finally diagnosed as ACH, includ-
ing 8 abortus with autopsy pathology and the 
newborn of term delivery manifested as 
enlarged head, frontal bossing, short limbs and 
stubby fingers.   

Table 1. Specific primers of all exons of FGFR3
Primer 
name Primer sequence Annealing 

temperature
Coverage area of  

Primers High frequency mutation site 

FGFR3_E1F ACCGTCCCCCACTGGCT 60.2°C exon1, exon2 No
FGFR3_E1R CGTGCCTAGTGGGTCCCTT 59.7°C
FGFR3_E2F CCGCCGAGGCTTCCACT 61.4°C exon3, exon4 No
FGFR3_E2R GGCATCTAGAGCCATGTCAGTG 59.7°C
FGFR3_E3F GTCATGGCCTTCACACGC 57.2°C exon5, exon6, exon7 No
FGFR3_E3R ACCCAAATCCTCACGCAAC 57.9°C
FGFR3_E4F GAGACGTGCATCCTGTGAAACC 61.8°C exon8 No
FGFR3_E4R TCCACCGGCGAGTCCTCT 60.8°C
FGFR3_E5F CGCTCGCCTATCGCTCT 56.9°C exon9 No
FGFR3_E5R CTTGTCTGGAGGGTCTCGC 57.5°C
FGFR3_E6F GCCTCAACGCCCATGTCT 58.6°C exon10, exon11 FGFR3 Gly380Arg (1138G>A/C)
FGFR3_E6R AACATCCGCCACATCCCT 57.8°C
FGFR3_E7F CGAGTTTGCACACTCATGGTC 58.6°C exon12, exon13, exon14 FGFR3 N540K(1620C>A/G)
FGFR3_E7R TCCACCTCTCCCCGCTG 59.3°C
FGFR3_E8F GGGAGAGGTGGAGAGGCTTC 59.9°C exon15, exon16, exon17 FGFR3 Lys650Gln (1949A>C) 

and Lys650Asn (1950G>T/C)FGFR3_E8R CGCCTTATTCGGGAACAGC 60.6°C
FGFR3_E9F GGCTGTTCCCGAATAAGGC 59.6°C exon18, exon19 No
FGFR3_E9R CACCAGTCAGGAGACCGTTG 58.3°C
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Typical clinical features of ACH were noted in 
the autopsy reports of all fetuses such as sad-
dle nose, narrow thoracic cage accompanied by 
beaded rib. Among the 9 fetuses with ACH, 3 
cases displayed lateral ventriculomegaly, one 
case exhibited deformities with the manifesta-

tion of urinary tract obstruction and polydactyl-
ia, and one case manifested deficiency in cervi-
cal vertebra. Moreover, slight broadening in 
femoral metaphysis and mild bend in femur 
was identified with X-ray examination. His- 
tological examination indicated that chondro-

Table 2. US examination and autopsy findings in fetuses with ACH
Case No. Gender GA BPD HC AC FL FL/AC AFI BUS Autopsy findings
1 (MX) Female 23 5.74 20.27 17.49 2.36 0.135 16.6

he fetus was considered as ACH with 
narrow thora24 5.6 20.3 19.0 2.4 0.13 20 FL/foot length = 0.68, defi-

ciency in cervical vertebra

2 (PY) Male 24 6.8 23.7 21.4 1.9 0.09 The fetus exhibited narrow tho-
racic cage, dumbbell-shaped 
femur in limbs; humerus 
length (HL) was 1.9 cm

Autopsy indicated the fetus was ACH 
with narrow thoracic cage, beaded 
and valgus rib, and dorsal and anteri-
or horn dilatation in bilateral cerebral 
ventricles (diameter was 2 cm and 1.5 
cm, respectively).The bilateral femur 
with arc-shaped bent by 1.5 cm. HL 
was 1.7 cm

3 (DC) Male 23 5.3 18.8 15.9 1.3 0.08 US indicated the fetus was 
surrounded with deficient 
amniotic fluid accompanied 
by bilateral hydronephrosis 
(urinary tract obstruction)

The fetus exhibited ACH with the 
manifestation of polydactylia and 
urinary tract obstruction

4 (WX) Male 19 4.9 17.5 15.3 1.7 0.11 16.5 Femur bent angle, tibia 
length was 1.2 cm, humerus 
bent angle with the length of 
1.5cm, foot length was 3.0 
cm, FL/foot length =0.57

ACH

5 (WY) Female 22 4.8 20.6 16.3 1.6 0.1 The fetus displayed narrow 
thoracic cage, short and 
dumbbell-shaped femur in 
limbs with enhanced echo. HL 
was 1.3 cm

ACH

6 (ZQ) Female 22 6.2 22.1 19.2 1.9 0.1 US showed that the fetus 
exhibited narrow thoracic 
cage, arc-shaped femur with 
enhanced echo, short limbs 
with the high suspicion of 
ACH. Choroid plexus cyst was 
noted in the left of anatomical 
structure

The autopsy indicated the fetus was 
congenital ACH with dorsal horn 
dilatation in bilateral cerebral ven-
tricles (diameter was 1.5 cm). Bony 
abnormality and mild broadening with 
arc-shaped was noted in proximal 
humeru with X-ray test

7 (WZ) Female 26+ 7.0 25.4 21.8 3.1 0.14 35.1 HL was 3.7 cm, Foot length 
was 4.1 cm, FL/foot length 
was 0.76

The fetus was considered as ACH 
with dorsal horn dilatation in bilateral 
cerebral ventricles (diameter was 1.6 
cm). Amniotic fluid assay indicated 
chromosome polymorphism (46XN, 9 
qh+). Short femur and slight broaden-
ing in femoral metaphysis was noted 
with X-ray examination

8 (ZX) Male 24 3.8 17 17.2 1.8 0.1 5.7 Short limbs, narrow thoracic 
cage, pericardial effusion

ACH

9 (LX) Female 22 5.7 21.4 18.7 3.4 0.18 Short limbs The fetus was born by cesarean sec-
tion delivery after 38 weeks gestation 
with the body length of 42 cm and 
2340 g weight

26 6.8 25 21.2 4.0 0.19 22

30 8.0 29 25.8 4.0 0.16 24

32 8.8 29.9 27.4 4.1 0.15

35 9.1 31.1 28.3 4.3 0.15 19.8

37 9.1 32.4 30.0 4.7
BPD, biparietal diameter; HC, head circumference; AFI, amniotic fluid index; BUS, B ultrasound.
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cytes partially distributed in line in the junction 
between bone and cartilage. Proliferative 
chrondrocytes with large nucleus and deep 
stain were noted in tubular bone. Capillary pro-
liferation was noted accompanied by irregular 
extension. 

Prenatal and US examination 

Table 1 summarized the results of prenatal and 
US examination. For the 9 fetuses with ACH, 
the routine deformed screening showed that 2 
cases were normal in amniotic fluid test, one 
case exhibited high risk of Down’s syndrome, 
together with the chromosome polymorphism 
(46XN, 9qh+) in amniotic fluid assay. No abnor-
mality was noted in the non-invasive DNA test 
of 4 cases and NT screening of all cases. 
Notably, no abnormality was revealed in the 
chromosome of the special couple with rickets 
and dwarfism.

For US examination, short femur was noted in 
all fetuses with FL less than 4SD and 2SD in 8 
cases and one case compared with those of 
normal gestational weeks, respectively. Four 
cases displayed narrow thoracic cage, and 3 
cases were lateral ventriculomegaly. Two cases 
were surrounded with excessive amniotic fluid, 
while one case grew in an abnormal condition 
with deficient amniotic fluid accompanied by 
deformity of urinary tract obstruction. Abnormal 
FL/AC was noted in all fetuses with the ratio 
less than 0.16. Furthermore, the foot lengths of 
3 cases were determined with the ratio of FL/
foot length of 0.68, 0.57 and 0.76.  

CNV and FGFR3 mutation

Table 2 showed the CNV and FGFR mutation of 
fetuses with ACH and their parents. After the 
detection of CNV, variation was noted in 5 
cases including heterozygous deletion in 4 
cases and heterozygous duplication in one 
case. For the cases with heterozygous deletion, 
gene sequencing identified a pathogenic inter-
stitial loss at chr6: 144140001-149040000. 
Two cases with the homogeneous genome-
abnormality were revealed at chr8: 19420001-
19540000) and chr11: 48560001-49160000, 
while the mutation of another case mapped on 
chr1: 189340001-189540000 indicated as 
genomic polymorphism in the database of 
genomic variants (DGV). Meanwhile, one case 
with heterozygous duplication was identified at 

chr17: 10900001-12340000 with unknown 
pathogenicity, and chr22: 25660001-259200- 
00 with well matching of genomic polymor-
phism from DGV.           

WES was performed in the special couple con-
sidering the typical symptoms and normal 
genomic array. The results indicated that het-
erozygous c.833A>G transversion resulted in 
Tyr278Cys mutation in the FGFR3 protein in the 
husband and the fetus. However, no mutation 
was identified in the high frequency mutation 
sites of ACH such as Gly380Arg (1138G>A/C), 
and HCH including N540K (1620C>A/G), 
Lys650Gln (1949A>C) and Lys650Asn (1950G> 
T/C). Consistently, the presence of the mis-
sense mutation was confirmed with the Sanger 
sequencing in this family. Furthermore, Sanger 
sequencing identified a homozygous 1959+ 
19G>A mutation in FGFR3 gene of one family  
(Table 3). 

Discussion 

ACH is the most common type of congenital 
short-limbed dwarfing in human beings, affect-
ing more than 250000 individuals worldwide 
[14]. It is inherited in an autosomal dominant 
manner with 100% penetrance as the conse-
quence of impaired endochondral ossification. 
The diagnosis can usually be made on the basis 
of clinical features and specific findings on 
radiographs, including short limbs, macroceph-
aly, prominent forehead, non-straight elbow 
joint, O-shaped curvature of the legs, short rib 
and sternum, narrow thoracic cage, trident 
hands, shortening of the pedicles of the verte-
brae and rhizomelic (proximal) shortening of 
the long bones [15, 16]. 

FGFR3, a tyrosine kinase receptor, playing a 
critical role in the development of bone outside 
the nervous system [17]. Among the known 
mutations of this gene, it has been document-
ed that 97% of patients with ACH are associat-
ed with the c.1138 G>A mutation of codon 380 
of the FGFR3 gene [18]. Moreover, FGFR3 is 
acknowledged as the only gene responsible for 
HCH. Approximately 70% of individuals affected 
with HCH exert a heterozygous mutation in 
FGFR3 [19]. The most common mutation asso-
ciated with HCH is the lysine-for-asparagine 
substitution at codon 540 (p.N540K). Apart 
from the p.N540K substitution, several kinds 
of pathogenic amino acid variations are prone 
to develop HCH including pN540T, p.K650Q, 
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Table 3. CNV and FGFR3 mutation in patients with ACH 

Case 
No.

Sample CNV
Sanger sequencing of FGFR3

High frequency mutation site 
(G380R/N540K/K650Q/K650N)

Other mutation sites

1 Xin Ma-cord blood chr6: (144140001-149040000) ×1, 
heterozygous deletion

None

Xin Ma-husband chr6: (144140001-149100000) ×1, 
heterozygous deletion

None

Xin Ma None None

2 Yan Peng- cord blood chr17: (10900001-12340000) ×3 None FGFR3 1959+19G>A 
homozygous mutationchr22: (25660001-25920000) ×3

Yan Peng-husband chr17: none None FGFR3 1959+19G>A 
homozygous mutationchr22: (25700001-25920000) ×3

Yan Peng chr17: (10900001-12340000) ×3 None FGFR3 1959+19G>A 
homozygous mutationchr22: none

3 Hongyu-Wang-cord blood chr8: (19420001-19540000) ×1, 
heterozygous deletion

None None

Hongyu-Wang-huaband chr8: none None None
Hongyu-Wang chr8: (19420001-19560000) ×1, 

heterozygous deletion
None None

4 Guifeng-Chen-cord blood chr1: (189340001-189540000) ×1, 
heterozygous deletion

None None

Guifeng-Chen-husband None None None
Guifeng-Chen chr1: (189340001-189540000) ×1, 

heterozygous deletion
None None

5 Cong Ding-cord blood None None None
Cong Ding-husband None None None
Cong Ding- None None None

6 Xue Wang-cord blood chr11: (48560001-49160000) ×1, 
heterozygous deletion

None None

Xue Wang-husband chr11: (55360001-55460000) ×1, 
heterozygous deletion

None None

Xue Wang None None None
7 Yi Wang-cord blood Not available None None

Yi Wang-husband None None None
Yi Wang None None None

8 Qiuxia-Zhou-husband None None None
Qiuxia-Zhou-cord blood None None None
Qiuxia-Zhou None None None

9 Zhongbin-Wei-husband None None None
Zhongbin-Wei-cord blood None None None
Zhongbin-Wei None None None

10 Xiaolei-Zhang-huaband None None None
Xiaolei-Zhang-cord blood None None None
Xiaolei-Zhang None None None

11 Xiaohua-Li None None None
Xiaohua-Li-husband None None Tyr278Cys (833A>G) 

heterozygous mutation
Xiaohua-Li-newborn None None Tyr278Cys (833A>G) 

heterozygous mutation

p.N328I, p.N540S and p.K650N [20, 21]. 
Therefore, the identification of FGFR3 mutation 

is thus important in the early diagnosis of this 
type of diseases. 
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The diagnosis of ACH in the fetus is frequently 
made involving in one or both parents with the 
same condition. More often, diagnosis of ACH 
is first suspected late in gestation based on the 
short long bone by US examination [16]. Most 
common US findings observed in ACH are cra-
niofacial abnormalities and rhizomelic shorten-
ing of the limbs. Nevertheless, femur length is 
considered as the best parameter for the dis-
tinction of various skeletal dysplasia. Mean- 
while, the ratio of FL to foot length is thus 
important since the ratio in fetus with ACH 
(<0.87) is lower than those of normal fetuses 
with constant value (close to 0.99) during the 
gestation weeks of 14~40. FL/AC plays a cru-
cial role to distinguish nonlethal dwarfism 
(>0.16) and lethal dwarfism (<0.16) [22]. In our 
study, 11 fetuses highly suspected ACH fetuses 
with ultrasonography were enrolled in this 
study, and the diagnosis was finally established 
on the basis of autopsy and X-ray findings. For 
US examination, the index of FL<4SDs and FL/
AC<0.16 were responsible for the identification 
of ACH fetuses in perinatal period. The diagnos-
tic yield was up to 81.8%. Particularly, over-
whelming diagnostic rate of ACH (77.8%) was 
achieved with the parameter of FL<4SDs, sug-
gesting a considerable reference value in clini-
cal application. Furthermore, lateral ventriculo-
megaly was identified in 33% cases by the 
means of ultrasonic and pathological findings, 
which may be a useful indictor for further 
research of brain development in fetuses with 
ACH. 

CNV refers to a type of intermediate-scale 
structure variation (SV) with copy number 
changes involving a DNA fragment with the size 
of 1 kb~5 Mb [23]. It is a prevalent form of criti-
cal genetic variation covering approximately 
12% of the human genome [24]. CNV regions 
provide wider coverage of nucleotide content 
per genome compared with that of single nucle-
otide polymorphisms (SNPs) [24]. Currently, 
genetic testing has received considerable 
attention in the identification of ACH since pre-
cise diagnosis of skeletal dysplasia by US is dif-
ficult. Over the last few years, genetic sequenc-
ing technology has evolved into a promising 
approach for the detection of CNV by producing 
hundreds of millions of short reads in a single 
run [25]. In this study, WGS was conducted to 
detect CNV for all families with highly suspect-
ed ACH. Compared with karyotype analysis, 

WGS can precisely detect CNV calls of those 
with small size (about 100 kb). On one side, 
WGS is more superior to identify and target 
mutation for the deletion or duplication at the 
sub-chromosomal level. On the other side, it 
may contribute to the application of precise 
method once WGS is failed to identify varia-
tions. In our study, a total of 5 cases were iden-
tified as variations involving heterozygous dele-
tion (4 cases) and heterozygous duplication (1 
case). For the cases with heterozygous dele-
tion, the deletion at chromosome 6 (chr6: 
144140001-149040000) was acknowledged 
as pathogenic loss, which was reported previ-
ously in a patient with neurodevelopmental 
delay and peculiar facial features [26]. One 
deletion at chromosome 1 was well matched 
with genomic polymorphism from DGV, while 
the pathogenicity of heterozygous deletion in 
the other 2 cases remained unclear. Further- 
more, the variation of heterozygous duplication 
at chromosome 22 (25660001-25920000) 
was considered as genomic polymorphism 
from DGV, whereas, the pathogenicity of het-
erozygous duplication at chromosome 17 was 
not available.  

As the another major NGS platforms for DNA-
sequencing, WES has emerged as a popular 
strategy for identifying mutations in the 
increased proportions of protein-coding exome. 
It exerts more adaptable in the screening of 
non-high frequency variations such as rare and 
de novo mutation. In this study, WES was 
employed for mutational screening of FGFR3 
gene in the special couple. The results demon-
strated that heterozygous c.833A>G transver-
sion brought about Tyr278Cys substitution in 
the FGFR3 protein. Whereas, the common 
mutations of ACH and HCH were not observed 
in this family including Gly380Arg (1138G>A/C), 
and N540K (1620C>A/G), Lys650Gln (1949A> 
C) and Lys650Asn (1950G>T/C). Consistent 
with the above results, the missense mutation 
of Tyr278Cys (833A>G) was also identified with 
the Sanger sequencing, based on which more 
attention should be paid to this mutation. In 
addition, a homozygous 1959+19G>A muta-
tion in FGFR3 gene was revealed of all mem-
bers in one family. Here, the diagnostic rate of 
these strategies was not satisfactory only 
accounted for 11.1% after autopsy findings. 
Nevertheless, it was still proved to be sugges-
tive in the prenatal diagnosis and may provide 
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an alternative method in the field of other 
genetic diseases.   

In conclusion, we have described prenatal 
genetic diagnosis for the highly suspected ACH 
or HCH fetuses with gene sequencing technolo-
gies. US examination is preferable in the diag-
nosis of ACH. The combination of WGS and 
WES exhibits a considerable potential in the 
diagnosis of skeletal dysplasia. Data accumula-
tion and diagnostic improvement are needed to 
investigate whether ACH is linked with other 
genetic mutations.   
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