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Case Report

Two novel NIPBL mutations in three Chinese neonates
with Cornelia de Lange syndrome identified by
disease-associated genome panel
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Abstract: Cornelia de Lange syndrome (CdLS) is a rare dominantly inherited multisystem developmental disorder
characterized by clinical and genetic heterogeneity. Five genes, NIPBL, SMC1A, SMC3, HDAC8 and RAD21, have
been found to cause CdLS. The genetic diagnosis of patients with clinically suspected CdLS is usually performed us-
ing gene by gene Sanger sequencing, but it has low diagnosis rate and is time-consuming and labor intensive. Here,
we designed the disease-associated genome (DAG) panel, including about 3994 known Mendelian disease genes,
and performed molecular diagnoses for 3 unrelated Chinese neonates with clinically suspected CdLS. The sequenc-
ing data revealed a previously reported frameshift mutation ¢.7438_7439delAG (p.K2480fsX3) and 2 novel muta-
tions, including a heterozygous nonsense mutation ¢.1904C>G (p.S635X) and a missense mutation c.6647A>G
(p.Y2216C) in the NIPBL gene. These results extend the mutation spectrum of the NIPBL gene. We also showed that
DAG panel sequencing would be an effective method for genetic diagnosis of patients with CdLS.
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Introduction which is a great challenge for clinical molecular
diagnosis of Cdls [4, 5]. The genetic diagnosis
of patients with clinically suspected CdLS is
usually performed using gene by gene Sanger
sequencing, but the classical Sanger sequenc-
ing for all genes associated with CdLS and
CdLS-like phenotypes is time-consuming and
labor intensive because a significant number of
patients with CdLS negative for known CdLS
genes have somatic mosaicism [6-9]. Next-
generation sequencing (NGS) is the newest,
most efficient technology for clinical diagnos-
tics and has been used for molecular diagnosis
of some Mendelian diseases [10, 11]. One
approach of NGS, whole-exome sequencing
(WES), has been used for the molecular diagno-

Cornelia de Lange syndrome (CdLS; MIM# 12-
2470, 300590, 610759, 300882, and 614701)
is a rare multisystem developmental disorder
characterized by clinical and genetic heteroge-
neity [1]. The main clinical manifestations are
typical facial features, intrauterine and postna-
tal growth retardation, microcephaly, shorten-
ing of the limbs, psychomotor delay, and intel-
lectual disability [2, 3]. It is difficult to make an
accurate diagnosis only according to clinical
diagnostic criteria, especially for the neonates
those whose phenotypes have not been yet
observed or are less typical [1]. Therefore, a
genetic diagnosis of patients with clinically sus-
pected CdLS is needed to improve diagnostic

efficiency.

CdLS is a genetically heterogeneous disorder
due to mutations in the 5 cohesion complex
genes (NIPBL, SMC1A, SMC3, HDAC8 and
RAD21) and chromosomal abnormalities,

sis of CdLS in several studies [4, 5, 12, 13]. But
WES is costly and reveals numerous variants
that can be a challenge for the interpretation of
sequence variants. Target NGS can detect the
functional regions of the interested genes for a
specific disease or diagnostic category that are
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Table 1. Summary of clinical phenotype and NIPBL mutations

Hospital and was con-

ducted according to

Patient 1 Patient2  Patient 3
Gender Girl Boy Girl the tenets of the
Gestational age (week) 37+2 36+1 38+6 _Deglarat_mn of Hels-
Birth weight (gram) 2150 1800 2690 Inki. Wm.t en consent
. was obtained from all
Head circumference at test (cm) 29 28 31 the patients’ guardi-
Height at test (cm) 45 41 44 ans.
Prenatal history
Intrauterine growth retardation + - DAG panel sequenc-
Intrauterine distress ing
Microcephaly +
Facial anomaly We designed a co-
Synophrys " i mprehensive catalog
Long eyelashes + inc!uding 3994 Men-
Thin upper lips i fjehan_ disease .genes
) involving 24 disease
Depressed nasal bridge - + panels (Table S1) us-
Anteverted nares - * ing data from 2 parts:
Downturned corners of the mouth - + (1) 3595 genes in the
Micrognathia - + Online Mendelian In-
Limb abnormalities + + heritance in Man (OM-
Single transverse palmar crease + + IM) (December 20,
Hypotonia + 2015); (2) 399 genes
Hirsutism + + the Human Gene Mu-

Mutation (NIPBL)

€.7438_7439delAG ¢.1904C>G c.6647A>G

tation Database (De-

amplified. For CdLS, however, there is no com-
mercial target NGS panel. Therefore, we
focused on the part of whole exome genome
and designed the disease-associated genome
(DAG) panel [14] panel including about 3994
known Mendelian disease genes and 24 tar-
geted NGS panels based on clinical themes
that are clinically interpretable.

Herein, we searched for pathogenic mutations
in 3 Chinese neonates with a suspected clinical
diagnosis of CdLS by DAG panel.

Materials and methods
Patients

Three neonates with clinically suspected CdLS
were enrolled from the neonatal intensive care
unit at Bayi Children’s Hospital Affiliated to PLA
Army General Hospital (Beijing, China). Three
neonates came from three Han Chinese fami-
lies. They all presented with microcephaly and
typical facial features in addition to other char-
acteristic manifestations of CdLS (Table 1).
This study was performed with the approval of
the Ethical Committee of PLA Army General
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cember 20, 2015).

We conducted DAG panel sequencing of the 3
neonates’ DNA to identify the causal gene. The
library was prepared using 3 ug DNA using the
Agilent SureSelect Library Prep Kit. The final
library size was 300 to 400 bp, including the
adapter sequences. The sample was then
tagged by PCR with different index sequences.
The enriched library of the proband was
sequenced on the lllumina HiSeq 2500 plat-
form (Illumina) for paired-end reads of 100 bp
in Precisionmdx.com (Beijing, China, http://
www.precisionmdx.com/).

Sanger sequencing validation

The primers of candidate mutation regions
were designed by Primer3 online (http://prim-
er3.ut.ee/). The PCR products were sequenced
using a BigDye Terminator v3.1 Cycle Sequ-
encing Kit (Applied Biosystems) and analyzed
by an ABI 3730 Genetic Analyzer (Applied
Biosystems).

Results

Three variants in the NIPBL gene were detected
in 3 patients by comprehensive gene panels
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Figure 1. Sanger sequencing of NIPBL mutation analysis for patients
1-3. The arrow denotes the mutation site. A. Sequencing showing the

¢.7438_7439delAG heterozygous mutation in exon 44 of NIPBL in patient

1. B. Sequencing showing the ¢.1904C>G heterozygous mutation in exon 10
of NIPBL in patient 2. C. Sequencing showing the ¢.6647A>G heterozygous
mutation in exon 39 of NIPBL in patient 3.

Homo sapiens
Mus musculus

Rattus norvegicus

Bos taurus
Canis familiaris
Gallus gallus
Xenopus laevis

Tetraodon nigroviridis

Danio rerio

Figure 2. Conservation of the amino acid changed by the c.6647A>G

FAFIQHPSLMFEQEVKNL |Y|NNILSDKNSSVNLKIQVL
FAFIQHPSLMFEQEVKNL |Y(NSILSDKNSSVNLKIQVL
FAFIQHPSLMFEQEVKNL |Y[NSILSDKNSSVNLKIQVL
FAFIQHPSLMFEQEVKNL |Y|NNILSDKNSSVNLKIQVL
FAFIQHPSLMFEQEVKNL |Y|NNILSDKNSSVNLKIQVL
FAFIQHPSLMFEQEVKSL|Y|NSILSDKNCSVNLKIQVL
FSFIQHPVLMFEVEVKNL|Y[NIILSDKNCSVNLKIQVL
FQFIMHPELMFVQDVKVL |Y|NSILSDENSSVSLKIQVL
FLFIQDPGLMFVTEVKNL|Y|NTLLADRKTSVNLKIQVL
* *% * X X k * X * | *| * L * % * % k % k %
pY2216C

(p.Y2216C) across different species.

and Sanger sequencing validation. Patient 1
was revealed to be a heterozygous pathogenic
frameshift mutation, ¢.7438_7439delAG (p.
K2480fsX3) in exon 44 of the NIPBL gene
(Figure 1A), which was previously reported [15].
In patient 2, 1 novel heterozygous variant,
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¢.1904C>G, was identified in
exon 10 of the NIPBL gene.
The ¢.1904C>G mutation re-
sulted in a truncated treacle
protein with a premature ter-
mination codon at the 635th
amino acid (p.S635X) (Figure
1B). In patient 3, 1 novel het-
erozygous variant, c.6647A>
G, was detected in exon 39 of
the NIPBL gene, resulting in
the replacement of tyrosine
by cysteine at codon 2216
(p.Y2216C) (Figure 1C). The
p.Y2216C mutation is con-
served in all species exam-
ined (Figure 2) and predicted
to be likely pathogenic in sili-
co. None of these mutations
were detected in 100 healthy
control samples and were
confirmed by Sanger sequ-
encing.

Discussion

NIPBL is the human homolog
of the Drosophila Nipped-B
gene and encodes delangin,
which is an essential protein
for the correct development
of many organs in the growing
embryo [16]. It is located at
5p13 and is composed of 47
exons that are predicted to
generate isoforms of 2804 or
2697 amino acids. According
to the some reports, NIPBL
mutations have been identi-
fied in about 60% of patients
with CdLS [2, 15, 17, 18]. To
date, the 278 mutations in
378 patients of various eth-
nicities have been reported in
the NIPBL-LOVD database.
The types of mutations de-
tected in the NIPBL gene
include frameshift, nonsense,
missense, splicing mutations,

and intragenic deletions [19]. In our study, 3
different NIPBL variants were detected in 3
neonates with CdLS. In patients 1 and 2,
the ¢.7438_7439delAG
€.1904C>G (p.S635X) mutations were identi-
fied, respectively, of which ¢.7438_7439delAG

(p.K2480fsX3) and
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had been previously reported [15]. These 2
mutations belong to loss of function (LOF) vari-
ants that include stop gain, splicing, and frame-
shift variants and lead to produce a premature-
ly truncated protein resulting in haploinsu-
fficiency [18]. In patient 3, 1 novel c.6647A>G
missense variant was detected. The c.6647A>G
(p.Y2216C) variation was found to be likely
pathogenic using SIFT, PolyPhen, and Mutation
Taster prediction. The p.Y2216 amino acid is
highly conserved throughout evolution and lies
around the HEAT4 repeat (2227-2267) of the
HEAT domain. HEAT repeats affect NIPBL's abil-
ity to interact with other proteins that are found
in condensins, cohesins, and other complexes
with  chromosome-related functions. Many
reported missense mutations show a cluster-
ing in and around the 5 HEAT repeats that have
been identified in NIPBL [15, 20]. All these fac-
tors suggest that the c.6647A>G mutation
might be a pathogenic change.

In recent years, the NIPBL genotype-phenotype
correlation of CdLS has been studied in some
reports [17, 18, 21, 22]; however, the results
have been inconsistent. Some reports show
that LOF mutations including nonsense, splic-
ing-site, and frameshift mutations leading to a
nonfunctional NIPBL are associated with a
more severe phenotype characterized by typi-
cal facial features, severe growth and develop-
mental retardation, and limb defects [18].
Patients with missense mutations show a mild-
er phenotype including less growth and devel-
opmental delays and no limb abnormalities
[18]. In contrast, Zhong et al. showed that two
NIPBL splicing-site mutations caused mild a
phenotype in 2 Chinese patients [17]. In the
present study, patient 1, who carried a frame-
shift mutation, had a milder phenotype com-
pared to patient 2, who carried a nonsense
mutation. Patients 1 and 2 had intrauterine
growth retardation and limb abnormalities, but
patient 2 had more facial features such as a
depressed nasal bridge, anteverted nares,
downturned corners of the mouth, and micro-
gnathia. Whether the more severe phenotype in
patient 2 with the nonsense mutation p.S635X
is caused by the position of the mutation should
be further studied. In contrast to patients 1 and
2, patient 3, who carried a missense mutation,
had a milder phenotype such as birth weight >
2500 g without intrauterine growth retardation
and hirsutism. However, patient 3 had limb
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abnormalities, which was inconsistent with the
report from Mannini et al. [18]. In addition, all
patients are neonates whose phenotypes have
not yet been observed, such as sitting position,
walking independently, and speaking first
words; hence, follow-up studies and additional
cases are needed to understand the genotype-
phenotype correlation in CdLS.

In conclusion, we performed DAG panel se-
quencing, an approach of NGS, and success-
fully detected 2 novel mutations and 1 already
reported mutation in NIPBL for 3 Chinese neo-
nates with clinically suspected CdLS. To the
best of our knowledge, this is the first study
that investigated the application of the DAG
panel in the molecular diagnosis of CdLS in
Chinese. Our results indicate that DAG has
advantages in expenditure of time and money
of each sample, coverage of targeted genes,
and the ability to interpret the variants over the
whole exome or genome.

Acknowledgements

This work was supported by the capital health
research and development of special (2014-1-
4091). We thank all of the tested individuals,
their families and the collaborating clinicians
for their participation.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Zhichun Feng, Ba-
yi Children’s Hospital Affiliated to PLA Army Gene-
ral Hospital, Beijing 100700, China. Tel (+86)10-
66721786; Fax (+86)10-64063099; E-mail: zhic-
hunfeng81@163.com; Dr. Xu Wang, Department
of Neurology, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s
Health, Beijing 100045, China. Tel (+86)10-596-
16356; Fax (+86)10-59616356; E-mail: zfwx05@
126.com

References

[1] Kline AD, Krantz ID, Sommer A, Kliewer M,
Jackson LG, FitzPatrick DR, Levin AV and Seli-
corni A. Cornelia de Lange syndrome: clinical
review, diagnostic and scoring systems, and
anticipatory guidance. Am J Med Genet A
2007; 143A: 1287-1296.

[2] SelicorniA, Russo S, Gervasini C, Castronovo P,
Milani D, Cavalleri F, Bentivegna A, Masciadri
M, Domi A, Divizia MT, Sforzini C, Tarantino E,

Int J Clin Exp Med 2017;10(7):11083-11088


mailto:zhichunfeng81@163.com
mailto:zhichunfeng81@163.com
mailto:zfwx05@126.com
mailto:zfwx05@126.com

(3]

(4]

(5]

(6]

(7]

Novel mutations in neonates with Cornelia de Lange syndrome

Memo L, Scarano G and Larizza L. Clinical
score of 62 Italian patients with Cornelia de
Lange syndrome and correlations with the
presence and type of NIPBL mutation. Clin
Genet 2007; 72: 98-108.

Jackson L, Kline AD, Barr MA and Koch S. de
Lange syndrome: a clinical review of 310 indi-
viduals. Am J Med Genet 1993; 47: 940-946.
Ansari M, Poke G, Ferry Q, Williamson K, Al-
dridge R, Meynert AM, Bengani H, Chan CY,
Kayserili H, Avci S, Hennekam RC, Lampe AK,
Redeker E, Homfray T, Ross A, Falkenberg
Smeland M, Mansour S, Parker MJ, Cook JA,
Splitt M, Fisher RB, Fryer A, Magee AC, Wilkie
A, Barnicoat A, Brady AF, Cooper NS, Mercer C,
Deshpande C, Bennett CP, Pilz DT, Ruddy D,
Cilliers D, Johnson DS, Josifova D, Rosser E,
Thompson EM, Wakeling E, Kinning E, Stewart
F, Flinter F, Girisha KM, Cox H, Firth HV, Kings-
ton H, Wee JS, Hurst JA, Clayton-Smith J, Tol-
mie J, Vogt J, Tatton-Brown K, Chandler K,
Prescott K, Wilson L, Behnam M, McEntagart
M, Davidson R, Lynch SA, Sisodiya S, Mehta
SG, McKee SA, Mohammed S, Holden S, Park
SM, Holder SE, Harrison V, McConnell V, Lam
WK, Green AJ, Donnai D, Bitner-Glindzicz M,
Donnelly DE, Nellaker C, Taylor MS and FitzPat-
rick DR. Genetic heterogeneity in Cornelia de
Lange syndrome (CdLS) and CdLS-like pheno-
types with observed and predicted levels of
mosaicism. J Med Genet 2014; 51: 659-668.
Gil-Rodriguez MC, Deardorff MA, Ansari M, Tan
CA, Parenti |, Baquero-Montoya C, Ousager LB,
Puisac B, Hernandez-Marcos M, Teresa-Rodri-
go ME, Marcos-Alcalde |, Wesselink JJ, Lusa-
Bernal S, Bijlsma EK, Braunholz D, Bueno-
Martinez I, Clark D, Cooper NS, Curry CJ, Fisher
R, Fryer A, Ganesh J, Gervasini C, Gillessen-
Kaesbach G, Guo Y, Hakonarson H, Hopkin RJ,
Kaur M, Keating BJ, Kibaek M, Kinning E,
Kleefstra T, Kline AD, Kuchinskaya E, Larizza L,
Li YR, Liu X, Mariani M, Picker JD, Pie A, Pozo-
jevic J, Queralt E, Richer J, Roeder E, Sinha A,
Scott RH, So J, Wusik KA, Wilson L, Zhang J,
Gomez-Puertas P, Casale CH, Strom L, Selicor-
ni A, Ramos FJ, Jackson LG, Krantz ID, Das S,
Hennekam RC, Kaiser FJ, FitzPatrick DR and
Pie J. De novo heterozygous mutations in
SMC3 cause a range of Cornelia de Lange
syndrome-overlapping phenotypes. Hum Mu-
tat 2015; 36: 454-462.

Huisman SA, Redeker EJ, Maas SM, Mannens
MM and Hennekam RC. High rate of mosa-
icism in individuals with Cornelia de Lange
syndrome. J Med Genet 2013; 50: 339-344.
Baquero-Montoya C, Gil-Rodriguez  MC,
Braunholz D, Teresa-Rodrigo ME, Obieglo C,
Gener B, Schwarzmayr T, Strom TM, Gomez-
Puertas P, Puisac B, Gillessen-Kaesbach G,

11087

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Musio A, Ramos FJ, Kaiser FJ and Pie J. Somat-
ic mosaicism in a Cornelia de Lange syndrome
patient with NIPBL mutation identified by dif-
ferent next generation sequencing approach-
es. Clin Genet 2014; 86: 595-597.

Castronovo P, Delahaye-Duriez A, Gervasini C,
Azzollini J, Minier F, Russo S, Masciadri M, Seli-
corni A, Verloes A and Larizza L. Somatic mosa-
icism in Cornelia de Lange syndrome: a further
contributor to the wide clinical expressivity?
Clin Genet 2010; 78: 560-564.

Nizon M, Henry M, Michot C, Baumann C, Ba-
zin A, Bessieres B, Blesson S, Cordier-Alex MP,
David A, Delahaye-Duriez A, Delezoide AL,
Dieux-Coeslier A, Doco-Fenzy M, Faivre L, Gold-
enberg A, Layet V, Loget P, Marlin S, Martinovic
J, Odent S, Pasquier L, Plessis G, Prieur F, Put-
oux A, Rio M, Testard H, Bonnefont JP and
Cormier-Daire V. A series of 38 novel germline
and somatic mutations of NIPBL in Cornelia de
Lange syndrome. Clin Genet 2016; 89: 584-
589.

Wang Y, Peng W, Guo HY, Li H, Tian J, Shi YJ,
Yang X, Yang Y, Zhang WQ, Liu X, Liu GN, Deng
T, Sun YM, Xing WL, Cheng J and Feng ZC. Next-
generation sequencing-based molecular diag-
nosis of neonatal hypotonia in Chinese Popula-
tion. Sci Rep 2016; 6: 29088.

Wang Y, Yang Y, Liu J, Chen XC, Liu X, Wang CZ
and He XY. Whole dystrophin gene analysis
by next-generation sequencing: a comprehen-
sive genetic diagnosis of Duchenne and Beck-
er muscular dystrophy. Mol Genet Genomics
2014; 289: 1013-1021.

Parenti I, Gervasini C, Pozojevic J, Graul-Neu-
mann L, Azzollini J, Braunholz D, Watrin E,
Wendt KS, Cereda A, Cittaro D, Gillessen-Kaes-
bach G, Lazarevic D, Mariani M, Russo S, Wer-
ner R, Krawitz P, Larizza L, Selicorni A and Kai-
ser FJ. Broadening of cohesinopathies: exome
sequencing identifies mutations in ANKRD11
in two patients with Cornelia de Lange-overlap-
ping phenotype. Clin Genet 2016; 89: 74-81.
Jang MA, Lee CW, Kim JK and Ki CS. Novel
pathogenic variant (¢.3178G>A) in the SMC1A
gene in a family with Cornelia de Lange syn-
drome identified by exome sequencing. Ann
Lab Med 2015; 35: 639-642.

Zemojtel T, Kohler S, Mackenroth L, Jager M,
Hecht J, Krawitz P, Graul-Neumann L, Doelken
S, Ehmke N, Spielmann M, Oien NC, Schweiger
MR, Kruger U, Frommer G, Fischer B, Kornak U,
Flottmann R, Ardeshirdavani A, Moreau Y, Lew-
is SE, Haendel M, Smedley D, Horn D, Mundlos
S and Robinson PN. Effective diagnosis of ge-
netic disease by computational phenotype
analysis of the disease-associated genome.
Sci Transl Med 2014; 6: 252ra123.

Int J Clin Exp Med 2017;10(7):11083-11088



[15]

(16]

[17]

(18]

[19]

Novel mutations in neonates with Cornelia de Lange syndrome

Yan J, Saifi GM, Wierzba TH, Withers M, Bien-
Willner GA, Limon J, Stankiewicz P, Lupski JR
and Wierzba J. Mutational and genotype-phe-
notype correlation analyses in 28 Polish pa-
tients with Cornelia de Lange syndrome. Am J
Med Genet A 2006; 140: 1531-1541.

Tonkin ET, Wang TJ, Lisgo S, Bamshad MJ and
Strachan T. NIPBL, encoding a homolog of fun-
gal Scc2-type sister chromatid cohesion pro-
teins and fly Nipped-B, is mutated in Cornelia
de Lange syndrome. Nat Genet 2004; 36:
636-641.

Zhong Q, Liang D, Liu J, Xue J and Wu L. Muta-
tion analysis in Chinese patients with Cornelia
de Lange syndrome. Genet Test Mol Biomark-
ers 2012; 16: 1130-1134.

Mannini L, Cucco F, Quarantotti V, Krantz ID
and Musio A. Mutation spectrum and geno-
type-phenotype correlation in Cornelia de
Lange syndrome. Hum Mutat 2013; 34: 1589-
1596.

Mei L, Liang D, Huang Y, Pan Q and Wu L. Two
novel NIPBL gene mutations in Chinese pa-
tients with Cornelia de Lange syndrome. Gene
2015; 555: 476-480.

11088

[20]

(21]

(22]

Krantz ID, McCallum J, DeScipio C, Kaur M, Gil-
lis LA, Yaeger D, Jukofsky L, Wasserman N,
Bottani A, Morris CA, Nowaczyk MJ, Toriello H,
Bamshad MJ, Carey JC, Rappaport E, Kawau-
chi S, Lander AD, Calof AL, Li HH, Devoto M
and Jackson LG. Cornelia de Lange syndrome
is caused by mutations in NIPBL, the human
homolog of Drosophila melanogaster Nipped-
B. Nat Genet 2004; 36: 631-635.

Park HD, Ki CS, Kim JW, Kim WT and Kim JK.
Clinical and genetic analysis of Korean pa-
tients with Cornelia de Lange syndrome: two
novel NIPBL mutations. Ann Clin Lab Sci 2010;
40: 20-25.

Oliveira J, Dias C, Redeker E, Costa E, Silva J,
Reis Lima M, den Dunnen JT and Santos R. De-
velopment of NIPBL locus-specific database
using LOVD: from novel mutations to further
genotype-phenotype correlations in Cornelia
de Lange Syndrome. Hum Mutat 2010; 31:
1216-1222.

Int J Clin Exp Med 2017;10(7):11083-11088



Novel mutations in neonates with Cornelia de Lange syndrome

Table S1. DAG panel involving 24 disease panels

NO. Genes associated with diseases (')\:,ugrgssg NO. Genes associated with diseases (’}ugz::g
1 Respiratory diseases 62 13 Amyotrophic Lateral Sclerosis 26
2 Craniofacial anomalies 113 14  Parkinson’s disease and dysmyotonia 168
3 Skeletal anomalies 237 15 Cognitive disorder 113
4 Deaf 189 16 Hereditary ataxia and spastic paralysis 315
5 Ophthalmic diseases 258 17  Peripheral neuropathy 444
6 Diseases of the blood and immune system 535 18 Eukodystrophy 152
7 Pathoglycemia 51 19 Syndroms 816
8 Endocrine disease 52 20 Mental retardation 498
9 Gonadal development and function anomalies 179 21 Epilepsy 443
10  Congenital heart disease and Cardiomyopathy 231 22 Mitochondrial disease 618
11  Renal diseases 376 23 Inherited metabolic disorders 364
12 Hepatopathy 379 24 Genes associated with metabolic pathway 850




