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Gene

lon semiconductor

Mutation

Noonan syndrome

PCR

Sequencing

SNP

Trio

Turner syndrome

GLOSSARY

A basic physical and functional unit of heredity.

A next generation sequencing technique which measure the PH
changes induced by hydrogen release during DNA replication to
determine the nucleotide order.

A pathogenic alteration in DNA sequence with the prevalence less
than 1% of general population. Germ line mutation occurs in the
ovum or sperm and can be inherited to the offspring.

An autosomal dominant disorder characterized by distinctive facial
features, congenital heart defect, and short stature.

Polymerase Chain Reaction. A laboratory technique used in order
to amplify the DNA sequence through the cycle of denaturation,
annealing, and elongation.

A technique used to identify the nucleotide order within the DNA
molecule.

Single Nucleotide Polymorphism. A normal genetic variation
among more than 1% of general population.

A group consists of patient and the parents.

A chromosomal disorder in female, due to absence of all or part of

X chromosome in female.
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ABSTRACT

Background: Noonan syndrome (NS) is a genetic disorder characterized by dysmorphic facial
features, congenital heart defects, and short stature. NS is previously known as pseudo Turner
syndrome (TS) due to their phenotypic similarity. However, unlike TS, NS is non-chromosomal
disorder and present in both males and females. Several genes involved in RAS-MAPK pathway
found to be mutated in NS and sequencing was performed in order to find the mutation in those

genes.

Methods: Eight Turner phenotype patients with normal karyotype were included in this study.
Clinical appearances were then compared to NS scoring system. DNA was sequenced by
automated ion semiconductor sequencing for the four most common NS genes; PTPN11, SOS1,
KRAS, and RAF1. The data was subsequently analyzed using Sequence pilot software. In silico
prediction programs were used to predict the pathogenic effect of the genetic variants and

classified according to existing guideline.

Result: Three out of eight patients consider had NS face. One patient, who showed cardinal
symptoms of NS, carried mutation of PTPN11 gene: an A—>C transition at position 317 in exon
3 indicating an Aspl06Ala substitution. Other variants found in SOS1, KRAS, and RAF1 were
classified either polymorphism or unlikely to be pathogenic. The remaining five patients

considered as not having NS face.
Conclusion: The molecular analysis in this study revealed NS in one out of eight Turner
phenotype patients with normal karyotype. No pathogenic variant found in other patients may

indicate that there is either a novel unidentified gene for NS or the patients have another disorder
and not NS.

Keyword: Noonan syndrome, PTPN11, SOS1, KRAS, RAF1, ion semiconductor sequencing
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ABSTRAK

Pendahuluan: Sindrom Noonan (NS) merupakan kelainan genetik yang ditandai dengan
dismorfik pada wajah, kelainan jantung bawaan, dan perawakan pendek. Pada awalnya, NS
disebut sebagai pseudo sindrom Turner (TS) dikarenakan kemiripian fenotipenya. Namun
demikian, berbeda dengan TS, NS tidak termasuk kedalam kelainan kromosom dan dapat terjadi
pada laki-laki dan perempuan. Mutasi pada gen-gen yang berperan dalam jalur RAS-MAPK

menyebabkan terjadinya NS. Sekuensing dilakukan untuk menemukan mutasi pada gen tersebut.

Metode: Delapan pasien yang memiliki fenotipe turner dan kariotipe normal diikutkan dalam
penelitian ini. Tampilan Klinis pasien dibandingkan dengan sistem skoring NS. DNA di sekuens
dengan menggunakan automated ion semiconductor sequencing untuk empat gen utama
penyebab NS yaitu PTPN11, SOS1, KRAS, dan RAF1. Data selanjutnya dianalisis menggunakan
Sequence pilot software. Prediksi efek patogenik dari varian yang ditemukan adalah dengan

menggunakan program komputer dan diklasifikasi berdasarkan pedoman yang telah ada.

Hasil: Tiga dari delapan pasien dipertimbangkan memiliki tampilan wajah NS. Satu pasien
dengan tanda kardinal NS memiliki mutasi gen PTPN11: terjadi perubahan basa A = C di posisi
ke 317 pada ekson 3 menyebabkan substitusi Asp106Ala. Varian lain yang ditemukan pada gen
SOS1, KRAS, dan RAF1 diklasifikasikan sebagai polimorfisme atau tidak patogenik. Lima pasien
lainnya dipertimbangkan tidak memiliki tampilan wajah NS.

Kesimpulan: Analisis molekular dalam penelitian ini menemukan NS pada satu dari delapan
pasien yang memiliki fenotipe turner dan kariotipe normal. Pada pasien lainnya, tidak ditemukan
varian patogenik. Hal ini menunjukkan kemungkinan terdapat gen NS lain yang belum
teridentifikasi atau pasien tersebut memiliki kelainan lainnya dan bukan NS.

Kata Kunci: Sindrom Noonan, PTPN11, SOS1, KRAS, RAF1, ion semiconductor sequencing
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