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Next-generation sequencing tests have become a part of the diagnostic process in most fields of medicine. Especially with who-
le-exome sequencing (WES) studies, the rate of diagnosis has increased in rare hereditary diseases. In this study, we aimed to 
present the results together with the clinical findings of 65 cases whose diseases are suspected to be of genetic origin. Between 
2016 and 2019, patients who underwent WES testing in Bursa Yüksek İhtisas Training and Research Hospital Medical Genetics 
Unit were retrospectively screened and included in the study with their analysis results and clinical findings. In 27 of the 65 cases 
(41.5 %) included in the study, 30 significant variants were found in relation to their clinical findings. Twenty of these variants (66.7 
%) have not been previously reported in literature. Rare diseases encountered in patients within a wide age range, from the fetus 
to 66 years of age, are presented along with their clinical findings and WES results. Thus, this study contributes to the mutation 
spectrum of hereditary diseases.
Keywords: Next generation sequencing, Novel, rare disease, Whole-exome sequencing

Yeni nesil dizileme testleri, tıbbın çoğu alanında tanı sürecinin bir parçası haline gelmiştir. Özellikle tüm ekzom dizileme (WES) 
çalışmaları ile nadir kalıtsal hastalıklarda tanı oranı artmıştır. Bu çalışmada, hastalıklarının genetik kökenli olduğundan şüphele-
nilen 65 olgunun sonuçlarını klinik bulguları ile birlikte sunmayı amaçladık. Bursa Yüksek İhtisas Eğitim ve Araştırma Hastanesi 
Tıbbi Genetik Birimi'nde, 2016-2019 yılları arasında WES testi ile değerlendirilen hastalar retrospektif olarak taranarak analiz 
sonuçları ve klinik bulguları ile birlikte çalışmaya dahil edildi. Çalışmaya dahil edilen 65 olgunun 27'sinde (% 41.5) klinik bulgu-
larıyla ilişkili 30 anlamlı varyant bulundu. Bu varyantların 20'si (% 66.7) daha önce literatürde bildirilmemişti. Fetustan 66 yaşına 
kadar geniş bir yaş aralığındaki hastalarda görülen nadir hastalıklar klinik bulguları ve WES sonuçları ile birlikte sunulmuştur. 
Sonuç olarak bu çalışma ile kalıtsal hastalıkların mutasyon spektrumuna katkıda bulunulmuştur.
Anahtar Kelimeler: Yeni nesil dizileme, Yeni varyant, Nadir hastalık, Tüm ekzom dizileme
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1. Introduction 

Over the past few decades, with the advent of 
next-generation sequencing (NGS) 
technologies, we have witnessed significant 
advances in molecular biology and genetics. 
With access to extensive genetic information, 
there have been important advances in 
diagnosis and treatment in many fields related 
to medicine. However, linking rare variations 
to a complex phenotype continues to be 
difficult (Jalkh et al., 2019). Indeed, 
determining the cause of a disease that is 
presumed to be of genetic origin requires a 
multidisciplinary approach that begins with 
the identification of phenotypic findings with 
a detailed family history. In some cases, 
functional studies are needed to establish a 
genotype-phenotype relationship (Soden et al., 
2014). Approximately 80–85 % of the 
mutations known to cause Mendelian diseases 
are located in the coding and splicing regions 
of a gene. The whole-exome sequencing 
(WES) method, which scans the coding 
sequence including the splicing sites 
representing 1–1.5 % of the human genome, is 
a practical and cost-effective method (Dixon-
Salazar et al., 2012). For this purpose, we 
aimed to retrospectively evaluate the results of 
WES analysis in 65 patients who were 
followed up for a long time and/or could not 
be diagnosed by routine methods (Karyotype, 
clinical microarray, capillary electrophoresis).  

2. Materials and Methods 

This study was approved by the local ethics 
committee (Bursa Yüksek İhtisas Training 
and Research Hospital) and complied with the 
principles of the Declaration of Helsinki. 
Patients who were evaluated at our medical 
genetics unit and underwent WES study from 
January 2016 to January 2019 were included 
in this study. WES applications were 
performed using the SureSelect XT Library 
Prep Kit (Agilent, Santa Clara, CA, USA) on 
the Novaseq platform (Illumina, San Diego, 
CA, USA). All bioinformatics analyses, 
variant filtering, and interpretation were 
performed on the Sophia DDMTM platform 
(Sophia Genetics, Saint Sulpice, Switzerland). 
All variants (Single nucleotide variants and 
small InDels) significant in terms of 
genotype-phenotype compatibility were 

confirmed by sequencing on a capillary 
electrophoresis device (Applied Biosystems™ 
3500, Thermofisher, USA), and segregation 
analyses were performed (Supplementary 
material). Whether the variants were reported 
in the literature was checked with the Human 
Gene Mutation Database (HGMD; 
https://www.hgmd.cf.ac.uk). Classification of 
changes not reported in the literature was 
made according to American College of 
Medical Genetics and Genomics (ACMG) 
criteria (Richards et al, 2015).  

3. Results 

Patients who were evaluated at the Medical 
Genetics Unit of Bursa Yüksek İhtisas 
Training and Research Hospital and were 
suspected to have a genetic origin were 
assessed retrospectively. As the last step, the 
results of the patients who underwent 
diagnostic WES test (no pathology detected in 
routine cytogenetic, molecular cytogenetic, 
and molecular tests according to their 
preliminary diagnosis) were evaluated in the 
light of clinical findings, and significant 
changes were listed (Table 1). No study was 
conducted to research candidate genes in 
undiagnosed patients, and all detected variants 
were on previously identified genes. The ages 
of the 65 patients included in the study varied 
widely, and most of them were in the pediatric 
group. A total of 57 patients (one fetus and 
five newborns) were under 18 years of age. 
Sex distributions were close to each other 
(female: 33, male: 32).  In terms of clinical 
features, most of the probands (29/65) were 
analyzed for neurological symptoms. Others 
applied to our unit for different complaints 
related to gastrointestinal (8), multiple (6), 
metabolic (4), skeleton (4), muscular (3), 
mitochondrial (3), immune (3), endocrine (2), 
cardiovascular (1), respiratory (1), and 
genitourinary (1) systems. There was 
consanguinity between the parents of 38 
individuals, and 16 of them had a positive 
family history. Three of the remaining 27 
individuals had a positive family history. 
Thirty different variants, mostly homozygous, 
explaining the clinical features, were detected 
in 27 patients.  
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1R/N: reported/novel; 2ACMG: American College of Medical Genetics and Genomics; 3gnomAD, Genome 
Aggregation Database; 4OMIM, Online Mendelian Inheritance in Man; 5C, consanguinity; 6IP, inheritance 
pattern; 7F, female; 8M, male; 9NB, newborn; 10y, year; 11m, month;  12P, pathogenic; 13LP, likely pathogenic; 
14UCS, uncertain significance; 15AD, autosomal dominant; 16AR, autosomal recessive;  17XL, X-linked; 18XLD, 
X-linked dominant; 19ZTTK, Zhu-Tokita-Takenouchi-Kim. 
Note: The classification of novel variants according to the ACMG and their frequencies in gnomAD are given. 
Reference publications have been listed for the reported variants. 
 

4. Discussion 

In the current study, WES results of patients who 
were consulted at our center from different units 
are presented. In 27 of 65 probands, we identified 
30 different variations in known disease genes in 
the Online Mendelian Inheritance in Man 
(OMIM; https://www.omim.org/) database. 
Although it varies between studies, the diagnostic 
rate of WES is approximately 25–30 % (Bhatia et 
al., 2021). In our study group, the diagnostic rate 
was 41.5 %. Although we predicted their 
diagnosis, some patients were tested with WES 
since their genetic etiologies are quite 
heterogeneous. Because for these patients, the 
study of candidate genes sequentially or as a 
panel would increase the cost and cause a waste 
of time. Therefore, we think that our diagnosis 
rate is higher than reported in other studies. 

In a study of 213 cases, the rate of novel variants 
was reported to be 69.5 % (Nair et al., 2018). In 
another study including 200 patients, this rate 
was found to be 66.9 % (Jalkh et al., 2019). 
Twenty of the detected variants have not 
previously been reported in the literature. Our 
rate of novel variants was 66.7 % and compatible 
with the literature. This study has shown us that 
the variants detected at the time of diagnosis in 
NGS-based applications such as WES which 
gives us a broad perspective compared to other 
techniques are likely to be novel.  

Most of our cases showed a recessive inheritance 
pattern. In societies where consanguineous 
marriages are common, it is known that the 
frequency of homozygosity is high (Monies et al., 
2017). In the light of this information, 24 of the 
diseases detected in our 27 probands were 
autosomal recessive, and 21 of them were 
homozygous for the variants identified in 
associated recessive disease genes.  

WES is an appropriate NGS test for individuals 
or families whose etiology is thought to have a 
possible monogenic disorder (Ormondroyd et al., 
2017). In our study, carried out in parallel with 
this aim, very rare diseases were diagnosed. In 

fact, the syndromes associated with genetic 
disorders detected in cases 44 and 35 have only 
been reported as case studies in the literature. 
Therefore, these cases have been previously 
contributed to the literature (Gorukmez et al., 
2019; Gorukmez et al., 2019). In addition to these 
patients, we found pathogenic variants in the 
SHROOM4 and SON genes, which are associated 
with Stocco dos Santos X-linked mental 
retardation syndrome and Zhu-Tokita-
Takenouchi-Kim syndrome, respectively, which 
are extremely rare in the literature. Although the 
diseases observed in 26 individuals evaluated in 
our study were induced by Mendelian 
inheritance, a 9-year-old female patient carrying 
a pathogenic variant of the SON gene was 
sporadic, and this was the only case of a de novo 
pathogenic variant. Another rare occurrence that 
causes symptoms in independent systems is 
SCYL1 gene mutation. Biallelic mutations in the 
SCYL1 gene, under the title of spinocerebellar 
ataxia in OMIM, also cause hepatic problems and 
skeletal anomalies. This gene is also listed among 
the familial causes of intrahepatic cholestasis in 
current publications (Li et al., 2021). Compound 
heterozygous changes in the SCYL1 gene were 
found in a 9-month-old male patient with 
cholestatic liver disease findings. It should be 
noted that in defects of this gene whose 
molecular pathogenesis is unclear, extrahepatic 
findings will emerge at a later period; therefore, 
our patient will need to be followed up for a long 
time (McNiven et al., 2021). 

An interesting situation was that individuals 39 
and 40 were married. Despite their kinship, both 
were wheelchair-dependent because of 
pathologies in different genes. Their situation 
became clear through WES analysis and family 
studies.  

In this study, based on the variants detected in 
patients, we had the opportunity to diagnose 
other family members who were not evaluated 
earlier and showed similar characteristics to their 
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a pathogenic variant of the SON gene was 
sporadic, and this was the only case of a de novo 
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SCYL1 gene mutation. Biallelic mutations in the 
SCYL1 gene, under the title of spinocerebellar 
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noted that in defects of this gene whose 
molecular pathogenesis is unclear, extrahepatic 
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our patient will need to be followed up for a long 
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were wheelchair-dependent because of 
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In this study, based on the variants detected in 
patients, we had the opportunity to diagnose 
other family members who were not evaluated 
earlier and showed similar characteristics to their 
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probands. This shows the importance of family 
screening, along with segregation analysis. Thus, 
while clarifying our definition, we 
simultaneously identified other sick individuals. 
This was also an important element in detailed 
genetic counseling. 

5. Conclusion 

Finding the cause of the disease using tests that 
provide high-level data on the human genome, 
such as WES, can be expressed as "looking for a 
needle in a haystack" which is frequently used 
worldwide. Clinical and laboratory findings, 
segregation and family studies, multidisciplinary 
approaches, and functional studies are the most 
important approaches to facilitate this process 
(Manolio et al., 2013; Bowdin et al., 2015). In 
particular, rare syndromes and the presentation of 
data related to them will shed light on future 
studies. Hence, in this study, we presented 
variants of 27 different genes that cause rare 
diseases. 
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