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Abstract

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 Yiiksek Thtisas 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.
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Yeni nesil dizileme testleri, tibbin gogu alaninda tani siirecinin bir pargast haline gelmistir. Ozellikle tiim ekzom dizileme (WES)
galigmalari ile nadir kalitsal hastaliklarda tan1 orani artmugtir. Bu galiymada, hastaliklarinin genetik kokenli oldugundan siiphele-
nilen 65 olgunun sonuglarini klinik bulgular: ile birlikte sunmayr amagladik. Bursa Yiiksek Thtisas Egitim ve Arastirma Hastanesi
Tibbi Genetik Birimi'nde, 2016-2019 yillar1 arasinda WES testi ile degerlendirilen hastalar retrospektif olarak taranarak analiz
sonuglari ve klinik bulgular ile birlikte ¢aligmaya dahil edildi. Calismaya dahil edilen 65 olgunun 27'sinde (% 41.5) klinik bulgu-
laryla iliskili 30 anlamli varyant bulundu. Bu varyantlarin 20'si (% 66.7) daha 6nce literatiirde bildirilmemisti. Fetustan 66 yasina
kadar genis bir yas araligindaki hastalarda gériilen nadir hastaliklar klinik bulgular: ve WES sonuglart ile birlikte sunulmustur.
Sonug olarak bu galigma ile kalitsal hastaliklarin mutasyon spektrumuna katkida bulunulmustur.

Anahtar Kelimeler: Yeni nesil dizileme, Yeni varyant, Nadir hastalik, Tim 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 Yiiksek fIhtisas 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 DDM™ platform
(Sophia Genetics, Saint Sulpice, Switzerland).
All variants (Single nucleotide variants and
small InDels) significant in terms of
genotype-phenotype  compatibility — were
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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 (ACMGQG)
criteria (Richards et al, 2015).

3. Results

Patients who were evaluated at the Medical
Genetics Unit of Bursa Yiiksek [htisas
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.



Osmangazi Tip Dergisi, 2023

(61L919 “WIN) (@vozeery ) -
v ON ON [ 9AISSAIAI [RWOSOINE owe 0 son N snoBAzoxoH OSUOSSIN CMAUR:Q w& (812870100 NN) SISBISo[OYD) we W st
‘erxeje Je[[oqareoourdg Lyl m.u 1408
Joyjowr 0 d N snoSAzoId)oy JSUISUON. 1<D09%d
(#50909 :INIIN) (@) (282000 NN)
AV ON SO erwdproe oruordord syuored 0 SON N snogAzowoy Surordg D<VH+9YLT D Vood erwouowweradAq SN W €
(01THST “INIIN)
ondeuksaid ‘g ‘TeyuaSuod G:ONSSI “()9:9WN[OA (yryszemrd) (FE6THFITO0 TAN) s1s03d ‘ssouyjeam
v SOA SOA QUWIOIPUAS OTUAYISBAIA] syuared JoINdN 21V (£007) ‘T8 10 ‘S Iouery  snogAzowoH QSUISSIIAL D<LI9L™ IVHD orosnuw ‘eruojodAy pazijerouan  wig AT El w7
(SETET9 INTIN) T “d[nueyur (leATIPRUd D) (#0100 INN) AyoruopadAy
v ON SOA ‘BTu0)SAp-wisIuosuryIeJ syuared 0 son N snoSAzowoy ASUISSTIAL D<LyETL SY9TS ‘KypI31 ‘sannoryIp Surpad] wy AT W 0z
(912519
TATIN)  QWoIpuAks 9jered a0 103 pajerodo
UOIIEPIB)AI [BJUW sso[ uonoun{ @) (617£€0 AN) ‘wistydiowsAp ‘yuswdojaadp
AV ON SO nm ersejeydsoydiodA syuored 0 d N snogAzowoy do1dg 19P86F 6£-96170 £dVOd 10j0woyoAsd pakefop a10A9g wy A¢ W 61
(0€8+19 “INIIN) oseuIy SUNBAID
(8 ‘v 2d4 ‘sorfewioue 9K WNISS PasLaIoul ‘UOIS[NAUOD
Pue urelq YPIm [euaduod) A[1Iqay “‘A1oedo [eduUI0d
AyyedoueoA|SonsAp (10St9zo11°d) (9082€0 AN) 9uawdojoaap 10j0woydLsd jo
v ON SOX -KydonsAp remnosnjy syuared 0 +1SON N snoSAzowoy ASUISSTIAL D<LI6L ZINOWOJ yoe| ‘snjeydadolpAy ‘eruojodAy wy El L1
(FEPO0E INIIN)
QwoIpuks
UOHEpIRIAI [RIUSW (12Lp00154D°d) (L1L0T0 NN)
IX ON ON  PMUI[-X SOIUBS SOP 0300}§ Jopour 0 d N sno3AziwaH ASUISUON V<DTI0€™ tIWOOYHS ANiqesip [emod[[oju] wg &9 W 91
Aydome 112109 “ATIqeILLIT
(0€L9ST NIN) [ ‘[euoindu [:9NSST ‘g €:aWN[0A (610180108 1noT'd) (01£000 AN) “e1u010dAy ‘ssof uoIsIA
v ON SOA ‘stsoutosnjodi| proro) syuared QeI WNH (Z107) ‘1810 ‘N Isnoy  snoSAzowoy PIysawes| Ddnpgego 11dd aA1ssaidoid ‘Apeydaoordrn Ag El 41
(€L0T19 NIIN)
¢ awoIpuAs uonajdop $:9NSSI ‘gG:aWN|OA U (usy[gzdsy-d) (0SS€00 AN) $SO| ULIBAY [BINAULIOSUDS wQ[
AV ON SO VNQ [BLUPUOYI0IA syuored wny [ (£107) T8 19 ‘g ueqer snogAzowoy ASUASSTIAL V<DISLD VIoNs ‘Kyyedoreydaousd aA1ssa1S01g £Z1 El 11
(§9LL09
SATIAD T TeNruasuo0o pansst ‘ggawn[oa “A30[01edopy (9zr1soTL 141D d) (€61520 NND
AV SO SO Jom,«mﬁ m_moﬂuam proe o[ig muﬁvumn— AN~ONV '’ 1 ,> [oessoq-oy[oN mSOM\ANOEOm ylysawer O{Jmﬁ@?lm?o LEEASH aInyie) IAI[ v>«mmmhwo\~m wg %h W L
(9€LT19 TNIN)
T QwoIpuks Aouardyyop G:ONSST ‘gG:OWN]OA ‘JoUdD) WNH (=601s471°d) 7681 NN BIXRIR
AV SO X SOX QUILAIO [RIGOIOD) sjuored rwy (9661) T 10 ‘S 10001 snogAzowoy  snowAuoukg V<DLTED IAVD ‘SOINZIAS ‘UONEPILII [EJUDIA] wy ST N S
(0909
JATIA) QAISSI [BUIOSOINE (191,L9108°d) LTT091100 AN SNUOJ0JLIY “VOUUNUOIUT
AV SOX SO ‘11 eiSordered onsedg syuored 998°917:C d N snogAzowoy JSUISUON. LLIDIPPE0T 00T° I11DdS Areuun ‘yeg onsedg £37 i v
(L8109 NIN) B
¢ ouedayenur [errurey (ThLE00 TNN)
oAV ON SOA aa1ssai3ord ‘sisejsajoy) syuared 0 ad N sno3Azowoy Surordg V<DI+8t+7 0 11909V SISBISI[OY) wg A €
K10)STH woay (ury01g) (dusuea]) (sisouSeip-a14)
o dI Ajuey fe) JNTINO pajLdYUL qvwou3 NA Ayso3hz adA VNa? udn sSugpuyy [ed1ur) Xs  dal

‘sjuoned Apnys oy) Ul SJUBLIEA PAYIUSPI PUB SONSLIdIORIRYD [ed1UI[o/o1ydeiSowa( T dlqe ],

24



Rare Diseases

isin

Whole-Exome Sequencing Analys

qv

qv

v

qv

qv

qv

qv

qv

v

@ TX

qv

oav

qv

qv

SOA

SOA

SOA

ON

ON

ON

SOX

SOA

ON

SOX

ON

ON

ON

ON

SOA

ON

SO X

SO

SOA

SOA

SO

SO A

ON

ON

SOA

ON

SO

SOA

(612519 “NIN)
T QWOIPUAS JOAI[Q-SWEPY

(0SESTY “WIN) ¥1 'V
ad£y ‘Ayyedoueak|SonsAp
-KydomsAp refnosnjy

(#$8919 “NIIN)
OEO.:u:%m sn[d UdAyg
(€81819
JNIIN) 9dK) Aypedorayuo
Sursor-urajord ‘1 eayureIq
(L€0919
NTIN) 0€ “Areurnd
‘ersounysAp Arerji)
(0¥LOET NI
woIpuks OdvVD
(#$6109 ‘NI
L
QAISSIIAI [eLLIOSOINE .DZubm
-quui| ‘AydonsAp refnosnjy
(109€ST *NIIN)

4
QAISS02I [BUWIOSOINE Q[T
-quui] ‘AydonsAp renosnjy
(T8TLTY ‘NIIN)
sonIewLIouqe eijues [eseq
pue Aydone osndo ym
“JoSU0-POOYPIIYO ‘BIU0ISA
(00820€ INIIN)

1 ueurwop
poyuI-X ‘Ayredornou
100 ] -OLIB]A-100IRYD)
(056219
Z:ZV OAISS302I [elIosoIne
‘0¢ eidordered onsedg
(ov1L19
INIIN) QwoIpuhs S LLZ

(ST9%19 ‘NI
L1 dWOIpUAS 119qnoy
(+$8909
TANIIN) [eretredojuoly
[e1o1e[1q ‘eLIASororwA[od

syuared
Iayow
1oye)

sjuared

syuared

syuared

syuared

syuared

syuared

1yjow

1oy

1otjowr

syuared

oAOU op

syuared

syuared

0 SoNn N
0 Son N
0 Son N

$SIL1:9[o818 G:awn[oA ‘doy
195 (S107) T¢I ‘g puenIg-1040y

0 d N

0 d N

0 d N
g:onsst

Q7:OWINJOA “PIOSI(] [NOSNUOINAN
(8107) 'Te 10 ‘1 eroweyD

0 ad1 N

868°0ST:€ d N
9:9NSSI ‘66:9WN[OA JUdD)
wny [ Wy (9107) e 1 D WY

(]:9NSSI ‘G:omn[oA
“AFojomaN (5661) Te 1 ‘[T duog

L:ANSSI ‘Y9 [ :0WN[OA Y JoUdD)
PAN [ WV ($#107) T8 1 ‘g zns&n],

0 d N
0 SoNn N
0 d N

snogAzowoH
SN03Az010)0H
sno3Azo10)0H

snoSAzowoH

snogAzowoy

snoSAzowoH

snoSAzowoH

sno3Azowo

snoSAzowoH

sno3Azo1oloH

sno3Azo1oloH

snoSAznuoy

snogAzowoy

snogAzo1olH

snogAzowoy

sSnoSAzowoH

ASUISSII
sso| doig
QSUISSIIA!

QSUASSIIA!

JIYSOWEL]

Yrysowery

Surordg

ASUISUON

ASUBSSIIA

ASUISUON

ASUOSSIIA

QSUISSIA

ASUISUON

Yrysowery

QSUBSSIIA

ASUISUON

(105559410 d)
V<DE961d
(K108 gm0 d)
D<LT911
(no79011EA"d)
D<D91€0
(dip9z181y-d)
L<O9LE™

(69188401 Te1V d)
1dnpeeeo

(s1218ydsysezeryd)
VIOOVSWHOL €0LD
(03]
1<DI1+T517

(0 rgzdiy-d)
V<DL

(o1d [581v-d)
0<DT91
(101.L €81y d)
1<D6001°2
(di1.85z81yd)
L<OTLLD

(oNT6IBA"d)
V<DILTD

(1218¢€31v"d)
L<OTIO01
(6LynTEEY 1YL ')
DVV.LIPP868Y S681™0

(IrpLz 181y d)
1<D1T8ED

(#2100guD d)
1<08682

(218020 AN)
9¥00a

(PEEETO TAND
dddND

(PEFF00 TAN)
6VdSH

(O1€1€0 TAN)
dvATd

(SPOSHT AND
1§10
(€S1810 TAN)
TMXINV

(£L9€00 AN)
dvol

(9L60E1100 AN)
ASAd

(TELYTO100 AN)
AOAN

(Tr9L60100 AN)
14ro

(TTLy00 AND
NPV
(I1¥162100 AN)
NOS

(£L0€20 AN)
[ANVTdD

(OLLSPTTO0 AND
9€4dD

(oWOIpPUAS IOAT|Q SWEpY)
uornepIe)ar Jojowoydksd
‘wsydiowsAp ‘djeas
ay) Jo enuaguod snno ersejdy
sonnoayyIp Surpady ‘Asdojido
‘oreao uawelo juajed ‘Aydone
18[[9G2190 ‘dSBULY JUIBIIO
wnIds pasearour ‘eruojodApy
e1sone [eue ‘eisejdodAy
QOBJpIWI ‘QINJE)S JI0YS

Ayredooyus Surso urelorg

suonoayur A107e11dsaI JUSLINOAI

‘SNSIOAUL SNYIS “BIPIROONXI(]
‘uonounys£p [epeuon)
‘e10ado[y ‘uonepIedl Y1moin

Juopuadop
ITRYOOaYM ‘SSIUNBIM JISNIA

Juopuadop
ITeyo[eayM ‘Sunyiem Knoyzip
SSOUNBIM J[OSNW [BUIIXOL]

sanIjeuLiouqe eijgues [eseq
‘uonje[nquIe Jo ssoj ‘eruo)sA(q

eIxele ‘sisoredereq

e1uojodAy [ejeuoaN

Ajiqesip [enjoa|[a1uf
(owoIpuAg 1aqnor) udis Y100}
Iejows ‘Aejop [ejuowdoforap
[eqo|3 ‘A[K108puks
‘A1KyoepAjod ‘erxerde

10]0WO[NO0 ‘UOIS[NAUOD J[LIGD]

Kejap 10j0woyohsd
pue eyuswdoforaq

wy Kp|

wy

4N

we

A9

A9z

Keg

A6g

wg Ky

Log

w9

A6

wg K|

we K|

9¢

sS

9

L4

34

w

[Uig

6¢

33

P

(43

0¢

6T

:14

25



Osmangazi Tip Dergisi, 2023

IR/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; INB, newborn; 10y, year,; 11m, month; 12P, pathogenic; 13LP, likely pathogenic,
14UCS, uncertain significance; 154D, 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
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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
SCYLI gene mutation. Biallelic mutations in the
SCYLI 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 SCYL! 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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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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