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Clinical applications of next-generation
sequencing in the diagnosis of genetic disorders in
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Background: Next-generation sequencing (NGS) technologies have revolutionized genetic testing and enabled
efficient screening of various genetic conditions in clinical settings. However, the clinical application of genetic
test results presents numerous significant challenges. This review aims to provide a comprehensive overview
of key concepts for the clinical application of NGS, including (1) technical aspects and limitations, (2) variant
classification, (3) clinical interpretation, (4) familial testing and genetic counseling, and (5) ethical considerations.
Current Concepts: In short-read-based NGS, several limitations exist in detecting genomic variations, including
repetitive sequences or complex structural variations. The variant classification process can be influenced by
suspected genomic conditions and the accessibility of genomic databases. Therefore, the final genetic diagnosis
depends on the physician’s discretion, which relies on the genotype-phenotype correlations and reverse
phenotyping through additional evaluations. Familial testing can help trace the origin of variants and allele
segregation and aid in variant interpretation, risk assessment, disease prevention, and family planning. In
addition to addressing the clinical impact of genetic results, genetic counselors should also consider potential
consequences related to ethical, legal, and social issues, including family dynamics.

Discussion and Conclusion: NGS-based genetic testing is a promising diagnostic tool for genetic disorders,
but proper variant interpretation and clinical evaluation are crucial for optimal clinical practice. Notably, ethical
considerations and regulatory measures are required to prepare for the next era of genomic medicine.
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Figure 1. Workflow of genetic testing using short-read-based next-generation sequencing (NGS). The figure provides an overview of the essential steps in variant
detection and prioritization during genetic testing using short-read-based NGS. Initially, genomic DNA is fragmented, and libraries are prepared to facilitate sequencing.
The obtained short-reads are then aligned to a reference genome, enabling the identification of genetic variants through comparison with the reference sequences. It
is important to acknowledge that short-read-based NGS may have limited coverage in genomic regions with high guanine-cytosine content or repetitive sequences,
which could potentially result in false negatives during variant detection. The bioinformatic analysis involves specific file formats such as FASTQ (nucleotide sequences
with quality format), binary alignment and map (BAM), and variant call format (VCF) files, indicated within the brackets. Furthermore, the variant filtration process
plays a critical role in refining the genetic test results and ultimately influences the diagnostic yield. Careful consideration of several important steps in this filtration
process is essential to enhance the accuracy and clinical utility of the genetic testing outcomes. lllustrated by the authors.
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Table 1. Representative databases that can be utilized for variant interpretation and clinical assessments.

Database Description URL Reference

Variant frequency

gnomAD 141,456 Humans (125,748 exomes and 15,708 genomes) https:/gnomad.broadinstitute.org/ [18]

KRGDB 1,722 Korean genomes http://coda.nih.go.kr/coda/KRGDB/index.jsp [19]

KorealK 1,094 Korean genomes http://1000genomes.kr/ [20]

KOVA2 5,305 Koreans (3,409 exomes and 1,896 genomes) https://www.kobic.re.kr/kova/ [21]
In silico predictions

CADD Computational prediction of functional impacts for single nucleotide variants and indels  https://cadd.gs.washington.edu/ [22]

SpliceAl Deep-leaming based prediction for splicing variants https://spliceailookup.broadinstitute.org/ (23]
Variant classification

ClinVar Freely accessible reported variant pathogenicity database https://www.ncbi.nim.nih.gov/clinvar/ [24]

HGMD Subscribe-based reported variant pathogenicity database https://www.hgmd.cf.ac.uk/ [25]

PharmGKB Pharmacogomic variants https://www.pharmgkb.org/ 26]

COSMIC Cancer driver mutations https://cancer.sanger.ac.uk/cosmic [27]
Gene-phenotype relationships

OMIM An online catalog of human genes and genetic disorders https://www.omim.org/ [28]

GeneReview Clinically relevant and medically actionable information for inherited conditions https://www.ncbi.nlm.nih.gov/books/NBK1116/  [29]

Based on [18-29].
CADD, Combined Annotation Dependent Depletion; HGMD, Human Gene Mutation Database; COSMIC, Catalogue of Somatic Mutations in Cancer; OMIM, Online Mendelian Inheritance in Man.
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Figure 2. Representative examples of pedigrees exhibiting autosomal domi-
nant, autosomal recessive, and X-linked recessive inheritance patterns. (A)
Autosomal dominant inheritance is observed when affected individuals are
present in every generation of the family. (B) Autosomal dominant inheritance
can also occur as a de novo variant, which is a sporadic case with no family
history of the condition. (C) Autosomal recessive inheritance is observed when
both parents are carriers of the genetic variant, but are unaffected themselves.
(D) X-linked recessive inheritance is observed when all affected individuals are
male and females are carriers of the genetic variant. lllustrated by the authors.

U= A2 o, B3], w2 &R EAeh= 39 W
o= FAA Aeiere] Atz QFT A4 2o whet g
2Hd 4= Q7] Wi2ol|[17], =991 o R Sk tite ¥
o] ¥I% gloJeo|AE 53t L8dk= Zlo] mie- T8
sttt AA7HA] ghaQle gk ol Hlkof ek thef

gt glojgu|o] A7} GR5E] o] lom tEH O R gnomAD,
KRGDB, KorealK, KOVA2 0] QJtHTable 1) [18-29].

AL TIAALY, Lo} ofn|iALS: o
7171, okl gl glg S 9l
A0 of i 9] EAfsn ofwgt

71 AT |A|EA) TESHE 2L Wolo] s Tl
A TS Fag TAolTt B3, ofnjizito] AgHelAL 2
glol & Thgo] QRS Nl A0 AZEl Bol5e thef
o 7154 e 2 5 9lol, e oS B} Hlo|
Efiflo]25o] Apurelo] Low(Table 1) [18-29], HolSS

O
%
FE
: »
:(o

BRI ol BEH TAR g 4 IeH22,23),

3. Hol2| 7|94z S gl

FAmREE f4 Aoo] 4 PAS AT A W
o5 BASHE o TS ot JRE ATEcHFieure 2)
QO G o Haei shby Ze 5
Aol 23R Wolo] 7|9 4 He, ¢
£ wEsh © 28 4 Ytk o2 Sol, o]
ol5o] Sxjela Feh, %) wol ofulx)e} o 5ol
243k wlololof st ofSe] ZHIL 9l WolE % of
Hu ol Selke diek ko] ol Se mE Al2jAY 4
ik, mlset el shbo] 2 TP Aol thael g
So| Qi A9, WET} FH5Hs ol 92l Ho]
2 2 9IrhFigure 24), $4H9] U R} BE 44
of olghE|x] ehe A9l AR $4 Al Bl
A A T e ol fsloR Azt 5 g)o

oz, JAA

A o

[

mlm
yid
&

2,
X

rloi

HE sty EHOl A3
3 FEAES 7}117% =49 01'5‘“@% 7K
= °oF AA A% ’E}"ﬂ*ﬂ% 1—57H
BN A g, 71541 FaFol & HolztH A
o] 9l #lo] 9% (likelihood)7} o9~ 3 Ho| = A§z}
H 4= 9l o] Folls BARe] AETHA FrofA s W
ARsto] EX e oS H7lsl= Zlo] vl F8
i}, o]gl% Blo]o] sfjA2 wiolo] 7| lut 7HA| e, T1efal
% Aol wheba *1-% ot2A siAE 4= b7 whell, ¢

o
(o]
it
f

o

4. 0] 271 TO[E{HI0|A

FATke] BAKo] 2 Leial Blole] A 9ol 7o)
HTE A2 slel, Wol2 AHHOR BT 4 gtk wt
eh) olefst ARES & HRst] Bojeuo] AR 155
= o] Fasin, B B Asko] w2 e e Wi o

REN RSO M) B7IME 20| Aax 22 617



J Korean Med Assoc 2023 October; 66(10):613-623

Reverse
phenotyping
Laboratory Genetic test Clinical presentation Clinical
reports Genotype
Pathogenic Do Family history
AN I { Physical examination
Image findings
VUS
Phenotype \ a Laboratory results
: N -
Benign

Genotype-phenotype
correlation

Multi-disciplinary

Case discussion

Data sharing
Bioinformatics analysis
Functional studies

Figure 3. Schematic presentation of the clinical evaluation process and multidisciplinary team approach to enhance genetic diagnosis. Routine molecular workups in
clinical laboratories identify candidate variants for genetic diagnosis. Physicians assess their patients and correlate their phenotypes with genetic information. A con-
clusive genetic diagnosis can be made when the genetic findings align well with the patient’s clinical presentations. However, in cases of inconclusive or challenging
findings, a multidisciplinary team approach can significantly improve the diagnostic rate. VUS, variant of uncertain significance. lllustrated by the authors.
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Table 2. An overview of genetic tests legally permitted in the Republic of Korea

Purpose Subject (target)

Allowed no. of disorders or traits Legal evidence

Preimplantation genetic diagnosis Embryo (genetic disorders)
Fetus (genetic disorders)

Consumer (wellness-related traits)

Non-invasive prenatal testing
Direct-to-consumer

209? Bioethics and Safety Act. Article 50

1149 Bioethics and Safety Act. Article 49

Based on [40,41].

s of July, 2023. YAs of September, 2023, maximum numbers of traits. Numbers vary depending on institutions.
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