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Genetic Diagnosis of Inherited Metabolic Disorders using
Next-Generation Sequencing

Chang-Seok Ki, MD, PhD

GC Genome, Yongin-si, Gyeonggi—do, Korea

Inherited metabolic disorders (IMD) are a group of disorders involving various metabolic path-
ways. Genetic diagnosis of IMD has been challenging because of extremely heterogeneous
nature and extensive laboratory and/or phenotype overlap. Conventional genetic diagnosis
was a gene-by-gene approach that needs a priori information on the causative genes that
might underlie the IMD. Recent implementation of next-generation sequencing (NGS) techno-
logies has changed the process of genetic diagnosis from a gene-by-gene approach to simul
taneous analysis of targeted genes possibly associated with the IMD using gene panels or
using whole exome/genome sequencing (WES/WGS) covering entire human genes. Clinical
NGS tests can be a cost-effective approach for the rapid diagnosis of IMD with genetic
heterogeneity and are becoming standard diagnostic procedures.

Key words: Next-generation sequencing, NGS, Inborn errors of metabolism, Gene panel,
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Fig. 1. Paradigm changes of genetic diagnosis. A) Traditional gene—by—gene approach
using Sanger sequencing. B) Syndrome—based genetic diagnosis process by using
next—generation sequencing (NGS).

Table 1. Questions for the genetic diagnosis of inherited metabolic disorders

Are the patient's symptoms, signs, or laboratory findings related to an inherited metabolicdisorder (IMD)?
Have the causal genes for the IMD been identified?

How many causative genes are there underlying the IMD?

Are there any major genes for the IMD?

How to test for genes that cause the IMD?

Are there any variants found in genetic testing?

How do we verify that the genetic variant we find is the cause of the IMD?

If genetic testing didn't find any causative variants, what should we do now?

_2_



- TP A GHGEAS o)g3 HA4 dhabaRel S -

Genome Sequencing: WGS) 502 U= 4 P,
ARG 5408 Ag¥che NGSllA 324 7742} 1f
d, A oAE A H A RAA Al el 30
o ME= AR AT A Folld Lot B2 F
o] A HEAHAA A A eE 54 AEo] dufit
o] ASA=AI(AHEY WM e BFE 4 ek A
A AL A AP A= 90-95%°13 A4
A= oF 30-60x0IH, A4 A& AlB/e] A AH
2j219F Al HAe A47F oF 1-2%2 ©F 100-200 x©|
™, 34 {42 g2 247 0.01-0.1%2 F 200-500
xQUdl, 2ol WS oot SHelA Aol Sl

(Table 2).

N

. 7Y oA B2 R4t T

A 42t g2 B4 A<&(Targeted Exome) E=
1d(Targeted Panel) 522 S8, F44 thAt
g o Ao RS AAste] s At
g} QIR QIEE -9l tis NGS 7[H<

7IMEEA S Alshe oA, 4 Kde] 7t

kA
bRy

i)
r
i
¢

Az o 7] el e T4 1) o fH4E
Egsfot sl Aglof Ak, B 44 o] 2
Tk 842 WA ulgel F7Kta, AR fTt ot

Aol w2t G7IMGRAellM A7 it 1ot w4

Table 2. Comparison of clinical next—generation sequencing test
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TPS WES WGS
Genome Coverage Low Intermediate High
Sequencing Depth High Intermediate Low
Number of Genes Up to thousands More than 20,000 More than 20,000
Capture Bias Yes Yes No
Diagnostic Yield
SNV/INDEL High High to Intermediate High
Intron Variant Low Low High
CNV Intermediate Intermediate High
Gene Rearrangement Low Low High
Re—analysis Potential Low Intermediate to High High
Cost Low Intermediate High

Abbreviations: CNV, copy number variation; INDEL, insertion and deletion; SNV, single nucleotide variant; TPS, targeted
gene panel sequencing; WES, whole exome sequencing; WGS, whole genome sequencing.
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Table 3. Targeted next—generation sequencing panels for inherited metabolic disorders at Genomics England PanelApp*

Curation status

Panel name Version No. of genes -
Green' Amber ™ Red® No list

Undiagnosed metabolic disorders 1.607 754 654 22 76 2
Cerebral folate deficiency 1.2 4 4 0 0 0
Congenital disorders of glycosylation 4.13 117 95 5 17 1
Hyperammonaemia 1.21 106 42 0 64 0
Ketotic hypoglycaemia 1.8 45 27 0 18 0
Mitochondrial disorders 4.113 483 271 41 160 5
Mucopolysaccharideosis, Gaucher, Fabry 1.2 18 17 0 1 0
Peroxisomal disorders 1.19 38 35 0 3 0

*Genomics England PanelApp; https://panelapp.genomicsengland.co.uk (Date accessed: 22 Nov 2023).
THigh level of evidence for this gene—disease association, demonstrates confidence that this gene should be used for genome

interpretation.

"Moderate evidence for this gene—disease association, and should not yet be used for genome interpretation.
$Not enough evidence for this gene—disease; this gene should not be used for genome interpretation.
I Added for review of gene—disease association or removed after review because of the variant type (short tandem repeat, etc.).
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