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Basics of clinical genetics, disease mechanism, variant nomenclature

BB and ACMG interpretation
y T AR (R Y AR A AR R
HEFPEZ
This workshop provides a foundational overview of clinical genetics,
BRME inheritance patterns, genetic variant nomenclature, and ACMG variant
( 200~300 Interpretation. It begins with Mendelian inheritance (autosomal dominant,
=) autosomal recessive, X-linked), as well as atypical mechanisms such as

germline mosaicism, mitochondrial inheritance, imprinting disorders, and
unstable repeat expansions. Key molecular mechanisms are explained,
including gain-of-function, loss-of-function, and dominant negative
effects. The workshop highlights genotype-phenotype correlations using
diseases such as osteogenesis imperfecta and Fabry disease, with emphasis
on how X-inactivation and mosaicism influence female expression of
X-linked disorders. The presentation reviews dynamic mutations (e.g.,
CGG expansion in FMRI1 for Fragile X), imprinting syndromes (e.g.,
Angelman and Prader-Willi), and large structural variations (e.g.,

a -thalassemia deletions). It stresses the relevance of germline mosaicism
in clinical genetics, particularly in autosomal dominant/X-linked disorders
where unaffected parents can pass mutations to offspring.Detailed
mnstruction 1s provided on HGVS nomenclature, including variant types
(e.g., substitutions, deletions, nsertions, frameshifts) and standard
reference sequences (e.g., RefSeq, Ensembl, LRG). Examples clarify the
use of notations like “>" , “del” , “dup” , and complex allele
descriptions.  Finally, the ACMG guidelines for variant interpretation are
discussed, considering allele frequency thresholds, inheritance mode,
clinical databases (e.g., ClinVar), computational prediction, and population
background. NGS challenges include detection of low-level mosaicism,
dynamic mutations, and copy number variants. This comprehensive
introduction equips participants with tools to analyze genomic data,
Interpret variants accurately, and apply clinical genetics in precision
medicine.
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The Challenges and Preparations of NGS from the Perspective of

EEES Psychological Assessment and Counseling
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Overcoming the Pitfalls of Next-Generation Sequencing

=
e (1) WA [EIBIREH AN ZE 5%
T (2) Next-Generation Sequencing 1 {H H|ZE S H PR
(3) 20 FE R [EIRY2E T EL2KiE#HE) Next-Generation Sequencing
T Next-generation sequencing (NGS) is a high-throughput DNA
JEER =

sequencing technology that allows for the rapid and
cost-effective sequencing of large amounts of DNA or RNA. It
enables the simultaneous sequencing of millions of small DNA
fragments, significantly expanding the scale and speed of
genomic studies. Short-read sequencing is a widely used
method in next-generation sequencing (NGS) where DNA or
RNA is fragmented into small pieces (typically 50-300 base pairs)
before being sequenced.

Although NGS based on short read sequencing has
revolutionized genomics research by enabling researchers to
analyze genomes with unprecedented detail and efficiency, it
has several limitations. By and large, the following conditions
are difficult to be tackled by common diagnostic platforms:
(1) Structural variants, e.g. copy number variants

(2) Differentiation between true genes and pseudogenes

(3) Repeat expansion disorders

In addition, the following conditions are easily missed:
imprinting disorders caused by uniparental disomy, genetic
variants located at deep intronic regions or non-coding regions.
An integrated diagnostic approach is needed to provide
comprehensive solutios for patients.
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i e Late-onset genetic disorders are comprised of a long list of
/2R =

conditions. Examples of late-onset genetic disorders include
Huntington disease, spinal cerebellar ataxia, hereditary
cardiomyopathies, familial arrhythmia syndromes, cancer
disposition syndromes, young stroke, and inborn error of
metabolism, etc. Given lack of preventive or therapeutic
measures for many late-onset genetic disorders, gene testing or
disclosure or gene testing results has become an ethical
dilemma. The most important ethical consideration of gene
testing for late-onset genetic disorders should include
actionability and patients’ autonomy. Examples will be provided
in the lecture to address these critical issues.

(Z) A E RIR

BEI S | SHEE
B K OABRSEER
- B & EBEZ BagrE: [ 1984
SR2E (g Bl (BAE)
OFFZSRT (1ML ) o (FEt) e (&2E1)
O i R R N
e e e wE | B | K
BAIRTE g 5% |55 | &5
B 1 | ARSI LB 36 |41 |39
A BB i 22 122 |22
@ @ BAEREES TSABREM 34 34 |34
FABEERESE | T 3 [3 |3

537,30 %8




IR 2

AB{CE B FIE E R £ 0Bk

i o 11 52 R AR B B R 3R

(—)EEEEREE

1.&%?%{& rrﬁfﬁjn uFFH

ErErE H
4 B B A
yEmE I 455 A I R B P 2 13
=i This presentation introduces mitochondrial diseases through genetics and
R = real clinical cases. Mitochondria, the powerhouse of the cell, are present in
( 200~300 large numbers (1,000 - 2,500 per cell) and are essential for energy
=) production. Mitochondrial DNA (mtDNA), a 16.5 kb circular genome with

37 genes, 1s maternally inherited. However, mitochondrial function also
depends on nuclear DNA, and associated mutations may follow autosomal
dominant, recessive, X-linked, or de novo inheritance patterns.

The concept of heteroplasmy—the coexistence of mutant and wild-type
mtDNA 1n a cell—1s critical, as disease manifestation depends on the
proportion of mutated mtDNA (threshold effect). Genetic bottlenecks
during development can result in variable heteroplasmy levels among
siblings. Three clinical cases highlight diagnostic and phenotypic
variability:

e (Case 1: A 7-year-old boy presented with seizures, short stature,
hearing loss, and diabetes mellitus. Family history showed similar
features 1n relatives. Genetic testing revealed an m.3243A>G
mutation in the MT-TL1 gene, with varying heteroplasmy levels
(26 - 38%) across family members.

e Case 2: A 1.5-year-old boy with developmental delay and
hypotonia presented with lactic acidosis and altered consciousness.
MRI showed features of metabolic encephalopathy. Genetic
testing included mtDNA next-generation sequencing (NGS) and
whole-exome sequencing (WES).

e (Case 3: A newborn presented with respiratory distress, metabolic
acidosis, and hypoxic-ischemic encephalopathy. Despite normal
prenatal screening, the diagnosis required trio WES and mtDNA
analysis. Interestingly, the mother carried the variant but remained
asymptomatic, highlighting incomplete penetrance.
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