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본 강의 자료는 한국생명정보학회가 주관하는 BIML 2026 워크샵을 목적으로 

제작된 것으로 해당 목적 이외의 다른 용도로 사용할 수 없음을 분명하게 알립니다.

이를 다른 사람과 공유하거나 복제, 배포, 전송할 수 없으며 만약 이러한 사항을 위반할 경우 

발생하는 모든 법적 책임은 행위자 본인에게 있음을 알립니다.



KSBi-BIML 2026
Bioinformatics & Machine Learning (BIML) Workshop for Life Scientists

한국생명정보학회가 주최하는 BIML-2026 동계 Bioinformatics &Machine Learning 교육 워크숍에 

여러분을 초대합니다. 

BIML 워크숍은 생명정보학 연구자들이 최신 AI바이오 분야의 인공지능 기반 분석 기술과 바이오 

데이터 분석 기법을 이론과 실습을 통해 체계적으로 배울 수 있는 전문 교육 프로그램입니다. 

2015년에 시작된 BIML 워크숍은 올해로 12년 차를 맞이하며, 국내 생명정보학 분야의 최초이자 최고 

수준의 교육 프로그램으로 자리 잡았습니다. 이번 워크숍은 크게 인공지능바이오(AI바이오) 분야와 

디지털바이오 분야, 두 분야로 구성됩니다. 

AI바이오 분야에서는 생명정보 분석에 폭넓게 응용되고 있는 다양한 인공지능 기반 자료 모델링 

기법을 다룰 예정입니다. 특히, 인공지능 심층학습을 활용한 단백질 구조 예측, 유전체 분석, 신약 

개발에 대한 이론 및 실습 강의가 진행됩니다. 

또한 디지털바이오 분야에서는 단일세포오믹스, 공간오믹스, 멀티오믹스, 메타오믹스에 대한 강의도 

마련되어 있어, 연구자들의 분석 역량 강화에 실질적인 도움을 줄 것으로 기대됩니다. 

또한 2024년부터 추가된 의료정보 자료 분석을 다루는 강의를 올해도 지속해서 운영하고자 합니다. 

이는 최근 의료정보 자료 분석에 관한 연구 수요 증가를 반영한 것으로, 관련 연구를 수행하는 

의과학자 및 의료정보 연구자들에게 유용한 지침을 제공할 것입니다. 

또한, 올해도 생명정보학 기술의 다양화에 발맞춰 온라인 강좌를 대폭 확대했습니다. 올해는 무료 

강좌 10개를 포함한 총 40개 이상의 강좌가 개설되며, 연구 주제에 맞는 강좌 추천과 강연료 할인 

혜택도 제공합니다.

BIML-2026는 국내 주요 연구 중심 대학의 전임 교수 및 각 분야 최고 전문가들의 강의로 구성되어 

있으며, 기초 이론부터 최신 연구 동향까지 아우르는 심도 있는 교육의 장이 될 것으로 확신합니다. 

여러분의 많은 관심과 참여를 기대합니다!

2026년 2월

한국생명정보학회장 류 성 호



강의개요

Somatic mutations in non-cancer diseases

체세포 변이 (somatic mutations)는 수정란의 발생 및 분화 이후 생성된 후천적인 돌연변이로, 부

모에게서 물려받은 유전 변이와는 다르게 체내의 일부 세포만이 해당 돌연변이를 갖게 된다. 이러

한 체세포 변이에 대한 연구는 주로 암 분야에서 진행되어 왔으며, 그 결과 오늘날 암 발생의 주

요 요인이 체세포 변이의 축적임이 밝혀졌으며 실제 암을 일으키는 주요 체세포 변이의 규명 및 

발굴 또한 활발히 진행되고 있다.

최근 다양한 연구를 통해 체세포 변이가 암 뿐만 아니라 다른 유형의 질병에도 기여할 수 있음이 

점차 밝혀지고 있다. 본 강의에서는 암 이외의 질병에서 체세포 변이가 어떻게 기여하는지 관련된 

연구와 분석 기법을 소개하고자 한다. 특히 발생 및 분화과정 초기에 생성되어 일정 세포군이 공

유하게 되는 체세포 변이와, 분화 이후 개별 세포에 특이적으로 축적되는 체세포 변이를 나누어 

각 변이의 특징과 이를 검출할 수 있는 시퀀싱 기술 및 분석 기법을 소개하고자 한다. 

강의는 다음의 내용을 포함한다:

  ⚫ 체세포 변이의 정의와 유형 및 분류

  ⚫ 체세포 변이 검출을 위한 시퀀싱 기술 및 분석 기법 소개

  ⚫ 암 이외의 질병에서 체세포 변이의 역할과 응용 사례

  ⚫ 체세포 변이 검출 기술의 한계와 발전 방향

* 강의 난이도: 초급

* 강의: 김준호 교수 (성균관대학교 생명과학과)
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Somatic mutations in non-cancer diseases

Junho Kim, Ph.D.

Department of Biological Sciences
Sungkyunkwan University

Germline vs. Somatic mutations

2Cornell B. Somatic vs Germline mutations, 2016
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Somatic mutation detection from NGS data

4

Cancer arises from somatic mutations in cells

3Yulug I. Molecular basis of cancer, 2006
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Mosaic brain hypothesis

6

Deconstructing the Mosaic Brain, Tom Curran, The Scientist, 2011

• In most tissues, cell turnover and regeneration improve the deleterious 
effects of somatic mutations

• However, most neurons cannot be replaced after neural development

Somatic mutations in the brain may have permanent effect
as germline mutations

Low-level somatic mutation detection

5
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Somatic mutations cause neurodevelopmental diseases

8

Poduri et al., Science, 2013

Somatic mutations in human brain

7
Baillie et al., Nature, 2011
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Hemimegalencephaly (HMG) and focal cortical dysplasia (FCD)

10

HMG FCD

Somatic mutations cause neurodevelopmental diseases

9Nishioka et al., Mol. Psychiatry, 2018
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Overall challenge:
amount of signal may be comparable to noise

12

No mutation. 
Two ‘A’s are from errors. 

The sample has a low-level
somatic mutation.

VS.

Dou et al., Trends in Genetics, 2018

Low-level mutations in neurodevelopmental diseases

11

Lee J et al, Nat. Genet., 2012 Lim J et al, Nat. Med., 2015
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Actual problem to detect low-level mutations

14

Expected

Actual

Kim et al., Nat. Comm., 2019

Detecting low-VAF allele - Is high depth sufficient?

13

• Ultra-high sequencing depth (>10,000x) may resolve some part 
of the problem
• For low-level mutation detection with 1% VAF

• 1 read in 100x
• 10 reads in 1,000x
• 100 reads in 10,000x

• Conventional mutation calling
with adjusted threshold
• Problem solved?

■
… C A C T G …

■
■
■
■
■
■
■
■
■
■

… C A C T G …… C A C T G …

10x 100x 1,000x

Typical cutoff for
mutation calling (3% VAF)

Adjusted cutoff for
mutation calling (1% VAF)
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Oxidative DNA damage during sample preparation

16

Costello et al., Nucleic Acids Research, 2012

Chen et al., Science, 2017

Innate technical errors under sequencing experiments

15

Robasky et al., Nat. Rev. Genet., 2014
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Enrichment of mutation-harboring cells

18Kim et al., Ann. Neurol., 2023

Barcoded sequencing

17

Kennedy et al., Nat. Protoc., 2014 Stoler et al., BMC Bioinform., 2020
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Substitution-type-specific error model

20

Kim et al., Nat. Comm., 2019

Base-specific error model

19

Martincorena et al., Bioinformatics, 2014

Gerstung et al., Nat. Comm., 2012
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Ultra low-level somatic SNV calling algorithms

22

Substitution-type-specific error model

21

Kim et al., Nat. Comm., 2019
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Genome in a Bottle (GIAB)

24

Spike-in experiment for benchmarking

23
Kim et al., Nat. Comm., 2019
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Key questions for somatic variant discovery

26

Bunch of 
candidate 
variants

Many 
variants

A few 
variants

Objective I: Do they really exist?
- Any mistakes in sequencing and 

variant calling?
- Any exogenous source that may

mimic the variant?

Objective II: Are they functional?
- Are they damaging? pathogenic?
- Are they related to phenotypes?

Comprehensive benchmarking of mosaic variant calling strategies

25

Ha et al., Nat. Methods, 2023
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Variant annotation

28

• The process of assigning functional information to DNA variants
• Evaluates which functional consequences will be made for variants

It’s not easy to find disease-causing variants

27

• We usually have too many variants
• Disease-causing mutations should be rare 

enough or recurrent across patients

• Factors considered in filtering variant 
candidates
• Variant location with respect to protein-

coding genes
• Deleterious nature of the variant
• Population frequency of a given variant
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Mode of inheritance

30

Variant filtering and prioritization

29

• Utilizing reported information of genetic disorders and related 
disease genes
• OMIM (Online Mendelian Inheritance in Man)



- 16 -

Variant filtering and prioritization

• Utilizing reported information about genomic variants and its 
relationship to human health

– COSMIC
– HGMD
– ClinVar
– OMIM
…

32

Functional effect of a variant

• Gain-of-function (GoF) vs. Loss-of-function (LoF)

31
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Variant filtering and prioritization

34

• AlphaMissense

Cheng et al., Science, 2023

Variant filtering and prioritization

33

• Prediction of possible impact of an amino acid substitution on 
the structure and function of a human protein
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Variant annotation tools

36

ANNOVAR

VEP
McLaren et al., Genome Biology, 2016

Wang et al., Nucleic Acids Research, 2010

Population allele frequency in normal individuals

35

• The Genome Aggregation Database (gnomAD)
• The aggregation and analysis of 125,748 WES and 15,708 WGS data for 

normal individuals of diverse ancestries
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The detection of somatic mutation is difficult

38

• We always have false calls – False Positives & False Negatives

Dou Y et al, Trends in Genetics, 2018

Disease 
Cells

G G

G

G

G
G

G

A
A

G
G

G

G

G

ACMG guideline

37

Richards et al., Genetics in Medicine, 2015
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Exogenous errors – sample contamination

40
Lee et al, Nature, 2018

The detection of somatic mutation is difficult

39
Evrony GD et al, eLife, 2016
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Exogenous errors – sample contamination

42

Contaminated by 
PCR amplicons
(Nature, 2020)

Contaminated by 
recombinant vector
(Nat Med, 2015)

Contaminated by 
mouse mRNA(cDNA)
(Science, 2018)

Exogenous errors – sample contamination

41Kim et al, Nature, 2020
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Somatic mutations may cause neurodegenerative diseases

44

Mass et al, Nature, 2017

Can somatic mutations affect neurodegenerative diseases?

43

Prasanna et al., Life, 2021
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High-depth targeted sequencing of ALS and FTD brains

46

• 1,787 tissue samples from seven different regions
• Samples from 144 control, 291 ALS, and 113 FTD individuals
• Avg. ~1,800X coverage for 1,787 samples

Zhou Z, Kim J et al., unpublished

Possible somatic mosaicism in familial ALS

45

• The mother had
adult-onset ALS

• The FUS 
(p.Gly515Serfs13*) 
somatic mutation had 
~1% VAFs in blood and 
saliva samples and 
higher VAFs in hair and 
nail samples

• The son inherited the 
mutation and developed 
early-onset ALS

Hisahara et al., Neurol. Genet., 2021
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Damaging somatic mutations are enriched in the affected 
brain regions of ALS and FTD

48

Zhou Z, Kim J et al., unpublished

Damaging somatic mutations are enriched in the related 
genes of ALS and FTD

47

Zhou Z, Kim J et al., unpublished



- 25 -

Somatic mutations in neuropsychiatric diseases

50
Park et al., Biol. Psychiatry, 2021 Kim et al., Exp. Mol. Med., 2024

Somatic mutations in Alzheimer’s disease

49

Huang et al., bioRxiv, 2024

Park et al., Nat. Comm., 2019
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Somatic mutations in developmental diseases

52

Kurek et al, AJHG, 2012

Long somatic DNA-repeat expansion drives 
neurodegeneration in Huntington’s disease

51

Handsaker et al., Cell, 2025
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Somatic mutations in normal human tissue

54

Human esophagus –
Martincorena et al,
Science, 2018

Healthy human liver - Brunner et al, Nature, 2019 Healthy human endometrial gland - Moore et al, Nature, 2020

Melanocytes from human skin - Shain et al, Nature, 2020

Somatic mutations in inflammatory bowel disease (IBD)

53

Nanki et al, Nature, 2020

Olafsson et al, Cell, 2020
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Defective DNA repair and neurodegeneration

56

Cockayne Syndrome (CS)

Ataxia Telangiectasia (AT)

• Many congenital diseases with 
premature aging and 
neurodegeneration involve defective 
DNA repair
• Defective DNA double-strand break 

(DSB) repair in Ataxia Telangiectasia (AT)
• Defective nucleotide excision repair 

(NER) in Cockayne Syndrome (CS) and 
Xeroderma Pigmentosum (XP)

Clonal vs. Private somatic mutations

55

Miller et al,.
Annu. Rev. Genom. Hum. Genet., 2021
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Methods for detecting somatic mutations in a single cell

58

Miller et al,.
Annu. Rev. Genom. Hum. Genet., 2021

Single-cell whole-genome sequencing (scWGS)

57

Lodato et al., Science, 2015
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Somatic retrotransposition in normal colorectal epithelium

60

Nam et al,. Nature, 2023

Tracing early cellular phylogenies using somatic mutations

59

Park et al,. Nature, 2021
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Multiple displacement amplification (MDA)

62

Whole-genome amplification

61
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Primary template-directed amplification (PTA)

64
Gonzalez-Pena et al,. PNAS, 2021

Primary template-directed amplification (PTA)

63
Gonzalez-Pena et al,. PNAS, 2021
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SNV detection with linkage-read analysis

66
Bohrson et al., Nat. Genet., 2019

Huge errors from whole-genome amplification

65

Youk et al., Exp. Mol. Med., 2021 Luquette et al., Nat. Genet., 2022
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Mutation signature analysis

68

Helleday et al., Nat. Rev. Genet., 2014

Cytosine
deamination

Tobacco
smoking

UV light

SNV detection with allelic imbalance modeling

67
Luquette et al., Nat. Comm., 2019
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Somatic SNVs increase with age in single neurons

70Lodato et al., Science, 2018

Mutation signatures of human cancer

69
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Somatic SNVs in Alzheimer’s disease

72

Miller et al., Nature, 2022

Somatic SNVs are elevated in CS and XP

71Lodato et al., Science, 2018
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Chimeric artifacts hinder structural variation (SV) detection

74

Evrony et al., Neuron, 2015

Somatic SNVs in cardiomyocytes

73

Choudhury et al., Nat. Aging, 2022
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Somatic deletion in scWGS data

76

“Nano” deletion

Identification of somatic SVs using linkage information

75

• PhaseDel
• Linkage analysis with nearby 

germline heterozygous SNPs
• Generally covers ~25% of the 

genome

Kim et al., Nat. Comm., 2022
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Somatic deletions increases with gene expression and in
DNA repair disorders

78Kim et al., Nat. Comm., 2022

Intercept = 134.1
#del/yr = 1.53
p=2.43x10-6

Kim et al., Nat. Comm., 2022

Lodato et al., Science, 2018

Chronister et al., Cell Rep., 2019

Somatic deletions accumulate with age

77
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80

Thank you

The human brain through the lens of somatic mosaicism

79

Bizzotto et al. , Front. Neurosci., 2023

• Two different 
approaches to study 
somatic mutations
• Analysis of low-level 

clonal somatic 
mutations in bulk tissue

• Somatic mutation 
analysis in single cell




