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Drastic advances in high-throughput sequencing and

data analysis and sharing technologies

Why do we need the National Genome Project?

A new wave of population genomics & precision medicine



Stark et al., AJHG (2019)

Kovanda et al., BMC Human Genomics (2021)

Why do we need the National Genome Project?

National genomic projects have been launched in > 41 countries
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The National Genome Project

Our Mission

Providing large-scale genomic & clinical data

to scientific & industrial community

in the purpose of studying precision medicine,

while protecting the participants’ privacy
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Cohorts in the NGP, pilot phase (2020 – 2022)

The pilot phase of the NGP provides

genome and clinical information from up to 25,000 samples:

Total 15,000 participants (predominantly trio)

Total 5,000 participants

Total 2,383 participants

Total 849 participants (>200 patients & their parents; >149 families)

Total 300 patients (600 tumor and paired normal adjacent tissues)

Total 84 never-smoker lung adenocarcinoma patients
(168 tumor and paired normal adjacent tissues)

Total 500 Alzheimer’s disease patients and 500 normal participants
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Progress of the NGP pilot phase, as of 1st Nov. 2022

• Clinical data from 23,833 participants (= 25,000 samples) have been collected

(from 15,000 RD, 300 CRC, 84 NSLA, 849 ASD, 1,000 AD, 1,600 KGP,

& 5,000 KoGES cohorts)

• 20,000 whole-genome sequencing (WGS) data have been newly generated 

and 5,000 WGS data were collected from NGP cohort partnership



Progress of the NGP pilot phase, as of 1st Nov. 2022

Previously established cohorts

(CRC, ASD, KGP & KoGES) joined to NGP

Generation of 1st WGS data

(Rare disease, KoGES)



Collection of

Samples & Data



• The research participation agreements and plans are approved by multiple 

Institutional Review Boards (IRBs).

• Blood or saliva samples and clinical information are collected, according to 

the strictly managed quality control (QC) processes.

Collection of samples & clinical data based on patient consent

Bioethics and BioSafety Act, Republic of Korea

+

Participants’ consent Approval of research plans



Seoul National University 
Bundang Hospital 
(SNUBH)

Pusan National University 
Yangsan Hospital 
(PNUYH)

Seoul National University 
Hospital (SNUH)

Inha University Hospital
(INHAUH)

Jeonbuk National University 
Hospital (JBUH)

Chungbuk National University 
Hospital (CBNUH)

Samsung Medical Center 
(SMC)

Asan Medical Center
(AMC)

Chonnam National University 
Hwasun Hospital (CNUHH)

Kyungpook National 
University Chilgok Hospital 
(KNUH)

Ajou University Hospital
(AJOUMC)

Inje University Busan Paik 
Hospital (INJE)

The Catholic Univ. of Korea 
Seoul St.Mary’s Hospital 
(SSMH)

Severance Hospital
(YUHS) 

Cheju Halla General
Hospital (CHH)

Chungnam University 
Hospital (CNUH)

Rare disease recruitment

The rare disease patients take part in the NGP via the following hospitals:

Wonju Severance Christian 
Hospital (WSCH)



NGP cohort partnership

In cooperation with previous projects (NGP cohort partnership),

NGP collected diverse cohort datasets,

Autism Spectrum 

Disorder (ASD)

Colorectal Cancer

(CRC)

Normal Participants 

(KGP)

Normal Participants 

(KoGES)

Current research & medical staffs in NGP cohort partnership

may participate in the next phase of NGP,

which aims to collect the data from > 1M participants

Non-Smoking Lung 

Adenocarcinoma

(NSLA)

Alzheimer’s Disease

(AD)



NGP cohort partnership

Following implications from the cohort partnership:

Establishment of the standard operating procedure (SOP)

for diverse types of diseases and healthy participants

- Ethical, Legal and Social Implications (ELSI)

(e.g., Consent forms and research plans

regarding the prospective / retrospective studies in the NGP)

- Strategies for sample and data collection

(e.g., sampling and banking solid tumors rather than blood)

- Data standardization or strategies for update of clinical information

(e.g., trajectory analysis of clinical information & outcomes)

The NGP cohort partnership encompasses diverse types of cohorts

(cancer and currently incurable disease patients & normal/healthy participants)



Standardization & QC of clinical information 

The Research Environment Platform provides structured clinical data:
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Human phenotype ontology (HPO)

General health checkup including interview medical examination, 
radiography examination, blood test, and urinaylsis

ASD-specific information, including Social communication 
questionnaire, Autism diagnostic observation schedule and interview

Pathological diagnosis, metastasis, survival, medical treatment, and 
radio- and chemotherapyNon-Smoking Lung 

Adenocarcinoma

(NSLA)

Alzheimer’s Disease

(AD)
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Genome sequencing



Whole-genome sequencing (WGS) process

13
Units

<141,000 samples are able to be sequenced

by using Illumina NovaSeq 6000

Runtime
Num. of Runs / 

Year

Maximum

data size / Run

Maximum

data size / Year

WGS samples / 

year

48 hr / Run 156 Runs / yr 6 Tbase/ Run 12,168 Tbase/ yr 110,000 samples / yr

Sample QC Library prep & QC Sequencing

https://www.google.co.kr/url?sa=i&url=https://www.illumina.com/systems/sequencing-platforms/novaseq.html&psig=AOvVaw0TuQwx0hct51f9sjW1TTRm&ust=1599011885163000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCODtvdHtxusCFQAAAAAdAAAAABAD


Newly generated whole-genome sequencing (WGS)

Rare Disease (RD)
Normal Participants 

(KoGES)
15,000 participants 5,000 participants

As of 1st Nov. 2022, a total of 20,000 samples were sequenced

For each sample, 138 GBase (>30X) on average was generated

WGS data were generated by Macrogen, DNALink, TheragenBio, and LabGenomics



Phred Q30 91.6%

De-duplicate read 87.8%

Mappable read 99.8%

Genome Coverage    ≥ 1X 94.9%

Genome Coverage    ≥ 10X 94.3%

Genome Coverage    ≥ 30X 86.7%

For each sample, 138 GBase (>30X) on average was generated

85GBase

Sequence data QC



Data processing

& Quality control



WGS data analysis & QC

Variant calling

SNV, 

Short INDEL

SV

Germline

Somatic

Common/rare/de novo

CNV

Translocation

Complex
Public DB gnomAD

UK Biobank

KOVA II

∙∙∙

Data processing and QC pipelines for the WGS data have been established

to call germline or somatic variants with high consistency and confidence.

Comparative
analysis



Data processing and QC pipelines for the WGS

• Germline mutation

GATK-Spark: MapReduce-based distributed parallel computing

GATK-Spark pipeline performs 3~4 times faster than Java-based GATK

• Somatic mutation

FPGA-based DRAGEN platform, the Hardware accelerated variant analysis, enables 

somatic variant analysis 20 times faster than GATK-Spark (60 min per sample)

Data processing and QC pipelines for the WGS data have been established

to call germline or somatic variants with high consistency and confidence.



 Data analysis

 Feedback on REP

 Researchers

Platform

Data 

confidentiality

Support for 

researchers

• Database 

• Analytic tools & utilities

Infrastructure

• Research funding

• Data sharing service

• Supporting computing resources

Management

Scientific 

community

Computing

resources

Network security

• Closed network

• Secured workspace

Research Environment Platform (REP)

The platform provides processed WGS data and de-identified clinical information, enabling 

the researchers to conduct a multitude of integrative data analyses in the secured workspace.



Rare disease analysis



Sample_ID: 405XXXYYYY 
Sex: Male
Age: <7 
Diagnosis : Neurodevelopmental disorders (Delayed speech and language development)

The symptoms of thalassemia
- bone deformities, especially in the face
- dark urine
- delayed growth and development
- excessive tiredness and fatigue
- yellow or pale skin

Rare Disease (RD) 8,000 participants

Rare disease data analysis (example)

405XXXYYYY



Murdock (2022) Ann Rev Med

Genome Sequencing for Undiagnosed Genetic Diseases

Long-read sequencing is necessary

for the undiagnosed rare diseases



The Korean

Pan-genome Project



The complete sequence of a human genome



T2T consortium to the Human Pangenome Project

CHM13 reference genome



Needs for a pan-genome (genome graph)

Rakocevic (2020) Nat Genet Miga & Wang (2021) ARGHG



Science (2021),

Genome biology (2020)

Construction of the human pan-genome

1. De novo assembly of

long-read sequencing data

3. Identification of variants

(SNVs, small INDELs, & SVs)

4. Construction of the pan-genome

2. Construction of complete 

reference genome (template)
5. Pan-genome based alignment



HiFi 3+ 
Korean 
samples 

Assembly 
(Draft 

genome)

Korean 
complete 
genome?

Korean 
variants

Korean 

pan-genome 

Pan-genome 
based 

alignment

Phase 1 Phase 2 Phase 3

During the phase 1, we performed de novo assembly of the human WGS 

data, generated from the long-read sequencing technique (PacBio HIFI)

Roadmap of the Korea pan-genome project

CHM13?



Summary

• The Korea National Genome Project (NGP) enables the researchers to 

explore clinical and genomic data from 23,833 participants (25,000 samples)

in the secure cloud service (Research Environment Platform)

• KOBIC launched the Korean Pan-genome Project

for the better performance to identify the uncharted structural variations

and integrate numerous genetic variants from Korean population
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