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NGS를 이용한 연구 방향
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NGS 발전에 따른 변화

• Jiang et al. Ccf Transactions High Perform Comput 3, 344‒352 (2021).
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최신 NGS 장비의 능력

68Gb / 1h

• https://www.illumina.com/systems/sequencing-platforms/novaseq/specifications.html



최신 NGS 장비의 능력

68Gb / 1h

• https://www.illumina.com/systems/sequencing-platforms/novaseq/specifications.html

Oryza sativa genome size = 389 Mb
하루에 벼 250 품종(30X 기준)을

한 번에 읽어 버릴 수 있다.
프로젝트당 평균 100Gb 정도 생산…

프로젝트당 최소 3 weeks 분석…



NGS 데이터의 분석 파이프라인 (예시)

v Pipeline for GWASv Pipeline for QTL-mapping

Variant Dete
ction

(변이 추출)



유전체 상에 존재하는 다양한 변이(Variant)

• https://www.pacb.com/?page_id=9004
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SNP 변이
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··· G T G A A C T T G A G A A C T A C G T G A ···

Read1 G T A C T A G A G A A C T A C G G A

Read2 G T A A C T A G A G A A C T A C G A

Read3 T G A A C T A G A G A A C T A T G A

Read4 G T G A A G A G A A C T A C G T A A

Read5 G T G T A G A G A A C T A C G T A

Read6 G T G C T A G A G A A C T A C G T A A

Read7 G T A C T A G A G A A C T A T A A

Read8 T G A A C T A G A G A A C T A C G T A

Read9 T G A A C T A G A G A A C T A C G G A

Reference Genome

Homoz
ygous 

SNP

Hetero
zygous

 SNP

• Sachidanandam R et al. Nature. 2001;409(6822):928-933

My Sample



SNP 변이
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··· G T G A A C T T G A G A A C T A C G T G A ···

Read1 G T A C T A G A G A A C T A C G G A

Read2 G T A A C T A G A G A A C T A C G A

Read3 T G A A C T A G A G A A C T A T G A

Read4 G T G A A G A G A A C T A C G T A A

Read5 G T G T A G A G A A C T A C G T A

Read6 G T G C T A G A G A A C T A C G T A A

Read7 G T A C T A G A G A A C T A T A A

Read8 T G A A C T A G A G A A C T A C G T A

Read9 T G A A C T A G A G A A C T A C G G A

Reference Genome

Homoz
ygous 

SNP

Hetero
zygous

 SNP

• Sachidanandam R et al. Nature. 2001;409(6822):928-933

Whole-Genom
e에 SNP가 고르게 분포되어 있음.

My Sample



IGV 프로그램을 통한 변이 관측
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v SNP (Homozygous & Heterozygous)

v Insertion (Homozygous)

v Deletion (Homozygous)



NGS로 대량 형질연관 SNP 획득 à 분자육종

11• https://jgeb.springeropen.com/articles/10.1186/s43141-021-00231-1
• http://www.knowledgebank.irri.org/ricebreedingcourse/Marker_assisted_breeding.htm

MAS

MAB



NGS를 이용하는 다양한 Sequencing 방법
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분자마커 발굴을 위한 다양한 NGS 기법
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• https://www.researchgate.net/figure/Illustration-of-reduced-representation-sequencing-amplicon-sequencing-and-transcriptome_fig1_289685635 핳풤폧 퀓혐
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그 외에도 GBS, Target
ed Sequencin

g, MIG-seq이 있음.



Sequencing 기법에 따른 차이 (1/2)
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WGS

GBS Restriction Enzyme site

RNA-seq
Gene



Sequencing 기법에 따른 차이 (2/2)

찿뭋캧 WGS GBS RNA-seq

쭿켘폼폨 픛헿� 좣싛 폼폨 Restriction Site 핳믷 폼폨 픛헿햋 coding 폼폨

��탗�탬펌 genome 밫훻 10X ~ 30X / 컓 1Gbp / 컓 2Gbp ~ 5Gbp / 컓

픛헿򻹧밫 쫯� 헼혃 -

샻엄컓 컓샴 sequencing 펌 힘맻 샻엄 컓 OK 컓샴 sequencing 펌 힘맻
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쨗몿캫 X X O
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변이를 통해 할 수 있는 것
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Next-Generation
Sequencing

Marker-assisted
selection (MAS) Marker-assisted

backcrossing (MAB)

퓋캫ힻ 뭧쭿 쟃�

퀗솿 멻혐 쟃�

• Bora et al. Biotech 6, 50 (2016). 

• https://privefl.github.io/bigsnpr/articles/how-to-PCA.html

• https://www.intechopen.com/media/chapter/62375/media/F1.png

• Hasan et al. J Genet Eng Biotechnol 19, 128 (2021).

Association Mapping

QTL Mapping

• https://www.nature.com/scitable/content/33150/10.1038
_35047544-f3_mid_1.jpg

Linkage Map

• https://www.researchgate.net/figure
/Genetic-linkage-map-of-Sr13-compa
red-to-the-consensus-map-of-chrom
osome-6A-a-Genetic_fig1_279961814



NGS를 이용한 유전체 변이 분석 과정
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NGS 분석 파이프라인
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v WGS (Whole Genome Sequencing) 핯앷핳 v GBS (Genotyping-By-Sequencing) 핯앷핳



Pre-processing

q 시퀀싱 데이터의 전처리 과정

§ Removal of technical sequences

§ Quality and length filtering

q 많이 사용되는 프로그램

1. Trimmomatic

A flexible trimmer for Illumina sequence data

2. FASTQC

A quality control tool for high throughput sequence data.

3. FASTX-Toolkit

The FASTX-Toolkit is a collection of command line tools for Short-Reads FASTA/FASTQ files preprocessing.

4. SolexaQA

SolexaQA calculates sequence quality statistics and creates visual representations of data quality for second-generation sequencing data.

19
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Trimmomatic 실행
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q Trimmomatic 프로그램 옵션

• Phred33

• Remove adapters (ILLUMINACLIP:TruSeq3-PE.fa:2:30:10)

• Remove leading low quality or N bases (LEADING:3)

• Remove trailing low quality or N bases (TRAILING:3)

• Scan the read with a 4-base wide sliding window, cutting when the average quality per base drops below 15 

(SLIDINGWINDOW:4:15)

• Drop reads below the 36 bases long (MINLEN:36)

## Sequencing Data 쌏옄�잧왗 핯쇔

cd /home/edu_01/1.rawdata

## Trimmomatic 퀓

java -jar /home/Trimmomatic-0.39/trimmomatic-0.39.jar PE -threads 10 -phred33 seq_1.fq.gz seq_2.fq.gz seq_paired1.fq
seq_paired1_un.fq seq_paired2.fq seq_paired2_un.fq ILLUMINACLIP:/home/Trimmomatic-0.39/adapters/TruSeq3-PE.fa:2:30:10 

LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36



Pre-processing 결과 예시
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v FASTQC v Flow of reads in Trimmomatic Paired End mode

v Trimmomatic 결과 예시

• https://hbctraining.github.io/Intro-to-rnaseq-hpc-salmon/lessons/qc_fastqc_assessment.html
• http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/TrimmomaticManual_V0.32.pdf



Read Alignment

q Read Alignment / Read Mapping 과정

§ Read alignment (mapping)는 sequencing reads들을 표준유전체 서열과 비교하여 reads의 염기서열과 일치하는 위치를

표준유전체 서열에서 찾는 과정

q 많이 사용되는 프로그램

1. BWA (Burrows-Wheeler Aligner)

BWA is a software package for mapping low-divergent sequences against a large reference genome, such as 

the human genome.

2. Bowtie2

Bowtie 2 is an ultrafast and memory-efficient tool for aligning sequencing reads to long reference 

sequences.

3. HISAT2

The HISAT2 is a fast and sensitive alignment program for mapping next-generation sequencing reads (both 

DNA and RNA) to a population of human genomes as well as to a single reference genome.

4. RUM, STAR, TopHat2, …
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Alignment Tools 간의 비교
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• https://www.elucidata.io/blog/bulk-rna-sequencing-a-comparison-of-the-most-popular-tools-and-pipelines

+ Genome



Read Alignment 결과 예시
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Read alignment ‒ IGV 몫뫷



Read Alignment 결과 예시
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Read alignment ‒ IGV 몫뫷



Variant Detection

q Variant Detection 과정

§ Read alignment (mapping) 산물을 이용하여 시퀀싱 샘플과 표준유전체 서열과의 차이 (SNP, In/Del 등)를 찾는 과정

q 많이 사용되는 프로그램

1. SAMTools

Provides various utilities for manipulating alignments in the SAM/BAM format.

Find variants

2. GATK

A genomic analysis toolkit focused on variant discovery
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Variant Detection 결과 예시
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Variant Detection - 몫뫷

IGV

VCF (Variant Call Format)

SNP matrix
• https://davetang.github.io/learning_vcf_file/



VCF (Variant Call Format) 결과 형태
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• https://davetang.github.io/learning_vcf_file/



VCF와 BCF의 차이
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Variant Filtration

q Variant Filtration 과정에 사용되는 기준

§ SNPs Low quality

§ Number of alleles: It is possible to filter out the non-biallelic or the monomorphic SNPs.

§ High Coverage: It can be false positives due to repetitive regions.

§ Missing genotypes

§ Minor Allele Frequency (MAF)

§ Observed Heterozygosity

§ By genome localization: exon, UTR, etc,.

§ Amino-acid change: We can select the SNPs with large impacts in the coded proteins.

§ Linkage Disequilibrium: If we have genotype a segregant population it could be useful to filter out the SNPs 

that are not in linkage disequilibrium with their closest SNPs.
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Filtering 예시
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Bad

Good



Filtering을 통한 최종 산물



변이를 통해 할 수 있는 것
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Next-Generation
Sequencing

Marker-assisted
selection (MAS) Marker-assisted

backcrossing (MAB)

퓋캫ힻ 뭧쭿 쟃�

퀗솿 멻혐 쟃�

• Bora et al. Biotech 6, 50 (2016). 

• https://privefl.github.io/bigsnpr/articles/how-to-PCA.html

• https://www.intechopen.com/media/chapter/62375/media/F1.png

• Hasan et al. J Genet Eng Biotechnol 19, 128 (2021).

Association Mapping

QTL Mapping

• https://www.nature.com/scitable/content/33150/10.1038
_35047544-f3_mid_1.jpg

Linkage Map

• https://www.researchgate.net/figure
/Genetic-linkage-map-of-Sr13-compa
red-to-the-consensus-map-of-chrom
osome-6A-a-Genetic_fig1_279961814



강의 요약

q NGS의 발전으로 인하여 sequencing 데이터 생산의 가격은 낮아지고, 속도는 빨라짐.

q 유전체 상에 존재하는 다양한 변이 정보를 NGS 데이터로 분석할 수 있음.

q NGS로 얻은 변이 정보를 이용하여 형질연관마커, MAS, MAB, 순도검정, 원산지 구분, QTL-mapping, 

GWAS와 같은 다양한 분석이 가능

q 마커 개발을 위한 NGS 기법에는 WGS, RNA-seq, GBS와 같은 다양한 기법이 존재

q NGS 데이터를 분석하기 위해 Pre-processing, Read Alignment, Variants Detection, 마커 후보군

개발의 순으로 분석이 진행됨.
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Q & A

대전시 유성구 테크노2로 187, B동 412호

bi@bioto.co.kr

042-710-0077

070-7585-5344

강의를 경청해 주셔서 감사합니다.
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