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基因定序的演進、比較、與原理



圖片來源：https://www.genome.gov/27541954/dna-sequencing-costs-data/
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Sequencing Costs in 2021

第二代短片段定序

第三代長片段定序

https://www.genome.gov/27541954/dna-sequencing-costs-data/


基因定序的演進:

第一代定序:單分子

第二代定序:短片段叢
聚式放大/定序
(Illumina)

第三代定序:長片段長
片段即時定序
(PacBio; ONT)



基因定序平台的比較:



第三代定序-Nanopore sequencing

• 此定序平台使用可產生固
定電流的的納米孔，
DNA/RNA 鹼基通過納米
孔時，根據鹼基大小對遮
蔽納米孔的電流強度影響，
鑑定所通過的鹼基序列。



基因定序對於結核桿菌之鑑定與診斷



Nat. Commun. 2015;6:10063-10076.

Advantage of Whole genome sequencing on MTB

identification: Time-saving

Is it practicable to conduct WGS with original clinical specimen?



Prediction of Susceptibility to First-Line Tuberculosis Drugs  

by DNA Sequencing

• 10,209 isolates 

– Resistance to isoniazid, rifampin, 
ethambutol, and pyrazinamide

• Sensitivity: 97.1%, 97.5%, 94.6%, and 
91.3%

• Specificity: 99.0%, 98.8%, 93.6%, and 
96.8%

• 7,516 isolates (with complete phenotypic drug-

susceptibility profiles)

– 5,865 (78.0%) ( with complete genotypic predictions)

• Among which 5,250 profiles (89.5%) 
were correctly predicted

• Among the 4,037 phenotypic profiles 
that were predicted to be pansusceptible

– 3,952 (97.9%) were correctly predicted

N. Engl. J. Med. 2018;379:1403-1415.



長片段定序進行全基因組定序的步驟



Workflow of long-read sequencing for whole 

genome of MTB

N Engl J Med. 2022;doi: 10.1056/NEJMc2112090. 



Overview of library construction for ONT 

sequencing

(gravity-tube; 8,000 bp/fragment)

(24-pairs barcode)

1. Lead adaptor

2. Hairpin adaptor

3. Trailing adaptor



EPI2ME Labs Notebook is applied for analysis 
of MTB WGS

• Minimap2 for reads alignment to reference sequence (H37Rv)

(Reads No, Reads length, Q-score, Frequency…)



Non-synonymous variant within drug resistance gene of 

MTB is annotated using CLC genomics workbench



Analytic workflow regarding variant calling of MTB

genome using CLC genomics workbench

Qualified criteria:

1. Coverage rate > 30X

2. Phred (Q) score > 20 (Accuracy >99%)

3. Probability >0.9

4. Frequency >90



Quality control of sequencing results:
Quality score and GC content

Accuracy:> 98.75%

(MTB Whole Genome)

CLC Genomics Workbench



Species identification with the reads alignment to 
reference sequence



Preliminary results of long-read sequencing toward 

variant calling within MTB genome

Qualified criteria:

1. Coverage rate > 30X

2. Phred (Q) score > 20 

(Accuracy >99%)

3. Probability > 0.9



Discriminative efficacy of variant calling by 
using short-read and long-read sequencing

Illumina; MiSeq platform

ONT; MinION platform



驗證長片段定序結果與結核桿菌抗藥性特性:

最小抑菌濃度試驗
Minimal inhibitory concentration (MIC) assay



MTBC MIC Panel
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MTBC MIC Worksheet
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長片段定序應用於鑑別結核桿菌抗藥性基因
變異位點



Integrative utility of long read sequencing-
based whole genome analysis and 

phenotypic assay on differentiating 
isoniazid-resistant signature of 
Mycobacterium tuberculosis
J Biomed Sci. 2021 Dec 18;28(1):86.
Ming-Chih Yu, Ching-Sheng Hung, Chun-Kai Huang, Cheng-Hui Wang, Yu-

Chih, Liang, Jung-Chun Lin



Drug susceptibility test of recruited isolates

Low INH-resistance MTB
High INH-resistance MTB



Group

Susceptible isolates 

(n=10)

Low Isoniazid-

resistance

(n=20)

High Isoniazid-

resistance

(n=22)

p value

Number of Raw reads (Mean; 

(SD))

382,196 (± 17,321) 333,823 (± 15,702) 356,660 (± 14,407) >0.1

Number of aligned reads (Mean; 

(SD))

366,547 (± 10,121) 322,075 (± 8,332) 339,176 (± 11,540) >0.1

Correctly classified (% (SD)) 95.91 (5.64) 96.48 (5.97) 95.09 (5.26) >0.1

Summary statistics of sequencing results with the 

HMW gDNA prepared from the clinical isolates

No statistical difference in read number is noted among any of the groups. 



The coverage rate of sequenced reads to the whole MTB 
genome or individual gene

EPI2ME Fastq custom alignment algorithm



Emerging variants within katG gene are characterized 
using long-read sequencing



Emerging variants within katG gene is relevant to high
-INH resistance of MTB isolates 



Integrative utility of long read and phenotypic assay on 
differentiating drug-resistant signature of MTB



Application of WGS toward precise 
diagnosis of MTB



Profile of complete 

amino acid substitution 

within drug-resistance 

TB (300 cases ideally)

Application of deep machine learning on TB diagnosis

Profile of MIC tests of 

drug-resistance TB (300 

cases ideally)

Multivariate analysis/Cox proportional hazard analysis

Susceptibility of drug 

with amino acid 

substitution profile



Correlation of phenotypic drug-resistant signatures with
MTB classified with SNP profile using WGS.

Microbiol. Spectr. 2022;10: e0154321
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