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Generic Foundational Course Module G06: Introduction to Genomic Sequencing and NGS

Number of sessions 2–3

Total learning time 6–8 hours

Target audience All  personas  -  wet  laboratory  personnel  (i.e.,  scientists,  laboratory 
technicians, etc.), dry laboratory personnel (epidemiologists, bioinformatics 
scientists,  and  bioinformaticians),  and managerial  personnel  (i.e.,  HODs, 
laboratory managers, policymakers, etc.).

Format Lectures, videos

Level of the module Introductory

Contributors

Elizabeth Temiloluwa Akande, Temesgen Endalew, Siddiqah George, Carolina Matos, and Mohammed 
Ahmed Rameto.

Module description

This module introduces the topic of next-generation sequencing (NGS), a technology that allows for the rapid 
and  accurate  sequencing  of  multiple  genes  or  whole  genomes  simultaneously.  NGS  has  provided 
breakthroughs in understanding microbial diversity, evolution, and transmission, which uniquely positions this 
technology in pathogen surveillance and disease outbreak models. In this module, participants are introduced 
to the following topics and/or concepts: 
 Key concepts in genomic sequencing and its role in genomics

 Traditional sequencing versus next-generation sequencing (NGS)

 The key steps in a typical NGS workflow

 An introduction to different NGS approaches (e.g., whole genome sequencing, targeted enrichment 

NGS, metagenomics (mNGS), and shotgun metagenomic sequencing)
 The historical development of sequencing technologies

 The fundamental principles and methods of different NGS platforms (e.g., Illumina, Ion Torrent, PacBio, 

and Oxford Nanopore) 
 The advantages and limitations of these various NGS technologies

 Applying key study design principles to NGS
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 An overview of NGS data collection and storage

 The basic steps in NGS data analysis

 An introduction to the key bioinformatics tools used in NGS data analysis

 Common file formats used in NGS data (e.g., FASTQ, BAM, and VCF)

 Fundamental principles in sequence alignment and assembly

 The applications of NGS in biomedical research and pathogen genome surveillance

Module learning outcomes

On completion of this module, the participants will have a basic understanding of, or will be able to:
 Explain the fundamental principles of genomic sequencing and its role in genomics

 Compare and contrast traditional versus next-generation sequencing (NGS)

 List the key steps in the NGS process and understand their purpose

 Describe the advantages and disadvantages of different NGS approaches 

 Briefly discuss the history of the development of sequencing technologies 

 Differentiate between short- and long-read sequencing technologies

 Compare the different principles and methods utilised by various NGS platforms 

 List the advantages and disadvantages of Illumina, Ion Torrent, PacBio, and Oxford Nanopore 

sequencing platforms
 Apply key study design principles to NGS

 Discuss NGS data collection and storage

 List the basic steps in NGS data analysis

 Identify the key bioinformatics tools used in NGS data analysis

 Compare and contrast NGS data file formats such as FASTQ, BAM, and VCF

 Discuss the basic concepts in sequence alignment and assembly

 Explain how NGS can be applied in biomedical research and pathogen genome surveillance

Module assessments

Module practical: Not applicable
Module quiz: Assessment questions available on the ASLM platform
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Module resources

 Thermo Fisher Scientific Video - Next Generation Sequencing Acronyms and Terms  
 ASM Training Videos - Training in Infectious Disease Applications of NGS  

o The Evolution of NGS Technologies - Part 1  
o The Evolution of NGS Technologies - Part 2  
o Define Different Sequencing Techniques and Platforms  

 NIH | NLM Article - Overview of Next Generation Sequencing Technologies  
 Thermo Fisher Scientific Video - Next Generation Sequencing for Gene Expression Analysis  
 CABANA Slides - Sequencing technologies  
 Illumina: An introduction to Next-Generation Sequencing Technology  
 Illumina: NGS Workflow Steps | Illumina sequencing workflow  
 Illumina: Differences Between NGS and qPCR  
 Illumina: Targeted next-generation sequencing versus qPCR and Sanger sequencing  
 Thermo Fisher Scientific Video -  Ion Torrent Next-generation Sequencing  
 Thermo Fisher Scientific: Ion Torrent Next-Generation Sequencing Applications  
 Thermo Fisher Scientific: Introduction to Next-Generation Sequencing eBook  
 PacBio Sequencing Video - How it Works  
 NIH | NLM Article - PacBio Sequencing and Its Applications  
 Oxford Nanopore Technologies Video - How nanopore sequencing works  
 Oxford Nanopore Technologies Video - Introduction to nanopore sequencing  
 Oxford Nanopore Technologies Video - Using nanopore sequencing: from first principles to applications  
 Oxford Nanopore Technologies Video - Update from Oxford Nanopore Technologies  
 Bioinformatics Workbook GitHub - Sequencing Technology  
 Oxford Nanopore Technologies Video - How to get started with nanopore sequencing and plan your   

experiment
 BMJ Article - Four study design principles for genetic investigations using next generation sequencing  
 ASM Training Videos - Training in Infectious Disease Applications of NGS   

o NGS Data Collection and Storage  

 ScienceDirect Article - Next generation sequencing technology: Advances and applications  
 NIH | NLM Article - Next-Generation Sequencing and Emerging Technologies  
 ASM Training Videos - Training in Infectious Disease Applications of NGS   

o Overview of Whole Genome Sequencing  
o Whole Genome Sequencing  
o Overview of Amplicon-Based NGS  
o Metagenomic NGS Methods  
o Overview of Shotgun Metagenomic Sequencing  
o Next-Generation Sequencing in Microbiology (Part 1)  
o Next-Generation Sequencing in Microbiology (Part 2)  

 Chan Zuckerberg Biohub - Rapid Response Resources  
o Slides - Introduction to mNGS and lab setup  
o Slides - Introduction to Illumina sequencing and data analysis for mNGS  
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https://docs.google.com/presentation/d/1xyfMVyUs-l_0_2SlUU4VP0BmaTwgqZdjMDSvdZicRdQ/edit#slide=id.gaafdd68345_1_3
https://docs.google.com/presentation/d/12rsSv6twoowfhCO2RQOlJQjwPDWOXqBsfvBPsPEc83o/edit#slide=id.g8b1ec63dd7_1_215
https://www.czbiohub.org/rapid-response/resources/
https://vimeo.com/showcase/10652262/video/864954576
https://vimeo.com/showcase/10652262/video/864954395
https://vimeo.com/showcase/10652262/video/866413491
https://vimeo.com/showcase/10652262/video/866448474
https://vimeo.com/showcase/10652262/video/866402490
https://vimeo.com/showcase/10652262/video/866467977
https://vimeo.com/showcase/10652262/video/866148344
https://vimeo.com/showcase/10652262
https://pubmed.ncbi.nlm.nih.gov/31096307/
https://www.sciencedirect.com/science/article/pii/S092544391400180X?via%3Dihub
https://vimeo.com/showcase/10652262/video/866439647
https://vimeo.com/showcase/10652262
https://www.bmj.com/content/bmj/359/bmj.j4069.full.pdf
https://www.youtube.com/watch?v=MYOSUCgr3Y4
https://www.youtube.com/watch?v=MYOSUCgr3Y4
https://bioinformaticsworkbook.org/experimentalDesign/sequencingTechnology.html#gsc.tab=0
https://www.youtube.com/watch?v=RsyNn5Y2qV8
https://www.youtube.com/watch?v=IR2ucSR6pqU
https://www.youtube.com/watch?v=sv9fFeSd3kE
https://www.youtube.com/watch?v=RcP85JHLmnI
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4678779/
https://www.youtube.com/watch?v=_lD8JyAbwEo&t=46s
https://www.thermofisher.com/za/en/home/global/forms/life-science/ngs-ebook-download.html
https://www.thermofisher.com/za/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-applications.html
https://www.youtube.com/watch?v=zBPKj0mMcDg
https://emea.illumina.com/content/dam/illumina-marketing/documents/products/other/infographic-targeted-ngs-vs-sanger-qpcr.pdf
https://emea.illumina.com/science/technology/next-generation-sequencing/ngs-vs-qpcr.html
https://www.illumina.com/science/technology/next-generation-sequencing/beginners/ngs-workflow.html
https://www.illumina.com/content/dam/illumina-marketing/documents/products/illumina_sequencing_introduction.pdf
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fftp.ebi.ac.uk%2Fpub%2Ftraining%2FCABANA%2FApplied_Bioinformatics_Molecular_Epidemiology_And_The_SARS-CoV-2_Pandemic_Dec20%2FDay_1%2FSequencing%2520technologies.pptx&wdOrigin=BROWSELINK
https://www.youtube.com/watch?v=gK6D-8dqw3I
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6020069/
https://vimeo.com/showcase/10652262/video/864945497
https://vimeo.com/showcase/10652262/video/864958591
https://vimeo.com/showcase/10652262/video/864958530
https://vimeo.com/showcase/10652262
https://www.youtube.com/watch?v=wNzFMV0Zhqw
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