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Disclaimer
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This presentation is an informal communication and represents my own best judgment. The 

material in this presentation and My comments an informal communication and represent 

my own best judgement. These comments do not bind or obligate FDA.

The concept provided in this presentation is simplified for the attendees without prior NGS 

analysis knowledge. The presenter encourages the attendees to further investigate the 

detail of NGS analysis algorithms, workflows and tools.



Outline

❑The concept of NGS Bioinformatics
➢The goal of analysis and the methodology to achieve this goal

❑The overview of NGS Bioinformatic Pipeline

➢Targeted and Non-targeted Analysis

➢ Introduction of workflows 

➢Bioinformatics resources

❑Demo

➢Unipro UGENE
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• Background 
reduction

• Particle 
enrichment

PRE-
TREATMENT

• Whole cells

• Cell lysate

• Supernatant 
(cell free)

NUCLEIC ACID 
EXTRACTION

• Enrichment (rRNA 
depletion, poly A 
selection…)

• Molecule type-
based tune-ups

LIBRARY 
PREPARATION

• Platform

• Throughput

SEQUENCING

• Algorithms

• Calling criteria 
and follow-ups

• Database

BIOINFORMATICS

A General NGS Workflow
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Derived from Khan AS, and Study Group Participants. Proposed 1st International Virus Reference Standards for Adventitious Virus Detection in Biological Products by Next-Generation 

Sequencing (NGS)Technologies (CBER-5). Expert Committee on Biological Standardization. WHO/BS/2020.2394.

Wet Lab work is more important than in-silico work (garbage in, garbage out). 

Bioinformatician can’t fix all faults introduced in the wet Lab work.

UPSTREAM PROCESS (Wet Lab) DOWNSTREAM PROCESS



NGS Bioinformatics Is An Example of “Big Data” Science
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https://the-dna-universe.com/2021/11/25/how-to-do-ngs-50-faster-with-our-ngs-platforms/

You, as a data scientist, are performing data mining from billions of nucleotide 

sequences to extract meaningful information



NGS Bioinformatics: General Concept
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https://hbctraining.github.io/Intro-to-ChIPseq-flipped/lessons/04_alignment_using_bowtie2.html

Placing NGS reads to where they belong on the reference genomes



NGS Analytical Approaches
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Targeted Analysis Non-targeted (Agnostic) Analysis

❑ You know what you are looking for 

(PCR as analogy)

❑ Suitable for identifying known/expected 

viruses to replace virus-specific PCR 

assays (ICH Q5A R2) 

❑ Pro: Rapid detection, required less 

computational resources

❑ Con: Detection is limited to the 

reference genomes of known viruses

❑ You don’t know what you are looking for

❑ Suitable for detecting unknown adv agents to replace 

in-vivo assays (ICH Q5A R2)

❑ Pro: Broad detection (All viral sequences provided to 

the analysis pipeline)

❑ Con: Computationally-demanded



NGS Analytical Approaches: Generic Workflows
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Targeted Analysis Non-targeted (Agnostic) Analysis

Raw NGS reads

QC Trimming (Low quality, adapters, length, low complexity, low quality tiles…)

Alignment

Ref

Genomes 

of interest

Result QC

Follow-ups of positive hits

Primary screening

Viral database

(RVDB)

Secondary (Counter) 

Screening

Result QC

General 

database

(NCBI NR/NT)



Essential Files in NGS Analysis Pipeline: FASTQ File
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bcl2fastq(2)

FASTQ

Aligner

SAM/BAM

FASTQ File:



Essential Files in NGS Analysis Pipeline: SAM/BAM File
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bcl2fastq(2)

FASTQ

Aligner

SAM/BAM

Sequence Alignment Map (SAM)/Binary Alignment Map (BAM)



Reference Genome

Consensus Sequence NNNNNNN NNN

On-targeted (mapped) Reads (MR) Off-targeted 

(unmapped) Reads

(UMR)

Targeted 

mapping

Breadth of Reference Genome Coverage
(e.g. Reads covered 900bps of total 1Kb Ref genome -> 90% coverage)

Depth

(5X)

Terminology of NGS Mapping Matrices

Consensus sequence, sequencing depth, genome coverage, mapped and 

unmapped reads



NGS Bioinformatics: Resources

• Online analysis platforms
• Galaxy https://usegalaxy.org/

• Chan Zuckerberg ID https://czid.org/

• Tools
• Qiagen CLC Genomics Workbench https://digitalinsights.qiagen.com/products-

overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-clc-genomics-
workbench/

• Geneious https://www.geneious.com/

• DNANexus https://www.dnanexus.com/use-cases/genomic-analysis

• GATK https://gatk.broadinstitute.org/hc/en-us

• UGENE https://ugene.net/

• Databases
• NCBI https://www.ncbi.nlm.nih.gov/

• Reference Virus Database (RVDB) https://rvdb.dbi.udel.edu/home



Demo

• Targeted analysis by UniPro UGENE https://ugene.net/

• NGS reads
• Subsampled FASTQ Paired-end FASTQ files from one of the spiking studies 

conducted in Khan Lab

• Reference genomes
• EBV, PCV1, MVM, FeLV, hCoV OC43, RSV, REO, Adenovirus Type 5, SMRV, PERV

• Scenario
• To detect if any 11 viruses are presented in the sample. 

• Follow-ups of candidate hits by NCBI BLAST
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Supplemental Slides
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NGS Bioinformatics: Terminology 
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