
AN INTRODUCTION TO 

BIOINFORMATIC PIPELINES FOR NGS

Ryan J. Schmidt, MD, PhD

Assistant Director, Clinical Genomics Laboratory

Center for Personalized Medicine

Department of Pathology and Laboratory Medicine

Children's Hospital Los Angeles

Assistant Professor of Clinical Pathology

Keck School of Medicine of USC

Pathology

biospecimen

data

clinically useful knowledge



BioinformaticsBioinformatics

Molecular Diagnostics

biospecimen = nucleic acid typically extracted from cells or tissue

data = raw high-throughput sequencing reads

clinically useful knowledge = genetic variant(s) with interpreted clinical utility 

Bioinformatics

“Bioinformatics is the discipline that 
conceptualizes biology in terms of 
macromolecules and then applies 
informatics techniques (applied math, 
computer science, and statistics) to 
understand and organize the information 
associated with these molecules, on a large 
scale.” 

Roy S 2018 Journal of Molecular Diagnostics



What is a variant?

• A difference from the reference 

• The reference genome is a lie shortcut

Homozygous CRX NM_000554.5:c.101-1G>T, p.?

Pathogenic for Leber congenital amaurosis

Bioinformatic Pipelines

data = raw high-throughput sequencing or probing results 

clinically useful knowledge = genetic variant with interpreted clinical utility 
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Workflow Management 

Software Tools

Containers

• Each step is run in a separate 

predictable environment

• Portable

- Develop locally then deploy

Workflow Language

• Describes the workflow and the 

requirements for each step

Workflow Management 

Software Tools



Primary
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Tertiary

Human Interpretation

(semi-automated)
Roy S 2018 JMD

Primary Analysis

• Converts detection signal to “raw” data 

for the bioinformatic pipeline

• Primarily occurs within the analyzer but 

we should be aware of it



By Estevezj - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=23264166

Ewing B 1998 Genome Biology



Phred-scaled Quality Scores

FASTQ files

@EAS54_6_R1_2_1_413_324 

CCCTTCTTGTCTTCAGCGTTTCTCC 

+ 

;;3;;;;;;;;;;;;7;;;;;;;88

Base Call

+

Quality



Next-generation Sequencing

NGS = massively parallel short read sequencing-by-synthesis

Ion Semiconductor

(Ion Torrent)

Fluorescence

(Illumina)

Illumina

FASTQ
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Variant Call
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Secondary Analysis

Aligned Reads
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adapted from https://www.broadinstitute.org/gatk/guide/best-practices.php

Read Alignment Algorithm – ex. BWA-MEM

• Reads may not map uniquely

• Alignment algorithms are not 

generally “aware” of 

variants

- Variants may impair 

alignment
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Tertiary Analysis

• Goals

– Add meaning to the variants identified

– Exclude specific variants from further review

– Prioritize specific variants for review

Tertiary Analysis

• Methods

– Annotation

– Filtering

• “hard” vs. “soft”

– Prioritization



Tertiary Analysis

• Filtering to Identify Somatic Mutations

– Remove germline variants 

• Tumor Only Workflow 

– uses population frequency to remove common germline

variants in the population

• Paired Tumor/Normal Workflow

– directly subtracts all germline variants for the tested 

individual

Annotations

• HGVS Nomenclature
– Effect on mRNA and protein

• Consequence

• Population Frequency

• Presence in Disease Databases

• Associations in Literature

• Computational Prediction
– Splicing

– Missense

• Artifact/Internal Frequency Counts





Filtering

• Region of Interest

• Population Frequency

• Quality Scores

• Sequencing Depth
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Human Interpretation



Interpretation

• Two Steps (semi-automated process)

– Variant review and classification

– Reporting

• Differs for different types of testing

– Germline sequencing

– Germline microarray

– Tumor sequencing

– Tumor microarray

Li M 2017 JMD

Classification and Tiering



Li M 2017 JMD

Important QC Values

• Mean Read Length

• Mean Depth of Coverage

• Number and/or percentage of regions 

under 250X coverage



What is the VAF of this mutation? 

Variant Allele 

Frequency/Fraction (VAF)

Conventional NGS can detect Mutations 

present in ~ 1/10 cells 

or ~ 1/20 (5%) DNA molecules



Frampton G 2013 Nat Biotechnology

• Detection sensitivity is a function of depth of coverage

• High depth of coverage (>250x) is needed to avoid false negatives

Sensitivity Requires Depth

• Bioinformatic pipelines convert raw sequencing data into 

interpretable information

• NGS pipelines are divided into primary, secondary, and 

tertiary analysis with corresponding intermediate file 

types

- FASTQ – raw reads

- BAM – aligned reads

- VCF – called variants

• Somatic mutation detection requires high sequencing 

depth and removal of germline variants 

Main Points
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