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Today’s Instructor

• Bioinformatics and Computational 
Biosciences Branch (BCBB), NIAID

• National Institutes of Health, Bethesda, MD 
USA.

• Contact our team via email: 
– Email: bioinformatics@niaid.nih.gov
Instructor: 
• karlinser@mail.nih.gov

Eric Karlins, MS

Computational Genomics 
Specialist

2

mailto:bioinformatics@niaid.nih.gov
mailto:karlinser@mail.nih.gov


Topics

• Public projects based on human NGS data
• Using population frequency data
• VCF file format
• Other variant annotations



The Human Genome Project
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https://www.genome.gov/human-genome-project/Timeline-of-Events

https://www.genome.gov/human-genome-project/Timeline-of-Events


The Human Genome Project

• 13 years to complete
• Cost $3 Billion to complete
• Now a human genome can be sequenced in days at a 

cost of about $1000
• https://www.genome.gov/human-genome-project

https://www.genome.gov/human-genome-project


Cost of Whole Genome Sequencing



Sequencing Schematic



NGS Sequencing Basics

• Raw sequencing reads come off the sequencer as ”fastq” 
files.

• Fastq files just contain the nucleotide sequence and 
some quality information.

• Fastq files are aligned to a reference genome to make 
BAM files.

• Most common experiments are Whole Exome 
Sequencing (WES) and Whole Genome Sequencing 
(WGS)



Aligned Reads are saved as BAM files



BAM file

• SAM stands for Sequence Alignment Map
• BAM is a binary SAM file
• Meta-data is stored in the BAM header
• Sequencing data is stored as reads in the BAM file
• BAM file is indexed for quick retrieval of a region



VCF file format

• Variant calls from NGS experiments stored in VCF file
• BAM files are used as input to variant caller to create VCF
• Many samples and many variants can be stored in one 

VCF file
• Usually Single Nucleotide Variants (SNVs) or small indels, 

but can also be larger Structural Variants (SVs)
• The Variant Call Format (VCF) Version 4.2 Specification
• https://samtools.github.io/hts-specs/VCFv4.2.pdf

https://samtools.github.io/hts-specs/VCFv4.2.pdf


WGS vs WES

https://www.my46.org/intro/whole-genome-and-exome-sequencing

https://www.my46.org/intro/whole-genome-and-exome-sequencing


Common NGS methods

http://www.genomesop.com/somatic-mutations/

http://www.genomesop.com/somatic-mutations/


International HapMap Project
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The DNA sequence of any two people is 99.5 percent 
identical. The variations, however, may greatly affect 
an individual's disease risk. Sites in the DNA sequence 
where individuals differ at a single DNA base are called 
single nucleotide polymorphisms (SNPs). Sets of 
nearby SNPs on the same chromosome are inherited 
in blocks. This pattern of SNPs on a block is a 
haplotype. Blocks may contain a large number of 
SNPs, but a few SNPs are enough to uniquely identify 
the haplotypes in a block. The HapMap is a map of 
these haplotype blocks and the specific SNPs that 
identify the haplotypes are called tag SNPs.

https://www.genome.gov/10001688/interna
tional-hapmap-project

https://www.genome.gov/10001688/international-hapmap-project


1000 Genomes Project
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1000 Genomes Project

• 2504 samples from distinct populations around the 
globe

• Now all have high coverage WGS
• Raw data and variant calls available for download
• Frequencies available through Ensembl browser
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http://useast.ensembl.org/Homo_sapiens/Info/Index


DNA and cell lines available to order
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WES and WGS databases
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https://macarthurlab.org/2018/10/17/gnomad-v2-1/
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gnomAD

• https://gnomad.broadinstitute.org/
• The v2 data set (GRCh37/hg19) includes 125,748 exome 

sequences and 15,708 whole-genome sequences
• The v3.1 data set (GRCh38) spans 76,156 genomes
• Samples from many populations, though most are 

European
• Only summary statistics available, no individual level 

data.
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Aligned Reads are saved as BAM files



Variants that can be discovered from NGS



Insertion/deletion (indel)



VCF file format

• Variant calls from NGS experiments stored in VCF file
• BAM files are used as input to variant caller to create VCF
• Many samples and many variants can be stored in one 

VCF file
• Usually Single Nucleotide Variants (SNVs) or small indels, 

but can also be larger Structural Variants (SVs)
• The Variant Call Format (VCF) Version 4.2 Specification
• https://samtools.github.io/hts-specs/VCFv4.2.pdf

https://samtools.github.io/hts-specs/VCFv4.2.pdf


VCF Example



Variant Annotation Tools

• Variant Effect Predictor (VEP)
• https://useast.ensembl.org/Tools/VEP
• SnpEff
• https://pcingola.github.io/SnpEff/
• ANNOVAR
• https://annovar.openbioinformatics.org/en/latest/
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