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J. Craig Venter Institute (JCVI)
• Non-profit research institute
• 200 staff total

¡ 120 in La Jolla, CA
¡ 80 in Rockville, MD

• By function:
¡ 100 wet lab scientists
¡ 70 bioinformatics scientists and software engineers 
¡ 30 administrative support

• Operating budget of about $35 million/year
• 40 faculty manage >100 active sponsored projects

• Human Health:  Genomes to Clinic
¡ Genomic Medicine 
¡ Human Microbiome
¡ Infectious Disease

• Environmental Sustainability and Discovery
¡ Microbial & Environmental Genomics 
¡ Synthetic Biology
¡ Microbial Fuel Cells and Bioenergy

• Platforms
¡ Sequencing and Bioinformatics
¡ Policy Center 
¡ Education

World’s first “net zero energy” biological lab



Viral Genomics



Outbreak Headlines
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Sequencing and VEME

• Application of NGS to the study of Virus Evolution and Molecular Epidemiology
¡ Track the evolution of viruses over time
¡ Better understand the selective pressures that drive virus evolution
¡ Identify the origins (reservoirs) of outbreak strains
¡ Investigate transmission dynamics
¡ Identify molecular determinants of host range 
¡ Identify molecular determinants of virulence
¡ Identify evolutionarily conserved regions for targeted vaccines
¡ Identify evolutionarily diverse regions for diagnostics



Outline

• A Brief History of Sequencing
• Next Generation Sequencing (NGS) Technologies
• Applications and Challenges of NGS
• Bioinformatics Methods and Resources
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Some Trivia

• What year was the first whole genome sequence reported?
a) 1969      b) 1977     c) 1981     d) 1985

• For which organism?
Bacteriophage ΦX174 (5,375 bp)

• What method was used?
dideoxy chain termination with 32P (aka Sanger sequencing)

• What year was the first whole genome sequence for a free-living organism reported?
a) 1979      b) 1984     c) 1989     d) 1995

• For which organism?
Haemophilus influenza (1.8 x 106 bp)

• What method was used?
Sanger sequencing with fluorescence



1st Generation Nucleic Acid Sequencing

• Maxim-Gilbert chemical method
¡ Maxam AM, Gilbert W (1977). "A new method for sequencing DNA". Proc. Natl. Acad. Sci. 

U.S.A. 74 (2): 560–4.

• Sanger chain termination method
¡ Sanger F, Coulson AR (1975). "A rapid method for determining sequences in DNA by primed 

synthesis with DNA polymerase". J. Mol. Biol. 94 (3): 441–8.
¡ Sanger F, Nicklen S, Coulson AR (1977). "DNA sequencing with chain-terminating inhibitors". 

Proc. Natl. Acad. Sci. U.S.A. 74 (12): 5463–7.



Maxim-Gilbert – chemical cleavage



Sanger - chain termination



Sanger 1st => Sanger 2nd



A chromatogram



Primer Walking vs Shotgun



Next Generation Sequencing (NGS)

• Massively parallel; sequencing by synthesis or ligation
• Common attributes

¡ Random fragmentation of starting DNA
¡ Ligation with custom linkers/adapters
¡ Library amplification on a solid surface (either bead or glass slide)
¡ Direct step-by-step detection of each nucleotide base incorporated during the sequencing reaction
¡ Hundreds of thousands to hundreds of millions of reactions imaged per instrument run = “massively parallel 

sequencing”
¡ Shorter read lengths than capillary sequencers

454 GS FLX Illumina HiSeq 2000 Illumina MiSeq Ion PGM



1st Generation vs Next Generation



Change in Output

ER Mardis. Nature 470, 198-203 (2011) doi:10.1038/nature09796 



1st Generation

Next Generation

Wetterstrand KA. DNA Sequencing Costs: Data from the NHGRI Genome Sequencing Program (GSP)
Available at: http://www.genome.gov/sequencingcosts/.  Accessed 15JUL2019. 

Next Generation
w/broad adoption

NGS adoption

http://www.genome.gov/sequencingcosts/


Capacity: 240,000 
sequences/day or 80 
million lanes/year at 
24 runs per day

JCVI Joint Technology Core

ABI 3730xl



Oxford Nanopore
MinION

New JCVI Sequencing Core

Illumina NextSeq/MiSeq
800 million reads/runs



General Workflow

D Koboldt et al. Briefings in Bioinformatics (2010)

Wet lab

Dry lab



Major NGS Technologies (2nd Generation)

• 454 Life Sciences/Roche
• Ion Torrent/PGM/Life Technologies
• Illumina HiSeq/MiSeq/NovaSeq
• SOLiD/ABI



454 Sequencing



Emulsion PCR



Picotiter Plates



Pyrosequencing
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The real power of this 
method is that it can take 
place in millions of tiny wells 
in a single plate at once.

If that nucleotide is incorporated, enzymes turn PPi by-products into light:



Raw 454 Data



Ion Torrent/PGM/Life Technologies

• Ion semiconductor sequencing – detection of released hydrogen 
ions using ion-sensitive field-effect transistor technology

• Also uses emulsion PCR amplification step



Detection of pH Change

Rothberg et al. Nature (2011)

“Nanowell” solid-state detection



Illumina/Solexa

• Adapter ligation
• DNA cluster amplification
• Sequencing by synthesis with 

reversible dye termination

https://www.youtube.com/watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=fCd6B5HRaZ8


Illumina Benchtop Sequencers

*

*

*

*

*



Illumina Production-scale Sequencers



Third Generation

• Single molecule sequencing
• Helicos, PacBio, Oxford Nanopore



• Single molecule detection

• Sequencing by synthesis

• Single base incorporation

PacBio SMRT

“nanowell” sequencing-by-synthesis



Oxford Nanopore sequencing

• DNA pushed through a nanopore in 
a lipid membrane

• Speed control provided by a Phi29 
DNA polymerase

• Measure changes in the ionic 
current of an applied electric field



Base calling and accuracy

Magi et al. Briefings in Biotechnology, 2017, 1–17.



Accuracy improvements

Karst SM, et al. Nature Biotechnology 
volume 36, pages 190–195 (2018)



Oxford produces high quality reads >50 kb; 
longest >800 kb
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Long Read Technology Comparison

• Advantages
¡ Full length transcriptomes, including splice variants
¡ Resolution of long repeat regions in genomes
¡ Genomic structural variants
¡ Haplotype phasing

• Disadvantages
¡ Higher error rates
¡ Lower throughput



NGS applications

https://www.technologynetworks.com/genomics/articles/an-overview-of-next-generation-sequencing-346532

https://www.technologynetworks.com/genomics/articles/an-overview-of-next-generation-sequencing-346532


NGS Challenges

• Requires infrastructure to transfer, manage, store and process large amounts of 
data

• Some technologies are error prone and generate systematic biases and so data 
quality is an issue

• Assembling complete genomes from short sequence reads can be very difficult, 
especially in repeat regions and for shotgun sequences without reference genomes

• Difficult to establish phase of variants in diploid genomes
• Requires skills in bioinformatics that may not be readily accessible to many 

research labs



BIOINFORMATICS METHODS
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Some More Trivia

• How many base pairs (bp) are there in a human genome?
~ 3 billion (haploid)

• When was the first human genome sequence completed?
a) 1990      b) 1995     c) 2000     d) 2003

• How much did it cost to sequence the first human genome?
a) $2 million   b) $20 million  c) $200 million (private)  d) $2.7 billion 

(public)

• How long did it take to sequence the first human genome?
a) 1 year   b) 4 years (private)  c) 7 years  d) 13 years (public)

• Whose genome was it?
several people (public);Craig Venter (private)



But was it?

• The Human Genome Project, completed in 2003, covered about 92% of the total human 
genome sequence. The technologies to decipher the gaps that remained didn’t exist at the time. 

• Since then, researchers have developed better laboratory tools, computational methods, and 
strategic approaches. The final, complete human genome sequence was described in a set of six 
papers in the April 1, 2022, issue of Science. 

¡ Telomere to Telomere (T2T) consortium led by researchers at NIH’s National Human Genome Research Institute 
(NHGRI), the University of California, Santa Cruz, and the University of Washington, Seattle.

¡ Long read sequencing technology used:
– PacBio HiFi - 20,000 letters with nearly perfect accuracy
– Oxford Nanopore - up to 1 million DNA letters at a time—with modest accuracy.

¡ Added nearly 200 million nucleotides (8% of the genome) - newly added sequences were mainly in the centromeres and 
telomeres

¡ https://www.nih.gov/news-events/nih-research-matters/first-complete-sequence-human-genome

https://www.genome.gov/human-genome-project/Timeline-of-Events
https://www.nih.gov/news-events/nih-research-matters/first-complete-sequence-human-genome


BIOINFORMATICS METHODS



NGS Processing Workflows

Sample Input
Genomic or WGA 

DNA, Poly A RNA 

Library Construction
Shearing, End Repair, 

Adapter Ligation

Sample Library
Single End or Paired 

End

Trimmed Reads
FastQ

Alignment Mapping
BWA, Novoalign, SOAP2, 

Bowtie, MAQ, BLAST

De novo Assembly
SPAdes, Velvet, ABySS, 

ALLPATHS

Aligned Sequences
SAM/BAM

Reference Sequence
Genome or Transcriptome.fa

Variant Calling
GATK, SAMtools, 

Atlas-Indel2, Bambino

Variant List
VCF - SNV, CNV, Indels, 

Rearrangements

Variant Interpretation
SG-Adviser, Annovar, SnpEff, 

SuRFR, Phen-Gen

Functional Variants
SNV, CNV, Indels, 

Rearrangements

Biological Sample
Cells, Tissues, 

Environmental Sample

Sequencing
454, Illumina, IonTorrent, 

SOLiD, PacBio, Oxford

Raw NGS Reads
FastQ

Adapter/QC Trimming
Trimmomatic
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FASTQ File Format

• The FASTQ format allows the storage of both sequence and 
quality information for each read.

• This is a compact text-based format that has become the de 
facto standard for storing data from next generation sequencing 
experiments.



FASTA File Format



FastQ Format

@HWUSI-EAS582_157:6:1:1:1501/1
NCACAGACACACACGAACACACAAAGACATGCCCATATGAAGAT
+
%.7786867:778556858746575058873/347777476035
@HWUSI-EAS582_157:6:1:1:1606/1
NCTGGCACCTTGATTTTGGACTTCCCAGCCTCCAGAACTGTGAG
+
%1948988888798988366898888648998788898888588
@HWUSI-EAS582_157:6:1:1:453/1
NCTGCTTGCACCCCTGAAGTCACTGATCACATTTCAGGGTCACC
+
%/868998988888867668888986644788988413488885
@HWUSI-EAS582_157:6:1:1:1844/1
NGATTGACATTGGCAAAGAGGACAACTGATTGCAAACTTCACAC
+
%-7;:::::;86499;75574586::635:62687666887879

“Read” (sequence)

Quality scores (phred-33)

Header

: = phred of 25
; = phred of 26



Assessing Quality: Phred scores

• Phred quality scores were originally produced by the Phred base calling program 
using a statistical analysis of Sanger chromatogram trace files in support of the 
Human Genome Project.  Subsequently adapted to NGS technologies for judging 
qualities of sequences. 

Q = -10 log10 Pe
Pe = error probability 
of a given base call



Trimming

Sample Input
Genomic or WGA 

DNA, Poly A RNA 

Library Construction
Shearing, End Repair, 

Adapter Ligation

Sample Library
Single End or Paired 

End

Trimmed Reads
FastQ

Alignment Mapping
BWA, Novoalign, SOAP2, 

Bowtie, MAQ, BLAST

De novo Assembly
SPAdes, Velvet, ABySS, 

ALLPATHS

Aligned Sequences
SAM/BAM

Reference Sequence
Genome or Transcriptome.fa

Variant Calling
GATK, SAMtools, 

Atlas-Indel2, Bambino

Variant List
VCF - SNV, CNV, Indels, 

Rearrangements

Variant Interpretation
SG-Adviser, Annovar, SnpEff, 

SuRFR, Phen-Gen

Functional Variants
SNV, CNV, Indels, 

Rearrangements

Biological Sample
Cells, Tissues, 

Environmental Sample

Sequencing
454, Illumina, IonTorrent, 

SOLiD, PacBio, Oxford

Raw NGS Reads
FastQ

Adapter/QC Trimming
Trimmomatic



Trimming objectives and methods

• Objectives
¡ Remove primers/adapters
¡ Remove low quality positions and reads

• Methods
¡ Trimmomatic

– https://github.com/timflutre/trimmomatic

¡ Cutadapt
– https://github.com/marcelm/cutadapt

¡ TrimGalore (Cutadapt + FastQC)
– https://github.com/FelixKrueger/TrimGalore

¡ Fastp
– https://github.com/OpenGene/fastp

https://github.com/timflutre/trimmomatic
https://github.com/marcelm/cutadapt
https://github.com/FelixKrueger/TrimGalore


Alignment/Assembly

Sample Input
Genomic or WGA 

DNA, Poly A RNA 

Library Construction
Shearing, End Repair, 

Adapter Ligation

Sample Library
Single End or Paired 

End

Trimmed Reads
FastQ

Alignment Mapping
BWA, Novoalign, SOAP2, 

Bowtie, MAQ, BLAST

De novo Assembly
SPAdes, Velvet, ABySS, 

ALLPATHS

Aligned Sequences
SAM/BAM

Reference Sequence
Genome or Transcriptome.fa

Variant Calling
GATK, SAMtools, 

Atlas-Indel2, Bambino

Variant List
VCF - SNV, CNV, Indels, 

Rearrangements

Variant Interpretation
SG-Adviser, Annovar, SnpEff, 

SuRFR, Phen-Gen

Functional Variants
SNV, CNV, Indels, 

Rearrangements

Biological Sample
Cells, Tissues, 

Environmental Sample

Sequencing
454, Illumina, IonTorrent, 

SOLiD, PacBio, Oxford

Raw NGS Reads
FastQ

Adapter/QC Trimming
Trimmomatic



What is a sequence assembly?

• “An assembly is a hierarchical data structure that maps the sequence data to a putative reconstruction of the target”
• Miller JR, Koren S and Sutton G. 2010. Assembly algorithms for next-generation sequencing data. Genomics 95:315-32

ATCGATGCGTAGCAGACTACCGTTACGATGCCTT…

ATCGATGCGTAGC
TAGCAGACTACCGTTGTTACGATGCCTT

CGATGCGTAGCA

ATCGATGCGTAGC
TAGCAGACTACCGTTGTTACGATGCCTTGCTACGCATCGT CGATGCGTAGCA



Two Classes of Assembly

• Alignment-based mapping and assembly (aka reference-based 
alignment) refers to reconstruction of the underlying sequence 
facilitated by alignments to a previously resolved reference sequence.

• De novo assembly refers to reconstruction of the underlying sequence 
without a previously resolved reference sequence.



Alignment Mapping and Assembly of Short Reads

• Strategy: When a suitable reference sequence is available, index the reference genome sequence and search it efficiently
• For this purpose, map-alignment sequence assembly approaches generally use a computing strategy called Burrows–Wheeler 

transformation and indexing to notably reduce compute time and memory usage

¡ BWA – Burrows-Wheeler Aligner
http://bio-bwa.sourceforge.net

¡ Bowtie - An ultrafast memory-efficient short read aligner
Ben Langmead and Cole Trapnell, University of Maryland
http://bowtie-bio.sourceforge.net/

¡ MAQ – Mapping and Assembly with Quality
Heng Li, Sanger Centre http://maq.sourceforge.net/maq-man.shtml

¡ SOAPaligner/soap2 (Short Oligonucleotide Analysis Package) http://soap.genomics.org.cn/soapaligner.html

¡ Also see https://en.wikibooks.org/wiki/Next_Generation_Sequencing_(NGS)/Alignment

http://bio-bwa.sourceforge.net
http://bowtie-bio.sourceforge.net/
http://maq.sourceforge.net/maq-man.shtml
http://soap.genomics.org.cn/soapaligner.html
https://en.wikibooks.org/wiki/Next_Generation_Sequencing_(NGS)/Alignment


Current List of Alignment Mappers

https://www.ebi.ac.uk/~nf/hts_mappers/

DNA mappers are plotted 
in blue, 
RNA mappers in red, 
miRNA mappers in green, 
and 
bisulfite mappers in purple.

https://www.ebi.ac.uk/~nf/hts_mappers/


Considerations

• The short reads do not come with position information, that is, we do not know what part of the genome they 
came from; we need to use the sequence of the read itself to find the corresponding region in the reference 
sequence.

• The reference sequence can be quite long (~3 billion bases for human), making it a daunting task to find a 
matching region.

• Since our reads are short, there may be several, equally likely places in the reference sequence from which they 
could have been read. This is especially true for repetitive regions.

• If we were only looking for perfect matches to the reference, we would never see any variation. Therefore, we 
need to allow some mismatches and small structural variation (InDels) in our reads.

• Any sequencing technology produces errors. Similar to the "real" variations, we need to tolerate a low level of 
sequencing errors in our reads and separate them from the "real" variations later.

• We need to do that for each of the millions of reads in our sequencing data



Indexing and searching reference

• Short reads with long reference
• Preprocess reference
• Book – index => topics (in 

alphabetical order) and locations
• Instead of words, we’ll use k-mer

substrings
• Offset for position
• Query => index hits
• Extend by verification => match

Reference:
TACCTTCCCAGGTA

K-mers (k=5):
TACCT 1
ACCTT 2
CCTTC 3
CTTCC 4
TTCCC 5
TCCCA 6
CCCAG 7
CCAGG 8
CAGGT 9
AGGTA 10

K-mer index:
ACCTT 2
AGGTA 10
CAGGT 9
CCAGG 8
CCCAG 7
CCTTC 3
CTTCC 4
TACCT 1
TCCCA 6
TTCCC 5

Read: CCAGGTA

Match: 8



De novo Assembly of Short Reads

• Strategy: When a suitable reference sequence is not available, assemble reads de novo
• For this purpose, assembly approaches generally use a computing strategy called de Bruijn graph of k-mers to notably reduce 

compute time and memory usage, but de Bruijn graphs are inherently very large due to the observed number of distinct k-mers
in the target sequences and hence require significant computer memory to hold the constructed graph

¡ SPAdes
– Max A. Alekseyev and Pavel Pezner
– https://github.com/ablab/spades

¡ Velvet
– Daniel Zerbino and Ewan Birney, EMBL-EBI               
– http://www.ebi.ac.uk/~zerbino/velvet/

¡ ABySS
– Inanç Birol, Shaun Jackman, Steve Jones and others, GSC
– http://www.bcgsc.ca/platform/bioinfo/software/abyss

¡ ALLPATHS-LG
– Jaffe et al CRD, Broad Institute

– http://www.broadinstitute.org/software/allpaths-lg/blog/
¡ SOAPdenovo

– Li et al. Beijing Genome Institute
– http://soap.genomics.org.cn/soapdenovo.html

• Additional software listed in the Earl DA et al. 2011.  Assemblathon 1: A competitive assessment of de novo 
short read assembly methods.  http://genome.cshlp.org/content/early/2011/09/16/gr.126599.111

https://github.com/ablab/spades
http://www.ebi.ac.uk/~zerbino/velvet/
http://www.bcgsc.ca/platform/bioinfo/software/abyss
http://www.broadinstitute.org/software/allpaths-lg/blog/
http://soap.genomics.org.cn/soapdenovo.html
http://genome.cshlp.org/content/early/2011/09/16/gr.126599.111


Current Methods

https://en.wikipedia.org/wiki/Sequence_assembly
https://en.wikipedia.org/wiki/De_novo_sequence_assemblers

https://en.wikipedia.org/wiki/De_novo_sequence_assemblers
https://en.wikipedia.org/wiki/De_novo_sequence_assemblers


Hybrid Approach

• Align reads to reference if you can
• De novo assemble remaining reads for identification of novel 

regions/genomes



SAM/BAM File Format

http://genome.sph.umich.edu/wiki/SAM
https://en.wikipedia.org/wiki/SAM_(file_format)

• Sequence Alignment Map (SAM) format
• BAM compressed binary version

http://genome.sph.umich.edu/wiki/SAM
https://en.wikipedia.org/wiki/SAM_(file_format)


Visualization – IGV Pile Up



ONT base calling, quality control, and 
methylation/modification profiles

• Changes in current as a molecule is pulled through a pore is changed into 
“squiggle plots” by the Minknow software - this can also be used to determine 
methylation or BrdU incorporation (fast5 files)

• Guppy converts the fast5 files into fastq files, i.e., standard base calls with 
quality scores in either real time or post run
¡ Real time Guppy combined with K-mer analysis allows for “adaptive sequencing” 

where pores will recognize unwanted DNA in real time, reverse polarity, and reject 
the untargeted sequences

• Nanofilt is used for quality trimming of fastq files
• The fastq and fast5 are used in combination to determine methylation profiles 

using Nanopolish



What can you do with these data?

• High quality genome assembly – Flye
• Viral variant detection- Variabel
• De-novo bulk transcript assembly with 

splice variants- Pinfish
• 10X single cell transcript assembly-
Sockeye

• Differential methylation analysis-
pycoMeth



NGS Processing Workflows

Sample Input
Genomic or WGA 

DNA, Poly A RNA 

Library Construction
Shearing, End Repair, 

Adapter Ligation

Sample Library
Single End or Paired 

End

Trimmed Reads
FastQ

Alignment Mapping
BWA, Novoalign, SOAP2, 

Bowtie, MAQ, BLAST

De novo Assembly
SPAdes, Velvet, ABySS, 

ALLPATHS

Aligned Sequences
SAM/BAM

Reference Sequence
Genome or Transcriptome.fa

Variant Calling
GATK, SAMtools, 

Atlas-Indel2, Bambino

Variant List
VCF - SNV, CNV, Indels, 

Rearrangements

Variant Interpretation
SG-Adviser, Annovar, SnpEff, 

SuRFR, Phen-Gen

Functional Variants
SNV, CNV, Indels, 

Rearrangements

Biological Sample
Cells, Tissues, 

Environmental Sample

Sequencing
454, Illumina, IonTorrent, 

SOLiD, PacBio, Oxford

Raw NGS Reads
FastQ

Adapter/QC Trimming
Trimmomatic



Variant Calling

• Strategy: Determine the presence of sequence variations within a sample (alleles in a diploid organism, quasi-species in 
population samples, somatic mutation heterogeneity in cancer tissues) and sequence variations between sets of samples or 
between a sample and a reference

• Single nucleotide variants (SNVs), copy number variants (CNVs), insertions and deletions (Indels), rearrangements

¡ GATK - Broad Institute https://www.broadinstitute.org/gatk/

¡ SAMtools - Wellcome Trust Sanger Institute https://github.com/samtools/samtools

¡ Atlas-Indel2 - Baylor College of Medicine http://sourceforge.net/p/atlas2/wiki/Atlas-Indel/

¡ Bambino - National Cancer Institute https://github.com/NCIP/cgr-bambino

https://www.broadinstitute.org/gatk/
https://github.com/samtools/samtools
http://sourceforge.net/p/atlas2/wiki/Atlas-Indel/
https://github.com/NCIP/cgr-bambino


Meyerson et al. NRG 2010

Variant detection through NGS



VCF File Format

https://vcftools.github.io/specs.html

• Developed for the 1000 Genomes Project
• Store only the variant information – SNVs and Indels

https://vcftools.github.io/specs.html


Visualization – Circos Plots

M. Stratton et al. Nature, 458 (2009)



NGS Processing Workflows

Sample Input
Genomic or WGA 

DNA, Poly A RNA 

Library Construction
Shearing, End Repair, 

Adapter Ligation

Sample Library
Single End or Paired 

End

Trimmed Reads
FastQ

Alignment Mapping
BWA, Novoalign, SOAP2, 

Bowtie, MAQ, BLAST

De novo Assembly
SPAdes, Velvet, ABySS, 

ALLPATHS

Aligned Sequences
SAM/BAM

Reference Sequence
Genome or Transcriptome.fa

Variant Calling
GATK, SAMtools, 

Atlas-Indel2, Bambino

Variant List
VCF - SNV, CNV, Indels, 

Rearrangements

Variant Interpretation
SG-Adviser, Annovar, SnpEff, 

SuRFR, Phen-Gen

Functional Variants
SNV, CNV, Indels, 

Rearrangements

Biological Sample
Cells, Tissues, 

Environmental Sample

Sequencing
454, Illumina, IonTorrent, 

SOLiD, PacBio, Oxford

Raw NGS Reads
FastQ

Adapter/QC Trimming
Trimmomatic



• Strategy: Compare against databases of known variants with functional information and predict functional 
effects of novel variants

• Databases of known variants – dbSNP, ClinVar, OMIM, Cosmic, Ensembl Variation
• Functional predictions – SIFT and PolyPhen-2

¡ SG-Adviser - Scripps Research Institute, https://genomics.scripps.edu/ADVISER/

¡ Annovar – University of Pennsylvania, http://www.openbioinformatics.org/annovar/

¡ SnpEff – Wayne State University, http://snpeff.sourceforge.net/

¡ SuRFR – University of Edinburgh, http://www.cgem.ed.ac.uk/resources/SuRFR/SuRFR_Sweave_v1.pdf

¡ Phen-Gen - Genome Institute of Singapore, http://phen-gen.org/

¡ Promethease – SNPedia, http://www.snpedia.com/index.php/Promethease/

Variant Interpretation

https://genomics.scripps.edu/ADVISER/
http://www.openbioinformatics.org/annovar/
http://snpeff.sourceforge.net/
http://www.cgem.ed.ac.uk/resources/SuRFR/SuRFR_Sweave_v1.pdf
http://phen-gen.org/
http://www.snpedia.com/index.php/Promethease
http://phen-gen.org/


Interpretation of genetic variants

• Substitutions translated 
bioinformatically

• SIFT - probability that a 
substitution is tolerated

¡ < 0.05 is deleterious. 

• PolyPhen – categorical definitions
¡ "benign", "possibly damaging" and 

"probably damaging”

• Protein structural mapping

IDH1 mapping of Arg132 cancer 
mutation

Parson et al., Science, (2008)



SG-Adviser Example


