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Variant annotation



Ready for annotating variants!!



Variant annotation and 
prioritization



Annotation Databases
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Genomic data repositories
- 1000 Genomes

The 1000 Genomes Project (abbreviated as 1KGP), launched in January 2008, was an international research effort to 
establish by far the most detailed catalogue of human genetic variation.

- ESP (NHLBI Exome Sequencing Project)

Exists in 3 flavours : evs annotation data was generated from approximately 2500 exomes, evs_5400 from approximately 
5400 exomes and the last one, evs_6500 from approximately 6500 exomes

- ExAC (Exome Aggregation Consortium)

Coalition of investigators seeking to aggregate and harmonize exome sequencing data from a variety of large-scale 
sequencing projects, and to make summary data available for the wider scientific community.

- gnomAD (Genome Aggregation Database)

Developed by an international coalition of investigators, with the goal of aggregating and harmonizing both exome and 
genome sequencing data from a wide variety of large-scale sequencing projects.

- FREX (THE FRENCH EXOME)

A REFERENCE PANEL OF EXOMES FROM FRENCH REGIONS
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Databases of variant-disease and gene-disease associations

- ClinVar
- ClinVar is a freely accessible, public archive of reports of the relationships among human variations 

and phenotypes hosted by the National Center for Biotechnology Information (NCBI) and funded by 
intramural National Institutes of Health (NIH) funding.

- dbSNP
- The Single Nucleotide Polymorphism Database (dbSNP) is a free public archive for genetic variation 

within and across different species developed and hosted by the National Center for Biotechnology 
Information (NCBI) in collaboration with the National Human Genome Research Institute (NHGRI).

- Despite the name, not only SNP 

- The quality of the data found on dbSNP has been questioned by many research groups

- Gencode
- set of annotations including all protein-coding loci with alternatively transcribed variants, non-coding 

loci with transcript evidence, and pseudogenes.

https://www.wikiwand.com/en/Locus_(genetics)


Databases of variant-disease and gene-disease associations

- HGMD Public
- The Human Gene Mutation Database (HGMD®) represents an attempt to collate known (published) 

gene lesions responsible for human inherited disease.

- COSMIC
- COSMIC (Catalogue of Somatic Mutations in Cancer) is a data resource that is designed to store and 

display somatic mutation information and related details and contains information relating to human 
cancers. 

- Data in COSMIC is curated from known Cancer Genes Literature and Systematic Screens.

- dbNSFP
- Annotation database for non-synonymous SNPs assembled by Xiaoming Liu from the University of 

Texas School of Public Health (see citation below). 2 flavours : the dbNSFP database or 
dbNSFP-light (a version with fewer features)

Annotation Databases
Eilbeck, Karen & Quinlan, Aaron & Yandell, Mark. (2017). Settling the score: variant prioritization and Mendelian disease. Nature Reviews Genetics. . 10.1038/nrg.2017.52. 

dbNSFP



Databases of variant-disease and gene-disease associations

- GA4GH Beacon Project
- The Global Alliance for Genomics and Health (GA4GH) Beacon Project 108 allows researchers to search 

for a particular variant across a host of individual hospital and research facilities using the same 
interface.

- Geno2MP
- Genotype to Mendelian Phenotype is a service that houses anonymized and aggregated data that 

enable phenotypic querying

- MyGene2
- Allows researchers and clinicians to identify and contact other researchers, clinicians or families who 

have shared both raw data and summary information about the same rare condition or candidate.

- OMIM
- Online Mendelian Inheritance in Man. OMIM is a comprehensive, authoritative compendium of human 

genes and genetic phenotypes that is freely available and updated daily. The full-text, referenced 
overviews in OMIM contain information on all known mendelian disorders and over 15,000 genes.

Genotype-Phenotype Databases
Eilbeck, Karen & Quinlan, Aaron & Yandell, Mark. (2017). Settling the score: variant prioritization and Mendelian disease. Nature Reviews Genetics. . 10.1038/nrg.2017.52. 



Conservation and pathogenicity prediction
- SIFT

- Sorts Intolerant From Tolerant. The degree of protein sequence conservation is used to 
predict the impact of a missense variant

- PolyPhen2
- Polymorphism phenotyping version 2 uses protein sequence and structure to predict the 

impact of a missense variant

- CADD
- Integration of conservation metrics, functional data and scores such as SIFT and 

PolyPhen2 to predict the deleteriousness of nucleotide or short indel change in the 
genome

- GERP++
- Measures sequence conservation in the human genome through alignments to 43 other 

vertebrate genome

Just because a 
variant is predicted 
to be damaging by 
tools does not mean 
that it is pathogenic !

Variant prioritization tools
Eilbeck, Karen & Quinlan, Aaron & Yandell, Mark. (2017). Settling the score: variant prioritization and Mendelian disease. Nature Reviews Genetics. . 10.1038/nrg.2017.52. 
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Variant Effect Predictor

VEP determines the effect of your variants (SNPs, insertions, deletions, CNVs or structural variants) on genes, 
transcripts, and protein sequence, as well as regulatory regions in order to find out the :

- genes and transcripts affected by the variants
- location of the variants (e.g. upstream of a transcript, in coding sequence, in non-coding RNA, in regulatory regions)
- consequence of your variants on the protein sequence (e.g. stop gained, missense, stop lost, frameshift)
- known variants that match yours, and associated minor allele frequencies from the 1000 Genomes Project
- SIFT and PolyPhen scores for changes to protein sequence
- Gene symbol - add the gene symbol for the gene to the output. This will typically be, for example, the HGNC identifier for genes in human. 

Equivalent to --symbol in the VEP script.
- CCDS - add the Consensus CDS transcript identifier where available. Equivalent to --ccds
- Protein - add the Ensembl protein identifer (ENSP). Equivalent to --protein
- Uniprot - add identifiers for translated protein products from three UniProt-related databases (SWISSPROT, TREMBL and UniParc). 

Equivalent to --uniprot
- HGVS - generate HGVS identifiers for your input variants relative to the transcript coding sequence (HGVSc) and the protein sequence 

(HGVSp). Equivalent to --hgvs
- Find co-located known variants

http://tinyurl.com/vep-video

http://www.genenames.org/
http://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_symbol
http://www.ensembl.org/info/genome/genebuild/ccds.html
http://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_ccds
http://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_protein
http://www.ebi.ac.uk/uniprot
http://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_uniprot
http://www.hgvs.org/mutnomen/
http://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_hgvs
http://tinyurl.com/vep-video


Software/Frameworks

- SnpEff / ANNOVAR 
- efficient software tool to utilize update-to-date information to functionally annotate genetic 

variants detected from diverse genomes

- seqr
- an open source web interface for rare disease genomics to make research productive, 

accessible, and user-friendly while leveraging resources and infrastructure at the Broad 
Institute.

- VAAST/VAAST2/pVAAST
- combines variant frequency data with AAS (Amino Acid Substitution) information on a 

feature-by-feature basis. Uses the likelihood ratio to search for damaged genes by 
comparing the variants in a set of disease genomes (cases) to those in a set of healthy 
genomes (controls).

- GEMINI
- flexible framework for exploring genetic variation in the context of the wealth of genome 

annotations available for the human genome. Provides a simple, flexible, and powerful 
system for exploring genetic variation for disease and population genetics.

Variant prioritization tools
Eilbeck, Karen & Quinlan, Aaron & Yandell, Mark. (2017). Settling the score: variant prioritization and Mendelian disease. Nature Reviews Genetics. . 10.1038/nrg.2017.52. 



GEMINI presentation

GEnome MINIng

- Software package for exploring genetic variation
- Integrates annotations from many different sources (ClinVar, 

dbSNP, ENCODE, UCSC, 1000 Genomes, ESP, KEGG, etc.)
- Load a VCF into an “easy to use” database
- Query (fetch data) from database based on annotations or 

subject genotypes
- Analyze simple genetic models 
- More advanced pathway, protein-protein interaction analyses 

Paila U, Chapman BA, Kirchner R, Quinlan AR (2013)
GEMINI: Integrative Exploration of Genetic Variation and Genome Annotations.
PLoS Comput Biol 9(7): e1003153. doi:10.1371/journal.pcbi.1003153



GEMINI presentation

Documentation : 
http://gemini.readthedocs.io
Tutorials :
https://speakerdeck.com/arq5x/

http://gemini.readthedocs.io
https://speakerdeck.com/arq5x/


Create a GEMINI database

Documentation : 
http://gemini.readthedocs.io
Tutorials :
https://speakerdeck.com/arq5x/

http://gemini.readthedocs.io
https://speakerdeck.com/arq5x/


Create a GEMINI database

Variants with annotation fields

vt & VEP 
processed file



Create a GEMINI database : prepare the VCF

Step 1 : Normalize VCF with vt

http://genome.sph.umich.edu/wiki/File:Normalization_m
np.png 

Step 3 : bgzip and tabix

Step 2 : variant annotations + effect predictions 
with VEP or SNPeff

$ perl variant_effect_predictor.pl -i example.vcf --cache --sift b 
--polyphen b --symbol --numbers --biotype --total_length -o output 
--vcf --fields 
Consequence,Codons,Amino_acids,Gene,SYMBOL,Feature,EXON,PolyPhen,SI
FT,Protein_position,BIOTYPE

http://genome.sph.umich.edu/wiki/File:Normalization_mnp.png
http://genome.sph.umich.edu/wiki/File:Normalization_mnp.png


Create a GEMINI database

vt & VEP 
processed file



Create a GEMINI database

Fields descriptions :
http://gemini.readthedocs.io/en/latest/content/database_schema.html

VEP

GEMINI

http://gemini.readthedocs.io/en/latest/content/database_schema.html


Create a GEMINI database

Tables/fields descriptions :
http://gemini.readthedocs.io/en/latest/content/database_schema.html

Etc.

http://gemini.readthedocs.io/en/latest/content/database_schema.html


Create a GEMINI database



Create a GEMINI database : prepare the VCF

$ variant_effect_predictor.pl --sift b --polyphen b --symbol --numbers --biotype --total_length --canonical 

--ccds --fields 

Consequence,Codons,Amino_acids,Gene,SYMBOL,Feature,EXON,PolyPhen,SIFT,Protein_position,BIOTYPE,CANONICAL,CCDS,R

adialSVM_score,RadialSVM_pred,LR_score,LR_pred,CADD_raw,CADD_phred,Reliability_index,LoF,LoF_filter,LoF_flags \

--plugin 

dbNSFP,/path/to/dbNSFP_v2.5.gz,RadialSVM_score,RadialSVM_pred,LR_score,LR_pred,CADD_raw,CADD_phred,Reliability_

index \

--plugin LoF,human_ancestor_fa:/path/to/human_ancestor.fa

Step 2’ : variant annotations + effect predictions with VEP

We can run VEP with additional fields :
- add columns to the “variants” table
- prefixing vep_ to the origin VEP name :

- vep_lr_score

- vep_lof
- etc.



Create a GEMINI database : create the PED

PED provides family/pedigree, sex, phenotypes 
information

PED file have 6 columns minimum and must 
respect these constraints :

- ID must exist in VCF
- Lines beginning with "#" are comments BUT 

many programs will not accept comment lines, 
especially more than one comment line !

- The combination of family and individual ID 
should uniquely identify a person. 

- The sixth column must contains 1 and only 1 
phenotype.

- Following examples assumes that any 
contiguous white space (ie, spaces, tabs, etc) 
represents a delimiter between columns. 
However, some programs may be more strict 
and define the delimiter as a single space, as a 
comma (ie, csv file), or a single tab (ie, tab 
delimited).

- Note that some programs do not accept column 
7 onwards

Column number Description Values

1
Family/pedigree 
ID Alphanumeric

2 Individual's ID Alphanumeric
3 Paternal ID Alphanumeric.NA,0and-9are Unknown
4 Maternal ID Alphanumeric.NA,0and-9are Unknown
5 Sex 1 for Male, 2 for Female, Unknown sex is not permitted

6
Phenotype 1 for unaffected, 2 for affected, and 0 or -9 for missing 

phenotype
6+ Other infos ie, eyes_color, 



Create a GEMINI database : genetic model examples

Unaffected male

Affected male

Unaffected female

Affected female



Autosomal 
dominant

18405 11233

76001

Autosomal 
recessive 

(familial history)
18405 11233

76001

Family ID Individual ID Paternal ID Maternal ID Sex Phenotype
109 18405 -9 -9 1 1

109 11233 -9 -9 2 1

109 76001 18405 11233 1 2

Family ID Individual ID Paternal ID Maternal ID Sex Phenotype
109 18405 -9 -9 1 2

109 11233 -9 -9 2 1

109 76001 18405 11233 2 2

Create a GEMINI database : PED examples

OR Denovo

Dominant : select variants shared amongst affected members, absent 
from healthy sibling

Recessive : select variants homozygous in index, heterozygous in both 
parents (and not homozygous in sibling)
Denovo : select variants not present in parents, with effect on protein 
function



How to use GEMINI

Gemini database



How to use GEMINI

Gemini database



How to use GEMINI

Gemini database

gemini



GEMINI usages
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inheritance tools

gemini comp_hets
gemini mendelian_error
gemini denovo
gemini autosomal_recessive
gemini autosomal_dominant
gemini ROH



GEMINI usages

Each inheritance tools have genotypes requirements. ie :
- gemini autosomal_dominant

- All affecteds must be het
- [affected] No unaffected can be het or homalt (can be unknown)
- de_novo mutations are not auto_dom (at least not in the first generation)
- At least 1 affected must have 1 affected parent (or have no parents).
- If no affected has a parent, a warning is issued.
- [strict] All affecteds must have parents with known phenotype.
- [strict] All affected kids must have at least 1 affected parent

- gemini denovo
- all affecteds must be het
- [affected] all unaffected must be homref or homalt
- at least 1 affected kid must have unaffected parents
- [strict] if an affected has affected parents, it’s not de_novo
- [strict] all affected kids must have unaffected (or no) parents
- [strict] warning if none of the affected samples have parents.

http://gemini.readthedocs.io/en/latest/content/tools.html

http://gemini.readthedocs.io/en/latest/content/tools.html


GEMINI usages

The inheritance tools share a common set of arguments. ie :

--columns
This flag is followed by a comma-delimited list of columns the user is request in in the output.

--filters
By default, each tool will report all variants regardless of their putative functional impact. In order to apply additional 
constraints on the variants returned, one can use the --filter option. Using SQL syntax, conditions applied with the 
--filter options become WHERE clauses in the query issued to the GEMINI database.

-d [0] (depth)
Filter variants that do not have at least this depth for all members in a a family. Default is 0.

--min-gq [0]
Filter variants that do not have at least this genotype quality for each sample in a family. Default is 0. Higher values are 
more stringent.

http://gemini.readthedocs.io/en/latest/content/tools.html#common-args-common-arguments

http://gemini.readthedocs.io/en/latest/content/tools.html#common-args-common-arguments


GEMINI usages

Example : get medium or high impact variants following autosomal_recessive 
inheritance model with an American of European descent frequency under 1%.  

gemini autosomal_recessive

--columns "chrom, start, end, ref, alt, gene, impact, aaf_esp_ea, aaf_1kg_eur” 

-–filter "aaf_esp_ea < 0.1 and (impact_severity = 'HIGH' or impact_severity = 'MED')”

database_file.db

http://gemini.readthedocs.io/en/latest/content/tools.html#common-args-common-arguments

http://gemini.readthedocs.io/en/latest/content/tools.html#common-args-common-arguments


GEMINI usages

● Use SQL language to create queries and report data matching your requirements
● Can personalize your query to answer complex questions

gemini query -q “SELECT name FROM samples” test_SQL.db

gemini query -q “SELECT name FROM samples WHERE sex==2 AND phenotype==2” test_SQL.db

samples
sample_id name family_id maternal_id paternal_id sex phenotype eyes color

1 Brigitte 1 -9 -9 2 2 blue
2 Emmanuel 1 -9 -9 1 1 green
3 Jean 1 Brigitte Emmanuel 1 2 green
4 Sabine 2 -9 -9 2 2 brown

name
Brigitte
Emmanuel
Jean
Sabine

name
Brigitte
Sabine

SELECT column-names

FROM table-name

WHERE condition

ORDER BY sort-order



How to go farther for your variants of interest ?

- http://varsome.com
- VarSome is a knowledge base and aggregator for human genomic variants.

- http://myvariant.info
- MyVariant.info provides simple-to-use REST web services to query/retrieve variant 

annotation data, aggregated from many popular data resources.

- http://marrvel.org
- Model organism Aggregated Resources for Rare Variant ExpLoration) aims to 

facilitate the use of public genetic resources to prioritize rare human gene variants 
for study in model organisms. 

- http://rvs.u.hpc.mssm.edu
- The Reference Variant Store holds information on more than 520 million genetic 

variants using various methods of annotation. 

- Etc. ?

http://varsome.com
http://myvariant.info
http://mygene.info/
http://docs.myvariant.info/en/latest/doc/data.html#data-sources
http://marrvel.org
http://rvs.u.hpc.mssm.edu
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