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What is VEP?

• Variant Effect Predictor

• Predicts the functional 
effects of genomic variants

• Interpretation on
• genes

• regulatory features

• known variants

• Developed by Ensembl
• standalone tool

• web interface

• APIs (perl, RESTful)
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What is the VEP?

• Variant coordinates
• VCF
• HGVS
• Variant IDs

• Affected gene, transcript 
and protein sequence

• Pathogenicity         

• Frequency data

• Regulatory consequences

• Splicing consequences

• Literature citations

A tool to predict and annotate the functional consequences of variants
(SNPs, insertions, deletions, CNVs or structural variants)

Data input

/

Ensembl resources and data
(including  Variation)
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Variation consequences
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http://www.ensembl.org/info/docs/variation/predicted_data.html
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VEP features

The Ensembl Regulatory Build:
● ENCODE
● BLUEPRINT
● NIH Epigenomics 

Roadmap 

Can be limited to regulatory 
regions observed in specific cell 
types.

• Over 5,000 species

• Consequence predictions 
for different transcript sets

• Regulatory region 
consequence predictions 

• Known variants

• Allele frequencies

• Pathogenicity predictions

• Phenotype/disease, clinical 
significance

• Huge VEP user-base

● Ensembl
● RefSeq
● Merged
● GENCODE basic
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● dbSNP
● Cosmic
● Clinvar
● ESP
● HGMD-Public
● Phencode

● 1000 Genomes
● ESP 
● ExAC projects
● GnomAD

● Built in
● SIFT
● PolyPhen

● via plugins
● CADD
● FATHMM
● LRT
● MutationTaster
● many more!

• Over 5,000 species

• Consequence predictions 
for different transcript sets

• Regulatory region 
consequence predictions 

• Known variants

• Allele frequencies

• Pathogenicity predictions

• Phenotype/disease, clinical 
significance

• Huge VEP user-base

VEP features
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● OMIM
● Orphanet
● GWAS catalog
● ClinVar

● 1000 Genomes
● EVA
● ExAC
● DECIPHER
● OpenTargets
● LRG
● GnomAD

● Illumina
● CRUK
● Congenica
● Omicia
● Personalis

• Over 5,000 species

• Consequence predictions 
for different transcript sets

• Regulatory region 
consequence predictions 

• Known variants

• Allele frequencies

• Pathogenicity predictions

• Phenotype/disease, clinical 
significance

• Huge VEP user-base

VEP features
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A Quick Demo - the web 
interface
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Species and 
assembly of 
interest

Paste, upload or 
link to data
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Population 
frequency data

Literature citations
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Pathogenicity 
predictions

Splicing predictions
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Download data

More columns!

Results columns

Summary statistics
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$ cd ~/ensembl-tools/scripts/variant_effect_predictor/
$ perl variant_effect_predictor.pl --help

$ perl variant_effect_predictor.pl --cache -i example_GRCh38.vcf
$ less variant_effect_output.txt

• Documentation:
• http://www.ensembl.org/info/docs/tools/vep/script/index.html
• http://www.ensembl.org/info/docs/tools/vep/script/vep_options.html

* exact path may vary

The VEP script

http://www.ensembl.org/info/docs/tools/vep/script/index.html
http://www.ensembl.org/info/docs/tools/vep/script/vep_options.html
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Sequence ontology Variant alleles uppercase

chr:start[-end]

Variants from multiple sources

http://www.ensembl.org/info/docs/tools/vep/vep_formats.html#output

http://www.ensembl.org/info/docs/tools/vep/vep_formats.html%23output
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• Annotation source - choose one

• --cache - use local data, use DB connections for certain functions

• --offline - use local data, forbid external DB connections

• --database - use remote DB (default ensembldb.ensembl.org)

• Input/output

• --input_file (-i) - will try to read from STDIN if absent

• --output_file (-o) - defaults to “variant_effect_output.txt”

• --force_overwrite - overwrite existing output file

• -o STDOUT - write to terminal or pipe

• --tab, --vcf, --json - different output formats, customise with 
--fields

• Go faster

• --fork 4

Basic flags
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• Known variants

• --check_existing - enable checking for known variants

• --gmaf, --maf_1kg, --maf_exac, --maf_esp - frequency data

• Can use to filter with --filter_common

• Pathogenicity predictions

• --sift b, --polyphen b - score and prediction

• Regulatory data

• --regulatory

• HGVS notations

• --hgvs

• --everything !!!

More annotation, more!
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• VEP comes with its own filter script
• http://www.ensembl.org/info/docs/tools/vep/script/vep_filter.html

• Works with default and VCF output
• Simple query notation - [field] [operator] [value]

• Queries can be combined with “and” / ”or”
• Nest queries with parentheses
• Resolve consequence types in ontology (--ontology / -y)

$ perl filter_vep.pl -i v.vcf -f “Consequence is missense_variant”

[...] -y -f “Consequence is coding_sequence_variant or (EXON is 1 and BIOTYPE is 
protein_coding)”

Filtering

http://www.ensembl.org/info/docs/tools/vep/script/vep_filter.html
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• Limit gene set

• --gencode_basic - high quality subset of GENCODE

• Use RefSeq transcripts in place of Ensembl transcripts

• --refseq - must download cache first

• --merged - both Ensembl and RefSeq

• WARNING: RefSeq alignments to genome are imperfect, 
some annotations may be inaccurate, see flags for info

• Custom annotations

• tabix indexed: BED, GFF, VCF

• bigWig

Annotation sources
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• Extend functionality of VEP
• run algorithms - LD, GeneSplicer, MaxEntScan
• fetch Ensembl data - Conservation, Phenotypes
• fetch external data - dbNSFP, CADD, GXA
• modify parameters - UpDownStream

• Set up with installer or download
• https://github.com/Ensembl/VEP_plugins

• Simple to add to command

$ perl variant_effect_predictor.pl --cache -i example_GRCh38.vcf 
--plugin CADD,CADD.txt.gz --plugin UpDownStream,1000

Plugins

https://github.com/Ensembl/VEP_plugins
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The VEP REST API

• Documentation:
• http://rest.ensembl.org

Different GET and POST requests for 
submitting HGVS notation, variant IDs or 
variant coordinates to VEP

http://rest.ensembl.org
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The VEP REST API

Required parameters
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The VEP REST API



http://training.ensembl.org/events

The VEP REST API

Example output

Example clients

Example request



http://training.ensembl.org/events

SEP → VEP

ensembl-tools - modularisation

REST API

Test suite

2x speedup

181 lines of code!
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The organic growth of VEP
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VEP usage continues to increase

• >700,000 REST requests p/m
• ?x1000 standalone tool users

• >30 support requests p/m
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• Almost all current variant annotation is done on a 
per-variant basis, which misses:

• variants located in the same codon

•incorrect missense prediction

•cryptic stop gained or
protein-truncating variant (PTV)

•“rescued” PTV

• frame-rescuing in/del pairs

T T C = Phe T T G = Leu

T T C = Phe T A C = Tyr

T T C = Phe G T G = Val

C G G = Arg C G A = Arg

C G G = Arg T G G = Trp

C G G = Arg T G A = STOP

ALT: T T C G C G G A G C - T C G A T

REF: T T C - C G G A G C T T C G A T

insertion deletion

Beyond single variant analysis
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Gene: FPR1
www.ensembl.org/Homo_sapiens/Transcript/Haplotypes?t=ENST00000304748

Ensembl transcript haplotypes view

http://www.ensembl.org/Homo_sapiens/Transcript/Haplotypes?t=ENST00000304748
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No. of variant positions
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Variant positions

Combinations → 2n

No. 
vars 
(n)

1 A a

2 AB Ab aB ab

3 ABC ABc AbC Abc aBC aBc abC abc

A / a

B / b

C / c

Background: drug development



http://training.ensembl.org/events

• VEP-like tool for haplotype analysis of phased data

Thesaurus StegosaurusThe Stego
Haplo Haplo

Introducing: Haplosaurus
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• cryptic LoF mutation in Von Willebrand Disease

• VEP:

• Haplosaurus:

• Frame rescuing indel pair (f = 10% in 1000 Genomes)

• VEP:

• Haplosaurus:

ENST00000261405:2878C>T,2880G>A  ENSP00000261405:960R>*,961del{1854} stop_change

rs1800380   12:6138595  T  ENST00000261405  synonymous_variant  2880  cgG/cgA
rs370984712 12:6138597  A  ENST00000261405  missense_variant    2878  Cgg/Tgg

ENST00000228862:1080del{4},1085del{5}   resolved_frameshift,indel       
ENSP00000228862:361delPSV       indel

rs201941751  12:12630676-12630680  -  frameshift_variant    aGCGTG/a
rs200271649  12:12630682-12630685  -  frameshift_variant    gtGCCC/gt

Haplosaurus examples
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Want to use the VEP and 
Haplosaurus?

• VEP web interface, standalone tool, Ensembl REST and Perl APIs

• A new rewrite of the VEP codebase available! (beta)
• https://github.com/Ensembl/ensembl-vep

• Faster, more robust, more features, backward compatible

• Also includes Haplosaurus
• generate whole-transcript haplotypes per individual from phased 

genotype data

• overcomes limitations of current per-variant annotation

https://github.com/Ensembl/ensembl-vep
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