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Road Map
Context: 

Disease/medical genetics, next generation sequencing 

Consensus Variant Calling: 

motivation, high level description 

Globus genomics experiments: 

Implementation, testing in ACE autism dataset



Context



Disease and Medical 
Genetics

AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT

AAATTCCGCATGCCTTCGGAATATATATGGGGCTTAGGCT

AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT

AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT

AAATTCCGCATGCCTTCGGAATATATATGGGGCTTAGGCT

AAATTCCGCATGCCTTCGGAATATATATGGGGCTTAGGCT

AAATTCCGCATGCCTTCGGAATATATATGGGGCTTAGGCT

diseased

normal

population





Medical Genetics

credit: PharmGKB



What is next generation 
sequencing?

Credit: Illumina pub. 770-2012-008  



Next gen sequencing

extract DNA

fragment and 
*sequence

TATATCGGGCTTAGGCTAAATT

GCTTGCCTTCGGAATATATATCGGGC

ATCGGGCTTAGGCTAAA

TGCCTTCGGAATATATATCGGGCTTAG

ATATATCGGGCTTAGGCTAAATTCCGCT
TTAGGCTAAATTCCGCTTGCCTTCGGA



Next gen sequencing

AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCTAAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT

GGGCTATATAT
ATATATAAG

ATTCGGGCTATATAT GTTCGCCTTAAATCGG CGGGCTATATATAAGGCTTCCGT
CGCCTTAAATCGGATTCGGGCTAT

CGGATTCGGGCTATATATAAGGC
align to reference

fragment and 
*sequence

TATATCGGGCTTAGGCTAAATT

GCTTGCCTTCGGAATATATATCGGGC

ATCGGGCTTAGGCTAAA

TGCCTTCGGAATATATATCGGGCTTAG

ATATATCGGGCTTAGGCTAAATTCCGCT
TTAGGCTAAATTCCGCTTGCCTTCGGA



Next gen sequencing

AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCTAAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT

GGGCTATATAT
ATATATAAG

ATTCGGGCTATATAT GTTCGCCTTAAATCGG CGGGCTATATATAAGGCTTCCGT
CGCCTTAAATCGGATTCGGGCTAT

CGGATTCGGGCTATATATAAGGC align to reference

identify variants
AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCTAAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT

GGGCTATATAT
ATATATAAG

ATTCGGGCTATATAT GTTCGCCTTAAATCGG CGGGCTATATATAAGGCTTCCGT
CGCCTTAAATCGGATTCGGGCTAT

CGGATTCGGGCTATATATAAGGC

SNP SNP SNP



credit: http://www.labtimes.org/



Data scale
Type II Diabetes Genes Consortium 

• 600 whole genomes with 250 TB in raw reads (~40 
GB in genotype data) 

The Cancer Genome Atlas Project 

• large scale data collection in many patients, many 
cancers, and many tissues 

• Sept 2013: 9k patients, 147k files, ~13Tb of 
genotype data



Cumulative Error

Robasky et. al Nature Reviews Genetics 2013



Consensus 
variant calling



• Cumulative sequencing error 

• Performance of different models of variation 

• Existing ensemble methods

Motivation



fit models

aligned 
reads

SNP1:A|T
SNP2:C|T
SNP3:G|C

SNP1:A|T
SNP2:C|T
SNP3:G|C

consensus 
genotypes

consensus 
sites

Overview

SNP1:A|T
SNP2:C|T
SNP3:G|C

SNP1:A|T
SNP2:C|T
SNP3:G|C



Globus Genomics



Motivation
Accessibility Reproducibility Efficiency

Share exact 
methods

Data provenance

Scale storage

Parallel execution

Iterate workflow 
construction

Usable by non-
programmers

Single 
interface for 
similar tasks
Open source



Accessibility -> Galaxy + Globus Online



Reproducibility -> Galaxy + Globus Online



Efficiency  -> Amazon Elastic Compute



Consensus calling with 
Globus Genomics



Autism ACE
• Autism Centers of Excellence 

consortium 

• 132 samples with 40 complete 
trios 

• Illumina Whole Exome Capture 
product 

• 1.8 TB of raw data



Estimating Genotype Error

• Mendelian transmission 

• Sanger validated genotypes 

• Variant rediscovery



T|A A|A

T|T

T|A A|A

A|A

Estimating genotyping error: mendelian 
transmission



credit: http://yost.genetics.utah.edu/

Estimating genotyping error: Sanger validated 
variants

http://yost.genetics.utah.edu/


Rediscovering variants from the 1000 Genomes and 
Exome Variant Server projects

Estimating genotyping error: Prior information



Call Set # of 
Sites

Mendel 
Rate

EVS 
discover

y

1000G 
discover

y
PPV

AtlasSNP2 214,149 0.245% 72.7% 69.0% 92.3%

Freebayes 140,803 0.449% 78.9% 74.3% 81.1%

GATK 265,625 1.03% 61.3% 58.3% 84.4%

Consensus 129,706 0.0459% 82.9% 78.1% 93.5%

Results



Runtimes

Model Runtime (days) CPU time 
(days) Nodes used

GATK UG 0.875 10.1 23

Freebayes 1.31 30.1 23

ATLAS 4.6 x 135
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