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Disease and Medical
Genetics
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Published Genome-Wide Associations through 12/2012
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What Is next generation
sequencing?

Figure 1: Conceptual Overview of Whole-Genome Resequencing
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gDNA Parallel Sequencing Alignment

Sequence

A. Extracted gDNA.

B. gDNA is fragmented into a library of small segments that are each sequenced in parallel.
C. Individual sequence reads are reassembled by aligning to a reference genome.
D. The whole-genome sequence is derived from the consensus of aligned reads.

Credit: lllumina pub. 770-2012-008
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Next gen sequencing
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AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCTAAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT



Next gen sequencing

align to reference

AAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCTAAATTCCGCTTGCCTTCGGAATATATATCGGGCTTAGGCT

identify variants
N
QCH TCGGAATATATATCGGGCTTAGGCTAAATTCCGCTTGEATTCGGAATATATATCGGGCTTAGGCT

SNP SNP SNP




8421561 48421571 40421581 48421591 46421601 46421611 46421621 48421631 40421641 48421651 48421661 48421671 48421681 48421691 4842176:
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ataagatgglt tgaagattcacacagtggctcatgcctgtgatcccagcac 1g0gaggc gagicaagiggagcaccigagaicalgagt! ACCAGCC TGGCCAACATGG TGAAACCCCATCTCTACTAAA ATACAAN
ataagaigg!it aagaltacacacagiggcicalgecigigatcccageactt GGGAGGC TGAGGCAAG TGGAGCACCTGAGATCATGAGT TC cagcctggccaacatggigaaaccecatctctactaaaga ACAAN
ATAAGATGG T TATGAAGAT TCACACAGTGGCTC CCTGTGATCCCAGCACTT TGGGAGGL TGAGGCAAGTGGAG ACCTGAGATCATGAGT TCAAGACCAGCCTGGACAACATGG  AACCCCATCTCTACTAAAGATACAAN
ATAAGATGG T TATGAAGAT TCACACAGTGGCTCATGCC  tgatcccageactt1gggagg TGAGGCAAG TGGAGCACCTGAGATCATGAGT TCAAGACCA GCCAACATGG TGAAACCCCATCTCTACTAAAGA TACAAN

TCAGATGG T TATGAAGAT TCACACAGTGGCTCATECCTGT ATCCCAGCACT TTGGGAGHL TGAGGCAAGGGGAGCACCTG ATGAGT TCAAGACCAGCCTGGCCAACATGG TGAAACCCCA CTCTACTAAAGATACAAN
3 aagatggltatgaagattcacacagtggctcatgectgtg TCCCAGCACTTTGGGAGCCTGAGGCAAGTGGAGCACCTGA  ATGAGT TCAAGACCAGCCTGGCCAACATGG TGAAACCCCA  TATACTAAAGA THCAAN
ata gatggttatgaagattcacacagtagcicatgecigigat  AGCACTT TGGGAGGC GAGGCAAGGGGAGCACGTGA GAGT TCAAGACCAGCCTGGCCAACATGG TGAAACCCCATC CTACTAAAGATACAAN
ataagatggttatgaagattcacacagtggetc CTGTAATCCCATCACTTTGGGAGGC TGAGGCAAG TGGAGC CCTGAGATCATGAGT TCAAGA AGCCTGGCCAACATCGTGAAACCCCATATCTACTAAAGAT caaa:
ATAA  TGGTTATGAAGAT TCACACAGTGGCTCATGLCTGTGATCC cacttigggatgcigaggcaagiggagcaccigagatcat CAAGACCAGCCTGGCCAACATGG TGAAACCCCATCTCTAC AGAAATACAAN
ATAAGATGG T TATGAAGAT TCACACAGTGGCTCA TGTGATCCCAGCACT T TGGGAGGL TGAGGCAAG TGGAGCA CTGAGATCACGAG T TCAAGACCAGCCTGCCCAACATGGTC AACCCCATCTCTACTAAGATACAANY

ATAAGA GGT TACGAAGAT TCACACAGTGGCTCATGCCTGTGATCCC  cacattgggagoc lgaggcaagiggagcaccigagatcat AAGACCAGCCTGGCCAACATGG TGAAACCCCATCTCTACT AAGATACAAN
ataagat ttatgaagattcacacagiggcicatgectgigatcccag C1171GGGAGGC GAGGCAAG IGGAGCACCTGAGATCATGA agcctggccaacatggtgaaaccccatctctactasagat AN
ataagatgglt aagattcacacagtggcicatgccagigatcccageactt GGGAGGC TGAGGCAAG I GGAGCACCTGAGATAATGAGT TC GCCTGGCCAACATGG TGAAA CCCATCTCTACTAAAGATACAAN

ATAAGATGGITA  aga'tcacacagaggcicalgcctgigatcccageacttt  AGGCTGAGGCAAG GGAGCACCTGAGATCATGAG T TCAAG CCTGGCCAACATGG TGAAACCCCATCTCTACTAAAGATAC
ataagatggtta TTCACACAGTGGC TCATGCCTGTGATCCCAGCACCTTGOG  GCTGAGGCAAG TGGAGCACCTGAGATCATGAG T TCAAGAL CCAACATGG TGAAACCCCATCTCTACTAAAGA TACAAN
ATAAGATGGT TAT CAGTGGCTCATGCCTGIGAT ACT T TGGGAGGL TGAGGCAAG |GGAGCACCTGAGATCATG CAACATGG TGAAACCCCATCTCTACTAAAGA TACAAA
ATﬂTg_ﬁTQTm CAGTGGCTCATGCCTGTGATC ACT TCGGGAGGL 1 GAGGCAAG |GGAGCACCTGAGATCATG AACATGG TGAAACCCCATCTCTACTAAAGA TACAGA/
ATAAGATGGT TATGAAGAT CAGTGGCTCATGCCTGTGATCC CCTCTGGGAGGL 1 GAGGCAAG | GGAGCACCTGAGATCATG ACATGG TGAAACCCCATCTCTACTAAAGA TACAAA
CIAAGATGG ! TATGAAGATT GCGGCTCATGLCIGTTATC CT17GGGAGGC 1 GAGGCAAG | GGAGCACCTGAGA TCATGA ACATGG TGAAACCCCATCTATACTAAAGA TACAAN
ATAAGATGG TATGAAGATTC CICTTGCCTGTGATCCCAGCAL 1 1 1GGGAGGL 'GACGCAA TGGAGCACCTGAGA TCATGAG | TCAAGACCAGCCTGGLCA  TGGTGAAACCCCATCTCTACTAAAGA TACAAN
ATAAGATGG TATGAAGA T 1C CTCATGLCTGTGATCCCAGCAL T 1 166GAGGL 'GAGGCAA TGGAGCACCTGAGATCATGAG T TCAAGACCAGCCTGGLCA GG TGAAACCCCATCGCTACTAAAGA TACAAA
ATAAGATGG | TATGAAGA T TCA GTGATCCCAGCAL T 1 1GGGAGGL 1 GAGGCAAG 1 GGAGCAC GATCATGAG T TCAAGACCCGCCTGOCCAACA TG TGAML ccatctctactasagatacaaa
AGATGG | TATGAAGA T TCACACAG 1GGCTCATGLCTGTGA  CCAGCALCTT1GGGAGGL ' GAGGCAAG 'GGAGTACCTGAGA GAG T TCAAGACCAGCCTGGCCAACATGG TGAAACCCCATC  TACTAAAGATACAAN
ACATGG T TATGAAGA T TCACACAG TGGCTCATELCTGTGA C777GGGAGGL ' GAGGCAAG | GGAGCACC TGAGA TCATGA CATGG TG TAACCCCATCTCTACTAAAGA TACAAN
GG TATGAAGA T TCACACAG TGGCTCATGLCTGTGATCCC CTCTGGGAGGC TGAGGCAAG TG agcaccigagalicatgagt tcaagaccagecig**caacatl tgaaaccccalctctactasagalacaas:
TATGAAGA T TCACACAGTGGCTCA gatcccagcact i 1gggaggc gaggcaag ggageacct agttcaageccagcctggccaacatggigasaccecatct TACTAAAGATACAAA
ATGAAGA T TCACACAG TGGCTCATELCTG TGATCCCAGCA TCTGGGAGGL TGAGGCAAG T GOAGCACCTGAGATCATGAG CATGG TGAAACCCCATCTCTACTAAAGA TACAAN
gatcccagetatiigggaggc lgaggasagiggageacct CATGGTGAAACCCCATCTCT CTAAAGATACAAN
atcccageact i 1gggaggc lgaggcaagggageacctg CATGG TGAAACCCCATCTCTACTAAAGA TACAAN
TCTGAGAGGC GAGGCAAG | GGAGCACC TGAGA TCATGAG GTGAACCCCATCTCTACTAAAGATACAAN
GGGATGC T TAG TCAAT TGTAGCACCTGAGATCATGAG T TC GTGAACCCCATCTCTACTAAAGA TACAAN
299C'93QqCaag ' ggagcaccigagacatgeg’ ‘caag gigaaaccccatcictactaaagatacaasi
tggggcaagiggagcaccigagatcatgagt tcaagacca gigasaccgtgtctctac aasgatactaai
tgaggcaagiggagcaccigagaicatgagt tcaagacca GAAATCCCATCTCTACTAAAGA TACAAA
GAGGCAAG | GGAGCACCTGAGA TCATGAG T TCAAGACCAG GAAACCCCATCTCTACTAAAGA TACAAN

AGGCAAG T GGAGCACC TGAGA TCATGAG 1 TCAAGACCAGC GAAACCCCATCTCTACTAAATAAACA

aggcaatiigagciccigagatcatgagt tcaagaccage gaaaccccatcticigetgaagatgeasa:
GCAAG TGGAGCACCTGAGATCA AACCCCATCTCTACTAAAGATACAAA
CAAG T GGAGCACC TGAGA TCATGAG T TCAAGACCAGCCTG AATCCCATCTCTACTAAATATACAAN
Casg'ggagcaccigaga‘calgag’ caagaccagecig 2accccatcictactaaagat ccaad
AAG TGGAGCACCTGAGATCATGAG T TCAAGACCAGCCTGG AACCCCATCTCTACTAAAGATACAAA
AG TGGAGCACCTGAGA TCATGAG T TCAAGACCAGCCTGGC ACCCCGTTTCTACTAAAGATACAAN
AGTGCAGCACCTGAGATCATGAG T TCAAGACCAGCCTGRC accccatcictactasagatacaaa

GTGGAGCACCTGAGATCATGAG T TCAAGACCAGCATGGCC CCCCATCTCTACTAAAGATAC
GGAGCACCTGAGATCATGAG T TCAAGACCAGCCTGGCCAA CATCTCTAATAAAGATACAAA
ggagcaccigagatgalgag’ lcaagaccagggiggccaa CATCTCTACTAAAGATACAAN

. . t tcatgagtt t CGTCTCTACTAAAGATACAAL
credit: http://www.labtimes.org/ T EAGCACC GAGATCATGAG T TCAGACCAGCC TGOCCAAC CATCTCTACTAMAGATACAAW




Data scale

Type Il Diabetes Genes Consortium

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

The Cancer Genome Atlas Project

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

o Sept 2013: 9k patients, 147k files, ~13Tb of
genotype data
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Consensus
variant calling



Votivation

 Cumulative sequencing error
e Performance of different models of variation

* EXxisting ensemble methods



Overview

aligned
reads

fit models
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Globus Genomics



Motivation
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Accessibility -> Galaxy + Globus Online

Workflow

Workflow Canvas | genomewide_GATK
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Reproducibility -> Galaxy + Globus Online
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Efficiency -> Amazon Elastic Compute

a) Workflow-level parallelism
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Consensus calling with
Globus Genomics



Autism ACE

Autism Centers of Excellence
consortium

trios

lllumina Whole Exome Capture
product

132 samples with 40 complete

I H I I
1.8 1B Of raw data I I I
N B |




Estimating Genotype Error

e Mendelian transmission
e Sanger validated genotypes

e Variant rediscovery



Estimating genotyping error: mendelian
transmission
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Estimating genotyping error: Sanger validated
variants

¢G ¢ 66 6 ¢ 6 GC TCAACC T T CG T TC T T T CCAGTCGC TCAC T T W A CCAACSG GG C TG T C A G T T A A C GG G C T C T

\

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



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

Estimating genotyping error: Prior information

Rediscovering variants from the 1000 Genomes and
Exome Variant Server projects

NHLBI| Exome Sequencing Project (ESP)
Exome Variant Server

1000 Genomes

A Deep Catalog of Human Genetic Variation




Results

#0of Mendel EVS 1000G

Call Set Sites Rate discover discover

PPV
AtlasSNP2 214 149  0.245% (2.7% 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%




Runtimes

N ~ CPUtime |
Model Runtime (days)é (days) Nodes used
GATK UG 0.875 10.1 23
Freebayes 1.31 30.1 23

........................................................................................................................................................................................................
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vtrubets / galaxy.consensus GSWatch v 1  Unstar 4§ Fork 0

consensus calling tool for cox Galaxy instance. — Edit

<> Code
193 commits 3 branches 0 releases 1 contributor
@ Issues 4
(R b branch: master v | galaxy.consensus / % i1 Pull Requests 0
A vtrubets authored 3 months ago latest commit 115bf149b3 [
Bl consensus_tool Merge branch 'master' of https://github.com/virubets/galaxy.consensus 3 months ago #- Pulse
M data added some small test data 4 months ago Eﬂ Graphs
2 .gitignore Update .gitignore 8 months ago
P Network
[E README.md Update README.md 3 months ago
2 setup.py Initial commit for the setup file. Starting to package this thing up ... 10 months ago ¥ Settings
README.md SSH clone URL

git@github.com:vtr| &

You can clone with HTTPS, SSH,
or Subversion. ®

Description:

4 Clone in Desktop

This is an implementation of an ensemble variant calling method. Specifically, it takes VCF files generated by e loadie

various calling algorithms and merges them according to specified thresholds on variant and genotype
concordance. The resulting VCF can range from a strict consensus among inputs, to a union of all possible
observations.



