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Analyzing genomes: 
What is our goal?


• Genomes are the “source” code for life: 


• The human genome is a 3.2B character 
“program”, split across 46 “files” 


• Within a species, genomes are ~99.9% similar 


• The 0.1% variance gives rise to diverse traits, as 
well as diseases







The Sequencing Abstraction
It was the best of times, it was the worst of times…


Metaphor borrowed from Michael Schatz


It was the
the best of


times, it was
the worst of


worst of times
best of timeswas the worst


• Sequencing is a Poission-substring sampling process 


• For $1,000, we can sequence a 30x copy of your genome







My focus: 
Genome Resequencing


• The Human Genome Project identified the “average” 
genome from 20 individuals at $1B cost 


• To make this process cheaper, we use our knowledge 
of the “average” genome to calculate a diff 


• Two problems: 


• How do we compute this diff? 


• How do we make sense of the differences?







The Alignment Abstraction
It was the best of times, it was the worst of times…
It was the


the best of
times, it was


the worst of
worst of times


best of times was the worst


It was the
the best of


times, it was
the worst of


worst of times
best of timeswas the worst







Sequence Assembly


It was the best of times, it was the worst of times…


It was the
the best of


times, it was
the worst of


worst of times
best of timeswas the worst


It was the
the best of


times, it was
the worst of


worst of times


best of times
was the worst







Data Intensive Genomics
• “Data intensive science”: by collecting large datasets, 


we can statistically generate hypotheses 


• New population-scale experiments will sequence 
10-100k samples 


• 100k samples @ 60x WGS will generate ~20PB of 
read data and ~300TB of genotype data 


• These large datasets allow us to identify low frequency 
variants, and link these variants with diseases







Our building block: ADAM
• ADAM is an open source, high performance, distributed 


platform for genomic analysis 


• ADAM defines a: 


1. Data schema and layout on disk* 


2. Programming interface for distributed processing of 
genomic data using Spark + Scala** 


• ADAM is designed with the goal of integrating across terabyte/
petabyte scale datasets to find low frequency variants


* Via Parquet and Avro 
** Work on Python integration is underway







BDG: ADAM’s Ecosystem


!


ADAM:!
Core API + 


CLIs


bdg-
formats:!


Data 
schemas


RNAdam:!
RNA analysis 


on ADAM


avocado:!
Distributed local 


assembler


fig:!
Variant 


annotation


eggo:!
Datasets







What are the challenges?
• Variant Detection: 


• For accurate variant discovery, we want to 
reassemble variants, but reassembly is expensive 


• We need to statistically integrate over a large 
collection of samples to discover low frequency 
variants 


• Variant Analysis: 


• Variants don’t always have straightforward 
explanations







Variant Detection
• The sequencing process is noisy: 


• 2% of bases are mis-sequenced 


• If we have a large edit, string alignment may 
have errors 


• We algorithmically “clean” the reads and apply a 
statistical model to reconstruct the genome







avocado performs efficient 
de Bruijn reassembly


ACACTGCACT


ACA
 CAC
  ACT
   CTG
    TGC
    GCA
      CAC
       ACT


ACA CAC ACT


CTGTGCGCA


• Several high accuracy variant callers (GATK, Platypus, 
Scalpel) reassemble reads aligned at genomic regions 


• Typically use a de Bruijn graph: nodes are k-mers, and 
edges represent observed transitions between k-mers







Efficient Local Reassembly
• Current methods elaborate all paths through the graph, perform O(hn) 


realignments at O(lrlh) cost, score O(h2) haplotype pairs  


• Instead, identify “bubbles” and emit statistics directly from the graph: 


• Eliminate expensive realignment! 


• Variant alleles are provably canonical.


ACA CAC ACT


CTGTGCGCA


CTTTTCTCA


Reference: 
CTGA


Bubble: 
CTTA


h: number of haplotypes (paths), n: number of reads, lr: read length, lh: haplotype length 
Proofs that alleles are canonical are too long for slides; will gladly share offline.
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AT
TG
TT
G
TG


TG
TT
TC
TT
A
G
CT
TT
CA
G
TG


AT
G
TT
TC
TT
A
G
CT
TT
CA
G
T


A
CT
CT
A
CC
TC
CC
A
A
G
CT
CT


CT
CT
A
CC
TC
CC
A
A
G
CT
CT
A


A
A
A
G
CT
TC
CA
CA
CT
TG
CC
T


A
A
G
CT
TC
CA
CA
CT
TG
CC
TC


G
A
A
G
A
G
A
A
G
G
CT
TT
G
CT
G
T


TT
TC
A
AT
G
G
G
CA
G
TA
A
AT
A


A
G
A
A
CT
G
CC
CT
C
CC
CC
TA
A


A
A
A
A
G
TA
CA
A
A
AT
A
A
CA
CG


A
A
A
G
TA
CA
A
A
AT
A
A
CA
CG
A


A
A
G
TA
CA
A
A
AT
A
A
CA
CG
A
A


A
CC
G
A
C
G
G
CC
CG
CC
A
G
G
CA


G
G
TC
A
C
CT
G
TG
TT
G
AT
TG
C


AT
A
G
A
AT
TT
CT
A
G
A
A
AT
TT


AT
CA
TC
A
G
A
A
A
A
CT
G
A
G
A
A


AT
A
G
AT
G
TG
A
G
CC
A
AT
C
TG


TA
G
AT
G
TG
A
G
CC
A
AT
CT
G
A


A
A
A
G
TC
TG
A
A
AT
G
C
A
A
CA
T


TA
A
A
A
G
G
A
C
A
A
A
A
CA
A
CA
G


G
TA
CA
A
A
A
A
A
A
CA
CG
A
A
G
A


G
A
A
C
CC
A
CG
G
A
C
A
G
G
CC
G
C


TC
CC
TT
A
A
A
G
CT
TC
CA
CA
C


TA
TT
TT
G
A
A
A
A
CT
CA
TC
A
G


TC
A
G
TG
TA
TA
TA
TG
TG
G
CT


C
A
G
TG
TA
TA
TA
TG
TG
G
CT
A


TT
A
C
G
G
G
CC
G
C
CA
G
TC
AT
T


A
C
A
G
TT
G
C
AT
CA
G
CG
TA
G
A


G
G
AT
A
G
A
AT
TT
CT
A
G
A
A
AT


G
AT
A
G
A
AT
TT
CT
A
G
A
A
AT
T


A
CA
TA
TT
TT
A
A
CT
TG
G
TT
T


AT
CA
A
G
G
AT
A
G
A
A
G
TT
C
TA


TC
A
A
G
G
AT
A
G
A
A
G
TT
CT
A
G


CA
A
G
G
AT
A
G
A
A
G
TT
C
TA
G
A


A
A
A
A
A
G
G
CA
G
C
CT
A
G
G
C
G
A


TC
TA
G
A
A
A
G
TT
C
CT
TC
CC
C


AT
AT
TT
TG
A
A
A
A
CT
CA
TC
A


TG
A
G
TG
G
G
G
TC
TC
CA
G
TC
A


CT
G
CC
TT
TG
AT
G
TG
TG
CT
T


A
CG
G
A
CA
G
G
CC
G
CC
A
G
TC
A


G
G
CC
TA
A
A
A
G
TA
CA
A
A
AT
A


TT
G
G
CC
TA
A
A
A
G
G
A
CA
A
A
A


CC
CG
CC
A
G
G
C
AT
TA
A
AT
TC


TG
TA
TA
TA
TG
G
G
G
CT
AT
A
C


A
CC
CC
C
A
G
TC
AT
A
A
A
AT
TC


CA
CT
CT
A
CC
TC
CC
A
A
G
CT
C


G
A
G
CC
A
AT
CT
G
A
G
G
A
A
G
TA


A
A
C
TT
G
G
TT
TT
TC
TC
AT
A
A


TT
CA
A
G
CT
CA
A
A
G
A
G
A
CA
A


CC
CC
TT
G
CC
TC
A
G
TG
TA
TA


A
CC
CT
G
CT
TG
G
TC
TA
A
A
A
G


G
G
AT
A
G
A
AT
TT
CT
A
G
A
A
A
G


TA
A
A
A
G
TT
CA
A
A
AT
A
A
CA
C


CA
TG
TA
A
CA
A
AT
G
TG
AT
TT


G
G
TG
CT
C
TT
CC
CA
C
TT
C
CG


A
A
G
C
G
A
A
G
G
CT
TT
G
CT
G
TC


A
A
G
G
AT
A
G
A
A
G
TT
CT
A
G
A
A


A
A
AT
A
G
AT
G
TG
A
G
CT
A
AT
C


G
CA
CC
TG
TG
TT
G
AT
TG
CC
T


G
TT
TC
A
AT
G
G
G
C
AT
TA
A
AT


CA
G
TC
AT
A
A
A
AT
TC
A
A
G
C
T


CC
TA
A
A
A
G
TT
CA
A
A
AT
A
A
C


CT
A
A
A
A
G
TT
CA
A
A
AT
A
A
CA


A
CT
CG
A
G
G
A
A
A
A
AT
TA
G
TT


A
G
A
AT
A
G
A
AT
C
G
CT
C
CA
G
G


N
N
N
N
N
N
N
N
A
N
AT
TN
TN
A
N
A


N
N
N
N
N
N
N
A
N
AT
TN
TN
A
N
A
A


A
G
CC
A
G
TT
AT
AT
TG
TT
A
A
A


TG
A
CT
A
CA
CC
A
CC
G
A
CG
G
C


CT
TT
TC
G
A
G
AT
AT
TG
TT
G
T


A
CT
TT
TC
G
A
G
AT
AT
TG
TT
G


TG
A
A
G
A
G
A
A
G
G
CT
TT
G
CT
G


TG
A
A
G
A
G
A
A
G
G
CT
TT
G
CT
T


CA
TT
A
G
TT
A
CC
A
G
A
G
CC
TG


TA
CG
G
G
C
CG
CC
A
G
TC
AT
TA


TG
CC
TT
TG
AT
G
TG
TG
CT
TT


A
CA
TT
AT
CC
TT
CA
CC
CC
G
C


CC
CA
G
TC
TT
TA
CT
G
G
TG
CT


CC
TA
A
G
G
CT
TT
CA
CA
CT
TG


A
G
TA
AT
TG
TA
A
G
A
A
CT
G
CC


TT
TC
A
AT
G
G
G
CA
AT
A
A
AT
T


A
CC
CA
A
A
G
CT
A
AT
CA
A
G
G
C


C
CC
TC
CC
CG
TA
A
A
G
CT
TT
C


This is 200 bases from…







performing reassembly


A
CC
CA
A
AT
CT
A
AT
CA
A
G
G
C


CC
CA
A
AT
CT
A
AT
CA
A
G
G
CT


TT
AT
G
A
G
G
TG
A
CA
TT
TA
A
A


CA
TT
G
CC
AT
TT
A
CC
CT
G
CT


AT
TG
CC
AT
TT
A
CC
CT
G
CT
T


TT
G
CC
AT
TT
A
CC
CT
G
CT
TG


AT
G
AT
TC
TT
A
G
G
TT
TC
A
AT


TG
AT
TC
TT
A
G
G
TT
TC
A
AT
G


G
AT
TC
TT
A
G
G
TT
TC
A
AT
G
G


TA
G
C
TT
C
CA
AT
G
G
G
CA
AT
A


A
G
CT
TC
C
A
AT
G
G
G
C
A
AT
A
A


G
CT
TC
CA
AT
G
G
G
CA
AT
A
A
A


TT
TC
TA
A
AT
G
TT
TC
TT
A
G
C


TT
CT
A
A
AT
G
TT
TC
TT
A
G
CT


TC
TA
A
AT
G
TT
TC
TT
A
G
CT
T


G
A
G
G
A
A
G
A
AT
TT
G
A
G
AT
G
A


A
G
G
A
A
G
A
AT
TT
G
A
G
AT
G
A
G


G
G
A
A
G
A
AT
TT
G
A
G
AT
G
A
G
G


G
A
CT
A
A
G
G
A
A
G
AT
CA
TG
A
A


A
CT
A
A
G
G
A
A
G
AT
CA
TG
A
A
A


CT
A
A
G
G
A
A
G
AT
CA
TG
A
A
AT


A
CT
CC
CA
A
G
CT
CT
A
G
G
AT
A


CT
CC
CA
A
G
CT
CT
A
G
G
AT
AT


TC
CC
A
A
G
CT
CT
A
G
G
AT
AT
A


C
A
CG
G
A
C
G
G
C
CC
G
C
CA
G
TC


A
CG
G
A
CG
G
CC
C
G
CC
A
G
TC
A


CG
G
A
CG
G
CC
C
G
CC
A
G
TC
AT


G
A
G
TG
G
G
G
TC
TC
CA
G
TC
AT


A
G
TG
G
G
G
TC
TC
C
A
G
TC
AT
T


G
TG
G
G
G
TC
TC
C
A
G
TC
AT
TA


A
A
AT
G
TG
TA
AT
TT
C
AT
G
A
G


A
AT
G
TG
TA
AT
TT
CA
TG
A
G
T


AT
G
TG
TA
AT
TT
CA
TG
A
G
TG


G
A
G
G
G
G
A
C
G
G
AT
TT
G
CT
G
C


A
G
G
G
G
A
CG
G
AT
TT
G
C
TG
CC


G
G
G
G
A
CG
G
AT
TT
G
CT
G
C
CT


TT
TT
TT
CT
CA
TA
A
A
AT
G
G
T


TT
TT
TC
TC
AT
A
A
A
AT
G
G
TT


TT
TT
CT
CA
TA
A
A
AT
G
G
TT
T


A
CA
TC
A
G
A
A
A
A
CT
G
A
G
A
AT


CA
TC
A
G
A
A
A
A
CT
G
A
G
A
AT
C


AT
CA
G
A
A
A
A
CT
G
A
G
A
AT
CA


A
A
A
G
TC
CC
TC
CC
CC
TA
A
G
G


A
A
G
TC
CC
TC
CC
CC
TA
A
G
G
C


A
G
TC
CC
TC
CC
CC
TA
A
G
G
CT


CC
CG
CT
G
A
CA
G
G
CC
CC
CA
G


CC
G
CT
G
A
CA
G
G
CC
CC
CA
G
T


CG
CT
G
A
CA
G
G
CC
CC
CA
G
TC


G
CC
TA
G
G
A
G
A
A
A
G
CA
A
CA
T


CC
TA
G
G
A
G
A
A
A
G
CA
A
C
AT
G


C
TA
G
G
A
G
A
A
A
G
C
A
A
C
AT
G
A


TA
CC
A
G
A
G
CC
TG
TT
AT
AT
T


A
CC
A
G
A
G
CC
TG
TT
AT
AT
TT


CC
A
G
A
G
CC
TG
TT
AT
AT
TT
T


AT
TC
A
A
G
CT
CC
A
A
G
A
A
A
CA


TT
CA
A
G
C
TC
CA
A
G
A
A
A
C
A
A


TC
A
A
G
CT
CC
A
A
G
A
A
A
CA
A
A


G
CC
TA
G
G
A
G
AT
A
G
C
A
A
C
AT


CC
TA
G
G
A
G
AT
A
G
CA
A
CA
TG


CT
A
G
G
A
G
AT
A
G
CA
A
CA
TG
A


AT
G
A
A
G
CG
TA
G
G
CT
AT
G
CT


TG
A
A
G
CG
TA
G
G
CT
AT
G
CT
G


G
A
A
G
CG
TA
G
G
CT
AT
G
CT
G
C


G
TG
G
CT
AT
CC
CC
CT
G
A
G
G
G


TG
G
CT
AT
CC
CC
CT
G
A
G
G
G
G


G
G
CT
AT
C
CC
CC
TG
A
G
G
G
G
C


CT
G
A
G
AT
G
A
A
G
A
G
A
A
G
G
CT


TG
A
G
AT
G
A
A
G
A
G
A
A
G
G
CT
T


G
A
G
AT
G
A
A
G
A
G
A
A
G
G
CT
TT


A
AT
TG
TA
A
G
A
A
CT
G
C
CC
TC


AT
TG
TA
A
G
A
A
CT
G
CC
CT
CC


TT
G
TA
A
G
A
A
CT
G
CC
CT
CC
C


G
TG
TA
TA
TT
G
G
TG
G
CT
AT
C


TG
TA
TA
TT
G
G
TG
G
CT
AT
CC


G
TA
TA
TT
G
G
TG
G
CT
AT
CC
C


CA
TG
A
A
AT
A
CC
A
CC
AT
G
G
G


AT
G
A
A
AT
A
CC
A
CC
AT
G
G
G
G


TG
A
A
AT
A
CC
A
CC
AT
G
G
G
G
A


G
TA
AT
TG
TA
A
G
A
A
CT
G
CC
C


TA
AT
TG
TA
A
G
A
A
C
TG
CC
CT


G
CC
AT
TC
TG
A
G
G
A
A
G
TT
TT


C
CA
TT
C
TG
A
G
G
A
A
G
TT
TT
T


C
AT
TC
TG
A
G
G
A
A
G
TT
TT
TG


CC
C
CG
TA
A
A
G
CT
TT
CA
CA
C


CC
CG
TA
A
A
G
C
TT
TC
A
CA
C
T


CC
G
TA
A
A
G
CT
TT
CA
C
A
CT
T


A
CT
CC
C
G
G
G
CC
G
CC
A
G
TC
A


C
TC
CC
G
G
G
C
CG
CC
A
G
TC
AT


TC
CC
G
G
G
CC
G
CC
A
G
TC
AT
T


G
CC
TC
A
G
TG
TA
TA
TA
TG
A
G


C
CT
CA
G
TG
TA
TA
TA
TG
A
G
G


CT
CA
G
TG
TA
TA
TA
TG
A
G
G
C


TC
A
AT
CA
G
CA
A
AT
TC
TG
A
A


CA
AT
CA
G
CA
A
AT
TC
TG
A
A
A


A
AT
CA
G
CA
A
AT
TC
TG
A
A
AT


A
CT
CA
TC
A
G
A
A
A
A
CT
G
A
G
A


CT
CA
TC
A
G
A
A
A
A
CT
G
A
G
A
A


TC
AT
CA
G
A
A
A
A
CT
G
A
G
A
AT


G
TC
TT
TA
CT
G
G
TG
CT
CT
TC


TC
TT
TA
C
TG
G
TG
C
TC
TT
C
C


CT
TT
A
C
TG
G
TG
C
TC
TT
C
CC


TC
CC
CC
TG
A
CG
G
CC
C
G
CC
A


CC
CC
CT
G
A
CG
G
C
CC
G
C
CA
G


CC
C
CT
G
A
C
G
G
C
CC
G
C
CA
G
T


TT
TA
C
TG
G
TG
CT
C
TT
C
CC
A


TT
A
C
TG
G
TG
CT
C
TT
C
CC
A
C


TA
C
TG
G
TG
C
TC
TT
CC
C
A
CT


AT
A
A
A
AT
G
G
TC
TC
TG
A
AT
G


TA
A
A
AT
G
G
TC
TC
TG
A
AT
G
T


A
A
A
AT
G
G
TC
TC
TG
A
AT
G
TT


G
A
G
G
A
G
G
G
C
AT
TA
G
A
AT
A
G


A
G
G
A
G
G
G
C
AT
TA
G
A
AT
A
G
A


G
G
A
G
G
G
CA
TT
A
G
A
AT
A
G
A
A


TT
TG
CT
G
CC
TC
TG
A
G
G
A
G
G


TT
G
CT
G
CC
TC
TG
A
G
G
A
G
G
G


TG
CT
G
C
CT
CT
G
A
G
G
A
G
G
G
C


G
A
A
A
A
AT
CA
TC
A
G
A
A
A
A
CT


A
A
A
A
AT
CA
TC
A
G
A
A
A
A
CT
A


A
A
A
A
AT
C
AT
CA
G
A
A
A
A
C
TG


A
A
A
AT
C
AT
CA
G
A
A
A
A
CT
A
A


A
A
A
AT
CA
TC
A
G
A
A
A
A
C
TG
A


A
CT
CC
A
G
G
A
A
A
A
A
G
TC
A
G
C


C
TC
CA
G
G
A
A
A
A
A
G
TC
A
G
CT


TC
CA
G
G
A
A
A
A
A
G
TC
A
G
CT
G


G
G
CC
TA
A
A
A
G
TA
CA
A
A
A
A
A


G
CC
TA
A
A
A
G
TA
C
A
A
A
A
A
A
A


C
CT
A
A
A
A
G
TA
CA
A
A
A
A
A
A
C


A
G
A
CA
A
A
CC
CT
TG
A
A
A
A
A
A


G
A
CA
A
A
CC
CT
TG
A
A
A
A
A
A
A


A
CA
A
A
CC
CT
TG
A
A
A
A
A
A
A
G


CT
A
C
CC
CA
CT
CC
C
G
G
G
CC
G


TA
CC
C
CA
CT
C
CC
G
G
G
CC
G
C


A
C
CC
CA
CT
CC
C
G
G
G
CC
G
C
C


TA
TC
C
TT
C
A
CC
CT
G
CT
TG
G


AT
CC
TT
CA
CC
CT
G
CT
TG
G
C


TC
CT
TC
A
CC
CT
G
CT
TG
G
CC


A
G
A
A
A
A
AT
TA
G
TT
TC
CA
G
A


G
A
A
A
A
AT
TA
G
TT
TC
CA
G
A
G


A
A
A
A
AT
TA
G
TT
TC
CA
G
A
G
C


N
N
TC
A
G
A
A
A
A
CT
G
A
G
A
AT
C


N
TC
A
G
A
A
A
A
CT
G
A
G
A
AT
CA


TC
A
G
A
A
A
A
CT
G
A
G
A
AT
CA
A


G
CT
TT
G
CT
TT
CT
AT
G
A
G
G
A


CT
TT
G
CT
TT
CT
AT
G
A
G
G
A
G


TT
TG
CT
TT
CT
AT
G
A
G
G
A
G
T


TC
A
AT
G
G
G
CA
AT
A
A
A
A
A
A
C


CA
AT
G
G
G
CA
AT
A
A
A
A
A
A
CT


A
AT
G
G
G
CA
AT
A
A
A
A
A
A
CT
T


A
G
TT
AT
A
CT
TT
G
A
A
A
A
AT
C


G
TT
AT
A
CT
TT
G
A
A
A
A
AT
CA


TT
AT
A
C
TT
TG
A
A
A
A
AT
CA
T


A
CA
CT
TG
CC
TC
A
G
TG
TA
A
A


CA
CT
TG
CC
TC
A
G
TG
TA
A
AT


A
CT
TG
CC
TC
A
G
TG
TA
A
AT
A


CC
CC
C
A
G
TC
AT
A
A
A
AT
TC
A


C
CC
CA
G
TC
AT
A
A
A
AT
TC
A
A


CC
CA
G
TC
AT
A
A
A
AT
TC
A
A
G


TA
CC
A
CC
AT
G
G
TG
AT
TC
A
A


A
CC
A
CC
AT
G
G
TG
AT
TC
A
AT


CC
A
CC
AT
G
G
TG
AT
TC
A
AT
C


TA
TC
CC
A
CT
G
A
CA
G
G
CC
G
C


AT
CC
CA
CT
G
A
CA
G
G
CC
G
CC


TC
CC
A
CT
G
A
CA
G
G
CC
G
CC
A


G
A
A
A
G
TT
C
CT
CC
CC
CT
A
A
A


A
A
A
G
TT
C
CT
CC
CC
CT
A
A
A
G


A
A
G
TT
C
CT
CC
CC
CT
A
A
A
G
C


G
G
TC
TA
A
A
A
G
TA
CA
A
A
AT
A


G
TC
TA
A
A
A
G
TA
CA
A
A
AT
A
A


TC
TA
A
A
A
G
TA
CA
A
A
AT
A
A
C


CC
A
G
A
G
CC
A
G
TT
AT
AT
TT
T


CA
G
A
G
CC
A
G
TT
AT
AT
TT
TG


A
G
A
G
CC
A
G
TT
AT
AT
TT
TG
A


C
A
G
A
A
A
A
CT
A
A
G
A
AT
CA
A
G


A
G
A
A
A
A
CT
A
A
G
A
AT
C
A
A
G
G


G
A
A
A
A
CT
A
A
G
A
AT
C
A
A
G
G
A


A
G
TA
TT
TG
A
G
AT
G
A
A
G
A
G
A


G
TA
TT
TG
A
G
AT
G
A
A
G
A
G
A
A


TA
TT
TG
A
G
AT
G
A
A
G
A
G
A
A
G


TA
CC
A
A
G
G
A
CA
A
A
G
G
A
A
G
A


A
CC
A
A
G
G
A
CA
A
A
G
G
A
A
G
AT


CC
A
A
G
G
A
CA
A
A
G
G
A
A
G
AT
C


CC
A
AT
CT
G
A
G
G
A
A
G
CA
TC
T


CA
AT
CT
G
A
G
G
A
A
G
CA
TC
TG


A
AT
CT
G
A
G
G
A
A
G
CA
TC
TG
A


AT
TT
G
A
G
AT
G
A
A
G
A
G
A
A
G
G


C
CT
G
CT
TG
A
CT
TA
A
A
A
G
TA


C
TG
CT
TG
A
CT
TA
A
A
A
G
TA
C


TG
CT
TG
A
CT
TA
A
A
A
G
TA
CA


G
CT
CT
A
G
G
A
CA
TA
CC
A
A
G
G


CT
CT
A
G
G
A
CA
TA
CC
A
A
G
G
A


TC
TA
G
G
A
CA
TA
CC
A
A
G
G
A
C


TA
G
A
A
G
TG
A
G
CC
A
AT
CT
G
A


A
G
A
A
G
TG
A
G
CC
A
AT
CT
G
A
G


G
A
A
G
TG
A
G
CC
A
AT
CT
G
A
G
G


A
AT
CA
G
CA
A
A
G
TC
TG
A
A
AT


AT
CA
G
CA
A
A
G
TC
TG
A
A
AT
G


TC
A
G
C
A
A
A
G
TC
TG
A
A
AT
G
C


CT
AT
G
CT
G
CC
TT
TG
AT
G
TG


TA
TG
CT
G
CC
TT
TG
AT
G
TG
T


AT
G
CT
G
CC
TT
TG
AT
G
TG
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…a “simple” region of a human genome.
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There are over 3000 20-mers,!
and over 30 valid paths!







Genotyping
• Use sliding “window” traversal of genome to bucket 


sites


• Currently use a likelihood model that assumes site 
independence, run EM per site to estimate allele 
frequency


A CA C C T C T  G T C
A C  C C T C T  G T C
A CA C C C C T  G T C
A CA C C C C T  G T C
A C  C C T C TT G T C







Making Sense of Variation
• Variation in the genome can affect biology in 


several ways: 


• A variant can modify or break a protein 


• A variant can modify how much of a protein is 
created 


• The subset of your genome that encodes proteins 
is the exome. This is ~1% of your genome!







Mutations in AML
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There is a big “long tail”, including people who have 
cancer, but who have no “modified” genes!







Looking Outside 
of the Exome


• We analyze mutations 
in the exome using the 
grammar for protein 
creation 


• Can we apply a similar 
approach outside of 
the exome? 


• Let’s use the grammar 
for regulation instead!


S. Weingarten-Gabbay and E. Segal, Human Genetics, 2014.







You Can Help!
• Detecting variants requires good tools for 


identifying patterns and edits in text 


• Understanding variants requires ways to 
understand the underlying grammar of biology 


• All of our projects are open source software: 


• https://www.github.com/bigdatagenomics 


• Apache 2 licensed



https://www.github.com/bigdatagenomics
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