
Globus	  Genomics	  @	  Georgetown	  
Yuriy	  Gusev	  	  -‐	  ICBI,	  Georgetown	  University,	  	  Washington	  DC	  



Innova5on	  Center	  for	  Biomedical	  Informa5cs	  

h;p://icbi.georgetown.edu/	  	  



Innova5on	  Center	  for	  Biomedical	  Informa5cs:	  

Enabling	  Transla5onal	  Genomics	  Research	  
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Next	  Genera5on	  Sequencing	  Revolu5on	  –	  	  

Clinical	  Applica5ons	  for	  Personalized	  Medicine	  



NGS	  projects	  at	  ICBI	  

•  Typical	  Transla,onal	  Projects:	  
–  Mutli-‐Omics	  Profiling	  of	  Colorectal	  Cancer:	  :	  40	  samples	  

	  	  	  Whole	  Exome	  Seq	  

	  

–  Early	  Detec,on	  of	  Alzheimer's:	  156	  samples	  

	  	  	  Whole	  Genome	  Seq;	  RNA	  Seq;	  microRNAseq	  

–  Pre-‐Term	  Birth:	  2000	  samples	  

	  	  	  Whole	  Genome	  Seq;	  RNA	  Seq;	  microRNAseq	  

	  

Computa,onal	  Solu,ons:	  	  customized	  pipelines	  at	  AWS	  

Problem:	  	  not	  suitable	  for	  large	  scale	  service/produc,on	  

	  	  	  	  



Next	  Genera5on	  Sequencing	  (NGS):	  

New	  Challenges	  and	  Opportuni5es	  

•  Transla5onal	  Research	  Projects:	  	  	  

	  ~20	  to	  ~	  200	  samples	  (5Gb-‐50Gb/sample)	  	  

•  Data	  management:	  scalability,	  accessibility,	  cost	  

•  Data	  Transfer,	  Processing	  and	  Analysis:	  	  

–  Example:	  Whole	  Exome	  seq	  	  -‐	  40	  samples	  CRC	  (3	  disk	  drives)	  

•  Some	  of	  the	  exis,ng	  tools	  do	  not	  scale	  well:	  

–  Examples:	  	  TopHat,	  Cufflinks	  (	  >1	  month	  to	  process	  ~80	  samples)	  

•  Paradigm	  shiQ:	  	  “Data	  to	  Tools”	  vs	  “Tools	  to	  Data”	  

•  Data	  re-‐usage	  	  -‐	  in	  silico	  research	  

	  

Solu5on?:	  Cloud	  compu5ng	  with	  Genomics	  computa5onal	  environment	  –	  

Poten5al	  candidate:	  Galaxy	  CloudMan	  	  	  

But:	  	  scalability	  problems	  star5ng	  from	  <10	  samples;	  	  

Also:	  does	  not	  solve	  the	  data	  transfer	  and	  management	  problems.	  

	  Several	  Commercial	  Solu,ons:	  tested	  5	  –	  No	  Scalability!!!	  

	  

	  



Next	  Genera5on	  Sequencing	  Data:	  

New	  challenges	  for	  Transla5onal	  Cancer	  Research	  



Globus	  +	  Galaxy	  =	  Globus	  Genomics	  



Pilot	  Project:	  Georgetown	  ICBI	  and	  	  

Globus	  Genomics	  Team	  at	  CI/U	  Chicago	  	  

•  Pilot	  Project	  Aims:	  

1.	  To	  manage	  and	  move	  NGS	  data	  on	  a	  cloud	  

2.	  To	  bring	  Tools	  to	  Data	  

3.	  To	  make	  it	  scalable	  for	  transla5onal	  projects	  



NGS	  data	  management	  workflows	  



Main	  NGS	  workflows	  in	  use	  at	  ICBI:	  



RNA-‐seq	  Pipelines:	  	  processing/aligning;	  

expression	  analysis,	  	  variant	  calling	  etc.	  



Implementa5on	  of	  ICBI	  workflows	  at	  	  

Globus	  Genomics	  Instance	  



Modifying	  RNAseq	  workflows	  on	  a	  fly	  



Batch	  Processing	  Example:	  	  

RNAseq	  from	  TCGA	  Ovarian	  Cancer	  Study:	  21	  samples	  

Traceable,	  Reproducible,	  Manageable	  



Summary	  of	  Results	  of	  Pilot	  Project:	  

v  Maximized	  CPU	  u5liza5on	  to	  achieve	  op5mal	  run-‐5mes	  for	  workflow:	  

Ø  AWS	  cr1.8xlarge:	  32	  CPU,	  244	  GB	  RAM	  

Ø  Exome-‐Seq:	  1.3	  GB	  X	  2	  Illumina	  paired-‐end	  sample	  

Ø  Complete	  analysis	  took	  30	  minutes	  

Ø  Whole-‐Genome:	  39.7	  GB	  X	  2	  Illumina	  paired-‐end	  samples	  

Ø  Complete	  analysis:	  12	  hours	  

Ø  RNA-‐seq:	  6	  Illumina	  paired-‐end	  samples	  

Ø  Complete	  Analysis:	  	  8	  hours	  

Achievements	  

	  

•  Completed	  setup	  of	  Globus	  Online	  endpoints	  and	  validated	  data	  
transfer	  capabili,es	  

•  Wrapped	  addi,onal	  tools	  and	  validated	  execu,on	  of	  Whole	  Genome,	  
Exome,	  and	  RNA-‐Seq	  pipelines	  u,lizing	  Globus	  Genomics	  

•  Ran	  all	  three	  targeted	  pipelines	  at	  scale	  against	  large	  data	  sets	  
demonstra,ng	  significant	  speed-‐up	  of	  execu,on	  compared	  to	  serial	  
approaches	  

•  Op,mized	  the	  Globus	  Genomics	  environment	  in	  AWS	  to	  efficiently	  
handle	  burst	  requirements	  through	  elas,c	  provisioning	  /	  de-‐
provisioning	  of	  compute	  capacity	  

•  Gathered	  performance	  and	  quality	  data	  associated	  with	  running	  all	  
three	  pipelines	  at	  scale	  on	  the	  op,mized	  Globus	  Genomics	  instance	  

•  Jointly	  prepared	  and	  presented	  several	  posters:	  ICBI	  Symposium	  2013;	  
NIH	  transla5onal	  Genomics	  Symposium	  etc.	  

•  Developed	  PlaGorm	  to	  share	  	  &	  learn	  bioinforma5cs	  best	  prac5ces	  
and	  technical	  exper5se	  



In	  Progress:	  Large	  batch	  processing	  benchmarks	  

-‐real-‐life	  case	  studies	  

•  RNAseq:	  21	  samples	  from	  TCGA	  Ovarian	  Cancer	  Study	  

– Much	  wider	  range	  of	  input	  file	  sizes:	  5	  to	  25	  Gb	  

–  Total	  ,me:	  upload	  and	  execu,on	  of	  RSEM	  pipeline:	  

	  	  	  	  18	  hrs	  (as	  long	  as	  it	  takes	  for	  the	  largest	  single	  sample)	  	  

•  Exome	  seq:	  78	  samples	  from	  Lung	  Cancer	  Study	  (EBI)	  

– Much	  larger	  file	  sizes	  –from	  2	  to	  13	  Gb	  

–  Bow,e2	  pipeline:	  10	  hours	  

	  	  	  (as	  long	  as	  it	  takes	  for	  the	  largest	  single	  sample)	  	  



Future	  Plans:	  

•  Transi,on	  to	  Produc,on	  Instance	  of	  GG:	  

– Working	  with	  Genomics	  Core	  at	  Lombardi	  Cancer	  center	  to	  

establish	  NGS	  bioinforma,cs	  services	  for	  Lombardi	  

researchers	  

	  

•  Addi,onal	  Pipelines	  Development	  -‐	  focusing	  on	  RNAseq:	  

ncRNAseq;	  viral	  RNA	  seq	  etc.	  

•  We	  are	  interested	  in:	  	  

–  NGS	  data	  publishing;	  

–  Adop,ng	  Globus	  Genomics	  for	  Educa,on/Training:	  

	  	  	  	  	  (Massive	  Data	  Ini,a,ve	  at	  Georgetown)	  
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