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INTRODUCTION-­‐PROBLEM	
  
Modern	
  genomics	
  has	
  become	
  a	
  data/computing-­‐intensive	
  task	
  [1].	
  Sequencing	
  technologies	
  such	
  as	
  Illumina	
  X-­‐10	
  are	
  
approaching	
  the	
  promise	
  of	
  sequencing	
  the	
  entire	
  human	
  genome	
  with	
  less	
  than	
  $1000,	
  which	
  will	
  inevitably	
  result	
  in	
  
the	
  routine	
  use	
  of	
  sequencing	
  data	
  in	
  clinical	
  settings.	
  However,	
  the	
  amount	
  of	
  data	
  produced	
  as	
  a	
  result	
  of	
  advances	
  in	
  
sequencing	
  technologies	
  has	
  opened	
  problems	
  in	
  storing,	
  retrieving,	
  and	
  processing	
  their	
  outputs	
  effectively.	
  	
  

Advances	
   in	
   cloud	
  computing	
  provide	
  a	
  path	
   to	
   resolving	
   these	
   infrastructure	
  problems	
   in	
  a	
  more	
  practical	
  and	
  
tangible	
  way.	
  Very	
  scalable,	
  highly	
  available	
  computing	
  and	
  storage	
  capacity,	
  which	
  once	
  were	
  only	
  available	
  through	
  
massive	
  high	
  performance	
  computing	
  facilities,	
  are	
  now	
  accessible	
  to	
  everyone	
  for	
  renting	
  on	
  a	
  hourly	
  basis.	
  Moreover,	
  
storing,	
   maintaining	
   and	
   retrieving	
   data	
   is	
   well	
   supported	
   through	
   sophisticated	
   cloud-­‐based	
   data	
   services,	
   which	
  
significantly	
   reduce	
  the	
  cost	
  of	
  manipulating	
  the	
  data.	
  However,	
   this	
  comes	
  with	
  the	
  cost	
  of	
   transferring	
  data	
  to	
  and	
  
from	
  the	
  cloud.	
  	
  

Despite	
   the	
   advances	
   in	
   digital	
   communication	
   speed,	
   the	
   size	
   of	
   the	
   files	
   used	
   in	
   genomics	
   and	
   in	
   particular	
  
human	
  and	
  plant	
  sequences	
  [2],	
  can	
  make	
  it	
  impractical	
  to	
  transfer	
  them	
  on-­‐demand.	
  The	
  size	
  of	
  these	
  files	
  can	
  range	
  
from	
  a	
  few	
  gigabytes	
  for	
  human	
  genome	
  to	
  tens	
  of	
  gigabytes	
  for	
  plants.	
  Therefore,	
  it	
  is	
  clear	
  that,	
  given	
  limited	
  network	
  
bandwidth,	
   commuting	
   the	
   files	
   between	
   local	
   and	
   remote	
   compute	
   resources	
   will	
   soon	
   become	
   a	
   bottleneck.	
   In	
  
addition,	
  high	
  performance	
  computing	
  centres	
  often	
  stipulate	
  that	
  they	
  do	
  not	
  provide	
  a	
  data	
  storage	
  service,	
  requiring	
  
their	
   users	
   to	
  move	
   their	
   files	
   by	
   the	
   time	
   their	
   contract	
   or	
   allocated	
   resources	
   are	
   finished.	
   This	
   is	
   a	
   fundamental	
  
tension	
  in	
  data-­‐driven	
  disciplines,	
  a	
  consequence	
  of	
  computing	
  on	
  data	
  being	
  a	
  transient	
  resourcing	
  requirement,	
  while	
  
the	
  data	
  is	
  a	
  permanent	
  resource	
  that	
  needs	
  to	
  be	
  maintained.	
  	
  

One	
  solution	
  is	
  to	
  focus	
  the	
  genomics	
  analysis	
  environment	
  on	
  the	
  data,	
  moving	
  the	
  computing	
  close	
  to	
  the	
  data	
  
so	
  that	
  analysis	
  tools	
  may	
  access	
  the	
  data	
  on-­‐demand.	
  From	
  this	
  point	
  of	
  view,	
  cloud	
  providers	
  are	
  providing	
  facilities	
  
for	
  accessing	
  computing	
  resource	
  close	
   to	
   (in	
  a	
  bandwidth	
  and	
   latency	
  sense)	
   the	
  datacentres	
  where	
   files	
  have	
  been	
  
stored.	
  	
  

	
  
Figure	
  1:	
  The	
  Genomics	
  Interlocking	
  architecture	
  overview	
  

GENOMICS	
  INTERLOCKING1	
  
We	
  define	
  an	
  interlocking	
  as	
  the	
  environment	
  that	
  integrates	
  facilities	
  for	
  basic	
  file	
  handling	
  and	
  manipulation	
  of	
  data	
  
such	
  as	
   storing,	
  uploading,	
  deleting,	
   sharing	
   together	
  with	
  some	
   form	
  of	
  computational	
  platform	
  such	
  as	
  a	
  workflow	
  
platform	
  or	
  analysis	
  platform	
  to	
  the	
  data.	
  Genomics	
  interlocking,	
  then,	
  defines	
  an	
  interlocking	
  solution	
  that	
  is	
  designed	
  
for	
  working	
  on	
  genomics	
  data.	
  In	
  our	
  data-­‐centric	
  cloud	
  architecture	
  users	
  store	
  their	
  data	
  on	
  permanent	
  and	
  reliable	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  In	
  railway	
  system	
  interlocking	
  is	
  the	
  system	
  for	
  controlling	
  and	
  directing	
  trains	
  from	
  the	
  platforms.	
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storage	
  on	
   the	
   cloud.	
  Users	
   can	
   access,	
   share	
   and	
  publish	
   their	
   data	
  on	
   the	
   cloud	
   through	
  RESTful	
  API	
  with	
  no	
  user	
  
management	
   overhead.	
   In	
   this	
   architecture,	
   the	
   virtual	
   laboratory	
   can	
   be	
   seen	
   as	
   a	
  workbench	
  where	
   pre-­‐installed	
  
tools	
  and	
  referenced	
  data	
  are	
  the	
  two	
  main	
  utilities	
  provided	
  in	
  a	
  controlled	
  way	
  to	
  the	
  end	
  users	
  for	
  analysing	
  their	
  
data.	
  Users	
  may	
   launch	
   their	
  own	
  virtual	
   laboratory	
  or	
   share	
  an	
  organizational	
  one	
  on	
   the	
   same	
  domain	
   to	
  perform	
  
their	
  process.	
  An	
  overview	
  of	
  the	
  genomics	
  interlocking	
  architecture	
  can	
  be	
  seen	
  in	
  Figure	
  1.	
  

	
  We	
  have	
  realized	
  an	
  implementation	
  of	
  our	
  proposed	
  architecture	
  in	
  two	
  major	
  components:	
  
1. GenomeSpace[3]:	
  A	
   lightweight,	
  cloud	
  based	
  middleware	
  that	
  facilitates	
  accessing	
  cloud-­‐based	
  storage	
  while	
  

allowing	
   tools	
   to	
   share	
   data.	
   	
  GenomeSpace	
   is	
   designed	
   as	
   a	
  middleware	
   over	
   the	
   cloud	
   storage	
  which	
   can	
  
provide	
   a	
   homogeneous	
   and	
   secure	
  method	
   for	
   accessing	
   and	
   sharing	
   the	
   cloud	
   storage	
   such	
   as	
   	
  AWS	
   S3,	
  
OpenStack	
  Swift,	
  Dropbox,	
  etc.	
  	
  

2. Genomics	
   Virtual	
   Laboratory:	
   A	
   workbench	
   that	
   provides	
   tools	
   and	
   referenced	
   data	
   for	
   creating	
   genomics	
  
workflows	
   as	
   well	
   as	
   data	
   analysing	
   and	
   browsing.	
   This	
   platform	
   is	
   build	
   upon	
   the	
   use	
   of	
   the	
   following	
  
platforms:	
  

i. Galaxy	
  [4]:	
  A	
  genomics	
  workflow	
  platform	
  for	
  managing	
  tools	
  and	
  referenced	
  data	
  over	
  the	
  cloud.	
  
ii. Ipython	
  notebook:	
  An	
  interactive	
  computing	
  framework	
  for	
  developing,	
  documenting,	
  and	
  executing	
  
code,	
  as	
  well	
  as	
  communicating	
  the	
  results.	
  

iii. UCSC-­‐Genome-­‐browser	
   [6]:	
  The	
  UCSC	
  genome	
  browser	
   is	
   visualising	
  genome	
  sequence	
  data	
   from	
  a	
  
variety	
   of	
   vertebrate	
   and	
   invertebrate	
   species	
   and	
   major	
   model	
   organisms,	
   integrated	
   with	
   a	
   large	
  
collection	
  of	
  aligned	
  annotations.	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  To	
   ‘bring	
   compute	
   to	
   the	
   data’,	
   we	
   have	
   designed	
   and	
  
developed	
   techniques	
   for	
   launching	
   the	
   genomics	
   workbench	
  
on-­‐demand,	
   using	
   CloudMan	
   [5]	
  which	
   is	
   a	
   tool	
   to	
   orchestrate	
  
the	
  cloud.	
  The	
  user	
  can	
  easily	
  request	
  a	
  compute	
  cluster	
  on	
  the	
  
cloud	
   through	
   CloudMan	
   and	
   deploy	
   the	
   virtual	
   laboratory	
  
environment	
  on-­‐demand	
   in	
   the	
   same	
   region	
  as	
   the	
  data.	
  Upon	
  
completion,	
  the	
  user	
  can	
  release	
  the	
  workbench	
  cluster	
  back	
  to	
  
the	
   resource	
  pool	
   (again	
   via	
   CloudMan).	
   If	
   required,	
   CloudMan	
  
makes	
   it	
   possible	
   to	
   store	
   the	
   current	
   state	
   of	
   the	
   workbench	
  
back	
   to	
   the	
   cloud	
   and	
   retrieve	
   it	
   for	
   reusability	
   purposes.	
   An	
  
overview	
   of	
   the	
   whole	
   process	
   for	
   building	
   a	
   Genomics	
  
Interlocking	
  solution	
  can	
  be	
  seen	
  in	
  Figure	
  2.	
  

	
  
	
  

CONCLUSION	
  
We	
  believe	
  that	
  ultra-­‐scalable	
  permanent	
  storage	
  as	
  available	
  on	
  
the	
   cloud,	
   co-­‐located	
   with	
   scalable,	
   highly	
   available	
   compute	
   resources,	
   can	
   address	
   potential	
   bottlenecks	
   in	
   the	
  
genomics	
   analysis	
   lifecycle.	
   Furthermore,	
   we	
   demonstrate	
   the	
   capability	
   of	
   the	
   cloud	
   on	
   handling	
   these	
   kind	
   of	
  
problems	
  by	
  designing	
   and	
  developing	
   the	
   concept	
   of	
  Genomics	
   Interlocking;	
   a	
   virtual	
   environment	
  where	
  data	
   and	
  
process	
  can	
  both	
  be	
  controlled	
  and	
  monitored,	
  implemented	
  using	
  the	
  available	
  federated	
  cloud	
  technologies	
  provided	
  
by	
  NeCTAR.  
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Figure	
   2:	
   The	
   process	
   of	
   launching	
   a	
   Genomics	
  
Interlocking	
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