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Some	  things	  about	  me	  
1987	   Unix	  on	  the	  mainframe	  

2001	   Founding	  Director	  Illinois	  Gene'c	  Marker	  Center	  

2007	   Solexa	  Sequencing	  at	  Cornell	  

2009	   Maize	  HapMap	  -‐-‐	  Science	  

2011	   Genotyping-‐by-‐Sequencing	  -‐-‐	  PLoSOne	  

2011	   GBS	  Service	  @	  Cornell	  

2012	   Project	  Management	  /	  SoXware	  Dev.	  /	  Bioinforma'cs	  

2013	   ShiX	  to	  NZ	  /	  NZinc	  approach	  /	  eResearch	  2020	  

2014	   NZ	  OSS	  Peoples	  Choice	  Award	  

2015	   MBIE:	  Breeders	  Mee'ng	  &	  eResearch	  Refresh	  



Collabora'on	  



Capabili'es	  



Impact	  



A	  new	  scien'fic	  truth	  does	  not	  triumph	  by	  
convincing	  its	  opponents	  and	  making	  them	  see	  the	  
light,	  but	  rather	  because	  its	  opponents	  eventually	  
die,	  and	  a	  new	  genera'on	  grows	  up	  that	  is	  familiar	  
with	  it.	  
	  
-‐-‐Max	  Planck	  



Gaps	  

Exponen'al	  vs.	  Linear	  Change	  



Exponen'al	  Growth	  
•  Was	  noted	  by	  Inder	  Monga	  in	  the	  first	  plenary	  
in	  terms	  of	  research	  networking.	  

•  Even	  greater	  growth	  has	  been	  taking	  place	  in	  
genomics	  research	  since	  2007.	  

•  Perspec've	  &	  Resolu'on	  
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Gap	  Year	  
•  Many	  young	  people	  take	  a	  gap	  year	  between	  
college	  and	  university.	  

•  This	  'me	  can	  be	  a	  period	  of	  personal	  growth.	  
•  Global	  change	  in	  science	  con'nues	  to	  move	  at	  
an	  exponen'al	  rate.	  



OE/Post-‐Grad/Sabba'cal	  
•  Joining	  the	  exponen'al	  global	  change	  
•  What	  happens	  when	  they	  return?	  
•  What	  about	  recruits	  from	  abroad?	  
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hhp://www.produc'vity.govt.nz/sites/default/files/interna'onal-‐perspec've-‐working-‐paper.pdf	  



Selected	  Points	  
•  There	  is	  a	  30%	  differen'al	  between	  actual	  
produc'vity	  and	  expected	  produc'vity	  in	  NZ.	  
This	  is	  the	  paradox.	  

•  One	  component	  that	  contributes	  is	  a	  rela've	  
underinvestment	  in	  knowledge	  based	  capital.	  



eResearch	  Challenges	  in	  NZ	  	  
Discussion	  Document	  

hhp://www.eresearch2020.org.nz/	  











Comparisons	  
•  Cornell	  University	  
–  Sequencing	  Capacity	  
–  Compute	  Capacity	  
–  Bioinforma'cs	  
–  Programming	  

•  University	  of	  X	  NZ	  
–  NZGL	  
–  REANNZ	  
–  NeSI	  



Business	  Compu'ng	  /	  Scien'fic	  
Compu'ng	  



Right	  Tool?	  

By	  Donovan	  Govan.	  -‐	  Image	  taken	  by	  me	  using	  a	  Canon	  PowerShot	  G3	  (reference	  
7867).,	  CC	  BY-‐SA	  3.0,	  hhps://commons.wikimedia.org/w/index.php?curid=120019	  









Genomics	  as	  an	  Example	  

Genotyping-‐by-‐Sequencing	  



What	  is	  GBS?	  

Genotyping	  by	  sequencing	  is	  a	  genotyping	  
method	  based	  on	  restric'on	  diges'on	  and	  high	  
levels	  of	  mul'plexing	  which	  results	  in	  a	  library	  
ready	  to	  sequence	  on	  the	  Illumina	  plaoorm.	  Key	  
features	  are	  simplicity,	  reproducability,	  speed	  
and	  low	  cost.	  



<	  450	  bp	  

Restric/on	  site	  
(	  	  	  )	  sequence	  tag	  

Loss	  of	  cut	  site	  

Sample1	  

Overview	  of	  Genotyping	  by	  Sequencing	  (GBS)	  

• Focuses	  NextGen	  sequencing	  power	  to	  ends	  of	  restric/on	  fragments	  

Sample2	  



Molecular	  Tools	  

Restric'on	  Enzymes	  Cut	  DNA	  at	  specific	  sites	  

Ligases	  join	  pieces	  of	  DNA	  together	  

Polymerases	  make	  copies	  	  of	  DNA	  (PCR)	  



Rate	  of	  Change	  in	  Genomics	  



Rate	  of	  Change	  

Moore's	  law	  (published	  in	  
1965)	  is	  the	  observa'on	  that	  
the	  number	  of	  transistors	  in	  a	  
dense	  integrated	  circuit	  
doubles	  approximately	  every	  
two	  years.	  (Wikipedia)	  



18th	  Century	  Incen'ves	  
United	  States	  patent	  law	  is	  authorized	  by	  the	  U.S.	  Cons'tu'on.	  Ar'cle	  One,	  
sec'on	  8,	  clause	  8	  states:	  
	  
	  	  	  	  The	  Congress	  shall	  have	  power	  ...	  To	  promote	  the	  progress	  of	  science	  and	  
useful	  arts,	  by	  securing	  for	  limited	  'mes	  to	  authors	  and	  inventors	  the	  exclusive	  
right	  to	  their	  respec've	  wri'ngs	  and	  discoveries;	  
	  

Eben	  Moglen	  on	  Origins	  of	  Copyrights	  and	  Patents	  

In	  the	  18th	  century,	  there	  was	  a	  need	  to	  move	  brains	  to	  the	  U.S.	  Legal	  
mechanisms	  were	  designed	  to	  do	  this.	  See	  further	  link	  below.	  



18th	  Century	  Law	  in	  2015	  
Then	  
•  Steady	  and	  low	  rate	  of	  

change	  
•  Incen'vise	  inventors	  by	  

giving	  them	  exclusive	  rights	  
for	  20	  years.	  

•  Patents	  provide	  informa'on	  
for	  next	  round	  of	  inventors	  

Now	  
•  Rapid	  increase	  in	  rate	  of	  

change	  
•  Incen'vise	  inventors	  by	  

giving	  them	  exclusive	  rights	  
for	  20	  years.	  

•  Informa'on	  could	  be	  
obsolete	  well	  before	  patent	  
expires	  



Genomics	  Context	  
•  Something	  like	  GBS	  was	  the	  next	  logical	  thing	  
to	  try.	  

•  The	  components	  of	  GBS	  were	  well	  known.	  
•  U'lity	  of	  GBS	  will	  last	  much	  less	  than	  20	  years.	  
•  Therefore	  to	  maximise	  the	  u'lity	  of	  the	  
method,	  it	  needs	  to	  be	  made	  freely	  available.	  

	  



Expansion	  



SoXware	  Tools	  
•  Sample	  Tracking	  
•  Quality	  control	  metrics	  
•  Automa'on	  
•  Reproducibility	  
•  Downstream	  analyses	  



Informa'on	  
•  Species	  specific	  data	  
– How	  many	  SNPs	  
– Level	  of	  Mul'plexing	  
– SoXware	  configura'ons	  /	  versions	  

•  Best	  prac'ces	  guides	  
•  Lab	  trouble	  shoo'ng	  guides	  



Biospectra	  by	  Sequencing	  



Biospectra	  by	  Sequencing	  



Repurposing	  18th	  Century	  Law	  
Richard	  Stallman	  
President	  Free	  SoXware	  Founda'on	  
CopyleX	  
GNU	  Project	  (1984)	  

Lawrence	  Lessig	  
Harvard	  Law	  Professor	  
Crea've	  Commons	  
2001	  



Working	  Together	  
•  The	  tasks	  require	  mul'-‐disciplinary	  teams.	  
•  GitHub	  and	  Wikis	  provide	  mechanisms	  for	  
giving	  credit	  as	  well	  as	  do	  the	  work.	  

•  FLOSS	  and	  open	  CC	  licensing	  are	  crucial.	  
•  FLOSS	  and	  open	  CC	  licensing	  are	  not	  sufficient.	  



Not	  Enough,	  Yet	  
•  Some	  BBS	  contributors	  have	  jobs.	  
•  Employers	  hold	  rights	  to	  the	  IP	  on	  the	  work	  of	  
employees.	  

•  If	  employer	  removes	  the	  work	  from	  an	  integrated	  
soXware	  program,	  then	  it	  falls	  over.	  

•  Is	  there	  a	  way	  to	  prevent	  that	  from	  happening?	  



Contributor	  Agreements	  	  

hhp://contributoragreements.org	  



Outside	  of	  the	  Square	  
•  In	  essence,	  it	  does	  not	  require	  par'cipa'on	  or	  
workplans.	  But	  if	  your	  organisa'on	  does	  want	  
to	  contribute,	  it	  protects	  all	  of	  the	  
contributors	  from	  any	  one	  party	  pulling	  out.	  

•  This	  type	  of	  agreement	  is	  not	  a	  nego'a'on	  
between	  ins'tu'ons,	  but	  rather	  defining	  the	  
way	  your	  ins'tu'on	  will	  interact	  with	  society.	  



Beyond	  Genomics	  



Closing	  the	  Gap	  
•  Social	  
•  Research	  
•  Technical	  
•  Legal	  



Needs	  and	  Percep'ons	  
•  MBIE’s	  Breeding	  Days	  
– How	  to	  accelerate	  plant	  &	  animal	  breeding	  
–  ‘We	  can	  not	  move	  data	  fast	  enough.’	  

•  REANNZ	  presenta'on	  at	  parliament	  
–  ‘They	  built	  a	  Ferrari!’	  

•  Central	  government	  funding	  a	  superhighway,	  but	  
not	  inves'ng	  in	  on-‐ramps	  



Research	  
•  Foster	  trust	  through	  open,	  honest,	  and	  frank	  
discussions	  

•  Fail	  early	  and	  oXen	  
•  Interna'onal	  collabora'ons	  



Technical	  
•  Harmonizing	  compu'ng	  plaoorms	  
•  Adop'on	  of	  interna'onal	  standards	  
–  Compute	  
– Data	  
– Metadata	  

•  Par'cipa'ng	  in	  interna'onal	  soXware	  
development	  programmes	  



Legal	  Policy	  
•  Currently	  many	  NZ	  ins'tu'ons	  have	  a	  default	  IP	  
policy	  that	  is	  closed.	  This	  is	  based	  on	  the	  premise	  
that	  everything	  produced	  might	  have	  some	  value	  
and	  therefore	  must	  not	  be	  shared.	  

•  An	  alterna've	  is	  to	  have	  a	  policy	  where	  sharing	  is	  
the	  rule	  and	  a	  case	  must	  be	  made	  to	  not	  share.	  
This	  is	  the	  model	  that	  has	  emerged	  in	  global	  
science	  funding.	  



Science	  progresses	  one	  funeral	  at	  a	  'me	  
–	  I	  hope	  that	  it	  is	  not	  mine.	  



Ques'ons	  and	  Discussion	  


