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Duplicated	  genes	  are	  very	  important	  in	  
evolu8on	  as	  they	  are	  implied	  in	  the	  
appearance	  of	  new	  func8ons	  (Ohno,	  
1970).	  

•  Analysis	  of	  expression	  data:	  
	  -‐	  using	  standard	  methods	  
	  -‐	  using	  inferred	  networks	  

Arabidopsis	  thaliana	  



Types	  of	  Duplica8on	  

The	  16977	  duplicate	  genes	  are	  
clustered	  into	  5253	  families.	  

Whole	  Genome	  Duplicates	  
are	  defined	  from	  the	  
literature	  (Bowers	  2003).	  

Tandemly	  Arrayed	  Genes	  



Expression	  Data	  

	  Using	  an	  Affymetrix	  array	  
Leh	  with	  26	  601	  genes	  with	  gene	  expression	  under	  33	  different	  
condi8ons,	  grouped	  in	  3	  categories:	  Organ,	  Stress	  and	  Light.	  

From	  Kousuke	  Hanada,	  Riken	  Plant	  Centre,	  Japan	  	  



Gene	  Co-‐expression	  
using	  Spearman’s	  rank	  correla8on	  coefficients	  



Inferring	  Networks	  from	  Gene	  Expression	  data	  



The	  Inferred	  Network	  	  

A	  Sparse	  network	  
Metric	  for	  measurement:	  shortest	  path	  between	  genes.	  



How	  duplicated	  genes	  are	  maintained	  
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Morphological	  Knockout	  Data	  

Increased	  expression	  and	  protein	  divergence	  in	  duplicate	  genes	  is	  
associated	  with	  morphological	  diversifica8on	  
Hanada	  K.	  et	  al	  (2009)	  PLOS	  
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497	  gene	  pairs	   Of	  which	  we	  have	  expression	  data	  for:	  445	  
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Network	  inferred	  for	  morphological	  
knockout	  data	  



Protein-‐protein	  interac8on	  networks	  

PPI	  Network:	  
Scale	  Free	  
Metric	  used:	  Jaccard	  index	  =	  shared_neighbours/all_neighbours	  

2946	  genes	  

Of	  which	  we	  
have	  
expression	  
data	  for:	  2749	  
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Actual	  State	  

neofunc8onalisa8on	   subfunc8onalisa8on	   Redundancy	  of	  func8on	  

Duplica8on	  in	  PPI	  networks	  

Jaccard	  =	  0	   Jaccard	  =	  1/3	   Jaccard	  =	  1	  



Organ	  expression	  network	  analysed	  for	  
Jaccard	  index	  in	  the	  PPI	  



Organ	  expression	  network	  analysed	  for	  
type	  of	  duplica8on	  



Arabidopsis	  thaliana	  

Discussion	  

•  Biological	  Results	  –	  Type	  of	  Duplica8on	  
maqers.	  

•  Inferred	  networks	  provide	  us	  more	  detailed	  
analysis	  then	  standard	  methods.	  

Further	  research	  

•  How	  do	  genes	  within	  families	  relate	  to	  each	  
other	  on	  the	  inferred	  network?	  



Thank	  you!	  

stat.genopole.cnrs.fr	  

riken.jp	  



Defining	  Gene	  Families	  
Finding	  homologous	  genes:	  
BLASTP	  search	  found	  978	  880	  gene	  pairs	  (23	  386	  genes)	  

Sequence	  A	  

Sequence	  B	  

Sequence	  C	  



Defining	  Gene	  Families	  

From:	  
Fig	  1a	  in	  Compu8ng	  Communi8es	  in	  Large	  Networks	  Using	  Random	  Walks	  
Pascal	  Pons	  and	  Maqhieu	  Latapy	  
Computer	  and	  Informa8on	  Sciences	  -‐	  ISCIS	  2005	  
Lecture	  Notes	  in	  Computer	  Science,	  2005,	  Volume	  3733/2005,	  284-‐293	  

Clustering	  with	  the	  Walktrap	  Algorithm	  



Clustering	  methods	  compared	  



Gene	  Co-‐expression	  for	  all	  duplicates	  
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Gene	  Regulatory	  networks	  for	  
Morphological	  Knockout	  data	  
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Gene	  Regulatory	  networks	  for	  
Morphological	  Knockout	  data	  



Light	  co-‐regula8on	  for	  PPI	  genes	  



Stress	  co-‐regula8on	  for	  PPI	  genes	  



Gene	  Regulatory	  networks	  for	  
duplicates	  in	  the	  PPI	  

All	  



Jaccard	  index	  (PPI)	  vs.	  Shortest	  Path	  
(Gene	  Regulatory	  Network)	  

All	  



Gene	  Regulatory	  networks	  found	  using:	  

Stress	   Light	  Light	  

Stress	  GO	  slim	  	  
Response	  to	  Light	  S8muli	  
	  GO	  annota8on	  


