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Objec1ve	
  

•  Formalize	
  an	
  evolu1onary	
  model	
  according	
  
to	
  witch	
  func1onal	
  genes	
  evolve	
  de	
  novo	
  
through	
  transitory	
  proto-­‐genes	
  generated	
  by	
  
widespread	
  transla5onal	
  ac5vity	
  in	
  non-­‐
genic	
  sequences.	
  



Novel	
  protein-­‐coding	
  genes	
  

•  Arise	
  through	
  re-­‐organiza1on	
  of	
  pre-­‐exis1ng	
  
genes	
  
– ADer	
  gene	
  duplica1on	
  

•  de	
  novo	
  
– Poorly	
  understood	
  
–  Insignificant	
  polypep5des	
  



De	
  novo	
  gene	
  birth	
  

•  non-­‐genic	
  sequences	
  	
  acquire	
  ORFs	
  	
  and	
  
become	
  transcribed	
  

•  transcripts	
  access	
  the	
  transla1on	
  machinery	
  

Hard	
  to	
  reconcile	
  this	
  proposed	
  mechanism	
  
because	
  

•  non-­‐genic	
  sequences	
  should	
  lack	
  transla1onal	
  
ac1vity	
  	
  

•  if	
  translated,	
  should	
  encode	
  insignificant	
  
polypep1des	
  



Evolu1onary	
  model	
  

•  Evidence	
  of	
  associa1ons	
  between	
  non-­‐
genic	
  transcripts	
  and	
  ribosomes	
  

•  Genes	
  that	
  originate	
  de	
  novo	
  could	
  ini1ally	
  
be	
  simple	
  and	
  gradually	
  become	
  more	
  
complex	
  over	
  evolu1onary	
  1me	
  



Evolu1onary	
  model	
  

•  de	
  novo	
  gene	
  birth	
  proceeds	
  through	
  
intermediate	
  and	
  reversible	
  proto-­‐gene	
  
stages,	
  mirroring	
  the	
  well-­‐described	
  
pseudo-­‐gene	
  stages	
  of	
  gene	
  death	
  



Data	
  

•  S288C	
  reference	
  strain	
  of	
  S.	
  cerevisiae	
  
annota1ons	
  downloaded	
  in	
  October	
  2007	
  by	
  
the	
  	
  Saccharomyces	
  Genome	
  Resequencing	
  
Project	
  group	
  (SGRP)	
  from	
  the	
  	
  Saccharomyces	
  	
  
Genome	
  Database	
  (SGD)	
  

•  	
  Paralogy	
  rela1onships	
  among	
  annotated	
  open	
  
reading	
  frames	
  (ORFs)	
  of	
  S.	
  cerevisiae	
  were	
  
downloaded	
  from	
  the	
  Ensembl	
  Compara	
  
website	
  



Setup	
  

•  Saccharomyces	
  cerevisiae	
  
– Genome	
  ~12Mbp	
  
– ~6200	
  genes,	
  about	
  5800	
  are	
  func1onal	
  
– 31%	
  similarity	
  to	
  human	
  genome	
  

•  Threshold	
  of	
  ORFs	
  were	
  300	
  nucleo1des	
  
– 6000	
  ORF	
  annotated	
  as	
  genes	
  
– 261	
  000	
  unannotated	
  
– both	
  categories	
  contain	
  some	
  proto-­‐genes	
  





Idea	
  

•  Non-­‐genic	
  sequences	
  are	
  broadly	
  transcribed	
  
in	
  S.	
  cerevisiae,	
  their	
  overexpression	
  is	
  mostly	
  
non-­‐toxic	
  

•  Transla1on	
  of	
  non-­‐genic	
  ORFs	
  could	
  be	
  more	
  
common	
  than	
  expected.	
  	
  

•  Such	
  transla1on	
  events	
  would	
  not	
  
systema1cally	
  lead	
  to	
  de	
  novo	
  gene	
  birth,	
  as	
  
the	
  corresponding	
  polypep1des	
  would	
  not	
  
necessarily	
  have	
  specific	
  biological	
  func1ons.	
  	
  



Evolu1onary	
  model	
  



Predic1ons	
  of	
  this	
  model	
  

1.  The	
  structural	
  and	
  func1onal	
  
characteris1cs	
  of	
  S.	
  cerevisiae	
  ORFs	
  
should	
  reflect	
  an	
  evolu1onary	
  con1nuum	
  
ranging	
  from	
  non-­‐genic	
  ORFs	
  to	
  genes	
  

2.  many	
  non-­‐genic	
  ORFs	
  should	
  be	
  
translated	
  

3.  ORFs	
  that	
  emerged	
  recently	
  should	
  
occasionally	
  have	
  adap1ve	
  func1ons	
  



Setup	
  

•  Annotated	
  ORFs	
  were	
  classified	
  into	
  10	
  groups	
  based	
  on	
  
their	
  conserva1on	
  throughout	
  the	
  Ascomycota	
  phylogeny.	
  
–  ORFs1	
  -­‐	
  2%	
  of	
  6000	
  annotated	
  ORFs	
  are	
  found	
  only	
  in	
  S.	
  

cerevisiae.	
  

–  ORFs1–4	
  -­‐	
  12%	
  are	
  found	
  only	
  in	
  the	
  four	
  closely	
  related	
  
Saccharomyces	
  sensu	
  stricto	
  species	
  .	
  These	
  are	
  poorly	
  
characterized	
  and	
  their	
  annota1on	
  as	
  genes	
  is	
  debatable	
  	
  

–  ORFs5–10	
  -­‐	
  ,88%	
  of	
  annotated	
  ORFs	
  found	
  outside	
  of	
  
thisgroup	
  .	
  These	
  	
  are	
  well	
  characterized	
  and	
  can	
  confidently	
  
be	
  considered	
  genes.	
  	
  







Proof	
  

•  They	
  es1mated	
  that	
  over	
  97%	
  of	
  ORFs1-­‐4	
  
originated	
  de	
  novo	
  rather	
  by	
  cross-­‐specis	
  
transfer	
  

•  ORFs1-­‐4	
  par1ally	
  overlap	
  ORFs5-­‐10	
  and	
  
this	
  is	
  incompa1ble	
  with	
  cross-­‐species	
  
transfer	
  



Proof	
  

•  Level	
  0	
  contains	
  107,425	
  unannotated	
  ORFs	
  
(ORFs0),	
  defined	
  as	
  any	
  sequence	
  between	
  
canonical	
  start	
  and	
  stop	
  codons	
  that	
  is	
  	
  
–  longer	
  than	
  30	
  nucleo1des	
  
– a	
  mul1ple	
  of	
  three	
  
– not	
  overlapping	
  an	
  annotated	
  ORF,	
  an	
  rRNA,	
  a	
  
tRNA,	
  a	
  ncRNA,	
  a	
  snoRNA	
  or	
  an	
  upstream	
  ORF	
  
on	
  the	
  same	
  strand.	
  



Proof	
  

•  To	
  test	
  the	
  evolu1onary	
  con1nuum	
  
predic1on,	
  they	
  first	
  verified	
  that	
  ORF	
  
conserva1on	
  level	
  correlates	
  posi1vely	
  with	
  
length	
  and	
  expression	
  level	
  



Average	
  ORF	
  lenght	
  



RNA	
  expression	
  level	
  



Proximity	
  to	
  transcrip1on	
  
factor	
  binding	
  sites	
  



Proof	
  

•  These	
  correla1ons	
  suggest	
  that	
  genes	
  
evolve	
  from	
  non-­‐genic	
  ORFs	
  that	
  lengthen	
  
and	
  increase	
  in	
  expression	
  level	
  over	
  
evolu1onary	
  1me	
  

•  Thus,	
  some	
  ORFs	
  may	
  increase	
  in	
  expression	
  
level	
  at	
  different	
  rates	
  than	
  they	
  increase	
  in	
  
length	
  over	
  evolu1onary	
  1me	
  



Correla1on	
  between	
  codon	
  
usage	
  and	
  conserva1on	
  level	
  



Rela1ve	
  amino	
  acid	
  
abundances	
  shiD	
  with	
  

increasing	
  conserva1on	
  level	
  



Assessing	
  the	
  extent	
  

•  Taken	
  together,	
  their	
  observa1ons	
  support	
  the	
  
existence	
  of	
  an	
  evolu1onary	
  con1nuum	
  ranging	
  from	
  
non-­‐genic	
  ORFs	
  to	
  genes	
  

•  They	
  searched	
  for	
  signatures	
  of	
  transla1on	
  of	
  ORFs0	
  in	
  
a	
  ribosome	
  footprin1ng	
  data	
  
–  Rich	
  and	
  starva1on	
  cond1ons	
  

•  They	
  developed	
  a	
  stringent	
  pipeline	
  to	
  detect	
  
unequivocal	
  transla1on	
  signatures	
  for	
  ORFs0	
  located	
  on	
  
transcripts	
  associated	
  with	
  ribosomes	
  	
  
–  Bow1e	
  short	
  read	
  mapping	
  program	
  





Results	
  of	
  mapping	
  ribosome	
  
footprin1ng	
  data	
  

•  They	
  found	
  that	
  1,139	
  of	
  108	
  000	
  ORFs0	
  show	
  
such	
  evidence	
  of	
  transla1on	
  (ORFs0+)	
  

•  We	
  verified	
  that	
  ORFs0+	
  did	
  not	
  originate	
  from	
  
gene	
  duplica1on	
  or	
  cross-­‐species	
  transfer	
  and	
  
are	
  not	
  genes	
  that	
  have	
  failed	
  to	
  be	
  annotated	
  
due	
  to	
  their	
  short	
  length	
  

•  The	
  1,139	
  ORFs0+	
  therefore	
  appear	
  to	
  be	
  
translated	
  non-­‐genic	
  ORFs	
  



Different	
  transla1on	
  in	
  both	
  
con11ons	
  

•  We	
  detected	
  strong	
  
differen1al	
  
transla1on	
  of	
  ORFs0+	
  
and	
  ORFs1–4	
  in	
  
starva1on	
  or	
  rich	
  
condi1ons,	
  whereas	
  
most	
  ORFs5–10	
  are	
  
translated	
  in	
  both	
  
condi1ons	
  	
  



Purifying	
  selec1on	
  

•  Most	
  of	
  ORFs0+	
  and	
  ORFs1-­‐4	
  do	
  not	
  exhibit	
  a	
  
significant	
  devia1on	
  from	
  neutral	
  evolu1on.	
  

•  But	
  ~3%	
  of	
  ORFs0+	
  and	
  9-­‐25%	
  of	
  ORFs1-­‐4	
  
appear	
  under	
  purifying	
  selec1on.	
  

•  This	
  frac1on	
  increases	
  with	
  conserva1on	
  
level,in	
  line	
  with	
  proposed	
  evolu1onary	
  
con1nuum	
  



Purifying	
  selec1on	
  

Our	
  observa1ons	
  suggest	
  that	
  
recently	
  emerged	
  ORFs	
  
occasionally	
  acquire	
  
adap1ve	
  func1ons	
  that	
  are	
  
retained	
  by	
  natural	
  
selec1on,	
  in	
  agreement	
  
with	
  findings	
  in	
  primates	
  
and	
  with	
  evolu1onary	
  
models	
  derived	
  from	
  inter-­‐
species	
  comparisons	
  



Conclusion	
  

•  Overall,	
  our	
  results	
  show	
  that	
  de	
  novo	
  gene	
  
birth	
  could	
  proceed	
  through	
  proto-­‐genes.	
  	
  

•  The	
   remaining	
   1891	
   (1139	
   ORFs0+	
   +	
   752	
  
ORFs1-­‐4	
  -­‐	
  25	
  ORFs4	
  that	
  are	
  thought	
  to	
  be	
  
genes)	
   presents	
   characteris1cs	
  
intermediate	
   between	
   non-­‐genic	
   ORFs	
  	
  
genes,	
   mee1ng	
   our	
   proto-­‐gene	
  
designa1on.	
  



Conclusion	
  

They	
  proposed	
  to	
  place	
  these	
  ORFs	
  
in	
  a	
  con1nuum	
  where	
  strict	
  annota1on	
  

boundaries	
  no	
  longer	
  have	
  to	
  
be	
  set	
  



Conclusion	
  



Conclusion	
  

•  Gene	
  birth	
  by	
  re-­‐organiza1on	
  of	
  pre-­‐exis1ng	
  
genes,	
  duplica1on	
  –	
  have	
  long	
  been	
  regarded	
  
as	
  the	
  predominant	
  source	
  of	
  evolu1onary	
  
innova1on,	
  but..	
  

•  S.	
  cerevisiae	
  vs	
  S.	
  paradoxus	
  (since	
  split)	
  
– Duplica1on	
  5	
  novel	
  genes	
  
– 19	
  of	
  143	
  ORFs1	
  arose	
  de	
  novo	
  



Conclusion	
  

Therefore,	
  de	
  novo	
  gene	
  birth	
  seems	
  to	
  be	
  more	
  
prevalent	
  than	
  previously	
  supposed	
  



The	
  End	
  

Thank	
  You	
  For	
  Listening	
  


