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SUMMARY	
  OF	
  SCIENTIFIC	
  ACCOMPLISHMENTS	
  
	
  
	
   From	
  the	
  beginning	
  of	
  his	
  career	
  the	
  field	
  of	
  interest	
  of	
  Dr.	
  A.	
  García-­‐Bellido	
  has	
  been	
  morphogenesis.	
  His	
  studies	
  
¡with	
   Profs.	
   V.B.	
  Wigglesworth,	
   E.	
   Hadorn,	
   A..H.	
   Stutervant	
   and	
   E.B.	
   Lewis	
   have	
   provided	
   him	
  with	
   the	
   conceptual	
  
bases	
  for	
  a	
  physiological,	
  developmental	
  and	
  genetic	
  approaches	
  to	
  morphogenesis	
  in	
  Drosophila.	
  
	
  
	
   Classical	
   developmental	
   genetics	
   was	
   dominated	
   by	
   an	
   "epigenetic	
   notion".	
   In	
   this	
   notion	
   morphogenetic	
  
(regulatory)	
  fields	
  of	
  diffusible	
  growth	
  factors,	
  determine	
  the	
  differentiation	
  of	
  genetically	
  equivalent	
  cells	
  at	
  specific	
  
concentration	
   levels.	
   The	
   work	
   of	
   Dr.	
   A.	
   García-­‐Bellido	
   has	
   been	
   pioneer	
   and	
   prevalent	
   in	
   exploring	
   an	
   opposite	
  
"apogenetic"	
   notion,	
   in	
   which	
   the	
   genome,	
   distinctively	
   active	
   in	
   the	
   individual	
   cells,	
   determines	
   specific	
   cell	
  
behaviour	
  and	
  this	
  in	
  turn	
  the	
  organization	
  of	
  cells	
  in	
  supracellular	
  systems.	
  This	
  change	
  of	
  perspective	
  is	
  based	
  on	
  the	
  
following	
  findings.	
  
	
  
Cell	
  autonomy:	
  	
  
-­‐ Cell	
   dissociation	
   and	
   aggregation	
   experiments	
  with	
   imaginal	
   discs	
   of	
  Drosophila	
   revealed	
   the	
   existence	
  of	
   cells	
  

individually	
   determined	
   for	
   specific	
   cuticular	
   cell	
   types	
   and	
   endowed	
   with	
   specific	
   cell	
   recognition	
   labels	
  
characteristic	
  of	
  their	
  position	
  in	
  the	
  anlage.	
  	
  

-­‐ Genetic	
  mosaics	
  of	
  cell	
  differentiation	
  and	
  morphogenetic	
  mutations	
  show	
  phenotypic	
  cell	
  autonomy,	
  indicating	
  
that	
  the	
  realm	
  of	
  action	
  of	
  the	
  corresponding	
  genes	
  is	
  limited	
  to	
  the	
  cell	
  and	
  its	
  next	
  neighbours.	
  

	
  
Somatic	
   cell	
   genetics.	
   Cell	
   autonomy	
   permits	
   us	
   to	
   carry	
   the	
   genetic	
   analysis	
   to	
   the	
   cellular	
   level.	
   This	
   allows	
   the	
  
analysis	
  of	
  zygotic	
  lethals	
  (the	
  null	
  form	
  of	
  most	
  of	
  the	
  genetic	
  loci)	
  in	
  somatic	
  clones,	
  defining:	
  a)	
  the	
  time	
  of	
  action	
  of	
  
genes;	
  b)	
  the	
  effect	
  of	
  mutations	
  upon	
  cell	
  behaviour	
  during	
  proliferation	
  and	
  final	
  differentiation	
  and	
  3)	
   in	
  general,	
  
the	
  exploration	
  of	
  morphogenetic	
  events	
   in	
  the	
  "eclipse	
  period",	
   intermediary	
  between	
  the	
  formation	
  of	
  the	
  zygote	
  
and	
  the	
  final	
  organism.	
  This	
  genetic	
  analysis	
  at	
  the	
  cellular	
  level	
  permits	
  us	
  to	
  postulate	
  specific	
  hypothesis	
  about	
  the	
  
"function"	
   of	
   individual	
   genes,	
   and	
   the	
   operational	
   nature	
   of	
   regulatory	
   nets	
   of	
   genes,	
   hypothesis	
   which	
   are	
   now	
  
testable	
  at	
  the	
  molecular	
  level.	
  
	
  
Cell	
   lineages	
   and	
   compartments.	
  Clonal	
  analysis	
  has	
  discovered	
   the	
  existence	
  of	
  developmental	
  decisions	
   taken	
  by	
  
single	
  cells	
  or	
  by	
  groups	
  of	
  cells,	
  compartments	
   (polyclonal	
   in	
  origin)	
  which	
  are	
  maintained	
   in	
  their	
  clonal	
  offspring,	
  
generating	
   fixed	
   inventories	
  of	
   cell	
   territories	
   and	
   corresponding	
  patterned	
   cell	
   differentiations.	
   The	
   segregation	
  of	
  
these	
  lineages	
  is	
  binary,	
  defining	
  two	
  alternative	
  specifications	
  by	
  the	
  on/off	
  state	
  of	
  genes	
  specific	
  to	
  these	
  lineages	
  
or	
   compartments.	
   Successive	
   segregations	
   of	
   lineages	
   acquire	
   combinatorial	
   specifications	
   using	
   a	
   minimum	
   of	
  
regulatory	
   genes	
   to	
   define	
   many	
   final	
   states.	
   Homologies	
   found	
   in	
   other	
   organisms	
   (e.g.	
   nematods,	
   vertebrates)	
  
suggest	
   a	
   general	
   validity	
   of	
   this	
   strategy	
   of	
   genetic	
   control	
   of	
   animal	
   development.	
   Cell	
   proliferation	
   patterns	
   are	
  
different	
   between	
   and	
   within	
   regions	
   of	
   developmental	
   compartments.	
   These	
   proliferation	
   properties	
   are	
  
correspondly	
  changed	
  in	
  mutants.	
  
	
  
Genetic	
   specification	
   genetic	
   of	
   developmental	
   patterns.	
   Three	
   model	
   morphogenetic	
   systems	
   have	
   been	
   under	
  
developmental,	
  genetic	
  and	
  molecular	
  analyses	
  in	
  García-­‐Bellido's	
  laboratory.	
  They	
  correspond	
  to	
  a)	
  the	
  specification	
  
of	
   territories,	
  b)	
   the	
  patterned	
  distribution	
  of	
  single	
  cell	
  derivatives	
   (sensory	
  elements)	
  on	
  the	
  epidermis	
  and	
  c)	
   the	
  
patterned	
  differentiation	
  of	
  wing	
   veins.	
   From	
   these	
   studies	
  derives	
   the	
  notion	
  of	
   "selector"	
   and	
   "realizator"	
   genes,	
  
categories	
   of	
   genes,	
   which	
   convert	
   specific	
   genetic	
   signals	
   into	
   developmental	
   operations	
   and	
   spatial	
   cell	
  
differentiation.	
   The	
   unraveling	
   of	
   such	
   hierarchical	
   relationships	
   is	
   fundamental	
   to	
   an	
   understanding	
   of	
  
morphogenesis.	
  	
  
	
  
	
   In	
   the	
   first	
  system	
  the	
   laboratory	
  studied	
  the	
  bithorax	
   complex	
  and	
  engrailed	
  genes	
  and	
  their	
   trans-­‐regulatory	
  
genes	
  specifying	
  (segmental	
  or	
  territorial)	
  differences	
  in	
  developmental	
  programs.	
  The	
  second	
  system	
  is	
  related	
  to	
  the	
  
activity	
   of	
   the	
  achaete-­‐scute	
   complex	
   in	
  which	
   the	
   laboratory	
   studied	
   the	
   genetic	
   organization	
  of	
   the	
   complex	
   and	
  
identified	
   trans-­‐acting	
  genes	
   that	
  control	
   its	
   spatial	
  patterned	
  expression	
   (cell	
  patterning).	
  The	
   third	
  developmental	
  
system	
  is	
  that	
  of	
  wing	
  morphogenesis.	
  The	
  genetic	
  and	
  mosaic	
  analysis	
  of	
  a	
  large	
  variety	
  of	
  genes,	
  known	
  to	
  encode	
  
transmembrane,	
   signal	
   transduction	
   and	
   transcriptional	
   regulators,	
   starts	
   providing	
   a	
  wealth	
   of	
   information	
   on	
   the	
  
genetic	
   mechanisms	
   and	
   operations	
   involved	
   in	
   the	
   generation	
   of	
   wing	
   size,	
   shape	
   and	
   vein	
   patterning.	
   It	
   is	
   a	
  
promising	
  model	
  system	
  to	
  study	
  morphogenesis	
  sensu	
  strictu,	
  the	
  mechanisms	
  generating	
  the	
  constant	
  form	
  and	
  size	
  
of	
  species	
  and	
  their	
  variations	
  in	
  evolution.	
  

 


