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FROM	
  GENE	
  TO	
  GENOMICS:	
  THE	
  DRF1	
  GENE	
  



THE CONTEXT 
CLIMATE CHANGES AND DESERTIFICATION 

From	
  Yamaguchi-­‐Shinozaki	
  	
  &	
  Shinozaki	
  2006	
  Annu.	
  Rev.	
  Plant	
  Biol.,	
  57:781–803	
  

!   CIS-­‐AGENT	
  ELEMENT:	
  
DRE	
  sequence	
  
(Dehydra:on	
  Responsive	
  
Element:	
  TACCGACAT),	
  in	
  
the	
  promoters	
  of	
  several	
  
stress-­‐inducible	
  genes	
  

!  TRANS-­‐AGENT	
  
ELEMENT:	
  DREB	
  proteins	
  
bind	
  the	
  DRE	
  sequence	
  
in	
  the	
  promoters	
  of	
  the	
  
target	
  genes	
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  2007	
  Iden3fica3on	
  of	
  a	
  DREB-­‐related	
  gene	
  in	
  
Tri3cum	
  durum	
  and	
  its	
  expression	
  under	
  water	
  stress	
  condi3ons.	
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DRF1:  
       A DREB2-FAMILY GENE IN DURUM WHEAT 

Gene	
  sequence	
  NCBI	
  Accession	
  EU089819	
  

TdDRF1	
  GENE	
  STRUCTURE	
  

I1                   I2               I3 

E1 

E2 E3 

E4 

TGA 
1.1 

1.2 

1.3 

TdDRF1.1 

TdDRF1.2 

TdDRF1.3 

ATG TGA 

393 aa  

68 aa  

346 aa  

putative Transcription Factor 

putative Transcription Factor 

short ORF – unknown function 

Facts:	
  	
  
	
  ~	
  3.4	
  kb	
  
	
  promoter	
  ~1200bp	
  

The	
  gene	
  is	
  located	
  on	
  Chr	
  1	
  in	
  the	
  two	
  genomes,	
  A	
  and	
  B,	
  and	
  is	
  present	
  also	
  in	
  Chr	
  1	
  of	
  genome	
  D,	
  
as	
  revealed	
  searching	
  in	
  IWGSC	
  Sequence	
  Repository	
  at	
  URGI:	
  (
hbp://urgi.versailles.inra.fr/Plakorm).	
  

The	
  gene	
  expresses	
  three	
  transcripts	
  through	
  alterna3ve	
  splicing	
  and	
  this	
  gene	
  structure	
  is	
  shared	
  in	
  
Liliopsida	
  (monocotyledons)	
  class	
  

DREB2	
  gene	
  structure	
  in	
  Arabidopsis	
  (dicotyledons)	
  consists	
  of	
  one	
  single	
  CDS	
  	
  



QTL	
  Mapping	
   Expressed	
  Sequence	
  Tags	
  	
  

Puta3ve	
  func3on	
  

Metabolic	
  	
  
Paberns	
  Cloned	
  Genes	
  

Enzymes,	
  Regulators	
  Known	
  func3on	
  

DRF1	
   Gene	
  Expression	
  
Paberns	
  Gene3c	
  Diversity	
  

Allelic	
  
value	
  

Associa3on	
  
gene3cs	
  

G	
  x	
  E	
  

Gene	
  Loca3ons	
  

Gene3c	
  Diversity	
  
Gene	
  Expression	
  

Paberns	
  

Cloned	
  Genes	
  

VARIOUS APPROACHES  FROM MOLECULAR GENETICS 

Associa3on	
  
gene3cs	
  



Analysis	
  of	
  the	
  Gene3c	
  Variability	
  of	
  DRF1	
  gene	
  in	
  durum	
  wheat	
  varie3es,	
  	
  including	
  wild	
  
ancestors	
  species,	
  a	
  RIL	
  popula3on	
  and	
  tri3cale	
  lines	
  

SNPs	
  in	
  the	
  whole	
  gene	
  including	
  UTRs	
  
a	
  translated	
  SSR	
  in	
  Exon	
  1	
  

Di	
  Bianco	
  et	
  al.,	
  2011	
  PGR	
  9:247-­‐250	
  	
  



Exon	
  4:	
  the	
  core	
  of	
  the	
  func3onal	
  puta3ve	
  transcrip3on	
  factors	
  

I1                   I2               I3 

E1 

E2 E3 

E4 

ATG TGA 

1.1 

1.3 

TdDRF1.1 

TdDRF1.3 

TGA ATG 

ATG TGA 

NLS 

NLS 
AP2	
  

AP2	
  

DRF1	
  IS	
  A	
  DREB2-­‐LIKE	
  GENE,	
  THUS	
  IT	
  BELONGS	
  TO	
  THE	
  AP2/ERF	
  FAMILY 	
  	
  

• 	
  AP2/ERF	
  proteins	
  contain	
  short	
  stretches	
  of	
  basic	
  aa	
  residues	
  as	
  nuclear	
  localiza3on	
  signal	
  
(NLS)	
  usually	
  localized	
  at	
  N-­‐terminus	
  of	
  AP2	
  domain	
  

• 	
  AP2	
  domain	
  recognizes	
  cis-­‐regulatory	
  sequences	
  having	
  a	
  ‘CCG’	
  core	
  box	
  on	
  DNA 	
  	
  



	
  The	
  AP2/ERF	
  Family	
  	
  

Transcrip3on	
  factors	
  involved	
  in	
  the	
  regula3on	
  of	
  developmental	
  processes	
  (flower	
  development,	
  
spikelet	
  meristem	
  determinacy,	
  leaf	
  epidermal	
  cell	
  iden3ty,	
  embryo	
  development)	
  and	
  responding	
  
to	
  environmental	
  stresses	
  

Previously	
  considered	
  exclusive	
  of	
  plants,	
  recently	
  found	
  in	
  ApiAP2	
  protein	
  family	
  from	
  
Apicomplexa,	
  a	
  large	
  group	
  of	
  parasi3c	
  pro3sts	
  and	
  in	
  pathogen	
  bacteria 	
  	
  

AP2/ERF	
  family:	
  5868	
  proteins	
  

Average	
  length	
  of	
  the	
  domain: 	
  	
  
52.10	
  aa	
  

Average	
  iden3ty	
  of	
  full	
  alignment:	
  39%	
  

1	
  protein	
  

544	
  4238	
  proteins	
  

511	
  proteins	
  

79	
  proteins	
  

1	
  protein	
  

1	
  protein	
  

1	
  protein	
  

Some	
  architerctures	
  
in	
  PLANT	
  

25	
  proteins	
  

4	
  proteins	
  

7	
  proteins	
  

232	
  proteins	
  

41	
  proteins	
  

41	
  proteins	
  

ApiAP2	
  subfamily	
  



Only	
  a	
  3D	
  structure	
  from	
  plant	
  is	
  available	
  
for	
  the	
  AP2	
  domain:	
  

AP2	
  DOMAIN	
  and	
  its	
  gcc-­‐box	
  DNA	
  of	
  AtERF1	
  from	
  
Arabidopsis	
  solved	
  by	
  NMR	
  

Ap2	
  domain	
   an3-­‐parallel	
  three-­‐stranded	
  ß-­‐sheet	
  packed	
  against	
  an	
  α-­‐helix	
  
approximately	
  parallel	
  to	
  the	
  sheet.	
  	
  

Stabilized	
  by	
  extensive	
  hydrophobic	
  contacts	
  of	
  the	
  side-­‐chains	
  

DNA	
  contacts	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  R	
  and	
  W	
  residues	
  located	
  in	
  the	
  ß-­‐sheet	
  

Allen	
  et	
  al.	
  1998,	
  Embo	
  J.	
  17:5484–5496	
  



DRF1	
  expression	
  profiles:	
  RT-­‐PCR	
  of	
  three	
  transcripts	
  in	
  full	
  and	
  reduced	
  
irriga3on:	
  

• controlled	
  greenhouse	
  

La3ni	
  et	
  al.,	
  2013	
  Planta	
  237:967-­‐978	
  	
  	
  

?	
  

A	
  greenhouse	
  3me-­‐course	
  stress	
  experiment	
  



La3ni	
  et	
  al.,	
  2013	
  Planta	
  237:967-­‐978	
  	
  	
  

Isola3on,	
  sequencing,	
  transla3on	
  and	
  alignment	
  of	
  DRF1	
  
transcripts:	
  variability	
  inside	
  AP2	
  domain	
  



CONCLUSION 

The	
  polymorphisms	
  do	
  not	
  seem	
  heavily	
  affect	
  the	
  structural	
  

arrangement	
  of	
  the	
  DNA-­‐binding	
  domains	
  in	
  the	
  5	
  cul3vars.	
  

However,	
  a	
  different	
  binding	
  specificity	
  and	
  affinity	
  to	
  DNA,	
  due	
  to	
  the	
  

polymorphisms	
  of	
  puta3ve	
  AAs	
  close	
  to	
  the	
  DNA	
  contac3ng	
  β-­‐sheet	
  (posi3on	
  11	
  

and	
  31	
  of	
  the	
  AP2	
  domain),	
  cannot	
  be	
  completely	
  excluded.	
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