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Defini8ons	
  

Forward	
  gene8cs	
  is	
  the	
  approach	
  of	
  
determining	
  the	
  gene8c	
  basis	
  responsible	
  for	
  a	
  
phenotype	
  –	
  classical	
  gene9cs	
  	
  
	
  
Reverse	
  gene8cs	
  is	
  an	
  approach	
  to	
  discover	
  
the	
  func9on	
  of	
  a	
  gene	
  by	
  analyzing	
  the	
  
phenotypic	
  effects	
  of	
  specific	
  engineered	
  gene	
  
sequences.	
  
	
  
TILLING:	
  Targe9ng	
  Induced	
  Local	
  Lesions	
  in	
  
Genomes	
  

Source:	
  Wikipedia	
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TILLING	
  by	
  sequencing	
  

Induce	
  
gene8c	
  
varia8on	
  

GCGATGAGCTCGAAGACGCA 
 
 
GCGATAAGCTCGAAGATGCA 

Base	
  changes:	
  
C	
  >	
  T;	
  G	
  >	
  A	
  

Detect	
  base	
  
changes	
  in	
  
genes	
  

Phenotype	
  
plants	
  with	
  
changes	
  in	
  
your	
  gene	
  of	
  
interest	
  

Sequence	
  once,	
  database	
  for	
  everyone…	
  



TILLING	
  projects:	
  

The	
  Genome	
  Analysis	
  Centre	
  The	
  Genome	
  Analysis	
  Centre	
  

Brassica	
  rapa	
   Tri5cum	
  aes5vum	
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Wikipedia (U, Jpn J Bot 
7:389452, 1935)

broccoli, cabbage

black mustard

turnip, Chinese cabbage

oil seed rape, swede
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  Areas	
  of	
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Mutant	
  popula8on	
  -­‐	
  brassica	
  
Genotype:	
  R-­‐o-­‐18	
  
•  Inbred	
  line	
  of	
  B.	
  rapa	
  subsp.	
  Trilocularis	
  (Yellow	
  Sarson)	
  
•  Closely	
  related	
  to	
  B.	
  rapa	
  oilseed	
  crops	
  grown	
  in	
  Pakistan	
  
	
  
EMS	
  popula9on	
  developed	
  in	
  Lars	
  Østergaard	
  group,	
  >1000	
  lines	
  

Treat	
  seed	
  with	
  EMS	
  
(ethyl	
  methanesulfonate)	
  	
  

(0.3	
  and	
  0.4%)	
  

Grow	
  M1	
  plants	
  
(G:C	
  to	
  A:T	
  
muta9ons)	
  	
  

Self-­‐fer9lise	
  
and	
  harvest	
  

seed	
  
Grow	
  M2	
  
plants	
  

Harvest	
  M3	
  
seed	
  

Extract	
  DNA	
  

Stephenson	
  et	
  al.,	
  BMC	
  Plant	
  Biology	
  2010	
  

Slide:	
  Jon	
  Wright	
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  Polyploid	
  wheat	
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Mutant	
  popula8on	
  -­‐	
  wheat	
  
Genotype:	
  
Tri0cum	
  aes0vum	
  cv	
  Cadenza	
  (Bread	
  wheat)	
  
	
  
EMS	
  popula9on	
  developed	
  in	
  Andy	
  Philips	
  group,	
  	
  
>1500	
  lines	
  as	
  part	
  of	
  WGIN1	
  	
  

Treat	
  seed	
  with	
  EMS	
  
(ethyl	
  methanesulfonate)	
  	
  

Grow	
  M1	
  plants	
  
(G:C	
  to	
  A:T	
  
muta9ons)	
  	
  

Self-­‐fer9lise	
  
and	
  harvest	
  

seed	
  
Grow	
  M2	
  
plants	
  

Harvest	
  M3	
  
seed	
  

Extract	
  DNA	
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Exome	
  capture	
  

Bamshad	
  et	
  al.,	
  Nature	
  Reviews	
  Gene9cs,	
  2011	
  



B.	
  rapa	
  genome	
  &	
  annota9on	
  	
  

The	
  Genome	
  Analysis	
  Centre	
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B.	
  rapa	
  capture	
  design	
  

48	
  Mb	
  

30	
  Mb	
  

B.	
  rapa	
  genome	
  
h_p://brassicadb.org,	
  v1.2	
  
41,019	
  protein-­‐coding	
  genes,	
  48	
  Mb	
  total	
  sequence	
  
	
  
	
  
	
  
	
  
	
  
CODDLE-­‐like:	
  Comai	
  lab	
  
(Codons	
  Op9mized	
  to	
  Detect	
  Deleterious	
  Lesions)	
  	
  
	
  	
  

Conserved	
  domain	
  

Slide:	
  Jon	
  Wright	
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Sequencing	
  strategy	
  

•  Paired-­‐end	
  Illumina	
  
•  Fragment	
  size:	
  300bp	
  
•  Read	
  lengths:	
  2x150bp	
  
•  24-­‐plex	
  run	
  over	
  2	
  lanes	
  	
  
•  =	
  12-­‐plex	
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Sequencing	
  results	
  
Number	
  of	
  samples	
  processed	
   998	
  

Mean	
  number	
  of	
  reads	
  per	
  sample	
   25,892,695	
  

Minimum	
  number	
  of	
  reads	
  for	
  a	
  sample	
   3,755,166	
  

Mean	
  target	
  coverage	
   38.5	
  

Mean	
  percentage	
  of	
  targets	
  with	
  <2x	
  coverage	
   5.1	
  

Mean	
  percentage	
  of	
  target	
  bases	
  with	
  >=10x	
  coverage	
   86.3	
  

Target	
  coverage	
  variability	
  between	
  samples	
  

120	
  

60	
  

0	
  
Samples	
  

Slide:	
  Jon	
  Wright	
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MAPS	
  pipeline	
  

Henry	
  et	
  al.	
  2014.	
  Plant	
  Cell	
  

x
x
x
x
x
x
x
x

x

REF	
  

line1	
  

line4	
  
line5	
  
line6	
  

line7	
  

line8	
  

line2	
  
line3	
  

BWA	
  mapping	
  

Picard	
  
MarkDuplicates	
  

Mpileup	
  

MAPS	
  part1	
  

MAPS	
  part2	
  

MAPS	
  part1:	
  
(whole	
  batch)	
  
minLib=n-­‐2	
  
minCov=10	
  

maxCov=1000	
  	
  
hetOneMinPer=20	
  

MAPS	
  part2:	
  
(per	
  sample)	
  
minLib=n-­‐2	
  
minCov=10	
  

hetMinPer=30	
  
homMinCov=3	
  
hetMinCov=6	
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Results	
  

Mean	
  number	
  of	
  muta8ons	
  per	
  sample	
   1188.7	
  

Mean	
  muta8on	
  density	
   1	
  per	
  49.9	
  kb	
  

%	
  Homozygous	
   10	
  

%	
  Heterozygous	
   90	
  

Mean	
  %	
  EMS	
  muta8ons	
  (C:G-­‐>A:T)	
   99.1	
  

Slide:	
  Jon	
  Wright	
  

A	
  C	
  G	
  T	
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Results	
  
92.2%	
  of	
  B.	
  rapa	
  genes	
  contain	
  
non-­‐synonymous	
  muta8ons	
  

Slide:	
  Jon	
  Wright	
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Coming	
  soon	
  to	
  revgen.jic.ac.uk	
  	
  



Next	
  steps?	
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•  Order	
  your	
  seeds	
  (mul9ple	
  mutants	
  per	
  gene)	
  
•  Grow	
  your	
  plants	
  
•  Check	
  phenotypes	
  

•  Cross/self	
  to	
  obtain	
  homozygous	
  alleles	
  
•  Check	
  with	
  KASP	
  markers	
  

•  Grow	
  your	
  plants	
  
•  Check	
  phenotypes	
  

•  Publish	
  J	
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