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Toward	
  improving	
  drought	
  
tolerance	
  in	
  cassava	
  

Genome-wide SNP marker development for 
drought QTL mapping and breeding  

GENOTYPING 

BAC-based physical map of cassava AM560-2 

End-sequencing 8,000 BAC clones in the MTP 

PCR and sequence the homologues in the MCol1734 x MVen77 
mapping population to identify polymorphic SNPs 

Integrate physical and genetic map with genome sequence 

Genotype 800 SNPs in 235 individuals from the mapping population and 
perform QTL analysis for drought tolerance 

Organize a SNP Genotyping Workshop 
for National Program collaborators 

Make all data public through a cassava 
genome database and web interfaces 

Select a minimal set of clones spanning the genome (minimal tiling path or MTP) 

Cassava genome 

BAC-based physical map 

Cassava genome 

MTP 

PCR 

ACGCTGCAGCATCG!

ACGCTGTAGCATCG!
|||||| |||||||!

Select 1,500 low-copy BAC-end 
sequences distributed genome-wide.  

OUTREACH 

Select 1,500 genes spread around 
the cassava genome.  

Genes 
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Synergism	
  with	
  the	
  Cassava	
  Genome	
  
Sequencing	
  Consor:um	
  

•  U.	
  of	
  Arizona,	
  Roche,	
  DOE-­‐JGI	
  sequenced	
  and	
  
annotated	
  the	
  AM560-­‐2	
  genome	
  with	
  454	
  	
  

•  B&MGF	
  project	
  to	
  add	
  transcriptome,	
  genome,	
  
and	
  reduced-­‐representaKon	
  sequencing	
  of	
  
addiKonal	
  genotypes	
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Fingerprinted	
  AM560-­‐2	
  BAC	
  library	
  	
  

•  72,000	
  BAC	
  clones,	
  ~10X	
  coverage	
  
•  115Kb	
  average	
  BAC	
  insert	
  size,	
  7%	
  empty	
  clones	
  

Library available from CUGI 

BAC	
  fingerprin:ng	
  

EtBr	
  or	
  Fluorescent	
  labeling,	
  
electrophoresis	
  and	
  FPC	
  

RestricKon	
  digesKon	
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BAC	
  fingerprin:ng	
  

RestricKon	
  digesKon	
  

Select	
  minimum	
  Kling	
  path	
  (MTP)	
  

EtBr	
  or	
  Fluorescent	
  labeling,	
  
electrophoresis	
  and	
  FPC	
  

Luo	
  et	
  al.	
  Genomics	
  2003	
  

High information 
content  fingerprinting 

•  58,244	
  BACs	
  assembled	
  

•  2,104	
  con:gs	
  and	
  5,054	
  
singletons	
  

•  Longest	
  con:g	
  ~4.8	
  Mb	
  with	
  357	
  
clones	
  

•  Average	
  con:g:	
  25	
  BAC	
  clones	
  
and	
  0.41	
  Mbp	
  

•  MTP:	
  6,868	
  clones,	
  710	
  Mbp	
  

•  Sequenced	
  all	
  BAC-­‐ends	
  in	
  MTP	
  
and	
  ~2,000	
  singletons	
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SNP development 

•  1,536	
  primer	
  pairs	
  synthesized	
  from	
  BAC-­‐end	
  sequences	
  
separated	
  by	
  at	
  least	
  200	
  kb	
  
–  384	
  PCRs	
  done	
  in	
  10	
  cassava	
  genotypes	
  
–  1,152	
  PCRs	
  done	
  in	
  the	
  parents	
  of	
  the	
  mapping	
  populaKon	
  

•  1,536	
  primer	
  pairs	
  synthesized	
  from	
  genes	
  form	
  the	
  cassava	
  
genome	
  separated	
  by	
  at	
  least	
  50	
  kb	
  
–  All	
  PCRs	
  done	
  in	
  the	
  parents	
  of	
  the	
  mapping	
  populaKon	
  

•  384	
  SNPs	
  derived	
  from	
  BAC-­‐ends	
  

•  384	
  SNPs	
  derived	
  from	
  genes	
  
•  48	
  SNPs	
  derived	
  from	
  ESTs	
  (from	
  Morag	
  Ferguson)	
  

SNP development 
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SNP	
  Discovery	
  

Sequences	
  were	
  
assembled	
  and	
  
CONSED	
  was	
  used	
  
to	
  find	
  SNPs	
  

Three	
  good	
  
quality	
  SNPs	
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Manual	
  analysis	
  oaen	
  
needed	
  to	
  confidently	
  

idenKfy	
  SNPs	
  	
  

Illumina	
  BeadExpress	
  Genotyping	
  
•  Already	
  operaKonal	
  at	
  Zander	
  Myburg’s	
  lab,	
  University	
  of	
  Pretoria	
  

(UP),	
  African	
  Centre	
  for	
  Gene	
  Technologies	
  (ACGT)	
  

•  DNAs	
  from	
  progeny	
  of	
  mapping	
  populaKons	
  kindly	
  provided	
  by	
  
CIAT.	
  	
  

•  IniKal	
  SNP	
  data	
  kindly	
  
provided	
  by	
  Morag	
  
Ferguson	
  

•  Cost-­‐recovery	
  SNP	
  genotyping	
  service	
  at	
  UP	
  (48-­‐,	
  96-­‐	
  and	
  384-­‐
plex	
  assays)	
  



9/14/10 

8 

Preliminary	
  Illumina	
  genotyping	
  data	
  

•  48	
  SNPs	
  derived	
  from	
  cassava	
  ESTS	
  in	
  GB	
  

•  39	
  (81%)	
  out	
  of	
  48	
  markers	
  produced	
  scorable	
  results	
  

•  18	
  (46%)	
  of	
  those	
  were	
  polymorphic	
  in	
  the	
  parents	
  and	
  
therefore	
  will	
  be	
  informaKve	
  in	
  the	
  progeny	
  

•  On	
  average,	
  SNPs	
  could	
  be	
  called	
  in	
  98%	
  of	
  the	
  216	
  DNA	
  
samples	
  

•  5	
  (2.3%)	
  progeny	
  appear	
  to	
  be	
  off-­‐type	
  (do	
  not	
  carry	
  
either	
  of	
  the	
  parental	
  alleles)	
  

•  3	
  SNP	
  genotype	
  calls	
  out	
  of	
  10368	
  (0.03%)	
  appear	
  to	
  be	
  
scoring	
  errors	
  

•  3	
  DNA	
  samples	
  (1.4%)	
  failed	
  for	
  all	
  assays	
  

Examples of High Quality SNP Genotyping Clusters for the 
Mapping Population (48-plex) 

SNP locus with a high score with all three 
genotype clusters 

SNP locus with a high score with almost all 
clusters homozygous 
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•  A	
  SNP	
  genotyping	
  workshop	
  held	
  in	
  November	
  
9-­‐13,	
  2009	
  at	
  the	
  University	
  of	
  Pretoria,	
  South	
  
Africa	
  

•  ParKcipants	
  brought	
  DNA	
  from	
  mulKple	
  
cassava	
  genotypes	
  

•  SNP	
  diversity	
  in	
  cassava	
  	
  

Capacity	
  building	
  

Coming	
  up	
  in	
  the	
  Near	
  Future	
  

•  Genotype	
  the	
  mapping	
  populaKon	
  for	
  384	
  SNPs	
  derived	
  
from	
  the	
  physical	
  map	
  

•  Genotype	
  the	
  mapping	
  populaKon	
  for	
  384	
  SNPs	
  derived	
  
from	
  the	
  genes	
  annotated	
  in	
  the	
  genome	
  

•  Genotype	
  all	
  cassava	
  genotypes	
  available	
  for	
  geneKc	
  
diversity	
  study	
  

•  Build	
  geneKc	
  map	
  and	
  anchor	
  to	
  the	
  physical	
  map	
  

•  Integrate	
  all	
  data	
  with	
  the	
  UA’s	
  B&MGF	
  and	
  JGI/Roche	
  
cassava	
  genome	
  project	
  

•  Integrate	
  with	
  drought	
  phenotype	
  data	
  for	
  QTL	
  mapping	
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