
A NimbleGen CGH array for physical mapping the D-
genome of hexaploid wheat with radiation hybrid lines 

IWGSC workshop 2012 
Thomas Drader 

USDA-ARS-WRRC 



Goals 

 Construct a physical map for the D-
genome of hexaploid wheat 

•  High-density marker array 
– Repeat junction and gene based markers 

•  Wheat genetic stocks and deletion lines 



Aegilops tauschii 

•  D-genome progenitor 
•  Conserves majority of genes as the A and 

B genomes 
•  Unique transposon content (Sergeeva and 

Salina 2011) 

•  3X 454 Genome sequence 



Gene Based Markers 

•  Limited to Genetic space 
•  Not evenly distributed along the 

chromosome 
•  High potential for cross reaction between 

A, B, and D homeologs 



Repeat Junction Marker 
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Ae. Tauschii Repeat Junction 

•  3X 454 Genome sequence of Aegilops 
tauschii accession AL8/78  

•  Screened using RJPrimer program (http://
probes.pw.usda.gov/RJPrimers/)  

•  High-copy junctions were identified via 
BLASTn and removed  

•  The sequences were verified using 
Illumina sequencing reads 



NimbleGen CGH Array 

•  High-density microarray for variable length 
oligos 

•  Allow for the detection of copy number 
differences between a test and reference 
sample  

•  Available for custom array development 



Array Design 

•  At what length is the oligo specific? 
•  Too short = non-specific hybridization 
•  Too long = non-specific binding to 

repetitive elements 

•  Could higher temperature positively 
influence the longer probe? 



Test Array at 42C and 47C 



Assignment Criteria 

•  Initially started with signal loss of 50% but 
cross hybridization from the A and B 
genome decrease the signal loss to 1/3 

•  Minimum Loss of signal 20% was chosen 
•  Student's T-test significant p-value < 0.05 



Probe Assignment 



Cy3/Cy5 Ratio in Hexaploid Wheat 

Loss 
Reference 

Reference Loss Loss 

50% 
17% 



Cutoff for signal loss 



Design summary 

•  42C provides greater number of assigning 
probes 

•  Oligo length of _52 provides highest 
number of assigning probes 

•  20% signal loss provides 40% markers 
assigned with accuracy of 73% 



Screening Array 

•  3 X (3 X ~240,000 probe) array from 
3X genome coverage of Ae. tauschii 
and 6,700 gene based markers 

•  Screened in duplicate with control 
Chinese Spring and Nulli-tetrasomic 
lines 1D-7D 

•  Successful markers must assign to 
the same chromosome in duplicate 
and cannot assign to Chinese Spring 



Screening Results 

•  30,900 repeat junction markers 
•  6,330 genes with 2-3 probes/gene 

•  In total 46,221 probes 

•  12 X (3 X 45,000 probe) Mapping 
array 



Mapping 



Bin Mapping 



Summary and Future Work 

•  Goal of 8,000 markers 
•  23,891 markers mapped to specific bins 
•  ~1200 Radiation hybrid lines will be used 

for higher resolution physical map 

•  Data is available at: 
avena.pw.usda.gov/RHmapping/tools.html 





NimbleGen Array 

•  Design is available through December of 
2012 

•  After December of 2012 the array will be 
available in an alternate format 

•  Please contact: 
thomas.drader@ars.usda.gov 
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