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Wheat Genome Sequencing 

BAC BY BAC Next Generation  Sequencing  

16,000,000,000 bp @ 500 bp/sequence 

= 80,000,000 sequences @ 5x coverage 

=400,000,000 sequences to assemble 

Chromosome Sorting 

40,000 BACs / chromosome 



Mapping methods that do not rely on meiotic recombination are needed for 

BAC contig alignment prior to ‘complete’ genome sequencing 

 

 ~25-30% of the chromosome  around the centromere 

represents about 1% of recombination on the genetic 

maps 

 

 ~30% of the genes are in recombination poor regions  

 

 Requirement of polymorphic markers 

Genetic vs Physical 



Radiation Hybrid (RH) Mapping 

Physical mapping based on radiation induced chromosome 

breakage and a reconstruction of marker order based on their co-

retention pattern 

 Non-Polymorphic markers 

 Independent of recombination event 

 Small mapping population size and resolution 

can be controlled through radiation dosages 



1. Develop RH populations for D- genomes of diploid  

Aegilops tauschii and hexaploid wheat Chinese Spring   

 

2. Characterize RH panels and selection of most informative 

lines 

 

3. Develop the necessary volume of markers 

 

4. Optimize a high-throughput genotyping approach 

 

5. Genotype the selected lines 

 

6. Construct RH maps and order BAC contigs  

Objectives: RH Mapping Project 



Radiation Hybrid Panels Developed for 

Hexaploid Wheat ‘Chinese Spring’ 

SEED IRRADIATION 

BASED PANEL 

POLLEN 
IRRADIATION BASED 

PLANT PANEL 

POLLEN IRRADIATION 

BASED ENDOSPERM 

PANEL 

Riera-Lizarazu, Tiwari et al, 2010; Kumar et al, 2012 
Tiwari et al, 2012 



 CS-RH Resource Generated 

Type of RH 

Panel 

Dosages (Krad) Number 

of lines or 

samples 

 

*Average 

marker 

retention 

(%) 

Number of 

lines tested 

Number of 

lines with 

at least one 

break 

Number of 

selected 

lines 

Seed irradiation 

based  plant 

panels 

15.0 261 99.0 94 9 - 

30.0 285 98.4 94 15 10 

35.0 1583 97.0 752 220 204 

40.0 276 96.6 94 29 29 

45.0 160 92.0 94 39 39 

Total 2565 1023 312 282 

 

 

Pollen 

irradiation 

based panels 

1.0 (Pollen plant) 102 90.0 94 68 - 

1.5 (Pollen plant) 400 84.0 372 315 

 

188 

Total 502 466 383 188 

1.5 (Endosperm) 1500 80.0 94 83 - 

2.0 (Endosperm) 1000 65.0 564 540 160* 

Total 2500 658 623 160 

*Based on 14 markers; 2 per chromosome 



 Genotyping of the RH panels –DArT Genotyping (Previous results) 

 

 35Krad-seed panel:  

 

 a random set of 94 RH lines was genotyped  

 ~950 D-genome specific markers  

Not enough mapping information 

 

 2.0Krad endosperm panel: (Tiwari et al; 2012) 

 

 Endosperm tolerance of paternal aneuploidy allowed us to develop most 

informative RH panel reported so far 

A set of 81 RH samples were used for DArT genotyping 

 ~940 D- genome specific markers 

High resolution maps were constructed for D- genome 

Average map resolution: 600 Kb 

Further Characterization of CS-RH Panels 



Genotyping of a Pollen Plant Panel Using High-

Density 90K SNP Array 

 CS-RH -1.5Krad Pollen Plant Panel: a set of 94 lines + 

parental lines 

 

 A total of 90,59 SNPs  were found to be informative 

for RH mapping 

 

 LOD 10  and TD of 0.3 were used for grouping 

 

 ~8,300 SNPs mapped on A, B and D- genomes 

 

 Total 48 RH groups 



 ~5,500 SNPs were mapped on 

D- genome chromosomes 

 ~ 2,800 SNPs were mapped 

on A and B- genome 

chromosomes 

Similar to what we observed from 

the  DArT genotyping of 2Krad 

endosperm panel 

WHOLE GENOME 

RH PANEL 

A SUB-GENOME OR WHOLE GENOME 

PANEL??? 

(Tiwari et al, 2012) 



Number of  markers mapped on D- genome on genetic and RH 

populations 

Most number of markers were mapped on CS-RH panel 

Similar distribution of markers on all D- chromosomes on CS-RH panel 
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Number of unique loci mapped on  the A, B and D- genomes  

 RH panel has  the most number of unique loci mapped on D-genome 

 Number of unique loci  on A and B- genome are comparable between the RH panel and the genetic populations 

Genetic mapping populations and  RH panel genotyped on 92K SNP array 

*Genetic Populations 

 Range for A- genome: 336-797 

Range for B-genome: 333-928 

Range for D-genome:120-515 

For CS-RH Panel 

A- genome: 458 

B-genome:  609 

D-genome: 1115 

Wang et al, 2014 



Map Based Characteristics of D-Genome 

Chromosomes 

*Groups with less than 100 markers were not included in the table 

 ~1000 markers detect ~2200 deletion breaks across the D-genome 

 ~6600 markers would be needed to have at least one marker in each bins  

 A and B genome maps were also constructed 



Comparison of Different Maps Using Common 

Markers 

94 lines 94 lines Based on 752 lines (8 populations) 



1D  map (Luo et al, 2013)* 

1D RH map 

Deletion bin map:1D  

Ordering BAC Contigs 

 ~5,000 SNPs from the 90,000 SNP array came from the Ae. tauschii physical mapping project 

 We have similar results for the other six D- genome chromosomes indicating RH maps are useful in ordering contigs 

in low recombination regions 

Chromosome 1D 

cR1500= ~46 x cM 

RH map offers ~45 fold higher resolution than the genetic map in this region 

* Based on 1200 lines 
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Based on 188 RH pollen plant lines 

Map Resolution: RH vs Physical 

Chromosome  2D of hexaploid wheat (RH) vs Aegilops tauschii  map 



Ordering of Next Generation Sequencing (NGS)  Based 

Contigs from D- Genome of  Chinese Spring$ and 

Aegilops  tauschii 

Type/Name of the 

mapping panel 

(D-genome) 

Number of the 

Chinese Spring- 

sequenced contigs 

ordered (D-genome) 

 

Number of  the Aegilops  

tauschii  sequenced 

contigs ordered 

(D-genome) 

 

*Opata Maps 

 

725 1118 

*Consensus Maps 

 

2727 3278 

RH Maps 

 

2722 3510 

 * Wang et al. 2014 $- IWGSC  



NGS Based ‘Chinese Spring’ Contigs Ordered on 

Consensus and RH Maps 

Chromosome 1D 

Ordered contigs based 

on 90K concensus 

map 

Chromosome 1D 

SNPs on 90K 

concensus map used to 

order 1D contigs 

Chromosome 1D 

A portion of RH map  



1.5Krad CS-RH panel 

 Informative as  whole genome RH panel 

 

 Map resolution up to ~200Kb is possible 

 

 Can used for any genotyping platform 

 

DNA quantity is not a limiting factor   



Status of the Entire CS-RH Project 



Mapping and Distribution of  Gene Markers as well as 

RJMs on Deletion Lines of D- Genome Chromosomes 

D- genome deletion bins 
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Genotyping of CS-RH Panels on Nimblegen 

Array 

 94 seed lines (15-45Krad) 

 188 pollen plant lines (1.5Krad) 

 118 endosperm samples (2.0Krad) 

 Genotyping of RH lines is completed 

 Analysis and filtering of the data is completed 

 

 RH mapping of  the D- chromosomes is in process 

 

 Final results:  PAG 2015  
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