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Outline

• Drought in Australia
• Wheat genome sequencing
• Wheat genome diversity
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Drought in Australia

‘Temperatures in Australia have risen by about 0.9 °C since 1910’

‘Climate model projections for the coming decades indicate an increasing 
risk of below average rainfall for southern and eastern mainland Australia, 
higher temperatures and evaporation’

(CSIRO)

The ACPFG aims to improve wheat and barley's tolerance to 
environmental stresses such as drought and salinity
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Challenges

• Wheat is a ‘difficult’ genome
• Large, hexaploid, 80-90% repeats

• Identify important genes/alleles
• Characterise genomic variation
• Develop tools to assist breeders improve crops



Second-generation 
sequencing (2GS)

• Illumina GAIIx and HiSeq2000
• ↑ ↑ ↑ sequence
• ↓ money
• ↓ time

• ↓ read-length
• ↑ computation
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Illumina paired reads

Insert size

• Illumina GAIIx/HiSeq 2000
• Read length (35 bp – 150 bp)
• Insert size up to 20 Kbp

• ~ Normal distribution
• Standard deviation ~ 10% mean
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Problems of scale

bp distance
Illumina read 100 1.88 m me
Sanger read 900 18 m telegraph pole
BAC 120,000 2.3 km short walk
Canola genome 1,300,000,000 24,700 km San Diego to Sydney (and back)
Wheat genome 17,000,000,000 323,000 km around the world ~4 times
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Hexaploid wheat genome
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http://www.jic.ac.uk/staff/graham-moore/wheat_meiosis.htm



Chromosome arm 
sequencing

• DNA from Jaroslav Dolezel (Czech Rep.)
• Flow sorted chromosomes

• Benefits
• Better resolution of smaller “genome size”
• Reduces repetitive sequence
• Simpler assembly
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Mapping 7DS reads to 
reference genomes
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Brachypodium rice



Mapping reads to reference 
genomes
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7DS syntenic build
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Ta 7DS
Bd 1

Bd 3

www.wheatgenome.info
Berkman, et al., Plant Biotechnology Journal (2011)



7BS/4AL translocation
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7DS and 7BL sequence similarity with 
Brachypodium



7BS/4AL translocation
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• Translocation between Bradi1g49500 and 
Bradi1g49550

• Intervening 4 genes missing from 
all assemblies

• ~13% genes moved from 7BS to 4AL

• 13 genes moved from 4AL to 7BS



7BS/4AL translocation
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Group 7 chromosomes
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GBrowse 
http://wheatgenome.info/



Wheat summary
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• Shotgun assembly of 7A, 7B and 7D

• Contains all or nearly all genes

• Model for identification of all wheat genes

• ~13% of 7BS genes translocated to 4AL

• Gene movement is consistent between arms

• We estimate ~77,000 genes in wheat



Australian wheat diversity 

Researchers in Australia established a consortium to develop 
genomic resources in wheat, funded by Bioplatforms
Australia.

• Generated data for wheat group 7 chromosome arms
• Generated 10x coverage whole genome sequence data for 

16 wheat varieties, representing diversity in Australian 
bread wheat
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http://flora.acpfg.com.au/tagdb

Marshall, D.J., et al. (2010) Plant Methods. 6:19

TAGdb
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TAGdb output



TAGdb – Gene discovery

Gene/EST

Primer

genomic sequence

PCR

Known Unknown
(canola) (wild Brassica)
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Marshall, D.J., et al. (2010) Plant Methods. 6:19



Wheat genomic SNP discovery

• Need all homoeologs to identify varietal SNPs
• Initial four Australian varieties
• >900,000 confident SNPs across group 7
• SNP density varies between genomes A>B>>D



http://wheatgenome.info/



Wheat genomic SNP discovery
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• Provide high density SNPs for mapping/association

• Identify candidate genes in assemblies near mapped traits 

• Have all favourable alleles been fixed?

• Have unfavourable alleles been dragged along for the ride?

• Use this genotype information for selecting parents/progeny

• Improve drought tolerance in Australian wheat

How can this accelerate 
breeding?



Acknowledgements

Paul Berkman
Kenneth Chan
Michael Imelfort
Kaitao Lai
Hong Lee
Michal Lorenc
Sahana Manoli
Jiri Stiller
Paul Visendi

Chris Duran
Dominic Eales
Adam Skarshewski
Lars Smits

Jacqueline Batley
Alice Hayward
Emma Campbell

Hana Šimková
Marie Kubaláková
Jaroslav Doležel
Pilar Hernandez Contact:

Dave.Edwards@uq.edu.au

28


