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AIMS 
• Measure epigenetic modifications to genes and relate this to gene expression 
• patterns in hexaploid wheat and tetraploid and diploid progenitor species 
• Survey the epigenomes of elite wheat varieties to map the influence of breeding  
• on the epigenome 
• Understand how hybridisation influences epigenetic modifications and how they 
• are stabilised 



Common 
Triticeae 
ancestor 

5.5 

A 

B 

D 6.5 0.8 
B 
A 

B 
A 

B 
A 

D 

0.08 

8.0 

10.0 
H 

R 

Evolution and Domestication of the Triticeae 

After Marcussen et al 2014; Dvorak et al 2004 
domestication 

natural selection 

mya divergence time  



New traits arise directly upon formation of  
new hexaploid wheat 

V/I/L 

5AQ AP2 AP2 

5Dq 

5Bq 

AP2 AP2 

AP2 AP2 
helitron 

truncated protein 

5AQ represses expression of 5Bq and 5Dq 
 
5Bq and 5Dq up-regulate 5AQ expression 
 
5Bq up-regulates 5Dq 



The wheat genome 
• The size of the wheat genome is 17GB 
• Hexaploid bread wheat has 3 closely related and independently 

maintained genomes 
• Mostly repeats (transposons, 89%) 

– Fragmented assemblies 
– Very limited long-range scaffolding 
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Schematic of wheat genome 

Brenchley et al. 2012 

IWGC 2014 

Chapman et al. 2015 Next Release TGAC  October 2015 



Sequencing epigenomes 
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TECHNOLOGIES FOR INVESTIGATING  
THE WHEAT EPIGENOME 

 

0.5µg 

Hybridization / Capture 

Baits:   
- cRNA probes 
- Long (120bp) 
- Biotin labeled  
- Designed to tile 
across the gene 
space of wheat 

Bead Separation 

Wash / Elution /Bisulphite treat/ Amp 

SureSelect Target Enrichment System:  Workflow 

Sequences maps 
against 81Mb genic 
wheat assemblies 
Off target sequence 
includes 
chloroplast and 
transposons 



PRELIMINARY ANALYSES 

A & B genome GO term enrichment; signaling, metabolic & biosynthetic 
processes 
D genome GO term enrichment; chromatin silencing, histone modification, 
methylation/regulation of gene expression, chromosome organization  

 73% of methylation 
genome independent  

      >99% CpG sites 
 

 27% methylation 
genome specific 

     57% CpG, 30% CHH  
 and 13% CHG sites 
 

 D genome preferentially methylated 



DESIGN A NEW PROBE SET FOR ANALYSING THE WHEAT EPIGENOME 

• Expand the design based on the latest IWGC assemblies 
• Design a large probe set- 24Mb, capture ~120Mb, 360Mb  
• Equates to the whole wheat genic space 
• Transposons targeted and off target 
• Off-target chloroplast DNA used as non-methylated standard 
 

 

TARGETED  
ENRICHMENT 

Modified bases slow down DNA polymerase  

TARGETED  
ENRICHMENT 

Bisulphite 
treat  

Main project pipeline llumina sequencing  

DIRECT SEQUENCING  
ON PACBIO 



DEFINE THE WHEAT EPIGENOME FOR 
CHINESE SPRING BIN 42 
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A systems genomics 
approach 

 

Integrate epi-marks 
into Wheat Ensembl  

SHOTGUN approach 



Epigenome changes in  
newly formed hybrids 
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Hybrid formation and epigenome changes. 
• New traits are formed directly as a result of new hybrid 
      formation 
• There is a period of genome instability for several generations 
      shown by necrosis and death 
• Test the hypothesis that methylation patterns are changed 
      in new hybrids, and that methylation patterns are stabilised  
       leading to genome stability 
 
Experimental Plan 
• Generate several independent hybrid wheat lines from 
      different AABB and DD progenitors 
•  F1 hybrids (ABD), stabilised doubled hybrids (AABBDD) and 
       S1, S2 and S3 selfed progeny will be sampled for epigenome, 
       transcriptome, and sRNA levels 
• Genes and repeats will be sequenced  
• The type, extent and stability of epigenetic changes, and their  
       consequences on gene family composition and expression.  
 

F1 embryo AABBDD 

colchicine 



Data Sharing Plan 

• Established in 2008 by the NSF and a $50M grant, 
renewed in 2014. UK iPLANT node established. 

• INTREPID will use iPLANT to share data and pipelines 
across sites 

• Upon publication all data, bioinformatics pipelines and 
documentation will be made available to the public via 
iPLANT  
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