
Genotypic Screening 



Application of tools & resources 

RFLPs 

IRAP 

AFLPs 

SSRs 

DArTs 

Explore germplasm collections for useful variation 

Anonymous Markers Functional Markers 



Graphical Genotypes 



Tilling 

• Reverse Genetics 

• Convert individual mutants into DNA 

• Form pools 12, 24, 48? 

• Use cleavage test to select mutant sites 

• Deconvolute pools 

• Phenotype mutant line 
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Tilling 

• Demonstrated in all crop species 

• Use Eco-Tilling for natural populations 

• Efficient way to identify mutants 

• Lacked sufficient sequence information 

• Arguably biggest impact in forward 

genetics 

• Many libraries now available, wheat and 

barly 



10 Years Ago 
 Sanger sequencing 
 Wellcome Trust Sanger Institute -  

approx 100 ABI sequencers 
 96 reads per machine per run 

Illumina MiSeq 
 Available on site 
 25 million paired end reads per run 

New Sequencing Technologies 



• Knowledge of genome structure – precise location of markers & 

genes. 

• Links genetic/trait maps directly to the genome. 

• Advances in sequencing technology. 

Challenges 
• Barley 

 Very large genome (~5.3Gb), highly repetitive 
 Focus on sequencing the gene space 

• Wheat 
 Exceptionally  large genome (~17Gb), also highly repetitive 
 Allohexaploid; deconvoluting three ancestral genomes 
 Relative lack of variation in D genome 
 Again, focus on sequencing the gene space 

Why Genome Sequencing? 



Barley gene space 

a. Chr arms  

b. HC genes  (genetic) 

c. Links 

d. HC genes (physical) 

e. Class I LTR – retro’s 

f.  Class II transposons 

g. Sequenced BACs 



360 Barke x Morex RILs 

Barley Single Nucleotide Variation  



Gene expression atlas 



Expansion of barley RNAseq 
Dissected  

tissues & treatments 
 (16 samples, 3 reps) 

 

New gene model 
predictions 

 

Transcript isoform 
analysis 

Development of  
‘barleyGenes’ 

 database 
 



Wheat Genome 

• Over 90,000 genes identified 

• Some gene fragments 

• IWGSC (http://www.wheatgenome.org/) 



Sequencing to date 

• Number of varieties now with gene 

space sequenced 

• Compare same sequence across 

varieties 

• Or re-sequence genotype panels for 

target genes 

• Align sequences and identify SNPs  



Genotyping by Sequencing 

ligation 

P1 P2 

PstI, MseI 
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Pooling and cleanup 

PCR enrichment 

Library size analysis 

Genomic DNA 

Illumina sequencing 

digestion 

GP x Morex map 
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Exome capture 

Nimblegen Roche 
• Collaborative IBGS barley project 

• Whole gene-coding complement 

1% of whole genome 
• 62 Mb barley exome sequence as long 

oligo baits 

• TGAC library preparation and 

sequencing 



Gene 1 Gene 2 
Primary target 

Probe selection 

Capture Target 

•Exome refers to all of the exons in the genome (~1% barley genome) 

•Effectively reduces genome from 5300Mb to 60Mb 

 

•Design based on Morex genome assembly v3, flcDNA and RNAseq data 

 

•1 Lane HiSeq2000 – 40Gb = ~600X coverage  

 

Sequencing: Exome Capture 



Exome capture: processing 



Exome capture: pilot testing 



Variant discovery 

• EC from 300 barley 
lines 

• Variant discovery: 
FreeBayes 

• Design new SNP chip 
• 675 k 
• 50 k 



Bulk Segregant Analysis 

• Originally developed by Michelmore & 

colleagues for simple marker systems 

• Now been extended for sequencing analyses 

• Form pools of lines with mutant character and 

wild type 

• Extract DNA or RNA and sequence 

• Align sequences 

• Identify DNA variants & compare frequencies 



SHOREMAP 

Schneeberger & Weigel, Trends in Plant Sciences (2011) 16: 282-288 



Liu S, Yeh C-T, Tang HM, Nettleton D, et al. (2012) Gene Mapping via Bulked Segregant RNA-Seq (BSR-Seq). PLoS ONE 7(5): 

e36406. doi:10.1371/journal.pone.0036406 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0036406 

BSA & Sequencing 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0036406


Liu S, Yeh C-T, Tang HM, Nettleton D, et al. (2012) Gene Mapping via Bulked Segregant RNA-Seq (BSR-Seq). PLoS ONE 7(5): 

e36406. doi:10.1371/journal.pone.0036406 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0036406 

BSA Alignments 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0036406


BSA in Wheat 

Grain Protein Target 



Locating the gene 







Genotypic Screening 

• Now feasible and cost effective 

• Can apply to unmapped phenotypic 

mutants 

• Or can use it to search for allelic 

variants in known genes 



Barley Mutants 

• First barley mutant (Jutta) released in 1955 

• Pallas (1960) dominated European barley in 

1960s 

• Golden Promise sown on up to 75% of 

Scottish barley area in 1970s to 1980s 

• Most European spring barleys have at least 

one induced mutation 

Gene reducing straw height (Green Revolution 

Gene) 


