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Roadmap to positional cloning

Fine-mapping Sequencing Functional validationReference genome

Genomic structural variations are 
common among polyploids
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QTL on chromosome 5A is associated with increased grain weight

Population:
Synthetic W7984 x Opata M85

162 doubled-haploid lines, spring
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Opata provides the increased GW and TGW allele

Trait value gained (%) 0.92 ns 4.2 *** 6.4 ***

H2 0.75 0.81 0.68

p-value ns: non-significant, ***: p ≤ 0.001



Fine-mapping population development

QTgw.cnl-5A 
+ allele control

QTgw.cnl-5A 
- allele control

QTgw.cnl-5A 
heterozygous

Across 5 generations, screened 
> 5,000 progeny for QTgw.cnl-5A 
recombination

… F6:5

Heterogenous inbred family (HIF)

QTgw.cnl-5A 
W7984 x Opata RILs F6:1



Fine-mapping population development (HIFs)

Reduce to 109 lines with QTgw.cnl-5A recombination
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37 high confidence genes QTgw.cnl-5A+ 21.3% heavier and 10.3% wider grains than QTgw.cnl-5A-

Opata W7984



Variation in grain weight and morphology significantly
associated with early grain development

Bonferroni corrected p-value NS: non-significant, ***: p ≤ 0.001

QTgw.cnl-5A
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Gutierrez-Gonzalez et al., 2019:    

“We found that chromosome arm 5AS is missing from W7984.”



QTgw.cnl-5A is in linkage with chromosome arm 5AS structural variation

Correlation coefficient 0.91
No significant interaction

QTgw.cnl-5A 
HIFs

QTgw.cnl-5A+
Opata

QTgw.cnl-5A-
W7984

Chr arm 5AS, 
absent 54 2 52

Chr arm 5AS, 
present 73 72 1

QTgw.cnl-5A allele



We used RNA-seq to investigate differentially expressed genes on 
chromosome arm 5AS and in the QTgw.cnl-5A candidate region 

Chromosome arm 5AS present : QTgw.cnl-5A+
vs

Chromosome arm 5AS absent : QTgw.cnl-5A-



RNA-seq of QTgw.cnl-5A confirmed the significance of chromosome 
arm 5AS structural variation

B)

A)

535 of the 556 differentially expressed genes are on chromosome 5A

None of the homoeologous copies were differentially expressed 
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B)

A)

RNA-seq of HIFs confirmed the significance of chromosome arm 5AS 
structural variation

Chromosome 5A, bp
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QTgw.cnl-5A
No differential expression

Identified one SNP in QTgw.cnl-5A- raw reads

Chromosome 5AS
Differential expression due to no expression of W7984 control
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Chromosome arm 5AS differential expression may provide 
insight into candidate genes

292 differentially expressed genes with GO terms related spike and early grain growth

Identified 9 candidate genes on chromosome arm 5AS for yield components 
• Arabidopsis and rice orthologs

Plant height, 
Spikelets per 

Spike, GL, GW, 
TGW

Chromosome 
arm 5AS 

presence / 
absence

Masked variation 

Lack of significantly enriched gene ontology (GO) terms

Phenotypic distribution characteristic of single gene, rather than entire chromosome arm



Chromosome arm 5AS differential expression may provide 
insight into candidate genes

292 differentially expressed genes with GO terms related spike and early grain growth

Identified 9 candidate genes on chromosome arm 5AS that may impact yield components 

Hypothesis: masked variation of homoeolog dosage-dependent or nonadditive functionally redundant genes

Plant height, 
Spikelets per 

Spike, GL, GW, 
TGW

Chromosome 
arm 5AS 

presence / 
absence
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Detecting chromosome structural variation 

W7984 x 
Opata original 

crosses

Reconstructed 
and 

expanded

W7984 x 
Opata DH 

high-density 
GBS genetic 

map

No site-specific 
polymorphisms 

on 5AS

dense GBS 
linkage map, 
5AS structural 

variation

Early 1990s Poland et al., 2012
Gutierrez-Gonzalez 

et al., 20192018

Brinton et al., 2020 and Walkowiak et al., 2020, underscore the structural diversity of wheat

2011



Polyploid positional cloning recommendations

1. Move from a SNP to haplotype-based approach to identify 
genetic diversity

2. Invest in sequencing to detect structural variants

3. Use the transcriptome to identify candidate genes 

4. Traits with broad overlapping QTL may not be pleiotropic
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github.com/etaagen/Taagen_2021_TPG

Data 
input/output

Scripts for data analysis



github.com/etaagen/Taagen_2021_TPG

Review code and reproduce results
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