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Roadmap to positional cloning

Fine-mapping Sequencing Functional validationReference genome

Genomic structural variations 
are common among polyploids

W7984 x Opata chromosome arm 5AL QTL 
associated with grain weight variation 



33
4 

M
b

33
7

33
9

34
1

34
9

36
7

37
4

37
8

38
0

38
3

38
5

40
4

42
3

43
6

43
9

44
4

45
2

45
5

47
4

47
6

48
0

Grain width (mm)

10 Mbp
37 high confidence genes QTgw.cnl-5A+ 21.3% heavier grains than QTgw.cnl-5A-

Fine-mapping population development
Heterogeneous inbred family (HIF): 109 F6:5 lines with QTgw.cnl-5A recombination

Opata (+)            W7984 (-)
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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-



B)
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RNA-seq of HIFs confirmed the significance of chromosome arm 5AS 
structural variation
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535 of the 556 differentially expressed genes are on chromosome 5A

None of the homoeologous copies were differentially expressed 



B)

A)

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



Resources

GitHub repository: github.com/etaagen/Taagen_2021_TPG
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