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Keywords

• Grain quality and grain skinning

• Agronomy and crop handling

• Grain growth and microscopy 

• Biochemical analysis

• Phenotyping, QTL analysis 

• Gene expression

• Translational research: for different stakeholders and 

audiences
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Grain quality: introduction to grain 
skinning

from: Maree Brennan & Steve Hoad

• Malting barley requirements:

• Bold grain

• Low screenings

• No physical defects

• Good processability

• Skinning occurs when the husk becomes 

detached from the underlying caryopsis

• Grain skinning leads to …

• Loss of malting efficiency and lower 

malt production

• Variety failure, with costs to breeders’ 

investment

• Rejections at maltings; loss of malting 

premiums

• Import of barley for UK domestic use
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Grain assessment and phenotyping: the key 
measurement

• Informative for understanding 

causes of skinning

• Development of phenotypic 

screens

• Practical value for industry

A. < 20% husk loss  B. ≥ 20  > 50%

C. ≥ 50%  < 100% D. 100% (pearled)

Maree Brennan & Steve Hoad
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Main factors:

• Environmental influences

• Variety variation (genetic controls)

• Management factors

Biological processes:

• Weakness in the adhesion process?

• Quality of the cementing layer (glue)?

• Mismatch of husk and caryopsis development?

Questions being addressed …
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• Environment
• Growth stage
• Variety

‘Good’ and ‘Poor’ varieties

Field & Glasshouse

Experimental approaches: (1) BBSRC CIRC 
and (2) AHDB funded projects

(1) (2)

• Growth 
• Skinning 
• Surface lipid analysis
• Microscopy

• Parallel approaches with strong industry links and dissemination

• Team includes two PhD students (Kathryn Grant and Paulina Okoro)
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Understanding the adhesion process

Husk

Cementing layer

Pericarp

Testa

Aleurone

Endosperm

We hypothesised that a lipid cementing layer rather than a mis-match 

in husk-caryopsis growth is required for good husk adhesion

The structure of this layer gives insight into varietal differences in husk-

caryopsis adhesion

Cuticle proper
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Cell wall
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Contact between the 

husk and lemma
Detail of the cementing 
layer

500 nm

100 m

Initial work on husk adhesion
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Identifying the point of husk adhesion 

Expansion of the caryopsis

Adapted from: Hoad, Brennan, Wilson and Cochrane (2016)

Note: Growth stage at DAA depends on the environment

Caryopsis feels sticky at the 

late milk stage (max. volume)

The husk cannot be removed 

without causing some damage 

to the underlying caryopsis
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Stickiness test 

From: Kathryn Grant: First year PhD report 

The degree of lemma to caryopsis of adhesion was given a 

qualitative score. Example of two varieties with good and 

poor husk adhesion. 
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Phenotyping: key step for following 
work

% skinning 2012 2013 Ed 2013 Misting

Minimum 3.8 1.9 0.0 0.0

Maximum 65.9 33.8 37.0 64.2

Mean 24.6 13.4 10.8 18.8

Odyssey 12.6 2.9 13.1

Belgravia 11.9 19.5

Moonshine 28.8 18.1 19.9 24.5

NFC Tipple 28.9 25.9 14.8

Optic 17.4 10.2 18.0 50.9

Propino 46.4 17.8 29.4 38.1

Concerto 43.1 20.9 31.6 45.2

>200 varieties from the AGOUEB germplasm collection grown in 

different environments at SRUC and JHI, and used for:

• Genome Wide Association Study to identify Quantitative Trait Loci

• Identify subsets of 5 good and 5 poor varieties for detailed analyses

• Wide phenotypic 

expression of 

condition 

• Controlled misting 

was good phenotyping 

screen

• Most current varieties 

are weak for skinning, 

some very poor

Maree Brennan, Bill Thomas, Kairsty Topp & Steve Hoad et al. 
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Phenotyping and identifying subsets

“Resistant” and “susceptible” subsets separate by PC 1 

(+ve ~ low levels of skinning across the three environments

Field 2012 MistingField 2013

• Genotypic, site and seasonal effects

• No obvious link to grain size or other ear traits

Maree Brennan, Bill Thomas, Kairsty Topp & Steve Hoad et al. 



1313

GWAS identifying QTL

Data input

• Phenotype data for >200 lines (AGOUEB germplasm collection)

• Three field trials and one glasshouse trial

Measurement Trait code

< 20% husk loss (not skinned) LT20PC

≥ 20%  > 50% LT50_GT20PC

≥ 50%  < 100% LT100_GT50PC

100% (pearled) 100PC

≥ 20% (skinned) Skin_Percent

Skinning index 

(weighted by skinning severity)

Skin_Index

Maree Brennan, Bill Thomas & Steve Hoad et al. 

• Analysis used the variety Overture as a reference
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GWAS identifying QTL

7H

6H

5H

4H

3H

2H

1H

• 32 skinning  related QTL 

• Overture is moderate to poor for 

grain skinning, but has both 

positive (red) and negative (green) 

alleles, as well as +/- (blue) 

depending on the environment

• Clusters of grain skinning QTL 

were detected on barley 

chromosomes 1H, 2H (2 separate 

regions), 6H, and 7H

Bill Thomas et al. 
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Trait QTL Overture alleles

LT20PC 6 4 positive, 1 negative, 1 cross-over

LT50_GT20PC 8 2 positive, 5 negative, 1 cross-over

LT100_GT50PC 5 1 positive, 3 negative, 1 cross-over 

100PC 1 1 positive

Skin_Index 5 4 negative, 1 cross-over

Skin_Percent (identical values to LT20PC)

QTL summary

Bill Thomas & Maree Brennan  et al. 

• Other QTL related to traits expressed as Principle Components
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Coupling of detailed grain growth, microscopy, 
biochemical and transcription data
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Grain components: weights, dimensions
Maree Brennan et al. 
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Analysis on subsets of good and poor varieties 
(identified from field and glasshouse trials)

Good and poor varieties were grown under a misting 

(“M”) and control (“C”) treatment

Maree Brennan & Steve Hoad et al. 
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Caryopsis, dorsal, W-W GS85

Caryopsis, dorsal, W-C GS75

Caryopsis, dorsal, W-W GS85

Cementing layer development

Scales = 100 nm

Husk cuticles (green arrow)

complete development quickly

The caryopsis produces new 

cuticular material (pink arrows) at 

medium and late milk stage

The caryopsis feels sticky at the 

late milk stage (max. volume)

Adhesion complete by early 

dough stage, accompanied 

by an electron-dense layer 

between the cuticles (blue 

arrows)

Lemma, inner, W-W GS61

Caryopsis, dorsal, W-W GS75 Caryopsis, dorsal, W-W GS77

Pericarp Husk

Pericarp Husk

[Data from a temperature controlled 
growth cabinet study] Maree Brennan, Steve Hoad and Tom Shepherd  et al. 
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Cementing layer composition

Different temperatures during husk and 

grain development change the 

composition of the pericarp cuticular wax

Maree Brennan, Tom Shepherd  & Steve Hoad et al. 
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Differentially expressed genes (e.g. comparison 

of misting and non-misting treatments)

GS 73 GS 75

Henni 576 525

Astoria 261

Prestige 855 62

Prisma 494

Concerto 238 1,360

Poker 224 355

Propino 224 91

• Found 60 to 1,300 genes per variety which have a significant 

change in expression levels between control and misting 

treatments

• For example, the variety Henni

had >500 differentially expressed 

genes between the mist and non-

mist at the two growth stages

• Other factors under study are differences 

between growth stages and varieties

• Includes cell wall and cuticle related genes 
Pete Hedley and Maree Brennan et al. 
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Translating our findings 

• Development of grain assessment methods

• Protocol for a misting screen

• AHDB and MBC variety evaluation

• Agronomic and crop handling guidelines

• Farmer and malting industry dialogue

• Breeders: 

• Use of high and low risk varieties for 

• Evaluation of plant breeders’ selections

• Dissection of QTL for development of DNA 

markers  to select for reduced levels of 

skinning in the future
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Steve Hoad, Andrew Gilchrist, Adam Christie, 

Dhan Bhandari, Maree Brennan et al.
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Thank you, Any Questions?
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