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Innovation in life sciences 
 

Control of Pod Shattering 
 

Manipulation of gibberellin levels for finely 
controlling fruit patterning in plants 

 
Seed dispersal mechanisms are crucial in maximising yields of certain crop plants 

and remain a reoccurring issue for crops such as oilseed rape (Brassica napus) for 

which unsynchronised pod shattering leads to significant yield losses. The fruit of 

Arabidopsis, rapeseed and other Brassicaceae is a silique constituted of two valves, 

protecting the seeds, fused to a central replum by a specific tissue called valve 

margin. Valve margins differentiate into narrow stripes of cells consisting of a 

lignification layer (LL) and a separation layer (SL). This specialised structure 

facilitates fruit opening and the efficient release of the seeds; SHATTERPROOF 

(SHP1/2), INDEHISCENT (IND) and ALCATRAZ (ALC) are important factors in this mechanism and are involved in the 

differentiation and specification of LL and SL.  Unfortunately, attempts to use these factors to engineer agronomically 

practical resistance to pod-shattering have not succeeded, largely because they only afford an all-or-nothing result, whereas 

the required phenotype is more intermediate to allow effective harvesting of seeds. Now, however, Lars Ostergaard and co-

workers at the John Innes Centre identified and characterised the role of giberellin in fruit development, leading to new 

strategies to address the problem of pod-shattering, especially the development of non-GM mutant lines. 

 

Using a Dexamethasone (DEX) - inducible version of the IND gene translationally fused to the Glucocorticoid Receptor (GR), 

the JIC team found that GA3ox1 was induced after 6h of DEX treatment even in the absence of translational machinery 

indicating that GA3ox1 is an immediate and direct target of IND. GA3ox1 encodes the last enzyme in the biosynthetic 

pathway of bioactive gibberellins (GA1 and GA4). GA3ox1::GUS promoter studies demonstrated the expression of GA3ox1 in 

valve margins and septum.  This expression is significantly reduced in ind-1 mutants specifically in valve margins and septum 

only, demonstrating that IND is directly responsible for the expression of GA3ox1 in medial tissues of the fruit, which include 

the valve margins. 

 

     
 
In the above figure, on the left hand side is a diagram of the cell structure of the Arabidopsis fruit with an indication of the different factors. In the 

middle and on the right are pictures of the Arabidopsis fruit, whole fruit (middle) and cross section (right) of either wild-type (WT) and ind-1 mutant 

expressing the GUS reporter gene under the control of the GA3ox1 promoter. 
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Update: 
 

Introducing mutations into GA3ox1 alleles by EMS enables the manipulation of gibberellin levels giving a novel 
approach to modify and regulate valve margin development and thereby control pod shattering in the necessary 
finely tuned manner, which has not been possible by manipulations of the other regulators of valve margin 
development. Crossing different lines with mutations in various alleles has produced lines with the desired pod 
shattering characteristic (see next page for details). 
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The JIC researchers studied the role of GA during fruit patterning by characterising the ga4-1 mutant, which has reduced 

levels of bioactive GAs in both shoot and rosette, and by inactivating bioactive GAs by expressing GA2ox-2 (which degrades 

GAs). In both instances valve margin defects in these plants clearly demonstrated that the local production of GA in valve 

margins is critical for the differentiation of this specialised tissue.   

 

Over the recent years the researchers have analysed various ga4-1 mutant (mutations in the GA3ox1 gene) and crosses of 

lines with mutations in different alleles of ga4-1. The use of these crosses has produced germplasm with very promising 

shatter proof phenotypes as measured by the random impact test.  

 

 

 
 

In the above graph different B. napus ga4-1 mutants lines (single and double mutations in the GA3ox1 gene on Chromosome 

A6, A9 and C5 and crosses between them) are compared to an IND silenced line (INDx71) and Cabriolet (standard 

commercial variety) on a random impact test scale (y axis is time in minutes until half of pods are shattered). The double 

mutant cross A9xC5 performs particularly well and is likely to show significant yield improvement in field trials planned for 

2017. 

 

 

➢ Lowering GA levels (by lowering expression of the GA biosynthetic gene GA3ox1) enables: 

➢ Modification of tissues required for fruit opening and seed dispersal, by altering the morphology of the 

separation layer as a tool for controlling pod shattering 

➢ to finely tune pod shattering to specific requirements 

➢ increase yields by reducing loss during harvest 

 

Germplasm is available for further breeding under a Licence Agreement 
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