
 

 
 TEC Release: 11 Jan 2017 Updated 7 Dec 2022 www.pbltechnology.com 

Innovation in life sciences 
 

UPL3 genome editing for yield 
increase in crops 

 

Down regulation of UPL3 increases seed yield, 
protein and lipid in content 

 

New: homologues identified in monocot crops 
 

Crop plants have been bred to accumulate high levels of different types of storage 

compounds in their seeds. Dicot seeds have a seed coat and embryo and the 

endosperm is transiently formed. The cotyledons of dicot embryos contain lipid and 

protein that is mobilised to support embryo growth. The development of the embryo is 

coordinated closely over time in and is well characterised genetically. Genes encoding enzymes that synthesise storage lipids 

and proteins are co-ordinately expressed during seed maturation. The expression of these sets of genes is controlled by a well-

characterised set of master regulatory transcription factors and temporal transcription factors including Leafy cotyledon 1 

(LEC1) and LEC2.  

 

Charlotte Miller and Mike Bevan at the John Innes Centre have used Associative Transcriptomics to screen a large diverse 

population of oil seed rape varieties (69 B. napus accessions in total) for genetic variation associated with a range of yield traits. 

Their analysis identified a locus showing high association with yield parameters for oil crops which was identified as UBIQUITIN 

PROTEIN LIGASE 3 (UPL3). UPL3 mediates the proteasomal degradation of LEAFY COTYLEDON 2 (LEC2) protein, a master 

regulator of seed maturation. Further analysis of mutants lacking a functional UPL3 showed that these plants have significantly 

larger seeds with a 12% increase in seed lipid and a 13% increase in seed total protein levels while seed numbers remain 

unchanged.  

 

In addition the inventors have now closely analysed eight elite oilseed rape cultivars for variation in UPL3 expression. The 

expression levels were compared to two other accessions and all eight elite genotypes display higher expression levels than 

the high yielding control genotype. This result indicates that reducing UPL3 expression has so far not been exploited by 

conventional breeding and therefore UPL3 down-regulation can still be applied to further maximise yields. 

 

Ubiquitylation is an important process in controlling the levels and activity of many proteins in organisms. The process is 

mediated by a variety of E3 ubiquitin ligases which either directly transfer ubiquitin to a protein or facilitate this reaction. UPL3 

is one of seven HECT E3 ligase genes (characterised by an HECT domain) present in the Arbaidopsis genome. UPL3 is 

expressed at increased levels during seed embryo development consistent with a role in seed embryo development. 

 

By ubiquitylating LEC2, UPL3 negatively regulates the expression of genes involved in seed lipid and protein accumulation, 

and as a result, reducing or silencing the expression or activity of UPL3 whether by RNAi silencing, mutation or by genome 

editing, results in increased levels of seed lipids and proteins, and increased seed yield. UPL3 activity also promotes the 

accumulation of seed glucosinolates, and reducing or silencing the expression or reducing the activity of UPL3, can reduce 

glucosinolate levels, thus improving the quality of seed oil and protein. 

 

Using the Arabidopsis UPL3 transcript as a reference, orthologues of this gene were identified in silico. Single copies of UPL3 

were found in each ancestral genome of Brassica rapa and Brassica Oleracea. Although some clear differences were observed 

between these brassica orthologues and the Arabidopsis UPL3 gene sequence, the coding regions showed a high level of 

conserved synteny between species. There are clearly identifiable homologues in the oil seed crops that will be genome editing 

targets to increase seed yield and seed protein and lipid contents in Brassicas as well as soybean, sunflower and peanut.  

 
Further analysis has now revealed that there are single editable homologous targets in maize, rice, wheat, barley and 
cotton. 
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Arabidopsis UPL3 mutants were assessed for yield-related phenotypes, these plants exhibited significantly increased seed 

size, relative to wild-type plants (see Figure below, panels a - c). Closer assessment of seed size in Brassica napus accessions 

with high levels of variation in UPL3 expression and weight of seed per pod, also reveal clear differences in seed size (see 

Figure below, panels d and e).  

 

An increase in LEC1 expression was observed in mutant seed at 10 and 15 days after anthesis (DPA). LEC1 is known to 

positively affect the expression of genes required for the accumulation of seed reserves, its role in seed protein accumulation 

and members of the Oleosin family involved in lipid storage LEC1 is known to be positively regulated by a closely related 

transcription factor, LEAFY COTYLEDON 2 (LEC2). 

 

 

 

 

 

 

In the Figure above Arabidopsis knock-out mutants for UPL3 exhibit increased seed size (a and c) with an increase in both 

seed fatty acid content (b) and seed total protein content. Brassica napus accession displaying differential expression of the 

gene show clear segregation of protein content (d) and seed size phenotype (e).  

 

 

In summary down regulation of UPL3 by either genome editing or other techniques can be used to increase seed yield of 

dicot oil crops. The change in transcription patterns of regulators important in the expression of genes required for the 

accumulation of seed reserves results in an increase in seed size and an increase in seed lipid and protein content. 
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