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Introduction of semi-dwarf gene
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Year Official released data

Traits\Varieties QY7 QY10 ZYZ2 HYZ12 FY737

Plant height (cm) 168.3 170.3 168.7 182.8 154.2

Branch Initiation height (cm) 47.7 59.3 74.3 81.2 52.6

Main inflorescence length (cm) 61.3 66.4 58.9 59.9 53.1

Continuously
selection

Series of varieties 

Guo et al., Chinese Agri Sci Bulletin, 2020

Table 1 2008-2018 Plant height from National Regional trials
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Are these mutants useful for 
breeding in rapeseed？

Df 4
Df 5

Library construction of EMS-induced mutants

New era of breeding program
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Characterization of Df4

Li et al, Theor Appl Genet, 2023, 136:29

• Shorter stature and 
curled leaves.

• Stem cell elongation 
was suppressed.

Results

Df4 F1 WT



Genetic analysis and cloning of Df4

1：3 1：1

188/193(96.9%)

Li et al, Theor Appl Genet, 2023, 136:29



• Development of kompetitive allele-specific PCR marker (KASP) and SNP for 
high-throughput genotyping

Li et al, Theor Appl Genet, 2023, 136:29



• Targeted gene was located within 4,591bp region by linkage analysis using 2,534 individual plants 
from BC1F1 population.

• Only one gene was found with one mutation site, from Cytosine (C) to Thymine (T).

Li et al, Theor Appl Genet, 2023, 136:29



• BnaC01g11150D (Darmor-bzh reference), encodes a glycogen synthase kinase 
(GSK3)  protein, similar to Arabidopsis BIN2;

• Pro to Leu at the 285 point site.
Li et al, Theor Appl Genet, 2023, 136:29



• Highly conserved;
• High in expression in stem, especially the lower stem;
• Named BnaC01.BIN2.

Li et al, Theor Appl Genet, 2023, 136:29



• Transgenic results validated gene function of BnaC01.bin2, with 27/34 showed 
dwarfism in T1, ranking 20-80%；

• Plant heights were negatively correlated with relative transcripts of BnaC01.bin2 in 
different transgenic lines. 

Transgenic validation of BnaC01.BIN2

Li et al, Theor Appl Genet, 2023, 136:29



Transcriptome analysis of Df4

• 2,298 DEGs obtained between Df4 and L74；
• 719 (31%) were up-regulated, 1579 (69%) were down-regulated;
• Catalytic activity, transporter activity, metabolic pathways, etc were most significantly enriched.

Li et al, Theor Appl Genet, 2023, 136:29



• GO and KEGG analysis revealed Brassinosteroid (BR) regulation related pathways;
• Included genes relate to cell elongation, such as Auxin-regulated Gene involved in Organ 

Size(ARGOS)-like(ARL), organ Size Related 1 (OSR1) and Dwarf in Light1 (DFL1) .

Li et al, Theor Appl Genet, 2023, 136:29



Working model of the BIN2 function in cell 
elongation and BR biosynthesis. BnDF4 encodes a GSK-like kinase similar to BIN2 in Arabidopsis, 

and is a key repressor of BR signaling

Li et al, Theor Appl Genet, 2023, 136:29



unpublished data

Characterization of Df5



• Controlled by an incomplete dominant gene;
• 196 out of 234 polymorphic SNP (87.5%) 

were located in C03 62-71Mb

unpublished data

1：3



unpublished data

 There are 6 copies of BIN2 in B. napus;
 BnaC03.BIN2 and BnaC01.BIN2 were the most homologous pair;

 Similar mutation point was observed in BnaC03.BIN2 of Df5.



Can these apply to breeding program?

Li et al, Theor Appl Genet, 2023, 136:29



Df4  Df5  L74

unpublished data

Reduced in plant height, not affected 
in branch number, total plant silique 
number and seed number per pod;

Significant higher yield in terms of 
hybrid crossing compared to df4. 



• Df4 and Df5 are both gain-of-function mutants, homologous 
mutant genes;

• BnaC01.BIN2 and BnaC03.BIN2 have involved in BR signaling 
related regulation;

• Over parental heterosis in both Df4 and Df5 ;

• KASP markers were developed for both Df4 and Df5 for high-
throughput identification for large-scale selection for breeding;

• More environments are needed for yield potential testing.

Summary
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