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Abstract 

The potential of genome editing to improve the agronomic performance 

of crops is often limited by low plant regeneration efficiencies and few 

transformable genotypes. Here, we show that expression of a fusion 

protein combining wheat GROWTH-REGULATING FACTOR 4 (GRF4) and 

its cofactor GRF-INTERACTING FACTOR 1 (GIF1) substantially increases 

the efficiency and speed of regeneration in wheat, triticale and rice and 

increases the number of transformable wheat genotypes. GRF4–
GIF1 transgenic plants were fertile and without obvious developmental 

defects. Moreover, GRF4–GIF1 induced efficient wheat regeneration in the 

absence of exogenous cytokinins, which facilitates selection of transgenic 

plants without selectable markers. We also combined GRF4–GIF1 with 

CRISPR–Cas9 genome editing and generated 30 edited wheat plants with 

disruptions in the gene Q (AP2L-A5). Finally, we show that a dicot GRF–
GIF chimera improves regeneration efficiency in citrus, suggesting that 

this strategy can be applied to dicot crops. 
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Accession numbers and gene names are available in the phylogenetic tree 

in Supplementary Fig. 1. All wheat gene names are based on genome 

release RefSeq v1.0. The raw data for the different experiments are 

available in Supplementary Tables 3, 4, 6 and 7. The steps for the 

generation of the different vectors and the transformation protocols are 

described in the Methods. The following vectors will be available through 

Addgene (http://www.addgene.org/): JD553-wheat GRF4–GIF1 in pDONR, 

JD633-wheat GRF4–GIF1 in the CRISPR vector, JD630-Vitis GRF4–GIF1 in 

pDONR, JD638-Vitis miR396-resistant GRF4–GIF1 in pDONR, JD689-

Citrus GRF4–GIF1 in pDONR, JD690-Citrus GRF4–GIF1 in pGWB14, JD631-

Vitis GRF4–GIF1 in pGWB14 and JD639-Vitis miR396-resistant GRF4–
GIF1 in pGWB14. 
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