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A molecular framework of the Rht-A1
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interacts with and phosphorylates TaLA1-D to enhance its stability in reducing wheat tiller 

angles. Population genomic analyses uncover a significant selection for the elite TaLA1-

DHap1 allele during modern wheat breeding, correlating with compact plant architecture 

and elevated thousand-grain weight. This study provides new insights into plant 

architecture regulation and target genes for improving yield potential in wheat.  
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genetic control of tiller angle in wheat remains poorly understood20,21. To date, only a few 

genes, such as TaTAC-D122 and TaHST1L/TaTAC-A123, have been reported to regulate 

tiller angle in wheat. We previously identified Reduced height-B1 (Rht-B1), which encodes 

a DELLA protein in the GA signaling pathway, as a regulator of this trait24. Despite these 

findings, the underlying molecular mechanisms control tiller angle in wheat remains 

unclear. 

Here, we characterize two wheat tiller angle mutants (ta1 and ta2) to unravel a 

regulatory module integrating phytohormone signaling and tiller angle. We demonstrate 

that: TA1 encodes the DELLA protein Rht-A1, which physically interacts with TaPROG1 

to transcriptionally repress TA2/TaLA1-D expression. Moreover, TaGSK3-mediated 

phosphorylation enhances the stability of TaLA1-D. Population genetics reveals a 

significant selection for TaLA1-DHap1 alleles with smaller tiller angles during wheat 

breeding. 
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tiller angle compared to HM33 (Fig. 1g), accompanied by a moderate reduction in plant 

height and an impaired shoot gravitropic response (Fig. 1h
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protein was substantially accumulated in the ta1 mutant compared to YZ4110 

(Supplementary Fig. 6), thereby supporting it as the causal mutation underlying the ta1 

phenotype. 

To validate the role of Rht-A1ta1 in regulating tiller angle, we generated transgenic 

wheat lines expressing Rht-A1ta1 under its native promoter (pRht-A1::Rht-A1ta1) and the 

constitutive maize Ubiquitin promoter (pUbi::Rht-A1ta1), respectively. Transgenic plants 

containing both constructs exhibited significantly increased tiller angles and reduced plant 

height compared to wild-type controls (Fig. 2f, g; Supplementary Fig. 7a, b). Notably, 

pUbi::Rht-A1ta1 lines showed more significant phenotypic alterations than pRht-A1::Rht-

A1ta1 lines, consistent with the stronger expression driven by the Ubiquitin promoter 

(Supplementary Fig. 7c). These results conclusively confirmed Rht-A1 as the TA1 gene 

responsible for tiller angle regulation in wheat.  

Given that the YZ4110 wheat cultivar carries the gain-of-function Rht-D1b allele 

(
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TraesCS3D02G124500) led to an enlarged tiller angle phenotype and this phenotype 

could be rescued by external application of GA3 (Supplementary Fig. 8c, d). These results 

demonstrate that gibberellin negatively regulates tiller angle in wheat.  
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To confirm the role of TaLA1 in tiller angle regulation, we generated knockout 

mutants of TaLA1 in the KN199 background using CRISPR/Cas9 (Supplementary Fig. 

12a). As expected, these mutants displayed significantly increased tiller angles alongside 

a decrease in thousand-kernel weight compared to wild-type plants (Fig. 3d, e; 

Supplementary Fig. 12b; Supplementary Fig. 13). Additionally, we identified a premature 

stop codon mutant of TaLA1-D (Tala1-DC34T) from an EMS mutant library in the wheat 

cultivar JM38 background, which also exhibited a larger tiller angle phenotype 

(Supplementary Fig. 14). These results confirmed that TaLA1-D is involved in the 

regulation of tiller angles in wheat.  

To explore the mechanism of TaLA1 in regulating wheat tiller angles, we measured 

the auxin levels in the tiller base. The results showed that the auxin level was reduced in 

the CRISPR-Tala1 mutants compared with KN199 (Fig. 3f). 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

 

rescue the enlarged tiller angle phenotype of 
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mechanism for the TaLA1-D 
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crossed with Fielder, and Fielder was used as the recurrent parent to generate the 

Fielder×ta1 BC1F5 progeny. The ta2 mutant was crossed with HM33 and JM22 to 

generate their F2 progenies.
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Gravitropic curvature was quantified by measuring the angle between the shoot apex and 

vertical axis using a 180° protractor when seedlings were reoriented 90° for 48 h. 
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levels were calculated using the 2-
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GFP fluorescence was analyzed by a confocal laser scanning microscope (Carl Zeiss, 

LSM900) 
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TaLA1-D by Rht-A1 and TaPROG1 (mean ± SD, n = 3 biologically independent replicates). 

Two-tailed Student's t-test; **P < 0.01 for all statistical analyses. 

 

Fig. 5 | TaGSK3-mediated phosphorylation stabilizes TaLA1-D to regulate wheat 

tiller angle. a Phenotypic characterization of pUbi::TaGSK3 transgenic wheat plants 

showing compact architecture. Scale bar: 10 cm. b 
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