
Table S1 Primers used in this study. 

 

  

Use Primer name Sequence (5'–3') 

Knock out OsU6F CCCCTTTCGCCAGGGGTACCTATGTACAGCATTACGTAGG 

OsU6-R TACGAATTCGAGCTCGGTACCGATGGTGCTTACTGTTTAG 

CRP-F GGGCCGATCGAAGAAGGGCTGTTTTAGAGCTAGAAATAGCAAG 

 CRP-R AGCCCTTCTTCGATCGGCCCAACCTGAGCCTCAGCGCAGC 

qRT-PCR Q-flo19F TGGATCGTCGCCCTCGTCGA 

Q-flo19R ATCGGCGAAAAGAGCCTCGC 

SSR D5-F GTGGCTAACAGAGGCGTGAT 

D5-R CCTCATCTTGGTGGAACTCG 

Sequencing DC5-F GTGATTTGTGAACGAGCTGG 

DC5-R TGAGGATGTCCTTGCTGTAC 

Internal 

control 

Actin-F ACCTTCAACACCCCTGCTATG 

Actin-R GCAATGCCAGGGAACATAGTG 



 

Fig. S1 Genome-wide association analysis on chalkiness rate. Manhattan plots and quantile–

quantile plots depicting GWAS results using a mixed model. The x axis depicts the physical location 

of SNPs across the 12 chromosomes of rice and the y axis depicts the -log10(P value). 

 

  



 

Fig. S2 Effect of FLO19 gene mutation on yield per plant. Number of tillers per plant (a) and 

number of grains per spike (b) of ZH11 and two flo19 mutants. Data are means ± SD, n≥11 

(Student’s t-tests; ns, no significant difference).  

 

  



 

Fig. S3 Seed vigor analysis. (a) TTC staining assay. Scale bars, 10 mm. (b) Coloring rate statistics 

of ZH11 and mutant seeds (n=3). Data are means ± SD, (Student’s t-tests, **, P < 0.01; ns, no 

significant difference).  

 

 

  



 

Fig. S4 Effect of FLO19 gene mutation on quality traits. (a) Sucrose content, (b) Glucose content, 

(c) Fructose content in endosperm at 7 DAF. (d) Four storage proteins in milled rice flour. (e) 

Grading standards of alkali spreading value by visual assessment. Data are means ± SD, n≥6 

(Student’s t-tests, *, P < 0.05; **, P < 0.01; ns, no significant difference).   

 

 

  



 

Fig. S5 Expression pattern of FLO19. Expression levels of FLO19 in the various tissues of ZH11. 

Actin1 was used as an internal control. Data are means ± SE (n = 3). 

 

 

  



 

Fig. S6 Differences in amino acid sequences between ZH11 and flo19 mutants. Amino acid 

sequence alignment, the red arrow indicates the start of the mutation. 

 

  



 

Fig. S7 Structure analysis of FLO19 protein between ZH11 and flo19 mutants. 

 

 

  



 

Fig. S8 Phylogenetic analysis of FLO19 protein. The phylogenetic tree was obtained by aligning 

the full-length amino acid sequence of FLO19 and its homologous genes from fungi to higher plants. 

FLO19 (Oryza sativa), EAY91433.1 (Oryza sativa), KAF0927413.1 (Oryza meyeriana var. 

granulata), XP 006650418.1 (Oryza brachyantha), XP 003561198.1 (Brachypodium distachyon), 

KAF7044371.1 (Triticum aestivum), KAE8819606.1 (Hordeum vulgare), BAJ85681.1 (vulgare 

subsp. Vulgare), XP 014633586.1 (Glycine max) and NP 194784.1 (Arabidopsis thaliana) are 

representative proteins from higher green plants; NP 250433.1 (Pseudomonas aeruginosa PAO1) is 

a representative protein from bacteria; NP 592932.1 (Schizosaccharomyces pombe) and XP 

642454.1 (Dictyostelium discoideum AX4) are representative proteins from fungi. 

 

  



 

Fig. S9 The asparagine synthetase activity. Asparagine synthetase activity of flo19 mutants and 

ZH11 in shoot (a) and root (b). Data are means ± SD, n=3 (Student’s t-tests, *, P < 0.05; **, P < 

0.01; ns, no significant difference).  

 

 

 

  



 

 
Fig. S10 Effect of FLO19 gene mutation on carbon metabolism. (a) Activity of ribulose 

bisphosphate carboxylase oxygenase in seedlings of flo19 mutants and ZH11. (b) The content of 

acetyl-CoA in flo19 mutants and ZH11 seedlings. Data are means ± SD, n=3 (Student’s t-tests, *, P 

< 0.05; **, P < 0.01).  

 

 

 

  



 

 
Fig. S11 Quality traits and yield traits of four main haplotypes. (a) Protein content. (b) 1000 

grain weight. (c) Number of flowers. (d) Setting rate. (e) Number of days to heading. Data are means 

± SD (Hap1, n=294; Hap2, n=174; Hap3, n=32; Hap4, n=12). Different letters represent significant 

differences at P <0.05, Duncan’s multiple range test.  

 


