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Abstract  

Direct-seeding has become increasingly popular and an inevitable trend in rice growing region due to its labor-

saving and lower production costs. However, weak seedling establishment, slow and poor seedling emergence 

will cause yield loss, so that restrict the technique’s application and popularity. In rice, mesocotyl as a primary 

organ for seedling emergence can push the shoot tip toward the soil surface. Therefore, it is necessary to introduce 

mesocotyl elongation related genes into elite varieties and screen genetic resources of mesocotyl elongation to 

enhance seedling emergence.  

 

Methodology and Theoretical Orientation: 

Mesocotyl length was measured in various rice accessions under agar condition and carried out association 

analysis to identify candidate genes related to mesocotyl elongation using a natural population comprising 137 

rice cultivars and inbred lines selected from the Korean rice core set. Genome-wide association study (GWAS) 

using ~1.44 million high-quality SNPs, which were identified by re-sequencing all rice collections.  

 

Findings: 

55 candidate genes on chromosome 1, 3 and 4 in the high peak SNP sites of associated loci for mesocotyl length 

were revealed. By detecting highly associated variations located inside genic regions and performing functional 

annotation of the genes, we ultimately identified 22 genes that may be responsible for mesocotyl length. In 

addition, the haplotype and sequence analysis of the candidate gene (Os01g0272600), which was revealed the 

correlation between sequences of functional variations and phenotypic. Several novel mesocotyl length related 

candidate genes previously were known for the function during rice germination and uncovered their substantial 

natural variations. 

 

Conclusion and Significance: 

Our research identified some mesocotyl elongation related novel candidate genes and their substantial natural 

variations in rice seedling emergence stage. The revealed candidate genes of mesocotyl elongation would provide 

valuable resources for molecular breeding and genetic improvement of the seedling emergence after direct seeding. 
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Figure 1. Verification of replications in mesocotyl phenotype by histogram table of accessions. 
Figure 2. Genetic relatedness in the diversity panel evaluated on the SNP data used for GWAS. (A) Samples’ 

relationship in the three-dimensional space of the first three principal components derived from a PCA. Red dots 

represent samples. (B) Kinship analysis on the panel. Top left, the distribution of estimated kinship values. In 

the main panel, the pairwise kinship values depicted in increasing tones of red. Outside the matrix, the resulting 

clustering tree.  

Figure 3. Manhattan plots and Q-Q plots of rice mesocotyl elongation. A and B: Manhattan plots of mesocotyl 

elongation two replication; a and b: Manhattan plots of mesocotyl elongation; c and d: Q-Q plots of mesocotyl 

elongation.  



 
Figure 4. Haplotyping and sequence analysis of Os01g0272600, which was correlated with a phenotypic 

difference. A: gene structure of Os01g0272600 and results of haplotype analysis. Black boxes represent coding 

regions, solid lines represent introns and red line represent the location of amino acids. B: Average mesocotyl 

length of each group by results of haplotype analysis. 

Table 1. List of annotated candidate genes associated with mesocotyl elongation on chromosome 1, 3, 4.  
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