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The progressive adaptation of maize germplasm to northern latitudes required the selection of early flowering 
genotypes with tolerance to low temperatures. Flint is a major germplasm pool in maize, well adapted to colder 
climates, which represents an ideal model to gain insights into the molecular basis underlying modulation of 
flowering time. We performed whole-genome screens for signatures of selection specific to 66 temperate Flint 
inbred lines compared to 70 temperate Dent lines based on high-density genotyping data. Focussing on the 
flowering network, the majority of Flint candidate genes were associated with signal integration and flower 
development. In contrast to this finding, the Dent candidate genes were primarily involved in light perception 
and photoperiod dependent pathways. We demonstrate the functional relevance of the Flint candidates for 
promoting flowering in a Dent-Flint introgression library. Whole-genome sequence data revealed that selection 
acted preferentially on the regulatory regions of the genes. Exploring the genetic variation of the candidate genes 
in more than 900 individuals derived from 38 European landraces corroborated the impact of the identified 
candidates on the adaptation of Flint to higher latitudes in temperate European climate zones. 
 
In summary, our results show that photoperiodism independent floral induction enabled the progressive 
adaptation of temperate maize to cooler and shorter vegetation periods. The Flint-specific haplotypes of the 
identified candidates constitute a promising source for the short-term adaptation of other maize germplasm pools 
to higher latitudes, which is of particular relevance in the context of ongoing global warming and its negative 
effect on maize yield. 
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Alternative splicing enhances transcriptome diversity and plays important roles in regulating plant processes. By 
transforming multivariate splicing ratios into univariate geometrical distances and combing with mixed linear 
model, we report a genome-wide association study (GWAS) to identify splicing quantitative trait loci (sQTLs) in 
developing maize kernels from 368 inbred lines. We detected 3,790 unique sQTLs involving 2,700 genes, with 
cis-sQTLs predominating. Small changes in relative isoform usage dominate most of sQTLs. sQTLs appear to be 
under relatively independent genetic control from overall mRNA level, in which cis-sQTLs are particularly 
enriched in splice-site regions. We identified 55 putative trans-acting splicing regulators, several of which are 
splicing-related proteins. Among them, ZmGRP1, an hnRNP-like glycine-rich RNA-binding protein, regulates 
the largest trans-cluster. We determined that 112 sQTLs colocalize with previous GWAS signals for downstream 
phenotypes, most of which occurred without changes in overall gene expression, underscoring the importance of 
alternative splicing in phenotypic variation. 
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