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Abstract

Plant epidermal stomata controls water evaporation and gas exchange for photosynthesis in plants.
Leaf cuticle forms a physical barrier to protect plant from dehydration. In order to identify the factors
involved in the formation of stomata and cuticular layer, we firstly performed genome-wide association
study (GWAS) to understand the genetic basis of leaf developmental traits such as cuticle permeability
and stomatal conductance in a collection of 88 Arabidopsis ecotypes originated from regions including
Asia and Europe. We have identified significant peak located on chromosome 2 associated to cuticle
permeability. For leaf-level gas-exchange measurements, significant peak on chromosome 5 associated
with carbon dioxide assimilation. There are multiple significant sites founded to be associated with
stomatal conductance and transpiration, and more samples might be needed to detect the significant
site for stomata density as its association results appeared to be controlled by multiple loci with non-
significant effect. The phenotype correlation shows that when cuticle permeability is high i.e. thin
cuticle, stomatal density is reduced and the leaf-level gas-exchange including gsw (stomatal
conductance to water) and E (transpiration rate) will be increased. However, there will be a plateau for
A while the cuticle permeability is increasing, suggesting a negative correlation between cuticle
permeability with stomata density. In addition, to identify players involved in cuticle biosynthesis, we
have identified twelve potential candidates involved in cuticle biosynthesis based on the transcriptome
data from our lab and publicly available single-cell RNA-seq datasets. In addition to the cuticle
permeability, the cuticle biosynthesis mutants exhibit different leaf-level gas-exchange measurements
to the wild-type, suggesting the impaired cuticle might affect the carbon assimilation and transpiration.
We also observed the negative correlation between cuticle permeability with stomata density for some
of the mutants. The results will provide insights to the study on how to regulate the cuticle thickness
and stomata density for a improved water usage efficiency.
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