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Project summary:

Increased average temperatures due to global warming have already altered plant phenology for both wild and
domesticated species. Plants are able to perceive temperature and subsequently reprogram their growth and
development for optimal reproduction and survival under warmer climatic conditions. The conserved plant
protein, EARLY FLOWERING 3 (ELF3), plays a central role in both the circadian regulated growth and environmental
response signalling pathways. ELF3 acts as a scaffold for complex formation with transcription factors such as
LUX ARRYTHMO, EARLY FLOWERING 4 and PHYTOCHROME INTERACTING FACTOR 4, all known to play roles in
circadian regulated growth and temperature response. In Arabidopsis thaliana and other Brassicaceae, ELF3
possess a low complexity prion-like domain (PrD) containing poly-glutamine (polyQ) repetitions of varying
lengths. The number of polyQs varies across the different accessions of Arabidopsis and within the Brassicacaea
family, and modifies plant thermoresponse. Recent studies have demonstrated that the ELF3 PrD triggers liquid-
liquid phase separation (LLPS) in vitro and in vivo in a pH and temperature-sensitive mannerand LLPS is required
for plant thermoresponsiveness. However, the molecular determinants of phase separation are poorly understood
and the effects of polyQ variation on the structure and dynamics of the phase separated state are unknown. The
proposed project will determine the structure and dynamics of ELF3 PrDs using a combination of biochemical
assays, fluorescence microscopy and small angle X-ray scattering and correlate this with in planta function. The
project will provide a biophysical and molecular understanding of how pH and temperature triggers phase
separation of ELF3 and the effect on ELF3 activity. In the long term, these results will allow us to modulate ELF3
phase states for tuning of plant temperature response.

Required skills:
Experience in protein biochemistry (expression, purification) and molecular biology are required. Experience in
small angle scattering techniques and/or plant biology are desired but not required.

Student role:

The student will perform site directed mutagenesis, protein expression, purification and characterisation using
turbidity assays, fluorescence microscopy and FRAP. Structural characterisation will be performed using small
angle x-ray and neutron scattering. The student will examine the phase separation properties of ELF3 in vitro as
a function of temperature and pH. Rationally designed mutants with altered phase separation characteristics will
be designed and tested in vitro and in planta.

Keywords:
Liquid-liquid phase separation, thermosensing, Arabidopsis thaliana, fluorescence microscopy, small angle X-
ray scattering
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