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Temperature sensitive (ts) mutants are widely used to study essential gene function in Saccharomyces cerevisiae, yet the molecular behaviour of the proteins encoded by ts alleles remains poorly understood. In this thesis, I combined sequence analysis, strain engineering, and live-cell imaging to define protein-level phenotypes associated with ts alleles at scale.
First, I analyzed sequencing information for ts alleles of essential genes from a mutant collection that has been used extensively for reverse genetic screens and systematic analysis of genetic interactions.  Essential gene alleles in the collection were predominately  missense mutations, consistent with their viability at a permissive temperature. Causal substitutions preferentially altered residue charge, rigidity, or bulk and were enriched in structured regions of proteins, indicating that many ts alleles arise from destabilizing lesions in folded domains. 
Second, I used the SWAp-Tag system to construct a modular collection of 953 ts mutant alleles in 589 essential genes tagged with a fluorescent protein. I used this collection to perform time-series microscopy experiments at the permissive temperature of 26°C and followed the phenotype of each protein at the restrictive temperature of 37°C for 12 hours. To quantify protein localization, I retrained a convolutional neural network, DeepLoc, on diploid yeast cells and developed a Flux Score and Normalized Flux Vector, which use full localization probability distributions to measure the strength and direction of protein mislocalization. These analyses revealed that protein-level defects are widespread at the permissive temperature, where 68% of mutants showed an abundance or localization phenotype. In contrast, only 28% of mutants showed significant time-dependent changes at 37°C, and most already had phenotypes at 26°C. A smaller de novo thermolabile subset was enriched for tRNA synthetases.
Together, my results show that ts alleles perturb essential proteins through multiple routes that include constitutive abundance defects, altered subcellular localization, heat-exacerbated phenotypes, and a smaller class of de novo thermolabile responses. This work provides a systems-level framework for linking mutation to protein behaviour. By constructing a new fluorescent collection and quantifying mutant protein behaviour through time series imaging, I show that ts alleles are not useful genetic tools, but also a diverse class of mutant proteins with observable phenotypes in vivo.

