The Nutrient Revolution: 
How Cyanobacteria Transformed a Starved Planet

Lead Institution/Department: University of Bristol, School of Geographical Sciences
Primary Supervisor: Professor Patricia Sanchez-Baracaldo 
Co-supervisors: Dr Lewis Alcott (Earth Sciences), Dr Fanny Monteiro, Dr Joanne Boden, 

Scholarship: The Bristol Postgraduate Research Scholarship covers full fees, a stipend at UKRI (UK Research and Innovation) rates (£20,780 for 25/26) for living expenses, and up to £2,100 per year for research expenses, for a registration period of 4 years. Study will begin in September 2026. 
The deadline for applications is 19th January 2026.
https://www.bristol.ac.uk/science-engineering/postgraduate-research/pgr-scholarships/
Project aims and methods
Cyanobacteria transformed Earth’s surface environments by producing the first biogenic oxygen, but their long-term success depended on evolving strategies to acquire scarce nutrients such as phosphorus (P) and nitrogen (N). Supplies of P and N are limited in many aquatic ecosystems, creating a fundamental challenge for cyanobacteria that required these elements to build DNA, ATP, chlorophyll, and enzymes. Despite these constraints, cyanobacteria have, over nearly ~3 billion years, evolved an exceptional repertoire of metabolic mechanisms to access essential nutrients—including high-affinity phosphorus transporters, nitrogen fixation, and diverse molecular assimilation pathways.
Understanding how these metabolic innovations arose provides critical insight into the co-evolution of life and Earth’s biogeochemical cycles. Yet the evolutionary timing, genomic origins, and ecological drivers of these nutrient-acquisition systems remain poorly resolved. Using the cyanobacterial tree of life, this project will investigate how and when phosphorus and nitrogen acquisition pathways evolved, and how these genomic innovations shaped cyanobacterial diversification. We will apply large-scale comparative genomics and phylogenomic approaches to: (1) reconstruct the evolutionary history of genes and operons involved in phosphorus uptake (e.g., pstSCAB, pho regulon, phosphonate pathways) and nitrogen acquisition (e.g., nitrate/nitrite transporters, ammonium uptake, cyanide degradation); (2) identify patterns of gene gain, loss, and lateral gene transfer across major cyanobacterial lineages; and (3) assess how these genomic innovations influenced biogeochemical cycling in ancient oceans, including nutrient limitation in Proterozoic environments and transitions into modern freshwater and marine systems.
The PhD student will work at the interface of genomics, evolutionary biology, geobiology, and biogeochemical modelling, with opportunities to generate new datasets and develop novel phylogenomic tools for studying metabolic evolution. This project is ideal for students interested in evolutionary biology, metabolic innovation, bioinformatics, comparative genomics, and Earth system evolution.
The supervisory team will ensure the student will receive tailored training to their needs.  These could include comparative genomics, molecular evolution, phylogenetics, computer programming (e.g. Shall Scripting, R Scripting, or Python), and other. All the skills they will learn are highly transferrable and will be useful to them irrespective of what career path they will choose within the realm of evolutionary biology and microbial genomics more broadly (e.g. bioinformatics and genomics). 

Candidate Requirements
Computer programming skills in a relevant language, e.g. C/C++, Python, R or Matlab would be an advantage
Further Information
Please contact Patricia Sanchez-Baracaldo (P.Sanchez-Baracaldo@bristol.ac.uk) for informal enquiries. 
· https://www.bristol.ac.uk/geography/courses/postgraduate
· https://www.bristol.ac.uk/geography/courses/postgraduate/physphd.html
· https://sanchezbaracaldo.wordpress.com/
· https://bsky.app/profile/earlylife.bsky.social 
How to Apply: Please apply to the “Geography (PhD)” programme at https://www.bristol.ac.uk/study/postgraduate/apply/
