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Toxins in the venom of many organisms (including snakes) represent a significant public health risk as well as a biomedical opportunity when turned to human advantage for the diagnosis and treatment of diseases. Currently, several venom-derived drugs are available for treatment of hypertension, diabetes, pain and thrombosis while dozens more for treatment of pain, cancer, allergies and hypertension, as well as metabolic, autoimmune, infectious and neuronal diseases are currently being evaluated in clinical trials. There are also other potential applications in agriculture and research (eg, use of toxins in understanding of metabolic pathways of the immune, hormonal, neuronal or cardiovascular systems). The efficient use of this almost inexhaustible resource relies on a sound understanding of the underlying biodiversity and relationships of venomous animals, and of how natural selection acts to produce highly diversified peptide and protein families with different, highly specific, bioactivities. Since the late 1980s, we have been working on the systematics and molecular phylogeny of Asian pitvipers both at the species and higher systematic levels, and have had a major impact on the field with wide acceptance of our proposed taxonomic revision. More recently, we have applied evolutionary bioinformatic analyses to understanding venom evolution (particularly of the phospholipase A2 toxins) in this major radiation. These toxins form an important part of viper venoms, and while conserved structurally, have diversified to have a huge variety of toxic activities (haemotoxic, myotoxic, neurotoxic) on different target tissues. While their function has been well studied in a few species, our research group is the first to study them at the genomic level across a wide variety of species in a phylogenetic context, together with a study of expression (through mass spectrometric “fingerprinting”) and functional assays. The huge volume of data arising from this project is still being processed, but a number of exciting findings have emerged. For example, a previously unreported, extremely potent, neurotoxin was detected in the venom of a few populations of a widespread Chinese pitviper species. Preliminary evidence suggests that the gene encoding this variant is present in many other populations and even closely related species, but it seems to be expressed in the venom of only a few populations. This project will focus on this toxin to try and answer fundamental questions about its evolution and expression. A locus-specific approach will be used to identify alternative alleles at the same position in the genome (there could be several dozen loci encoding PLA2 toxins in any individual), PCR-based assays applied to genotype individuals at this locus across multiple populations of the species and its relatives. A phylogenetic analysis using a tree based on mitochondrial DNA (already largely derived) will be used to recover the duplication history of the neurotoxic allele, and the combined tree will be used to pinpoint the sites of selection that has led to the acquisition of the neurotoxic function. Closely-related alleles could also be screened for functional activity using a variety of existing in-vitro assays. This project will therefore suit you if you are interested in an interdisciplinary approach, and in acquiring a suite of laboratory and bioinformatic skills that have wide application to genomic/post-genomic studies, while retaining a direct focus on real organisms and how they interact with their environment. This project will be based largely on samples that have already been collected, but it should be possible to include a limited amount of fieldwork for further sampling if this is of interest to you. 
