
PhD Project Update: 
Photorhabdus Virulence Cassettes

www.warwick.ac.uk/go/gibsongroup J.R.J.Healey@warwick.ac.uk

Joe Healey
Department of Chemistry (MOAC),

University of Warwick, UK

@JRJHealey

Group	Presentation	8/2/2017



Quick Refresher
PhD based on trying to understand and exploit a toxin delivery mechanism
created by the insect/human pathogen Photorhabdus – the Photorhabdus
Virulence Cassette (PVC)

Yang, G., et al. J Bacteriol, 2006. 188(6): p. 2254-61
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Chapter 1: Understanding 
recombination in the PVC operons

Key terms:
- Recombination (interchanging segments of DNA, usually requiring some sequence similarity)
- Operon (A cluster of genes with different products, but are functionally linked)
- Identity (How similar 2 stretches of a gene/protein are. Identity =/= homology.

PVCs are ‘the same but different’. They
have diverse sequences but perform the
same jobs – we think this is vital to their
function and why there are multiple forms.

‘Usual’ methods of determining
recombination are high resolution, but
only work for high identity seqs (e.g.
ClonalFrame).

We can look on a ’gene-by-gene’ basis
though.
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Creating Sequence Alignments

Pairwise or Multiple Sequence Alignment (pairwise limited to 2 seqs), but
can be more informative

Loads of aligners. Each has strengths and weaknesses:
- e.g. MUSCLE (accurate, good for medium datasets and proteins)
- e.g. MAFFT (fast, good for medium to large datasets)
- e.g. T-Coffee (accurate, with error correction, small datasets)
- e.g. Clustal (User friendly, lots of algorithm options)

Once you have an MSA, you can calculate %ID, and do many downstream
analyses.

http://www.ebi.ac.uk/Tools/msa/ or   http://www.ebi.ac.uk/Tools/psa/
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Basic Sequence Stats

Once you have the sequences you need, with simple scripts (~12 lines of
python) or online tools we can get basic info which can be surprisingly
informative:

http://www.ebi.ac.uk/services - loads of good little web tools
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Comparing sequences
From a MSA, you create a hierarchy of relatedness, AKA a dendogram or
phylogeny. This is repeated for every (structural) gene along the operon.

- e.g. RAxML (accurate, pretty fast, horrible to use)
- e.g. Fasttree (uses a weird algorithm, but fast and easy)

Visit http://phylo.cs.mcgill.ca/ and thank me later (I take no responsibility for
unfinished theses in the event you get hooked).
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Comparing phylogenetic patterns
With trees for every single gene, they can be compared for consensus, and
a simulated tree for the species is inferred by a program called ASTRAL
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Visualising Phylogenetic Patterns
Lastly, there are a number of metrics of tree similarity (“congruence”). We
can calculate and then visualise these to look for patterns.
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So what next?
There is a stand out trend in the data, no matter which metric you assess it
with – Tree 13. PVC13 is the tail-fibre binding protein that belongs to the
PVC (the same proteins Laura talked about in her presentation 2 weeks
ago)
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There are tools that give you functional
information (with caveats). Most famous is
BLAST, but there are more sensitive tools
(HHpred).

Based on their variability and proposed
functions, they are great targets for cloning.
(Thesis chapter 2 is structural
characterisation of 2 of these proteins).



https://toolkit.tuebingen.mpg.de/hhpred



http://www.ebi.ac.uk/Tools/pfa/ (Protein Functional Analyses)

If you’re lucky, your protein (or at least domains of it) will already be known
and you’ll get useful structural info for free.

You may even be able to simulate some of them…

Again, EBI has loads
of tools for analysing
all sorts of things:
e.g. presence of 
repeats (RADAR), 
ontology 
(InterProScan), 
superfamily 
identification, signal 
peptide detection, 
transmembrane 
domain detection - ad 
infinitum.



Some additional thoughts
What tools you need and what analysis is open to you very much depends
on the question typically…however:

InterProScan is a great suite of tools (and a good place to start) if you want
a big report on pretty much everything your protein could be doing.

HHpred is our favourite for more sensitive sequence analysis. BLAST is
probably still king for nucleotide searches though.

Many of the tools I talked about are commandline based, but lots of them
have GUIs (e.g. clustal) or webserver interfaces, if you are commandline
averse (most biologists are).

Life is easier if you learn a ‘proper’ programming language (more than
happy to help!).
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