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Project Overview: Biological Hypotheses
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gene flow

Estimate 
recombination & 
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Project Overview: Software Tools
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Genome 
Phylogeny

Minimap2 & 
Samtools

VCFTools & 
BCFTools

IQ-Tree

iToL

Pop Genome 
Analysis

VCFTools & 
BCFTools

ClonalFrameML

Pan-Genome 
Analysis

Ppanggolin

APE package 
(R)

Genome-Wide 
Association 

Study (GWAS)

BinaryPGLMM 
(R)

GEMMA



Project Overview: Data-Science Skills
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Domain 
Kowledge

Mol Biology

Genomics

Evolution: pop 
genetics & 

phylogenetics

Linux & Git

Batch-
processing

Source control 
& distributed 
computing

Commands 
(CLI)

Python & 
Notebook

Pre-processing

BioPython

BioPerl / 
BpWrapper

Machine 
learning

R/RStudio/R 
Markdown

Visualization

Statistical 
analysis

Modeling & 
inference



SNP stats

• N=316 genomes (from NCBI); Ref: BA71 (NC_044942)

• N=26,372 (L=180,365 bp) bi-alleleic (-m2 –M2 –c2)



Genome phylogeny

• IQ-Tree (mid-point)

• N=62 genomes 
(random 10 for I & II)

• Mistake or multiple 

serotype 
determinants?



Gene tree inconsistencies: Recombination & Horizontal Gene Transfers

B646L (p72) EP402R (CD2V)



Negative & Positive Selection in Genes (n=161 ORFs):
Ka/Ks Analysis with PAML

1. Download gene alignments (git pull)

2. Download & run IQ-Tree

3. Download & Install PAML & PAML-XImages from Steffen et al (2022)

http://iqtree.org/
http://abacus.gene.ucl.ac.uk/software/paml.html
https://www.mdpi.com/2073-4425/13/6/1090


Ka/Ks Analysis: PAML Site Models

• Images from Steffen et al (2022)

• Download & Install PAML & PAML-X

https://www.mdpi.com/2073-4425/13/6/1090
http://abacus.gene.ucl.ac.uk/software/paml.html
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