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Analysis of recombination hot regions based on inference of intensity of
recombination at nucleotide level in pathogenic bacterial species
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This project elucidated landscape of realized homologous recombination and
recombination “ hot” region with elevated rates relative to the genome average in 11 human
pathogens of major public health importance. It gave answers to the following questions: (A) Do
virulence genes show elevated rates of recombination? (B) Do genomic regions carrying recurrent
amino acid changes under diversifying selection show elevated rates of recombination? (C) Are there
shared recombination “ hot” or “ cold” genes that show consistently high or low recombination rate

among the species? (D) Is horizontal gene transfer between species related to the recombination “

hot” region? Furthermore, another methodological improvement and its application to Helicobacter

pylori enabled elucidation of novel population structure and amino acid changes that were important
during its evolution.



Michaelson,

2012, Cell
13
(A) (B)
(©) (D)
DNA
Lawson
2012, PLoS Genetics 1
(Yahara
2014. Mol. Biol. Evol)
10
(tbp)

10

3
1. Yahara K, Didelot X, Jolley KA, Kobayashi I, Maiden MC, et al. (2016) The Landscape of

Realized Homologous Recombination in Pathogenic Bacteria. Mol Biol Evol 33:
456-471.

2. Yahara K, Furuta Y, Morimoto S, Kikutake C, Komukai S, et al. (2016) Genome-wide
survey of codons under diversifying selection in a highly recombining bacterial
species, Helicobacter pylori. DNA Res 23:; 135-143.

3. Thorell K, Yahara K, Berthenet E, Lawson DJ, Mikhail J, et al. (2017) Rapid evolution of
distinct Helicobacter pylori subpopulations in the Americas. PLoS Genet 13:

€1006546.



10
1 Koji Yahara. Population genomic studies of microbial recombination, phylogeny, and population

structure. 2019 3 7

2 Koji Yahara. Elucidation of recombination hot regions under selection in bacteria
"Recent Advancesin Biological Sciences’, Puerto Rico,2017 11

2017 8

4 Koji Yahara*, Kaisa Thorell*, Elvire Berthenet, Daniel J Lawson, Jane Mikhail, Ikuko Kato, Alfonso
Tenorio Mendez, Cosmeri Rizzato, Maria Mercedes Bravo, Rumiko Suzuki, Yoshio Yamaoka, Javier
Torres, Samuel K Sheppard, and Daniel Falush.

Rapid evolution of distinct Helicobacter pylori subpopulations in the Americas.
Applied Bioinformatics & Public Health Microbiology, Hinxton, UK, May 2017

5 Koji Yahara. Methods for studying recombination hot regions and population structure in bacteria
The 1% SMBE Satellite Workshop on Genome Evolution in Pathogen Transmission and Disease, Shiga
LakeHotel, 2016 2 23

39 2016 12

7 , Xavier Didelot, Keith A Jolley, , Martin C. J. Maiden, Samuel K. Sheppard and
Daniel Falush. The landscape of realized homologous recombination in pathogenic bacteria. 18
2016 8

8 Koji Yahara. Elucidation of recombination hot regions and population structure in bacteria. Invited to
International Symposium on Genome Microbiology. International Symposium on Genome

Microbiology, Tokyo Institute of Technology, 2016 3

9 Kaoji Yahara, Xavier Didelot, M. Azim Ansari, Samuel K. Sheppard and Daniel Falush.
A novel method for efficient inference of recombination hot regions in bacterial genomes and its
application to 200 C. jegjuni genomes. The 18th International workshop on Campylobacter,
Helicobacter and related organisms, Energy Events Centre in Rotorua, 2015 11 3

10 Kaoji Yahara, Xavier Didelot, M. Azim Ansari, Samuel K. Sheppard and Daniel Falush.
Efficient inference of recombination hot regions in bacterial genomes. Conference to celebrate the
opening of our new MRC CLIMB centre “What can we learn from hundreds of bacterial genomes?,
Swansea University, 2015 10 22



@
Daniel Falush Max Planck Institute, University of bath
Xavier Didelot Imperial College London, University of Warwick
Martin Maiden University of Oxford
Samuel Sheppard Swansea University, University of Bath
Ichizo Kobayashi



