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Up-to-date methods to study bacterial
and/or viral outbreaks

Evolutionary genomics, Genotyping, Bacterial
Population structures and Phylodynamics

C. Sola, Feb 7th 2024
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SCHEDULE

* Diapos 4 to 66 = Course

* Diapos 67 to end = some clues on my research
topic

«Does my dataset contains temporal and evolutionary signal ? »

Hunter Gatherer Health (in particular : skeletal health) was better than early Neolithic people

L2 scientific english 2024, Jan. 10th 2024

Study : Space, Time, h and ic Interactions between
species...i.e. ecological changes
2
Animal and with together

with urban triggered diseases

g B

L2 cientific english 2024, Jan. 10th 2024

Infectious Diseases were and still are the main mass killers before weapons of mass destruction

L2 scientific english 2024, Jan. 10th 2024 https://ourworldindata org/historical-pandermi

Origin of tuberculosis remains uncertain

Bos taurus indicus
Sola et al. 2024, Genetics and Evolution of Infectious Diseases. 3rd Edition - Jun 2024
Chapter 27: Evolution, ics and of i

2 scientific engiish 2024, an. 10th 2024




08/02/2024

Definitions

L2 scientiic english 2024, Jan. 10th 2024

Today’s Pandemia have nothing to do with historical pandemia
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e . o
¢ 2 e
smallpox, messles and other | | Plague of Cyprian (third century) | | P falciparum malaria (2002-2004)
cightcenth centuny) century)

L2 scientiic english 2024, Jan. 10th 2024,

Mode of Infection

A. General Transmission Direct « Pathogen survives best inside the body
< Contact «Eg: HIV, Herpesviruses, Ebola
Abiotic environmental factors 2
*Wind * Inhalation of spores. 2
Water Laen of £ «Pathogen survives harsh environment
v @ Indirect = Pick up pathogen from surface or air
g (Comact €8 Influenza, norovirs
I
=
- <  Pathogens are indropets, but do not
— g oropless survive long this way
5 «€a: Ebola, Bordetell pertusss
I
o
b= Pathogens aerosolized and stay
S Airborne infectve
Eg:Ifluenzs, Tuberculosis
£
3
2 2
Animal vectors s
-+ * Thee contaminated water or food
+Mosquitoes (malaria, dengue) Fecal - Oral e et
«Fleas (bubonic plague) -

L2 scientific english 2024, Jan. 10th 2024

Increased Networks and Trade, Temperature, Population, Migration,
Ecological changes... are promoting factors of new emerging
diseases
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) ) Average monthly maximum temperature
The global international air travel network in 1970-2000) and difference between 2070—
2100 and. 1970-2000 averages

L2 cientific english 2024, Jan. 10th 2024

Outbreak Definition
How can we detect outbreaks ?

Experts Automated Outbreak Detection

‘Are there to0 many cases, here and now, compared with expectations?”

€DC 1981 : AIDS One standard spprosch: Univariste time seres + Regression + Confidence Interval

Acquired Immune Deficiency Syndrome i
(AIDS) was first recognized as a new i
disease in 1981 when increasing

numbers of young homosexual men

succumbed to unusual opportunistic -
infections and rare malignancies

For example
faingtonFleibl (from R-package surveilance). ved hee for benchmarking
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How infectious Diseases spread : Modeling Epidemiology How infectious Diseases spread : Modeling Epidemiology
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How infectious Diseases spread : Modeling Epidemiology
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Today’s methods of outbreak study

—

Patient Cluster Analysis Pathogen Genome Cluster Analysis
Social network Analysis Genome Analysis
Digital Epidemiology International Databases and GIS

“Close contact detector’ can be accessed via three of the most
popular mobile social and payment apps in China, namely
Alipay, WeChat and QQ

#Tous
AntiCovid b

Developed by Lauren Gardner (an epidemiologist) and her team from the John
Hopkins U CSSE (Center for Systems Science and Engineering)

Outbreak Prevention Methods

Break the Chain = 5 steps of infection prevention
Outbreak

Proparedeness  Ef supuissu)

and Response

:/\.

Chain of
Infection Transmission
Control

Measures

BEEED =

VACCINATION

THE UNIVERSITY OF
ALABAMA AT BIRMINGHAM

EXPERT COMMENTARY

The Next Pandemic: Prepare for “Disease X”
Kenneth V. Iserson, MD, MBA' The University of Arizona, Department of Emergency Medicine, Tucson, Arizona

Section Editor: Mark | Langdorf, MD, MHPE

3 14,2020
Electronically published June 8, 2020

Ful
DOI: 10.5811/westjem.2020.5.48215
[West J Emerg Med. 2020;21(4)756-758.]




We are living the last hours of pDST*
*phenotypic drug susceptivity testing

The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 OCTOBER 11, 2018 VOL.379 NO.15

Prediction of Susceptibility to First-Line Tuberculosis Drugs
by DNA Sequencing

he CRyPTIC Consor o 00,000 Ge
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OMICS yes ! everywhere ? no!

MICROBIAL GENOMICS RESEARCH ARTICLE "‘ MICROBIOLOGY
Bainomugisa et 2
001101

!BAra BificrosioLocY

A complete high-quality MinlON nanopore assembly of an
extensively drug-resistant Mycobacterium tuberculosis Beijing
lineage strain identifies novel variation in repetitive PE/PPE
gene regions

Arnold Bainomugisa,'* Tania Duarte," Evelyn Lavu, Sushil Pandey,* Chris Coulter. Ben J. Marais® and
Lachlan M. Coin’

-WGS cost : 200 Euros (going down though... 40 Euros in 2022)
-A 50-Plex hybridization bead-based surveillance assay : 10-20 Euros

WGS still difficult to implement outside EU, however
implementation in progress in Africa, South-Africa, Ghana
Madagascar

What is an outbreak ?

« A sudden increase of the incidence of a disease »
Definition: Endemia, epidemia/outbreak, pandemia

In 2008 “the plane is the key factor in the spread (of epidemics) worldwide.
(...) The lines on which there are large passenger flows create preferential
paths for the disease. SARS (2003) arrived in France and Canada by flights
from Hong Kong ».

Goal of epidemiological surveillance: anticipate, forecast, limit the spread
Goal of Government : take actions (test, isolate, trace, vaccinate, cure)

An example

Exemple 1: Hemoculture positive to Klebsiella pneumoniae *
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Question: Outbreak ?

Tiré du cours de Dominique Blanc, MER PD Service de médecine préventive hospitalire
CHUV pdf hh_epidem-mol2007.pdf disponible sur le web.

What is epidemiology ?

* « Epidemiology is a reasoning and a method specific to
perform objective work in medicine and in other health
sciences, applied to the description of health phenomena, to
the explanation of their etiology, and to the research of
methods of most effective intervention » (Milos Jenicek)

« Study of links between the diseases and some factors that
may have an influence on their frequency, their distribution,
their evolution

* Descriptive, Analytical, Evaluative, Theoretical,
Modeling

What is molecular epidemiology ?

« It is the indirect study of epidemics by the
phenotypic, genotypic, genomic characterization
of the diversity of populations of pathogens, and
through the study of the dynamics of spatio-
temporal distribution of their genotypes or
phenotypes or genomes, and their variability , as
characterized by the most effective methods, in
association with the characteristics of the patients
(demographic, medical, genetic, anthropological,
geographic, social, etc.)

(C. Sola)
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Other definition (broader)

* “The application of molecular biology to the
answering of epidemiological questions. The
examination of patterns of changes in DNA to
implicate particular carcinogens and the use
of molecular markers to predict which
individuals are at highest risk for a disease are
common examples”

http://www.termsciences.fr/

Taxon (OTU), Speciation, molecular evolution
species definition in microbiology...

* Speciation = the evolutionary process by
which new living species emerge

» Taxon= conceptual entity which is supposed to
group together all living organisms having in
common certain well-defined taxonomic or
diagnostic characters

* Molecular Evolution : evolution of genetic
material via its own mechanisms which are at
the origin of the creation of genetic novelties

Selection : Darwinian ? Neutralist ?

« the overwhelming majority of genetic ions that we acc late in our are
neutral »

C. Darwin

http://du-cote-de-chez-elysia-chlorotica.blogspot.fr

Population Structure
Panmixia or clonal ?

* Panmixic : an individual belonging to a panmictic
population has as much chance of reproducing with
any other individual of this population. (Neisseria
meningitis)

» Clone : group of cells, or organism that is
descended from and genetically identical to a single
common ancestor, such as a bacterial colony whose
members arose from a single original cell.
(Mycobacterium tuberculosis)

Lateral Gene transfer

Papers By -~ -
Dr. Michael Syvanen on 7'4\ \/L
Horizontal Gene Transfer L ]k ’I—-m sty of ca k‘.-.v..
http://www.yvm.net/vme/hgt/

« horizontal gene transfer exists, it has real
biological importance, and it is a process that has
shaped the history of evolution from the start of life
on Earth »

K. Ochiai, T. Yamanaka, K. Kimura et O. Sawada, « Inheritance of drug resistance (and its tranfer) between
Shigella strains and Between Shigella and E.coli strains », Hihon lji Shimpor, vol. 1861, 1959

Michael Syvanen, « Cross-species Gene Transfer: Implications for 2 New Theory of Evolution »farchive], J.

Theor. Biol., vol. 112, p. 333-343, 1985.

Different Phases of an epidemiological study

1. Selection of populations

— Convenience sample,

— statistical study design

— Duration and places of sampling,
— inclusion criteria

* 2. Study Methods

Preparation of material,
distribution,

choice of genetic methods,
production of results

« 3. Statistical Analysis of Data

— Type of analysis (global, sequential)
— detailed study of the clusters (by location, by year
4. Interpretation
— Calculation of recent transmission rate,
— Data-mining of big datasets and GWAS studies (pangenome)
— intervention epidemiology



http://www.dcn.davis.ca.us/vme/hgt/JTheoBiolvol112pp333-343yr1985.PDF
http://archive.wikiwix.com/cache/?url=http%3A%2F%2Fwww.dcn.davis.ca.us%2Fvme%2Fhgt%2FJTheoBiolvol112pp333-343yr1985.PDF
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Phenetic/Genetic/Genomic Methods How to choose one method -1 ?

* Enzymatic/Protein Polymorphism

) " ) ) s and 106 |
systematics, Selander RK, Caugant DA, Ochman H, Musser JM, Gilmour MN, Whittam TS,
1986
Biochemistry (biotyping)
Resistance to antibiotics (antibiogram/DST)
Antibody-based (serotyping)

thousands or million of years/ Worldwide studies

Resistance to phages (lysotyping) ~§
o . c 1]
* Genetic Polymorphism gm decades/ national continent
Repeated Sequences (IS, VNTR-MLVA, CRISPR) 2
MLST scheme (multi-locus sequence typing) GE)
WGS/NGS, SNPs analysis, and Metagenomics =

+ day/ month regional

How to choose one method -2 ? Interpretation of Typing results: the paradox
two isolates of the
« Typability, Reproducibility, Discriminatory power (>0,95) same ty.pe afe not OGS
) ) ] always identical (only a
Index of Hunter & Gaston- (J Clin. Microbiol. 1988) fraction of genomes is D
analyzed) we say that D
« Economical and practical criteria they are RED
Exemple = MLVA or Spoligotyping ? « undistinguishable »
» Within an epidemiological investigation context,
. Others two isolates with identical profiles
— Versatility, Rapidity, Accessibility, Facility of use, level come from a °°’:’?°”V?/"°33t°r by a sam®
of expertises, downstream expertise needed, etc... ransmission chain. We are supposing that

they are epidemiologically linked. The strength of
the conclusion depends on the
discriminatory power and on the stability of

3 markers 0
Performance Criteria Numerical or analogical Typing ?
Discriminatory Power= ability to differentiate between isolates * AnaIOglc

— Bands analysis, variations of migration, physical
variation (temp, buffer, agarose, etc...)

Number of types/ number of tested isolates * Numerical

Discriminatory Index= probability that the method will assign

to different types to two idependent isolates

Comparison between different methods.

— Generation of figures

1 v — Necessity of coding : information can be raw
D=1 _—Z a. or interpreted
J . .
NN -3 — Standardization
a;= nombre d'isolats qui sont du méme type que l'isolat j — SNPs
Indice de diversité de Si écologie des ions) repris par Hunter et

Gaston pour la caractérisation des méthodes de typage en épidémiologie. "n



http://www.ncbi.nlm.nih.gov/pubmed/2425735

Some historical ancient methods

* PFGE= pulse-field gel electrophoresis

Staphylococcus
REA= restriction Enzyme Analysis
* RFLP= Restriction Fragment Length Polymorphism

1IS901-RFLP = Mycobacterium avium and paratuberculosis
1S6110-RFLP : Mycobacterium tuberculosis

MLST= Multi-Locus sequence Typing
(detect alleles in 7 house keeping

08/02/2024

Exemple: spoligotyping in M. tuberculosis
(CRISPR typing)

binary coding
octal coding

Attribution of « shared-types » or « spoligo-
international types »

* creation of databases
| _muEw  SENEEEEEEES |

000 00m O DS §)) BN BN
0, 1, 2, 3, 4, 5, 6, 7

genes)
Exemple: spa typing Staphylococcus
spa Typing of Staphy aureus asaF line Tool in Epidemiological Typing

Staphylococcus aureus spa typing

‘The spatyping technique uses the sequence of a polymorphic VNTR in the 3' coding region of the S. aureus-
tein A (5p0). ina

The individual repeat length for the spaVNTR is usually 24 bp, 21030 exist. Although
it offers a subtyping
and/or ) h as MLST and PFGE. The for subtyping of 5.

aureusin hospital and outbreak settings.

Spa gene

Sequence

GAGGAAGACAACAACAAGCCIGGCA:

<<

R

Repeat succession:

Trees or Evolutionary networks ?
why we should do bioinformatics...

*  Phylogenetic trees
— PHYLIP® . ) 5
— PAUP® BMC Evolutionary Biology o s
— PAML® ;

oftw

*  Networks BEAST: Bayesan evolutionary analyis by sampling trees
— Networks® Alexei | Drummond bau
— MST : minimum spanning tree
— -e-BURST®

* Populations Structure
-Structure®

* Bayesian inference methods and other probability approaches
Maximum Likelihood

— BEAST (Drummond et al. 2007)

‘httos://beast.community/

hito//evalution genetic du/ohvlio/software htrol
- RaXML. (Stamatakis et al. 2014)

Exehxns Lab

Spa type v Strommenger et al. 2008, J Clin Microbiol
1253 i
APPLICATIONS NOTE 27 s
Phylogenetics Advance Access pubication Jarusry
RAxML version 8: a tool for phylogenetlc analysis and
post: is of Iarge pt

Alexandros Stamatakis'?
ntfic: Computing Group, Heidelberg Institute for Theoretical Studies, 69118 Heidelberg and “Departm
Institute of Theoretical Informatics, Karisruhe Institute of Technology, 76128 Kartsruhe, Germany

Bioiformatics, 3521, 2015, US3-4455
dot 1010V brformatcs 05
Advance Access Publcaton Date: 9 May 2019
RS OXFORD
Phylogenetics

RAXML-NG: a fast, scalable and user-friendly
tool for maximum likelihood phylogenetic
inference

Alexey M. Kozlov &"*, Diego Darriba ©°, Tomas Flouri', Benoit Morel’
and Alexandros Stamatakis"

"Computational Molecular Evolution Group, Heidelberg Institute for Theoretical Studies, Heidelberg, Germany and
“Institute of Theoretical Informatics, Karisruhe Institute of Technology, Karlsruhe, Germany

Databases and data management
« BIONUMERICS: one universal platform to store and analyze biological data »

Bionumerics® (version 7-> 10) zo1e: siomerioux acauisition

COMPANY REFERENCES  CONTACT

/ NGB Manage. Analyze. Discover.
\

BIONUMERICS-GEL COST 822
BIONUMERICS-MALDI Development of integrated systems
BIONUMERICS-SEQ for large-scale propagation of elite
plants using in vitro techniques
BIONUMERICS-SUITE Report of a s, 1994-95

Material and methods

Plants from 200 ryegrass varict
individual plant

‘GELCOMPAR

Vauterin,L. and Vauterin, P. (1992). Computer-aided objective of
pattemns for grouping and identification of microorganisms. Europ. Microbiol., 1, 37-41



https://beast.community/
http://evolution.genetics.washington.edu/phylip/software.html
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GIS
Geographic information systems

« http://philcarto.free.fr/ Philippe Waniez, IRD
(under Windows only)

* QGIS www.qgis.org

the best choice that allows to go deep into GIS (landscape

genetics) (works under all kind of systems)

QCIS 3.28 Firenze

hds\been released!

Use of molecular typing in real-time Infectious diseases
epidemiology
1. Investigation and control of outbreaks
2. Surveillance of infectious agents (endemic)
3. Study of infectious agents epidemiology

= v oocs moc toam
Nextstrain . T
Fighting pandemics with digital epidemiology
Real-time tracking of pathogen evolution N - Ao
/140l org/ 10,1016/ ecinm 2020100512
Wit Sci Soc Policy, 2018 Doc; 14:1
DIGITAL EPIDEMIOLOGY AND OTHER dok: 10,
TECHNOLOGIES / INNOVATIONS RELEVANT Digital epidemiology: what is it, and where is it going?
FOR PUBLIC HEALTH FUNCTIONS Marcel Salathé”

— ephazr

Global View of Tuberculosis

Maintained by Emm:
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How to study the MTB CRISPR locus ?
the « spoligotyping » principle

A 156710
Myc ium
tuberculosis I oI i i e R e DD BCG
1s6110 1744 references
8 on Feb 7th 2024
svv w2wlsM
oo owom oo ouow
_ Ampification
e — Products
spoligotyping Ep—
JouRAL OF CLNIcAL MICROBIOLOGY, Apr. 1997, p. 907-914 Vol 35,No. 4

0095-1137/97/804.00+0
Copyright © 1997, American Sacicty for Microbiology

Simultaneous Detection and Strain Differentiation of Mycobacterium
tuberculosis for Diagnosis and Epidemiology

JUDITH KAMERBEEK.! LEO SCHOULS,' AREND KOLK? MIRANDA vax aGTERVELD,  Gited 23530
DICK vaN SOOLINGEN,” SIOUKJE KULIPER,* ANNELIES BUNSCHOTEN,!
HENRI MOLHUIZEN,' RORY SHAW,' MADHU GOYAL* 52
AND JAN VAN EMBDEN'*

Four generations of CRISPR and SNP typing
Typing for Mycobacterium tuberculosis

Spoligotyping on a miniblotter Spoligotyping on a Luminex*®® analyzer

Spoligotyping on a MagPix analyzer

— Ampification
— roducts

Spoligo-RIF-typing
MLPA-typing
SNP-Typing

Using affinity propagation for identifying
subspecies among clonal organisms: lessons from|

M. tuberculosis
g x

Borile et al. BMC Bioinformatics 2011, 12224
httpz//www.biomedcentral.com/1471-2105/12/224

A. Jaccard
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http://philcarto.free.fr/
http://www.qgis.org/
https://scholar.google.com/scholar?cites=3886688147953800569&as_sdt=2005&sciodt=0,5&hl=fr
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http://crispr.u-psud.fr/Server/

CRISPRfinder program online

===~
http://www.pasteur.fr/recherche/genopole/PF8/crispr/CRISPRDB.html

P TR e

Institut Pasteur CRISPR Query Page

Wi S — .
(a8 o Pastns Gacctn - arce) y G G 55

http://www.miru-vntrplus.org/MIRU/index.faces

MIRU

Navigate Databa

Help

feme Welcome to the MIRU-VNTRplus web application!

http://tbinsight.cs.rpi.edu/run_tb_lineage.html

/-\ TB-insight TB-Lineage TB-Vis SPOTCLUST
I Bm5|ght i o

Run TB-Lineage s
Atool 1 detern
optionaily MIRU locus 24.
Tools: Octal to Binary / Binary to Octal

Select Model
Rules: ©  CBN: O

Select data format
Soolgo only

Please enter single strain information: Spolgotype (octal or binary format) and MIRU data (optional)
Click hare for information on the MIRU Loci Set.
Spoligotypo:

(Optional) MIRU:

or filo with Ciick hare

Farcourc ) (Sendinio) (Gearform

Browse
Database
S (\: New to MIRU-VNTRplus? Click here to open 2n example data set!
by Similarity
Search .
Use the [#] Home-button to retun to this page at any time, or select "Home" from the Navigate-me
Select one of the commands below to work with the database:
Nomenclature
You have uploaded o user strains.
Backuipiod Enter a single user strain éomme! | Import multiple strains from  [=
Policy {— | file or ciipboard d
Help
Change Settings
(LMD Change UNTR loci set Change VNTR loci order
Contact us Pl
Empcns Reset default
parameters
s6
Macre I ificities of the ing tuberculosis epidemic as seen through SITVIT2,

an updated version of the ium tuberculosis genotyping

Couvin D, David A, Zozio T, Rastogi N.
Infect Genet Evol. 2019 Aug;72:31-43. doi: 10.1016/j.meegid.2018.12.030. Epub 2018 Dec 26.

http://www.pasteur-guadeloupe.fr:8081/SITVIT_ONLINE.

O SITVIT2

MOME DESCRIPTION SEARCH ANALYSS ONUNETOOLS OTWER STATISTICS _SUBMIT YOURDATA T8 UNT _LAKS

Welcome to SITVIT2 (an update of SITVITWEB)

de 1a Guadeloupe. You wil g mare detas in

=  mw
-

L3 b ]
o1
-
ST

pdemciogy. demograshy. g ressiance, and molecular genotypng Th resource 350
provdes nformaton sbout st

cal comelatons that may exst between pryogenets
cincal domograshic. and opcer

For information on how 0 use s servics please ead the USER GUIDE

For fll escription, 800 e following publcaton

j N. 2018, Macro-geographics - of the
idamic. a5 seen through SITVITZ, an u
Genotyping database. Infect Genet Evol. (Epub shesd of 58

Couvin D, David A, Zotio T, Ra
provaling tubarculosis opk
Mycobactorium tu

20 years of MTC genome
analysis technological changes

-+ Theeary» age (1990-1007)
1S6110-RFLP, 1S1081-RFLP J.van Embden et al. 1993
- d - . Ross et al
—  Pulse-Field Gel Electrophoresis E. Olson et al. 1995

)
—  Mixed-linker-IS6710 PCR, DRE-PCR, RAPD, LM-PCR ...

FORMER GOLDEN
STANDARD

—  Spoligotyping J. Kamerbeek et al. 1997
~ VNTR (5 loci), QuB, Miub R. Frothingham et al. 1998
~ extended spoligotyping J.van Embden et al. 2000

—  MIRU-VNTR (12 loci) P. Supply et al. 2001
+ Ihe«modern » age or « postgenomic era » (2001:2008) NEW GOLDEN

—_Multi Locus Sequence Typing (MLST) __ L Baker et al. 2004 STANDARD
— Automatized HT-VNTR typing (24 loci) . Supply et al. 2006

i Ehee

~  HT SNP typing D. Alland et al. 2004, Filiol et af 2006
~ HT Deletion Region typing (RD)  A. Tsolaki et al. 2004
~ HT Sequencing+MALDI-TOF MS  MV. Afanasev et al. 2007,

~ DNA<Chip spoligotyping €) Song et al. 2007
—  MALDI-TOF MS spoligotyping C. Honisch et al. 2010 TODAYS
etal. 2013, 2015, llina et a. 2013, Comasetal. 2013 B
59
IMPORTANT SYNTHESIS

CRISPR
diversity :

IS
diversity :

Chromosome of
M. tuberculosis
Strain X

VNTR
diversity :
MLVA

NGS
genomic

=] oo — sloproe
i o ow [ e
[T e

P ks

AR R

spoligotypin|

1S6110-RFLP|

Epidemio.

\
\
Barnes & Cave. 2003. N Engl J Med. 349: 1149- 56

10



Birth of molecular epidemiology of tuberculosis : ) .
the IS6710-RFLP technique in 1993 Lited 3163 tmes
according to
Google Scholar

Jounsas. oF CLsacar MicaosioLoov, Feb. 1993, p. 406409 Vol 31, No. 2
0095- 115793020408 4502000

NOTES

Strain Identification of Mycobacterium tuberculosis by DNA
Fingerprinting: Recommendations for a
Standardized Methodology

JAN D. A. van EMBDEN,' M. DONALD CAVE,? IACKT CRAWFOI
KATHLEEN |

RD,” JEREMY W. DALE,*
D. EISENACH.? nmrrrEoInquL * CARLOS MARTIN,”
MCADAM," THOMAS

SHINNICK,” o FETER M. SMALL®

cours, 2016 Octobre 26
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A change of paradigm in 2006: VNTR Takes the lead !

Proposal for ization of Optimized Interspersed
Repetitive Unit-Variable-Number Tandem chcal Typing
of Mycobacterium tuberculosis™

A’ Sas Lo Mars Caroo Ocle, 4 S Rtch Gerfe

i Savine, " Petra de Haas" Henk van Deatekom,” Solvig Roring

yialia Kurépina.* Barry Kreiwirth, ('msmnm Sola,” Nal

Vincent Vatin,*'" Maria Cristina Gutierrez,”” Maryse Fauvile,' Stetan Niemann,"
Robin Skuce,” Kritin Kremer," Carmille Locht'~ and.

NSRS, 0625 o e Pt de il
s, el

Philip Supply.
Eve Wilker
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On the basis of population icand analyses of 1669 lineage
dispersal of L4 has b by i of Europe.
We demonstrate an intimate temporal relationship between European colonial expansion into Africa and the
Americas and the spread of L4 tuberculosis (TB). Markedly, in the age of antibiotics, mutations conferring anti-
microbial resistance overwhelmingly emerged locally (at the level of nations), with minimal cross-border trans-
mission of resistance. The latter finding was found to reflect the relatively recent emergence of these mutations,
asasimilar degree of local observed for i i i
The restricted i i ion of drug-resi
individual countries could be successful.

T8 suggests that efforts at the level of
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Hierarchy of aspects to consider for sustainable Data analysis

Automation  Scalability Portability ~ Readability ~ Traceability Documentation

Reproducibility ! y

Sustainability

but.... all of this requires programming expertise, trained bioinformatics staff... and is
difficult starting from scratch...
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Another way: asking ChatGPT ?

How do I classify Mycobacterium tuberculosis genomes, the agent of human tuberculosis ?
As an Al language model, | can provide you with guidance. Here's a step-by-step method

Data Preprocessing: Obtain the genomic data of Mycobacterium tuberculosis strains that you want to classify with a suitable format, such as FASTA or GenBank.
Genome Assembly: with raw sequencing reads, you'll need to perform genome assembly to reconstruct the complete genomes. Tools like SPAdes or Velvet can be
used for this purpose.

Genome Annotation: Annotate the assembled genomes to identify various genomic features such as coding sequences, regulatory elements, and other relevant
genetic elements. Tools like Prokka or RAST can assist in genome annotation.

Core Genome Alignment: Perform a core genome alignment to identify conserved regions across different Mycobacterium tuberculosis strains. This step helps in
identifying common genes and variations within them. Tools like Roary or Parsnp can be used for core genome alignment,

Phylogenetic Analysis: Construct a phylogenetic tree based on the aligned core genome sequences. Phylogenetic analysis helps in determining the evolutionary
elationships and relatedness among different strains. Tools like RAXML or FastTree can be employed SNP Analysis: Identify single nucleotide polymorphisms (SNPs)
within the aligned genome sequences. SNPs can provide insights into genetic variations between strains. Tools such as Snippy or GATK can be used for SNP analysis.
Drug Resistance Prediction: Determine the presence of drug resistance-associated mutations within the genomes. Tools like TB-Profiler or Mykrobe Predictor can
aid in predicting drug resistance profiles based on genomic variations,

Classification Model: Utilize machine learning or deep learning algorithms to develop a classification model

Train the model using annotated genomes with known classifications (e.g., drug-resistant or drug-sensitive). Features such as SNPs, gene presence/absence, o drug
resistance-associated mutations can be used for classification.

Model Evaluation: Assess the performance of your classification model using appropriate metrics such as accuracy, precision, recall,or F-score. Cross-validation or
holdout testing can be used to evaluate the model's generalizability

Classification of Unknown Genomes: Apply the trained classification model to classify unknown Mycobacterium tuberculosis genomes based on their genomic
features. The model will provide predictions regarding drug resistance profiles or other classification categories.

Remember, the accuracy of your classification will depend on the quality and diversity of the training data, os well as the robustness of your clossification model. It's

crucial to ensure the accuracy of the annotations, perform appropriate quality control steps, and stay updated with the latest research in Mycobacterium tuberculosis
genomics
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