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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

2

« Does my dataset contains temporal and evolutionary signal ? »

Study : Space, Time, Genomic changes and Genomic Interactions between
species...i.e. ecological changes

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

Master 2: Infectious Diseases, International track, 19th October 2023
4

L2 scientific english 2024, Jan. 10th 2024

Animal domestication and exchange with livestocks together
with urban phenomeneon triggered infectious diseases expansion            

Master 2: Infectious Diseases, International track, 19th October 2023

4

L2 scientific english 2024, Jan. 10th 2024

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

https://ourworldindata.org/historical-pandemicsL2 scientific english 2024, Jan. 10th 2024

Origin of tuberculosis remains uncertain

Sola et al. 2024, Genetics and Evolution of Infectious Diseases.   3rd Edition - Jun 2024
Chapter 27: Evolution, phylogenetics and phylogeography of Mycobacterium tuberculosis.

Master 2: Infectious Diseases, International track, 19th October 2023

6

L2 scientific english 2024, Jan. 10th 2024
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Definitions

L2 scientific english 2024, Jan. 10th 2024

Today’s Pandemia have nothing to do with historical pandemia

L2 scientific english 2024, Jan. 10th 2024

Mode of Infection

L2 scientific english 2024, Jan. 10th 2024

The global international air travel network
Average monthly maximum temperature
in 1970–2000) and difference between 2070–
2100 and. 1970–2000 averages

Increased Networks and Trade, Temperature, Population, Migration, 
Ecological changes... are promoting factors of new emerging
diseases

L2 scientific english 2024, Jan. 10th 2024

Outbreak Definition
How can we detect outbreaks ?

Experts Automated Outbreak Detection

CDC 1981 : AIDS

Acquired Immune Deficiency Syndrome 
(AIDS) was first recognized as a new 
disease in 1981 when increasing
numbers of young homosexual men 
succumbed to unusual opportunistic
infections and rare malignancies

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology
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https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

Case contact
(patient 0)

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

Cluster apparition

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

Cluster Development

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

Mathematical Modeling
allowed to
prevent Emergency wards
collapse
during Covid19 epidemics

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

R0

(the Reproductive Rate)
is a characteristic
of the pathogen

Measles +++
Tuberculosis +

Mathematical Modeling
allows to predict
percentage of people to
be vaccinated to obtain

Herd immunity
Immun

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

SIRModel

Susceptible
Infected
Recovered

Immun
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https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

Immun

Immun

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

How infectious Diseases spread : Modeling Epidemiology

Immun

Immun ImmunImmun

How infectious Diseases spread : Modeling Epidemiology

https://media.hhmi.org/biointeractive/click/modeling-disease-spread/introduction.html

Immun

Immun ImmunImmun

Immun

Today’s methods of outbreak study

Patient Cluster Analysis Pathogen Genome Cluster Analysis

Social network Analysis
Digital Epidemiology

Genome Analysis
International Databases and GIS

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

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

Outbreak Prevention Methods

VACCINATION

Infection
Control
Measures

Outbreak
Preparedeness
and Response
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We are living the last hours of pDST*
*phenotypic drug susceptivity testing

25

OMICS yes ! everywhere ?  no !

-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
26

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)

27

An example

Tiré du cours de Dominique Blanc, MER PD Service de médecine préventive hospitalière

CHUV pdf hh_epidem-mol2007.pdf disponible sur le web.
28

Hemoculture positive to Klebsiella pneumoniae

Outbreak ?

• « 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 epidemiology ?

29

• 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)

What is molecular epidemiology ?

30
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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/

31

• 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

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

32

Selection : Darwinian ? Neutralist ?

« the overwhelming majority of genetic mutations that we accumulate in our genome are 
neutral »

http://du-cote-de-chez-elysia-chlorotica.blogspot.fr
33

M. KimuraC. Darwin

• 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)

Population Structure
Panmixia or clonal ?

34

Lateral Gene transfer

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 Iji Shimpor, vol. 1861, 1959
Michael Syvanen, « Cross-species Gene Transfer; Implications for a New Theory of Evolution » [archive], J. 
Theor. Biol., vol. 112, p. 333-343, 1985.

« 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 »

35

http://www.yvm.net/vme/hgt/

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

36

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

• Enzymatic/Protein Polymorphism
Methods of multilocus enzyme electrophoresis for bacterial population genetics and 
systematics. Selander RK, Caugant DA, Ochman H, Musser JM, Gilmour MN, Whittam TS, 
1986

Biochemistry (biotyping)
Resistance to antibiotics (antibiogram/DST)
Antibody-based (serotyping)
Resistance to phages (lysotyping)

• Genetic Polymorphism
Repeated Sequences (IS, VNTR-MLVA, CRISPR)
MLST scheme (multi-locus sequence typing)
WGS/NGS, SNPs analysis, and Metagenomics

37

How to choose one method -1 ?

38

thousands or million of years/ Worldwide studies

decades/ national continent

day/ month regional

• Typability, Reproducibility, Discriminatory power (>0,95)
Index of Hunter & Gaston- (J Clin. Microbiol. 1988)

• Economical and practical criteria
Exemple = MLVA or Spoligotyping ? 

• Others
– Versatility, Rapidity, Accessibility, Facility of use, level

of expertises, downstream expertise needed, etc...

How to choose one method -2 ?

39 40

two isolates of the 
same type are not 
always identical (only a 
fraction of genomes is
analyzed) we say that
they are 
« undistinguishable »

Within an epidemiological investigation context, 
two isolates with identical profiles
come from a common ancestor by a same
transmission chain. We are supposing that
they are epidemiologically linked. The strength of 
the conclusion depends on the 
discriminatory power and on the stability of 
markers

Interpretation of Typing results: the paradox

41

Performance Criteria

Discriminatory Power= ability to differentiate between isolates

Comparison between different methods.       

Number of types/ number of tested isolates
Discriminatory Index= probability that the method will assign
to different types to two idependent isolates

• Analogic
– Bands analysis, variations of migration, physical

variation (temp, buffer, agarose, etc…)
• Numerical
– Generation of figures
– Necessity of coding : information can be raw

or interpreted
– Standardization
– SNPs

Numerical or analogical Typing ?

42

http://www.ncbi.nlm.nih.gov/pubmed/2425735
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Some historical ancient methods

• PFGE= pulse-field gel electrophoresis
Staphylococcus

• REA= restriction Enzyme Analysis
• RFLP= Restriction Fragment Length Polymorphism
IS901-RFLP = Mycobacterium avium and paratuberculosis
IS6110-RFLP : Mycobacterium tuberculosis

43

• binary coding
• octal coding
• Attribution of « shared-types » or « spoligo-

international types »
• creation of databases
■■■❏❏❏❏■■■■■■■■■■■■■■■■❏❏❏❏❏❏❏❏❏❏❏■■■■■■■■■

❏❏❏ ❏❏■ ❏■❏ ❏■■ ■❏❏ ■■❏ ■■❏ ■■■
0,    1,    2,    3,  4,   5,    6,    7

■■■✿❏❏❏✿❏■■✿■■■✿■■■✿■■■✿■■■✿■■❏✿❏❏❏✿❏❏❏✿❏❏❏✿❏■■✿■■■✿■■■✿■

7     0     3     7     7     7     7     5     0  0     0     3     7     7     1

Exemple: spoligotyping in M. tuberculosis
(CRISPR typing)

44

Exemple: spa typing Staphylococcus

45

spa Typing of Staphylococcus aureus as a Frontline Tool in Epidemiological Typing

Strommenger et al. 2008, J Clin Microbiol

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

• Phylogenetic trees
– PHYLIP®
– PAUP®
– PAML®

• Networks
– Networks®
– MST : minimum spanning tree
– -e-BURST®

• Populations Structure
-Structure®

• Bayesian inference methods and other probability approaches
Maximum Likelihood

– BEAST (Drummond et al. 2007) 
https://beast.community/
http://evolution.genetics.washington.edu/phylip/software.html
- RaXML. (Stamatakis et al. 2014) 

46

47

Databases and data management

• Bionumerics® (version 7-> 10) 2016: Biomerieux acquisition

48

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

BIONUMERICS-GEL 
BIONUMERICS-MALDI 
BIONUMERICS-SEQ 
BIONUMERICS-SUITE 

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

https://beast.community/
http://evolution.genetics.washington.edu/phylip/software.html
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• 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)

GIS 
Geographic information systems

49 50

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

51

L3

L2

L4

L1

L5

L6

L7

How to study the MTB CRISPR locus ?
the « spoligotyping » principle 

Mycobacterium
tuberculosis

spoligotyping

52

1744 references
on Feb 7th 2024

Cited >3530x

Four generations of CRISPR and SNP typing
Typing for Mycobacterium tuberculosis

Spoligotyping on a Luminex200 analyzerSpoligotyping on a miniblotter

2004

2009

2010

Spoligotyping on a MagPix analyzer

2012Spoligo-RIF-typing
MLPA-typing
SNP-Typing 53 54

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/

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

55

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

56

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

57

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

58

20 years of MTC genome
analysis technological changes

• The « early » age (1990-1997)

– IS6110-RFLP, IS1081-RFLP J. van Embden et al. 1993
– PGRS-RFLP, DR-RFLP B. Ross et al. 1992
– Pulse-Field Gel Electrophoresis E. Olson et al. 1995

• The « middle »-age (1997-2001)
– Mixed-linker-IS6110 PCR, DRE-PCR, RAPD, LM-PCR  …

– Spoligotyping J. Kamerbeek et al. 1997
– VNTR (5 loci), QuB, Mtub R. Frothingham et al. 1998
– extended spoligotyping J. van Embden et al. 2000
– MIRU-VNTR (12 loci) P. Supply et al. 2001

• The « modern » age or « post genomic era » (2001-2008)

– Multi Locus Sequence Typing (MLST) L. Baker et al. 2004
– Automatized HT-VNTR typing (24 loci) P. Supply et al. 2006
– Automatized HT spoligotyping L. Cowan et al. 2004, J. Zhang et al 2010

– HT SNP typing D. Alland et al. 2004, Filliol et al 2006
– HT Deletion Region typing (RD) A. Tsolaki et al. 2004
– HT Sequencing+MALDI-TOF MS MV. Afanasev et al. 2007, 
– DNA-Chip spoligotyping EJ Song et al. 2007 
– MALDI-TOF MS spoligotyping C. Honisch et al. 2010
– WGS whole genome/next gen seqA. Schürch et al. 2010, 2011, J. Gardy et al. 2011, Walker 

et al. 2013, 2015, Ilina et al. 2013, Comas et al. 2013 

NEW GOLDEN 
STANDARD

FORMER GOLDEN 
STANDARD

59IMPORTANT SYNTHESIS

TODAYS

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

VNTR

CRISPR
CRISPR
diversity :
spoligotyping

IS
diversity :
IS6110-RFLP

VNTR
diversity :
MLVA

VNTR

VNTR

VNTR

VNTR

IS
IS

IS

IS

IS

IS

NGS
genomic
Epidemio.

60
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cours, 2016 Octobre 26

61

Birth of molecular epidemiology of tuberculosis : 
the IS6110-RFLP technique in 1993 Cited 3163 times

according to 
Google Scholar

62

A change of paradigm in 2006: VNTR Takes the lead !

Cited 1613 times

63

A worldwide database of spoligotyping : SpolDB4

Cited 1276 times

39,295 clinical isolates
141 countries

Genomic Epidemiology arrives !!! 2010
change of era

• Schürch et al. 2010; Netherlands, 104 clinical isolates, 
identical IS6110-RFLP, eight SNPs (specific for the 
outbreak), five SNPs clusters, each with an index case.

• Gardy, et al. 2011 Vancouver, 41 cases, MIRU-VNTR, 1 
genotype, WGS revealed two outbreaks

• Walker TM et al. 2013 Midlands, UK, 390 isolates, 254 
Patients

64

SCHEDULE

• Diapos 4 to 66 = Course
• Diapos 67 to end  = some clues on my research

topic

65

« Does my dataset contains temporal and evolutionary signal ? »

Study : Space, Time, Genomic changes and Genomic Interactions between
species...i.e. ecological changes

Arms race
(darwinian selection)

or

Pure co-divergence
(neutral)

co-evolution

Global history

Genetic
geography

Luigi Luca 
Cavalli Sforza

1922-2018

TIME

SPACE

Mirko Grmek
1924-2000

ECOLOGY
Pathocenosis

Fernand Braudel
1902-1985

-Demography
-Transmission
of Pathogen
-Migration

Purifying selection
Positive selection
Balancing selection

66

Systems Epidemiology and Evolution of Tuberculosis

https://scholar.google.com/scholar?cites=16266697504267547302&as_sdt=2005&sciodt=0,5&hl=fr
https://scholar.google.com/scholar?cites=14721244160572036517&as_sdt=2005&sciodt=0,5&hl=fr
https://scholar.google.com/scholar?cites=5486998564117215110&as_sdt=2005&sciodt=0,5&hl=fr
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Global Health research
on TB

IGEPE

Experimental
Sciences Social Sciences

Data Sciences

GENOMICS
HIGH THROUGHPUT GENOTYPING
INTEGRATIVE BIOLOGY

EPIDEMIOLOGY
ANTHROPOLOGY
HISTORY

COMPUTER SCIENCES
BIOINFORMATICS
BIOSTATISTICS
MACHINE LEARNING

Precision Medicine

Emergence of
Diseases in 
Individuals

Emergence of
Diseases in 
populations

67

L1

L2

L3

L4

L5

L6

L7

MRCA 8 ky (6-11)

2013  Nat Genet 45(10): 1176-1182.

68

69

Brosch et al. PNAS 2002, 99, 3684-3689, revisited by Nebenzahl-Guimaraes et al. 2006
and adapted

L5.1
L5.2

lineage 0

67 or 9-10 kYears ?

MTBC is a single species with UEP gene deletion. or acquisition  and 
very little (0,05%) polymorphisms in genomes

70

Genome-wide analysis of multi- and 
extensively drug-resistant

Mycobacterium tuberculosis
(>6000 genomes, GWAS)

Coll et al. 2018, Nature Genetics 2018 Øyås et al. 2020, Proc Natl Acad Sci U S A

Model-based Integration of Genomics and 
Metabolomics Reveals SNP Functionality in 
Mycobacterium tuberculosis

SNP diversity and functionality starts to be deciphered

IAME, 2020 Oct 15th

71

Evolutionary relationships and gene fluxes between CRISPR-Cas systems
and mobile genetic elements

Faure et al. Nature Reviews Microbiology 2019 

I,III,IV II,V, VI

IAME, 2020 Oct 15th

Unexpected diversity of CRISPR unveils some evolutionary patterns 
of repeated sequences in Mycobacterium tuberculosis

IAME, 2020 Oct 15th

Refrégier et al. 2020, BMC Genomics, submitted
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Unexpected diversity of CRISPR unveils some evolutionary patterns 
of repeated sequences in Mycobacterium tuberculosis

Refrégier et al. 2020, BMC Genomics, submitted

IAME, 2020 Oct 15th
74

MC Gutierrez et al. PloS Pathogens 2005
14th International Conference on Molecular Epidemiology and Evolutionary Genetics of Infectious Diseases

The Journal of 
Infectious Diseases
2006; 193:1279–86

M. africanum West African 2 M. africanum West African 1

He

L6 L5

Heat Maps of L1 L5 and L6 in Africa (100 studies representing 20,000 isolates

L1

M. tuberculosis L1

PloS Negl Trop Dis
2015 | Volume 9 | Issue 1 | e3370

L5
A B

C

Superimposition of M. tuberculosis lineages, pop density, and  linguistic groups

historical population density ?
ethnical specificity ?
any other event related
to neolithic change style
of life.  ?

76

Muhammed Rabiu Sahal

Phylogenomics of Mycobacteriumafricanum reveals a new lineage and a complex
evolutionary history

b in a ry o cta l

■■■■■■❏■❏■■❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏■■■■❏❏■■■ 7 7 2 6 0 0 0 0 0 0 0 3 6 3 1

■■■■■■❏■❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏■■■■■■■■■■❏■■■❏■■■■ 7 7 2 0 0 0 0 0 7 7 7 5 6 7 1
■■■■■■❏■❏■■■❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏❏■■■■❏■■■■ 7 7 2 7 0 0 0 0 0 0 0 3 6 7 1

Coscolla et al. 2020
IAME, 2020 Oct 15th

L2/East-Asia

http://www.ladocumentationfrancaise.fr/cartes/commerce/c001699-principaux-ports-de-marchandises-en-afrique-en-2011

Recent
Chinese Trade 
and
Immigration 

IAME, 2020 Oct 15th
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79
H. Takiff et al. 2015, Lancet Infec. Dis

Crosss sectional = at one specific point in time
Longitudinal= repeated observations of the same variables over long periods of time

Tuberculosis evolution rate

80

~0.5 SNP/genome/year
~10-7 SNP/bp/year

~0.02 SNP/genome/year
~3.10-9 SNP/bp/year

Bryant, BMC Inf Gen 2013

Long-term (67ky) 

Walker, Lancet Inf Dis 2013
Roetzer, Plos Med 2013

Comas, Nature Gen 2013

¹

Short-term (~10 years) 

81

C4
C8

C4
C8

Dos Vulto et al. 2008, PloS ONE
Refrégier et al. 2016, Infect Genet EvolIAME, 2020 Oct 15th

Molecular Anthropology application, tuberculosis history in Japan-1

83 84

Molecular Anthropology application, tuberculosis history in Japan-2
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85 86

The TB-Annotator Project, February 2022, 15901 Genomes

Christophe GuyeuxGaetan Senelle
Florence Bretelle-Establet

Emmanuelle CambauGuislaine Refregier

Hierarchy of aspects to consider for sustainable Data analysis

Mölder F, et al. Sustainable data analysis with Snakemake [version 
2]. F1000Research 2021, 10:33 (doi: 
10.12688/f1000research.29032.2)

but.... all of this requires programming expertise, trained bioinformatics staff... and is
difficult starting from scratch...

88

Senelle et al. 2023 Tuberculosis

89

Senelle et al. 2023 Tuberculosis
90

Senelle et al. 2023 Tuberculosis
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Senelle et al. 2023 Tuberculosis
92

Senelle et al. 2023 Tuberculosis

93

Senelle et al. 2023 Tuberculosis

*

Guyeux et al. 2024 Emerg. Inf. Dis, March. Issue

Mycobacterium africanum evolutionary history: insights from a new lineage 
identified in Central Africa

ESM 2023 Tirana, Albania, Jun 25-28th 
2023 95

How do I classify Mycobacterium tuberculosis genomes, the agent of human tuberculosis ? 
As an AI language model, I 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
relationships 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, or 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 F1-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, as well as the robustness of your classification 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

Another way: asking ChatGPT ?




