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A bit of oriented and simplified history

1928: Griffith experiment, DNA is the molecular support of life information
1953: Discovery of the DNA structure of DNA

1977: Sanger sequencing (phi X 174 is sequenced)

1985: Invention of PCR

1977. Woese’'s tree of life base on 16s RNA

1995: Haemophilus influenzae, first bacterial genome is sequence
2000s: hightroughput sequencing : 454, Solexa

2000s: plenty of bacterial genomes for each species

from 2005 up to now:
o Surprise: there is a lot a diversity in the genomes of a same species



P ro Ca ryote evo I uti O n path S Figure from Dobrindt et al., 2004

Common bacterial ancestor

/ A\

Genome reduction Gene acquisition Mutations,
by deletion events by HGT rearrangements

Intracellular bacterium, Extracellular bacterium, All lifestyles
obligate intracellular pathogen, facultative pathogen,
endosymbiont symbiont



Procaryote evolution paths

Common bacterial ancestor

Genome reduction
by deletion events

Mutations,
rearrangements

Gene acquisition
by HGT
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Intracellular bacterium,

(Treagen et ROCha, 201 1 ) obligate intracellular pathogen,

endosymbiont symbiont i

Extracellular bacterium, All lifestyles

Horizontal Gene Transfers (HGT), not duplication, drive the expansion of protein families in procaryotes
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Diversity in numbers

Reminder: Species can be defined as "genomically coherent group of organisms”:

exception: genus Aeromonas
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Diversity in numbers

e Reminder: species can be defined as "genomically coherent group of organisms” :
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=So: high level of polymorphism (compare to human genomes for example)

e High diversity of gene content from HGT (5% to 30-40% of variable genes)
o Intracellular: low diversity (mostly clonal)
o Free living bacteria: high level of diversity to fit many ecological niches



How to analysis all of this diversity ?

Known reference
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The concept of pangenome (also named pangenome)

The term pangenome was first coined in 2005 (Tettelin et al., 2005) and describes:

e The union of sequence entities shared by genomes of interest
(usually genomes of a species)

At the crossroads of comparative genomics, population genomics, phylogenomics
and metagenomics, pangenomics offers to:

e Compile and organize the genomic diversity trough compact data structures
e Shed light on common elements but also variable ones

Suitable for bacteria because hundreds of genomes are now available for many
species but also relevant for human and plant studies (and many more...)



Two main levels of understanding for pangenomic

1. Gene families based pangenome 2. Sequence based pangenome
(often via a sequence graph)
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Toy example about a way to create prokaryotic pangenome
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Toy example about a way to create prokaryotic pangenome
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Toy example about a way to create prokaryotic pangenome
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Toy example about a way to create prokaryotic pangenome

- ¢ T ¢Q$
N W Z‘U' S 2
¢ ‘-' ‘.¢
e & o o o
© @ O O e



Toy example about a way to create prokaryotic pangenome
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Toy example about a way to create prokaryotic pangenome
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Toy example about a way to create prokaryotic pangenome
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Evolution of pangenome metrics
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Asymmetric U-Shaped Gene Frequency Distribution
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Asymmetric U-Shaped Gene Frequency Distribution
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Presence/absence matrix
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Roary to build a pangenome

. Pan-Genome Construction
e Rapid large-scale

prokaryote pan genome |
analysis

o Design to easily use the ' sequences
Prokka output | |

| Remove sequences | 5 iteratio

o Based on CD-HIT to make|: femeve sences | ienti:

| containing >5% Ns

Remove core

| All sequences from each

e . | cluste
gene families refined :

Alignment
(PRANK)

using BLAST

.........................

| Core alignment MultiFASTA E
! Pan Genome reference FASTA !
Order & , Plot files

nnotIe E No. Unique genes

' No. conserved genes

! No. pan genome genes

! No. new genes

re-inflate Split
clusters paralogs
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PhanDango to easily visualize a Roary output

https://jameshadfield.qithub.io/phandanqgo/#/main

0 T M O T AT 9 T 0 T
2

Il "' 4 plhir e ok :
'“,;lgjl SRS NI Y
;I hil' b :‘II :I" I; ‘. [

g
[

e ek y
i A B B 1 4 i
ik Hl]'\"ﬂ;"ﬁ G

|f|'_|u‘\|‘ T SRRy ©

23


https://jameshadfield.github.io/phandango/#/main

Scoary (panGWAS)

e Available on galaxy.eu (not .fr)
e Take 2files:

o the “gene presence absence.csv” file from Roary
o Atraits file (csv), example here

e It reports a list of gene families sorted by their strength of association of its
presence/absence pattern to each trait

Sceary

microbial pan-GW



https://sanger-pathogens.github.io/Roary/

Paradigm shift

e New data model that captures the overall genomics diversity of a species

reference paradigm shift > reference
genome pangenome
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VG

e \Variation Graph at sequence level

e The tools VG (https://github.com/vgteam/vg) can manage:
o The graph data structures

Some (re)formating

Alignment,

Genotyping

Variant calling

Many more (very complete)...

o O O O O



https://github.com/vgteam/vg
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e A trade-off between :
o The gene families approach
o The sequence graph approach
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Pangenome Graph

A S |

Clustermg

The thickness of edges
represents the # of
genomes sharing each edge

Presence/Absence matrix

Hidden Markov Random Field

# of partitions: K=3

orgl | org2 | org3 | orgd Bernoulli Mixture Model
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Output charts and statistics

Partitioned Pangenome Graph

Rarefaction curves

Presence/Absence matrix
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persistent genome
B shell genome
cloud genome
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Persistent (863 gene families)
Shell (84 gene families)
Cloud (761 gene families)
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Persistent (3085 gene families)
Shell (1512 gene families)
Cloud (52812 gene families)
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panRGP

Allow identifying Region of Genomic
Plasticity in genomes:

O
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panRGP
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[IThis feature is available in the MicroScope e
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Hot)Spot of many RGPs localized in a specific loci

Example: LeuX hotspot of RGP (E. coli)
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Conclusions and tips

Pangenomics is able to analysis massive datasets :

o  Useful for comparative genomics
o Can be used as compact reference for metagenomics analysis

Dereplication is important before doing pangenome analyses

Use genome consistently annotated using the same pipeline to build it
Gene diversity are not always perfectly correlated with phylogeny
Many developments are incoming each month in the field
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