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syntenies and segmental events

• Syntenies are groups of genes evolving jointly through segmental events
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crispr-cas systems

• Adaptive immunitymechanisms found in bacteria and archaea

Cas gene synteny Leader CRISPR array

• Cas genes perform three main functions
Adaptation Insertion of new target sequences into the CRISPR array
Expression Transcription of the array as crRNA
Interference Degradation of targets, guided by crRNA

cas syntenies classification

Type I Cas1 Cas2 Cas4 Cas6 Cas7 Cas5 Cas11 Cas8 Cas3” Cas3’

Type III Cas1 Cas2 Cas6 Cas7 Cas5 Cas11
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Figure adapted from [3]

can we infer a scenario for the
evolutionary history of cas syntenies?

synteny evolution model

• Syntenies are modelled as sets of genes, i.e., gene order is ignored
• Undergo unary (content-changing) and binary (copy-creating) events
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*Gains are non-segmental & each family is gained exactly once

key: Species tree Synteny tree

• Evolutionary histories are branching sequences of events that correspond
to a synteny tree and fit inside a species tree

• Each event type is given a cost, histories ofminimum cost are sought

superdtl algorithm

• Given synteny and species trees, computes a minimum-cost history
• Extension of usual DTL reconciliation algorithms [4] with inference of
ancestral syntenies and unary events

• Time complexityO(NM3), space complexityO(NM)
N : Number of syntenies,M : Number of species

• Implementation available at: github.com/UdeM-LBIT/superrec2

dataset

• 15 Class-1 Cas syntenies compiled from [3], species tree based on [1]
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Clostridium kluyveri DSM 555
Bacillus halodurans C-125
Staphylococcus epidermidis
Rhodococcus jostii RHA1
Thermoflexia bacterium
Cyanothece sp. PCC 8802
Synechocystis sp. 6803
Thermotoga lettingae TMO
Candidatus Scalindua brodae
Geobacter sulfurreducens
Thioalkalivibrio sp. K90mix
Shewanella putrefaciens CN-32
Vibrio crassostreae J5 20
Yersinia pseudotuberculosis
Escherichia coli K12

Species tree Synteny tree

scenario for class-1 cas syntenies

• Event costs: Duplication ∈ {1, ..., 3}, Transfer ∈ {1, ..., 4}, Loss 1
• Representative of the 32 solutions for Duplication ∈ {1, ..., 2.5}, Transfer 4
(with non-significant variations) is depicted below
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• In line with current hypotheses for Class-1 Cas syntenies evolution [2]
• Consistent resolution of the multifurcations in the synteny tree
• Multiple losses seen in Type Imay be due to unsampled lineages [5]
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https://github.com/UdeM-LBIT/superrec2/releases/tag/rcg2022

