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Introduction to variation graphs (VG)



I. Context

2001
1st « complete »genome

2010
First overview ofgenome variationsdiversity

2023
Paradigm shiftAnalysis contextualisedwith full knowngenome diversity



Why now ?
Recent advancesin genome sequencing.
• Many long read technologies(Hi-Fi, ONT, HiFi, 10x)
• Hi-C : 3D data improves long-distance scaffolding
• Efficient hybrid assemblers:Hifiasm, CANU, 3DDNA …
Haplotype-resolved,telomere to telomere,full genome assemblies !

Chen et al, june 2023.“The 2,178.6 Mb T2T Mo17 genome with a base accuracy of over 99.99% unveiled thestructural features of all repetitive regions of the genome.”

I. Context



Paradigm change : genomic analyses can be contextualised with allknown genome diversity
• “The current version of the reference genome (GRCh38) is estimated to miss up to 10% of ourspecies genetic information” ( SS Sherman RM, 2020)

P Ebert et al. Science, 2021

I. Context



• A major step:better access to genomeStructural variants (SV)

• Unexplored impact of SVs
Dosageeffects

Positionnaleffects
Disruptions:Gene orregulation

Bickhart DM & Liu GE, 2014

I. Context : structural variations (SV)



I. Context : agronomy and selection
• New context for data generation

• HiFi & Hi-C technologies• « telomere to telomere » genomes• Assembly is becoming a routine step
• New opportunities for genetics

Sandhu et al, 2022. Plants



I. Context : agronomy and selection

• New opportunities for genetics

• Complete genomes=> SV extraction and analysis
• Many individuals=> variant frequencies and histories

Sandhu et al, 2022. Plants
Genomic diversityof the species

• New context for data generation
• HiFi & Hi-C technologies• « telomere to telomere » genomes• Assembly is becoming a routine step



II. Models
• Modelling genome diversity with a graph

Variation graphs
Eukaryote genomes

(mainly)
(10 to 100 large genomes)

Guo, J. et al. (2021)

De Bruijn graphs
(compacted/ colored)

Microbiomes(mainly)
(>1000 small genomes)



JA Baaijens et al, 2022

II. VG model : avoiding reference biaises



II. VG model
• In practice ...



II. VG model
• In practice ...

INDEXATION
Node_id <-> sequence4 <-> GATCCGGCG8 <-> G124 <-> AAATTG
(ex: minimiseur k-mers)

S1S2...S20



II. VG model
• In practice ...



II. VG models : challenges
• Challenges related to the model and its exploitation

Graph dimensions :• 12 bovines assemblies, >10⁷ nodes (Leonard AS et al, 2023)• problems related to memory / indexation• nœud : associé de 1 à n kilobases
Topology :• potentially nodes with high degree• complexi bubbles in some regions• cycles (many algorithms are not polynomial anymore)
Applications :• Up to which level of genetic diversity : how many haplotypes ? beyond the species level ?• Adapting bioinformtic tools to this new representation.



III. Construction : global approach
• Construction of a variation graph

• Inputs : N a set of high-quality assemblies, pairwised alignedA the set of per-character pairwise homology (alignments)
• Outputs : An oriented graph (string graph) 𝐺 = {𝑉, 𝐸, 𝑃}where 𝑃 , is the set of path representing the integrated assemblies
• Aim : G includes N and every paiwise relationships described by the genome alignments(G cannot contain more information than in A)

pathsseq1 : [1,2,3,4,5,6,7]seq2 : [1,8,3,4,5,6,7]seq3: [1,2,3,6,7]

Garrisson et al, 2023



III. Construction : available tools



III. Construction : VG



III. Construction : Minigraph



III. Construction : Minigraph-cactus



III. Construction : Minigraph-cactus



III. Construction : PGGB



III. Construction : PGGB



III. Construction : PGGB



III. Construction : PGGB



III. Construction : PGGB



III. Construction : PGGB
Smoothxg role described recently in Garrisson et al, 2024. Nat Methods.



III. Construction : fundamental difference



III. Construction



• Integrating every genomic variation from 10s to 100s of longgenomes is not trivial !
• Today 4 methods (from 2 research groups)
• For 12 bovine assemblies (Leonard AS et al, 2023)• Graphs are huge !• Computational requirements can be huge !

III. Construction : challenges



• A balance : variation length / variant frequency / # integrable genomes
• All methods discard “some” variationsto reduce graph size or complexity. Tool Metric 2 haplo. 10 haplo. 104 haplo.

• 50 human haplotypes,graph size still continue to increase.(many rare variants)

III. Construction : challenges

Andreace et al, 2023



III. Construction



IV. Mapping and variant calling
• Today, main application is variant calling, genotyping.



• “seed and extend” approach
1. Pre-requisite => graph k-mers indexation(seeds indexation)
2. Mapping itself :

1. Find anchors between query andgraph nodes ( k-mer seeds)2. From these anchor, select a path inthe graph3. Then, do a “classic” alignmentbetween the query sequence andselected path

Graphaligner(Rautiainen, M., Marschall, T, 2020)

IV. Mapping and variant calling



V. Visualisation
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SequenceTubeMap(unpublished)

• Likely the most limited aspect of VG tools today :
• How to switch from coordinate-based to graph-based representation ?• How to make sense of huge & complex topologies in 2D ?



V. Visualisation

Courtesy of Ismael Blanchard, Véronique Decroocq.INRAE, BFP, Bordeaux

cultivated European apricots : deletion inducing phenotype changes

(cultivated + wild) europeans

(cultivated + wild) europeans + wild asians



V. Visualisation
gfaviz (Gonnella et al, 2018)+ customizable path annotations+ adapted to figures generation– limited to very small subgraphs

Bandage (Wick et al, 2015)+ manipulation of very large graphs– paths cannot be displayed

Insertions

Reference

Genotype:ABCDE



Thank you for your attention.

A monthly-evolving pangenome graph. ;) (https://www.pangenome.eu/)


