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We’ve been talking about pan-genomes for
years now, but what exactly is a pan-genome,
what is it good for, and how can data be
presented to help researchers?



Topics:
1. Whatis a "pan-genome”
2. Examples of pan-genomes, tools, analyses.

3. Discussion: how can a pan-genome be useful, who is it
useful for, how to make data accessible, what is the role of
data portals?

Lightening talks:

Eloi Durant - PanacheFake pan-genome viewer
Alan Cleary - Genome Context Viewer
Marcela Tello-Ruiz - pangenome browsers for rice, maize, and

grape




What is a pan-genome?

Genome or gene focused.

Could be reference-based or all-by-all.
Capture large or small structural variation.
Within a species or clade.

Is it a graph, alignment, or set of syntentic
relationships.

When is it a pan-genome, when is it variation
data? Is diversity data a form of pan-genome?



Some pan-genome portal examples

https://phytozome-next.jei.doe.gsov/cowpeapan

https://phytozome-next.jgi.doe.gov/brachypan

http://www.10wheatgenomes.com

http://animal.nwsuaf.edu.cn/code/index.php/panPig

http://animal.nwsuaf.edu.cn/code/index.php/
panGoatTalks:




Some pan-genome visualizations

* Pan-tetris — standalone Java app for bacteria pan-
genomes (download)

— https://www.ncbi.nlm.nih.gov/pmc/articles/
PMCA4547177/

* Rice pan-genome viewer:
http://www.rmbreeding.cn/pan3k
— https://www.ncbi.nlm.nih.gov/pubmed/27940610
* PPanGGOLIN:
https://github.com/labgem/PPanGGOLIN
— http://dx.doi.org/10.1371/journal.pcbi.1007732




Some pan-genome codefests

e https://github.com/NCBI-Hackathons/
TheHumanPangenome - workshop to discuss

tools in relation to pangenome analysis.
Strategies and tools were presented. (Possible

follow-up at Baylor College of Medicine
October 11-13.)

— https://f1000research.com/articles/8-1751

e https://graph-genome.github.io/ PantoGraph
for SARS-CoV-2




How can a pan-genome be useful, who
is it useful for, how to make data
accessible, what is the role of data
portals?



Presentations of pan-genomes, tools,
analyses.

Eloi Durant - PanacheFake pan-genome viewer
https://meerketeer.ird.fr/PanacheFake

Alan Cleary - Genome Context Viewer
https://legumeinfo.org/lis_context_viewer/

Marcela Tello-Ruiz - pan-genome browsers for rice, maize, and grape

Rice: http://oge.gramene.org/ (maize, grapevine, and sorghum are under
development)




How to think
Pangenome

Visualization?

Introducing Panache, a
pangenome explorer
prototype

Eloi DURANT AgBioData Conference call — Pan-genomes



Introduction

eloi.durant@ird.fr
PhD student

“Development of a tool for the
visualization of plant
pangenomes’



- W
Thinking visualization

Does it to scale to big genomes?

What representations can be
done?

Seeing everything at once is a
fantasy.



Thinking visualization

Seeing everything at once is a
fantasy.

Overly complicated data are unreadable as such,
cf. the ‘Hairball effect’

Detail is reached on focusing on specific péerts

Information = visualization x data
processing



o .
Panache

Summarization of information +
exploration

Summarization: access to inner properties
Exploration: manipulation of multiple representations

dnacne.

PANgenome Analyzer with CHromosomal
Exploration
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Panache

https://meerketeer.ird.fr/
PanacheFake

https://meerketeer.ird.fr/
PanacheNapus



Panache
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.
What is missing?

Exploration through different
Zzoom scales

More representations

“Pangenomes, why not, but I don’t want
to loose all my previous analyses.”

Data
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Contact
6 S
GitHub eloi.durant@ird.fr
SingingMeerkat/

Panache @MeerkatSinging




Genome Context Viewer

Parameters Viewers Dot Plots
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Micro-Synteny
Query Track
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Micro-Synteny

Track Search
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Macro-Synteny

Block Search

query track
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blocks
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All Together

BB  parameters  Viewers Dot Plots
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Pangenomics - Arabidopsis

§¢, Parameters
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Pangenomics - Vigna unguiculata
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Pangenomics - Vigna unguiculata
pan gene sets

Traditional gene families
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Resources

Cleary, Alan, and Andrew Farmer. "Genome
Context Viewer: visual exploration of multiple
annotated genomes using microsynteny."
Bioinformatics 34.9 (2017): 1562-1564.

https://legumeinfo.org/lis context viewer

https://github.com/legumeinfo/lis context viewer

Glycine example

Arabidopsis example




Plant PanGenome Browsers -
Utilizing the Gramene & Ensembl
Infrastructure



Types of PanGenomes

Homolog-based strategy (all-by-all) - The genomes of individuals are independently assembled, and
the presence/absence in a gene family is determined by clustering protein sequences into

homologs.

1. “Map-to-pan” strategy (reference-based) - Pangenome sequences are constructed by
combining a well-annotated reference genome with newly identified non-reference
representative sequences, from which the presence/absence of a gene is then determined
based on read coverage after individual reads are mapped to the pangenome. Highly
recommended for eukarvotic banaenome analvsis.

homolog-based strateqy
( raw reads contigs protein-coding genes gene family
Individual A — b — == NadAal s .
Individual B R | = o §= EE E __
Individual C. i b= R
k de novo assembly gene anotation homology ciustering Hu et al (2020)




Using Comparative Phylogenomics to
Support a Pan-Gene Space Browser

Phylogenetic Gene Trees
® Cluster homologous gene families

® Consensus of 5 tree-building methods
o NJ-dN, NJ-dS, NJ-mm, Phyml-aa, Phyml-nt
e Infers orthologs and paralogs
® Taxonomic dating
® Interactive tree-browser for Cross-species

€lensemb
rosids: 5 homologs °
{1 MTR_1¢015300, Medicago truncatula
MTR_39104960, Medicago truncatula
I Glycine max: 2 homologs
L POPTRDRAFT_717791, Populus trichocarpa

.

Solanum: 3 homologs

0 GLYMA15G19061, Glycine max

commelinids: 9 homologs

Magnoliophyta: 9 homologs

- Iaainell llendorffii: 2 h |

Embryophyta: 5 homologs

1 SPS1, Cl reinhardtii

0 CMR256C, Cyanidioschyzon merolae

| Bilateria: 4 homologs

_.‘ Eukaryota: 100 homologs

http://useast.ensembl.org/info/docs/compara/homology_method.html

Vilella et al (2008); Schwartz et al (2003); Kent et al (2003)



Pan-Genome (gene space)

B r w r B
(1"‘(”"(’”(’ Tools Help Feedback (Gramene Search Search all speces...

1 Oryza Genome Evolution
P4 (oge.gramene.org) E— ——
Maize NAM Founders (maize- o ““
pangenome.gramene.org) ¥ ¥
e PacBio/Bionano assembly of diverse maize . EN S —————
inbreds g G- ——
e Kelly Dawe (U Georgia), Matt Hufford (lowa « E cpalymmm

State U), Candice Hirsch, Maize GDB: Carson
Andorf, Maggie Woodhouse, Corteva: Kevin
Fengler

Wild & cultivated Grapevine (vitis.gramene.org)

e Multiple PacBio & 10X genomes

e USDA-ARS VitisGen2 Project: Lance Cadle-Davidson (USDA-ARS, Geneva,
NY), Dario Cantu (UC Davis), Rachel Naegele (USDA-ARS, Parlier, CA)

USDA-ARS portal for Sorghum genomics/breeding resources

(sorghumbase.org)

e Multiple PacBio &10X genomes

e Chad Hayes (USDA-ARS, Lubbock TX), Corteva, community data sets JGI,
Terra Ref




Pan-Genome (gene quce)
Browsers

Subsites hold collections of closely related reference genomes
° Within species, genus, or crop group
° Outgroup species
° Sourced by collaborators and funded projects
° 4 subsites in progress for rice, maize, sorghum, & grapevine
Uniform gene annotation protocol (in progress)
° Species-customized repeat library & evidence sets
° RNA-seq assemblies, PacBio Iso-seq, EST, prior annotation
° Evidence-based rediction
Gramene/Ensembl databases, Search, Views & Pipelines

Compara Gene Trees & whole genome alignment
e  Gene family assignment

Phylogenetic tree build

Ortholog & paralog calling

Taxonomic dating

Pairwise WGA (BLASTZ-CHAIN-NET)

Genetic variations (SVs & SNPs)

Gene-centered pairwise synteny maps
° Maps collinear & near-collinear orthologs

° Neighborhood view
Pangenome index
° Cluster syntelogs by transitive closure

° Presence absence variation (PAV)
° Copy number variation (CNV)
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Gramene Search & Enhanced Tree Views

Pangenomic

g,‘w’w,w Search for genes...

InterPro | NB-ARC ¥
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© Oryza sativa Indica
0 Oryza glaberrima
0 Oryza rufipogon
0 Oryza glumipatula
o0 Oryza nivara
© Oryza punctata
0 Oryza barthii
) 0 Oryza brachyantha
© Oryza longistaminata
© Oryza meridionalis
0 Leersia perrieri

Alternate gene-tree views
® Gene-neighborhood
e Multiple sequence alignment
® Protein-domain highlighting
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36 genomes

Compara Gene Tree ¢

This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.
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Maize Pan-Genome: Gene tree alignment view
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Compara Gene Tree .

This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.

Display mode ~ o Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.
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Maize Pan-Genome: Multiple-sequence alignment view

opaque endospermz2 zm00001d018971 Zea mays B73
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Compara Gene Tree
This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.
Display mode + Color Scheme ~ o Multiple Sequence Alignment: Amino acid MSA. Drag slider to reposition.
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Maize Pan-Genome: Gene neighborhood conservation view

opaque endospermz2 zmooo01do18971 GRMZM2G015534Zea mays B73 ¢ BZIP25 Arabidopsis thaliana

Regulatory protein opaque-2 Basic leucine zipper 25

Location  Expression [glelylellele)VAl X-refs

Compara Gene Tree
This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.

Display mode ~ o Neighborhood conservation: +/- 10 flanking genes color-coded by gene family.

%

Prototype site: http://maize-pangenome-ensembl.gramene.org
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Pan- Genome (gene space) Elersem
Browsers

Subsites hold collections of closely related reference genomes
° Within species, genus, or crop group
° Outgroup species
° Sourced by collaborators and funded projects
° 4 subsites in progress for rice, maize, sorghum, & grapevine
Uniform gene annotation protocol (in progress)
° Species-customized repeat library & evidence sets
° RNA-seq assemblies, PacBio Iso-seq, EST, prior annotation
° Evidence-based + ab initio prediction
Gramene/Ensembl databases, Search, Views & Pipelines

Compara Gene Trees & whole genome alignment
° Gene family assignment

Phylogenetic tree build

Ortholog & paralog calling

Taxonomic dating

Pairwise WGA (BLASTZ-CHAIN-NET)

Genetic variations (SVs & SNPs)

Gene-centered pairwise synteny maps
° Maps collinear & near-collinear orthologs
° Neighborhood view

Pangenome index
° Cluster syntelogs by transitive closure

° 1 genes in 1 genomes =
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‘Sotaria talca; $1029970mg
Oryza sativa Japorica Group; 0s07g0182000

T<al] Poscese: 13 genes, 4 paraiogs.
Araticopsis halians; ATAG02640

I Arabidopsis thalana; AT3G54620
L Vits vivora: VIT_0750141900170

LoginRegister
IQM”IW Tools Help Feedback (Gramene Search Search af species. Q

Search: Al species B Prelimiary NAM genome assembly and Gene Annotations

<

Thisis a preliminary release of some of the genomes sequenced and assembled
trom NAM project

* B73 AGPVS, NC350, Kit1
» non-stiff-stalks: Ky21i, M162W, Ms71
 Tropicals lines: CML247, CML333, Ki3 and CML52

e.. Carboxy* or chx28

Favourite genomes
We also includeded public released assembly Zea mays B73_RefGen_vé for

ZeamaysB73 ) ZeamaysW22 comparision.
‘*f pres ‘;*.u V2 Gene annolaton was perormed i thelaboatr o Doreen Ware (CSHUUSOA)

Protein-coding genes were identified using MAKER-P software version 3.1
(Campbell et a, 2014) with various edivence incuding icDNAs, proteins, iso-Seq,

) ZeamaysPH207 Sorghum bicolor the same set of evidence used for Zea mays B73_RefGen_v4 gene annotaton.

N v10 Sorghum_bicokor_NCBNG

& This sequence has been released under the Toronto Agreement. No whole-
genome research may be subitted for publication until the offical

Japonica publication fo ths genome assembly has been published.
3

Edi tavourtes. Comparative analyses

All genomes Atotal of 24, 084
individual genes from 19 plant genomes with 716,754 input proteins. See stats
here

-~ Select a species -~ B



Use case: Origin of Domestication genes for PAVs

Gene tree and whole-
genome alignment confirms
presence of Sh1in O. barthii
progenitor, but absence in
African rice, as previously
observed (Wang et al. 2014).
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Pan- Genome (gene space) Elensemsi
Browsers ‘

Subsites hold collections of closely related reference genomes

° Within species, genus, or crop group

° Outgroup species

° Sourced by collaborators and funded projects

° 4 subsites in progress for rice, maize, sorghum, & grapevine
Uniform gene annotation protocol (in progress)

° Species-customized repeat library & evidence sets

° RNA-seq assemblies, PacBio Iso-seq, EST, prior annotation

° Evidence-based + ab initio prediction

Gramene/Ensembl databases, Search, Views & Pipelines

Compara Gene Trees & whole genome alignment
e  Gene family assignment

Phylogenetic tree build

Ortholog & paralog calling

Taxonomic dating

Pairwise WGA (BLASTZ-CHAIN-NET)

Genetic variations (SVs & SNPs)

Gene-centered pairwise synteny maps
° Maps collinear & near-collinear orthologs
° Neighborhood view
Pangenome index
° Cluster syntelogs by transitive closure
° Presence absence variation (PAV)
° Copy number variation (CNV)
° Core & dispensable genome

° 1 genes in 1 genomes +
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Taxagenomic distribution
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Compara Gene Tree
This phylogr between thi

d others similar to it, as determined by Ensembl Compara (2.
Display mode ~ | & Neighborhood conservation: +/- 10 flanking genes color-coded by gene family.
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Future targets:

e Whole genome alignments compliment the
protein gene trees and characterization of
non-coding transcribe regions.

e Regulatory non transcribed regions

3 F Proteinodin ing genes wrs dentfod usi ng VAKER sofware verson 3.1
(Campbell et al, 2014) with various edivence including ficDNAs, proteins, iso-Seq.
Zea mays PH207 Sorghum bicolor

the same set of evidence used for Zea mays B73_RefGien_vé gene annotation.
Arabidopsis thaliana T8 Oryza sativa Japonica
TAIRIO b~ AGSP-1.0

‘P’.

This sequence has been released under the Toronto Agreement. No whole-
genome research may be subitted for publication until the offical
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