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2) Process the PanExplorer workflow

httpS :[Lpa nexp|0re r.SOUthgreen .fr[ The workflow consists of a Snakemake workflow that executes successively:

v’ Retrieval of the corresponding gene sequences

v’ Average Nucleotide Identity (ANI)

v Gene clustering and pan-genome analysis using PGGB (1), Roary (2) or PanACoTA (3),
v’ Attribution of COG functional categories and KEGG metabolic pathways

v GC content calculation using SkewIT (4)

v’ Hierarchical clustering, Heatmap, Upset diagram using R

Options:

1) Import your genomes - Minimim percentage identity

Import your selection of microbial - Pangenome construction software

genomes. [ Import Data ] (PGGB, Panacota, roary, orthofinder)

Genomes must be completely

assembled and annotated.

Input can be:

v' a list of Genbank identifiers
(public genomes)

v’ a collection of Genbank files Bioblend API Galaxy wrapper _unll Ge“;“__jl,_» A

(private genomes) INPUT: List of Genbank ids o~
v a collection Fasta+GFF files or Genbank files
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(eukaryotes) or fasta+GFF files docker e

G&b https://github.com/SouthGreenPlatform/PanExplorer workflow (Snakemake workflow)

w docker://dereeper/panexplorer_workflow:v2

] plotly [Dash ... R

The web application allows interactive
data exploration at different levels
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Segments are ordered according to their position in the reference genome. The color scale is symlog transformed (base 10) of the segment size. SNP Genotyping matrix (only the first 5000 variants are displayed)

YanthomonasoryzaepvoryzaePX0282gbffgzgh XanthomonasoryzaepvoryzaePX0282gbffgzgb Presence | XanthomanasoryzaepvoryzaePX0282gbffgzgb VAN 5 35 1 4 Number 0% repeats XanthomonasoryzaepvoryzaePX0282gbffgzgh Alt allele count
XanthomonasoryzaepvoryzaePX0142gbffgzgh XanthomonasoryzaepvoryzaePX0142gbffgzgh XanthomanasoryzaepvaryzaePX0142gbffgzgb VAN 4 35 9 4 B XanthomonasoryzaepvoryzaePX0142gbffgzgh 2
XanthomonasoryzaepvoryzaePX0513gbffgzgh XanthomonasoryzaepvoryzaePX0513gbffgzgh XanthomonasoryzaepvoryzaePX0513gbffgzgb TR 5 24 9 4 : XanthomonasoryzaepvoryzaePX0513gbffgzgh |
XanthomonasoryzaepvoryzaeMAI1 34gbffazgh XanthomonasoryzaepvoryzaeMAI134gbffazgb XanthomonasoryzaepvoryzaeMAI1 34gbffozgb K 5 35 9 4 0 XanthomonasoryzaepvoryzaeMAI134gbffgzgh | ’ H ‘ |I | ‘ ‘ “ ‘ ‘ ‘ | ’ ‘ ’ ‘ ‘ ‘ ‘ | ‘ |
XanthomonasoryzaepvoryzaeCFBP7340gbffgzgh XanthomonasoryzaepvoryzaeCFBP7340gbffgzgb XanthomonasoryzaepvoryzaeCFBP7340gbffozgb VAN 5 35 1 < ' InthomonasoryzaepvoryzaeCFBP7340ghffgzgh 1.5
XanthomonasoryzaepvoryzaeGFBP7337gbffazgh) L o XanthomonasoryzaepvoryzaeCFBP7337gbffgzgb w  XanthomonasoryzaepvaryzaeCFBP7337gbffgzgh VAN 4 3 9 4 . inthomonasoryzaspvoryzaeCFBR7337gbffgzgh
i [} 1 U
XanthomonasoryzaepvoryzgeMAI106gbffazgh ‘o XanthomonasoryzaepvoryzaeMAI106gbffgzgh 2 XanthomonasoryzaepvoryzaeMAI106gbifgzgh N 5 34 9 B - XanthomonasoryzaepvloryzaeP1A1106gbffgng
XanthomonasoryzaepvoryzicolaQFBP7331gbffgzgh 0 g XanthomonasoryzaepvoryzicolaCFBP7331gbffgzgb g YanthomonasoryzaporyzicolaCFER7231gbffozgb IS 5 % 3 4 | :homonasoryzaepvomfcolaCFBP733lgbffgng 1
Xanthomonasoryzaspuoryzicols§FBP7341gbfazgh i 1 XanthomonasoryzaepvoryzicolaCFBP7241gbffgzgb 0 XanthomenasoryzaepvoryzicolaCFaPT341gioegh [RRANENE 5 5 1 4 5 | :h°'“°”35°’VHEPV°W“"°'3_°FB°73419bggng
XanthomonasoryzaepvoryzolaYM15gbffazgh XanthomonasoryzaepvoryzicolaYM15gbffgzgb) XanthomonasoryzaepvoryzicolaYM15gbffozgh [ 5 34 9 < aﬁ:}:g:::g::slzr::ez:;zwczollc:;al.;r:;:3:ﬁgzgt 0s
. voryzl 2
XanthomonasoryzaspvoryziclsBLE279gbffazgb XanthomonasoryzaepvoryzicolaBLS279gbffgzgb XanthomonasoryzaepvoryzicolaBLS279gbffgzqh AN 5 ] 5 10 XanthomonasoryzaepvanyzicolaLSgbffgzgh
Xanthomonaso ryzaepvoflyzicolaL8gbffgzgb : Xanthomonasoryzaepvoryzicolal8gbffazgh Kenthomonasaryzaepiaryzicolalighons: B : : : anthomonasoryzaepvoryzicolaBLS256gbffazgh
XanthomonasoryzaepvoryzicdaBLS256gbffgzgh XanthomonasoryzaepvoryzicolaBLS256gbffgzgh | Yanormoszsecyzaeprory a2 b R 2 g 4 ’ thomonasoryzaepvoryzicolaCFBP2286gbffazgh 0
XanthomonasoryzaepvoryzicolaCFBP2286gbffgzgh Absence | XanthomanasoryzaepvoryzcolaCFEr266obiiva Y M - N EN RN L 22977797772779777997379779999999999999992999999°9799999999999737999°393173
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ' o0 B B N oM W M 1R I My 8 # W 3 W U M 5 A e A A A A A R A A a A a n an A A AA A AR AR AR AR 2RSS
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 1 N 90 NNN AhVUUVe o DOROOD NNNNNN
O R RO R T GRS A A IR g
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww FERONSNSNWNNOOURENWOMIBEREVQAOENLAOY VRO OROOWNNONERWREROOOQRONJMAROAYHFAYJAWNDG
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww ! G I t i ' ' VOYINOWOROYNRN YOO ORWRRORQARCOROWO NG ® OVONWDOO VRN AW ONWON @
R T G " ene dlustefs : ik tod VNTR mark :
g A VAR EN D N A Nt N it it et ; roup-specitic eenes 5 I repeate marker : ;
| | PP 5 Strain-specific genes ~ COre-genes | gniy rep | Variants
Selected pivot . . | |
Inversion event  Big indel event | TR
: ! oci (19)
genome : :
/ \ Forward genes @ Reverse g ® Core-gel ® Strain-specific genes ! Vo et M
= 16 GCGCCCACCGCC,CGAGGCGGTG
20 CGAC,AGTC )
; I i Organism
! (] mwt\\\“m“‘ L i /”“KI' o\w 3 CCAAGGCGGCAG,CGGCCTTGGCEE : 9
' : \\ﬁﬁ % ) ” ' 2 ! ® Xanthomonas oryzae pv. oryzae
i [ 4) Physical map of core-genes and CoNSguim Wi | EE— : ® anthamonas aryzse . o
| W I o | '
1) Pan-genome graph overview: : . - P L NN  me
: N AW U %, l CCSCCGCT GCBRCTGCACES e
| strain-specific genes can be ARV ¢ (NS L cm——
/ R : f H $ \\\\\\ 7 /// 1 GAGCCG,CGACGA cegectl !
e p re S e n t a t I O n O E R . . $$ '\\\ 3 %"/ i » ercscconcamcon N i OJ Population structure (by sNMF) for different K
displayed as a circular genomic (A 22 : : : : 1 e
I I l == B s I : i .
| representation (Circos), for each H 8% : | ° o '
: L : g ' =£ 8 ~w =8 analysis | \ u
respecting a minimum size : en ind dent +HH g-2 ; : , —
' = E= “~ '
: t t =2 = = e ’ ¢
v ) . i | genome taken inaepenaently =% = | > ) 7
; = = S ' PC2 ) PC1 g oos &
Allows the identification of large 5 %% ¥ 55 % «
H = =
\ e : = 229 &L= ° =
structural variations: indels O S
‘ ’ 2,7 \

Position= in reference gencme: 1747858-1748€22 E x

N V&' SNP-based : I II

i A v \ I i § os T
A a | % | ) N h \‘\\ ! £
inversion events ; o i > | ¢ ; PCA | i

| & /#%’:‘“"lll i\ Sy R i 1

i 00w g v WS N 5 )

| N\ 5 Colored by: ‘ ORGANISM X v ] g '

Node: 52599 N !
\ _—=
I I,

IS ) - :
Genes in this mode: Distribution of core-genes and accessory genes Rarefaction curve e : 1| 8[| +|sz]15]2 | imear] radiat |[TAimas

e /2) Visual inspection of a\ e 5) Visual inspection of a specific cluster.
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ﬁO) Genetic diversity and population \
structure analyses.

- /6) Pan-GWAS (association studies) \ SNP-based phylogenetic tree and PCA
_— A dedicated module allows to search for clusters . (using plink) and population structure
- that respect particular pattern of gene presence - With sNMF) /

| among strains (phenotype) / 7) COG functions and KEGG |
L A metabolic pathways enrichment

3) Subgraph extraction and visualization

S c ‘ a COG Term Odds ratio 4 P value FDR

[ ] o o . - -

usin g various viewers.: ] microbial pan-GWAS R] COG1159 GTPass 17.994167262069632 0.0001266243890574 0.0039615344576548
/ i IG] COG3336 Ghuconolactonase 16.733089713843775 0.0002423414012444 0.0067418062110341

1 é“ e s ees ese s . . PR . P .o .. “s s e e . . . .. © e s e see cems e s@ s cm
B an d d ge ) O D G I ) VG i K] COG3710 DNA-binding winged-HTH domains 16.788089713843775 0.0002482414012444 0.0067418062110341
| R] COGOS45 Predictad phosphatases 15.532014572864322 0.0004893663186457 00111830842208784
M) COGO438 Glycosytransferase 14378670783253478 0.000962348029094 00173222645236935
R e fe re n c e S [R] COG101T1 Predictad hydrolase (HAD superfarmity) 14378670783253478 0.000962348020094 00173222645236835

[R] COG1100 GTPase SAR1 and relatad small G proteins 14.378670783253478 0.000962348020034 0.0173222645236935
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The conservation of gene order between genomes
can be investigated using graphical representation

é) IFB s ou th G reen . (HivePlot, Mauve viewer, Clinker)
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GitHub https://github.com/SouthGreenPlatform/PanExplorer (Web application)
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