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Préparation Analyses de Publications

échantillons diversité

1. Quel marqueur moléculaire ?

2. Quel seuil de similitude ?

3. Quelle stratégie d’'identification taxonomique?
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Brundrett & Tedersoo (2018) New Phytologist 220: 1108-1115

I * I Agriculture et Agriculture and

Agroalimentaire Canada  Agri-Food Canada



i

especes

Nombre d’

) B R EEEEEE R, -]
300 - i
Especes morphologiques : ~ 330 i
250 ‘ o i
Espéeces moléculaires : ~ 2700 (Morton et al. 1995) |
200 — ~ 1700 (6pik et al. 2014) |
150 — |
100 i
50 — i
_-___'____I-_ i
0 - :
I

I ! | I I [ I
1850 1875 1900 1925 1950 1975 2000 2019
Année de description
Modifié d’apres Opik et al. (2016) Fungal Ecology 24: 106-113 et Stirmer (2012) Mycorrhiza 22: 247-258.
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1. Quel marqueur moléculaire ?

Genes codants nucléaires

m Beta-tubuline : 50 isolats, 45 especes - résolution semblable a SSU

Msiska & Morton. 2008. Mycorrhiza

m Gene de la grande sous-unité de 'ARN polymérase || (RPB1)
Stockinger et al. (2014) PLoS ONE 9, e107783.

m Gene transporteur transmembranaire du phosphate (PTG)
Sokolski et al. 2011. AEM 77, 1888-1891.

m H*-ATPase / Glomaline
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1. Quel marqueur moléculaire ?
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lomeromycota: the virtual taxonomy of environmental sequences. Botany 92, 135-147.
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ARTICLE
OPEN

Evidence of non-tandemly repeated rDNAs and
their intragenomic heterogeneity in Rhizophagus
irregularis

Maeda et al. Communications Biology (2018) 1:87

Species # Polymorphic sites # of units in genome # of polymorphic sites/100 bases
Rhizophagus irregularis 238 10 4.07

Ashbya gossypii3° 3 50 0.04

Saccharomyces paradoxus3°© 13 180 0.14

Saccharomyces cerevisiae3° 4 150 0.04

Aspergillus nidulans3° 11 45 0.14

Cryptococcus neoformans>° 37 55 0.46

Phoma exigua var. exigua®3 27 - 1.61

Mycosphaerella punctiformis®® 26 - 1.56

Teratosphaeria microspora®3 16 - 0.96

Davidiella tassiana®3 33 - 1.97

1 4(|)0 S(IJO S S U I T §0 2400 LS M 3200

12I00

10 copies Pas d’organisation en tandem 90-99% de similitude
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Maeda et al. Communications Biology (2018) 1:87
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Polymorphisme de 'ADNr — autres souches / especes?

Stefani et al. (non publié)

Strain ID DAOM Identification

Region / Country

4341 234179 Rhizophagus irregularis (elaszk., Wubet, Renker & Buscot)
4348 234180 RhiZOphagUS irregularis (Blaszk., Wubet, Renker & Buscot)
M+ 197198 Rhizophagus irregularis (Baszk., Wubet, Renker & Buscot)
9A2 212349 Rhizophagus sp.
4375 234181 RhiZOphagUS irregularis (Blaszk., Wubet, Renker & Buscot)
T3-1D 229455 Rhizophagus sp.
CC4-4A 229457 Rhizophagus irregulafis (Blaszk., Wubet, Renker & Buscot)
- SD-1 229456 Rhizophagus sp.
GC-5 234281 Rhizophagus clarus (r.H. Nicolson & N.C. Schenck)
SD-5 226389 Rhizophagus proliferus (paipé & beclerck)
— JS-1 227022 Rhizophagus diaphanus (J.B. Morton & C. Walker)
GC-1 234280 Claroideoglomus claroideum (N.c.Schenck & G.S. Sm.)

Buckingham, QC, Canada

Ripon, QC, Canada

Pont Rouge, QC, Canada

Wasaga Beach Provincial Park, ON, Canada
lles-de-la-Madeleine, QC, Canada
Terrebonne, QC, Canada

Clarence Creek, ON, Canada

La Palma, Pinar del Rio, Cuba
Guadeloupe, France
Lotbiniére, QC, Canada
Hoho, Laukaa, Finland

NS1/LSUmAr3 3.2 kb Fragments 550 pb MiSeq

1
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Polymorphisme de '’ADNr — autres souches / especes?

Stefani et al. (non publié)
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Lee et al. (2008) FEMS Microbiol Ecol 65: 339-349
Stefani et al. (non publié)

AML1/AML2
Franck_F / Franck R 800 pb

Pi

*4 1nu-SSU-0595-5' U-SSU-0948-3 l
bt

Mycologia, 88(5), 1996, pp. 745-748.
© 1996 by The New York Botanical Garden, Bronx, NY 10458-5126

A nomenclature for fungal PCR primers with examples from
intron-containing SSU rDNA

SSuU ITS LSU
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Lee et al. (2008) FEMS Microbiol Ecol 65: 339-349
Stefani et al. (non publié)

Nu-SSU-0595-5"/ nu-SSU-0948-3’ MiSeq
400 pb 2 x 250 pb
2 x 300 pb
Pi /1 | W\ P
o *nu-SSU-0595-;' pu-SSU-O948-3'
0.3 - AML% é«MLZ
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01 1
004 5.85 r 22 i z:z:-szrr
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I * Agriculture et Agriculture and

Agroalimentaire Canada  Agri-Food Canada




Lee et al. (2008) FEMS Microbiol Ecol 65: 339-349

Stefani et al. (non publié)
nu-SSU-0595-5"/ nu-SSU-0948-3’
400 pb

Amorces universelles

™ 20 cycles

AML1 / AML2

PCR niché

uoiesNd

\

Nu-SSU-0595-5"/ nu-SSU-0948-3

<«

15-20 cycles




2. Quel seull de similitude ?
Schlaeppi et al. New Phytologist (2016) 212: 780791

NS31-AML2 PCR primer combination
(480 bp) (minimal length of common sequence fragment)

OTU similarity level 3 4 es p é ces

Acaulospora cavernata (cons.1)
Acaulospora sieverdingii (cons.2)
Acaulospora laevis (cons.4)
Acaulospora brasiliensis (cons.5)
Acaulospora spinosa (cons.3)
Acaulospora lacunosa (cons.6)
Diversispora spurca (cons.7)
Diversispora aurantia (cons.8)
Diversispora celata (cons.9) Diversisporaceae
Diversispora eburnea (cons.10)

Diversispora epigaea (cons.11)

Scutellospora heterogama (cons.12)

Scutellospora heterogama (cons.13)

Gigaspora sp. (cons.14)

Gigaspora rosea (cons.15) Gigasporaceae
Scutellospora nodosa (cons.16)

Racocetra castanea (cons.17)

Scutellospora spinosissima (cons.18)

Pacispora scintillans (cons.19) Pacisporaceae

Acaulosporaceae

Diversisporales

Glomus sp. (cons.20)

Glomus macrocarpum (cons.21)
Glomus macrocarpum (cons.22)
Funneliformis mosseae (cons.23)
Funneliformis mosseae (cons.24)
Funneliformis coronatus (cons.25)
Funneliformis sp. (cons.26)
Funneliformis caledonius (cons.27) Glomeraceae
Rhizoglomus irregulare (cons.28)
Rhizoglomus irregulare (cons.29)
Rhizoglomus irregulare (cons.30)
Rhizoglomus proliferus (cons.31)
Rhizoglomus intraradices (cons.32)
Sclerocystis sinuosa (cons.33)
Claroideoglomus sp. (cons.34)
Claroideoglomus luteum (cons.35)

Glomerales

Claroideoglomeraceae

Ambispora fennica (cons.36) Ambisporaceae
Geosiphon pyriformis (cons.37) Geosiphonaceae
Archaeospora schenckii (cons.38) Archaeosporaceae

Paraglomus occultum (cons.39) Paraglomeraceae

28 22 16 number of OTUs
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Glomeromycota

Identification
taxonomique

SSU = regroupement a 100%

J
ASVs, ESVs, z- radius OTUS, sub-OTUs




®
BLAST > blastn suite

Standard Nucleotide BLAST

_J blastn | blastp | blastx | tblastn | tblastx |

BLASTN programs search nucleotide databases using a nucleotide query.lentification

3 Q| Enter Query Sequence axonomique
' Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
GGACTGTTACCTTGAAAAAATTAGAGTGTTTAAAGCAGGCTCACGCTTGAATACATTAGCATGG | ¢
AATAATGAAATAGGACATCCGATTCTATTTTGTTGGTTTCTAGGATCGATGTAATGATTAATAGG
GATAGTTGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAAC To

TACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCGAAG
ACGATCAGATACCGTCGTAGTC

Or, upload file Choisir |e fichier ' aucun fichier sélectionné &

Séq Job Title

4

Enter a descriptive title for your BLAST search &
— Align two or more sequences &

OPEN @ Al JS | ONE

Choose Search Set

Database Human genomic + transcript © Mouse genomic + transcript @Others (nr etc.):
P H Y‘ Nucleotide collection (nr/nt) ()
Organism

F U ns Optional “lexclude *

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown &)

Mahé et a
Exclude ~Models (XM/XP) @ Uncultured/environmental sample sequences
Optional
9 120 C Limit to — Sequences from type material
~ Optional
Entrez Query YouRlllil§ Create custom database
Optional Enter an Entrez query to limit search &)

Program Selection

Optimize for © Highly similar sequences (megablast)
" 'More dissimilar sequences (discontiguous megablast)
" 'Somewhat similar sequences (blastn)

Choose a BLAST algorithm &



3. Quelle stratégie d’identific

3.1 SSU Regroupement 10(

3.2. ASVs MA - Phylogéni

Phylogenetic reference data

of arbuscular mycorrhizal fu
Kriiger et al. New Phytologist (2012) 193: 970-9¢
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O Tamarix articulata
21 échantillons de racines -

4 échantillons de sol

35

0 PCR niché N - 430255 _
1. AML1I/AML2 500909
2. nu-SSU-0595-5'/ nu-SSU-0948-3’

20

Boughzoul

O Séquencage
MiSeqg Nano kit > 2 M séquences
2 x 250 pb

0 Regroupement 100%

O Identification taxonomique
1. Blast

2. Phylogénie
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BLAST
\Z

25 ASVs identifiés
comme Glomus

ASV61

SSUcons53_Glomus_macrocarpum_W5605

SSUcons52_Glomus_macrocarpum_W5293
ASV45

ASV29
SSUcons54_Glomus_sp_W3347
ASV35

Microkamienskia_perpusilla_FJ164242
Microkamienskia_perpusilla_FJ164235
ASVT71
Dominikia_sp_IB_2012_0125_IB_2012_0125_KU587455
Glomus_sp_VeGlo18_FN429111
ASV59
Glomus_sp_VeGlo18_FN429117
ASV89

SSUcons64_Dominikia_indica

ASV17
Dominikia_iranica_HM153423
SSUcons65_Dominikia_iranica
Dominikia_iranica_HM153424
ASV14
ASVO1
Dominikia_iranica_D11_P1_KU136399
SV67

Glomus _sp_SH3_KX099696
' ASV7B
Glomeromécoﬂna sp_T85_MG576087
Ucons55_Rhizophagus_irregularis_DAOM197198
FR750223_Rhizophagus_irregularis_W4533

FR750373_Rhizophagus_sp_W3563
SV20

SV55
Rhizophagus_irregularis_KY436333
isslillconsss,ﬂh\zophagus,irregu\aris,MUCL431 95
27

ASV64

Rhizophagus_irregularis_KY436337
ASV73

ASV46

ASV43

ASV85

ASV68
FR750374_Rhizophagus_vesiculifer W2857
ASV32

Rhizophagus_irregularis_KY436312

ASV11

Y17640_Rhizophagus_fasciculatus_ BEG53
ASV58

Rhizophagus_irregularis_KY436338
ASV26

ASV06
Rhizophag us_sp_LPA8_CH3_KY436349

A
SSUconSGO _Rhizophagus_proliferus_! MUCL41827
AJ276084_Rhizophagus_manihoti: 47B
SSUconssQ _Rhizophagus_intraradices _| FL208

SSUconsSZ,Hh|zophagus,mamhous,FLaw
Y17648_Rhizophagus_manihotis_W3224
SSUcons61_Rhizophagus_clarus_W3776
SSUcons63_Sclerocystis_sinuosa_MD126
AJ249715_Sclerocystis_coremioides

ASV18

ASV38
ASV84
Glomus_sp_MH16_KX099708
ASV36

SSUcons51_Septoglomus_africanum

FR750212_Septoglomus_¢ consmclum,WSSOB

SAeg&?g lomus_constrictum_269_2_KP144295
47

Septoglomus_constrictum_H2_P2_KU136431
Septoglomus_fuscum_JX683167
ASV86

ASV24
ASV83
U96145_Funneliformis_mosseae DAOM221475
SSUcons42_Funneliformis_mosseae_BEG25
U96143_Funneliformis_mosseae_DAOM212595
AJ306436 Funneliformis_mosseae_W3528

Va4
GIomus,sp,Glm B_1bt11_AY129633

SSUcons44_Funneliformis_mosseae_BEG12
ASV16

ASV80
SSUcons45 Funneliformis_mosseae FL156

SeptogIomus,deserlico\a,BS,Ku1 36412
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Conclusion

Identification Analyses
taxonomique fonctionnelles

A PCR niché - pas de biais taxonomique @

AML1/AML2 + nu-SSU-0595-5/ nu-SSU-0948-3’

Préparation Analyses de Publications
échantillons diversité

 Locus : 18S et regroupement 100%

O Identification des ASVs - séguences réferences (Collections)

1 Direction future :

1) Séquencage de longues séquences (45S partiel, 3.2 kb)
2) Caractérisation de la variabilité de 'ADNr

3) Nouveau marqueur moléculaire?
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Relative abundance
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ASVs
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