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DNA polymorphism
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e Metabarcodi ng Genus and species identification

 How to start from scratch SNP discovery

 Genotyping tools



Tracking flower-foraging insects and their pollen loads in
French mountain permanent grasslands
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’Who visits what and.... Who transports what?’
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INRA_EcoServ_Polipré_@ JN Galliot, A. Farrugia, Galliot et al, 2017



Sampling protocol

Flower-foraging insects,
collecting actively pollen and/or
nectar

Visual
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identification | &

Galliot et al, 2017 J Insect Conserv DOI 10.1007/s10841-017-0022-z



Methods

Amplicon sequencing
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The flower-foragers network
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Numech  Namel  sesscw 1%  MNeme2  readec 2%  Name3  readcourcent Name4 il read couPourcent 4

Mi2B6 Hypochaeris_radicata_ITS2-NCBI 3084 0,61 Alopecurus_myosurcides_ITS2-NCEBI 1027 0,20

Mi2e7 Hypochaeris_radicata_ITS2-NCBI 364 0,43 Festuca_arundinacea_ITS2-NCEI 123 0,15 Centaurea_nigrescens_ITS2-NCEI 117 0,14
Mi262 Centaurea_nigrescens_ITS2-NCBI 3150 087

Mi2eo Centaurea_nigrescens_ITS2-NCEI 32 0,42 Poa_trivialis_ITS2-NCEI 25 0,13 Ranunculus_acris_ITS2-NCEI 25 0,13
Mi270 Hypochaeris_radicata_|T52-NCBI 144427 0,99

Mi271 Centaurea_nigrescens_ITS2-NCEBI 4268 0,75

Mi272 Hypochaeris_radicata_ITS2-NCBI 4860 0,90

Mi273 Hypochaeris_radicata_|T52-NCBI 2808 0,88

Mi274 Plantago_lanceclata_ITS2-NCEI 926 0,54 Plantago_leiopetala_ITS2-NCBI 4g2 0,27

Mi275 Centaurea_nigrescens_ITS2-NCBI 6981 0,83

Mi276 Olea_europaea_IT32-NCBI 211 0,29 — — - 101 014 ris radicata_ 99 0,13 i
Mi277 Centaurea_nigrescens_ITS2-NCEI 3397 0,39 Sonchus kirkil -NCEI 2810 0,32 Sonchus_arvensis _ITS2-MNCBI 283 010

Mi27g8 Centaurea_nigrescens_ITS2-NCBI B518 0,80

Mi278  Alopecurus_myosurcides_ITS2-NCBI 1201 0,75 Dupontia_fisheri_ITS2-MNCEI 262 0,16

Mi2B1 Lapsana_communis_IT32-NCEBI 1154 0,30 Medicago_lupulina_ITS2-NCEI 1102 0,29 Centaurea_nigrescens_ITS2-NCEI 1039 0,27

Mi2g2 Centaurea_nigrescens_ITS2-NCEBI 3214 0,44 Spinacia_oleracea_|TS2-NCBI 1150 0,16

Mi2B3 Centaurea_nigrescens_ITS2-NCEI 14359 0,82

Mi285 Dupantia_fisheri_IT32-NCBI 910 0,71

Mi2B6 Centaurea_nigrescens_ITS2-NCEBI 3601 0,78

Mi2B7 Centaurea_nigrescens_ITS2-NCEI 4354 0,69

Mi2g2 Ranunculus_acris_ITS2-MNCEBI 269 0,55 Hypochaeris_radicata_|TS2-NCBI 181 0,37

Mi283 Centaurea_nigrescens_ITS2-NCEI 6240 0,84

Mi2a5 Petroselinum_crispum_ITS2-NCBI 336 0,23 Centaurea_nigrescens_|TS2-NCBI 333 0,23 Anthemis_cotula_ITS2-NCBI 317 0,22

Mi2%6 Centaurea_nigrescens_ITS2-NCEBI T465 0,64

Mi2a7 Crepis_capillaris_ITS2-NCBI 480 0,31 Papaver_rhoeas_|TS2-NCEI 239 0,16 Bellis_perennis_ITS2-NCEBI 204 0,14 » vulgaris_IT 180 0,12
Mi298 Centaurea_nigrescens_ITS2-NCBI 25 0,54

Mis01 Centaurea_nigrescens_ITS2-NCEI 695 0,44 Urtica_dicica_ITS2-NCBI . .

Mi302 Ranunculus_acris_ITS2-NCBI 12421 0,76 Ranunculus_macounii_ITS2-NCBI Knautia arvensis

Mi303 Dioscorea_polystachya_ITS2-NCBI 16 0,21 Matricaria_chamomilla_ITS2-NCB 11 0,14

Mi305 Ranunculus_acris_ITS2-MCEBI 27 0,27 Centaurea_nigrescens_ITS2-NEZE| 21 0,21

Mi307 Lalium_perenne_ITS52-NCBI 258 0,27 Urtica_dioica ITS2-NC 142 0,15

Mis0e Knautia_lengifolia_ITS2-NCBI 595 0,15 581 0,15 Centaurea_nigrescens_ITS2-NCEI 487 0,12

Mi310 Maoringa_oleifera_ITS2-NCBI 248 0,20 Urtica_dioica_IT52-NCBI 128 0,11 Mol 1 -[MCEI 125 0,10

Mi3ll Lotus_tenuis_ITS2-NCBI 2158 0,24 Lotus_carniculatus_ITS2-NCBI 2085 0,24 Lotus_enviranmental_ITS2-NCBI 1014 0,11

Mi315 Campanula_lambertiana_ITS2-NCBI 2387 0,68 Campanula_rapunculus_ITS2-MCBEI 254 0,24

Mi3le Plantago_media_IT52-NCBI 3519 0,48 Plantago_lanceolata_IT52-NCBI 1796 0,25 Urtica_dioica_IT52-NCBI 776 0,11 | leiopetala_ 738 0,10
Mi31l2 Centaurea_nigrescens_ITS2-NCEI 2408 0,68

Mi3lg Centaurea_nigrescens_ITS2-NCEBI 324 0,31 Lolium_perenne_ITS2-NCEBI 136 0,13

Mi320 Centaurea_nigrescens_ITS2-NCEBI 239 0,36 Anthemis_cotula_ITS2-MNCBI 139 0,21 Ranunculus_acris_ITS2-NCEI 7B 0,12

Mi322 Centaurea_nigrescens_ITS2-NCEI 649 0,35 Plantago_lanceolata_ITS2-NCBI 195 0,10

Mi325 Centaurea_nigrescens_ITS2-NCBI BO75 0,70



1st Conclusion

1- A crude DNA extraction is working

2-Amplicon sequencing _ Universal primer

3-Pool sequencing_barcode

4-Bioinformatics for Biologist

5-Data bases need to be curated/completed



How to identify SNP in orphean species ex lavandula

No genomic ressources
Chromosome number?
Genome size 1Gb?




How to obtain a reference sequence (low cost & quickly)
Reconstruction of the gene space
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iterative Process of Extraction and Assembly of NGS reads

Gene 1 Gene2 Gene 3

Unigen | ] ] |

Whole genome sequencing S
PE reads j j j j j j Mapping

Mapped reads = =—

Extraction of all mapped PE reads X times

}

Unmapped reads 4

Assembly
Gene 1 Gene2 Gene 3
1+ - 1 T 1—

Aluome et al, 2016



PE reads 62 430 893 66 107 230
Nb séquences with 8714 10 060
a similarity >70%)
Quality 7928 common sequD

trimmig

Size distribution of the reference sequence
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Fopa-Fomeju et al, in prep



15 cultivars
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DNA extraction
%

Sequencing 5X-38x
HiSeq2500 2*150 pb

%

Q trimming

%

Mapping on reference

%

SNP

detection

SNP detection

REF

Cv. 1

Cv. 2

Cv.3

Cv. 4

AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTCGGATGCGGAGATTAAGATAATGAGTGTAAAGACATY

L
AGTATAGACTTCATCCGTCCCATTATTTATATTACA
AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTTGAATGCGGAGATTAAGATAATGAGTGTAAAGACAT
AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTCGGATGCGGAGATTAAGATAATGAGTGTAAAGACATY
AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTTGAATGCGGAGATTAAGATAATGAGTGTAAAGACAT/
TATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTTGAATGCGGAGATTAAGATAATGAGTGTAAAGACATS
TG

TAAAGACAT/
TCATCCGTCCCATTATTTATATTACAATGGGTTGAATGCGGAGATTAAGATAATGAGTGTAAAGACATY
AAGACAT/

AGTATAGACTTICATCCGTICCCATTATTITATATTACAATGGGTTGAATGCGCAGATTAAGATAATGAGTGTAAAGACATY/

T
AGTATAGACTTCATCCGTCCCATTATTTAGATTACAATGGGTTGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT!Y
AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTTGGATGCGGAGATTAAGAT

CCATTATTTATATTACAATGGGTAGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT
AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTTGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT
AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTTGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT/

ACTATAGACTTCATCCRTAAAATTATTTATATTARAATAAATTAAATAAAAARATTAACATAATGAGTETAAAGACAT S

WATGAGTGTAAAGACAT/

AGTATAGAATTCATCC— P ———
AGTATAGACTTCAT . WATGAGTGTAAAGACAT/
IIIIIIII' — IIIIIIIIIIIIII

* 1SNP/110 b

AGTATAGACTTCATCCG VATCAGTGT

AGTATAGACTTCATCCG i vuuni tnat i1 ai a1t nunn woe uuentvuoonont 1 nnont AATGAGTGTAAA

CATCCGTCCCATTATTTATATTACAATGGGTCGGATGCGGAGATTAAGCTAATGAGTGTAAAGACAT
TTTATATTACAATGGGTCGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT/

AGT
ATTACAATGGGTCGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT

AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGEGTCGGATGCGBAGATTAAGATAATGAGTGTAAAGACATY
AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGCGGTCGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT

[+

TTAAGATAATGAGTGTAAAGACAT/
GTCCCATTATTTATATTACGATGGGTCGGATGCGGAGATTAAGATAATGAATGTAAAGACAT/
ACTTCATCCGTCCCATTATTTATATTACAATGGGTTGGATGCGGAGATTAAGATAATGAGTGTAAAGACATY

AGTATAGACTTCATCCGTCCCATTATTTATATTACAATGGGTTGGATGCGGAGATTAAGATAATGAGTGTAAAGACAT

CCGTCCCATTATTTATATTACAATGGGTTGGATGCGCAGATTAAGATAATGAGTGTAAAGACATY
AGTATAGACTTCATCC ATGGGTCGGATGCGGAGATTAAGATAATGGGTGTAAAGACATS

AATTATTTATATTACAATACATACAATARAAARACTAAAATAATAACTATAAAAASAT !

Fopa-Fomeju et al, in prep



* SNP collection (low cost)
* SNP subset for cultivar genetic diversity study
* SNP subset for plant material control

'

Genotyping tools vs objectives
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Genotyping = genotyping technology + SNP calling

GBS vs SNP arrays
Prior Template Develop | Sample | Bioinformatics | Experimental
knowledge Capacities, Cost including
skills, time Analysis/sam
ple
Amplicon + DNA +4++ + +++ 4+ (+) @
sequencing

Chip array + DNA + +++ + @

SNP/samples
$855 Multispecies SNP array
Sequencing machines A solution

384 barcodes
SNP fsamplesf cost \



Multi Plant Species lllumina bead chip

Rapeseed Grape
6 DNA samples 48 DNA samples
12 assays* 52 assays*
Rapeseed Poplar Grape Pea Ramdom selection Poplar
1440 1440 ’ 3072 I 2688 l of 128 individuals 28 DNA samples Pea
DNA samples DNA samples DNA samples DNA samples 34 assays* 46 DNA samples
52 gssays*
L 2 v l

SpPlex_4sp
SeqPolyNap| BlackPoplar GrapeReSeq Merging — 67K
20K 12K 20K BeadPools
Mono-Species 4-Species
Infinium® BeadChips Infinium® BeadChip
2012-2014 Q3-2014

*Assays : total number of genotyped samples (singletons, duplicates, triplicates)

Performance of a multi-plant-species lllumina Infinium BeadChip array
Le Paslier et al, PAG XXIV, San Diego, Ca, Janvier 2016, Berard et al, in preparation




Multi Plant Species lllumina bead chip success rate

Mix of DNA
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Personnal comments

SNP discovery —— Strategy available—— Low cost and fast

Genus and species —— Barcoding — Standard protocol-— Good quality
Universal primers Public database

Phyleogegraphy/assignation to population —— Multispecies SNP array

» How much time? Barcoding could be quick, SNP array depending on the facilities

» Cost? —— DNA extraction ——+ How much SNP is needed?

Future / sequencing on your smartphone
Real time
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