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Research at Biointeractions

 Plant parts/Seeds/Bulbs
 Soil/water/air
 Rhizosphere
 Endophytes
 Biocontrol

 Detection
 Microbiology
 Bioassays
 Bioinformatics



Detection and quantification:

 imaging

 On-site: LAMP

 Real-time PCR

 Luminex

 Next Generation Sequencing



Leptospheria maculans

Phytopathology

Taxonomy Genomics

collections



What is in the pipeline?



What’s in the pipeline?

 Next Generation Sequencing (NGS) platforms
 NGS workflow
 NGS data analysis
 Examples
 Conclusions
 Outlook
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Genomics is essential for biological research

Applications

● Barcoding, MLA, diagnostic markers, phylogeny

● Generation of markers for population studies

● Genome -content, -expression, -evolution

● Understanding pathogenesis/communities

● Diagnostics and detection

Genomics is booming

● Affordable

● More data

● More tools

 Genomics will guide biological research



Generations of sequencing

 1st generation Sanger sequencing

● >900 bp

● 96 lanes

 2nd generation Illumina (Roche 454)

● 125-300 bp

● 300 Gb/run

 3rd generation sequencing

● Single molecule sequencing

● Long reads >80 Kb
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Illumina
sequencing
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TruSeq® Nano DNA Library Prep
Low sample (LS) protocol



Fragmentation of DNA

 Sonification: Covaris
E210 Sonicator
 Expected size : 100-

1000 nts
 Purification of 

required size
 DNA fragment + 

adapter seq ( 2*63 
nts)



Start run!

MiSeq equipment 



(a) Pacific Biosciences SMRT (single-molecule real-time) DNA sequencing method. 
(b) Life Technologies FRET sequencing platform uses base fluorescent labeling technology, a DNA polymerase 

modified with a quantum dot and DNA template molecules immobilized onto a solid surface. 
(c) The Oxford nanopore sequencing platform uses an exonuclease coupled to a modified α-hemolysin nanopore

(purple, pictured in cross section) positioned within a lipid bilayer. As sequentially cleaved bases are directed 
through the nanopore, they are transiently bound by a cyclodextrin moiety (blue), disturbing current through the 
nanopore in a manner characteristic for each base. 

(d) The Ion Torrent sequencing platform uses a semiconductor-based high-density array of microwell reaction 
chambers positioned above an ion-sensitive layer and an ion sensor. 

3rd generation: Single Molecule Sequencing strategies



a DNA sequence in itself is useless



 More data 
 More complex
 Unbiased

 Data analysis can be iterative, data 
production is done at once

 Large body of data allows for testing self-
consistency

Why Next generation sequencing makes a 
difference....



Software to analyse NGS data

 CLC bio's software
 Geneious
 Galaxy pipelines
 DNAstar
 Homebrew software



 SIMD technology

Analysis of millions of reads is a chalenge

Single instruction, multiple data 
multiple processing elements that 
perform the same operation on 
multiple data points 
simultaneously.



Introduction to terms

De novo assembly 
Read mapping

● Normalization: Reads per Kilobase per million (RPKM)

● Genome coverage: depth versus width

● eProbes: selective regions/random mapping

● Best match of mapped reads (NCBI)



Two NGS analysis strategies

De novo assembly 

Read mapping
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From short reads to a genome by de novo assembly

K-mer

Overlap extension
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Read mapping or reference based assembly

● Normalization: Reads Per Kilobase per Million (RPKM)

● Genome coverage: Width versus Depth

● Reads in pairs

● Homology

Depth

Width
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eProbes (selective regions/random mapping)
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CTAGGAGGGATAGTAGATGATGAT
Ref A CTAGGAGGGATAGTAGATGATGAT

Ref B CTAGGAGGGATATTAGATGATGAT

CTAGGAGGGATAGTAGATGATGAT
Ref A CTAGGAGGGATATTAGATGATGAT

Ref B CTAGGAGGGATATTAGATGATGAT

Read

CTAGGAGGGATAGTAGATGATGAT

Situation Random E-probe

1 1 0

2 1 1

3 1 0

4 0 0

CTAGGAGGGATAGTAGATGATGAT
Ref A CTAGGAGGGATAGTAGATGATGAT

Ref B CTAGGAGGGATAGTAGATGATGAT

CTAGGAGGGATAGTAGATGATGAT
Ref A CTAGAAGGGATATTAGACGATGTT

Ref B ACAGGAGGGATATTAGATGACGAT



Instrumentation:
Normalization, RPKM
eProbes (selective regions/random mapping)

Pilot: read mapping on reference sequences 
NGS TaqMan
NGS barcode/MLSA 
NGS Whole genome

Co-pilots:
Genome coverage  width versus depth
Best match of mapped reads (NCBI)

Explorer: 
Low homology
De novo assembly and characterization of derived contigs

Blastn
Blastx

NGS for detection and diagnostics strategy
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NGS data analysis pipeline

Pilot Co-Pilot Explorer

Sequencing data

Quality trimming

Read mapping on targets

Number of readsPosition of the reads

Extract consensus sequence reads

Homology search mapped reads
BLAST

De Novo assembly

Split to 1000 bp fragments

Split to 1000 bp fragments Homology search mapped reads
BLAST

Taxonomy tool

Taxonomy tool

Sample DNA/RNA



NGS data analysis pipeline

Pilot Co-Pilot Explorer



Species identification/confirmation based on MLSA

Isolate IPO775 confirmed to be D. dianticola



Species identification/confirmation based on MLSA

Isolate IPO0139 = P. carotovorum subspecies carotovorum
Does not match with reference sequence



Enterobacteriaceae species involved in potato soft rot



Species A Species B

Polymorphism within a species

Shared polymorphism immediately 
following speciation

Shared polymorphism lost due to drift 
in the absence of significant gene flow

Species A Species B

Evolutionary Fate of Neutral 
Polymorphism

Slide by Kerry O’Donnel



New barcoding genes help correct in 
species identification



Genomic based diagnostics in complex matrixes
Bio-informatics

Whole Genome Analysis
Multiple Locus Analysis



NGS data analysis pipeline

Pilot Co-Pilot Explorer



Optimizing settings using clean tomato seeds
In silico experimentation
Artificial contaminated seeds
Naturally contaminated seeds

Example on tomato seeds



Experimental design

Stomacher step on seed

In 50 ml:  Addition of Bacteria

Spike: 
X. perforans
X. vesicatoria
X. euvesicatoria
X. gardneri
Pst_919 
C.m.m_3356 

Internal controls:
C.m.t
IPO_3677 

Soaking 16 hr o/n at 4oC in Seed Extraction Buffer (150 ml) 

Slow Centrifugation

10.000 healthy tomato seeds (74-628) 

45 ml Fast Centrifugation

sup

pellet Bacterial pellet in 1000 µl

- 4x 100 µl/sample (a t/m h)
- sample 1a-1d used for sequencing

MoBio kit King Fisher



Stomacher BagMixer® 400 CC, (Interscience)



In silico NGS test performance  

No interference:
Detection is independent on the number of total reads 
in sample



NGS data analysis pipeline

Pilot Co-Pilot Explorer



Name Clean seeds Spiked seeds
High Low High Low

Tomato_nucleous 1.0 1.1 0.6 0.7
Tomato_chloroplast 80.0 81.6 33.9 34.7
Tomato_mitochondrion 12.6 13.0 5.4 5.6
Xeu_1088 0.0 0.0 17.0 17.3
Cmm_542 0.0 0.0 3.0 3.1
Pst_919 0.0 0.0 7.2 7.3
Xp_1067 0.0 0.0 13.4 13.5
Xg_1073 0.0 0.0 17.6 18.0
Xv_1059 0.0 0.0 13.0 13.2

Benchmarking protocols and procedures for NGS in diagnostics

RPKM= reads per Kb per million reads



Reproducibility NGS as diagnostic tool

1a 1b 1c 1d

Name
Total read 

count RPKM
Taqman 

CT
Total read 

count RPKM
Taqman 

CT
Total read 

count RPKM
Taqman 

CT
Total read 

count RPKM
Taqman 

CT

Tomato 12970429 1.02 ND 13715490 1.00 ND 12711539 1.00 ND 31158587 1.01 ND

Total Xeu 128038 1.56 28.58 162025 1.82 28.57 147350 1.80 28.52 350705 1.76 28.47

Total Xv 115671 1.42 24.38 148234 1.68 24.37 128854 1.59 24.24 303549 1.53 24.32

Total Pst 1030221 10.70 23.19 1218444 11.67 23.09 1077143 11.18 23.20 2525668 10.77 23.21

Total Xg 4432 0.05 31.24 5684 0.06 31.20 5024 0.06 31.65 11642 0.06 31.58

Total Xp 781855 10.15 23.75 987044 11.82 23.79 864427 11.22 23.86 2068091 11.03 23.83

Total Cmm 40400 0.78 25.05 70144 1.25 25.31 113640 2.20 24.03 358306 2.85 23.36



Contaminants in natural contaminated seed samples

species RPKM

Tom nucleus 0.144
Tom chlor 11.528
Tom_mito 2.178

Cmm -gen 0.075
Cmm-plas 0.114

Pst_gen 0.000
Salmonella gen 0.000
Xg_gen 0.000
Xp_gen 0.000
Cmt -gen 0.000
Xeu_gen 0.000
Xv_gen 0.000
Acat - gen 0.000



NGS data analysis pipeline

Pilot Co-Pilot Explorer



Pilot: NGS MLSA



Pilot: NGS TaqMan regions

Number
of reads



Example  Ralstonia solanacearum

Pilot: NGS whole genome

Number
of reads



RPKM= reads per Kb per million reads

RPKM is used to correct for the variation between the different references
(target length, amount of reads, etc.)

Name size (kB) mapped reads RPKM
Ralstonia solanacearum_IPO1609_b mapping 3372.9 242048 175.557
Ralstonia solanacearum_IPO1609_a mapping 1870.2 128113 167.582
Pectobacterium carotovora subsp. atroseptica SCRI1043-Chr-NC_004547 mapping 5064.0 30 0.014
Streptomyces scabiei 87.22-Chr-NC_013929 mapping 10148.7 0 0
pectobacterium carotovorum subsp brasiliensis_NZ_LKKQ01000045_fus mapping 1451.7 0 0
Dickeya_chrysanthemi_NZ_JRWY01000145_fus mapping 4952.4 0 0
Streptomyces turgidiscabies_NZ_BCMN01000100_fus mapping 10579.3 0 0
Streptomyces acidiscabies_NZ_AHBF01000244_fus mapping 11005.9 0 0
Rhizoctonia solani_JATN01000001_fus mapping 50140.1 0 0
Verticillium dahliae_mitochondrial genome_NW_009276970_ mapping 71.9 0 0
Verticillium dahliae_genome_NW_009276967_fus mapping 33828.5 0 0
Synchytrium endobioticum genome_MB42_fus mapping 21498.0 0 0
Botrytis cinerea_B0510_finalassembly_January2015-annotated_fus mapping 42630.1 0 0
Pectobacterium carotovorum subsp. carotovorum PC1-Chr-NC_012917 mapping 4862.9 0 0
Pectobacterium wasabiae WPP163-Chr-NC_013421 mapping 5063.9 0 0
Dickeya solani IPO 2222-Chr-NZ_CM001859 mapping 4867.3 0 0
Dickeya dadantii 3937-Chr-NC_014500 mapping 4922.8 0 0
Dickeya dianthicola NCPPB 453-Chr-NZ_CM001841 mapping 4653.0 0 0
Dickeya zeae EC1-Chr-NZ_CP006929 mapping 4532.4 0 0
Pseudomonas fluorescens SBW25-Chr-NC_012660 mapping 6722.5 0 0
Clavibacter michiganensis subsp. sepedonicus-Chr-NC_010407 mapping 3258.6 0 0
Clavibacter michiganensis subsp. sepedonicus-pCS1-NC_010399 mapping 50.4 0 0
Clavibacter michiganensis subsp. sepedonicus-pCSL1-NC_010408 mapping 94.8 0 0
Candidatus Liberibacter solanacearum CLso-ZC1-Chr-NC_014774 mapping 1258.3 0 0
Clavibacter michiganensis subsp. michiganensis NCPPB 382-Chr-NC_009480 mapping 3297.9 0 0
Clavibacter michiganensis subsp. michiganensis NCPPB 382-pCM1-NC_009478 mapping 27.4 0 0
Clavibacter michiganensis subsp. michiganensis NCPPB 382-pCM2-NC_009479 mapping 70.0 0 0

RPKM
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Co-pilots: Genome coverage & Best match

Position of 
the reads

Taxonomy
tool



Explorer  De novo assembly & characterization of derived
contigs

De novo
assembly

Taxonomy
tool



Track and trace by SNPs analysis

Banana
Helconia

Phylotype II
(North America?) 

Phylotype I 

Ralstonia pickettii

Surface water

Potato



Conclusions
 >400 diagnostic samples analysed by NGS

 Set up of the pipeline with pilot, co-pilot and explorer

 Know/symptomatic, known/asymptomatic, 
unknown/symptomatic, unknown/asymptomatic 

 We like it!

 High consistency with TaqMan results

● Sensitivity usually better

● Other targets higher sensitivity (ELISA, size of genome)

● identified (un)expected targets

 Workflow for:

● DNA 

● RNA

● Special protocols for Viroids, low input 



Conclusions

 Importance of the reference genome sequences

● Phylogeny of bacteria is complex

● Viruses are more variable

● Fungi show a core and flexible genome

 Start with the big picture!

 A single workflow for all targets requires different validated settings

 NGS was tested for

● Specificity

● Sensitivity

● Selectivity

● Reproducibility

● Repeatability



Outlook for validation

 Establish SOP (not easy in such a dynamic field)

● New platforms, new procedures (kits), new 
references, new software

 Share: Good practises, software and data sets

 Establish procedures for tests for self consistency (co-
pilot)

 What is the value of the identification of unknowns 
(explorer)?

 Pick an easy targets to start with 



Scanning for known and novel 
pathogens for plant diagnostics

 Amplicon sequencing
Whole genome sequencing
 24h run
 Identification of a new pathogen from herbarium 

samples 



Name 16-009L 16-009H 16-010L 16-010H 16-011L 16-011H 16-012L 16-012H 16-013L 16-013H 16-014L 16-014H 16-015L 16-015H 16-016L 16-016H

potato genome joined mapping 309655 126373 185972 84937 175579 81406 156148 72741 117973 50836 99910 41870 23 5 26 14
potato mitochondrium joined mapping 3552 2061 799 388 2845 1637 777 427 1046 618 549 314 0 0 0 0
gi|261887673|gb|DQ386163.2 mapping 7189 4064 1971 1231 3728 2100 2314 1348 2898 1657 1323 751 0 0 0 0

Botrytis cinerea_B0510_finalassembly_January2015-annotated_fus 6 0 67 3 62 1 103 1 83 1 10 0 1 0 0 0
Candidatus Liberibacter solanacearum CLso-ZC1-Chr-NC_014774 0 0 2 0 9 0 11 0 4 0 21 0 0 0 0 0
Clavibacter michiganensis subsp. sepedonicus-Chr-NC_010407 11 0 31 0 29 0 44 0 18 0 170 0 0 0 0 0
Clavibacter michiganensis subsp. sepedonicus-pCS1-NC_010399 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clavibacter michiganensis subsp. sepedonicus-pCSL1-NC_010408 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Colletotrichum coccodes_3-genes_JX546835 0 0 3 0 0 0 6 0 1 0 0 0 0 0 0 0
Dickeya dadantii 3937-Chr-NC_014500 mapping 1495 106 4 0 37 0 163 0 88 0 112 0 26466 463 78 1
Dickeya dianthicola NCPPB 453-Chr-NZ_CM001841 mapping 2252 155 4 0 29 0 169 0 107 0 136 0 165 11 1 0
Dickeya solani IPO 2222-Chr-NZ_CM001859 mapping 1599 50 3 0 40 5 166 2 78 0 118 0 671 12 16 0
Dickeya zeae EC1-Chr-NZ_CP006929 mapping 2505 218 3 0 31 1 190 0 89 0 96 0 178 1 34 0
Dickeya_chrysanthemi_NZ_JRWY01000145_fus mapping 2021 64 5 0 46 0 248 0 124 0 168 0 326 10 18 0
run0187IL_IPO3800 de novo mapping (Dickeya dadantii) 1502 55 13 7 31 7 175 9 100 4 138 3 183534 151948 21 6
Erwinia carotovora subsp. atroseptica SCRI1043-Chr-NC_004547 mapping 85 4 4 0 23 1 187 3 95 0 100 0 11 0 282 8
pectobacterium carotovorum subsp brasiliensis_NZ_LKKQ01000045_fus 9 0 9 0 16 0 48 0 34 0 21 0 0 0 1200 56
Pectobacterium carotovorum subsp. carotovorum PC1-Chr-NC_012917 mapping 40 2 9 0 44 1 240 1 109 1 127 0 25 0 467 10
Pectobacterium wasabiae WPP163-Chr-NC_013421 mapping 56 3 1 0 35 0 188 0 83 2 72 0 23 0 349 24
run0187IL_IPO3843 de novo mapping (Pectobacterium carotovorum) 55 5 8 1 56 14 254 7 120 7 133 0 7 3 200735 193235
Pseudomonas fluorescens SBW25-Chr-NC_012660 47 0 507 16 314 5 5675 69 6112 81 20298 284 0 0 3 0
Ralstonia solanacearum GMI1000-Chr-NC_003295 mapping 42 1 70 0 59 0 166 0 144 0 871 1 0 0 0 0
Ralstonia solanacearum GMI1000-Plsm-NC_003296 13 0 11 0 14 0 41 0 42 0 189 0 0 0 0 0
Streptomyces acidiscabies_NZ_AHBF01000244_fus mapping 21 2 32 0 139 41 20 0 15 0 69 1 0 0 0 0
Streptomyces scabiei 87.22-Chr-NC_013929 mapping 32 1 37 0 162 7 26 1 34 0 79 0 0 0 0 0
Streptomyces turgidiscabies_NZ_BCMN01000100_fus 14 0 35 0 60 1 27 1 15 1 65 0 0 0 0 0
Synchytrium endobioticum genome_MB42_fus mapping 85 81 34 10 75 48 69 13 46 12 18 11 0 0 0 0
Verticillium dahliae_genome_NW_009276967_fus 7 0 59 20 16 0 84 50 30 0 18 2 0 0 0 0
Verticillium dahliae_mitochondrial genome_NW_009276970_ 3 0 11 0 3 0 1 0 6 0 2 0 0 0 0 0

phiX-JF719726 mapping 158 148 105 90 82 75 181 162 120 105 130 117 80 67 100 88

# mapped reads 332454 133393 189809 86703 183564 85350 167721 74835 129614 53325 124943 43354 211510 152520 203330 193442
% mapped 92.4 37.1 84.5 38.6 86.0 40.0 74.0 33.0 75.7 31.2 59.2 20.6 99.7 71.9 100.0 95.1
# input reads 360178 360178 225066 225066 213428 213428 226854 226854 171240 171240 211034 211034 212338 212338 204308 204308
# reads after trimming 359884 359884 224616 224616 213350 213350 226510 226510 171152 171152 210890 210890 212178 212178 203330 203330

#reads mapped

NGS in the fast lane
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16-005 (NAK-24637B2): 218.188 reads

De novo assembly:
PVY_16-005

Reference assembly

Result reference assembly:
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