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Research at Biointeractions

" Plant parts/Seeds/Bulbs

® Soil/water/air
®" Rhizosphere
" Endophytes

" Biocontrol

" Detection
®" Microbiology
® Bioassays

® Bioinformatics
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Detection and quantification:

" imaging

® On-site: LAMP

® Real-time PCR

| Luminex
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What’s in the pipeline?

" Next Generation Sequencing (NGS) platforms
" NGS workflow

" NGS data analysis

" Examples

® Conclusions

" Outlook
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Cost per Genome

National Human Genome
Research \l:lsﬁtute

genome.gov/sequencingcosts
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Generations of sequencing

® 1St generation Sanger seguencing
e =900 bp

® 96 lanes

m 2nd generation lllumina (Roche 454)

e 125-300 bp
® 300 Gb/run

® 3rd generation sequencing
® Single molecule sequencing

® Long reads >80 Kb
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Genomic DNA

lHlumina
seguencing

— select ~200-300 bp fragments

apply to flowcell

attach adapters to
reate sequencing library ¢

cluster generation by
solid phase PCR
(bridge amplification)

.

q

sequencing by synthesis with reversible terminators
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TruSeq Stranded Total RNA Kit

0.1-1 pg
Total RNA

—
—
I
I
Second Strand cDNA —

Synthesis using dUTPs 5 .
PCR Amplification

w
e 7

I . "Ends Validate Library
(qPCR & Bioanalyzer)

rRNA ?
J I
T e [~

RiboZero Deplete

and Fragment RNA # w

lormalize an
ool Libraries

Enzymatic

First Strand Removal of dUTPs
cDNA Synthesis w

Optional
Stopping Point:
Store after cleanup
at-15°to-25"C
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TruSeg® Nano DNA Library Prep
Low sample (LS) protocol

Library Prep Workflow

e | TruSeq Nano DNA Library Prep Workflow

Fragment DNA
Reagents: gDNA, RSB, SPB, Fresh 80% EtOH

Repair Ends and Select Library Size
Reagents: ERP2, RSB, SPB, PCR grade water,
Fresh 80% EtOH

Safe Stopping Point
Adenylate 3' Ends
Reagents: ATL, RSB

Ligate Adapters
Reagents: DNA Adapters, LIG2, RSB, SPB, STL,
Fresh 80% EtOH
Safe Stopping Point
Enrich DNA Fragments
Reagents: EPM, PPC, RSB, SPB, Fresh 80% EtOH

Safe Stopping Point

o Normalize and Pool Libraries
Reagent: Tris-HC| 10 mM, pH8.5 with 0.1% Tween 20

Safe Stopping Point

P,

L @ Pre-Amp @ Post-Amp J

N -~
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Fragmentation of DNA

24h-DNA-test_DNA 1000_DE72901105_2016-05-11_14-29-17.xad Page 1 of 15

Assay Class: DNA 1000 Created: 11-5-2016 14:29:16
Data Path: C:\...11\24h-DNA-test_DNA 1000_DE72901105_2016-05-11_14-29-17.xad Modified: 12-5-2016 10:54:52

Electrophoresis File Run Summary

" Sonification: Covaris H S o S
E210 Sonicator i .

Ci\Program Files (x88)\Agilent| 2100 bicanalyzer\2100
expert\assays\dsDNA|DNA 1000 Series ILxsy

DNA 1000

" Expected size : 100- S —
1000 nts CRCPCECE ” -

" Purification of
reqUired Size 1 2 3 4 5 6 7 8B 9 10 1 12

16-009 16-010

" DNA fragment + VAN |
ad apter Seq ( 2*63 - 15 100 200 300 i - 15 100 200 300 - - 15 100 200 300
nts)

15 100 200 300 15 100 200 300 500 15 100 200 300 500 BS0  [bp]

16-015 16-016
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Start run!



3rd generation: Single Molecule Sequencing strategies

on-sensitive layer
|

== e
SRS (0N 5ensot

lllumination  Emission p F & & B

Pacific Biosciences SMRT (single-molecule real-time) DNA sequencing method.

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.

The Oxford nanopore sequencing platform uses an exonuclease coupled to a modified a-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.

The lon Torrent sequencing platform uses a semiconductor-based high-density array of microwell reaction
chambers positioned above an ion-sensitive layer and an ion sensor.
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a DNA sequence In itself Is useless
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Why Next generation sequencing makes a
difference....

+ More data
+ More complex

<+ Unbilased

Data analysis can be iterative, data
oroduction Is done at once

_arge body of data allows for testing self-
consistency
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Software to analyse NGS data

" CLC bio's software
" Geneious

® Galaxy pipelines

" DNAstar

" Homebrew software
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Analysis of millions of reads is a chalenge

ordinary Cpu

one 32-bit registér holds one number

" SIMD technology

Single instruction, multiple data
multiple processing elements that
perform the same operation on ranios

Ra[3 [ 5 T3 T3]
multiple data points e
simultaneously.

Operation Count:
4loads, 4 multiplies, and 4 saves

8-bit numbers

mput | + | 9 [ 2 [ 8 |
result[ 3 [27 Jo |24 |

Operation Count:
1load, 1 multiply, and 1 save
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Introduction to terms

®" De novo assembly

® Read mapping
e Normalization: Reads per Kilobase per million (RPKM)
® Genome coverage: depth versus width
® eProbes: selective regions/random mapping

® Best match of mapped reads (NCBI)
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From short reads to a genome by de novo assembly
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Overlap extension

1 kb = 1000 base pairs of DNA

sequence ATGGAAGTCGCGGAATC
ATGGAAG
et

A%T%% G
. N

de Bruijn graph
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Read mapping or reference based assembly

= [¥eu_1088_CA...] X |[EEMapReadsto... X |[E= MapReadsto... X | = [Xg_1073_CAG...] X

Ko_1073_CAGAGAGG-ACTGCATA_LOD4_R1_001_(paire

Normalization: Reads Per Kilobase per Million (RPKM)

® Genome coverage: Width versus Depth
e ® Reads in pairs

e Homology

‘‘‘‘‘‘‘‘‘‘‘‘
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eProbes (selective regions/random mapping)

Situation Random E-probe Ref A CTAGGAGGGATA TAGATGATGAT
1 1 0 CTAGGAGGGATA TAGATGATGAT
Ref B CTAGGAGGGATA TAGATGATGAT

Ref A CTAGGAGGGATA TAGATGATGAT
CTAGGAGGGATA TAGATGATGAT

Ref B CTAGGAGGGATATTAGATGATGAT

2 1 1
3 1 0
4 0] 0]

A= Ref A CTAGGAGGGATATTAGATGATGAT
CTAGGAGGGATA TAGATGATGAT CTAGGAGGGATA TAGATGATGAT
Ref B CTAGGAGGGATATTAGATGATGAT

Ref A CTAGAAGGGATATTAGACGATGTT
CTAGGAGGGATA TAGATGATGAT

Ref B ACAGGAGGGATATTAGATGACGAT™

WAGENINGEN

UNIVERSITY & RESEARCH



NGS for detection and diagnostics strategy

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

Pilot: read mapping on reference sequences
NGS TagMan
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
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NGS data analysis pipeline

Sequencing data

Sample DNA/RNA

Quality trimming

e —

! De Novo assembly

Read mapping on targets

\

Positi I ~|"Number of reads
S|t|on of the reads N S

Extract consensus sequence reads

Split to 1000 bp fragments

Homology search mapped reads
BLAST

Split to 1000 bp fragments

Homology search mapped reads
BLAST

‘ Taxonomy tool

— —~

Taxonomy tool
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NGS data analysis pipeline

Si T dapter list
equences | tim adapter |i Guidance only reads

Trimmed Sequences |Trimmed (broken &po | Wapping I y Report | Un-mapped Reads

mbly with Mapping

References Masking track Re

Wapping

{Map Reat

high stiing

Sequence mapping

Extract Consensus Sequence

Consensus sequences

S8 nsus 5 isensus full |

Seleot i o
Select input sequences ST Wm Text Importer

slice and or split sequences (3) slice and or split sequences (2]

outfile |Stanﬂarﬂ emor outfile |st=nd=ru ermar

‘-\_‘

Select Input Sequences

andard emor |5|dnu(- Plain Text Importer
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iIdentification/confirmation based on MLSA

= [D.dia MCPPB...] >

D.dia NCPPB 453

Consensus
-

Coverage
°

E= identificatio...

Rows: 13 H Filter ]?

Name Consensus length  Total read count Reads in pairs Average coverage Reference sequence Reference length

P.cbe IPO_0261 0,00 P.che IPO_0261 3473
P.cod IPO_3658 0,00 P.cod IPO_3658 3476
P.was Wppla3 0,00 P.was Wppl63 3469
P.atr SCRI1043 0,00 P.atr SCRI1043 3466
P.cca PC1 0,00 P.cca PC1 3466
D.ddi NCPPB 2976 0,00 D.ddi NCPPB 2976 3472
D.dia MCPPB 453 mapping 43,32 D.dia NCPPB 453 3466
D.sol IPO_22232 0,00 D.sol IPO_2222 3459
D.dda NCPPBE 898 mapping 0,04 D.dda NCFPB 898 3474
D.chr NCPPB 402 0,00 D.chr NCPPB 402 3462
D.par NCPPB 2511 0,00 D.par NCPPB 2511 2027
D.zea NCPFPB 2538 mapping 9,60E-3 D.zea NCFFB 2538 3124
P.cbr IPO_3540 0,00 P.cbr IPO_3540 2241
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Species identification/confirmation based on MLSA

Eidentificat. x

Name

P.cbe IPO_0261 mapping
P.cod IPO_3658 mapping
P.was Wppl63 mapping
P.atr SCRI1043 mapping
P.cca PC1 mapping

D.ddi NCPPB 2976

D.dia NCPPB 453

D.sol IPO_2222

D.dda NCPPB 898

D.chr NCPPB 402 mapping
D.par NCPPB 2511 mapping
D.zea NCPPB 2538

P.cbr IPO_3540 mapping
P.cca WPP14 mapping

= [P.cca WPP14...] X

P.cca WPP14

Con

WAGENINGEN
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Consensus |...

374
2862
228

e icdA P,

3

79
44
o
0
o
0
25

a

Total read ...

3l
43
9

1
40
0

0

0

Average coverage

Reference sequence

1,30 P.cbe IPO_0261
14,70 P.cod IPO_3658
0,25 P.was Wppl63
0,02 P.atr SCRIL043
0,96 P.cca PC1

0,00 D.ddi NCPPB 2976
0,00 D.dia NCPPB 453
0,00 D.sol IPO_2222
0,00 D.dda NCPPB 898

7,22E-3 D.chr NCPPB 402

0,05 D.par NCPPB 2511
0,00 D.zea NCPPB 2538
3,53 P.cbr IPO_3540
5,77 P.cca WPP14

Originates from:

A

acnA P.che IPO_0261
gapA P.che IPO_0261
mdh P.cbe IPO_0261 (h
mtD P.che IPO_0251 (h
pai P.cbe IPO_0261 (his
proA P.che IPO_0261

icdA P.che IPO_0251 (h







Evolutionary Fate of Neutral

Polymorphism .L_‘__‘.I_‘
]

Polymorphism within a species H B
|
_. ] | |
— H N

Shared polymorphism immediately
following speciation | |

Species A Species B

|
B —

| [
| EEAnm B | O
| || |
Species A Species B

Shared polymorphism lost due to drift
in the absence of significant gene flow
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New barcoding genes help correct in
species identification

PcclPO_0139
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Consen:

Ddda MCPPB_898 mapping
Ddia MCPPE_453 mapping
Dpar NCPPE_2511 mapping
Dchr NCPPE_402 mapping
Pwas Wpp163 mapping

Consensus length

Total read count

Wk WL W R

oo

Average coverage

Reference sequence
0,29 Pcc WPP14
1,19 Pch3540
0,07 PccPC1
0,19 Pood IPO_35658
0,16 Patr SCRI1043
0,02 Pcbe IPO_0261
0,03 Dzea NCPPB_:
0,04 Dddi NCPPB_2976
0,03 Dsol IPO_2222
0,04 Ddda NCPPE_898
0,02 Ddia NCPPB_453
0,02 Dpar NCPPB_2511
0,07 Dchr NCPPB_402
0,04 Pwas Wpp163




Genomic based diagnostics in complex matrixes

DATA FLOW

High-Throughput
Sequencing machine

Storage

s
Bioinformatics
Database

Enterprise
solution

High-performance ﬂ gle.fvg:anomlcs Desktop

computing application

CLC NGS CLC Genomics
Cell Workbench
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NGS data analysis pipeline

Si T dapter list
equences | tim adapter |i Guidance only reads

Trimmed Sequences |Trimmed (broken &po | Wapping I y Report | Un-mapped Reads

mbly with Mapping

References Masking track Re

Wapping

{Map Reat

high stiing

Sequence mapping

Extract Consensus Sequence

Consensus sequences

S8 nsus 5 isensus full |

Seleot i o
Select input sequences ST Wm Text Importer

slice and or split sequences (3) slice and or split sequences (2]

outfile |Stanﬂarﬂ emor outfile |st=nd=ru ermar

‘-\_‘

Select Input Sequences

andard emor |5|dnu(- Plain Text Importer
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Example on tomato seeds

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

Naturally contaminated seeds

EEEEEEEEEEEEEEEEEEE



Experimental design
10.000 healthy tomato seeds (74-628)

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

Spike:
Stomacher step on seed X. perforans
X. vesicatoria
X. euvesicatoria
In 50 ml: Addition of Bacteria || I < X. gardneri
Pst 919
C.m.m_3356
Slow Centrifugation
sup Internal controls:
C.m.t

IPO_3677
45 ml Fast Centrifugation

VloBio kit King Fisner pellet Bacterial pellet in 1000 pl
- 4x 100 pl/sample (a t/m h)
- sample 1a-1d used for sequencing

WAGENINGEN
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Stomacher BagMixer® 400 CC, (Interscience)

BagFilter® BagMixer®
Collect Blend

_.interscience -
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In silico NGS test performance

Mapping RZ-minus + in silico
Mapping in silico CMM spike CMM spike

No Interference:
Detection is independent on the number of total reads
In sample

WAGENINGEN
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NGS data analysis pipeline

Si T dapter list
equences | tim adapter |i Guidance only reads

Trimmed Sequences |Trimmed (broken &po | Wapping I y Report | Un-mapped Reads

mbly with Mapping

References Masking track Re

Wapping

{Map Reat

high stiing

Sequence mapping

Extract Consensus Sequence

Consensus sequences

S8 nsus 5 isensus full |

Seleot i o
Select input sequences ST Wm Text Importer

slice and or split sequences (3) slice and or split sequences (2]

outfile |Stanﬂarﬂ emor outfile |st=nd=ru ermar

‘-\_‘

Select Input Sequences

andard emor |5|dnu(- Plain Text Importer
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Benchmarking protocols and procedures for NGS in diagnostics

Name

Clean seeds

Spiked seeds

nucleous

chloroplast

mitochondrion

bes from:
o 100 CAGAGAGG CTAMGECT LS 1561 {pared) fm frsiary]
3 CwmS42_ COTACGCT-CPCTCTAT_L003 RL 001 ipared) s fustery]
W Put_rs_GCTACOCT TAGATERE L0 11 801 _ipared) s fustory)

Wk ¥, 3067 CAGAGAC-AAGAAGTA 004 11 501 [paed]pimrees_[paed]_wihous_ Acpicates i rstory]

e 30T CAGRGAGE-ACTGCATA 1004 71 001 fpaired) fm (uctary)

M Ny_30%8_CAGAGAGG GTAMGGAS 04 R 2 001_[pared)_trmmed_{nared]_wihout dupicates A (hstory)

e Tomals 215 rudeos_ha (abery)
06 Tomas mochirdrin, s ery)
e Tomats cHoricisat Pustary)

Reseve §' tarmizal guclestides = No

Mazim= maber of meclectides ia Tesds = 135
Minimm mmber of smslescides in resds = 00
Discesd siecy fvads = Ve

Rémows 3' tarmisal eoslestices = N

Ciscerd icng Tesds = Tes

Save brobes paira = Es
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RPKM= reads per Kb per million reads

1.1 Summary statistics

(& Mzp Reads to ... % | F=MapReadsto ... X

Rows: 9

MName

Tomato_SL2. 50 nudeus_fus mapping
Tomato_chloroplast mapping
Tomato_mitochondrion_fus mapping
¥eu_1088_CAGAGAGG-CTAAGCCT_LOD4 R1_001 (p...
Cmm542_GCTACGCT-CTCTCTAT_LOO3_R1_001_(pair...
Pst_919_GCTACGCT-TAGATCGC_LOO4 R1_001_(pair...
¥p_1067_CAGAGAGG-AAGGAGTA_LO04 R1_001_(pai...
Xg_1073_CAGAGAGG-ACTGCATA_L0O4_R1_001_(pai...
Xv_1059_CAGAGAGG-GTAAGGAG_L004_R1_001_(pai...

Consen... Totalre...

.. ©  Awverage...

508390865 11972932 11232... 1.80

71402
135171
0

136613
30399

Count

Percentage of reads Average length |

Number of bases

Percentage of bases

References

9

- 94,993,274 56

854,939,471

Mapped reads

12,209,945

79.37% 12415

1,515,804,595

79.42%

Mot mapped reads

3172713

20.63% 12378

392,723,963

20.58%

Reads in pairs

11,509,770

74.82% 318.70

1,428,541,148

74.85%

Broken paired reads

700,175

4.55% 124.63

87,263,447

4.57%

Total reads

15,382,658

100.00% 124.07

1,908,528,558

100.00%




Reproducibility NGS as diagnostic tool

Total read Tagman | Total read Tagman
count CT Cili

s | e (G v | e |G | s ot | e [ 2
o | s (o snse | s |G snm | sorses (o) snao | smoen o) s
N PPV -5 PO PR~ P O = 1] I O
hnse | s () sam | ssrose |G| snrs | smasr Gt snse | sotr [ s
O TR - POV I - P O < O I vy

Tomato
Total Xv
Total Xg
Xp

otal
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Contaminants in natural contaminated seed samples

species RPKM

0.144
11.52
2.17

_|
®
i
»
C
2
@
-
7

om chlor
om_ mito

0.075
0.11

Cmm -gen
mm-plas

T 9) <
7))
~+
Q
¢)
)

0.000
0.00
0.00
0.00

almonella gen
~gen

F ®.
Q
()]
-

O

mt -gen 0.00

0.00
0.00
0.00

Xeu gen
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NGS data analysis pipeline

Si T dapter list
equences | tim adapter |i Guidance only reads

Trimmed Sequences |Trimmed (broken &po | Wapping I y Report | Un-mapped Reads

mbly with Mapping

References Masking track Re

Wapping

{Map Reat

high stiing

Sequence mapping

Extract Consensus Sequence

Consensus sequences

S8 nsus 5 isensus full |

Seleot i o
Select input sequences ST Wm Text Importer

slice and or split sequences (3) slice and or split sequences (2]

outfile |Stanﬂarﬂ emor outfile |st=nd=ru ermar

‘-\_‘

Select Input Sequences

andard emor |5|dnu(- Plain Text Importer

WAGENINGEN

UNIVERSITY & RESEARCH




Pilot: NGS MLSA

L ]

MName Consensus length  Total read count  Reads in pairs AvErage cover...

IPO1609_concatenated_R.sol IT mapping 1264 422 250 33.59
CMR15_concatenated_R.sol III mapping 83 31 1.99
LMG10661_concatenated_R.syz subsp syz IV mapping 128 : 0.17
GMI1000_concatenated_R.sol I mapping 70 0.06
PSI07_concatenated_R.syz subsp indo IV mapping 204 0.65
R229_concatenated_R.syz subsp cele IV mapping 209 0.55

16-144
16-145
16-149
16-146
16-150
16-151
161

16-153
16-154
16-156
16-157
16-158

16-159

16-160

IPO1603 concatenated R sol Il IPO1609 concatenated

18117

16-115
LMG10661 concatenated R.syz subsp syz IV LMG10661 coencatenated
PSIOT concatenated R.syz subsp indo IV PSIDT concatenated
R229 concatenated R. subsp cele IV R229 concatenated
16-119

15021
GMI1000 concatenated R_sol | GMI1000 concatenated
16-116
16-146
77 | CMR15 concatenated R.sol Il CMR15 concatenated
16-136
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Pilot: NGS TagMan regions

MName

R.s0l_Pastrik eBlock mapping

R.s0l_Seal eBlock mapping

R.sol_Nmult-2 eBlock mapping

R.sol_Guidot-3 eBlock mapping

R..s0l_Guidot-2 eBlock mapping

R.s0l_Guidot-1 eBlock mapping

R.sol_RSWeller eBlock mapping

R.sol_B2Weller eBlock mapping

R.sol_RSC-Ozakman eBlock mapping

Generic Dickeya 1092500 eBlock D.sol IPO2222 mapping
Erwinia eBlock D.sol IPO mapping

Generic Dickeya 2849000 eBlock D.sol IPO2222 mapping
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Example - Ralstonia solanacearum

Pilot: NGS whole genome

Mame Consensus length Reads in pairs

Ralstonia solanacearum_IPO1609_a mapping 1781836 . 1870194
Pectobacterium carotovera subsp. atroseptica SCRI1043-Chr-NC_004547 mapping 3746 . 5064019
Streptomyces scabiei 87, 22-Chr-MC_013929 mapping i} 10143655
pectobacterium carotovarum subsp brasiiensis_NZ_LKKQ01000045_fus mapping 1451652
Dickeya_chrysanthemi_MZ_JRWY01000145_fus mapping 4952363
Streptomyces turgidiscabies_NZ_BCMMO1000100_fus mapping 10579341
Streptomyces acidiscabies_NZ_AHBFO1000244_fus mapping 11005945
Rhizoctania solani_JATMO01000001_fus mapping

Vertidilium dahliae_mitochondrial genome_MNW_009276970_ mapping

Verticilium dahliae_genome_MNwW_009275967_fus mapping

Synchytrium endobioticum genome_ME42_fus mapping

Botrytis dnerea_B0510_finalassembly_January2015-annotated_fus mapping
Pectobacterium carotovarum subsp. carotovorum PC1-Chr-MC_012917 mapping
Pectobacterium wasabiae WPP 163-Chr-NC_013421 mapping

Dickeya solani IPO 2222-Chr-MZ_CMO0 1859 mapping

Dickeya dadantii 3937-Chr-NC_014500 mapping

Dickeya dianthicola NCPPB 453-ChrMZ_CMO001841 mapping

Dickeya zeae EC 1-Chr-MZ_CP0O0&929 mapping

Pseudomaonas fluorescens SEW25-Chr-NC_0 12660 mapping

Clavibacter michiganensis subsp, sepedonicus-Chr-MC_010407 mapping

Clavibacter michiganensis subsp. sepedonicus-pCS1-MC_010399 mapping

Clavibacter michiganensis subsp. sepedonicus-pCSL1-NC_010408 mapping

Candidatus Liberibacter solanacearum Clso-ZC1-Chr-NC_014774 mapping

Clavibacter michiganensis subsp, michiganensis MCPPE 332-Chr-NC_005430 mapping
Clavibacter michiganensis subsp. michiganensis NCPPE 332-pCM1-MC_009478 mapping
Clavibacter michiganensis subsp. michiganensis NCPPE 382-pCM2-MC_009479 mapping

42630066
4862913
5063892
4367258
4922802
4652956
4532364
6722539
3258645

50350
94791
1258278
3297891
27357
69939

o0 000 0000000000000 oc

a
o
i}
0
a
o
a
0
a
1]
a
0
a
1]
a
0
0
1]
a
0
0
o]
a
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1.1 Summary statistics

Percentage of reads

Average length

Number of bases

Percentage of bases

References

27

8,899,334 63

240,295,535

Mapped reads

370,191

90.56%

124.39

46,048,767

90.58%

Mot mapped reads

38,579

9.44%

124.17)

4,790,263

9.42%

Reads in pairs

351,086

86.11%

365.99

43,854,678

B6.26%

Broken paired reads

P

4.45%

120.52

2,194,089

4.32%

Total reads

(408,770

™~
) 100.00%
_—

124.37)

50,839,030

100.00%

s

size (kB)

mapped reads

Ralstonia solanacearum_IPO1609_b mapping
Ralstonia solanacearum_IPO1609_a mapping
Pectobacterium carotovora subsp. atroseptica SCRI11043-Chr-NC_004547 mapping
Streptomyces scabiei 87.22-Chr-NC_013929 mapping
pectobacterium carotovorum subsp brasiliensis_NZ_LKKQ01000045_fus mapping
Dickeya_chrysanthemi_NZ_JRWY01000145_ fus mapping
Streptomyces turgidiscabies_NZ_BCMNO01000100_fus mapping
Streptomyces acidiscabies_NZ_AHBF01000244_fus mapping
Rhizoctonia solani_JATN01000001_fus mapping

Verticillium dahliae_mitochondrial genome_NW_009276970_ mapping
Verticillium dahliae_genome_NW_009276967_fus mapping
Synchytrium endobioticum genome_MB42_fus mapping
Botrytis cinerea_B0510_finalassembly_January2015-annotated_fus mapping
Pectobacterium carotovorum subsp. carotovorum PC1-Chr-NC_012917 mapping
Pectobacterium wasabiae WPP163-Chr-NC_013421 mapping
Dickeya solani IPO 2222-Chr-NZ_CM001859 mapping
Dickeya dadantii 3937-Chr-NC_014500 mapping

Dickeya dianthicola NCPPB 453-Chr-NZ_CM001841 mapping
Dickeya zeae EC1-Chr-NZ_CP006929 mapping
Pseudomonas fluorescens SBW25-Chr-NC_012660 mapping
Clavibacter michiganensis subsp. sepedonicus-Chr-NC_010407 mapping

Clavibacter michiganensis subsp. sepedonicus-pCS1-NC_010399 mapping

Clavibacter michiganensis subsp. sepedonicus-pCSL1-NC_010408 mapping

Candidatus Liberibacter solanacearum CLs0-ZC1-Chr-NC_014774 mapping

Clavibacter michiganensis subsp. michiganensis NCPPB 382-Chr-NC_009480 mapping
Clavibacter michiganensis subsp. michiganensis NCPPB 382-pCM1-NC_009478 mapping

Clavibacter michiganensis subsp.

michiganensis NCPPB 382-
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pCM2-NC 009479 mapping

3372.9
1870.2
5064.0
10148.7
1451.7
4952.4
10579.3
11005.9
50140.1
71.9
33828.5
21498.0
42630.1
4862.9
5063.9
4867.3
4922.8
4653.0
4532.4
6722.5
3258.6
50.4
94.8
1258.3
3297.9
27.4
70.0

242048
128113

OO00000000000000000000008

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.)

175.557
167.582
0.014

[eNeNeoNeolNoNoNeoNoNeoNoNoNoNoNeoNoNeoNoNoNeolNoNoNoNoNe
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851 i-:o: Bse-i 000 85-4'.033 aE&-i 000 Bse-i 000 ; L!Eeims 859, i-)): m:).loau

Ralstonia solanacearum_IPO1609_b

Col
Coverage

)

Bacteria Ralstonia sclanacearum ERalstonia sclanacearum
No hits found
Bacteria Pectobacterium atrosepticum Pectobacterium atrosepticum

Bacteria Pectobacterium atrosepticum SCRI1043 Pectobacterium atrosepticum SCRI1043

0 Bacteria Ralstonia solanacearum CFBE2957 Ralstonia solanacearum CFBE2957
Bacteria Burkholderia ubonensis Burkholderia ubonensis
Bacteria Balstonia syzygii R24 Balstonia syzygii R24
Bacteria Razlstonia solanacearum FJAT-1438 Ralstonia sclanacearum FJAT-1458
Bacteria Ralstonia solanacearum CMRE1S Ralstonia solanacearum CMRE1S
Bacteria Janthinobacterium sp. 1_2014MBI. MicDiv Janthinobacterium sp. 1 2014MBL MicDiwv
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Explorer - De novo assembly & characterization of derived
contigs

= [16-113.noph..] X

Scaffold

age HF_IMJ\./“’J\/\M\,.W O L P T R LV e N e ; ; »M,WMM\ ]

5

4952 Bacteria Ralstonia solanacearum Ralstonia soclanacearum
37 No hits found
1 Bacteria Ralstonia solanacearum CFBP2957 Ralstonia sclanacearum CFBE2957
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Track and trace by SNPs analysis

ile Edit View Download Toolbox Workspace Help
Bl 80
Show MNew Save Impon Expon Graphics Print Undo Redo Cut  Copy Pame Delete

Consensus_CMM... X | [] blast_taxonomy-1 X
[Z] blast_taxonomy-1 X ‘ [Z] taxonomy_reads x | [Z] blast_taxonomy X ‘ [E] getTaxonomyFr... x ‘ taxonomy_reads X | [E] taxonomy_reads X ‘ = Map Reads to ... X eit getTaxonomyFr...

200 zlsﬂ 300 250

i 1 i i
o - - — pury - p—
16-136.nophix (paired) —= 1
2 — % — e

{paired&

Ralstonia pickettii

F-]

16-116.nophix lpaired‘;
il :paired& =
E — Phylotype |

15-021_824_R1_001 e
(paired) trim mecn

17

16-115.n0phix Ipa!red‘; z : = ]
e : : Phylotype II

lmu._nopnixm:z; = : : : (North America?)

e e, = = Banana
T 10
SEERm = =SS Helconia

(paired) trimmeq, =
21

o
16-144.nophix (paired)
il Ipaired&

o
16-160.nophix (paired)
il {paired&

: Surface water

15

o

16-153.nophix (paired)
il :paired&

16

[

16-118.nophix (paired)
trimmed {paired&

b= ]

o

16-138.nophix (paired)
il lpaired&

b1

]

16-159.nophix (paired)
i (paired),

]
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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 TagMan 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
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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
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Outlook for validation

Establish SOP (not easy in such a dynamic field)

New platforms, new procedures (Kkits), 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
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Scanning for known and novel
pathogens for plant diagnostics

" Amplicon sequencing
®" Whole genome sequencing
" 24h run

" ldentification of a new pathogen from herbarium
samples
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NGS in the fast lane

TruSeq Nano DNA Library Prep Workflow

n Fragment DNA
-

Reageni IA, RSB, SPB, Fresh 80% E{OH

Fresh B0% EtOH

Adenylate 3' Enc
HAeagents: ATL, RSB

Ligate Adapters
Reagents: DNA Adapters, LIG2, RSB, SPB, STL,
| Fresh BO% EtOH

Enrich DNA Fragments
reads magped eagents; EPM, PPC, RSB, 5 sh 80% EtO}
FFiE)

iois o
2% Normalize and Poal Libraries
10 mM, pH8.5 with 0.1

iﬁ

POl genome joned maping. Er 3 [ ame72
potato miochongrum oned mazFng 20 750
[261687673igb[DQ386163.2 mapping
I A |
{Botytis cinerea_BOS10 finalassembly January2015-annotated ks | 6 |
| Candidatus Liberibacter solanaceanum CLsoZCLChNC 014774 | 0 |
{Clavbacter michiganensis subsp. sepedonicus-CheNC 010407 | 11|
{ Clavbacter michiganensis subsp. sepedonicuspCSINC 010399 | 0 |
o]
o 7
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{ Raistonia solanacearum GMI000PIsmNC 003206 | 13 |
Streptomyces acioiscabies Nz AHBFOL000244 _fus ma [ ]
| Streptomyces scabiei 87.22ChiNC 01390 mapping | 32 |
| Sueptomyces wrgdiscables NZ BCMNO1000100 fus | 14|
I Synchytnum endobioticum genome MB42 usmappng |85 | a1 |
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Mame
PVY-NC_001616 mapping

WPMY-NC_004426 mapping

phi¥-IF 719725 mapping
PVA-NC_004039 mapping
polyA tail mapping
PYV-MC_004010 mapping
APLY-MC_020470 mapping

PVY-NC_001616

Con,

Coverag

: [16-005_55_R1_001] (single)_contig
I

16-005 (NAK-24637B2):

Consensus length

Hi

Total read count Average coverage

Reference sequence
92,63 PVY-NC_0015616

0.96 WPMV-NC_004426

1.81 phiX-JF713726

0.13 PVA-NC_004039

5.29 polya tail

0.02 PYV-NC_004010
9,15E-3 APLV-NC_020470

Reference length
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