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Agricultural products in danger
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Possibilities new detection methods for seed:
 TaqMan PCR
 Multiplex: Luminex
 Next Generation Sequence
 On-site: LAMP
 Live - Dead

Current status for control phytosanitary
quality of seeds worldwide



DNA Extraction Experiment

Stomacher step on seed

Addition of Bacteria

Spike in different concentrations: 
4 species of Xanthomonas, 
1 Pseudomonas, 
1 Clavibacter mm

Soaking 16 hr o/n at 4oC in SEB (150 ml)

50 ml Slow Centrifugation

10.000 uninfected tomato seeds

45 ml Fast Centrifugation

sup

pellet
Bacterial pellet in 1000 ul

8X

3x King Fisher + 
manual DNA 

isolation 



RNA Extraction Experiment

Stomacher step on seed

10 ml Slow Centrifugation

1000 tomato seeds  (500 PSTVd infected + 500 PepMV infected)

sup

9 ml Fast Centrifugation
sup

sup: PSTVd/PepMV (1000 ul)

King Fisher + manual 
DNA/RNA isolation 

Soaking  60 min at room temp in GH+ buffer  (15 ml)

8X



Detection: TaqMan PCR

 Pathogens: 

 Pospiviroids: PSTVd

 Viruses: PepMV

 Bacteria: 

 Clavibacter michiganensis michiganensis

 Xanthomonas (X. euvesicatoria, X. vesicatoria, X. gardneri

and X. perforans)

 Pseudomonas syringae pv tomato



Validation, according ISTA/ISHI/EPPO

Performance characteristics:
Analytical sensitivity

● 3 dilution series
Analytical specificity

● In TaqMan PCR development
Selectivity

● 8 different tomato seed lots, healthy seed lots
Repeatability

● Within lab, 8 seed bags, 8 extractions
Reproducibility

● Different persons



Reproducibility / Repeatability

Repeatability/reproducibility

person
bag 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

1 25.05 25.54 26.92 26.94 26.02 25.38 25.43 25.45 24.12 24.72 25.9 25.92 25.19 24.6 24.87 24.79
2 25.31 26.09 26.03 26.02 25.69 25.05 25.71 25.81 24.4 25.04 25.12 25.48 24.82 24.66 25.19 25.07
3 24.03 24.13 25.62 25.81 25.07 25.21 25.8 24.71 23 23.37 24.81 25.17 24.41 24.32 24.81 24.03
4 23.36 24.11 24.91 25.21 25.04 25.39 25.46 24.11 22.83 23.51 24.34 24.38 24.16 24.37 24.52 23.21
5 23.37 24.14 24.3 24.54 24.44 24.7 25.27 23.97 22.65 23.42 23.83 23.85 23.72 23.95 24.42 23.28
6 22.95 24.1 23.94 24.44 24.77 24.87 25.27 23.59 22.27 23.26 23.63 23.89 23.82 23.68 24.39 22.83
7 22.83 24.01 22.93 24.42 23.68 23.76 25.78 23.66 22.26 22.93 22.42 24.04 22.92 23.12 24.69 22.8
8 23.23 23.27 23.65 22.97 23.21 23.16 23.32 23.38 22.24 22.54 22.91 22.39 22.01 22.37 22.34 22.44

First Taqman Second Taqman
x y x y x y x y

Repeatability/reproducibility
person Quanta Quanta

bag 1 2 3 4 5 6 7 8 8 1 2 3 4 5 6 7 8 8
x 1 19.94 19.88 20.51 20.52 20.6 20.7 20.47 20.45 18.33 19.41 19.64 19.84 20.02 20.06 20.19 19.91 20.03 18.97
x 2 19.57 19.43 19.63 19.6 19.86 20.16 20 19.68 17.8 19.19 18.89 18.96 19.58 19.72 19.5 19.42 19.43 18.63
y 3 20.66 20.34 20.64 20.82 20.94 21.09 21.43 21.16 18.74 20.17 19.81 20.15 20.79 20.64 20.61 20.83 20.59 19.45
y 4 21.12 20.06 20.51 20.55 20.66 21.16 20.94 20.56 18.32 20.35 19.53 19.85 20.33 20.35 20.7 20.5 20.39 19.15
x 5 21.98 21.97 21.98 21.49 23.25 23.76 22.21 22.69 20.2 21.45 21.6 21.4 21.17 22.76 23.25 21.47 22.17 20.94
x 6 20.46 20.64 20.7 21.36 20.86 21.56 21.58 21.11 18.14 19.93 20.19 20.22 21.08 20.55 20.99 20.62 20.7 18.85
y 7 20.13 20.14 20.15 20.29 20.64 20.99 20.95 20.71 18.2 19.5 19.62 19.67 19.77 20.11 20.37 20.29 20.11 18.87
y 8 20.45 20.42 20.42 20.71 20.8 20.86 20.69 20.69 18.12 19.96 19.6 19.73 20.18 20.19 20.31 20.18 20.21 18.76

First Taqman Second Taqman

Cmm: all positive

PepMV: all positive



Validation: Conclusions

Specificity √
Sensitivity √
Selectivity √
Reproducibility √
Repeatability √
Robustness √



Detection Multiplex: Luminex

Jan Bergervoet, Tuesday 1 December, 14.10 hrs



Multiplex detection: Luminex

 Pospiviroid assay: PSTVd, CEVd, CLVd, TPMVd, PCVd, TASVd, 
TCDVd, CSVd,  IrVd, general Pospi, NAD5

 Clavibacter spp: Cmm, Cms, Cmt, Cmn, Cmi, LAL, general Cm

 PepMV: several strains

MLGT: Multi Locus Gene Targeting

 Different genes for different targets (SNP’s)
 Generic amplification (semi specific)
 Specific detection using Target Specific Primer 

Extension (TSPE)



Sample NAD5 PospiUni CEVd CLVd TPMVd PCVd PSTVd TASVd TCDVd CSVd IrVd
CEVd
CLVd
TPMVd
PCDVd
PSTVd
TASVd
TCDVd
CSVd
TPMVd
IrVd
CEVd 120712
TPMVd 120712
PSTVd 120712
CSVd 120712
N-TCDVd
N-CLVd
N-CSVd
N-TASVd
N-IrVd
N-CSVd
N-CEVd
N-CSVd
N-spike CLVd
N-PSTVd
N-CSVd
N-CSVd
MQ
N-Control
N-Control
N-Control
N-Control

Results xTAG: Pospiviroid 11-plex
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				Graph 1: expected positive																														Graph 2: comparison actual and expected data







				Sample		NAD5		PospiUni		CEVd		CLVd		TPMVd		PCVd		PSTVd		TASVd		TCDVd		CSVd		IrVd								Sample		NAD5		PospiUni		CEVd		CLVd		TPMVd		PCVd		PSTVd		TASVd		TCDVd		CSVd		IrVd

				CEVd																														CEVd		25679		52936		42541		186		380		298		171		2038		6236		172		390

				CLVd																														CLVd		32780		201		23		195		265		566		91		3505		150		211		487

				TPMVd																														TPMVd		17725		21754		104		171		13961		382		320		1550		483		167		386

				PCDVd																														PCDVd		40987		2372		61		245		340		2425		150		3311		172		88		562

				PSTVd																														PSTVd		23642		16183		93		198		191		467		7794		1625		288		193		287

				TASVd																														TASVd		23596		21317		123		391		239		476		209		22859		172		177		520

				TCDVd																														TCDVd		29558		2970		62		216		342		404		97		2736		445		109		457

				CSVd																														CSVd		10057		1001		55		77		108		161		100		623		247		415		264

				TPMVd																														TPMVd		8101		17403		85		180		7759		339		636		1366		87		149		409

				IrVd																														IrVd		14937		24079		121		187		409		427		489		1783		423		133		28821

				CEVd 120712																														CEVd 120712		1154		3137		940		116		147		71		115		548		1144		111		166

				TPMVd 120712																														TPMVd 120712		439		5707		95		73		12539		79		159		174		127		108		210

				PSTVd 120712																														PSTVd 120712		746		5036		73		61		157		87		10274		159		196		86		208

				CSVd 120712																														CSVd 120712		96		86		83		77		108		73		101		53		80		27		294

				N-TCDVd																														N-TCDVd		29443		26013		147		265		272		665		339		2954		6108		237		558

				N-CLVd																														N-CLVd		16828		3745		114		8296		173		389		121		1357		204		94		352

				N-CSVd																														N-CSVd		12792		3745		76		134		178		237		98		803		130		720		242

				N-TASVd																														N-TASVd		38789		43416		160		589		364		561		835		41689		268		239		664

				N-IrVd																														N-IrVd		41609		62522		115		263		459		711		741		2660		455		118		63881

				N-CSVd																														N-CSVd		22836		33471		106		218		622		611		183		1980		228		13718		448

				N-CEVd																														N-CEVd		17541		20327		12413		194		1880		426		139		1664		1170		120		343

				N-CSVd																														N-CSVd		38455		66045		28		274		527		629		321		2154		286		31595		543

				N-spike CLVd																														N-spike CLVd		58345		1264		132		2328		680		1081		142		4707		578		158		1013

				N-PSTVd																														N-PSTVd		32550		43554		158		199		725		671		29616		3064		539		350		895

				N-CSVd																														N-CSVd		29662		54259		121		188		484		569		221		1872		217		25690		466

				N-CSVd																														N-CSVd		39514		51565		191		303		540		868		252		4931		340		11473		783

				MQ																														MQ		26		23		48		37		67		106		65		80		49		69		168

				N-Control																														N-Control		44083		845		112		243		370		687		155		2965		207		143		668

				N-Control																														N-Control		51933		703		115		170		316		689		62		2311		179		119		577

				N-Control																														N-Control		41252		878		136		283		609		671		150		3971		253		185		742

				N-Control																														N-Control		61464		903		159		349		409		879		76		5250		206		111		792







				Graph 3: positive samples



				Sample		NAD5		PospiUni		CEVd		CLVd		TPMVd		PCVd		PSTVd		TASVd		TCDVd		CSVd		IrVd								Sample		NAD5		PospiUni		CEVd		CLVd		TPMVd		PCVd		PSTVd		TASVd		TCDVd		CSVd		IrVd

				CEVd		25679		52936		42541		186		380		298		171		2038		6236		172		390								CEVd		25679		52936		42541		186		380		298		171		2038		6236		172		390

				CLVd		32780		201		23		195		265		566		91		3505		150		211		487								CLVd		32780		201		23		195		265		566		91		3505		150		211		487

				TPMVd		17725		21754		104		171		13961		382		320		1550		483		167		386								TPMVd		17725		21754		104		171		13961		382		320		1550		483		167		386

				PCDVd		40987		2372		61		245		340		2425		150		3311		172		88		562								PCDVd		40987		2372		61		245		340		2425		150		3311		172		88		562

				PSTVd		23642		16183		93		198		191		467		7794		1625		288		193		287								PSTVd		23642		16183		93		198		191		467		7794		1625		288		193		287

				TASVd		23596		21317		123		391		239		476		209		22859		172		177		520								TASVd		23596		21317		123		391		239		476		209		22859		172		177		520

				TCDVd		29558		2970		62		216		342		404		97		2736		445		109		457								TCDVd		29558		2970		62		216		342		404		97		2736		445		109		457

				CSVd		10057		1001		55		77		108		161		100		623		247		415		264								CSVd		10057		1001		55		77		108		161		100		623		247		415		264

				TPMVd		8101		17403		85		180		7759		339		636		1366		87		149		409								TPMVd		8101		17403		85		180		7759		339		636		1366		87		149		409

				IrVd		14937		24079		121		187		409		427		489		1783		423		133		28821								IrVd		14937		24079		121		187		409		427		489		1783		423		133		28821

				CEVd 120712		1154		3137		940		116		147		71		115		548		1144		111		166								CEVd 120712		1154		3137		940		116		147		71		115		548		1144		111		166

				TPMVd 120712		439		5707		95		73		12539		79		159		174		127		108		210								TPMVd 120712		439		5707		95		73		12539		79		159		174		127		108		210

				PSTVd 120712		746		5036		73		61		157		87		10274		159		196		86		208								PSTVd 120712		746		5036		73		61		157		87		10274		159		196		86		208

				CSVd 120712		96		86		83		77		108		73		101		53		80		27		294								CSVd 120712		96		86		83		77		108		73		101		53		80		27		294

				N-TCDVd		29443		26013		147		265		272		665		339		2954		6108		237		558								N-TCDVd		29443		26013		147		265		272		665		339		2954		6108		237		558

				N-CLVd		16828		3745		114		8296		173		389		121		1357		204		94		352								N-CLVd		16828		3745		114		8296		173		389		121		1357		204		94		352

				N-CSVd		12792		3745		76		134		178		237		98		803		130		720		242								N-CSVd		12792		3745		76		134		178		237		98		803		130		720		242

				N-TASVd		38789		43416		160		589		364		561		835		41689		268		239		664								N-TASVd		38789		43416		160		589		364		561		835		41689		268		239		664

				N-IrVd		41609		62522		115		263		459		711		741		2660		455		118		63881								N-IrVd		41609		62522		115		263		459		711		741		2660		455		118		63881

				N-CSVd		22836		33471		106		218		622		611		183		1980		228		13718		448								N-CSVd		22836		33471		106		218		622		611		183		1980		228		13718		448

				N-CEVd		17541		20327		12413		194		1880		426		139		1664		1170		120		343								N-CEVd		17541		20327		12413		194		1880		426		139		1664		1170		120		343

				N-CSVd		38455		66045		28		274		527		629		321		2154		286		31595		543								N-CSVd		38455		66045		28		274		527		629		321		2154		286		31595		543

				N-spike CLVd		58345		1264		132		2328		680		1081		142		4707		578		158		1013								N-spike CLVd		58345		1264		132		2328		680		1081		142		4707		578		158		1013

				N-PSTVd		32550		43554		158		199		725		671		29616		3064		539		350		895								N-PSTVd		32550		43554		158		199		725		671		29616		3064		539		350		895

				N-CSVd		29662		54259		121		188		484		569		221		1872		217		25690		466								N-CSVd		29662		54259		121		188		484		569		221		1872		217		25690		466

				N-CSVd		39514		51565		191		303		540		868		252		4931		340		11473		783								N-CSVd		39514		51565		191		303		540		868		252		4931		340		11473		783

				MQ		26		23		48		37		67		106		65		80		49		69		168								MQ		26		23		48		37		67		106		65		80		49		69		168

				N-Control		44083		845		112		243		370		687		155		2965		207		143		668								N-Control		44083		845		112		243		370		687		155		2965		207		143		668

				N-Control		51933		703		115		170		316		689		62		2311		179		119		577								N-Control		51933		703		115		170		316		689		62		2311		179		119		577

				N-Control		41252		878		136		283		609		671		150		3971		253		185		742								N-Control		41252		878		136		283		609		671		150		3971		253		185		742

				N-Control		61464		903		159		349		409		879		76		5250		206		111		792								N-Control		61464		903		159		349		409		879		76		5250		206		111		792
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Clavibacter michiganensis subspecies

 Clavibacter michiganensis subsp. michiganensis (Cmm)
 Clavibacter michiganensis subsp. insidiosus (Cmi)
 Clavibacter michiganensis subsp. nebraskensis (Cmn)
 Clavibacter michiganensis subsp. sepedonicus (Cms)
 Clavibacter michiganensis subsp. tessellarius (Cmt)
 Non-pathogenic strains:

● Clavibacter-like saprophytes (SAP)
● Cmm look-alikes (LAL)



Outer and TSPE primers tested on gyrB



Outer and TSPE primers tested on recA



Results on gyrB and recA amplicons 

Selection of 7 TSPE primers:
2 generic TSPE primers for all Clavibacter michiganensis
5 subspecies specific TSPE primers for:

Cmm, Cms, Cmt, Cmn and Cmi



Detection NGS

100
< 300 Gb/run

De-novo
RNA seq
genome reseq
Metagenome
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Amplicon
Epigenome

<900
< 1 Gb/run
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Amplicon
Metagenome

Illumina HiSeq2000

2011

Pacbio RS

2012

454

2008

Illumina MiSeq

2014

100
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genome reseq
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NGS: Illumina HiSeq 2500 

Longer Reads in Rapid Mode: 
Max Read Length
2x125 bp

Increased output:
Max Output
1000 Gb

Increased number:
Max Read Number
4000 M



A DNA sequence in itself is useless



DNA extraction – CLC pipeline

Annette Dullemans, Wednesday 2 December, 9.40 hrs



DNA extraction - results

All spiked bacteria could be detected:
- Clavibacter michiganensis michiganensis
- Xanthomonas euvesicatoria
- Xanthomonas vesicatoria
- Xanthomonas gardneri
- Xanthomonas perforans
- Pseudomonas syringae pv tomato



RNA extraction – CLC pipeline



NGS RNA analysis shows PepMV-Chili 2 strain-
High coverage (24766x)



RNA extraction - results

- PepMV positive
- PSTVd positive



On-site detection: LAMP Cmm

- 3 seed lots 
- 3 subsamples (1500 seeds/treatment)
- Spiked with 5 contaminated seeds (highly and slightly contaminated 

with Cmm)
- Seeds were incubated on “seed extract buffer”, blended using a 

stomacher machine, afterwards the seed extract was analysed at 0 
and 3 days  after incubation at 25°C.

- LAMP reaction

Flavia Vieira Lelis, Wednesday 2 December, 14.30 hrs

LAMP reaction was positive with both
slightly and highly contaminated seeds



Conclusions

• TaqMan PCR for individual pathogens
• Multiplex detection: Luminex for antibodies and 

nucleic acids
• On-site detection: LAMP
• Live-dead: Luminex, TaqMan PCR, PMA PCR
• Next Gen Sequencing: known and unknown targets
• Reference material from reference collections
• Reference data in reference database (Q-bank: 

www.q-bank.eu)

http://www.q-bank.eu/
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