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High Throughput Sequencing for pest detection: from 
the contamination swamp to the reliable application 

in diagnosticsProf. Sebastien Massart
Liege University – Gembloux Agro-Bio Tech - Belgium

HTS and pest detection

HTS and pest detection
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pest

ALL
matters

Single
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MANY
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HTS and pest detection
The big five !

How reliable is HTS detection ?

1. DNA shotgun sequencing for identification of a 
microbe (pure culture) or isolated nematode

DOUBT ? Genomic databases (analytical specificity)

# sequencesItem

5,000,000Generated reads

4,950,000On target ?

How reliable is HTS detection ?

2. RNA shotgun sequencing: plant sample
(metagenome)

# sequencesItem

5,000,000Generated reads

200,000Virus 1

15Virus 2

500Phytoplasma (16s)
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How reliable is HTS detection ?

2. RNA shotgun sequencing: plant sample
(metagenome)

# sequencesItem

5,000,000Generated reads

200,000Virus 1

15Virus 2

500Phytoplasma (16s)

How reliable is HTS detection ?

rRNA

How reliable is HTS detection ?

Considering the 37 selected datasets, in total 
67 pathogens (39 different taxa) were detected
(≥100 rpm) from 29 of the datasets (78%).
Confirmation by PCR in >70% of the cases

Ok but really preliminary:  many
pending issues: what about 
sensitivity and selectivity ?

The hunting trophy bias in research

First author PI Co-authors

Other viruses/organisms ? If low abundance ?A new virus at high abundance
(complete genome & high coverage)

Virus discovery Diagnostics (or virus ecology)

How reliable is HTS detection ?

2. RNA shotgun sequencing: plant sample
(metagenome)

DOUBT ? genomic databases (analytical specificity)
15 reads are enough ? (analytical sensitivity)

# sequencesItem

5,000,000Generated reads

200,000Virus 1

15Virus 2

500Phytoplasma (16s) ?
?

How reliable is HTS detection ?

2. RNA shotgun sequencing: plant sample

# sequencesItem

5,000,000Generated reads

200,000Virus 1

15Virus 2

500Phytoplasma (16s)

# sequences - sample 2

5,000,000

0

500,000?
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How reliable is HTS detection ? How reliable is HTS detection ?

Process complexity
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 12 viruses/viroids in 10 
datasets

 Same data sent to 21 
laboratories

 Each participant had to 
identify viruses present
in the datasets

In results we trust: bioinformatics

 Diagnostic sensitivity
- 70%
- Variable between labs
- Depending on 

sequencing depth

 Bioinformatics really
matters

In results we trust: bioinformatics
 

labID 
Sensitivity 

50,000 250,000 2,500,000 Average 
A 10% 53% 90% 51% 
B 30% 35% 80% 46% 
C 60% 71% 80% 70% 
D 50% 82% 100% 78% 
E 30% 82% 80% 68% 
F 80% 88% 100% 89% 
G 20% 53% 100% 57% 
H 30% 65% 70% 57% 
J 70% 94% 100% 89% 
K 40% 71% 90% 68% 
M 50% 94% 90% 81% 
N 30% 82% 90% 70% 
O 20% 41% 40% 35% 
P 20% 59% 70% 51% 
R 100% 100% 100% 100% 
S 50% 100% 100% 86% 
T 90% 100% 100% 97% 
V 60% 88% 80% 78% 

W1 40% 82% 90% 73% 
W2 60% 82% 90% 78% 
X 30% 71% 80% 62% 

AVERAGE 46% 75% 86% 70% 
 

Bioinformatic analysis was carried out
« according to default parameters »

In results we trust: bioinformatics

Will you do it in 
the laboratory ?

 « The holy trinity » from
Roublev (XV century)

In results we trust: bioinformatics
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 The « bioinformatics trinity » 

 Algorithms, their parameters
and the database can create
bias

In results we trust: bioinformatics

Algorithm

Parameters

Database

Summary of key elements

The contamination swamp

« Under the carpet » story

 Analytical sensitivity
- 10-100M reads
- 10- 100 reads on 

target (1 ppm) 

 Low level infection 
or contamination ?

Under the carpet …. the cross-contamination & the 
analytical sensitivity

 About controls: before HTS

&

4. Alien 
invasion

 With HTS, a positive control for a virus is also a 
negative control for any other virus

&

4. Alien 
invasion

19 20

21 22

23 24



4/3/2024

5

For pest detection by HTS, an 
alien control corresponds to a 
matrix containing one or several 
pests (called alien pests) that 
cannot be present in the samples 
to be tested.

It is processed with the samples 
as an external control 

The new type of control: alien control 

… so the detection of reads 
from an alien pests in a 
sample or another control 
can be unequivocally 
considered as a 
contamination from the 
alien control.

Alien control can also be 
used as a negative control 

What is an alien control ?

Using an alien to monitor contamination

 totalRNA on Musa 
samples

 Indexed previously (GHU)
 5 batches of sequencing
 Wheat sample with BYDV 

as alien control

Number of reads mapped to RefSeq without detection 
threshold

BatchLibrary name BYDVCMVBBTVBBrMVBanMMV
22525131Alien control
25366211Alien control
84051111Alien control

3092861Alien control
421ITC1543

1ITC1543
11011ITC1543
31ITC1543

71ITC1543
511ITC1723

43251ITC1783
31ITC1799

1ITC1817
41ITC1827

4851ITC1831
41ITC1833

21ITC1840
221ITC1843

1ITC1843
1ITC1845
1ITC1845

7491ITC1852
15571ITC1855

19883330221Positive control Mix
6271698945221Positive control Mix

7949630255923381Positive control Mix
83534289714371Positive control Mix

Using an alien to monitor contamination

 totalRNA on Musa 
samples

 Indexed previously (GHU)
 5 batches of sequencing
 Wheat sample with BYDV 

as alien control

Using an alien to monitor contamination
Number of reads mapped to RefSeq without detection 

threshold
BatchLibrary name BYDVCMVBBTVBBrMVBanMMV

22525131Alien control
25366211Alien control
84051111Alien control

3092861Alien control
421ITC1543

1ITC1543
11011ITC1543
31ITC1543

71ITC1543
511ITC1723

43251ITC1783
31ITC1799

1ITC1817
41ITC1827

4851ITC1831
41ITC1833

21ITC1840
221ITC1843

1ITC1843
1ITC1845
1ITC1845

7491ITC1852
15571ITC1855

19883330221Positive control Mix
6271698945221Positive control Mix

7949630255923381Positive control Mix
83534289714371Positive control Mix

 totalRNA on Musa 
samples

 Indexed previously (GHU)
 3 batches of sequencing
 Wheat sample with BYDV 

as alien control

 125k reads in the alien control
 Every banana sample has alien 

contamination
 Max: 288 (another with 184)

 Sample EM4 has BBrMV ? New 
record on a continent…

Using an alien to monitor contamination
Number of reads mapped to RefSeq without detection 

threshold
BatchLibrary name BYDVCMVBBTVBBrMVBanMMV

12561613Alien control
723ITC0146
93ITC0148
68453ITC1498

11686273ITC1565
323ITC1607
413ITC1847

2889503ITC1859 - Old Kit
5418403ITC1859
219033ITC1861
318163ITC1863
9115583ITC1867 - Old Kit
11511673ITC1867

18413Negative Control 

11223205272055123
Positive Control - Old 
Kit

63267266167878073Positive Control 
6243Sample 2
8353Sample 3
233Sample 4
4113Sample 5
828867532473Sample J
118841149033Sample EM4
530993BBrMV2 No.208

40215193BBrMV3 No.58
22247153BBrMV4 No.15
10213BSOLV1 No.10
44171583BBTV No.9.58.2
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 CMV : infected or false 
positive ?

 RT-PCR & new HTS 

 Check on other projects
 CMV+ samples (>500k reads)
 100% identity

Using an alien to monitor contamination
Number of reads mapped to RefSeq without detection 

threshold
BatchLibrary name BYDVCMVBBTVBBrMVBanMMV

12561613Alien control
723ITC0146
93ITC0148
68453ITC1498

11686273ITC1565
323ITC1607
413ITC1847

2889503ITC1859 - Old Kit
5418403ITC1859
219033ITC1861
318163ITC1863
9115583ITC1867 - Old Kit
11511673ITC1867

18413Negative Control 

11223205272055123
Positive Control - Old 
Kit

63267266167878073Positive Control 
6243Sample 2
8353Sample 3
233Sample 4
4113Sample 5
828867532473Sample J
118841149033Sample EM4
530993BBrMV2 No.208

40215193BBrMV3 No.58
22247153BBrMV4 No.15
10213BSOLV1 No.10
44171583BBTV No.9.58.2

So, contaminations are ….

Impossible to 
avoid Unpredictable

Monitoring is needed (preferably by alien control)

Fine, I monitor it but… which threshold to apply ?

Sensitivity Conta

Fine, I monitor it but… which threshold to apply ?

False + False -

Fine, I monitor it but… which threshold to apply ?

Negative Positive

The grey zone

?

Fine, I monitor it but… which threshold to apply ?

Negative Positive

How can I reduce my grey zone while maintaining reliability ?

?

31 32
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Fine, I monitor it but… which threshold to apply ?

10
Fine, I monitor it but… which threshold to apply ?

rpm
2. A fixed relative value (%) to the maximum 

in a sample
1. A fixed absolute value

Fine, I monitor it but… which threshold to apply ?

 Adaptative depending on run’s contamination 
monitored by Alien control

 3 levels evaluated : 
- no filter (fixed)
- 10 reads filter (fixed)
- Maximum of alien contamination in a sample: 

adaptative between batches: from 7 to 288

Fine, I monitor it but… which threshold to apply ?

 Analytical sensitivity

Fine, I monitor it but… which threshold to apply ?

 Analytical sensitivity -> accuracy  Absolute number of reads or rpm ?

 BBTV: low abundance virus (380 reads on average and maximum 
2,397 reads per sample vs. 25,000 to 120,000 reads for alien virus)

 Batch with 282 alien contaminating reads -> many false negative for 
BBTV

 Relative value is needed

Fine, I monitor it but… which threshold to apply ?

37 38
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Using an alien to monitor contamination

 Cont-ID pipeline: 
automatic analysis with
expert interpretation

Using an alien to monitor contamination

Parameter for Alien – background quantification (ELISA-like)

Using an alien to monitor contamination

Parameter for Alien – number in Alien control

Using an alien to monitor contamination

Parameter for Alien – number in Alien control

Using an alien to monitor contamination

Reads mapped on each target (virus) in each sample: 
RATIO

Using an alien to monitor contamination

Reads mapped on each target (virus) in each sample:
NUMBER

43 44

45 46
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Using an alien to monitor contamination

Reads mapped on each target (virus) in each sample:
DEDUPLICATION

For virus n in sample m

Using an alien to monitor contamination

But still a long way to go… April 2022

Supplementary material

Investigating contamination from Impatiens

RNA 1 KX834010_Impatiens KX834010_Oenothera KX834010_Lotus Consensus KX834010_Solidago
KX834010_BCRV_contig_6_Impatiens (reversed) 0 100 100 99
KX834010_BCRV_contig_722_Oenothera (reversed) 0 100 100 0
KX834010_BCRV_contig_154_Lotus (reversed) 100 100 100 100
Consensus 100 100 100 100
KX834010_BCRV_contig_1293_Solidago (reversed) 99 0 100 100

Genome identity between samples ?

Investigating contamination from Impatiens

SNP analysis ?

Lotus RNA1 of BCRV has 20 mutations absent in Impatiens

Investigating contamination from Impatiens

SNP analysis ?

All the SNPs in Oenothera (73), Convulvus (9) and Vernonia (7) 
are present in Impatiens

49 50
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Impact on regulation ?

For BCRV, ……, due to the insufficient information available the Panel was unable to conclude on the 
potential consequences in the EU territory. 

However, ….. meet all the other criteria evaluated by EFSA to qualify as Union quarantine pests.

The path toward diagnostics use

Guidelines for reliable HTS diagnostics

 Writing guidelines for 
using HTS in 
diagnostics setting

 Two scientific
publications and one 
EPPO standard

Valitest project: guidelines for any pest

55 co-authors

>1,500 
revisions

Any pest

Any
technology

 First publication: building 
the foundations

Valitest project: a follow-up for any pest

 Running it: from adoption 
to validation

Valitest project: a follow-up for any pest Valitest project: guidelines for any pest

55 56
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Valitest project: guidelines for any pest
 The risk analysis (+ table on mitigation)

Adaptation toward official standard

Conclusion

Conclusion: technical challenges

 Super hype and high potential but …

« All that glitters is not gold »

Conclusion: technical challenges

 Each step can create bias

 Double check results of any publication

Conclusion: my experience

… the supplementary material of 
any publication !

61 62
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Conclusion: toward larger scale application

 More complex process than previous tests

 Guidelines and official standard

Conclusion : toward larger scale application

 New pests (viruses) uncharacterized
 New hosts (and pathways)
 New countries

 Biology and risk management as rising
epicenters of HTS earthquake…

Thanks for the support A team work in the lab

Gladys Rufflard

Lucie Tamisier

Rachid Tahzima

Arnaud BlouinJohan Rollin
Nuria Fontdevila

Coline Temple

François Maclot

Rong Wei

Bénédicte Lebas

Chantal
Nyirakanani

Yves Kwibuka

Special thanks to hundreds of plant pathologists collaborating on 
disseminating HTS and making it more reliable

Thanks for the invitation & for your attention 

Prof. Sebastien Massart
sebastien.massart@uliege.be

@Be_Phytopath
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