Development of a real-time PCR method for the identification
of cucurbit seed-borne Pseudomonas syringae species
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Pseudomonas syringae-induced diseases In cucurbits
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» Cucurbits: ot

 Among the most cultivated FE
Crops

 Most economically important

species. watermelon, melon,
cucumber...

« RemarRable diversity In
seeds and in fruit size, shape
and colour

» Diseases management:
Resistant crop cultivars
Cultural practices

Chemical and biological control

Seed health analysis

» [Bacteriological analysis of cucurbit seeds
at GEVES (detection and identification of
ALS and VCZ strains)

Around 450 analyses per year (approx. 20%)

Analysis performed on 5 000 seeds and in
36 days

» Examples of seed-borne diseases:
» Angular leaf spot (ALS) caused by
P. syringae pv. lachrymans: o
 Most widespread bacterial
disease of all cucurbit crops
 Significant yield reduction
in the number of fruits and
fruit weight
* Symptoms: Angular spots
with yellow halo on leaves and
water-soakRed tan, small circular spots on fruits

» Vein Clearing on Zucchini (VCZ)
caused by lineages of P. syringae:

First observation: 2004

Causal agent was provisionally named

P. syrmgae pv ‘peponis’

Worldwide distribution of Pseudomonas ®

syringae pv. lachrymans -
PlantW|sePIus I(nowledge Banh CABI 2022

 Symptoms:
cotyledon and
leaf necroses,
M vein clearing, .

A A and stunting .
Symptoms of ALS on cucumber leaf (A) and

of VCZ on zucchini leaf (B) -
ephytia.inra.fr (A) and Lacault thesis 2022 (B)

Seed size variation among cucurbit crops
A: watermelon; B: PumpRin/squash; C: Melon; D: Cucumber

Guoetal., 2020

Cucurbit seeds detection of Pseudomonas syringae strains responsible of diseases
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PCR identification g
of VCZ strains

4[3a primers
(198 bp)

Biochemical assays
Fluorescence and oxidase (-)

Seed maceration
2.5mL of buffer/ g
of seed

Plating each dilution

on nutrient medium
100pL on LBCA

qPPCR identification of all strains on suspect colonies
- removal of pathogenicity assay (mini. 14 days)
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[Potential

I8 | Subculturing

Stomaching of suspect prospect | isolation of suspect colonies,
L colonies P e biochemical assays, tobacco
Potential on KBCA : N hypersensitivity test and PCR or pathogenicity assays (mini. 21 days)

prospect
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Bacterial
isuspension and
: lysis of suspect
colonies
96°C 10min

Bacterial suspension of

unidentified VCZ strains
107 cfu/mL
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-

Isolation of

suspect colonies M
Curved, mucous,
opaque and pearly

Seed macerate

dilution
107to 1073

TSW + Seed number control
mini. 5 000 seeds
Split into sub-samples
10*500 or 5*1 000 seeds

Pathogenicity assay to identify
ALS strains

Tobacco hypersensitivity Spraying on susceptible

variety of cucumber
3-4 |leaf stage plants

test on suspect colonies
(+)

Development o] = qPCR identification method for Pseudomonas syringae-induced diseases in cucurbits

qPCR
a ac
’ HOSt and morph0|oglca| C”ter'a CFBP2104 cucumber 1935 CFBP + 0N cucumber 4Ba P"merS/prObe (LacaUIt et CI/., 2023)
° BlOChemlcaI and tObaCCO hypersenSItIVIty tests CFBP8534 cucumber USA 1935 CFBP +0n cucumber la + Ampllﬁcatlon Of‘ 24 Out Of 24 VCZ Strains
. ) ALS target strains CFBP6463  cucumber Hungary 1958 CFBP +on cucumber 3 + o _ )
¢ Identlﬂcatlon PCR psLO6-1 na na na NSHS + 0N cucumber 3 + Amphﬂcatlon Of 8 stralns out Of ]2 Of P.
 PCR 4Ba for VCZ strains (Manceau et al., 2011) Psl7 na na na  Syngenta na na . syringae pathogenic
o _ . Ps pep 99 zucchini na na HM.Clause + 0on zucchini 2ba-A + . ) i , ,
Other Pc_:RS For non tarQEt strains P12855 zucchini Chile 2007 HM.Clause + on zucchini 2ba-A + Ampllﬁcatlon OF 3 Stralns OUt 0f 4 OF aptata
» [Pathogenicity assays (*result from provider) PI37  zucchini  France 2014 HMClause .onzucchin*  2baA and 2 out of 2 Pss strains (previously reported
« on zucchini or cucumber for target Peponisd na na na  Syngenta na ] In Lacault et al., 2023)
) ) ) Pl zucchini France 2005 HM.Clause + on zucchini* 2ba-B + e . L i
* according to bacterial species for non-target P69 zucchini USA 2010 HMcClause + on zucchini 2ba-B o+ No-amplification of the 4 remaining P. syringae
 [Phylogenetic analyses P88 zucchini China 2011 HMClause ronzucchini  2ba-C  + pathogenic, the 3 P. syringae non-pathogenic,
- Multilocus sequence analysis based on e L e the 5 ALS strains and the 28 other non-target
. ZUM3584 na na 2023 Syngenta na 2ba-C +
ConcatenatEd partlal Sequences Of CtS, gapA, P77 zucchini France 2010 HM.Clause + on zucchini 2a-D + L . i i
gyrB and l’pOD (Berge et CII., 20]4) P70 zucchini Thailand 2010 HM.Clause + on zucchini* 2a-D + Addition OFP’ syringae strains isolated from
. PCRs and gPCRs to specifically identify 2ba and ZUM3889  na na 2018  Syngenta na 2a-D  + cucurbit seeds to the strain collection
- . P89 zucchini France 201 HM.Clause + 0on zucchini 2a-E + =
2a phylogeneuc CIUSterS and (o Conﬁrm 2b and P90 zucchini USA 201 HM.Clause + on zucchini* 2a-E + non-pathogenlc = non-tarQEt
2d phylogroups (LacaUIt et CII., 2023) Pspep 66  zucchini na na HM.Clause na 2a-E + pathogenlc = target (W|[h VCZ primerS/prObe)
1007009  cucumber na 2010 VMK +0n cucumber* 2b +
5 ALS Stl‘ainS 1008020  cucumber na 2010 VMK +0n cucumber* 2b +
+ 24 VCZ StrainS (]5 alon Side) PAS3284 zucchini na 2021 GEVES +0n cucumber 2b + EXpECtEd EXPECtEd 4 I
g - | N _ Specificity =
12 P . h . . . P108 zucchini Chile 2011 HM.Clause +on zucchini 2b + +
+ . syringae pat ogenic strains (]O alongside) Other P. syringae pathogenic P135 zucchini India 2014  HM.Clause + on zucchini 2d + . 24 + 8 342 87_80 %
4] taraget Strains Pseudomonas (additional target strains)  CFBP6576 melon France 1992 CEBP + on zucchini g . Obtained
g zﬁ;l::fizolate g PAS3754  pumpkin na 2023 GEVES + on cucumber 2b + =32 =5 e —
from cucurbit PAS3795 squash na 2023 GEVES + 0on cucumber 2b Obt . d 3+5+ 28 SenSItIVIty =
- daine o
33 non-taraet strains (20 alonaside seeds Cl cucumber na na VMK +0n cucumber* 2b 88_89 /o
3 P . g h( . g ) CFBP6452 melon New-Zealand 1977 CFBP + on zucchini 2b = - 36
* ) syrlngae non-pat OgenIC Stralns P. syringae non- PAS3618 pumpRin na 2022 GEVES - on cucumber 2b
36 non_target StrainS pathogenic (adf:litional PAS3619 pumpRin na 2022 GEVES - on cucumber 2b
non-target strains) PAS3620  pumpkin na 2022  GEVES - on cucumber 2b 4. Repeatabilitv and Reproducibilit Of PC R:
Xanthomonas cucurbitae 02-19-01 zucchini na na HM.Clause + X cucurbitae na . p y p y ] q )
2 ALS speciﬁcity and SenSitiVitY' Acidovorax citrulli Aac 06-90 na na na HM.Clause +A. citrulli na ¢ 9 target strailns: ¢ 6 non'target strains.
) ] _ ) PASI156 cabage na na GEVES + maculicola la + ° 2 ALS ° ] P. S ”'n ade non- atho.
° Lac prlmerS/prObe dESIgnEd by GEVES P. syringae pv. maculicola PAS3794 radish na 2023 GEVES + maculicola la Y & P
o Am |iﬁcati0n OF 5 out Of 5 ALS StrainS Psm280314 radish na 2014 VMK + maculicola na ° 5 VCZ : 5 Other non-target
P _ CFBPI617 beet USA 1959  CFBP + aptata 2b + 2 P. syringae patho.
« Amplification of 1 strain out of 7 of ‘maculicola’ " suringae py. apeata PAS3781 beet = 2023 GEVES Jp—— 2b - . .
P e 7: . * Repeatability: test of 3 replicates of each strain
. _ . . . _ _ ean na + Pss + . .
No an:]phﬁcatlon OF the 24 VCZ StrE’InS, the 12 P. syringae pv. syringae CFBP48SS bean USA 1000 CFBP e o . under the same 'expenmen[al conditions (Same
P' Syl’lngae pathogenlc, the 3 P' Syrlngae non- Pseudomonas corrugata CFBP5321 tomato France 1986 CFBP + corrugata na Operator, date, eqUIpment, Etc.)
pathogenic and the 32 other non-target P-syringae pv. apii PAS3750  parsley 3 L +apii 3 Reproducibility: test of 3 replicates of each strain
P. syringae pv. coriandricola PAS3574 coriander na 2022 GEVES + coriandricola na d dﬂ._. ; . ; I dt dﬂ._. ;
EXPECtEd ExpeCted S f. t _ P. syringae pv. helianthi CFBP2067 sunflower Mexico CFBP + helianthi 6 under lrferen eXpe_rImen al conditions ( irreren
peCI ICI y - P. savastanoi pv. phaseolicola ~ CFBP6471 bean France 1999 GEVES + Psph na OperatorS: dates, eqUIpment, Etc.).
Obtained 98_6] % Pseudomonas viridiflava CFBP2107 bean Switzerland 1927 CFBP + viridiflava na
P. syringae pv. pisi CFBP6472 pea France 1997 CFBP + pisi na f .
+ Sens|t|v|ty i P. syringae pv. glycinea CFBP6470  soybean France 1994 CFBP + glycinea na Repeatablllty = REpdeUClblllty =
. - P. syringae pv. tomato CFBP1427 tomato France 1972 CFBP + tomato na (o) (o)
+ + +
Obtalned 24 12 3 32 IOO % P. syringae pv. cichorri CFBP2101 chicory na 1929 CFBP na na ]OO /O IOO /O
» - 71 P. syringae pv. tabaci CFBP8589 tobacco USA 1905 CFBP na na

Conclusions
» ALS strains: » VCZ strains: > Prospects: > AcRnowledgements:
 Excellent specificity and sensitivity « Good specificity and sensitivity - New service available at GEVES: lIsolation on ° GEVES staff who isolated strains from the
 P. syringae pv. lachrymans often poorly « Detection of Pss and P. syringae pv. medium and identification of ALS, VCZ and F. collection and participated in the validation of this

method.

« The National Seed Health System (NSHS), the
French Collection for Plant Associated Bacteria
(CFBP), Syngenta and Vilmorin-MikRado (VMIK) for
supplying strains from the collection.

aptata > respectively not pathogenic on syringae pathogenic strains by multiplex qPCR

cucurbits and not cucurbits seed-borne .

identified and therefore rare 2 more strains

would be ideal to confirm results Save time (at least 14 days) and reduced costs

Detection of P. syringae pathogenic - « Confirmation by pathogenicity assay as an option

addition to target strains .

 Detection of P. syringae pv. maculicola - .

not pathogenic on cucurbits but on brassicas Development of a detection method directly from

Improving the sensitivity of the gPCR method cucurbit seed macerates by SE-qPPCR .
to identify all P. syringae pathogenic strains .

HM.Clause (HMC) for supplying strains from the
collection and for its expertise on the VCZ strains.

« [PPathogenicity assay to identify ALS strains no
longer required

[Potential ISF ISHI-Veg project to come

17" plant-bacteria interactions meeting
13-17th January 2025 - CAES Paul Langevin, Aussois
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