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Multiplex assays for plant and soil samples

Pythium uncinulatum qPCR regression plot (single plex, plant assay, soil assay)
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All assays perform nearly identically to each other

LOD is 0.00001 ng (10fg) for all assays
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Plant assay diagnostic testing results

= 20 lettuce plants with suspected Py.
uncinulatum tested

= 2x Taproot and 2x lateral roots samples O Py. uncinulatum Ct range
per plant

" From Steve Koike (TriCal Diagnostics) R102-o5
= Plant internal

* Varying levels of Py. uncinulatum = All positive

DNA, but all were positive.

" |solations performed, cultures’ DNA
extracted and will be tested to
confirm ID
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TagMan Multilab validation panel results

Summary of Results

= All labs were able to identify known positive and
negative samples

Cross lab validation (plant and soil assays)
= Chilvers Lab — MSU

= Plant and Pest Diagnostics lab — MSU
= Martin Lab — USDA-ARS = Labs were able to identify infected lettuce or soil

samples in blind testing, though there were late
amplifications in 16% (2 of 12) of plant samples.
Soil amplifications across labs were comparable
to that of initial soil assay testing at MSU using

All labs have run the validation panels for the same samples.

plant and soil samples = Shipping of DNA samples caused DNA
degradation. Assay tests that were not shipped
(MSU-based) had less internal control variation
and earlier amplification of samples.

= Limit of detection for all labs was between 0.1
and 10 pg/ul for soil and plant assays

= Hasegawa lab — USDA-ARS
= Steve Koike — TriCal Diagnostics
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Pythium uncinulatum infested soil samples

" Field soils were collected from naturally infested commercial lettuce
fields in the Salinas area with diseased plants

= 15g soil used for a bulk DNA extraction
= Matson & Martin, unpublished protocol

" Used to test if the assay can detect and quantify Py. uncinulatum in soil
DNA via the bulk DNA extraction method
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Soil assay (multiplex) results

Table of soil samples and mean Ct for
each soil sample tested
Sample mean Ct
= Green highlight indicates Py. uncinulatum 1 31.39
was detected and could be reliably quantified. 2 32.27
3 28.8
4 31.3
. . - 1 5 27.5
= yellow highlight indicates 1/2 reps ° 13
amplifying during assay. . 33.44
8 39.41
= NA indicates no amplification during assay. 9 na
10 29.7
11 27.77
12 29.03
yellow highlight indicates 1/2 reps amplifying during assay
NA indicates no amplification during assay
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RPA assay details

= Same primers (168F & 325R: 30bp) as the gPCR assay
" FAM labelled Probe
" AmplifyRP XRT Discovery Kit

MD_B prime

bridge
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RPA assay — specificity testing results

= Pool 1: kashmirense, carolinianum, spinosum, Phy.
: o : ff. , S legnia sp.
= No replicable amplification/RFU e A
. . = Pool 2: monos ermum, lutarium, longisporangium,
increase in off target pools. . peren S
sylvaticum, Phy. dreschleri
RPA specificity testing = Pool 3: adherens, oopapillum, ornacarpum, nagaii,
mean onset of Phy. sansomeana
Sample amplification time (m) " Pool 4: aff. torulosum, torulosum, radiosum,
Positive 118 undulatum, Phytopy. litorale
control = Pool 5;: angustatum, acanthicum, selbyi,
Pool 1 -- heterothallicum, Phytopy. megacarpum
Pool 2 o = Pool 6: catenulatum, oligandrum, attrantheridium,
Pool 3 -- ultimum, aphanidermatum
Pool 4 " = Pool 7: contiguanum, minus, irregulare, ultimum var.
Pool 5 -- sporangiferum, caroliniarum
Pool 6 - = Pool 8: folliculosum, acrogynum, kungmingense,
Pool 7 -- nodosum, longandium

Pool 8 --
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RPA Assay — Limit of Detection

without plant extract with plant extract
Sample onset of amplification time (m) onset of amplification time (m)
500 picograms Py. uncinulatum 11.236 8.752
50 picograms Py. uncinulatum 14.344 14.92
5 picograms Py. uncinulatum 15.076 17.8
0.5 picograms Py. uncinulatum 21.508 --

0.05 picograms Py. uncinulatum - .

0.005 picograms Py. uncinulatum -- -

500 picograms Pythium ultimum - i

water only - -




e e SR LIRS
RPA assay — Field sample testing

RPA and gPCR results comparison - Field sample testing

sample tap or feeder root gPCR result** RPA result
sample (Purified DNA) (Crude extract)
22091305-2 Tap + +
22091602-2 Feeder + +
22090701-1 Tap late + (ct 30-32) negative
22091202-3 Tap late + (ct 30-32) negative
22090908-1 Tap + +
22091904-3 Feeder + +
22091305-4 Feeder + +
22091602-3 Feeder and Tap + +
22090701-2 Feeder + negative
22090908-4 Tap + negative
Lettuce head negative
control* -- late + (ct 32-33) negative

* for gPCR this was purified DNA, for the RPA it was a crude plant extract in GEB2 buffer.
Samples from different lettuce heads for gPCR and RPA assay, respectively.

** qPCR results from Chilvers lab validation panel testing
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Next Steps - RPA multilab validation panel

Labs = Panel 1: Distinguishing positives

= Chilvers lab and negative samples

= MSU diagnostics

= TriCal diagnostics = Panel 2: LOD with and without

crude plant extract

" Panel 3: Lettuce sample testing
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Workflow for whole-genome sequencing and genome assembly (N=450)

Establishment of a
genomic database
(N=744)

de novo assembly

The database includes:

- 52 FOL isolates & roLraces jmmm n=36
. . B Our culture collection ® GenBank
« 15 putative nonpathogenic- @ FOLrace2 | N=1
isolates recovered from & roraces | N1

lettuce plants & roLraces

y Representaﬂves Of 64 @ Non-pathogenic lettuce isolates
formae speciales

o 228 nonpathogenic and
environmental isolates

Other formae speciales

Non-pathogenic/endophytes

Environmental isolates

0 50 100 150 200 250 300 350 400 450 500

Number of genomes




Evaluation of Marker Specificity

For identification of sequences unique to race 1 isolates

" |nitial screen for specificity - BLAST analysis with assembled genomes

= Genome assembly for 797 isolates representing 60 formae speciales and isolates
not pathogenic on the host of recovery

= Second tier screen — use raw sequence data

= Map sequence reads from 295 nontarget isolates representing 42 other formae
speciales and race 2, 3 and 4 isolates to marker sequence with stringency set at
85% sequence similarity

= Third tier screen - validation in the lab using TagMan real time PCR

= Screen with DNA from 171 isolates representing 42 other formae
speciales/races/isolates nonpathogenic on the host of recovery.



Designh TagMan and RPA assays targeting one of the unique loci

o ldentified regions that are suitable for both TagMan and RPA amplifications
o NCBI BLAST was performed to ensure the specificity of primers.

o Multiple primer pairs were tested and the one with the best amplification
efficiency was selected.

e 0 m m FE 0 T 0 m 0 =0 0 70 o EE 0 £ %0 m
GGTGTTTCTTGGGATGGTTTTACTCAATGATG TCACCACATAATAGACAGTGAACCTTCT CG TTCTAAG TCCTG TCGCTGTCTG TAACCTTCTTCCGCAGGTCTTGAAATCTCCCATCTCATTGGACTTTTG TTCATTTTCAAGCTTGCCTCGAAGAGTCCTGGGTACGGCTTGTGGCCCARCATC

89-bp amplicon for the TagMan gPCR assay

172-bp amplicon for the RPA assay



Evaluation for List of F. oxysporum isolates tested for specificity

assay specificity

Taxa Race # of isolates =~ Pos/Neg reaction
* The evaluation was 1 17 PoS

conducted for both the felee
TagMan gPCR assay and the N 12 Nee
RPA assay. Non-pathogenic on lettuce 12 Neg
Tested with 2 ng of DNA 41 other formae speciales 88 Neg
extracted from pure cultures Non-pathogenic on other hosts 13 Neg
All race 1 isolates tested Environmental isolates 21 Neg
positive. Fusarium commune (outgroup) 2 Neg

Total 165

No cross reaction with other
Isolates including race 4 and
nonpathogenic lettuce
Isolates.




Workflow of assay evaluation using symptomatic lettuce plants

on Komada’s medium DNA extraction TagMan qPCR assay
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DNA extraction TagMan gPCR assay
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TagMan assay for soil quantification of the pathogen

Due to the inability to differentiate F. o. f. sp. lactucae from other F.
oxysporum formae speciales in the soil, need a drug resistant isolate to
selectively recover.

= Transformation for antibiotic resistance
= Have tried several times but not successful, working on optimizing transformation
procedure and increasing the screening program
= Sublethal enrichment

= Grow at antibiotic concentrations that restrict nearly all growth, look for resistant
sectors growing out. Did not recover stable mutants.



Genotyping F. oxysporum f. sp. lactucae isolates

" |mportant to know if isolates with different genetic backgrounds are
present in North America
" Two different approaches are being used:

= Comparison of raw DNA sequence reads
= Comparison with genome assemblies



lactucae_race1_AA108 @ | Lineage 3G

- . G A lactucae_race4_AG171 @
NJ tree depicting genomic distances rour 2y ' lactucae_race1_AT142
« 52 FOL isolat lactucae_race1_AS147
Isolates lactucae_AS48

lactucae_race1_6-14
lactucae_race1_Mya
lactucae_race1_74a

* Input files: lllumina reads

* K-mer size: 21

» # of k-mers assessed: 100,000 lactucae_race1_50a
lactucae_race1_ALO10

WERIELREWHE [ % B DL

. lactucae_race1_GL1546

% Isolates were tested using lactucae_race1 JCPO43¥

differential lettuce cultivars lactucae_race1_JCP024
lactucae_race1_JCP053
lactucae_race1_45a
lactucae_race1_7-14
lactucae_race1_AP057
lactucae_race1_GL1815 W
lactucae_race1_53a
lactucae_race1_AP068
lactucae_race1_AC013
SB1-1
52a
20a Lineage 3F
JCP293
JCP381
GL1693
JCP360
2a
58a

e Race 4 is genetically
different from race 1

race 1

@ Isolates are subject to re-testing
to confirm race designation

Race 1 isolates are
diverged into two
groups:

lactucae_race1
lactucae_race1
lactucae_race1
lactucae_race1
lactucae_race1
lactucae_race1
lactucae_race1
lactucae_race1

. b |actucae_race1 e

—Group B lactucae_race1_SF3
PR6 (f0|621)' Wh ICh has - 3 lactucae_race1_NRRL26845
lactucae_race1 variant_PR6_single W

been predicted to be a 0:004 lactucae_race1_NRRL26844

lactucae_race1_variant_PR6_mixed ¥

race 1 variant, is grouped [ lactucae_raced_ANO72

lactucae_race4_AL127
2 2 lactucae_race4_AP114
with other race 1 isolates B e e~ AMOR0
lactucae_race4_AU069
lactucae_race4_AUO078
lactucae_race4_AL0O88
lactucae_race4 888
lactucae_race4_AP004
lactucae_race4_AU122
lactucae_race4_AT141
race 4 lactucae_race4_R4
lactucae_race4_AL185
lactucae_race1_AL156 @
lactucae_race3_FLKR3_Japan | Lineage 2G
L lactucae_race2_F950_Japan :
F_commune_NRRL36408 | Lineage 1

Group A: Europe only
Group B: Worldwide




CONCLUSIONS

* |dentified nine unigue genomic regions that are solely present in the race 1
genome.

* Developed two highly specific and sensitive diagnostic assays for race 1 of FOL.
The TagMan assay appeared to be more sensitive than the RPA assay, which can
be used to monitor lettuce plants for potential early infection. Techniques shared
with other labs

* Working on soil quantification assay to correlate results from real time PCR with
inoculum density

* Mash analysis using NGS data indicated that race 1 and race 4 of FOL are
genetically distinct and race 1 appeared to be diverged into two groups.

* Developing techniques to improve our ability to genotype isolates using genome
wide comparisons

Thanks to the California Leafy Greens Research Board for funding to support this research
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