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The majority of this protocol was derived from Humphries et al. [1].

Note: In potato, Dickeya is found primarily in xylem, just like Clavibacter michiganensis and the same
extraction protocols may be used for both bacterial species.

1. Sample Collection

Symptomatic Tubers or Stems

Collect symptomatic tuber or stem individually from different lots/locations and place in

separate plastic bags to avoid cross contamination.

e To reduce amount to material to be shipped; collect approx. a 2-3 inch stem section
that contains the intersection between diseased and healthy stem tissue (edge of
lesions).

e This intersection is where lab staff will extract tissue for testing.

Decontaminate hand tools between samples if used during collection.

Ship samples overnight.

Non-symptomatic Tuber or Stems

For seed lot screening, collect a random tuber or stem sample. The number of samples per
seed lot will determine the probability of finding the pathogen [2].

A 400 tuber or a 1200 tuber sample is recommended if growers are interested in ensuring
that seeds lots have low levels of Dickeya present. Individuals can core or slice tuber stem
ends and send in only the stem material for processing to save on shipping costs and
decrease processing time. Epidemiological research is still needed to determine
appropriate Dickeya thresholds for seed potatoes, so this protocol cannot provide
growers with recommendations on incidence levels for seed potatoes.

Tuber samples collected from a single seed lot do not need to be separated and should be
placed in plastic breathable mesh bags.

e The mesh bags allow for quick washing of samples if needed

For stems, collect approximately 2 in sections of stems at ground level.

Water Samples

Collect sample in a sterile container. Overnight samples and place ice packets in the box to
keep samples cool. Samples need to be processed within 24 of collection.



2. Sample Processing

Symptomatic Samples

e |f necessary, wash tuber or stem samples to remove soil.

e A small portion(s) of plant tissue (tuber or stem) should be sliced from the intersection of the
diseased and healthy tissue (edge of lesion).

e Diseased tissue pieces should be placed in a 2 ml centrifuge tube stored at -80°C.

e If planning to isolate living cells from the extracts, the antioxidant
diethyldithiocarbamic acid (DIECA) may be added to water or enrichment medium
at 5% vol:vol to protect cells during isolation and enrichment.

e Tools and surface area should be sterilized between samples to ensure no cross
contamination.

Non-symptomatic Samples

e Dickeya may be present in samples that appear healthy.
e |f necessary, wash tuber or stem samples to remove soil.

Tuber

Tuber cores may be processed in 200 core batches or in 50 core batches. Smaller batches
allow for estimates of incidence, while 200 core batches aid in determining if the
pathogen is present.
Remove a plug of tissue including the stolon scar and surrounding periderm (5 to 10 mm
deep and wide) from the stem end of each tuber. A spoonulet works well to obtain
cores.
o Note-The bacteria will be at the highest concentration in the vascular bundle at the
stem end.
It is not necessary to sanitize the coring tool between tubers in a single group or lot,
but the coring tool should be sanitized between tuber groups or lots.
Place the tuber core samples into separate universal extraction bags, sterile tubes or
flasks.
Add quarter-strength sterile Ringer’s buffer (per liter: 2.25g NaCl, 0.105g KCI, 0.12g
CaCl,'6H,0 and 0.05g of sodium bicarbonate; adjust to pH 7.0) to cover the sample.
Place samples on a shaker (100 rpm) for 2-4 hours to allow for bacteria to stream out of
samples.
Remove 5 ml of solution and place in 12 ml sterile centrifuge tube.
Add 5 ml of D-PEM (Appendix A); a double strength pectate enrichment medium that
selects for growth of Dickeya sp.
Loosen lids of the 12 ml centrifuge tubes a quarter of a turn to allow for gas exchange
and place in disposable anaerobic chambers with indicator.
Place samples at 36°C for 48 hrs. under anaerobic conditions to promote growth of
Dickeya sp.

Stems

If present in stems, the bacteria will be at the highest concentration in the xylem at the
base of the stem.

Use a sterile blade to extract plant tissue from the base of the stem. No more than 1 to
2 cm of plant tissue is needed.

Sterilize tools between samples.

Place samples into separate universal extraction bags, sterile tubes or flasks.



e Add quarter-strength sterile Ringer’s buffer (per liter: 2.25g NaCl, 0.105g KCl, 0.12g
CaCl,:6H,0 and 0.05g of sodium bicarbonate; adjust to pH 7.0) to cover the sample.

e Soak samples overnight at room temperature to allow the bacteria to stream out of the
samples. Samples may be placed on a shaker to aid in recovery of bacteria from the samples.

e Remove supernatant liquid (approx. 1.5 ml) and dispense into 2 separate sterile 1.7 ml tubes.

e At this step 100 ul of supernatant liquid can also be placed on semi-selective media if
interested in obtaining Dickeya isolates.
e See Isolation of Dickeya sp. using semi-selective media.
e Spin both 1.7 tubes in a centrifuge at 14,000 rpm for 2-5 min until a pellet forms.
e Remove supernatant liquid from both tubes.
e Not all supernatant needs to be removed as the pellet is somewhat delicate and
easily broken up.
e Designate one tube as ‘use for PCR reaction’. Note the pellet can be frozen at -80°C and
retrieved at a later date for processing.
Add 500 ul of filter-sterilized 20% glycerol (vol:vol) to the second tube, resuspend the pellet and
designate as back-up storage. Store at -80°C. Cells from this suspension can either be plated onto
CVP medium or used for PCR.

Water samples

Subdivide into aliquots of 40 ml and clarify by centrifugation at a low speed (180 x g) for 10 min.
Remove 20 ml of supernatant and mix with an equal volume of PEM (appendix A)
Incubate at 25-30°C for 48 hrs.
Centrifuge at high speed (10,000 x g) to concentrate the bacterial cells
Resuspend the pellet in sterile water.
Prepare serial dilutions and plate onto CVP
e DNA can also be extracted from the resuspended pellet.

3. Culture Isolation

e Culture-based assays can be used to confirm the presence of Dickeya in samples.
e 100 pl of bacterial suspension obtained from the tuber or stem extracts can be used to
inoculate pectate enrichment broth or plated directly onto CVP.
e Broth can be incubated at 23-28°C for 24 hours prior to plating onto CVP.
e Alternatively if plating directly onto CVP; store the plates at 23-28°C until growth is

observed.
o If Dickeya or Pectobacterium is present, deep pits will form in the medium within 2
days.

e Note- All growth media for Dickeya isolations are semi-selective, and secondary invaders
compete well with Dickeya in diseased plants, therefore Dickeya colonies may not be the
prevalent colony type on growth media.

Pure cultures can generally be obtained by streaking bacteria from pits that form on CVP onto a general
medium, such as nutrient agar. Dickeya does not survive well on some agar medium, such as LB, and it
survives poorly on media stored at cool temperatures (4-10°C). On LB agar or at cool temperatures, cells
die or become unculturable within a few days. Therefore, isolates should be stored as soon as a pure
culture is obtained. Isolates may be stored indefinitely at -80°C by suspending cells in cryovials filled
with filter-sterilized 20% vol:vol glycerol or in cryovials containing ceramic beads (Copan Diagnostics). It
is crucial that vigorous cells are stored, so cells from freshly streaked plates that are incubated for no
more than one day should be used for stored cultures.



6.

DNA Extraction

Symptomatic Samples

e Remove approx. 400 mg of frozen tissue (tubers or stems) from the samples stored at -80°C.
Unused tissue can be refrozen.

e Using the MP Biomedical Soil Extraction kit extract DNA from the 400 mg tissue sample.

Non-symptomatic Samples

e Remove the 1.7 ml tube selected for PCR stored at -80°C and leave at room temp to warm
up.

e Add 400 pl of sterile water to pellet and vortex.

e Remove 300-400 pl of liquid and extract DNA using the MP Biomedical Soil Extraction Kit.

o DNA extraction kits such as MP Biomedical Soil Extraction Kit yield a higher quality DNA
product than the boiling method.

e Note that the same methods used to isolate C. michiganensis DNA from potato samples
also work for isolating Dickeya DNA.

PCR Assays

e Alist of primer options are available in Appendix B. Laboratory personnel should read the
original manuscripts describing these primer sets prior to performing PCR assays.
e Dickeya and Pectobacterium isolates with a validated ID should be included in every assay.

Interpretation of Results

Epidemiological research is still needed to determine appropriate Dickeya thresholds for seed potatoes,
so this protocol cannot provide growers with recommendations on appropriate incidence levels for seed
potatoes. At the present time, growers will need to determine themselves which threshold they feel is
appropriate for their own farming operation.

The proportion of infected samples can be estimated with the following formula:

Proportion Disease= 1- (1-X)"N

For example, if a 400 tuber sample is assayed in groups of 10, X = proportion of positive tests (i.e. 1/40 if
1 composite out of 40 is positive) and N equals pool size (in this case, N= 10).



Appendix A

A. Semi-Selective Media Recipes

Suitable pectin for CVP is available from Agdia (Elkhart, IN). The recipe is here:

https://orders.agdia.com/Documents/m336.pdf

CPG Medium [3]

PerlL
Casamino acids 10g
Peptone 10.0¢g
Glucose 10.0¢g
Agar 18.0¢g

1. Mix ingredients together and stir until dissolved.

2. Autoclave solution at 120°C for 15 min.

3. Pour the medium into petri dishes.

4. Dry the medium in a biosafety hood or laminar flow hood to eliminate condensation prior to

use. This medium should be stored at 4°C prior to use.

PEM medium [4, 5]

Per L
MgS04-7H,0 03g
(NH4)2$O4 1.0 g
K;HPO4 13g
Sigma Pectin 15¢g

*Sigma- pectin from citrus peel : P9135-500G $147.50 USD P9135-1KG $240.50 USD

1. Add ingredients and heat the solution until the pectate is dissolved. Adjust the pH to 7.2 once
all ingredients are added and dissolved.

2. Autoclave the solution in small batches at 120°C for 15 min. Do not re-use individual batches
after opening the aliquot.



D-PEM [1]

In 300ml distilled water, dissolve the following components in order; heat if necessary.

MgS04-7H,0 0.64¢g
(NH4)2S04 2.16¢g
K;HPO4 2.16¢

1. Bring volume up to 1,000 ml.

2. Suspend 3.4 g of sodium polypectate in 5 ml of absolute ethanol and add to solution. Mix.
3. Adjust pH to 7.2; dispense solution into small aliquots (50 ml).

4. Autoclave at 120°C for 15 min. Store at 4°C until ready to use.



Appendix B:

Notes on primer efficacy from testing in Wisconsin:

Of approximately 250 samples tested, the Df/Dr primer set has had 4 false negatives and the DIA-A probe
has had 11 false negatives, which indicates that positive samples may be missed.

Based on these observations we recommend using the ADE primer along with the DIA-C probe to test
samples as they seem to be the most accurate. The ECH primer has also been working fairly well but
results are not as clear for tuber samples and there were a couple questionable samples from the stems so
this primer set should be used with caution.

Multiplex PCR Protocol [6]

This protocol used 3 primer sets to detect Dickeya and Pectobacterium. The primer sets can also be
used individually to detect particular taxa.

The primers are: Dsp (Df and Dr) which distinguishes Dickeya sp. with a band at ~130 bp, Pba (Yss and
Y45) which distinguishes Pectobacterium atrosepticum with a band at ~420 bp and Pcc (ExpccF and
ExpccR) which distinguishes Pectobacterium carotovorum subsp. carotovorum with a band at ~550 bps.

Primer | Sequence

Df 5’-AGAGTCAAAAGCGTCTTG-3’

Dr 5’-TTTCACCCACCGTCAGTC-3’

Yas 5’-TCACCGGACGCCGAACTGTGGCGT-3’
Yag 5’-TCGCCAACGTTCAGCAGAACAAGT-3’

ExpccF | 5’-GAACTTCGCACCGCCGACCTTCTA-3’
ExpccR | 5-GCCGTAATTGCCTACCTGCTTAAG-3’

e To prepare the primers upon arrival:
e A 100 uM stock solution - determining the nmoles in the vial and multiplying that by 10 and
add that amount of Low TE buffer pH 8.
=  Example: if sent 29.4 nmoles of Df then add 294 pul of Low TE buffer pH 8.
e A 10 uM working solution-dilute the stock solution 1:10 with 10 mM Tris buffer pH 8.
= Example: add 90 ul of 10 mM Tris buffer pH 8 to 10 ul of forward primer stock
solution.

e Prepare a known positive and negative sample to include when running reaction.
e Below is the Master Mix for this reaction:
o The DNA sample is obtained after completion of the DNA extraction kit.

Master Mix Component Volume per Rxn

Promega 2X Master Mix 12.5 ul
10 uM Pcc Forward Primer (ExpF) 3.0pul
10 uM Pcc Reverse Primer (ExpR) 3.0l
10 uM Dsp Forward Primer (Df) 0.8 ul
10 uM Dsp Reverse Primer (Dr) 0.8 ul
10 uM Pba Forward Primer (Yas) 0.25 ul




10 uM Pba Reverse Primer (Ya6) 0.25 ul
Water (molecular grade) 2.4 ul
Sample 2.0 ul

Total Rxn Volume

25.0 pl




e The following PCR parameters should be used:

Primers Step 1 Step 2 Step 3
Preheat lid to 105.5°C; 30 cycles: 94°C for 45s, . .
Dsp, Pec, Pba 95°C for 4 min 62°C for 90s, 72 °C for 90s 72 "Cfor3 min

e Samples should be run in 2% agarose gel to determine if bands are present.

PelADE PCR assay

This protocol uses a single primer set to amplify a ~420 bp fragment from Dickeya.

Primer Name | Sequence 5’-3’ Amplicon Size (bp)
pelADE1 GAT CAG AAA GCC CGC AGC CAG AT 420
pelADE2 CTG TGG CCG ATC AGG ATG GTT TTG TCG TGC

e To prepare the primers upon arrival:
e A 100 uM stock solution - determining the nmoles in the vial and multiplying that by 10 and add that
amount of Low TE buffer pH 8.
=  Example: if sent 29.4 nmoles of Df then add 294 pul of Low TE buffer pH 8.

e A 10 uM working solution-dilute the stock solution 1:10 with 10 mM Tris buffer pH 8.
= Example: add 90 pul of 10 mM Tris buffer pH 8 to 10 ul of forward primer stock solution.

e Prepare a known positive and negative sample to include when running reaction.
e Below is the Master Mix for this reaction:
e The DNA sample is obtained after completion of the DNA extraction kit.

Master Mix Component Volume per Rxn

Promega 2X Master Mix 12.5 ul
10 uM ADE Forward Primer 1.0 pl
10 uM ADE Reverse Primer 1.0ul
Water (molecular grade) 8.5 ul
Sample 2.0 ul
Total Rxn Volume 25.0 ul

e The following PCR parameters should be used:

Primers Step 1 Step 2 Step 3
Preheat lid to 105.5°C; 25 cycles: 94°C for 60s, . .
pelADE1/2 94°C for 5 min 72 °C for 120s 72 "Cfor7 min

Samples should be run in a 2% agarose gel to determine if bands are present.



Real-time PCR [8]

At this cu

rrent time, W1 is in the process of validating a protocol to detect Dickeya using real-time PCR.

The primers ECH [8] is currently being used along with Promega SYBR green mix (other manufacturer
options should work as well) to detect the presence of Dickeya using real-time PCR practices. Research is
also being conducted to validate probes. We are currently using the DIA-C probe.

ECH Real-time PCR [8]
e To prepare the primers upon arrival:

A 100 uM stock solution - determining the nmoles in the vial and multiplying that by 10 and
add that amount of Low TE buffer pH 8.

Example: if sent 29.4 nmoles of ECH then add 294 ul of Low TE buffer pH 8.

A 10 uM working solution-dilute the stock solution 1:10 with 10 mM Tris buffer pH 8.
Example: add 90 pl of 10 mM Tris buffer pH 8 to 10 ul of stock solution.

Primer Name | Sequence 5’-3’
ECH-F GAGTCAAAAGCGTCTTGCGAA
ECH-R CCCTGTTACCGCCGTGAA

e Prepare a known positive and negative sample to include when running reaction.
e Below is the Master Mix for this reaction:

The DNA sample is obtained after completion of the DNA extraction kit.

Master Mix Component Volume per Rxn

Biorad SsoFast Sybr Green Mix 12.5 pl
10 pM ECH Forward Primer 0.5 pl
10 uM ECH Reverse Primer 0.5 ul
Water (molecular grade) 9.5 ul
Sample 2.0 ul
Total Rxn Volume 25.0 ul

e The following PCR parameters should be used:

Primers

Step 1 Step 2 Step 3

48°C for 30 s., 95°C for 10| 40 cycles: 95°C for 15s, Melt Curve

ECHF/R min 60°C for 60s




DIA-C Probe Real-time PCR [8]
To prepare the primers upon arrival:

e A 100 uM stock solution - determining the nmoles in the vial and multiplying that by 10 and
add that amount of Low TE buffer pH 8.
Example: if sent 29.4 nmoles of ECH then add 294 ul of Low TE buffer pH 8.

e A 10 uM working solution-dilute the stock solution 1:10 with 10 mM Tris buffer pH 8.
Example: add 90 pl of 10 mM Tris buffer pH 8 to 10 pul of stock solution.

Primer Name | Sequence 5’-3’

Probe

DIA-CF CCAACGATTAGTCGGATCT TCGACGTATGGGACGGTCGC

DIA-CR TAGTTGGTGCCAGGTTGGTA

e Prepare a known positive and negative sample to include when running reaction.
e Below is the Master Mix for this reaction:
e The DNA sample is obtained after completion of the DNA extraction kit.

Master Mix Component Volume per Rxn

Biorad Ssoadvances Probe Supermix 12.5 ul
10 uM Forward Primer 0.75 pl
10 uM Reverse Primer 0.75 i
10 uM Probe (Cy5) 0.25 ul
Water (molecular grade) 8.75 ul
Sample 2.0 ul
Total Rxn Volume 25.0 ul

e The following PCR parameters should be used:

Primers

Step 1 Step 2

DIA-C Primer/Probe

48°C for30s, 95°C for 10| 40 cycles: 95°C for 15s,
min 50°C for 60s




Appendix C: Introduction to Dickeya

Dickeya is a member of the Enterobacteriaceae and used to be referred to as Erwinia chrysanthemi.
Dickeya cells are Gram-negative rod shaped cells with peritrichous flagella. These species cause soft rot,
blackleg, and wilt diseases in potato and other vegetable and ornamental crops. Recent reviews on
isolation and identification of Dickeya species [1, 9]. Table 1 summarizes Dickeya species names and
biochemical phenotypes that differentiate species.

Table 1. Dickeya species names and phenotypes

Species Ref. Growth | D- Melibios | Raffinos | Mannit | b- Casei
name at 39°C | Arabisiose | e e ol Gentiobios | n
e

D. aquatic [10] + - + + - - +
D. [11] + - + + + - +
chrysanthe
mi
D. dadantii [11] + + + + + +(Variable) | +
subsp.
dadantii
D. dadantii [11] + + - - + + variab
subsp. le
dieffenbachi
ae
D. [11] - - variable | variable | + - variab
dianthicola le
D. [11] + + variable | variable | - + -
paradisiaca
D. solani [12] weak + + + + weak not

tested
D. zeae [11] + + + + + - +

Although there are phenotypic characteristics that differ among Dickeya species, classification by
genome sequence is more accurate than classification by phenotype. Multiple primer sets for multi-
locus sequence analysis (MLSA) have been described and all of the reported MLSA of Dickeya appear to
work well [13-15]. Importantly, MLSA results with this genus are more robust if multiple genes are used.
Sequence from a single gene should not be used to identify Dickeya isolates to species level. Currently,
there is no multiplex assay suitable for detection and differentiation of all Dickeya species from plant
samples.

Dickeya species-specific primers are available, but have not all been thoroughly validated. The species D.
solani and D. dianthicola cause significant losses in potato in Europe, so primers and probes that
specifically detect these species were developed by Pritchard et al. [8]. The two D. solani primer sets
also detected 1 of 11 D. dadantii strains tested. These three species are closely related, and because
there are no other acceptable D. solani primer sets reported, if species identification is crucial, bacterial
isolation and MLSA is required to confirm that D. solani and not D. dadantii is present.



Tagman primers that anneal to dnaX were developed that differentiate seven Dickeya species [16].
Unfortunately, the primers for D. solani result in a high incidence of false positives when tested with
environmental samples, so they are unsuitable for use and the other primers have not been validated
with environmental samples. Also, the D. dianthicola primer set failed to amplify and detect DNA from
one of the test strains of D. dianthicola.

Dickeya is a xylem-dwelling pathogen that can also be isolated from water, soil, roots, and wilted and
macerated plant organs. Standard isolation methods, such as allowing bacteria to stream from diseased
plant organs into water, work well for Dickeya isolation. Diseased plant samples also host many
secondary invaders, so the edges of lesions should be used for Dickeya isolations when possible.

Semi-selective pectate-based media are generally used to isolate Dickeya from environmental samples.
Crystal violet pectate (CVP) is referenced throughout literature as being an effective source with
multiple recipes available. However, it should be noted that the source of pectate used in CVP will
affect both whether the medium solidifies and the plating efficiency. Additionally, some of the pectate
sources described previously are no longer available. Pectate suitable for CVP is available from Agdia
(ACC 00710/0500 500 grams/$160 USD).
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