ARS Agreement No. 58-2092-2-028 Al

WASHINGTON STATE POTATO COMMISSION
RESEARCH CONTRACT

THIS AGREEMENT is made and entered into by and between the WASHINGTON
STATE POTATO COMMISSION (“Commission”}), and the United States Department of
Agriculture - Agricultural Research Service (“ARS”).  In this Agreement, the above entities

are jointly referred to as “Parties.”
RECITALS

1. The research program contemplated by this Agreement is of mutual interest
and benefit to Commission and ARS; and

2. The performance of such research is consistent, compatible and beneficial to
the mission of ARS; NOW THEREFORE,

In consideration of the mutual promises and covenants contained herein, the Parties
hereby agree as follows:

ARTICLE I - DEFINITIONS

1.1 "“Budget” shall mean the Project Budget contained in Attachment A, hereby
incorporated by reference.

1.2 “Project Director” shall be Duroy Navarre.

1.3  “Commission Liaison” shall be Matthew Blua, a Commission employee designated by
Commission to be the primary contact with the Project Director.

1.4  “Scope of Work” shall mean the research described in the Project Proposals,
Attachment A, which is hereby incorporated by reference and that is under the direction of
the Project Director.

1.5  “Confidential Information” shall mean information in written, graphic, oral or other
tangible form protected by trade secret or other right of non-disclosure, including without
limitation, algorithms, formulae, techniques, improvement, technical drawings and data,
and computer software. Confidential Information shall not include information which (1)
was in the receiving party’s possession prior to receipt of the disclosed information; (2) is
or becomes a matter of public knowledge through no fault of the receiving party; (3) is
received from a third party without a duty of confidentiality; (4) is independently
developed by the receiving party; or (5) is required, upon advice of counsel, to be disclosed
under operation of law.



ARTICLE II - SCOPE OF WORK

2.1 ARS agrees to perform the activities described in Attachments A entitled "Exploring
germination-stimulating factors for resting spores of the powdery scab pathogen and
testing their potential to diminish soil inoculum”.

2.2 ARS agrees to use its best efforts to perform the Scope of Work. The Commission
acknowledges that this Agreement is for the research effort described in the Scope of Work
and that ARS does not represent or guarantee that the desired research results will be
obtained.

2.3 Reporting Requirements:

2.3.1  Progress Reports.  ARS shall provide Commission with written reports on the
progress of the Scope of Work on a quarterly and annual basis.

2.3.1.1 Quarterly Reports. Quarterly reports shall be due on or before the first day of
every July, October, and April during the Contract Term (as defined in Article III).

Quarterly reports shall describe, in detail, the following: (1) the status of the Scope of Work,
including an estimate of the percentage of the Scope of Work which is complete; (2) the
findings, whether final, preliminary or incomplete, of all research, development,
experiments and testing performed since the last quarterly report or annual report; and (3)
the anticipated research results, if any.

2.3.1.2 Annual Reports. Annual reports shall be due on or before the fifteenth day of
each January during the Contract Term.  Annual reports shall describe, in detail, the
following: (1) the status of the Scope of Work, including an estimate of the percentage of
the Scope of Work which is complete as of the writing of the annual report; (2) the results,
whether final, preliminary or incomplete, of all research, development, experiments and
testing performed during the immediately preceding calendar year; (3) a summation of any
conclusions or opinions drawn by the Project Director(s) from all research, experiments
and testing performed from the inception of the Scope of Work until the conclusion of the
immediately preceding calendar year; and (4) the anticipated results, if any.

2.3.1.3 Final Report. ARS shall provide Commission with a final written report upon
expiration of the Contract Term which shall describe, in detail, the following: (1) a concise
and detailed description of all research, development, experiments and testing performed
during the Contract Term in furtherance or performance of the Scope of Work; (2) the
results of all such research, development, experiments and testing; (3) the findings,
conclusions or opinions which are drawn from the Scope of Work; and (4) if the desired
research result is not obtained, a recommendation as to further research which could be
performed in order to obtain the desired research results.



ARTICLE III - CONTRACT TERM

3.1  This Agreement shall commence on May 1, 2024 and shall expire on June 30, 2025
unless extended by written agreement of the Parties in accordance with ARTICLE XIII-
AMENDMENTS or sooner terminated pursuant to ARTICLE X-TERMINATION.

ARTICLE IV - PAYMENT TERM

4.1 Total Costs. Commission shall pay for services performed and expenses incurred
within the Scope of Work up to, but not exceeding $5,000.

4.2 Project Budget. Except as set forth herein, ARS may deviate from the Budget so
long as such deviation is reasonable and necessary in the pursuit of the Scope of Work.
Notwithstanding the foregoing, ARS may not deviate upwards from any line item of the
Budget by more than ten percent (10%) without the prior written approval of Commission.
In the event ARS deviates upwards from any line item of the Budget by more than ten
percent (10%) without the prior written approval of Commission, Commission shall have
no obligation to pay ARS for that portion of such expenditure exceeding one hundred ten
percent of the projected expense as set forth in the Budget. Nothing contained herein
shall be construed to authorize expenditures beyond the total costs set forth in Section 4.1
without the express written approval of Commission.

4.3 Invoices. ARS shall issue two (2) periodic invoices to Commission, the first upon
initiation of the contract term for three quarters of the amount shown in Section 4.1, the
second for one quarter of the amount in Section 4.1 on or about May 1, 2025.

4.4 Payment. Exceptas otherwise provided in this Agreement, Commission shall pay
ARS within forty-five (45) days of the invoice date; PROVIDED THAT, Commission shall not
issue any payments unless and until ARS is current in all quarterly progress reporting
requirements as set forth in Section 2.3 of this Agreement.

ARTICLE V - EQUIPMENT

5.1 Upon the expiration of the Contract Term, title to all equipment purchased by ARS
with Commission funds shall vest in ARS unless Commission shall, within 120 days of the
expiration of the Contract Term, make written demand for any or all items of equipment
having an acquisition cost of One Thousand Dollars ($1,000.00) or more, in which case, title
to such equipment shall vest in Commission. Commission shall bear sole responsibility
for transport of any equipment which Commission elects to acquire hereunder.

ARTICLE VI - KEY PERSONNEL

6.1 The Project Director may select and supervise other project staff as needed. No
other person will be substituted for the Project Director except with Commission’s prior
written approval. Commission may terminate this Agreement pursuant to Section 10.1
below, if a satisfactory substitute for Project Director is not identified.



6.2 Nondiscrimination Requirement.  During the term of this Contract, Contractor,
including any subcontractor, shall not discriminate on the bases enumerated at

RCW 49.60.530(3). In addition, Contractor, including any subcontractor, shall give
written notice of this nondiscrimination requirement to any labor organizations with
which Contractor, or subcontractor, has a collective bargaining or other agreement.

6.3  Obligation to Cooperate. Contractor, including any subcontractor, shall cooperate
and comply with any Washington state agency investigation regarding any allegation that
Contractor, including any subcontractor, has engaged in discrimination prohibited by this
Contract pursuant to RCW 49.60.530(3).  Notwithstanding any provision to the contrary,
Commission may suspend Contractor, including any subcontractor, upon notice of a failure
to participate and cooperate with any state agency investigation into alleged discrimination
prohibited by this Contract, pursuant to RCW 49.60.530(3).  Any such suspension will
remain in place until Commission receives notification that Contractor, including any
subcontractor, is cooperating with the investigating state agency. In the event
Contractor, or subcontractor, is determined to have engaged in discrimination identified at
RCW 49.60.530(3), Comsission may terminate this Contract in whole or in part, and
Contractor, subcontractor, or both, may be referred for debarment as provided in

RCW 39.26.200. Contractor or subcontractor may be given a reasonable time in which to
cure this noncompliance, including implementing conditions consistent with any court-
ordered injunctive relief or settlement agreement.

6.4  Remedies for Breach. Notwithstanding any provision to the contrary, in the event
of contract termination or suspension for engaging in discrimination, Contractor,
subcontractor, or both, shall be liable for contract damages as authorized by law including,
but not limited to, any cost difference between the original contract and the replacement or
cover contract and all administrative costs directly related to the replacement contract,
which damages are distinct from any penalties imposed under Chapter 49.60, RCW.
Commission shall have the right to deduct from any monies due to Contractor or
subcontractor, or that thereafter become due, an amount for damages Contractor or
subcontractor will owe Commission for default under this provision.

ARTICLE VII - CONFIDENTIAL INFORMATION

7.1 ~ Commission acknowledges that if ARS is a federal or state public agency, ARS is
subject to relevant public disclosure laws and regulations.  If a Public Disclosure Act
request is made to view Commission’s Confidential Information, and ARS’s Public Records
Officer either determines that no exemption to disclosure applies or is unable to determine
whether an exemption to disclosure applies, ARS will notify Commission of the request and
the date that such records will be released to the requester unless Commission obtains a
court order enjoining such disclosure. If Commission fails to obtain a court order
enjoining disclosure, ARS will release the requested information upon the date specified.

7.2 To the extent allowed by law, ARS and Commission shall use reasonable care to
avoid unauthorized disclosure of Confidential Information, including, without limitation,
taking measures to prevent creating a premature bar to a United States or foreign patent
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application.  Each party will limit access to Confidential Information received from
another party hereto to those persons having a need to know.  Each party shall employ
the same reasonable safeguards in receiving, storing, transmitting and using Confidential
Information that prudent organizations normally exercise with respect to their own
confidential information of significant value.

7.3 Any Confidential Information shall be in written, graphic or other tangible form or
reduced to such form within (30) days of disclosure and shall be clearly identified as
confidential at the time of or within thirty (30) days of disclosure.  Confidential
Information shall not be disclosed by the receiving party to a third party for a period of
three (3) years from receipt of such information unless the disclosing and receiving parties
otherwise agree in writing.  Third parties include all governmental offices.

7.4 The terms of confidentiality set forth in this Agreement shall not be construed to
limit the Parties’ rights to independently develop products without the use of the other
Party’s Confidential Information.

ARTICLE VIII - PUBLICATION

8.1  ARSis granted the right to publish or permit to be published by ARS’s employees the
results of the Scope of Work undertaken by ARS.  To prevent untimely disclosure or
exploitation of Commission Confidential Information, ARS shall provide the Commission
Liaison with a copy of any proposed publication resulting from the Scope of Work at least
thirty (30} days prior to submission for publication. ~Commission shall have thirty (30)
days (the “Pre-publication Review Period”) from receipt of the draft to review the
proposed publication. If Commission determines that Commission Confidential Information
is included in the proposed publication, ARS shall, at Commission’s request, remove such
Commission Confidential Information prior to submission for publication. If the
proposed draft publication contains Commission Confidential Information, Commission
may request that ARS’s submission of the draft for publication be delayed for up to sixty
(60) days beyond the end of the Pre-publication Review Period. If Commission seeks to
delay publication, Commission shall make such request in writing prior to the expiration of
the Pre-publication Review Period together with identification of the information or
materials of concern and reasons why delay is warranted. ~ ARS may delay publication by
ninety (90) days to allow ARS or Commission, as the case may be, to seek patent protection.

ARTICLE IX - PUBLICITY

9.1  ARS shall not include the name of the Washington State Potato Commission in any
advertising, sales promotion, or other publicity matter without prior written approval of
Commission.

9.2 Commission shall not include the name of ARS or ARS’s Trademarks in any
advertising, sales promotion, or other publicity matter without prior written approval of
ARS.



ARTICLE X - TERMINATION

10.1 Termination for Convenience. If either Commission or ARS determines that
termination is in its best interest because of lack of funds, or other substantial reason,
either party may terminate this Agreement upon thirty (30) calendar days written notice to
the other. Upon receipt of such notification, ARS may make no further commitments
under this Agreement and must take all reasonable actions to cancel outstanding
obligations.  The total cost of the project shall then be negotiated between Commission
and ARS.  Following termination, ARS shall submit a report to Commission detailing
results, if any, obtained during the course of the project.

10.2 Termination for Cause. Commission may terminate this Agreement for cause
based upon the failure of ARS to comply with the terms and/or conditions of this
Agreement, provided that Commission shall give ARS written notice specifying ARS’s
failure.  If within thirty (30) days after receipt of such notice, ARS shall have failed to
correct such failure and thereafter proceeded diligently to complete such correction, then
Commission may, at its option, declare ARS in default and this Agreement shall terminate
on the date specified in such notice.

10.3  Should ARS or its employees, during the performance of this Agreement, engage in
any conduct which is dishonest, slanderous, libelous, or damages the reputation or
standing of Commission, then Commission may terminate this contract upon five (5) days
notice to ARS.

ARTICLE XI - INTELLECTUAL PROPERTY

11.1  “Intellectual Property” shall mean Invention, Copyright, Trademark and any
Proprietary Information (each as hereinafter defined) produced under the Scope of Work.

11.2  “Invention” shall mean certain inventions and/or discoveries conceived and/or
reduced to practice in performance of the Scope of Work and resulting patents, divisionals,
continuations, or substitution of such application, all reissues and foreign counterparts
thereof, resulting from the Scope of Work.

11.3  “Copyright” shall mean any work developed under the Scope of Work that is subject
to copyright under copyright law of the United States of America or any foreign copyright
law.

114 “Trademark” shall mean any trade or service marks developed under the Scope of
Work whether or not registered under state, federal or foreign trademark law.

11.5 “Proprietary Information” shall mean all data, sequences, formulae and any other
information obtained or developed during the course of the Scope of Work.

11.6 Ownership of Inventions-
a. All rights, title, and interest in any Subject Invention made solely by employee(s) of ARS
shall be owned by ARS.




b. All rights, title, and interest in any Subject Invention made jointly by at least one (1)
employee of ARS and at least one (1) employee of Commission shall be jointly owned by
ARS and Commission.

c. All rights, title, and interest in any Subject Invention made solely by employee(s) of
Commission shall be owned by Commission.

ARTICLE XII - LIABILITY

12.1  ARS shall be liable for actions and decisions of its employees and agents only to the
extent allowable under the Federal Tort Claims Act and the Anti-Deficiency Act.

ARTICLE XIII - AMENDMENTS

13.1 This Agreement may be amended by mutual agreement of the Parties.  Such
amendments shall not be binding unless they are in writing and signed by personnel
authorized to bind each of the Parties.

ARTICLE XIV - ASSIGNMENT

14.1 The work to be provided under this Agreement, and any claim arising hereunder, is
not assignable or delegable by ARS, in whole or in part, without the prior express written
consent of Commission.

ARTICLE XV - NOTICES

15.1  Any notice or communication required or permitted under this Agreement shall be
delivered to the address given below or such other address as may hereafter be designated
by notice in writing.  Notice given hereunder shall be effective as of the date of receipt of
such notice:

Commission: ARS:

Matthew Blua Mara Guttman

Director of Industry Outreach Grants Management Specialist
Washington State Potato Commission USDA, Agricultural Research Service
108 Interlake Road 800 Buchanan Street

Moses Lake, WA. 98837 Albany, CA 94710-1105

Phone: 509-765-8845 Phone: 510-559-5619

Fax: 509-765-4853 Fax: 510-559-6023

E-mail: mblua@potatoes.com E-mail: mara.guttman@usda.gov




ARTICLE XVI - GOVERNING LAW

16.1 This Agreement shall be construed and interpreted in accordance with the laws of
the United States of America.
ARTICLE XVII - SEVERABILITY

17.1  If any provision of this Agreement or any provision of any document incorporated
by reference shall be held invalid, such invalidity shall not affect the other provisions of this
Agreement which can be given effect without the invalid provision, if such remainder
conforms to the requirements of applicable law and the fundamental purpose of this
Agreement, and to this end, the provisions of the Agreement are declared to be severable.

ARTICLE XVIII - ORDER OF PRECEDENCE

18.1 In the event of any inconsistency in the Agreement, the inconsistency shall be
resolved by giving precedence in the following order:

Applicable statutes and regulations;

Terms and Conditions contained in the basic Agreement;

Attachment A-Scope of Work;

Any other attachments; and

Any other provision incorporated by reference or otherwise into this Agreement.
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ARTICLE XIX-ALL WRITINGS CONTAINED HEREIN

19.1 This Agreement contains all the terms and conditions agreed upon by the Parties.
No other understandings, oral or otherwise, regarding the subject matter of this Agreement
shall be deemed to exist or to bind any of the Parties hereto.

ARTICLE XX-WAIVER

20.1 No waiver of any breach of any one or more of the conditions or covenants
contained in this Agreement, and no acquiescence by either of the Parties in any single
instance or repeated instance of default of any of the terms or provisions hereof shall be
deemed to imply or constitute a waiver of any other or succeeding or repeated breach or
default hereunder. The consent or approval by either of the Parties to or of any act
requiring consent or approval shall not be deemed to waive or render unnecessary the
consent or approval to or of any subsequent or similar acts. No waiver shall be binding
unless executed in writing by the party making the waiver.

IN WITNESS WHEREOF, the Parties hereto have caused this Agreement to be executed as of
the date set forth herein by their duly authorized representatives.



COMMISSION

Washington State Potato

Commission

Date:

Chris Voigt

Execu‘Ei[vE Dir Ctlf.r

ARS
USDA-Agricultural Research Service

Digitally signed by
MARA MARA GUTTMAN
Date: 2024.04.26
GU-I—I-MAN 21:14:01 -07'00'
Name Mara Guttman

Title  Authorized Departmental Officer
Date:




Northwest Potato Research Consortium

Fiscal Year 2023-24

Proposal Title: Exploring germination-stimulating factors for resting spores of the powdery scab
pathogen and testing their potential to diminish soil inoculum

Principal investigator and co-PIs (add/subtract rows as needed)

Role

Name

Address

Phone number

Email address

PI

Kiwamu Tanaka

Department of
Plant Pathology,
Washington
State University,
Pullman, WA
99164-6430

509-335-6418

kKiwamu.tanaka@wsu.ed
u

Co-PI

Roy A. Navarre

Research
Geneticist, USDA-
ARS, Prosser, WA
99350-8694

509-786-9261

rov.navarre@usda.gov

Total Funds Requested: $30,000

Principal investigator portion: $25,000

Co-PI portion(s): $5,000

Second, third or more year funding request? MYes

If Yes, prior year(s) amount(s) funded:

2022-23: $30,000
2023-24: 330,000
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a. Summary ot problem

Powdery scab is a major problem in potato production worldwide including the Pacific
Northwest. The causal pathogen is Spongospora subterranea f. Sp. subterranca ( Sss), a soil-borne
fungus-like microbe (“protist”). The pathogen eventually produces large numbers of resting spores,
which are released into the soil mostly from infected roots. As shown in F igure 1, the powdery scab
pathogen forms aggregates of resistant resting spores called sporosort (Falloon et al., 2011).
Sporosori have 3-layered cell walls (Lahert and Kavanagh, 1985), which enable them to remain
viable in soil for over 10 years (Calvert, 1968; Harrison et al., 1997; Balendres et al., 2017b). The
spores are heat resistant and can even survive passage through animal digestive tracts (Morse,
1912). Despite many efforts, effective fungicides and fumigation treatments have not yet been
successfully developed. Current disease management is mainly preventative through the use of
disease-free seed tubers and non-contaminated fields.

The resting spore contains a zoospore that is motile
after released and is responsible for initiating infections in %
hosts. Once released, the zoospores are susceptible to
environmental extremes and are short lived (<5 hours) if
there are not susceptible host plants (Karling, 1968; Merz,
1997). Therefore, stimulation of resting spore germination
in the absence of any host plants would result in death of
released zoospores and reduce soil inoculum potential, 1 sporosorus contains
which can be an alternative strategy for discase ~700 resting spores
management of powdery scab. Previously, some
metabolites of potato root exudates were reported to
induce resting spore germination. Those with strongest
effects were L-glutamine and tyramine, but were not
specific compounds from the hosts, i.e., potatoes and other
solanaceous plants (Balendres et al., 2016). Moreover, i
germination rates induced by these metabolites were <50%, which was not effective to reduce
inoculum level in soil (Balendres et al., 2016; Balendres et al., 2017a). It is possible that there arc
host-specific metabolites that highly induce germination of the resting spores. Indeed, only potato
and tomato plants were reported to allow the pathogen to form root galls and complete its life cycle
by producing sporosori (Qu and Christ, 2006; Merz and Falloon, 2009).

)

Figure 1. A microscopic picture of Sss
sporosorus identified in soil. Sporosorus is
an aggregate of resting spores. This '
superstructure with 20-100 pm diameter is I
composed of ~700 resting sporcs.

b. Research objectives

In this proposal, our hypothesis is that host-derived compounds stimulate germination of
resting spores in a highly-efficient manner, given that pathogens sense a specific metabolite from
their host to gain benefit by promoting their germination, growth, survival, pathogenesis, and
reproduction. The goal is to identify a specific metabolite as a germination-stimulating factor,
which could induce release of zoospores in absence of host and could eventually reduce soil
inoculum.

Objectives:
1) Developing a quantification method for counting resting spores that release Zoospores
2) Testing root exudates from different plants including solanaceous and non-solanaceous plants

3) Isolation and identification of the germination-stimulating factors in the exudates and test if
the isolated germination-stimulating factors have a potential to reduce inoculum level
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¢. Experimental approach
Objective 1: Development of a High-Throughput Quantification Method for Resting Spore
Germination (Ongoing but almost completed in FY2022-24).

Quantifying the germination of resting spores that release zoospores poses a challenge due
to the rapid movement of zoospores, making tracking difficult. To address this, a reliable high-
throughput assay is essential for measuring the impact of potato root exudate fractions on
germination. We plan to immobilize zoospores by fixing the resting spores using a solution such
as Formalin-Aceto-Alcohol, followed by microscopic observation. The inoculum, comprising
approximately 1 mg (~7 x 103 sporosori), will be suspended in 1.5 mL of deionized water and
incubated for 7, 14, 21, and 28 days at 18°C in darkness. After incubation, the fixing solution will
be applied for microscopic observation. Zoospore counts will be determined by scanning in an
inverted S manner within a 22 x 22 mm area on each microscope slide. Additionally, we will
employ Trichoderma lysing enzyme (composed of chitinolytic enzymes with beta-1,3-glucanase)
that possibly degrade the three-layer cell wall of sporosori, to artificially release resting spores and
establish our germination methods.

Objective 2: Testing and Preliminary Characterization of Root Exudates (to be performed in
FY2024-25).

Considering evolutionary fitness, we hypothesize that Sss may employ a strategy similar
to the Potato Cyst Nematode, responding to specific factors present only in host plant exudates.
Despite Sss being reported to infect a wide range of plants (Qu and Christ, 2006), including non-
hosts like potato and tomato, we will investigate whether root exudate compounds from other
plants induce germination of Sss resting spores. Utilizing the method developed in Objective I,
we will test various root exudates and evaluate their impact on Sss spore germination. If successful,
we will purify effective exudates using chromatography, taking initial steps toward identifying
compounds responsible for inducing germination. Thermal and size fractionation experiments will
help elucidate the nature of these molecules, guiding us in understanding whether they are small
molecules, large molecules, or proteins.

Objective 3: [solation, Identification, and Evaluation of Germination-Stimulating Factors (to
be performed in FY2024-25).

Multiple fractions containing active compounds will undergo purification through high-
performance liquid chromatography (HPLC) and reverse-phase HPLC analyses. The
quantification method developed in Objective 1 will be modified for high-throughput screening as
we anticipate handling >100 fractions. The final compounds retaining activity in stimulating the
germination of resting spores will be subjected to LC-MS/MS for conclusive identification. If
successful, the isolated germination-stimulating factors will be applied to Sss-infested soil
followed by planting potato seedlings (cv. Shepody). The level of infection will be evaluated
through ELISA and qPCR after 15-18 weeks of potato growth in a controlled environment,
allowing us to assess the impact on root galls and tuber scab lesions. This growth-chamber-based
method provides a robust platform for testing the efficacy of the isolated metabolites in this project.
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FY2023-24 Tanaka Navarre Total
Salaries! 14,118 2500 16,618
Employee Benefits? | 5,082 900 5,982
Goods and Services? | 5,000 1100 6,100
Travel* 800 500 1,300
Other Expenses® 0 0 0
Total 25,000 5,000 30,000

'Salaries: Postdoctoral research associates for 3 months (Tanaka) and 0.5 month (Navarre).
*Employee Benefits: benefit rate for an Associate in Research is 36.0%. *Good and Services: for
expendables (glassware, plasticware, chemical reagents, other goods for tissue culture, soil and
other greenhouse materials), small benchtop equipment, and user fees for greenhouse and
microscopy facility, chromatography columns and supplies, HPLC supplies. “Travel: to attend
scientific meetings to present results to growers and allied industry, and other researchers.

Other Project Support and Anticipated Grant Applications:

At present, there is no additional financial or in-kind support allocated to this project. The
primary objective of this endeavor is to pinpoint a germination-stimulating factor for Sss resting
spores. In order to unravel the underlying mechanism behind resting spore germination, we plan
to seek additional funding from competitive extramural sources, such as the NSF Plant-Biotic
Interactions program or the USDA-AFRI Foundational program. Our proposed research involves
conducting biochemical and omics studies aimed at identifying genes and gene regulatory
networks associated with the hatching of resting spores and the activation of zoospores. These
investigations aim to enhance our ability to predict the timing of spore germination and assess
the viability of resting spores across various isolates of the powdery scab pathogen.

Collaboration:

Tanaka will lead the chemical screening efforts, evaluating the germination rate of resting
spores, specifically focusing on zoospore release. Concurrently, Navarre will contribute by
providing root exudates and fractions, and will also conduct analytical chemistry assessments of
germination-stimulating factors. This collaborative approach ensures a comprehensive
examination of the germination process and strengthens the overall impact of our research.
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Progress has been achieved in 2023, particularly in the development ot a quantification method
for counting resting spores that release zoospores.

Quantification Method for Resting Spores:

* Initially, quantitying resting spore germination posed challenges, attributed to the rapid
movement of zoospores. A shift in perspective led us to consider the limited survival
time of zoospores, hindering their detection under the Microscope.

* To address this, we attempted to germinate resting spores on an agar-coated slide
to reduce zoospore motility. Unfortunately, this method proved inetfective due to
contamination by fungi and bacteria in most sporosori.

* Our revised approach involves the use of Trichoderma lysing enzyme, comprising
chitinolytic enzymes with beta-1,3-glucanase, to artificially release resting spores
and establish germination methods.

TEM Analysis for PMTV Particle Detection:
* We plan to employ TEM if PMTV particles are visible in the spores.
Understanding Sporosori Formation Mechanism:

* Scanning electron microscope observations revealed that plant starch plays a pivotal
role in sporosorus formation from an ameba body plasmodium.

e Using iodine-based starch staining, we discovered that the accumulated starch, crucial
for sporosorus formation, has a high amylopectin and low amylose content. This
suggests that amylopectin is more accessible for extracting energy needed for
sporosorus formation.

* These significant findings have been reported in a journal publication: Kamal et al.
(2023) "Starch Plays a Key Role in Sporosorus Formation by the Powdery Scab
Pathogen Spongospora subterranea,” Phytopathology (in press),

hetps:/7doi.ore/ 10. 1094/ PHYTO- 07-23-0224-R |
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(A) This transmission ¢lectron microscope (TEM) image reveals zoospores (depicted as black round
objects) infecting the epidermis of a potato root.

(B) In this close-up TEM image, a single zoospore (encircled by a red dashed line) is captured in the process
of invading the epidermis of a potato root.

(C) The scanning electron microscope (SEM) image showcases multiple zoospores (indicated by red
arrows) residing within a potato root cell.
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