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EXECUTIVE SUMMARY
This report summarizes the project “Nucleic Acid-Based Detection and Identification

of Bacterid and Funga Plant Pathogens' and TagManO polymerase chain reection (PCR)
assays for three diverse crop pathogens, one bacterid and two fungd. An assay for
Xanthomonas axonopodis pv. citri A, causative agent of bacteriad canker of citrus (a
pathogen with dgnificant quarantine redrictions, with a current outbregk in Florida), was the
first assay created under this project. A WSDA-developed assay for Karnd bunt of whest, a
fungd pathogen of dgnificant quarantine and trade importance, was adapted to the Idaho
Technology LightCycler 32. The development of a TagMan assay for the fungd pathogens
Fusarium graminearum and Gibberella zeae, Sgnificant pathogens of corn, whesat, and other
gndl grans was initiated, but not completed, within the time frame of the project. The
specifics of each of these assays are described in separate sections of this report.  This report
also describes the facilities a Pacific Northwest Nationd Laboratory that adlow us to work
with these pathogens and to pass USDA-APHIS permitting requirements, and provides
ingructions for and a copy of the APHIS permit document form (PPQ-526).

An ealy ddiveable for this project was submisson of a Technicd Requirements
Document that:

(@) identifies species and drains of agriculturd pathogens that ae forenscdly
sgnificart,

(b) identifies existing PCR assays for the identified agricultura pathogens,

(c) identifies those agricultural pathogens for which PCR assays do not exist or are not
adequate

(d) provides recommendations for the development of needed new assays and the vaidity
testing of new and existing assays.
Information contained in the Technica Reguirements Document and this Find Report

ae dravn excdusvedy from unclassfied sources, many of which describe in detal the
susceptibility of particular crops to agriculturd pathogens.

Presently, more TagMan assays exis for the bacterid plant pathogens than for the
fungd plant pathogens dthough that is changing. A number of the fungd plant pathogens
will require a sgnificant amount of effort to produce unique PCR assays, which then can be
adapted to TagMan.



Plant pathogenic viruses have not been dedt with in this project, despite the
expectation that many viruses are potentia threats. Viruses are generdly trangmitted via
insect vectors.  In many cases, the appropriate host insect does not exist in the United States.
However, for a number of viruses, insects that are “close enough” to serve as vectors do exist
in the United States and can serve as disseminators.  Although fungd disease can be
controlled (oftentimes) through the use of the various fungicides, and some bacteria disease
can be controlled through the use of copper-containing sprays, there exis no good chemica-
control measures for viruses. From that standpoint, viruses can present an even greater
chdlenge than the bacterid or funga pathogens.
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1.0 Introduction
The threat to American interests from terrorigs is not limited to attacks agangt humans.

Terrorids might seek to inflict damage to the U.S. economy by atacking our agriculturd
sector.  Infection of commodity crops by bacterid or funga crop pathogens could adversdy
impact U.S. agriculture, ether directly from damage to crops or indirectly from damage to
our ability to export crops suspected of contamination. Recognizing a terrorist attack againgt
U.S. agriculture and to be able to prosecute the terrorists is among the responsbilities of the
members of Hazardous Materid Response Unit (HMRU) of the Federd Bureau of
Investigation (FBI).

Usng polymerase chain reaction (PCR) amplification techniques to andyze the nuclec
acids of plant pathogen drains is a poweful method for determining the exact identity of
pathogens, as well as their possible region of origin.  This type of andyss, however, requires
that PCR assays be developed specific to each particular pathogen dran and andyss
protocols devel oped that are specific to the particular instrument used for detection.

The objectives of the work described here were thregfold: 1) to assess the potentia
terrorist threst to U.S. agriculturd crops, 2) to determine whether suitable assays exist to
monitor that threet, and 3) to determine where assays are needed for priority plant pathogen
threats to modify or develop those assays for use by specidists at the HMRU.

The assessment of potentia threat to U.S. commodity crops and the availability of assays
for those threats were described in detall in the Technicd Requirements Document (Kingdey
2000) and will be summarized in this report. This report addresses the development of
goecific assays identified in the Technicd Requirements Document and offers
recommendations for future development to ensure that HMRU specidists will be prepared
with the PCR assays they need to protect against the threat of economic terrorism.

In addition, a separate project conducted by Dr. Paul Kem and colleagues a Northern
Arizona Universty was included, for funding purposes, under the umbrela of the crop-
pathogen PCR project. This project was a research and development project to determine if
various chloroplast deoxyribonucleic acid (DNA) sequences from different grass pecies
could be employed as forensc markers for items such as grass sans. A separate report, an
asssy manual, was prepared by Dr. Kem and submitted to the Bureau. For reporting



purposes, a synopss of Dr. Kem’'s research findings, taken from his assay protocol manud,
is provided as APPENDIX 7.



2.0 Summary of Research

2.1 Threat Assessment

2.1.1 Threat Review

In the first stage of this work, U.S. commodity crops were reviewed and ranked based
on ther production vaue. Sgnificant crop pathogens were identified from open literature
sources and by consulting with experts in these crops and pathogens. Among the sources
reviewed to assess the threat include the Audrdian Group Control List of Plant Pethogerns
for Export Control. Experts consulted included plant pathologists from the U.S. Department
of Agriculture (USDA) Agriculturd Research Service (ARS) and the Animd and Pant
Hedth Inspection Service (USDA/APHIS), who are responsible to protect U.S. agriculture
with authority for impodtion of quarantine.  Severd university experts were dso consulted.
The experts who where consulted are listed in Appendix 1. These results were ddlivered as a
Technica Requirements Document.

2.1.2 Jefferson Project

In addition to the threat review conducted as pat of this project, Pacific Northwest
Nationa Laboratory (PNNL) participated in a panel of experts for the U.S. Department of
Agriculture Jefferson Project, whose objective was amilarly to identify potentid threats to
U.S. commodity crops. In October 1999, a group of plant pathologists were assembled at the
Batdle Huntsville Alabama office to rank the various pathogens for commodity crops
gpecified by the USDA. The sdection criteria provide the grestest weight to 1) toxigenic
microbes and 2) those that are easlly cultured and 3) are difficult to detect and 4) have the
capability to spread rapidly. Obligate paradtes, such as the smut and rust fungi, and the
tropicd downy mildews, which comprise a humber of he lisgts of pathogens of concern, such
as the Audrdia Group Ligt and the CDC Extended Ligt, do not rank very highly when usng
this set of ranking criteria.  However, soybean rust (Phakopsora pachyrhizi, which is an
obligate paradte) ranked highest for soybean based upon its current quarantine dgnificance
to the United States. Soybean rust could induce a mgor epidemic in U.S. soybeans since
limited disease resistance to this pathogen has been bred into the crop. Attached as Appendix



2 is a copy of the Jefferson Project ranking template, and the top four ranked pathogens, for
each of eight commodity crops, arelisted in Appendix 3.

2.1.3 Threat Assessment Support Information

The contact information for these pands of experts was provided a the end of the
Technical Requirements Document and is supplied in this report in Appendix 1.

2.2 Assay Identification

Once the key crops and ther dgnificant pathogens were identified, the scientific
literature was reviewed to identify which pathogens had PCR assays dready developed that
were suitable for the specific ingruments used in the HMRU.

2.2.1 PCR Instruments

Severd fluorescence PCR indruments are currently available that would be suitable
to identify phytopathogens by ther nuclec acids. These include the Applied Biosystems
(ABI) 7700, the LightCycler 32 first sold by Idaho Technology (IT/LC32) and now licensed
by Roche (R/ILC32), the Cepheld Smart Cycler System, and the Bio-Rad Cycler. Each of
these ingruments has particular strengths.  For example, the advantage the LC32 has over the
ABI 7700 is speed and true “red time’ detection, which dlows for observing the assay
progressng (or not) during a run. While the ABI 7700 clams to provide red-time assay
information, it is only provided after the assay is completed and the control program
processes the data, and not while the assay is running. The LC32, when it was firg
introduced, was sgnificantly chegper than the ABI 7700, and there were no other competing
fluorescent PCR machines commercidly avaldble  Tha has changed as Cepheld has
introduced their Smart Cycler System fluorescent PCR machine to the market, and Bio-Rad
introduced the “i-Cycler.” Also, lIdaho Technology produced “ruggedized” LC ingruments
that were amenable to remote use in the fidd. This was impossible with the very large
laboratory instruments such as the ABI 7700.

In addition to the operationa differences described above, assays optimized for one
indrument type might not work directly in another indrument without some modification,
due to differences in physica parameters of sample cel, fluorometer optics, and the specific
fluorescent dyes employed.



2.2.2 Types of Assays

One type of fluorescent PCR assay that is commonly recognized is the TagManO
assay, origindly deveoped for the ABI 7700 sequence detection instrument.  Although
developed for the ABI 7700, TagMan assays can be made to work in the LightCycler if the
chemigtry of the assays is modified gppropriately. The TagMan assay is based upon the 5
exonuclease activity of certain Tag polymerase enzymes. When the TagMan probe is intact,
fluorescence resonant energy trandfer (FRET) prevents the detection of the fluorophore 6-
FAM (6-carboxyfluorescein). The 6-FAM fluorescence is blocked by FRET transfer to a
second fluorophore TAMRA  (carboxytetramethylrhodamine succinimidyl edter), attached at
the 3 end of the probe. During PCR amplification, if the appropriate target is amplified, the
TagMan probe (which is complementary to one srand of the target amplicon) anneds to the
template. The 5 exonuclease activity of Tag polymerase cleaves the probe. This aleviaes
FRET blockege of the 6-FAM fluorescence, and the fluorometer is capable of detecting an
increese in 6-FAM fluorescence, which is detected in the FITC (fluorescein isothiocyanate)
channd of the LC32.

2.2.3 TaqMan Assay

TagMan assays are powerful. They provide sgnificant information about the quantity
of a tage in a paticular nudeic acid sample.  In dinicd gpplications, in addition to
TagMan's capability to specificdly identify whether a pathogen (or any desired nucleic acid
(NA) target is present, TagMan assays are routindy employed to determine the titer of a
pathogen in blood, for example. This is because the greater the target concentration in the
sample, the more the TagMan probe annedls initidly and is cleaved during the early cycles of
PCR amplification. Therefore, the fluorescence of high titer samples increases repidly over
the threshold and is detected by the fluorometer earlier in the assay than in samples with
lower copies of the target. The higher the initid target concentration, the more rapidly
fluorescence is detected. Conversdy, lower target concentrations require various cycles of
PCR to amplify the target sufficiently to the point that enough TagMan probe is cleaved, and
fluorescence is detected by the fluorometer (see Figure 1 for example, which illudrates the
effect of target concentration on the rate a which fluorescence is detected). The higher the

target concentration, the fewer cycles of PCR are required for detection. The crossng



threshold (Ct), in conjunction with a standard curve (dilution series of a standard sample of
known quantity) can be employed to quantify targets in a sample, for example, the human
immunodeficiency virus (HIV) load in a patient's blood sample or the quantity of a
phytopathogen in a plant-tissue sample.

In determining whether PCR assays were dready avalable for use by HMRU to
monitor various phytopathogens, the pathogens were characterized as to whether no PCR
assay development had been found, assays had been developed but were gd based, or an
appropriate (TagMan) assay had been developed.

2.3 Assay Development

To make the PCR assays immediately trandferable to HMRU |aboratory scientidts, the
assays were developed specificdly for the LC32 from Idaho Technology Incorporated. The
LC32 was purchased under this project for developing and testing these assays. As noted
above, however, with appropriate modification of the chemisry, TagMan assays developed
for the ABI 7700 will work in the LC32. Here will be described 1) the development of a
TagMan and dua FRET probe assay for Xanthomonas axonopodis pv. citri, the bacterid
pathogen that causes citrus canker, currently a sgnificant phytopathogen of concern in
Florida, 2) the adaptation to the LightCycler of a TagMan assay for Karnd bunt of whest
(Tilletia indica), developed by Dr. Reid Frederick of the USDA-ARS FDWSL (Foreign
Disease Weed Science Laboratory) for the ABI 7700, and (3) the development of a TagMan
assay for Fusarium graminearum/Gibberella zeae, funga pathogens causng diseases of

whedt, other smdl grains, and of corn.
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Sensitivity test of X. citri tagman assay. This figure illustrates the effect of DNA target concentration ranging

from 107 copies TL/assay to 10’ copies TL/assay (see key for sample color coding). The higher the concentration,
the more rapidly sample fluorescence increases. The upper panel plots the log of fluorescence against cycle number
(1-40 cycles). The lower panel plots the crossing point against the log of the DNA concentration. For a standard
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curve, one can estimate the concentration of the particular target in the sample. The LightCycler software will do
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Figure 1. Xanthomonas citri TaqMan Assay Standard Curve




2.3.1 USDA-APHIS Permitting and Culture Handling Requirements

The USDA APHIS regulates dl work with plant pathogens and requires specid
permits to transport, receive, or to do any work with phytopathogens. The document known
as “PPQ 526" (Plant Protection and Quarantine) permits application is provided as Appendix
4 dong with the gppropriate indructions.  The full two-page permit may be downloaded from
the APHIS web gte (http://www.aphisusdagov/ppa/sspermits/pests), and a new, online

permit gpplication process for importing pathogens form outsde the continenta United
States has been indtituted (https://web01.aphis.usda.gov/IAS.nsf/Mainform?OpenForm).  In a
PPQ-526 permit application, the user must describe the pathogen, its form, methods for

control/prevention of escape, the intended experimentd use, and find method(s) of
disposition (see Appendix 4 for specifics). For pathogens of sgnificant quarantine concern,
for example Xanthomonas citri, APHIS requires descriptions of the laboratory facilities
where the experiments are to be conducted. Specificdly, APHIS wants to know what types
of controls are in place to prevent the escape of the pathogen into the environment. For
example, @& PNNL, we have high efficiency paticulate ar (HEPA) filtered environmenta
growth chambers contained within a secured, restricted access basement laboratory. The air
exiting the growth chamber passes through the HEPA that removes smdl micron and sub
micron-szed paticles. Additiondly, the direction of arflow is from the outsde of the
laboratory towards the indde (therefore keeping potentia arborne contamination within the
confines of the laboratory airspace), and dl ar exiting the laboratory passes through a HEPA
filter bank before being exhausted to the amosphere. This ensures that no pathogens will
inadvertently “escape up the stack.” Also, al potentidly contaminated materids must be
double or triple bagged and autoclaved for decontamination before disposa. These more
redrictive rules gpply to plant infection tests with X. citri.  In fact, while the Washington
State Department of Agriculture would have dlowed us to conduct X. citri hogt infection
tests in our open (non-containment) greenhouses, APHIS required that we conduct adl X. citri
host infection tests in the secured (redtricted access, HEPA filtered) basement laboratory
growth chamber. The pemitting requirements are less redrictive if Imply growing the
organiams for isolation of ther nudec acids dthough this can vary with the “exoticness’ of
the paticular pathogen. The permitting requirements (fecilities required, ec) will vary
ggnificantly with the pathogen and the region of the country in which the work is to be

8



peformed. All PPQ-526 agpplications require approva by the date agricultura department
and ultimae gpprovd by USDA-APHIS in Riverdae, Maryland. For this HMRU-sponsored
project, we have ore permit for the Xanthomans studies and a separate permit for the
Fusarium graminearum/Gibberella zeae sudies. The Fg/Gz permit is currently restricted to
culturing the pathogens for DNA isolation only. We would need an amendment to perform
hog infection tests. For Tilletia indica (Karnd bunt), we only worked with DNA samples
provided to us, the pathogens (and their permits) were maintained a the USDA Foreign
Disease Weed Science Laboratory at Ft. Detrick, MD, so a PNNL-specific permit was not
required.

2.3.2 PNNL Plant Growth Facilities

There are four greenhouses with a combined total of 4800 ft2 of year-round growing
gace.  The greenhouses are equipped with heating and cooling devices as wdl as
supplementd  lighting thet includes a mixture of fluorescert, metal hdide, and mercury vapor

fixtures. There are dso four growth chambers, three 32 ft2, and one 12 ft2, dl with
temperature and humidity control. Lighting incdludes a mixture of fluorescent and

incandescent sources to provide an illumination intensity of >400 pmol m2 g1 (400 to 600
nm) at bench level.

2.3.3 Culture Preservation and Handling

Xanthomonas cultures (turbid, overnight, broth cultures) were sored as frozen glycerol
socks (15% glycerol fina concentration) at -80°C (Queue Cryostar freezer) in gerile 2 mL
screw-cagp cryovias (Sigma or Nunc) (Gabridl et a. 1989). Fungd cultures were stored a
4°C over dry, derile dlica gd as described in the Fusarium section of the Methods for
Research on Soilborne Phytopathogenic Fungi (Windels 1992).  Fusarium cultures may aso
be stored by lyophilization (Windds 1992). All culture handling was performed in Class Il
biosafety cabinets (The Baker Company, Sanford, Maine).
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3.0 Modification and Development of Assays

3.1 Xanthamonas axonopodis pv. citri

3.1.1 Background

Asdic bacterid canker of citrus, induced by Xanthomonas axonopodis pv. citri A (X.
citri. A, XacA), has re-emerged as a threat with dgnificant impact to the Horida citrus
industry.  Strong regulatory and quarantine statutes are invoked when the pathogen has been
identified in U.S. cdtrus. These dautes mandate the dearing and diminaion by burning of
infected and nearby trees (Gottwald et al. 2001). Past experience reinforces the need for
accurate and specific identification of the causative organism: in 1984, a “canker” outbresk
was incorrectly identified in nursery stock, primarily Single citrumdo (Citrus paradisi X C.
trifoliata). This disease was later determined to not be canker and therefore fell outsde of
the regulatory datutes. This group of drains, currently desgnated as X. axonopodis pv.
citrumedo, which cause the disease citrus bacterid spot, is consdered of little economic
importance (Verniere et a. 1998). A number of lawsuits arose in Florida as a result of the
misidentification and resultant unnecessary loss of crops.

As discussed recently by Verniere et d. (Verniere et al. 1998), there are a number of
xanthomonads associated with disease of citrus.  Agatic canker, or A dran, is the most
widdy didributed geographicaly and is the most important economicdly snce it has the
broadest range of citrus hosts (grapefruit, oranges, tangelos, pomeos, limes, lemons,
tangerines, and other citrus fruits). Canker is thought to have originated in Southeast Asa,
and its geographic spread is increesing, despite drict quarantine regulaions imposed by
many countries (Whiteside et al. 1988). Grapefruit, key lime, and trifoliate orange are
generdly consdered most susceptible to Agatic canker (Whitesde et d. 1988).  Another
xanthomonad “Cancrosis B” (X. axonopodis pv. citri pathotype B, Xac-B) is found in a few
countries in South America with a host range primaily limited to lemons (Citrus limon).
Mexican lime disease is caused by an even more ddimited xanthomonad. It is found in
Brazil and only affects Mexican lime (C. aurantiifolia [Chrigm.] Swingle); the causdive
agent is currently designated Xac pathotype C (Xac-C). Another series of drains recently
isolated from Southwest Ada (Verniere et a. 1998), while genotypicdly dmilar to XacA,
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has a proscribed host range more analogous to the C pathotype. These strains are amilar to
X. citri A drains in ther hydrolyss of casain and gdatin, growth on 3% NaCl, by genomic
redriction fragment length polymorphisn (RFLP) patterns, DNA probe (dot blot) reactions,
and PCR for an XacA plasmid-borne target (Verniere et a. 1998). In addition to their host-
range limitations, these strains varied from XacA drains by BiologO andyss differences in
bacteriophage susceptibility, and monoclonal antibody reection (Verniere et a. 1998). The
A* drans represent yet another variant of xanthomonads that attack citrus, the genetic bass
for the differences between A and A* drains are currently unknown. However, as previoudy
mentioned, these strains appear to be homologous to typical XacA by various DNA assays.

While the current taxonomic assgnment of Xac-A to the species X. axonopodis has
recently been cdled into question (Schaad et a. 2000), and the designation to species status
of X. citri by Gabrid et d (Gabrid et d. 1989) was rgected (Young et d. 1991), the need to
rgpidy and accurady identify the pahogen, irrespective of its ultimate taxonomic
designation, dill exigs. Currently, $175M is targeted towards canker eradication in Forida;
of this, gpproximately $8M is to be used to fund new research on citrus canker detection,
control strategies, and the development of host resistance (Gottwald et a. 2001).

Fuorescent PCR andyses with internd FRET identification probes, ether hydrolyss
probes (i.e. TagManO) or dua FRET probes (Lay and Wittwer 1997; Wittwer et a. 1997)
diagnogtic for the target of interest, provide for red-time detection and identification  Such
gpproaches consarve dgnificant amounts of operator time since separate gel-based or other
off-line detection schemes for PCR products are not required. Since fluorescence only
reults if the complimentary target sequence is amplified, the needs for other forms of
product vdidation are diminated. Amplification, detection, and identification occur
smultaneoudy in one sep. Fuorescent PCR andyses for the Agatic bacterid pathogen
Xanthomonas axonopodis pv. ctri A should dgnificantly reduce the time required to identify
this pathogen of sgnificant quarantine importance.

We have developed two rapid fluorogenic PCR assays (TagMan, dua FRET probe),
which detect and identify Xanthomonas axonopodis pv. citri A (XacA, X. citri) drains, the
causal agent of Adatic citrus canker, in extracts from citrus leaf tissues. Each assay is based
upon the same forward and reverse primers that amplify a 126 base par (bp) chromosomal

target. The 126 bp target amplicon, derived from a unique random amplified polymorphic
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DNA (RAPD) fragment, was diagnogtic for X. citri A and A* drains from diverse geographic
regions, by dot-blot hybridizations, Southern blot hybridizations, and PCR. There is no
ggnificant homology of this target (or of the full-length RAPD fragment), as determined by
the basc locd dignment search tool (BLAST) andyds to anything currently present in
GenBank.

The TagMan assay requires a polymerase with 5 exonuclease activity, while the dud
FRET probe assay requires a nuclease-free polymerase (KlenTag) and the phoshorylation of
the 3' end of the 3' probe. The assay(s) detected 38 of 38 XacA drains tested and did not
amplify any of a broad array of control DNA samples tested. The 40-cyde, sngle-tube assay
can be monitored in red time and provides an answer within 20 min when usng the
LightCycler. The totd time required for an analyss, from tissue punch through to pogtive or
negative PCR results is £4 h. A detection level of approximately 10? targetS/reaction was
achieved with DNA from pure XacA cultures, and approximaidy 10° targets/reaction
sengtivity was achieved when XacA-infected citrus lesf extracts were andyzed. The assay
does not detect other Xanthomonas pathogens affecting citrus (X. axonopodis pv. aurantifolii
grans B or C [cankross B, Mexican lime bacterioss, respectively], X. axonopodis pv.
citrumelo [citrus bacterid spot]). Conddering the problems the Forida citrus industry is
currently facing, the specificity and sendtivity of the assay, combined with high speed, offer
the potentid to screen citrus grove materias for the presence of the pathogen and so may
prove useful from a quarantine sandpoint.
3.1.1.1 Bacterial Strains and Plasmids, Culture Conditions, and Sources of DNA

Escherichia coli, Xanthomonas, plasmids, other heterologous DNA samples, PCR
primers and fluorescent probes used in this study, their sources, and references are listed in
Table 1. Xanthomonas was cultured in tryptone yeast extract-MOPS buffered (TY-MOPS)
(Gabriel et d. 1988) broth and checked for purity and uniformity on TY-MOPS agar plates
incubated a 30°C. Handling and long-term storage of the cultures was as described
previoudy (Gabriel et d. 1989). Cultures of E. coli were grown at 37°C in Luria broth (LB)

and on LB-agar plates and were maintained and stored according to standard protocols
(Sambrook et al. 1989). All PCR primers were syntheszed commercidly (Genosys

Biotechnologies, Inc., The Woodlands, Texas). TagManO hydrolysis probes were
synthesized by ABI (PE Biosystems Inc., Foster City, California) and incorporated 5 6 FAM
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(6-carboxyfluorescein) and 3 TAMRA (carboxytetramethylrhodamine succinimidyl  ester)
fluorescent dye labels. Dua FRET probes were synthesized by Operon (Operon
Technologies, Inc., Alameda, Cdifornia) by incorporating a 3 fluoroscein a the terminus of
the 5' probe, and a Cy5 (cyanine) molecule on the 5' end of the 3' probe; the 3' end of the 3'
probe was phosphorylated to prevent extension (Lay and Wittwer 1997; Wittwer et d. 1997).

Table 1. Bacterial Strains, Plasmids and Sources of DNA Used in this Study

Bacterial strain, plasmid, other source of DNA Relevant Characteristics Source or Reference
Xanthomonas axonopodis
pv. axonopodis ATCC 19312’ Type Strain ATCC
pv. citri A strains
3210 Florida (Gabriel et d. 1989)
3213 Florida (Gabriel et d. 1989)
Xc 62 Japan (Veriereet d. 1998)"
XC 100 Pakistan (Verniereet d. 1998)
XC 158 Pakistan (Verniereet d. 1998)
XC 164 India (Vemniereet d. 1998)
XC 165 India (Vemniereet d. 1998)
Xc 167 India (Vemiereet d. 1998)
XC 168 India (Vemiereet d. 1998)
Xc 170 India (Verniereet d. 1998)
Xc 251 Yemen J. Hartung
JF90-5 Oman (Vemniereet d. 1998)
JF90-8 Oman (Vemniereet d. 1998)
JF90-12 Oman (Vemiereet d. 1998)
A* strains
Xc 166 India (Vemniereet d. 1998)
Xc 169 India (Vemniereet d. 1998)
Xc 269 Saudi Arabia (Vemniereet d. 1998)
Xc 271 Saudi Arabia (Vemniereet d. 1998)
Xc 273 Saudi Arabia (Vemniereet d. 1998)
Xc 274 Saudi Arabia (Vemniereet d. 1998)
Xc 275 Saudi Arabia (Vemniereet d. 1998)
Xc 276 Saudi Arabia (Vemniereet d. 1998)
Xc 277 Saudi Arabia (Vemniereet d. 1998)
Xc 278 Saudi Arabia (Vemniereet d. 1998)
Xc 279 Saudi Arabia (Vemniereet d. 1998)
Xc 280 Saudi Arabia (Verniereet d. 1998)
Xc 282 Saudi Arabia (Vemniereet d. 1998)
Xc 283 Saudi Arabia (Vemniereet d. 1998)
Xc 289 Saudi Arabia (Vemniereet d. 1998)
Xc 290 Saudi Arabia (Vermniereet d. 1998)
Xc 291 Saudi Arabia (Vemniereet d. 1998)
Xc 292 Saudi Arabia (Vemniereet d. 1998)
Xc 293 Saudi Arabia (Vemniereet d. 1998)
Xc 322 Saudi Arabia (Vemniereet d. 1998)
Xc 323 Saudi Arabia (Vemniereet d. 1998)
Xc 328 Saudi Arabia (Vemniereet d. 1998)
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Bacterial strain, plasmid, other source of DNA

Relevant Characteristics

Source or Reference

Xc 329 Saudi Arabia (Vemniereet d. 1998)
JF90-2 Oman (Vemniereet d. 1998)
JF90-3 Oman, Xc206 (Verniereet d. 1998)
IM47-2 Iran (Verniereet d. 1998)
pv. aurantifolii
B strains
Xc 64 Argentina (Vermniereet d. 1998)
Xc 69 Argentina (Vermniereet d. 1998)
Xc 84 Uruguay (Vermniereet d. 1998)
Cstrain
Xc 70 Brazil (Verniere et d. 1998)
D strain
XC90 Mexico (Verniereet d. 1998)
X. axonopodis
pv. dfafae
KX-1 KS1 (Lazo et d. 1987)
82.1 (Lazoet d. 1987)
L334 (Lazoet d. 1987)
L676 (Lazoet d. 1987)
pv. citrumelo
3048 (Lazoet d. 1987)
pv. cyamopsodis
13D5 (Gabrid et a. 1989)
pv. dieffenbachiae
729 RE. Stall”
2032 R.E. Stall
pv. malvacearum
N (Lazo et d. 1987)

Xanthomonas campestris

pv. campestris

ATCC 339137 Typestrain, NCPPB 528 | ATCC, (Gabrid et d. 1989)
X3 (Lazo et d. 1987)
X. oryzae pv. oryzae
ATCC 359337 Type strain ATCC*
ATCC 43836 ATCC*
ATCC 43837 ATCC*
X.o.pvoryzicola
ATCC 49072 ATCC*
X. translucens
G25 (Lazo et d. 1987)
Other heterologous DNA sources
Fusarium oxysporum
f.sp. lycopersici
ATCC 42323 ATCC
Streptomyces roseoflavus
ATCC 13167 ATCC
Bacillus thuringiensis
ATCC 10792’ Type Strain ATCC
Cow Jim Robertson®
Pig "
Rat
Phage Lambda
Phage T7 0
Phage T4
Potato
Tobacco
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Bacterial strain, plasmid, other source of DNA Relevant Characteristics Source or Reference
Tomato
Citrus aurantiifolia 'Dwarf Bearss Seedless Flying Dragon Bearss seedlesslime Clifton's nursery
Citrus limon '"Meyer' Meyer lemon "
Citrus reticulata 'Dancy’ Dancy tangerine
Citrus sinensis 'Midnight' Midnight Vaenciaorange
Citrus sinensis Washington navel orange
"‘Washington Navel'

"Culturesreferred to in (Vermiere et d. 1998) were obtained from Dr. John Hartung, USDA,

Bdtsville, Maryland.
* ATCC no longer sdllsthese cultures.
’RE. S, U. Florida
; “D” grain, no longer conddered a separate strain, grouped into C gtrains.
DNA samples courtesy of Dr. James Robertson.

3.1.1.2 Nucleic Acid Methods

High molecular weight chromosoma DNA was isolated from approximady 5-mL of
overnight cultures (25 mL cultures) of Xanthomonas usng Qiagen Genomic-Tip 100/G kits
(Qiagen Inc., Vaencia, Cdifornid) according to the manufacturer's protocol. Plasmids from
E. coli or Xanthomonas and chromosoma DNA for PCR reference obtained from other
bacteria or fungi were isolated by standard methods (Sambrook et a. 1989). Citrus DNA
was isolated from agpproximately 2-week-old citrus leaves using a Qiagen DNeasy Plant Mini
Kit (Qiagen Inc., Vdencia, Cdiforni@) according to the manufacturer's protocol.  Nor:
radioactive nucleic acid probes for Southern hybridization were labeed by incorporating
digoxygenin (DIG)-labdled nucleotides by random priming or PCR amplification protocols
(Roche Molecular Biochemicds, Indiangpolis, Indiand). Standard methods were used for
Southern transfer of DNA from agarose gels to nylon membranes (MS Magnagraph, Micron
Separations, Inc., Westboro, Massachusetts) (Sambrook et a. 1989). DIG-labeled probes
were washed from blots following high-gtringency washes (Sambrook et al. 1989), and the
probes were detected with the biotin luminescent detection kit (Roche Molecular
Biochemicals, Indiangpolis, Indiand). The results were recorded by exposing the blots to X
ray film. All primers for PCR amplifications and cycle sequencing were designed with the
ad of MacVector 6.5 (Oxford Molecular Ltd.,, Oxford, UK). Fuorescent PCR probes
(TagMan and dud FRET) were desgned and with the ad of PE Primer Expres (PE
Biosysems, Fogter City, Cdifornia). RAPD PCR amplification of Xanthomonas DNAS was
peformed usng a PE moded 480 thermocycler.  All other, non-fluorescent DNA
amplifications were conducted on Techne Genius thermocyclers equipped with a heated-lid
and 96 well, 0.2-mL tube size heat block (ISC BioExpress, Sdlt Lake City, Utah). Red-time
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fluorescent PCR reactions were performed with an Idaho Technology LightCycler 32 (LC32)
sysem (Idaho Technology, SdAt Lake City, Utah) set up for dud channe (fluorescein and
Cy5) fluorescence analyss. Qiagen Tag DNA polymerase (Qiagen Inc, Vaencia,
Cdlifornia) was used for standard and TagMan PCR reactions. Qiagen Tag DNA polymerase
has the necessary 5-3' exonuclease activity to cleave the TagMan probe. KlenTag Tag DNA
polymerase was purchased from Ab Peptides (St. Louis, MO). KlenTaq is completely
exonuclease minus and was used for the dua FRET probe fluorescent PCR reections in the
LC32.

3.1.1.3 Selection of X. citri PCR Target Sequence

RAPD primers OPM-1, OPM-2, and OPM-12 (Operon Technologies, Inc. Alameda,
Cdifornia) were found useful for differentiaing X. citri strains 3210 and 3213 from other
xanthomonads (data not shown, H. Parker and M.T. Kingdey, unpublished results).
Xanthomonas chromosoma DNA was subjected to RAPD andysis usng olignonucleotide
primers OPM-1, OPM-2, and OPM-12 (Operon Technologies, Inc., Alameda, Cdifornia)
folowing the protocol outlined with the RAPD primer kits. Following PCR amplification,
the reaction products were separated by agarose gd eectrophoresis (1.4% gd strength) and
visudized by daning with ethidium bromide and ultraviolet (UV) illumination. DNA bands
of interest were excised from the gds, and the DNA was recovered from the gel dice with a
QIAEX gd extraction kit (Qiagen Inc,, Vdencia, Cdifornia). The purified RAPD fragments
were labeed with DIG and used as hybridization probes of DNA dot-blots. Serid dilutions
of Xanthomonas DNA were spotted onto Magnagraph nylon membranes using a dot-blot
gpparatus (Minifold I, Schleicher & Schuell, Keene, New Hampshire). Probe hybridization
and non-radioactive detection were as described above. To clone the RAPD fragments, the
individud, purified X. citri OPM-1, OPM-2, and OPM-12 RAPD bands were re-amplified by
PCR usng the corresponding RAPD primers.  The fragment ends were polished usng Pfu
DNA polymerase (PCR Polishing Kit, Stratagene, La Jolla, Cdifornia), and the individua
fragments were cloned into pCR-Blunt 11-TOPO® using the Zero Blunt TOPO PCR doning
kit (Invitrogen Corp., Carlsbad, Cdifornia). The cloned X. citri RAPD fragments were
sequenced a the DNA Sequencing Facility, lowa State Universty (Ames, lowa). The X.

(*) TOPO=topoisomerase, part of a product trade name.
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axonopodis pv. dtri TagMan assay probe fFgure 2) and the dud FRET probe (Figure 3)
assays were developed using rules and guidelines recommended by Applied Biosystems or
Idaho Technologies, respectivdy. For TagMan assays, the forwardireverse primers and
probe comply to the suggested parameters for TagMan probe/primer design: the last five
nucleotides of the primer must contain no more than two G/Cs, the probe must contain more
C than G, and the 5' base of the probe must not be a G. The sequence and corresponding
primer and probe information were deposited as GenBank AF312370 (see Table 2).
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TagMan Assay

TaqMan Probe
6-FAM-ACCACAGAAGAGTTCAAGCCGGCATG-TAMRA
Forward Primer
5" TCCACTGCATCCCACATCTG
Reverse primer
5" CAGGIGTACTGCCCTCTTCTTG

Reaction Conditions
0.5mM of X. citri forward and reverse primers
0.05 mM TagMan probe
0.2mM dNTPs
5mM MgCh
10 mM Tris-HCI (pH 8.3)
50 mM KCl
0.25 mg/ml BSA
0.5 — 1 unit of Tag DNA polymerase and template DNA
(5-3 exot Tag)*

LightCycler Conditions
Template detection occurs within 40 cycles of:
denature at 94°C for O sec, ramp rate of 20°/sec
anneal at 54°C for O sec, ramp rate of 20°/sec
extension at 65°C for 30 sec, ramp rate 2°/sec

(Acquidtion of the fluorescent sgnal occurs a the end of each
extension cycle excitelread FAM fluorescence FRET-blocked
by TAMRA until cleaved by Tag exonuclease activity)
*(Qiagen Tag DNA polymerase)

Figure 2 X. citri TagMan Assay
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Dual FRET Probe Assay

5’ Probe
5 GAGCGTGACATGACCAGGTATAAGGA 3 -FITC

3’ Probe
5 Cy5-CGCACCACAGAAGAGTTCAAGCC 3-POq4

Forward Primer
5 TCCACTGCATCCCACATCTG
Reverse primer
5 CAGGIGTACTGCGCTCTTCTTG

Reaction conditions
0.50 mM of each primer
0.05 mM of each probe
0.2mM dNTP
5mM MgCh
50 mM Tris-HCl (pH 9.1)
16 mM (NH4)2804
0.25 mg/ml BSA
8 ng of genomic DNA
1 unit of KlenTag DNA polymerase.

LightCycler Conditions
Template detection occurs within 40 cycles of:
denature at 94°C for 0 sec, ramp rate 20°/sec
anneal at 54°C for 0 sec, ramp rate 20°/sec
extend at 63°C for 30 sec, ramp rate of 2°/sec

(Acquigtion of red and green fluorescence occurs at
the end of each extension cycle excite FITC,

aquire Cy5 fluoresence)

Figure 3 X. citri dual FRET Probe Assay
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Table 2. GenBank Submission of the Genetic Information for the X. citri PCR Assay

From gh-admin@nchi.nim.nih.gov

> bankit361501, Accession No. AF312370

Submission 1 of aset of 1 submission(s).

Comment: source of genomic DNA: XacA strain 3210

LOCUS  nkit361501 1298 bp DNA BCT  10-OCT-2000
DEFINITION X. axonopodis pv. citri A, strain 3210, OPM -12 SCAR fragment.
ACCESSION

KEYWORDS

SOURCE  Xanthomonas axonopodis pv. Citri.

ORGANISM Xanthomonas axonopodis pv. citri
Bacteria; Proteobacteria; gamma subdivision; Xanthomonas group;
Xanthomonas.

REFERENCE 1 (bases1to 1298)

AUTHORS Kingsley,M.T., Fritz,L.K. and Parker,H.G.

TITLE

JOURNAL Unpublished

REFERENCE 2 (bases1to 1298)

AUTHORS Kingsley,M.T., Fritz,L.K. and Parker,H.G.

TITLE Rapid, rea-time LightCycler-based fluorescent polymerase chain
reaction assays for the detection and identification of Xanthomonas
axonopodis pv. citri A, causal agent of Asiatic citrus canker

JOURNAL Unpublished

REFERENCE 3 (bases 1 to 1298)

AUTHORS Kingsley,M.T., Fritz,L.K. and Parker,H.H.

TITLE Direct Submission

JOURNAL Submitted (10-OCT-2000) ETD, Environmental Characterization and
Risk Assessment Group, Pacific Northwest National Laboratory,
POB-999; MSIN K2-21; PSL606, Richland, WA 99352, USA

COMMENT  Bankit Comment: source of genomic DNA: XacA strain 3210.
FEATURES Location/Qualifiers
source 1..1298
/organism="Xanthomonas axonopodis pv. citri"
[strain="3210"
/db_xref="taxon:92829"
/note="cloned RAPD fragment, OPM -12 primer;"
primer_bind  436..454
/note="Forward PCR primer, TCCACTGCATCCCACATCT"
misc_feature 436..561
/note="PCR amplicon"
primer_bind  473..497
/note="Dual FRET 5' probe, 3' -FITC fluorescent labdl;
GAGCGTGACATGACCAGGTATAAGG"
primer_bind 501..523
/note="Dual FRET 3' probe, 5'-Cy5 fluorescent label, 3'
PO4 blocked; CGCACCACAGAAGAGTTCAAGCC"
primer_bind  504..529
/note="TagMan probe sequence, complementary to (-) strand;
5' 6FAM fluorescent label, 3 TAMRA fluorescent label;
ACCACAGAAGAGTTCAAGCCGGCATG"
primer_bind complement(541..561)
/note="Reverse PCR primer, CAGGTGTACTGCGCTCTTCTT"
BASE COUNT 272a 394c 400g 232t
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ORI G N

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261

1 cagatttagg atatgtccca cggctgctga ggcagccage tgacaaggcg gaagctctc

ccgccgeat t
ggcgcgat ga
cacat gacga
aat cct gcac
gagtggettg
gacgaccgcc
cgt accgaag
cat gaccagg
aagaagagcg
ccttgegott
aggacgcact
cagt cat ggc
tattgatccg
aggagt ggct
ccgcatgatc
caaccgcgag
ggcgectgttc
agcgggagceg
gtaaatccta
aaat t cccac
cgcctattac

ccgacccttg
ggcgtcgttg
cccct caacg
accgcaggag
att caat gga
t gat ggacac
ccct gt ccac
t at aaggaag
cagt acacct
ggcatctatc
cat ggct gag
cggctt cact
ccccgacacc
gcggat cgag
gaggaggacg
t ccgacaagc
gcagcggt cg
ct gccct age
gcat cgcgea
aagccgcect ¢
gaaaagggcg

cacggggt cg
cgggaagt cc
acagcggagc
agt cgggcca
gaaccctatg
cgt gaggt gg
tgcat cccac
cgcaccacag
gcct gegegt
cgact ct ggg
cacgacggga
cgcgaagt at
gatttagacg
gggt ggaact
ctttgaagct
tgatgcttga
cggcggt cat
gccacaccgg
ggtctttgaa
cgggegget t
ccaccgt cct

t aaat aacac
gggacgggaa
ggcact ggcc
ct caagcgcce
gaacacgat g
gaact ggcgt
at ct ggcaca
aagagtt caa
cgtt ggcegt
cgcacttgtt
t cact gaggg
t cgccaggac
gacacttccg
tctgcattca
caccaagct g
gact cgttgg
caagttgttc
at gggct gcc
cat cact gga
ttttgttgee
gctgetta

ggt gcgget g
t ggct ct gee
cgaaaccggc
t cggt cacac
cgat ccccta
gct accggac
aat cccacga
gccggeat gg
t gggt gct ge
gct gecccggce
gct ggagt ge
aacgacgct ¢
cgecet ggt ge
ggacgt aaac
cgcget gaga
t at ccgat gg
ggct gaat gc
t acggccegg
aggcgegttg
t ggagaaacc

gaccagct aa
tt cacccacc
acggcct gac
gggggt at tt
cgttgcaccc
gagcat cggc
aggagcgt ga
ggaggccgge
ggcaccacgg
t cgaacacga
gacaacgccg
gat ct gcacc
act gacgagc
t ct ggagegt
tt cgcaaact
t cgt caccac
ct gaagt acc
tggct ggt ga
cgct gt ccga
gcat ggcct t

PCR Primers that amplify the X. citri 126 bp target sequence:
X. citri forward primer: 5°  TCCACTGCATCCCACATCTG
X citrireverseprimer: 5° CAGGTGTACTGCGCTCTTCTTG

126 bp genomic sequence diagnostic for X citri, causal agent of citrus canker:
TCCACTGCAT CCCACATCTG GCACAAATCC CACGAAGGAG CGIGACATGA
CCAGGTATAA GGAAGCGCAC CACAGAAGAG TTCAAGCCGG CATGGGGAGG
CCGGCAAGAA GAGCGCAGTA CACCTG

Figure 4 X. citri PCR Assay Forward and Reverse Primers and Amplicon Sequence
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3.1.1.4 Plant Infection Tests, Xanthomas DNA Extraction and Purification

Citrus plants (Citrus sinensis “Midnight” [Midnight Vdencia orange], Citrus sinensis
“Washington Nava” [Washington navel orange], Citrus aurantiifolia “Dwaf Bearss
Seedless’ [Bearss seedless lime], Citrus limon “Meyer” [Meyer lemon]) were obtained from
Clifton's Nursary (Clifton's Flower and Garden Center, Porterville, Cdifornia). Plants were
grown and maintained, and plant infection tests were conducted in an environmental growth
chamber with a 12-h day/night light cyde (ca 300 pE/mf/sec), 27°C daytime temperature,
and 22°C nighttime temperature (Sherer Modd 511-38 HLE). Overnight cultures of
Xanthomonas were pelleted, washed twice with dterile tap water or Serile sdine (0.85%), and
resuspended to provide a titer of ca 10° colony forming unit (CFU)/mL (titer confirmed by
viable count). Citrus leaves were spray inoculated with the inoculum suspenson usng an
aerosol chromatography sprayer (TLC sprayer, Andtech, Inc.,, Newark, Deleware) until the
under surfaces of the leaves were thoroughly wetted. The sprayed leaves were enclosed in
plastic bags and returned to the growth chamber; bags were removed after 24 h (Schaad
1988). Citrus-leaf tissues were sampled using a sharp, sterile cork borer (ca. 1-cm diameter,
0.8-cn? tissue ared). Single leaf disks were transferred to serile tubes (one leaf disk per
tube), surface Serilized in a solution of 10% commercid bleach (Chlorox), 0.1% SDS for 5
min, rinsed with six changes of derile water (5 mL, 2 min each rinsg) and trandferred to 2
mL ground-glass tissue grinders (Kontes Glass Cat. No. 885001-0002, obtained from Fisher
Scientific).  The disks were homogenized in 04-mL 1X PBS wash buffer (phosphate
buffered sdine, PharMingen, San Diego, Cdifornid. The number of turns required to
homogenize the leaf disks varied with the age of the leaf; grinding continued until dl
remnants of the intact leaves were homogenized. The desired product is a green durry free
from clumps of intact leaf tissue. The homogenized tissue suspensons were transferred to
fresh denile tubes and 1 mL of Qiagen buffer B1 (Qiagen Genomic-tip 20/G, Qiagen,
Vdencia, Cdifornia) was added. Buffer B1 contains RNAse (200 ng/mL), proteinase K
(A mg/mL), and lysozyme (2 mg/mL) (Al enzymes from Sgma, . Louis, Missour).
Xanthomonas DNA isolation and purification followed the genomic DNA isolation protocol
for becteria supplied with the genomic DNA isolation kit (Genomic-tip 20/G; Qiagen,
Vdencia, Cdifornia). The euted DNA was precipitated overnight with 0.7 volumes room
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temperature isopropanol, and glycogen (Sigma) was added as a carier to 2 ng/nl. The
precipitated DNA was collected by centrifugation, washed once with 70% ethanol, dried
briefly, and resuspended in 50-nL derile molecular biology grade water (Sgma) and stored
a 4°C.

3.1.2 Results: Xanthomonas axonopodis pv. citri

3.1.2.1 RAPD Analysis

RAPD primers OPM-1, OPM-2, and OPM-12 produced diagnogstic PCR fingerprints
of Xanthomonas axonopodis pv. citri A (X. citri) srains (3210, 3213), which distinguished
them from X. campestris srans and pahovars and other Xanthomonas species (data not
shown). To determine whether any of the sequence contained within the X. citri RAPD
amplicons was exclusve to the XacA genome, and thus could serve as a unique marker for a
gpecific PCR assay, or was more widdy distributed among various Xanthomads, gel purified,
DIG-labeled XacA RAPD fragments were probed againgt dot blots of Xanthomonas DNA.
The results of these assays (data not shown) indicated that the OPM-12-2 fragment could
sarve as the darting point for a diagnostic PCR assay for X. citri. While the OPM12-2
fragment was consarved in A and A* drains screened by Southern blot andyss, the OPM1-3
fragment was much less conserved and would not make a good (i.e.,, conserved) PCR target
(see Fgure 5). An gpproximately 3kb Pst1 genomic DNA fragment that was hybridized to
the OPM12-2 amplicon probe (1319 bp) and was conserved within XacA (A and A*) drains
of world wide occurrence was not present in X. axonopodis pv aurantifollii pathotype B and
C drains or X.a pv. citrumeo isolates as demonstrated by Southern blot andyss of Pstl-
digested genomic DNAs hybridized with probe OPM12-2 (not shown). Strain 165 from
India had an RFLP as shown by the smaller (2.4 kb) band seen in Lane 4, Figure 5.
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Xanthomonas genomic DNA was cleaved with
Pstl, separated on a 0.8% agarose gel, stained
with ethidium bromide and photographed,
panel A. After Southern transfer, the membrane
was hybridized to PCR amplified, digoxigenin-
labeled RAPD fragments OPM12-2, panel B.
The membrane was stripped and reprobed with
DIG-labelled OPM1-3, panel C.

(Order: 1-62, 2-JF90-54, 3-100, 4- 165, 5-
JM47-2, 6-JF90-2, 7-169, 8-269, 9-289, 10
-322,11-64,12-69, 13-84, 14-70, 15-90,
16 3210, 17-3213, 18- molecular weight
marker.)

Figure S. Southern Analysis of Xanthomonas Strains
Probed with RAPD Fragments M12-2 and M1-3
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The DNA sequence of the XacA drain 3210 M12-2 RAPD fragment is shown in
Table 2. Queying this sequence againgt the non-redundant genetic databases with the
National Center for Biotechnology Information (NCBI) BLAST (Altschul e d. 1990),
reveded no dgnificant homologies with sequences currently in the databases (the X citri
genome, currently being sequenced by a Brazilian consortium, will not be publidy avaladle
until sometime in late 2001). A 126-bp target amplicon, primer pairs, and TagManO probe
were identified by Primer Express, and are shown in Fgure 4. The basc scheme for the
TagMan assay is shown in Fgure 2. A variant of this assay usng dud FRET probes was
developed, and the scheme for this PCR assay is shown in Figure 3. Most andyses were
performed with the TagMan assay.

A TagMan andlyss of 19 Xanthomonas citri A and A* drains is shown in Figure 6.
The differences in crossing-point threshold “Ct” (cycle number rise time) was due to minor
differences in genomic DNA concentration between the different strains tested (see Figure 1
to review the effect of DNA target concentration upon the appearance of fluorescence). The
upper pand plots relative fluorescence againgt cycle number (1-40) while the lower pand is
a plot of log of fluorescence againg cycle number—it is this graph that provides the Ct vaue.
No reactions occurred with B and C drains tested. The sensitivity of the TagMan assay with
X. ctri drain 62 genomic DNA is shown in Figure 7 (same data as shown in Fgure 1). DNA
concentrations ranged from 10-10" genomic equivalent copies per reaction. The sensitivity
for detection was determined to be gpproximately 100 copies per reaction. The specificity of
the assay was tested with a wide variety of Xanthomonas and other DNA samples (see Table
1). The results from one such heterologous control test are shown in Figure 8; only the Xc62
duplicate control reactions amplified pogtivey. Three isolates from the current Florida
canker epidemic were dso tested and amplified pogtively, Figure 9. A mock citrus leef
infection experiment is shown in. This experiment was undertaken to determine what
protocol provided optimum sengtivity (and esse of use) for recovering and detecting X. citri
DNA directly from infected tissues.

The current limit of detection of X. citri from infected citrus |leaves was gpproximately
103 targets per reaction. Thisisten-fold less sengtive than the spike experiment, Figure 10,

or the genomic sengitivity assay, Figure 7. This may be due to trapping of high molecular
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weight DNA by the plant cdl debris. Although in spiked (mock-infection) experiments we
detected down to 102 copies per reaction. So the loss of sengtivity may be due to the limits
to which we could completely homogenize the leaf disks, leaving some bacterid cdls
trgpped within smdl clusters of plant cells and their DNA not extracted into the bulk
solution. 1t waslikdly not due to plant-based inhibitors "killing" the PCR reaction since

amplification and detection of 102 spiked cells was possible (see Figure 10).
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X citri “A” strains amplify (increased fluorescence) (strains 62, 206, 251, 271, 273, 274, 275,
276, 278, 279, 280, 282, 283), while no reaction occurs with X.a, pv. aurantiifolii B (64, 69
84) and C (70) strains, and X.a. pv. citrumelo strains. Minor differences in DNA
concentration affect the crossing threshold for detection. All X.citri A and A* strains listed in
Table 1 were tested and were positively detected by this assay (data not shown).

Figure 6. TagMan Analysis of 19 Xanthomonas Citri A and A*
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Figure 7. TaqMan Assay Sensitivity Test with X. Citri Strain 62 Genomic DNA.

The assay has a detection limit of ca. 100 target copies per reaction
with a chromosomal DNA sample.
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—Moize Band

The specificity of the TagMan assay for X. citri strains was tested by running the
assay against a wide variety of xanthomonads, citrus host DNA samples, and a
number of other DNA samples listed in Table 1. Not all samples were tested in one
analysis. There were no heterologous reactions detected. Duplicate samples of X.a.
pv. citri strain 62 DNA served as a positive amplification control and were the only
samples positively amplified.

Figure 8. Specificity of the TagMan Assay for X. citri Strains
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Woige Band |

No Template Control
Xc 64B
Xc 69B

Xc 84B

X. axonopodis ATTC 19312"

Xc 62A

Xc 3210

Xc 3213

X199-0112, Miami
X$S97-0001-1, Manatee/Pametto
XS97-012-1, Manatee/Palmetto

There was positive detection (increased fluorescence) with positive controls Xc62 , 3210, 3213, as well as the recent
Florida outbreak strains X199-0112, XS97-0001-1, and XS97-012-1. There was no-reaction of the no template control,

and strains 64, 69, 84, and ATCC 19312.

Figure 9. Detection of Current Florida X. citri Outbreak Isolates
by TagMan Assay

31



# =1 10° copies.X. citri 62A

I 10° copies X. citri 62A

mm 10* copies X. citri 62A

I 10° copies X. citri 62A

[ 10° copies X. citri 62A

Noize Band [N 101 COpleSX citri 62A

S

In order to evaluate methods for
detecting X. citri strains in
infected citrus tissues, mock
infection/extraction experiments
were performed to determine
which  extraction  methods
resulted in optimal recovery and
sensitivity. Xc62 cells spiked
together with citrus leaf disks,
then co-extracted and purified
over Qiagen G-20 tips. TagMan
detection down to ~100 CFU.

Figure 10. Xc 62 Cell-Spiked Citrus Leaf Disk Co-Extractions, TagMan Assay.
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Citrus leaves were soray inoculated with Xc62 as described previoudy, and
1-cm-diameter leaf disks were punched at different times post inoculation. The punched legf
disks were subjected to a two-gtage isolation protocol. In Stage 1, the surface-derilized lesf
disks were homogenized in 450 nL PBS; a 50-ni aiquot was then removed to determine the
viable titer. Dilutions of the leaf extract were made as deemed necessary and plated on TY-
MOPS plates and incubated overnight at 30°C; the titer was expressed as per cnt ledf tissue
For Stage 2, the remaining 400 L of leaf-disk homogenate was pelleted by centrifugation,
the PBS buffer was decanted, and the pelleted lesf homogenate was resuspended in 1 mL of
Quiagen B1 buffer and then subjected to Qiagen DNA extraction and purification following
the Qiagen G-20 genomic tip protocol. The isopropanol-precipitated DNA was pelleted,
rinsed with 70% ethanol, dried briefly, and resuspended in 50-ni. molecular biology grade
water (Sigma) and sored at 4°C. The extractedirecovered DNA was assayed in the
LightCycder usng the TegMan assay. The results of one such infection experiment are
shownin Figure 11.
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Figure 11. TagMan Assay of X. Citri 62A Infected WA Naval & Valencia Orange
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3.1.2.2 Discussion

A gandard PCR assay for X. axonopodis pv. citri A (which dso works on the A*
drains (Verniere et a. 1998)) was previoudy reported (Hartung et a. 1993; Hartung et 4d.
1996) (Hartung assay). The Hartung assay targets a region on the virulence plasmid of X.
citri drans, and therefore should only detect virulent isolates. X.c. isolates that have lost
their virulence plasmid due to storage are not detected by this assay. We intended to adapt
this assay to TagMan, but experienced problems (no amplification) with some of the
described primer sets. Since we had dready made significant progress on the development
of an assay based upon the M12-2 RAPD fragment, and to conserve research funds for other
assays, we proceeded with the development of the PNNL assay rather than determine why
the Hartung assay was not working for us. While plasmid copy number per cdl can vary and
potentidly affect the leve of sengtivity of detection (higher copy number, increased
sengtivity), the chromosoma copy number should remain more condant. In addition, a
chromosoma marker would likely not be lost upon Storage of drains, as can occur with
plasmids. The PNNL X. citri assay was based upon a chromosoma target that was present in
dl A and A* drans tesed to date. This assay was optimized for the Idaho Technology
LightCycler 32.

The X. citri TagMan assay detected al A and A* drains in our collection and did not
cross-react with other citrus-associated xanthomonads (i.e, X.a pv auratiifoi B ad C
drains, X.a. pv. citrumeo). When usng purified genomic DNA, the assay had a detection
limit of approximately 107 target copies per reaction. From Xc62-infected ditrus leaves, the
limit of detection was ca. 10° target copies per reaction. At the present time, we do not know
the relevance (if any) of the target to X. citri biology, nor do we know its position and linkage
within the X. citri genome. Once the complete nucleotide sequence of X. citri is published
(perhaps in late 2001), it will be easer to determine what the target amplicon sequence is
linked with in the genome. Currently, the target has no dgnificant homology to any
sequences in GenBank.  Whether this unique target is necessary for some aspect of citrus
host specificity could be podulated, but at this point that would be pure speculation. The
assay of Hartung (Hartung et al. 1993; Hartung et d. 1996) is based upon a target linked with
the virulence plasmid. Both assays should ultimately prove complementary in the
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identification of X. citri A. Converson of the Hartung standard assay to a fluorescence-
based mode is currently ongoing (J. Hartung, Personal Communication).

Single tube, red-time fluorescent PCR assays provide a rapid and specific method for
identifying pathogens. The X. citri TagMan assay described here specifically detects and
identifies the pathogen in a single assay with no subsequent offline andyses being required.
The assay is capable of detecting X. citri in infected host tissues in less than 4 h of sample
acquisition, with a detection limit of about 10° copies per reaction. For a pathogen of
quarantine ggnificance, like X. axonopodis pv. citri A, such rapid assays should provide for
the prompt and accurate andlyses and be of ussful predictive vadue when determining zones
of quarantine.

A manuscript describing the X, citri TagMan assays is in preparation for submission to
Applied and Environmental Microbiology. This work was presented a both the American
Society for Microbiology (May 2000, Los Angedes Cdifornia) and the American
Phytopathologica Society (August 2000, New Orleans, Louisand) annua mestings (Fritz
and Kingdey 2000; Kingdey and Fritz 2000). Copies of these posters are provided as
Appendix 6 and Appendix 7, respectively.

3.2 Tilletia Indica, Causal Agent of Karnal Bunt of Wheat

3.2.1 Background

Karnd bunt (KB) of wheat, caused by Tilletia indica Mitra, is a disease of ggnificant
economic importance to wheat growers as well as wheat exporters.  Tilletia indica infects
whest, durum whesat and triticdle. Currently, KB (which was first described in the village of
Kand, Indig, in 1930) does not occur within the United States. However, smal outbreaks
were discovered in 1996 in Arizona and Cdifornia and in 1997 in Texas. Yidd reductions in
wheat due to Karna bunt disease are dight; however, the pathogen is of concern because of
its potentid to have a severe economic impact. Many countries, including the United States,
have a no tolerance policy towards Karnd bunt and refuse wheet shipments from quarantined
countries or regions. The United States is the world's leading exporter of wheat, with an
edimated annud vaue of $5 billion. Therefore, Karnd bunt poses a serious threat to
internationd trade for the U.S. wheat industry (see (Frederick et a. 2000) for specific
citations).
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KB is a “diseasg” that has sgnificance, not so much for its damage to the crop, but
for its economic impact to wheat producers and exporters. In that regard, KB is smilar to X.
citri, a leaf gpotting and fruit blemishing disease of citrus both organisms are primarily of
quarantine importance. KB teliospores could be employed in a manner analogous to food
tampering.  Teiopsores could surreptitioudy be incorporated into a shipment of otherwise
hedthy wheat. Since there are severd closdly rdated Tilletia species that cause disease in
gndl grans a highly specific means of identifying the KB pathogen Tilletia indica is
extremdy important.  Scentists a the USDA’s Foreign Disease and Weed Science
Laboratory a Ft. Detrick, Maryland, have produced a TagMan assay that discriminates T.
indica (wheat) from T. walkeri (rye) (Frederick et a. 2000). This assay was developed for
the ABI 7700. We edablished a Materid Transfer Agreement with the USDA FDWSL that
dlowed us access to this assay before its recent publication in Phytopathology (Frederick et
al. 2000). Reid Frederick provided the primer, probe, and amplicon sequence information for
the assay, and DNA for one (one each) isolate of T. indica and T. walkeri.

PNNL never established an APHIS permit for Tilletia; we Smply wanted to adapt the
ABI 7700 assay to the LC 32. Until the Frederick et d. article was published in the
September 2000 issue of Phytopathology, USDA intellectua property representatives refused
PNNL the a&hbility to trandfer gpecific probe, primer, and target amplicon sequence
information to the FBI. With the publication of the article, the information covered under the
materid trander agreement (MTA) is now in the public doman. Some of the following
information was previoudy reported in the 4Q99 Quarterly Report.

3.2.2 Results: TagMan Assay for Karnal Bunt

Purified genomic DNA from Tilletia indica (wheat isolate, WL1562) and Telletia
walkeri (ryegrass isolate, 210G) was obtained from Dr. Reid Frederick (USDA, Ft. Detrick).
We had the following olgionucleotides synthesized commercidly:

Tin3 - 5 CAATGTTGGCGTGGCGGCGC (7. indica-pecific forward primer);

Tinll - 5-TAATGTTGGCGTGGCGGCAT (T. walkeri-specific forward primer);

Tin10 - 5-GAGGAACTTGAGGCGGAGCT (common reverse primer); and

KB TagMan probe 5' 6-FAM-ATTCCCGGTTCGGCGTCACT-TAMRA.

37



A series of experiments was undertaken to optimize the TagMan conditions for use in
the LightCycler (primer and template concentrations, Mg+ concentration, optima TagMan
probe concentration; data not shown).

Pogtive amplification and detection results were obtained usng the following reaction
conditions for each sample: 0.5 nM of each PCR primer, 0.05 niM KB TagMan probe, 0.2
mM dNTP, 5 mM MgCh, 10 mM Tris-HCl (pH 8.3), 50 mM KCI, 0.25 mg/mL BSA, 8 ng of
genomic DNA, and 1 unit of Qiagen Tag polymerase mixed with Tagdart antibody
(Clonetech Laboratories, Inc., Pao Alto, Cdifornid. The fdlowing cyding conditions
resulted in a successful LC32 TagMan assay: denature at 94°C, 0 sec, 20°/sec ramp rate; 56°
anneal 0 sec, 20°/sec ramp rate; 62° extend, 20 sec, 2/sec ramp rate (40 cycles). Acquisition
of 6FAM fluorescence occurred at the end of each extenson cycle. The specifics of the KB
assay on the LC32 are summarized Figure 12. Fuorescence increase was observed with T.
indica WL1562 DNA template only in the presence of the 3/10 primer set; dterndively,
fluorescence increase was observed for 7. walkeri 210G DNA only in the presence of the
11/10 primer et (see Figure 13).

The cyding conditions for the LightCycer were dgnificantly different than those
reported for the Perkin-Elmer 7700 instrument. The assay in the 7700 is a two temperature
PCR of 34 cycles with 95° denature for 15 sec followed by an anned/extension a 60° for 1
min. The other dgnificant difference was the amount of probe required for the assay.
Fluorescence detection in the 7700 required a 0.5 mM probe compared to a 0.05 nM probe
for detection in the LightCycdler.
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KARNAL BUNT TAQMAN ASSAY*
Adaptation to the LightCycler32

KB TaqMan Probe
5 6-FAM-ATTCCCGGTTCGGCGTCACT —TAMRA

Tin3 (7. indica-pecific) Forward primer
5-CAATGTTGGCGTGGCGGCGC

Tinl1 - (T. walkeri-pecific) Forward primer
5-TAATGTTGGCGTGGCGGCAT

Tin10 - Reverse Primer (common)
5-GAGGAACTTGAGGCGGAGCT

Reaction Conditions
0.5 mM of each PCR primer
0.05 M TagMan probe
0.2mM dNTP
5mM MgCh
10 mM Tris-HCI (pH 8.3)
50 mM KCl
0.25 mg/ml BSA
8 ng of genomic DNA
1 unit of Qiagen Tag polymerase mixed with Taggtart antibody

LightCycler32 Conditions
Template detection occurs within 40 cycles of:
Denature at 94° C, 0 sec, 20°/sec ramp rate

Anneal at 56° C, 0 sec, 20°/sec ramp rate
Extend at 62° C, 20 sec, 2°/sec ramp rate

Acquire 6-FAM fluorescence at the end of each extenson cycle.

Figure 12. KB Tagman Assay Protocol
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Figure 13. KB TaqMan assay on the LightCycler
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3.3 Fusarium graminearum/Gibberella zeae

3.3.1 Background

Mycotoxin contamination of food and feed is one of the most important agriculturd
and hedlth problems worldwide. Fusarium graminearum (tdeomorph: Gibberella zeae) (Fg/
Gz) causes head scab, or head blight of whest, barley, and oats, and foot and crown rot of
corn (Trall 2000). Scab is an economicaly devadtating plant disease because it causes
ggnificant reduction in seed yidds and qudity, but dso because infested seeds are often
contaminated with tricothecene and estrogenic mycotoxins.  These mycotoxins pose a serious
threst to anima hedlth and food safety. The magor impact of Fg is the production of the
tricothecene mycotoxin deoxynivadenol (DON) upon infection of developing gran. DON is
a potent inhibitor of protein synthess that affects humans and animds that consume the
contaminated grain (or grain products made from DON-contaminated grain). The polyketide
zederone is a second mycotoxin that is produced by G. zese and has estrogenic activity in
mammals. During the past decade, scab or Fusarium head blight of wheat and barley has
reached epidemic proportions in North America, as wel as dsewhere in the world. Between
1991 and 1996, because of decreased yields and price discounts as a result of poor seed
qudity, ca. 3 hillion dollars has been logt in the United States because the winter and spring
wheat and barley crops were contaminated by DON (O'Donnell et a. 2000; Trail 2000).

Complicating the picture, scab can be caused by four species of Fusarium: F.
graminearum, F. culmorum, F. avenaceum and F. crookwellense. Only Fg and F. culmorum
produce DON. In North America and continental Europe, Fg is the most important scab-
causing fungus (Trall 2000). The recent phylogenetic/phylogeographic andyss conducted
by ODonndl e d. (ODonndl e d. 2000) reveded seven biogeographicdly digtinct
lineages within the Fg clade. This result indicates a long evolutionary history of isolation. It
adso means that we will need to expand our Fusarium isolate collection (or obtain DNA
samples from H. Kigtler, K. O’ Donnell) to test any potentid Fg/Gz TagMan assay.

From sources in the literature, four primer pars were reported to be ussful for identifying
F. graminearum (Fgure 14). We found tha these assays dso amplified the tedleomorph G.z
to date, we have not identified any specific PCR assays in the literature for Gibberella zeae.
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As is described later in the Results section, our initid attempts at a TagMan assay appeared
initidly successful until we tested the assay agangt other Fusarium species and srains and
ran the assay for more than 30 cycles. Although the PCR assays described below were
published as being discriminative for Fg, and our initid screens of heterologous fusaria using
the published primer sets and protocols (sandard PCR) were negative, our initid efforts to
convert the GaoA to a fluorescent PCR was not successful because of a lack of specificity of
the TagMan assay in the LC32.
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Assay 1.
A-11 forward/reverse

5 CCTATCCAAGACCACGAAG
5 GAGGGATTCAGCAAGAGG
Source: Ouellet et . (14).

Assay 2.
B-10 forward/reverse
5 AGTCCAAAATGTCCCGATGC
5 GCTGGGACCTGAGAAGTA
Source: Oudllet et d. (14).

Assay 3.

FG-11 forward/reverse

5 CTCCGGATATGTTGCGTCAA
5!

GGTAGGTATCCGACATGGCAA

Source: Doohan et d. (2).

Assay 4.
GAOA-V2/GAOA-R2
5 AGGGACAATAAGTGCAGAC
S ACTGTGCACTGTCGCAAGTG

Source: Niessen and Vogd. (12).

Figure 14. Published PCR Assays for Fusarium Graminearum
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Upon receipt of USDA-APHIS permit approva for receiving, culturing, and working
with Fg/Gz isolates in the laboratory for DNA isolation, we obtaned a collection of F.
graminearum and Gibberella zeae from ATCC (Table 2). We are currently not

Table 3. Fusarium Strain Collection

ATCC Number [ Organism Isolation

15624 Fusarium graminearum Schwabe Corn gtak, Canada

20334 Fusarium venenatum Nirenberg Sail, United Kingdom
26557 Fusarium graminearum Schwabe Zeamays moldy grain, USA
34909 Fusarium graminearum Schwabe Millet, Hungary

34912 Fusarium graminearum Schwabe Millet Hungary

36882 Fusarium graminearum Schwabe Barley, Finland

36884 Fusarium graminearum Schwabe Barley, Finland

36835 Fusarium graminearum Schwabe Whest, Finland

44418 Fusarium graminesrum Schwebe Winter whest seed, Hungary
46779 Fusarium graminearum Schwabe Corn

56091 Fusarium graminearum Schwabe Ricestem, Italy

56092 Fusarium graminearum Schwabe Soft wheet stem, Itay
56093 Fusarium graminearum Schwabe Maize ear, Itay

58667 Fusarium graminearum Schwabe Fodder, Finland

60289 Fusarium graminearum Schwabe Maize grain, New Zedand
60309 Fusarium graminearum Schwabe White winter whest, Canada
60880 Fusarium graminearum Schwabe Maize grain, New Zedand
60881 Fusarium graminearum Schwabe Maize grain, New Zedand
16106 Gibberelazese (Schweinitz) Petch Corn gk, New York
20028 Gibberella zeze (Schweinitz) Petch Corn

20271 Gibberella zeze (Schweinitz) Petch Moldy corn

20273 Gibberdlla zege (Schweinitz) Petch ?

24688 Gibberdla zese (Schweinitz) Petch Corn Minnesota, single ascogpore isolate
24689 Gibberdla zese (Schweinitz) Petch Corn Minnesota

28106 Gibberdla zege (Schweinitz) Petch Japan

36015 Gibberdla zege (Schweinitz) Petch Corn Indiana

36016 Gibberdla zege (Schweinitz) Petch CornIndiana

24373 Fusarium graminearum Schwabe Zeamays, South Africa
20329 Fusarium graminearum Schwabe United Kingdom

goproved for plant infection tests with these Fg/Gz isolates, which could be obtained by
requesting, from APHIS, an amendment to the current permit. Work commenced upon assay
development in January 2000. The Fg/Gz isolates were cultured and their DNA isolated and
purified.

Primers A-11, Fg11, B-10, and GaoA, published as diagnogtic for Fusarium
graminearum, tested pogtive agangt our Fg/Gz collection in standard PCR tests following
the author’s protocols. These primers were dso tested againgt a group of 10 other Fusarium
drains (Table 4) with negative results in these sandard PCR tests.



Table 4. PNNL Fusarium Strains

PNNL # Strain, ATCC # Host

1357 Fusarium lateritium 38557 mulberry

1338 Fusarium oxysporum 62125 Spinach seed embryos
1339 Fusarium moniliforme 60846 comn

1362 Fusarium solani fsp phaseoli 60860 bean

1702 Fusarium buharicum 24135 Hibuscus cannabinus
1705 Fusarium coccophelium 24365 coffee

1706 Fusarium compactum 15618 Peanut

1711 Fusarium decomcellulare 16562 Kola acuminata

1727 Fusarium moniliform intermedium 48846 | Phoenix dactylefera (Iraq)
1734 Fusarium acuminitum 32965 Poa pretensis

Our initid goa was to convert each of these assays into a TagMan assay for
comparative purposes and then sdect the one or two that appeared most effective.  However,
due to time consderations and the desire to deliver a working assay before the project was
completed, we decided to focus on the GoaA assay of (Niessen and Vogd 1997) since it was
a defined target. We sdected F. graminearum strain ATCC 26557 (corn) and G. zeae dran
ATCC 16106 (corn) as our sources for amplicon target generation for cloning and sequence
andyds, both drans were isolated from corn in the United Statess DNA from F.
graminearum 26557 and F. zeae 16106 was amplified with the primer sets described in
Fgure 14, and the amplicons ligated into the E. coli vector TOPO Il then transformed into E.
coli. Clones containing the appropriately sized insarts were sdected and used for DNA
sequence anadysis for TagMan assay development.

Fg ATCC 26557 and Gz ATCC 16106 were amplified by PFU Turbo Tag polymerase
(Stratagene) (PFU used since the products were being cloned into the TOPO vector system)
with primers A-11, Fg-11, B-10, and GaoA. An diquot of the amplification was separated
on a 1% agarose gd to determine purity, concentration, and molecular weght usng
GelExpert software (GelExpert 97 v2.0, NucleoTech Corp., San Carlos, Cdifornia).
(GelExpert software comes with the NucleoVison ged documentation system (NucleoTech
Corp., San Calos, Cdifornia). The software cdculates molecular weights based upon DNA
marker lanes and provides DNA concentration information based upon denstometry with
DNA reference sandards. The sysem will aso count colonies on plates and filters and
quantitate DNA blot, dot blot, and ELISA andyses) The remander of the sample was
reserved for cloning into the
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1 2 3 4 1 3 2 4

F. gram G. zeae
Lane Primers F. gram @ G. zeae

1 A-11 580 500

2 B-10 771 751

3 Fg-11 416 376

4 gaocA 915 889

One clone was selected from each ligation for large scale DNA purification.
Each clone was amplified with insert specific primers as final verification of
appropriate insert. The resulting amplicons were separated on a 1% agarose
gel, and their molecular weights determined using GelExpert software.

Figure 15. Molecular Weight Comparison of Inserts
Amplified from F. Graminearum and G. Zeae
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TOPO |l vector (Invitrogen) and trandformed into E. coli. The rdative sze differences
between the Fg and Gz products were an artifact caused by running the samples of two
sepaate gds.  In fact, there was actudly little difference in insart length between the F.
graminearum and G. zeae amplification products (verified by the sequence andlyss).

The preiminary sequence andysis of inserts A-11 and Fg-11 reveded possible open
reading frames. DNA sequence andyss aso reveded consderable homology between F.
graminearum and G. zeae. However, a BLAST search of the nucleotide sequences against
the NCBI database revealed no sequence homologies to known sequences. Due to time
congraints, we chose to focuse only on developing one of the assays. The evidence provided
Niessen and Vogd (Niessen and Vogel 1997) appeared to be the mogt convincing in terms of
gpoecificity of ther assay. For this reason and aso due to the limited amount of time
remaining before the termination of the project, we decided to produce a TagMan assay
based upon the GaoA target. A TagMan probe and primer set was designed from the GaoA
sequence using Primer Express (Applied Biosysems). The LightCycler program conssted
of: melt - 94°C, 0 sec., 20°C/sec ramp; anneal - 56°C, 0 sec., 20°C/sec ramp; extend - 66°C,
10 sec., 2°Cl/sec ramp, with a sngle fluorescence acquidtion (acquire) at the end of the
extend cycle. The amplicon length in this assay is 71 bp. The forward and reverse primers
were ordered from Genosys, and the GoaA TagMan probe was purchased from Applied
Biosystems. The assay protocol issummarized in Figure 17.
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TTTGRACGCC ACTTACTGIA TGITGGITAT CGATCATCAG
CGCACAGACA AACATCAGIG AATTGGITCT CATGATTTAA
GICTAGCOOG CCCTCTACGT CTAAGCGECT TCAAATAACA
CGAACAGECA ATTTCGITTC AACGCCACAA ACATCTGEA
CCAATTAGAC GCCATTTTTA ATTCATAGIT ACTCCGAAAG
AAGITGAATC AGCTCATAAT ACAAACTAGA CAAGGITGIC
GGTGATTATT TGGCCCTGAA ACGTGCAGCT TTTAAAACAT
GATCTTCCCG CAATGGCCGA TCAGCAAACG GTCCTTAGTG
TATCCGIACC TGGATATATA AGACTGGEAAG ATATCAGITA
TTCTTCATCT GCCAGIATCA CCTTCATTAT CTATTCAAG

Key
Forward primer
Reverse primer

TagMan Probe

A 368 bp fragment was chosen to search for a TaqMan
primer/probe set using Primer Express Software (PE Biosystems).
The TagMan probe is flourescently labeled 5° with 6-Fam and 3’
with TAMRA. The probe was synthesized by Applied Biosystems
(Foster City, California).

Figure 16. TagMan Probe and Primer Set for GaoA
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Fusarium graminearum TaqMan Assay

TaqMan Probe
6-FAM-CATGATCTTCCCGCAATGGCCG-TAMRA
Forward Primer
5 GCCCTGAAACGTGCAGCTT

Reverse Primer
5 CTATGTGATTCCTGGCAAACGCACT

Reaction Conditions
0.5mM of Fg forward and reverse primers
0.05 mM TagMan probe
0.2 mM dNTPs
5mM MgCh
10 mM Tris-HCI (pH 8.3)
50 mM KCl
0.25 mg/ml BSA
0.5— 1 unit of Tag DNA polymerase and template DNA
(5-3 exo+ Tag)*

LightCycler Conditions
Template detection occurs within 40 cycles of:
denature at 94°C for 0 sec, ramp rate of 20°/sec
anneal at 56°C for O sec, ramp rate of 20°/sec
extension at 66°C for 10 sec, ramp rate 2°/sec

(Acquisition of the fluorescent signal occurs &t the end of each
extension cycle excite/read FAM fluorescence FRET-blocked
by TAMRA until cleaved by Tag exonuclease activity)
*(Qiagen Taq DNA polymerase)

Figure 17. Fusarium graminearum GaoA-Based TagMan Assay Protocol

49




3.3.2 Results and Discussion: Fusarium graminearum

To optimize the assay parameters, the optimum concentrations of Mgf* (Figure 18) and
TagMan probe (Figure 19) were determined in a series of LightCycler experiments. Four
concentrations of Mg 2* (15, 3, 5, and 7 mM) were used to amplify F. graminearum 26557.
Amplification was monitored with SYBR green fluorescencee.  No amplification occurred
with the 1.5-mM reections. Five mM M¢f* was sdlected for TagMan assay development. Fg
TagMan probe concentrations of 50 and 100 nM were used to monitor the amplification of F.
gram. 26557 and G. zese 16106. A concentration of 100 nM extends the linear portion of the
curve without increasing background, but 50 nM was employed for general assay use.

Our initid screens with  heterologous  Fusarium drans (in the Techne Genius
thermocycler, standard PCR, ge-based product andyss) did not demondrate any cross
reections. This result gave us the impresson tha these published assays were specific for
Fg. In the future, dl heterologous reaction tests will be conducted for a least 40 cycles of
amplification. It is goparent from the TegMan assay reaults illugtrated in the following
figwes that the cross-reactions occur (and are detectable) after 30 cycles. However, these
results may be due to problems with this specific TagMan probe and primer combination.

To enaure that the DNA samples from the heterologous Fusarium test (Figure 21)
were not contaminated with F. gram/G. zese DNA, other stored DNA preparations were
accessed.  These had never been opened or sampled during this research project. The purity
of the TagMan master mix was dso tested by running a no template, negative control (ntc) in
quadruplicate.  The results of this experiment (Figure 21) ae smilar to the previous
experiment.  Amplification of the dternate Fusarium drains occurred a later times. This lae
amplification is not due to DNA concentration, as high and low concentrations of DNA
yielded the same reault (i.e, higher concentrations of dternate drains did not cause the
heterologous amplification to occur a an ealier cycle). The no-template controls did not
amplify, so contamination of the reagents with Fg/Gz DNA was unlikdy. The non-specific
amplifications occur only in the presence of Fusarium DNA templates, as the ntc controls in
experiments shown in Figures 21 and 22 were blank. Another experiment needs to be
peformed to determine if these fdse amplifications are specific to Fusaium DNA or
whether bacteria or other DNA samples (Table 1) would result in non-specific amplification
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with this set of GoaA primers and TegMan probe.  The problem may lie with this particular
primer set and TagMan probe.

Amplification of the dternate Fusarium pecies suggests that the GaoA-derived
TagMan probe and primers are not specific to F. gram/G. zeae as had been implied in the
references for the standard PCR assays. These amplifications occurred late in the reaction
program. The fact that they seem to be DNA-template dependent (no amplifications in ntc
controls), yet independent of heterologous Fusarium template concentration, indicates that a
template is important for initiating the reaction, but that an additiond template does not cause
the fase amplifications to occur earlier. We speculate that this might be a problem of the
probe annedling to an dternate sequence, thereby becoming a target for the 5¢ exonuclease
activity of the polymerase. This hypothess, as yet untested, will be checked by determining
amplicon meting temperature in the presence of probe usng the DNA intercdating dye
SYBR green. However, such a phenomenon would most likely be template-concentration
responsive.  Modifications of the reaction chemistry (lower Mg™* concentration) should aso
be evduated for effects upon reaction specificity. Also the use of TagStat antibody (Ab
Peptides) or HotStarTag (Qiagen) to provide a hot-start PCR reaction, which is known to
decrease primer dimmer formation and nonspecific priming, might dleviate the problem as
well. Severd ample, but important, reaction tests need to be performed before ruling out the
current GoaA-based TagMan assay for Fusarium graminearum in favor of a new primer and
probe combination, or basing the assay on an entirely different target.
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B Nt
W ntc

B 15mM
B 15mM
B 3mM
B 3mM
Bl S5
/e 5mM
I 7TmM
B 7mM

Four concentrations of Mg 2t (1.5, 3, 5 and 7 mM) were used to amplify F. graminearum 26557.
Amplification was monitored with SYBR green fluorescence (panel A). Differences in cycle thresholds
between Mg " concentrations 3 and 7 mM were not significant (panel A). Following the PCR reaction,
melting temperature of the amplicon was measured at 83.6° C using the LightCycler melt program
(panel B).

Figure 18 Optimization of Mg 2" Concentration for
TaqMan Primers in F. Gram./G Zeae Assay
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g ntc
I ntc
B 16106 50 nM

B 16106 50 nM
Il 26557 50 nM
[ 26557 50 nM
Il 16106 100 nM
N 16106 100 nM
26557 100 nM
Il 26557 100 nM
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Probe concentrations of 50 and 100 nM were used to monitor amplification of F. gram. 26557 and G. zeae 16106. A
concentration of 100 nM extends the linear portion of the curve without increasing background.

Figure 19 Optimization of TagMan Probe Concentration for F. Gram./G. Zeae
TagMan Assay
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Various alternate strains were used (see key) to test the specificity of the F.
gram/G. zeae TagqMan assay. For clarity, only the black highlighted
samples in the legend are plotted. Cycle thresholds for the F.gram/G. zeae
strains were ~cycles 16-22 (not all data shown). Alternate strains also
amplified with cycle thresholds at 27-29.

PNNL Strain number ATCC number Species name
1702 24135 F. buharicum
1705 24365 F. coccophelium
1706 15618 F. compactum
1711 16562 F. decumcellulare
1727 48846 F. moniliform intemedium
1734 32965 F. acuminitum

Figure 20 F. Gram/G. Zeae TagMan Assay Using
Heterologous Strains/Species of Fusarium
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To ensure that the DNA samples from the heterologous Fusarium test Figure 21) were not
contaminated with F. gram/G. zeae DNA, other stored DNA preparations were accessed.
These had never been opened or sampled during this research project. The purity of the
TagMan master mix was also tested by running a no-template negative control (ntc) in
quadruplicate. The results of this experiment are similar to the previous experiment.
Amplification of the alternate Fusarium strains occurred at later times. This late
amplification is not due to DNA concentration, as high and low concentrations of DNA
vielded the same result (i.e., higher concentrations of alternate strains did not cause the

heterologous amplification to occur at an earlier cycle).

Figure 21 Retest of Alternate Fusarium Strains
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This project:

PNNL
equipped m

4.0 Conclusions
Produced a Technica Requirements Document that outlined the satus of PCR
assays for phytopathogens
Developed a network of contacts and expertsin the field of phytopathology

Purchased an ldaho Technology LC32 so assays developed a PNNL would be
directly compatible, without modification, with the HMRU instrument

Developed a TagMan assay for the bacterium X. citri, causal agent of citrus
canker

A manuscript, describing the X citri TagMan assays is in preparaion for
submisson to Applied and Environmental Microbiology.

The X citri assay work was presented at both the American Society for
Microbiology (May 2000, Los Angdes Cdifornid and the American
Phytopathologicd Society (August 2000, New Orleans, Louisand annud
meetings (Fritz and Kingdey 2000; Kingdey and Fritz 2000). Copies of these
posters are provided as Appendix 6 and Appendix 7, respectively.

X. citri assay primers and TagMan probe deposited in GenBark

Adapted an assay for Karna bunt of whest to the LightCycler

A manuscript detaling the comparison of the TagMan assay for Karna bunt
performed in the ABI 7700 and the LC32, in collaboration with Reid Frederick
of the USDA-FDWSL, will be prepared for the American Phytopathologica
Society web-based journa Plant Hedlth Progress.

Initiated development of a TagMan assay for the fungus Fusarium graminearum

is well suited to conduct molecular phytopathology studies. In addition to well-
olecular biology/microbiology laboratories we are have approximately 4800 ft? of

controlled-access greenhouse space and approximately 108 ft? (total) of restricted-access

environmenta growth chamber space. We are able to maintain pathogen-infected plants

under avariety of containment conditions that meet strict APHIS permitting requirements.

Nudec

acid-based methods for the detection and identification of organisms provide

great resolving power and sendtivity. They dso provide a means for detecting, via
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polymerase chain reaction DNA amplification, trace amounts of dead biologicas that could
be present in forensc evidence. PCR-based methods such as TagMan, which includes the
means to gpecificdly identify (and quantify) the dedred target amplicon based on
fluorescence, dleviates the need to transfer samples and perform gel-based andyses. DNA
amplification and target detection can occur Smultaneoudy and only a single tube needs to
be loaded; there are no subsequent transfers of samples required.

Phytopathogen diagnogtics would greetly benefit from an increased use of fluorescent
PCR methods.  Currently, there are few phytopathology laboratories equipped with
fluorescent PCR thermocyclers, dthough their adoption is increasing due to the reduced cost
associated with newer machines coming to market.  Consequently, there remains a limited
number of assays avalable for the mgority of pathogens that (i) cause sgnificant damage to
crops (i) are a problem due to export/import quarantines or (iii) might pose a sgnificant risk
for crop-targeted biologica terrorism.  Therefore a continued effort is required to develop
TagMan diagnogtics for significant crop pathogens.

Future efforts would entall completion of the Fg/Gz assay initiated during the FY98-00
project. These topics are covered in more detail in a proposa for follow on research and
development efforts, but a proposed set of year FY01-02 tasks from the follow on proposd is
reproduced below.

Assavs/Tasksfor year '01-'02:
Completion of Fusarium graminearum/Gibberella zeae TagMan assay (Sarted in
FY00) consult with Korby Kidler and Kery O'Donndl (both USDA) regarding
Fusarium phylogenetics and putetive target amplicon choices

Conduct literature review and andysis of population sructure of Puccinia — review
wha targets might be useful for a TagMan assay, determine what type of TagMan
assays could be developed with the current molecular genetic knowledge of the genus
vs. the need for extensve phylogenetic andyss. Roalland Line (WSU) and the
reearchers a the USDA Cered disease lab can provide sgnificant input into this
andyss

Adapt Sorghum ergot assay to the LC32, once deveopment is findized by Paul
Tooley/FDWSL

Collaborate with Reid Frederick/lFDWSL on Soybean Rust TagMan assay adaptation
tothe LC32

Commence development of a TagMan assay for bacterid blight of cotton.
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