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DETECTION OF WHEAT AND BARLEY FUNGAL PATHOGENS USING
THE POLYMERASE CHAIN REACTION

The present invention relates to the use of primers in polymerase chain reaction
assays for the detection of fungal pathogens in wheat and barley. The use of these primers

enables the detection of specific isolates of fungal pathogens and the monitoring of disease
development in plant populations.

Diseases in plants cause considerable crop loss from year to year resulting both in
economic deprivation to farmers and, in many paris of the world, to shortfalls in the
nutritional provision for local populations. The widespread use of fungicides has provided
considerable security against plant pathogen attack. However, despite $1 billion worth of
expenditure on fungicides, worldwide crop losses amounted to approximately 10% of crop
value in 1981 (James, 1981; Seed Sci. & Technol. 9: 679-685).

The severity of the destructive process of disease depends on the aggressiveness
of the pathogen and the response of the host. One aim of most plant breeding programs is
to increase the resistance of host plants to disease. Typically, ditferent races of pathogens
interact with different varieties of the same crop species differentially, and many sources of
host resistance only protect against specific pathogen races. Furthermore, some pathogen
races show early signs of disease symptoms, but cause littie damage to the crop. Jones
and Clifford (1983; Cereal Diseases, John Wiley) report that virulent forms of the pathogen
are expected to emerge in the pathogen population in response to the introduction of
resistance into host cultivars and that it is therefore necessary to monitor pathogen
populations. In addition, there are several documented cases of the evolution of fungal
strains that are resistant to particular fungicides. As early as 1981, Fietcher and Wolfe
(1981; Proc. 1981 Brit. Crop Prot. Cont.) contended that 24% of the powdery mildew
populations from spring barley and 53% from winter barley showed considerable variation in
response to the fungicide triadimenol and that the distribution of these populations varied
between varieties, with the most susceptible variety also giving the highest incidence of less
susceptible types. Similar variation in the sensitivity of fungi to fungicides has been
documented for wheat mildew (alsd to triadimencal), Botrytis (to benomyl), Pyrenophora (to
organomercury), Pseudocercosporelia (to MBC-type fungicides) and Mycosphaerella
fijiensis to triazoles to mention just a few (Jones and Clifford; Cereal Diseases, John Wiley,
1983).
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Wheat is currently the most important agricultural commaodity in international markets
and occupies about 20% of the world’s farmed land (1977; Compendium of Wheat
Diseases, Amer. Phytopath. Soc. page 1). Eightly percent of the world’s supply of wheat is
grown in North America, Europe, China, and the Soviet Union. Approximately 20% of the
worldwide production of wheat is lost to disease annually.
Pyrencphora tritici-repentis (Died.) Drechs. (syn. P. trichostoma (F r.) Fckl.),
anamorph Drechslera tritici-repentis (Died.) Shoem. (syn. Helminthosporium tritici-repentis
Died.), causes tan spot also known as yellow spot of wheat worldwide (1977; Compendium
of Wheat Diseases, Amer. Phytopath. Soc. page 42). It has resulted in wheat yield losses
from 3 to 50 % in Australia, South America, and North America and has been recently
considered the most important foliar wheat disease in North Dakota (Zhang et al., 1997:;
Phytopathology. Vol.87:154-160). It can also contribute to leaf-spotting complexes with
other foliar pathogens. Current disease control measures include fungicide application and
cultural practices including destroying wheat stubble, using pathogen-free seed and wide
e, row plant spacing to reduce foliage density and refative humidity in the wheat canopy.
: e Pyrenophora teres Drechs., anamorph Drechslera teres (Sacc.) Shoem. (syn.
Helminthosporium teres Sacc.) causes net blotch primarily in barley; however, sporadic
infections also occur in wheat (Jones and Clifford: Cereal Diseases, John Wiley, 1983).
Typical yield losses due to net blotch are between 10 to 40%. Yield losses can approach
100% in fields containing susceplible cultivars (1982; Compendium of Barley Diseases,
Amer. Phytopath. Soc. page 22). In addition to affecting overall grain yield and weight, the
disease also reduces the carbohydrate content. This reduces malt extract yield and
theretore lowers the brewing quality of the grain.

In view of the above, there is a real need for the development of technology that will
allow the identification of specific races of pathogen fungi early in the infection process. By
identifying the specific race of a pathogen before disease symptoms become evident in the
crop stand, the agricuiturist can assess the likely effects of further development of the
pathogen in the crop variety in which it has been identified and can choose an appropriate
fungicide if such application is deemed necessary.

In view of the above, an advantage of at least one embodiment of the invention is
that a method for the identification of specific races of pathogen fungi early in the infection
process is provided. The invention therefore provides Internal Transcribed Spacer (ITS) .

DNA sequences that show variability between different fungal pathotypes. Such DNA
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method of the invention as they can be used ta derive primers for use in polymerase chain
reaction (PCR)-based diagnostic assays. These primers generate unique fragments in PCR
reactions in which the DNA template is provided by specific fungal pathotypes and can thus
be used to identify the presence or absence of specific pathotypes in host plant material
before the onset of disease symptoms.

|r.l a preferred embodiment, the invention provides novel ITS1 and ITS2 DNA
sequences for the fungal pathogen Pyrenophora tritici-repentis. In another preferred
embodiment, the invention provides ITS-derived diagnostic primers for the detection of
Pyrenophora tritici-repentis. In an additional preferred embodiment, the invention provides
novel ITS-derived diagnostic primers that are useful for the detection of not only
Pyrenophora tritici-repentis, but also, surprisingly, Pyrenophora teres and Drechslera
sorokiniana. The present invention therefore addresses a long-felt but unfulfilled need to
identify different pathotypes of plant pathogenic fungi, especially those that cause tan spot
in wheat,

This invention provides the possibility of assessing potential damage in a specific

- crop va.riety-pathogen strain relationship and of utilizing judiciously the diverse armory of

fungicides that is available. Furthermore, the invention can be used to provide detailed
information on the development and spread of specific pathogen races over extended
geographical areas. The invention provides a method of detection that is especially suitable
for diseases with a long latent phase.

Kits useful in the practice of the invention are also provided. The kits find particular
use in the identification of the fuhgal pathogen Pyrenophora tntici-repentis.

In particular, the present invention provides an isolated, substantially pure DNA
molecule from the ribosomal RNA gene region of a fungal pathcgen, wherein said DNA
molecule comprises at least one of ITS1 and ITS2 of Pyrenophora tritici-repentis. The
present invention further provides a method for detecting Pyrenophora tritici-repentis,
comprising:

{a) determining the nucleotide sequence of either ITS1 or ITS2 of Pyrenophora
tritici-repentis;

{b) designing at least one PCR primer having sequence identity with at least 10
nucleotides of the nucleotide sequence determined in (a);

(c) isolating DNA from plant tissue suspected to be infected with Pyrenophora
tritici-repentis;

(d)

subjecting the DNA of (c) to polymerase chain reaction amplification using




(e) detecting Pyrenophora tritici-repentis by visualizing the product or products of
the polymerase chain reaction amplification of (d).

In a preferred embodiment, the present invention provides an Internal Trans‘cribed
Spacer sequence isolated from the ribosomal RNA gene region of Pyrenophora tritici-
repentis, wherein said Internal Transcribed Spacer sequence is selected from the group
consisting of: nucleotides 31-208 of SEQ ID NO:29; nucleotides 366-526 of SEQ ID NO:29;
nucleotides 31-208 of SEQ ID NO:30; nucleotides 366-526 of SEQ 1D NO:30; nucleotides
31-208 of SEQ ID NO:31; nuclectides 366-526 of SEQ ID NO:31; nucleotides 31-208 of
SEQ ID NO:32; nucleotides 366-526 of SEQ ID NO:32; nucleotides 31-208 of SEQ ID
NO:33; nucleotides 366-527 of SEQ ID NO:33; nucleotides 31-208 of SEQ ID NO:34;
nucleotides 366-526 of SEQ ID NO:34; nucleotides 31-208 of SEQ ID NO:35; nucleotides
366-527 of SEQ ID NO:35; nucleotides 31-208 of SEQ ID NO:36; nucleotides 366-526 of
SEQ ID NO:36; nucleotides 31-209 of SEQ ID NO:37; nucleotides 367-527 of SEQ ID
NO:37; nucleotides 31-208 of SEQ ID NO:38; nucleotides 366-526 of SEQ ID NO:38;
nucleotides 31-208 of SEQ ID NO:39; nucleotides 368-534 of SEQ ID NO:39:; nucleotides
31-208 of SEQ ID NO:40; and nucleotides 366-527 of SEQ ID NO:40; and nucleotides 31-
209 of SEQ ID NO:41; and nucleotides 367-536 of SEQ ID NO:41.

The present invention further provides an oligonucieotide primer for use in
amplification-based detection of a fungal Internal Transcribed Spacer DNA sequence,
wherein said primer has sequence identity with at least 10 contiguous nucleotides of the
Internal Transcribed Spacer sequence of the invention. The present invention also provides
a pair of oligonucleotide primers for use in the amplification-based detection of a fungal
Internal Transcribed Spacer DNA sequence, wherein at least one of said primers is the
oligonucleotide primer having sequence identity with at least 10 contiguous nucleotides of
the Internal Transcribed Spacer sequence of the invention. The present invention still
further provides a diagnostic kit used in detecting a fungal pathogen, comprising at least
one primer having sequence identity with at least 10 contiguous nucleotides of the Internal
Transcribed Spacer sequence of the invention.

According to another embodiment, the present invention provides a method for the

detection of a fungal pathogen, comprising:
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(a) isolating DNA from a plant leaf suspected to be infected with a fungal
pathogen;

(b)  subjecting said DNA to polymerase chain reaction amplification using at least
one primer according to the invention; and

(c) detecting said fungal pathogen by visualizing the product or products of said

polymerase chain reaction amplification.
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in one embadiment of this method of the invention, the fungal pathogen is
Pyrenaphora tritici-repentis. In another embodiment of this method of the invention, the
fungal pathogen is Pyrenophora teres. In yet another embaodiment of this method of the
invention, the fungal pathogen is Drechslera sorokiniana.

The present invention also provides a method for detecting Pyrenophora tritici-
repentis, comprising:

(a) designing at least one PCR primer having sequence identity with at least 10
contiguous nucleotides of the Internal Transcribed Spacer sequence of the invention;

(b} isolating DNA from plant tissue suspected to be infected with Pyrenophora tritici-repentis

(c) subjecting the DNA of (b) to polymerase chain reaction amplification using the
primer or primers of (a); and _

(d) detecting Pyrenophora tritici-repentis by visualizing the product or products of
the polymerase chain reaction amplification of (c).

The present invention further provides a method for detecting Pyrenophora tritici-
repentis, comprising:

(e;) designing at least one polynucleotide label probe comprising:

()  anucleic acid region having a sequence that is complementary to at least
10 contiguous nucleotides of the Internal Transcribed Spacer sequence of the invention,
and

(i)  alabel portion comprising either a label that provides a signal when said
probe hybridizes with another nucleic acid molecule, or a binding site for said label;

{b) isolating DNA from plant tissue suspected to be infected with Pyrenophora tritici-repentis

(c) hybridizing the DNA of (b} with the probe or probes of (a); and

(d) detecting Pyrenophora tritici-repentis by detecting the label, wherein detection
of the label indicates that the hybridization of (c) has occurred.

In another embodiment, the presentinvention is directed to an oligonuclectide
primer for use in the amplification-based detection of a fungal Interal Transcribed Spacer
DNA sequence, wherein said primer is selected from the group consisting of SEQ ID Nos:7-
28. Preferably, the invention provides a pair of cligonucleotide primers for use in the
amplification-based detection of a fungal Internal Transcribed Spacer DNA sequence,
wherein at least one of said primers is selected from the group consisting of SEQ ID Nos:7-
28. In an especially preferred embodiment, the pair of primers is selected from the following
primer pairs: SEQ ID NO:7 and SEQ ID NO:9; SEQ ID NO:11 and SEQ ID NO:15; SEQID
NO:7 and SEQ ID NO:14; SEQ ID NO:1 and SEQ ID NO:9; SEQ ID NO:8 and SEQ ID




NO:4; SEQ ID NO:17 and SEQ ID NO:20; SEQ ID NO:18 and SEQ ID NO:19; SEQ ID NO:1
and SEQ ID NO:19; SEQ ID NO:7 and SEQ ID NO:19; SEQ ID NO:8 and SEQ ID NO:19;
SEQ ID NO:10 and SEQ ID NO:19; SEQ ID NO:13 and SEQ ID NO:19; SEQ ID NO:23 and
SEQ ID NO:26; SEQ ID NQ:23 and SEQID NO:19; SEQ ID NO:24 and SEQ ID NO:19: and
SEQ ID NO:27 and SEQ ID NO:28. In a preferred embadiment, the pair of oligonucleotide
primers is either SEQ ID NO:1 and SEQ ID NO:S or SEQ ID NO:1 and SEQ iD NQO:19. In
another preferred embodiment, the pair of oligonucleotide primers is SEQ 1D NO:8.and SEQ
ID NO:4.

The present invention also provides method for detecting Pyrenophora tritici-
repehtis, comprising:

(a) isolating DNA from a plant leaf suspected to be infected with Pyrenophora tritici-repentis;

(b) amplitying a part of the Internal Transcribed Spacer sequence of Pyrenophora
tritici-repentis using said DNA as a template in a polymerase chain reaction with a pair of
oligonucleotide primers selected from the following primer pairs: SEQ ID NO:7 and SEQ ID
NO:9; SEQ ID NO:11 and SEQ ID NO:15; SEQ ID NO:7 and SEQ ID NO:14; SEQ ID NO:1

-and SEQ iD NO:8; SEQ ID NO:8 and SEQ ID NO:4; SEQ ID NO:17 and SEQ ID NO:20;

SEQID NO:18 and SEQ 'D NO:19; SEQ ID NO:1 and SEQ ID NO:19; SEQ ID NO:7 and
SEQ D NO:19; SEQ ID NO:8 and SEQ 1D NO:19; SEQ ID NO:10 and SEQ ID NO:19; SEQ
ID NO:13 and SEQ 1D NO:19; SEQ ID NO:23 and SEQ ID NO:26; SEQ ID NO:23 and SEQ
1D NO:19; SEQ ID NO:24 and SEQ ID NO:19; and SEQ ID NO:27 and SEQ 1D NO:28; and

(c) detecting Pyrenophora tritici-repentis by visualizing the amplified part of the
Internal Transcribed Spacer sequence.

In yet another embodiment, the present invention provides a method for detecting
Pyrenophora teres, comprising: '

{a) isolating DNA from a plant leaf suspected to be infected with Pyrenophora teres;

(b) amplifying a part of the Internal Transcribed Spacer sequence of Pyrenophora
teres using said DNA as a template in a polymerase chain reaction with a pair of
oligonucleotide primers that is either SEQ ID NO:1 and SEQ ID NO:8 or SEQ ID NO-1 and
SEQ ID NO:19; and

(c) detecting Pyrenophora teres by visualizing the amplified part of the Internal
Transcribed Spacer sequence.

In still another embodiment, the present invention provides a method for detecting

Drechslera sorokiniana, comprising:




(a) isolating DNA from a plant leaf suspected to be infected with Drechslera sorokiniana,

(b} amplifying a part of the Intemnal Transcribed Spacer sequence of Drechslera

sorokiniana using said DNA as a template in a polymerase chain reaction with a pair of

oligonucleotide primers that is SEQ 1D NO:8 and SEQ 1D NO:4; and

{c) detecting Drechslera sorokiniana by visualizing the amplified part of the Internal

Transcribed Spacer sequence.

The following is a brief description of the sequences in the sequence listing (“nt's” =

nucleotide numbers in the sequence):

SEQID NO:1 -
SEQIDNO:2 -
SEQIDNO3 -
SEQIDNO#4 -
SEQIDNO5 -
SEQIDNO®_-

SEQIDNO7 -

SEQID NO:8 -
SEQID NO:9 -

SEQ ID NO:10 -
SEQ ID NO:11 -
SEQ ID NO:12 -
SEQID NO:13 -
SEQID NO:14 -
SEQ ID NO:15 -
SEQ ID NO:16 -
SEQ ID NO:17 -
SEQ ID NO:18 -
SEQ ID NO:19 -
SEQ ID NO:20 -
SEQID NO:21 -
SEQ ID NO:22 -
SEQ ID NO:23 -
SEQ ID NO:24 -

Oligonucteotide Primer ITS1.
Oligonucleotide Primer ITS2.
Oligonucleotide Primer ITS3.
Oligonuclectide Primer ITS4.
M13 Universal-20 Primer.

Reverse Primer used in Example 2.
Oligonucleotide Primer JB629.
Oligonucleotide Primer JB630,
Oligonucieotide Primer JB631.
Oligonucleotide Primer JB632.
Oligonuclectide Primer JB633.
Oligonucleotide Primer JBG34.
Oligonucleotide Primer JB635.
Oligonucleotide Primer JB636.
Oligonucleotide Primer JB637.
Oligonuclectide Primer JB638.
Oligonuclectide Primer JB651.
Oligonucleotide Primer JB652.
Oligonucleotide Primer JB653.
Ofligonuclectide Primer JB654.
Oligonucleotide Primer JB655.
Oligonuclectide Primer JB656.
Oligonucleotide Primer JB657.
Oligonucleotide Primer JB658.
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SEQ ID NO:25 - Oligonucleotide Primer JB659.

SEQ ID NO:26 - Oligonucleotide Primer JB860.

SEQ ID NO:27 - Oligonuclectide Primer JBE75.

SEQID NO:28 - Cligonucleotide Primer JB676.

SEQ ID NO:29 - Consensus DNA sequence of the ITS region from Pyrenophora tritici-
repentis isolates 6715, 119-2-3, DL22, PTR4A, 44184, 205, 403, 109, 407, 1316, and 223,
comprising in the 5’ 1o 3’ direction: 3’ end of the small subunit rRNA gene (nt's 1-30),
Internai Transcribed Spacer 1 (nt's 31-208), 5.8S rRNA gene (nt's 209-365), Internal

Transcribed Spacer 2 (nt's 366-526), and 5 end of the large subunit rRNA gene (nt's 527-
579).

t

SEQ ID NO:30 - Consensus DNA sequence of the ITS region from Pyrenophora tritici-
repentis isolate 6715 clones 2-and 4, comprising in the 5’ o 3' direction: 3' end of the small
subunit rRNA gene (nt's 1-30), Intemal Transcribed Spacer 1 (nt’s 31-208), 5.85 rRNA gene
(nt's 209-365), Intemal Transcribed Spacer 2 (nt's 366-526), and 5’ end of the large subunit
rRNA gene (nt’s 527-579).

SEQ ID NO:31 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
119-2-3 clone 2-2, comprising in the 5’ to 3’ direction: 3’ end of the small subunit IRNA gene
(nt’s 1-30), Intemnal Transcribed Spacer 1 (nt's 31-208), 5.8S rRNA gene (nt's 209-365),
internal Transcribed Spacer 2 (nt's 366-528), and 5’ end of the large subunit rRNA gene
(nt's 527-579).

SEQ ID NO:32 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
DL22 clone 1-1, comprising in the 5’ to 3" direction: 3’ end of the small subunit fRNA gene
(nt's 1-30), Intemal Transcribed Spacer 1 (nt's 31-208), 5.85 rRNA gene (nt's 209-365),
Internal Transcribed Spacer 2 (nt's 366-526), and 5’ end of the large subunit rRNA gene
(nt's 527-579).

SEQ ID NO:33 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
PTR4A clone 2-3, comprising in the 5' to 3’ direction: 3' end of the small subunit rRNA gene
(nt's 1-30), Internal Transcribed Spacer 1 (nt's 31-208), 5.85 rRNA gene (nt's 209-365),
internal Transcribed Spacer 2 (nt's 366-527), and 5’ end of the large subunit rRNA gene
(nt's 528-580).

SEQ ID NO:34 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
44184 clone 3-1, comprising in the 5' to 3' direction: 3’ end of the small subunit rRNA gene
(nt's 1-30), Interal Transcribed Spacer 1 {nt's 31-208), 5.88 rRNA gene (nt's 209-365),
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Internal Transcribed Spacer 2 (nt's 366-526), and §' end of the large subunit rRNA gene
(nt's 527-579).

SEQ ID NO:35 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
205 clone 4-2, comprising in the 5' to 3’ direction: 3' end of the small subunit rRNA gene
(nt's 1-30), Intemal Transcribed Spacer 1 (nt's 31-208), 5.8S rRNA gene (nt's 209-365),
Internal Transcribed Spacer 2 (nt’s 366-527), and 5’ end of the large subunit rRNA gene
(nt's 528-580).

SEQ ID NO:36 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
403 clone 5-2, comprising in the 5’ to 3’ direction: 3' end of the small subunit rRNA gene
(nt’s 1-30), Internal Transcribed Spacer 1 (nt's 31-208), 5.85 rRNA gene (nt's 209-365),
Internal Transcribed Spacer 2 (nt's 366-526), and 5' end of the large subunit rRNA gene
(nt's 527-579).

SEQ ID NO:37 - DNA sequence of the ITS region from Pyrenophotra trtici-repentis isolate
108 clone 6-2, comprising in the 5’ to 3’ direction: 3' end of the small subunit fRNA gene
(nt's 1-30), Internal Transcribed Spacer 1 (nt's 31-209), 5.8S rRNA gene (nt's 210-366),
internal Transcribed Spacer 2 (nt's 367-527), and 5’ end of the large subunit rRNA gene
(nt's 528-580).

SEQ ID NO:38 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
407 clone 7-3-2, comprising in the 5 to 3’ direction: 3’ end of the small subunit rRNA gene
{nt’s 1-30), Internal Transcribed Spacer 1 (nt's 31-208), 5.8S rRNA gene (nt's 209-365),
Internal Transcribed Spacer 2 (nt's 366-526), and 5' end of the large subunit rRNA gene
(nt's 527-579). i

SEQID NO:39 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
1316 clone 8-1, comprising in the 5’ to 3’ direction: 3' end of the small subunit rRNA gene
(nt's 1-30), intemal Transcribed Spacer 1 {nt's 31-208), 5.8S rRNA gene (nt's 209-367),
Internal Transcribed Spacer 2 (nt's 368-534), and 5’ end of the large subunit rRNA gene
(nt's 535-587).

SEQ ID NO:40 - DNA sequence of the ITS region from Pyrenophora tritici-repentis isolate
223 clone 9-2, comprising in the 5' to 3’ direction: 3' end of the small subunit rRNA gene
(nt's 1-30), Internal Transcribed Spacer 1 (nt's 31-208), 5.8S rRNA gene (nt's 209-365),
internal Transcribed Spacer 2 (nt's 366-527), and 5’ end of the large subunit rRNA gene
(nt's 528-580).

SEQ ID NO:41 - DNA sequence of the ITS region from Pyrenophora teres isolate 36570
clone 10-1, comprising in the 5’ to 3’ direction: 3’ end of the small subunit rRNA gene (nt's
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1-30), Internal Transcribed Spacer 1 (nt's 31-209), 5.8S rRNA gene (nt's 210-366), internal

Transcribed Spacer 2 (nt's 367-536), and §' end of the large subunit rRNA gene (nt's 537-
590).

The present invention provides unique DNA sequences that are useful in identifying
different pathotypes of plant pathogenic fungi. Particularly, the DNA sequences can be
used as primers in PCR-based analysis for the identification of fungal pathotypes. The
DNA sequences of the invention include the Internal Transcribed Spacer {ITS) sequences
of the ribosomal RNA gene regions of particular fungal pathogens as well as primers
derived from these regions that are capable of identifying the particular pathogen. These
ITS DNA sequences from different pathotypes within a pathogen species or genus, which
vary between the different members of the species or genus, can be used to identify those
specific members.

Biomedical researchers have used PCR-based techniques for some time and with
moderate success to detect pathogens in infected animal tissues. Only recently, however,
has this technique been applied to detect plant pathogens. The presence of
Gaumannomyces graminis in infected wheat has been detected using PCR of sequences
specific to the pathogen mitochondrial genome (Schlesser et al, 1991; Appfied and
Environ. Microbiol. 57: 553-556), and random amplified polymorphic DNA (i.e. RAPD)
markers were able to distinguish numerous races of Gremmeniella abietina, the causal
agent of scleroderris canker in conifers. U.S. Patent No. 5,585,238 (herein incorporated by
reference in its entirety) describes primers derived from the ITS sequences of the ribosomal
RNA gene region of strains of Septoria, Pseudocercosporella, and Mycosphaerella and
their use in the identification of these fungal isolates using PCR-based technigues. In
addition, WO 95/29260 (herein incorporated by reference in its entirety) describes primers
derived from the ITS sequences of the ribosomal RNA gene region of strains of Fusarium
and their use in the identification of these fungal isolates using PCR-based techniques.
Furthermore, U.S. Patent No. 5,800,997 (herein incorporated by reference in its entirety)
describes primers derived from the ITS sequences of the ribosomal RNA gene region of
strains of Cercospora, Helminthosporium, Kabatiella, and Puccinia and their use in the
identification of these tungal isolates using PCR-based techniques.

Ribosomal genes are suitable for use as molecular probe targets because of their
high copy number, Despite the high conservation between mature rRNA sequences, the

non-transcribed and transcribed spacer sequences are usually poorly conserved and are
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thus suitable as target sequences for the detection of recent evolutionary divergence.
Fungal rRNA genes are brganized in units, each of which encodss three mature subunits of
188 (small subunit), 5.8S, and 288 (farge subunit). These subunits are separated by two
Internal Transcribed Spacers, ITS1 and ITS2, of around 300 bp (White et al., 1990; In: PCR
Protocols; Eds.: Innes et al.; pages 315-322). In addition, the transcriptional units are
separated by non-transcribed spacer sequences (NTSs). The ITS and NTS sequences are
particularly suitable for the detection of specific pathotypes of different fungal pathogens.

The DNA sequences of the invention are from the Internal Transcribed Spacer
sequences of the ribosomal RNA gene region of different plant pathogens. The ITS DNA
sequences from different pathotypes within a pathogen species or genus vary among the
different members of the species or genus. After determining the ITS sequences of a
pathogen, these sequences can be aligned with other ITS sequences. Primers can then be
derived from the ITS sequences. That is, primers can be designed based on regions within
the ITS sequences having the greatest differences in sequence among the fungal
pathotypes. The sequences and primers based thereon can be used to identify specific
pathogens.

Particular DNA sequences of interest include ITS DNA sequences from Pyrenophora
tritici-repentis and Pyrenophora teres. Such ITS DNA sequences are disclosed in SEQ ID
NOs: 29-41. Sequences of representative oligonucleotide primers derived from these ITS
sequences are disclosed in SEQ ID NOs: 7-28. The sequences find use in the PCR-based
identification of the pathogens of interest. Therefore, based on Applicants’ disclosure of the
present invention, the fungal pathogen responsible for tan spot in wheat can, for the first
time, be detected by a PCR-based diagnostic assay.

Methods for the use of the primer sequences of the invention in PCR analysis are
well known in the art. For example, see U.S. Patent Nos. 4,683,195 and 4,683,202, as well
as Schlesser et al. {1991) Applied and Environ. Microbiol. 57:553-556. See also, Nazar et
al. (1991; Physiol. and Molec. Plant Pathol. 39: 1-11), which used PCR amplification to
exploit differences in the ITS regions of Verticillium albo-atrum and Verticillium dahliae and
therefore distinguish between the two species; and Johanson and Jeger (1993; Mycol. Res.
97: 670-674), who used similar techniques to distinguish the banana pathogens
Mycosphaerella fijiensis and Mycospharella musicola,

The ITS DNA sequences of the invention can be cloned from fungal pathogens by
methods known in the art. In general, the methods for the isolation of DNA from fungal
isolates are known. See, Raeder & Broda (1985) Letters in Applied Micrebiology 2:17-20;
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Lee et al (1980) Fungal Genetics Newsletter 35:23-24; and Lee and Taylor (1 990) In: PCR
Frotocols: A Guide to Methods and Appiications, Innes et al. (Eds.); pages 282-287.

Altematively, the ITS sequences of interest can be determined by PCR amplification.
In an exemplified embodiment, primers to amplify the entire ITS region are designed
according to White et a/, (1990; In: PCR Protocols; Eds.: innes &t al. pages 315-322), and
the amplified ITS sequence is subcloned into the pCRII cloning vector. The subcloned
sequence included the left hand ITS (ITS1), the right hand ITS (ITS2), as well as the
centrally located 5.8S rRNA gene. This is undertaken for several isolates of Pyrenophora
tritici-repentis and from an isolate of Pyrenophora teres.

The determined ITS sequences are compared within each pathogen group to locate
divergences that are useful to test in PCR to distinguish the different species and/or strains.
The ITS DNA sequences that are determined are shown in SEQ ID NOs: 29-41. From the
identification of divergences, numerous primers are synthesized and tested in PCR-
amplification. Templates used for PCR-amplification testing are firstly purified pathogen
DNA, and subsequently DNA isolated from infected host plant tissue. Thus, it is possible to
identify pairs of primers that are diagnostic, i.e. that identify one particular pathogen species
or strain but not another species or strain of the same pathogen. Primers are also designed
to regions highly conserved among the species to develop genus-specific primers as well as
primers that identify any of several fungal pathogens that cause a certain disease. For
example, primers are developed to detect both P. teresand P, tritici-repentis,

Preferred primer combinations are able to distinguish between the different species
or strains in infected host tissue, i.e. host tissue that has previously been infected with a
specific pathogen species or strain. This invention provides numerous primer combinations
that fulfill this criterion for P. teres and P. tritici-repentis. The primers of the invention are
designed based on sequence differences among the fungal ITS regions. A minimum of one
base pair difference between seguences can permit design of a discriminatory primer.
Primers designed to a specific fungal DNA's ITS region can be used in combination with a
primer made 1o a conserved sequence region within the ribosomal DNA's coding region to
amplify species-specific PCR fragments. In general, primers should have a theorstical
melting temperature between about 60 to about 70 °C o achieve good sensitivity and
should be void of significant secondary structure and 3' overlaps between primer
combinations. Primers generally have sequence identity with at least about 5-10
contiguous nucleotide bases of ITS1 or ITS2. In preterred embodiments, primers are
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anywhere from about 5-30 nucleotide bases long and are preferably at least 10 nucleotide
bases long.

As an alternative to the above-described PCR diagnostic technigques, a specific
fungal DNA’s TS region can be used to design polynuclectide labe! probes, each
comprising a label portion and a nucleic acid region having a sequence that is
compiementary to at least about 5-10 contiguous nucieotides of ITS1 or ITS2. In preferred
embodiments, the complementary nucleic acid regions of such probes are anywhere from
about 5-30 nucleotide bases long and are preferably at least 10 nuclectide bases long. The
labet portion of the probes may comprise either a label that provides a signal or a binding
site for such a fabel. Polynucleotide label probes such as these may be used in fungal
detection methods that involve the following: (a) designing at least one polynucleotide label
probe comprising a nucleic acid region having a sequence that is complementary to at least
about 5-10 contiguous nucleotide bases of [TS1 or ITS2 of a fungal pathogen, such as
Pyrenophora tritici-repentis, and a label portion comprising either a label that provides a
signal when said probe hybridizes with ancther nucleic acid molecule or a binding site for
said label; (b) isolating DNA from plant tissue infected with the fungal pathogen; (c)
hybridizing the DNA of (b) with the probe or probes of (a); and (d) detecting the fungal
pathogen by detecting the label, wherein detection of the label indicates that the
hybridization of (c) has occumed and the fungal pathogen is present. Labels may be
designed and detected according to any means known in the art, such as through the use
of radioisotopes, fluorescence, or a planar optical waveguide. See, for example, U.S. Pat.
No. 4,868,105, WO 95/33197, and WO 95/33198, all of which are incorporated herein by
reference,

The present invention lends itself readily to the preparation of “kits” containing the
elements necessary to carry out the process. Such a kit may comprise a carrier being
compartmentalized to receive in close confinement therein one or more containers, such as
tubes or vials. One of the containers may contain unlabeled or detectably labeled DNA
primers or probes, which may be present in lyophiiized form or in an appropriate buffer as
necessary. One or more containers may contain ohe or more enzymes or reagents to be
utilized in PCR reactions. These enzymes may be present by themselves or in admixtures,
in lyophilized form or in appropriate buffers. Finally, the kit may contain ali of the additional
elements necessary 1o carry out the technique of the invention, such as buffers, extraction
reagents, enzymes, pipettes, plates, nucleic acids, nucleoside triphosphates, filter paper,
gel materials, transfer materials, autoradiography supplies, and the like.
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EXAMPLES

The examples below show typical experimental protocols that can be used for
isolating ITS sequences, selecting suitable primer sequences, testing primers for selective
and diagnostic efficacy, and using such primers for disease and fungal isolate detection.
The examples are provided by way of illustration and not by way of limitation. Standard
recombinant DNA and molecular cloning techniques used here are well known in the art
and are described by J. Sambrook, E. F. Fritsch and T. Maniatis, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor iaboratory, Cold Spring Harbor, NY (1989); by T.J.
Silhavy, M.L. Berman, and L.W. Enquist, Experiments with Gene Fusions, Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY (1984); and by Ausubel, F.M. et al,, Current
Protocols in Molecular Biology, pub. by Greene Publishing Assoc. and Wiley-Interscience
(1987).

Example 1: Fungal Isolates and Genomic Fungal DNA Extraction

See Table 1 for a listing of the fungal isolates used and their source. Fungi are
grown in 150 mi potato dextrose broth inoculated with mycelial fragments from PDA (Potato
Dextrose Agar) cultures. Cultures are incubated on an orbital shaker at 28°C for 7-11 days.
Alternatively, mycelia may be isolated directly from a PDA plate. Mycelia are pelleted by
centrifugation and then ground in liquid nitrogen, and total genomic DNA is extracted using
the protocol of Lee and Taylor (1990; in: PCR Protocols: A Guide to Methods and
Applications, Eds.: Innes et al.; pages 282-287).
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Table 1: Source of Test Isolates
Isolate | Organism Source Origin
6715 Pyrenophora tritici-repentis ATCC' -
44184 Pyrenophora tritici-repentis ATCC' Australia
205 Pyrenophora tritici-repentis Novartis” Visteras, Sweden
109 Pyrenophora tritici-repentis Novartis® Vallskog, Sweden
403 Pyrenophora tritici-repentis Novartis® Vattholma, Sweden
223 Pyrenophora tritici-repentis Novartis® Vasteras, Sweden
407 Pyrenophora tritici-repentis Novartis® Vattholma, Sweden |
1316 Pyrenophora tritici-repentis Novartis® Valiskog, Sweden
PTR 3B | Pyrenophora tritici-repentis L. Francl® North Dakota
PTR 4A | Pyrenophora tritici-repentis L. Francl® North Dakota
PTR 1 Pyrenophora tritici-repentis L. Francl® North Dakota
148-1-1 | Pyrenophora tritici-repentis L. Francl’ North Dakota
118-2-3 | Pyrenophora tritici-repentis L. Francl® North Dakota
83-A-3-1 | Pyrenophora tritici-repentis L. Francl® North Dakota
DL22 Pyrenophora tritici-repentis L. Francl® Minnesota
36570 Pyrenophora teres f, teres ATCC' Denmark
11404 | Drechsiera sorokiniana ATCC' Minnesota
44234 Rhizoctonia cerealis ATCC' Netheriands
R-9420 | Fusarium graminearum P. Nelson’ Washington
62215 | Fusarium culmorum ATCC' Switzerland
18222 | Microdochium nivale ATCC' Scotland
44643 Pseudocercasporeila herpotrichoides-W type | ATCC' Germany
308 Pseudocercasporella herpotrichoides-R type | Novartis® -—
24425 | Septoria nodorum ATCC' Montana
26517 | Septoria tritici ATCC' Minnesota
60531 Cladosporium herbarum ATCC' New Zealand
52476 | Cercospora arachidicola ATCC' Oklahoma
HS-1 Helminthosporium sativum Novartis® Sweden
DT-1 Pyrenophora teres Novartis® Sweden
DR-1 Pyrenophora tritici-repentis Novartis® Sweden
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'American Type Culture Collection, Rockville, Maryland, USA

®Novartis Sweden AB, 261 23 Landskrona, Sweden

3Dr. Len Francl, North Dakota State University, Fargo, North Dakota, USA
“Dr. Paul Nelson, Penn State University, State College, Pennsylvania, USA
*Novartis Crop Protection Limited, Basel, Switzerland

Example 2: Isolation of the Internal Transcribed Spacer (ITS) Regions

Approximately 600-bp long internal transcribed spacer (ITS) region fragments are
PCR-amplified from 10 ng of genomic DNA isolated from P. tritici-repentis isolates 6715,
119-2-3, DL22, PTRA4A, 44184, 205, 403, 109, 407, 1316, 223 and P. teres isolate 36570
using 50 pmol of primers ITS1 (5-TCCGTAGGTGAACCTGCGG-3'; SEQ ID NO:1) and ITS4
(5-TCCTCCGCTTATTGATATGC-3"; SEQ ID NO:4). PCRs are performed as described in
Example 4. The ITS PCR preducts are cloned using the Invitrogen Corporation's (San
Diego, CA) TA Cloning Kit {part no. K2000-01) using the PCR2.1 cloning vector. The DNA
sequences of the ITS regions are determined by the dideoxy method using the Applied
Biosystems (Foster City, CA) automated sequencer with the primers ITS1 (SEQ ID NO:1),
ITS2 (5'-GCTGCGTTCTTCATCGATGC-3'; SEQ ID NO:2), ITS4 (SEQ ID NO:4) and the
M13 universal -20 (5-GTAAAACGACGGCCAGT-3'; SEQ ID NO:5) and Reverse (5'-
AACAGCTATGACCATG-3'; SEQ ID NO:6) primers. The ITS primers ITS1, ITS2, ITS3, and

ITS4 are detailed in White et al. (1990; In: PCR Protocols; Eds.: Innes et al. pages 315-
322).

Example 3: DNA Extraction from Wheat

DNA is extracted from wheat using a bulk maceration method. The bulk maceration
method is used to isolate DNA from several naturally infected wheat leaves from the field to
optimize the field sampling method for high throughput analysis.

The following is the protocol for the bulk maceration method:

(1) Place the appropriate number of wheat leaves in a Bioreba (Reinach,
Switzerland) heavy duty plastic bag (cat#490100). Weigh the piant tissue,
plastic bag with leaves minus the tare (weight of the plastic bag).

(2) Add an equal volume (ml) of Muller Extraction Buffer (0.1% w/v Tween-80;
0.04 M Tris-Ci, pH 7.7; 0.15 M NaCl; 0.1% w/v BSA-Pentex fraction V;
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0.01% wiv sodium azide; 200 mM EDTA) per weight (g) of wheat tissue.

Macerate the tissue using a Bioreba Homex 6 homogenizer set at 70. Grind

the leaves until the tissue is fibrous.

(3) Pool the extracts from multiple bags, if used, and vortex well. Aliquot the

extraction juice into eppendorf tubes on ice.

(a)  Boil 100 pl of the concentrated extract for 5 minutes.

(b) Place the boiled extract on ice.

(c) Make a 1:10 dilution by adding 10 w! from the boiled, concentrated
extract to 90 nl of sterile dH,0.

(d) Store the diluted extracts on ice until ready to use.
Example 4: Polymerase Chain Reaction Amplification

Polymerase chain reactions are performed with the GeneAmp Kit from Perkin-
Elmer/Cetus (Norwalk, CT; part no. NB08-0008) using 50 mM KCI, 2.5 mM MgClo, 10 mM
Tris-HCI, pH8.3, containing 200 uM of each dTTP, dATP, dCTP, and dGTP, 50 pmol each
primer, 2.5 units of Tag polymerase and 10 ng of genomic DNA or 1 pl of 1:10 diluted plant
extract in a final volume of 50 pl. Reactions are run for 30 - 40 cycles of 15 s at 94°C: 15 s
at 50°C - 70°C; and 45 s at 72°C in a Perkin-Elmer/Cetus Model 9600 thermal cycler. The
products are analyzed by loading 10 p! of each PCR sample on a 1.0% agarose gel and
electrophoresing.

Example 5: Synthesis and Purification of Oligonucleotides

Otigonuciectides {primers) are synthesized by, for example, either Integrated DNA
Technologies (Coralville, |A) or Midland Certified Reagent Company (Midland, Texas).

Example €: Selection of Species-Specific Primers

The ITS regions from the mulitiple isolates of P. tritici-repentis and the single isolate
of P. teres are aligned. The oligonucleotide primers shown below in Tabie 2 are
synthesized according to Example 5 based on analysis of the aligned sequences. Primers
are designed to the regions that contain the greatest differences in sequence among the
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fungal species. Primers are also designed to regions highly conserved among the species
to develop genus-specific primers. In addition, the published ribosomal gene-specific
primers ITS1, ITS2, ITS3 and ITS4 (White et a/., 1990; In: PCR Protocols; Eds.: Innes et al.
pages 315-322) are synthesized for testing in combination with the primers specific for the
ITS regions.

Table 2: Primers Designed for Fungal Detection

Primer Template Primer | Primer Sequence

18S rDNA ITS1 5-TCCGTAGGTGAACCTGCGG-3' (SEQ ID NO:1)
5.8S rDNA ITS2 5~GCTGCGTTCTTCATCGATGC-3 (SEQ ID NO:2)
5.85 rDNA ITS3 5-GCATCGATGAAGAACGCAGC-3 (SEQ ID NO:3)
258 rDNA ITS4 5-TCCTCCGCTTATTGATATGC-3' (SEQ ID NO:4)

P. tritici-repentis JB629 | 5-GTACTACTTGTTTCCTTGGCG-3 (SEQ ID NO:7)

P. tritici-repentis | JB630 | 5-TCAGTTGCAATCAGCGTCAG-3' (SEQ ID NO:8)

P. tritici-repentis JBB31 | 5-TGGACAAGAGCGCAAATAATG-3' (SEQ ID NO:9)
P. tritici-repentis JBE32 | 5-ATGAAGCCGGACTGGGATA-3' (SEQ ID NO:10)

P. tritici-repentis JB633 | 5-ATGAAGCCGGACTGGGATAGGG-3' (SEQ ID NO:11)
. trtici-repentis JB634 | 5-CGCTGCCTTGCCCGTCTGGC-3 (SEQ 1D NO:12)

. tritici-repentis | JBB35 | 5-CGCTGCCTTGCCCGTCT-3' (SEQ ID NO:13)

. tritici-repentis JB636 | 5-CATGGACGCGCGACCGC-3' (SEQ ID NO:14)

. tritici-repentis | JB637 | 5-CATGGACGCGCGACCGCGGC-3 (SEQ ID NO:15)
tritici-repentis JB638 | 5-CTCCGAAACCAGTAGGCC-3' (SEQ ID NO:16)

. tritici-repentis | JBE51 | 5-GATAGGGCCTCGCTGCCTTGC-3' (SEQ ID NO:17)
. tritici-repentis | JB652 | §-GATAGGGCCTCGCTGCCT-3' (SEQ ID NO:18)

. tritici-repentis JB653 | 5-AAGGTTGAAAGAAGCTTCATGG-3' (SEQ ID NO:19)
. tritici-repentis JBE54 | 5-CAAAAGGTTGAAAGAAGCTTCATGG-3 (SEQ ID NO:20)
tritici-repentis | JBES5 | 5'-AAGCCGGACTGGGATAGG-3' (SEQ ID NO:21)
tritici-repentis | JBESE | 5-CAAAAGGTTGAAAGAAGC-3' (SEQ ID NO:22)

. tritici-repentis | JBE57 | 5-GCCGGACTGGGATAGGGC-3' (SEQ ID NO:23)

. tritici-repentis JB658 | 5-GGACTGGGATAGGGCCTC-3' (SEQ ID NO:24)

. tritici-repentis | JB659 | 5-GAAGCTTCATGGACGCGCG-3 (SEQ ID NO:25)

P. tritici-repentis | JBEE0 | 5-GGCGAGTCTCGGGAGAGA-3' (SEQ ID NO:26)

P. tritici-repentis JB675 | 5-GCCGGACTGGGATAGGGCCTC-3' (SEQ ID NO:27)
P. trtici-repentis | JBB76 | 5-GGCGAGTCTCGGGAGAGAGAC-3 (SEQ ID NO:28)
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Example 7 Détermination of Primer Specificity to Purified Fungal Genomic DNA

PCRs are performed according to Exampie 4 using different primer combinations
(Table 3) to amplify single specific fragments. Specific PCR amplification products are
produced from primers designed from the ITS regions between the 18S and 258 ribosomal

DNA subunits of each fungal strain of interest.

Table 3: ITS-Derived Diagnostic PCR Primers

Primer specificity

5' Primer

3 Primer

Approximate size of
amplified fragment

P. tritici-repentis
P. tritici-repentis
. tritici-repentis
teres/
tritici-repentis
. tritici-repentis/
. sorokiniana

. tritici-repentis
. tritici-repentis
tritici-repentis/
teres
tritici-repentis
. tritici-repentis
. tritici-repentis

P VUV VWP WL LY WY vy

. tritici-repentis
P. tritici-repentis
P. tritici-repentis
P. tritici-repentis
P. tritici-repentis

JB629 (SEQ ID NO7)
JB633 (SEQ ID NO:11)
JBE29 (SEQ ID NO:7)
ITS1 (SEQ ID NO:1)

JBE30 (SEQ ID NO:8)

JB651 (SEQ ID NO:17)
JB852 (SEQ ID NO:18)
ITS1 (SEQ ID NO:1)

JB629 (SEQ ID NO:7)

JB630 (SEQ 1D NO:8)

JB632 (SEQ ID NO:10)
JBE35 (SEQ ID NO:13)
JBE57 (SEQ 1D NO:23)
JB657 (SEQ 1D NO:23)
JB658 (SEQ ID NO:24)
JB675 (SEQ ID NO:27)

JB631 (SEQ ID NO9)
JB637 (SEQ ID NO:15)
JBB36 (SEQ ID NO:14)
JB631 (SEQ ID NO:9)

ITS4 (SEQ ID NO:4)

JB654 (SEQ ID NO:20)
JB653 (SEQ ID NO:19)
JBB53 (SEQ ID NO:19)

JB653 (SEQ ID NO:19)
JB653 (SEQ ID NO:19)
JB853 (SEQ ID NO:19)
JBB53 (SEQ ID NO:19)
JBB60 (SEQ ID NO:26)
JBE53 (SEQ ID NO:19)
JBB53 (SEQ ID NO:19)
JB676 (SEQ ID NO:28)

390 bp
485 bp
411 bp
500 bp

433 bp
473 bp
498 bp

448 bp

438 bp
357 bp

512bp

482 bp
393 bp
508 bp
503 bp
392 bp

Example 8: Determination of Primer Specificity to Plant Tissue Infected with Fungi and

Cross-Reactivity with Other Cereal Fungal Pathogens

Total genomic DNA is isolated as described in Exampla 3 from healthy wheat leaves
and from wheat leaves infected with P. fritici-repentis. PCRs are performed as described in
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Example 4 testing primer combinations listed in Table 3 against DNA from the wheat tissue.
Purified fungai genomic DNAs are obtained as described in Example 1 and PCR assayed
as described in Example 4 using the diagnostic primers. Other fungal DNA species and
isolates are tested for the ability of the diagnostic primers to cross-react therewith. Resuits
of such experiments are as follows:

P. tritici-repentis-specific primer combination JB675 (SEQ ID NQ:27) and JB676
(SEQ ID NO:28) amplify a 392 bp fragment from DNA from all of the P. tritici-repentis
isolates listed in Table 1 and from P. tritici-repentisintected wheat tissue. This primer
combination does not amplify a diagnostic fragment from healthy wheat tissue nor from
purified genomic DNA from the following common cereal pathogens listed in Table 1: P.
teres, R. cerealis, D. sorokiniana, F. graminearum, F. culmorum, M. nivale, P.
hempotrichoides R- and W-pathotypes, S. nodorum, C. herbarum, S. tritici, C. arachidicola
and H. sativum. Simitar diagnostic results are obtained with the following P. tritici-repentis-
specific primer combinations: JB658 (SEQ ID NO:24) and JB653 (SEQ ID NO:19); JB857
{SEQ ID NO:23) and JB653 (SEQ ID NO:18); JB657 (SEQ ID NO:23) and JB660 (SEQ ID
NO:26); JBE52 (SEQ ID NO:18) and JBES3 (SEQ ID NO:19); and JB629 (SEQ ID NO:7)
and JB631 (SEQ ID NO:9). P. trtici-repentis-specific primers JB633 (SEQ ID NO:11) and
JBE37 (SEQ ID NO:15) produce similar results.

The primers JB651 (SEQ ID NO:17) and JB654 (SEQ ID NO:20) amplify a 473 bp
fragment from DNA from P. tritici-repentis isolates #6715 and #DL22. The primers amplify a
smaller fragment, approximately 400 bp, from healthy wheat DNA. These primers do not
amplify purified genbmic DNA from the following common cereal pathogens listed in Table
1: P. teres, R. cerealis, D. sorokiniana, F. graminearum, F. culmorum, M. nivale, P.
herpotrichoides R- and W-pathotypes, S. nodorum, C. herbarum, S. tritici and C.
arachidicola.

Primer combination JB635 (SEQ ID NO:13) and JB653 (SEQ 1D NO:19) amplify a
482 bp fragment; primer combination JB632 (SEQ ID NO:10) and JB653 (SEQ ID NO:1 9)
amplify a 512 bp frégmem; primer combination JB&30 (SEQ ID NO:8) and JB653 (SEQ ID
NO:19) amplify a 357 bp fragment; and primer combination JB629 (SEQ ID NO:7) and
JBE53 (SEQ ID NO:19) amplify a 438 bp fragment from DNA from P, tritici-repentis isolates
#6715 and DL22. These primer combinations do not amplify any fragments from DNA from
D. sorokiniana isolate #11404 and P. teres isolate #36570. Primer combination JB629
(SEQ ID NO:7) and JB636 (SEQ ID NO:14) amplify a 411 bp fragment from P. tritici-
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repentis isolate #6715 DNA, but do not amplify from DNA from D. sorokiniana #11404 and
S. nodorum #24425. The primers JB630 (SEQ ID NO:8) and ITS4 (SEQ ID NO:4) amplify a
433 bp fragment from P. tritici-repentis isolate #6715 DNA and also from DNA from D.
sorokiniana #11404, but do not amplify from DNA isolated from S. nodorum #24425 and S.
tritici #26517.

Primer combination ITS1 (SEQ ID NO:1) and JB653 (SEQ ID NO:19) amplify a 448
bp fragment from DNA isolated from P. tritici-repentis and also from P. teres. This primer
combination does not amplify a diagnostic fragment from healthy wheat tissue nor from
purified genomic DNA from the following common cereal pathogens listed in Table 1: A.
cerealis, D. sorokiniana, F. graminearum, F. culmorum, M. nivale, P. herpotrichoides R- and
W-pathotypes, S. nodorum, C. herbarum, S. tritici, C. arachidicola and H. sativum. Similar
diagnostic results are obtained with the primer combination ITS1 (SEQ ID NO:1) and JB631
(SEQ ID NO:9).

While the present invention has been described with reference to specific
I embodiments thereof, it will be appreciated that numerous variations, moditications, and
o “further embodiments are possible, and accordingly, all such variations, modifications and

embodiments are to be regarded as being within the scope of the present invention.

Throughout this specification and the claims which follow, unless the context requires

otherwise, the word "comprise”, and variations such as "comprises” and "comprising”, will
be uncerstood to imply the inclusion of a stated integer or step or group of integers or

S steps but not the exclusion of any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in Australia.
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SEQUENCE LISTING
<110> Novartis AG

<120> DETECTICN OF WHEAT AND BARLEY FUNGAL PATHOGENS USING
THE POLYMERASE CHAIN REACTICN

<130> PF/5-30426/A/0GC1984

<140>
<141>

<150> Us 09/026, 601
<151> 1998-02-20

<160> 41
<170> PatentIn Ver. 2.0

<210> 1

<211> 19

<212> A

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer ITS1

<400> 1
tecgtaggtg aacctgogg 19

<210> 2

<211> 20

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer ITS2

<400> 2
getgegttet teategatge 20

<210> 3

<211> 20

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer ITS3

<400> 3

gcatogatga agaacgcage 20
<210> 4

<211> 20

<212> DN

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer ITS4

<400> 4
toctocgett attgatatge 20

<210> 5
<211> 17
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<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: M13
Universal-20 primer

<400> 5
gtaaaacgac ggcocagt 17

<210> 6

<211> 16

<212> DB

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Reverse primer
used in Exanple 2

<400> 6
aacagctatg accatg 16

i <210> 7
<211> 21
<212> INA
<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: primer JR629

<400> 7
gtactacttg ttteocttgge o 21

<210> 8

<211> 20

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB630

<400> 8
teagttgcaa tcagogtcag 20

<210> 9

<211> 21

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB631

<400> 9
tggacaagag cgcaaataat g 21

<210> 10

<211> 19

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer Jm632

<400> 10
atgaagccgg actgogata 19
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<210> 11

<211> 22

<212> DA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB633

<400> 11
atgaageegg actgggatag gg 22

<210> 12

<211> 20

<212> A

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer JB634

<400> 12
cgctgeettg coccgtetgge 20

<210> 13

<211> 17

<212> N

<213> artificial Sequence

<220>
<223> Description of Artificial Sequence:primer JE635

<400> 13
ogetgectty ceegtet 17

<210> 14

<211> 17

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB636

<400> 14
catggacgey cgaccge 17

<210> 15

<211> 20

<212> A

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence;primer JR637

<400> 15
catggacgeg cgaccgegge 20

<210> 16

<211> 18

<212> A

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB638

<400> 16
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ctecgaaace agtaggee 18

<210> 17

<211> 21

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB651

<400> 17
gatagggect cgetgecttyg ¢© 21

<210> 18
<211> 18
<212> INA
<213> Artificial Sequence

<220>
<223> Descriptian of Artificial Sequence: primer JB652

<400> 18
gatagggcct cgetgect 18

<210> 19

<211> 22

<212> XA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JRE53

<400> 19
aaggttgmaa gaagcttcat gg 22

<210> 20
<211> 25
<212> INA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB654

<400> 20
caaaaggtty aaagaagctt catgy 25

<210> 21

<211> 18

<12> DA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB65S5

<400> 21

aageeggact gggatagg 18
<210> 22

<211> 18

<212> A

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JBE56
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<400> 22
caasaggttg amagaagc : 18

<210> 23

<211> 18

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB657

<400> 23
geeggactgy gataggge 18

<210> 24

<211> 18

<212> INA

<213> artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB658

<400> 24
ggactgggat agggectc 18

<210> 25

<211> 19

<212> A

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB659

<400> 25
gaagctteat ggacgegey 19

<210> 26

<211> 18

<212> A

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB660

<400> 26
ggcgagtcete ggoagaga 18

<210> 27

<211> 21

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JB675

<400> 27
geccggactoy gatagggect ¢© 21

<210> 28

<211> 21

<212> INA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer JR676
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<400> 28 )
ggcgagtcte gugagagaga ¢ 21

<210> 29
<211> 579
<212> A
<213> Pyrenophora tritici-repentis

<400> 29

teogtaggty aacctgogga gggatcatta cacasataty aagecggact gggataggge 60
ctogetgect tgecegtetg gogecatatt cacccatgte tttttgogta ctacttgttt 120
cecttggegyg teogoccgee aattggacct tattcasacce titttttcag ttgcaatcag 180
cgtcagcana acaaatgtaa tcaattacaa ctttcaacaa cggatctctt ggttctggea 240
togatgaaga acgeagcgaa atgcgataag tagtgtgaat tgcagaattc agtgaatcat 300
cgaatcttty aacgeacatt gegeoctttg gtattccaaa gggcatgect grtogagogt 360
catttgtacc ctcaagettt gettggtgtt gggegtettg totetetece gagactogee 420
ttasmatcat tggcagoogg cctactgott toggagegea geacattatt tgegetettg 480
tecageegeg gtegogogte catgaagett ctttcaacct tttgaccteg gatcaggtag 540
ggatacccge tgaacttaag catatcaata ageggagga 579

<210> 30
<211> 579
<212> INA
<213> Pyrenophora tritici-repentis

<400> 30

tcogtaggty aacctgogua gggatcatta cacaaatatg aagecggact gggataggge 60
ctegetgect tgeccgectg gogecatatt cacccatgte tttttgogta ctacttgttt 120
ccttggeggy tecgecogee aattggacct tattcaaacc ttttttteag ttgcaatcag 180
cgtcagcaaa acaaatgtaa tcaattacaa ctttcaacsa cggatctett ggttctggea 240
tegatgaaga acgoagogaa atgogataag tagtgtgaat tgeagaattc agtgaatcat 300
cgaatcttty aacgeacatt gegecectttg gtattcecaaa gugcatgect gttogagegt 360
catttgtace ctcaagottt gettggtgtt gggeogtettg tctctcteee gagactcgee 420
ttaaaatcat tggcagecgg cotactggtt teggagegea geacattatt tgegetettg 480
tecagecgey gtegegogte catgaagett ctttcaacct tttgaccteg gatcaggtag 540
ggatacccge tgaacttaag catatcaata agoggagga 579

<210> 31

<211> 579

<212> D&

<213> Pyrencphora tritici-repentis

<400> 31 .
teegtaggty aacctgogua gggatcatta cacaaatatg aasgecggact gggataggge 60
ctegetgect tgecegtety gogecatatt cacccatgte tttttgegta ctacttgttt 120
CCtiggeggg toogoecygee aattggacct tattcaaace tttttttcag ttgeaatcag 180
cgtcagcaaa acasatgtaa tcaattacaa ctttcaacaa cggatctctt ggttctggea 240
tegatgaaga acgeagegaa atgogataag tagtgtgeat tgcagaattc agtgaatcat 300
cgaatcttty aacgcacatt gogocctttg gtattccaaa gggcatgect gttogagegt 360
catttgtarc ctcaagettt gettggtgtt gggegtettg totctetece gagactegee 420
ttaaaatcat tggeageegy cotactgutt teggarcgea rcacattatt tgegetetty 480
tecagecgeg gtegegegte catgaagett cttteaacct tttgaccteg gatcaggtag 540
E ggataccege cgaacttaag catatcaata ageggagga 579

<210> 32
<211> 579
- <212> INA
<213> Pyrenophora tritici-repentis

<400> 32

tcegtaggty aacctgegua gguatcatta cacasataty aagooggact gggataggge 60
ctogetgeet tgoccgtetg gogecatatt cacccatgte tttttgogta ctacttgttt 120
ccttggeggy toegeccgee aattggacct tattcaaace tttttttoag ttgcaatcag 180
cgtcageaaa acaaatgtaa tcaattacaa ctttcaacaa cggatctctt ggttctggea 240
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tegatgaaga acgcagogea atgegataag tagtgtgaat tgeagaattec agtgaatcat 300
cgaatcttty aacgeacatt gegeectttg gtattecaaa gggeatgect gttegagogt 360
catttgtacc ctcaagcttt gettggtgtt gggegtetty tetctetece garactegee 420
ttaasatcat tggeageogy cctactggtt toggarcgea geacattatt tgegetettg 480
tecageegeg grogegegte catgaagett ctttcaacct tttgaccteg gatcaggtag 540
guataccoge tgaacttaag catatcasta agoggagga 579

<210> 33

<211> 580

<212> A

<213> Pyrenophora tritici-repentis

<400> 33

teocgtaggtg aacctgogga gggatcatia cacaaatatg aagecggact gggataggge 60
ctegetgect tgooegtctg gegecatatt cacccatgte tttttgegta ctacttgttt 120
cettggeggy toogocogee aattggacct tattcaaace tttttttcag ttgeaatcag 180
cgtcagcasa acaaatgtaa tcaattacaa ctttcaacaa cggatctctt ggttetggea 240
tegatgaaga acgeagogaa atgegataag tagtgtgeat tgcaggattc agtgaatcat 300
cgaatcttty aacgcacatt gegeectttg gtattccasa gggeatgect gttogagega 360
catttgtacc ctcaagettt gettggrgtt gggegtetty totetecteoe nraractege 420
Cttazaawan ttggomreeg gectactggt ttosgagmge ageacattat ttgegetctt 480
gtccageoge ggtegegegt ccatgaaget tetttcaace ttttgaccte goatcaggta 540
gggatacceg ctgaacttaa gcatatcaat aageggagga 580

<210> 34

<211> 579

<212> INA

<213> Pyrenophora tritici-repentis

<400> 34

teogtaggty aacctgegga gggatcatta cacaaataty aagecggact ggoataggge 60
ctegetgect tgeecgtetyg gogocatatt cacccatgte tttttgogta ctacttgttt 120
ccttggeguy toegecogee asttggacet tattcaasce ttttttteag ttgeaatcag 180
cgtcageaas acasargtaa tcaattacaa ctttcaacaa cggatctett ggttetggoa 240
tegatgaaga acgcagogaa atgogataay tagtgtgaat tgcageattc agtgaatcar 300
cgaatctttg aacgeacatt gegecctttyg gtattccasa gggcatgect gttogagegt 360
catttgtace ctcaagettt gettggtott gggeogtetty totetoteee gagactegee 420
ttassatcat tggcageegy cotactggtt teguyarcgea geacattatt tgogetcttg 480
tecageogeg gtegegogte catgaagett ctttcaacct tttgaccteg gatcaggtag 540
ggataccege tgaacttaag catatcaata ageggagga 579

<210> 35

<211> 580

<212> NA

<213> Pyrenophora tritici-repentis

<400> 35

teogtaggtg aacctgegga gugatcatta cacasataty aagecggact gggatagggc 60
ytegetgeet tgeeogtetg gogocatatt cacceatgte ttttkgegta mtamttgttt 120
ccttggeggg teegecegee aattggacct tattcasace ttttttteag ttgeaatcag 180
cgtcagcasa acaaatgtaa tcaattacaa ctttcaacaa cggatctett ggttctggca 240
tegatgaaga acgcagegaa atgegataag tagtgtgaat tgcagaattc agtgaatcat 300
cgaatctttg aacgeacatt gegecctttg gtattccasa gggeatgect gttegagogt 360
catttgtacc ctcaagcttt gettggtgtt gggegtettg tototetoce gagactegee 420
ttasaatcat tgggcageeg gectactgot tteggagmge ageacattat ttgogotcott 480
gteeageege ggtegogegt ceatgaaget tetttcaace ttttgaccte ggatcaggta 540
gggatacceg ctgasacttaa geatatcaat aagoggagga 580

<210> 36

<211> 579

<212> INA

<213> Pyrenophora tritici-repentis

<400> 36
tecgtagytg aacctgogga gogatcatta cacasatatg aagecggact gggataggge 60
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ctegetgeet tgocegtoty gogoeatatt cacccatgte tttttgegta ctacttgeet 120
ccttggeggg tecgecogee aattggacct tattcaaace ttttttteag ttgcaatcag 180
cgtcageasa acasatgtaa tcaattacas ctttcaacaa cggatctctt gottctggea 240
togatgaaga acgragogaa atgegataag tagtgtoaat tocagaattc agtgaatcat 300
cgaatettty aacgcacatt gogeectitg gtattccasa gggcatgect gttogagegt 360
catttgtacc ctcaagcttt gettggtgtt gggegtettg tetetetece gagactegee 420
ttaaaatcat tggeagocgy cctactggtt toggagegea goacattatt tgogetcttg 480
tecagecgey gtegegogte catgeagett ctttcaacct tttgaccteg gatcaggtag 540
grataccoge tgaacttaag catatcaata agoggagga 579

<210> 37

<211> 580

<212> A

<213> Pyrenophora tritici-repentis

<400> 37

teegtaggtg aacctgegge gggatcatta cacasatatg aagecggact gggataggge 60
ctcgetgoct tgeccgtetyg gogecatatt cacccatgte tttttgogta ctacttgttt 120
ccttggeggy tcegeccgee aattggacct tattcamace tttttttmca gttgeaatca 180
gsgtcagcaa aacagatgta atcaattaca actttcaaca acggatctct tggttetgge 240
atcgatgaag aacgcagoga aatgogataa gtagtgtgaa ttgcagaatt cagtgaatca 300
tegaatcttt gaacgcacat tgogeccttt ggtattccaa agggeatgee tgttogagey 360
tecatttgtac cctcaageott toocttgotgt tggstotett gtetctotoe cgagactege 420
cttaaaatca Lrggcageeg gectactogt ttoggagege agcacattat ttgogetett 480
gtycarcege ggtegegogt ccatgaaget totttcaacc ttttgacctc ggatcaggta 540
gggatacceg ctgaactwaa geatatcaat aagogoarga 580

<210> 38
<211> 579
<212> INA
<213> Pyrenophora tritici-repentis

<400> 38

tocgtaggty aacctgegga gggatcatta cacaaatatg aagecggect gggataggge 60

ctegetgect tgecegtotg gogecatatt cacccatgte tttttgoegta ctactetgttt 120
cettggeggg toogecogoe aattggacct tattcaaace ttttttteag ttgeaatcag 180
cgtcageaaa acaaatgtaa tcaattacaa ctttcaacaa cggatctett ggttotggea 240
togatgaaga acgcagogaa atgegataag tagtgtgaat tgeagaatte agtgaatcat 300
cgaatctttg aacgcacatt gegooctttg gtattccaaa gggcatgect gttogagegt 360
catttgtacc ctcaagcttt gettggtgtt gggogtetty tetctctece gagactegee 420
ttasaatcat tgucagcegy cotactggtt toggagegea goacattatt tgogetcttg 480
tycageegeg gtegegegte catgaagett ctttcaacct tttgaccteg gatcaggtag 540
ggatacecge tgaacttaag catatcaata agesgarga 579

<210> 39

<211> 587

<212> A

<213> Pyrenophora tritici-repentis

<400> 39

tcogtaggtg aacctgogga nggatcatwa cacaaatatg amcoggact gggatagage 60
ctegetgeet tgeccgtetg gogecatatt cacccatgty tntttgeogta ctamttgttt 120
ccttggeggg teogecogee aattggacet tattcaaace ttttttteag ttgeaatcag 180
cgtcagcaaa acaaatgtaa tcaattacaa ctttcaacaa cggatctett ggttetggea 240
tcgatgaaga acscagogaa atgegataag tagtgtgaat tgcagaattc agtgeaatca 300
tcgaatcttt gasacgeaca ttgogecCtt tggtatweca aaggucatge ctgttegage 360
gtcatttgta ccctecaage tttgecttgg gtgttgggeg tottgtotet ctoccsagac 420
togoyttaaa atcattggge agesgoecta ctggtttocg gagegearca matttatttg 480
csctettgte mascegoggt cgogogtoca tgaarcttct tytaaccttt tgacctogga 540
teaggtaggg ataccogety aacttaagea tatcaataag oggagga 587

<210> 40
<211> 580
<212> NA

<213> Pyrencphora tritici-repentis
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<400> 40 :

tccgtagyty aacctgegga gggatcatta cacasatatg aagecggact gggataggge 60
cteogetgect tgocogtetg gogecatatt cacccatgte tttttgsgta ctactkgttt 120
ccttogeggg tocgecogec aattggacet tattcaaacy tttttitteag ttgeaatcag 180
cgtcagcaaa acasatgtaa tcaatkacaa ctitcaacaa cggatctete ggttctggea 240
tegatgaaga acgeagogaa atgegataag tagtgtgaat tgcagaattc agtgeatcat 300
cgaatctttg aacgeacatt gogocctttg grattccaaa gggeatgect gttogagogt 360
catttgtacc ctcaagcttt gettggtgtt gggogtetty tctctetoce garactogec 420
ttazaatcat tggrageogg cctactggtt toggagegea geacattatt tgogetetty 480
tecageegeg gtocsescgt ccatgaaget totttecaace ttttgamctc ggatcaggta 540
gggatacceg ctgaacttaa geatatcaat aageggagya 580

<210> 41

<211> 590

<212> INA

<213> Pyrenophora teres

<400> 41

tecgtaggtg aacctgegga gggatcatta cacasatatg aaggeagatt gogtagtocc 60

cgsttttggg ggtttgooca ttetggegee atattcacec atgtottttg cgtactactt 120
gtttcoettgy cgggetogee cgecaattgg actttattea aacctttttt tattgeaatc 180
agegtcagea aaacaatgta atcaattaca actttcaaca acggatctct tggttctgge 240
atcgatgaag aacgcagoga aatgegataa gtagtgtgaa ttgcagaatt cagtgeatca 300
togaatcttt gaacgcacat tgogeecttt ggtattccaa agggeatgec tgttogageg 360
teatttgtac cctcaagett tgettggtgt tgggoghbctt ttgtctetce cocgagacte 420
gccttasasa cattggcage oggoctactg gtttoggage geageacatt atttgegote 480
ttgtycagee geggtegoge gtocatgaag cottttttit tttteagoet tttgactcte 540
ggatcaggta gygatacceg ctgaacttaa geatatcaat aageugagga 580
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated, substantially pure DNA molecule from the ribosomal RNA gene region
of a fungal pathogen, wherein said DNA molecule comprises at least one of ITS1 and
ITS2 of Pyrenophora tritici-repentis.
2. A method for detecting Pyrenophora tritici-repentis, comprising:.
(a) determining the nucleotide sequence of the DNA molecule of claim 1;
(b) designing at least one PCR primer having sequence identity with at least
10 nuclectides of the nucleotide sequence determined in (a);
(c) isolating DNA from plant tissue suspected to be infected with Pyrenophora
tritici-repentis;
(d) subjecting the DNA of (c) to polymerase chain reaction amplification using
the primer or primers of (b); and
() detecting Pyrenophora tritici-repentis by visualizing the product or products

of the polymerase chain reaction amplification of (d).

3. Aninternal Transcribed Spacer sequence isolated from the ribosomal RNA gene
region of Pyrenophora tritici-repentis, wherein said Internal Transcribed Spacer sequence is
selected from the group consisting of: nuclectides 31-208 of SEQ ID NO:29; nucleotides
366-526 of SEQ ID NO:29; nucleotides 31-208 of SEQ ID NO:30; nucleotides 366-526 of
SEQ ID NO:30; nucleotides 31-208 of SEQ ID NO:31; nucleotides 366-526 of SEQ ID
NO:31; nucleotides 31-208 of SEQ ID NO:32; nucleotides 366-526 of SEQ ID NO:32;
nucleotides 31-208 of SEQ ID NO:33; nucleotides 366-527 of SEQ 1D NO:33; nucleotides
31-208 of SEQ ID NO:34; nuclectides 366-526 of SEQ ID NO:34; nucleotides 31-208 of
SEQ ID NO:35; nucleotides 366-527 of SEQ ID NO:35; nucleotides 31-208 of SEQ ID
NO:36; nucleotides 366-526 of SEQ ID NO:36; nucleotides 31-209 of SEQ ID NO:37;
nucleotides 367-527 of SEQ ID NO:37; nucleotides 31-208 of SEQ ID NO:38; nucleotides
366-526 of SEQ ID NO:38; nucleotides 31-208 of SEQ ID NO:39; nucleotides 368-534 of
SEQ 1D NO:39; nucleotides 31-208 of SEQ ID NO:40; and nucleotides 366-527 of SEQ ID

NO:40; and nucleotides 31-209 of SEQ ID NO:41; and nucleotides 367-536 of SEQ D
NO:41.
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4. An oligonucleatide primer for use in the amplification-based detection of a fungal
Internal Transcribed Spacer DNA sequence, wherein said primer is selected from the
group consisting of SEQ ID Nos:7-28.
5. A pair of oligonucleotide primers for use in the amplification-based detection of a
fungal Internal Transcribed Spacer DNA sequence, wherein at least one of said primers is
the oligonucleotide primer of claim 4. '
6. A pair of oligonucleotide primers according to claim 5, wherein said pair is selected
from the following primer pairs;
SEQ ID NO:7'and SEQ ID NO:9;
SEQ ID NO:11 and SEQ ID NO: 15;
SEQ ID NO:7 and SEQ ID NO:14;
SEQ ID NO:1 and SEQ ID NO:9;
SEQ ID NO:8 and SEQ ID NO:4;
— SEQID NO:17 and SEQ ID NO:20;
SEQ ID NO:18 and SEQ ID NO:19;
SEQ ID NO:1 and SEQ ID NO:19;
SEQ ID NO:7 and SEQ ID NO:19;
SEQ ID NO:8 and SEQ ID NO:19;
SEQ ID NO:10 and SEQ 1D NO:19;
SEQID NO:13 and SEQ ID NO:19;
SEQ ID NO:23 and SEQ ID NO:26;
SEQ ID NO:23 and SEQ 1D NO:19;
SEQ ID NO:24 and SEQ ID NO:19; and
SEQ ID NO:27 and SEQ ID NO:28.
7. A diagnostic kit used in detecting a fungal pathogen, comprising at least one
primer according to claim 4,
8. A method for the detection of a fungal pathogen, comprising:
(a) isolating DNA from a plant leaf suspected to be infected with a fungal
pathogen;
(b) subjecting said DNA to polymerase chain reaction amplification using at
least one primer according to claim 4, and
(c) detecting said fungal pathogen by visualizing the product or products of
said polymerase chain reaction amplification.
9. The method of claim 8, wherein said fungal pathogen is Pyrenophora tritici-
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repentis.
10.  The method of claim 8, wherein said fungal pathogen is Pyrenophora teres.
1. The method of claim 8, wherein said fungat pathogen is Drechslera sorokiniana.
12. A method for detecting Pyrenophora tritici-repentis, comprising:

5 (a) designing at least one PCR primer having sequence identity with at least
10 contiguous nuclectides of the Internal Transcribed Spacer sequence of
claim 3; »

(b) isolating DNA from plant tissue suspected to be infected with Pyrenophora
tritici-repentis,

10 (c) subjecting the DNA of (b) to polymerase chain reaction amplification using

the primer or primers of (a); and
(d) detecting Pyrenophora tritici-repentis by visualizing the product or products
of the polymerase chain reaction amplification of (c).

- 13. . Amethod for detecting Pyrenophora tritici-repentis, comprising:

sevs 15 (a) designing at least one polynucleotide label probe comprising:

(i) a nucleic acid region having a sequence that is complementary to at
least 10 contiguous nuclectides of the Internal Transcribed Spacer
sequence of claim 3; and

(ii) a label portion comprising either a label that provides a signal when

feen 20 said probe hybridizes with another nucleic acid molecule, or a

binding site for said label;

(b) isolating DNA from plant tissue suspected to be infected with Pyrenophora

ezenel tritici-repentis;
:“.'g (c) hybridizing the DNA of (b} with the probe or probes of (a); and
veeest 25 (dy  detecting Pyrenophora tritici-repentis by detecting the label, wherein

detection of the label indicates that the hybridization of (c) has occurred.
14. A method for detecting Pyrenophora tritici-repentis, comprising:
(a) isolating DNA from a plant leaf suspected to be infected with Pyrenophora

tritici-repentis; '
30 (b)  amplifying a part of the Internal Transcribed Spacer sequence of
Pyrenophora tritici-repentis using said DNA as a template in a polymerase
chain reaction with a pair of oligonucleotide primers according to claim 6;
and

(c) detecting Pyrenophora tritici-repentis by visualizing the amplified part of the

| v
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Internal Transcribed Spacer sequence.

15. A pair of oligonucleotide primers according to claim 6, wherein said pair is either
SEQ ID NO:1 and SEQ ID NO:9; or
SEQ ID NO:1 and SEQ ID NO:19.

16. A method for detecting Pyrenophora teres, comprising:

(a) isolating DNA from a plant leaf suspected to be infected with Pyrenophora
teres;

(b) amplifying a part of the Internal Transcribed Spacer sequence of
Pyrenophora teres using said DNA as a template in a polymerase chain
reaction with a pair of oligonucleotide primers according to claim 15; and

(c) detecting Pyrenophora teres by visualizing the amplified part of the Internal

’ Transcribed Spacer sequence.
17. A pair of oligonucleotide primers according to claim 6, wherein said pair is SEQ ID
NO:8 andSEQ ID NO:4.
18. A method for detecting Drechslera sorokiniana, comprising:

(a) isolating DNA from a plant leaf suspected to be infected with Drechslera
sorokiniana, .

(b) amplifying a part of the Internal Transcribed Spacer sequence of
Drechslera sorokiniana using said DNA as a template in a polymerase
chain reaction with a pair of oligonucleotide primers according to claim 17;
and '

(c) detecting Drechslera sorokiniana by visualizing the amplified part of the
Internal Transcribed Spacer sequence.

19.  Anisolated, substantially pure DNA molecule from the ribosomal RNA gene region
of a fungal pathogen according to claim 1, substantially as hereinbefore described with
reference to the Examples.

20. A method of detecting Pyrenophora tritici-repentis according to any one of claims
2,12, 13 and 14, substantially as hereinbefore described with reference to the Examples.
21.  An Internal Transcribed Spacer sequence according to claim 3, substantially as
hereinbefore described with reference to the Examples.

22, An oligonucleotide primer for use in the amplification-based detection of a fungal
internal Transcribed Spacer DNA sequence according to claim 4, substantially as
hereinbefore described with reference to the Examples.

23. A diagnostic kit according to claim 7, substantially as hereinbefore described with
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reference to the Examples.

24. A method for the detection of a fungal pathogen according to claim 8, substantially
as hereinbefore described with reference to the Examples.

25. A method for detecting Pyrenophora teres according to claim 16, substantially as
hereinbefore described with reference to the Examples.

26. A method for detecting Drechslera sorokiniana according to claim 18, substantially

as hereinbefore described with reference to the Examples.

DATED this 5th day of December, 2001
Syngenta Participations AG

By DAVIES COLLISON CAVE
Patent Attorneys for the Applicants !
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