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Title: Methods of detecting root knot nematodes.

FIELD OF THE INVENTION

The invention relates to methods for detecting root knot nematodes.
In particular, the invention relates to methods for detecting nematode species
of the genus Meloidogyne, more particularly those species that qualify as

agricultural pests.

BACKGROUND OF THE INVENTION

Root knot nematodes (RKN), or, in taxonomic terms, nematodes of
the genus Meloidogyne, belong to the single most successful plant parasitic
organisms of our planet. Their host range encompasses more than 1,000 plant
species and their presence in crops affects both crop quality and crop
production. This, in combination with their worldwide distribution, ranks
them among the major plant pathogens.

The genus Meloidogyne comprises numerous species that are
morphologically very alike. In geographic terms, the genus can be divided into
species of tropical and of temperate climatic zones (hereinafter referred to as
tropical and temperate species, respectively).

From an economic point of view the most relevant RKN species
native to North-Western Europe are the temperate species Meloidogyne fallax,
M. chitwoodi, M. naast, M. hapla and M. minor. M. fallax and M. chitwoodi are
classified as quarantine species by the European and Mediterranean Plant
Protection Organization (EPPO), as they affect all major crops in North-
Western Europe including potato, corn, sugar beet and tomato. A quarantine
species is an official qualification for a plant parasitic species whose entry into
an area is to be prevented and/or whose spread in an area is to be controlled
due to its economic impact. ‘

In principle, the climate of many important agricultural areas in the
world, for instance that of North-Western European, is too cold for the

‘tropical’ root knot nematode species M. incognita, M. javanica, and
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M. arenaria. Nevertheless, populations of these species are known to establish
themselves in greenhouses and the hydroponic cultivation systems based on
closed circuit recirculation used therein allow infections with these RKN to
spread rapidly. Serious economical damage can for instance be encountered in
rose flower production. A sensitive detection system is therefore also needed
for these species.

The possibilities for the monitoring and control of RKN are greatly
affected by the organism’s life cycle. The life cycle of RKN includes 4 juvenile
stages (J-1 through J-4) and an adult life stage (Z and Q). RKN develop into J-
2’s within the egg. After hatching, the pre-parasitic J-2 is free living in soil in
search of a suitable plant root. The J-2 penetrates the root, attaches to self-
induced feeding cells, and reaches adulthood after three successive moults,
either as male or female. The female remains immobilized and produces
several hundreds of eggs, which - in case of sexual reproduction - are fertilized
by free-living males. The embryos develop into J-1s, which subsequently moult
into J-2s. Only two life stages can therefore be encountered outside the plant
root: the J-2 and adult male.

In order to identify RKN that may be present on a commodity, it is
necessary to extract specimens from the roots, tubers or from the surrounding
soil (growing medium or substratum in greenhouses). In practice this means
that a sample must be searched under the microscope for the presence of the
species of interest. A typical procedure starts with the isolation of J2's or males
from soils, or females from plant tissues by means of a dissecting microscope.
For microscopic identification, specimens are examined mounted in fixative.
Identification to species level is based on morphological characteristics and is
tentative at best. The number of informative morphological characteristics of
juveniles is very limited when compared to adults, which hampers the
microscopic identification of the RKN, especially in soils. Microscopic
identification of RKN is therefore laborious, time consuming and can be

performed only by highly trained experts since it is based on a few subtle
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morphological characteristics of nematode worms that form a rare occurrence
within a huge background of non-target nematodes.

Moreover, in official programs, confirmation of a positive
identification for the presence of M. chitwoodi or M. fallax is required by using
a dedicated isozyme test. The isozyme test for confirmation of RKN
identification is based on the relative movements (RM%) of the individual
isozymes malate dehydrogenase (Mdh, EC 1.1.1.37) and esterase (Est, EC
3.1.1.1) of young egg-laying Meloidogyne females in an electrophoresis gel.

If young egg-laying females cannot be detected and isolated, one has
to try and detect second-stage juveniles, males or even eggs in the soil sample.
As indicated, above, that is no easy task, and may result in false negative test
results.

One way of circuinventing the problem of morphological
identification is to use PCR methods. The presently available PCR methods
are based on detecting M. chitwoodi- or M. fallax-specific sequence differences
in either the internal transcribed spacers (ITS) or the intergenic spacer (IGS),
located, respectively, between and at the end of the repeating array of genes in
the ribosomal DNA gene locus. Since these regions do not encode any product,
they can evolve at a faster rate than the ribosomal coding regions, and the
increased level of variation in these regions, compared to the rRNA genes
themselves, makes them in principle suitable for detecting genetic variation
within a genus, and to distinguish between species. However, the available
tests are restricted to M. chitwoodi and M. fallax and they are virtually useless
when performed in soil that contains a myriad of different nematodes with
unknown responses to these tests.

Thus, in summary there are a number of problems associated with
the prior art methods for detecting and identifying RKN in sample material:

- The detection of the RKN and thus of its associated disease in
plant material by microscopic detection methods is hampered by the scarcity of

informative morphological characteristics between the species in general and
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between the juvenile stages in particular. The morphological differences with
other RKN are so subtle, that only expert eyes can spot the odd M. _chitwoodi
or M. fallax in a soil sample of can distinguish M. chitwoodi from M. fallax.

- The detection of the RKN and thus of its associated disease in soil
material is hampered by the scarcity of the causative agents in the soil. RKN
spent only a very small part of their life cycle in soil and natural soil nematode
populations are dominated by bacterivorous and fungivorous nematodes. As a
result, the sporadic RKN target must be detected among thousands of non-
target organisms.

- If microscopic methods indicate the possible presence of M.
chitwoodi or M. fallax in plant or soil material, isozyme test are required for
confirmation. This lengthens an already lengthy analysis.

- The presently fivailable PCR methods are restricted to the
detection of either M. chitwoodi or M. fallax, and are useless in crude soil
samples.

It is an aim of the present invention to provide a detection system
for RKN, and more in particular a system for the detection of specific species of
RKN, as such resolution is required for compliance with government
regulations aiming to control transport of material which may pose a threat to
agriculture. Therefore, it is an aim of the present invention to provide a test
for all economically important species of RKN, not limited to detection of M.
chitwoodi or M. fallax.

It is another aim of the present invention to provide a detection
system that can be applied to any sample, including nucleic acid samples from
unidentified nematodes, root or tubers of crops, and even soil.

It is still another object of the present invention to provide a reliable
and reproducible detection method that can be performed fully independent
from sample screenings based on morphological features of nematodes, gﬁd

which can be performed by persons of average skill.
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It is yet another aim of the present invention to provide a test
system that is fast, and provides sufficient sensitivity to detect very low
numbers of target RKN in a sample, thus preventing false-negative test
results.

It is still a further aim to provide a test system that is specific and
does not suffer from cross-reactivity with non-target materials, for instance
with other free-living soil nematodes present in a sample, thus preventing

false-positive test results.

SUMMARY OF THE INVENTION

While the prior art methods test a sample for the presence of
species-specific ITS or IGS sequences or for the presence of a species-specific
isoenzyme profiles, the preéent invention now solves the above problems by
providing a method of testing a sample wherein the presence of groups of
Meloidogyne nematodes is tested based on sequence similarities in their
ribosomal RNA genes. This diverging approach, however, has as an effect that
species specific identification possibilities unexpectedly emerge due to the
possibility to compare the test result of a subsequently performed species-
specific detection, now based on sequence differences in those genes, with the
results of the group-specific test.

Thus, the present inventors have now discovered that, contrary to
expectation, ribosomal RNA gene sequence data provide a very powerful basis
for the development of a method of testing a sample for the presence of the
economically most important species of Meloidogyne nematodes, i.e. those
species that cause the greatest harm to agriculture. It has now been found that
a very advantageous testing system can be provided wherein the test, instead
of detecting a single species, is based on detection of a group of nematodes
consisting of a group of target species. Thus, based on comparative sequence
analysis between known RKN pests and other nematodes, a very reliable

detection method for certain groups of root knot nematodes could be developed
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in which cross-reactivity with non-target (background) populations could
essentially be prevented, thus providing a test system of high speciﬁcity, which
can detect the target-group (including the species) in a complex population
(such as a soil sample) consisting of essentially non-target nematodes.

This finding was unexpected since many RKN species reproduce
asexually or clonally (females produce daughters from unfertilized eggs), which
results in a very high level of intra-species differentiation, wherein large
differences can exist between separated populations of one and the same
species. For instance, the genome of the tropical RKN species Meloidogyne
incognita can be diploid (2n), triploid (3n) or tetraploid (4n), and her
chromosome numbers can range between 32 and 46. With such high inter-
species variation, the level ‘of inter-species variation can be expected to be even
higher. Therefore, it cannot be predicted whether molecular features can be
found that are either unique to the species, or shared between species but
unique to a group of species, while they are completely absent in other
nematodes.

As stated above, while the present method is essentially based on
the detection of groups of species, instead of individual species, this does in no
way limit the application of the method for the detection of individual species
of RKN. On the contrary, by combining the test method with an additional test
having a resolution at the species level, it may be determined which species
was initially detected by using the group-detection approach. An important
additional advantage of a detection system with such a step-wise increase in
resolution is that the second test may be used for confirmation purpose in case
the first is positive. The details of this combination of tests will be described in
more detail below.

In a first aspect, the present’invention now provides a method of
testing a sample for the presence of a Meloidogyne nematode, said method
comprising the step of analyzing the nucleic acid in said sample for the

presence of an rRNA gene of a Meloidogyne nematode, or the transcription
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product thereof, or a fragment thereof, comprising at least one single
nucleotide polymorphism (SNP) and/or at least one oligonucleotide _
polymorphism (OP) that is essentially unique on phylum level to a specific
group of Meloidogyne nematode species of which said Meloidogyne nematode is
a member, wherein said step of analyzing said nucleic acid involves a nucleic
acid hybridization assay, and wherein said group comprises:

a. the species M. chitwoodi, M. fallax and M. minor;

b. the species M. naasi, M. oryzae and M. graminicola;

c. the species M. hapla, M. microtyla, M. ardenensis, M. maritime and
M. duytsi; and/or

d. the species M. incognita, M. arenaria and M. javanica.

The step of analyzing the nucleic acid is performed by using nucleic
acid hybridization in order fo detect the group-specific SNP and/or OP, and is
not based on nucleic acid sequencing and sequence comparison to detect such
polymorphisms. This provides for a very rapid assay system.

Due to the high specificity of the test and the group-specific
character of the polymorphisms on which the detection is based, the various
groups a-d as defined above may be detected in a single assay wherein one or
more groups are detected together.

Preferred embodiments of a method of testing include those wherein
the presence of a species that is a member of one of said groups under a-d,
more preferably said group under a., is tested. In an alternative preferred
embodiment, the presence of a species that is a member of said group under a.
and the presence of a species that is a member of said group under b. is tested
in combination. In another alternative preferred embodiment, the presence of
a species that is a member of said group under a. is tested and the presence of
a species that is a member of said group under c. is tested in combination. In
another alternative preferred embodiment, the presence of a species that is a
member of said group under a. is tested and the presence of a species that is a

member of said group under d. is tested in combination. Thus, alternative
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preferred embodiments include testing of 2 species belonging to different
groups. Alternatively, a test may encompass the testing of two speqies from a
single group (both being group members), wherein the presence of one over the
other, or the presence of both together is tested by performing species-specific
tests either subsequently or simultaneously in a single assay format with a
group-specific test. The skilled person will understand that many combinations
of tests may be performed using the group-specific assays of in the present
invention. ‘

Almost invariably, soils are inhabited by a high number of nematode
species (100-1,000 species for a standard soil sample). Hence, in most cases
root knot nematodes constitute only a small fraction within a pool of non-
targets: other plant parasites and, mainly, so-called free living nematodes. The
suitability of a polymorphiém in an rRNA gene sequence for the present
purpose 1is primarily determined by its ability to reliably distinguish a specific
group of RKN species comprising at least one species of interest, preferably M.
arenaria, M. chitwoodt, M. fallax, M. hapla, M. incognita, M. javanica,

M. minor or M. naasi, from other free-living nematodes. It was found that
polymorphic nucleotide positions in the rRNA gene can be selected that
separate the economically most important RKN species from the majority of
free-living nematodes. Such an approach would not have been feasible based
on ITS or IGS sequence data.

Since phylogenetic analyses based on DNA sequence data utilize a
similar principle for clustering of genes according to similarity, the groups may
suitably be selected according to phylogenetic lineage. However, this is not
essential. For instance, certain polymorphism may be common among the
Meloidogyne nematodes and thus at first site appear of little value. Yet, they
may provide discriminatory power towards other free-living nematodes. A
more detailed explanation of the selection of suitable polymorphisms is

provided below.
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It was found that a very suitable first group comprises the species
M. chitwoodi, M. fallax and M. minor. Thus, in a preferred embodiment the
method is based on the detection of group-specific single nucleotide
polymorphisms (SNP\s) and/or group-specific oligonucleotide polymorphisms
(OPs), i.e. polymorphisms that M. chitwoodi, M. fallax and M. minor have in
common.

A surprising effect of the present invention is now that while this
method does not attempt to detect individual species (e.g. M. chitwoodi or M.
fallax), it is by virtue of the partitioning polymorphisms among a number of
species, which polymorphisms set these species apart from free-living
nematodes, that such species can be reliably detected with high specificity and
sensitivity among the background of free-living nematodes in a soil sample.
The groups need not neceséarily comprise only RKN, nor do they necessarily
need to contain only economically important RKN for the test to be of value.
Rather, it is essential to provide a reliable indication of the presence or
absence of a relatively small group of organisms which includes one or more
RKN species of interest, to the exclusion of others. Subsequently, if necessary,
a more detailed test may follow, in order to identify which species of the group
is responsible for the positive test result.

While a first group may for instance comprises the species M.
chitwoodi, M. fallax and M. minor, a second group may suitably comprise the
species M. naast, M. oryzae and M. graminicola, A third group may suitably
comprise the species M. hapla, M. microtyla, M. ardenensis, M. maritime and
M. duytsi, while a fourth group may suitably comprise the species M.
incognita, M. arenaria and M. javanica. In this way a system can be developed
with which the economically most important RKN can be detected by testing
for only 4 different groups of RKN species, optionally followed by one or more
species-specific test.

In a preferred embodiment, the group-specific single nucleotide

polymorphism (SNP) and/or group-specific oligonucleotide polymorphism (OP)
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is a polymorphisms in the sequence of the small subunit (SSU or 18S)
ribosomal RNA gene. Thus, the group-level resolution test is prefex_‘ably based
on SSU rRNA gene sequence data.

In another preferred embodiment, the species-specific single
nucleotide polymorphism (SNP) and/or species-specific oligonucleotide
polymorphism (OP) is a polymorphisms in the sequence of the large subunit
(LLSU; 28S and/or 5.8S) ribosomal RNA gene sequence. Thus, the species-level
resolution test is preferably based on LLSU rRNA gene sequence data. The one
of average skill in the art will appreciate that the group-detection may also be
based on LSU rRNA gene sequence data, while the species detection test may
for some applications be based on SSU rRNA gene sequence data.
Alternatively, both tests may be based on gene sequence data of the same
ribosomal subunit. |

In a particularly preferred embodiment of a method of the present
invention, the method comprises the step of analyzing the nucleic acid of said
sample for the presence of a gene encoding the SSU rRNA of a Meloidogyne
nematode or its transcription product having at least one single nucleotide
polymorphism (SNP) and/or at least one oligonucleotide polymorphism (OP)
specific for a group of Meloidogyne nematodes comprising at least one species
selected from the group consisting of M. arenaria, M. chitwoodi, M. fallax, M.
hapla, M. incognita, M. javanica, M. minor and M. naasi,.

In a highly preferred embodiment, said polymorphism is indicative
of: |
(a) the group comprising, preferably consisting of, the species M. chitwoodi, M.
fallax and M. minor, wherein said polymorphism is selected from the group of
polymorphisms consisting of (positions in brackets refer to corresponding
positions in Figure 6):

- OP: 39C (141C), 40A (142A), 41C (143C), 46A (151A), 47A (1524A), 48G
(153G) of SEQ ID NO: 1;
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- OP : 31T (192T), 32C (193C), 33T (194T), 34T (199T), 35T (200T), 37T
(202T) of SEQ ID NO: 2;

- SNP: 32A (677A) of SEQ ID NO: 3; and

- OP: 23G (1673G), 27T (1677T) of SEQ ID NO: 4;
and/or
(b) the group comprising, preferably consisting of, the species M. naasi, M.
oryzae and M. graminicola, wherein said polymorphism is selected from the
group of polymorphisms consisting of: |

- OP: 31T (192T), 32T (193T), 33T (194T) of SEQ ID NO: 5;

- SNP: 20T (664T) of SEQ ID NO: 6;

- OP: 22A (1043A), 24T (1045T), 25A (1046A), 28A (1049A) of SEQ ID
NO: 7; .

- OP: 41T (1353T), 42A (1354A), 43T (1355T), 44A (1356A), 45A {13574)
of SEQ ID NO: 8;

- SNP: 48G (1360G) of SEQ ID NO: 8; and

- OP: 44T (1702T), 45T (1703T), 46T (1704T) of SEQ ID NO: 9;
and/or
(¢ fhe group comprising, preferably consisting of, the species M. hapla, M.
microtyla, M. ardenensis, M. maritime and M. duytsi, wherein said
polymorphism is selected from the group of polymorphisms consisting of:

- SNP: 54A (458A) of SEQ ID NO: 10; and

- OP: 21C (1331C), 29C (1340C), 30T (1341T), 31G (1342G) of SEQ ID
NO: 11;
and/or
(d) the group comprising, preferably consisting of, the species M. incognita, M.
arenarta and M. javanica, wherein said polymorphism is selected from the
group of polymorphisms consisting of:

- OP: 55C (617C), 58T (620T), 61A (623A), 62A (626A) of SEQ ID NO:
12;

- SNP: 21A (1041A) of SEQ ID NO: 13;
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- OP: 36A (1348A), 37T (1349T), 38A (13504), 39C (1351C), 41C
(1354C), 42T (1355T), 43T (1356T) of SEQ ID NO: 14; and _
- OP: 27C (1677C), 29T (1679T), 32A (1682A), 33T (1683T), 34T (1684T),
35T (1685T) of SEQ ID NO: 15;
and wherein the presence in said gene or said transcription product of said
polymorphism is indicative of the presence in said sample of at least one
member of said group of the Meloidogyne nematode.
In a preferred embodiment of the above-described method, said
testing comprises the steps of (a) hybridizing an oligonucleotide comprising a
nucleotide sequence complementary to at least a part of the SSU rRNA gene of
a Meloidogyne nematode, a transcription product thereof, or a complementary
nucleic acid thereof under stringent conditions to said nucleic acid in said
" sample, wherein said oligonucleotide is complementary in the position of at
least one group-specific polymorphism as defined herein, and (b) detecting
whether hybridization has occurred, for instance by detecting the formation of
stable hybrids between said oligonucleotide and said nucleic acids in said
sample, wherein hybridization of said oligonucleotide is indicative for the
presence of at least one member of said group of the Meloidogyne nematode.

In a preferred embodiment of such a method, the oligonucleotide is
detectably labelled. More preferably, the oligonucleotide is labelled with a
reporter dye and a quenching dye.

In another preferred embodiment of a method of the invention, said
testing comprises determining the nucleic acid sequence of at least a portion of
said a gene encoding the SSU rRNA of a nematode or its transcription product
that comprises the group-specific polymorphism. Preferably, such
determination of the nucleic acid sequence is effected by solid-phase
minisequencing.

In another preferred embodiment of a method of the invention, said
method further comprises the amplification of at least a portion of said nucleic

acid, preferably prior to analysing the nucleic acid.
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The oligonucleotide comprising the polymorphic position as used in a
method of the invention may be a probe, but is preferably an amplification
primer. In such instances, the detection of hybridization in step (b) as
described above comprises performing a nuecleic acid amplification reaction
with said amplification primer.

Preferred nucleic acid amplification reactions used in methods of the
present invention encompass quantitative PCR, more preferably "real time"
quantitative PCR. |

In another embodiment of a method of the invention prior to or
instead of analyzing the nucleic acid, at least a portion of said nucleic acid is
amplified by a nucleic acid amplification reaction, the reaction comprising
cycles of: .

(a) stringent hybridization with at least two primers sufficiently
complementary to bind to said nucleic acid under stringent
conditions of hybridization, wherein at least one primer is
complementary to the SSU rRNA gene of a group of
Meloidogyne nematodes comprising at least one species of
interest or of its corresponding transcription product or a
complement thereof in the position of at least one
polymorphism that is specific for said group, and

(b) strand elongation and denaturing,
wherein failure to generate an amplification product is indicative for the
absence of a member of said group of the Meloidogyne nematode comprising
the polymorphism, and the generation of an amplification product is indicative
for the presence of a member of said group of the Meloidogyne nematode
comprising the polymorphism.

In one highly preferred embddiment the sample used in a method of
the present invention is a soil sample.

In another highly preferred embodiment, the sample used in a

method of the present invention is a root or tuber sample.
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In yet another highly preferred embodiment, the sample used in a
method of the present invention is a nucleic acid sample isolated from a
nematode. In such an embodiment, the method relates to identification.
The method of the present invention may be extended by performing
more detailed analysis of the sample. For instance upon positive detection of a
member of said group of the Meloidogyne nematode in said sample said
method further comprises the step of testing said sample for the presence of at
least one species of Meloidogyne nematode selected from the species M.
chitwoodi, M. fallax, M. minor, M. naasi and M. hapla.
Said method may for instance comprise:
- additionally analyzing the nucleic acid of said sample for the presence of a
gene encoding the LSU rRNA of a nematode oi‘ its transcription product
having a species-specific single nucleotide polymorphism (SNP) and/or a
species-specific oligonucleotide polymorphism (OP) indicative of only one of the
species M. chitwoodi, M. fallax, M. minor, M. naasi or M. hapla.
In a preferred embodiment of such a method,
(a) the presence of M. chitwood:i is indicated by the presence of a species-
specific SNP in the LSU rRNA gene or its transcription product selected from
the group consisting of (positions in brackets refer to corresponding positions
in Figure 8):
- SNP: 36T (417T) of SEQ ID NO: 16;
- SNP: 36T (657T) of SEQ ID NO: 17;
- SNP: 33A (655A) of SEQ ID NO: 18;
- SNP: 43A (806A) of SEQ ID NO: 19;
(b) the presence of M. fallax is indicated by the presence of a species-specific
OP in the LSU rRNA gene or its transcription product selected from the group
consisting of:
- OP: 35T (647T), 43G (655G) of SEQ ID NO: 20; and
- OP: 32T (890T), 34A (895A), 38G (899G), 39A (900A), 40A (901A) of
SEQ ID NO: 21;
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(c) the presence of M. minor is indicated by the presence of a species-specific
SNP and/or a species-specific OP in the LSU rRNA gene or its transcription
product selected from the group consisting of:

- SNP: 52C (214C) of SEQ ID NO: 22;

- SNPs: 18C (420C); 34T (437T) and 61G (466G) of SEQ ID NO: 23;

- OP: 19T (539T), 20C (540C) of SEQ ID NO: 24;

- SNP: 50G (677G) of SEQ ID NO: 24;

- OP: 52G (579G), 563G (580G) of SEQ ID NO: 24;

- SNPs: 29T (614T) and 53G (640G) of SEQ ID NO: 25; and

- SNP: 33C (693C) of SEQ ID NO: 26;
(d) the presence of M. naast is indicated by the presence of a species-specific
SNP and/or a species-speciﬁc OP in the LLSU rRNA gene or its transcription
product selected from the group consisting of:

- SNP: 47A (78A) of SEQ ID NO: 27;

- SNP: 36A (147A) of SEQ ID NO: 28;

- SNP: 34C (274C) of SEQ ID NO: 29;

- SNPs: 29T (399T) and 50C (422C) of SEQ ID NO: 30;

- OP: 32T (464T), 33G (465G), 34A (466A) of SEQ ID NO: 31;

- OP: 33T (630T), 36T (633T), 37T (634T) of SEQ ID NO: 32; and

- SNP: 43C (640C) of SEQ ID NO: 32; |
and/or
(e) the presence of M. hapla is indicated by the presence of a species-specific
SNP and/or a species-specific OP in the LSU rRNA gene or its transcription
product selected from the group consisting of:

- SNPs: 25A (76A); 34C (86C) and 73A (126A) of SEQ ID NO: 33;

- OP: 29A (80A), 30A (81A) of SEQ ID NO: 33;

- SNP: 53G (185G) of SEQ ID NO: 34;

- SNPs: 21A (371A) and 59A (410A) of SEQ ID NO: 35;

- SNPs: 26A (518A); and 42C (534C) of SEQ ID NO: 36;

- OP: 48A (540A), 49T (5417T), 50G (542G) of SEQ ID NO: 36; and
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- OP: 27C (616C), 33C (623C) of SEQ ID NO: 37.
The additional testing of the sample may comprise for instance

the steps of
(@) hybridizing an oligonucleotide comprising a nucleotide sequence
complementary to at least a part of the LSU rRNA gene of a nematode, a
transcription product thereof, or a complementary nucleic acid thereof under
stringent conditions to said nucleic acid in said sample, wherein said
oligonucleotide is complementary in the position of at least one species-specific
polymorphism, e.g. as defined above, and
(b) detecting whether hybridization has occurred, for instance by
detecting the formation of stable hybrids between said oligonucleotide and said
nucleic acids in said sample;, wherein hybridization of said oligonucleotide is
indicative for the presence of said species of the Meloidogyne nematode.

Again, in such methods of detecting species-specific sequences, the
oligonucleotide may be detectably labelled. Preferably, the oligonucleotide is
labelled with a reporter dye and a quenching dye.

In a highly preferred embodiment of the present invention the
hybridization signal obtained for the positive detection of a member of a group
of the Meloidogyne nematode as based on detection of a polymorphism in the
SSU rRNA gene is compared to the hybridization signal obtained for a positive
detection of a particular species of the Meloidogyne nematode as a member of
said group as based on detection of a polymorphism in the LSU rRNA gene,
wherein the presence of substantially equal hybridization signals is indicative
of a positive confirmation of the presence of the species in the sample.

In another aspect, the present invention provides oligonucleotide as
defined above, wherein said oligonucleotide is complementary in the position of
at least one group-specific polymorphism and/or species-specific polymorphism
as defined above, for instance as based on the SSU rRNA or LSU rRNA

polymorphisms provided herein.
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In yet another aspect, the present invention provides a kit of parts
suitable for performing a method according to the present invention,
comprising an oligonucleotide as described above and optionally one or more
parts selected from the group consisting of nucleic acid extraction means,
nucleic acid amplification means, nucleic acid hybridization means, nucleic

acid ligation means and nucleic acid detection means.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphic presentation of the hybridization signal obtained
during Real time PCR using LSU-based M. minor- specific primers as
described in the Examples. 1: template M. minor (10-4); 2: template M. minor
(10%); 3: template M. minor. (105); 4: template M. minor (10-7). M. minor-
related non-targets (M. naasi 105, M. fallax 105, and M. hapla 10-5) and water
control give no signal.

Figure 2 is a graphic presentation of the hybridization signal obtained
during Real time PCR using LSU-based M. naasi-specific primers as described
in the Examples. 1: template M. naasi (10-4); 2: template M. naasi (10-5); 3:
template M. naast (10-); 4: template M. naasi (10-7). M. naasi -related non-
targets (M. minor 105, M. fallax 103, and M. hapla 10-5) and water control give
no signal.

Figure 3 is a graphic presentation of the hybridization signal obtained
during Real time PCR using LSU-based M. chitwoodi- or M. fallax-specific
primers as described in the Examples. 1: template M. chitwoodi (10-5) ; 2:
template M. fallax (10-%); Related non-targets (M. naasi, M. minor, M. hapla)
and water control give no signal.

Figure 4 represents the consensus sequence of aligned SSU rDNA
sequences obtained from a large numbér of Meloidogyne nematodes and is
provided to indicate the various nucleotide positions of SEQ ID NOs: 1-15 as
provided in Figure 6 and to indicate the polymorphic positions of the SNPs and
OPs listed in Table 2.
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Figure 5 represents the consensus sequence of aligned LSU rDNA
sequences obtained from a large number of Meloidogyne nematodes and is
provided to indicate the various nucleotide positions of SEQ ID NOs: 16-36 as
provided in Figure 8 and to indicate the polymorphic positions of the SNPs and
OPs of Table 3.

Figure 6 provides the nucleotide position of SEQ ID NOs:1-15 in the
consensus alignment of Figure 4, wherein the sequences have introduced gaps
for optimal alignment with the consensus sequence.

Figure 7 shows the SEQ ID NOs: 1-15 in plain text format without
gaps for the groups A, B, C and D in their respective regions of the SSU rDNA
comprising the SNPs or OPs as defined in Table 2.

Figure 8 provides the nucleotide position of SEQ ID NOs:16-37 in the
consensus alignment of Figure 5, wherein the sequences have introduced gaps
for optimal alignment with the consensus sequence.

Figure 9 shows SEQ ID NOs: 16-19 in plain text format without gaps
for M. chitwoodi in the regions of the LSU rDNA comprising the SNPs or OPs
as defined in Table 3.

Figure 10 shows SEQ ID NOs: 20-21 in plain text format without gaps
for M. fallax in the regions of the LSU rDNA comprising the SNPs or OPs as
defined in Table 3.

Figure 11 shows SEQ ID NOs: 22-26 in plain text format without gaps
for M. minor in the regions of the LSU rDNA comprising the SNPs or OPs as
defined in Table 3.

Figure 12 shows the SEQ ID NOs: 27-32 in plain text format without
gaps for M. naast in the regions of the LSU rDNA comprising the SNPs or OPs
as defined in Table 3.

Figure 13 shows the SEQ ID NOs: 33-37 in plain text format without
gaps for M. hapla in the regions of the LSU rDNA comprising the SNPs or OPs
as defined in Table 3.
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Figure 14 shows SEQ ID NO: 38 (consensus sequence of aligned SSU
rDNA sequences) in plain text format without the nucleotide position
numbering of Figure 4.

Figure 15 shows SEQ ID NO: 39 (consensus sequence of aligned LSU
rDNA sequences) in plain text format without the nilcleotide position

numbering of Figure 5.

DETAILED DESCRIPTION OF THE INVENTION

Nucleotides are referred to by their commonly accepted single-letter
codes following IUPAC nomenclature: A (Adenine), C (Cytosine), T (Thymine),
G (Guanine), U (Uracil), WA or T), RAor G), K(GorT), Y (Cor T), S (C or
G), M(AorC), B(C,GorT),H(A,C,orT),D(A, G,or T), V(A, C, or G), N (A,
C, G, or T). | |

A "sample" as used herein refers specifically to an agricultural
commodity, in particular a crop, more specifically a root or tuber, which is to be
analyzed for the presence of RKN pests. The sample may thus suitably be the
root or tuber itself, but it may also be a soil sample extracted from the site
where the commodity was grown, a soil sample attached to the commodity
itself. Also, the sample may be a nematode specimen isolated from the
commodity or any of the above referred soil samples. Alternatively, the sample
may be a soil sample not associated with a commodity but requiring the
analysis by methods of the present invention. For instance, it may be a sample
of a soil in which a commodity is to be grown, or a sample of a soil that is to be
transported and for which a clearance is required encompassing a
demonstration of the absence of RKN.

The term "Meloidogyne nematode" refers to nematodes of the
taxonomic genus Meloidogyne, part of the Meloidogynidae family. The term is
synonymous to the term "root knot nematodes", abbreviated as "RKN". Species
of Meloidogyne nematode include but are not limited to M. arabicida,

M. ardenensis, M. arenaria, M. artiellia, M. baetica, M. chitwoodi, M. duytsi,
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M. enterolobii, M. ethiopica, M. exigua, M. fallax, M. floridae, M. floridensts,
M. graminicola, M. graminis, M. hapla, M. haplanaria, M. ichinohei,

M. incognita, M. javanica, M. konaenstis, M. maritime, M. mayaguensts, M.
microtyla, M. minor, M. morocciensis, M. naast, M. oryzae, M. panyuensis,
M. paranaensis, M. partityla, M. sasseri, M. thailandica, M. trifoliophila and
M. ulmi.

The term "economically important root knot nematodes" refers in
particular to the species M arenaria, M. chitwoodi, M. fallax, M. hapla,
M. incognita, M. javanica, M. minor, and M. naasi.

The term "group" is defined herein as a clustering of species of
Meloidogyne nematodes which have a common polymorphism, either in the
form of an SNP or/an OP, which can collectively be detected via the detection
of the SNP and/or OP in the target nucleic acid, in casu the SSU or LSU
rDNA. The SNP or/an OP is not necessarily of taxonomic relevance (e.g. is not
necessarily phylogenetically informative). If a taxonomic level is to be accorded
to such a group, it is below genus level, and above species level. A “group” of
Meloidogyne nematode species as used herein preferably includes at least one
economically important species of RKN selected from the group consisting of
M. arenaria, M. chitwoodi, M. fallax, M. hapla, M. incognita, M, javanica,

M. minor and M. naast, A “group” of Meloidogyne nematode species as used
herein is composed of species of nematodes which do not occur in other groups,
Thus a species cannot be part of a specific group as defined by the presence of
a common polymorphism, while at the same time being included in another
group not having this specific polymorphism.

The term "single nucleotide polymorphism", abbreviated "SNP", as
used herein refers to a DNA sequence variation that involves a substitution,
insertion or deletion, generally an alteration, of a single nucleotide position, in
particular in a SSU or LSU rDNA sequence.

The term "oligonucleotide polymorphism", abbreviated "OP", as used

herein refers to a DNA sequence variation that involves a substitution,
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insertion or deletion, generally an alteration, of multiple nucleotide positions
within a window of about 5-30 nucleotides, in particular in a SSU or LSU
rDNA sequence. Generally, only a few nucleotides within the window of an OP
are polymorphic, but the window as a whole can suitably be used as a unique
sequence motif to distinguish a group or species of Meloidogyne nematode(s)
from other groups or species of nematodes and to define a short region of an
rRNA gene or its transcription product as unique to certain group or a certain
species, because the variation in said multiple positions is in combination
unique to a specific group or species.

The terms "species-specific single nucleotide polymorphism" and the
corresponding term "species-specific oligonucleotide polymorphism" refer to
SNPs, respectively OPs, on the basis of which the Meloidogyne species can be
distinguished from other species of nematodes.

The terms "group-specific single nucleotide polymorphism" and the
corresponding term "group-specific oligonucleotide polymorphism" refer to
SNPs, respectively OPs, on the basis of which the group can be distinguished
from other species of nematodes. Thus the term as used herein can be defined
as a polymorphism that is present in a group of Meloidogyne nematode species
and that is absent in other nematodes, and which group of Meloidogyne
nematode species preferably includes at least one economically important
species of RKN selected from the group consisting of M. arenaria, M.
chitwoodi, M. fallax, M. hapla, M. incognita, M. javanica, M. minor and M.
naast. Group-specific SNPs may for instance be found by sequence comparison
between a very large number of rDNA sequences including those of members
of the bgroup as well as a large number of non-members, wherein the
sequences are aligned for maximum correspondence, in the case of rDNA
taking into account the molecule’s secondary structure. When the rDNA
sequences are optimally aligned, each may include additions or deletions (i.e.
gaps) relative to each other for optimal alignment of the sequences. Optimal

alignment of sequences for comparison may be conducted by computerized



WO 2008/007959 PCT/NL2007/050343

22

implementations of known algorithms, or by visual inspection. Readily
available sequence comparison and multiple sequence alignment algorithms
are, respectively, the Basic Local Alignment Search Tool (BLAST) (Altschul,
S.F. et al. 1990. J. Mol. Biol. 215:403; Altschul, S.F. et ql. 1997. Nucleic Acid
Res. 25:3389-3402) and ClustalW programs both avaiiable on the internet.
Other suitable programs include GAP, BESTFIT and FASTA in the Wisconsin
Genetics Software Package (Genetics Computer Group (GCG), Madison, W1,
USA). When a nucleotide position in the case of an SNP, or a combination of
nucleotide position in the case of an OP, is present in two or more sequences,
but not in any other sequence, then said SNOP or OP is said to be group-
specific.

In a particularly prgferred embodiment, “group-specific’ SNPs and/or
OPs as used herein refer to SNPs or OPs which are unique to a specific group
of Meloidogyne nematodes to the exclusion of not only other Meloidogyne
nematodes, but to the exclusion of essentially all other species belonging to
terrestrial and aquatic (fresh water) nematodes species as present in the
temperate climate zones (between tropical/equatorial zone and polar regions
on each hemisphere). As such, the term “group-specific” is to be understood as
referring to SNPs or OPs that are essentially unique to a specific group on
phylum level. This means that the SNP and/or OP does essentially not occur in
any other nematode species in terrestrial and aquatic habitats in the
temperate climate zones. The term “essentially” in the present context means
that occasionally a group-specific SNP or OP may be present in another species
of nematode, but in such instances this particular species of nematode is
essentially never encountered together with any of the members of the group
for which the SNP or OP is specific in the samples to be tested. Thus, for
instance, an SNP or OP is essentially group-specific on a phylogenetic level for
M. chitwoodi, M. fallax and M. minor when the polymorphism occurs in

another species, but this other species is essentially never encountered in a soil
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or commodity sample in which M. chitwoodi, M. fallax and/or M. minor are to
be detected. _

The identification of such group-specific SNPs and/or OPs among
certain groups of Meloidogyne nemadotes is surprising. It is important to note
that many such group-specific SNPs and/or OPs are phylogenetically
informative, but that not all phylogenetically informative SNPs and/or OPs are
group-specific as defined herein. The term “phylogenetically informative”
refers to the fact that a particular nucleotide position (or site) in a given set of
homologous DNA sequences from different species of a group are shared
between two or more species while most other species of that group share a
different nucleotide. Such sites are said to be phylogenetically informative
because they favour one hypothesis of common ancestral relationship between
said two or more species over another hypothesis. For example, where
sequences of species A and D are characterized by a “c” (cytosine) at a
particular position, and B and C are characterized by a “t” (thymine) at the
same position, the common nucleotide between A and D can be explained in a
first phylogenetic hypothesis by a single mutation from “t” to “c” that occurred
in the common ancestor of A and D. Any competing hypothesis (i.e. that the
mutation from “t” to “c” occurred independently in the respective predecessors
of A and D), requires two mutations to explain this polymorphism in the
nucleotide position. Therefore, the first hypothesis is the most parsimonious
explanation of the data. Since in a’DNA analysis the number of informative
sites that favour each of the possible hypotheses is counted, the hypothesis
favoured by the greatest number of such sites will require the fewest
mutations and is therefore the most parsimonious overall solution. A
“phylogenetically informative” position is thus not necessarily unique for
certain group of nematodes to the exclusion of other species (i.e. group-
specific), for reasons that when the same position occurs in other species but
its frequency is sufficiently low, the total number of mutations needed to

support a phylogenetic hypothesis does not require common ancestry for each
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or those species, but may also involve some independent mutation events. This
can be seen as follows: Among an alignment of ribosomal sequences of
Meloidogyne nematodes, for instance as used by Tigano et al. (Nematology,
2005, Vol. 7(6), 851-862) in a phylogenetic analysis of the genus Meloidogyne,
many phylogenetically informative SNPs and/or OPs are present. However,
although a number of Meloidogyne species may have a base in common at a
certain nucleotide position of the ribosomal sequence, that base may (and very
often: will) also occur in another species of Meloidogyne nematode, and even in
sequences from nematodes belonging to entirely different genera or families of
the phylum Nematoda. In phylogenetic analyses, this is generally not a
problem, because the effect of such positions, which may have arisen
independently in different evolutionary lineages, will generally “fade out” in a
parsimony analysis which involves comparison of a large number of nucleotide
positions. However, many such phylogenetically informative SNPs and/or OPs
cannot form the basis for a reliable nucleic acid-based detection system
(particularly in terms of the specificity of such a system) that is aimed at
detecting specific economically important species of Meloidogyne nematodes in
for instance soil.

As already explained above, the finding of “group-specific’ SNPs and/or
OPs within economically important groups of Meloidogyne nematodes is of
great significance, since they advantageously provide for the detection of
members of these specific (and often economically important) groups of
nematodes within a very complex population of nematodes, such as for
instance a soil sample, comprising a wide range of representatives from the
phylum of Nematoda. It is by virtue of these group-specific polymorphisms
that a specific group of nematodes, such as for instance the group consisting of
the species M. fallax, M. minor and M. chitwoodi, or any other specific group
indicated herein, can be detected to the exclusion of other nematodes by
detecting the group-specific SNP and/or OP via nucleic acid hybridization

techniques. Since the group-specific polymorphism is essentially unique to a
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specific group on phylum level (i.e. unique to members of the group when
taking into account all other species which are potentially present in the same
sample), they may be used in detection assays that are functional in for
instance soil samples. Suitable probes or primers used in such nucleic acid
hybridization assays will hybridize under stringent hybridization conditions
only to the rDNA (or rRNA, or fragments of either) of members of the group,
and not to rDNA of other species of nematodes. Suitable probes and primers
are those capable of specific hybridization under stringent conditions to a
ribosomal nucleic acid sequence of a group of Meloidogyne nematode species
comprising a group-specific nucleotide polymorphism as defined herein,
wherein said specific hybridization is specific against the background of
homologous nucleic acid sequences from a complex population of nematodes
including non-Meloidogyne‘ species.

When the rDNA sequences of a large number of properly identified
Meloidogyne nematodes are aligned with each other, the alignment may or
may not reveal the presence of nucleotide positions (or nucleotide variations)
that are unique to a single species of Meloidogyne nematode. If present, such
positions are termed species-specific SNPs herein when that species is an
economically important Meloidogyne nematode. Economically important
species are for instance species present on the A2 list of the European and
Mediterranean Plant Protection Organization (EPPO).

When the rDNA sequences of a large number of properly identified
Meloidogyne nematodes are aligned with a large number of free-living
nematodes, the chances of finding a unique nucleotide position for a single
species of Meloidogyne nematode is greatly reduced. However, such a species-
specific SNP would be very suitable for direct detection of a single species in a
soil sample. Thus, the larger the alignment (large as in number of species), the
smaller the chance of detecting diagnostically relevant SNPs, yet the more

reliable the test will be in soil.
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It has now been found that group-specific SNPs can be discovered in an
alignment of rDNA sequences of Meloidogyne nematodes together with a large
number of free-living nematodes, i.e. such an alignment reveals nucleotide
positions that are unique to more than one species of Meloidogyne nematodes,
either relative to other Meloidogyne nematodes, but more importantly relative
to the free-living nematodes. What is of agricultural significance is the finding
that such group-specific SNPs can be found for groups that comprise at least
one economically important Meloidogyne nematode. |

Thus, an alignment of rDNA sequences of Meloidogyne nematodes may
not reveal a single agriculturally important SNP, whereas in the case that the
alignment is extended with free-living species of nematodes, the alignment
may reveal nucleotide positions unique to all Meloidogyne nematodes. Such
group-specific SNPs are also of interest for the detection of Meloidogyne
nematodes in soil.

Moreover, SNPs (either group- or species-specific) may be present in
adjacent positions, or may be present in one or more positions over a length of
2 to about 30 consecutive positions, optionally interspersed by non-informative
positions. Such an array of polymorphisms over a limited length of the
sequence is termed an oligonucleotide polymorphism herein.

Thus a polymorphic position may be present in all Meloidogyne
nematode species, in only a single Meloidogyne nematode species, or in several
but not all Meloidogyne nematode Species. As long as the polymorphic position
is (also) present in at least one species of the group consisting of M. arenaria,
M. chitwoodi, M. fallax, M. hapla, M. incognita, M. javanica, M. minor and M.
naast, that nucleotide polymorphism is considered informative for the present
purpose and may be used in a test according to the present invention, either
alone, or in combination with other informative nucleotide polymorphisms.

The term "ribosomal RNA" refers to the transcription products of the
nematode rDNA cistron, which consists of several hundred tandemly repeated

copies of the transcribed units (small subunit or SSU or 18S; large subunit or
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LSU or 28S and 5.8S; internal and external transcribed spacers) and an
external nontranscribed or intergenic spacer. _

The term “nucleic acid hybridization assay” as used herein refers to
any hybridization assay (including nucleic acid amplification assays) involving
the hybridization of oligonucleotides to selectively detect nucleic acid
sequences and in particular polymorphisms therein.

A "coding" or "encoding" sequence is the part of a gene that codes for
the amino acid sequence of a protein, or for a functional RNA such as a tRNA
or rRNA.

A "complement" or "complementary sequence" is a sequence of
nucleotides which forms a hydrogen-bonded duplex with another sequence of
nucleotides according to Wgtson-Crick base-paring rules. For example, the
complementary base sequence for 5'-AAGGCT-3'is 3'-TTCCGA-5'.

As used herein, "substantially complementary" means that two nucleic
acid sequences have at least about 65%, preferably about 70%, more preferably
about 80%, even more preferably 90%, and most preferably about 98%,
sequence complementarity to each other. This means that the primers and
probes must exhibit sufficient complementarity to their template and target
nucleic acid, respectively, to hybridise under stringent conditions. Therefore,
the primer sequences as disclosed in this specification need not reflect the
exact sequence of the binding region on the template and degenerate primers
can be used. A substantially complementary primer sequence is one that has
sufficient sequence complementarity to the amplification template to result in
primer binding and second-strand synthesis.

The term "hybrid" refers to a double-stranded nucleic acid molecule, or
duplex, formed by hydrogen bonding between complementary nucleotides. The
terms "hybridise" or "anneal" refer to the process by which single strands of
nucleic acid sequences form double-helical segments through hydrogen

bonding between complementary nucleotides.
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The term "oligonucleotide" refers to a short sequence of nucleotide
monomers (usually 6 to 100 nucleotides) joined by phosphorous linkages (e.g.,
phosphodiester, alkyl and aryl-phosphate, phosphorothioate), or non-
phosphorous linkages (e.g., peptide, sulfamate and others). An oligonucleotide
may contain modified nucleotides having modified bases (e.g., 5-methyl
cytosine) and modified sugar groups (e.g., 2'-O-methyl ribosyl, 2'-O-
methoxyethyl ribosyl, 2'-fluoro ribosyl, 2'-amino ribosyl, and the like).
Oligonucleotides may be naturally-occurring or synthetic molecules of double-
and single-stranded DNA and double- and single-stranded RNA with circular,
branched or linear shapes and optionally including domains capable of forming
stable secondary structures (e.g., stem-and-loop and loop-stem-loop
structures). ‘

The term "primer" as used herein refers to an oligonucleotide which is
capable of annealing to the amplification target allowing a DNA polymerase to
attach thereby serving as a point of initiation of DNA synthesis when placed
under conditions in which synthesis of primer extension product which is
complementary to a nucleic acid strand is induced, i.e., in the presence of
nucleotides and an agent for polymerization such as DNA polymerase and at a
suitable temperature and pH. The (amplification) primer is preferably single
stranded for maximum efficiency in amplification. Preferably, the primer is an
oligodeoxy ribonucleotide. The primer must be sufficiently long to prime the
synthesis of extension products in the presence of the agent for polymerization.
The exact lengths of the primers will depend on many factors, including
temperature and source of primer. A "pair of bi-directional primers" as used
herein refers to one forward and one reverse primer as commonly used in the
art of DNA amplification such as in PCR amplification.

The term "probe" refers to a single-stranded oligonucleotide sequence
that will recognize and form a hydrogen-bonded duplex with a complementary

sequence in a target nucleic acid sequence analyte or its cDNA derivative.
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The terms "stringency" or "stringent hybridization conditions" refer to
hybridization conditions that affect the stability of hybrids, e.g., temperature,
salt concentration, pH, formamide concentration and the like. These conditions
are empirically optimised to maximize specific binding and minimize non-
specific binding of primer or probe to its target nucleic acid sequence. The
terms as used include reference to conditions under which a probe or primer
will hybridise to its target sequence, to a detectably greater degree than other
sequences (e.g. at least 2-fold over background). Stringent conditions are
sequence dependent and will be different in different circumstances. Longer
sequences hybridise specifically at higher temperatures. Generally, stringent
conditions are selected to be about 5°C lower than the thermal melting point
(T'm) for the specific sequence at a defined ionic strength and pH. The Tr, is the
temperature (under deﬁneél ionic strength and pH) at which 50% of a
complementary target sequence hybridises to a perfectly matched probe or
primer. Typically, stringent conditions will be those in which the salt
concentration is less than about 1.0 M Na* ion, typically about 0.01 to 1.0 M
Na* ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is
at least about 30°C for short probes or primers (e.g. 10 to 50 nucleotides) and
at least about 60°C for long probes or primers (e.g. greater than 50
nucleotides). Stringent conditions may also be achieved with the addition of
destabilizing agents such as formamide. Exemplary low stringent conditions or
"conditions of reduced stringency" include hybridization with a buffer solution
of 30% formamide, 1 M NaCl, 1% SDS at 37°C and a wash in 2x SSC at 40°C.
Exemplary high stringency conditions include hybridization in 50%
formamide, 1 M NaCl, 1% SDS at 37°C, and a wash in 0.1x SSC at 60°C.
Hybridization procedures are well known in the art and are described in e.g.
Ausubel, F.M,, Brent, R., Kingston, R.E., Moore, D.D.,Seidman, J.G., Smith,
J.A., Struhl, K. eds. (1998) Current protocols in molecular biology. V.B.
Chanda, series ed. New York: John Wiley & Sons.
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Methods of the invention can in principle be performed by using any
nucleic acid amplification method, such as the Polymerase Chain Reaction
(PCR; Mullis 1987, U.S. Pat. No. 4,683,195, 4,683,202, en 4,800,159) or by
using amplification reactions such as Ligase Chain Reaction (LCR; Barany
1991, Proc. Natl. Acad. Sci. USA 88:189-193; EP Appl. No., 320,308), Self-
Sustained Sequence Replication (3SR; Guatelli et al., 1990, Proc. Natl. Acad.
Sci. USA 87:1874-1878), Strand Displacement Amplification (SDA; U.S. Pat.
Nos. 5,270,184, en 5,455,166), Transcriptional Amplification System (TAS;
Kwoh et al., Proc. Natl. Acad. Sci. USA 86:1173-1177), Q-Beta Replicase
(Lizardi et al., 1988, Bio/Technology 6:1197), Rolling Circle Amplification
(RCA; U.S. Pat. No. 5,871,921), Nucleic Acid Sequence Based Amplification
(NASBA), Cleavase Fragmgnt Length Polymorphism (U.S. Pat. No. 5,719,028),
Isothermal and Chimeric Primer-initiated Amplification of Nucleic Acid
(ICAN), Ramification-extension Amplification Method (RAM; U.S. Pat. Nos.
5,719,028 and 5,942,391) or other suitable methods for amplification of DNA.

In order to amplify DNA with a small number of mismatches to one or
more of the amplification primers, an amplification reaction may be performed
under conditions of reduced stringency (e.g. a PCR amplification using an
annealing temperature of 38°C, or the presence of 3.5 mM MgCls). The person
skilled in the art will be able to select conditions of suitable stringency.

The primers herein are selected to be "substantially" complementary
(i.e. at least 65%, more preferably at least 80% perfectly complementary) to
their target regions present on the different strands of each specific sequence
to be amplified. It is possible to lise primer sequences containing e.g. inositol
residues or ambiguous bases or even primers that contain one or more
mismatches when compared to the target sequence. In general, sequences that
exhibit at least 65%, more preferably at least 80% homology with the target
DNA oligonucleotide sequences, are considered suitable for use in a method of
the present invention. Sequence mismatches are also not critical when using

low stringency hybridization conditions.
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The detection of the amplification products can in principle be
accomplished by any suitable method known in the art. The detection
fragments may be directly stained or labelled with radioactive labels,
antibodies, luminescent dyes, fluorescent dyes, or enzyme reagents. Direct
DNA stains include for example intercalating dyes such as acridine orange,
ethidium bromide, ethidium monoazide or Hoechst dyes.

Alternatively, the DNA fragments may be detected by incorporation of
labelled ANTP bases into the synthesized DNA fragments. Detection labels
which may be associated with nucleotide bases include e.g. fluorescein, cyanine
dye or BrdUrd.

When using a probe-based detection system, a suitable detection
procedure for use in thé present invention may for example comprise an
enzyme immunoassay (EIA) format (Jacobs et al., 1997, J. Clin. Microbiol. 35,
791-795). For performing a detection by manner of the EIA procedure, either
the forward or the reverse primer used in the amplification reaction may
comprise a capturing group, such as a biotin group for immobilization of target
DNA PCR amplicons on e.g. a streptavidin coated microtiter plate wells for
subsequent EIA detection of target DNA -amplicons (see below). The skilled
person will understand that other groups for immobilization of target DNA
PCR amplicons in an EIA format may be employed.

Probes useful for the detection of the target DNA as disclosed herein
preferably bind only to at least a part of the DNA sequence region as amplified
by the DNA amplification procedure. Those of skill in the art can prepare
suitable probes for detection based on the nucleotide sequence of the target
DNA without undue experimentation as set out herein. Also the
complementary sequences of the target DNA may suitably be used as detection
probes in a method of the invention, provided that such a complementary
strand is amplified in the amplification reaction employed.

Suitable detection procedures for use herein may for example comprise

immobilization of the amplicons and probing the DNA sequences thereof by
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e.g. southern blotting. Other formats may comprise an EIA format as described
above. To facilitate the detection of binding, the specific amplicon detection
probes may comprise a label moiety such as a fluorophore, a chromophore, an
enzyme or a radio-label, so as to facilitate monitoring of binding of the probes
to the reaction product of the amplification reaction. Sﬁch labels are well-
known to those skilled in the art and include, for example, fluorescein
isothiocyanate (FITC), B-galactosidase, horseradish peroxidase, streptavidin,
biotin, digoxigenin, 35S or 125]. Other examples will be apparent to those skilled
in the art.

Detection may also be performed by a so called reverse line blot (RLB)
assay, such as for instance described by Van den Brule et al. (2002, J. Clin.
Microbiol. 40, 779-787). FOJF this purpose RLB probes are preferably
synthesized with a 5'amino group for subsequent immobilization on e.g.
carboxyl-coated nylon membranes. The advantage of an RLB format is the ease
of the system and its speed, thus allowing for high throughput sample
processing.

Any suitable method for screening the nucleic acids for the presence or
absence of polymorphisms is considered to be part of the instant invention.
Such methods include, but are not limited to: DNA sequencing, restriction
fragment length polymorphism (RFLP) analysis, amplified fragment length
polymorphism (AFLP) analysis; heteroduplex analysis, single strand
conformational polymorphism (SSCP) analysis, denaturing gradient gel
electrophoresis (DGGE), real time PCR analysis (e.g. Tagman®), temperature
gradient gel electrophoresis (TGGE), primer extension, allele-specific
hybridization, and INVADER® genetic analysis assays, cleavase fragment
length polymorphism (CFLP) analysis, sequence-characterized amplified
region (SCAR) analysis, cleaved amplified polymorphic sequence (CAPS)
analysis

The use of nucleic acid probes for the detection of specific DNA

sequences is well known in the art. Mostly these procedures comprise the
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hybridization of the target DNA with the probe followed by post-hybridization
washings. Specificity is typically the function of post-hybridization ‘washes, the
critical factors being the ionic strength and temperature of the final wash
solution. For DNA-DNA hybrids, the Tm can be approximated from the
equation of Meinkoth and Wahl, Anal. Biochem., 138: 267-284 (1984): Tm =
81.5°C+ 16.6 (log M) + 0.41 (% GC)-0.61 (% form)-500/L; where M is the
molarity of monovalent cations, % GC is the percentage of guanosine and
cytosine nucleotides in the DNA, % form is the percentage of formamide in the
hybridization solution, and L is the length of the hybrid in base pairs. The Tm
is the temperature (under defined ionic strength and pH) at which 50% of a
complementary target sequence hybridizes to a perfectly matched probe. Tm is
reduced by about 1 °C for each 1 % of mismatching; thus, the hybridization
and/or wash conditions caﬂ be adjusted to hybridize to sequences of the desired
identity. For example, if sequences with > 90% identity are sought, the Tm can
be decreased 10 C. Generally, stringent conditions are selected to be about 5 C
lower than the thermal melting point (Tm) for the specific sequence and its
complement at a defined ionic strength and pH. However, severely stringent
conditions can utilize a hybridization and/or wash at 1,2,3, or 4 °C lower than
the thermal melting point (Tm); moderately stringent conditions can utilize a
hybridization and/or wash at 6,7,8,9, or 10 °C lower than the thermal melting
point (Tm); low stringency conditions can utilize a hybridization and/or wash
at 11,12,13,14,15, or 20 °C lower than the thermal melting point (Tm). Using
the equation, hybridization and wash compositions, and desired Tm, those of
ordinary skill will understand that variations in the stringency of
hybridization and/or wash solutions are inherently described. If the desired
degree of mismatching results in a Tm of less than 45 °C (aqueous solution) or
32 °C (formamide solution) it is preferred to increase the SSC concentration so
that a higher temperature can be used. An extensive guide to the hybridization
of nucleic acids is found in Tijssen, Laboratory Techniques in Biochemistry

and Molecular Biology—Hvbridization with Nucleic Acid Probes, Part I,
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Chapter 2 "Overview of principles of hybridization and the strategy of nucleic
acid probe assays", Elsevier. New York (1993); and Current Protocpls in
Molecular Biology, Chapter 2, Ausubel, et al., Eds., supra.

It is allowable for detection probes of the present invention to contain
one or more mismatches to their target sequence. In general, sequences that
exhibit at least 65%, more preferably at least 80% homology with the target
DNA oligonucleotide sequences are considered suitable for use in a method of
the present invention.

It is known that single nucleotide polymorphisms (SNPs) in ribosomal
RNA genes may in certain applications prove useful for the detection of
nematodes. EP 1 613 772, for instance, describes a method for determining soil
health, wherein SNPs of ribosomal RNA genes are proposed for the detection
of nematodes. However, EP 1613 772 is aimed at describing the total soil
community, particularly the free-living part, and provides no solution for the
above-described problems of detecting RKN in samples.

Moreover, in view of the fact that the ribosomal RNA genes represent
coding sequences with evolutionary pressure towards conservation of the
tertiary (and thus primary) structure, it is unlikely that the ribosomal RNA
genes may provide any basis for a reliable detection system.

This was confirmed by a comprehensive study by de Ley et al. (Journal
of Nematology, 2002, Vol. 34(4):319-327) into the phylogenetic relationship
between Meloidogyne nematodes wherein it was concluded that potential
nucleotide polymorphisms in the Meloidogyne SSU rDNA sequences are rare to
absent, and that only a number of species of lesser economic significance are
sufficiently divergent to contemplate diagnostic applications based on SSU
rDNA sequence data.

It is the more surprising that the present inventors were able to device
a test based on rRNA data that is reliable enough to even perform analysis in
crude soil samples, wherein not only Meloidogyne nematodes reside, but

thousands of other nematode species.
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The present invention now provides various examples of suitable
group-specific single nucleotide polymorphism (SNP) and/or a group-specific
oligonucleotide polymorphism (OP), which may be used for the detection of
groups of Meloidogyne nematodes of interest. The one of average skill in the
art will appreciate that other suitable polymorphisms may be discovered that
can be used in methods of the present invention. As described in the section on
the meaning of the terms “group-specific single nucleotide polymorphism" and
the corresponding term "group-specific oligonucleotide polyinorphism” herein
above, the skilled person is provided with sufficient teaching to find additional
polymorphisms among aligned rRNA sequences of nematodes. It is within the
realm of average skill to obtain rRNA gene sequence data from isolated and
taxonomically classified nematodes and to align the sequences thus obtained.

Also, the development of primers and probes useful for the detection
of polymorphic positions in a nucleic acid is within the realm of ordinary skill
(see for instance Sambrook, J., Russell D.W., Sambrook, J. (2001) Molecular
Cloning: a Laboratory Manual. Cold Spring Harbor Laboratory Press,
Plainview, N.Y.).

By using standard DNA technology it is possible to produce probes and
primers that directly or indirectly hybridize to the RNA or DNA of the
Meloidogyne nematodes (or their complement), or cDNA produced there from
by reverse transcription, and which can be used in assays for the detection of
the nematodes. Nucleic acid amplification techniques allow the amplification of
fragments of nematode nucleic acids, which may be present in very low
amounts.

In order to develop nucleic acid-based detection methods, nematodes-
specific sequences must be determined for which primers or probes may then
be developed. To detect the Meloidogyne nematodes by nucleic acid
amplification and/or probe hybridization, the rRNA genes or ribosomal RNA
may be isolated from purified Meloidogyne nematodes, optionally reverse

transcribed into cDNA and directly cloned and/or sequenced. Using either the
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cloned nucleic acid as a hybridization probe, using sequence information
derived from the clone, or by designing degenerative primers based on the
sequence of the rRNA gene, nucleic acid hybridization probes and/or nucleic
acid amplification primers may be designed an used in a detection assay for
detecting the presence of the Meloidogyne nematode in a sample as defined
herein.

Since the Meloidogyne nematode comprises both DNA and rRNA, a
suitable detection method may comprise isolating the Meloidogyne nematode
nucleic acids from a sample, for instance from a plant root, by using methods
known per se to the skilled person. DNA and RNA isolation kits are
commercially available from for instance QTAGEN GmbH, Hilden, Germany,
or Roche Diagnostics, a division of F. Hoffmann-La Roche Ltd, Basel,
Switzerland.

Total RNA may for instance be extracted from a Meloidogyne nematode,
a plant root material or a soil sample, and the total RNA, or specifically the
Meloidogyne nematode ribosomal RNA, or a part thereof, may then be reverse
transcribed into cDNA by using for instance an Avian myeloblastosis virus
(AMYV) reverse transcriptase or Moloney murine leukemia virus (M-MuLV)
reverse transcriptase. A suitable method may for instance include mixing into
a suitable aqueous buffering system (e.g. a commercially available RT buffer) a
suitable amount of total RNAs (e.g. 1 to 5 ng), a suitable amount (e.g. 10 pmol)
of a reverse transcription primer, a suitable amount of dNTPs and the reverse
transcriptase, denaturing the nucleic acids by boiling for 1 min, and chilling
them on ice, followed by reverse transcription at for instance 45°C for 1 h as
recommended for the specific reverse transcriptase used, to obtain cDNA
copies of the RNA sequences.

As a reverse transcription primer a polynucleotide according to the
present invention may be used, for instance an 18-25-mer oligonucleotide

comprising a nucleotide sequence complementary to the Meloidogyne
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nematode rRNA sequence, such as a -universally conserved rRNA sequence, or
a polymorphic position as described herein. _

Following the RT-step, the cDNA obtained may be PCR amplified by
using for instance Pfu and Taq DNA polymerases and amplification primers
specific for the Meloidogyne nematode cDNA sequences. Also complete
commercially available systems may be used for RT-PCR (e.g. the Access and
AccessQuick™ RT-PCR Systems of Promega [Madison WI, USA], or the
Titan™ One Tube RT-PCR System or two-step RT-PCR systems provided by
Roche Diagnostics [a division of F. Hoffmann-La Roche Ltd, Basel,
Switzerland]).

Alternatively, total DNA may for instance be extracted from a
Meloidogyne nematode, a plant root material or a soil sample, and the total
RNA, or specifically the Meloidogyne nematode ribosomal RNA gene, or a part
thereof, may be PCR amplified by using for instance Pfu and Taq DNA
polymerases and amplification primers specific for the Meloidogyne nematode
rDNA sequences. Also complete commercially available systems may be used
for PCR (e.g. available form various suppliers such as Roche Diagnostics). A
suitable method may for instance include mixing into a suitable aqueous
buffering system (e.g. a commercially available PCR buffer) a suitable amount
of total DNA as a template (e.g. 1 to 5 png), a suitable amount (e.g. 10 pmol) of a
pair of bi-directional amplification primers, a suitable amount of ANTPs and
the DNA polymerase, denaturing the nucleic acids by boiling for 1 min, and
performing a cycling reaction of around 10-50 alternating cycles of stringent
primer hybridization, strand elongation and denaturing, at suitable
temperatures to obtain DNA copies of the DNA template as amplification
product. The amount of copies produced upon a certain number of cycles
correlates directly to the amount of target DNA in the DNA template.

The skilled person is well aware of the available quantitative PCR
methods presently available from commercial suppliers to quantify the amount

of target DNA in the template. The term “hybridization signal” as used herein
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inter alia refers to the amount of amplification product produced upon a
certain number of cycles and thus to the amount of target DNA available as
template in the reaction. Thus, at equal hybridization signals between group-
specific and species-specific tests ais described herein, the amount of target
template DNA in the sample is equal for both tests, indicating that a single
species was detected in both tests.

In order to amplify a nucleic acid with a small number of mismatches to
one or more of the amplification primers, an amplification reaction may be
performed under conditions of reduced stringency (e.g. a PCR amplification
using an annealing temperature of 38°C, or the presence of 3.5 mM MgCly).
The person skilled in the art will be able to select conditions of suitable
stringency. ‘

The primers herein are selected to be "substantially" complementary
(i.e. at least 65%, more preferably at least 80% perfectly complementary) to
their target regions present on the different strands of each specific sequence
to be amplified. It is possible to use primer sequences containing e.g. inositol
residues or ambiguous bases or even primers that contain one or more
mismatches when compared to the target sequence. In general, sequences that
exhibit at least 65%, more preferably at least 80% homology with the target
DNA or RNA oligonucleotide sequences, are considered suitable for use in a
method of the present invention. Sequence mismatches are also not critical
when using low stringency hybridization conditions.

The detection of the amplification products can in principle be
accomplished by any suitable method known in the art. The amplified
fragments may be directly stained or labelled with radioactive labels,
antibodies, luminescent dyes, fluorescent dyes, or enzyme reagents. Direct
DNA stains include for example intercalating dyes such as acridine orange,
ethidium bromide, ethidium monoazide or Hoechst dyes.

Alternatively, the DNA or RNA fragments may be detected by

incorporation of labelled dANTP bases into the synthesized fragments. Detection
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labels which may be associated with nucleotide bases include e.g. fluorescein,
cyanine dye, digoxigenin (DIG) or bromodeoxyuridine (BrdUrd).

In a quantitative PCR method, the reaction is preferably performed
by using an oligonucleotide primer that contains one or more ‘locked’ nucleic
acid (LNA®) monomers, or by using LNA® fluorescent probes. LNA®
technology involves an oligonucleotide (probe or primer that contains one or
more LNA® monomers [2’-O, 4’-C-methylene-8-D-ribofuranosyl-modified] (e.g.
Petersen and Wengel, 2003. TRENDS in Biotechnology Vol.21(2):74-81). In an
LNA monomer, the ribose sugar moiety of the nucleotide is modified, while the
base itself is unaltered. The result is a covalent bridge that ‘locks’ the ribose in
the N-type (3’-endo) conformation, which enhances base stacking and
phosphate backbone pre-organisation. This provides the oligonucleotide with
improved affinity for compiementary DNA or RNA sequences and therefore a
higher 7. When using LNA® primers, the detection of the double stranded
amplification products may for instance be performed by using a double-
stranded DNA stain, such as SYBR Green® [Molecular Probes, Inc.] (see for
instance Ponchel et al. 2003. BMC Biotechnology 3:18).

Other methods of analysing the nuclei acid suitably comprise the use of
a primer extension assay; a Tagman® PCR; a differential hybridization assay;
an assay which detects allele-specific enzyme cleavage; and/or allele-specific
PCR.

When using a probe-based detection system, a suitable detection
procedure for use in the present invention may for example comprise an
enzyme immunoassay (EIA) format (Jacobs et al., 1997. J Clin Microbiol
35:791-795). For performing a detection by manner of the EIA procedure,
either the forward or the reverse primer used in the amplification reaction
may comprise a capturing group, such ‘as a biotin group for immobilization of
target DNA PCR amplicons on e.g. a streptavidin coated microtiter plate wells
or streptavidin coated Dynabeads® (Dynal Biotech, Oslo, Norway) for
subsequent EIA detection of target DNA-amplicons. The skilled person will
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understand that other groups for immobilization of target DNA PCR amplicons
in an EIA format may be employed.

Probes useful for the detection of the target nucleic acid seqﬁences as
disclosed herein preferably bind only to at least a part of the nucleic acid
sequence region as amplified by the nucleic acid amplification procedure.
Those of skill in the art can prepare suitable probes for detection based on the
nucleotide sequence of the target nucleic acid without undue experimentation
as set out herein. Also the complementary nucleotide sequences, whether DNA
or RNA or chemically synthesized analogues, of the target nucleic acid may
suitably be used as type-specific detection probes in a method of the invention,
provided that such a complementary strand is amplified in the amplification
reaction employed.

Suitable detection pi'ocedures for use herein may for example comprise
immobilization of the amplicons and probing the nucleic acid sequences thereof
by e.g. Northern and Southern blotting. Other formats may comprise an EIA
format as described above. To facilitate the detection of binding, the specific
amplicon detection probes may comprise a label moiety such as a fluorophore,
a chromophore, an enzyme or a radio-label, so as to facilitate monitoring of
binding of the probes to the reaction product of the amplification reaction.
Such labels are well known to those skilled in the art and include, for example,
fluorescein isothiocyanate (FITC), B-galactosidase, horseradish peroxidase,
streptavidin, biotin, digoxigenin, 35S, 14C, 32P or 125]. Other examples will be
apparent to those skilled in the art.

Detection may also be performed by a so-called reverse line blot (RLB)
assay, such as for instance described by Van den Brule et al. (2002). For this
purpose RLB probes are preferably synthesized with a 5' amino group for
subsequent immobilization on e.g. carboxyl-coated nylon membranes. The
advantage of an RLB format is the ease of the system and its speed, thus

allowing for high throughput sample processing.
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The use of nucleic acid probes for the detection of RNA or DNA
fragments is well known in the art. Mostly these procedures comprise the
hybridization of the target nucleic acid with the probe followed by i)ost-
hybridization washings. Specificity is tyﬁically the function of post-
hybridization washes, the critical factors being the ionic strength and
temperature of the final wash solution. For nucleic acid hybrids, the Tm can be
approximated from the equation of Meinkoth and Wahl (1984): Tm = 81.5 °C +
16.6 (log M) + 0.41 (% GC)-0.61 (% form)-500/L; where M is the molarity of
monovalent cations, % GC is the percentage of guanosine and cytosine
nucleotides in the nucleic acid, % form is the percentage of formamide in the
hybridization solution, and L is the length of the hybrid in base pairs. The Tm
is the temperature (under defined ionic strength and pH) at which 50% of a
complementary target seqﬁence hybridizes to a perfectly matched probe. Tm is
reduced by about 1 °C for each 1 % of mismatching; thus, the hybridization
and/or wash conditions can be adjusted to hybridize to sequences of the desired
identity. For example, if sequences with > 90% identity are sought, the Tm can
be decreased 10°C. Generally, stringent conditions are selected to be about
5 °C lower than the thermal melting point (Tm) for the specific sequence and
its complement at a defined ionic strength and pH. However, severely
stringent conditions can utilize a hybridization and/or wash at 1,2,3, or 4 °C
lower than the thermal melting point (Tm); moderately stringent conditions
can utilize a hybridization and/or wash at 6, 7, 8, 9, or 10 °C lower than the
thermal melting point (Tm); low stringency conditions can utilize a
hybridization and/or wash at 11, 12, 13, 14, 15, or 20 °C lower than the
thermal melting point (Tm). Using the equation, hybridization and wash
compositions, and desired Tm, those of ordinary skill will understand that
variations in the stringency of hybridization and/or wash solutions are
inherently described. If the desired degree of mismatching results in a Tm of
less than 45 °C (aqueous solution) or 32 °C (formamide solution) it is preferred

to increase the SSC concentration so that a higher temperature can be used.
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An extensive guide to the hybridization of nucleic acids is found in Tijssen,
1993 supra; Ausubel et al., 1998 supra.

In another aspect, the invention provides oligonucleotide probes for the
detection of Meloidogyne nematode RNA or DNA. The detection probes herein
are selected to be "substantially" complementary to a single stranded RNA
molecule, or to one of the strands of the double stranded nucleic acids
generated by an amplification reaction of the invention. Preferably the probes
are substantially complementary to the, optionally immobilized (e.g. biotin
labelled) antisense strands of the amplicons generated from the target RNA or
DNA.

It is allowable for detection probes of the present invention to
contain one or more mismatches to their target sequence. In general,
sequences that exhibit at léast 65%, more preferably at least 80% homology
with the target oligonucleotide sequences are considered suitable for use in a
method of the present invention.

The invention will now be illustrated by way of the following, non

limiting Example.

EXAMPLE
Detection of polymorphisms and design of primers.

The procedure for preparation of the rDNA sequence alignments was
essentially performed as described in W02004/090164. For this, a large
number (>300) of Meloidogyne nematodes and free living nematodes was
correctly identified using standard protocols based on morphological
characteristics. In certain cases, the identification was confirmed by isozyme
analysis. Upon correct identification, the DNA was isolated from a single
nematode worm and the complete SSU rDNA sequence was determined for all
nematodes available. This resulted in a massive alignment of SSU rDNA

sequences. From this alignment, groups were formed (see Table 1) and group-
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specific SNPs and OPs were identified (see Table 2) as described in detail in

the above description.

In the same way, an alignment of part of the LSU rDNA sequence was

produced for a limited number of Meloidogyne nematodes, and species-specific
SNPs and OPs were identified (see Table 3).

Based on this information amplification primers were developed (see

Table 4).

Table 1. Distribution of Meloidogyne species in and outside Northwestern Europe.

Group | Species name Northwestern (NW) Outside NW
(economically ‘ Europe Europe
important species in
bold)

A M. fallax + (mainly NL, B, D, F) South Africa, New

Zealand
M. minor + (mainly NL, UK, IE -
M. chitwoodi + (mainly NL and B) USA, Argentina,
South Africa
B M. naasi + USA, Chili, New
Zealand
M. oryzae - Surinam
M. graminicola - Mainly South-
East Asia
C M. hapla + (widely distributed) (widely
distributed)
M. microtyla - Canada
M. ardenensis + (GB, G and NL)
M. maritime + (mainly costal foredunes) | South Africa
M. duytsi + (mainly costal foredunes) | South Africa

D M. incognita - (except for greenhouses) | widely distributed
M. arenaria - (except for greenhouses) | widely distributed
M. javanica - (except for greenhouses) | widely distributed




PCT/NL2007/050343

WO 2008/007959

44

(edoanyg MN ut yuesaad jou) voo1ULWDLLE ‘p osTAdTIOD T[IM 41 IeYFoYM umouyun (Q)

(edoany PN Ul Juesaid j0u) 202440 Jy SPNOUT J0U S0P (G)
(edoang PN ut Juesoad jou) DJEITUNUDLS “Py FPNOUL JOU S0P (F)
(edomy )N ut Juesaid jou) pnuxa py sepnpour (g)
suorgemdod vn§ixe gy SWOS YIIM LITATI08B3I 55040 ()
D21UDADL "py PUe PI1dO1Y13 Py Jo suonendod SWOS SPN[OUL JOU LB ‘SOUNPSIO] [RISBOO UL PUNOJ A[UO — 2WNQLIDU “J YITA AJTATIORSI 55010 (T)

LS89T "L¥89T ‘LESIT

(3 19981 ‘19981 D¥S8I

VIP01 ‘VZ89T ‘L6L9T ‘DLLIT OTGET ‘VOSET ‘L6VST ‘VSFel (1) v929 ‘vE29 ‘(1)A0Z9 ‘DLI9 a
DEVET ‘LIFEL
- ‘D0FET ‘DISST V8s¥ 9)
() @) VLSET ‘V9esT
Q) L¥oLT | () Y 0981 ‘19981 () V6¥01
‘LEOLT ‘L30LT ‘v69e1 ‘VPeeT ‘1898t ‘VOPOT ‘LSP0T ‘VEV0T () L¥99 L¥6T ‘1E6T ‘1361 q
1303 "L00% "L66T | DE9T ‘Vael VISI
LLLOT “DELIT VLLY L¥61 ‘DE61 ‘1261 DEVT Vvl ‘OIFT \4
S9p1309[oNny (Jo suonvBuIquIo) ojoads-dnoax) | cdnoax

"setoads sudSopiojapy 3o dnoad Juessrax

oY} 10} onbrun o1e 010y POULSP SOATIOU 81 ], ‘SpUR[IaYIeN oy,], ‘UeSurusSep| ‘ASo[ojema)N I0J A10JeIOqET Y3 JO 9seqeIep
9Y) Ul sepojewou wody sedusnbes YN (I (1SS O[qB[IBAR [[E JO SISB( 93 U0 Pjis]as axom (SJO 10 SINS S€ UIoIey 0} paIIofor)
SOATIOTN] *9 "31 Ul pougep axe suorjisod aprjosonN -uoryeoyruept dnoid sul§opioapy peseq-yN (I [BWOSoqLl (SS — Z 9[qBL




PCT/NL2007/050343

WO 2008/007959

45

D00V LOOVYIDLYYYYVYYD-,§ DLYVOOVY D LLLIYDDLYDOVYY - ,S D]avY P
YOOVY¥DLVYVYLOOYIDLYDOVY - ,§ YOLLOVYOVYOVYDODLLYDYIO- ,§ 1sooU W
OVYDOVOVY LODLYVYYYYYOVYYVY O~ ,§ OQLLLOVILLLYDLIVLIOVYODLLIOL- ,§ dourul “pAr
YLLLIOOLLODIODLYDDDOODL- ,9 D90 LLLVDLLLDD LLLYLLYDD- 4§ xoppof W

LYYOOOVOYYYLLLIDOVILLILDD- ,§

YOOLLIYODLLIDDLLLVLLYOD- 4§

1pOOTIN>

9SIAAYY

pIeMIo

goroads o318,

"sat0ads audSopiojapy 10930p 01 posn szewad peseq-yNII AST — ¥ 9[qelL

1Yy doro/14) "J Y3 £31ATiORaL SS0I]) T

€29 D919 | PSP LIPS 'VOVS | O¥eS | VSIS | VOIv | VILE] DS | V9ZI [ 098] VI8 V08| V9L ] ojdny J
V908 VSS9 LLSS LLT¥ 1po0MIYd "

0869 | DO¥9 | D0By | I¥19 D08S D6LS DLLS | DO¥PS “L6ES DIV LLEY ov1g dourud

V106 V006 ‘D668 V468 ‘1068 | 0999 ‘LL¥9 xo1of "W

00¥9 |  1¥89 ‘L8e9 ‘1089 | (1) V99¥ DGV 1¥9¥ | D&ay | 166€ | ovLg | VLvD | V8L 100U I
S9pPI303[ONU (JO SUOIYRUIGUIOD) OjI0ods-sor0adg soroodg

soroods audSop107apyr UBAS[OI 8} IOJ
anbrun axe (SJ() SUOIFBUIGWIOD SPTI0S[INU 10 (SINS) SOPII0S[ONU [eNPIAIPUT IOYITY g "S1,] Ul popraoad sousnbes snsuasuoo
9pojeWaU oY) U0 Paskq ST SULIOqWINU SPIJOI[ONN "UOIBOYIIUIPL so100ds sulSoprojopy peseq-yN(J [eWOosoqLI ST — € 9[qelL




WO 2008/007959 PCT/NL2007/050343

10

15

20

46

DNA extraction and real-time amplification

Nematodes were transferred to a 0.2 ml PCR tube containing 25 pl
sterile water. An equal volume of lysis buffer containing 0.2 M NaCl, 0.2 M
Tris-HCl (pH 8.0), 1% (v/v) B-mercaptoethanol and 800 pg/ml proteinase-K was
added. Lysis took place in a Thermomixer (Eppendorf, Hamburg, Germany) at
65 °C and 750 rpm for 2 hrs followed by 5 min. incubation at 100 °C. Lysate
was used immediately, or stored at -20°C.

To distinguish between closely-related Meloidogyﬁe species on the
basis of single or oligo-nucleotide polymorphisms in LSU-rDNA sequences, real
time PCR was performed on a MiniOpticon2 thermal cycler (Bio-Rad,
Hercules, CA). Before amplification lysate was diluted 50 times in double-
distilled (dd) water. Five pl of diluted template solution was supplemented
with 1 ul 5uM forward and 1 pl 5uM reverse primer (Eurogentec, Seraing,
Belgium), 10 pl iTaq SybrGreen Supermix (Biorad) and 3 ul water (for primer
sequences, see table 4).

The following PCR profile was used: 95°C for 3 min. followed by 50 x
(95°C, 10 sec.; 60°C, 60 sec.; 72°C, 20 sec.). Amplification data were analysed

using Biorad MiniOpticon2 software. The results are displayed in Figures 1-3
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Claims

1. A method of testing a sample for the presence of a Meloidogyne
nematode, said method comprising the step of analyzing the nucleic acid in
said sample for the presence of an rRNA gene of a Meloidogyne nematode, or
the transcription product thereof, or a fragment thereof, comprising at least
one single nucleotide polymorphism (SNP) and/or at least one oligonucleotide
polymorphism (OP) that is essentially unique on phylum level to a specific
group of Meloidogyne nematode species of which said Meloidogyne nematode is
a member, wherein said step of analyzing said nucleic acid involves a nucleic
acid hybridization assay, and wherein said group comprises:

a. the species M. chi;ﬁwoodi, M. fallax and M. minor;

b. the species M. naasi, M. oryzae and M. graminicola;

c. the species M. hapla, M. microtyla, M. ardenensis, M. maritime and
M. duytsi; and/or

d. the species M. incognita, M. arenaria and M. javanica.

2. The method of claim 1, wherein said group-specific polymorphism(s) are

polymorphisms in the small subunit (SSU) ribosomal RNA gene sequence.

3. The method of claim 1 or 2, wherein
(@)  said group comprises, preferably consists of, the species M. chitwood,
M. fallax and M. minor, and wherein said polymorphism is selected from the
group consisting of:

- OP: 39C, 40A, 41C, 46A, 47A, 48G of SEQ ID NO: 1;

- OP: 31T, 32C, 33T, 34T, 35T, 37T of SEQ ID NO: 2;

- SNP: 32A of SEQ ID NO: 3; and

- OP: 23G, 27T of SEQ ID NO: 4;

and/or
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(b) the group comprises, preferably consists of, the species M. naasi, M. oryzae
and M. graminicola, wherein said polymorphism is selected from the group of
polymorphisms consisting of: |

- OP: 31T, 32T, 33T of SEQ ID NO: 5;

- SNP: 20T of SEQ ID NO: 6;

- OP: 22A, 24T, 25A, 28A of SEQ ID NO: 7;

- OP: 41T, 42A, 43T, 44A, 45A of SEQ ID NO: 8;

- SNP: 48G of SEQ ID NO: 8; and

- OP: 44T, 45T, 46T of SEQ ID NO: 9;
and/or
(c) the group comprises, preferably consists of, the species M. hapla, M.
microtyla, M. ardenensis, M. maritime and M. duytsi, wherein said
polymorphism is selected from the group of polymorphisms consisting of:

- SNP: 54A of SEQ ID NO: 10; and

- OP: 21C, 29C, 30T, 31G of SEQ ID NO: 11;
and/or )
(d) the group comprises, preferably consists of, the species M. incognita, M.
arenaria and M. javanica, wherein said polymorphism is selected from the
group of polymorphisms consisting of:

- OP: 55C, 58T, 61A, 62A of SEQ ID NO: 12;

- SNP: 21A of SEQ ID NO: 13;

- OP: 36A, 37T, 38A, 39C, 41C, 42T, 43T of SEQ ID NO: 14; and

- OP: 27C, 29T, 32A, 33T, 34T, 35T of SEQ ID NO: 15;
and wherein the presence of said polymorphism in said gene or said
transcription product is indicative of the presence in said sample of at least

one member of said group.

4. The method of any one of the preceding claims, wherein said nucleic acid

hybridization assay comprises:
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(a) hybridizing to said nucleic acid under stringent conditions an
oligonucleotide comprising a nucleotide sequence complementary to at least a
part of the sequence of the rRNA gene of at least one member of said group of
Meloidogyne nematodes, or a transcription product, or a complementary
nucleic acid thereof, wherein said oligonucleotide is complementary in a region
of said rRNA gene, said transcription product, or said complementary nucleic
acid, that comprises at least one of said group-specific polymorphism(s), and

(b)  detecting whether hybridization has occurred, wherein
hybridization of said oligonucleotide is indicative for the presence of said

Meloidogyne nematode in said sample.

5. The method of claim 4, wherein said oligonucleotide is detectably
Jabelled. ’
6. The method of claim 5, wherein said oligonucleotide is labelled with a

reporter dye and a quenching dye.

7. The method of any one of the preceding claims, wherein said nucleic acid
hybridization assay comprises determining the nucleic acid sequence of at
least a portion of said a gene encoding the rRNA of a nematode or its

transcription product that comprises the group-specific polymorphism.

8. The method of any one of the preceding claims, further comprising
amplifying at least a portion of said nucleic acid, preferably prior to analyzing

the nucleic acid.

9. The method of any of claims 4-8, wherein said oligonucleotide is an
amplification primer and wherein the detection of hybridization in step (b)
comprises performing a nucleic acid amplification reaction with said

amplification primer.
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10. Method according to claim 9, wherein said nucleic acid amplification

reaction is quantitative PCR, preferably "real time" quantitative PCR.

11. Method according to claim 10, wherein the reaction is performed by

using ‘locked’ nucleic acids fluorescent probes.

12. The method of any one of the preceding claims, wherein the nucleic

acid hybridization assay comprises:

(a) a primer extension assay;

(b) a Tagman® PCR;

(©) a differential hybridization assay;

(d) an assay which detects allele-specific enzyme cleavage; and/or

(e) allele-specific PCR.

13. The method of any one of the preceding claims, wherein said sample

is a soil sample.

14. The method of any one of the preceding claims, wherein said sample

is a root or tuber sample.

15. The method of any one of the preceding claims, wherein said sample

is a nucleic acid sample isolated from a nematode.

16. A method of testing a sample for the presence of a Meloidogyne
nematode species of interest, said method comprising:

- performing a method according to any one of claims 1-15, wherein
said group comprises said species of a Meloidogyne nematode of interest as a

member, and further
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- analyzing the nucleic acid of said sample for the presence of an
rRNA gene of a Meloidogyne nematode or the transcription product thereof or
a fragment thereof comprising at least one group-specific single nucleotide
polymorphism (SNP) and/or at least one group-specific oligonucleotide
polymorphism (OP) that is specific to said Meloidogyne nematode species of

interest.

17. Method according to claim 16, wherein said Meloidogyne nematode
species of interest is selected from the species M. chitwoodi, M. fallax, M.

minor, M. naast and M. hapla.

18. Method according to claim 17, wherein:
(é) the presence of M. chitwoodi is indicated by the presence of a species-
specific SNP in the LSU rRNA gene or its transcription product selected from
the group consisting of:

- SNP: 36T of SEQ ID NO: 16;

- SNP: 36T of SEQ ID NO: 17;

- SNP: 33A of SEQ ID NO: 18;

- SNP: 43A of SEQ ID NO: 19;
(b) the presence of M. fallax is indicated by the presence of a species-specific
OP in the LSU rRNA gene or its transcription product selected from the group
consisting of:

- OP: 35T, 43G of SEQ ID NO: 20; and

- OP: 32T, 34A, 38G, 39A, 40A of SEQ ID NO: 21;
(c) the presence of M. minor is indicated by the presence of a species-specific
SNP and/or a species-specific OP in the LSU rRNA gene or its transcription
product selected from the group consisting of:

- SNP: 52C of SEQ ID NO: 22;

- SNPs: 18C, 34T and 61G of SEQ ID NO: 23;

- OP: 19T, 20C of SEQ ID NO: 24;
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- SNP: 50G of SEQ ID NO: 24;

- OP: 52G, 53G of SEQ ID NO: 24;

- SNPs: 29T and 53G of SEQ ID NO: 25; and

- SNP: 33C of SEQ ID NO: 26;
(d) the presence of M. naast is indicated by the presence of a species-specific
SNP and/or a species-specific OP in the LSU rRNA gene or its transcription
product selected from the group consisting of:

- SNP: 47A of SEQ ID NO: 27;

- SNP: 36A of SEQ ID NO: 28;

- SNP: 34C of SEQ ID NO: 29;

- SNPs: 29T and 50C of SEQ ID NO: 30;

- OP: 32T, 33G, 34A of SEQ ID NO: 31;

- OP: 33T, 36T, 37T of SEQ ID NO: 32; and

- SNP: 43C of SEQ ID NO: 32;
and/or
(e) the presence of M. hapla is indicated by the presence of a species-specific
SNP and/or a species-specific OP in the LSU rRNA gene or its transcription
product selected from the group consisting of:

- SNPs: 25A, 34C and 73A of SEQ ID NO: 33;

- OP: 29A, 30A of SEQ ID NO: 33;

- SNP: 53G of SEQ ID NO: 34;

- SNPs: 21A and 59A of SEQ ID NO: 35;

- SNPs: 26A and 42C of SEQ ID NO: 36;

- OP: 48A, 49T, 50G of SEQ ID NO: 36; and

- OP: 27C, 33C of SEQ ID NO: 37.

19. The method of any of claim 16-18, wherein said analysis for the species-
specific rRNA gene or its transcription product comprises:
(a) hybridizing an oligonucleotide comprising a nucleotide sequence

complementary to at least a part of the sequence of the rRNA gene of the
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Meloidogyne nematode species of interest, a transcription product thereof, or a
complementary nucleic acid thereof under stringent conditions to said nucleic
acid, wherein said oligonucleotide is complementary in the position of at least
one polymorphism specific for said Meloidogyne nematode species of interest,
and

(b)  detecting whether hybridization has occurred, wherein
hybridization of said oligonucleotide is indicative for the presence of said

species of the Meloidogyne nematode of interest.

20. The method of claim 19, wherein said oligonucleotide is detectably
labelled.
21. The method of claim 20, wherein said oligonucleotide is labelled with

a reporter dye and a quenching dye.

22. The method of any of claims 19-21, wherein said oligonucleotide is
an amplification primer and wherein the detection of hybridization in step (b)
comprises performing a nucleic acid amplification reaction with said

amplification primer.

23. Method according to claim 22, wherein said nucleic acid

amplification reaction is quantitative PCR, preferably "real time" quantitative
PCR.

24, Method according to claim 23, wherein the reaction is performed by

using ‘locked’ nucleic acids fluorescent probes.

25. The method of any one of claims 16-24, wherein the hybridization
signal obtained for the positive detection of a member of said group of the

Meloidogyne nematode when performed by a method of any one of claims 3-15



WO 2008/007959 PCT/NL2007/050343

10

15

54

is compared to the hybridization signal obtained for a positive detection of a
particular species of the Meloidogyne nematode that is a member of said group
when performed by a method of any one of claims 16-24, and wherein the
presence of substantially equal hybridization signals confirms of the presence

of the species in the sample.

26. An oligonucleotide as defined in any one of the claims 4-24, wherein
said oligonucleotide is complementary to the rRNA gene of a Meloidogyne
nematode in a region of at least one group-specific polymorphism as defined in
claim 4 and/or at least one species-specific polymorphism as defined in claim

18.

217. A kit of parts suitable for performing a method according to any one
of the claims 1-25 comprising an oligonucleotide according to claim 26 and

optionally one or more parts selected from the group consisting of nucleic acid
extraction means, nucleic acid amplification means, nucleic acid hybridization

means, nucleic acid ligation means and nucleic acid detection means.
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10 20 30 40 50 60 70 80
RN R PII I TP (R IOl [P I I P [P U (PR SO I |

ATGTAYMAGTTTAATCGHWTTGAWDCGAGAAACCGCGAACGGCTCATTACAATRGCYATDATTTACTTGATCTTGAY YWV

90 100 110 120 130 140 150. 160
N NN EETTS FETRS [P PP DI RN Ry e PSP I I (R [ T |

TCCTAAHTGGAYAACTGTGGAAAAKCTAGAGCTAATACATGCACHARAGCTYYGWCCCYTBNVGGGGAAARAGCGCATTT

170 180 190 200 210 220 230 240
B T B T I I L e B B I [P I T I P e

ATTDGACACAAAACCAHGCRGCTTCGGCTGYYHHACGTTTGTTGACTCAGAATAACTHAGCTGACCGCAHGGCCHHWGHG

250 260 270 280 290 300 310 320
PR P EETTS FIrIPI [ O I [P o I [ I I [ T R |

CCGGCGGCGTGTCTTTCAAGYGTCYDCTTTATCATACTTTCGAYGGKAGYATMABYGRCTMCCRTGGTKGTGACGGATAA

330 340 350 360 370 380 390 400
DR EE RS PR S I T [P [ P RN ETEEY Iy PN PP e T

CGGAGRATMAGGGTTCGACTCCGGAGAAGGGGCCTGAGAAATGGCCACTACGTCTAAGGATGGCAGCAGGCGCGCAAATT

410 420 430 440 450 460 470 480
R T I I I U I R I P [ e I [ I I |

ACCCACTCTCGGCWYTCAGAGGAGGTAGTGACGAGAAATAACRAGRYHCGTTCTCWWHWGAGGCCGGTCATYGGAATGGG

490 500 510 520 530 540 550 560
REES PEPRY PR PEPEE EEER] FRTRY FPEe) I PR I TR I PR A N T

TACAAYTTAAACCCTTTAACGAGTATCWABSAGAGGGCAAGTCTGGTGACCAGCAGCCGCGGTRATTCCAGCTTCTSVDA

570 580 . 590 600 610 620 630 640
B I R o B L I O i R [ P I |

ATRCATAGRATTMTTGCTGCGGTTARAAAGCTCRTAGTTGGACTYHGWRYCCGDTDCYBTRGDCCVCCCHYMGGGGTGTG

650 660 670 680 630 700 710 720
D B I T L e o P [ [P P [ P I |

YWCTDVRTGTCHGCAAYBGNTTTTHYBGYAATGTWYDGYYWDSVGBCCTTAAACDGGSADBNYDVRCAGBCRTTRCTGCA

730 740 750 760 770 780 790 800
L T L e e P T [P P IS [T I |

AGTTTACTTTGAACAAATCAGAGTGCTTCAAACAGGCGTWYTMGCTTGAATGWTCGTGCATGGAATAATAGAADABGATT

810 820 830 840 850 860 870 880
B O R e e [ I [ [ I I P PR (P o |

TCGGTCYCDCTRTTTTATTGGTTTTAYRGACTGAGATAATGGTTAAHAGAGACRAACCGGGGGCATTYGTATGGHCMCGT

890 900 910 920 930 940 950 960
B L P I T [ e I (SO IS v [ [P (PRPI [N I
GAGAGGTGAAATTCTTGGACCGTGGCCAGACARACTACAGCGAAAGCATTTGCCAAGARYGTYTTYATTAATCAAGAACG

970 980 990 1000 1010 1020 1030 1040
B P e e [ [ S [ I I I S|

AAAGTCAGAGGTTCGAAGGMGATCAGATACCGCCCTAGTTCTGACCGGTAAACGATGCCAACTAGCGATCCGCYGATGGA

1050 1060 1070 1080 1090 1100 1110 1120

P R ERRRE ERIE i [ PP IS RS Pt I [ I v P
RTAYTHNAATTGCCHTGGGTGGGGAGCTTCCCGGAAACGAAAGTCTTCCGGTTCCGGGGGAAGTATGGTTGCAAAGCTGA

1130 1140 1150 1160 1170 1180 1190 1200

L L O L S L e e [ O [ I P I
AACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGRAAACTCACCC

Figiu'e 4
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1210 1220 1230 1240 1250 1260 1270 1280
NI IS PPN DI A IS ET [Py Uy It DU [ I e K v |

GGCCCGGACACYGTVAGGATTGACAGATTGATAGCTTTTTCATGATTCRGTGGATGGTGGTGCATGGCCGTTCTTAGTTC

1290 1300 1310 1320 1330 1340 1350 1360
P R I [P I I TS Ur e Oy [PUPvar) Ol [ [P Dl I e |

GTGGAGTGATTTGTCTGGTTTATTCCGATAACGAGCGAGACTCTVRCCTACTAAAATAGBBGDGHRYWTWNTTHTHNGWR

1370 1380 1390 1400 1410 1420 1430 1440
NS FEETS ETTTS R [y (Rt [PIrSPE IRV PO [P IS [PUPPUney [y (PP [ I I |

HGYDYDCVRCTTCTTAGAGGGATTTKCGGYKTTYAGCCGMAMGAAATTGAGCAATARCAGGTCTGTGATGCCCTTAGATG

1450 1460 1470 1480 1490 1500 1510 1520
R IS IS I Iy [ R R O T [ (PR IPTPIPI [ [ R |

TCCGGGGCTGCACGCGCGCTACACTGGCAAAATCARCGTGCTTGTCCTHCBCBGAAAGGVGHKGGCTAAACCMYTGAAAA

1530 1540 1550 1560 1570 1580 1590 1600
U N RTI IETTTOs IS P R D R R PR D D P I e

TTTGCCGTGATTGGGATCGGAAATTGCAATTATTTTCCGTGAACCGAGGAATTCCAAGTAAGTGCGAGTCATCAGCTCGC

1610 1620 1630 1640 1650 1660 1670 1680
O T e T S R IR [P N R TS v D DO I I |

GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTGCCCGGGACTGAGCCATTTCGAGAAAYTTGGRGACYGTT
1690 1700 1710 1720 1730 1740 1750

B IR S [ A e [ I I D I [P

RATYDKSVRYNTGTTTTTHAADNDDTKHYTTTTCGATGGAARCCAATTTAATCGCAGYRGCTTGAACCCGGGC

Figure 4 (continued)
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10 20 30 40 50 60 70 80
PR [T I PR TS PO R I ETIT I IR IFOPO [P (NS RO R |

AAGAAACGTAAAYAKRGATTCGCYYBRGATAACGGCGAGTGAAMWGGGAAAGDGTCCATCGCYWAATCRTTTTGCMTMAV

90 100 110 120 130 140 150 160
B [P I PP IR Y IPT S R I [ [T (PO I I R R |

RCRGTYRTGAGGTGTAGCGTRTAAGHCGCTRAWYTYTGATCDBWKDTCYCAAACAARTTCCYYTTGAAYAGRGGTTCCAH

170 180 190 200 210 220 230 240
NS ETRS FIPI I [N (PP TS [y [ [P IFTTI IO [PRRDRS (RS IR I |

AGAAGGTGYRRGTCCTGTACVTTGRGAYGTWWYTGRTYRATAKTYGCGTDCTTYARGAGTCGGGTTGYCTTGGGATCGCA

250 260 270 280 290 300 310 320
EEET EEERY PRPRY PRI [ P R R PR IR D RS PRI P e |

GCCCAAAGTCGGTGGTAAACTTCATCTAAGACYBAATATTGCCACGARDCCGATAGCAWACAAGGTACYGTGARGGAAAG

330 340 350 360 370 380 ‘ 390 400
PP TR P IR I I PR P I R I [ P I R I |

TTGCAAAGCACTTTGAAGAGAGAGTTAAAGAGGACGTGAAACCGGTRAGGWGGAAACKGATAGAGTCGGCGTATCWTKYA

410 420 430 440 450 460 470 480
B T I O O o e PP [ I [ I IS ISP PR

WKTATTCCADTTDYWTTTYHDYTDTWKBDTBGTDRNYKYTCGAGCTCCAGATTGGGACAGWGDDRRDYCWDYATRATTDW

490 500 510 520 530 540 550 560
B B B I I L NN RIS [PIPUe [ (D [y I I I
WTTKTRDTGCWTTTACCTTGHYTGGTGYKTGGGGDATDTYTRAGRYRGATTTGYDHCYDHYRTTTTGAGGCCAGCCTTTC

570 580 590 600 610 620 630 640

P S O T I [ [ S [P A [ (P [ I I
GGGGTCTGGTACCCRARYDDBRTTARCAWTTTTTRCTYTTRRDYDTWCTTTAMWWHRARTAAYGGCYHTWCGKDYDTYWN

650 660 670 680 630 700 710 720
S e e S [ O e [P R [ e e

NTRKWYHGWKYTRRDKGGYARGTWACKGTCGCRTGCGAYAMGTGCTTTTCRWYYWKHTCRGTSYRKKTWATGYYCYCRTA

730 740 750 760 770 780 790 800

B e I [ T [ [P I SRy [P [ I I |
YTYNYCCYYCCCATGTAAMAKCCGGTCATCTATYYGACCCGTCTTGAAACACGGACCCAAGGAGTTTATCGTGTGCGGCC

810 820 830 840 850 860 870 880

D B I I B I T B L T I I IR I I
AAGTTWTTGGGTGTTWAAAACCYTARARGCGAAATGAAAGTAAATGRYYTCCTTHWGGAGTYTGATGTGCRAYHTYTTYT

890 300 910 920 930 940 950 960
B S N I L e [ T o e [ P I |

YWWMKWHWDWAWRAWAAGRWHRYAKCATGGCCCCATTCTAAYTGTTTACARTAGGGTGGMGGAAGAGCGTACCGCGGTGA

970 980 980 1000 1010 1020 1030 1040

B L e L [ [ O [ [ [ [T [ I
GACCCGAAAGATGGTGAACTATTCCTGAGCCAGGAYGAAGCCCACGAGGAAACTYTGGTGGAAGTCCGAAGCGGYTCTGA

1050 1060

e I e I
CGTGCAAATCGATCGTCTGACTTGGGTAT

Figure 5
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110 120 130 140 150 160 170 180

. D L e e e e I I O P P |

SEQ ID NO: 1 AAAATCTAGAGCTAATACATGCACTARAGCTTTGACC--TCAC--GGA-AAAGCGCATTTATTAGA-ACAARACCACGCG
170 180 190 200 210 220 230 240

DR R 1 [N AL IR PSR P (PR R R IR RN INPRRRS P O |

SEQ ID NO: 2 ATTAGA-ACAABACCACGCGGCTTCGGCTGCTCT ~~~~TTGTTGACTCAGAATAACTRAAGCTGACCGCATGGCCTT-GYG
650 660 670 680 690 700 710 720

D L [ [ S [P TP [P R ) I [ I I |

SEQ ID NO: 3 TTCTGGATGT-T-——ATCGATTT~-ATCGTAATGTTCAGT TTTGAGTCCTT-ARCAG-GATTCTTAACAGGCATTG——-CA
1660 1670 1680 1690 1700 1710 1720 1730

[PV A A A RS IR (RS S (PR NP [ ) P AP I R |

SEQ ID NO: 4 TGAGCCATTTCGAGAAATTTGGGGACTGTTGATTT~~AACTT-TTTTTTAARAAGTTTT-TTT-GATGGAAACCAATTTA
170 180 190 200 210 220 230 240

(AT PO (P AR S IO IR IO [PRPOPI [P PPN [FORPOPR IFPRPDR SRRDRR (DR SR |

SEQ ID NO: 5 ATTAGA-ACARAACCACGCGGCTTCGGCTGCTTT----TTGTTGACTCAGAATAACTAAGCTGACCGCATGGCCTCWGTG
650 660 670 680 690 700 710 720

[P (PR ISR USRS IPSDRPRS IUPUDRPRS (PR PR A A P APy I P

8EQ ID NO: 6 TTCTGGATGT-T~---ATCGATTTTATCGTAATGTTCGGTTTTGAGTCCTT-AACAG-GATTCTTAACAGGCATTG---CA
1030 1040 1050 1060 1070 1080 1090 1100

FRPSPRS [P RPN IR (PRI ISSUUPRS IPUPRNS [SPI PP [P IR [PRRPNS I IFOPU INDRPRS I

SEQ ID NO: 7 ACTAGCGATCCGCCGATGGAG-ATTATAATTGCCTTGG~TGGGGAGCTTCCCGGARRCGARAGTCTTCCGGTTCCGGEGEG
1320 1330 1340 1350 1360 1370 1380 1390

SRV PO PO IPUPR [P IVUPRPIRY [PRPRPR [URPRRY SRRRS IR IR INUPRE IR INPRRDRS SR DR |

SEQ ID NO: 8 ACGAGCGAGACTCTAACCTACTARA-TAGTTGA-TATTTWI TTATAARAGW-~ATACAACTTCTTAGAGGGATTTGCGGT
1660 1670 1680 1690 1700 1710 1720 1730

R (P IR IS C [P ISR IV (PP RPRPU IR [P (PP IR RPN IR I

SEQ ID NO: 9 TGAGCCATTTCGAGAAATTTGGGGACCGTTRATTA-—AACAT~TT~—=A-~ TTTGTTTT-TTT-GATGGAAACCAATTTA
410 420 430 440 450 460 470 480

FRPRPRRS (OO IPRPUN IPUPUPRPRS (PP IDSPRURP IFUPRPRPRY [SUPRPRVY (PRPRPRURY IPRPUPI ISR IR IPUPRRS [ [PDRNN RPN |

SEQ ID NO: 10 ACCCACTCTCGGCTC~—-—GAGGAGGTAGTGACGAGARATAACGAGRTC-GTTCTCWWATGAGGCCGGTCATCGGAATGGE
1320 1330 1340 1350 1360 1370 1380 1390

[P [PUPRURE [PPUPIE [URNS IPUPONRY [PRPOF IR IS (PSPPI [FUPIPIAS AP IR (AR (Y [RSS [ |

SEQ ID NO: 11 ACGAGCGAGACTCTAACCTACTRAA-TAGCTGD-TRYATAHT - HWAHGTGT—~ATWCRGCTTCTTAGAGGGATTTGCGGY
570 580 590 600 610 620 630 640

JRPRPRR [UPUPUSY IR ISUPSRRE (PR IPSRPR IPUPUPRRS [UPIPIDY (PRI IR IDUPP [P IR (PP [P IR |

SEQ ID NO: 12 ATACATAGAATTATTGCTGCGGTTARAAAGCTCRTAGTTGGA-TTCGTAT-CGRTACCYTGGA--ACCCTYCGGRGTGT~
1030 1040 1050 1060 1070 1080 1090 1100

B L T L e P O PO IO Do |

SEQ ID NO: 13 ACTAGCGATCCGCCGATGGAR-ATTATA-TTGCCTTGG-TGGGGAGCTTCCCGGARACGRARGTCTTCCGGTTCCGGGGE
1320 1330 1340 1350 1360 1370 1380 1390

B O S [P P [P [P [ [P R I P [P I I [ |

SEQ ID NO: 14 ACGAGCGAGACTCTAACCTACTAAR-TAGTTGG~TRCATACT-CTTWGTGT--ATACAGCWTCTTAGAGGGATTTGCGGC
1660 1670 1680 1690 1700 1710 1720 1730

PR [ [P (PR [N IPTRPRE (RN NS [P I ISR [P I [ I P |

SEQ ID NO: 15 TGAGCCATTTCGAGAAATTTGGGGACCGTTGATTT--AATTT-WT——-C——-TARATTAY-TTT-GATGGAARCCAATTTA

Figure 6
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SEQ ID NO: 1 AARATCTAGAGCTAATACATGCACTAAAGCTTTGACCTCACGGARARGCGCATTTATTAGRACAARRCCACGCG
SEQ ID NO: 2 ATTAGAACAARACCACGCGGCTTCGGCTGCICTTTGTTGACTCAGARTAACTAAGCTGACCGCATGGCCTTGYG
SEQ ID NO: 3 TTCTGGATGTTATCGATTTATCGTAATGT TCAGTTTTGAGTCCTTARCAGGAT TCTTAACAGGCATTGCA
SEQ ID NO: 4 TGAGCCATTTCGAGAAATTTGGEGAC!GTTGATTTAALLlLlll1lﬂARAAGLLlLlLLUATGGAAACCAAiTTA
SEQ ID NO: 5 ATTAGAACAAAACCACGCGGCTTCGGCTGCTTTTTGTTGACTCAGAATAACTAAGCTGACCGCATGGCCTCHWGTG
SEQ ID NO: 6 TTCTGGATGTTATCGATTTTATCGTAATGTTCGGTTTTGAGTCCTTARCAGGATTCTTAACAGGCATTGCA
SEQ ID NO: 7 ACTAGCGATCCGCCGATGGAGATTATAATTGCCT TGGTGGGGAGCTTCCCGGAARCGARAGTCTTCCGGTTCCGGGGG
SEQ ID NO: 8 ACGAGCGAGACTCTAACCTACTARATAGTTGATATT TWTTTATAARAGWATACAACTTCT TAGAGGGAT TTGCGGT
SEQ ID NO: 9 TGAGCCATTTCGAGARATTTGGGGACCGTTRATTAAACATTTATTTGTTTTTTTGATGGAAACCAATTTA

SEQ ID NO: 10 ACCCACTCTCGGCTCGAGGAGGTAGTGACGAGARATAACGAGRTCGTTCTCWWATGAGGCCGGTCATCGGAATGGG
SEQ ID NO: 11 ACGAGCGAGACTCTAACCTAQTAAATAGQEQDTRYATAHTHWAHGTGTATWCRGCTTCTTAGAGGGATTTGCGGY
SEQ ID NO: 12 ATACATAGAATTATTGCTGCGGTTARARAGCTCRTAGTTGGATTCGTATCGRTACCY TGGAACCCTYCGGRGTGT
SEQ ID NO: 13 ACTAGCGATCCGCCGATGGARATTATATTGCCTTGGTGGGGAGCTTCCCGGARACGAARGTCTTCCGGTTCCGGGGG
SEQ ID NO: 14 ACGAGCGAGACTCTAACCTACTAAATAGT TGGTRCATACTCTTWGTGTATACAGCWT CT TAGAGGGAT TTGCGGC

SEQ ID NO: 15 TGAGCCATTTCGAGARATTTGGGGACCGTTGATTTAAT TTWTCTAAATTAY TTTGATGGAARCCAATTTA

Figure 7
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390 400 410 420 430 440 450 460

E P R T e R e o P I [ [ |

SEQ ID NO: 16 TAGAGTCGGCGTATCTTGCAAGTATTC-ATTT T TTTTTCTGTTATATTATT-TTATCGCT-GAGCTCCAGATTGGG-CAG
530 540 550 560 570 580 590 600

D B e e B I D I [ T I [ [T T

SEQ ID NO: 17 TGAGACAGATTTGTGACCACTATTTTGAGGCCAGC-TTT-G-—-~-CTGGTACCCAARTTGTGTTAGCATTTTTTG~TTTT
630 640 650 660 670 680 690 700

R B B B B I TR T I N [P [ [ I I T P |

SEQ ID NO: 18 A-TGGCTT-ACGGGCATTATTTGGTTTGATT TGGATG-TAAGT TACGGTCGCATGCGRCACGTGCTTTTCAATCAGATCG
770 780 790 800 810 820 830 840

P FY TR T (R [ ETC [P A IR P TP [P [ I [P |

SEQ ID NO: 19 GTCTTGAAACACGGA-CCARGGAGTTTATCGTGTGC-GC-AAGTTATTGGGTGT TTAAAA-CCTARAAGCGARATGARAG
620 630 640 650 660 670 680. 890

F R R R T T I I L L e e O PO [P [P I |

SEQ ID NO: 20 TACATAGAATA-TGGCTT-ACGGGCATTATTTGGTTTGAT T TGGGTG-TAAGTTACGGTCGCATGCGACACGTGCTTTTC
860 870 880 890 900 910 v 920 930

D I P L e e O D U PO I I |

SEQ ID NO: 21 C-TTAA-GAGTCTGATGTGCGATTTCTTTT——~—~ TTT~T~~~AAAAGGAAGCAGCATGGCCCCATTCTAATTGTTTACA
170 180 190 200 210 220 230 240

D I O T e e e L S [P I s |

SEQ ID NO: 22 AGAAGGTGCARGTCCTGTACATTGAGAT--TACTGGTTAATATTTGCGTGCTTCAG~AGTCGGGTTGC-TTGGGATCGCA
410 420 430 440 450 460 470 480

D o S L I S [P I IO I (P I I e |

SEQ ID NO: 23 AGTATTC-ATTTACTT-TCCGTTATATTATT-TTATTGCT-GAGCTCCAGATTGGG-CAGTGTAAGAT-TTTATGATTGA
530 540, 550 560 570 580 590 600

[ O I Y i Iy o R s ISP S I I I I P |

SEQ ID NO: 24 TGAGACAGATTTGTGACCTCCATTTTGAGGCCAGC~~TT~G~-~-CTGGTACCCAAGTGGTGTTAGCATTTTTTG-TTTT
590 600 610 620 630 640 650 660

D L O T N I [P N S I IS EETTY RO DS |

SEQ ID NO: 25 TGTTAGCATTITTTG-TTTTGAATATA~-~~-AATTAGAGTA-TGGCTT~ACGGGCATTAGGTGGTTCGATTTGGGTG-TA
670 680 690 700 710 720 730 740

e B Y S EEETS RIS I AP [P [N TIPS IUPIPORS [P ITTPIPI I I |

SEQ ID NO: 26 AGTAACGGTCGCATGCGACACGTGCTTTTCAACTAGATCGGTCTATTTAATGCTCTCATACTTAT~~TCCCCATGTAARR
40 50 60 70 80 90 100 110

I L e e T e I Y Iy [ I PO |

SEQ ID NO: 27 AACGGCGAGTGAACTGGGAAA-TGTCCATCGCTARATCATTTTGCCTAAGGCA-TTATGAGGTGTAGCGTATAAGCCG-T
120 130 140 150 160 170 180 190

R EERRY ICT R s I I [ I S P I PT Y ERTTS U e

SEQ ID NO: 28 GATTTTTGATCAGTTTTCTCAAACAAGT-CCCCTTGAACAGGGGTTCCARAGRAGGTGCARGTCCTGTACAT TGAGAT ~~
250 260 270 280 290 300 310 320

PR IR R RS I (PRI [ RN P S EET RS TS i D I PEETS |

SEQ ID NO: 29 GCCCRAAAGTCGGTGGTAAACTTCATCTAAGACTCAATATTGCCACGARTCCGATAGCARACAAG-TACTGTGAAGGARAG
380 390 400 410 420 430 440 450

D L R I O [ [P I RS P RO s |

SEQ ID NO: 30 TGGARACGGATAGAGTCGGCGTATCTTGTAAGTATTC-ATTTACAT-TCAGCTGTATTTT--TTAGCTTTCGAGCTCCAG
440 450 460 470 480 490 500 510

T R O e P S S e B P TS T vy ey |

SEQ ID NO: 31 --TTAGCTTTCGAGCTCCAGATTGGGACAGAGTTGAAT-TATATGATTGTT-TGTGATGCATTTAC-TTGCTTGGTGCGT
600 610 620 630 640 650 660 670

B B I I e B I I R I P P EE R T Ry

SEQ ID NO: 32 TTTTG-TTTTAGTTGTA——~~~, AAAAAAGTA—TGGCTTTTCGTTCATTACGTGGATCGTTCTGGGTGTAAGTAACGGTCG
60 70 80 90 100 110 120 130

FIER I R (TP PR IR P IFUI IO IR [PTP RS P P e I |

SEQ ID NO: 33 A—TGTCCATCGCTAAATCATTTTGCATCAAACA—TCATGAGGTGTAGCGTATAAGCCG TGATCTTTGATCAGTTATCTC
140 150 160 ‘170 180 190 200 210

B O T S O (PO TSRSt [P NN [P NN IPIPIP IRl [P I |

SEQ ID NO: 34 AAACAAGE CCTCTTG-ACAGAGGTTCCARAGAAGGTGCAAGTCCTGTACATTGGGAT ~--AACTGATTGATATTTGCGTA
360 370 380 390 400 410 420 430

F P I I P P AP I [P T TR P S |

SEQ ID NO: 35 AGGACGTGAAACCGGTGAGGAGGAAACGGATAGAGTCGGCGTATCTTGCAAGTATTC—AATTACTT——-TATTATTGTGT

500 510 520 530 540 550 560 570
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e e I o e P [EUPP I T I (N I E T e |
SEQ ID NO: 36 ATTTAC-TTGTCTGGTGTGTGGGGG-TATCTAAGATGGAT TTGCAA TGTTTTGAGGCCAGC--TT-G--—-CTGGT
590 600 610 620 630 640 650 660
O e I O I S O e S o e P I
SEQ ID NO: 37 TGTTAACATTTTTTA-TCTTGGATATT———————~ CGAGTA-CGGCTT-ACGTGCATTTTTTGTATTGATCTARGTG-CA

Figure 8
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SEQ ID NO: 16 TAGAGTCGGCGTATCTTGCAAGTATTCATTTTTTTTTCTGT TATATTATTTTATCGCTGAGCTCCAGATTGGGCAG
SEQ ID NO: 17 TGAGACAGATTTGTGACCACTATTTTGAGGCCAGCTTTGCTGGTACCCAAATTGTGTTAGCATTTTTTGTTTT
SEQ ID NO: 18 ATGGCTTACGGGCATTATTTGGTTTGATT TGGATGTAAGT TACGGTCGCATGCGRCACGTGCTTTTCAATCAGATCG

SEQ ID NO: 19 GTCTTGARACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTATTGGGTGTTTAAAACCTAARAGCGARATGARAG

Figure 9

SEQ ID NO: 20 TACATAGAATATGGCTTACGGGCATTATTTGGTTTGAT TTGGGTGTAAGT TACGGTCGCATGCGACACGTGCTTTTC

SEQ ID NO: 21 CTTAAGAGTCTGATGTGCGATTTCTTTTTTTTAARAGGAAGCAGCATGGCCCCATTCTAATTGT TTACA

Figure 10

SEQ ID NO: 22 AGAAGGTGCARGTCCTGTACATTGAGATTACTGGT TAATATTTGCGTGCTTCAGAGTCGGGTTGCTTGGGATCGCA
SEQ ID NO: 23 AGTATTCATTTACTTTCCGTTATATTATTTTATTGCTGAGCTCCAGATTGGGCAGTGTAAGATTTTATGATTGA
SEQ ID NO: 24 TGAGACAGATTTGTGACCTCCATTTTGAGGCCAGCTTGCTGGTACCCARGTGGTGT TAGCATTTTTTGTTTT

SEQ ID NO: 25 TGTTAGCATTTTTTGTTTTGAATATAAATTAGAGTATGGCT TACGGGCAT TAGGTGGTTCGATTTGGGTGTA

SEQ ID NO: 26 AGTAACGGTCGCATGCGACACGTGCTTTTCAACTAGATCGGTCTATTTAATGCTCTCATACTTATTCCCCATGTARRA.

Figure 11

SEQ ID NO: .27 AACGGCGAGTGAACTGGGAARTGTCCATCGCTARATCATTTTGCCTARGGCAT TATGAGGT GTAGCGTATAAGCCGT
SEQ ID NO: 28 GATTTTTGATCAGTTTTCTCAAACAAGT -CCCCTTGAACAGGGGTTCCARAGRAGGTGCARGTCCTGTACATTGAGAT
SEQ ID NO: 29 GCCCARAGTCGGTGGTAAACTTCATCTAAGACTCAATATTGCCACGARTCCGATAGCAAACAAGTACTGTGAAGGARAG
SEQ ID NO: 30 TGGARACGGATAGAGTCGGCGTATCTTGTAAGTATTCATTTACAT TCAGCTGTATTTTTTAGCTTTCGAGCTCCAG
SEQ ID NO: 31 TTAGCTTTCGAGCTCCAGATTGGGACAGAGTTGAATTATATGAT TGT T TGTGATGCATTTACTTGCTTGGTGCGT

SEQ ID NO: 32 TTTTGTTTITAGT TGTAAARRAAGTATGGCTTTTCGTTCATTACGTGGATCGT TCTGGGTGTAAGTAACGGTCG

Figure 12

SEQ ID NO: 33 A-TGTCCATCGCTARATCATTTTGCATCARACATCATGAGGTGTAGCGTATAAGCCGTGATCTTTGATCAGTTATCTC
SEQ ID NO: 34 AARCAAGTCCTCTTGACAGAGGTTCCARAGAAGGTGCAAGTCCTGTACAT TGGGATAACTGATTGATATTTGCGTA
SEQ ID NO: 35 AGGACGTGAAACCGGTGAGGAGGAAACGGATAGAG}CGGCGTATCTTGCAAGTATTCA@ETACTTTATTATTGTGT
SEQ ID NO: 36 ATTTACTTGTCTGGTGTGTGGGGGTATCTAAGATGGATTTGCAACCAATGT TT TGAGGCCAGCTTGCTGGT

SEQ ID NO: 37 TGTTAACATTTTTTATCTTGGATAT TCGAGTACGGCTTACGTGCAT TTTTTGTATTGATCTAAGTGCA

Figure 13
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SEQ ID NO: 38
{SSU rDNA consensus sequence)

ATGTAYMAGTTTAATCGHWT TGAWDCGAGAAACCGCGAACGGCTCATTACAATRGCYATDATTTACTTGATCTTGAY YWV
TCCTAAHTGGAYAACTGTGGAARAKCTAGAGCTAATACATGCACHAAAGCTYYGWCCCY TBNVGGGGARARAGCGCATTT
ATTDGACACRAAACCAHGCRGCTTCGGCTGY YHHACGTTTGTTGACTCAGAATAACTHAGCTGACCGCAHGGCCHHWGHG
CCGGCGGCGTGTCTTTCAAGYGTCYDCTTTATCATACTTTCGAYGGKAGYATMABY GRCTMCCRTGGTKGTGACGGATAA
CGGAGRATMAGGGTTCGACTCCGGAGAAGGGGCCTGAGAAATGGCCACTACGTCTARGGATGGCAGCAGGCGCGCARATT
ACCCACTCTCGGCWY TCAGAGGAGGTAGTGACGAGAARTAACRAGRYHCGTTCTCWWHWGAGGCCGGTCATYGGRATGGG
TACAAYTTAAACCCTTTAACGAGTATCWABSAGAGGGCAAGTCTGGTGACCAGCAGCCGCGGTAATTCCAGCTTCTSVDA
ATRCATAGRATTMTTGCTGCGGT TARAAAGCTCRTAGTTGGACTYHGWRYCCGDTDCYBTRGDCCVCCCHYMGGGGTGTG
YWCTDVRTGTCHGCAARYBGNTTTTHYBGYAATGTWYDGY YWDSVGBCCTTAAACDGGSADBNYDVRCAGBCRTTRCTGCA
AGTTTACTTTGBACAAATCAGAGTGCTTCARACAGGCGTWY TMGCTTGAATGWTCGTGCATGGAATAATAGAADABGATT
TCGGTCYCDCTRTITTTATTGGTTTTAYRGACTGAGATARTGGTTARHAGAGACRAACCGGGGGCATTYGTATGGHCMCGT
GAGAGGTGARATTCTTGGACCGTGGCCAGACARACTACAGCGAAAGCATTTGCCAAGARYGTYTTYATTAATCAAGRACG
AARGTCAGAGGTTCGARGGMGATCAGATACCGCCCTAGT TCTGACCGGTARACGATGCCAACTAGCGATCCGCYGATGGA
RTAYTHNAATTGCCHTGGGTGGGGAGCTTCCCGGARACGAAAGTCTTCCGGTTCCGGGGGARGTATGGTTGCARAGCTGA
AACTTAAAGGAATTGACGGARGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGRAAACTCACCC
GGCCCGGACACYGTVAGGATTGACAGATTGATAGCTTTTTCATGATTCRGTGGATGGTGGTGCATGGCCGTTCTTAGTTC
GTGGAGTGATTTGTCTGGTTTATTCCGATAACGAGCGAGACTCTVRCCTACTAAAATAGBBGDGHRYWTWNT THTHNGWR
HGYDYDCVRCTTCTTAGAGGGATTTKCGGYKTTYAGCCGMAMGAAATTGAGCAATAACAGGTCTGTGATGCCCTTAGATG
TCCGGGGCTGCACGCGCGCTACACTGGCAARATCARCGTGCTTGTCCTHCBCBGAAAGGVGHKGGCTAAACCMY TGAAAA
TTTGCCCTGATTGGGATCGGRRATTGCAATTATTTTCCGTGRACCGAGGRAT TCCAAGTAAGTGCGAGTCATCAGCTCGC
GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTGCCCGGGACTGAGCCATTTCGAGARAY TTGGRGACYGTT
RATYDKSVRYNTGTTTTTHAADNDDTKHY TTTTCGATGGAARCCAATTTAATCGCAGYRGCTTGAACCCGGGC

Figure 14
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SEQ ID NO: 39
{(LSU rDNA consensus sequence)

AAGARACGTAAAYAKRGATTCGCYYBRGATAACGGCGAGTGAAMWGGGAARAGDGTCCATCGCYWAATCRTTTTGCMTMAV
RCRGTYRTGAGGTGTAGCGTRTAAGHCGCTRAWYTYTGATCDBWKDTCYCAAACAARTTCCYYTTGAAYAGRGGTTCCAH
AGAAGGTGYRRGTCCTGTACVTTGRGAYGTWWYTGRTYRATAKTYGCGTDCTTYARGAGTCGGGTTGYCTTGGGATCGCA
GCCCAAAGTCGGTGGTAAACTTCATCTAAGACYBAATATTGCCACGARDCCGATAGCAWACAAGGTACYGTGARGGARAAG
TTGCARAGCACTTTGAAGAGAGAGT TAAAGAGGACGTGAAACCGGTRAGGWGGARACKGATAGAGTCGGCGTATCWTKYA
WKTATTCCADTTDYWTTTYHDYTDTWKBDTBGTDRNYKYTCGAGCTCCAGATTGGGACAGWGDDRRDY CWDYATRATTDW
WITKTRDTGCWTTTACCTTGHYTGGTGYKTGGGGDATDTYTRAGRYRGATTTGYDHCYDHYRTTTTGAGGCCAGCCTTTC
GGGGTCTGGTACCCRARYDDBRTTARCAWTTTTTRCTYTTRRDYDTWCTTTAMWWHRARTAAY GGCYHTWCGKDYDTYWN
NTRKWYHGWKY TRRDKGGYARGTWACKGTCGCRTGCGAYAMGTGCTTTTCRWY YWKHTCRGTSYRKKTWATGYYCYCRTA
YTYNYCCYYCCCATGTAAMAKCCGGTCATCTATYYGACCCGTCTTGARACACGGACCCAAGGAGTTTATCGTGTGCGGCC
AAGTTWTTGGGTGTTWARAACCYTARARGCGARATGRAAGTARATGRYYTCCTTHWGGAGTY TGATGTGCRAYHTYTTYT
YWWMKWHWDWAWRAWAAGRWHRYAKCATGGCCCCATTCTAAY TGTTTACARTAGGGTGGMGGAAGAGCGTACCGCGGTGA
GACCCGAAAGATGGTGAACTATTCCTGAGCCAGGAYGAAGCCCACGAGGARACTY TGGTGGAAGTCCGAAGCGGYTCTGA
CGTGCARATCGATCGTCTGACTTGGGTAT

Figure 15
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