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(57) ABSTRACT

Novel techniques for the detection of Aspergilius in samples
are disclosed. These techniques relate to PCR amplification
and/or detection of Aspergillus ITS1 rDNA sequences, and
the identification of particular species of Aspergillus by
detecting differences in the ITS1-V1, ITS-V2, ITS-V3,
ITS-V4, and ITS-V5 nucleic acid sequences of Aspergillus.
The highly variable regions of the ITS1 rDNA sequences are
particularly useful in distinguishing, for example, Aspergil-
lus clavatus, Aspergillus granulosus, Aspergillus sydowii,
Aspergillus flavipes, Aspergillus restrictus, Aspergillus ver-
sicolor, Aspergillus wentii, and Aspergillus chevalieri. In
particular embodiments, the sequence differences are also
able to distinguish among variants of particular species, such
as Aspergillus granulosus CBS 119.5A, Aspergillus granu-
losus strain NRRL 1932, Aspergillus sydowii strain NRRL
250, Aspergillus sydowii strain NRRL 4768, Aspergillus
sydowii strain CUHI, Aspergillus sydowii strain CUH2,
Aspergillus sydowii strain CUH7, and Aspergillus sydowii
strain CUHS.
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MOLECULAR IDENTIFICATION OF
ASPERGILLUS SPECIES

PRIORITY CLAIM

This is the U.S. National Stage of International Applica-
tion No. PCT/US03/16076, filed May 16, 2003 (published in
English under PCT Article 21(2)) and incorporates that
International Application by reference, which in turn claims
the benefit of U.S. Provisional Patent Application No.
60/381,463, filed May 17, 2002.

FIELD

This invention relates to methods for the detection and
species identification of Aspergillus, and specifically to the
use of internal transcribed spacer 1 (ITS1) nucleic acid
sequences to identify or detect an Aspergillus species or
strain of a species.

BACKGROUND

Improvements in the management and treatment of debili-
tated medical and surgical patients have been accompanied
by an unfortunate increase in the number of life-threatening
infections due to pathogenic and opportunistic fungi (Mc-
Neil et al., Clin. Infect. Dis. 33:64147, 2001). AIDS, cancer
chemotherapy and high dose corticosteroid treatment have
all contributed to the increasing number of immunocompro-
mised individuals. Many immunocompromised subjects
develop opportunistic infections with saprophytic filamen-
tous fungi, such as Aspergillus species, which are found in
the environment and were originally considered to be of low
virulence (Latge, Clin. Microbiol. Rev. 12:310-50, 1999).
These infections are often fulminant and fatal in immuno-
compromised patients. For example, pulmonary and cere-
bral aspergillosis have mortality rates of 86 and 99%,
respectively, even when adequately treated (Denning, Clin.
Infect. Dis. 23:608-14, 1996).

The advent of new, specific antifungal drugs and treat-
ment regimes has improved the prospects for management
of aspergillosis. However, diagnosis remains difficult, and
early initiation of appropriate antifungal therapy is critical in
reducing mortality rates in immunocompromised patients
(Einsele et al, J. Clin. Microbiol. 35:1353-60,1997). Hence
rapid diagnostic assays are needed to improve treatment
outcomes.

Aspergillus is one of the primary pathogens which cause
systemic fungal infection treated in hospitals. It usually
affects subjects who have had organ transplants, acute
leukemias and burns, and can be rapidly fatal if not diag-
nosed quickly. There are over 150 species of Aspergillus
present in the soil, air and water, hence accurate detection of
important species of Aspergillus is often complex and dif-
ficult.

Diagnosis of fungal infections is typically made by iso-
lation of the infecting organism in culture, by serologic
assays, or through histopathologic examination of tissue
(Hamilton, Med. Mycol. 36:351-64, 1998). Isolation of
Aspergillus species in culture can require several days for
adequate growth and sporulation to occur, delaying appro-
priate drug therapy, and a positive culture may represent
benign colonization rather than true invasion or infection (de
Repentigny, Clin. Infect. Dis. 14: S11-22, 1992). When
histopathology is performed on tissue sections, the morpho-
logical similarities of the various Aspergillus species can
make definitive species identification difficult.
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Alternatively, serological tests can be used to diagnose
fungal infections, but most such tests lack the desired
sensitivity and/or specificity for a confident diagnosis. Sero-
logic tests on a single serum sample to detect circulating
fungal antigens may be inconclusive, and antibody produc-
tion in the immunocompromised patient population most at
risk for invasive aspergillosis is often variable and an
unreliable diagnostic indicator (Morrison and Lindsley, Fun-
gal Pathogenesis: Principles and Practice, Marcel Dekker,
Inc., 667-716, 2001).

Current serological assays do not identify Aspergillus to
the species level, and are both time-consuming and expen-
sive. In addition, Aspergillus terreus has been shown to be
resistant to amphotericin B, the most commonly prescribed
drug for treating invasive aspergillosis. Aspergillus fumiga-
tus has been reported to develop resistance to itraconazole.
Thus, there remains a need for a rapid test to identify
aspergilli to the species level, to help assist in the selection
of appropriate drugs for the treatment of clinical Aspergillus
infections. Fungal species identification may also be impor-
tant for detecting organisms in the environment that may be
potentially pathogenic, for example to an immunocompro-
mised person who is exposed to that environment.

PCR-based methods of detection, which show promise as
rapid techniques to diagnose infections, have been used in
the identification of DNA from Candida and Aspergillus
species. However, most of these tests are only genus spe-
cific, and are unable to specifically identify many clinically
and environmentally important Aspergillus species.

Unique internal transcribed sequence 2 (ITS2) coding
regions have been used to develop nucleic acid probes for
several different species of Aspergillus (A. flavus, A. fumi-
gatus, A. niger, A. terreus, and A. nidulans), as disclosed in
U.S. Pat. No. 6,372,430, which is incorporated by reference.

SUMMARY

A novel approach to species identification of a fungus is
disclosed herein. In one embodiment, the method takes
advantage of the finding that the ITS1 of fungal ribosomal
DNA is not well conserved across these species. The present
inventors have found that different species of Aspergillus
have much higher non-conserved regions of the rDNA ITS1
nucleic acid sequence than of the rDNA I'TS2 region that has
been used for species identification in the past. This surpris-
ing finding has permitted the development of a much more
specific method of detecting different species of Aspergillus,
by taking advantage of these sequence differences in ITS1.
Particular Aspergillus species that can be detected with this
method include, but are not limited to, 4. clavatus, A.
granulosus, A. sydowii, A. flavipes, A. restrictus, A. versi-
color, A. wentii, A. chevalieri, and A. ustus, or any combi-
nation or sub-set of these species (such as A. granulosus, A.
clavatus, and A. sydowii).

Certain of the sequences disclosed herein are novel
sequences. In a particular embodiment, an isolated nucleic
acid molecule includes SEQ ID NO: 1 (from A. clavatus),
SEQ ID NO: 2 and SEQ ID NO: 3 (from 4. granulosus), and
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO:
7, SEQ ID NO: 8 and SEQ ID NO: 9 (from 4. sydowii), or
a nucleotide sequence with at least 75% (for example at least
85% or at least 95%) sequence identity to the nucleotide
sequence of SEQ ID NO: 1 (from 4. clavatus), SEQ 1D NO:
2 and SEQ ID NO: 3 (from 4. granulosus), and SEQ ID NO:
4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8 and SEQ ID NO: 9 (from A. sydowii), wherein the
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nucleotide sequence is from a member of the genus
Aspergillus, such as clavatus, granulosus, or sydowii spe-
cies.

In another embodiment, an isolated nucleic acid molecule
includes a nucleotide sequence set forth as SEQ 1D NO: 10,
11 or 12 (from A. flavipes) or a degenerate variant thereof,
SEQ ID NO: 13 or 14 (from A. restrictus) or a degenerate
variant thereof, SEQ ID NO: 15, 16, 17 or 18 (from A.
versicolor) or a degenerate variant thereof, or SEQ ID NO:
19 (from A. wentii) or a degenerate variant thereof, wherein
the nucleotide sequence identifies a member of the genus
Aspergillus as a member of flavipes, restrictus, versicolor, or
wentii species.

In yet another embodiment, an isolated nucleic acid
molecule includes a nucleotide sequence selected from the
group consisting of at least 15 consecutive nucleotides of a
nucleotide sequence with at least 75% (for example at least
85% or at least 95%) sequence identity to the nucleic acid
sequence shown in SEQ ID NO: 1, at least 15 consecutive
nucleotides of a nucleotide sequence with at least 75% (for
example at least 85% or at least 95%) sequence identity to
the nucleic acid sequence shown in SEQ ID NO: 2 or 3, and
at least 15 consecutive nucleotides of a nucleotide sequence
with at least 75% (for example at least 85% or at least 95%)
sequence identity to the nucleic acid sequence shown in
SEQ ID NO: 4, 5, 6,7, 8 or 9.

In one embodiment, an isolated nucleic acid molecule
includes a nucleotide sequence selected from the group
consisting of at least 15 consecutive nucleotides of the
nucleic acid sequence shown in SEQ ID NO: 10, 11 or 12 or
a degenerate variant thereof, at least 15 consecutive nucle-
otides of the nucleic acid sequence shown in SEQ ID NO:
13 or 14 or a degenerate variant thereof, and at least 15
consecutive nucleotides of the nucleic acid sequence shown
in SEQ ID NO: 15, 16, 17 or 18 or a degenerate variant
thereof.

In a further embodiment, a method is disclosed for
detecting the presence of an Aspergillus species in a bio-
logical sample, for example by distinguishing one species
from another by detecting differences in the ITS1 region of
the fungal rRNA. Since it has now been found that the ITS1
region is particularly poorly conserved across these different
species, detection of sequence differences in this region is a
particularly sensitive and specific approach to identifying
the different species. In particular examples, the method
includes detecting differences in two or more (for example
at least three or all five) of ITS1-V1, ITS-V2, ITS-V3,
ITS-V4, and I'TS-V5 nucleic acid sequences of Aspergillus.
The differences can be detected, for example, by sequencing
the two or more nucleic acid sequences, or using nucleic
acid probes specific for those sequences. The target
sequences may be amplified prior to detecting the distin-
guishing nucleic acid sequences.

In particular disclosed embodiments, the method distin-
guishing among Aspergillus granulosus, ustus, sydowii, ver-
sicolor and nidulans, and in addition can be used to distin-
guish among Aspergillus clavatus flavipes, restrictus, wentii,
and chevalieri.

Examples of the sequences that distinguish the species
are:

(a) SEQ ID NO: 1 or a degenerate variant thereof to

identify Aspergillus clavatus;

(b) SEQ ID NO: 2, SEQ ID NO: 3 or a degenerate variant

thereof to identify Aspergillus granulosus;
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4
(¢) SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, or a
degenerate variant thereof to identify Aspergillus
sydowii.

The variability of the ITS1 V1-5 regions even permits
differentiation among strains of the species. For example, it
is possible to distinguish between Aspergillus granulosus
CBS 119.5A and NRRL 250, and among Aspergillus sydowi
iNRRL, CUH1, CUH2, CUH7 and CUHS.

Other examples of sequences that differentiate the species
by distinguishing the ITS1-V1, ITS-V2, ITS-V3, ITS-V4,
and ITS-V5 nucleotide sequences are

(a) SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 or

a degenerate variant thereof to identity 4. flavipes;

(b) SEQ ID NO: 13, SEQ ID NO: 14 or a degenerate

variant thereof to identity A. restrictus

(¢) SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,

SEQ ID NO: 18 or a degenerate variant thereof to
identify A. versicolor;

(d) SEQ ID NO: 19 or a degenerate variant thereof to

identify A. wenti.

(e) SEQ ID NO: 20, SEQ ID NO: 21 or a degenerate

variant thereof to identity 4. chevalieri.

In a particular example, the method involves amplifying
an Aspergillus species ITS1 region including a region having
a nucleotide sequence with at least 75% (for example at least
85% or at least 95%) sequence identity to SEQ ID NO: 1, a
nucleotide sequence with at least 75% (for example at least
85% or at least 95%) sequence identity to SEQ ID NOs: 2
and 3, and/or a nucleotide sequence with at least 75%
sequence identity to SEQ ID NOs: 4-9, and sequencing the
ITS1 region, thereby determining the presence of the
Aspergillus species. Alternatively, the method includes
amplifying an Aspergillus species ITS1 region selected from
the group consisting of SEQ ID NO: 1, SEQ ID NOs: 2 and
3, and/or SEQ ID NOs: 4-9, and sequencing the ITS1 region,
thereby determining the presence of the Aspergillus species.

In another embodiment, a method is disclosed for detect-
ing the presence of an Aspergillus species in a biological
sample, by amplifying an Aspergillus species ITS1 region
selected from the group consisting of SEQ ID NO: 10, 11
and 12 or a degenerate variant thereof, SEQ ID NOs: 13 and
14 or a degenerate variant thereof, SEQ ID NOs: 15-18 or
a degenerate variant thereof, SEQ ID NO: 19 or a degenerate
variant thereof, and SEQ ID NOs: 20 and 21 or a degenerate
variant thereof, and sequencing the ITS1 region, thereby
determining the presence of the Aspergillus species.

In a further embodiment, a method is disclosed for
detecting the presence of an Aspergillus species in a bio-
logical sample, by amplifying an Aspergillus species 1TS1
region using oligonucleotide primers comprising at least 15
consecutive nucleotides of an ITS1 region selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2 and 3,
SEQIDNO: 4, 5,6,7,8,and 9, SEQ ID NO: 10, 11 and 12,
SEQID NO: 13 and 14, SEQ ID NO: 15, 16, 17 and 18, SEQ
ID NO: 19, and SEQ ID NO: 20 and 21, and sequencing the
ITS1 region, thereby determining the presence of the
Aspergillus species.

In yet a further embodiment, a method is disclosed for
detecting the presence of an Aspergillus species in a bio-
logical sample, by amplifying an Aspergillus species 1TS1
region using universal fungal primers 1TSS (SEQ ID NO:
28), ITS1 (SEQ ID NO: 31), ITS2 (SEQ ID NO: 29), and
1TS4 (SEQ ID NO: 30), followed by hybridization with
oligonucleotide probes comprising at least 15 consecutive
nucleotides of an ITS1 region selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2 and 3, SEQ ID
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NO: 4, 5,6,7,8 and 9, SEQ ID NO: 10, 11 and 12, SEQ ID
NO: 13 and 14, SEQ ID NO: 15, 16, 17, 18, SEQ ID NO:
19, and SEQ ID NO: 20 and 21, with detection of hybrid-
ization indicating the presence of the Aspergillus species.

Kits for carrying out these methods are also disclosed.

These and other embodiments are disclosed in the detailed
description of this specification. Other features and advan-
tages of the disclosed methods will become apparent from a
review of the following detailed description of the disclosed
embodiments and the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a diagram of fungal rtDNA. Hybridization sites
for the ITSS and I'TS1 amplification primers are shown in the
phylogenetically conserved 18S region, hybridization sites
for the ITS2 and I'TS3 amplification primers are shown in the
phylogenetically conserved 5.8S region, and the hybridiza-
tion site for the ITS4 amplification primer is shown in the
phylogenetically conserved 28S region. Arrows designate
the direction of amplification.

FIG. 2 is an alignment of ITS1 sequences of representa-
tive Aspergillus species and strains. Dots symbolize identi-
cal nucleotides compared to the 4. niger I sequence; dashes
indicate alignment gaps. Aligned sequences are separated by
horizontal lines according to their phylogenetic relationship
(Samson and Pitt. (eds.), Integration of Modern Taxonomic
Methods for Penicillium and Aspergillus Classification, Har-
wood Academic Publishers, 2000) and represent the follow-
ing strains: A. riger I (ATCC 1015, ATCC 64028), A. niger
1T (ATCC 16404), A. flavus (ATCC 11497, ATCC 34896,
ATCC 44310, ATCC 64025), A. parasiticus (ATCC 56775),
A. tamarii (ATCC 64841), A. flavipes 1 (ATCC 11013), 4.
Aavipes 11 (ATCC 16805), 4. flavipes 111 (ATCC 24487), A.
candidus (NRRL 303, NRRL 312), 4. terreus (ATCC 1012,
ATCC 10029, ATCC 7860), A. chevalieri (ATCC 16443,
ATCC 24546), A. restrictus (NRRL 148, NRRL 151), 4.
Sfumigatus (ATCC 16903, CDC 2570), A. granulosus (CBS
119.5A, NRRL 1932), 4. ustus 1 (ATCC 14417), A. ustus 11
(ATCC 16801), A. ustus 111 (CUH4), A. ustus IV (NRRL
275), A. ustus V. (NRRL 5077, CUHS5), A. sydowii 1 (NRRL
250, NRRL 4768, CUH 1, CUH2, CUHS), 4. sydowii 11
(CUH7), A. versicolor 1 (ATCC 10072, NRRL 238, NRRL
239), A. versicolor 11 (CUH3), A. nidulans 1 (ATCC 16855,
ATCC 64027), and A. nidulans 11 (CDC 040487).

SEQUENCE LISTING

The nucleic sequences listed in the accompanying
sequence listing are shown using standard letter abbrevia-
tions for nucleotide bases, as defined in 37 C.F.R. 1.822.
Only one strand of each nucleic acid sequence is shown, but
the complementary strand and the corresponding RNA
sequences of both strands are understood to be included by
any reference to the displayed strand.

SEQ ID NO: 1 shows the nucleic acid sequence of the
ITS1 region of 4. clavatus (strain ATCC 9192).

SEQ ID NO: 2 shows the nucleic acid sequence of the
ITS1 region of 4. granulosus (strain CBS 119.5A).

SEQ ID NO: 3 shows the nucleic acid sequence of the
ITS1 region of 4. granulosus (strain NRRL 1932).

SEQ ID NO: 4 shows the nucleic acid sequence of the
ITS1 region of 4. sydowii (strain NRRL 250).

SEQ ID NO: 5 shows the nucleic acid sequence of the
ITS1 region of 4. sydowii (strain NRRL 4768).

SEQ ID NO: 6 shows the nucleic acid sequence of the
ITS1 region of 4. sydowii (strain CUHI).
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SEQ ID NO: 7 shows the nucleic acid sequence of the
ITS1 region of 4. sydowii (strain CUH2).

SEQ ID NO: 8 shows the nucleic acid sequence of the
ITS1 region of 4. sydowii (strain CUH7).

SEQ ID NO: 9 shows the nucleic acid sequence of the
ITS1 region of 4. sydowii (strain CUHS).

SEQ ID NO: 10 shows the nucleic acid sequence of the
ITS1 region of 4. flavipes (strain ATCC 11013).

SEQ ID NO: 11 shows the nucleic acid sequence of the
ITS1 region of 4. flavipes (strain ATCC 16805).

SEQ ID NO: 12 shows the nucleic acid sequence of the
ITS1 region of 4. flavipes (strain ATCC 24487).

SEQ ID NO: 13 shows the nucleic acid sequence of the
ITS1 region of A. restrictus (strain NRRL 148).

SEQ ID NO: 14 shows the nucleic acid sequence of the
ITS1 region of A. restrictus (strain NRRL 151).

SEQ ID NO: 15 shows the nucleic acid sequence of the
ITS1 region of 4. versicolor (strain ATCC 10072).

SEQ ID NO: 16 shows the nucleic acid sequence of the
ITS1 region of 4. versicolor (strain NRRL 238).

SEQ ID NO: 17 shows the nucleic acid sequence of the
ITS1 region of 4. versicolor (strain NRRIL.239).

SEQ ID NO: 18 shows the nucleic acid sequence of the
ITS1 region of A4. versicolor (strain CUH3).

SEQ ID NO: 19 shows the nucleic acid sequence of the
ITS1 region of 4. wentii (strain 3650).

SEQ ID NO: 20 shows the nucleic acid sequence of the
ITS1 region of 4. chevalieri (strain ATCC 16443).

SEQ ID NO: 21 shows the nucleic acid sequence of the
ITS1 region of 4. chevalieri (strain ATCC 24546).

SEQ ID NO: 22 shows the nucleic acid sequence of the
ITS1 region of 4. ustus (strain ATCC 14417).

SEQ ID NO: 23 shows the nucleic acid sequence of the
ITS1 region of 4. ustus (strain ATCC 16801).

SEQ ID NO: 24 shows the nucleic acid sequence of the
ITS1 region of 4. ustus (strain NRRL 275).

SEQ ID NO: 25 shows the nucleic acid sequence of the
ITS1 region of 4. ustus (strain NRRL 5077).

SEQ ID NO: 26 shows the nucleic acid sequence of the
ITS1 region of 4. ustus (strain CUH4).

SEQ ID NO: 27 shows the nucleic acid sequence of the
ITS1 region of 4. ustus (strain CUHS).

SEQ ID NO: 28 shows the nucleic acid sequence of fungal
universal forward primer ITS5.

SEQ ID NO: 29 shows the nucleic acid sequence of fungal
universal reverse primer [TS2.

SEQ ID NO: 30 shows the nucleic acid sequence of fungal
universal reverse primer [TS4.

SEQ ID NO: 31 shows the nucleic acid sequence of fungal
universal forward primer ITS1.

SEQ ID NO: 32 shows the nucleic acid sequence of fungal
universal forward primer ITS3.

SEQ ID NO: 33 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 34 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 35 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 36 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 37 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 38 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 39 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.
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SEQ ID NO: 40 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 41 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 42 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 43 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 44 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 45 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 46 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 47 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 48 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 49 shows the nucleic acid sequence of an
exemplary A. granulosus ITS1 primer/probe.

SEQ ID NO: 50 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 51 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 52 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 53 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 54 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 55 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 56 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 57 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 58 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 59 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 60 shows the nucleic acid sequence of an
exemplary A. nidulans ITS1 primer/probe.

SEQ ID NO: 61 shows the nucleic acid sequence of an
exemplary A. ustus ITS1 primer/probe.

SEQ ID NO: 62 shows the nucleic acid sequence of an
exemplary A. ustus ITS1 primer/probe.

SEQ ID NO: 63 shows the nucleic acid sequence of an
exemplary A. ustus ITS1 primer/probe.

SEQ ID NO: 64 shows the nucleic acid sequence of an
exemplary A. ustus ITS1 primer/probe.

SEQ ID NO: 65 shows the nucleic acid sequence of an
exemplary A. ustus ITS1 primer/probe.

SEQ ID NO: 66 shows the nucleic acid sequence of an
exemplary A. ustus ITS1 primer/probe.

SEQ ID NO: 67 shows the nucleic acid sequence of an
exemplary A. ustus ITS1 primer/probe.

DETAILED DESCRIPTION

1. Explanation of Terms

Unless otherwise noted, technical terms are used accord-
ing to conventional usage. Definitions of common terms in
molecular biology may be found in Benjamin Lewin, Genes
Vil, published by Oxford University Press, 1999; Kendrew
et al. (eds.), The Encyclopedia of Molecular Biology, pub-
lished by Blackwell Science Ltd., 1994; and Robert A.
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Meyers (ed.), Molecular Biology and Biotechnology: a
Comprehensive Desk Reference, published by VCH Publish-
ers, Inc., 1995.

As used herein, the singular forms “a,” “an,” and “the,”
refer to both the singular as well as plural, unless the context
clearly indicates otherwise. Similarly, the word “or” is
intended to include “and” unless the context clearly indi-
cates otherwise. Also, as used herein, the term “comprises”
means “includes.” Hence “comprising A or B” means
including A, B, or A and B. In addition, the materials,
methods, and examples are illustrative only and not intended
to be limiting.

In order to facilitate review of the various embodiments of
the invention, the following explanations of specific terms
are provided:

Amplification: of a nucleic acid molecule (e.g., a DNA or
RNA molecule) refers to use of a technique that increases the
number of copies of a nucleic acid molecule in a sample. An
example of amplification is polymerase chain reaction
(PCR), in which a sample is contacted with a pair of
oligonucleotide primers under conditions that allow for the
hybridization of the primers to a nucleic acid template in the
sample. The primers are extended under suitable conditions,
dissociated from the template, re-annealed, extended, and
dissociated to amplify the number of copies of the nucleic
acid. The product of amplification can be characterized by
electrophoresis, restriction endonuclease cleavage patterns,
oligonucleotide hybridization or ligation, and/or nucleic acid
sequencing using standard techniques.

The PCR method can be modified in certain embodi-
ments. For example, a polymerase chain reaction-enzyme
immunoassay (PCR-EIA) method can be used for amplifi-
cation and differentiation of fungi. The PCR-EIA method is
described in Elie et al., J. Clin. Microbiol. 36:3260-65, 1998,
and can be modified to suit particular embodiments.

Other examples of amplification include strand displace-
ment amplification, as disclosed in U.S. Pat. No. 5,744,311,
transcription-free isothermal amplification, as disclosed in
U.S. Pat. No. 6,033,881; repair chain reaction amplification,
as disclosed in WO 90/01069; ligase chain reaction ampli-
fication, as disclosed in EP-A-320,308; gap filling ligase
chain reaction amplification, as disclosed in U.S. Pat. No.
5,427,930; and NASBA RNA transcription-free amplifica-
tion, as disclosed in U.S. Pat. No. 6,025,134.

Animal: A living multi-cellular vertebrate or invertebrate
organism, a category that includes, for example, mammals
and birds. The term mammal includes both human and
non-human mammals. Similarly, the term “subject” includes
both human and veterinary subjects.

c¢DNA (complementary DNA): A piece of DNA lacking
internal, non-coding segments (introns) and transcriptional
regulatory sequences. cDNA also may contain untranslated
regions (UTRs) that are responsible for translational control
in the corresponding RNA molecule. cDNA is synthesized in
the laboratory by reverse transcription from messenger RNA
extracted from cells.

Degenerate variant: A “degenerate variant” of a probe or
primer includes sequences that have altered nucleic acid
sequences, but retain their ability to bind to the target
sequences (and identify or amplify the fungal target) with
sufficient specificity. In some particular examples, no more
than about 1, 2, 5, or 10 nucleic acids are changed, or the
probe or primer retains at least 80%, 85%, 90%, or 95%
sequence identity to the original sequence. Degenerate vari-
ants also include probe or primer sequences to which
additional sequence has been added, while still retaining the
noted specificity of the probe or primer.
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A “degenerate variant” or “minor variant” of an Aspergil-
lus 1TS1 sequence includes sequences that have altered
nucleic acid sequences, but retain their ability to identify
particular Aspergillus species. In some particular examples,
no more than about 1, 2, 5, or 10 nucleic acids are changed.

Fungus: Living, single-celled and multicellular organisms
belonging to the kingdom Fungi. Most species are charac-
terized by a lack of chlorophyll and presence of chitinous
cell walls, and some fungi may be multinucleated. In one
embodiment, a fungus is an Aspergillus species. Represen-
tative, non-limiting examples of Aspergillus include the
species listed in Table 1 below, such as 4. chevalieri, A.
clavatus, A. flavipes, A. granulosus, A. restrictus, A. sydowii,
A. ustus, A. versicolor, and A. wentii.

Homolog: A nucleotide sequence that shares a common
ancestor with another nucleotide sequence; the homologs
diverged when a species carrying that ancestral sequence
split into two species.

Isolated: An “isolated” microorganism (such as a fungus)
has been substantially separated or purified away from
microorganisms of different types, strains, or species. For
example, a colony of Aspergillus clavatus would be consid-
ered an “isolated” Aspergillus clavatus. Microorganisms can
be isolated by a variety of techniques, including serial
dilution and culturing.

An “isolated” biological component (such as a nucleic
acid molecule or protein) has been substantially separated or
purified away from other biological components in the cell
of the organism in which the component naturally occurs.
The term “isolated” does not require absolute purity. Nucleic
acids and proteins that have been “isolated” include nucleic
acids and proteins purified by standard purification methods.
The term also embraces nucleic acids and proteins prepared
by recombinant expression in a host cell, as well as chemi-
cally synthesized nucleic acids.

ITS1: The first internal transcribed spacer sequence of
fungal rDNA. As illustrated in FIG. 1, a diagram of the
fungal rDNA region, the ITS1 sequence is located between
the 18S and 5.8S coding sequences. The ITS1 region varies
from approximately 142 to 187 nucleotides in length
depending upon the species examined. In one embodiment,
the nucleotides in the ITS1 sequence can be numbered
beginning with the first nucleotide downstream of the 18S
coding sequence and ending with the last nucleotide directly
in advance of the 5.8S coding sequence.

The hypervariable regions of ITS1 are defined as follows
with reference to FIG. 2: ITS1-V1, position 8-30 (12-21
nucleotides in length); ITS1-V2, position 50-67 (13-14
nucleotides in length); ITS1-V3, position 81-141 (12-54
nucleotides in length); ITS1-V4, position 151-181 (23-28
nucleotides in length); and ITS1-V5, position 192-215 (17-
21 nucleotides in length). Compared to the ITS1-V3
sequence of 4. niger (54 nucleotides), notably shorter cor-
responding sequences were found for A. chevalieri (12
nucleotides), 4. granulosus (21 nucleotides), A. ustus (21-30
nucleotides), A. sydowii (22 nucleotides), A. versicolor (22
nucleotides), and A. nidulans (21-22 nucleotides).

Oligonucleotide: A linear polynucleotide sequence of
between 5 and 100 nucleotide bases in length.

Operably linked: A first molecule, such as a nucleic acid
or protein, is operably linked with a second molecule when
the first molecule is placed in a functional relationship with
the second molecule. For instance, a promoter is operably
linked to a nucleic acid coding sequence if the promoter
affects the transcription or expression of the coding
sequence. Additionally, an intron is operably linked to an
exon for the function of splicing. Generally, operably linked
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nucleotide sequences are contiguous and, where necessary
to join two protein-coding regions, in the same reading
frame.

ORF (open reading frame): A series of nucleotide triplets
(codons) coding for amino acids without any internal ter-
mination codons. These sequences are usually translatable
into a peptide.

Probes and primers: Nucleic acid probes and primers can
be readily prepared based on the nucleic acid molecules
provided in this invention, and therefore provide a substan-
tial utility for the disclosed sequences. A probe comprises an
isolated nucleic acid capable of hybridizing to a template
nucleic acid, and a detectable label or reporter molecule can
be attached to a probe. Typical labels include radioactive
isotopes, enzyme substrates, co-factors, ligands, chemilumi-
nescent or fluorescent agents, haptens, and enzymes. Meth-
ods for labeling and guidance in the choice of labels appro-
priate for various purposes are discussed in, for example,
Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, 2001; and Ausubel et
al. (eds.), Short Protocols in Molecular Biology, John Wiley
and Sons, 1999.

Primers are short nucleic acid molecules, for example
DNA oligonucleotides 15 nucleotides or more in length.
Primers can be annealed to a complementary target DNA
strand by nucleic acid hybridization to form a hybrid
between the primer and the target DNA strand, and the
primer can be extended along the target DNA strand by a
DNA polymerase enzyme. Primer pairs can be used for
amplification of a nucleic acid sequence, e.g., by PCR or
other nucleic acid amplification methods.

Methods for preparing and using probes and primers are
described, for example, in Sambrook et al.; Ausubel et al.
(eds.); and Innis et al., PCR Applications, Protocols for
Functional Genomics, Academic Press, Inc., 1999. PCR
primer pairs can be derived from a known sequence, for
example, by using computer programs intended for that
purpose such as Primer3, Whitehead Institute for Biomedi-
cal Research, Cambridge, Mass.; the program is accessible
through the Whitehead Institute’s website.

The specificity of a particular probe or primer increases
with its length. Thus, as one non-limiting example, a primer
comprising 15 consecutive nucleotides of the 4. clavatus
ITS1 sequence will anneal to a target sequence, such as
another ITS1 homolog from the family contained within an
A. clavatus genomic DNA library, with a higher specificity
than a corresponding primer of only 10 nucleotides. Thus, in
order to obtain greater specificity, probes and primers can be
selected that comprise 20, 25, 30, 35, 40, 50, 75, 100, or
more consecutive nucleotides of A. clavatus ITS1 sequence.
The present disclosure thus includes isolated nucleic acid
molecules (probes and primers) that comprise specified
lengths of a fungal ITS1 sequence. Such molecules can
comprise at least 10, 20, 25, 30, 35, 40, 50, 75, or 100
consecutive nucleotides of the ITS1 sequence, and can be
obtained from any region of the ITS1 sequence.

Any of the probes or primers disclosed herein can also be
of'a maximum length, for example no more than 15, 25, 25,
40, 50, 75 or 100 nucleotides in length.

Recombinant: A recombinant nucleic acid is one that has
a sequence that is not naturally occurring or has a sequence
that is made by an artificial combination of two otherwise
separated segments of sequence. This artificial combination
can be accomplished by chemical synthesis or, more com-
monly, by the artificial manipulation of isolated segments of
nucleic acids, e.g., by genetic engineering techniques.
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Sample: Encompasses a sample obtained from an animal,
plant, or the environment. An “environmental sample”
includes a sample obtained from inanimate objects or res-
ervoirs within an indoor or outdoor environment, including,
but not limited to: soil, water, dust, and air samples.

Biological sample: A sample obtained from a plant or
animal subject. As used herein, biological samples include
all clinical samples useful for detection of fungal infection
in subjects, including, but not limited to, cells, tissues, and
bodily fluids, such as blood, derivatives and fractions of
blood (such as serum); biopsied or surgically removed
tissue, including tissues that are unfixed, frozen, or fixed in
formalin or paraffin; tears; milk; skin scrapes; surface wash-
ings; urine; sputum; cerebrospinal fluid; prostate fluid; pus;
bone marrow aspirates; bronchoalveolar levage (BAL); and
saliva. In particular embodiments, the biological sample is
obtained from an animal subject, such as blood, serum,
cerebrospinal fluid, BAL, pus, or a skin lesion.

Sequence identity: The similarity between two nucleic
acid sequences, is expressed in terms of the similarity
between the sequences, otherwise referred to as sequence
identity. Sequence identity is frequently measured in terms
of percentage identity, similarity, or homology; a higher
percentage identity indicates a higher degree of sequence
similarity. Homologs of fungal ITS1 sequences will possess
a relatively high degree of sequence identity when aligned
using standard methods.

The NCBI Basic Local Alignment Search Tool (BLAST),
Altschul et al., J. Mol. Biol. 215:403-10, 1990, is available
from several sources, including the National Center for
Biotechnology Information (NCBI, Bethesda, Md.), for use
in connection with the sequence analysis programs blastp,
blastn, blastx, thlastn and tblastx. It can be accessed through
the NCBI website. A description of how to determine
sequence identity using this program is also available on the
website.

When less than the entire sequence is being compared for
sequence identity, homologs will typically possess at least
75% sequence identity over short windows of 10-20 amino
acids, and can possess sequence identities of at least 85% or
at least 90% or 95% depending on their similarity to the
reference sequence. Methods for determining sequence
identity over such short windows are described on the NCBI
website.

These sequence identity ranges are provided for guidance
only; it is entirely possible that strongly significant
homologs could be obtained that fall outside of the ranges
provided.

An alternative indication that two nucleic acid molecules
are closely related is that the two molecules hybridize to
each other under stringent conditions. Stringent conditions
are sequence-dependent and are different under different
environmental parameters. Generally, stringent conditions
are selected to be about 5° C. to 20° C. lower than the
thermal melting point (Tm) for the specific sequence at a
defined ionic strength and pH. The Tm is the temperature
(under defined ionic strength and pH) at which 50% of the
target sequence hybridizes to a perfectly matched probe.
Conditions for nucleic acid hybridization and calculation of
stringencies can be found in Sambrook et al.; and Tijssen,
Hybridization With Nucleic Acid Probes, Part I: Theory and
Nucleic Acid Preparation, Laboratory Techniques in Bio-
chemistry and Molecular Biology, Elsevier Science Ltd.,
1993. Nucleic acid molecules that hybridize under stringent
conditions to a fungal ITS1 sequence will typically hybrid-
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ize to a probe based on either an entire ITS1 sequence or
selected portions of the ITS1 sequence under wash condi-
tions of 2xSSC at 50° C.

Transformed: A transformed cell is a cell into which a
nucleic acid has been introduced by molecular biology
techniques. The term “transformation” encompasses all
techniques by which a nucleic acid molecule might be
introduced into such a cell, including transfection with viral
vectors, transformation with plasmid vectors, and introduc-
tion of naked DNA by electroporation, lipofection, and
particle gun acceleration.

Vector: A nucleic acid molecule as introduced into a host
cell, thereby producing a transformed host cell. A vector can
include nucleic acid sequences that permit it to replicate in
a host cell, such as an origin of replication. A vector can also
include one or more selectable marker genes and other
genetic elements.

This disclosure provides a simple, rapid, and useful
method for differentiating species of Aspergillus from one
another, and from other environmentally, clinically or medi-
cally important fungi.

This approach is made possible by providing the ITS1
nucleotide sequences of several clinically important species
of Aspergillus. Fungal DNA can be amplified using primers,
such as universal fungal primers (for example universal
primers ITS1, ITS2, ITS3, ITS4, or ITSS5). The different
species of Aspergillus are then differentiated by taking
advantage of the ITS1 sequence differences between these
species and between different sequevars of a species. For
example, the amplified fungal DNA can be sequenced in a
high speed sequencer, such that sequence differences
between the different Aspergillus species are associated with
a particular species of Aspergillus from which the sequence
was obtained.

While the ITS1 sequences of some Aspergillus species
were previously known, the sequences of many others
disclosed herein are novel sequences that were not previ-
ously available to distinguish different Aspergillus species
from one another. The sequences (and the complement) of
the sequences claimed in this disclosure, along with any
modifications to these sequences, may be utilized in assays
for the identification of fungi based on several existing
methodologies, as well as future improvements and alter-
ations of this technology. These techniques include, but are
not limited to, assays based on hybridization, ligation,
polymerization, depolymerization, sequencing, chemical
degradation, enzymatic digestion, electrophoresis, chroma-
tography and amplification.

In addition to the 27 different ITS1 sequences (SEQ ID
NOs: 1-27) of clinically important Aspergillus species and
sequevars thereof, also provided are the sequences of several
universal fungal primers (SEQ ID NOs: 28-32) that can be
used to amplify the Aspergillus nucleic acid, prior to species
or sequevars identification by the nucleic acid differences
disclosed herein.

Those versed in the art will recognize that specification of
a single-stranded DNA sequence implies the utility of the
complementary DNA sequence, as well as the two equiva-
lent RNA sequences, for detecting species or strain differ-
ences. Furthermore, sequences incorporating modifications
of any of the moieties comprising the nucleic acid (such as
the sugar or the backbone) are functional equivalents of the
sequence. These sequences (or subsequences thereof) can
themselves serve as probes or primers.



US 7,384,741 B2
13 14

1I. Aspergillus Sequences disclosure encompasses isolated ITS1 nucleic acid mol-
The disclosure provides isolated ITS1 nucleic acid mol- ecules from A. clavatus, A. granulosus, A. sydowii, A.

ecules from Aspergillus species, which can be used for the  flavipes, A. restrictus, A. versicolor, A. weniii, A. chevalieri,

detection and species identification of Aspergillus. The and A. ustus. Specific nucleic acid molecules include:

A. clavatus (strain ATCC 9192):
CCGAGTGCGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCG (SEQ ID NO: 1)
GCGGGCCCGCCGTCTTCGGACGGCCGCCGGGGAGGCCTCCGCGCCCCCGGGCCCGCGLe
CGCCGAAGACCACAACATGAACTCTGTTCTGAAGTTTTGCAGTCTGAGTTGATTATCATA

ATCAGTTA.

A. granulosus (strain CBS 119.53):
CCGAGTGCAGGTCTGCCCCTGGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCAAC (SEQ ID NO: 2)
GTTGCTTCGGCGGTGCGCCCCTCCGGGGGCAGCCGCCGGAGACCACACCGAACCTCTTG
TTTAAGCCTGTTGTCTGAGCTTGATAGCAAATCTATTA.

A. granulosus (strain NRRL 1932):
CCGAGTGCAGGTCTGCCCCTGGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCAAC (SEQ ID NO: 3)
GTTGCTTCGGCGGTGCGCCCCTCCGGGGGCAGCCGCCGGAGACCACACCGAACCTCTTG
TTTAAGCCTGTTGTCTGAGCTTGATAGCAAATCTATTA.

A. sydowii (strain NRRL 250):
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGAATACCTAACACTGTTGC (SEQ ID NO: 4)
TTCGGCGGGGAACCCCCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. sydowii (strain NRRL 4768) :
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGAATACCTAACACTGTTGC (SEQ ID NO: 5)
TTCGGCGGGGAACCCCCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. sydowii (strain CUHL) :
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGAATACCTAACACTGTTGC (SEQ ID NO: 6)
TTCGGCGGGGAACCCCCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. sydowii (strain CUH2):
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGAATACCTAACACTGTTGC (SEQ ID NO: 7)
TTCGGCGGGGAACCCCCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. sydowii (strain CUH7) :
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGAATACCTAACACTGTTGC (SEQ ID NO: 8)
TTCGGCGGGGAGCTCCCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. sydowii (strain CUHS) :
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGAATACCTAACACTGTTGC (SEQ ID NO: 9)
TTCGGCGGGGAACCCCCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A.flavipes (strain ATCC 11013):
CCGAGTGAGGGTCCTCGTGGCCCAACCTCCCACCCGTGACTACTGTACCACTGTTGCTTC (SEQ ID NO: 10)
GGCGGGCCCGCCAGCGTCCGCTGGCCGCCGEGEGGCTTCTGCCCCCGGGCCCGTGCCCG
CCGGAGACCCCAACACGAACACTGTTTCTGAAAGCCTGTATGAATTCGATTCTTTGTAAT

CAGTTA.

A. flavipes (strain ATCC 16805):
CCGAGTGAGGGTCCTCGTGGCCCAACCTCCCACCGTGACTACTGTACCACTGTTGCTTC (SEQ ID NO: 11)
GGCGGGCCCGCCAGCCTAGCTGGCCGCCGGEGGGCTTCTGCCCCCGGGCCCGCGCCCGL
CGGAGACCCCAACACGAACACTGTTTCTGAAAGCCTGTATGAATCCGATTCTTTGTAATC

AGTTA.

A. flavipes (strain ATCC 24487):
CCGAGTGAGGGTCCTCGTGGCCCAACCTCCCACCCGTGACTACTGTACCACTGTTGCTTC (SEQ ID NO: 12)
GGCGGGCCCGCCAGCGCCCGCTGGCCGCCGEGEGGCTTCTGCCCCCGGGCCCGTGCCCG
CCGGAGACCCCAACACGAACACTGTTTCTGAAAGCCTGTATGAATCCGATTCTTTGTAAT

CAGTTA.

A. restrictus (strain NRRL 148):
CCGAGTGCGGGCCCTCTGGGTCCAACCTCCCATCCGTGTCTCTTGTACCCTGTTGCTTCG (SEQ ID NO: 13)
GCGGGCCCGCCTTCATGGCCGCCGGGEGGCTTCTGCCCCCGGGCCCGCGCCCGCCGGAG
ACTCCAACATTGAACACTGTCTGAAGGTTGCAGTCTGAGTTTTCATATAAGAAAAATCGT

TA.

A. restrictus (strain NRRL 151):
CCGAGTGCGGGCCCTCTGGGTCCAACCTCCCATCCGTGTCTCTTGTACCCTGTTGCTTCG (SEQ ID NO: 14)
GCGGGCCCGCCTTCATGGCCGCCGGGEGGCTTCTGCCCCCGGGCCCGCGCCCGCCGGAG
ACTCCAACATTGAACACTGTCTGAAGGTTGCAGTCTGAGTTTTCATATAAGAAAAATCGT
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-continued
TA.

A. versicolor (strain ATCC 10072):
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGACTACCTAACACTGTTGC
TTCGGCGGGGAGCCCTCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. versicolor (strain NRRL 238):
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGACTACCTAACACTGTTGC
TTCGGCGGGGAGCCCTCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. versicolor (strain NRRL 239):
CTGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGACTACCTAACACTGTTGC
TTCGGCGGGGAGCCCTCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. versicolor (strain CUH3) :
CCGAGTGCGGGCTGCCTCCGGGCGCCCAACCTCCCACCCGTGACTACCTAACACTGTTGC
TTCGGCGGGGAGCCCTCTCGGGGGCGAGCCGCCGGGGACTACTGAACTTCATGCCTGAG
AGTGATGCAGTCTGAGTCTGAATATAAAATCAGTCA.

A. wentii (strain 3650) :
CCGAGTGAGGACCTAACCGGTCCAACCTCCCACCCGTGTCTATCGTACCTTGTTGCTTCG
GCGGGCCCGCCATTCGTGGCCGCCGGGGGGCATCTCGCCCCCGGGCCCGCGCCCGCCGG
AGACACCAACACGAACACTGTCTGAAGGTTGCAGTCTGAGTCGATTATTTAATCGTTA .

A. chevalieri (strain ATCC 16443):
CCGAGTGCGGGCCCTCTGGGTCCAACCTCCCATCCGTGTCTATCTGTACCCTGTTGCTTC
GGCGTGGCCACGGCCCGCCGGAGACTAACATTTGAACGCTGTCTGAAGTTTGCAGTCTG
AGTTTTTAGTTAAACAATCGTTA.

A. chevalieri (strain ATCC 24546):
CCGAGTGCGGGCCCTCTGGGTCCAACCTCCCATCCGTGTCTATCTGTACCCTGTTGCTTC
GGCGTGGCCACGGCCCGCCGGAGACTAACATTTGAACGCTGTCTGAAGTTTGCAGTCTG
AGTTTTTAGTTAAACAATCGTTA.

A. ustus (strain ATCC 14417):
CCGAGTGCAGGTCTGCCCCCGGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCAAC
GTTGCTTCGGCGGTGCGCCCCCCCGGEGETAGCCGCCGGAGACCACACCGAACCTCCTG
TCTTTAGTGTTGTCTGAGCTTGATAGCAAACCTATTA.

A. ustus (strain ATCC 16801):
CCGAGTGCAGGTCTGCCCCCGGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCAAC
GTTGCTTCGGCGGTGCGCCCCTCCGGGGGTAGCCGCCGGAGACCACATTGAACCTCTTGT
CTTTAGTGTTGTCTGAGCTTGATAGCAAACCTATTA.

A. ustus (strain NRRL 275):
CCGAGTGCAGGTCTGCCCCCGGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCAAC
GTTGCTTCGGCGGTGCGCTCCCCCCGGGGGCAGCCGCCGGAGACCACACCGAACCTCTT
GTTATAGCGTGTCGTCTGAGCTTGATACAAGCAAACCTAATTA.

A. ustus (strain NRRL 5077) :
CCGAGTGCAGGCCTCGCCCCACAGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCA
ACGTTGCTTCGGCGGTGCGCGCCCCCTTCCCGGGGGGCGTAAGCCGCCGGGGACCACAC
CGAACTTCTTGTTTTTAGCGTGTCGTCTGAGCTTGATACAAGCAAACCTAATTA.

A. ustus (strain CUH4) :
CCGAGTGCAGGTCTGCCCCCGGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCAAC
GTTGCTTCGGCGGTGCGCCCCCCCCGGGGGTAGCCGCCGGAGACCACACCGAACCTCCT
GTCTTTAGTGTTGTCTGAGCTTGATAGCAAACCTATTA.

A. ustus (strain CUHS5) :
CCGAGTGCAGGCCTCGCCCCACAGGCAGGCCTAACCTCCCACCCGTGAATACCTGACCA
ACGTTGCTTCGGCGGTGCGCGCCCCCTTCCCGGGGGGCGTAAGCCGGCGGGGACCACAC
CGAACTTCTTGTTTTTAGCGTGTCGTCTGAGCTTGATACAAGCAAACCTAATTA.

(SEQ ID NO: 15)
(SEQ ID NO: 16)
(SEQ ID NO: 17)
(SEQ ID NO: 18)
(SEQ ID NO: 19)
(SEQ ID NO: 20)
(SEQ ID NO: 21)
(SEQ ID NO: 22)
(SEQ ID NO: 23)
(SEQ ID NO: 24)
(SEQ ID NO: 25)
(SEQ ID NO: 26)
(SEQ ID NO: 27)
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In addition, the disclosure encompasses nucleic acid
sequences (which as defined herein also includes the
complementary sequence and corresponding RNA
sequences) with at least 75% (for example at least 85%, 95%
or 98%) sequence identity to the isolated ITS1 sequences
from A. clavatus (SEQ ID NO: 1), A. granulosus (SEQ ID
NOs: 2 and 3), and 4. sydowii (SEQ ID NOs: 4-9). The
disclosure also encompasses the isolated ITS1 nucleic acid
sequences from A. flavipes (SEQ ID NOs: 10-12), A. restric-
tus (SEQ ID NOs: 13 and 14), and 4. versicolor (SEQ ID
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NOs: 15-18), or degenerate variants thereof. Such sequences
can be used as probes or primers for the detection or
amplification of target sequences.

Also disclosed are isolated oligonucleotides (which as
defined herein also includes the complementary sequence
and corresponding RNA sequences) including at least about
10 consecutive nucleotides, or at least about 15, 20 or 25
consecutive nucleotides, from the Aspergillus 1TS1
sequences disclosed herein, including any nucleic acid
sequences having at least 75% (for example at least 85%,






