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Compositions and Methods for Detecting Certain Flaviviruses, Including

Members of the Japanese Encephalitis Virus Serogroup

BACKGROUND OF THE INVENTION

The family Flaviviridae and genus Flavivirus encompasses a number of viruses that are
potentially lethal human pathogens. Such viruses include Dengue virus, Yellow Fever
virus, Modoc virus, and viruses of the Japanese encephalitis virus serogroup. The
Japanese encephalitis virus serogroup includes several closely related viruses, such as
Japanese encephalitis virus (JEV), West Nile virus (WNV), St. Louis encephalitis virus,
Murray Valley encephalitis virus, and Kunjin virus. Kunjin virus is often referred to as a
variant of WNV because of the degree of sequence conservation between these two
viruses. Characterized WNV strains have been divided into two groups, lineage I and

lineage 11, based on sequence analysis.

In 1999, the first case of human WNV infection in the U.S. was reported. Since then,
annual epidemics have occurred. In August 2002, transmission of WNV via routes

other than mosquito bites was confirmed when four organ recipients were infected by a
single organ donor. The virus has since been found to be transmissible by transfusion of

blood products (21 confirmed cases) and by breast milk.

Detection of active WNV infection 1s difficult, as symptoms are non-specific and virus-
specific antibodies can usually be detected only after the viremic phase. Furthermore,
WNV-specific IgM can persist for more than a year, making it difficult to differentiate
between active infection and past exposure. More sensitive detection methods, such as
direct detection of viral nucleic acids, are needed. Detection of viral nucleic acids
presents a more sensitive method for the early detection of infection by WNV and other

flaviviruses than serological methods currently in use.

Other flaviviruses, including members of the Japanese encephalitis virus serogroup, are

also human pathogens. These pathogens include Japanese encephalitis serogroup

- members such as Japanese encephalitis virus, St. Louis encephalitis virus (SLEV), and

Murray Valley encephalitis virus, and other flaviviruses such as Dengue virus, Yellow
Fever virus, and Modoc virus. Transmission of members of the Japanese encephalitis

virus serogroup other than WNV via blood products remains undocumented. However,
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such transmissions are possible, and increasingly likely to occur as these viruses become
more widespread. Therefore, new, sensitive, and specific assays that are capable of
detecting these flaviviruses that are human pathogens are highly desirable. Furthermore,
a single assay that is capable of detecting several members of the Japanese encephalitis

serogroup would also be very desirable.

BRIEF SUMMARY OF THE INVENTION

The present invention provides compositions, methods, and kits for detecting the
presence of a nucleic acid of certain flaviviruses, including several members of the
Japanese encephalitis virus serogroup. The compositions and methods of the present
invention are based, in part, on the discovery of oligonucleotides that can be used e.g., as
primers and probes to detect the presence of members of the Japanese encephalitis virus
serogroup. For example, West Nile virus, Kunjin virus, Japanese encephalitis virus, St
Louis encephalitis virus (SLEV) and Murray Valley encephalitis virus can be detected
with the oligonucleotides of the invention. Further, the oligonucleotides of the
invention can be used to detect flaviviruses outside the Japanese encephalitis virus
serogroup, including, for example, Dengue virus, Montana myotis leukoencephalitis
virus, Modoc virus, and Yellow Fever virus. The oligonucleotides of the invention can
be used as primers and probes to detect these flaviviruses according to the methods

described herein.

In certain aspects, the invention provides a method for detecting a nucleic acid of several
members of the Japanese encephalitis virus serogroup. In the method, a detectably-
labeled oligonucleotide of the invention, described in detail below, is used as a probe to
detect a nucleic acid of several members of the Japanese encephalitis virus serogroup.

The probe hybridizes to a nucleic acid of SEQ ID NO.: 16 or the complement thereof,
which is a sequence of a conserved region in the 3’ untranslated region of flaviviral
nucleic acids that can be detected according to the present invention. In certain

embodiments of the invention, a template-dependent nucleic acid polymerase with 5'-3'

exonuclease activity fragments the probe, wherein fragmentation of the detectably-

labeled probe indicates the presence of the nucleic acid of a member of the Japanese

encephalitis serogroup.
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In certain embodiments, the methods comprise amplifying the nucleic acid of a member
of the Japanese encephalitis virus serogroup in the presence of a detectably-labeled
nucleic acid probe, wherein the detectably-labeled nucleic acid probe comprises at least
20 consecutive nucleotides of SEQ ID NO.: 17, or the complement thereof. In other
embodiments, the methods comprise amplifying the nucleic acid of a member of the
Japanese encephalitis virus serogroup in the presence of a detectably-labeled
oligonucleotide, wherein the detectably-labeled oligonucleotide comprises SEQ ID NO.:
18, or the complement thereof. SEQ ID NO.: 18 is an oligonucleotide sequence that
hybridizes to a conserved region of currently known flaviviral nucleic acids that can be
detected according to the present invention. In still other embodiments, the methods
comprise amplifying the nucleic acid of a member of the Japanese encephalitis virus
serogroup in the presence of a detectably-labeled nucleic acid probe, wherein the
detectably-labeled probe comprises SEQ ID NO.: 28, or the complement thereof.

SEQ ID NO.: 28 is a specific probe nucleic acid sequence that can be used to detect

flaviviruses according to the present invention.

In certain embodiments, the probe comprises a detectable moiety. The detectable
moiety can be any detectable moiety known to one of skill in the art without limitation.
For example, the detectable moiety can be a fluorescent moiety. In certain
embodiments, the fluorescent moiety can be selected from the group consisting of
fluorescein-family dyes, polyhalofluorescein-family dyes, hexachlorofluorescein-family
dyes, coumarin-family dyes, rhodamine-family dyes, cyanine-family ayes, oxazine-
family dyes, thiazine-family dyes, squaraine-family dyes, chelated lanthanide-family
dyes, and BODIPY®-family dyes. In a preferred embodiment, the fluorescent moiety 18

6-carboxyfluorescein.

In certain embodiments, the probe comprises a quencher moiety. The quencher moiety
can be any quencher moiety known to one of skill in the art without limitation. In
certain embodiments, the quencher moiety can be selected from the group consisting of
fluorescein-family dyes, polyhalofluorescein-family dyes, hexachlorofluorescein -family
dyes, coumarin-family dyes, rhodamine-family dyes, cyanine-family dyes, oxazine-
family dyes, thiazine-family dyes, squaraine-family dyes, chelated lanthanide-family
dyes, BODIPY®-family dyes, and non-fluorescent quencher moieties. In certain
embodiments, the non-fluorescent quencher moieties can be BHQ™-family dyes, Iowa

Black™, or Dabcyl. In a preferred embodiment, the quencher moiety is Cy5™,
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In certain aspects, a nucleic acid of a member of the Japanese encephalitis virus
serogroup can be detected with an oligonucleotide of the invention. In certain
embodiments, a first oligonucleotide that hybridizes to a nucleic acid of SEQ ID NO.: 1
can be used as a primer to amplify a nucleic acid of a member of the Japanese
encephalitis virus serogroup. SEQ ID NO.: 1 is based on the discovery of sequences

conserved among members of the Japanese encephalitis virus serogroup that can be

detected according to the present invention. In certain embodiments, the first primer

comprises at least 16 consecutive nucleotides of SEQ ID NO.: 2. In other embodiments,
the first primer comprises SEQ ID NO.: 3. SEQ ID NO.: 3 is a primer sequence based on
the discoverf of a conserved region of all currently known sequences from Japanese
encephalitis virus serogroup members that can be detected according to the present
invention. In still other embodiments, the first primer comprises SEQ ID NO.: 8. SEQ
ID NO.: 8 is a specific primer sequence that can be used to amplify Japanese encephalitis

serogroup member nucleic acids according to the present invention.

In certain embodiments, a second oligonucleotide that hybridizes to a nucleic acid of
>EQ ID NO.: 9 can be used as a primer to amplify a nucleic acid of a member of the
Japanese encephalitis virus serogroup. SEQ ID NO.: 9 is a consensus sequence based on
the discovery of sequences conserved among members of the Japanese encephalitis virus

serogroup that can be detected according to the present invention. In certain

embodiments, the second primer comprises at least 16 consecutive nucleotides of SEQ
ID NO.: 10. SEQID NO.: 10 is the complement to SEQ ID NO.: 9. In other
embodiments, the second primer comprises SEQ ID NO.: 11. SEQ ID NO.: 11 is a
primer sequence based on the discovery of a conserved region of all currently known
sequences from Japanese encephalitis virus serogroup members that can be detected
according to the present invention. In yet other embodiments, the second primer
comprises SEQ ID NO.: 15 or SEQ ID NO: 74. SEQ ID NO.: 15 and SEQ ID NO: 74 are
specific primer sequence that can be used to amplify Japanese encephalitis serogroup
member nucleic acids according to the present invention. In certain embodiments, the
first and second primers can be used together in methods of detecting a nucleic acid of a

member of the Japanese encephalitis serogroup.

In certain embodiments, the methods comprise amplifying the nucleic acid of a member

of the Japanese encephalitis virus serogroup in the presence of a detectably-labeled

nucleic acid probe which comprises a fluorescent molety and a quencher moiety. In
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certain embodiments, fragmentation of the detectably-labeled probe by a template-

dependent nucleic acid polymerase with 5'-3' nuclease activity separates the fluorescent

moiety from the quencher moiety. In certain embodiments, the fragmentation of the
probe and thus the presence of the nucleic acid of the a member of the Japanese

encephalitis virus serogroup can be detected by monitoring emission of fluorescence.

In certain embodiments, a nucleic acid of a member of the Japanese encephalitis
serogroup can be detected by hybridizing the nucleic acid to a primer or probe of the
invention that is covalently linked to a solid support. In certain embodiments, the
nucleic acid can be detected by hybridizing a detectably-labeled primer or probe to the
nucleic acid. In other embodiments, the nucleic acid can be directly detected by

incorporating detectable moieties into the nucleic acid.

In other embodiments, a nucleic acid of a member of the Japanese encephalitis
serogroup can be detected using a nanoparticle with two or more primers or probes of
the invention covalently linked thereto. In still other embodiments, a nucleic acid of a
member of the Japanese encephalitis serogroup can be detected using a rolling circle
amplification assay with primers and/or probes of the invention. In yet other
embodiments, a nucleic acid of a member of the Japanese encephalitis serogroup can be
detected using a Strand Displacement Amplification assay with two primers of the
invention. In still other embodiments, a nucleic acid of a member of the Japanese
encephalitis serogroup can be detected using a transcription-mediated amplification
assay using primers and/or probes of the invention. In yet another embodiment, a
nucleic acid of a member of the Japanese encephalitis serogroup can be detected using a
nucleic acid sequence-based amplification (NASBA) assay, using the primers and/or
probes of the invention. In yet another embodiment, a nucleic acid of a member of the
Japanese encephalitis serogroup can be detected using diagnostic PCR with primers

and/or probes of the invention.

[n certain embodiments, the first and second primers and a probe of the invention can
be used together in methods of detecting a member of the Japanese encephalitis
serogroup. In certain embodiments, a nucleic acid of a member of the Japanese
encephalitis serogroup can be detected using a probe of the invention that comprises a

molecular beacon. In other embodiments, a nucleic acid of a member of the Japanese
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encephalitis serogroup can be detected using a nucleic acid sequenced-based
amplification assay with primers and/or probes of the invention. In yet other
embodiments, a nucleic acid of a member of the Japanese encephalitis serogroup can be
detected by amplifying the nucleic acid with two primers of the invention, then
detecting the nucleic acid with a detectably-labeled probe of the invention. In certain
embodiments, a nucleic acid of a member of the Japanese encephalitis serogroup can be
detected using a dot blot assay with primers and/or probes of the invention. In other
embodiments, a nucleic acid of a member of the Japanese encephalitis serogroup can be
detected using a reverse dot blot assay with primers and/or probes of the invention. In
still other embodiments, a nucleic acid of a member of the Japanese encephalitis

serogroup can be detected using a multivalent probe such as a dendrimer.

In addition to the foregoing methods, the present invention further provides nucleic
acid primers and prdbes for detecting a nucleic acid of a member of the Japanese
encephalitis serogroup. In certain aspects, the invention provides a nucleic acid primer
for detecting a member of the Japanese encephalitis virus serogroup. In certain
embodiments, the primer comprises a nucleic acid that hybridizes to a nucleic acid of
SEQ ID NO.: 1. In certain embodiments, the nucleic acid primer comprises at least 16
consecutive nucleotides of SEQ ID NO.: 2. In other embodiﬁients, the nucleic acid

primer comprises SEQ ID NO.: 3. In still other embodiments, the nucleic acid primer
comprises SEQ ID NO.: 8.

In certain embodiments, the nucleic acid primer comprises N°-alkyl-deoxyadenosine at
position 23 of SEQ ID NO.: 8. In a specific embodiment, the nucleic acid primer
comprises N°-methyl-deoxyadenosine at position 23 of SEQ ID NO.: 8. In certain
embodiments, the nucleic acid primer comprises N°-alkyl-deoxyadenosine at position
24 of SEQ ID NO.: 8. In a specific embodiment, the nucleic acid primer comprises N°-
tert-butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 8. In certain
embodiments, the nucleic acid primer comprises N°-alkyl-deoxyadenosine at positions
23 and 24 of SEQ ID NO.: 8. In still another specific embodiment, the nucleic acid
primer comprises N°-methyl-deoxyadenosine at position 23 of SEQ ID NO.: 8 and N°-
tert-butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 8.
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In certain embodiments, the invention provides a nucleic acid primer for detecting a
member of the Japanese encephalitis virus serogroup. In certain embodiments, the
primer comprises a nucleic acid that hybridizes to a nucleic acid of SEQ ID NO.: 9. In
other embodiments, the nucleic acid primer comprises at least 16 consecutive
nucleotides of SEQ ID NO.: 10. In still other embodiments, the nucleic acid primer
comprises SEQ ID NO.: 11. In yet other embodiments, the nucleic acid primer
comprises SEQ ID NO.: 15 or SEQ ID NO: 74. In certain embodiments, the nucleic acid
primer comprises N°-alkyl-deoxyadenosine at position 24 of SEQ ID NO.: 15 or SEQ ID
NO: 74. In a specific embodiment, the nucleic acid primer comprises N°-tert-butyl-
benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 15 or SEQ ID NO: 74.

In other aspects, the invention provides a nucleic acid probe for detecting a nucleic acid
of a flavivirus. Flavivirus nucleic acids that can be detect with the probe include, for
example, members of the Japanese encephalitis virus serogroup, Dengue virus, Yellow
Fever virus, Montana myotis leukencephalitis virus, and Modoc virus. In certain
embodiments, the probe comprises a nucleic acid that hybridizes to a nucleic acid of
SEQ ID NO.: 16, or the complement thereof. In certain embodiments, the nucleic acid
probe comprises at least 20 consecutive nucleotides of SEQ ID NO.: 17, or the
complement thereof. In other embodiments, the nucleic acid probe comprises SEQ ID
NO.: 18, or the complement thereof. In still other embodiments, the nucleic acid probe

comprises SEQ ID NO.: 28, or the complement thereof.

In certain embodiments, the invention provides a nucleic acid probe comprising a
fluorescent moiety and a quencher moiety. In certain embodiments, the fluorescent
molety is positioned relative to the quencher moiety such that a photon emitted by the

fluorescent moiety is absorbed by the quencher moiety when the probe is intact.

Fragmentation of the probe by an enzyme with 5' nuclease activity separates the

fluorescent moiety from the quencher moiety such that a photon emitted by the

fluorescent moiety can be detected.

In other aspects, the invention provides a kit for the detection of a nucleic acid of a
member of the Japanese encephalitis virus serogroup. In certain embodiments, the kit
comprises an oligonucleotide of the invention. In further embodiments, the kit

comprises a combination of one or more of the primers and probes of the invention.
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For example, in one embodiment the kit comprises a first nucleic acid primer that
hybridizes to a nucleic acid of SEQ ID NO.: 1; a second nucleic acid primer that
hybridizes to a nucleic acid of SEQ ID NO.: 9.; and a nucleic acid probe that hybridizes
to a nucleic acid of SEQ ID NO.: 16, or the complement thereof.

In certain embodiments, the first nucleic acid primer of the kits of the invention
comprises at least 16 consecutive nucleotides of SEQ ID NO.: 2. In other embodiments,
the first nucleic acid primer comprises SEQ ID NO.: 3. In yet other embodiments, the
first nucleic acid primer comprises SEQ ID NO.: 8. In certain embodiments, the first
nucleic acid primer comprises N°-alkyl-deoxyadenosine at position 23 of SEQ ID NO.:
8. In a specific embodiment, the first nucleic acid primer comprises N°-methyl-
deoxyadenosine at position 23 of SEQ ID NO.: 8. In certain embodiments, the first
nucleic acid primer comprises N°-alkyl-deoxyadenosine at position 24 of SEQ ID NO.:
8. In a specific embodiment, the first nucleic acid primer comprises N°-tert-butyl-
benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 8. In certain embodiments, the
first nucleic acid primer comprises N°-alkyl-deoxyadenosine at positions 23 and 24 of
SEQ ID NO.: 8. In still another specific embodiment, the first nucleic acid primer
comprises N°-methyl-deoxyadenosine at position 23 of SEQ ID NO.: 8 and N°-tert-
butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 8.

In certain embodiments, the second nucleic acid primer of the kits of the invention
comprises at least 16 consecutive nucleotides of SEQ ID NO.: 10. In other
embodiments, the second nucleic acid primer comprises SEQ ID NO.: 11. In still other
embodiments, the second nucleic acid primer comprises SEQ ID NO.: 15. In certain
embodiments, the second nucleic acid primer comprises N°-alkyl-deoxyadenosine at
position 24 of SEQ ID NO.: 15. In a specific embodiment, the second nucleic acid
primer comprises N°-tert-butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.:
15.

In certain embodiments, the nucleic acid probe of the kits of the invention comprises at
least 20 consecutive nucleotides of SEQ ID NO.: 17, or the complement thereof. In
other embodiments, the nucleic acid probe comprises SEQ ID NO.: 18, or the
complement thereof. In still other embodiments, the nucleic acid probe comprises SEQ
ID NO.: 28, or the complement thereof.
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In certain embodiments, the kits of the invention comprise an oligonucleotide useful as
a nucleic acid probe, wherein one or more detectable moieties is attached to the nucleic
acid probe. In certain embodiments, the one or more detectable moieties is a
fluorescent moiety. In certain embodiments, the fluorescent moiety can be selected
from the group consisting of fluorescein-family dyes, polyhalofluorescein-family dyes,
hexachlorofluorescein-family dyes, coumarin-family dyes, rhodamine-family dyes,
cyanine-family dyes, oxazine-family dyes, thiazine-family dyes, squaraine-family dyes,
chelated lanthanide-family dyes, and BODIPY®-family dyes. In a preferred

embodiment, the fluorescent moiety is 6-carboxyfluorescein.

In certain embodiments, the kits of the invention comprise an oligonucleotide useful as
a nucleic acid probe, wherein at least one quencher moiety is attached to the nucleic acid
probe. In certain embodiments, the quencher moiety can be selected from the group
consisting of fluorescein-family dyes, polyhalofluorescein-family dyes,
hexachlorofluorescein-family dyes, coumarin-family dyes, rhodamine-family dyes,
cyanine-family dyes, oxazine-family dyes, thiazine-family dyes, squaraine-family dyes,
chelated lanthanide-family dyes, BODIPY®-family dyes, and non-fluorescent quencher
moieties. In certain embodiments, the non-fluorescent quencher moieties can be
BHQ™-family dyes, lowa Black™, or Dabcyl. In a preferred embodiment, the quencher
moiety 1s Cy5™. In other embodiments, the probe comprises at least one detectable

motety, e.g. a fluorescent moiety and at least one quencher moiety.

In certain embodiments, the kits of invention comprise a thermostable DNA
polymerase. In certain embodiments, the thermostable DNA polymerase has reverse
transcription activity. In certain embodiments, the kits of the invention additionally
comprise instructions for detecting a nucleic acid of a member of the Japanese

encephalitis virus serogroup according to the methods of the invention.

The present invention also provides isolated polynucleotides comprising SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, or SEQ ID
NO:40.




10

15

20

25

30

CA 02520538 2005-09-27

WO 2004/092412 PCT/EP2004/003356

21640 WO-KN 10

The present invention also provides vectors comprising a polynucleotide comprising
SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID
NQO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39,
or SEQ ID NO:40. |

The present invention also provides oligonucleotides comprising a sequence of at least
10 contiguous nucleotides: that hybridizes to SEQ ID NO:29 or a complement thereof,
SEQ ID NO:30 or a complement thereof, SEQ ID NO:31 or a complement thereof, SEQ
ID NO:32 or a complement thereof, SEQ ID NO:33 or a complement thereof, SEQ ID
NO:34 or a complement thereof, SEQ ID NO:35 or a complement thereof, SEQ ID
NO:36 or a complement thereof, SEQ ID NO:37 or a complement thereof, SEQ ID
NO:38 or a complement thereof, SEQ ID NO:39 or a complement thereof, SEQ ID
NO:40 or a complement thereof. In some embodiments, the oligonucleotide hybridizes
to SEQ ID NO: 68 or a complement of SEQ ID NO:69. In some embodiments, the
oligonucleotide comprises a sequence selected from the group consisting of SEQ ID
NO:64, SEQ ID NO:65, SEQ ID NO:66, and SEQ ID NO:67. In some embodiments, the
oligonucleotide is selected from the group consisting of SEQ ID NO:64, SEQ ID NO:65,
SEQ ID NO:66, and SEQ ID NO:67. In some embodiments, the oligonucleotide has

| fewer than 100 nuclgotides.

The present invention also provides reaction mixtures comprising an oligonucleotide
comprising a nucleotide sequence that hybridizes to SEQ ID NO:29 or a complement
thereot, SEQ ID NO:30 or a complement thereof, SEQ ID NO:31 or a complement
thereof, SEQ ID NO:32 or a complement thereof, SEQ ID NO:33 or a complement
thereof, SEQ ID NO:34 or a complement thereof, SEQ ID NO:35 or a complement
thereof, SEQ ID NO:36 or a complement thereof, SEQ ID NQO:37 or a complement
thereof, SEQ ID NO:38 or a complement thereof, SEQ ID NO:39 or a complement
thereof, SEQ ID NO:40 or a complement thereof.

In some embodiments, the oligonucleotide hybridizes to SEQ ID NO: 68 or a
complement of SEQ ID NO:69. In some embodiments, the oligonucleotide comprises a

sequence selected from the group consisting of SEQ ID NO:64, SEQ ID NO:65, SEQ ID
NO:66, and SEQ ID NO:67. In some embodiments, the oligonucleotide is selected from
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the group consisting of SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, and SEQ ID
NO:67. | :

In some embodiments, the reaction mixtures comprise an oligonucleotide selected from
the group consisting of SEQ ID NO:64 and SEQ ID NO:65; and an oligonucleotide
selected from the group consisting of SEQ ID NO:66 and SEQ ID NO:67. In some
embodiments, the oligonucleotide has fewer than 100 nucleotides. In some
embodiments, the reaction mixtures further comprise a detectably-labeled

oligonucleotide that hybridizes to SEQ ID NO:16 or a complement thereof.
In some embodiments, the reaction mixture comprises a DNA polymerase.

In some embodiments, the detectably-labeled oligonucleotide comprises at least 20
consecutive nucleotides of SEQ ID NO.:17, or the complement thereof, In some
embodiments, the detectably-labeled oligonucleotide comprises SEQ ID NO.:28, or the
complement thereof. In some embodiments, the detectably-labeled oligonucleotide
comprises a fluorescent moiety. In some embodiments, the detectably-labeled

oligonucleotide further comprises a quencher moiety.

The present invention also provides methods of detecting a St. Louis encephalitis virus.
In some embodiments, the methods comprise amplifying a nucleic acid of St. Louis
encephalitis virus with at least one oligonucleotide comprising a nucleotide sequence
that hybridizes to SEQ ID NO:29 or a complement thereof, SEQ ID NO:30 or a
complement thereof, SEQ ID NO:31 or a complement thereof, SEQ ID NO:32 or a
complement thereof, SEQ ID NO:33 or a complement thereof, SEQ ID NO:34 or a
complement thereof, SEQ ID NO:35 or a complement thereof, SEQ ID NO:36 or a
complement thereof, SEQ ID NO:37 or a complement thereof, SEQ ID NQ:38 or a
complement thereof, SEQ ID NO:39 or a complement thereof, or SEQ ID NO:40 or a
complement thereof, under conditions to allow for initiation of amplification of at least

part of the nucleotide sequence from the oligonucleotide; and detecting the amplified

nucleic acid, thereby detecting a St. Louis encephalitis virus.

ﬁ1 £An Il’ﬁ "Hnn:n-‘ hiswad TANT
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In some embodiments, the oligonucleotide comprises a sequence selected from the

group consisting of SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, and SEQ ID NO:67.
In some embodiments, the oligonucleotide is selected from the group consisting of SEQ
ID NO:64, SEQ ID NO:65, SEQ ID NO:66, and SEQ ID NO:67. In some embodiments,
the oligonucleotide hybridizes to SEQ ID NO:68 or a complement of SEQ ID NO:69. In

some embodiments, the oligonucleotide has fewer than 100 nucleotides.

In some embodiments, the nucleic acid of St. Louis encephalitis virus is amplified with a
primer selected from the group consisting of SEQ ID NO:64 and SEQ ID NQ:65; and a
primer selected from the group consisting of SEQ ID NO:66 and SEQ ID NO:67.

In some embodiments, the detecting step comprises hybridizing a detectably-labeled
oligonucleotide that hybridizes to SEQ ID NO:16 to the amplified nucleic acid of the
nucleic acid of St. Louis encephalitis virus; and detecting hybridization of the probe to

the amplified nucleic acid.

In some embodiments, the detectably-labeled oligonucleotide comprises at least 20
consecutive nucleotides of SEQ ID NO.:17, or the complement thereof. In some
embodiments, the detectably-labeled oligonucleotide comprises SEQ ID NO.:28, or the
complement thereof. In some embodiments, the detectably-labeled oligonucleotide
comprises a fluorescent moiety. In some embodiments, the detectably-labeled

oligonucleotide further comprises a quencher moiety.

In some embodiments, the quantity of amplified nucleic acid is determined during the

amplifying step, thereby quantifying the virus in the sample.

In some embodiments, the amplifying step is performed in an amplification reaction
mixture comprising a template-dependent nucleic acid polymerase with 5'-3'
exonuclease activity under conditions that allow the template-dependent nucleic acid
polymerase to fragment the detectably-labeled oligonucleotide; and the method further

comprises detecting fragmentation of the detectably-labeled nucleic acid

oligonucleotide.
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The present invention also provides kits for detecting St. Louis encephalitis virus. In
some embodiments, the kits comprise a oligonucleotide comprising a nucleotide
sequence that hybridizes to SEQ ID NO:29 or a complement thereof, SEQ ID NO:30 or
a complement thereof, SEQ ID NO:31 or a complement thereof, SEQ ID NO:32 or a

5  complement thereof, SEQ ID NO:33 or a complement thereof, SEQ ID NO:34 or a
complement thereof, SEQ ID NO:35 or a complement thereof, SEQ ID NO:36 or a
complement thereof, SEQ ID NO:37 or a complement thereof, SEQ ID NO:38 or a
complement thereof, SEQ ID NO:39 or a complement thereof, or SEQ ID NQ:40 or a |

complement thereof.

10 In some embodiments, the oligonucleotide hybridizes to SEQ ID NO:68 or the
complement of SEQ ID NO:69. In some embodiments, the oligonucleotide comprises a
sequence selected from the group consisting of SEQ ID NO:64, SEQ ID NO:65, SEQ ID
NO:66, and SEQ ID NO:67. In some embodiments, the oligonucleotide is selected from

the group consisting of SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, and SEQ ID
15 NO:67.

In some embodiments, the kits comprise an oligonucleotide selected from the group
consisting of SEQ ID NO:64 and SEQ ID NO:65; and an oligonucleotide selected from
the group consisting of SEQ ID NO:66 and SEQ ID NO:67. In some embodiments, the
oligonucleotide has fewer than 100 nucleotides. In some embodiments, the kits further

20 comprise a detectably-labeled oligonucleotide that hybridizes to SEQ ID NO:16 or a

complement thereof,

The present invention also provides oligonucleotides comprising a sequence selected
from the group consisting of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID
NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, and SEQ ID NO:63. In some

25 embodiments, the oligonucleotide is selected from the group consisting of SEQ ID NO:
56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61,
SEQ ID NO: 62, and SEQ ID NQ:63.

The present invention also provides reaction mixtures comprising an oligonucleotide
comprising a sequence selected from the group consisting of SEQ ID NO: 56, SEQ ID
30 NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO:

A AN YL T
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62, and SEQ ID NO:63. In some embodiments, the oligonucleotide is selected from the
group consisting of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59,
SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, and SEQ ID NO:63.

In some embodiments, the reaction mixtures further comprise a detectably-labeled
oligonucleotide that hybridizes to SEQ ID NO:25 or a complement thereof. In some
embodiments, the reaction mixtures further comprise a detectably-labeled
oligonucleotide comprising FGGTCTAGAIGGTTAGAGGAGACCCTCCAG, wherein F
1s CY5;11s FAM; P 1s PO4; U 1s propynyl dU; and E is 5-methyl-dC. In some
embodiments, the reaction mixtures further comprise a detectably-labeled

oligonucleotide that hybridizes to SEQ ID NO:16 or a complement thereof.

In some embodiments, the reaction mixture comprises a DNA polymerase. In some
embodiments, the reaction mixtures comprise at least one upstream primer and at least

one downstream primer.

The present invention also provides methods of detecting a yellow fever virus. In some
embodiments, the methods comprise amplifying a nucleic acid of yellow fever virus with
at least one oligonucleotide comprising a sequence selected from the group consisting of
SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ
1D NO: 61, SEQ ID NO: 62, and SEQ ID NO:63 under conditions to allow for initiation
of amplification of at least part of the nucleotide sequence from the oligonucleotide; and

detecting the amplified nucleic acid, thereby detecting a yellow fever virus.

In some embodiments, the oligonucleotide is selected from the group consisting of SEQ
ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID
NO: 61, SEQ ID NO: 62, and SEQ ID NO:63. In some embodiments, the detecting step
comprises hybridizing a detectably-labeled oligonucleotide that hybridizes to SEQ ID
NO:25, or a complement thereof, to the amplified nucleic acid of the nucleic acid of

yellow fever virus; and detecting hybridization of the detectably-labeled oligonucleotide

to the amplified nucleic acid.
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In some embodiments, the detectably-labeled oligonucleotide comprises
FGGTCTAGAIGGTTAGAGGAGACCCTCCAG, wherein Fis CY5;11s FAM; P is POyg;
U 1s propynyl dU; and E is 5-methyl-dC. In some embodiments, the detecting step
comprises hybridizing a detectably-labeled oligonucleotide that hybridizes to SEQ ID
NO:16, or a complement thereof, to the amplified nucleic acid of the nucleic acid of
yellow tever virus; and detecting hybridization of the detectably-labeled oligonucleotide

to the amplified nucleic acid.

[n some embodiments, the detectably-labeled oligonucleotide comprises at least 20
consecutive nucleotides of SEQ ID NO.:17, or the complement thereof. In some
embodiments, the detectably-labeled oligonucleotide comprises SEQ ID NO.:28, or the
complement thereof. In some embodiments, the detectably-labeled oligonucleotide
comprises a fluorescent moiety. In some embodiments, the detectably-labeled

oligonucleotide further comprises a quencher moiety.

In some embodiments, the oligonucleotide has fewer than 100 nucleotides. In some
embodiments, the quantity of amplified nucleic acid is determined during the

amplifying step, thereby quantifying the virus in the sample.

[n some embodiments, the amplifying step is performed in an amplification reaction
mixture comprising a template-dependent nucleic acid polymerase with 5'-3'
exonuclease activity under conditions that allow the template dependent nucleic acid
polymerase to fragment the detectably-labeled oligonucleotide; and the method further

comprises detecting fragmentation of the detectably-labeled oligonucleotide.

The present invention also provides kits for detecting yellow fever virus. The kit
comprises an oligonucleotide comprising a sequence selected from the group consisting
of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60,
SEQ ID NO: 61, SEQ ID NO: 62, and SEQ ID NO:63. In some embodiments, the
oligonucleotide is selected from the group consisting of SEQ ID NO: 56, SEQ ID NO:
57, SEQ 1D NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62,
and SEQ ID NO:63.
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In some embodiments, the kits further comprise a detectably-labeled oligonucleotide
that hybridizes to SEQ ID NO:16 or a complement thereof. In some embodiments, the
kits further comprise a detectably-labeled oligonucleotide that hybridizes to SEQ ID
NO:25 or a complement thereof. In some embodiments, the kits further comprise a
detectably-labeled oligonucleotide comprising
FGGTCTAGAIGGTTAGAGGAGACCCTCCAG, wherein Fis CY5; I is FAM: P is PO4;
U 1s propynyl dU; and E is 5-methyl-dC.

In some embodiments, the reaction mixture comprises a DNA polymerase. In some
embodiments, the reaction mixtures comprise at least one upstream primer and at least

one downstream primer.

The present invention also provides oligonucleotides comprising a sequence selected
from the group consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID
NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID
NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54,
and SEQ ID NO:55. In some embodiments, the oligonucleotide is selected from the
group consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44,

OEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ
ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID
NQO:55.

The present invention also provides reaction mixtures comprising an oligonucleotide
comprising a sequence selected from the group consisting of SEQ ID NO: 41, SEQ ID
NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO:
47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52,
SEQ ID NO:53, SEQ ID NO:54, and SEQ ID NO:55. In some embodiments, the
oligonucleotide is selected from the group consisting of SEQ ID NO: 41, SEQ ID NO:
42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID
NO:53, SEQ ID NO:54, and SEQ ID NO:55.

In some embodiments, the reaction mixtures further comprise a detectably-labeled

oligonucleotide that hybridizes to SEQ ID NO:16 or a complement thereof. In some
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embodiments, the reaction mixture comprises a DNA polymerase. In some

embodiments, the reaction mixtures comprise at least one upstream primer and at least

one downstream primer.

The present invention also provides methods of detecting a Dengue fever virus. In some
embodiments, the methods comprise amplifying a nucleic acid of Dengue fever virus
with at least one oligonucleotide comprising a sequence selected from the group
consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID
NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID
NO:55 under conditions to allow for initiation of amplification of at least part of the
nucleotide sequence from the oligonucleotide; and detecting the amplified nucleic acid,

thereby detecting a Dengue fever virus.

In some embodiments, the method further comprises hybridizing a detectably-labeled
oligonucleotide that hybridizes to SEQ ID NO:16 to the amplified Dengue fever virus
nucleic acid; and detecting hybridization of the oligonucleotide to the amplified nucleic

acid. In some embodiments, the oligonucleotide is selected from the group consisting of

SEQ ID-NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ

ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NQO:49, SEQ ID NO:50, SEQ ID
NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID NO:55.

In some embodiments, the nucleic acid is amplified with at least one upstream primer
and at least one downstream primer. In some embodiments, the detectably-labeled
oligonucleotide comprises at least 20 consecutive nucleotides of SEQ ID NO.:17, or the
complement thereof. In some embodiments, the detectably-labeled oligonucleotide
comprises SEQ ID NO.:28, or the complement thereof. In some embodiments, the
detectably-labeled oligonucleotide comprises a fluorescent molety. In some
embodiments, the detectably-labeled oligonucleotide further comprises a quencher

moiety.

In some embodiments, the oligonucleotide has fewer than 100 nucleotides. In some
embodiments, the quantity of amplified nucleic acid is determined during the

amplifying step, thereby quantifying the virus in the sample. In some embodiments, the
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amplifying step is performed in an amplification reaction mixture comprising a
template-dependent nucleic acid polymerase with 5'-3' exonuclease activity under
conditions that allow the template dependent nucleic acid polymerase to fragment the
detectably-labeled oligonucleotide; and the method further comprises detecting

fragmentation of the detectably-labeled nucleic acid oligonucleotide.

The present invention also provides kits for detecting Dengue virus. In some
embodiments, the kit comprises an oligonucleotide comprising a sequence selected from
the group consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO:
44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NQ:53, SEQ ID NO:54, and
SEQ ID NO:55. In some embodiments, the oligonucleotide is selected from the group
consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID
NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID
NQO:55.

In some embodiments, the kits further comprise a detectably-labeled oligonucleotide
that hybridizes to SEQ ID NO:16 or a complement thereof. In some embodiments, the

reaction mixture comprises a DNA polymerase.

In some embodiments, a quantification step is performed using either an internal or an
external control nucleic acid. See US Patent Nos. 5,476, 774 and 5,219,727.

In one aspect, there is provided a kit for the detection of a nucleic acid of a member of the
Japanese encephalitis virus serogroup, comprising: (2) a first oligonucleotide that
comprises SEQ ID NO.:8; (b) a second oligonucleotide that hybridizes to a complement of
a nucleic acid of SEQ ID NO.:9; and (¢) a detectably-labeled third oligonucleotide that
hybridizes to a nucleic acid of SEQ NO.:16, or the complement thereof, wherein
hybridization takes place under stringent conditions comprising a salt concentration of less
than about 1.0M, a pH of about 7.0 to about 8.3, and a temperature of at least about 25°C.
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In another aspect, there is provided a method for detecting a nucleic acid of a member of
the Japanese encephalitis virus serogroup comprising: (2) contacting a sample with a

first oligonucleotide that comprises SEQ ID NO.: 8 or a second oligonucleotide that
hybridizes to a complement of a nucleic acid of SEQ ID NO.:9, wherein said first or said
second oligonucleotide is covalently linked to a solid support under conditions that allow a
nucleic acid of a member of the Japanese encephalitis virus serogroup to hybridize to said
oligonucleotide; (b) contacting a detectably-labeled third oligonucleotide that hybridizes to
a nucleic acid of SEQ ID NO.: 16 to the solid support; and (c) detecting the nucleic acid of
a member of the Japanese encephalitis virus serogroup by detecting the hybridization of
the detectably-labeled oligonucleotide to the nucleic acid of a member of the Japanese
encephalitis virus serogroup, wherein hybridization takes place under stringent conditions
comprising a salt concentration of less than about 1.0M, a pH of about 7.0 to about 8.3,

and a temperature of at least about 25°C.

In another aspect, there is provided a method for detecting a nucleic acid of a member of
the Japanese encephalitis virus serogroup, comprising: (a) contacting a sample with a
detectably-labeled nucleic acid probe that hybridizes to a nucleic acid of SEQ ID NO.:16,
or the complement thereof, a first oligonucleotide primer that comprises SEQ ID NO.: §
and a second oligonucleotide primer that hybridizes to a complement of a nucleic acid of
SEQ ID NO.: 9, and a template-dependent nucleic acid polymerase with 5'-3' exonuclease
activity, under conditions that allow the template-dependent nucleic acid polymerase to
fragment the detectably-labeled nucleic acid probe; and (b) detecting fragmentation of the
detectably-labeled nucleic acid probe, wherein fragmentation of the detectably-labeled
probe indicates the presence of the nucleic acid of a member of the Japanese encephalitis
serogroup, wherein hybridization takes place under stringent conditions comprising a salt

concentration of less than about 1.0M, a pH of about 7.0 to about 8.3, and a temperature of
at least about 25°C.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 presents a region of conserved sequence, identified as SEQ ID NO.: 1, in the 3
untranslated region of the genomes of the flaviviruses that can be detected using the

compositions and methods of the present invention and that can be bound by a primer

of the invention. SEQ ID NO.: 2 represents the complement of SEQ ID NO.: 1.
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Figure 2 presents a region of conserved sequence, identified as SEQ ID NO.: 9, in the 3'

untranslated region of the genomes of the flaviviruses that can be detected using the

compositions and methods of the present invention and that can be bound by a primer
of the invention. SEQ ID NO.: 10 represents the complement of SEQ ID NO.: 9.

Figure 3 presents a region of conserved sequence, identified as SEQ ID NO.: 16, in the 3

untranslated region of the genomes of the flaviviruses that can be detected using the

compositions and methods of the present invention and that can be bound by a probe of
the invention. SEQ ID NO.: 17 represents the complement of SEQ ID NO.: 16. In SEQ
ID NO: 16 N is either absent, A or C. In SEQ ID NO: 17 N is either absent, T or G.

Figure 4 presents an alignment of the nucleic acid sequences of the oligonucleotides of
the invention with nucleic acid sequences of Japanese encephalitis virus serogroup

members.

Figure 5 presents an alignment of the nucleic acid sequences of the oligonucleotides of
the invention with nucleic acid sequences of detectable flaviviruses that are not members

of the Japanese encephalitis virus serogroup.

Figure 6 presents a plot of normalized fluorescence versus number of amplification
cycles showing detection of serially diluted extracted WNV RNA using the

oligonucleotides of the invention.

Figure 7 presents the sequence of the 3' untranslated region of the genomes of a number
of SLEV 1solates that can be detected using the compositions and methods of the
present mvention and that can be bound by a primer of the invention. Sequences for the
following 1solates are depicted: BFS1750 (SEQ ID NO:29), 1750-Std (SEQ ID NO:30),
TD6-4G (SEQ ID NO:31), CoaV750 (SEQ ID NO:32), 1L695121.05 (SEQ ID NO:33),
TNM771K (SEQ ID NO:34), MSI-7 (SEQ ID NO:35), Kern217 (SEQ ID NO:36),

CoaV608 (SEQ ID NO:37), TBH-28 (SEQ ID NO:38), VR1265 (SEQ ID NO:39), and
CoaV353 (SEQ ID NO:40).




10

15

20

25

CA 02520538 2005-09-27
WO 2004/092412 PCT/EP2004/003356

21640 WO-KN 20

DETAILED DESCRIPTION OF THE INVENTION

1. Abbreviations

The abbreviations used throughout the specification to refer to nucleic acids comprising
specific nucleotide sequences :are the conventional one-letter abbreviations. Thus, when
included in a nucleic acid, the naturally occurring encoding nucleotides are abbreviated
as follows: adenine (A), guanine (G), cytosine (C), thymine (T) and uracil (U). Also,
unless otherwise specified, nucleic acid sequences that are represented as a series of one-

letter abbreviations are presented in the 5' —> 3’ direction.

2. Definitions

An “amplification reaction” refers to any reaction (e.g., chemical, enzymatic, or other
type of reaction) that results in increased copies of a template nucleic acid sequence or
increased signal indicating the presence of the template. Amplification reactions
include, e.g., the polymerase chain reaction (PCR) and ligase chain reaction (LCR) (see
“U.S. Patents 4,683,195 and 4,683,202; PCR Protocols: A Guide to Methods and
Applications (Innis et al., eds, 1990)), strand displacement amplification (SDA) (Walker,
et al. Nucleic Acids Res, 20(7):1691-6 (1992); Walker PCR Methods Appl 3(1):1-6 (1993)),
transcription-mediated amplification (Phyffer, ef al., J. Clin. Microbiol. 34:834-841
(1996); Vuorinen, et al. , J. Clin. Microbiol. 33:1856-1859 (1995)), nucleic acid sequence-
based amplification (NASBA) (Compton, Nature 350(6313):91-2 (1991), rolling circle
amplification (RCA) (Lisby, Mol. Biotechnol. 12(1):75-99 (1999)); Hatch et al., Genet.
Anal. 15(2):35-40 (1999)) branched DNA signal amplification (bDNA) (Igbal et al., Mol.

Cell Probes 13(4):315-320 (1999)) and Q-Beta Replicase (Lizardi et al., Bio/Technology
6:1197 (1988)).

As used herein, a “sample” refers to any substance cnontaiﬁing or presumed to contain
nucleic acid. The sample can be of natural or synthetic origin and can be obtained by
any means known to those of skill in the art. The sample can be a sample of tissue or
fluid isolated from an individual or individuals, including, but not limited to, for
example, skin, plasma, serum, whole blood, spinal fluid, semen, seminal fluid, lymph

fluid, synovial fluid, urine, tears, blood cells, organs, tumors, bronchio-alveolar lavage,
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and also to samples of in vitro cell culture constituents (including but not limited to

- conditioned medium resulting from the growth of cells in cell culture medium,

recombinant cells and cell components). A nucleic acid can be obtained from a

biological sample by any procedure known in the art.

As used herein, the terms “nucleic acid”, “polynucleotide” and “oligonucleotide” refer to
primers, probes, oligomer fragments to be detected, oligomer controls and unlabeled
blocking oligomers and is generic to linear polymers of polydeoxyribonucleotides
(containing 2-deoxy-D-ribose), polyribonucleotides (containing D-ribose), and any
other N-glycoside of a purine or pyrimidine base, or modified purine or pyrimidine

bases.

A nucleic acid, polynucleotide or oligonucleotide can comprise phosphodiester linkages
or modified linkages including, but not limited to phosphotriester, phosphoramidate,
siloxane, carbonate, carboxymethylester, acetamidate, carbamate, thioether, bridged
phosphoramidate, bridged methylene phosphonate, phosphorothioate,
methylphosphonate, phosphorodithioate, bridged phosphorothioate or sulfone linkages,

and combinations of such linkages.

~_——

A nucleic acid, polynuéleotide or oligonucleotide can comprise the five biologically
occurring bases (adenine, guanine, thymine, cytosine and uracil) and/or bases other
than the five biologically occurring bases. These bases may serve a number of purposes,
e.g., to stabilize or destabilize hybridization; to promote or inhibit probe degradation; or
as attachment points for detectable moieties or quencher moieties. For example, a
polynucleotide of the invention can contain one or more modified, non-standard, or
derivatized base moieties, including, but not limited to, N°-methyl-adenine, N°-tert-
butyl-benzyl-adenine, imidazole, substituted imidazoles, 5-fluorouracil, 5-bromouracil,
5-chlorouracil, 5-iodouracil, hyﬁoxanthine, xanthine, 4-acetylcytosine,
5-(carboxyhydroxymethyl)uracil, 5-carboxymethylaminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine,
N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-
methyladenine, 7-methylguanine, 5-methylaminomethyluracil, 5-

methoxyaminomethyl-2-thiouracil, beta-D mannosylqueosine, 5'-
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methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6- 1sopentenyiadenine,
uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-
methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5- oxyacetic
acidmethylester, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, 2,6-
diaminopurine, and 5-propynyl pyrimidine. Other examples of modified, non-
standard, or derivatized base moieties may be found in U.S. Patent Nos. 6,001,611,
5,955,589, 5,844,106, 5,789,562, 5,750,343, 5,728,525, and 5,679,785.

Furthermore, a nucleic acid, polynucleotide or oligonucleotide can comprise one or
more modified sugar moieties including, but not limited to, arabinose, 2-

fluoroarabinose, xylulose, and a hexose.

[t 1s not intended that the present invention be limited by the source of a nucleic acid,
polynucleotide or oligonucleotide. A nucleic acid, polynucleotide or oligonucleotide
can be from a human or non-human mammal, or any other organism, or derived from
any recombinant source, synthesized in vitro or by chemical synthesis. A nucleic acid,
nucleotide, polynucleotide or oligonucleotide may be DNA, RNA, cDNA, DNA-RNA,
locked nucleic acid (LNA), peptide nucleic acid (PNA), a hybrid or dny mixture of the -
same, and may exist in a double-stranded, single-stranded or partially double-stranded

form. A nucleic acid may also be a derivative nucleic acid as described in U.S. Patent

No. 5606,248. The nucleic acids of the invention include both nucleic
acids and fragments thereof, in purified or unpurified forms, including
genes, chromosomes, plasmids, the genomes of biological

material such as microorganisms, e.g., bacteria, yeasts, viruses, viroids, molds, fungi,
plants, animals, humans, and the like.

There is no intended distinction in length between the terms nucleic acid,

polynucleotide and oligonucleotide, and these terms will be used interchangeably. These

terms include double- and single-stranded DNA, as well as double- and single-stranded
RNA.

The term “residue” as used herein refers to a nucleotide or base within a nudeic acid as

defined above. A residue can be any nucleotide known to one of skill in the art without
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limitation, including all of the biologically occurring nucleotides and non-biologically

occurring nucleotides described above.

The term “primer” refers to an oligonucleotide which is capable of acting as a point of
initiation of polynucleotide synthesis along a template nucleic acid strand when placed
under conditions that permit synthesis of a primer extension product that is
complementary to the template strand. The primer can be obtained from a
recombinant source, as in a purified restriction fragment, or produced synthetically.
Primer extension conditions typically include the presence of four different
deoxyribonucleoside triphosphates and an agent with polymerization activity such as
DNA polymerase or reverse transcriptase, in a suitable buffer (a “buffer” can include
substituents which are cofactors, or which affect pH, ionic strength, etc.), and at a
suitable temperature. The primer is preferably single-stranded for maximum efficiency
in amplification. Primers of the invention may be, e.g., between 5 to 500 nucleotides,
and in some embodiments will have at least 10, 20, 30, 25, 30, 40, 50, 75, or 100
nucleotides and/or have fewer than 500, 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 25, or

20 nucleotides.

The term “hybridize” refersto binding of a single-stranded nucleic acid or a locally = ~
single-stranded region of a double-stranded nucleic acid to another single-stranded
nucleic acid or a locally single-stranded region of a double-stranded nucleic acid having
a complementary sequence. As one of skill in the art is aware, it is not necessary for two
nucleic acid strands to be entirely complementary to hybridize to each other.
Depending on the hybridization conditions, a nucleic acid can hybridize to its
complement even if there are few, some, or many mismatches, deletions, or additions in
one or both strands. In certain embodiments, the primers and probes of the invention
can hybridize to an at least partially complementary nucleic acid selectively, as defined
below. In certain embodiments, the primers and probes of the invention can hybridize

to an at least partially complementary sequence under stringent conditions, as defined

below.

The terms “stringent” or “stringent conditions”, as used herein, denote hybridization
conditions of low ionic strength and high temperature, as is well known in the art; see

for example Maniatis et al., 1989, Molecular Cloning: A Laboratory Manual, 2d Edition;

AT EMNTIT/ S T



10

15

20

25

30

CA 02520538 2005-09-27

24

Current Protocols in Molecular Biology, 1988, ed. Ausubel et al., J. Wiley & Sons
publ., New York, and Tijssen, 1993, Techniques in Biochemistry and Molecular
Biology--Hybridization with Nucleic Acid Probes, “Overview of principles of
hybridization and the strategy of nucleic acid assays”.

Generally, stringent conditions are selected to be about 5-30° C lower than the thermal
melting point (Tm) for the specified sequence at a defined ionic strength and pH.
Alternatively, stringent conditions are selected to be about 5-15° C lower than the
thermal melting point (Tm) for the specified sequence at a defined ionic strength and
pH. The Tm is the temperature (under defined ionic strength, pH and nucleic acid
concentration) at which 50% of the probes complementary to the target hybridize to the
target sequence at equilibrium (as the target sequences are present in excess, at Tm, 50%
of the probes are occupied at equilibrium). For example, stringent hybridization
conditions will be those in which the salt concentration is less than about 1.0 M sodium
(or other salts) ion, typically about 0.01 to about 1 M sodium ion concentration at about
pH 7.0 to about pH 8.3 and the temperature is at least about 25° C for short probes (e.g.,
10 to 50 nucleotides) and at least about 55° C for long probes (e.g., greater than 50
nucleotides). Stringent conditions may also be modified with the addition of
hybridization destabilizing agents such as formamide.

The terms “selective” or “selective conditions”, as used herein, denote hybridization
conditions for the primers and/or probes of the invention that permit amplification,
detection and/or quantification of a detectable flavivirus nucleic acid in a sample that
may contain additional nucleic acids not derived from the detectable flavivirus, or
derived from unrelated regions of the flaviviral genome. Detectable flaviviruses are

described below.

The “complement” of a nucleic acid sequence, as used herein, refers to an
oligonucleotide which, when aligned with the nucleic acid sequence such that the 5' end

of one sequence is paired with the 3’ end of the other, is in anti-parallel association. The

complement of a nucleic acid sequence need not exactly match every nucleotide of the
sequence; stable duplexes may contain mismatched base pairs or unmatched bases.
Those skilled in the art of nucleic acid technology can determine duplex stability by
empirically considering a number of variables including, for example, the length of the

oligonucleotide, base composition and sequence of the oligonucleotide, ionic strength,

and incidence of mismatched base pairs.
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Stability of a nucleic acid duplex is measured by the melting temperature, or “T',,". The
T, of a particular nucleic acid duplex under specified conditions is the temperature at

which half of the potential base pairs are disassociated.

As used herein, the term “probe” refers to an oligonucleotide which can form a duplex
structure with a region of a nucleic acid, due to complementarity of at least one
sequence in the probe with a sequence in the region. The probe, preferably, does not

contain a sequence complementary to sequence(s) of a primer. As discussed below, the

probe can be labeled or unlabeled. The 3" terminus of the probe can be “blocked” to

prohibit incorporation of the probe into a primer extension product. “Blocking” can be

achieved by using non-complementary bases or by adding a chemical moiety such as

biotin or a phosphate group to the 3" hydroxyl of the last nucleotide, which may,

depending upon the selected moiety, serve a dual purpose by also acting as a label for

subsequent detection or capture of the nucleic acid attached to the label. Blocking can

also be achieved by removing the 3" hydroxyl or by using a nucleotide that lacks a 3'
hydroxyl such as a dideoxynucleotide.

The term detectable m01ety as used herein refers to any atom or molecule Wthh can
be used to prowde a detectable (optlonall‘y quantlﬁa.ble) signal, and which can be
attached to a nucleic acid or protein. Detectable moieties may provide signals detectable
by fluorescence, radioactivity, colorimetry, gravimetry, X-ray diffraction or absorption,
magnetism, enzymatic activity, and the like. Convenient detectable moieties for the
present invention include those that facilitate detection of the size of an oligonucleotide

fragment.

The term “fluorescent moiety” as used herein refers to a chemical moiety that can emit
light under conditions appropriate for the particular moiety. Typically, a particular
fluorescent moiety can emit light of a particular wavelength following absorbance of
light of shorter wavelength. The wavelength of the light emitted by a particular
fluorescent moiety is characteristic of that moiety. Thus, a particular fluorescent moiety
can be detected by detecting light of an appropriate wavelength following excitation of
the tluorescent moiety with light of shorter wavelength. Examples of fluorescent
moieties that can be used in the methods and compositions of the present invention

include, but are not limited to, fluorescein-family dyes, polyhalofluorescein-famnily dyes,
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hexachlorofluorescein-family dyes, coumarin-family dyes, rhodamine-family dyes,
cyanine-family dyes, oxazine-family dyes, thiazine-family dyes, squaraine-family dyes,
chelated lanthanide-family dyes, and BODIPY®-family dyes.

The term “quencher moiety” as used herein refers to a chemical moiety that can absorb
energy emitted by a fluorescent moiety when the quencher moiety is sufficiently close to
the fluorescent moiety, for example, when both the quencher and fluorescent moiety are
linked to a common polynucleotide. This phenomenon is generally known in the art as
fluorescent resonance energy transfer (“FRET”). A quencher moiety can re-emit the
energy absorbed from a fluorescent moiety in a signal characteristic for that quencher
moiety, and thus a quencher can also be a “fluorescent moiety.” Alternatively, a

quencher moiety may dissipate the energy absorbed from a fluorescent moiety as heat.

As defined herein, “5' to 3’ nuclease activity” or “5' nuclease activity” refers to that
activity of an enzyme whereby nucleotides are removed from the 5' end of an
oligonucleotide in a sequential manner. The 5' nuclease activity can be a 5' to 3'

exonuclease activity or a 5’ to 3’ endonuclease activity. For example, many
template-specific nucleic acid polymerases exhibit a 5' to 3' exonuclease activity that is
traditionally associated with some DNA polymerases, (i.e., E. coli DNA polymerase I has
this activity whereas the Klenow fragment of E. coli DNA polymerase I does not). The 5'
to 3" exonuclease activity can also cleave a substrate nucleic acid more than one
phosphodiester bond (nucleotide) from the 5’ end of the substrate. Although not
intending to be bound by any particular theory of operation, it is believed that this

aspect of 5'to 3’ exonuclease activity associated with DNA polymerases, which leads to

release of cleaved oligonucleotide fragments from probes, can depend upon the
particular nucleotide composition of the probe. For instance, the number of matches or

mismatches between nucleotides of the oligonucleotide and template nucleic acid,

particularly at the 5" end of the oligonucleotide, can influence this activity, as described,

for example, by Holland et al., 1991, Proc. Natl. Acad. Sci. USA 88:7276-80.

The term “control 5' nuclease reaction” as used herein refers to a 5' nuclease reaction

performed as described below on a known amount, e.g,, copy number, of a nucleic acid
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of a detectable flavivirus. The amount of fluorescence emitted by such a reaction can be
compared to a reaction performed on a sample with an unknown quantity of a nucleic
acid of a Japanese encephalitis virus serogroup to assess the amount of such nucleic acid

present in the sample.

The term “adjacent” as used herein refers to the positioning of the primer with respect
to the probe on the same or the complementary strand of the template nucleic acid. The
primer and probe may be separated by more than about 150 nucleotides, more than
about 125 nucleotides, more than about 100 nucleotides, more than about 80
nucleotides, more than about 60 nucleotides, more than about 50 nucleotides, more
than about 40 nucleotides, more than about 30 nucleotides, more than about 20
nucleotides, by about 1 to about 20 nucleotides, by about 1 to about 10 nucleotides, or
may directly abut one another. Ifit is desired to detect a flavivirus nucleic acid with a
polymerization-independent process, the probe is preferably separated from the probe
by about 1 to about 10 nucleotides. In the polymerization-dependent process, for
example, a PCR amplification and detection methods as taught herein, the probe may
hybridize to the detectable nucleic acid anywhere within the sequence to be amplified

that is downstream of a primer, thus allowing primer extension to position the

polymerase so that the probe is fragmented.

The term “thermostable nucleic acid polymerase” refers to an enzyme which is relatively
stable to heat when compared, for example, to nucleotide polymerases from E. coli and
which catalyzes the polymerization of nucleoside triphosphates. Generally, such

enzymes are obtained from organisms considered by those in the art to be thermophilic

organisms. Generally, the enzyme will initiate synthesis at the 3' end of a primer

annealed to the primer binding sequence, and will continue synthesis of a new strand

toward the 5’ end of the template. If the polymerase possesses a 5' to 3’ nuclease activity,

it can hydrolyze intervening probes annealed to the template to release both labeled and
unlabeled probe fragments, until polymerization terminates or all probe fragments
dissociate from the nucleic acid to be detected. A representative thermostable enzyme
isolated from Thermus aquaticus (Taq) is described in U.S. Pat. No. 4,889,818 and a
method for using it in conventional PCR is described in Saiki et al., 1988, Science
239:487-91. Another representative thermostable enzyme includes Thermus species Z05
DNA polymerase. See, e.g., U.S. Patent No. 5,674,738.™
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Taq DNA polymerase has a DNA synthesis-dependent, strand replacement 5'-3'
exonuclease activity (see Gelfand, “Taq DNA Polymerase” in PCR Technology
Principles and Applications for DNA Amplification, Erlich, Ed., Stockton Press, N.Y.
(1989), Chapter 2). Thus, Tag DNA polymerase does not degrade the probe when it is
unbound to template DNA.

The term 5’ nuclease reaction” of a nucleic acid primer or probe refers to the

degradation of a probe hybridized to the nucleic acid when the primer is extended by a

nucleic acid polymerase having 5' to 3' nuclease activity, as defined above and described

in detail below. Such reactions are based on those described in U.S. Pat. Nos. 6,214,979,
5,804,375, 5,487,972 and 5,210,015.

To determine “percent complementarity” or “percent identity” of two nucleic acid
sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first nucleic acid sequence for optimal alignment with a
second nucleic acid sequence). The nucleotides at corresponding nucleotide positions
are then compared. When a position in the first sequence is occupied by a
complémentary nucleotide as the corresponding position in the second sequence, then
the molecules are complementary at that position. Likewise, when a position in the first
sequence 1s occupied by the same nucleotide as the corresponding position in the second
sequence, then the molecules are identical at that position. The percent
complementarity (or percent identity) between the two sequences is a function of the
number of complementary positions (or identical positions) shared by the sequences
divided by the total number of positions compared (i.e., % complementarity = number
of complementary overlapping positions/total number of positions of the shorter

nucleotide x 100%; and % identity = number of identical overlapping positions/total

number of positions of the shorter nucleotide x 100%).

The determination of percent identity between two sequences can also be accomplished

using a mathematical algorithm. A preferred, non-limiting example of a mathematical
algorithm utilized for the comparison of two sequences 1s the algorithm of Karlin and
Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A. 87:2264-2268, modified as in Karlin and
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Altschul, 1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873-5877. Such an algorithm is
incorporated into the NBLAST*program of Altschul et al., 1990, J. Mol. Biol. 215:403.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology, microbiology and recombinant DNA
techniques, which are within the skill of the art. Such techniques are explained fully in
the literature. See, e.g., Sambrook et al., 2001, Molecular Cloning: A Laboratory
Manual, Third Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
York; Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Nucleic Acid Hybridization (B.
D. Hames & S. J. Higgins, eds., 1984); A Practical Guide to Molecular Cloning (B.
Perbal, 1984); and a series, Methods in Enzymology (Academic Press, Inc.).

3. Nucleic Acid Primers and Probes for Detecting a Nucleic Acid of A Member of the
Japanese Encephalitis Serogroup and Certain Other Flaviviruses

The present invention provides oligonucleotides useful as primers and probes to detect

the presence of a nucleic acid of a member of the Japanese encephalitis VIrus serogroup

- and certain-other members of the genus Flavivirus, and methods of their use. These - -

primers and probes are described in detail below. It is noted that while the primers

discussed herein may be designated as particularly useful for amplifying a particular

virus type (e.g., West Nile virus, SLEV, Dengue virus, yellow fever virus, etc.), the

primers an be useful for amplifying other viruses as well.

The oligonucleotides useful in the methods of the invention may be designed to
comprise nucleotide sequences, or complements thereof, that are conserved between
different strains of Flaviviruses or that are conserved between two or more members of
the Japanese encephalitis virus serogroup or other members of the genus Flavivirus.
Oligonucleotides that comprise sequences conserved between different strains or
members of a serogroup or genus may be useful, for example, as primers or probes that
may be employed to detect the different strains or members, thereby reducing the
number of primers or probes necessary to detect the different strains or members.
Conserved sequences may include, for example, at least 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16,17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 40, 50, or more contiguous nucleotides that are
*T™
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completely (i.e., 100%) or substantially identical between the two or more strains or two
or more members of the Japanese encephalitis virus serogroup or other members of the
genus Flavivirus. Substantially identical sequences include those that are, e.g., 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical between the

two or more strains across the above-listed contiguous nucleotides.

3.1.  Nucleic Acid Primers

Primers Based On SEQ ID NO:1

In one aspect, the invention provides nucleic acid primers that can be used in methods
of detecting members of the Japanese encephalitis virus serogroup. In certain
embodiments, a first nucleic acid primer that can be used to detect a member of the

Japanese encephalitis virus serogroup comprises a nucleic acid that hybridizes to a
nucleic acid of SEQ ID NO.: 1 or a complement thereof. SEQ ID NO.: 1, as presented in

Figure 1, represents a region of conserved sequence in the 3’ untranslated region of the

genomes of the flaviviruses that can be detected using the compositions and methods of
the present invention. SEQ ID NO.: 2 represents the complement to SEQ ID NO.: 1.

— e ]
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In such embodiments of the invention, the first nucleic acid primer has a nucleotide
composition, 1.e., chemical structure, that allows it to hybridize under the defined
conditions to a nucleic acid of SEQ ID NO.: 1. In some cases, each nucleotide of a
primer that hybridizes to a nucleic acid will form base-pair complements with a
nucleotide of the nucleic acid. For example, a primer containing a standard nucleotide
that hybridizes to a C residue in the nucleic acid of SEQ ID NO.: 1 should have a G
residue in the corresponding position. Thus, hybridization to the nucleic acid of SEQ ID
NO.: 1 defines the nucleotide sequence and therefore the exact chemical structure of the
primer. In addition, the first nucleic acid primer can also comprise non-standard
nucleotides according to the definitions of oligonucleotide and primers recited above.
Certain of such non-standard nucleotides can also bind to other standard or non-
standard nucleotides to form a base-pair. For example, the nonstandard nucleotide
inosine can pair with uracil, cytosine, and adenine. Given the known correlation

between hybridization and chemical structure, one of skill in the art can easily recognize
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the standard features of the primers of the invention. Exemplary embodiments are

described in detail below.

In certain embodiments, the first nucleic acid primer that hybridizes to a nucleic acid of
SEQ ID NO.: 1 can be as short as about 6 nucleotides. In other embodiments, the first
nucleic acid primer can be as long as about 80 nucleotides. In certain embodiments, the
first nucleic acid primer comprises about 10, about 12, about 14, about 15, about 16,
about 17, about 18, about 19, about 20, about 21, about 22, about 23, about 24, about
25, about 26, about 27, about 28, about 29, about 30, about 35, or about 40 nucleotides.

In some embodiments, the first nucleic acid primer will comprise fewer than 100, 80, 70,
60, 50, 40, 30, 25, 21 or 20 nucleotides.

The length and composition of the primer can be chosen to give sufficient
thermodynamic stability to ensure hybridization of the primer to the flaviviral nucleic
acid under the appropriate reaction conditions, which depend on the detection method
to be performed. For example, primers with modified, non-standard, or derivatized
nucleotides may be longer or shorter than those with conventional nucl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>