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ABSTRACT 

 

 Disclosed are compositions, methods, and kits that can be used to Epstein-Barr 

virus (EBV) in a sample undergoing testing.  Nucleic acids of EBV can be isolated, 

amplified and detected with specificity, and without interference from non-EBV organisms.  

In some embodiments, nucleic acids used for amplification are isolated from human blood, 

or blood products.  Nucleic acid isolation, amplification and detection steps can all be 

carried out using an automated instrument. 
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1 

COMPOSITIONS AND METHODS FOR DETECTING NUCLEIC ACIDS OF 

EPSTEIN-BARR VIRUS 

Related Applications 

[0001]   This application is a divisional of Australian patent application no. 2019314449, 

a national phase application derived from International patent application no. 

PCT/US2019/044614, filed on 1 August 2019, which claims the benefit of priority from 

U.S. Provisional Application No. 62/713,330, filed 1 August 2018, the disclosure of which 

is incorporated by reference herein. 

Technical Field 

[0002]   The present disclosure generally relates to the field of biotechnology.  More 

particularly, the disclosure relates to molecular diagnostic assays for detecting Epstein Barr 

virus (EBV). 

Background 

[0003]   Epstein-Barr virus (“EBV”) is one of eight known human herpesvirus types in 

the herpes family, and is one of the most common viruses in humans.  This virus, also known 

as human herpesvirus 4, is found all over the world.  Most people are infected with EBV at 

some point in their lives.  The virus spreads most commonly through bodily fluids (e.g., 

saliva), and is the cause of infectious mononucleosis.  In addition, EBV has been implicated 

in several other diseases, including: Burkitt’s lymphoma; Hodgkin’s lymphoma; stomach 

cancer; nasopharyngeal carcinoma; multiple sclerosis; lymphomatoid granulomatosis; and 

more. 

[0004]   Symptoms of EBV infection differ by age of the infected individual.  Infections 

during childhood may not cause symptoms, or may cause symptoms that are not 

distinguishable from other mild, brief childhood illnesses.  Symptoms in teenagers and 

adults usually resolve in two to four weeks, but are more pronounced and can include: 

fatigue, fever, inflamed throat, swollen lymph nodes in the neck, enlarged spleen, and a rash.  

The virus can remain latent (inactive) in B-cells, but can be reactivated to result in an 

infectious condition.  Since the symptoms of EBV infection can be similar to other illnesses, 

examining blood for anti-EBV antibodies has been used for improved diagnostic testing. 

[0005]   EBV can infect both B cells and epithelial cells.  The virus has a double-stranded 

DNA genome of about 172 kb that is organized into 85 genes.  The DNA genome of the 

EBV virion is surrounded by a protein nucleocapsid, which is in turn surrounded by a 

tegument made of protein, and in turn surrounded by a lipid envelope containing lipids and 

surface glycoproteins (envelope proteins).  Lytic replication (productive infection) of the 

virus requires linearization of the genome, which then is replicated by a virally encoded 

EPSTEIN-BARR VIRUS

Technical Field

more.
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DNA polymerase of the host cell is responsible for replication.

In one aspect, the disclosure concerns a reaction mixture useful for determining

of SEQ ID NO:22 or the complement thereof, allowing for substitution of RNA and DNA

equivalent bases. Also included in the reaction mixture is a pair of amplification oligomers,

where a first amplification oligomer of the pair includes 18-25 contiguous bases of SEQ ID

NO:3, allowing for substitution of RNA and DNA equivalent bases, and where a second

nucleotides in length, and the base sequence of the second amplification oligomer consists

of 20 contiguous bases of SEQ ID NO:4. In some embodiments, the base sequence of the

second amplification oligomer is SEQ ID NO:7. In some embodiments, the base sequence
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of the first amplification oligomer is either SEQ ID NO:5 or SEQ ID NO:6, and the base

some embodiments, the base sequence of the first amplification oligomer is SEQ ID NO:5.

In some embodiments, the base sequence of the second amplification oligomer is SEQ ID

NO:7. In some embodiments the base sequence of the second amplification oligomer is

SEQ ID NO:7.

[0008] In another aspect, the disclosure concerns a method of determining the presence

or absence of Epstein-Barr virus (EBV) in a sample. The method includes the step of (a)

contacting a sample to be tested for the presence of EBV with an oligomer combination that

includes: a first amplification oligomer that includes 18-25 contiguous bases of SEQ ID

oligomer that includes 18-25 contiguous bases of SEQ ID NO:4, allowing for substitution

of RNA and DNA equivalent bases; and a detection probe oligomer of up to 30 nucleotides

in length that includes the base sequence of SEQ ID NO:22 or the complement thereof,

oligomer, the presence or absence of the amplification product, thereby determining the

presence or absence of EBV in the sample. In some embodiments, the detection probe

oligomer further includes a detectable label. The detectable label of the detection probe

oligomer can include an interactive label pair that includes a fluorophore moiety and a

quencher moiety. In some embodiments, the detection probe oligomer further includes at

least one nucleotide analog. The at least one nucleotide analog can include at least one 5-

methyl cytosine base. In some embodiments, the detection probe oligomer is 22 nucleotides

in length and includes the base sequence of SEQ ID NO:9. In some embodiments, the

sample includes nucleic acids isolated from any of human blood, human plasma, or human

serum. In some embodiments, the in vitro nucleic acid amplification reaction includes Taq

DNA polymerase. In some embodiments, steps (b) and (c) take place concurrently, and the

in vitro nucleic acid amplification reaction is a real-time nucleic acid amplification reaction.

In some embodiments, the in vitro nucleic acid amplification reaction in step (b) is a

3

20
26

20
20

13
   

   
17

 M
ar

 2
02

6

2
0
2
6
2
0
2
0
1
3
 
1
7
 
M
a
r
 
2
0
2
6

3



includes a DNA polymerase with a 5' to 3' exonuclease activity. In some embodiments,

allowing for substitution of RNA and DNA equivalent bases. A second amplification

oligomer can include an interactive label pair that includes a fluorophore moiety and a

quencher moiety. In some embodiments, the detection probe oligomer further includes at

least one nucleotide analog. The at least one nucleotide analog of the detection probe

oligomer can include at least one 5-methyl cytosine base. In some embodiments, the

oligomer is SEQ ID NO:7. In some embodiments, the base sequence of the second

amplification oligomer is SEQ ID NO:7. In some embodiments, the first and second

amplification oligomers are packaged together in one vial, and the probe oligonucleotide is
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packaged in a separate vial.

detecting Epstein-Barr virus (EBV) nucleic acids. The detection probe oligomer is up to 30

nucleotides in length and includes the base sequence of SEQ ID NO:22 or the complement

thereof, allowing for substitution of RNA and DNA equivalent bases. In some

embodiments, the detection probe oligomer further includes a detectable label. The

detectable label can include an interactive label pair that includes a fluorophore moiety and

a quencher moiety. In some embodiments, the detection probe oligomer further includes at

least one nucleotide analog. The at least one nucleotide analog can include at least one 5-

methyl cytosine base. In some embodiments, the detection probe oligomer is up to 26

SEQ ID NO:17 or the complement thereof. In some embodiments, the detection probe

oligomer is up to 22 nucleotides in length. In some embodiments, the detection probe

oligomer is 22 nucleotides in length and includes the base sequence of SEQ ID NO:9 or the

nucleotide analogs. In some embodiments, the detection probe oligomer is 22 nucleotides

in length with a base sequence consisting of SEQ ID NO:9. In some embodiments, the

detection probe oligomer includes a plurality of 5-methyl cytosine nucleotide analogs. In

some embodiments, every cytosine base in the sequence of SEQ ID NO:9 is the 5-methyl

cytosine nucleotide analog. In some embodiments, the detection probe oligomer is a dual-

labeled hydrolysis probe. In some embodiments, the probe is hybridized to a

complementary nucleic acid strand in the presence of a DNA polymerase that includes a 5'

to 3' exonuclease activity.

Definitions

[0011] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art pertinent to the

methods and compositions described. General definitions may be found in technical books

5

20
26

20
20

13
   

   
17

 M
ar

 2
02

6

2
0
2
6
2
0
2
0
1
3
 
1
7
 
M
a
r
 
2
0
2
6

5



specified otherwise.

having any significant effect on the activity or stability of the composition. All ranges are

"containing," "include," "includes," and "including" are not intended to be limiting. It is to

be understood that both the foregoing general description and detailed description are

exemplary and explanatory only and are not restrictive of the teachings. To the extent that

any material incorporated by reference is inconsistent with the express content of this

these terms in the claims). "Consisting essentially of" means that additional component(s),

the EBV nucleic acid from other known pathogens (e.g., CMV), optionally at a sensitivity

that can detect the virus present in a sample at a concentration of about 50 copies/ml, and,

optionally within about 60 minutes and/or within about 40 cycles from the beginning of an
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amplification reaction when a cycled amplification reaction is used.

such as nucleic acids or fragments of nucleic acids. Samples include "biological samples"

which include any tissue or material derived from a living or dead human that may contain

EBV or target nucleic acid derived therefrom, including for example: peripheral blood,

plasma, serum, lymph node, vaginal swab samples, cervical brush samples, respiratory

tissue or exudates such as bronchoscopy, bronchoalveolar lavage (BAL) or lung biopsy,

sputum, saliva, gastrointestinal tissue, feces, urine, semen or other body fluids or materials.

The biological sample may be treated to physically or mechanically disrupt tissue or cell

structure, thus releasing intracellular components into a solution which may further contain

methods, a biological sample for analysis. Also, samples may include processed samples,

such as those obtained from passing samples over or through a filtering device, or following

centrifugation, or by adherence to a medium, matrix, or support.

be made up of a variety of linkages, including one or more of sugar-phosphodiester linkages,

peptide-nucleic acid bonds ("peptide nucleic acids" or PNA; PCT Publication No. WO

95/32305), phosphorothioate linkages, methylphosphonate linkages, or combinations

thereof. Sugar moieties of a nucleic acid may be ribose, deoxyribose, or similar compounds

with substitutions (e.g., 2' methoxy or 2' halide substitutions). Nitrogenous bases may be

conventional bases (A, G, C, T, U), analogs thereof (e.g., inosine or others; see The

Biochemistry of the Nucleic Acids 5-36, Adams et al., ed., 11th ed., 1992), derivatives of

purines or pyrimidines (e.g., N4-methyl deoxyguanosine, deaza- or aza-purines, deaza- or

bases with a substituent at the 2, 6, or 8 positions, 2-amino-6-methylaminopurine, O-

methylguanine, 4-thio-pyrimidines, 4-amino-pyrimidines, 4-dimethylhydrazine-

pyrimidines, and O-alkyl-pyrimidines; U.S. Patent No. 5,378,825 and PCT Publication No.

WO 93/13121). Nucleic acids may include one or more "abasic" residues where the
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bases and one or more base analogs). Nucleic acid includes "locked nucleic acid" (LNA),

be used in conjunction with any of the foregoing backbones/sugars/linkages including RNA

length includes 19, 20, 21, 22, 23, 24, and 25).

[0017] A "nucleotide" as used herein is a subunit of a nucleic acid consisting of a

phosphate group, a 5-carbon sugar, and a nitrogenous base (also referred to herein as

"nucleobase"). The 5-carbon sugar found in RNA is ribose. In DNA, the 5-carbon sugar is

meant a nucleic acid comprising both DNA and RNA nucleotides. Unless the context

uracil can be substituted in place of the base thymine, or vice versa, and so uracil and

thymine are RNA and DNA equivalent bases. A polynucleotide base sequence 5'-AGCT-

3' that allows for substitution of RNA and DNA equivalent bases would also describe the
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sequence 5'-AGCU-3'. The differences between RNA and DNA equivalent bases do not

complementarity to a particular sequence.

[0020] The term, "complement" refers to a nucleic acid molecule that comprises a

contiguous nucleic acid sequence that is complementary to a contiguous nucleic acid

sequence of another nucleic acid molecule (for standard nucleotides A:T, A:U, C:G). For

example, 5'-AACTGUC-3' is the complement of 5'-GACAGTT-3'. Two nucleic acid

sequences are "sufficiently complementary" when their respective contiguous nucleic acid

sequences are at least 70% complementary.

[0021] A "target nucleic acid" as used herein is a nucleic acid comprising a target

single-stranded or double-stranded. The target nucleic acid may include other sequences

besides the target sequence, which may not be amplified.

[0022] The term "target sequence" as used herein refers to the particular nucleotide

term "target sequence" will also refer to the sequence complementary to the "target

sequence" as present in the target nucleic acid. Where the target nucleic acid is originally

double-stranded, the term "target sequence" refers to both the sense (+) and antisense (-)

strands.

[0023] "Target-hybridizing sequence" or "target-specific sequence" is used herein to

refer to the portion of an oligomer that is configured to hybridize with a target nucleic acid

sequence. Preferably, the target-hybridizing sequences are configured to specifically

hybridize with a target nucleic acid sequence. Target-hybridizing sequences may be 100%

hybridize, but not necessarily. Target-hybridizing sequences may also include inserted,

deleted and/or substituted nucleotide residues relative to a target sequence. Less than 100%

complementarity of a target-hybridizing sequence to a target sequence may arise, for

example, when the target nucleic acid is a plurality strains within a species, such as would
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nucleic acid, refers to a process whereby an oligonucleotide hybridizes to a target sequence

example, amplification oligomers that are configured to generate a specified amplicon from

polynucleotide sequence that specifically hybridizes to the referenced sequence under

stringent hybridization conditions.

[0026] The term "configured to specifically hybridize to" as used herein means that the

target-hybridizing region of an amplification oligonucleotide, detection probe, or other

"specifically hybridize to" means that the oligonucleotide is configured to function in an

reference is an oligonucleotide promoter primer, the term "region" may be used refer to the

smaller promoter portion. Similarly, and also as example only, when the nucleic acid is an

EBV target nucleic acid, the term "region" may be used to refer to a smaller area of the
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nucleic acid, wherein the smaller area is targeted by one or more oligonucleotides of the

an amplicon, the term region may be used to refer to the smaller nucleotide sequence

identified for hybridization by the target-hybridizing sequence of a probe.

"Oligomer," "oligonucleotide," or "oligo" refers to a nucleic acid of generally less than 1,000

nucleotides (nt), including those in a size range having a lower limit of about 2 to 5

nucleotides and an upper limit of about 500 to 900 nucleotides. Some particular

embodiments are oligomers in a size range with a lower limit of about 5 to 15, 16, 17, 18,

19, or 20 nucleotides and an upper limit of about 50 to 600 nucleotides, and other particular

embodiments are in a size range with a lower limit of about 10 to 20 nucleotides and an

occurring sources, but may be synthesized by using any well-known enzymatic or chemical

method. The term oligonucleotide does not denote any particular function of the reagent;

rather, it is used generically to cover all such reagents described herein. An oligonucleotide

for transcription (e.g., a T7 Primer); and it may function to detect a target nucleic acid if it

is capable of hybridizing to the target nucleic acid, or an amplicon thereof, and further

provides a detectible moiety (e.g., an acridinium-ester compound). Oligomers may be

referred to by a functional name (e.g., capture probe, primer or promoter primer) but those

skilled in the art will understand that such terms refer to oligomers.

[0028] As used herein, an oligonucleotide "substantially corresponding to" a specified

reference nucleic acid sequence means that the oligonucleotide is sufficiently similar to the

reference nucleic acid sequence such that the oligonucleotide has similar hybridization

target nucleic acid sequence under stringent hybridization conditions. One skilled in the art

will understand that "substantially corresponding oligonucleotides" can vary from a

reference sequence and still hybridize to the same target nucleic acid sequence. It is also

understood that a first nucleic acid corresponding to a second nucleic acid includes the RNA
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target sequence; thus, in certain embodiments, an oligonucleotide "substantially

preferably up to two or up to one substitution(s) or mismatch(es) (i.e., from zero to four,

understand the various modifications to the hybridization conditions that might be required

at various percentages of complementarity to allow hybridization to a specific target

sequence without causing an unacceptable level of non-specific hybridization.

[0029] As used herein, the phrase "or its complement, or an RNA equivalent or

of the complement of the referenced RNA sequence, a DNA/RNA chimeric of the

in a nucleic acid amplification reaction (e.g., serving as a primer or promoter-primer).

Particular amplification oligomers contain at least about 10 contiguous bases, and optionally

at least 18, 19, 20, 21, 22, or 23 contiguous bases that are complementary to a region of the
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target nucleic acid sequence or its complementary strand. The contiguous bases may be at

which the amplification oligomer binds. One skilled in the art will understand that the

recited ranges include all whole and rational numbers within the range (e.g., 92% or

98.377%). Particular amplification oligomers are about 10 to about 60 bases long, or more

preferably about 18 to about 26 bases long and optionally may include modified nucleotides.

[0031] A "primer" is an oligomer that hybridizes to a template nucleic acid and has a 3'

end that is extended by a polymerase enzyme. A primer may be optionally modified, e.g.,

by including a 5' region that is non-complementary to the target sequence. Such

modification can include functional additions, such as tags, promoters, or other non-target-

oligonucleotide.

[0032] Within the context of transcription-mediated amplification, a primer modified

with a 5' promoter sequence is referred to herein as a "promoter-primer." A person of

a 3' blocked end is referred to herein as a "promoter provider," which is capable of

hybridizing to a target nucleic acid and providing an upstream promoter sequence that serves

to initiate transcription, but does not provide a primer for oligo extension.

[0033] "Non-target-specific sequence" or "non-target-hybridizing sequence" as used

herein refers to a region of an oligomer sequence, wherein said region does not stably

hybridize with a target sequence under standard hybridization conditions. Oligomers with

non-target-specific sequences include, but are not limited to, promoter primers and

molecular beacons.

multiple copies of a target nucleic acid sequence, or its complementary sequence, or

fragments thereof (i.e., an amplified sequence containing less than the complete target

nucleic acid). Examples of nucleic acid amplification procedures include transcription

associated methods, such as transcription-mediated amplification (TMA), nucleic acid
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EP Patent No. 0320308), helicase-dependent amplification (e.g., U.S. Patent No.

DNA polymerase to amplify the target sequence. SDA uses a primer that contains a

self-replicating RNA molecules, and a replicase such as QB-replicase. Particular

embodiments use PCR or TMA, but it will be apparent to persons of ordinary skill in the art

that oligomers disclosed herein may be readily used as primers in other amplification

methods.

95/03430 (Ryder et al.)). Methods that use TMA are described in detail previously (e.g.,

signal. Once an amplification reaches the "threshold cycle," generally there is considered

to be a positive amplification product of a sequence to which the probe binds. The identity

of the amplification product can then be determined through methods known to one of skill
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in the art, such as gel electrophoresis, nucleic acid sequencing, and other such analytical

[0037] By "amplicon" or "amplification product" is meant a nucleic acid molecule

generated in a nucleic acid amplification reaction and which is derived from a target nucleic

acid. An amplicon or amplification product contains a target nucleic acid sequence that may

be of the same or opposite-sense as the target nucleic acid.

[0038] As used herein, the term "relative fluorescence unit" ("RFU") is a unit of

measurement of fluorescence intensity. RFU varies with the characteristics of the detection

means used for the measurement, and can be used as a measurement to compare relative

intensities between samples and controls.

that hybridizes specifically to a target sequence, including an amplified sequence, under

conditions that promote nucleic acid hybridization, for detection of the target nucleic acid.

Detection may either be direct (i.e., probe hybridized directly to the target) or indirect (i.e.,

generally refers to the specific sequence within a larger sequence which the probe hybridizes

specifically. A detection probe may include target-specific sequence(s) and non-target-

specific sequence(s). Such non-target-specific sequences can include sequences which will

confer a desired secondary or tertiary structure, such as a hairpin structure, which can be

used to facilitate detection and/or amplification (see, e.g., U.S. Patent Nos. 5,118,801,

5,312,728, 6,835,542, and 6,849,412). Probes of a defined sequence may be produced by

techniques known to those of ordinary skill in the art, such as by chemical synthesis, and by

in vitro or in vivo expression from recombinant nucleic acid molecules.

partially complementary nucleic acid strands to come together under specified hybridization

assay conditions in a parallel or antiparallel orientation to form a stable structure having a

double-stranded region. The two constituent strands of this double-stranded structure,

sometimes called a hybrid, are held together by hydrogen bonds. Although these hydrogen
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Biochemistry of the Nucleic Acids (11th ed. 1992).

detect the presence (or absence) of nucleic acid derived from the specified target as

complementary nucleosides or nucleobases may facilitate the ability of an oligonucleotide

to discriminate against non-target organisms.

[0042] Preferential hybridization can be measured using techniques known in the art

and described herein, such as in the examples provided below. In some embodiments, there

be used for stringent hybridization may vary depending upon factors including the GC

amplifying and/or detecting target nucleic acids derived from one or more variants of EBV

with the oligomers of the present disclosure correspond to a temperature of about 60 °C

when the salt concentration, such as a monovalent salt (e.g., KCl, is in the range of about
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0.6-0.9 M). Other acceptable stringent hybridization conditions are readily ascertained by

[0044] By "assay conditions" is meant conditions permitting stable hybridization of an

oligonucleotide to a target nucleic acid. Assay conditions do not require preferential

hybridization of the oligonucleotide to the target nucleic acid.

[0045] "Label" or "detectable label" refers to a moiety or compound joined directly or

indirectly to a probe that is detected or leads to a detectable signal. Direct joining may use

covalent bonds or non-covalent interactions (e.g., hydrogen bonding, hydrophobic or ionic

interactions, and chelate or coordination complex formation) whereas indirect joining may

use a bridging moiety or linker (e.g., via an antibody or additional oligonucleotide(s)). Any

or even a polynucleotide sequence, an enzyme, an enzyme substrate, a reactive group, a

chromophore such as a dye or particle (e.g., a latex or metal bead) that imparts a detectable

color, a luminescent compound (e.g., bioluminescent, phosphorescent, or a

Fluorophores may be used in combination with a quencher molecule that absorbs light when

in close proximity to the fluorophore to diminish background fluorescence. Such quenchers

are well known in the art and include, for example, BLACK HOLE QUENCHER (or

BHQM) or TAMRA compounds. Particular embodiments include a "homogeneous

detectable label" that is detectable in a homogeneous system in which bound labeled probe

in a mixture exhibits a detectable change compared to unbound labeled probe, which allows

the label to be detected without physically removing hybridized from unhybridized labeled

probe (e.g., US Pat. Nos. 5,283,174, 5,656,207, and 5,658,737). Particular homogeneous

compounds, such as standard AE or AE derivatives which are well known (US Pat. Nos.

5,656,207, 5,658,737, and 5,639,604). Methods of synthesizing labels, attaching labels to

nucleic acid, and detecting signals from labels are well known (e.g., Sambrook et al.,

Molecular Cloning, A Laboratory Manual, 2nd ed. (Cold Spring Harbor Laboratory Press,
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AE labeling positions are a probe's central region and near a region of A/T base pairs, at a

to a target nucleic acid opens the otherwise closed probes.

sequence that hybridizes to another sequence by hydrogen bonding between a subset series

of complementary nucleotides by using standard base pairing (e.g., G:C, A:T, or A:U),

although the two sequences may contain one or more residues (including abasic positions)

that are not complementary so long as the entire sequences in appropriate hybridization

terminus to prevent extension. A blocking group near the 3' end is in some embodiments

cordycepin. Further examples of blocking moieties include a 3'-deoxy nucleotide (e.g., a

2',3'-dideoxy nucleotide); a 3'-phosphorylated nucleotide; a fluorophore, quencher, or other

label that interferes with extension; an inverted nucleotide (e.g., linked to the preceding
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nucleotide through a 3'-to-3' phosphodiester, optionally with an exposed 5'-OH or

extension of a nascent nucleic acid chain by a polymerase. A non-extendable

oligonucleotide of the present disclosure may be at least 10 bases in length, and may be up

to 15, 20, 25, 30, 35, 40, 50 or more nucleotides in length. Non-extendable oligonucleotides

that comprise a detectable label can be used as probes.

[0047] References, particularly in the claims, to "the sequence of SEQ ID NO: X" refer

to the base sequence of the corresponding sequence listing entry and do not require identity

of the backbone (e.g., RNA, 2'-O-Me RNA, or DNA) or base modifications (e.g.,

methylation of cytosine residues) unless the context clearly dictates otherwise.

subsequent amplification and/or detection of EBV nucleic acids present in the sample.

Samples may be complex mixtures of components of which the target nucleic acid is a

minority component. Sample preparation may include any known method of concentrating

intracellular components into a substantially aqueous or organic phase and removal of

debris, such as by using filtration, centrifugation or adsorption. Sample preparation may

include use of a nucleic acid oligonucleotide that selectively or non-specifically capture a

target nucleic acid and separate it from other sample components (e.g., as described in US

Patent No. 6,110,678 and International Patent Application Pub. No. WO 2008/016988, each

incorporated by reference herein).

[0049] "Separating" or "purifying" means that one or more components of a sample are

removed or separated from other sample components. Sample components include target

fragments, proteins, carbohydrates, lipids, and other nucleic acids. "Separating" or

"purifying" does not connote any degree of purification. Typically, separating or purifying

removes at least 70%, or at least 80%, or at least 95% of the target nucleic acid from other

sample components.
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and digitonin. In certain variations, a non-linear surfactant is non-ionic.

acid amplification reaction can be detected or quantitated. The sensitivity of an

reaction, e.g., the ratio of specific amplicons to side-products.

Detailed Description

[0053] Disclosed herein are compositions, methods, and kits for detecting the nucleic

provide oligonucleotide sequences that recognize target sequences within the EBV genome,

4,683,195; 4,683,202; 4,800,159; 5,399,491; 5,554,516; 5,824,518; and 7,374,885; each

incorporated by reference herein). Other oligonucleotides may be used as probes for

detecting amplified sequences of EBV, or for capture of EBV target nucleic acid.
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[0055] The methods provide for the sensitive and specific detection of EBV nucleic

and detecting the amplified product by, for example, specifically hybridizing the amplified

product with a nucleic acid detection probe that provides a signal to indicate the presence

of EBV in the sample. The amplification step includes contacting the sample with one or

more amplification oligomers specific for a target sequence in an EBV target nucleic acid

to produce an amplified product if EBV nucleic acid is present in the sample. Amplification

synthesizes additional copies of the target sequence or its complement by using at least one

nucleic acid polymerase and an amplification oligomer to produce the copies from a

template strand (e.g., by extending the sequence from a primer using the template strand).

contacting the amplified product with at least one detection probe oligomer specific for a

sequence amplified by the selected amplification oligomers (e.g., a sequence contained in

the target sequence flanked by a pair of selected amplification oligomers).

hybridize to nucleic acid of EBV with minimal cross-reactivity to other, non-EBV nucleic

nucleic acid with minimal cross-reactivity to one or more non-EBV pathogens listed in any

of Tables 5 and 6. In one aspect, the compositions of the instant disclosure are part of a

multiplex system that further includes components and methods of detecting one of more of

these non-EBV pathogens. For example, there can be compositions that independently

amplify and detect the nucleic acids of EBV and cytomegalovirus (CMV) in the same

reaction. Amplified EBV nucleic acids and amplified CMV nucleic acids can be detected

using hybridization probes labeled with distinguishable fluorescent labels. In this way, EBV

can be detected in the multiplex amplification reaction independent of other target nucleic

[0057] In certain aspects of the disclosure, a composition comprising at least two

amplification oligomers is provided for determining the presence or absence of EBV in a

sample. Typically, the composition includes at least two amplification oligomers for

amplifying a target region of an EBV target nucleic acid corresponding to the sequence of
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hybridize to an EBV target sequence corresponding to a sequence contained within SEQ ID

"primers" (when the oligomers are extended by a polymerase).

[0059] In certain variations, a composition for determining the presence or absence of

hybridize to an EBV EBNA1 target sequence that is amplifiable using the first and second

amplification oligomers. Preferred EBV EBNA1-specific probes can be 20-25 nucleotides

probes include both a fluorophore moiety and a quencher moiety. A detection probe

mixture that includes such a formulation, or that is reconstituted from such a formulation.

Typically, a detection probe oligomer in accordance with the present disclosure further

includes a label. Particularly suitable labels include compounds that emit a detectable light
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signal. Example labels include fluorophores and luminescent (e.g., chemiluminescent)

than one type of label, may be present on a particular probe, or detection may rely on using

a mixture of probes in which each probe is labeled with a compound that produces a

detectable signal (see, e.g., US Pat. Nos. 6,180,340 and 6,350,579, each incorporated by

reference herein). Labels may be attached to a probe by various means including covalent

linkages, chelation, and ionic interactions. Preferably, the label is covalently attached. For

example, in some embodiments, a detection probe has an attached chemiluminescent label

such as an acridinium ester (AE) compound (see, e.g., US Patent Nos. 5,185,439; 5,639,604;

5,585,481; and 5,656,744; each incorporated by reference herein). A label, such as a

linker (see, e.g., US Patent Nos. 5,585,481; 5,656,744; and 5,639,604, particularly at column

10, line 6 to column 11, line 3, and Example 8; each incorporated by reference herein).

[0060] In some embodiments, a probe (e.g., including a fluorescent label) further

be a quencher. Detection probes that include both a fluorescent label and a quencher moiety

Diagnostics), and "molecular beacon" hybridization probes (see Tyagi et al., Nature

Biotechnol. 16:49-53, 1998; US Patent Nos. 5,118,801 and 5,312,728; each incorporated by

reference herein). TaqMan probes (or similar dual-labeled linear probes including both a

fluorescent label and a quencher), can be used in assays where hybridization of the probe to

a target or amplicon followed by nucleolysis by a polymerase having 5'-3' exonuclease

activity results in liberation of the fluorescent label to result in increased fluorescence, or

fluorescence independent of the interaction with the second label.

[0061] In some applications, a detection probe exhibiting at least some degree of self-

without first requiring the removal of unhybridized probe prior to detection. Specific

embodiments of such detection probes include, for example, probes that form conformations

held by intramolecular hybridization, such as conformations generally referred to as

hairpins. Suitable hairpin probes include a "molecular torch" (see, e.g., U.S. Pat. Nos.
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hybridize to one another under predetermined hybridization assay conditions. When

molecular torch is hybridized to a target nucleic acid, thereby permitting detection of

substantially form conformations maintained by intramolecular bonds. In specific

label (e.g., an acridinium ester (AE) compound). In other embodiments, a linear detection

probe oligomer includes a fluorophore as the label. In some embodiments of a linear

include fluorescein/tetramethylrhodamine, IAEDANS/fluororescein,

EDANS/DABCYL, coumarin/DABCYL, fluorescein/fluorescein, BODIPY FL/BODIPY

Red/DABCYL, CY5/BH1, CY5/BH2, CY3/BH1, CY3/BH2 and fluorescein/QSY7 dye.

fluorescence of the acceptor or by quenching of donor fluorescence. Non-fluorescent

problem of background fluorescence resulting from direct (i.e., non-sensitized) acceptor

excitation. Exemplary fluorophore moieties that can be used as one member of a donor-

acceptor pair include fluorescein, ROX, and the CY dyes (such as CY5). Exemplary
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quencher moieties that can be used as another member of a donor-acceptor pair include

Biosearch Technologies, Inc., (Novato, Calif.).

[0064] In some embodiments, a labeled oligomer (e.g., a detection probe) is non-

extendable. For example, the labeled oligomer can be rendered non-extendable by 3'-

phosphorylation, having a 3'-terminal 3'-deoxynucleotide (e.g., a terminal 2',3'-

dideoxynucleotide), having a 3'-terminal inverted nucleotide (e.g., in which the last

nucleotide is inverted such that it is joined to the penultimate nucleotide by a 3' to 3'

phosphodiester linkage or analog thereof, such as a phosphorothioate), or having an attached

fluorophore, quencher, or other label that interferes with extension (possibly but not

the 3'-terminal nucleotide is not methylated.

[0065] Also provided by the present disclosure are compositions that include one or

more detection probe oligomers as described herein.

or oligomer combination as described herein. Any method disclosed herein is also to be

EBV EBNA1-target-hybridizing sequence and any combinations (e.g., kits and

compositions) including such an oligomer are to be understood as also being disclosed for

use in detecting or quantifying EBV, and for use in the preparation of a composition for

detecting or quantifying EBV.

clinical sample) is annealed to a capture oligomer; isolation (e.g., washing, to remove

material not associated with a capture oligomer); amplification; and amplicon detection

Certain embodiments involve each of the foregoing steps. Certain embodiments involve

exponential amplification, optionally with a preceding linear amplification step. Certain

embodiments involve any two of the components listed above. Certain embodiments
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the presence or absence of EBV in a sample using an oligomer combination as described

includes, for example, receiving the sample at a testing facility or other location where one

[0070] Amplifying an EBV target sequence can employ an in vitro amplification

In particular embodiments, the target region to be amplified is an EBV EBNA1 target region

contained within the sequence of SEQ ID NO:1 or the complement thereof. Particularly

nucleotides in length, more preferably 20-25 nucleotides in length, where the target-

hybridizing sequence is fully contained within the sequence of SEQ ID NO:3 or an RNA

length, where the target-hybridizing sequence is fully contained within the sequence of SEQ

and second EBV EBNA1-specific amplification oligomers including, respectively, (A) a

sequence substantially corresponding to SEQ ID NO:5, or an RNA equivalent or a

DNA/RNA chimeric thereof, or SEQ ID NO:6 or a sequence substantially corresponding to

SEQ ID NO:6, or an RNA equivalent or a DNA/RNA chimeric thereof; and (B) a second
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EBV EBNA1-specific target-hybridizing sequence that is either SEQ ID NO:7 or a sequence

chimeric thereof, or SEQ ID NO:8 or a sequence substantially corresponding to SEQ ID

NO:8, or an RNA equivalent or a DNA/RNA chimeric thereof.

[0071] A detection method in accordance with the present disclosure can further

include the step of obtaining the sample to be subjected to subsequent steps of the method.

In certain embodiments, "obtaining" a sample to be used includes, for example, receiving

the sample at a testing facility or other location where one or more steps of the method are

performed, and/or retrieving the sample from a location (e.g., from storage or other

depository) within a facility where one or more steps of the method are performed.

nucleic acid from other components in the sample (e.g., using a capture step prior to

performing a nucleic acid amplification step). Such purification may include methods of

separating nucleic acids contained in a sample from other sample components, or removing

etc). In some embodiments, DNA in the sample is degraded (e.g., with DNase), and

that hydrolyze RNA).

[0073] In particular embodiments, purifying the target nucleic acid includes capturing

the target nucleic acid to specifically or non-specifically separate the target nucleic acid

from other sample components. Non-specific target capture methods may involve selective

physically separating nucleic acids from a mixture that contains EBV nucleic acid and other

sample components.

or more capture probe oligomers that hybridize to the EBV target sequence under

hybridizing conditions. For embodiments wherein the capture probe includes a capture

hybridization conditions so that the capture probe tail hybridizes to an immobilized probe.
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on the solid support is separated from other sample components. Isolation can be

[0076] Exponentially amplifying an EBV target sequence can utilize an in vitro

or isothermal. Suitable amplification methods include, for example, the polymerase chain

displacement amplification (SDA), and transcription-mediated or transcription-associated

amplification (TMA).

hybridization in some embodiments. In some embodiments, the labeled probe includes a

second moiety, such as a quencher or other moiety that interacts with the first label, as

be performed after the amplification reaction is completed, or may be performed

hybridized probe without removal of unhybridized probe from the mixture), for example as

association of nucleic acids with a surface results in a physical change that can be detected

as an optical change or an electrical change. Amplified nucleic acids may be detected by

concentrating them in or on a matrix and detecting the nucleic acids or dyes associated with
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them (e.g., an intercalating agent such as ethidium bromide or cyber green), or detecting an

may use nucleic acid detection probes that are configured to specifically hybridize to a

sequence in the amplified product and detecting the presence of the probe:product complex,

or by using a complex of probes that may amplify the detectable signal associated with the

amplified products (e.g., U.S. Patent Nos. 5,424,413; 5,451,503; and 5,849,481; each

incorporated by reference herein). Directly or indirectly labeled probes that specifically

associate with the amplified product provide a detectable signal that indicates the presence

of the target nucleic acid in the sample. In particular, the amplified product will contain a

target sequence in or complementary to a sequence in the EBV EBNA1 gene, and a probe

the presence of EBV nucleic acid in the tested sample.

[0077] In embodiments that detect the amplified product near or at the end of the

amplification step, a linear detection probe may be used to provide a signal to indicate

luminescentally labeled probe that hybridizes to a target nucleic acid. The luminescent label

No. WO 89/002476, incorporated by reference herein). In other embodiments employing

real-time detection, the detection probe may be a hairpin probe such as, for example, a

molecular beacon, molecular torch, or hybridization switch probe that is labeled with a

reporter moiety that is detected when the probe binds to amplified product (e.g., a dual-

such as an oligomer labeled with both a fluorophore and a quenching moiety (e.g., a TaqMan

probe). Such probes may include target-hybridizing sequences and non-target-hybridizing

Patent Nos. 5,210,015; 5,487,972; 5,118,801; 5,312,728; 5,925,517; 6,150,097; 6,849,412;

6,835,542; 6,534,274; and 6,361,945; and US Patent Application Pub. Nos.

[0078] Assays for detection of the EBV nucleic acid may optionally include a non-EBV
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the IC nucleic acid sequence may be a cellular component, which may be from exogenous

assay steps were properly used in the assay if no signal is obtained for the intended target

algorithm for quantitating the amount of EBV nucleic acid in a sample based on the signal

integrity of one or more steps in an assay. The primers and probe for the IC target sequence

are configured and synthesized by using any well-known method provided that the primers

included in the assay in the target capture step so that the IC is treated in the assay in a

manner analogous to that for the intended EBV analyte in all of the assay steps.

including (1) at least two EBV EBNA1-specific amplification oligomers for amplification

such as a DNA polymerase enzyme, a reverse transcriptase enzyme, or a detection probe

EBV EBNA1 detection probe oligomer as described herein, and (2) a pH buffer. An

aqueous formulation including one or more detection probe oligomers may include one or

more additional components, such as a surfactant, a DNA polymerase enzyme, a reverse
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transcriptase enzyme, or at least one amplification oligomer. Particularly suitable

phenyl] ether and polyoxyethylene sorbitan fatty acid esters (e.g., polysorbate 20,

polysorbate 40, or polysorbate 60). In some embodiments, a surfactant in an aqueous

detection probe formulation is a non-linear surfactant such as, for example, a

polyoxyethylene sorbitan fatty acid ester (e.g., polysorbate 20, polysorbate 40, or

polysorbate 60) or digitonin. An aqueous formulation as above for amplification or

detection of EBV nucleic acid may further include a bulking agent, such as trehalose,

raffinose, or a combination thereof. In some embodiments, an aqueous formulation as above

contains an inorganic salt such as a magnesium salt, a potassium salt, or a sodium salt. In

suitable pH buffer for an aqueous formulation as above is Tris (2-amino-2-(hydroxymethyl)-

1,3-propanediol).

[0081] In a related aspect, for long-term storage, an aqueous formulation as described

according to procedures known in the art. The dried product typically appears as a powder

additional aspects of the present disclosure. In yet another aspect, the present disclosure

provides a dried formulation that enables reconstitution into an aqueous formulation as

described herein. Dried formulations for amplification or detection of EBV nucleic acid

typically contain, in addition to one or more amplification oligomers and/or detection probes

inorganic salt to the mass of the dried formulation is 0.30% or less, 0.25% or less, or 0.20%

or less. Methods of preparing a dried formulation from a lyophilized formulation as

include dissolving the dried formulation in a suitable diluent (e.g., an aqueous pH buffer or

water) to provide a reconstituted formulation.

presence or absence of an EBV target nucleic acid in a sample. A reaction mixture in
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number of optional components such as, for example, capture probes (e.g., poly-(k) capture

amplification oligomers for multiple EBV target regions. In addition, for a reaction mixture

binds to a sequence amplifiable by an amplification oligomer combination of the reaction

described above. In some embodiments, a reaction mixture is reconstituted from a dried

formulation using water, or an aqueous solution optionally including a pH buffer.

presence or absence of an EBV amplification product. In some embodiments, any oligomer

combination described herein is present in the kit. The kits may further include a number of

reagents suitable for performing in vitro amplification such as buffers, salt solutions,

transcriptase and/or RNA polymerase). Oligomers as described herein can be packaged in

disclosure embraces many different kit configurations. For example, a kit optionally can

include amplification oligomers for only one target region of an EBV genome, or it may

include amplification oligomers for multiple EBV target regions. In addition, for a kit that
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includes a detection probe together with an amplification oligomer combination, selection

target region (i.e., the kit will include a probe that binds to a sequence amplifiable by an

amplification oligomer combination of the kit). In certain embodiments, the kit further

includes a set of instructions for practicing methods in accordance with the present

disclosure, where the instructions may be associated with a package insert and/or the

packaging of the kit or the components thereof.

[0084] Primers of the disclosure can be used to amplify nucleic acids (e.g., DNA) of the

EBV genome in in vitro nucleic acid amplification assays. Any of several in vitro nucleic

acid amplification systems can be employed for this purpose. Particularly described below

(PCR), where detection of amplification products took place as the amplification reaction

was occurring. This is sometimes referred to as "real-time PCR," or more generally as "real-

time amplification and detection." In alternative embodiments, real-time PCR can be

a DNA polymerase, such as Taq DNA polymerase), a molecular beacon, a molecular torch,

screening assays. Preferred primer and probe combination have EBV detection or reactivity

rates of at least 95% when the amplification and detection reaction contains 50 copies of

EBV target DNA per reaction. This was demonstrated for multiple EBV strains. The

formulation of primers and probes does not cross-react with common organisms potentially

EBV target sequence, without interference or cross-reactivity with a DNA internal control

nucleic acid. The probes that detect nucleic acids of EBV and the internal control are labeled

"channels" of a detection apparatus). As well, the primers and probe used for detecting

EBV can be used in a multiplex assay that also detects CMV without cross-reactivity or

labeled with distinguishable fluorophores. Advantageously, the preferred primer and probe
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[0086] Various amplification and detection oligonucleotides for an EBV target nucleic

particularly, forward primers for amplifying EBV sequences can include target-hybridizing

nucleotides in length, 19 nucleotides in length, 20 nucleotides in length, 21 nucleotides in

nucleotides in length. Reverse primers useful in combination with one or more forward

primers can include target-hybridizing sequences of 18 to 25 contiguous bases, or more

nucleotides in length. Optionally, probes useful for detecting amplification products

synthesized using the forward and reverse primers can be up to 30 nucleotides in length.

can include at least 18 contiguous nucleotides, more preferably 20-26 contiguous

Detectably labeled probe oligonucleotides were configured to (e.g., by selection of length

the Tm of the same strand primer (i.e., the forward primer in this Example). This

arrangement ensured probe binding at a temperature higher than the temperature at which

primer binding and extension took place during the PCR temperature cycling routine.
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Optionally, probes for detecting nucleic acid amplification products can include a

[0088] Table 1 lists the sequences of probes designed for use in detecting EBV nucleic

acid amplification products. Optionally, amplification products to be detected can be

synthesized using opposite-sense amplification oligonucleotides from within SEQ ID NO:3

and SEQ ID NO:4, together with an EBV template polynucleotide having the sequence

given by SEQ ID NO:1. All sequences listed in Table 1 represent contiguous nucleotides

contained within the sequence of SEQ ID NO:2. Optionally, oligonucleotides having any

of the tabulated sequences can be joined to a detectable label moiety (e.g., a fluorophore).

Preferably, oligonucleotides having the indicated sequences can be joined to paired sets of

nucleotide base sequences shown in Table 1, together with the complements thereof, are

embraced by the disclosure. Working Examples presented below used the probe of SEQ ID

NO:9 for illustrative purposes.

Table 1

Detection Probe Oligomer Sequences

9 CCGTGTATTCCCCCGCACTAAA

11 CCGTGTATTCCCCCGCACTAAAGA
12 GCCGTGTATTCCCCCGCACTAAA
13 AGCCGTGTATTCCCCCGCACTAAA
14 GCCGTGTATTCCCCCGCACTAAAG
15 AGCCGTGTATTCCCCCGCACTAAAG
16 GCCGTGTATTCCCCCGCACTAAAGA
17 AGCCGTGTATTCCCCCGCACTAAAGA

20 CGTGTATTCCCCCGCACTAAA
21 GTGTATTCCCCCGCACTAAA
22 GTGTATTCCCCCGCACTA
23 TCCCCAGTAGACATCATGCGTGC

25 CCCCAGTAGACATCATGCGTGC
26 CCCCAGTAGACATCATGCGTG
27 TCCCCAGTAGACATCATGCGT
28 CCCAGTAGACATCATGCGTGC

30 CCCCAGTAGACATCATGCGT
31 CCCAGTAGACATCATGCGT
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harboring the ENBA1 target sequence that served as the template in this procedure.

primed with a cloned plasmid template containing the EBNA1 target region. Forward

had the sequence of SEQ ID NO:9.

[0091]

reagents (e.g., nucleotides, salts, cofactors, etc.) necessary for amplicon synthesis, as will

amplification reactions, where amplification products were detected using the hydrolysis

[0092] Table 2 summarizes results of the real-time PCR procedure, where the results

were assessed using a collection of metrics for each different oligonucleotide set. These
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metrics included: RFU range ratio, signal-to-noise ratio, RFU range, slope of the fluorescent

that included 1,000 copies of the EBV template nucleic acid. The RFU range ratio was

calculated by dividing the fluorescent RFU (relative fluorescence units) at the 100

copy/reaction level by the RFU range at the 1,000 copy/reaction level. All metrics except

for Ct were taken from the 100 copy/reaction trial data. As will be apparent from the

tabulated information, the labeled probe functioned well in all trials. All primer

combinations used in this demonstration also gave good results. It was noted, however, that

the combinations of primers identified by SEQ ID NO:5 and SEQ ID NO:7, and by SEQ ID

NO:5 and SEQ ID NO:8 gave particularly good results with respect to all measures shown

in the table.

Table 2

Oligonucleotide Scoring Results

Oligo Primer RFU range signal-to- RFU range Tslope Ct at 1,000

Combination ratio noise ratio (RFU) (RFU/cycle) copies/reaction

(cycles)

0.83 13 14,202 44 29.1
SEQ ID NO:7

0.83 13 13,184 39 29.0
SEQ ID NO:8

SEQ ID NO:6
0.84 12 13,323 38 29.3

SEQ ID NO:7

SEQ ID NO:6
0.73 12 11,360 39 30.0

SEQ ID NO:8

[0093] Example 2 describes procedures that demonstrated sensitivity and linearity using

selected oligonucleotide reagents from Example 1.

Example 2

EBV Target Nucleic Acid Sensitivity

[0094] Sensitivity was first evaluated by testing an EBV plasmid clone harboring the

EBNA1 target region of SEQ ID NO:1 in a specimen transport medium (STM) at 3

concentrations (5 to 500 copies/reaction). STM is a phosphate-buffered (pH 6.6 to pH 6.8)

solution that includes 3% (w/v) lithium lauryl sulfate. In addition to promoting lysis of any

cells that may be present, STM protects nucleic acids by inhibiting the activity of nuclease
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concentrations and tested with 3 probe lots. For linearity testing, amplification reactions

Table 3

Plasmid Sensitivity and Linearity Results

Plasmid conc.
Avg.

Avg.
Baseline

Avg. Signal to
Study Reactivity

(copies/reaction) TSlope Ct noise
(RFU)

Plasmid
50 314

500 100% 24,736 349 1,266 29.3

10 319 35.4 8.2

Plasmid 18 100% 11,656 323 1,579 35.1 8.4

401 28.1 16.4

180,000 100% 27,399 387 1,368 21.1 21.1

detection of EBV in different matrices.

Example 3

Viral Sensitivity

[0100]

evaluated for reactivity with a PCR formulation that included the template sequence of SEQ

ID NO:1, the primers of SEQ ID NO:5 and SEQ ID NO:7, and the probe of SEQ ID NO:9.

Briefly, EBV virus strain B95-8 was spiked into each matrix at the indicated concentrations.

The specimens in plasma and serum were diluted 1:0.2 with PBS containing 3 mg/ml

proteinase K (PK) enzyme and 50 ng/µl of an additional target capture oligo (TCO) that

permitted capture of nucleic acids from solution phase onto solid support beads in a manner

substantially independent of target nucleotide sequence. Neither PK nor extra TCO were

added to the STM samples. All trials were carried out in replicates of 20. As in Example
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2, all specimens were processed using an automated instrument to isolate nucleic acids by

[0101] Results from the procedure are summarized in Table 4. Again, "reactivity" was

indicated when the magnitude of the fluorescence reading crossed a static threshold set at

500 RFU. 95% detection was observed for EBV spiked in STM at 100 copies/ml. 100%

detection was observed at 1,000 copies/ml in serum and 316 copies/ml in plasma. Isolating

and amplifying nucleic acids from blood products reduced sensitivity of detection only

slightly. Thus, the real-time assay for detecting EBV can be used for detecting EBV using

nucleic acids isolated from blood products. This can involve use of an automated instrument

that isolates nucleic acids by target capture, and then amplifies the isolated nucleic acids

using a real-time PCR protocol.

Conc. of initial Avg
Matrix Avg Avg Avg

Baseline
Signal

specimen Reactivity Total
Ct RFU TSlope to

(RFU) RFU Noise

1,742 3,835 2.3

55% 38.0 6,158 1,843 5,229 2.8

316 34.3 11,917 1,863 7.4

1000 100% 33.3 14,440 1,928 16,368 8.5

31.6 36.9 6,546 1,959 5,560 2.8

100 75% 36.3 7517 307 1,875 7,513 4.0
Serum

316 90% 36.4 9525 317 1,802 10,374 5.8

34.3 13840 337 1,821 15,661 8.6

3.16 20% 37.1 2321 312 1,654 3,131 1.9

10 65% 272 1,629 5,741 3.5

STM 31.6 70% 297 1,634 8,807 5.4

100 95% 35.5 12767 306 1,597 13,726 8.6

316 100% 33.4 17157 315 1,609 18,766 11.6

39

20
26

20
20

13
   

   
17

 M
ar

 2
02

6

1
7
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
0
1
3

A
v
g

A
v
g

A
v
g

A
v
g

R
F
U

N
o
i
s
e

2
.
3

5
5
%

3
8
.
0

2
.
8

3
1
6

1
3
,
7
7
9

1
0
0
0

1
0
0
%

3
3
.
3

8
.
5

3
1
.
6

2
.
8

1
0
0

7
5
%

3
6
.
3

7
5
1
7

3
0
7

4
.
0

S
e
r
u
m

3
1
6

9
5
2
5

3
1
7

5
.
8

3
4
.
3

1
3
8
4
0

3
3
7

8
.
6

3
.
1
6

2
0
%

3
7
.
1

2
3
2
1

3
1
2

1
0

2
7
2

3
.
5

S
T
M

2
9
7

5
.
4

1
0
0

3
5
.
5

1
2
7
6
7

3
0
6

8
.
6

3
1
6

1
7
1
5
7

3
1
5

3
9



EBV Assay is Highly Specific

positive control trial was positive for detection of EBV and IC, and the negative control was

positive for detection of IC only. Taken together, the results confirmed that the

Table 5

Specificity Testing Results

Panel Strain

BK Virus N/A

RC256
1 0/3 = 0%

B19

2

HM175
Hawaii

New Guinea C
3

Dengue Virus Type 3 H87

Dengue Virus Type 4 H241
Herpes Simplex Virus Type 2

MS(HSV-2)

4
HIV Type 2 (HIV-2) NIH-Z 0/3 = 0%

HPV purified plasmid DNA Type 18

Synthetic HPV DNA Type 16

Human Herpes Virus Type 6A
GS(HHV-6A)

5
Human Herpes Virus Type 6B

Z29 0/3 = 0%
(HHV-6B)

Human Herpes Virus Type 7
SB(HHV-7)
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Panel Organism Strain Reactivity

Human Herpes Virus Type 8

Human T-Lymphotropic Virus
N/AType I (HTLV-I)

Human T-Lymphotropic Virus
6 N/AType II (HTLV-II) Culture Fluid 0/3 = 0%

Human Hepatitis B Virus (HBV) N/A

Human Hepatitis C Virus (HCV) N/A
Mycobacterium smegmatis W-113

Neisseria gonorrhoeae NCTC 8375
7 0/3 = 0%

Propionibacterium acnes NCTC 737

Staphylococcus aureus NCTC 8532

West Nile Virus (WNV) NY 2001-6263

Vaccinia Virus "Vaccine"

Trichomonas vaginalis JH 31A #4

L. Wayne W-
Mycobacterium gordonae

1609

9 Human PBMC N/A 0/6 = 0%

[0105]

Example 5

Interference Testing

[0106] EBV reactivity was evaluated in the presence of 35 organisms from the

Briefly, panels 2-8 from the specificity study were diluted 1:10 in STM, and EBV (Strain:

[0107]
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Pane
Organism Strain

1
Reactivity

CMV
Human

Parvovirus
1

Varicella

Zoster Virus 1.00 X 10

(VZV)
Candida

CBS 562 1.00 X 10 CFU/ml
albicans

Chlamydia Serovar
1.00 X 10

Human
2

iency virus Type B 1.00 X 10 copies/ml

Type 1 (HIV-

1)

Hepatitis A

HM175 1.43 X 10 TCID50/ml
virus (HAV)

Dengue
Hawaii TCID50/ml

Virus Type 1

Dengue New 1.43 X 10³ TCID50/ml
Virus Type 2 Guinea C

3 1/1 = 100%

H87 TCID50/ml
Virus Type 3

Dengue
H241

1.43 X 10³ TCID50/ml

Herpes

Simplex

MS
1.43 X 10³ TCID50/ml

Virus Type 2

(HSV-2)

HIV Type 2
NIH-Z

1.43 X 10² TCID50/ml
4 (HIV-2) 1/1 = 100%

HPV purified

plasmid Type 18 1.00 x 10 copies/ml

DNA
Synthetic

Type 16 1.00 X 10³ copies/ml

HPV DNA
Human

Herpes Virus
GS 1.00 X 10 copies/ml

5 Type 6A 1/1 = 100%

(HHV-6A)

Human Z29 1.00 X 10 copies/ml
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Pane Final

Organism Strain Units
1 Concentration

Reactivity

Herpes Virus

Type 6B

(HHV-6B)

Human
Herpes Virus

SB 1.43 X 10 TCID50/ml
Type 7

(HHV-7)

Human
Herpes Virus

N/A 1.00 X 10 copies/ml

(HHV-8)

N/A 1.00 X 10 vp/ml

N/A vp/ml

6 1/1 = 100%

Human
N/A 1.00 X 10³ copies/ml

Virus (HBV)

N/A
1.00 X 10³ copies/ml

1.00 x 10

1.00 X 10 CFU/ml
7 1/1 = 100%

1.00 X 10 CFU/ml
erium acnes 737

1.00 X 10 CFU/ml
8532

West Nile

2001- 5.00 X 10² copies/ml

6263

1.43 X 10 TCID50/ml
"

JH 31A

1/1 = 100%

e
L. Wayne 1.00 X 10

W-1609
copies/ml

5.00 X 10 Cells/ml
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disclosure.

[0109]

reference in their entirety for all purposes and to the same extent as if each individual

publication was specifically and individually indicated to be incorporated by reference in its
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WHAT IS CLAIMED IS:

1. A reaction mixture for determining the presence or absence of Epstein-Barr

virus (EBV) in a sample, said reaction mixture comprising:

a detection probe oligomer for detecting EBV nucleic acids,

wherein the detection probe oligomer is up to 30 nucleotides in

length and comprises the base sequence of SEQ ID NO:22 or the

complement thereof, allowing for substitution of RNA and DNA equivalent

bases; and

a pair of amplification oligomers,

wherein a first amplification oligomer of the pair comprises 18-25

contiguous bases of SEQ ID NO:3, allowing for substitution of RNA and

DNA equivalent bases, and

wherein a second amplification oligomer of the pair comprises 18-

25 contiguous bases of SEQ ID NO:4, allowing for substitution of RNA

and DNA equivalent bases.

2. The reaction mixture of claim 1, wherein the detection probe oligomer

further comprises a detectable label.

3. The reaction mixture of claim 2, wherein the detectable label comprises an

interactive label pair comprising a fluorophore moiety and a quencher moiety

4. The reaction mixture of any one of claims 1 to 3, wherein the detection

probe oligomer further comprises at least one nucleotide analog.

5. The reaction mixture of claim 4, wherein the at least one nucleotide analog

of the detection probe oligomer comprises at least one 5-methyl cytosine base.

6. The reaction mixture of any one of claims 1 to 5, wherein the detection

probe oligomer is 22 nucleotides in length and comprises the base sequence of SEQ ID

NO:9.

45

20
26

20
20

13
   

   
17

 M
ar

 2
02

6

W
H
A
T
 
I
S
 
C
L
A
I
M
E
D
 
I
S
:

2
0
2
6
2
0
2
0
1
3
 
1
7
 
M
a
r
 
2
0
2
6

N
O
:
9
.

4
5



7.

and second amplification oligomers is up to 25 nucleotides in length.

9.

10.

11.

sequence of the second amplification oligomer is either SEQ ID NO:7 or SEQ ID NO:8.

amplification oligomer is SEQ ID NO:5.

amplification oligomer is SEQ ID NO:7.

amplification oligomer is SEQ ID NO:7.

(a) contacting a sample to be tested for the presence of EBV with an oligomer

combination that comprises,
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a first amplification oligomer that comprises 18-25 contiguous bases of

a second amplification oligomer that comprises 18-25 contiguous bases of

SEQ ID NO:4, allowing for substitution of RNA and DNA equivalent bases, and

a detection probe oligomer of up to 30 nucleotides in length that comprises

the base sequence of SEQ ID NO:22 or the complement thereof, allowing for

substitution of RNA and DNA equivalent bases;

performing an in vitro nucleic acid amplification reaction using the

oligomer combination, wherein any EBV target nucleic acid, if present in the sample, is a

template for generating an amplification product; and

detecting, with the detection probe oligomer, the presence or absence of the

amplification product, thereby determining the presence or absence of EBV in the sample.

17. The method of claim 16, wherein the detection probe oligomer further

18. The method of either claim 17, wherein the detectable label of the detection

probe oligomer comprises an interactive label pair comprising a fluorophore moiety and a

quencher moiety.

19. The method of any one of claims 16 to 18, wherein the detection probe

oligomer further comprises at least one nucleotide analog.

20. The method of claim 19, wherein the at least one nucleotide analog

comprises at least one 5-methyl cytosine base.

21. The method of any one of claims 16 to 20, wherein the detection probe

oligomer is 22 nucleotides in length and comprises the base sequence of SEQ ID NO:9.

22. The method of any one of claims 16 to 21, wherein the sample comprises

nucleic acids isolated from any of human blood, human plasma, or human serum.
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24.

place concurrently, the in vitro nucleic acid amplification reaction being a real-time

25.

the step of isolating nucleic acids, and wherein all of the steps are performed using a single

automated instrument.

wherein the detection probe oligomer is up to 30 nucleotides in length and

a pair of amplification oligomers,

equivalent bases, and

equivalent bases.

comprises a detectable label.
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The kit of claim 29, wherein the detectable label of the detection probe

quencher moiety.

The kit of any one of claims 28 to 30, wherein the detection probe oligomer

further comprises at least one nucleotide analog.

32. The kit of claim 31, wherein the at least one nucleotide analog of the

detection probe oligomer comprises at least one 5-methyl cytosine base.

33. The kit of any one of claims 28 to 32, wherein the detection probe oligomer

is 22 nucleotides in length and comprises the base sequence of SEQ ID NO:9.

34. The kit of any one of claims 28 to 33, wherein each of the first and second

35. The kit of any one of claims 28 to 34, wherein the first amplification

oligomer is 20 nucleotides in length, and wherein the base sequence of the first

amplification oligomer consists of 20 contiguous bases of SEQ ID NO:3.

36. The kit of any one of claims 28 to 35, wherein the base sequence of the first

amplification oligomer is SEQ ID NO:5.

37. The kit of any one of claims 28 to 36, wherein the second amplification

oligomer is 20 nucleotides in length, and wherein the base sequence of the second

38. The kit of any one of claims 28 to 37, wherein the base sequence of the

39. The kit of any one of claims 28 to 35 or claim 37, wherein the base

wherein the base sequence of the second amplification oligomer is either SEQ ID NO:7 or

SEQ ID NO:8.
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40.

oligomer is SEQ ID NO:5.

41. The kit of claim 39, wherein the base sequence of the second amplification

42. The kit of claim 40, wherein the base sequence of the second amplification

43. The kit of any one of claims 28 to 42, wherein the first and second

acids, wherein the detection probe oligomer is up to 30 nucleotides in length and

comprises the base sequence of SEQ ID NO:22 or the complement thereof, allowing for

label.

46.

comprises an interactive label pair comprising a fluorophore moiety and a quencher

moiety.

47. The detection probe oligomer of any one of claims 44 to 46, further

comprising at least one nucleotide analog.

48. The detection probe oligomer of claim 47, wherein the at least one

nucleotide analog comprises at least one 5-methyl cytosine base.

49. The detection probe oligomer of any one of claims 44 to 48, wherein the
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50. The detection probe oligomer of any one of claims 44 to 49, wherein the

detection probe oligomer is up to 22 nucleotides in length. 

51. The detection probe oligomer of any one of claims 44 to 49, wherein the

detection probe oligomer is 22 nucleotides in length and comprises the base sequence of 

SEQ ID NO:9 or the complement thereof. 

52. The detection probe oligomer of claim 51, wherein the detection probe

oligomer is 22 nucleotides in length and comprises the base sequence of SEQ ID NO:9. 

53. The detection probe oligomer of claim 52, further comprising at least nine

nucleotide analogs. 

54. The detection probe oligomer of claim 52, further comprising nine 5-

methyl cytosine nucleotide analogs. 

55. The detection probe oligomer of any one of claims 44 to 46, wherein the

detection probe oligomer is 22 nucleotides in length with a base sequence consisting of 

SEQID NO:9. 

56. The detection probe oligomer of claim 55, comprising a plurality of 5-

methyl cytosine nucleotide analogs. 

57. The detection probe oligomer of claim 55, wherein every cytosine base in

the sequence of SEQ ID NO:9 is the 5-methyl cytosine nucleotide analog. 

58. The detection probe oligomer of any one of claims 46 to 57, wherein the

detection probe oligomer is a dual-labeled hydrolysis probe. 

59. The detection probe oligomer of any one of claims 44 to 58, wherein the

probe is hybridized to a complementary nucleic acid strand in the presence of a DNA 

polymerase that comprises a 5' to 3' exonuclease activity. 
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Sequence Listing
1 Sequence Listing

Information
1-1 File Name DIA.0071.04.CN1_SeqListing.xml
1-2 DTD Version V1_3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.3.0
1-5 Production Date 2025-01-09
1-6 Original free text language

code
1-7 Non English free text

language code

2 General Information
2-1 Current application: IP

Office
US

2-2 Current application:
Application number

2-3 Current application: Filing
date

2-4 Current application:
Applicant file reference

624409

2-5 Earliest priority application:
IP Office

US

2-6 Earliest priority application:
Application number

62/713,330

2-7 Earliest priority application:
Filing date

2018-08-01

2-8en Applicant name Gen-Probe Incorporated
2-8 Applicant name: Name

Latin
2-9en Inventor name SHAH, Ankur
2-9 Inventor name: Name Latin
2-10en Invention title Compositions and Methods for Detecting Nucleic Acids of Epstein-Barr Virus
2-11 Sequence Total Quantity 31

1

Information

1-1 File Name

1-2 DTD Version V1_3
1-3 Software Name

1-4 Software Version 2.3.0

1-5 Production Date 2025-01-09

1-6

code

1-7

2 General Information

2-1 US
Office

2-2

2-3

date

2-4 624409

2-5 US
IP Office

2-6

2-7 2018-08-01

2-8en

2-8

Latin

2-9en Inventor name

2-9 Inventor name: Name Latin

2-10en Invention title

2-11 31
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3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type DNA
3-1-3 Length 172
3-1-4 Features

Location/Qualifiers
source 1..172
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-1-5 Residues atgtaactta tgtaacttgt taggagacgc cctcaatcgt attaaaagcc gtgtattccc 60

ccgcactaaa gaataaatcc ccagtagaca tcatgcgtgc tgttggtgta tttctggcca 120
tctgtcttgt caccattttc gtcctcccaa catggggcaa ttgggcatac cc 172

3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type DNA
3-2-3 Length 54
3-2-4 Features

Location/Qualifiers
source 1..54
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-2-5 Residues agccgtgtat tcccccgcac taaagaataa atccccagta gacatcatgc gtgc 54

3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type DNA
3-3-3 Length 37
3-3-4 Features

Location/Qualifiers
source 1..37
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-3-5 Residues atgtaacttg ttaggagacg ccctcaatcg tattaaa 37

3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type DNA
3-4-3 Length 72
3-4-4 Features

Location/Qualifiers
source 1..72
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-4-5 Residues gggtatgccc aattgcccca tgttgggagg acgaaaatgg tgacaagaca gatggccaga 60

aatacaccaa ca 72

3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type DNA
3-5-3 Length 20
3-5-4 Features

Location/Qualifiers
source 1..20
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-5-5 Residues ttaggagacg ccctcaatcg 20

3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type DNA
3-6-3 Length 25
3-6-4 Features

Location/Qualifiers
source 1..25
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-6-5 Residues ttaggagacg ccctcaatcg tatta 25

3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type DNA
3-7-3 Length 20
3-7-4 Features

Location/Qualifiers
source 1..20
mol_type=other DNA
organism=Human gammaherpesvirus 4
modified_base 4..5
mod_base=OTHER
note=5-methylcytosine
modified_base 13

3-1

3-1-1

3-1-2 DNA
3-1-3 172

3-1-4 Features source 1..172

Location/Qualifiers

3-1-5 Residues

172

3-2

2

3-2-2 DNA
54

54

3-3

3-3-2 DNA

3-3-4 source 1..37

3-3-5 37

3-4

4

3-4-2 DNA
72

source 1..72

3-4-5 Residues

aatacaccaa ca 72

3-5

3-5-1 5

3-5-2 DNA
3-5-3 20

3-5-4 Features source 1..20

Location/Qualifiers

3-5-5 Residues 20

3-6

3-6-1 6

DNA
3-6-3 25

3-6-4 Features source 1..25

Location/Qualifiers

3-6-5 Residues 25

3-7

3-7-1 7

3-7-2 DNA
3-7-3 20

3-7-4 Features source 1..20

Location/Qualifiers
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mod_base=OTHER
note=5-methylcytosine
modified_base 15..16
mod_base=OTHER
note=5-methylcytosine
modified_base 19
mod_base=OTHER
note=5-methylcytosine

NonEnglishQualifier Value
3-7-5 Residues tggccagaaa tacaccaaca 20

3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type DNA
3-8-3 Length 21
3-8-4 Features

Location/Qualifiers
source 1..21
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-8-5 Residues aattgcccca tgttgggagg a 21

3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type DNA
3-9-3 Length 22
3-9-4 Features

Location/Qualifiers
source 1..22
mol_type=other DNA
organism=Human gammaherpesvirus 4
modified_base 1..2
mod_base=OTHER
note=5-methylcytosine
modified_base 10..14
mod_base=OTHER
note=5-methylcytosine
modified_base 16
mod_base=OTHER
note=5-methylcytosine
modified_base 18
mod_base=OTHER
note=5-methylcytosine

NonEnglishQualifier Value
3-9-5 Residues ccgtgtattc ccccgcacta aa 22

3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type DNA
3-10-3 Length 23
3-10-4 Features

Location/Qualifiers
source 1..23
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-10-5 Residues ccgtgtattc ccccgcacta aag 23

3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type DNA
3-11-3 Length 24
3-11-4 Features

Location/Qualifiers
source 1..24
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-11-5 Residues ccgtgtattc ccccgcacta aaga 24

3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type DNA
3-12-3 Length 23
3-12-4 Features

Location/Qualifiers
source 1..23
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-12-5 Residues gccgtgtatt cccccgcact aaa 23

3-13 Sequences

modified_base 15..16

3-7-5 Residues 20

3-8

8

3-8-5 21

9

modified_base 10..14

mod_base=OTHER

22

3-10-4

Location/Qualifiers

23

3-11-4

Location/Qualifiers

24

3-12-4

Location/Qualifiers

3-12-5 Residues 23

3-13

20
26

20
20

13
   

   
17

 M
ar

 2
02

6



3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type DNA
3-13-3 Length 24
3-13-4 Features

Location/Qualifiers
source 1..24
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-13-5 Residues agccgtgtat tcccccgcac taaa 24

3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type DNA
3-14-3 Length 24
3-14-4 Features

Location/Qualifiers
source 1..24
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-14-5 Residues gccgtgtatt cccccgcact aaag 24

3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type DNA
3-15-3 Length 25
3-15-4 Features

Location/Qualifiers
source 1..25
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-15-5 Residues agccgtgtat tcccccgcac taaag 25

3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type DNA
3-16-3 Length 25
3-16-4 Features

Location/Qualifiers
source 1..25
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-16-5 Residues gccgtgtatt cccccgcact aaaga 25

3-17 Sequences
3-17-1 Sequence Number [ID] 17
3-17-2 Molecule Type DNA
3-17-3 Length 26
3-17-4 Features

Location/Qualifiers
source 1..26
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-17-5 Residues agccgtgtat tcccccgcac taaaga 26

3-18 Sequences
3-18-1 Sequence Number [ID] 18
3-18-2 Molecule Type DNA
3-18-3 Length 21
3-18-4 Features

Location/Qualifiers
source 1..21
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-18-5 Residues ccgtgtattc ccccgcacta a 21

3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type DNA
3-19-3 Length 20
3-19-4 Features

Location/Qualifiers
source 1..20
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-19-5 Residues ccgtgtattc ccccgcacta 20

3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type DNA
3-20-3 Length 21
3-20-4 Features

Location/Qualifiers
source 1..21
mol_type=other DNA

3-13-1 13

3-13-2 DNA
3-13-3 24

3-13-4 Features source 1..24

Location/Qualifiers

3-13-5 Residues 24

3-14

3-14-2 DNA
3-14-3 24

3-14-4 Features source 1..24

Location/Qualifiers

3-14-5 Residues 24

3-15

3-15-2 DNA
3-15-3 25

3-15-4 Features source 1..25

Location/Qualifiers

3-15-5 Residues 25

3-16

3-16-1 16

3-16-2

3-16-3

3-16-4 Features

Location/Qualifiers

3-16-5 Residues 25

3-17

3-17-1

3-17-2

3-17-3 26

Location/Qualifiers

26

3-18-1

3-18-2

3-18-3 21

3-18-5 Residues 21

3-19-1

3-19-2

3-19-3 20

3-19-5 Residues 20

3-20-1

3-20-2

21

Location/Qualifiers
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organism=Human gammaherpesvirus 4
NonEnglishQualifier Value

3-20-5 Residues cgtgtattcc cccgcactaa a 21

3-21 Sequences
3-21-1 Sequence Number [ID] 21
3-21-2 Molecule Type DNA
3-21-3 Length 20
3-21-4 Features

Location/Qualifiers
source 1..20
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-21-5 Residues gtgtattccc ccgcactaaa 20

3-22 Sequences
3-22-1 Sequence Number [ID] 22
3-22-2 Molecule Type DNA
3-22-3 Length 18
3-22-4 Features

Location/Qualifiers
source 1..18
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-22-5 Residues gtgtattccc ccgcacta 18

3-23 Sequences
3-23-1 Sequence Number [ID] 23
3-23-2 Molecule Type DNA
3-23-3 Length 23
3-23-4 Features

Location/Qualifiers
source 1..23
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-23-5 Residues tccccagtag acatcatgcg tgc 23

3-24 Sequences
3-24-1 Sequence Number [ID] 24
3-24-2 Molecule Type DNA
3-24-3 Length 22
3-24-4 Features

Location/Qualifiers
source 1..22
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-24-5 Residues tccccagtag acatcatgcg tg 22

3-25 Sequences
3-25-1 Sequence Number [ID] 25
3-25-2 Molecule Type DNA
3-25-3 Length 22
3-25-4 Features

Location/Qualifiers
source 1..22
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-25-5 Residues ccccagtaga catcatgcgt gc 22

3-26 Sequences
3-26-1 Sequence Number [ID] 26
3-26-2 Molecule Type DNA
3-26-3 Length 21
3-26-4 Features

Location/Qualifiers
source 1..21
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-26-5 Residues ccccagtaga catcatgcgt g 21

3-27 Sequences
3-27-1 Sequence Number [ID] 27
3-27-2 Molecule Type DNA
3-27-3 Length 21
3-27-4 Features

Location/Qualifiers
source 1..21
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-27-5 Residues tccccagtag acatcatgcg t 21

3-28 Sequences
3-28-1 Sequence Number [ID] 28

3-20-5 Residues 21

3-21-1 21

3-21-2

3-21-3 20

Location/Qualifiers

3-21-5 Residues 20

3-22-1

3-22-2

3-22-3 18

Location/Qualifiers

3-22-5 Residues 18

3-23-1

3-23-2 DNA
3-23-3 23

3-23-4 Features

Location/Qualifiers

3-23-5 Residues 23

3-24-1 24

3-24-2

3-24-3 22

Location/Qualifiers

3-24-5 Residues tccccagtag acatcatgcg tg 22

3-25

3-25-1

3-25-2

3-25-3 22

3-25-5 Residues 22

3-26

3-26-1

3-26-2 DNA
3-26-3 21

3-26-4 Features

Location/Qualifiers

3-26-5 Residues 21

3-27-1

3-27-2

3-27-3 21

Location/Qualifiers

Residues 21

3-28-1 28
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3-28-2 Molecule Type DNA
3-28-3 Length 21
3-28-4 Features

Location/Qualifiers
source 1..21
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-28-5 Residues cccagtagac atcatgcgtg c 21

3-29 Sequences
3-29-1 Sequence Number [ID] 29
3-29-2 Molecule Type DNA
3-29-3 Length 20
3-29-4 Features

Location/Qualifiers
source 1..20
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-29-5 Residues cccagtagac atcatgcgtg 20

3-30 Sequences
3-30-1 Sequence Number [ID] 30
3-30-2 Molecule Type DNA
3-30-3 Length 20
3-30-4 Features

Location/Qualifiers
source 1..20
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-30-5 Residues ccccagtaga catcatgcgt 20

3-31 Sequences
3-31-1 Sequence Number [ID] 31
3-31-2 Molecule Type DNA
3-31-3 Length 19
3-31-4 Features

Location/Qualifiers
source 1..19
mol_type=other DNA
organism=Human gammaherpesvirus 4

NonEnglishQualifier Value
3-31-5 Residues cccagtagac atcatgcgt 19

3-28-2 DNA
3-28-3 21

3-28-4 Features source 1..21

Location/Qualifiers

3-28-5 Residues 21

3-29

3-29-1 29

3-29-2 DNA
3-29-3 20

3-29-4 Features

Location/Qualifiers

3-29-5 Residues 20

3-30

3-30-1 30

3-30-2 DNA
3-30-3 20

3-30-4 Features

Location/Qualifiers

3-30-5 Residues 20

3-31

3-31-1 31

3-31-2 DNA
3-31-3 19

3-31-4 Features source 1..19

Location/Qualifiers

3-31-5 Residues 19
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