US 20120244522A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0244522 Al
Sampath et al.

43) Pub. Date: Sep. 27, 2012

(54)

(735)

(73)

@
(22)

(62)

COMPOSITIONS FOR USE IN
IDENTIFICATION OF ALPHAVIRUSES

Inventors:

Assignee:

Appl. No.:
Filed:

Rangarajan Sampath, San Diego,
CA (US); Thomas A. Hall,
Oceanside, CA (US); Mark W.
Eshoo, Solana Beach, CA (US)

IBIS BIOSCIENCES, INC.,
Carlsbad, CA (US)

13/400,346
Feb. 20, 2012

Related U.S. Application Data

Division of application No. 11/070,632, filed on Mar.

2, 2005, now Pat. No. 8,119,336.

(60) Provisional application No. 60/550,023, filed on Mar.
3, 2004.

Publication Classification

(51) Int.CL
GOIN 27/62 (2006.01)

(52) US. €l oo 435/5

(57) ABSTRACT

The present invention provides oligonucleotide primers and
compositions and kits containing the same for rapid identifi-
cation of alphaviruses by amplification of a segment of viral
nucleic acid followed by molecular mass analysis.

. 2 Saengsle contaiolog it
priner 00 " : 585 | Krown Guantity of
; oSt Unknoaen bicagent ¥ N Y "
pae aiiclaio a0 Calthegtion polynucientide
540
515
Wirdpoudas mass 52 Molacular mass 530 «  Molscular mass of
of bisagent identifeing and sbundance Calioration amplicen
amplicon Gakes
s 540 545
Abundance of Aburdance ol 535
Biosgerd ierfying | Lt eatiog wremd
identiicaton of | amplinon N | Cuitcation amphcan ,
ivegent e \/ : S
........................ \ t centonton of
Cadoutation of quastity Coltwstion smplicon |

sf rhontified bisanant




US 2012/0244522 A1

Sep. 27,2012 Sheet 1 of 3

Patent Application Publication

Auparonpoiday -
Asijiondg -
Aiapsuag -

sy aswud ajeprea

[ Tsishieue yod e

w&

@w«.w ,,,,,,,

¥

sk
Kyoyioads
0215-j

o

W@

GvE

bow a0t

asegeiep

aseq Jonpoid

LA

Hisoduos

qeiep bag

Uum www
mww

5184}

m% s Uy

¥

ubisar] Junig

0tz *

i

sued sownd spppipues 10

uoiEIyuAp!
wsiuebio
UrOUNUN 10§
[apow mﬁﬁﬁﬁm

wasmubye

apnosjony azAjpey [ozz

wawuBye spyosjonu
BRINDBIEBIY

124

sanusnbes
wbie; aepipueo Anuap)

§ sandyg

06z H

swswebio
30 dnoaB yoses

104




US 2012/0244522 A1

Sep. 27,2012 Sheet 2 of 3

Patent Application Publication

Hghie UORBINED
€ uniesyRua

%

usbeoiy payguan Jo
Apuend Jo UORRET

uoatie UONBIGHET)
i auuepuUngy

*

B

ELe

wabrog

gl Lo uonesERUSH

H

Budnusep by :

*

10 BNy

uesdiue uotRIIED

D S BN

%

ge8

o Rguenty umouy

¥ $25
oy

2ep
BAIRPUNGER B

unnydig |
Bukynuap webeog

SSBUL IRNIRON

¥

pon et B s

112

508

PR IDO0K

& wmeimsinnin
£l

peefineg LAmn |
Buneuon sdweg

&

o0%




US 2012/0244522 A1

Sep. 27,2012 Sheet 3 of 3

Patent Application Publication

EX

U, Qo RN




US 2012/0244522 Al

COMPOSITIONS FOR USE IN
IDENTIFICATION OF ALPHAVIRUSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/070,632, filed Mar. 2, 2005, which claims
the benefit of priority to U.S. Provisional Application Ser. No.
60/550,023, filed Mar. 3, 2004, which is incorporated herein
by reference in its entirety.

STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with United States Gov-
ernment support under DARPA contract MDA972-00-C-
0053. The United States Government has certain rights in the
invention.

FIELD OF THE INVENTION

[0003] The presentinventionrelates generally to the field of
genetic identification and quantification of alphaviruses and
provides methods, compositions and kits useful for this pur-
pose, as well as others, when combined with molecular mass
analysis.

BACKGROUND OF THE INVENTION

A. Alphaviruses

[0004] Togaviridae is a family of viruses that includes the
genus alphavirus. Alphaviruses are enveloped viruses with a
linear, positive-sense single-stranded RNA genome. Mem-
bers of the alphavirus genus include at least 30 species of
arthropod-borne viruses, including Aura (AURA), Babanki
(BAB), Barmah Forest (BF), Bebaru (BEB), Buggy Creck,
Cabassou (CAB), Chikungunya (CHIK), Eastern equine
encephalitis (EEE), Everglades (EVE), Fort Morgan (FM),
Getah (GET), Highlands J (HJ), Kyzylagach (KYZ), Mayaro
(MAY), Middelburg (MID), Mucambo (MUC), Ndumu
(NDU), O' nyong-nyong (ONN), Pixuna (PIX), Ross River
(RR), Sagiyama (SAG), Salmon pancreas disease (SPDV),
Semliki Forest (SF), Una (UNA), Venezuelan equine
encephalitis (VEE), Western equine encephalitis (WEE) and
Whataroa (WHA) virus (“The Springer Index of Viruses,”
pgs. 1148-1155, Tidona and Darai eds., 2001, Springer, New
York; Strauss and Strauss, Microbiol. Rev., 1994, 58, 491-
562). Alphaviruses are evolutionarily differentiated based on
nucleotide sequence of the nonstructural proteins, of which
there are four (nsP1, nsP2, nsP3 and nsP4). The genus segre-
gates into New World (American) and Old World (Eurasian/
African/Australasian) alphaviruses based on geographic dis-
tribution. It is estimated that New World and Old World
viruses diverged between 2,000 and 3,000 years ago (Harley
et al., Clin. Microbiol. Rev., 2001, 14, 909-932).

[0005] Among the alphavirus species, there are seven dis-
tinct serocomplexes (SF, EEE, MID, NDU, VEE, WEE and
BFV) into which members of the genus are sub-divided
(Khanetal., J. Gen. Virol., 2002, 83,3075-3084; Harley et al.,
Clin. Microbiol. Rev., 2001, 14, 909-932). Based on genomic
sequence data from six of the seven serocomplexes, alphavi-
ruses have been grouped into three large groups VEE/EEE,
SFV and SIN. The VEE-EEE group is exclusively made up of
New World viruses with a distribution in North America,
South America and Central America. Members of this group
include EEE, VEE, EVE, MUC and PIX. The SF group is
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primarily Old World, but contains one member (MAY) that is
found in South America. Other members of the SF group
include SF, MID, CHIK, ONN, RR, BF, GET, SAG, BEB and
UNA. The SIN group is also primarily Old World, with the
exception of AURA, which is a New World virus related to
SIN and can be found in Brazil and Argentina. Other members
of this group include SIN, WHA, BAB and KYZ. WEE, HJ
and FM are considered recombinant viruses and are thus not
included in any of the three groups. NDU and Buggy Creck
are currently unclassified.

[0006] Many members of the alphavirus genus pose a sig-
nificant health risk to humans, as well as horses, in many
different geographic regions. EEE and WEE both cause a
fatal encephalitis in humans and horses; however, EEE is
more virulent with a mortality rate up to 50%, compared with
3-4% for WEE. VEE can also cause disease in humans and
horses, but symptoms are typically flu-like and rarely lead to
encephalitis. The geographic distribution for the encephalitis
viruses is primarily in the Americas (“The Springer Index of
Viruses,” pgs. 1148-1155, Tidona and Darai eds., 2001,
Springer, New York; Strauss and Strauss, Microbiol. Rev.,
1994, 58, 491-562).

[0007] The SIN group of Old World viruses, including RR,
ONN and CHIK, have been associated with outbreaks of
acute and persistent arthritis and arthralgia (joint pain) in
humans. Epidemics of acute, debilitating arthralgia have been
caused by ONN and CHIK in Africa and Asia. RR, which is
the etiological agent of epidemic polyarthritis, is endemic to
Australia and caused a major epidemic throughout the Pacific
islands in 1979. The outbreak affected over 50,000 people on
the island of Fiji. Other alphaviruses have been linked to acute
and persistent arthralgia in northern Europe and South Africa.
Although each virus induces a somewhat different disease,
infection with RR, ONN or CHIK typically causes symptoms
such as generalized to severe joint pain, fever, rash, headache,
nausea, myalgia and lymphadenitis. It has been reported that
arthralgia associated with alphavirus infection can persist for
months or years. CHIK has also been associated with a fatal
hemorrhagic condition (“The Springer Index of Viruses,” pgs.
1148-1155, Tidona and Darai eds., 2001, Springer, New York;
Strauss and Strauss, Microbiol. Rev., 1994, 58, 491-562; Hos-
sain et al., J. Gen. Virol., 2002, 83, 3075-3084).

[0008] Another alphavirus causing human disease and
mortality is MAY, which is found in the Caribbean and South
America. Mayaro virus infection causes fever, rash and arthr-
opathy (diseases of the joint), and exhibits a mortality rate of
up to 7% (“The Springer Index of Viruses,” pgs. 1148-1155,
Tidona and Darai eds., 2001, Springer, New York).

B. Bioagent Detection

[0009] A problem in determining the cause of a natural
infectious outbreak or a bioterrorist attack is the sheer variety
of organisms that can cause human disease. There are over
1400 organisms infectious to humans; many of these have the
potential to emerge suddenly in a natural epidemic or to be
used in a malicious attack by bioterrorists (Taylor et al.,
Philos. Trans. R. Soc. London B. Biol. Sci., 2001, 356, 983-
989). This number does not include numerous strain variants,
bioengineered versions, or pathogens that infect plants or
animals.

[0010] Much of the new technology being developed for
detection of biological weapons incorporates a polymerase
chain reaction (PCR) step based upon the use of highly spe-
cific primers and probes designed to selectively detect indi-
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vidual pathogenic organisms. Although this approach is
appropriate for the most obvious bioterrorist organisms, like
smallpox and anthrax, experience has shown that it is very
difficult to predict which of hundreds of possible pathogenic
organisms might be employed in a terrorist attack. Likewise,
naturally emerging human disease that has caused devastat-
ing consequence in public health has come from unexpected
families of bacteria, viruses, fungi, or protozoa. Plants and
animals also have their natural burden of infectious disease
agents and there are equally important biosafety and security
concerns for agriculture.

[0011] An alternative to single-agent tests is to do broad-
range consensus priming of a gene target conserved across
groups of bioagents. Broad-range priming has the potential to
generate amplification products across entire genera, fami-
lies, or, as with bacteria, an entire domain of life. This strategy
has been successfully employed using consensus 16S riboso-
mal RNA primers for determining bacterial diversity, both in
environmental samples (Schmidt et al., J. Bact., 1991, 173,
4371-4378) and in natural human flora (Kroes et al., Proc Nat
Acad Sci (USA), 1999, 96, 14547-14552). The drawback of
this approach for unknown bioagent detection and epidemi-
ology is that analysis of the PCR products requires the cloning
and sequencing of hundreds to thousands of colonies per
sample, which is impractical to perform rapidly or on a large
number of samples.

[0012] Conservation of sequence is not as universal for
viruses, however, large groups of viral species share con-
served protein-coding regions, such as regions encoding viral
polymerases or helicases. Like bacteria, consensus priming
has also been described for detection of several viral families,
including coronaviruses (Stephensen et al., Vir. Res., 1999,
60, 181-189), enteroviruses (Oberste et al., J. Virol., 2002, 76,
1244-51); Oberste et al., J. Clin. Virol., 2003, 26, 375-7);
Oberste et al., Virus Res., 2003, 91, 241-8), retroid viruses
(Mack et al., Proc. Natl. Acad. Sci. U.S.A., 1988, 85, 6977-
81); Seifarth et al., AIDS Res. Hum. Retroviruses, 2000, 16,
721-729); Donehower et al., J. Vir. Methods, 1990, 28,
33-46), and adenoviruses (Echavarria et al., J. Clin. Micro.,
1998, 36, 3323-3326). However, as with bacteria, there is no
adequate analytical method other than sequencing to identify
the viral bioagent present.

[0013] In contrast to PCR-based methods, mass spectrom-
etry provides detailed information about the molecules being
analyzed, including high mass accuracy. It is also a process
that can be easily automated. DNA chips with specific probes
can only determine the presence or absence of specifically
anticipated organisms. Because there are hundreds of thou-
sands of species of benign pathogens, some very similar in
sequence to threat organisms, even arrays with 10,000 probes
lack the breadth needed to identify a particular organism.
[0014] There is a need for a method for identification of
bioagents which is both specific and rapid, and in which no
culture or nucleic acid sequencing is required. Disclosed in
U.S. Pre-Grant Publication Nos. 2003-0027135, 2003-
0082539, 2003-0228571, 2004-0209260, 2004-0219517 and
2004-0180328, and in U.S. application Ser. Nos. 10/660,997,
10/728,486, 10/754,415 and 10/829,826, all of which are
commonly owned and incorporated herein by reference in
their entirety, are methods for identification of bioagents (any
organism, cell, or virus, living or dead, or a nucleic acid
derived from such an organism, cell or virus) in an unbiased
manner by molecular mass and base composition analysis of
“bioagent identifying amplicons” which are obtained by
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amplification of segments of essential and conserved genes
which are involved in, for example, translation, replication,
recombination and repair, transcription, nucleotide metabo-
lism, amino acid metabolism, lipid metabolism, energy gen-
eration, uptake, secretion and the like. Examples of these
proteins include, but are not limited to, ribosomal RNAs,
ribosomal proteins, DNA and RNA polymerases, RNA-de-
pendent RNA polymerases, RNA capping and methylation
enzymes, elongation factors, tRNA synthetases, protein chain
initiation factors, heat shock protein groEL, phosphoglycer-
ate kinase, NADH dehydrogenase, DNA ligases, DNA
gyrases and DNA topoisomerases, helicases, metabolic
enzymes, and the like.

[0015] To obtain bioagent identifying amplicons, primers
are selected to hybridize to conserved sequence regions
which bracket variable sequence regions to yield a segment of
nucleic acid which can be amplified and which is amenable to
methods of molecular mass analysis. The variable sequence
regions provide the variability of molecular mass which is
used for bioagent identification. Upon amplification by PCR
or other amplification methods with the specifically chosen
primers, an amplification product that represents a bioagent
identifying amplicon is obtained. The molecular mass of the
amplification product, obtained by mass spectrometry for
example, provides the means to uniquely identify the bioag-
ent without a requirement for prior knowledge of the possible
identity of the bioagent. The molecular mass of the amplifi-
cation product or the corresponding base composition (which
can be calculated from the molecular mass of the amplifica-
tion product) is compared with a database of molecular
masses or base compositions and a match indicates the iden-
tity of the bioagent. Furthermore, the method can be applied
to rapid parallel analyses (for example, in a multi-well plate
format) the results of which can be employed in a triangula-
tion identification strategy which is amenable to rapid
throughput and does not require nucleic acid sequencing of
the amplified target sequence for bioagent identification.

[0016] The result of determination of a previously
unknown base composition of a previously unknown bioag-
ent (for example, a newly evolved and heretofore unobserved
virus) has downstream utility by providing new bioagent
indexing information with which to populate base composi-
tion databases. The process of subsequent bioagent identifi-
cation analyses is thus greatly improved as more base com-
position data for bioagent identifying amplicons becomes
available.

[0017] The present invention provides methods of identi-
fying unknown viruses, including viruses of the Togaviridae
family and alphavirus genus. Also provided are oligonucle-
otide primers, compositions and kits containing the oligo-
nucleotide primers, which define alphaviral identifying
amplicons and, upon amplification, produce corresponding
amplification products whose molecular masses provide the
means to identify alphaviruses at the sub-species level.

SUMMARY OF THE INVENTION

[0018] The present invention provides primers and compo-
sitions comprising pairs of primers, and kits containing the
same for use in identification of alphaviruses. The primers are
designed to produce alphaviral bioagent identifying ampli-
cons of DNA encoding genes essential to alphavirus replica-
tion. The invention further provides compositions comprising



US 2012/0244522 Al

pairs of primers and kits containing the same, which are
designed to provide species and sub-species characterization
of alphaviruses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a process diagram illustrating a represen-
tative primer selection process.

[0020] FIG. 2 is a representative process diagram for iden-
tification and determination of the quantity of a bioagent in a
sample.

[0021] FIG.3isapseudo four-dimensional plot of expected
base compositions of alphavirus identifying amplicons
obtained from amplification with primer pair no: 316 the
epidemic, epizootic VEEV viruses of classes IAB-IC, ID and
IITIA (which have the potential to cause severe disease in
humans and animals) can be distinguished from the enzootic
VEE types IE, IF, L, IIIB, IIIC, IV, V, and VI, which, in turn,
are generally distinguishable from each other.

DETAILED DESCRIPTION

[0022] Inthe context of the present invention, a “bioagent”
is any organism, cell, or virus, living or dead, or a nucleic acid
derived from such an organism, cell or virus. Examples of
bioagents include, but are not limited, to cells, including but
not limited to human clinical samples, cell cultures, bacterial
cells and other pathogens), viruses, viroids, fungi, protists,
parasites, and pathogenicity markers (including but not lim-
ited to: pathogenicity islands, antibiotic resistance genes,
virulence factors, toxin genes and other bioregulating com-
pounds). Samples may be alive or dead or in a vegetative state
(for example, vegetative bacteria or spores) and may be
encapsulated or bioengineered. In the context of this inven-
tion, a “pathogen” is a bioagent which causes a disease or
disorder.

[0023] As used herein, “intelligent primers” are primers
that are designed to bind to highly conserved sequence
regions of a bioagent identifying amplicon that flank an inter-
vening variable region and yield amplification products
which ideally provide enough variability to distinguish each
individual bioagent, and which are amenable to molecular
mass analysis. By the term “highly conserved,” it is meant
that the sequence regions exhibit between about 80-100%, or
between about 90-100%, or between about 95-100% identity
among all or at least 70%, at least 80%, at least 90%, at least
95%, or at least 99% of species or strains.

[0024] As used herein, “broad range survey primers” are
intelligent primers designed to identify an unknown bioagent
at the genus level. In some cases, broad range survey primers
are able to identify unknown bioagents at the species or
sub-species level. As used herein, “division-wide primers”
are intelligent primers designed to identify a bioagent at the
species level and “drill-down” primers are intelligent primers
designed to identify a bioagent at the sub-species level. As
used herein, the “sub-species” level of identification includes,
but is not limited to, strains, subtypes, variants, and isolates.
[0025] As used herein, a “bioagent division” is defined as
group of bioagents above the species level and includes but is
not limited to, orders, families, classes, clades, genera or
other such groupings of bioagents above the species level.
[0026] As used herein, a “sub-species characteristic” is a
genetic characteristic that provides the means to distinguish
two members of the same bioagent species. For example, one
viral strain could be distinguished from another viral strain of
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the same species by possessing a genetic change (e.g., for
example, a nucleotide deletion, addition or substitution) in
one of the viral genes, such as the RNA-dependent RNA
polymerase. In this case, the sub-species characteristic that
can be identified using the methods of the present invention,
is the genetic change in the viral polymerase.

[0027] As used herein, the term “bioagent identifying
amplicon” refers to a polynucleotide that is amplified from a
bioagent in an amplification reaction and which 1) provides
enough variability to distinguish each individual bioagent and
2) whose molecular mass is amenable to molecular mass
determination.

[0028] As used herein, a “base composition” is the exact
number of each nucleobase (A, T, C and G) in a given
sequence.

[0029] As used herein, a “base composition signature”
(BCS) is the exact base composition (i.e., the number of A, T,
G and C nucleobases) determined from the molecular mass of
a bioagent identifying amplicon.

[0030] As used herein, a “base composition probability
cloud” is a representation of the diversity in base composition
resulting from a variation in sequence that occurs among
different isolates of a given species. The “base composition
probability cloud” represents the base composition con-
straints for each species and is typically visualized using a
pseudo four-dimensional plot.

[0031] As used herein, a “wobble base” is a variation in a
codon found at the third nucleotide position of a DNA triplet.
Variations in conserved regions of sequence are often found at
the third nucleotide position due to redundancy in the amino
acid code.

[0032] In the context of the present invention, the term
“unknown bioagent” may mean either: (i) a bioagent whose
existence is known (such as the well known bacterial species
Staphylococcus aureus for example) but which is not known
to be in a sample to be analyzed, or (ii) a biocagent whose
existence is not known (for example, the SARS coronavirus
was unknown prior to April 2003). For example, if the method
for identification of coronaviruses disclosed in commonly
owned U.S. patent Ser. No. 10/829,826 (incorporated herein
by reference in its entirety) was to be employed prior to April
2003 to identify the SARS coronavirus in a clinical sample,
both meanings of “unknown” bioagent are applicable since
the SARS coronavirus was unknown to science prior to April,
2003 and since it was not known what bioagent (in this case a
coronavirus) was present in the sample. On the other hand, if
the method of U.S. patent Ser. No. 10/829,826 was to be
employed subsequent to April 2003 to identify the SARS
coronavirus in a clinical sample, only the first meaning (i) of
“unknown” bioagent would apply since the SARS coronavi-
rus became known to science subsequent to April 2003 and
since it was not known what bioagent was present in the
sample.

[0033] Asusedherein, “triangulation identification” means
the employment of more than one bioagent identifying ampli-
cons for identification of a bioagent.

[0034] Inthe context of the present invention, “viral nucleic
acid” includes, but is not limited to, DNA, RNA, or DNA that
has been obtained from viral RNA, such as, for example, by
performing a reverse transcription reaction. Viral RNA can
either be single-stranded (of positive or negative polarity) or
double-stranded.
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[0035] As used herein, the term “etiology” refers to the
causes or origins, of diseases or abnormal physiological con-
ditions.

[0036] As used herein, the term “nucleobase” is synony-
mous with other terms in use in the art including “nucleotide,”
“deoxynucleotide,” “nucleotide residue,” “deoxynucleotide
residue,” “nucleotide triphosphate (NTP),” or deoxynucle-
otide triphosphate (ANTP).

[0037] The present invention provides methods for detec-
tion and identification of bioagents in an unbiased manner
using bioagent identifying amplicons. Intelligent primers are
selected to hybridize to conserved sequence regions of
nucleic acids derived from a bioagent and which bracket
variable sequence regions to yield a bioagent identifying
amplicon which can be amplified and which is amenable to
molecular mass determination. The molecular mass then pro-
vides a means to uniquely identify the bioagent without a
requirement for prior knowledge of the possible identity of
the bioagent. The molecular mass or corresponding base
composition signature (BCS) of the amplification product is
then matched against a database of molecular masses or base
composition signatures. Furthermore, the method can be
applied to rapid parallel multiplex analyses, the results of
which can be employed in a triangulation identification strat-
egy. The present method provides rapid throughput and does
not require nucleic acid sequencing of the amplified target
sequence for bioagent detection and identification.

[0038] Despite enormous biological diversity, all forms of
life on earth share sets of essential, common features in their
genomes. Since genetic data provide the underlying basis for
identification of bioagents by the methods of the present
invention, it is necessary to select segments of nucleic acids
which ideally provide enough variability to distinguish each
individual bioagent and whose molecular mass is amenable to
molecular mass determination.

[0039] Unlike bacterial genomes, which exhibit conversa-
tion of numerous genes (i.e. housekeeping genes) across all
organisms, viruses do not share a gene that is essential and
conserved among all virus families. Therefore, viral identifi-
cation is achieved within smaller groups of related viruses,
such as members of a particular virus family or genus. For
example, RNA-dependent RNA polymerase is present in all
single-stranded RNA viruses and can be used for broad prim-
ing as well as resolution within the virus family.

[0040] In some embodiments of the present invention, at
least one viral nucleic acid segment is amplified in the process
of identifying the bioagent. Thus, the nucleic acid segments
that can be amplified by the primers disclosed herein and that
provide enough variability to distinguish each individual bio-
agent and whose molecular masses are amenable to molecu-
lar mass determination are herein described as bioagent iden-
tifying amplicons.

[0041] Insome embodiments of the present invention, bio-
agent identifying amplicons comprise from about 45 to about
200 nucleobases (i.e. from about 45 to about 200 linked
nucleosides). One of ordinary skill in the art will appreciate
that the invention embodies compounds of 45, 46, 47, 48, 49,
50,51,52,53,54,55,56,57,58,59,60,61,62,63, 64,65, 66,
67,68,69,70,71,72,73,74,75,76,77,78,79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
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148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171,
172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,
196, 197, 198, 199, and 200 nucleobases in length, or any
range therewithin.

[0042] It is the combination of the portions of the bioagent
nucleic acid segment to which the primers hybridize (hybrid-
ization sites) and the variable region between the primer
hybridization sites that comprises the bioagent identifying
amplicon.

[0043] In some embodiments, bioagent identifying ampli-
cons amenable to molecular mass determination which are
produced by the primers described herein are either of a
length, size or mass compatible with the particular mode of
molecular mass determination or compatible with a means of
providing a predictable fragmentation pattern in order to
obtain predictable fragments of a length compatible with the
particular mode of molecular mass determination. Such
means of providing a predictable fragmentation pattern of an
amplification product include, but are not limited to, cleavage
with restriction enzymes or cleavage primers, for example.
Thus, in some embodiments, bioagent identifying amplicons
are larger than 200 nucleobases and are amenable to molecu-
lar mass determination following restriction digestion. Meth-
ods of using restriction enzymes and cleavage primers are
well known to those with ordinary skill in the art.

[0044] In some embodiments, amplification products cor-
responding to bioagent identifying amplicons are obtained
using the polymerase chain reaction (PCR) which is a routine
method to those with ordinary skill in the molecular biology
arts. Other amplification methods may be used such as ligase
chain reaction (LCR), low-stringency single primer PCR, and
multiple strand displacement amplification (MDA) which are
also well known to those with ordinary skill.

[0045] Intelligent primers are designed to bind to highly
conserved sequence regions of a bioagent identifying ampli-
con that flank an intervening variable region and yield ampli-
fication products which ideally provide enough variability to
distinguish each individual bioagent, and which are amenable
to molecular mass analysis. In some embodiments, the highly
conserved sequence regions exhibit between about 80-100%,
or between about 90-100%, or between about 95-100% iden-
tity, or between about 99-100% identity. The molecular mass
of'a given amplification product provides a means of identi-
fying the bioagent from which it was obtained, due to the
variability of the variable region. Thus design of intelligent
primers requires selection of a variable region with appropri-
ate variability to resolve the identity of a given bioagent.
Bioagent identifying amplicons are ideally specific to the
identity of the bioagent.

[0046] Identification of bioagents can be accomplished at
different levels using intelligent primers suited to resolution
of each individual level of identification. Broad range survey
intelligent primers are designed with the objective of identi-
fying a bioagent as a member of a particular division (e.g., an
order, family, class, clade, genus or other such grouping of
bioagents above the species level of bioagents). As a non-
limiting example, members of the alphavirus genus may be
identified as such by employing broad range survey intelli-
gent primers such as primers which target nsP1 or nsP4. In
some embodiments, broad range survey intelligent primers
are capable of identification of bioagents at the species or
sub-species level.
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[0047] Division-wide intelligent primers are designed with
an objective of identifying a bioagent at the species level. As
a non-limiting example, eastern equine encephalitis (EEE)
virus, western equine encephalitis (WEE) virus and Venezu-
elan equine encephalitis (VEE) virus can be distinguished
from each other using division-wide intelligent primers. Divi-
sion-wide intelligent primers are not always required for
identification at the species level because broad range survey
intelligent primers may provide sufficient identification reso-
lution to accomplishing this identification objective.

[0048] Drill-down intelligent primers are designed with the
objective of identifying a bioagent at the sub-species level
(including strains, subtypes, variants and isolates) based on
sub-species characteristics. As one non-limiting example,
subtypes IC, ID and IE of Venezuelan equine encephalitis
virus can be distinguished from each other using drill-down
primers. Drill-down intelligent primers are not always
required for identification at the sub-species level because
broad range survey intelligent primers may provide sufficient
identification resolution to accomplishing this identification
objective.

[0049] A representative process flow diagram used for
primer selection and validation process is outlined in FIG. 1.
For each group of organisms, candidate target sequences are
identified (200) from which nucleotide alignments are cre-
ated (210) and analyzed (220). Primers are then designed by
selecting appropriate priming regions (230) which then
makes possible the selection of candidate primer pairs (240).
The primer pairs are then subjected to in silico analysis by
electronic PCR (ePCR) (300) wherein bioagent identifying
amplicons are obtained from sequence databases such as
GenBank or other sequence collections (310) and checked for
specificity in silico (320). Bioagent identifying amplicons
obtained from GenBank sequences (310) can also be ana-
lyzed by a probability model which predicts the capability of
a given amplicon to identify unknown bioagents such that the
base compositions of amplicons with favorable probability
scores are then stored in a base composition database (325).
Alternatively, base compositions of the bioagent identifying
amplicons obtained from the primers and GenBank
sequences can be directly entered into the base composition
database (330). Candidate primer pairs (240) are validated by
in vitro amplification by a method such as PCR analysis (400)
of nucleic acid from a collection of organisms (410). Ampli-
fication products thus obtained are analyzed to confirm the
sensitivity, specificity and reproducibility of the primers used
to obtain the amplification products (420).

[0050] Many of the important pathogens, including the
organisms of greatest concern as biological weapons agents,
have been completely sequenced. This effort has greatly
facilitated the design of primers and probes for the detection
of unknown bioagents. The combination of broad-range
priming with division-wide and drill-down priming has been
used very successfully in several applications of the technol-
ogy, including environmental surveillance for biowarfare
threat agents and clinical sample analysis for medically
important pathogens.

[0051] Synthesis of primers is well known and routine in
the art. The primers may be conveniently and routinely made
through the well-known technique of solid phase synthesis.
Equipment for such synthesis is sold by several vendors
including, for example, Applied Biosystems (Foster City,
Calif.). Any other means for such synthesis known in the art
may additionally or alternatively be employed.
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[0052] The primers are employed as compositions for use
in methods for identification of viral bioagents as follows: a
primer pair composition is contacted with nucleic acid (such
as, for example, DNA from a DNA virus, or DNA reverse
transcribed from the RNA of an RNA virus) of an unknown
viral bioagent. The nucleic acid is then amplified by a nucleic
acid amplification technique, such as PCR for example, to
obtain an amplification product that represents a bioagent
identifying amplicon. The molecular mass of each strand of
the double-stranded amplification product is determined by a
molecular mass measurement technique such as mass spec-
trometry for example, wherein the two strands of the double-
stranded amplification product are separated during the ion-
ization process. In some embodiments, the mass
spectrometry is electrospray Fourier transform ion cyclotron
resonance mass spectrometry (ESI-FTICR-MS) or electro-
spray time of flight mass spectrometry (ESI-TOF-MS). A list
of possible base compositions can be generated for the
molecular mass value obtained for each strand and the choice
of the correct base composition from the list is facilitated by
matching the base composition of one strand with a comple-
mentary base composition of the other strand. The molecular
mass or base composition thus determined is then compared
with a database of molecular masses or base compositions of
analogous bioagent identifying amplicons for known viral
bioagents. A match between the molecular mass or base com-
position of the amplification product and the molecular mass
or base composition of an analogous bioagent identifying
amplicon for a known viral bioagent indicates the identity of
the unknown bioagent. In some embodiments, the primer pair
used is one of the primer pairs of Table 1. In some embodi-
ments, the method is repeated using a different primer pair to
resolve possible ambiguities in the identification process or to
improve the confidence level for the identification assign-
ment.

[0053] In some embodiments, a bioagent identifying
amplicon may be produced using only a single primer (either
the forward or reverse primer of any given primer pair),
provided an appropriate amplification method is chosen, such
as, for example, low stringency single primer PCR (LSSP-
PCR). Adaptation of this amplification method in order to
produce bioagent identitying amplicons can be accomplished
by one with ordinary skill in the art without undue experi-
mentation.

[0054] In some embodiments, the oligonucleotide primers
are broad range survey primers which hybridize to conserved
regions of nucleic acid encoding nsP1 of all (or between 80%
and 100%, between 85% and 100%, between 90% and 100%
or between 95% and 100%) known alphaviruses and produce
bioagent identifying amplicons. In some embodiments, the
oligonucleotide primers are broad range survey primers
which hybridize to conserved regions of nucleic acid encod-
ing nsP4 of all (or between 80% and 100%, between 85% and
100%, between 90% and 100% or between 95% and 100%)
known alphaviruses and produce bioagent identifying ampli-
cons. As used herein, the term broad range survey primers
refers to primers that bind to nucleic acid encoding genes
essential to alphavirus replication (e.g., for example, nsP1
and nsP4) of all (or between 80% and 100%, between 85%
and 100%, between 90% and 100% or between 95% and
100%) known species of alphaviruses. In some embodiments,
the broad range survey primer pairs comprise oligonucle-
otides ranging in length from 13-35 nucleobases, each of
which have from 70% to 100% sequence identity with primer
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pair number 966, which corresponds to SEQ ID NOs: 21:66.
In some embodiments, the broad range survey primer pairs
comprise oligonucleotides ranging in length from 13-35
nucleobases, each of which have from 70% to 100% sequence
identity with primer pair number 1131, which corresponds to
SEQ ID NOs: 33:78.

[0055] In some cases, the molecular mass or base compo-
sition of a viral bioagent identifying amplicon defined by a
broad range survey primer pair does not provide enough
resolution to unambiguously identify a viral bioagent at the
species level. These cases benefit from further analysis of one
or more viral bioagent identifying amplicons generated from
at least one additional broad range survey primer pair or from
atleast one additional division-wide primer pair. The employ-
ment of more than one bioagent identifying amplicon for
identification of a bioagent is herein referred to as triangula-
tion identification.

[0056] In other embodiments, the oligonucleotide primers
are division-wide primers which hybridize to nucleic acid
encoding genes of species within a genus of viruses. In other
embodiments, the oligonucleotide primers are drill-down
primers which enable the identification of sub-species char-
acteristics. Drill down primers provide the functionality of
producing bioagent identifying amplicons for drill-down
analyses such as strain typing when contacted with nucleic
acid under amplification conditions. Identification of such
sub-species characteristics is often critical for determining
proper clinical treatment of viral infections. In some embodi-
ments, sub-species characteristics are identified using only
broad range survey primers and division-wide and drill-down
primers are not used.

[0057] In some embodiments, the primers used for ampli-
fication hybridize to and amplify genomic DNA, DNA of
bacterial plasmids, DNA of DNA viruses or DNA reverse
transcribed from RNA of an RNA virus.

[0058] In some embodiments, the primers used for ampli-
fication hybridize directly to viral RNA and act as reverse
transcription primers for obtaining DNA from direct ampli-
fication of viral RNA. Methods of amplifying RNA using
reverse transcriptase are well known to those with ordinary
skill in the art and can be routinely established without undue
experimentation.

[0059] One with ordinary skill in the art of design of ampli-
fication primers will recognize that a given primer need not
hybridize with 100% complementarity in order to effectively
prime the synthesis of a complementary nucleic acid strand in
an amplification reaction. Moreover, a primer may hybridize
over one or more segments such that intervening or adjacent
segments are not involved in the hybridization event. (e.g., for
example, a loop structure or a hairpin structure). The primers
of the present invention may comprise at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95% or
at least 99% sequence identity with any of the primers listed
in Table 1. Thus, in some embodiments of the present inven-
tion, an extent of variation of 70% to 100%, or any range
therewithin, of the sequence identity is possible relative to the
specific primer sequences disclosed herein. Determination of
sequence identity is described in the following example: a
primer 20 nucleobases in length which is identical to another
20 nucleobase primer having two non-identical residues has
18 0f 20 identical residues (18/20=0.9 or 90% sequence iden-
tity). In another example, a primer 15 nucleobases in length
having all residues identical to a 15 nucleobase segment of
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primer 20 nucleobases in length would have 15/20=0.75 or
75% sequence identity with the 20 nucleobase primer.
[0060] Percent homology, sequence identity or comple-
mentarity, can be determined by, for example, the Gap pro-
gram (Wisconsin Sequence Analysis Package, Version 8 for
Unix, Genetics Computer Group, University Research Park,
Madison Wis.), using default settings, which uses the algo-
rithm of Smith and Waterman (Adv. Appl. Math., 1981, 2,
482-489). In some embodiments, complementarity of prim-
ers with respect to the conserved priming regions of viral
nucleic acid, is between about 70% and about 80%. In other
embodiments, homology, sequence identity or complemen-
tarity, is between about 80% and about 90%. In yet other
embodiments, homology, sequence identity or complemen-
tarity, is at least 90%, at least 92%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or is
100%.

[0061] Insomeembodiments, the primers described herein
comprise at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 92%, at least 94%, at least 95%, at
least 96%, atleast 98%, or at least 99%, or 100% (or any range
therewithin) sequence identity with the primer sequences
specifically disclosed herein. Thus, for example, a primer
may have between 70% and 100%, between 75% and 100%,
between 80% and 100%, and between 95% and 100%
sequence identity with SEQ ID NO: 21. Likewise, a primer
may have similar sequence identity with any other primer
whose nucleotide sequence is disclosed herein.

[0062] One with ordinary skill is able to calculate percent
sequence identity or percent sequence homology and able to
determine, without undue experimentation, the effects of
variation of primer sequence identity on the function of the
primer in its role in priming synthesis of a complementary
strand of nucleic acid for production of an amplification prod-
uct of a corresponding bioagent identifying amplicon.
[0063] Insome embodiments of the present invention, the
oligonucleotide primers are 13 to 35 nucleobases in length
(13 to 35 linked nucleotide residues). These embodiments
comprise oligonucleotide primers 13, 14, 15, 16, 17, 18, 19,
20,21, 22,23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34 or 35
nucleobases in length, or any range therewithin.

[0064] Insome embodiments, any given primer comprises
a modification comprising the addition of a non-templated T
residue to the 5' end of the primer (i.e., the added T residue
does not necessarily hybridize to the nucleic acid being
amplified). The addition of a non-templated T residue has an
effect of minimizing the addition of non-templated A residues
as a result of the non-specific enzyme activity of Taq poly-
merase (Magnuson et al., Biotechniques, 1996, 21, 700-709),
an occurrence which may lead to ambiguous results arising
from molecular mass analysis.

[0065] In some embodiments of the present invention,
primers may contain one or more universal bases. Because
any variation (due to codon wobble in the 3" position) in the
conserved regions among species is likely to occur in the third
position of a DNA (or RNA) triplet, oligonucleotide primers
can be designed such that the nucleotide corresponding to this
position is a base which can bind to more than one nucleotide,
referred to herein as a “universal nucleobase.” For example,
under this “wobble” pairing, inosine (I) binds to U, C or A;
guanine (G) binds to U or C, and uridine (U) binds to U or C.
Other examples of universal nucleobases include nitroindoles
such as S-nitroindole or 3-nitropyrrole (Loakes et al., Nucleo-
sides and Nucleotides, 1995, 14, 1001-1003), the degenerate
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nucleotides dP or dK (Hill et al.), an acyclic nucleoside ana-
log containing 5-nitroindazole (Van Aerschot et al., Nucleo-
sides and Nucleotides, 1995, 14, 1053-1056) or the purine
analog 1-(2-deoxy-p-D-ribofuranosyl)-imidazole-4-car-
boxamide (Sala et al., Nucl. Acids Res., 1996, 24, 3302-
3306).

[0066] Insome embodiments, to compensate for the some-
what weaker binding by the wobble base, the oligonucleotide
primers are designed such that the first and second positions
of'each triplet are occupied by nucleotide analogs which bind
with greater affinity than the unmodified nucleotide.
Examples of these analogs include, but are not limited to,
2,6-diaminopurine which binds to thymine, 5-propynyluracil
which binds to adenine and 5-propynylcytosine and phenox-
azines, including G-clamp, which binds to G. Propynylated
pyrimidines are described in U.S. Pat. Nos. 5,645,985, 5,830,
653 and 5,484,908, each of which is commonly owned and
incorporated herein by reference in its entirety. Propynylated
primers are described in U.S Pre-Grant Publication No. 2003-
0170682, which is also commonly owned and incorporated
herein by reference in its entirety. Phenoxazines are described
in U.S. Pat. Nos. 5,502,177, 5,763,588, and 6,005,096, each
of which is incorporated herein by reference in its entirety.
G-clamps are described in U.S. Pat. Nos. 6,007,992 and
6,028,183, each of which is incorporated herein by reference
in its entirety.

[0067] In some embodiments, to enable broad priming of
rapidly evolving RNA viruses, primer hybridization is
enhanced using primers and probes containing 5-propynyl
deoxy-cytidine and deoxy-thymidine nucleotides. These
modified primers and probes offer increased affinity and base
pairing selectivity.

[0068] Insomeembodiments, non-template primer tags are
used to increase the melting temperature (T,,) of a primer-
template duplex in order to improve amplification efficiency.
A non-template tag is at least three consecutive A or T nucle-
otide residues on a primer which are not complementary to
the template. In any given non-template tag, A can be replaced
by C or G and T can also be replaced by C or G. Although
Watson-Crick hybridization is not expected to occur for a
non-template tag relative to the template, the extra hydrogen
bond in a G-C pair relative to an A-T pair confers increased
stability of the primer-template duplex and improves ampli-
fication efficiency for subsequent cycles of amplification
when the primers hybridize to strands synthesized in previous
cycles.

[0069] In other embodiments, propynylated tags may be
used in a manner similar to that of the non-template tag,
wherein two or more 5-propynylcytidine or 5-propynyluri-
dine residues replace template matching residues on a primer.
In other embodiments, a primer contains a modified inter-
nucleoside linkage such as a phosphorothioate linkage, for
example.

[0070] In some embodiments, the primers contain mass-
modifying tags. Reducing the total number of possible base
compositions of a nucleic acid of specific molecular weight
provides a means of avoiding a persistent source of ambiguity
in determination of base composition of amplification prod-
ucts. Addition of mass-modifying tags to certain nucleobases
of a given primer will result in simplification of de novo
determination of base composition of a given bioagent iden-
tifying amplicon from its molecular mass.

[0071] In some embodiments of the present invention, the
mass modified nucleobase comprises one or more of the
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following: for example, 7-deaza-2'-deoxyadenosine-5-triph-
osphate, 5-iodo-2'-deoxyuridine-5'-triphosphate, 5-bromo-
2'-deoxyuridine-5'-triphosphate, 5-bromo-2'-deoxycytidine-
S'-triphosphate,  5-iodo-2'-deoxycytidine-5'-triphosphate,
5-hydroxy-2'-deoxyuridine-5'-triphosphate, ~ 4-thiothymi-
dine-5'-triphosphate, 5-aza-2'-deoxyuridine-5'-triphosphate,
5-fluoro-2'-deoxyuridine-5'-triphosphate, O6-methyl-2'-
deoxyguanosine-5'-triphosphate, N2-methyl-2'-deoxygua-
nosine-5'-triphosphate, 8-0x0-2'-deoxyguanosine-5'-triphos-
phate  or thiothymidine-5'-triphosphate. In  some
embodiments, the mass-modified nucleobase comprises **N
or >C or both N and '*C.

[0072] Insome cases, amolecular mass of a given bioagent
identifying amplicon alone does not provide enough resolu-
tion to unambiguously identify a given bioagent. The employ-
ment of more than one bioagent identifying amplicon for
identification of a bioagent is herein referred to as triangula-
tion identification. Triangulation identification is pursued by
analyzing a plurality of bioagent identifying amplicons
selected within multiple core genes. This process is used to
reduce false negative and false positive signals, and enable
reconstruction of the origin of hybrid or otherwise engineered
bioagents. For example, identification of the three part toxin
genes typical of B. anthracis (Bowen et al., J. Appl. Micro-
biol., 1999, 87, 270-278) in the absence of the expected
signatures from the B. anthracis genome would suggest a
genetic engineering event.

[0073] In some embodiments, the triangulation identifica-
tion process can be pursued by characterization of bioagent
identifying amplicons in a massively parallel fashion using
the polymerase chain reaction (PCR), such as multiplex PCR
where multiple primers are employed in the same amplifica-
tion reaction mixture, or PCR in multi-well plate format
wherein a different and unique pair of primers is used in
multiple wells containing otherwise identical reaction mix-
tures. Such multiplex and multi-well PCR methods are well
known to those with ordinary skill in the arts of rapid through-
put amplification of nucleic acids.

[0074] In some embodiments, the molecular mass of a
given bioagent identifying amplicon is determined by mass
spectrometry. Mass spectrometry has several advantages, not
the least of which is high bandwidth characterized by the
ability to separate (and isolate) many molecular peaks across
a broad range of mass to charge ratio (n/z). Thus mass spec-
trometry is intrinsically a parallel detection scheme without
the need for radioactive or fluorescent labels, since every
amplification product is identified by its molecular mass. The
current state of the art in mass spectrometry is such that less
than femtomole quantities of material can be readily analyzed
to afford information about the molecular contents of the
sample. An accurate assessment of the molecular mass of the
material can be quickly obtained, irrespective of whether the
molecular weight of the sample is several hundred, or in
excess of one hundred thousand atomic mass units (amu) or
Daltons.

[0075] In some embodiments, intact molecular ions are
generated from amplification products using one of a variety
of ionization techniques to convert the sample to gas phase.
These ionization methods include, but are not limited to,
electrospray ionization (ES), matrix-assisted laser desorption
ionization (MALDI) and fast atom bombardment (FAB).
Upon ionization, several peaks are observed from one sample
due to the formation of ions with different charges. Averaging
the multiple readings of molecular mass obtained from a



US 2012/0244522 Al

single mass spectrum affords an estimate of molecular mass
of'the bioagent identifying amplicon. Electrospray ionization
mass spectrometry (ESI-MS) is particularly useful for very
high molecular weight polymers such as proteins and nucleic
acids having molecular weights greater than 10 kDa, since it
yields a distribution of multiply-charged molecules of the
sample without causing a significant amount of fragmenta-
tion.

[0076] The mass detectors used in the methods of the
present invention include, but are not limited to, Fourier trans-
form ion cyclotron resonance mass spectrometry (FT-ICR-
MS), time of flight (TOF), ion trap, quadrupole, magnetic
sector, Q-TOF, and triple quadrupole.

[0077] Although the molecular mass of amplification prod-
ucts obtained using intelligent primers provides a means for
identification of bioagents, conversion of molecular mass
data to a base composition signature is useful for certain
analyses. As used herein, a base composition signature (BCS)
is the exact base composition determined from the molecular
mass of a bioagent identifying amplicon. In one embodiment,
a BCS provides an index of a specific gene in a specific
organism.

[0078] In some embodiments, conversion of molecular
mass data to a base composition is useful for certain analyses.
As used herein, a base composition is the exact number of
each nucleobase (A, T, C and G).

[0079] RNA viruses depend on error-prone polymerases
for replication and therefore their nucleotide sequences (and
resultant base compositions) drift over time within the func-
tional constraints allowed by selection pressure. Base com-
position probability distribution of a viral species or group
represents a probabilistic distribution of the above variation
in the A, C, G and T base composition space and can be
derived by analyzing base compositions of all known isolates
of that particular species.

[0080] In some embodiments, assignment of base compo-
sitions to experimentally determined molecular masses is
accomplished using base composition probability clouds.
Base compositions, like sequences, vary slightly from isolate
to isolate within species. Itis possible to manage this diversity
by building base composition probability clouds around the
composition constraints for each species. This permits iden-
tification of organisms in a fashion similar to sequence analy-
sis. A pseudo four-dimensional plot can be used to visualize
the concept of base composition probability clouds. Optimal
primer design requires optimal choice of bioagent identifying
amplicons and maximizes the separation between the base
composition signatures of individual bioagents. Areas where
clouds overlap indicate regions that may result in a misclas-
sification, a problem which is overcome by a triangulation
identification process using bioagent identifying amplicons
not affected by overlap of base composition probability
clouds.

[0081] In some embodiments, base composition probabil-
ity clouds provide the means for screening potential primer
pairs in order to avoid potential misclassifications of base
compositions. In other embodiments, base composition prob-
ability clouds provide the means for predicting the identity of
a bioagent whose assigned base composition was not previ-
ously observed and/or indexed in a bioagent identifying
amplicon base composition database due to evolutionary
transitions in its nucleic acid sequence. Thus, in contrast to
probe-based techniques, mass spectrometry determination of
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base composition does not require prior knowledge of the
composition or sequence in order to make the measurement.
[0082] The present invention provides bioagent classifying
information similar to DNA sequencing and phylogenetic
analysis at a level sufficient to identify a given bioagent.
Furthermore, the process of determination of a previously
unknown base composition for a given bioagent (for example,
in a case where sequence information is unavailable) has
downstream utility by providing additional bioagent indexing
information with which to populate base composition data-
bases. The process of future bioagent identification is thus
greatly improved as more BCS indexes become available in
base composition databases.

[0083] In some embodiments, the identity and quantity of
an unknown bioagent can be determined using the process
illustrated in FIG. 2. Primers (500) and a known quantity ofa
calibration polynucleotide (505) are added to a sample con-
taining nucleic acid of an unknown bioagent. The total
nucleic acid in the sample is then subjected to an amplifica-
tion reaction (510) to obtain amplification products. The
molecular masses of amplification products are determined
(515) from which are obtained molecular mass and abun-
dance data. The molecular mass of the bioagent identifying
amplicon (520) provides the means for its identification (525)
and the molecular mass of the calibration amplicon obtained
from the calibration polynucleotide (530) provides the means
for its identification (535). The abundance data of the bioag-
ent identifying amplicon is recorded (540) and the abundance
data for the calibration data is recorded (545), both of which
are used in a calculation (550) which determines the quantity
of unknown bioagent in the sample.

[0084] A sample comprising an unknown bioagent is con-
tacted with a pair of primers which provide the means for
amplification of nucleic acid from the bioagent, and a known
quantity of a polynucleotide that comprises a calibration
sequence. The nucleic acids of the bioagent and of the cali-
bration sequence are amplified and the rate of amplification is
reasonably assumed to be similar for the nucleic acid of the
bioagent and of the calibration sequence. The amplification
reaction then produces two amplification products: a bioagent
identifying amplicon and a calibration amplicon. The bioag-
ent identitying amplicon and the calibration amplicon should
be distinguishable by molecular mass while being amplified
at essentially the same rate. Effecting differential molecular
masses can be accomplished by choosing as a calibration
sequence, a representative bioagent identifying amplicon
(from a specific species of bioagent) and performing, for
example, a 2-8 nucleobase deletion or insertion within the
variable region between the two priming sites. The amplified
sample containing the bioagent identifying amplicon and the
calibration amplicon is then subjected to molecular mass
analysis by mass spectrometry, for example. The resulting
molecular mass analysis of the nucleic acid of the bioagent
and of the calibration sequence provides molecular mass data
and abundance data for the nucleic acid of the bioagent and of
the calibration sequence. The molecular mass data obtained
for the nucleic acid of the bioagent enables identification of
the unknown bioagent and the abundance data enables calcu-
lation of the quantity of the bioagent, based on the knowledge
of the quantity of calibration polynucleotide contacted with
the sample.

[0085] In some embodiments, construction of a standard
curve where the amount of calibration polynucleotide spiked
into the sample is varied, provides additional resolution and
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improved confidence for the determination of the quantity of
bioagent in the sample. The use of standard curves for ana-
lytical determination of molecular quantities is well known to
one with ordinary skill and can be performed without undue
experimentation.

[0086] In some embodiments, multiplex amplification is
performed where multiple bioagent identifying amplicons are
amplified with multiple primer pairs which also amplify the
corresponding standard calibration sequences. In this or other
embodiments, the standard calibration sequences are option-
ally included within a single vector which functions as the
calibration polynucleotide. Multiplex amplification methods
are well known to those with ordinary skill and can be per-
formed without undue experimentation.

[0087] Insome embodiments, the calibrant polynucleotide
is used as an internal positive control to confirm that ampli-
fication conditions and subsequent analysis steps are success-
ful in producing a measurable amplicon. Even in the absence
of copies of the genome of a bioagent, the calibration poly-
nucleotide should give rise to a calibration amplicon. Failure
to produce a measurable calibration amplicon indicates a
failure of amplification or subsequent analysis step such as
amplicon purification or molecular mass determination.
Reaching a conclusion that such failures have occurred is in
itself, a useful event.

[0088] In some embodiments, the calibration sequence is
comprised of DNA. In some embodiments, the calibration
sequence is comprised of RNA.

[0089] In some embodiments, the calibration sequence is
inserted into a vector which then itself functions as the cali-
bration polynucleotide. In some embodiments, more than one
calibration sequence is inserted into the vector that functions
as the calibration polynucleotide. Such a calibration poly-
nucleotide is herein termed a “combination calibration poly-
nucleotide.” The process of inserting polynucleotides into
vectors is routine to those skilled in the art and can be accom-
plished without undue experimentation. Thus, it should be
recognized that the calibration method should not be limited
to the embodiments described herein. The calibration method
can be applied for determination of the quantity of any bio-
agent identifying amplicon when an appropriate standard
calibrant polynucleotide sequence is designed and used. The
process of choosing an appropriate vector for insertion of a
calibrant is also a routine operation that can be accomplished
by one with ordinary skill without undue experimentation.
[0090] Bioagents that can be identified by the methods of
the present invention include RNA viruses. The genomes of
RNA viruses can be positive-sense single-stranded RNA,
negative-sense single-stranded RNA or double-stranded
RNA. Examples of RNA viruses with positive-sense single-
stranded genomes include, but are not limited to members of
the Caliciviridae, Picornaviridae, Flaviviridae, Togaviridae,
Retroviridae and Coronaviridae families. Examples of RNA
viruses with negative-sense single-stranded RNA genomes
include, but are not limited to, members of the Filoviridae,
Rhabdoviridae, Bunyaviridae, Orthomyxoviridae, Paramyx-
oviridae and Arenaviridae families. Examples of RNA
viruses with double-stranded RNA genomes include, but are
not limited to, members of the Reoviridae and Birnaviridae
families.

[0091] In some embodiments of the present invention,
RNA viruses are identified by first obtaining RNA from an
RNA virus, or a sample containing or suspected of containing
an RNA virus, obtaining corresponding DNA from the RNA
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by reverse transcription, amplifying the DNA to obtain one or
more amplification products using one or more pairs of oli-
gonucleotide primers that bind to conserved regions of the
RNA viral genome, which flank a variable region of the
genome, determining the molecular mass or base composi-
tion of the one or more amplification products and comparing
the molecular masses or base compositions with calculated or
experimentally determined molecular masses or base compo-
sitions of known RNA viruses, wherein at least one match
identifies the RNA virus. Methods of isolating RNA from
RNA viruses and/or samples containing RNA viruses, and
reverse transcribing RNA to DNA are well known to those of
skill in the art.

[0092] Alphaviruses represent RNA virus examples of bio-
agents which can be identified by the methods of the present
invention. Alphaviruses are extremely diverse at the nucle-
otide and protein sequence levels and are thus difficult to
detect and identify using currently available diagnostic tech-
niques.

[0093] In one embodiment of the present invention, the
alphavirus target gene is nsP4, which is the viral RNA-depen-
dent RNA polymerase. In another embodiment, the target
gene is nsP1, which functions to cap and methylate the 5' end
of genomic and subgenomic alphaviral RNAs.

[0094] In other embodiments of the present invention, the
intelligent primers produce bioagent identifying amplicons
within stable and highly conserved regions of alphaviral
genomes. The advantage to characterization of an amplicon
in a highly conserved region is that there is a low probability
that the region will evolve past the point of primer recogni-
tion, in which case, the amplification step would fail. Such a
primer set is thus useful as a broad range survey-type primer.
In another embodiment of the present invention, the intelli-
gent primers produce bioagent identifying amplicons in a
region which evolves more quickly than the stable region
described above. The advantage of characterization bioagent
identifying amplicon corresponding to an evolving genomic
region is that it is useful for distinguishing emerging strain
variants.

[0095] The present invention also has significant advan-
tages as a platform for identification of diseases caused by
emerging viruses. The present invention eliminates the need
for prior knowledge of bioagent sequence to generate hybrid-
ization probes. Thus, in another embodiment, the present
invention provides a means of determining the etiology of a
virus infection when the process of identification of viruses is
carried out in a clinical setting and, even when the virus is a
new species never observed before. This is possible because
the methods are not confounded by naturally occurring evo-
Iutionary variations (a major concern for characterization of
viruses which evolve rapidly) occurring in the sequence act-
ing as the template for production of the bioagent identifying
amplicon. Measurement of molecular mass and determina-
tion of base composition is accomplished in an unbiased
manner without sequence prejudice.

[0096] Another embodiment of the present invention also
provides a means of tracking the spread of any species or
strain of virus when a plurality of samples obtained from
different locations are analyzed by the methods described
above in an epidemiological setting. In one embodiment, a
plurality of samples from a plurality of different locations are
analyzed with primers which produce bioagent identifying
amplicons, a subset of which contain a specific virus. The



US 2012/0244522 Al

corresponding locations of the members of the virus-contain-
ing subset indicate the spread of the specific virus to the
corresponding locations.

[0097] The present invention also provides kits for carrying
out the methods described herein. In some embodiments, the
kit may comprise a sufficient quantity of one or more primer
pairs to perform an amplification reaction on a target poly-
nucleotide from a bioagent to form a bioagent identifying
amplicon. In some embodiments, the kit may comprise from
one to fifty primer pairs, from one to twenty primer pairs,
from one to ten primer pairs, or from two to five primer pairs.
In some embodiments, the kit may comprise one or more
primer pairs recited in Table 1.

[0098] In some embodiments, the kit may comprise one or
more broad range survey primer(s), division wide primer(s),
or drill-down primer(s), or any combination thereof. A kit
may be designed so as to comprise particular primer pairs for
identification of a particular bioagent. For example, a broad
range survey primer kit may be used initially to identify an
unknown bioagent as a member of the alphavirus genus.
Another example of a division-wide kit may be used to dis-
tinguish eastern equine encephalitis virus, western equine
encephalitis virus and Venezuelan equine encephalitis virus
from each other. A drill-down kit may be used, for example, to
distinguish different subtypes of Venezuelan equine encepha-
litis virus, or to identify genetically engineered alphaviruses.
In some embodiments, any of these kits may be combined to
comprise a combination of broad range survey primers and
division-wide primers so as to be able to identify the species
of an unknown bioagent.

[0099] Insomeembodiments, thekit may contain standard-
ized calibration polynucleotides for use as internal amplifi-
cation calibrants. Internal calibrants are described in com-
monly owned U.S. Patent Application Ser. No. 60/545,425
which is incorporated herein by reference in its entirety.
[0100] In some embodiments, the kit may also comprise a
sufficient quantity of reverse transcriptase (if an RNA virus is
to be identified for example), a DNA polymerase, suitable
nucleoside triphosphates (including any of those described
above), a DNA ligase, and/or reaction buffer, or any combi-
nation thereof, for the amplification processes described
above. A kit may further include instructions pertinent for the
particular embodiment of the kit, such instructions describing
the primer pairs and amplification conditions for operation of
the method. A kit may also comprise amplification reaction
containers such as microcentrifuge tubes and the like. A kit
may also comprise reagents or other materials for isolating
bioagent nucleic acid or bioagent identifying amplicons from
amplification, including, for example, detergents, solvents, or
ion exchange resins which may be linked to magnetic beads.
A kit may also comprise a table of measured or calculated
molecular masses and/or base compositions of bioagents
using the primer pairs of the kit.
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[0101] While the present invention has been described with
specificity in accordance with certain of its embodiments, the
following examples serve only to illustrate the invention and
are not intended to limit the same. In order that the invention
disclosed herein may be more efficiently understood,
examples are provided below. It should be understood that
these examples are for illustrative purposes only and are not to
be construed as limiting the invention in any manner.

EXAMPLES
Example 1

Selection of Primers That Define Alphavirus Identi-
fying Amplicons

[0102] Fordesign of primers that define alphaviral bioagent
identifying amplicons, relevant sequences from, for example,
GenBank were obtained, aligned and scanned for regions
where pairs of PCR primers would amplify products of about
45 to about 200 nucleotides in length and distinguish species
and/or sub-species from each other by their molecular masses
or base compositions. A typical process shown in FIG. 1 is
employed.

[0103] A database of expected base compositions for each
primer region is generated using an in silico PCR search
algorithm, such as (ePCR). An existing RNA structure search
algorithm (Macke et al., Nucl. Acids Res., 2001, 29, 4724-
4735, which is incorporated herein by reference in its
entirety) has been modified to include PCR parameters such
as hybridization conditions, mismatches, and thermody-
namic calculations (Santal.ucia, Proc. Natl. Acad. Sci. U.S.
A., 1998, 95, 1460-1465, which is incorporated herein by
reference in its entirety). This also provides information on
primer specificity of the selected primer pairs.

[0104] Table 1 represents a collection of primers (sorted by
forward primer name) designed to identify alphaviruses using
the methods described herein. Primer sites were identified on
two essential alphaviral genes, nsP1 (the RNA capping and
methylation enzyme) and nsP4, the RNA-dependent RNA
polymerase). The forward or reverse primer name shown in
Table 1 indicates the gene region of the viral genome to which
the primer hybridizes relative to a reference sequence. For
example, the forward primer name AV_NC001449 888
901P_F indicates a forward primer that hybridizes to residues
888-901 of an alphavirus reference sequence represented by
GenBank Accession No. NC001449 (SEQ ID NO: 1). In
Table 1, U“=5-propynyluracil; C“=5S-propynylcytosine;
*=phosphorothioate linkage. The primer pair number is an
in-house database index number. In some embodiments,
primer pairs for identification of alphavirus bioagents com-
prise forward primer sequence GCTAGAGCGTTTTCGCA
(SEQ. ID NO: 93).

TABLE 1

Primer Pairg for Identification of Alphavirug Bioagents

For.
Primer For. SEQ Reverse
palr primer ID Reverse SEQ ID
number name Forward sequence NO: primer name Reverse sequence NO:
302 AV_NC0014 AATGCTAGAGCGU U TU 2 AV _NC001449_ GCACTTC?CAAU’GUC? 47
49 159 17  C°GCA 225_244P R CAGGAT

8P_F
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TABLE 1-continued
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Primer Pairs for Identification of Alphavirus Bioagents

For.
Primer For. SEQ Reverse
palr primer ID Reverse SEQ ID
number name Forward sequence NO: primer name Reverse sequence NO:
303 AV_NC0014 AATGCTAGAGCGUU“TU 3 AV_NC001449_ GCACTTCCAAUGUC? 48
49 159 17 C°GCA 225_244P 2 R TAGGAT
8P_F
304 AV_NCO0014 GCTAGAGCGUU*TUCGC 4 AV_NC001449_ GGCGC7ACTU“TC?C7AAU 49
49 162 17 A 231 247P R  “GUC
8P_F
306 AV_NC0014 TGCGAAGGGUACGTCGT 5 AV_NC001449_ TTGC'AGCACAAGAATC 50
49 888 90 972_991P R  C9CTC
4P F
307 AV_NC0014 TGUGTGACTC*AGAUGAC 6 AV _NC001449_ TGGUUGAGCCTC AAC 51
49 1057_1 1122 1135P
072P_F R
314 AV_NCO0014 AATGCTAGAGCGTTTTCGC 7 AV_NC001449_ GCACTTCCAATGTCCAG 52
49 159 17 A 225 _244 R GAT
8 F
315 AV_NCO0014 AATGCTAGAGCGTTTTCGC 8 AV_NC001449_ GCACTTCCAATGTCTAG 53
49 159 17 A 225_244 2 R GAT
8 F
316 AV_NCO0014 GCTAGAGCGTTTTCGCA 9 AV_NC001449_ GGCGCACTTCCAATGTC 54
49 162 17 231 247 R
8 F
317 AV_NC0014 TGCGAAGGGTACGT 10 AV_NC001449_ TTGCAGCACAAGAATCC 55
49 888 90 972_991 R cTC
1 F
318 AV_NCO0014 TGCGAAGGGTACGTCGT 11 AV_NC001449_ TTGCAGCACAAGAATCC 56
49 888 90 972_991 R cTC
4 F
319 AV_NCO0014 TGTGTGACCAGATGAC 12 AV_NC001449_ TGGTTGAGCCCAAC 57
49 1057_1 1122 1135 _
072_F R
494 AV_NCO0014 TAATGCTAGAGCGUUTU 13 AV_NC001449_ TGCACTTCYCAAUGU? 58
49_158 17 CGCA 225 245P_R CeCAGGAT
8P_F
494 AV_NCO0014 TAATGCTAGAGCGUUTU 14 AV_NC001449_ TGCACTTCYCAAUGU” 59
49_158 17 “CGCA 225 245P_R CeCAGGAT
8P_F
495 AV_NC0014 TAATGCTAGAGCGUUTU 15 AV_NC001449_ TGCACTTCYCAAUGU? 60
49 158 17 C9GCA 225 _245P 2 CTAGGAT
8P_F R
496 AV_NC0014 TGCTAGAGCGUU°TU"CG 16 AV_NC001449_ TGGCGCACU“TCCAA 61
49 161 17 CA 231 248P R  UGUC
8P_F
497 AV_NC0014 TTGC*GAAGGGU?ACGT 17 AV_NC001449_ TTTGC"AGCACAAGAAT 62
49 887 90 972_992P_ R CC°CTC
1P_F
498 AV_NC0014 TTGCGAAGGGUACGTCGT 18 AV_NC001449_  TTTGC"AGCACAAGAAT 63
49 887 90 972_992P_ R C9CICTC
4P F
498 AV_NC0014 TTGC'GAAGGGUACGTCGT 19 AV_NC001449_  TTTGCAGCACAAGAAT 64
49 887 90 972_992P_ R C9CICTC

4P_F
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TABLE 1-continued
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Primer Pairs for Identification of Alphavirus Bioagents

For.
Primer For. SEQ Reverse
palr primer ID Reverse SEQ ID
number name Forward sequence NO: primer name Reverse sequence NO:
499 AV_NC0014 TTGUGTGAC?C?AGAUGA 20 AV_NC001449_ TTGGUUGAGCCCAA 65
49 1056 _1 C 1122 _1136P_ C
072P_F R
966 AV_NC_001 TCCATGCTAATGCTAGAGC 21 AV_NC 00144 TGGCGCACTTCCAATGT 66
449 151 1 GTTTTCGCA 9 225 248 R CCAGGAT
78_F
967 AV_NC_001 TGTCAGTTGCGAAGGGTAC 22 AV_NC 00144 TCTGTCACTTTGCAGCA 67
449_881 9 GTCGT 9 972_1000_  CAAGAATCCCTC
04_F R
968 AV_NC_001 TAATGCTAGAGCGTTTTCG 23 AV_NC 00144 TGCACTTCCAATGTCCA 68
449 158 1 CA 9 225 245 R GGAT
78_F
969 AV_NC_001 TTGCGAAGGGTACGTCGT 24 AV_NC 00144 TTTGCAGCACAAGAATC 69
449 887 9 9 972 992 R CCTC
04_F
970 AV_NC_001 UCCAATGCTAGAGCGTT 25 AV_NC 00144 U°CeCGCACTTCCAATG 70
449 156_1 TTCGCA 9 225 247P TCCAGGAT
78P_F R
971 AV_NC_001 UCCTGCGAAGGGTACGT 26 AV_NC 00144 UCCTTGCAGCACARG 71
449 885 9  CGT 9 972 994P  AATCCCTC
04P_F R
972 AV_NC_001 U“CeC*UAATGCTAGAGCG 27 AV_NC 00144 U“C?CU*GCACTTCCAA 72
449_155_1 TTTTCGCA 9_225_248P  TGTCCAGGAT
78P_F R
973 AV_NC_001 UCCUTGCGAAGGGTAC 28 AV_NC 00144 U*CeCUTTGCAGCACA 73
449 884 9 GTCGT 9 972 995P  AGAATCCCTC
04P_F R
974 AV_NC_001 U“CCU“UAATGCTAGAGC 29 AV_NC 00144 U*CeCU*UGCACTTCCA 74
449_154 1 GTTTTCGCA 9 225_249P  ATGTCCAGGAT
78P_F R
975 AV_NC_001 U“CCU“UTGCGAAGGGTA 30 AV_NC 00144 U*C?CU*UTTGCAGCAC 75
449_883_9 CGTCGT 9 972 _99%96P  AAGAATCCCTC
04P_F R
976 AV_NC_001 TCCTTCAATGCTAGAGCGT 31 AV_NC 00144 TCCTTCGCACTTCCAAT 76
449 153 1 TTTCGCA 9 225 250 R GTCCAGGAT
78_F
977 AV_NC_001 TCCTTCTGCGAAGGGTACG 32 AV_NC 00144 TCCTTCTTGCAGCACAA 77
449 882 9  TCGT 9 972 997 R GAATCCCTC
04_F
1131 AV_NC_001 TGCCAGCTACACTGTGCGA 33 AV_NC_00144 TGACGACTATCCGCTGG 78
449_1045_ CCAGATGAC 9 1122 1149 TTGAGCCCAAC
107_F R
1146 AV_NC_001 TATTGTCAGTTGCGAAGGG 34 AV_NC 00144 TGTCACTTTGCAACACA 79
449 878 9  TACGT 9 972 998 R AGAATCCCTC
01_F
1147 AV_NC_001 TATTGTCAGTTGCGACGGG 35 AV_NC 00144 TGTCACTTTGCAACACA 80
449 878 9  TACGT 9 972 998 R AGAATCCCTC
01 2 F
1148 AV_NC_001 TCTATAGTCAGTTGCGACG 36 AV_NC 00144 TGTCACTTTGCAGCACA 81
449 876_9  GGTACGT 9 972 998 2 AGAATCCCTC

01_F

R
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TABLE 1-continued
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Primer Pairs for Identification of Alphavirus Bioagents

For.
Primer For. SEQ Reverse
palr primer ID Reverse SEQ ID
number name Forward sequence NO: primer name Reverse sequence NO:
1149 AV NC_001 TGQTCAGCTACATTGTGTGA 37 AV _NC 00144 TGACGACTATCCGCTGG 82
449 1045 CCAAATGACTGG 9 1122 1149 TTGAGCCCAAC
1075_F 2 R
1150 AV_NC_001 TACCAGCCACACTTTGCGA 38 AV NC 00144 TGACGACTATCCGCTGG 83
449 1045 TCAGATGACAGG 9 1122 1149 TTGAGCCCAAC
1075_2 F 2 R
2048 AV _NC 001 TCCATGCTAACGCCAGAGC 39 AV _NC 00144 TGCTGGTGCACTTCCAA 84
449 151 1  GTTTTCGCA 9 225 251 R TATCCAGGAT
78 2 F
2049 AV _NC 001 TCCATGCTAACGCCAGAGC 40 AV _NC 00144 TGCCGGTGCGCTGCCTA 85
449 151 1  GTTTTCGCA 9 228 251 R TGTCCAA
78 2 F
2050 AV NC 001 TGACGTAGACCCCCAGAGT 41 AV _NC 00144 TCGCTCTGGCATTAGCA 86
449 62 86 CCGTTT 9 147 171 R TGGTCATT
F
2051 AV _NC 001 TGGCGCTATGATGAAATCT 42 AV _NC 00144 TATGTTGTCGTCGCCGA 87
449 6791 GGAATGTT 9 7083 _7106_ TGAACGC
6997 F R
2052 AV _NC 001 TGGCGCTATGATGAARATCT 43 AV _NC 00144 TACGATGTTGTCGTCGC 88
449 6971 GGAATGTT 9 7086_7109  CGATGAA
6997 F R
2053 AV _NC 001 TGCCTTCATCGGCGATGAC 44 AV _NC 00144 TCCAAGTGGCGCACCTG 89
449 7082 AACAT 9 7134 7158 TCTGCCAT
7105_F R
2054 AV _NC 001 TGTCGGCCGAGGATTTTGA 45 AV _NC 00144 TCATCTTGGCTTTTGTC 90
449 6742 TGCTATCATAGC 9 6816 6841  ARAGGAGGC
6772_F R
2055 AV _NC 001 TGCGGTACCGTCACCATTT 46 AV _NC 00144 TGGTAGTTCTCTCATTT 91
449 6254 CAGAACAC 9 6318 6347 GTGTGACGTTGCA
6280 F R
Example 2 for 30 seconds, 48° C. for 30 seconds, and 72° C. for 30
) seconds, with the 48° C. annealing temperature increased
One-step RT-PCR of RNA Virus Samples 0.9° C. after each cycle. The PCR reaction was then continued
. . .. for 37 additional cycles of 95° C. for 15 seconds, 56° C. for 20
[0105] RNA was isolated from virus-containing samples Y ’

according to methods well known in the art. To generate
bioagent identifying amplicons for RNA viruses, a one-step
RT-PCR protocol was developed. All RT-PCR reactions were
assembled in 50 pl reactions in the 96 well microtiter plate
format using a Packard MPII liquid handling robotic platform
and MJ Dyad® thermocyclers (MJ research, Waltham,
Mass.). The RT-PCR reaction consisted of 4 units of Amplitaq
Gold®, 1.5x buffer II (Applied Biosystems, Foster City,
Calif), 1.5 mM MgCl,, 0.4 M betaine, 10 mM DTT, 20 mM
sorbitol, 50 ng random primers (Invitrogen, Carlsbad, Calif.),
1.2 units Superasin (Ambion, Austin, Tex.), 100 ng polyA
DNA, 2 units Superscript III (Invitrogen, Carlsbad, Calif.),
400 ng T4 Gene 32 Protein (Roche Applied Science, India-
napolis, Ind.), 800 uM dNTP mix, and 250 nM of each primer.
[0106] The following RT-PCR conditions were used to
amplify the sequences used for mass spectrometry analysis:
60° C. for 5 minutes, 4° C. for 10 minutes, 55° C. for 45
minutes, 95° C. for 10 minutes followed by 8 cycles of 95° C.

seconds, and 72° C. for 20 seconds. The reaction concluded
with 2 minutes at 72° C.

Example 3

Solution Capture Purification of PCR Products for
Mass Spectrometry with Ion Exchange Resin-Mag-
netic Beads

[0107] For solution capture of nucleic acids with ion
exchange resin linked to magnetic beads, 25 ul of a 2.5
mg/mL suspension of BioClon amine terminated suprapara-
magnetic beads were added to 25 to 50 pl of a PCR (or
RT-PCR) reaction containing approximately 10 pM of a typi-
cal PCR amplification product. The above suspension was
mixed for approximately 5 minutes by vortexing or pipetting,
after which the liquid was removed after using a magnetic
separator. The beads containing bound PCR amplification
product were then washed 3x with 50 mM ammonium bicar-
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bonate/50% MeOH or 100 mM ammonium bicarbonate/50%
MeOH, followed by three more washes with 50% MeOH.
The bound PCR amplicon was eluted with 25 mM piperidine,
25 mM imidazole, 35% MeOH, plus peptide calibration stan-
dards.

Example 4
Mass Spectrometry and Base Composition Analysis

[0108] The ESI-FTICR mass spectrometer is based on a
Bruker Daltonics (Billerica, Mass.) Apex II 70e electrospray
ionization Fourier transform ion cyclotron resonance mass
spectrometer that employs an actively shielded 7 Tesla super-
conducting magnet. The active shielding constrains the
majority of the fringing magnetic field from the supercon-
ducting magnet to a relatively small volume. Thus, compo-
nents that might be adversely affected by stray magnetic
fields, such as CRT monitors, robotic components, and other
electronics, can operate in close proximity to the FTICR
spectrometer. All aspects of pulse sequence control and data
acquisition were performed on a 600 MHz Pentium II data
station running Bruker’s Xmass software under Windows NT
4.0 operating system. Sample aliquots, typically 15 ul were
extracted directly from 96-well microtiter plates using a CTC
HTS PAL autosampler (LEAP Technologies, Carrboro, N.C.)
triggered by the FTICR data station. Samples were injected
directly into a 10 pl sample loop integrated with a fluidics
handling system that supplies the 100 pl/hr flow rate to the
ESI source. lons were formed via electrospray ionization in a
modified Analytica (Branford, Conn.) source employing an
off axis, grounded electrospray probe positioned approxi-
mately 1.5 cm from the metalized terminus of a glass desol-
vation capillary. The atmospheric pressure end of the glass
capillary was biased at 6000 V relative to the ESI needle
during data acquisition. A counter-current flow of dry N, was
employed to assist in the desolvation process. lons were accu-
mulated in an external ion reservoir comprised of an rf-only
hexapole, a skimmer cone, and an auxiliary gate electrode,
prior to injection into the trapped ion cell where they were
mass analyzed. lonization duty cycles>99% were achieved
by simultaneously accumulating ions in the external ion res-
ervoir during ion detection. Each detection event consisted of
1M data points digitized over 2.3 s. To improve the signal-to-
noise ratio (S/N), 32 scans were co-added for a total data
acquisition time of 74 s.

[0109] The ESI-TOF mass spectrometer is based on a
Bruker Daltonics MicroTOFT™. Jons from the ESI source
undergo orthogonal ion extraction and are focused in a reflec-
tron prior to detection. The TOF and FTICR are equipped
with the same automated sample handling and fluidics
described above. Ions are formed in the standard
MicroTOFT™ ESI source that is equipped with the same
off-axis sprayer and glass capillary as the FTICR ESI source.
Consequently, source conditions were the same as those
described above. External ion accumulation was also
employed to improve ionization duty cycle during data acqui-
sition. Each detection event on the TOF was comprised of
75,000 data points digitized over 75 ps.

[0110] The sample delivery scheme allows sample aliquots
to be rapidly injected into the electrospray source at high flow
rate and subsequently be electrosprayed at a much lower flow
rate for improved ESI sensitivity. Prior to injecting a sample,
a bolus of buffer was injected at a high flow rate to rinse the
transfer line and spray needle to avoid sample contamination/
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carryover. Following the rinse step, the autosampler injected
the next sample and the flow rate was switched to low flow.
Following a brief equilibration delay, data acquisition com-
menced. As spectra were co-added, the autosampler contin-
ued rinsing the syringe and picking up buffer to rinse the
injector and sample transfer line. In general, two syringe
rinses and one injector rinse were required to minimize
sample carryover. During a routine screening protocol a new
sample mixture was injected every 106 seconds. More
recently a fast wash station for the syringe needle has been
implemented which, when combined with shorter acquisition
times, facilitates the acquisition of mass spectra at a rate of
just under one spectrum/minute.

[0111] Raw mass spectra were post-calibrated with an
internal mass standard and deconvoluted to monoisotopic
molecular masses. Unambiguous base compositions were
derived from the exact mass measurements of the comple-
mentary single-stranded oligonucleotides. Quantitative
results are obtained by comparing the peak heights with an
internal PCR calibration standard present in every PCR well
at 500 molecules per well. Calibration methods are com-
monly owned and disclosed in U.S. Provisional Patent Appli-
cation Ser. No. 60/545,425.

Example 5

De Novo Determination of Base Composition of
Amplification Products using Molecular Mass Modi-
fied Deoxynucleotide Triphosphates

[0112] Because the molecular masses of the four natural
nucleobases have a relatively narrow molecular mass range
(A=313.058, G=329.052, C=289.046, T=304.046—Sece
Table 2), a persistent source of ambiguity in assignment of
base composition can occur as follows: two nucleic acid
strands having different base composition may have a differ-
ence of about 1 Da when the base composition difference
between the two strands is G<sA (-15.994) combined with
CssT (+15.000). For example, one 99-mer nucleic acid
strand having a base composition of A,,G;,C,,T,, has a
theoretical molecular mass of 30779.058 while another
99-mer nucleic acid strand having a base composition of
A,G;5,C5,T, has a theoretical molecular mass of 30780.
052. A 1 Da difference in molecular mass may be within the
experimental error of a molecular mass measurement and
thus, the relatively narrow molecular mass range of the four
natural nucleobases imposes an uncertainty factor.

[0113] The present invention provides for a means for
removing this theoretical 1 Da uncertainty factor through
amplification of a nucleic acid with one mass-tagged nucleo-
base and three natural nucleobases. The term “nucleobase” as
used herein is synonymous with other terms in use in the art
including “nucleotide,” “deoxynucleotide,” “nucleotide resi-
due,” “deoxynucleotide residue,” “nucleotide triphosphate
(NTP),” or deoxynucleotide triphosphate (ANTP).

[0114] Addition of significant mass to one of the 4 nucleo-
bases (ANTPs) in an amplification reaction, or in the primers
themselves, will result in a significant difference in mass of
the resulting amplification product (significantly greater than
1 Da) arising from ambiguities arising from the G<sA com-
bined with C<sT event (Table 2). Thus, the same the G<A
(-15.994) event combined with 5-lodo-C<T (-110.900)
event would result in a molecular mass difference 0f 126.894.
If'the molecular mass of the base composition A, .G, 5-Iodo-
C,, T, (33422.958)is compared with A, G5, 5-lodo-C,,T,,,
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(33549.852) the theoretical molecular mass difference is
+126.894. The experimental error of a molecular mass mea-
surement is not significant with regard to this molecular mass
difference. Furthermore, the only base composition consis-
tent with a measured molecular mass of the 99-mer nucleic
acid is A,.,G;, 5-lodo-C,,T,,;. In contrast, the analogous
amplification without the mass tag has 18 possible base com-
positions.

TABLE 2

Molecular Masses of Natural Nucleobases and the
Mass-Modified Nucleobase 5-Iodo-C and
Molecular Mass Differences Resulting from Transitions

Nucleobase Molecular Mass Transition A Molecular Mass
A 313.058 A-->T -9.012
A 313.058 A-->C -24.012
A 313.058 A-->5-Todo-C 101.888
A 313.058 A-->G 15.994
T 304.046 T->A 9.012
T 304.046 T-->C -15.000
T 304.046 T-->5-Iodo-C 110.900
T 304.046 T-->G 25.006
C 289.046 C-->A 24.012
C 289.046 C-->T 15.000
C 289.046 C-->G 40.006
5-Iodo-C 414.946 5-Iodo-C-->A —-101.888
5-Iodo-C 414.946 5-Iodo-C-->T -110.900
5-Iodo-C 414.946 5-Iodo-C-->G —-85.894
G 329.052 G-->A -15.994
G 329.052 G-->T -25.006
G 329.052 G-->C —-40.006
G 329.052 G-->5-Iodo-C 85.894
Example 6

Data Processing

[0115] Mass spectra of bioagent identifying amplicons are
analyzed independently using a maximum-likelihood proces-
sor, such as is widely used in radar signal processing. This
processor, referred to as GenX, first makes maximum likeli-
hood estimates of the input to the mass spectrometer for each
primer by running matched filters for each base composition
aggregate on the input data. This includes the GenX response
to a calibrant for each primer.

[0116] The algorithm emphasizes performance predictions
culminating in probability-of-detection versus probability-
of-false-alarm plots for conditions involving complex back-
grounds of naturally occurring organisms and environmental
contaminants. Matched filters consist of a priori expectations
of signal values given the set of primers used for each of the
bioagents. A genomic sequence database is used to define the
mass base count matched filters. The database contains the
sequences of known bacterial bioagents and includes threat
organisms as well as benign background organisms. The lat-
ter is used to estimate and subtract the spectral signature
produced by the background organisms. A maximum likeli-
hood detection of known background organisms is imple-
mented using matched filters and a running-sum estimate of
the noise covariance. Background signal strengths are esti-
mated and used along with the matched filters to form signa-
tures which are then subtracted. The maximum likelihood
process is applied to this “cleaned up” data in a similar man-
ner employing matched filters for the organisms and a run-
ning-sum estimate of the noise-covariance for the cleaned up
data.
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[0117] The amplitudes of all base compositions of bioagent
identifying amplicons for each primer are calibrated and a
final maximum likelihood amplitude estimate per organism is
made based upon the multiple single primer estimates. Mod-
els of all system noise are factored into this two-stage maxi-
mum likelihood calculation. The processor reports the num-
ber of molecules of each base composition contained in the
spectra. The quantity of amplification product corresponding
to the appropriate primer set is reported as well as the quan-
tities of primers remaining upon completion of the amplifi-
cation reaction.

Example 7

Alignment of Alphavirus Sequences using an nsP1
Primer Pair

[0118] A total of 42 alphavirus sequences, including two
strains of EEEV, 20 strains of VEEV, one strain of Chikung-
nya virus, one strain of Igbo Ora virus, two strains of
O’nyong-nyong virus, one strain of Ross River virus, one
strain of Sagiyama virus, one strain of Mayaro virus, one
strain of Barmah forest virus, two strains of Semliki forest
virus, one strain of aura virus, one strain of Ockelbo virus, and
seven strains of Sindbois virus were aligned and evaluated for
identification of useful priming regions. In a representative
example, with reference to the reference sequence
NC_001449 (SEQ ID NO: 1) representing the genome of
Venezualan equine encephalitis virus (VEEV), a pair of prim-
ers (n0.316—SEQID NOs: 9:54) was designed to produce an
alphavirus identifying amplicon 86 nucleobases long corre-
sponding to positions 162-247 of the nsP1 gene of VEEV.
This pair of primers is expected to produce an alphavirus
identifying amplicon that can provide the means to identify
the virus strains described above.

[0119] As shown in FIG. 3, in a pseudo four-dimensional
plot of expected base compositions of alphavirus identifying
amplicons arising from amplification with primer pair no:
316 the epidemic, epizootic VEEV viruses of classes IAB-IC,
ID and IITA (which have the potential to cause severe disease
in humans and animals) can be distinguished from the
enzootic VEE types IE, IF, I, IIIB, I1IC, IV, V, and VI, which,
in turn, are generally distinguishable from each other.
[0120] Table 3 lists the results of base composition analysis
of nine laboratory test isolates of alphaviruses obtained
according to the methods described herein by amplification
with primer pair 316 to obtain alphavirus identifying ampli-
cons.

TABLE 3

Expected and Observed Base Compositions of Alphavirus Identifying
Amplicons Produced with Primer Pair No: 316 (SEQ ID NOs: 9:54)

Expected Base Observed Base

Sequence  Composition Composition
Virus Strain Available [AGCT] [AGCT]
VEE 3908 Yes [21232319] [21232319]
(subtype IC, 1995)
VEE 66637 Yes [21232319] [21232319]
(subtype ID, 1981)
VEE 68U201 Yes [22251920] [22251920]
(Subtype 1E, 1968)
VEE 243937 Yes [21232319] [21232319]
(subtype 1C, 1992)
WEE OR71 (71V1658) Yes [22261919] [22261919]
WEE SD83 (R43738) No — [2226 19 19]
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TABLE 3-continued

Expected and Observed Base Compositions of Alphavirus Identifying
Amplicons Produced with Primer Pair No: 316 (SEQ ID NOs: 9:54)

Expected Base Observed Base
Sequence  Composition Composition
Virus  Strain Available [AGCT] [AGCT]
WEE ON41 (McMillan) No — [22271819]

WEE Fleming (Fleming) No — [22 25 19 20]
EEE (Parker Strain) Yes [23251919] [23251919]
Example 8

Identification of Six Alphavirus Strains

[0121] Two primers pairs (numbers 966 and 1131) which
each amplity a sequence of the alphavirus gene nsP1 were
tested for their ability to detect and differentiate among eight
different known alphavirus strains using the methods
described herein. The strains included in the study were the
North American strain of Eastern equine encephalitis virus
and the Tonate CaAn 410d, 78V3531, AG80-663, Cabassou
CaAr 508 and Everglades Fe3-7c strains of Venezuelan
equine encephalitis virus. RT-PCR reactions were spiked
with either 10-fold or 100-fold dilutions of virus stock and
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performed according to the method described in Example 2.
Each reaction also contained 500 RNA copies of a calibration
sequence to quantitate the amount of virus present in each
reaction. The calibration sequence is contained within a com-
bination calibration polynucleotide designated RT-PCR cali-
brant pVIR001 (SEQ ID NO: 92). This calibration sequence
was designed with reference to Venezuelan equine encepha-
litis virus (VEE) strain 3908, subtype IC (GenBank gi number
20800454) such that all primers disclosed herein with the
exception of primer pair numbers 2050-2055, hybridize to the
calibration sequence and produce alphavirus calibration
amplicons that are distinguishable from alphavirus identify-
ing amplicons. Mass spectral analysis of the alphavirus bio-
agent identifying amplicons resulted in the correct identifica-
tion of all six alphavirus strains.

Example 9
Identification of Related Alphavirus Species

[0122] A series of eight strains of alphaviruses whose
alphavirus identifying amplicon sequences (from primer
pairs 966 and 1131) are unknown were analyzed using primer
pairs 966 and 1131 by the methods described herein. These
experiments were carried out without the presence of a cali-
brant. A representative set of results is shown in Table 4 where
it is indicated that the “unknown” alphavirus strains can be
assigned to related “known” strains.

TABLE 4

Representative Result Set of Identification of Alphaviruses with Primer Pair

Nos: 966 (SEQ ID NOs: 21:66) and 1131 (SEQ ID NOs: 33:78)

Primer Base
Spiked Pair Composition Match  Alphavirus Strain
Sample Virus No: [AGCT] Type Matched
1 Sindbis 966 [24 25 26 23] exact Sindbis virus
Virus (NoStrain__14_ 1, genome
strain)
1 Sindbis 1131 [29 26 27 23] exact Sindbis virus (DI-2,
Virus NoStrain__14__ 1, genome
strain)
2 Nduma 966 [26 27 22 23] exact Eastern equine
Virus encephalitis virus
(North American)
2 Nduma 1131 ND
Virus
3 Middleburg 966 [26 27 22 23] exact Eastern equine
Virus encephalitis virus
(North American)
3 Middleburg 1131 [28 29 27 20] Deconvolved BC (none)
Virus
4 Mayaro 966 [31242221] Mayaro virus
Virus (NoStrain_5_1,
NoStrain_ 6_ 2)
4 Mayaro 1131 [26 30 26 23] mass Venezuelan equine
Virus adjust  encephalitis virus
+-1 (78V3531)
5 Highlands 966 [28 28 2220] no Deconvolved BC (none)
T Virus match
5 Highlands 1131 [28 31 28 18] cloud Venezuelan equine
J Virus offset  encephalitis virus
[-1 (243937, 3908, 6119,
00 66457, 66637, 71-180;
1] 600035-71-180/4,

83U434, P676, PMCHos,
SH3, TC-83, Trinidad
donkey, V198, ZPC738)
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TABLE 4-continued

Representative Result Set of Identification of Alphaviruses with Primer Pair
Nos: 966 (SEQ ID NOs: 21:66) and 1131 (SEQ ID NOs: 33:78)

Sep. 27,2012

Primer Base
Spiked Pair Composition Match  Alphavirus Strain
Sample Virus No: [AGCT] Type Matched
Getah 966 [25242623] cloud Sindbis virus
Virus offset (NoStrain__14_ 1, genome
[-1 strain)
00
1]
Getah 1131 ND
Virus
Barmah 966 [30 23 23 22] exact Barmah Forest virus
Virus (BH2193)
Barmah 1131 [25273022] no Deconvolved BC (none)
Virus match
Semliki 966 [28 23 2621] exact Semliki forest virus
Virus (A7-74, DI-19, DI-6,
Defective RNA
particle, L10, genome
strain)
2 Semliki 1131 ND
Virus

[0123] Various modifications of the invention, in addition
to those described herein, will be apparent to those skilled in
the art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims.
Each reference (including, but not limited to, journal articles,
U.S, and non-U.S. patents, patent application publications,
international patent application publications, gene bank
accession numbers, internet web sites, and the like) cited in

the present application is incorporated herein by reference in
its entirety. Those skilled in the art will appreciate that numer-
ous changes and modifications may be made to the embodi-
ments of the invention and that such changes and modifica-
tions may be made without departing from the spirit of the
invention. It is therefore intended that the appended claims
cover all such equivalent variations as fall within the true
spirit and scope of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 93

<210> SEQ ID NO 1
<211> LENGTH: 11444
<212> TYPE: DNA

<213> ORGANISM: Venezuelan equine encephalitis virus

<400> SEQUENCE: 1

atgggeggeyg caagagagaa gceccaaacca attacctacce caaaatggag aaagttcacg 60
ttgacatcga ggaagacagc ccattectca gagcetttaca acggagette ccgcagtttyg 120
aggtagaagc caagcaggtc actgataatg accatgctaa tgccagageg ttttegcate 180
tggcttcaaa actgatcgaa acggaggtgg acccatccga cacgatcctt gacattggaa 240
gtgcgecege ccgcagaatg tattctaage ataagtatca ttgeatctgt ccgatgagat 300
gtgcggaaga tccggacaga ttgtacaagt atgcaactaa getgaagaaa aattgcaagg 360
aaataactga caaggaattg gacaagaaaa tgaaggagct cgccgecgte atgagcgace 420
ctgacctgga aactgagact atgtgectce acgacgatga gtcatgtege tacgagggge 480
aagtcgetgt ttaccaggat gtatacgcag ttgacggacc gacaagtcte tatcaccaag 540
ccaacaaggyg agttagagtce gectactgga taggetttga caccaccect tttatgttta 600

agaacttggce tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa 660
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-continued
cggctegtaa cataggccta tgcagctceg acgtcatgga geggtcacgt agagggatgt 720
ccattcttag gaagaagtat ttgaaaccat ccaataatgt cctattctct gttggctcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgcegtcet gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgc gacgggtacg 900
tcgttaaaag aatagctatc agtccaggcc tgtatgggaa gccttcaggce tatgetgceta 960

cgatgcaccg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctettttee cgtgtgcacyg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcge aaaaactget ggttgggetce aaccagcgca 1140
tagtcgtcaa cggtcgcacc caaagaaaca ccaataccat gaagaattat cttttgcccg 1200
tagtggccca ggcatttgcet aggtgggcaa aggaatataa ggaagatcaa gaagatgaga 1260
ggccactagg actacgagat agacagttag tcatggggtg ctgctggget tttagaaggce 1320
acaagataac atctatttat aagcgcccag atacccaaac catcatcaaa gtgaacagcg 1380
atttccactc attcgtgctg cccaggatag gcagtaacac actggagatc gggctgagaa 1440
cgagaatcag gaaaatgcta gaagagcaca aggagccgte acctctcatt actgecgagg 1500
acatacaaga ggctaagtgc gcagccgatg aggctaagga agtgcgtgaa gccgaggagce 1560
tgcgecgetge tctaccacct ttggcagetg attttgagga geccactctg gaagcecgatg 1620
tcgacttgat gttacaagag gctggggccg gctcagtgga gacacctcecgt ggcttgataa 1680
aggttaccag ctatgccggce gaggacaaga tcggctctta cgcagtgctt tetccacagg 1740
ctgtactcaa gagtgagaaa ctatcttgca ttcaccctct cgctgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggcgttatg ccgtggaacc ctaccatgga aaagtagtgg 1860
tgccagaggg acatgcaata cccgtccagg actttcaage tctgagtgaa agtgccacca 1920
tcgtgtacaa cgaacgagag ttcgtaaaca ggtacctgca ccatattgcc acacatggag 1980
gagcgctgaa cacagatgaa gaatattaca aaactgtcaa gcccagcgag cacgacggeg 2040
aatacctgta cgacatcgac aggaaacaat gcgtcaagaa agaattagtc actgggctag 2100
ggcttacagg cgagctggtg gatcctcececct tceccatgaatt tgcctacgag agtctgagaa 2160
cacgtcegge cgctecttac caagtaccaa ccataggggt gtatggcgtg ccggggtcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tctggtggtg agcgccaaga 2280
aagaaaactg cgcagaaata ataagggacg tcaagaaaat gaaagggctyg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccgtagag accctgtata 2400
ttgacgaagc ttttgcttgt catgcaggca ctctcagagce gctcatagcce atcataagac 2460
ctaaaaaggc agtgctctgce ggggatccaa aacagtgtgg ctttttcaat atgatgtgcece 2520
tgaaagtgca ttttaaccac gagatttgca cgcaggtcectt ccacaaaagc atctctcecgece 2580
gttgcactaa atccgtgact tcggtcgtcect caaccttgtt ttacgacaaa aggatgagaa 2640
cgacgaacce gaaagagact aagattgtga ttgacactac tggcagtacc aaaccgaagce 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcct ctcaagggct gacccgtaaa ggcgtgtatg 2820
ccgtteggta caaggtgaat gaaaatccce tgtacgcacc cacctcagaa catgtgaacg 2880

tcectactgac ccgcacggag gaccgtatcg tgtggaaaac actagccggt gatccatgga 2940
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taaaaatact

cagagcatga

aaaataaggc

tagacatgac

cagcagagat

gtctatttte

cgtegectaa

cacaactgcc

gcaattatga

tcctcecacca

gcagaactgt

tgtcagacca

tgcccaaata

agcagtgtga

tgaatccegyg

gcatcattgg

cacatgaaga

acaatcctta

aagccggatg

gagtgatcat

tgtataagaa

tggtcaaagyg

cggaagttga

acgataacaa

acaaagatcg

cagatgtage

ctaggagaga

atgcagagct

caagtgatgg

atatagcaga

tgtatatcct

aagcctecac

gagtacaacyg

tgccgaagta

caccgaaggt

aagagactcc

cacttgtaaa

aagaagagga

gacggccaag

tgccatcatg

gaacgtgtgt

cactgaacaa

agtattgaac

tgcacccact

catgtacggg

tcgagcagtt

tccgegeata

taatgaacac

cttggtggte

gectgagget

cgacattgta

agaccacgcec

cggaacctge

tgctatageg

gacagaagta

caagctttca

cgcaccctea

aaatgctgcet

attcccggaa

tgcagctaaa

aggggacaaa

ttacaagtca

actaacccaa

catatactge

agcagtggag

ggtgagggta

caagactttce

aattaatgcc

cggtgaaage

accacctage

cctaaaagec

tagaatcact

gectgegtac

ggagtcgccg

cgtggatgea

tagtataagt

tatcctggga

aggcacatct

tgggccaagg

tggaacactg

caactatgeg

gttecegttat

ttgaataaag

gccaccggaa

aatctagtac

ccacagagtyg

ggggagaagt

acctttagag

tttattaacg

attaagctta

gtcagcatag

cggcagttca

ctgtttgtat

tctaccttga

tatcatgtgg

aacagcaaag

agcttegatt

catatcattc

cagttggcag

gtagcgattce

tcattgaacc

agggacaaga

gagatatgca

catccgaaga

tcatatttgg

atgtggccag

atgagcagca

acgctgecett

tcacgtccag

ggtgtgcaga

attcatccac

gcagagaacc

accaggacta

ttgctgtcag

acttcactge

tggagagacc

ctttggtgee

tggattactt

tgaggttett

ccattaggaa

aagtggtceg

gagtctatga

ctgtgaacag

acttttctte

tgtccgtece

ctcggetgga

tgaggactcc

gtatgttgac

gttatggtta

agttctceeg

tcattgggta

ccaacatcta

tgcgagggga

gacaacctgg

tacagccgat

atgccgtagyg

aggcttatga

cactgttgte

atttgctgac

aatgggaaat

tatcagacga

gttetttgge

aagggaccaa

ttgcaacgga

ttaggtcgaa

gettgtgeat

aacaaattac

agatccagtyg

ggaagtacct

aatccacaga

gaatgcctga

acggcccgac

cacgatagag gaatggcaag

ggaccctace gacgttttece

ggtactgaag actgcaggca

cgaaacggac aaagctcact

tggactcgac ctggactceg

taatcactgg gataattccc

ccagetetee cgcaggtace

catgaacact ggcacgctge

aagactgcect catgetttag

attcgtcage aaactgaagg

aggcaaaaag gtcgactggt

tttaggtatc ccaggtgacyg

atataaatac catcattatc

caagaaagct tgtctgcatt

cgctgacagg gccagcgaga

ggtatgcaaa ccgaaatcct

cgatcgcaag gcccgtacge

tacaggttcc agactccacyg

tattgccacyg gccaccgaag

cggaggggtg tgcggagcegce

cgaagtagga aaagcgcgac

accaaacttc aacaaagttt

gtccatcget aaaattgtca

caccggcate tttteeggga

agctttagac accactgatg

gactctcaag gaagcagtgg

ctctteggty acagaaccgyg

tggaaggaag ggctacagca

atttcaccag gcggccaagyg

ggccaatgag caagtatgca

atgccecegte gaggagtegyg

ccatgctatyg actccagaaa

tgtgtgctca tcctttecat

ctceccagect atactgttet

cgtggaaaca ccaccggtag

ggggacacct gaacaaccag

accgatcatc attgaagagg

ccaccaggtyg ctgcaagtceg

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220
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aggcagacat

ccgactttga

geggggcagt

gaccggtgee

gaacaccgcee

caggcgtgaa

ctagcaggtce

ttacaagaga

catacatctt

cggtgttatce

tcgaccagga

acagaagcag

ttctgcaagy

tgcatcctgt

cagtggaagc

ttattccaga

ctgccagttt

ccacaatacg

ctgccacaaa

ctgectttaa

ttaaagaaaa

aaggaccaaa

taccaatgga

aacatactga

cggatetgtyg

acatccatac

tccagectygyg

acgccatgge

tgacgctgat

aatttaaatt

tcatcaacat

cagcattcat

acaggtgege

aagcgececta

gtgtggcaga

aacatgacga

gaattcttee

tcatagttat

tcacgggteg
tgtggacage
gtcagccgag
tgcgectega
acttgcacac
tagggtgatt
ggcctcaaga
ggagtttgag
ttcctecgat
cgaagtggtyg
aaaagaagaa
ataccagtcc
cctagggeat
tectttgtat
ctgcaatgec
gtacgatgce
ttgceetgeyg
gtcggcagty
aagaaattgc
tgtggaatge
ccccatcagyg
agctgetget
caggtttgta
agaacggccec
cggaatccac
actgtttgac
ggactgtgta
tctgacecgeyg
tgaggcggcet
cggagecatg
cgtaatcgea
tggagatgac
cacttggttyg
tttttgtgga
cccectaaaa
tgacaggaga
agagctgtgt

ggccatgact

ccttetgtat

ttatccatcce

actaactcct

accgtattca

agcagggcca

actagagagg

actagectygg

gegttegtag

accggtcaag

ttggagagga

ctactacgca

aggagggtgg

tatttgaagg

tcatctagtyg

atgctgaaag

tatctggaca

aagctgegea

ccatcagega

aacgtcacge

ttcaagaaat

cttactgaag

ctttttgcga

atggacttaa

aaggtacagg

cgggagttgg

atgtcggetyg

ctggaaactg

ttaatgattc

ttcggcgaaa

atgaaatccg

agcagagtgt

aatatcgtga

aacatggaag

gggtttatet

aggctgttta

agggcattac

aaggcagtag

actctageta

ccagctcate

ttgacaccct

acttcgcaag

ggaaccctee

gctegagaac

agctcgagge

tctctaacce

cacaacaaca

ggcatttaca

ccgaattgga

agaaattaca

agaatatgaa

cagaaggaaa

tgaatcgtge

aaaattttcc

tggttgacgg

getttecaaa

ttcagaacac

aaatgagaga

atgcgtgcaa

aaaatgtggt

agacacataa

agagggacgt

tgattcagge

ttaggagatt

aagactttga

acattgegte

tggaagacct

tatcatcaat

gaatgttecct

taagagagcg

aaggagtcaa

tcaagatcat

tgtgtgactc

agcttggcaa

acgaagagtc

aatcaaggta

gcagtgttaa

ctggtccatt cctcatgeat

ggatggagct agcegtgacca

gagcatggag tttegggege

acatcccgeca ccgegcacaa

tagcctagtt tccaccccge

gettacceeg tceeegegete

gccaggegta aatagggtga

atgacggttt gacgcgggtyg

acaaaaatca gtaaggcaaa

gatttegtat gcccegegece

gctgaatece acacctgcta

agccataaca gctagacgta

agtggagtgce tatcgaacce

tttttcaage cccaaggteg

gactgtagct tcctactgta

cgcttettgt tgcttagaca

gaaacactce tatttggaac

getecagaac gtectggecag

attgcccgta ttggattegyg

taatgaatat tgggaaacgt

aaattacatt actaaattaa

tttgaatatg ttacaggaca

gaaagtgact ccaggaacaa

tgccgatcca ctagcgacag

aaatgctgte ctgcettecga

cgctattatt gccgagcatt

gtttgataaa agtgaggacg

aggagtggac gcagagctgt

acatttgcce accaaaacta

cacactgttt gtgaacacag

gctaaccgga tcaccatgtg

atctgacaaa ttaatggcag

agacgccgtg gtgggcgaga

cgtgaccgge acagcegtgec

accecctggeca gtagacgatg

aacacgctgg aatcgagtgg

tgaaaccgta ggaacttcca

atcattcage tacctgagag

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500
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gggceccctat aactctctac ggctaacctg aatggactac gacatagtct agtccgcecaa 7560
gatgttceeg ttccaaccaa tgtatccgat gcagccaatg ccctatcgta accecgttege 7620
ggcececgege aggccctggt tcecccagaac cgaccctttt ctggcgatge aggtgcagga 7680
attaacccge tcgatggcta acctgacgtt caagcaacge cgggacgcege cacctgaggg 7740
gecacctget aagaaaccta agagggaggce cccgcaaaag caaaaagggg gaggccaagg 7800
gaagaagaag aagaaccagg ggaagaagaa ggccaagacg gggccgecta atccgaaggce 7860
acagagtgga aacaagaaga agcccaacaa gaaaccaggce aagagacagce gcatggtcat 7920
gaaattggaa tctgacaaga cattcccaat tatgctggaa gggaagatta acggctacgce 7980
ttgcgtggtce ggagggaagt tattcaggcce gatgcacgtg gaaggcaaga tcgacaacga 8040
cgttctggee gecacttaaga cgaagaaagc atccaaatat gatcttgagt atgcagatgt 8100
gccacagaac atgcgggcecg atacattcaa gtacacccat gagaagcccc aaggctatta 8160
cagctggcat catggagcag tccaatatga aaatgggcegt ttcacggtgce caaaaggagt 8220
tggggccaag ggagacagcg gaagacccat tctggataat cagggacggg tggtcgctat 8280
tgtgctggga ggtgtgaatyg aaggatctag gacagccctt tcagtcgtca tgtggaacga 8340
gaagggagta actgtgaagt atactccgga gaactgcgag caatggtcac tagtgaccac 8400
tatgtgcctg ctcgccaatg tgacgttcce atgtgccgaa ccaccaattt gectacgacag 8460
aaaaccagca gagactttgg ccatgctcag cgttaacgtt gacaacccgg gctacgatga 8520
gctgectggaa gcagctgtta agtgccceccgg aagaaaaagg agatctaccg aggagctgtt 8580
taaggagtat aagctaacgc gcccttacat ggccagatgce atcagatgtg ccgttgggag 8640
ctgccatagt ccaatagcaa ttgaggcagt gaagagcgac gggcacgacg gctatgttag 8700
acttcagact tcctcgcagt atggcctgga ttectcectgge aacttaaagg gaaggactat 8760
gcggtatgat atgcacggga ccattgaaga gataccacta catcaagtgt cactccacac 8820
atctcgeceg tgtcacattg tggatgggca tggttatttt ctgcttgcta ggtgcccggce 8880
aggggactcc atcaccatgg aatttaagaa aggttcagtc acacactcct gctcagtgcece 8940
gtatgaagtyg aaatttaatc ctgtaggcag agaactctac actcatccac cagaacacgg 9000
agcagagcaa gcgtgccaag tctacgegca cgatgcacag aacagaggag cttatgtcga 9060
gatgcaccte ccgggctcag aagtggacag cagtttgatt tcecttgagceg gcagttcagt 9120
caccgtgaca cctectgteg ggactagcecge cttggtgaaa tgcaagtgcg geggcacaaa 9180
gatctccgaa accatcaaca aggcaaaaca gttcagecag tgcacaaaga aggagcagtg 9240
cagagcatat cgactgcaga atgacaagtg ggtgtataat tctgacaaac tgcccaaagc 9300
agcgggagece accctaaaag gaaaactaca cgtcccegtte ttgctggcag acggcaaatg 9360
caccgtgect ctagcaccgg aacctatgat aacctteggt ttccgatcag tgtcactgaa 9420
actgcaccct aagaatccca catatctgac cactcgccaa cttgctgatg agcctcatta 9480
cacgcacgag ctcatatctg aaccagctgt taggaatttt accgtcactg aaaaggggtg 9540
ggagtttgta tggggaaacc atccgccgaa aaggttttgg gcacaggaaa cagcacccgg 9600
aaatccacat gggctgccac atgaggtgat aactcattat taccacagat accctatgtce 9660
caccatcctg ggtttgtcaa tttgcgeccge cattgtaacc gtttcegttg cagcgtcecac 9720

ctggctgttt tgcaaatcca gagtttegtg cctaactect taccggctaa cacctaacgce 9780
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caggatgceg ctttgectgg cegtgetttg
ctgggagtce ttggatcacce tatggaacaa
gatccctetyg gecgecttga ttgtagtgac
gectttttta gtegtggeeyg gegecgcagy
gecgagecaa gegggaatcet cgtataacac
ccctatcage ataacaccaa caaagatcaa
cacctgccac tacaaaacag gaatggatte
atgtactcca actaacagge ctgatgaaca
catgtgggga ggtgcatatt gettttgega
cgtaatgaaa tctgacgact gecttgegga
ctcagtgcag gegttectcea acatcacagt
tgtgaatgga gaaactcctg tgaacttcaa
cacagcttgg acaccctttg acagaaaaat
cgattttect gagtatgggg caggacaacce
agtctcaage tcagatctgt atgecaatac
agcgatccat gtgccataca ctecaggecace
agctcegtca ttgaaattca cegecccttt
cgccgaaaat tgtgetgtag ggtcaattcece
caccagggtyg tcagaaacac cgacacttte
gtattcatce gactttggeg ggatcgecac
gtgcgcagte catgtgecat cagggactge
cgagcaaggg tcggcgacca ttecatttete
ccaaatatge acatcatatg tcacgtgcaa
tgtgacacac ccccagtate acgeccaaac
gacgtggtta acatccctge tgggaggatc
ggctactatt gtggccatgt acgtgcetgac
attggcaage tgcttatata gaacttgegg
tattttcttt tcttttecga atcggatttt
<210> SEQ ID NO 2

<211> LENGTH: 20
<212> TYPE: DNA

ctgegecege

taaccaacag

tegectgete

cgeceggeged

catagtcaac

getgatacce

accagccatce

gtgcaaagtc

cactgagaat

tcatgctgaa

gggggaacac

tggggtcaaa

cgtgcagtat

aggagcattt

caacctagtyg

atcgggtttt

cggatgcgaa

attagcettt

agcggccgaa

ggtcaagtat

taccctaaaa

gaccgcaaat

aggtgattgt

atttacagcc

ggcegtaatt

caaccagaaa

cgattggcat

gtttttaata

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: 5-propynylcytosine

<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(14)

<223> OTHER INFORMATION: 5-propynyluracil

<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 5-propynyluracil

<220> FEATURE:

actgcececggg ccgagaccac

atgttctgga ttcaattget

aagtgcgtgt gctgtgtagt

tacgagcacg cgaccacgat

agagcaggct acgcgccact

acagtgaact tggagtacgt

aaatgctgeg gatctcagga

ttcacagggg tttacccgtt

actcaggtca gcaaggccta

gcatacaaag cgcacacagce

tctattgtga ccaccgtgta

ctaactgcag gtccacttte

gccggggaga tctataatta

ggagacatac aatccagaac

ctgcagagac ccaaagcagg

gagcaatgga agaaagataa

atatatacaa accccattcg

gacattceeg acgcecttgtt

tgcactctta acgagtgegt

tcggcecagea agtcaggcaa

gaagcagcag tcgagctaac

atccaccegg agttcagget

cacccceccga aagaccacat

geggtgtcaa aaaccgegtg

attataattyg gcttagtget

cataattgaa catagcagca

gccgetttaa aattttattt

ttte

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11444
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<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 2

aatgctagag cguutucgca

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (13)..(14)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 3

aatgctagag cguutucgca

<210> SEQ ID NO 4

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (10)..(11)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 4

gctagagegu utucgca

<210> SEQ ID NO 5

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: modified_base

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

20

20

17
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<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 5

tgcgaagggu acgtegt

<210> SEQ ID NO 6

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(9)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 6

tgugtgacca gaugac

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 7

aatgctagag cgttttegea

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 8

aatgctagag cgttttegea

<210> SEQ ID NO 9

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 9

gctagagegt tttegea

<210> SEQ ID NO 10

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

17

16

20

20

17
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<400>

SEQUENCE: 10

tgcgaagggt acgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 11

tgcgaagggt acgtegt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 12

tgtgtgacca gatgac

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 13

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (12)..(12)

OTHER INFORMATION: 5-propynylcytosine

FEATURE:

NAME/KEY: modified_base

LOCATION: (14)..(15)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (17)..(17)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (18)..(18)

OTHER INFORMATION: 5-propynylcytosine

SEQUENCE: 13

taatgctaga gcguutucge a

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 14

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified base

LOCATION: (12)..(12)

OTHER INFORMATION: 5-propynylcytosine

FEATURE:

NAME/KEY: modified base

LOCATION: (14)..(15)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified base

LOCATION: (17)..(17)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

14

17

16

21
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<221> NAME/KEY: modified_base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 14

taatgctaga gcguutucge a

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(15)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 15

taatgctaga gcguutucge a

<210> SEQ ID NO 16

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (11)..(12)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 16

tgctagageg uutucgca

<210> SEQ ID NO 17

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

21

21

18
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<221> NAME/KEY: modified_base
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 17

ttgcgaaggg uacgt

<210> SEQ ID NO 18

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 18

ttgcgaaggyg uacgtegt

<210> SEQ ID NO 19

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 19

ttgcgaaggyg uacgtegt

<210> SEQ ID NO 20

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (9)..(1l0

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 20
ttgugtgacc agaugac
<210> SEQ ID NO 21

<211> LENGTH: 28
<212> TYPE: DNA

15

18

18

17
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 21

tccatgctaa tgctagageg ttttegea

<210> SEQ ID NO 22

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22

tgtcagttge gaagggtacg tegt

<210> SEQ ID NO 23

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 23

taatgctaga gcgttttege a

<210> SEQ ID NO 24

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 24

ttgcgaaggyg tacgtegt

<210> SEQ ID NO 25

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 25

uccaatgcta gagegtttte gca

<210> SEQ ID NO 26

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

28

24

21

18

23
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<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(3)
<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 26

ucctgegaag ggtacgtegt

<210> SEQ ID NO 27

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 27

uccuaatgct agagcegtttt cgca

<210> SEQ ID NO 28

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 28

uccutgcgaa gggtacgteg t

<210> SEQ ID NO 29

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(5)

<223> OTHER INFORMATION: 5-propynyluracil

20

24

21
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<400> SEQUENCE: 29
uccuuaatgc tagagcgttt tcgceca 25
<210> SEQ ID NO 30
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(3)
<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (4)..(5)
<223> OTHER INFORMATION: 5-propynyluracil
<400> SEQUENCE: 30
uccuutgcga agggtacgtce gt 22
<210> SEQ ID NO 31
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 31
tcettcaatg ctagagcgtt ttegcea 26
<210> SEQ ID NO 32
<211> LENGTH: 23
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 32
tcettetgeg aagggtacgt cgt 23
<210> SEQ ID NO 33
<211> LENGTH: 28
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 33
tgccagcectac actgtgcgac cagatgac 28

<210> SEQ ID NO 34

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

tattgtcagt tgcgaagggt acgt 24
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<210> SEQ ID NO 35

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 35

tattgtcagt tgcgacgggt acgt

<210> SEQ ID NO 36

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 36

tctatagtca gttgcegacgg gtacgt

<210> SEQ ID NO 37

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 37

tgtcagctac attgtgtgac caaatgactg g

<210> SEQ ID NO 38

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 38

taccagccac actttgegat cagatgacag g

<210> SEQ ID NO 39

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 39

tccatgctaa cgccagageg ttttegea

<210> SEQ ID NO 40

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 40
tccatgctaa cgccagageg ttttegea
<210> SEQ ID NO 41

<211> LENGTH: 25
<212> TYPE: DNA

24

26

31

31

28

28
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 41

tgacgtagac ccccagagte cgttt

<210> SEQ ID NO 42

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 42

tggcgetatyg atgaaatctg gaatgtt

<210> SEQ ID NO 43

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43

tggcgetatyg atgaaatctg gaatgtt

<210> SEQ ID NO 44

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 44

tgccttcate ggcgatgaca acat

<210> SEQ ID NO 45

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

tgtcggecga ggattttgat getatcatag ¢

<210> SEQ ID NO 46

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

tgcggtaccyg tcaccattte agaacac

<210> SEQ ID NO 47

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

25

27

27

24

31

27
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

NAME/KEY: modified_base

LOCATION: (7)..(8)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(11)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (13)..(13)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (14)..(14)

OTHER INFORMATION: 5-propynylcytosine

SEQUENCE: 47

gcacttccaa uguccaggat

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 48

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (7)..(8)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified_base

LOCATION: (11)..(11)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (13)..(13)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (14)..(14)

OTHER INFORMATION: 5-propynylcytosine

SEQUENCE: 48

gcacttccaa uguctaggat

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 49

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (5)..(5)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified_base

LOCATION: (7)..(7)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified base

LOCATION: (8)..(8)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified base

LOCATION: (10)..(11)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified base

LOCATION: (14)..(14)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

20

20
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<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 49

ggcgcacute caauguc

<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (16)..(17)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 50

ttgcagcaca agaatcccte

<210> SEQ ID NO 51

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(5)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (9).. (11

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 51

tgguugagce caac

<210> SEQ ID NO 52

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 52

gcacttccaa tgtccaggat

<210> SEQ ID NO 53

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 53
gcacttccaa tgtctaggat
<210> SEQ ID NO 54

<211> LENGTH: 17
<212> TYPE: DNA

17

20

14

20

20
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 54

ggcgcactte caatgte

<210> SEQ ID NO 55

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 55

ttgcagcaca agaatcccte

<210> SEQ ID NO 56

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 56

ttgcagcaca agaatcccte

<210> SEQ ID NO 57

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 57

tggttgagce caac

<210> SEQ ID NO 58

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(9)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 58
tgcacttcca auguccagga t
<210> SEQ ID NO 59

<211> LENGTH: 21
<212> TYPE: DNA

17

20

20

14

21
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<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (8)..(9)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified_base

LOCATION: (12)..(12)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (14)..(14)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (15)..(15)

OTHER INFORMATION: 5-propynylcytosine

SEQUENCE: 59

tgcacttcca auguccagga t

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 60

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (8)..(9)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified_base

LOCATION: (12)..(12)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (14)..(14)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (15)..(15)

OTHER INFORMATION: 5-propynylcytosine

SEQUENCE: 60

tgcacttcca auguctagga t

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 61

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (6)..(6)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified base

LOCATION: (8)..(8)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified base

LOCATION: (9)..(9)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified base

LOCATION: (11)..(12)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

21

21
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<221> NAME/KEY: modified_base

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 61

tggegcacut ccaauguc

<210> SEQ ID NO 62

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(18)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 62

tttgcagcac aagaatccct ¢

<210> SEQ ID NO 63

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(18)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 63

tttgcagcac aagaatccct ¢

<210> SEQ ID NO 64

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (17)..(18)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 64
tttgcagcac aagaatccct ¢
<210> SEQ ID NO 65

<211> LENGTH: 15
<212> TYPE: DNA

18

21

21

21
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(6)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (10)..(12)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 65

ttgguugage ccaac

<210> SEQ ID NO 66

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 66

tggcgcactt ccaatgteca ggat

<210> SEQ ID NO 67

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 67

tctgtcactt tgcagcacaa gaatcectce

<210> SEQ ID NO 68

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 68

tgcacttcca atgtccagga t

<210> SEQ ID NO 69

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 69

tttgcagcac aagaatccct ¢

<210> SEQ ID NO 70

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

15

24

29

21
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<221> NAME/KEY: modified_base
<222> LOCATION: (2)..(3)
<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 70

uccgcactte caatgtccag gat

<210> SEQ ID NO 71

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine

<400> SEQUENCE: 71

uccttgcage acaagaatcce cte

<210> SEQ ID NO 72

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 72

uccugcactt ccaatgtcca ggat

<210> SEQ ID NO 73

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5-propynyluracil
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: 5-propynylcytosine
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: 5-propynyluracil

<400> SEQUENCE: 73

uccuttgcag cacaagaatc ccte

23

23

24

24
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 74

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:
NAME/KEY: modified_base
LOCATION: (1)..(1)

OTHER INFORMATION: 5-propynyluracil
FEATURE:

NAME/KEY: modified_base

LOCATION: (2)..(3)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified_base

LOCATION: (4)..(5)

OTHER INFORMATION: 5-propynyluracil

SEQUENCE: 74

uccuugcact tccaatgtcc aggat

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 75

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (1)..(1)

OTHER INFORMATION: 5-propynyluracil

FEATURE:

NAME/KEY: modified_base

LOCATION: (2)..(3)

OTHER INFORMATION: 5-propynylcytosine
FEATURE:

NAME/KEY: modified_base

LOCATION: (4)..(5)

OTHER INFORMATION: 5-propynyluracil

SEQUENCE: 75

uccuuttgca gcacaagaat cccte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 76

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 76

tccttegecac ttecaatgte caggat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 77

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 77

tccttettge agcacaagaa tcectce

<210>
<211>
<212>

SEQ ID NO 78
LENGTH: 28
TYPE: DNA

25

25

26

26
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 78

tgacgactat ccgectggttg ageccaac

<210> SEQ ID NO 79

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 79

tgtcactttyg caacacaaga atcccte

<210> SEQ ID NO 80

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 80

tgtcactttyg caacacaaga atcccte

<210> SEQ ID NO 81

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 81

tgtcactttyg cagcacaaga atcccte

<210> SEQ ID NO 82

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 82

tgacgactat ccgectggttg ageccaac

<210> SEQ ID NO 83

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 83

tgacgactat ccgectggttg ageccaac

<210> SEQ ID NO 84

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

28

27

27

27

28

28
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<400> SEQUENCE: 84

tgctggtgca cttccaatat ccaggat

<210> SEQ ID NO 85

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 85

tgccggtgeg ctgectatgt ccaa

<210> SEQ ID NO 86

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 86

tcgetetgge attagecatgg tcatt

<210> SEQ ID NO 87

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 87

tatgttgtcg tcgccgatga acge

<210> SEQ ID NO 88

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 88

tacgatgttg tcgtegecga tgaa

<210> SEQ ID NO 89

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 89

tccaagtgge gcacctgtet gecat

<210> SEQ ID NO 90

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 90

tcatcttgge ttttgtcaaa ggagge

27

24

25

24

24

25

26
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 91

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 91

tggtagttct ctcatttgtg tgacgttgeca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

agcgcccaat acgcaaaccg ccteteceeg cgegttggece gattcattaa tgcagetgge

acgacaggtt tcccgactgg aaagcgggca gtgagegcaa cgcaattaat gtgagttage

tcactcatta ggcaccccag getttacact ttatgettee ggetegtatg ttgtgtggaa

ttgtgagcegyg ataacaattt cacacaggaa acagctatga ccatgattac gccaagctat

ttaggtgacg cgttagaata ctcaagctat gcatcaaget tggtaccgag ctceggatcca

ctagtaacgg ccgccagtgt getggaatte aggactcaag ctggagtgtg gaatgcatge

ttattcacat acaaactacc accatcacag cctggtaagt tcaagtttga caagactcett

gaacctacac acaattgcat tggctgggta acgatcaacg ttacaattcc aaaacaaaca

aacaccatca gtgaatttat cctctgtcac attttggata atcccaacce ataaggtgtg

gagtttctac atcactgtaa atttaacata ttatgccage caccgtaaaa cttgettgtt

ccatgacgac tatgegetgg ttgagcccaa ccageagttt ttgegegteg tcegcactga

cttgccagta tgccagtcat ttggtcacac aatgtagetg ggtetgtcac tttgcagcac

aagaatccct cgeggtgeat cgtagcagca tagectgaag gettcecata caggectgga

agctattett ttaacgacgt acccgtegea actaactata ctgegggegg gegcacttece

aatgtcaagyg atcgtgtegg atgggtccac ctecgttcag ttttgaagee agatgcgaaa

acgctetgge attagecatgg tcattttgte ctgaattetg cagatatcca tcacactgge

ggcegetega gcatgcatet agagggccca attcgeccta tagtgagteg tattacaatt

cactggcegt cgttttacaa cgtegtgact gggaaaacce tggegttace caacttaatce

gecttgcage acatccccct ttegecaget ggcegtaatag cgaagaggec cgcaccgatc

geccttecca acagttgege agectatacyg tacggcagtt taaggtttac acctataaaa

gagagagcceg ttatcgtctg tttgtggatg tacagagtga tattattgac acgeegggge

gacggatggt gatcccecctg gecagtgcac gtctgetgte agataaagtce tceccgtgaac

tttacceggt ggtgcatate ggggatgaaa getggegeat gatgaccace gatatggeca

gtgtgceggt ctecgttatce ggggaagaag tggctgatct cagccaccge gaaaatgaca

tcaaaaacgc cattaacctg atgttctggg gaatataaat gtcaggcatg agattatcaa

aaaggatctt cacctagatc cttttcacgt agaaagccag tecgcagaaa cggtgcetgac

cceggatgaa tgtcagetac tgggctatct ggacaaggga aaacgcaagce gcaaagagaa

SEQ ID NO 92

LENGTH: 4108

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Calibrant sequence pVIR001

SEQUENCE: 92

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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agcaggtagce ttgcagtggg cttacatggc gatagctaga ctgggcggtt ttatggacag 1680
caagcgaacce ggaattgcca getggggege cetetggtaa ggttgggaag ccctgcaaag 1740
taaactggat ggctttcttg ccgccaagga tctgatggceg caggggatca agctctgatce 1800
aagagacagg atgaggatcg tttcgcatga ttgaacaaga tggattgcac gcaggttctce 1860
cggccgettg ggtggagagg ctattceggcet atgactgggce acaacagaca atcggctgcet 1920
ctgatgccge cgtgttcegg ctgtcagcecge aggggcgcecce ggttecttttt gtcaagaccg 1980
acctgtecgg tgccectgaat gaactgcaag acgaggcagce gcggctatceg tggctggeca 2040
cgacgggcgt tecttgcgeca getgtgectceg acgttgtcac tgaagcggga agggactggce 2100
tgctattggg cgaagtgccg gggcaggatc tcctgtcatce tcaccttget cctgcecgaga 2160
aagtatccat catggctgat gcaatgcggce ggctgcatac gecttgatceg gctacctgece 2220
cattcgacca ccaagcgaaa catcgcatcg agcgagcacyg tactcggatyg gaagcecggte 2280
ttgtcgatca ggatgatctyg gacgaagagce atcaggggct cgcgccagece gaactgttceg 2340
ccaggctcaa ggcgagcatg cccgacggeg aggatctegt cgtgacccat ggcgatgect 2400
gcttgccgaa tatcatggtg gaaaatggcece gettttcectgg attcatcgac tgtggceccegge 2460
tgggtgtggce ggaccgctat caggacatag cgttggctac ccgtgatatt gctgaagagce 2520
ttggcggcga atgggctgac cgcttcectceg tgctttacgg tatcgeccget cccgattege 2580
agcgcatcge cttctatcege cttecttgacg agttcecttetg aattattaac gettacaatt 2640
tcetgatgeg gtattttete cttacgcatce tgtgeggtat ttcacaccge atcaggtggce 2700
actttteggg gaaatgtgceg cggaacccct atttgtttat ttttctaaat acattcaaat 2760
atgtatccgce tcatgagaca ataaccctga taaatgcttc aataatagca cgtgaggagg 2820
gecaccatgyg ccaagttgac cagtgecgtt cecggtgetca cegegegega cgtegcecgga 2880
gcggtcgagt tcetggaccga ccggcteggg ttcecteeccggg acttcegtgga ggacgactte 2940
gceggtgtgg tecgggacga cgtgaccctg ttcatcageg cggtccagga ccaggtggtyg 3000
ccggacaaca ccctggectyg ggtgtgggtyg cgeggectygyg acgagetgta cgccgagtgg 3060
tcggaggteg tgtccacgaa cttcecgggac gecteeggge cggecatgac cgagatcgge 3120
gagcagcegt gggggcggga gttegecctg cgcgaccegg ceggcaactg cgtgcactte 3180
gtggccgagyg agcaggactg acacgtgcta aaacttcatt tttaatttaa aaggatctag 3240
gtgaagatcc tttttgataa tctcatgacc aaaatccctt aacgtgagtt ttecgttcecac 3300
tgagcgtcag accccgtaga aaagatcaaa ggatcttett gagatccttt ttttetgege 3360
gtaatctgct gcttgcaaac aaaaaaacca ccgctaccag cggtggtttg tttgccggat 3420
caagagctac caactctttt tccgaaggta actggcttca gcagagcgca gataccaaat 3480
actgttectte tagtgtagcc gtagttaggce caccacttca agaactctgt agcaccgect 3540
acatacctcg ctctgctaat cctgttacca gtggctgcetg ccagtggcga taagtcegtgt 3600
cttaccgggt tggactcaag acgatagtta ccggataagg cgcagcggtce gggctgaacg 3660
gggggttegt gcacacagece cagcttggag cgaacgacct acaccgaact gagataccta 3720
cagcgtgage tatgagaaag cgccacgett cecgaaggga gaaaggcgga caggtatccg 3780
gtaagcggca gggtcggaac aggagagcgce acgagggagce ttcecaggggg aaacgcctgg 3840

tatctttata gtcctgtegg gtttcecgeccac ctetgacttg agegtcgatt tttgtgatgce 3900
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tcgtcagggg ggcggagect atggaaaaac gccagcaacg cggcecttttt acggttectg 3960

geccttttget ggecttttge tcacatgtte tttcectgegt tatcccectga ttetgtggat 4020

aaccgtatta ccgcctttga gtgagctgat accgctegece gcagccgaac gaccgagcgce 4080

agcgagtcag tgagcgagga agcggaag

<210> SEQ ID NO 93

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 93

gctagagegt tttegea

4108

17

1.-11. (canceled)
12. A method for identification of an unknown alphavirus
comprising:
amplifying nucleic acid from said alphavirus using a com-
position comprising a purified oligonucleotide primer
pair configured to generate amplicons from two or more
members of the alphavirus genus by hybridizing a for-
ward primer and a reverse primer to conserved regions of
a nsP1 encoding gene in two or more members of said
alphavirus genus, said primer pair comprising a forward
primer with 100% sequence identity with SEQ ID NO:
93 and a reverse primer with 100% sequence identity
with SEQ ID NO: 66 to obtain an amplification product;
measuring the molecular mass of said amplification prod-
uct;
optionally, determining the base composition of said
amplification product from said molecular mass; and
comparing said molecular mass or base composition with a
plurality of molecular masses or base compositions of
known alphaviral bioagent identifying amplicons,
wherein a match between said molecular mass or base
composition and a member of said plurality of molecular
masses or base compositions identifies said unknown
alphavirus.
13. The method of claim 12 wherein said molecular mass is
measured by mass spectrometry.
14.-15. (canceled)
16. A method for determination of the quantity of an
unknown alphavirus in a sample comprising:
contacting said sample with a composition comprising a
purified oligonucleotide primer pair configured to gen-
erate amplicons from two or more members of the
alphavirus genus by hybridizing a forward primer and a
reverse primer to conserved regions of a nsP1 encoding
gene in two or more members of said alphavirus genus,
said primer pair comprising a forward primer with 100%
sequence identity with SEQ ID NO: 93 and a reverse
primer with 100% sequence identity with SEQ ID NO:
66 and a known quantity of a calibration polynucleotide
comprising a calibration sequence;
concurrently amplifying nucleic acid from said alphavirus
in said sample with said composition and amplifying
nucleic acid from said calibration polynucleotide in said
sample with said composition to obtain a first amplifi-

cation product comprising an alphaviral bioagent iden-
tifying amplicon and a second amplification product
comprising a calibration amplicon;

determining the molecular mass and abundance for said

alphaviral bioagent identitying amplicon and said cali-
bration amplicon; and

distinguishing said alphaviral bioagent identifying ampli-

con from said calibration amplicon based on molecular
mass, wherein comparison of alphaviral bioagent iden-
tifying amplicon abundance and calibration amplicon
abundance indicates the quantity of alphavirus in said
sample.

17. The method of claim 16 further comprising determin-
ing the base composition of said alphaviral bioagent identi-
fying amplicon.

18. The composition of claim 12 wherein either or both of
said oligonucleotide primers comprises at least one modified
nucleobase.

19. The composition of claim 12 wherein either or both of
said oligonucleotide primers comprises a non-templated T
residue on the 5' end.

20. The composition of claim 12 wherein either or both of
said oligonucleotide primers comprises at least one non-tem-
plate tag.

21. The composition of claim 1 wherein either or both of
said oligonucleotide primers comprises at least one molecular
mass modifying tag.

22. A method for identification of an unknown alphavirus
comprising:

amplifying nucleic acid from said alphavirus using a com-

position comprising a purified oligonucleotide primer
pair configured to generate amplicons from two or more
members of the alphavirus genus by hybridizing a for-
ward primer and a reverse primer to conserved regions of
a nsP1 encoding gene in two or more members of said
alphavirus genus, said primer pair comprising a forward
primer with 100% sequence identity with SEQ ID NO:
21 and a reverse primer with 100% sequence identity
with SEQ ID NO: 66 to obtain an amplification product;
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measuring the molecular mass of said amplification prod- known alphaviral bioagent identifying amplicons,
uct; wherein a match between said molecular mass or base
optionally, determining the base composition of said composition andamemb.e r ofsgudplprahty Qfmolecular
. . . masses or base compositions identifies said unknown
amplification product from said molecular mass; and

) ) - ) alphavirus.
comparing said molecular mass or base composition with a

plurality of molecular masses or base compositions of ok Rk ok



