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-1 METHODS FOR | DENTI FI CATI ON OF CORONAVI RUSES

CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of priority to: 1) U S
application Serial No. 5 601466,009 filed Apri
26,2003; 2) U S. application Serial No. 60/467, 768
filed May 2, 2003; 3) U,S. application Serial No.

60/ 468, 743 filed My 7, 5003 and 4) U S. application

i cn ETRQIY SARIDEN I ERIOR VAR RRbsEE " ©

entirety. 10 15 FIELD OF THE | NVENTI ON The present
i nvent j el r Vi field of genetic
CROS@Q’%@%%& i ﬁwﬁﬁﬁ% coronavi ruses and
pr’m& gstcaRhQeies SeNBasEE 00 eiodfd td¢i HSUISS e&pphcafa@ﬁ Serial No.
ur pose when conbined, wth nol ecul ar

60/466aq9él|f April @WW@W%OPWW@@%%@M a2, 2603; 3)
o f d lya&g
US. oo SR, G RN 03, 0D 5 Sepljetion Seril o
60/542¢5i18 éasieﬁebruam PrRA84, mach @b mddeh s inpdrperhied hexsimohpveferesce in its
entire articles are irregularly-shaped, 60-220 ma in
iameter, with an outer envel ope bearing distinctive,
"“club 20 shaped" peploners. This "crown-|ike"
appearance gives the famly its nane. Coronaviruses

have the Iap&est genones of all RNA viruses and

FIELD QF THE (IBVENTIONh que nechani sm which results in a
hiTgd Fé8aUBRENioaf refa?e%oggﬂe% BNhe VEEIRORS 5@5&' rlﬁelmﬁcat% n and
buddi'ng at intracellular ranes and F ection R
quantitatipgeolc errenraririies S Prmdesemeﬁv@lds, ¢amgiositionsVesd Kitsrmaeful for this

& biddg Sh QBN row in cultured cells,
PHIpOS ﬁerefore rela%?%el n%% ?ﬁk?ge I's known about then1
but two strains (229E and OC43) grow in sone cel
fﬁg ed as a nodel. Replication is
BA(H{? om1conpa 0 "ot éﬁﬁenveloped viruses. Viral entry
Woo20:0A4ek 14 §e7hu§>€iil' thbl$2:ﬁﬂﬂﬂaﬂoa6\71i:dae areamtgu,r@vwbpcd RNA 'viruses

t03| nbr.ane fusj rohab) y_mnedi ated by
et e G0N BT R BB ] PR PRl QTS Surbes
n-regulaklmsha;aﬂl 60-220hem 3n cﬁ’&&berpﬁmth% c(utér%h@éi@peg d1§#nct1ve, “club-

J sl at 0 e a viral pal ynerase, ich is
shaped aﬂg\;ésd lét gp%a%gg pagppgpzpcqgé\ﬁgﬁ; em)lggﬁgegnq;t r arfepronaviruses
have thé!\mgébb gehdinds\WFRLl RINA VEEds 88d & E@a@ﬂ)}a& @m&& rﬁgchgﬁﬁﬂ%lﬁch results

as a "nested set" of transcrlp
ina hlgh ééfiﬂep%ﬂf repomyiiation. MEpat mefuredyduddisg qUem@llulfar Membranes and

mfectmﬂ%th@%é %&a@%egﬂidﬁgésqﬁﬁhs%n pol yadenyl ated ends.
nonoci stroni ¢, the genes at the 5 end
bMPﬁ’& élwnmn@rbmvevsefs (G Y Held wr gest mﬂﬂb&redeeﬁsetherBfmseJ&llamrely
not . spl
il is PRAPERIREPhE U6 MER, ERSPRRERNER Bl impmbfigh b and heve
been uspoky Aun@isk Riplicatign tis alosic cinyiarainto dtﬁercamwampad ViSRS Viral entry
infect a variety of mammal s and birds. The exact
nunber of human isolates is not known as nany cannot
be grown in culture. In humans, they cause:
respiratory infections (comon), including Severe
Acute Respiratory Syndrone (SARS), and enteric
i nfections. Coronaviruses are transmtted by aerosols
- of respiratory secretions, by the fecal-oral 15
route, and by nechanical transm ssion. Mst virus
growth occurs in epithelial cells. Cccasionally the
l'iver, kidneys, heart or eyes may be infected, as well
as other cell types such as nacrophages.
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In cold-type respiratory infections, growh appears to
be | ocalized to the epithelium of the upper

WO e@pilragory tract, but there is currently no BCBEUSBDEL012671
ani mal nodel for the human respiratory coronaviruses.
Cinically, nost infections cause a mld, self-limted

occurs?‘iﬂgl%g mcsgsggrf ?18“’]]?53[?1‘3 %%n E«;péf Qacbgﬁ_p %:agegdoﬁﬁa an&)%ﬁahca‘uon occurs

lnthegﬁbﬁﬁgﬁlrus infection is very comon and occurs
dwi de. The incidence of infection is strongly

s eknifisill theii' 20kl plethg (Blsenss Renome isdeansiatgdrfo FFPRIRE &ryirghpolymerase,
o A A0 oL 550D 1 S A G A o i
produdeamRAVA aR 8 Fgesteidksedwof tridescripfse allivoitls aapdxﬁmcalt 5 mwmetwanslated leader

throughout life, inplying I tiple. se S t least \
sequercgy 0f 3178 @H@ﬁﬂ}d"éna}"%rc%ﬁ‘tlgu ni E RF&Y%C{Q 16%,(91 eé%' hgﬁab mRNA is
monoé(l forfid, 459 g@ﬁeﬁ o @e & r@ﬁﬂ'ﬂeﬁﬁtﬁé}glragégrlep?&h thé BHEestIARRA. These unusual

evere Acute Respiratory-Syn I's a _
cytoplasmic sineinog nirg podtgederoo by wplicing (postetwarserigtional midification) but by the

S tons jncludi.ng fever, a dry cough, dyspnea
POW“T%%E?F%@%QW%*“EH%gt headache, and hypoxenia (| ow

bl @9RnKGRH iLRACE %ﬁ@t%r SMhamhydl 6Ad HirdPOTRS @k¥ct number of human
findi ngs 1 nclude openi a (reduced | ynphocyte

isolatqs ljmnet owm@s mpangy| of'm@q)té:pagr@@/nalm qwdiures s hamgss they eause: respiratory
1nfect18}1% g(f;(grglg}%sg ],ngls%lﬁ/ga thyere Iggl%tur R rato{r]?ySgn?g gﬁlé (gA%@) and enteric

infectidagrage. The outbreak is believed to have originated in

February 2003 in the Guangdong WO 2004/111187
PCFP19821iouses 2% ransstibied Ry detsolsnpintespipgtery secrftiops by the fecal-oral

route, raugc? Bg hfechiidtal %aﬂ%ﬁ%%ﬁ.%b%%@?ﬁoﬁtﬁ%@&ﬂ? Flgélﬁhre]{%%l d:e{/lms.t(%ccasmnally

Ters now - el I eve causua
the livar. ﬂqdimmfheam‘oe by@maynlmnhfen&dy\as Wwelb asrethemeedlutgpes such as macrophages.

t t he SA b )
In colf iy Wpareepicaiy dsiorm bt Frtsaoo deyoeleed & epticTiih of th upper
I‘GSplrégﬁﬁ\SﬁJﬂ‘a&r gg@ feYe §O0EurFAR Sno H@Sfuafl aibl th BN A& the&uman respiratory

I vat In these ¢ virus 5 infection results
coronaviruaesc il impe i) mosiflh&ctlonsacmdsdaal dniildq gelfflimited dlsease (classical “cold” or

upset §t§1{rﬁggﬁﬁvhﬁtﬁa§r¥= Iq%(aﬁ/ q%%%ltgléfelg% c&%ﬁ:a}? é:om t%fqg 2 F%ﬁvws infection is very
commBAahd oE&RE RBRdRTde! TRe BRIMARS GSRf@RMEISs stohglyRadonal, with the greatest
strongly conserved art of the coronavirus genone)

y
incidenes, oy @lg?/clrfprangmntm ltgafegtiensatre les sommaen diicgimber of coronavirus

and n otl d enci e
sy it s, <80 BhPORECSARABIRE, JoRRAR ks Mffor 1o ocour

throughbuelifepiteply mermuepier séfotyiftl €t 1bass fovetarPkremy) untiior betgenic variation,
present in human popul ations. D fferent isolates of
hence éléﬂléfﬁéﬁﬁcFSuf%gan@FatWP%&lPaé‘ausaI | y li nked to SARS

h .
Lo S O AtPoSUERER) YRR o of i

‘ pneurran obithl sigyptamd iphuding] fiverys digacterl, dfyspvehi (shoyness of breath),

heada é@gy o enc cswéblcggl: %ggré%erggﬁr%ﬁ)&) IT&E({@LP&SW@OW findings include
lymth?E‘ﬁl@ r &e(ﬁ&'éd D6y tEORInhRdrs)2BAd ]iﬁll&lryegl“é%tb@ narﬁﬁ@@nsferase levels
lanta; the I'nese University of Hong Kong; and

(indictinig/kvesidayagt). Reath mikoragult Ao progBARSe ireapieatory Falure dve to alveolar
d coronavi rus sanples are obtained and sequenced, and as
AMAg%e initial SARS coronaviruses nutate, other

COTRE ithdsk $€ PRERAStoC BaveabliynkicdK@AFEWuMHRI0I fid the Guangdong

energe. Wiile the SARS epidemc is still at the early

stages, Ruan et al have identified a nunber of

variations in existing SARS CoV isol ates that suggest

the emergence of new 20 genotypes (Y. Ruan et al.

Lancet, May 9, (2003)). This phenonenon is likely to

continue if SARS CoV passes through the human

popul ati on and will have a detrinental inpact on

det ect| on and treatnent. Additi onal prinmers that flank

o s Y
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day 20 after the onset of clinical synptons. It
theref ore cannot be used to detect cases at an early
warmgel1psi or to spread of the infection to ot hEeBUSINE012671
second test, an i munofluggescence assay .(I|FA),
detects antibodi es rellably as of day 10 of infection.
e t
provulécgbmﬁE h‘é\@% ql% ?‘tfr% fté%:}t 3 Eal?er p?x 3{ \’Vg%) Fll)& onlgﬁ) rese'érchers now

believ@i 84RESitS . calslbi&l@\/lﬁﬂ(edthﬁhu:/kylbee&if nowel acdﬂ@mﬁds l’k&lﬂal’%me unusual
nparatlvely sl ow test that requires_the growth of
Propemqsugor. GraEmle, the SRS Virghean ba,grogm sy efoscells §p pimate Shroblast cell

i) SRS OB BE T SF S SSiphs SOFEEAR Bl o, v

infectpanetsilts mtaccytapathis effet,ubnd buddieg edr torosdvagedikef particles from the
i nfection but  undesi produces fal se- negati ves.
endopigsiuc fetigulsaRwit g‘tmf?ﬁffafcﬁ ¥ to detect persons who

actlintatéd bY shile rddibiiSof @Y %lﬁrﬂeraé‘eogéﬂén b Qo strBngly conserved
clinical diagnostic evaluation,” creating a dangerous

part of dhs eorona\flms wnsmch by weverse trarisenptmepaiymarap@ thain iredction (RT-PCR)

and ngy s eThed ol e S RD SRR SH BB oS AR virus are

of a 'RYPl fBidMaYirey NWiONEhds SARS)preWllsYy Biieflefiesdnt fRehuman populations.
2003 78, 121-122). Nucleic acid tests for infectious

di Bitferent isplates of gerapapizesed thap bavahesn ¢auedm Bnleedifioi SRS have been
. r egl, &t i fic
1ndep%[ c@l@gﬁ% @ngc‘é Iéo QSE n%g e('eeo er,n 1‘% Quyer, C@n%da the Institute
of Mlsxehidngamdrﬁpldmioﬂdgy ASadeﬁq;Ud)ﬁ‘ Mfdlithy NiediRhopeiéiies ¢ Beijing Genomics
. \?\ﬁg t he %é able to identify 10 unanti ci pated,
Instmﬁ% gsﬁezg Seierses-obelipe.uakinanthe; qentersifay isease Control and
Prevef?tﬁ&? }5 Agt% A ‘t%«rs thd hﬁlrfeﬁi' UhRkrs 99'0?’ cf—fb‘ﬁ%rﬁoxg, aaﬁgftﬁ‘é: HhRMsity of Hong

bi oagent's rellTes larg e’y on cutt ur
Kongni\e nog cSa’FIyS -linked bommveruasamplﬂp oret ehtdinedhandhsequeneed} and as the initial

dentificatign of the SARS coronavirus s.t e re ir
SARS GECHAY L0 P Ys: OO AN TARTROUEE BHESSAOUCS Hil emerge.
degadRStha WA R A epideh@E RAIN @t iR 84D |S%F@é3 Flant &Sa{ls Ha%e identified a
to do broad-range consensus primrg gene
numbgra pf é’arlemerm etlisting S¥RY r@]\bsscdatebutb@;gsrggest the emergence of new

cnc T, SRS L PR 8 SaBREEbyk RaFSREER eyt contus it

SARSOCoVapasstd hhrbaglﬁ &hé hunf ?‘dﬁu ldti®ndgieivAll Ohave! & fRtrinl&itd impact on
strategy has been successfully enpl oyed using

detectionnach digatmest AdditionaPrimeia thet fanls regions Qétheghn‘vmlﬁghty could be

N R e .
becon?fldentlfibﬂﬁprnﬂarﬁlha%mﬁk (HSObratias dould pi?a‘hdé ﬁitluﬂilﬁhﬁormaﬁon
Kr oes
NaPiagnagiicgests ar (EUBRPWQ‘B"aﬂ?Lb!M]?“tl‘iXYSh%’e( lilgggggns aph’@ols for bringing this
apRr
ot e D OB L s DIBN gl s
day 203£ﬂﬁbrr§hﬁ)@mct of (rlemalil seBptoms. It Herifog cannbtsheqmechtn degecdtases at an early

eds t.0 nds of colo e sa e, ch
sage PO (pReA ol e By HFPp T §PoBR SrLePH L pialpppence assay
(IFA) qiet&wmﬁleedlemﬁswsemay 0 B9 ﬂi@eueal RQhARS thelRI&: 'opﬁfé ELISA test

for detection of several viral famlies, 25 including
in thatcigptomhigris hyse bempintesiue prigy toBFA-aseéd dcﬂgnos@ Meeover, the IFA test

isa deen tng rﬁﬁe@én %V%@ SY% éersS ét reagi‘r%t#g}g élxw?l kk?r%?%& tell culture. The

third fesd isam$>01y,me}ase\/d:}[aﬂi reatfion 1PEGR) wdoledul0Yt foWl detection of SARS virus
berste, W A N x, K Mher, M A Pallansch, J.

Adin. Virol. 26, 375-7 (2003); M S. (Oberste, W A
Nix, DD R Kilpatrick, M R Flemster, M A
Pal | ansch, Virus Res. 91, 241-8(2003)), retroid
viruses(D. H Mack, J. J. Sninsky, Proc. Natl. Acad.
Sci. U S. A 85, 6977 30 81 (1988); W Seifarth et
al., AIDS Res. Hum Retroviruses 16, 721-729 (2000);
L. A Donehovver R C Bohannon R J. Ford, R A

P T ~ ~ ~ I A NSNS\
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t han sequencing to identify the viral bioagent

present. Methods of identification of bioagents are
walemwenibhed in U S. Patent application Serial NeGI/US2004/012671

09/ 798,007, filed March 3,,42001; 10/405,756, filed

March 31, 2003; 10/660,122, filed Septenber 11, 2003;

genetlgrglage ﬁﬁﬁ%p}égﬁ\l’\ﬂ% OthgneélslyD%%geﬁ o?f;%rg‘act}zg)g g?tnu% esnrably procrfuces false-

negative$. eTIRRCEAe IPTR Rt iaQtftil a5 dersepdrbdls Wi @ttually cMas $he virus, even in
spectronetry ﬁfOVIdes detail ed i nformati on about the

COHJUWIC@CW}tbéﬂlb@ﬁ Siagrastig zeér@lluathm craating g ci@ingﬁOHM@Se of false security in
r t C ¥ e
the fa%g %lf a}?&tgmtiwﬁdeﬁh@ %E I ?tggtglls ot %Esﬂ? one lg Ip & lc%se person-to
persopeblﬁtaditr(lVéH@ Ssterel akutewsspﬁatoby pardgime €3 AR S p ey Fpidemivh Rec. 2003,
10 environnents where there is a high background | evel
78, l@f'l%%)oagent s ("cluttered" background). Lowresolution
MENGRIRid Qﬁlh tb&s A5 fRfde 1?%5&‘4%%@19 {y5 badefl UddR! dm nptl fications using
spectral Tines are sufficiently me or sufficie
primeed agkprobes designeflrtondetdch epeciifios bioggantsy Becsns prmrtltm)wledge of nucleic

acid SERBRH EOEHEOP S e IS SERapE e ERe Ry i fhgt able to idenity
unantfiYat<d, RRWEH eRlefR A, TFbpreviBRdR WBRNIWE e s BIDSERES TS, the initial

t housands “of speci es of benign bacteria, sonme very
discoryriof anfeptipupieagquierssdl relies largshi oncyhivresamd, misvessopy, which were as

impofi BB SRS BB BACEER PR cicover of
the hii@ateiBn@iodefisiedoy \}mmtwmdbmas fdvan arrays. |If

ant i bodi es_ are designed against highly conserved .

t afgetlternadive e singleagang ést isylo donropdirange goaseRspt pinig of a gene

u
targetvvﬂeolrn%/erg?dr"nﬁﬁggrs Igsgﬁq ﬁog%%gss %?%Irﬁlh{agg%%) %;ﬂ:'g%e?o?entlal to generate
amplifiagiinl grodiicts 2&05‘19961&&13 igegerknfantilieyy @nt & wnh Ibabiﬁtlh val ghtire domain of
ncluttered_ environ nts ever al gro

life. Thisstrategydrag Legitsycssss wqu@&%cogg nﬁas ?%)[% Fbosomal RNA primers
for dét@ﬁﬁhﬁfg' BibterBll Qﬁ%érﬁﬁp rlﬁ%h iR @n@ﬁ&ﬁlﬁ&ltallz%%gg (T. M. Schmidt, T. M.,

transform ion cyclofron resonance nass spectrometry
DeLop&SE.-IFTPadeCR. RSY. Baerc b7?at4é7h=éa%&(l9f9éﬁtandf1nemaual hmm flora (Kroes,

L, LepBPocl s dititnins o o 27, Rt Ak oFeT 57 c96h 1494289552 Wo00y). The

drawlaORROHi§ hetoAdh foP GikisbR] Biaddn® Gé@ét%nzéld@pldemlolo\%y is that analysis of
approxi mately 100 base pairs. (Aaserud at al

the P @rodm@sregg@q,s thg clopgw- adegquenging; of hugdmdmt}@usaallds of colonies per

s S B VRSBl oS

Ch@vnsehfusl pithingl 898 hlsobbeeat degsiiedy forodutedioh O k®ufdl 8firal families,
transformion cyclotron resistance (ESI-FT-1CR) M nm

including greBavBIseetinhen®En; feBriaselt, Dy @a@ggpadémnéd\l Nobr. Res. 60,

181- 1? ngd@?jé Ent%ﬁ%ﬁ%éag‘mtsg gﬂ(e:%tet e © MYIRE M ”Pélﬁ%g{:}g‘hff@@g 76, 1244-51

(2002996 5. Obbstey J& A)anzatKr |Ma}&gsMsAeBa]1z&tsd{ X €iar prrob16, 375-7 (2003);

M. 8. Gheffohe t”f%ﬁ oD gt it Mt K ohiegosc ok oBifanecy irus Res. 9,

e -
241- sgﬁm ), £8% 13 1201 12%&@%%%5&? JHgnmlg%/ke}? PB?“EQ% tﬁg%ﬁ 1%?24 85, 6977

81 (1l98:87 UB2080ifanth26t7 al., AGDGeResaddurometbvibites khyeT21aBut2000); L. A.

/5 nu es ob erved Wt I it t he I,
Donelfgdly R ® PR B & Pt Bnh \6% /o 18 et eds §950), and
adeno¥Rtifa dM. Echbedrfih Q\/IaFoﬂﬁanO hyTReist SCBuler, PNCRARBRY, VECTin. Micro.

DNA sequences whi ch conpri se searchlng for a h|ghly

di vergent segment of 5 genonmic DNA surrounded by two

hi ghl y conserved segnents, designing the universa

primers for PCR anplification of the highly divergent
region, anplifying the genom c DNA by PCR technique
using universal primers, and then sequencing the gene

to determne the identity of the organism U S

Pat ent hb 5 965 363 dlscloses nethods for screenlng

........ s r A~
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and to procedures for inproving mass resol ution and

mass accuracy of these nethods. WO 99/ 14375 descri bes
worziohaodg? PCR prinmers and kits for use in anal Bzi/mgroo4/012671

presel ected DNA tandem nugleotide repeat alleles by

mass spectronetry. WO 98/ 12355 di scl oses net hods of

t 1 0] the mass of..a nucl £
36, 3%5152? p@%%g QWEVELAS Mpgc?er%ytd& Ryt n%det .J:Itg a;ﬁﬁ&u%}ﬁ method other
than sBY§dn@ing t8 €dcitifyothe Qﬁuﬂﬁoageﬁ’?\g%ﬁ@ﬁ h, makéthedst heof t ad@ﬁiﬁcatmn of
si ngl e-stranded _and usin det enm ne t he mas

bioagerie ag ciﬁgprebesltmalﬁ&eaatgméﬁ@wn Seaiah Blos: /428,007 éﬁl%h@mh 3, 2001;
a g
101408786 e“ﬁltgﬁ g«gér 1‘??1 PiQPRE 'ib/%l9 ﬁ‘z?gﬁig{% rrpﬁrliegﬁgxgﬂ; %@?Tﬁda%(?/’é%&wa filed
Decerbert 512003y gébf mhidheire camlrrdmljo bweed gnd heogdorithd heteirabyl seference in
to a solid sypport, releasing the second strand and’
entirefyias;psedtiab@pishak he first strand which is then anal yzed
by n
oy NP St O e b Bl o 2o E R being analyzed,
includimg hightneass lacrglrmyt dt iscuike® d proeess dlnag ean heicdstlyautmaledyHowever, high-

resolugonr ﬁ@d 59{1%%3[1 nnéel,crlﬁ tggeélh tﬁl%fl}ol o ? Bﬁ)%]gg}geered agents, or in
env1rcﬂﬁ{e@1i§%bl‘égthéféeisra M@S@&k?wu?@ lekdl %f Biedgbts Meluttered” background).

05, 798 describes a fast and highly accurate nass
Low—l@ﬁfé@tl@roMﬁ egn fadst@dieteztssq@n@l;@@gn pentsl of Geiri spgctradines are sufficiently

o BESERREFY BT o UL EE i 0l A, Pl i wi

spemﬁU mbm& onby déi&hﬁﬁéﬁhﬁ Ipi’@eﬁchﬁor&bﬁﬁiﬁé ofsprcifcalfahficipdtéd organisms.
Ig nucl ei ¢ acid mass spectronet ri’ﬁ Processes

Beca%rt de et hpndjeds 9%?@@%&1144@@ épeciercPlibpren dagtesip gme very similar in

sequeﬁéegﬂgﬁgﬂgﬁnfg(%rg Zg% gegtpl%{ %Iﬁgagr\giﬁg 2,6?@ glt E)Qpla@fe ﬁlen&g%ith needed to detect a

partlcuﬂat bqdsisfor det ect [ ng a target nucleic acid in a

|if e target with primers_th |
c ot Pt BFF pord bt tussian mtaljens Tl @rbion fpodis are designed
agams‘%'h@@i‘ly r&gn§eli’€edaﬂpée'tsf {eRcRYs ﬁiv%rsﬂ‘ﬁ' f\hgl and alé}lﬁf Bfobled W111 dominate,
presence of ‘extended product; ereint presenc
again bﬁcaalsﬁmea‘t rosggmisms o VarynasslaWD bale ekl &Tmbodles are only capable of -

/ US2004/ 0126 ferent.fromw ld-type is
detect C(ifn(?&'lnl ApENIS %?T#Yflé'turn(g 1&7&"1’?8&8“18? M&equenci ng a
nUSé\%raq afoufls Hade AERESHSAP EEIeERITE LEYPOR! PRMSCH N i fh@gh resolution
descri bed. 97/ 37041, WD 99/31278 and US Pat ent
electraspriy7iopatioreFonripeiranstaed someyclaiean resrriange Mass meetrometry (ESI-FT-

A G TR Y ——

least onetriwotéstids yliéwesds candationt of the totelXigine cbRpssitioe dirdtCRI duplex products
ectronetric sequencing. The present invent

of aPIEPHHAIE 180 M55 PRkl SAGHEW Foflrhi, SaseAdassiSpec. TH6-1269, 1996;
Muddﬁﬁahet i NaoLopRL, %ﬁm Lifslg ?ai%ﬁn s 1%@8{‘8“@&?9@;@[‘% 1203-1207,
t Atifrca

I ncl udes the capabi y o Ion
1998; chuddumanr oseb, Ret. et dizer VEH1-48d 1098 Hitardsgeg. iohtrtion-Fourier

s R B TSP ottt L B o v o
doublé‘-@t‘féride& rﬂi‘fO%aE‘&pXik PURGStodiRYs Vi thebéiz‘éfa%é 'n%lecu‘?z{r‘?{l gﬂhrs%t al., Rapid

fun E;t ogens for epidem c di sease survell
Commutie as. 1GBKVA8Y 1080)T Hihe| uNvBRAa@ik-Tisestqat lasee desorption ionization-

e BB PRI SRS S PPl T Sl 0787 PER products s e
describ&l. ¢NRMUInkEES 41N gmﬂubymﬁt Shedl 131 12071-0060 11999). RBwever, the
fromthe sanpl e, taining corresponding DNA fromthe

RNA, anplifying the DNA with one or nore pairs of

ol i gonucl eotide prinmers that bind to conserved regions
of a coronavirus genone which are flanked a variable
regi on of the coronavirus genone, determ ning the

nol ecul ar masses or base conpositions of the one or
nore anplification products and conparing the
nDIecuIar nmasses or 20 base conp03|t|ons mnth

. N T o o -

o o o,
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conpositions, wherein one or nore matches identifies

t he unknown coronavirus. The present invention is also
walzoveatasy t o met hods of tracking the spread of PEm/US2004/012671

specific coronavirus conpgising: obtaining a

plurality of sanples contalning a specific coronavi rus

s BT OO byl L8 S Y Ry o

metho@® Of sanpl es using the nmethod described in the
par agr aph above, wherein the corresponding _|ocations

of Uhe PricabaNe 8849482 sdpserdhesi Aametiiod {die rapipwah ofophylogenetically
1nfon+£ﬁlesﬁﬁﬂf e%%so %‘I’dht ldlgrrr]lbﬁset Q@drclﬁlqé rfﬁé %og%‘rhgg tdévgr%egt segment of

ocatrons resen ention is°a
genormalIDNAos‘urmundﬁf By whe hidihly eashrved nbgmentb, daighingdthierunivessal primers

T T T TR T
techmﬂ%% |u§i¥i’g 'ﬂlﬁn)efgaﬁbﬁﬁlgﬁnﬁndi%ﬂeﬁ?él u@ﬁélﬁ% s B%& ﬁetel%:-ﬁ?ﬁ 4R identity of the

organp‘.mesent invention is also directed to individual

pr ilUg§r %’a%% hgg 4/e§§é51g; E@s%iqg%rzi e ai ”Si gc?%e%%&? enqlclelc acids for
polynﬂféﬁﬁﬁﬁi by @Mﬁ?hhg Ardpfifisd sRgd 'nﬁ@l‘éfc%lds%sm PRI’ Ypectrometric techniques

entifying anplicons for identificatiaon of a
and tocrpendavdsiosinguaping slasgreaplutiemangd @dswwrngyé pEdeseduetbpds.

25 7575 BB RLELAOHARG o CRE B ARG s

DNA mﬂanamreuﬁd@mpemllweb By &napg sp¥etroairy. Wher ei n each
pri_nmer glf the pair is of a length of about 12 5 to

ab&®(R 985127ge | dstrssr gethods b sletsipinges the wask of g itsrget nucleic acid by
mass %5@%%1%8?1;:%9}93$ﬁ§y Elr@g\gﬁé%ftﬁ’ %e‘h ?ﬁcgé]lg:aaéi a 8’1%9:‘*1{5 lielgh making the
targett inglestiadiedf ord sdimgiM$ ne aetentdeicethai madsi @Ihthef smgle-stranded shortened

identi.ty and uan y of an, unk coropavirus in
target gﬁ*&i‘ Aotk rdimy ol RICRTHS %ggﬁﬂsﬁgan% {frest gaslpicgpeid for MS
analysﬁ!§ bdfﬁﬁﬁslﬁg‘gmﬁhﬁ&@i\&ﬁ oft ‘E}fmﬁfg(eb’n&flel@a al biAARl! AR of the strands to a solid
pol ynucl eotide conprising a 10 cal i bfati o sequenc
supposfi rﬂlﬁasmgéb@ sdopnd ﬁmndfqndrtgemmtﬂasng tlaﬂ:ﬁd;t ftranch wnneh is then analyzed by -
naV| rus  wt air prinmers and
MS. %ﬁ?ﬂf ?{ﬁe 518 K dcprg@r‘rq}m[nl% e]f‘ﬁgméf %dprati on

pOPWEW@OI%@@O diclob® m&BS®R fBr &ét&&lrﬁhﬁuﬂaﬁbﬁs iafa tﬁfgef@ﬁ(ﬁelc acid by
to obtain a first anplification t conprising a

nonragdosly drgmangiag tthe {Argry iatepd bt o sargﬂe stranded mgnrandom length fragments
and d&%lhlfng‘fﬁetd 191'3%4% 8?% conprising a calibration

I'ng the sanple to nol ecul ar nass

anaus/ Paenwhier £j605,70@ désedbésta fabt dnldehi iElS Scaitate YisdsS sgdetrometer-based
ri ses, nol ecul ar mass and, abundance data for

PfoceftSh rfcberyent the daRianes i gr #APicris muslde vrid e 4l plsfegiqabample for
diaendyEp and di stingui shing the bioagent identifying
1agh kP@gn fromthe calibration anplicon based on

moME2 9B&Y1 O sissonibes pratedshe forndetarmiiming s sequbndehef a particular target

identifyin anplican identifies the
et 2B B RS M S . STt St geid present i a
blolog@éﬂp shBpR lﬁ}bPOﬂaﬁﬁﬁlﬁcgﬁS@aﬁd‘ﬁlﬁﬁgﬂler@ﬁﬂeﬁg RIRLESE M disclosed, as are

bundance "data indicates the quantity of coronavirus
metholdﬁ farisletesing b darggtonTleis mdememampww amplifyiing thesarget with primers that

contai hlregt%cﬁgrl;] tsﬁ)tteI S2h2 g&%l %gai rtljgc laﬁ élgagzi}ﬁgf gl[lecdet ]]rﬂrgnfl %@%@aad and
detectinlp th@presélﬂ:% ofEb\Sthn&&B Runtlvherefh the hdesce SRNDNA gt of a mass

SEQ I D NGs: 102, 103 and 104. The present invention is

also directed to kits conprising one or nore pairs of

primers, or individual prinmers, wherein each nenber

of each pair has at |east 70% sequence identity with

25 the sequence of the correspondi ng nenber of any one

of the following intelligent prinmer pair sequences:

SEQ ID NOGs: 5:6, 7:8, 9:8, 9:10, 11:8, 11:10 or 9:10.

BRIEF DESCRIPTICN CF THE DRAMVNGS Flgures 1A—1H and

o " o o

o ~ o o o o o
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2, 1G1, 1CG 2, and 1D; 5 -half, Fig. 1E-F), 23S rRNA

Domain | (Fig. 1G, 23S rRNA Domain |V (Fig. 11-1)
w@o4A638T RNA Donmain I11 (Fig. 2). DNA segnmentBCT/US2004/012671

encodi ng these regions are; WO 2004/111187

PCTI US2004/ 012671 -9 suitable for use as tenpl ates

differ%rf(%:fggg Sﬁ{ -ttyigg E%g@icgﬁ}g% gggtggﬁ&.%gogf I()]&Pé*hg)g? %ﬁglecim%ﬁcqgg a nucleic acid via
mass §RE-EBPRY il PR alédesbrisdd. i ntel | i gent primer pairs
for PCR are designed. The | abel for_each prinmer pair
r eD¥@sEH2041n VY BPBIATS and WS dRatgnibhie Swiffdp escilb methods of
i u
sequeflf bRl A QP dnds S ARRERT, U ARHThs. 2525824 5,872,003 and
5,691/1d3$ edestribd masiodsaswstdned brd kitarfer RewWasonmdiaveii mass spectrometric
filled circles are 80-90% conserved; and open circles
SequUEBBE ess t han 80% conserved. The | abel for each priner
pair, FidohNBro3iRE td ABvANdyeBgtin n igh-
of t%é&gﬁ%rﬁ I e O?egfgn on the cgwgg%gugbpgég%rg%?ﬁﬁﬁéand]ngh
throughpot edtritfeatier wé noeomdvirube 4GS indRiiescthes eambdity efuilenéfication of

i s SEQ I 1.3 and the , nucl eot i sequence of, the 23S .
coronp RS O sV B Ao et BinEIeR odE e rdotas be applied to
additiST@Wara? thifies o RIviear brRAP lrhddeest F@@hﬁ’zﬂ AR érﬁt%éﬂa@sviruses, or to

rRNA Domain Il shown in Figurel A- 1. Figure 31is a
bactersal Hratozpd o ifengabpatbegens iy e@mgqgm disehse egiveilknaninRhg Svure.

P. Bases in capital letters are greater than 90%

conserved; bases in |ower case letters are 80-90%

SUMMARYOETHE INVENTIONC| es desi gnate bases which are
70-80% conserved; . and open circles designate bases

t habe gresentinventien is ¢ieseteriggs s séip mathody gfiidentfiqagion of one or more
0 r 0 . .
o E0STERL L 0 e B3P BATRES RS LIk e s, oo
correspendingi DA s ctirRpBNA, amphifygnattile eBNAFi with eorle homsdre pairs of
. the deconvol uted nass spectrag of ,a Bacillus anthracis .
oligorpugfeplie TR BIRG A SODERISAnERGIONs o) IROKBIHENER B Which are
flankefd d Pirtable R3ioh T (B @&%ﬁ@vifﬂsfgfeﬁémé,rﬂetté?ﬁltinihg_?hﬁﬁ%&%ﬁpmasses or base
20 nol ecul ar wei ght of the mass tag-containing
compesiiinnsiddhé enegorambrer anypl icatibre prodnctd iahd edmpaipethe anolecular masses or

vuso QP T8 BRREE o LSBT bR bl s or bas
comp&sislisdawheretndne &k nsR6 HRARESSideAEfidsdBO Lhifiodmh dothirlis om

whi ch nucl eoti de al :ﬂgnmajnts are created (210) and )
an&hg peagertanpgntiopris msosdirgeted th ancthiedsi ofisatking thel spesai g a specific

' PLi. hons 3Q). whi.ch. t hen kes .
cornfRE B LR iaP Ll BP0 55 AN b PR SSronavivs fom
a plurf 12 Qf différentAdcaionsEidertiying the SpectfRncosordiviral @6la ls@bsetlof the plurality

silico, analysis by electronic PCR (ePCR) (300) wherein )
of sargplgs sing thgenetheyidescrihed| incba spaseeanib ebeYee dvliireim the corresponding

. . r r .
ccai EEYERE S UEAIR TS SHS B G BVl 1 B BRENSRG i o
correspondingloc3@s. Bi oagent identifying anplicons obtained

fr GenBank sequences . (310) can al.sq be apal yzed by

prgg]% g‘F é‘ﬁie 9

BYSTHtyyERHER 1s iRairs of REmeR WheTeln; vC%fneglaber of each

pair hik ¥ERaR MY §RReh@ EBRNT With U KBQMACDLOAZED RS gﬁﬁtrﬁéﬁlber of any
the 30 base conpositions of anplicons wth favorable
one opthgblaBowingyintelligent primer phie segeocasd SEQ B Di3we 5:6, 7:8, 9:8, 9:10, 11:8,

cQ it on _dat abas 325). Al ternativel base ...
1038 TRE TeCRe ) ANRRfet 200k abr b B8 ind gteL ABR¢Es arthin each of the
primeOpdiRi deestited dBtcidie prinmers and GenBank sequences can be

directly entered into the WO 2004/ 111187

PCT/ US2004/ 012671 -10 base conposition dat abase

(330). Candidate priner pairs (240) are validated by

invitro anplification by a nmethod such as PCR

anal ysis (400) of nucleic acid froma collection of

organi sns (410). Anplification products thus obtained

are analyzed to confirmthe sensitivity, specificity

and reproducibility of the primers used to obtain the

. . A - - - N
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i dentifying anplicons for coronaviruses. The two
primer pair regions are nmapped onto the SARS CoV
W@ ToR21118C _004718. 3: SEQ I D NO 85) genone coopdi/msioes012671
The RdRp anplicon correspgnds to positions
15, 132- 15,218 and the nspl | anplicon corresponds to
poshti 9, = 19, 2 of . S . o .
it pPRSeq ibigod g Afien ctlfa SR OERH Ghuifying gmpticons for
identi€ieateonadt 4 USrohviAs PoaipeeigCar iselpdnsilngicleotitihef abéwots to about 150
anplified regions ar gyshovvn. Cor opavirys i sol %t es t hat

nucleqpases diglgagthemroducedaby e piecesswel mplificalionyet iudleig peid from a

3 ri . i .
coronf 3 P BRUROR s G ot 12
to abaut 3i5| mableebarsl amd thedticagent identifymgdmsledn IprovddesAdenifynhg information

d reverse prinmer regions are 'highlighted. 5 ends

abou“gﬁe AP rers  were designed with a thynidine (T)
NUQqiLe Pbdsei iMUEi0n 3C41S0 ERedBdoTh&Bods@r Sigtdiifah&hs WeteRBhation of the
15 tenplated A residues during PCR For each specific
identityoansh guantitss of amenkeeyint conesavitvatin ar @mplé sompasingt contacting a sample

.. conpared to the,prjiner se nce. ar e,.shown. The . . .
with § O BFerbet 2 KRR RS £ eRBRER nolyielcgtide comprising a
calibra@ME kEfhePdd, Rh Sltantb@ly @eiplifiiRetiveRit hélg fiéhWhe in@Awn coronavirus

reverse primers for_each virus varies anong different

with the P pfinrimes aphsmplfyingnudeig agidoliemdbe calébraiiompelynecleotide in the
f . ol Vi . b | . . . .

sl 8 SOBAE 09 gr SNBSS SPRIARY RS sy biosen

identiBGng raapyioen ghdupsecand ahipdificatipnt pebdudtheortprisigd ur @dibdtion amplicon,

. 5-prgpynyl deoxycyti di ne and 5- propynyl deoxyuri di di ne .

subjeciing| Wit $aude (1 epOterlpH st nalyes SWakRIn Hegigsut @t he gpass analysis

compfists hdleCital RS Ss ﬁl’ﬁf“ GhudAah A AN &R biB%%ern{1 ‘?deglggrin amlp}]icon and the
anpl e sing e

lcon fromt SARS coronavi rus obt al ne
calibratii@pymplicine andrdiRpngyishieg thedioageniTienefyéng amplivomyfrom the calibration

s AR G b 05 AR S e e 2 B 3005 nitin

ampli&drPidefitifdsahd BBh¥aRis A8 @@ﬁp&ﬁg%nrﬂ%iaa@eﬁqd&ﬁﬂymg (adffikon abundance
fromwhich is obtained an ~expanded view of the

data apd exlésatiasrarepliges abendance ¢ave amlieajea The qyratitseef (OS@GYiruTinethe sample.

deri I r. Nass 30). for .the sense.anplicon . .
CEThY e SR TSR b DGR R LR Emimin e
quantity ef Wrtdodegt bUs shaske aRBiigt SPQ 10f N&3Y BDGHITRB 40Well as vectors
e sense strand (seen also in Table 4). This base

th
comprghHBSPERIR e WpHiirnd 04 he base conposition
ca : . s \V . . .
i bk ARG Rl treottd 1 OIRERS 8P Qg 0th O pairs of primers, or
individaal gumianirs, usheréingacle n@nhen wd eachseaii ks afleawn IOYspgaénca identity with
whi ch used to_identify three human _coronaviruses .
the seflRenge qtsihe, ForTespRRInG ERASF of 3B CRe ot g folloydye pelligent primer pair
BREC b.n5egl 7904 a6 R, VY- h@l1l87
sedne P%Si'l %J]Esgcl)%%%%%gff@?léi@gﬂ?ﬂeﬁg’ }/grl@tgﬂg 1téhr ee human
cor onavi r uses, HCoV- 229E, HCoV- OCA3 and SARS CoV, that

s RN AR ", o 2, 7

e RfpufRd APROIRIONiBRe ABSDASenb®Y difgaths thataew dxhBpleR of conserved

. 10 indicates three dinensional plots of experinmentally

regiongexf d pRITRBED Gag el A,5 AcdnbiysSi L Achand Bt R23Sorke¥). (Zrkrlf, Fig. 1B-1, 1B-

Galeu € 0%} 1\ O R . for. bi.oag .
2, 1CASEU A HRERaSOMOTENORS, (0B 68k O RRISES A Domai
IV (Fiz. R#Bandr 168etRNAt Danaina I §rig. 120 DMAI seg@ients Bh€oding these regions are

position of the base conposition indicates the

intersection of A, Cand T content in each base

conposition, with Gcontent illustrated in a

"pseudo-fourth" dinension indicated by the angle of

rotati on of the cone. For the RdRp prinmer set, the

experinmental | y-determ ned base conpositions 10 were in

agreenent with the cal cul ated base conpositions except

for the canine coronavirus isolate (CcoV) which was

I L Y

r a o o e
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15 3 x 104 and a SARS coronavirus bioagent identifying
anplicon. The conparison of peak abundances of the two
weenkaiasabl ed the determ nation that 1 PFU of PCBBR004/012671
coronavirus = 300 copies-9ft nucleic acid. DESCRIPTI ON
OF EMBODI MENTS 20 A. Introduction The present
sultaﬂlé‘ iécﬁqsé Iﬁg ge?l{;g%th%)feo? g?%éggﬁf%ff l??%agggﬁn ﬁgn @ﬁﬁ%hcons Lines with arrows

are exasnpigs Shiegapefin ¢otespardyrigngNAN b i veldcls 1n’telhgdfﬁtqirimdjt;ﬂtrs for PCR are
bridize tqQ con

Bl R, Seh o8 e i izt cargeryedt T L
amph?ib@%gl%h M GhdMoffns i 86 Fﬁ%nyvﬁééeﬁ‘kmec ﬁgpml&gsh 'écagfég'%r than 95%

to yield a bioagent 1den ing anpli
consez&damals%f iidowad oabe défters aparelfa®i% tansevedcfillad ¢imbks are 80-90%

conse USR5 T T S B Seh, 158 bR St primer i

repredeBUiheCsAing! Aid BAdiAE Hﬁ@@%ﬁﬂ)@? oFf the LIBPIARAS tdYih on the consensus
identity of the bi oagent. The nol ecul ar mass or

dlagr%rTl@srp@lﬂ@tldg seqygrRs @hqﬂﬁﬁ ltRN)éh cosgegpustsaqesnce BCHIQ &P NO:3 and the

AL S A ki A REIR ©

si g@wrmz eBowstu tyipheal pimes amﬁeﬁdmtegmﬂ fEcai tHeel G3RN L Bohfin 11T shown
rapjd parallel 30 "nultiplex" analyses, the results of

in Fighei t4vlean be enpl oyed in a triangul ation

' d?{kgﬁé %r g pmaﬁé Hi%bglgfyshom?g PRl éﬁ&ﬂqg R%a%’ i’d]gg'ses in capital

rap ut an oes not-require erc acl
letterssag lgeemmrrtgam%%rwnmwd fbased it M\gﬂtcaseatwefswe f80¥90% conserved; filled

bi.oagent . det e t| on ent i f| cation. O 2004/ 111187
Clrd%éﬁsll%?% AFY are%ZS 2 CBPS(S’ h8d PRen piclep Aesignatepbases that are
less tHaRi79%4 ebrREEQN, @ bloagent I's any organism cell, or

virus, living or dead, or a nucleic acid derived from

suFiguzm 4ois g aehematic ehagrmn ofi bass . coBxmuitioassigdatint atetpemimmtion using

«Hut,, not limted, to cells, including but

HUCIG(J)U al%g]r?gt ga(gstg (%15 ecli"‘ﬁsﬁf:%rﬁ 0 té‘?prfIE’%a%“gs ‘bacteri al

CeF lgaraf dhoW e RROGBRYABS Mmasy bFdd&8 Df anl@Vus d}ﬁ%bﬁtréglon with and -

parasites, and pathogenicity markers (i ncluding

‘ WlthowoﬂlelmﬁﬁSt fag rhesphosethigienAciA™). The dwasspeetrn idiffat mcthat the measured

molecﬁfét?] % g?te}%a[f'ﬁ? taﬁvéo%ﬁ nﬁﬂé g%é’?ﬁéeéa%pﬁa&% %h% grrﬁi?)ﬁl@gg sequence.

or Fa@nd 6GK ai pro@ess dﬁgﬁt&rﬁtlluw@atﬁtg%e é)ﬁ'iﬁmﬁ s€é@aH Process. For each group
etat| bacteria or sporgs) {ﬁbe encapsul at ed

of org&pl Ty G& ’élraWeté]fg@EiseqPﬁncteﬁ érecléﬁ@téﬁﬂd @00} fipm whigh murletidezplignments
are crea@e@t @@sz{hd dn%l 2o (2299 %ﬁné@@% ogl cg’{& gbger S@i?r? apﬁ?crp?‘fate priming

di sor der . i t e enornous
regionf d238) Whldhl lhen cmal@&qiohsmlh ahe sslettsorobf essdiddte qirl,mer pairs (240). The

common features in thei cterja
primef SR e it SRR P Bonef RV SR By conio PGk GRERR(G0) wherein
bioagedk 1deﬁﬁﬁ511h%3 AsipREbrks hed Bbtgﬁg@ B seMQ@ﬂce%Ea%Qée@ shéh %f@enBank or other

uni versalTy conserved regi on of OSONe.

sequengeecallegiionso3O) vad chedrednfos specificiterin mdwoc(&mthiah@mt identifying

T RO Y (T T N

whicharedieahe s£iabillty ofBsBVdn hplidoBad i iH&Hify %Eﬁowﬁ%ﬁié&ergg’ Such that the
genes_are present in all bacterial species. (Pro
base QQQ%HOSIUOA% é)é anS&iCOnWhAfaVOIEb%prOb@lhmmes e @m stored in a base
3 s |i
compe B8, o80hoc" Pty MISHUALID, WD (BRBRIRS:d ok e gt icniying
ampha@ns obmlrmdoﬂr@mrthe pnmts/m?ﬂ GenBanknsdqaénces can be [@lide6tit bitred into the
reconbi nation and repair, transcription, nucleotide
net abol i sm am no acid 20 net abol i sm lipid
net abol i sm energy generation, uptake, secretion and
the like. Exanples of these proteins are DNA
pol ynerase |1l beta, elongation factor TU, heat shock
protein groEL, RNA polynerase beta, phosphoglycerate
ki nase, NADH dehydrogenase, DNA |igase, DNA
top0|sonerase and elongatlon factor G. Cperons can

o, e

o o oy
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25 chronpbsonmal genes can be used to classify bacteria

at a genus or genus species level to determne if an
wo@er@anigsr has threat potential. The nmethods carCEHUSHObE2671

used to detect pathogenigigty nmarkers (plasmd or

chronosomal ) and anti biotic resistance genes to

ir r p i.al i a . . .

base E3RpAL Wiiabak, BB CERRIHAE el Bt BM0° M OMlidhd by i viteo

amplifickivini by iangethop| suclons PCR naslygje (¢00)cofiatceiprasid dent hecollection of
[ [ identification of bioagents

organfs%e@:ﬁi Aol iseto Broghuet his Fhigiey ﬁ@rﬁl}afizgﬁ Sorronesy &g sensitivity,
eGP SIS, BRI PR, lphelaat i o,

vaFigioé |7 tipdicatesli tstoi wgronsvirusaghnimidi végiursl ukidodgegeanerate bioagent
., _..and whose | ecul ar. mass.is anenabl e to. nol ecul ar
identfag B oA Sr R VIrES T YT HtT TG EIOPR aregpaeg pnto the SARS
CoV i(MBRDL 1NN, 003Y18.82FEQ ANe NEP! $5HGheRhE dRoRREMBN TheS RARp amplicon
anplified to facilitate detection and analysis in the
correspondsetopositions tahd3-1§.2h anchhe mspb]g@npl_iconmgpgqespomés to positions 19,098-
ucl.ei ¢ acid se s wWhich prgvide en varjabi ity .
19,230 4% b eGP R ALy Rne Al el Alabit Xoronavirus
sequeli®ds EsoiitesfondB S ®S thake tvasramalified trexioml feWhatvn, WRSShavirus isolates that
determ nation are herein described as "bi oagent
were sepieneady phgarpd| thisowystk: arphihopay with ampsteiitin "Alh othes sgquences were
obtairgﬁ g Ge%ﬁgug{ %sﬁpl ?eqﬁ@&@? F&r Iq-EE‘@ alg wvgﬁ%o? g@ai%fe%d are shown
I's anplitred in an ‘anplitication reaction. I'n one
with @ dixhed hmet Forbiaed gadteviethe nirinfey i ragjonsrplei ldghlselasde 5 read of all primers
were agqaét%qqdfvsv ;cjgggg SgtS(Tﬁ gngﬂ%gtpc%b%g}cgﬁ%% gcg%lsigigggg ?hse ellc{]dition of non-
templSER | AC AR fRingBPCR G| é’acﬁxﬁ_%ﬂicag{%éhaﬁ%st, Ghe ARRBMons that are
150 nucl eobases I'n | ength and ich contain site or
mismatclead/@yeafdsytortksprimert Sequence artohowine Bsesomplemernixafithed adtual primer is

showrtf ?%% elr{g%eqi%e? 8 r%gtbs-r 321% '}%élng{ l??g%%gp&bé &'grg%{rc}{m falyﬁ Eax%rrsee primers for each
virus d4Mds| dahgalifferehit EdtodvausdtRRaPIR WY ailﬂ) bRAMIAhEBiSRature for resolving

anal ysis.” 15 As used herein, "intelligent primers" are_ '
them fdyyi molesulanamassr er dassi gerapositéonhi Rrémero pbsigemsy chempigelbr weadlified with

ponsBE RS 8 ARl E, A SEbubo U R AR SR a5

propyayidbd:fyueididimmplaudes ssen plimedesd showar, ovi de enough
varjability to_distinguish each individual_ bioagent,

anHignEs Bis an ESkdHak reass speryuet teasureragy odibe PERsammipon from the
Mo Biaghy w8 " g . .t h
SRS, et ALY SORP S \Rdamblod A Qi g lecospey

ionizatieh weaditeine epate1 B %enes ahétamtietnsalxtrahdd of HHOBCR products (500).
Jdentity. The npl ecyl ar ss of a given ification_ |

Multlblpcg Aee _SW%WGGB]%SG&VG 1?p§s m}ééﬁqgef s%owg (§?@p 115‘?18 gé-gﬂ)( is obtained an

expanlb®@ ViR SN tHet isWRDe ORERIBE DS tHAUBMIIHNE7.V8p 5§eﬁlt {s2by, Ofhe derived

the variable region. Thus design of intellige
molequidr measses 630) fersths esersst arpplicoof stand as 2ZRP%S5 Y& fomnwhichhis calculated

(540 308 578 PRtk 3R o Y S i e i i
Tableizq.eerhisybas@@@ingbﬁﬁb@ cblli‘@stpbl_ﬁ’(ﬁ"foi th¥ tabe tORPOIiGRDEAlkulatbd based on the
plurality of 25 bi oagent identifying anplicons

bioageyt|ideatibing amphiean ofdhe genomie sequarde diteadARSsonpiariius.
co 1.0 ot a .CO V. u S r P
oo Tt o R B DL S SaPSPLSARES o8 g oy s human
coronavifusbeined mixdedel Theldecagvolated (eduadal @ss) n@idg €ffctra obtained for the RARp
identifying anplicons.” In one enbodi nent, the
bi oagent identifying anplicon is a portion of a
ri bosomal RNA (rRNA) gene sequence. Wth the conplete
sequences of many of the smallest mcrobial genones
30 now available, it is possible to identify a set of
genes that defines "mnimal life" and identify
conposition signatures that uniquely identify each
gene and organism GCenes that encode core life

o s s o - ™R I A g, o o
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transport are distributed broadly in the bacteri al
genone and are suitable regions for selection of
whemagens? i denti fying anplicons. R bosomal RNAPCT/BSMP4/012671
genes conprise regions thagy provide useful base
conposi tion signatures Li ke many genes involved in
prinf 50k 10 G L0 SO RIS S S S DORUISRRS Cov, harver

testeddimdpviidually rhénis pem&ade 5ral\$Ho|Wnr Bgrvnd aodl révegde amplicons are shown with
variapbility that are nDre speC|f|c to each speci es.
the mW%PP%?‘EOFI@&% egrch ggangs i | i zed to build a
%@el@flngﬁ%s CRPROSih &Rl &EUBF% y‘lﬁeﬁtﬁfl?t §4¥mined base
i nvolves creating a structure-based nnen
compssgitjioenEekd cbndshend n@lbﬂlla’(eﬁlﬂﬁ);e amtdpmdntnaoﬂse(slgimre(s;?ifﬁ) bioagent identifying
1subuntts of .the IB [\IAd Far exanpl e, ere ﬂ'{
AMPpUEPRS 8hCPIPIBVIEFSCY 8| s‘é’& ean Pi PP S¢t Ngaimer set. The
posﬁﬁﬁ“o@kﬂ?esﬁas% %hﬂ%ﬁﬁof? (‘i‘ﬁ‘dlcé?céseﬁ% qgte%@é’tld%quabnﬁ{a PYolfeRE fh each base
Qutel |, Unlver3|té' Texas at Austin, 10 and is
comppubbm,cwlﬂl Gveanteabillusigated frea |'prstda-fiveth? gim@sidnindicated dby the angle of

rotatlct)rhg ulcggl% Ertor éﬁegﬂiﬂgf pg&xgﬁ,gffto{fw tﬁ?(ﬁ%{ll’fl%%ﬁ &A%’[%Ig%lngg Bgse compositions

were Thepfeeh®nBha® the daldul by ba@:Vé’cbﬂEF&htﬁ)rfs RRestaforBBS @anine coronavirus
created and mai ntai ned by the Universi ti\’/f of Antwerp
2

isolat@éCen \Inwvhish tvyas oy foghane decomntosisiontthet differsd feam shat calsulated based
on avﬁfa%?@éegger%c% rlgt%f&féétﬁmqg :irjgrgl gle -'rl]fl;tgt%ﬁ Lﬁg{éﬁggﬁ g‘%flﬁ:?t\ég b?e Hished line).

bl iﬁwﬂl shbwis demiss ypeogumngntaining . mddaepeaks correspondlng to the PCR
ons inclyde: a) between

. ct tics of such r
mtemé gﬁ liaaant FpbigorHt ag@ﬁ%@é CORESRANHBE (R 2 9uokpichskk Gopy number of
S
3 x ﬁ’*"ﬁ%‘péf’?f’é%% e oy g BB EBlio, TN, TofiBinison of posk
abundeacesefdke tew peaks enahipd thiei detstrmmatipn ithegrl PRI o€ SARS ca@ronavirus = 300
ﬂéﬁl enln vari abl e regi on which exhibits no greater
copiey g%%ﬂ? 5% i dentity among species; and c) a
separation of between about 30 and 1000 nucl eoti des,
or no nore than about 20 50-250 nucl eotides, or no
DESGRIRTION O BEENBOBIMENTSucl eot i des, between the
A, CO Aﬁgggqlreglons As a non-limting exanple, for
*oide I cation of Bacillus speci es, the conserved
S ecme PEReritdGvetion (pfoxiim BéhsdNfob derseredi ardddgshtificating of bioagents in
mpl i con nust be hig conserved anon all Bacillus
an “n]%lﬁ@éll TRYINGH P$IBE ¢ ]Pi@agP&F 1%911@1%@11@11@0@1; i elbg@g@gmers are selected to
hybrldlﬁte% hﬁﬁés'eﬂrr%fi 3s'€§+én€9 (z%szb'ii) {u'.lcq%lg %E d¥: de 1%(!1 ?L%ne aStHS&ent and which
brackgr vatiables sefueatd regiens s yidld %Cbldagem 1d25tlﬁrirfg amplicon which can be
. hable i oage identifying . anplicons
aunplifs i i o 5 kbl Tl o atsndieiniBH O o1 molgeulgr mass then
prov1cﬁzs la8REHNB to ﬁhlﬁﬁel? 'ide'i‘iﬁ%sthE Qﬁ%%&ﬁtk\;vﬁd’l\ft bR futRnRAf f"dr E)}‘ibiaﬁnowledge of
node of nol ecul ar nmass mnation or - conpati
the paspible lentitaind thé bjmageritdiThe rrwlqﬂubidlmetsalnir &ofrcwnémgaﬂaamcomposmon

s B 88 A B, B B 507 BT o8l ot

masse@%k Bedel @ﬁnﬁ@i@ﬁl@n 3fpnaRiar Fufiadringfe, theUaBthb® 8RS b&hpplied to rapid parallel
ovi ding a Eredlctable fragnentatlon attern ‘of an

“mu“&%‘l”l fragises. dhe resubel it whigk|cgabe eroplosed imat triangulaiéen identification

s’crate%p T g?egég @fhto!:'i] ré)‘f?% HE:{/\%}J}@ Hx%%é%ﬁ[ﬁfn%r 4sef;11c\>/talc'lequ1re nucleic acid

sequeﬁiﬁffg biShe aﬂfipﬂﬁadﬁ%iget sdduehetefot bfcagait idetectdn Mdddegaificatiean
be acconplished at different |levels using intelligent
prinmers suited to resolution of each individual |evel
of identification. "Broad range survey" intelligent
prinmers are designed with the objective of identifying
a bi oagent as a nenber of a particular division of
bi oagents. A "bi oagent division" is defined as group
of bioagents above the 5 species |evel and includes
but is not I|n1ted to orders, famlies, classes

o o

_______ o o o o o,
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10 In sonme enbodi nents, broad range survey intelligent
prinmers are capable of identification of bioagents at

W be4spasgi es | evel . One main advantage of the PEL/ES1000012671
met hods of the present infyention is that the broad
range survey intelligent prinmers need not be specific

B b g%rtl cul ar bacterial species, or even genus,
. H0228MBaci | I us or Streptonyces. Instead, the primers
r eRP ORI dontdkt OR khis ERRER6, & HiGLcAtTSis agl @B \dtefigdsr Offrus, living or

bacteri al species i ncluding, but not 15 Tinited to
dead, ohe Bydeir sidyderisior e Heeleian organign, r%%a%s dixgaples of bioagents
a ur e t. r
1nclucfe %gf ?e néﬁ ¥m{ {eég’i #Ae 89%§] i @Hhu uetf:’rgdlgsherﬁﬁ%h lhlﬂﬁrglﬂ cgﬁlr%cal samples,

bacteﬂiaﬂ! eenﬂméfh&dpatl&gleﬂs)&lrﬁsh@tfulﬁglapﬂotlats vigarasates, and @gihogenicity markers
ecific to a si IheseC|es or conmon to several

(inclugghehu gy lngg%cl:roegat Oganicityjiplgndm BRtREe rraerae% gefiep g irulence factors,
f

toxin ?@Héér rehh(ri] gc%t%l%ﬂbfggegﬁltthgngne er Pﬁgg i an E\g Sfl(l_:‘lve or dead or in a

vegetatoepsigiet (fon. exﬁmpleemgﬂhme bh@eﬂzﬁ$>r957libre;s0)6md may be encapsulated or

. 16S 1228-1310 and 16S 1100;1188 re i ons ar
bioengipsraed-ya b sonias ot e VEpion; &P SH5e fock ‘?laa%q’ggﬁré@uses a disease
or disé/@MA  nunbers indicate nucl eotide position). In one

enbodi ment of the present invention, prinmers used in

t h@em@smmm biokpgisiahdiversitpnadl fs:rrmmgﬁ difeypn el ehare sets of essential,
c %4 ns org%%rtel ons. t ecrteof Due_ t ?‘réhel ver al n
ommog Tedtiya h SR ShATFY A R %ﬁB%SSWSSFv‘é“en"eS a

varietR®f §6®iond Bh ehdit G&idimeRl Myt n&anslel if ehestii@ersdly acrméﬂvéa/ region of the
the nucleic acid region of interest for nost, if ‘

ribosogq. Thepss atgaa§ FOnSEIVEf cdqreants ihathien nan-yeding RNAyi laﬁludmg RNAse P
(F 1gu11363§pv¥§§:1{1é %ﬁnﬁ?&%g@&mﬁrﬂaﬁc&g‘ E%I?jaﬁﬁu%ljll oéhglggfégct&ngﬁﬁfe a common set
of absoh[mlgwsrieqlilimd’ géngma'klbmﬂ 25&)@1‘1@ afe pirésenﬂtrehlll ibgetatial species (Proc. Natl.

Acad. g&é% h]a9tr?6a- :1@%6&, clgl_e%Icqu’ 2% 2%glg§z,)‘, H%%l]%églng tlnl;lAgenomes like
MycofiaBhd, | URSpISHL R Bicipsial Thése sensd ONddk ﬁm’ib?ﬁ lifvotved a€translation,

arr ows represent prinmers that “bind to
replicaims eregenibinatjpwnandofrepdie  Dhtsceptoui mgclebmbe mﬂgbainsm, amino acid
i ch..fl.ank variable 30 r in 16S . RNA j.N
metabffye s ool AP, SneFeBPp ooy S and Rty Gxamples of
these ptdteias dfeEDNMN P6Kymetake AHIHRS - clordatibs fﬁQ&aI‘Uaﬂ@Q%oél@protem groEL,
desi gn the broad range survey |nteII| ent prinmers t

RNA pohinpirase befe, pespbeglpdergie |lqmsg, ydmgemase DNA. ligase, DNA

crs SR AL SRS b 0 BRI e o

One dxameof afliopefonoi’ e iblg cpe®nNGbR @atlopatho@nid 8 Soli.THeultiple core
advant age of using broad range survey intelligent
chromoseragl genes qamabe Gheh 1 chiseitly @ﬁrten% HBrogEYs PYEARYst sRegies level to
r r at t e
detemtuﬁg 12p£el€|%2 L elfag ?12&1 ?&ﬁ'ﬁlt L e rha cl)cr?sec?rp ﬁag§ot ﬁe a&gd to detect
pathogﬂmmltyemaﬂwrsa(qithsmucbnﬂbhrombsdrhal)]enrl amﬂbmlm gsistance genes to confirm the
wi de' ent rlmers are designed with
threat ﬁﬁteBBglecgntaP\Péga@me 4“% enBF%?HEfént at the species
level. As a non-limting exanple a Bacillus
anthracis, Bacillus cereus and Bacillus thuringiensis
C. caﬁelbetittti eﬁ‘fBigargemh édielftify)ingéanplicnmé‘r usi ng

ision- i nt el. ent v

slofe Rt it Risate, G Nnge U is ot HepifHh €% bioagents by e
methold@l enthefprésehi i@ferftion] & nedE8slyas stiemakghemabs fudkioadids which ideally

~range survey |nteII|gent prinmers may provide

sufficient identification 10 resolution to

acconplishing this identification objective.

"Drill-down" intelligent primers are designed with an

obj ective of identifying a sub- species characteristic

of a bioagent. A "sub-species characteristic" is

defined as a property inparted to a bioagent at the

sub specres IeveI of |dent|f|cat|on as a result of the

g, e o
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20 A representative process flow di agram used for
primer selection and validation process is outlined
wo eokilguse 6. Many of the inportant pat hogens,PCT/US2004/012671
i ncl uding the organi sms qfjsgreatest concern as
bi ol ogi cal weapons agents, have been conpletely

.sequenced.. .This effort. has .great facilitat .
provi GERHGRE St ShigRibish BRCiupfioit bl Avs s fitap Mtecutar mass s
amendt€ tEmbRculbAmabPdetétindtioh: 12 66¢ bmbsEERNSEEe bfeddntdvntion, at least

225 bacterial genones _have been obtained and sequence

one pglyinyplaetidessagmeat snamplifiedyton Baciitetg detnctian sad tanalysigdpdle process of
. . r d..ei d . r . i . g eqe
e 1 oRECTRC R S b 5 B L B iy o
distinguishipsch indisiéded] drivagent’ ard whsscamokculak ingassesnis anfeddkle to molecular
been generated from over 170 housekeepj ng. genes that
mass fjeerpinadiont aten hﬁ‘leﬁbsdﬁs%bfa&nﬁﬁ 0 %oaggg.t Ld_epgfy_“%ﬁ @,ng{llgﬂgs The term
« S i . r . .
o5 SBDES A2, RER, SRl of SPILESMOGeh Bild n o
amplifpdtiomirgatioon has been | argely automated. A number of

genes, in, 3Q addition t 6S.rRNA .. are tafgets o

I ahe pRhgBatGh et PedlSidcasicthy st bSPeduRlas aycleobases to
about250 nd€k&sEkETRA 1 cClassification, while m nimzing

potential mssed identifications. Many of these genes

ar Bre-bigpgsot slgntifyingayeplidons areemphiconsahichmayr grealysixgegd about 45 to

o 39 JQRE T L0 IFP LA B BN oy reiion

endoniBleldeBefoy exaniple) &s yRId bipagdme iddnticyias SmplicO@S@ARh are fragments of a
. proteins and tRNA synthetases. O her classes of )
given piBiopgeat idstiHangrapliconiang vesheare pmenghie to molecular mass analysis.

tr | j - Lat 2 : : :
SR 80058 eI ED 8 M snt i fipd o i
consenigd sequenéiNkgiogy rofi 8 dicagent Divhtifyihy emiplisen thahflsnk an intervening variable

regionﬁ%giiyig zigr? 1 'ti]g{l %?%u{c%n‘%lgicﬁ ;ieghg g)ﬁo\,\\ngég ar(lgq}%ge _ariggi?ity to distinguish
each RURGERS Hillda¥nt And SWRER hrePRRLAHRL {ooﬂﬂ%lééﬁlarr rh?a[s analysis. By the term
a er 1t ancd for

~_technol ogy,” 1ncluding environment surv
“highllyi epwagried, 2 it srmaant dbasrthe sequgned regiaal exhibipbetwaembymits80-100%, or

el RoaTRUERI, bRILESSHBRBORE05 B2 ot mass o o given

amplifi€utivarpredhict Providira théank ¥ iddntidfifg tHeSlodbeRt HOZ#hicR%t Rhs obtained,
the primer. |n cases where ﬁrl mer hybridization is _
due tof the yarighilityj afithe yaréableoregione Thusidpsigaad] istelligenioprémery agdudies selection

. €, i L.gen bTer R _be chenm.cal . .
of o FgFROMGRRS B AR LB (PR B BRI Y gven iongnt
Bioagtit ideitifyiaplaagiliosi fe ddeallpepdrifisnhe idenent dfOthe bioagent. A plurality of
. intelligent prinmers naa,contain one or _nore universal
bioaggpy ddentifying amplicopspelgsiefl i pyallgldordising biragenis Biiich Goatain the same
comseh 8 B hOPLIRANE 1 CUSERAEYY AR FIRAER b deine
as “cobDilative biplagent idemtifiingiemphdomes’i de priners can be

desi gned such that .the nugl eptjde corresponding to .
¢ hITs et onts he biejizeR IR EHnE HEbICHR 1 SPTRSIE of Rafposomal RNA
(rRNAbn%nB ld%:ilﬁﬁ&é. Oeith R{BRpRde §Qubsss bﬂm@ﬁy %f) Eig:’éh‘l}éﬁés? Aicrobial genomes

nucl eobase.” For exanple, under this e" pairing,
now avaidatileyt {5l pospibledty identify aCsedof genesuthnl dafine§ Gibinadi $if¢"cand identify

compéé)i(tgo:ppsfci:%%a%grgs Et?ﬁlt %?@gﬁ%ﬂ?iiﬁ %%‘éé g%n% é’r{%«%‘gaglsrrﬂe Genes that encode core
life fidictiond RdeH &S BMRN raslication, t frasBARid, Ofibogomet Etﬁ%é,oggnslation, and

(Loakes et al., Nucleosides and 20 Nucl eoti des, 1995,
14, 1001-1003), the degenerate nucleotides dP or dK
(HIl et al.), an acyclic nucl eoside anal og

cont ai ni ng 5-nitroindazole (Van Aerschot et al.

Nucl eosi des and Nucl eoti des, 1995, 14, 1053-1056) or
t he purine anal og

1- (2-deoxy- (3-D-ri bof uranosyl)-i m dazol e- 4-
carboxam de (Sala et at, Nucl. Acids Res., 1996, 24,

NN NLSN NSNS\ oy Y T L Y 4 a1 o - s



10

15

20

25

30

to, 2,6-di am nopurine which binds to thym ne,
5-propynyluracil which binds to adeni ne and 5-
w@e@mpstny8Tyt osi ne and phenoxazi nes, i ncl udi ng E&ETUSaM4/012671
which binds to G Propynylpfed 30 pyrimdines are
described in U S. Patent Nos. 5,645,985, 5,830,653 and

5,484, each of . whi | 81 5D
transpqst.are 89 ﬁ?li?lét&(? ﬁlglagllyr{n\g@ ?%%éélra(le enon J]nluydt %@Eﬁ%b?@?e}gmns for selection of
bloageﬁpmﬂ&’fgﬁggeﬂn IWOhﬂERﬂ)oﬁfrﬁaIQtNAnﬁe A ddnés E@npide MQions that provide
10/ 294 which is al sQ common owned and WO

usefub oy GAINGFHIPCTEUREISAL ke By 2ohes inyelyesh dn £108 life fncons, rRNA

genesf’%on%ﬁxgsé@%ﬁcgeﬁ i SR é)[tgatogddgfqg [;8%%62;@%%%%%%&83& "doRfaths interspersed

with feglids 0¥digh eaiability tlvdtl lachmiose $pecidicitoreatiesheors eTie tariable regions can

be u‘u{}ezf ¢ eggliq]I e Easeg) I?erg p%qeﬁtélgnlssalgg%ur%gg fe:sj‘[gﬂrqelaggfelgvcl)lges creating a

structift-Gdted %11gﬁ1ﬁ&ﬁrd}‘%regﬁé?ﬂe§18f fHe"snp1 (1%st B d Ghe la'ﬂ%é g _Szngubumts of the
entirety. 5 r enbodi nment s, t enpl at rifrer
rRNA ggsesaFer lasamplb,otherm areaaerently avet 13,000 seq@rpeesainuthe ribosomal RNA

databéﬁpnthlptf ﬁlabsalf eé :;fgeg% l A ?alr}glépq,yeﬁ %@ré?tgﬁ,rU&g@}s? o?v[eexas at Austin,

and i§l %ﬁbl%lﬁ@vﬁlfhbtb\’@ﬁ 'tld:' Fr@tlﬁﬁb ffr C@REdr dnbiNVIBlecMAs BIIbEY Xeb page on the
T nucl eotide residues on a priner which are

WOI‘leWﬁ*ﬂ weteok te yntemet hle feregemales “manclahylt@asﬁgw/ ” There is also a pubhcly
ava1la{g)gen rfglﬁzggd ‘rflaé)gsrete c%?%{cg@ 88% ﬂla?rﬁam&g% ?ﬁegn{%%rrsh h of dA‘r%é‘%g% Eelglum on the

worldoaidd wob of the Intdeaétrat, for é@hﬁﬂe Vé&rnh Qiafackel pair conf ers
increased stabjlity of the primer-tenplate duplex and
i nphetredatabasey havecbaemomaped & éﬁ‘@gmmp HegpRethat are useful as bioagent

identig\{"fﬁgl 1 f&Bﬁs 1940 Pé’clt&ﬁﬁgs Bf"géc%&ﬁ 1ﬂ§l‘:€1ﬁe @r &t@@%}p Gbout 80 and

tothat of the non-t

100%g or peater Baaprabplytrﬂﬂ% ydmtitymnmrg ﬁ»epxempf/thy Ipartlcdlan dioagent of interest, of
re5|q$ s repl ace | ate matc resi dues on a

upsteisi ] QowBS AT YeLyOUSGEERT SIICH IS, SCgBFa g lification primer

sites; '"?thlhﬁg/ehﬁgesfaﬂ%lk @9%&)19 %vhhdh%ﬂﬁts%bcé}eﬁér than about 5% identity among
osphorot hroate lin for exanple

SpeciQSh andc) ersmzaaatummblbetmcmg@w 3D cbedtlloog)urmgleambets; oone mfore than about

heo e caII bi.oa ld identi .
5025 HR1eBl0S i B be PR Binal B eSO Glos, i ton BF Bpsetved regions,
sequenc ﬁoﬂlﬁm@t\/@' ¥x&thpRY abt 1&&3@1’&105&@? ke dpddiBus 8p&ss, the conserved
The conpl ete sequence of the nucleic acid conponent

sequegee ERERs I demchosen Bioggwildpatifying pmpHoemmupiieohighlyi conserved among

all Bc?c%@éés %ggso\?vméeeﬁfe Varlhﬁgl %é@e gt(‘) fhteson%a%gﬂtt 1'c1£1¥c1f?ﬂ1%nanthilcon is sufficiently

VarlaElIblsﬁch ’dﬁ’athehﬁsleculaﬁ myﬁ;és betr eﬁhﬁ]ﬁifﬁ:‘dﬁd’l pfckduetsejf alltspecies of Bacillus

present invention provides a straightforward strategy

are dlﬁ%ﬁ‘gm%‘ﬁ?l&l ning information with the same practical
Val]}igagt%ﬁﬁﬁgn n%rbﬁll Rbfs Hhe quﬂ&eéﬂ%bsfsyde%nn?aﬁon are either of
anpl 1 cons ar mass determ nation

a lengthsezg oammﬁ Gmmpaablermsth toef peatlgllmemobe ofigwidcular mass determination or

compp@@g | V&l{ﬁ/ 8,11%?3618 Lﬂfl o n]&'ﬁ{gﬁg 53&640 ﬁ%‘lﬂf r}%gn%%%\{{(;g ?pa%%];gaemder to obtain

preduﬁ%le SR of he lendBl 86MbAbISBSith Fhe Epgﬁlcﬁla?arﬁgdﬂat of molecular mass
entlf%@Pg anplicon obtained using the intelligent

deterrpmaﬁgm hrmeang 8pgwidingye presli¢iablg Ej‘@gmemtm@ rpatbem tofEn amplification
h Ho
procd i Ao RPNkt Wi IRURRD el g hpyaes prime,

for exadighild.i onal bi oagent identifying anplicons, a
“triangul ation identification" process is enabled. For
exanple, the "165 1100" intelligent priner pair
yi el ds nol ecul ar nasses of 55009 and 55005 Da for E
col s and Sal nonel |l a WD 2004/ 111187 -19
PCT/ US2004/ 012671 typhi muri um respectively.
Furthernore, the "23S 855" intelligent prinmer pair
yi el ds nol ecul ar rmasses of 42656 and 42698 Da for E
coil and Sal nonella typhinurium respectively. In this
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basi c exanpl e, the second and third intelligent priner
pairs provided the additional "fingerprinting"
w@2apahilisty or resolution to distinguish betweRBCT/US®04/012671
two bi oagents. 5 In anothersenbodi ment, the
triangulation identification process is pursued by
ne o . .S (@) o . . .
| aangtiiion” b MR aehd Wbt ptkBlpiled e HERARR Mbvcls ysing inteligent
primege Beised tol Fisslufivn afséach sindiskial tevek dfiddentifitann €Badadvenge survey”
) and fal se positive signals, and enabl e recopstruction
1ntelh(g!entt PSS 285 ﬁe%gnqqywﬁ aheonjsthQr%{l lggltgwéa,gr?e yoegpnt as a member of a
particaia? ﬁgf?{iéﬁ of ﬂ)iea%éﬁ'ts?‘ AP*H??&Fg%ﬁt ditfstoRP id #aka bl gﬁ)tuPQ)rf bRfagents above the
nmul tiple core genes, alignments are created ffom
specignuleV&iand dudludes dopt énoe 1thaitealbtas eslers] fenilies, alldsgesrelatiss, gemera or other
t hen. ana#1 zed for, regi ons ,of.co %Er vation, and

such GFOPPIRET BhUIOBSRIHINNG St SHEEIEHIAVPY A8 G noRrInj g fatple, members of the

BacilBRI(3641RA8iat ?rdﬁipsb'i' ngish Bk pliteaeRES SR8FMmAY 6PGAdifed as such by
..genom ¢ differences. For exanple, identitication of
emplayieg brraderapge survey i intelligent pripgisc sdchods Brimarst Whinhi terget 168 or 23S
. et at, J Appl. Mcrobiol., 1999, 87, 270-278)
nbo“&ﬁﬁ?ﬁgAabsence of the expected signatures fromthe B
antir ame g@etvdiemoulbHofUgaest sarvggniidiGg@NObARRE P8 capable of
i event. 15 The triangulation identification process can
identifjgatinu, of Riepasits o Ahoatneeics Jevel Sinegnaipiaduaniage of the detection methods of
' iy 00 4 [ BY-1% I ian .
e LGB LN AR O3 0 BTN AOE Sk ¥ i o
particolar bagiéréat sRECR;s, anelenpeaus pedt dsBrillisor Shipromsi b0 listead, the primers
Suffi.cient quantiti.es of nuclejc, agids should, be .
recogite HFHIY 1o KIURLAETION SFIOB GHBURS Oppagienalatheciss including, but ot
limitedabl ﬁfe)’s&)@éi& BERRLEW GisrefiP rThuQ,rfﬁQas%lggor{;]ﬂ g5 @W&g ﬁgfligent primer
. purified nucleic acids or fragnents t eremg are ?
pair cimbowssedotot iders iy ahy 2@sivaddbaeteriyins biddatisel ih wilh diral to. theEhserved regions

equi_res, ,one .or not Pai r.s 1of ol.i gonucl eoti de pri nl;srs . .
that ﬂ{aﬂlgta VBiRbJ€ Fegion égqcbtﬁ% Q. FIRBLerSPESiS: ©OF, QO’PH}O&etP several bacterial species,
allowERambhRcal ficldi®adie .aﬂx?SHﬁEzit'io%be tHh R &Ry dMid R Bere1alB determination of its

i fferent strand of W th

synthesis of a d 38 ,
mole@iﬁﬁtvr@ghtsanéd@m epmposition. Her ¢kamplei the WS_8AE-1p62,ndS_1228-1310 and

, imer. Th ' L b
1500198 o 00! LB B T BB hRep g o5m168 v,
numbpeligdiestanadleotideeobivion). de ony BB EichOs t%mwg%&ﬁﬂ%ﬁém, primers used

, and a bu f(ﬁmare conbined to initiate DN
in the preseaasthod hind tQ ang,ex mare of thasp segionser pyrtivaathenepl. t hen

co ; : ed . pri
CoPLE T ucblen ERRLATR B R AR s s s oo
intelligend peiseer ibindinygpsitealtd ymplifetie emiclear acid tagion SDincarest €y, most, if not all,
bact r?sul t.i nglii n g%g i.ficatiop of the target sequence.,
acteril {SREGh T MIEHE FEen Setuiger Ay &5t Of peimery yPRescin length and/or
comp@tich, 3R thid {8 o | S i SE intelli
el ading 1 S‘Stze&g 2 R S %drwof%%n efud> Blamples of intelligent
primegi thefl sl negianpof thed#Si and 2380RNGDAJe. slibwan in Figures 1A-1H. A typical

. L ahy | ution hni gue al L.ows rati on of )
prime| AIAEE Rati 18 ISR A s B s SREF St rresent primers that
bind toi Higislyi denktireddl yeotdndtdfehe HIeA UntdinE Mese ré%oﬁé? G{H18f flank a variable
. eppbodi nent, the detection schene for the PCR products
regionyh Ep RN Af despgin HE. ibe zomplified resipn pomespordo g te28dm-loop structure
~ i t ' I three features. .
e 2 PRREE, U R0 B 8088 BB 3hRha pimers to
minindze theremtbeatof primdrs irgrjuired gontheaddalysapasd t&2060) REFRtion of multiple
products. Second, the technique provides a nolecular
mass that uniquely identifies the bioagent fromthe
possible prinmer sites. Finally, the detection
technique is rapid, allowing multiple PCR reactions to
be run in parallel. 5 F. Mass Spectronetric
Characterizati on of Bioagent Identifying Anplicons
Mass spectronetry (MS)-based detection of PCR products
provi des a neans for determ nation of BCS which has

S o o o o
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the nol ecul ar contents of the sanple. An accurate

assessnent of the nolecular nass of the material can
wheooguiak!i y obt ai ned, irrespective of whether PEBEUS2004/012671

mol ecul ar wei ght of the sggple is several hundred, or

i n excess of one hundred thousand atom c mass units

anmuy t Daltons, 15.|ntact.nol.ecul ar io can._h .
memEETH? o Blon Pt AV Riop e il B oBloetir oy Balee of using broad
range Ve vest tedfigent PRinZe§ i that @B6E Ia0biBsechp isC Broaelyt idehiefied, the process of

sanple to gas phase. These ionjzation nmethods include, )
furthep ydentificationpt snepics aad sub-seqcirst levelpisfaciliape dyi drectimsyhe choice of
s I i | aser desorption ionization (MALD)
add1t1gﬁéd 1#%%@@%%%& Snbar dnent (FAB). For exanple, MALDI of
nu€Deadisiometides’, insdlbgent viriners exxaripbigsedo fvithivd lobestiveobf identifying a
. use in MALDI of nucleic acids, are described in WO )
bioageji/a #A5TP0CIse 1PYe oA TR BEHIRG FXamDlens gBéwté?«Asanéﬁ}aczngﬂlus cereus
and BOEiIhR RS irieslst dafi el cﬁﬁin%ﬁi%ﬂéﬂ: tdm fi&ﬁro?ﬁér%ngcﬁvis%-wide intelligent
. digested wWith restriction endonucl eases pridr to
primejsorPvasiorowide Fielligent qrrinesrargt ejot awawnquired b adentification at the
. product that s 10 kDa coul.d be .digested wifh e .
speci Yo Bocgp gt Tack e e s el Poy probidsdufpient dentiicaton
resoluifid @ actbmpliShing ¥ASRleRifick¥on BBjebivgment s. Restriction

endonuc] eases and their sites of action are well
k nolAkillide iR dntelligent grimersi arardesigned ik amobjeetivenefsilentifying a sub-

. SP Y : be penformed for the.purposes  of
opecicS QBHERTRLS Yt 1 iR RS RIDRE offclelfiols g o @ property
impartedetoabbionyead at tiynubspesiandve] db edentifitdtonl 47 AMddsuRbIAhe presence or
ions with different charges. Averaging the 'nultiple
absengeaft PRFECYRr segmsBLOLRUCIRG ol ushriab-spacos charagieriglies include, but are
t 1 p . f d o . ss .qof
o RS PSR B30 00RO, 0 Ao ne
pathogspatityr Givetls,ytokES|gedds) ands vpratenice fhaolsy Ideseifivhtidnobf \6aEly sub-species

hi gh. nol ecul ar, i ght 30 polynmers, such as proteins and_ |
charaqlorilgt  CLER qEtipaly prRForEN KB PPl drogivusiat ef pathgen pofections.
kDa, since it yields a distribution of
mul ti pl y-charged nol ecul es of the sanple w thout
D. Selestion agd Optimgmiation afiInteligontPrivfers r agnent ati on. WO

20Q4 1..-21 PCTLUS2004/ 0126 The mass detectiors: .
s AP SHE: Aot DY SR R RetPY 16 (rigation process
is outhndd mrEigmet6. Mhh§ be ehet ignporiabf %&hoéeh@,rlﬁél‘aﬂ ItB8 organisms of greatest
cyclaotron resonance nmass spectronetry (FT-ICR- I\/S% , lon
concegny aépl?loloq@alngwné ageriy Y e beeequapletelyi sequerfced.| Thykteffort has greatly
P tri e.. In gener.al .h
meid bl 3 30 A SRR TR Py denet
sequenmee $ont ovér 225\vieteriahgénoales dave bedn abitginednd sétubRek d1nments have
t andem g&ss spectronmetry, infrared nultiphoton

been generaled Ior; essentia pRss ghat g wgerg%} @ﬁhﬁrdgpgﬁﬁwcmg @ll organisms or
ithinSREfbER i dj y i

it SOE AT T pit SRl s, i

have keentgeneratedyfrom dyieod (e ritousaketping igenesnthee atespregent in almost all major

rol.ytic C-M5 without PCR f rapi.d detection of .
bacterfgt?; gf’vé%ig%ss ’l’l%:sebg% gve %qe&,usgg} g’r%}cggtl 1Gakiop o brogddipgnosfic primers.
PCR $6xfié25618bdfoh OfhdObptithiz i) BadVBEGH 1aP8elP fau@RlaBdVU ffifber of genes, in

..agents). To 10 achieve mninal latency, a continuous
additiapatepl 65 RN Aarreftrigats ofi“beandipngaitpindre, t(R@CinvBasing the redundancy of

St ] ., Wen .an ipcr.ease in.bi S i
aecc SRR SANGE RG] pbRREET 5 iR ER b eny of s
genes Biep axyeoted]y, essential tpigutaonerovatiag, WRN 8love Ban! IR ing associated
nmol ecul ar fragnments from for exanple, about
100- 7,000 Da which are observed in the PGC M
spectrum The observed nass spectrumis conpared to a
threshol d | evel and when | evels of bionmass are
determ ned to exceed a 15 predeterm ned threshold, the
bi oagent classification process described herei nabove
(combining PCR and M5, such as FT-1CR M5) is
initiated. Optionally, alarnms or other processes

o o, . S
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15

20 natural abundance 13C and 15N i sot opes, and

assi gnnment of the charge state for any ion. The
wa@2atuendsare renmoved by in-line dialysis usingPer/us2004/012671

flowthrough chip that brjpgs the solution containing

the PCR products into contact wth a solution

with (&I(ly]e ?#?%tﬂ?)aglrﬁgg&gjrng@ fe'ﬁort lbrg%;&lo ﬁagﬂbf rhog%lﬁ;ll anéelns and tRNA

synthbtaseseOtHenelpseshifashsaaval pratii-esedihddyenep eichideneandtriflion-associated

g@gl wggj power of >100, OOO and by I ncorporating
genes; A polymegasss and Bene Peseinled Wit épmlé@qnnfﬂl@h as DNA

o 14 0 850 O B 0 8 R s
specifio gpelsunlg diag rimbn fusednvehe sﬁdtibs‘lsﬁﬂly) ml deveed aarp@hcat&irlat&’ thé technology,

inclucﬁggs Fgﬁeﬁcémen&lpsglgvgﬂiqqﬁiz 3@}) oorg}% ar(grt egitagc{nl zed pglcal sample analysis

formédr&ﬁgﬁwoﬁanﬁgaﬂﬁ)géﬁssm ving power of 33,000, the peaks
fromthe individual isotopic conponents are visible.

At Ideallpsintelligent prmesr hblﬁrlcmmw@@ites ttechipldytoopservesemkader to facilitate

e AR 0L L R R P Gl ot

levels( dﬂ@nié&vﬁd)ord@@&dqhaﬁte iftéINBAR PRt RS cad Be @RéMICARH mddpfied to improve
npl e, by grow ng m croorgani sns on depl eted nedi a

the efg?ﬂémyﬁ?ﬂh}’@?}fhzﬁﬁoﬂ he nucl eotides (Batey et al., Nucl.

<y iapa e dhr SRR TR G DR g o o

more rmunzlefsabbms dBecagscomsy aurgationl (dey esl codorb&obbledHahe 3td0p051tlon) in the
det.er mi ne nost bi oag enfq@ﬂ t andem nmass spectronet

consem@é $EieRE: ﬁmqﬁlgeg)eﬁzﬁ, 1%) Yo pesus indgbe it ql,p@éltlon of a DNA trlplet
ohgorhf&fe@fl&@ﬁr'uﬂ@rs%ﬁ be 'd@élgigadtsgcﬁ'ﬁﬁ?ﬁx\:‘lnﬁElebgf‘enééJnteé%&{dfng( to this position is

sequence. Tandem N5 volves t cou
a basor whigh ecastt bigels ta)frncvtas’élaarmieyaudeom}:er eefan’edh ﬁohherem as a “universal

T LT T I -

(G) bigts f@mr@mndqfncﬁnes iftds foro By Wicied dkabdp&ls of 1
) structural infor rratéluc??}H$ is to be obt a? neél&nliSTﬁe0 Sunllversa Hucleobases

includegpitrpindelss rfueh g nfenitindolss ion §:nitropyrrolp| (aokkﬁs dgt al., Nucleosides and

20 Nuclebﬁz?e?{jisﬁg%g? gdggrﬁ@?fqhenﬁic:%pgr %&%ﬁﬁ%‘ asocg[gr,] amgteéal ), an acyclic

25

30

nucledsjdeeineloiroonnimtyg 5aiirgiadizonr (Viaal AerSehidt benlf, N8 E and Nucleotides,
IR nul ti photon dissocjation. This activation

1995,|' 34 05-1958% o 404 oRe giglegs | dPclopsisDaivelirheosyt-imidazole-4-
carbomﬁé@tsaﬂa[eft C K/?Qlﬂﬁczdp Vol uﬁ(%gﬂ W30585h@s of fragment
1 ONS ed e Wserl es avi’ I'ng an | f act 3

t ehlnamuiheraendbadlﬁlenp lob ghérateention,| mmmgpd:n%hterfwhhe somewhat weaker
ea agg s( havi ng an . intact

b1nd1ncléel:g, o&ﬁgzq abtagee,‘ tﬁ%pgggenu%l% Hde; BUMAE ale éi@@gleﬁd ﬂaﬁ:gghellt the first and
secon@?@élﬁ&'@ of %aéhhﬁrfbléisaﬁg deBufl&d B¢t u@fégtlgcﬁ %?zﬂ{)%sn ?cgnﬁ%ﬁ with greater

hese resulting fragments” of pro
affinity depnsthp evmodifiddaticlatide. yxainpdesnafithedei amaloge umlmdas bu'aare not limited

o 2B YRS S e SRR ik Wi o .

propySAe§Rbsine lahdt ﬁl@dn@x@zﬁﬁest Viﬁclﬁéhn?DGf‘clélﬁ‘ﬁ 9@hfeh0 birkls Md "{"Jr Propynylated
nol ecular mass, or if a sin [ification reactio

pyrimidineg | are deseribegripddt Rasng qusaé &4ﬁ§8§aﬁ§3ﬁ;§§3 m 5,484, ws each of

whlchg;? g?p@goﬁgg ﬁWg %égg é&% oﬁ%féé ?)9; rﬁgeher%/ og dg "lts eirﬁlr?tﬁl Bropynylated

primesniredélaiendd df W.Se Safali Neen0/294,203 Whivhefi! b @@hoflyObwned and

"tag" is incorporated during anpllflcatlon (e.g., a 5-
(trifluoromethyl) deoxythym dine triphosphate) whi ch

has a different nol ecul ar wei ght than the unnodified

base so as to inprove distinction of masses. Such tags

are described in, for exanple, PCT W97/33000, which

is incorporated herein by reference in its entirety.

This further limts the nunber of possible base

conp03|t|ons conS|stent mnth any mess. For exanple 5

o, o -

" o oy
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of the single strands. Because the strands are

conpl enentary, the nunber of adenosine nucleotides in
weamhistisand i s al so determ ned. 30 | n anot herPCT/US2004/012671

anplification reaction, thg nunmber of G and C residues

in each strand is determned using, for exanple, the

incorf BT iFeid B3 RMsehctn St nEb RGBT AR BhrTiegip, Py Patent Nos

5,5028179, §/763 1588.C411d06,005,006,0046H JBWHIBH BCibaipoMEeLREEInIB 3% ence in its
Z23° PCT/ US2004/ 012671 wei ght determ nation, provides a

entirefiiGrolampa see daseribed i Ui, PognsNastG.992 %ﬁrﬁr&?& Y4 epgh of which is

B LGSRl R, L 5 109970 O O

st TarudHet ahlBaBmBms,e]ioﬁaéﬂplml primer tags are used to increase the melting

sequenceSequencermSS| nf oj nf obasebase
temperatiey (ing Rif HePABRHteage duplex 1B rderasmpsonsTepRbicasian efficiency. A

non-t?{mrélﬁﬁq%_ {sﬁ%g%@%@ AF%%%%‘FB %ﬁtlde residues

on a imerssiATasT mpﬁm&m@@@nﬂmﬁmﬁy -diyerrnon-template tag, A can be

replaci b 010 SR AP0 %I%%@%s%@r&ef&ggﬁ%Bgﬁ%gaerhbond ina G-C pair

latiR2l & |AIF gt Borers SincrehdedtRibility T Be ﬂ{e'aftaﬁ te duplex and i
e A14C590141$ﬂ§ hadsaﬁcaveragell\%[\/of 14072. 26, ﬁlgned 1%]pheeX a1.1 Hproves

amplifipationadliglenqyA1 A* 13G9C14T9) had an average m)l ecul ar
oat e

we 481 11 _and t S r ot hi
v &7 s oot wPHRING BATARGT LR T rernd iy to tat of e
non-td;_:&iblaféﬂt_g Nﬁeréﬁh ewel Bf BIvYOS PEIny RPE&GhE 8r SpPorSMOMRdidR residues replace
igure 5. 10 I n another exarrp?l assume t he neasured

templﬁtﬁlnéf’é‘ihl%ﬁreﬁlé@@%%n@apfl@&bh strand are 30, 000.115Da and

hp leexl %ﬁ?@n{gﬁégg%ﬁrﬁe’e@lfé&ag@% }n%g tfgggﬁ%h}%%le]ogﬁ?ﬁlgkage such as a
phosphoioﬁuuaitahnkmsfotrsxmplar ate to 100 ppm there are 7

possi bl e conbi nati ons of dG+dC possi bl e for each
strand. However, if the neasured nol ecul ar mass is

E. ac @ﬁ%ﬂ&eﬁ&tﬁgl (H’ﬁﬂba%elﬁ? ﬁ@erﬁffﬁn%%ﬁpﬂco‘i&rm' nations of

dG+dC, and at ccurac ere 15 only one
P odsthbxreticadly ddend bmagerttud@twcifoo woebtidestify aprintifyf, gndkeport the complete

et G K5 TRSE S5 R5 B Fek B et sesence of

nuclei@lagll ¢dnfyBnShCEY ApathSgad B Pro@ide lall ERAR: 1ﬁfoglﬂ on about the threat,
rocessi ng. The detectlon processing uses natc

including wﬂm&y ond hepretsnes vidiug nesigianse bap@h@gmcnnypawemnﬁhls ideal has

d b
not Sl SERRGEL SR, B AURLCREH, OBl £ LBRBA B someay or
obtainZf} infidrneition bvﬂﬁ@hﬁnzianiehﬁ Raficl vERBTHREESON aﬁilFfﬂﬁ‘Mf)bloagent identifying
observed bi oagents 'to known bi oagents is a
amplictye by molaayar 1S Betermaiotion / 012671

In some cases, a molecular mass of a given bioagent identifying amplicon alone does
not provide enough resolution to unambiguously identify a given bioagent. For example, the
molecular mass of the bioagent identifying amplicon obtained using the intelligent primer pair
“165_971” would be 55622 Da for both E. coli and Salmonella typhimurium. However, if
additional intelligent primers are employed to analyze additional bioagent identifying amplicons,
a “triangulation identification” process is enabled. For example, the “16S_1100” intelligent

primer pair yields molecular masses of 55009 and 55005 Da for E. coli and Salmonella

}
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possi ble, for estimation of threat |evel, by conparing
their BCS to those of known organisns and to known
w0 2oong11a87 pat hogeni city enhancenent, such as | PGEU$10041012671
of antibiotic resistance ggpes or toxin genes.
Processing may end with a Bayesian classifier using
hin 8 ' _ | e , t .observed
ophigfun, KSpec0 PRI PR R e el BE Bk SFeias motecutar
massanpi2o5s emd pR6DS e fe . dovieaidCSa/nbselluudyphindiiung rédpectively. In this
basi proba ilig -of -detection_versus i . . .
asic P1 it %-@PQIP | &l ghigd inteligent ; primer; gpdnst pervdded the  additional
“fingdrPMBNG AP SRR Bt RAGICY I LLAb g
PR PRI 2 e e D R O BB DR
f i Iln ensthacnsislimertt, the pridnguiation pdatifitatiomsprodess isgnasued by measuring
. ~values given the. set 0o pr.inmers_used for each of the
signalf Teaff 3 ey e Risheeo: Senuliiog SamiGpss| Cledgrieaediige core genes
This procdss 8use@ td fda6d fal8 rebRivERIA RIRS BEIHY gsi%ﬁﬁs‘f B&# enable reconstruction
filters. The database contains known threat "agents an
of thepesiginef hybrid gr othawier erginesned bivhgentsain this pocessedfi¢rddentification of

.ast | mat d_sub ct_the si ture pr.oduced by the
T A N
alignméntk areviherbaltgied foitrepiona BF SoMschvatioh BR| PaRRAToRariShiBagent identifying

.matched filters and a running-sumestimte of the
ampligefiss are cisicgtedatfc distingyelk Hicsgets d1agash bn sipeeifigt gesomie differences. For

st idaRt . ¢ h tch filters t.0
cxanE! ARG el 808 W \EETRLE AR UylhSH (B e .
Appl. dicrahiod | 1999 i8S BTA0-PT)CHS thei sbsaiiel o thet éxpebtcd signatures from the B.
"cleaned u data in a simlar manner enpl oying

anthrqgis %W@wa‘?'&’tl% P GRENGFRAURICERE C¥H a  runni ng- sum
es‘l‘hé'fﬁ‘izﬁlggfatibﬁ‘ @déﬂﬁﬁ@eﬁfcﬁ%&ésg REE bl g[lrshgk? Pg giﬁ%gcgtg%?ﬂion of bioagent -

data. G Base Conposition Signatures as

identiSjingagyepliconsléna magsivaly paellelcfastsor Osikg thepotmdrhse chain reaction (PCR),
. f [ ificat.i d I ned
st B 1S Sl s ot
acids k®id ibki gradend %ﬁ&et&iti@ﬁ%i@a%e%@@ﬂf NS OR RideMPhf %P l”techniques for
u

mass data to a base conposition signature is use
preparing laggeramguatsafpuyified nugleic agidd ohGrgnents thetdvdiare well known to those of

. it ' " (B is th t b . .
v OO O ERTHAES b Sk B TGP A g s i o
regionbivddde fitnk thenthigey ba@ieRodry)ite 8. an gl fRECTRAL MR brin@ synthesis of a

en. BCS pr vi an _index of a specific g'ene. 25 in a
d1ffere§1f) étrﬁl?qo g %nwgh] sypthess O6FHIBEE tin dlags dirgqtion ofeangeprirgsr;, towards the
N ’ . , ¢ hi oo
other i, Ticohintts, DA 5 B Shplled, 3RO BEfinigise . 7ag

Rolyméltaa@ethcdbwo@w(ymmlqmtidb adipHdsphates, andls buffe0418 ﬁoinbfhed to initiate DNA
e This permts

conmppsi tion constraints for ch speci es, )
synthe3o Ry poILien b fegnuiiiginhentioes hem cpeles e allow mpmeabing o6 nowly added
primer§ ESILRRADyHMBINGS fotind HF DREE WolRhdRUTH i;ﬂ@& | Qral; -

can be'ugéd to visualize #ﬂg 30 co% ept§%§qﬁggghﬂkpmnmiﬁmabmn
30 cyctesniseulting snamplificatiph of thedtrgetdsquedoei mal pri mer desi gn

r e L MR oi ce., .of bioagent, identifyjn )

| RASER BEIRE PERCL S E Sh3EAEI AR techniques may
also bbasedcoithaetind lighse sShaamatattios @CH)NMY sLa dﬁt)%@aﬁa{tsampnﬁcaﬁon

Areas where clouds overlap indicate regions at may
(SDA), | high-pgsohusion, NP1 teghmiqus alboyyy sgROBN0AR Bipagém spectral lines from
backerd| bifgh ' .Which is overconme by
ae (glg‘éﬁ(g%:rt%?ﬁgl lianrglg?r%@ghlly%é egérao%{vl \é\dﬂllnlelﬁtfg'or mation from

dilnfaaothet elbodigent, theddédtioni solgendeiir itk@PER pré@@td Yenerated from the

maxi m zing the separation of base conpositions. Thus,

one aspect of the utility of an anal ysis of base

conposition probability clouds is that it provides a

means for screening priner sets in order to avoid

potential 5 msclassifications of BCS and bi oagent

identity. Another aspect of the utility of base

conmposition probability clouds is that they provide a

means for predicting the identity of a bioagent whose

(@
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sequence. 10 It is inportant to note that, in contrast
to probe-based techni ques, mass spectronetry
waletoenmisat i on of base conposition does not r epgi/U§2004/012671
prior know edge of the comgpsition in order to nake
the neasurement, only to interpret the results. In
bi . t ert | . en
s Rt s BB BRED bk P T RS S ARGy oo and
differpitydtengenbiple (genatajlgiabouins-18) PEReprodudts.i Sdcond, the teldhREk provides a
1 and iden%i f&ig.é:l %ifyen,ﬁi oq%gﬁnt. Furt hernore, the ) )
mo e‘ﬂ’?%&%%“‘ that upddugdy identities thp Hiogeent tom Fhepessiple piimeiites. Finally, the
detecBSitebRliqde BirdSiB, MRLe Rl g{a@ﬂ | : ere
eecseqlfencl% infrolrﬁrr’ati ong?s ur%é\?g?gg eOﬁ%g)ls%d@\%%g?%g%
utility by providing additional bioagent indexing
i nfor ion with ich tq popul.at.e B at gbases. The
P o O0ES Snseitpticlrie EB kgt at Hivegeat ity Sechmplicons
gr eddsk Yspebipbavied (BES)Bas6d BeRciifi erepCRepRIMBR VALY R & fi
in the BCS dafgb(ase)s. 20 Angtlher eand%rre_n% olfﬁlot he means 2ot
deteriginatiem of i BGS whieh has severalt adyentegess MY dy iimiginsicadpgerparallel detection
2 ion angd, ident.ification .
seher AR O RlecE P MiRucfi ol 86 HhRatPhiebP S aitdsy 3 BRpfifcation produc
is ide_ﬁ(&iﬁ&d I@bitﬁm@&icﬁ@r masﬁffmfcui‘m&d State DF Rkt BNE8ss spectrometry is such that
ntelligent PCR.primers. Six of the twelve priners

less thgnefomiprgale quantlicssef watpripk ¢anghesreadiby enalyzsdftp rdlprdiinformation about
o IR S QA AT PO L s ot
materipd e bp quickhybaltsiaed, djrespebigveoshehethérxhe malddulie veeigft dffilee sample is

.qr.ou f twelve priners are "division-w de" priners
severfloiaHdra 1R ECeN risan e Me B GUorls FaFouBo(38aY or Daltons
IntactGAYREAHCIORAR Gah i BN&hefaBIOK Y| ﬁ%l}ﬂ%fi@&}(iﬁ% &E&E&g@t lgsﬂ‘l?ggl)lgets of a variety of

. identification of nearly 100%
ionizaties tephaigues td eonwkrt tite Samlée by gasxzhapd. hese fohization methods include, but

e ECHRTR e RN T TER Bsorton somation

(MAIDD apefisegombuiRed et FAB). [k edahpie! KATIIONIRRES: dc3ds, along with
obt ai ned usjing additional prinmers. Exanpl es of such a

examples of ipatpiees fos UsaiaMALET of nileic peidsciae BescribedinnWiO 98/54751.

it to: | 0iOtL & .1 88} St e athogenicity... .
i's ar?ggev??%?@%ﬂg g{sf alch:l%gr ;B‘Nslfsr %ﬁ% %3 oL u%{%epé'lg?/pé@catlon products
thereftoppean dadigdsewdevigh mspictibls endpnubleases pyiey {diohizhtiodl s, for example,
ngﬁ%hod, bi o(gg}eng det ect | gln) confirmation and a | o
an angiicalen PEoch tadlt it sk kDaagpubd ber digesied) with a series of restriction
e e R s o fP) T ot hiaeRaitoy i Spiotion sdonuctease
and thel sitekerif dctipn bioweljknewen itnthe skillkedtastisanch this hiveer, mass spectrometry
bi ns)[[srti(gg 3% a toxin.gene into a bacterial species
can be pertored for g Purppses of fesrigtion mapeingoxi n. 5 H. Use of
Bi UB&e nidadion! idvy i tdafrinfald -
R e S oo AR REA O B formation of
ions vthodiffersst earggsoAyeragimgithe ohvltide rdadingd efitridi¢cathr yass bhined from a

. 0 t resent. i nvention. -Exanpl e f. .
Slnglegliﬁ%{és%feg%gmﬁo 7P R ey é)?ilﬂglle%%r Q}aéﬁz&’? itgﬁé%%a,gem' Electrospray
ionizatioi yieies spEotDmeaiyd(ESIVISN 80aHiEdh®P usIRE frSfery Medh Aofecular weight

menbers of the arenavirus genus include, but” are not
polymegsspghap proteipsandqpusleisasids Ravingsnoleewamweighis grasterdian 10 kDa, since

o ' I ' ever virus, and . .
tyiel AP Pyl Db R BITPUEDBPE suBYE il BausTHl significant
amourls wh fraginentstigenus i ncl ude, but are not limted, to
hant avi rus, nairovirus, phlebovirus, hantaan virus,
Congo- Cri mean henorrhagic fever, and rift wvalley
fever. Species that are nenbers of the nonoegaviral es
genus include, but are not limted to, filovirus,
par anyxovirus, ebola virus, Mrburg, and equi ne
nmorbillivirus. 15 Exanples of (+)-strand RNA vira
genera include, but are not limted to,
pi cornavi ruses, astroviruses, calciviruses,

. o
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echovi rus, human enterovirus, human poliovirus,
hepatitis A virus, human parechovirus, and human

wo hiomaviisus. A species of the astrovirus genusPCT/US2004/012671
i ncludes but is not limteg to, human 20 astrovirus.
Speci es of the calcivirus 'genus include, but are not

limted to |va V ci virus
nor Ilﬂa%qﬁf% or%B%e(d ﬁ’ﬁfm‘%{ﬁa(?sn‘?é@‘\‘?lﬂr%ﬁe’é%magﬁtﬂ%“ include, but are not

limitddnte) BsiRier Bufisféim® idd0dycldtFdntresbnhice B %Bé@(fo‘h&é’iryaqﬂ‘-ICR-MS), ion trap,
t or ovi r us. Speci es of the flavivirus genus inc

quadmgpele dpagnstie s¢aten, timg qféhghm(my) Q4I0Ks andﬁrkﬂmqwrumlms

Ap Ar Vi aza,vi I us, Nzi _Vvirus
A28, SCREAE, o B0 R SAREAE BB b S i e prsen:
invenBos Shelqde riout vare Usot lﬁﬁﬁé@&@otaﬁd&’rhfm5ss %ﬁ&m’eﬁr&aﬁﬁ’rared multiphoton
virus, 25 Cowbone ri dg@/l rus, Dakar bat virus,
dissogiptiqn \ﬂnidué?}’r@@iﬁg LRASY iC a{tg&;@ IIRSA g BRECHP MGy t )@)@CZ\’IS) In one
emeFAGN G 1 YRR i FRIGHENALANS, HUBR SperlgS Boblaty i bioagen
deteciger inpdw ising pyﬂddagpthCI-MSC\‘mﬂiduuBCRl fovieqpid détedtion dflin@Usses in biomass
| srael, tur neni.ngoencephal i ti s virus,
(For et opbaie dn icie] EouamyRIGE O JURRAS Wekcsor O @i yarfare agents). To
achieWd mbifimd{afadicy] faUontikiRAO UGRPIY | dildgm ﬁ@?@bﬁfr@cﬂg Gt the PGC-MS
Kout ango virus, Kunjin virus, Kyasanur forest diseas
combwtmg;hambemém@u@ vicreass lanlumanlSIdetecmdr a$CRVambexs is automaucally

iy Hne B A8 B LYl of RS SREEEI s o, o
exampﬂbl abdut NeG7,900 Dél whish aP¥ GBs8rvéll i/ the P@’@JMS RgseRiubd agk Q)bserved mass
fever virus, Phnom Penh bat virus, Potiskum virus,

spectippia §@@Rared fQa thresheldlewdl ani\oyheo devels of biymass are determined to exceed a
pre:delF> gfn?@%%@ﬁ'{oﬁ)&[ afid %10\Q§Er§{:c&%s§e(}?:a§% \élgléoﬁgsis cﬁsé‘%fdr §e1nabove (combining

PCR Sabbifa suclr aSFT ISRI MS) lio initatedo@pitdially, Hatthy SiSoth&@processes (halting
Vi I us, perlita virus, Saumarez reef virus,
Ventllgg)&]l tﬁo

%.Hhéf%wal T %tiomfar? ¥sq igiiateddwihindetacteddiompsienedni
Vi THS acslih@t fn@éé‘ﬁré&hé#yuﬁ Jus ?ahl U ??gr la&%&%ﬂ@gg is limited by the

encephalitis virus VI rus, and
adductiew pfications fromihs tPAR keaction tmsc:achlﬁarhde kdsoluition fof iy i 1sotop1c peaks from
&l €S, & ogavi rus genus_incl ude, but are
SR 25 5 50 e A R TS Sy on. The
cation g€ RBAbIAd By \'ihflﬁfé diYBYAT &iNd rauﬁow%r&igﬁ‘%hﬁy Wide¥Sthe solution
Ross river virus, Venezuel an equine encephalitis
contaipingfge Pﬁ@oéﬁoriacteulmtgsconmﬁ Whiép?asqlumcm @malmmg anfihenium acetate in the

Preserﬁg p(ﬁ{ %r{ gecﬁ‘:lcvg%lldggrga E%&?ﬁ%orp &?nglsee ﬁlbeg Qt%r g{vglsgfgblems are

addresisad/ bnepaMifg aiting reswilwds Bdfelao§>‘19m¢)0(ﬁ5h§d 8y afcd;
s 10 AR it

% @éo nucl eot i des.
depleted pucdeqiida t;lphqqgl@q;@q ingosthe IQ,NAugb@;resgymg ppszvemfof the instrument is also a
consideffifoR VAL ?‘?&%ﬁlv'l HEE oAl r(]@r ﬁlggrgédeiledrgl%lav fl}oggthewgﬁl—eﬁ')m charge

i mmuno i clen VI T us
state (ffrdmommﬁnPCprrbdhEt (] psmh;t chﬂ&c&élﬁledmndtd%ﬁghﬁhéﬁﬁbf HReNtharge state or
endent yoerase or a_helicase

cxact RS A DB i P PR TNRAT DCb 00, ghe s oy heradsiidual isotopic

dneRiafe {ivible. 12 |
comp \?I r ué es rgr ee douagllteéagt ?r}lldev s EEI%O gél(g tfrlipf)?ogﬂl ggg@ Y aﬁl\f&mlved to the
baselingi ar@mssemm of yinet ¢tesgesstats iforgthRios: id euaghithaMWhe (‘3c 1>N)-depleted

neras ositive strand.as a
wiphoff R B Sfia il oH B RIgn W e idopBatmiseip o deleed media and
harvestihg tHéEnualeBﬂ&lé% (Bhtegdar, RA AcidRSE 1963 W&sﬁ“%}?&z
viruses fromthe genera picornaviridaé, togaviridae,
flaviviradae, arenaviridae, cononaviridae (e.qg.,
human respiratory virus) and Hepatitis A virus. The
genes 20 encodi ng these proteins conprise variable and
hi ghly conserved regi ons which flank the variable
regi ons. The genes can be used to identify the species
of the virus and if necessary the strain of the viral
species In sone enbodlnents of the present. |nvent|on

I LY s I . R I A
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nore pairs of oligonucleotide priners that bind to
conserved regions of the RNA viral genone, which
wo bami1asvari abl e regi on of the genone, deter nPei/nspobdier2671
nmol ecul ar mass or base composition of the one or nore
anplification products and conparing the nol ecul ar
ma
ex;vzﬁ : nlgln§s Iﬁgfsﬁrcf:%?éﬁs?ngf}n%ﬁ %{]ﬁ‘lé%lg I&cﬁiaij n%ll&h?gl%%eﬂgved to l?f adequate to
determingpmoktt bm,agem)sf tandaam A weém&&ryl\ﬁﬂmsé) I‘Deoahlqhaﬁ!isﬁayopﬁmde more
match_identifies the RNA vrrus In one enbodi ment of
definifiyg ipfoughinn PerAMNPE 4 mlRRilgaNAewtity ¥ Sequenceof iigm Mk involves the
r
coupl%%F&][ ﬁ{vto eog paserel 'stggénb; oﬁfbnéérsg o?eﬁ?ﬂg R?M Hg)\;?\lnl %hgcsg#agup X %?ectlon steps
are baged dn mmaaécﬂ?ﬁiﬁbﬂrﬁﬂﬂﬁﬁrméls used8o celectraanion us&snponent of a sample

ayl an, i OnChItlS ine ¢ vVir
from Bt turfcr Sias O JEToPRERom i to; BB s b Belptih s i then fragmented
using Vé. & U BlackBbaBNrEALORNA YAftdsd %%ﬁﬁ)howﬂr@&oﬁgﬁ&v ¥ b1 10%421%tlvatlon For

nurine hepatitis virus, porcine epidemc |arr
exampler 1igns rg@n@‘aWé he ndgqr%prayauwmgatwnc ER¥ cany dkei fnagmented using IR

rus,. r.at. odacr.yoade oron VI ru
mtifihf? beich PREACEURRRCRadL o GBPERIA 87 aveaidig, honds and the
phosphafeakIEyon6 Ofrod@ihg bifo sdries OF RaEmeRtesy, BRdSthO{y-debi8s (having an intact
, _present |nvent|on the intellrgent primers produce
3’ terpiignsgink 2 5 ghasnheig fellowing indemal cleaveige) anchBieea-fase series(having an
unmx%bﬂgh%u&%ﬂﬁﬁﬁvﬁﬂ egi ons of coronaviral genones. The
advant age cterlzatlon of an anplicon in a

hi ght gecond stagy ef maegaxmhys!l§1stthﬁi udelied detest #hdl B¥sure the mass of these
ion will evolve past the point

robability that the re
resultlpe TErenieis SERIBRHALPEN Sueh, 1gfnsedastion dell owqrﬁbnfragmentatwn routines can
be peﬁ@%‘lédf Ihﬁﬁﬁ)leoﬁ‘m@st §PaRWsee gl co yf‘eﬂ:lf‘ dREATRLe ncigfecﬁl?r sequence of a
thus useful as a broad range” survey-type priner. I'n
samplene errbodl ment of the pr esent invention, an exanple of

served re i.on_.of ruses is the
qe R A SR R ER Srp R AP S, i pyel gmplification
reacti@ 9ENAE in Qﬁ?ﬂi@i‘uﬁ‘iﬁ W}n&{ g%szglgp%@?igxgﬁ% Ry 3W0t LA morr@ ®ioagent reference -

intelli gentnfrl rrers@g
standagd [theyores be simgetgh byvhsiog I@mhmdﬁymgr“@gqm Inkhly etfb@diment of the

d abov dv
et 2B BHE A5 RAR el SRR e, o 5.

(tnﬂum@rrreﬁiyﬂ)pdiﬁdixmyhﬁdlﬁél etk MHAfY witIER ase @dff%érﬁ Mdl8culld¥8Veight than the
useful for distinguishing energing strain

unmoq,lgpql g?ﬂesso 3 {0 HABIONe distingHnnnimasses. SHcletegnpiealesdribed in, for example,
PCT Vg’?go)g?;@'o g@fﬁgﬁr&&ll{cgjﬂ) &@e&é@gﬁ@r%%géﬁ%&%ﬁﬁa*s enlilﬁeg% 9813S further limits

the nginbe forf Cprrsslbiﬂ:i\kms& ageposisions poakib@iiMwWith any mass. For example, 5-
i den i.cation 20, di seases, caused by ener

(it I S S (5P RSB RtIe SRY B e n BCORETLR 1 Aeeparate nucleic
acid ai%h@ﬁﬁceft% rB4dtieh. M‘éw&ﬁgﬁ of fle R8Y Léﬁﬁﬁﬁetév@ r{gggﬁ{nvghﬁona% amplification

ybri di zati on probes. Thus, in another e
producpjra@d élret tapgadeprodnt ipusod ital geamsitate thresiunfber of thymidine gudlbtides in each

¥ cor onavi rus J nfection when e process
of th n%(f’ %i/riuﬁ Cj?ch?fse e SFBS VP | &uep qF@e%taer ¢ 13maber nof; adenosine

nudmﬁhbmhﬁﬁmnaﬁkﬁh@ﬁm@ﬂéwnﬁﬁﬁﬁ when the coronavirus is a
nemrspecres never observed before (as used herein, the

t ehnanothar gepdificatient sgagtiomshe gupther cﬁlﬁisesd € regidugs ms gach strand is
[ e r i ol ogi,cal I,tions
deemfled! SRy AU TR BEHEL BRUGE' SHARISIR) ey o 5.
propymydeftodime dtie bymbaiatior bf the QﬂU(I‘Lrédidti@ﬁ agd Q}'/@trbeﬁ‘lﬁ@ﬁyfollowed by molecular
variations (a major concern for characterization of
vi ruses which evolve rapidly) occurring in the
sequence acting as the tenplate for production of the
bi oagent identifying anplicon. Measurenent of
nmol ecul ar mass and determ nati on of base conposition
is acconplished in an 30 unbiased nanner w t hout
sequence prejudi ce. Another enbodi nent of the present
|nvent|on also provrdes a neans of tracklng the




different |ocations are anal yzed by the nethods
descri bed above in an epidem ol ogical setting. In one
weodedirment, a plurality of sanples froma pl upel/Us20040612671

different |ocations are anpd yzed with prinmers which

produce bi oagent identifying anplicons, a subset of
Welg%{dyfﬁégfg%%ﬁég nd} ﬁggsg?ﬁl'u hé:be%s%% gé’ilh%ﬁ'sl“hls {ﬁ%{hﬁd is summarized in Figure
4 andckabtenBvi r us- cont ai ni ng subset 5 indicate the spread

of the specrfgéﬂﬁoronavrrus to the correspondrng

| ocati ons heMagyhagging af G andC presiues 3
Mass'tRY CTDJublE Hand PT ﬂg%eﬁrdﬁ'd[ 51 %ta@a;'l?éé | n‘en%és, ‘I‘t}'ﬁle J Total

nmet hpds descri bed| herein. 1n sjone
may (SeayeArse a sufSefednent quanmiasy gfnfo orjinfer |basee |base
primer pairs to pprforman aml;fi cation |p @@ptjm O
target polynucleotide froma [bioaggnt tq forma P
bi oagent identifyjng anpli con.|strandgstamtiitoaid|Eop s, |Bottom
the kit may conprjse 10 fromane to (fifty pringl.ng
pairs, fromone tp twenty priner pailrs, firoman eto
T*masen FAGST*AEGTE, |TBACGTFARGIRA3k 0 i]98 prldAer b’ﬁl rs.3A
(T*J5gxs;ﬁeceﬂP@Qkﬂ§nts, the kit nay conprise one Qf nonen
prinmpr pairs recjted in Tablg 2. I sonmg enbadi nenys,
the kit nmay conprj se broad rarge surfvey prinmen23C 2G
di vi sion wide prijpers, or drilfl -dowl priners, 25 any,-
conbl nati on thereof. A kit may be dgsigned so as t¢
conprise parti cul @CM&%GCﬁaizs for2Tder2Afication of

> par-tiGar = f arhf-ead—+ange
¢ magsur v%ﬁ%"ﬁ%&*ﬁft C*Ggé‘é‘l’jggd F’gl ti CF(I"’y t% i denti f; an
(C*CDﬁWn@MGQﬁAiQﬁ%ﬂ as a coronavirus. jAnother kit may|be

H AP P PP AAr And riuc lframlanvy nt har
UDCU lU UI DLI Ilgul ) ,Ly FeyH-1uS ot Ty —PtT1ey
corohavirus. In ?g S%Sd% S, '1?1?/ ofrct}hes,e kits
may be conbined to conprise a conbination of broad

ran e survey griners,and di vision-wide priners so as
5 The mas dag phosphprotiigate e (Apkevas ised tadistingwisiownBacillus anthracis

i-gagen | i fJ.Cl e .
clustep T;r% fﬁt&nth)%g Qxé?é dl{r f'gﬁlggralﬁgatv g@ﬁ%ﬁg@l% %?C (gilbe B. anthracis
(AlA’égﬁ}gtcaﬁf 9¢ hadieh evsrbgtemblecplap spizat 65142811 AllugidriBe pRYspRérothioate A had .

hose rrbed a and/ or reaction

an aVB@g? &po & Wﬁlg@Bﬁgvﬁzﬁ(?%ﬁS @ﬁ@p@@pd bfyoES{ -AOF MS. The deconvoluted

Spectrgmghgwﬁqﬁppgmpgocesses descri bed above. A kit may
further include instructions pertinent for the

10 paht jagether exabplti rmesume dhe trheaskiet, melschlai Na4gseCtof Ofeh strand are

5000 $E554 P02 BAP BEDRRBANG: 30T eRTBbshisd okt dFagd oA resicues
are (3eI2$§> 26QTDS,36F TAMRY infdiSaldr QRadk er@%blﬁﬁte%nirﬁi ?ﬁ:ﬁs tIRIHE Pre 7 possible

m crocentrifuge tubes and the I1Kke.
combl@@tmnsmiéi%ems ¢ &or aagb Ismnch gidquyagaﬁthe melasbmdcmolecular mass is

B 10 GBEL S, L0 PSR S TR, ol e i

15 only ol’(Bbeﬁlﬂlabasﬁ‘&sﬁ'@asﬁﬁﬂf(ﬁrea&ﬁﬁﬁandon'posi tions of bioagents
s % ge prinmer pairs of the kit. 30 The present
8RS drom thesmass spepleemetgr Mm@y rhet inpastogd maximum-likelihood detection
rg I I f .
e e L
processimgt ms imegchredcfibéringacf BCSr obseﬁledsmnmhﬁ;-lids@dﬁuhh €pace and allows for
eotide priners

ubj
detectl‘x)ﬁl z{nﬁ c%tg%ng%ff sltlét%t‘gg Igrlrogg q onugﬁ? Qggﬂmgms and for detection of
20 unkno%'ﬂl&égﬁpﬂlf&lsz Coparish Wg ©BSerfld Biof WnloWa bioagents is also

wherein said conserved sequehces of a C onaV|rus
flank a variable nucleic acid sequence; contacting
nucleic acid fromthe sanple with a second pair of

ol i gonucl eoti de prinmers which hybridize to conserved
sequences of a putative secondary bioagent(s),
wherei n the sequences of putative secondary bi oagents
flank a variabl e sequence; 5 anplifying the variable
nuclerc acrd sequences betmeen the first parr of

o o a o o

strand
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t he conmbi nati on of a SARS-|inked coronavirus and a
secondary bi oagent as a probabl e cause of 10 the at
wo emgtiiase synptom of SARS. I n some enbodi ment BCT/USI®04/012671
secondary bi oagent correlajges wth, increased
severity of the at |east one synptom of SARS. |In sone
. ' 1 nt rrel ates, with .
possiGBCRE LRI o en 980 AP D960 RS el St ongoioms
to knpwe Saisiof gpathbgeritity trfRdtengsne, shylipd Psertibn SARTibibtic &eieRnce genes or
. enbodi nents, the at | east one synptom of SARS is high
toxingegresr (>38C), dry cough, shortness of breath,
he C LBt , : t .
e e g B i 4 BaREE cpp it AicBORE il fibodd ratos developed
from tenbseraied signdlhendaferige mokgroembledelsETiesprogfaen erlphidizes performance

predigqel CHEEITE df SHORATH Y- OLHGLe R oS A RISPGRL O Hlgp-alarm plots for
condifOREnOIRAY (BRiPISk bidkgrsiaae el ﬁétﬁra‘ﬂ'yrdééuﬂriﬁig %?gﬁl@s‘fﬁsr 4R} environmental

parai nfl uenza'virus, ~ respiratory syncytral ~virus,
contappsastse Matched sfilterh consist qfaxpriart axpectationndf signalavaliesigyen the set of

. i-nati.on th f. L di t .
primel i or RFIS N 8RS L ouyf s iR IR TEL oo is wsea to
defind/ihe ahdsH BaSces N natdhee EllieANTRE dBabAARSothink REOWR HREAbENS and benign

and a secondary bacterial agent. In sone enbodinents,

backgropmndsgyems- v s dettes is aseddgentimpts agd subjrast Sctignature produced by the

' capl: - Lae. ol Chl amydi a . .
T e —
implearhtedi n¥ng snattheel fitierst aad | Hgusdispsuar estipend WIMBR hoise covariance.

aral]lel. In some enbqQdi nents, the contacting steps
Backgipwid igniloHifeaths; ars| Sumtsaony used afweg pribstermatched filters to form
ignatufB4ehicRNark Sthdh SAbHAHEE! TRbACHiReIRool AGBELE Vik "hpl; i
Slgnat he et icol E(1)_gy of Ssglblsqa tj&cgc“t?ﬂe trgl?aexg%h@i ﬁgelg}oopcej@sg%és%n% a%p lied to this
“cleansgnyp odatafin SARB it AN ngmpleyipg apatoled fiktersefdnodle organisms and a

.descrihed aboye to rule out the presence of a
ronnifE R potRnsh SGF ohBercPYaT RS tor iR Rt n | ack of
anplification of a SARS-I|inked coronavirus by the
" first pair of primers indicates absence of a
G. saBssq gmasitiem Signasires a5 Indidesdfdieagent hdertifging Amplicons

co L b ' r f the li.ficatjo oduct of ‘
¢ nangidn B SR ol of HruiRation BroduSl, B@Req e, intelligent
primetyi pragdey a mehiey fobidenti it fivhi ITbidaentS] dodl @8 &t nﬁch&%uﬁér mass data to a
e

| east, one, synptom of SARS. I n some enbodi nents,
base compORtiaR igshBEg isntsefy Toneerta sealistes afts usrsliberein, a “base composition

. ani ' ion. ' f S he
eSS o8 30 SO S s o o
bioager 1deRGTiiS2OPU ] 26 dide smbbdiaent, fa0OBCSpesMes, an index of a specific gene
. St%eptococcus pneunoni ae, Mycopl asnma pneunoni ae or
Ina SPERGIFSAP™  trachomatis. In some enbodi ments, the

S eBRARMoSiIOAY FRE sédeficedl ¥ sl??‘ﬁ@rtfr&h' C1AS 10 {sglralte within species. It
] exanpl e, = adenoviruses, paralnfifuénza, respiratory
is posgihledy maaagevthisliversityalsyt mglding thmse cdnyadsttivngababilitsslouds” around the

i nf | .Vi , EXAMP Ex X [
e ISP ok RNt A S i
similat R sddheasd a .C&4psdidoeurBinensHAIUPIBEE Ean isuali
HCOV%%%43 and HcoV- EQE (Univepgity.%f Cg?%Pé Sagﬁﬁvmuﬂuﬁ1he
concepiRfhasHeempesitRaserabeliliediowds, Optimabpriger d€gign requires optimal choice

: - : . . obt.ai ned t.he | ant a, ...

G i L e AT —
signateres 0AOidividudd lbﬁdagénts.TA&aSi‘é\lﬁSrteNud@%\%ﬂ&% ilieht¥@dpions that may result

obtai ned fromthe University of Manitoba as a cell

cul ture supernatant frominfected Vero-E6 cells. RNA

was isolated from 250 pL of coronavirus infected cells

or culture supernatant using Trizol or Trizol LS

respectively (lnvitrogen Inc., Carlsbad, CA) according

to the 15 manufacturer's protocol. 5 pg of sheared

poly A DNA was added for the precipitation of the RNA

The pelleted nucleic acids were washed in 70% et hano

o AN~
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DEPC-treated water containing 20 units of Superasel nTM
(Ambi on, Austin, TX). The resuspended RNA was
w@ooifiilasy usi ng t he Q agen RNAeasy mni kit acpor/usigs/012671
to the manufacturer's pratqcol. The RNA was el uted
fromthe RI\IAeasyTM coI urms in 30 pL of DEPC 20
r .and ed at_-70C. .
in a rﬁﬁglta%gff Vﬁ@or e \%Pgog etn} a‘ﬁ lﬁt Ioge{c%lg}e nl?y %ﬁ ec#ilbg F;1r1naﬁ,r\s/\k?lt%at provide

mforrhzi’tﬁ)npﬁidsmfdlﬁﬁenﬂ\l@agﬂnt fdeﬁtlfylr@EﬁﬁpIﬁdoﬁﬁtlaéhll?ﬁﬁ@hmlzuég the separation of
cont aj ni ng_500 ng random pri mers shear e

base qogmpsKionpNusnene1asPeiiof Sesipiy af an AT sisTeEbage eompesitisss probability
cloud%lg?ttﬁgt §0 %?/ﬁeg of n§ Nt esé{eﬁﬂglrga £ 90568 o c@oélt? rayoid potential

oW ng Anhéar ng of om priners
misclaBilicatitnslof&¥CS ar[dstblosgenamlenuitgact ion 25 m x consisting

of %éﬂ{glr %*Sﬁeg-sr(%ir gg yhll 1][§|7|f off e n%%&?o%gggbﬂ%léty&ﬁ%rdls ?sbt?gf they provide
a measy P&gﬁgdlbh@ﬂg fhb 9GSt ij§glota F‘@ g@é{é&f Bl Ebgrvgas not previously

reversed tran cr or 45 m nut
Obser‘@@nddla*r indersddin| aiBCSndatadfast e ite eeslstortary neositipds innits nucleic acid
Sequer eaction mxes were used directly in the PCR
P&actions. Al PCR reactions were performed in 50 L

usitng idomeit! toMdte eat,ti@rcoptradtas p’i‘BIS% Msdd teo%glq%ﬁqnass spectrometry
t hernocycl ers (M research, \alth am M) .

determigaiien ofbase cprpotivns flagsagt equire prior knOWiﬁdngﬂ thc aqmposmon in order

e R L -

provids (bldnlghmtrdb&yﬁﬁng Gmforthationgsimdeat o DNBI sequeddehgf Aldl ghldinetic analysis
fﬁ’gFf V‘g 2004/ 111187 PCT/ US2004/ 012671 -32 conditions
at a Ggignt & slefset pd ddei¥va rgivens bipaente Furtbgmorg, othe process of

e SRS YR 5 ol B 85 e v

Sequelmeonilﬁmnamgls is uaﬂ&ileble)ﬁﬂas GdvensircSfi- n_tl_uléliti(l I\t?il Iabeldmg) additional bioagent
Pretfeated an xchan S i pore) were

indesipl ot o, o HSR0 GOPHIass B, LagRistR | T Bovba duire bioagent
1dent115calt?i|oﬁei§ )thu@@%aﬂ? §hpfoved Alndkd M iffex& Ugc%gr eRailable in the BCS

product was | oaded onto each tip by repeate
databagesi r at i ng and expel ling the 20 i sL al i quot . FoI | owi ng
of .40 m\M

2! 3 B R S Bl L SR8 M5 g

sampl¢y thaeérmbRe dettbibis and ehefiGHkioR oAl Haeleli® Wei0wRith 'sb\R88e information
wiith 10 L allquots of a 20% McOH sol ution to renbve

is availghle usiagp atien! tpslvy hapackrane intollibent RER pimgisnSied tha ovalve primers

are “tgﬁzlrc?/ %r\%gl E&g gg:geg rll’(l) d&'ﬁk&é& 9N Orgné%:rg ngiegeﬁlet&lgvad divisions of

bacterlal (e ﬂ@rﬂﬁ@,hthbl&zc\iﬂztsmlasﬂzﬁ’zd gflup qiroganttha-ProteobbidbéOthe other six

% enS| he 10 L elyent .into a well of a

Pﬂmeréé’ v%g? & %Pa? BHMeLS a5 afliyasion-wide” primeyss heepp defined as primers
t

whlch%ékfi&é mW?egfdéh;l;e‘d c%?fglég&gl ne;ljh@r %?élg%{)ﬁ’ nfhisofﬁteﬂil ﬁ'eﬂgblgé) identification

of neagdy |1Q6?'imil l@ownd:actdtea iag thetspeciGHR v CETREAGGRaMple cﬁﬁﬂsl dhbodiment of

t, S lif
o S B A o35 4 b ot
characeRR36€ Tor @dtbA8d Bfoaghtd N ohetABP hSin admioﬁgluéﬁgeljyaﬁ%mples of such a
Det ermi nati on The mass spectrometer Is
subspegjes keharaétisini ingludaibut erd oat lmmyedA‘p)emnhb1oﬁ6ere51stance pathogen1c1ty

T I AT L A

down EFEtlﬁR, biohgdni dbteetian, Qyafiraihtiaf tand @l substecRk ¢Ratadtei &R &in be provided
super conducting magnet. All aspects of pul se sequence

control and data acquisition were perforned on a 1.1
GHz Pentium |l data station running Bruker's Xnass
software. 20 L sanple aliquots were extracted directly
from96-well mcrotiter plates using a CTC HTS PAL
aut osanpl er (LEAP Technol ogi es, Carrboro, NC)
triggered by the data station. Sanples were injected
dlrectly |nto the ESI source at a flow rate of 25 75

o Y o o g, - .
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nmetalized term nus of a gl ass desol vation capillary.
The at nospheric pressure end of the glass «capillary
wo soobitaged at 6000 V relative to the ESI needl BCTHUS1004012671
data acquisition. A counteggcurrent flow of dry N2/02
was enpl oyed to assist in the desolvation process.
[ I VOI.I. . .
w1thlfé %?r%rrs:/‘ig%? o@gfs @%ﬁ?ﬁlpﬁexa%ﬂg&g ngBs foh% fc’d%fl bdoenglneenng
eventasuciuasi the ms;trtl@adfel ekiacganedgto asactetial qgelciéjs ﬁﬁdt ld@éls hdttrdrmally make
h the trapped ion cell where they were nass anal yzed.
the 0¥t ral acquisition was performed in the continuous
duty cycle node whereby ions were WD 2004/111187 -33
PCT/ US2004/ 012671 accunul ated in the hexapol e ion
H. redéevBioagentIdentifying | Ampli¢dns ifan] dbatifichtienof RNIAthruses
r ed ton cell owing a 1.2 transfer even '
1 CRRTNrith S Ernt (RN SHP simpls® of Bicek e st be identificd by
the m@ﬁ?ﬂoﬂs oft A8 prdsemSny¥pkiensubj ected to a 1.6 ms chirp
excitation corresponding to 8000 - 500 mz. Data was
ac dixpmples ovfe (-) strand Méngléalogerﬁﬁi) mclaﬁaoere@amas abunyav1ruses and

V, dwi C
mono@g%a%rélegl e¢ g%a%aa%l%ﬁm% qfqg%éﬁegmlgus Sb%éalr%not limited
to, aré &hlsia fviituk eﬁs@n&@elpf/ﬂrw M&hhﬁ@ Vlffﬁgﬁlrgéiﬂiﬁe 'Héﬁl%nlﬁg tif8¥er virus, and
t ransf orm and post calibration using the internal nass

flexalyigls g Spgeies Hrat a;egpqc@@gsﬁﬁhmhu@apg@s( gepuis (igluge, but are not limited, to
hanta o?lgi?%\;n)}u’% &Iﬁiehﬁy H%ehﬁgﬁc% dﬁ\%é& e&mh%emorr%aglc fever, and rift
valleyjﬁ&anﬁpdm@sethahae nmsb8$eﬁﬂlbal1<&mﬂgMia¢d$| hes Inhﬁlde TR Sre not limited

o e B Eh e SRkt VST v
M BRhhBIet ¥ (@%Faﬁé‘m viR&ATE %ﬁ?&é gﬂférg Bmﬁftfﬁ%h Blcomavn‘uses

Spectronetry "6, 229 (1995)
astrovinyses, egdeiviyagst, mdgwmlwtﬂamvu'umsj aldogavinseg h$seciwsof the picornavirus

t 3. Sel.ect, f P To d
s B ECAIRLT 0 Ao oS SeEed . o
p b
echovir@s,i ll@in énterd®ivus, miBhSlicvirud | hPATBO LS vARE & nr Pne?rgchovn'us and

out, using all avallable coronavi rus sequences
humagsghiggyigus. A spegies Af ﬂa,eonqitoetr@s @enmsclam butdusvnocﬂ dixhited to, human

astrov%@e%Pecﬁ&do S%gcg\{ [ét% % érbcilhc{ewﬁ e?ﬁ:l b rs %gntﬁfﬁ}%?l ¥irus, human

ca1c1vnrﬁs ,ant engtvhlkofinab Spéméﬁ@f e ﬁl&y\ﬁfalesrgéﬁhﬁ m&@s butT A8 not limited to
currené Ien h limt of about 150 nucl eobases is

corongjirus apd 4o sheSpggpq ok ’She dlavivaiug geressine e, gre not limited to, Alfuy
virus, S@lﬁﬁﬁr‘iﬂ’ﬁ@f?ﬁé’ nAg d\?&g 'RrB? Vtuglg gau‘?a?ao\t nfd Bl Ylg%ay Raju cave virus,

ificatl o I Cl ent accu

anp
Boubaw amtols,g Buokalhsa Hatt eirus, I’BJstlitplabﬁSﬂ'us; OOPdsecbieORirud  Card¥ tidland virus,
recogni ze that this

r the_art
COWbP’ilenﬁ‘ ger?é’g}“hﬁ%‘faé &%%VlwbPS@ttl%IWWﬁvg biPg 1s Renghervirus type 2,
Dengu@f vit! 966132 Denp®s $irfe e, "]ﬁfgeqml QfirUEhEHG BS \qm Rivirus sp.
target regions were selected i n coronavirus orf - ”
Gadgeghegilly t visusRNAlepeiiiin dentviruRNAlguapey neiras e Imsmpylmmd Israel turkey

mening s Ko papis e EPHafne? vipts, nesaq ey virus Kadam virus

Kedougen siirinb, VK b bafedlyipiisQ Kbu[aih@@ i, Klufjeh PREE 'K}}aé’a{nur forest disease virus,
si nul t anequs] y by perforn1ng I|n1t|ng di'l dtions of

Langamlmspwlplw Uﬁ Vs, Macham Virpy dedocMims p¥liontena patic teakeencephalitis

v, B3 T PSR S Sl VSRS S4° R v, omst

hemOHMglcn&Ivend giras tm}tﬂfnﬂpﬁﬂl bdt) vinue IPadtlge virs! Pewissale Rehub,ORio bravo
m nimze addition of non-tenpl ated adenosi ne (A
during PCR 30 Table 2 represents the collection of
intelligent primers (SEQ ID NGs:5-11) designed to
identify coronaviruses using the nmethod of the present
invention. The forward or reverse priner nane
i ndi cates the gene region of coronavirus genone to
whi ch the primer hybridizes relative to WO 2004/ 111187
- 34 PCTI US2004/ 012671
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a reference sequence, in this case, the human

coronavi rus 229E sequence. The primers represented by
WEEHQMD1MOs: 5 and 6 were designed to yield an BCPUSIHON012671

originating froma coronarus nspl | gene with

reference to GenBank Accession No: NC 002645

wirne (1 I a ' | _.30..The r.i.ms._rs .
s KRGS KO (481 B SR bl e BURE T o vis
Saint$.oais eanggihatitinvious, §ahvtjarnvgruk,r Sy pRrlte Wﬁﬁsﬁ}\ﬂaﬁl?arez reef Vtirus, Sepik virus,
... __RNA- depepde RNA pol ynerase gene with reference to )
Sitiavg, Kl %&E@%YW Nipondwe avies. Siratfardpbiras ekenpaisi virugs Tick-borne
. ] i~ | = - j .
erer B Pty Uiy P 0T 00 ORI G v, o
fever primipy Piydcopt alsthe dogantrus lgeinss mchidebutadre notrtidiifeded, Chikugunya virus,
version of Q _Table 2: Primer, Pairs for ldentification, )
Eastelfy BRSPS YErr oY RET Birvomel RPUAONE Virus, Ross river. virus,

Ve MRS ESB 8 OS48BT oy, Ty i

has ajHeuntwnslated Tegivr G I3HCMATREEA TCOP@AB2dIg3R6me encoding 9 proteins

havind R R e 00 At i o AT B o cs-UTR and 3
TAYale

UTR BEOCOAISHSAT SRR sCVPOL AF3044607CVPOL
AF3044608_ 1737 1757 FTAAGTTTTATGGCGGGTGGGA . _
TTPREsISTHCr e inmermrludeg but arg not B@epdy, InEBovineoa@dRLiency virus

1737 1755 FTAAGTTTTATGGOGGGTGE.
b A CoCAMOCAT 1604 1824 2 R

CVROuAFS Ot O\ The %%ﬁﬁﬁ?g@oz% fRe/tadgb péhe is an RNA—dependént RNA
FTAAGR&TEAT (GG1804 18 .
polymexass REBAE é‘ﬁ%}’r( d 3499819951 oVBYA AB0sgessiionm a (-)-

a8 4155 EEIAEL AT oy ORISR o o

directad-BdWY spnthasinasisg SAVACCEOEREGRBDY pbBRkra2 and the positive strand as a

eon TSI SERMSTRAL S0 peeeicine Aesbdipolo 8

These1804sel 8kludle Rviri@RP k@ntt : thdBsABAS §i B RBIC D %lasfiridae, flaviviradae,
I.denti fying Amplicons for ronavi ruses A database of

arenavitidace capOnAyirElan | (Bue-» NtAns respigatbrys eires) rapd sHepatitis Afvirus. The genes

' ' i Vi . | s gener at ed psj a .
encodgaigg@%r@ E)%?téﬂggé{héééaep\%lagﬁg%ﬂdﬁﬁ% \{:\@Eé%)eg I'%JIO%SXYVE][C!’] E]gnk Hme variable
region®NAhe gtnasatatiibe us@brocidetiffyahd §iraieh bf (HYRGKR a8H iPhecesshHCthe strain of

ids, Res. 29, 4724 (2001)) was nodified to 15 include

the vin °pé&t-anet ers such as hybridization conditions,
M BRIt 8Sbodinfints"6F 'Eﬁ%dfff%‘?éﬂt Ynvention, RNA viruses are identified by first

obtaining RNA from an RNA virus, obtaining corresponding DNA from the RNA via reverse

transcription, amplifying the DNA to obtain one or more amplification products using one or
more pairs of oligonucleotide 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
composition of the one or more amplification products and comparing the molecular masses or
base compositions with calculated or experimentally determined molecular masses or base
compositions of known RNA viruses wherein at least one match identifies the RNA virus,

In one embodiment of the present invention, the RNA virus is a coronavirus. In other

embodiments, the coronavirus includes but is not limited to, a member of the following group of
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cal culations (J. SantalLucia, Proc. Natl. Acad. Sci.

USA 95, 1460 (1998)). ePCR was used first to check
w@eioneriigpeci ficity and the sel ected priner paPCBUSEDNE012671
searched agai nst GenBank _4yicl eoti de sequence dat abase

for matches to the priner sequences. ePCR showed t hat

' . ' . [ 11 k . .
coror B£8R G AR 0 By, BRUR, oronavis, e

infectimastpetitadlitis Wiusphumat cdromairubBROB aamencesonalRlis ©848, murine hepatitis
. match, A, G, C and T base counts of the predicted - =
virus,apRIFTng ipideatc shieshepeyisise Rproiiieahemagaliingting eapepbalogtyelitis virus, rat

sloGEHEORMASRLORRETL LS, SAbARRER, Wi vins o

turkeyresrenavimisd base conpositions of both strands of

bi t identifyi anpl i cons f.or serj.es of, .

di 74 O empetoeatia oS ot Srivationf il ecme Prigiespgics bioagen
BRI g T BMRIRED o oo Lyl geromes. T
advangaggrid chyragietizareal of AE30RI B0 18 A HigF RPnseRtRregion e thas éiere is a low

L.D 9 10).. Table 3:. ahase of Ml ecul ar,
probepfit Ui M realhel el s REAEe Piint B PBRES Feas B Belebich case, the
amplifid@in Styp RbURITRAil. SRS dBriMef dEIPROMLS @seful as a broad range survey-type

Pr.i meSEQFor war dSt r andOpposi t eSt r and _ _
primef.dg 058 smpodiregt RAThACCESSNTMItDS; pm pxanENe of Bhishbt censdrved region of

. ' - gaSlkbionsiti
Coron%ﬁ%?iq%ﬁ Ié%ta%egus rolﬁli hi ?‘é‘%@’%ﬁ%o@%i@fﬁﬁ @H‘R&In another
embo@BidenRARpthie 1 preded A Gntion 3 el intdRigeOpEmo 4 2pbddée DRrhgent identifying
Avian i nf,eclgliso_us bronchi ti sBeauget tg%3059€r. 1A33 CBEASS fy
ampliggns IRANERIPL, Waleh £98i3es wareioklyshapthe stablmereimodesgibed above. The

Lapr | i ous b |t e 6 44 -
i LA A RO SRR R B v
genonfigi giannisethatl duss sefnk iort distirguisteng teetddgihf StihinARdriants. In another

4A26 Gl4 apvi rus1427396. 5334C14 T2627032.54201C24 .
embo%wﬁﬁ\?inaeﬁ(am et PO GRS SEMTRCIBRIQE P4 CPIONBBIYES 1S thegene encoding

nspl1G32A35 G ~ nspl | vi rus1442530. 9462C17 T5592129. 10897C32

T33
The present invention also has significant advantages as a platform for identification of

diseases caused by emerging coronaviruses. The present invention eliminates the need for prior
knowledge of sequence to generate hybridization probes. Thus, in another embodiment, the
present invention provides a means of determining the etiology of a coronavirus infection when
the process of identification of coronaviruses is carried out ina clinical setting and, even when
the coronavirus is a new species never observed before (as used herein, the term “etiology” refers
to the causes or origins, of diseases or abnormal physiological conditions).
This is possible because the methods are not confounded by naturally occurring evolutionary
variations (a major concern for characterization of viruses which evolve rapidly) occurring in the
sequence acting as the template for production of the bioagent identifying amplicon.
Measurement of molecular mass and determination of base composition is accomplished in an
unbiased manner without sequence prejudice.

Another embodiment of the present invention also provides a means of tracking the

spread of any species or strain of coronavirus when a plurality of samples obtained from
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3 Avian infectiousNC 001451. bronchiti sBeaudettelA24

R4A26 Gl4 RdARpvi rus1527396. 5334C14 T2627032.54201C24
wa20b4Aviisn i nfecti ousNC 001451. bronchiti sgeapdBUS®04/012671

A33 G32A35 1 nspl | virusl15485630. 9462C17

T5542129. 10647C32 T33 3 Avi an i nfecti ousBeaudette

BNl L SEMSNBEEEReRl B i g sin.

one embdimdntusHeslitedf saniplenitbinta s (diR) waﬂﬁggmggg@?gé Bnalyzed with
. G17 .nspl | vi 1642530. 9462C17 T15542129. 4 . )
primegy WY oSl BSBER et g GREHON SORMDEY b6 Irighssaptain a specific

coron%ﬁ&? qh%n%ﬁiﬂg%%é&%ﬁg F {tlgegﬁ%ﬁ%érs-rc%ﬁﬁg le%n%%g%fjaining subset

4 Avi an | nfecti ousBeaudet _ .
indicaje thecipienil oCK&IPEdifi¢ ForbABENGE3a AscoGtIponding locations.

g0, DA ToRdas A0SR T8 Ay o e
methd B RRYETBEE IR7eld 13- fo8le’@fHcRlinhdd 1fd RitORHP 3&%@&5@2@7 si¥¥icRAt quantity of

i nfecti ous bronchiti sBJAY319651. 1 A31 G31A59 Gl6
one o FIe PIiMgE pEBYHRIOIE 28 G lifEsticn Bacti7oPCor g Iblymnckntide from a
bioagieﬁltftg%lin? Hsoigz{g%m: Meﬁflf?ih?éd'ﬁg]lzc%%G Hl slome 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 2. In some embodiments, the kit may comprise broad rénge survey primers,
division wide primers, or drill-down primers, 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
coronavirus. Another kit may be used to distinguish any coronavirus from any other coronavirus.
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.

The kit may also comprise a sufficient quantity of reverse transériptase, a DNA
polymerase, suitable nucleoside triphosphates (including any of those described above), a DNA
ligase, and/or reaction buffer, or any combination 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 for isolating bioagent
nucleic acid, including, for example, detergent. 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. |

The present invention is also directed to methods of characterizing a double etiology of
a subject presenting at least one symptom of SARS comprising: contacting nucleic acid from a

sample from the subject with a first pair of oligonucleotide primers which hybridize to conserved
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A26 (3A27 Gl2 RdRpvirus1927419. 54930C12
T2727006. 54027C23 T26 Avi an i nfectious
whemnahilisi sSLX4AY336732. 1 A26 R3A27 Gl2 PCT/US2004/012671
AdRpvi r us2027419. 54938C12. JR727006. 54027C23 T26 Avi an
i nfectious bronchiti sLX4AY338732.1 A36 G31A53 Gl17

: 4 T36. . :
o T e O e LTS Tly o hhavirus i a variable
nucleam raorda\%qu@ac@ 1@iB40inG O663€it 2aci® 220106 theS S BE2%ith28 fecond pair of

o R SRR AR O e scnins
B3Pl UGS S JATE SR BB R e

amplifgpg ﬂ%@r@blﬁm Fdd spouannesBROVedrn INAFR S B0 AR finers and the second
06. 00337C1 ,
R ALl R p———

1idi E{ﬂﬁi\ﬂp@ﬂ@@aﬂétéxﬂﬁn& 248 D8s fon ISgRR0 O 29 844 amplification
P22 Bovi neMebus 00735 A38 @2%52 %?d P
produgtsp nsiag therkeys FeBPIETITETEINOES rzfna@thsz@ﬁﬂ;ﬁraﬁaﬁ:@ﬁadﬁBe to identify

the ccﬁ%hﬁ?ogﬁbae§&ﬁ§ Rk c@i%%a%’aé %1 a secondary bioagent as a probable cause of

the at least one symptom of SARS. In some embodiments, the secondary bioagent correlates
with increased severity of the at least one symptom of SARS. In some embodiments, the
secondary bioagent correlates with increased incidence of mortality of subjects presenting the at
least one symptom of SARS. In some embodiments, the at least one symptom of SARS is high
fever (>38°C), dry cough, shortness of breath, headache, muscular stiffness, loss of appetite,
malaise, confusion, rash, or diarrhea, or any combination thereof. In some embodiments, the
double etiology comprises a synergistic viral infection of a SARS-linked coronavirus and a
secondary virus. In some embodiments, the secondary vitus is adenovirus, parainfluenza virus,
respiratory syncytial virus, measles virus, chicken pofc virus, or influenza virus, or any
combination thereof. In some embodiments, the double etiology comprises a synergistic
viral/bacterial infection of a SARS-linked coronavirus and a secondary bacterial agent. In some
embodiments, the secondary bacterial agent is Streptococcus pneumoniae, Mycoplasma
pneumoniae, or Chlamydia trachomatis, or any combination /thereof. In some embodiments, the
contacting steps are performed in parallel. In some embodiments, the contacting steps are
performed simultaneously. |

The present invention is also directed to methods of identifying the etiology of a subject
presenting at least one symptom of SARS comprising: employing the method described above to
rule out the presence of a SARS-linked coronavirus in a sample, wherein lack of amplification of
a SARS-linked coronavirus by the first pair of primers indicates absence of a SARS-linked
coronavirus, and wherein the base composition signature of the amplification product of the
second pair of primers identifies the secondary bioagent, thereby indicating the etiology of the at
least one symptom of SARS. In some embodiments, the secondary bioagent is the cause of an

acute respiratory infection. In some embodiments, the secondary bioagent is a bacterial agent



10

15

20

25

30

RdRpcar onavi rus .2427358. 49663C12 T3227066. 59778C22
T22 Bovi neQuebecAF220295 A38 G32A51 Gl6 1
wogpkilcasdnavi r us. 2442591, 0037C16 T5142068. 055FQ1IZB2008@12671

Bovi neUnknownAF124985 A22 {322A32 Gl2 1
RdRpcor onavi rus. 2527358. 49663C12 T3227066. 59776C22 T22

L I LG s ——

tracthmﬂvm Esdene em biidifeRE the AsdbndaR Sidadehbis a viral agent such as, for example,
| 1 coronayvi rus12612606. 00337C15 T5242052. 0608C32 T38

adenopy $&5e Parpnilughgan FeSPAGEY AFACYtph XGps,qaeasles virus, chicken pox virus, or
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RNA was isolated from 250 pL of coronavirus infected cells or culture supernatant
using Trizol or Trizol LS respectively (Invitrogen Inc., Carlsbad, CA) according to the
manufacturer’s protocol. 5 pg of sheared poly A DNA was added for the precipitation of the
RNA. The pelleted nucleic acids were washed in 70% ethanol and resuspended in 100 pL
DEPC-treated water containing 20 units of SuperasesIn™ (Ambion, Austin, TX). The
resuspended RNA was purified using the Qiagen RNAeasy mini kit according to the
manufacturer’s protocol. The RNA was eluted from the RNAeasy™ columns in 30 pL of DEPC-.
treated water and was stored at —70°C.

Purified RNA was primed for reverse transcription by mixing 10 pL of the purified
RNA with 5 pL DEPC-treated water containing 500 ng random primers, 1 ug of sheared poly-A
DNA and 10 units SuperasesIn™. The mixture was heated to 60°C for 5 minutes and then cooled
to 4°C. Following the annealing of the random primers té the RNA, 15 pL of first strand reaction
mix consisting of 2x first strand buffer (Invitrogen Inc., Carlsbad, CA), 10 mM DTT, 500 uM
dNTPs, and 75 units of SuperScript I was added to the RNA primer mixture. The RNA was
reversed transcribed for 45 minutes at 45°C. Various dilutions of the reverse transcription
reaction mixes were used directly in the PCR reactions.

All PCR reactions were performed in 50 pL using 96-well microtiter plates and M.J.
Dyad thermocyclers (MJ research, Waltham, MA). The PCR reaction buffer consisted of 4 units -
of Amplitaq Gold, 1x buffer II (Applied Biosystems, Foster City, CA), 2.0 mM MgCl,, 0.4 M
betaine, 800 pM dNTP mix, and 250 nM propyne containing PCR primers. The following PCR
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NH, HEGPWbe l{ég’c@%?%%séz%gﬁ gelgrﬁ%i%\ g%%ﬁ%@e@%@ & hsdifidd Béli'r'hlaﬁeand dNTPs.

hepat i ti sIVHV- 1929.
This step ag ifollBEUIRE Ti6sed AR 0Q GLTARHABEHE. HABBAIBCH D Fution to remove any

residu RV Fiie Frsscil 403y ETiston S0 PRI I ARGR DREr fjyapeof th fina
purifiB@B&alttd P%@@%@Q&ﬂﬁ?ﬁﬁﬁd HRtho®hS8h BB Rvith a 10 % ealiquo’c of 0.4

11vi rus13742599. 97755C18 15042064. 05812C35 134 Mirl'
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eSS ARSI RO BUGASRP SO A 5 s0
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Miri ne hepatitisM.- 10AF208067. 1A21 G23A30 Gl4
NO:18graynithetis $ppotion Saw Pragoy LaliporizDwas skied 4c28 intgmal mass standard at a

final concentration of 50 nM.

Example 2: Molecular Mass Determination

The mass spectrometer is based on a Bruker Daltonics (Billerica, MA) Apex II 70e
electrospray ionization Fourier transform ion cyclotron resonance mass spectrometer (ESI-
FTICR-MS) that employs an actively shielded 7 Tesla superconducting magnet. All aspects of
pulse sequence control and data acquisition were performed on a 1.1 GHz Pentium II data station
running Bruker’s Xmass software. 20 pL sample aliquots were extracted directly from 96-well
rﬁicrotiter plates using a CTC HTS PAL autosampler (LEAP Technologies, Carrboro, NC)
triggered by the data station. Samples were injected directly into the ESI source at a flow rate of
75 pL/hr. Tons were formed via electrospray ionization in a modified Analytica (Branford, CT)
source employing an off axis, grounded electrospray probe. positioned ca. 1.5 cm from the
metalized terminus of a glass desolvation capillary. The atmospheric pressure end of the glass
capillary is biased at 6000 V relative to the ESI needle during data acquisition. A counter-current
flow of dry N»/O, was employed to assist in the desolvation process. lons were accumulated 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.

Spectral acquisition was performed in the continuous duty cycle mode whereby ions were
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Vi . 1 T5442205. 1231
s B RO e R RSB e 38%3oa e 8T Rk, . . Bew
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Vi rus4427343. 49696C13 T3127082. 59269C22 T2,
modi@qdaﬁob@M.}M@@mppmbgnoqmsotoplc molecular weights were calculated.

Example 3: Selection of Primers

To design primers that amplify all known coronavirus species and to identify new
members, alignments were carried out using all available coronavirus sequences from GenBank,
including complete genomes and individual genes, and scanned for regions where pairs of PCR
primers would generate bioagent identifying amplicons of a length of about 150 or fewer
nucleobases. The current length limit of about 150 nucleobases is dictated by the ability of
electrospray mass spectroscopy to determine the mass of a PCR amplification product‘* with
sufficient accuracy to unambiguously determine the base composition. One with ordinary skill in
the art will recognize that this limit may increase subject to improvements in the art of molecular
mass determination of nucle‘ic acids.

Two target regions were selected in coronavirus orf-1b, one in the RNA-dependent
RNA polymerase (RdRp) and the other in Nspl11 (Figure 7). Locations of primers within these
regions were optimized for sensitivity ‘and broad-range priming potential simultaneously by
performing limiting dilutions of multiple, diverse coronaviruses. The primer pair names shown
in Table 2 refer to the forward and reverse primer for a given region. Each primer was designed
to include a thymidine (T) nucleotide on the 5° end to minimize addition of non-templated
adenosine (A) during PCR.

Table 2 represents the collection of intelligent primers (SEQ ID NOs}:S-l 1) designed to
identify coronaviruses using the method of the present invention. The forward or reverse primer

name indicates the gene region of coronavirus genome to which the primer hybridizes relative to
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nsplic us. 51425 C2D 15042144, 07041
T34, ARSI AYaHo g ko HSR AR aagobL oronavirises

rorvapigpintrc ooRPras. 524257 06326620 prib0 4 T R4 U AL 33 SEQ
name
r 34 BARSBJ04AY279354 AJZeGlIAZS Gl4 1 )
CV_NC S 02 7 6
195 1?@5@50%&%\54% %TT@T%Z&G%SM 53 O ] R R P Furcarach
cv_ncodAOBJIU4AYZ /U J. IAZ7 By 02645 183 3
190 1 RQ'—'\GC (0‘12[332{5‘913771 2 BCCERNECR M QYR QR ALTAY HCA
CVPOL A H "CYPOL_AF304460_ 8
1737 SARSACTTTTATGECGGETGGGA 1804 1824 R TTTAGGGTAGTCCCAACCCAT
CVPOL,_AF304460 9 CVPOL_AF304460_ 8
1737 1755 F TAAGTTTTATGGCGGGTGE 1804 1824 2 R TTTAGGGTAGTCCCAACCCAT
CVPOL_AF304460 9 CVPOL_AF304460_ 10
1737 1755P F TARG&&T&ATGGCGGGEGE 1804 1824 2P R TTTAGGATAGT@@RAACCCAT
CVEOL_AF304460 11 CVPOL_AF304460_ 8
1737 1755 2 F | TAAGTTTTATGGCGGCTGG 1804 1824 2 R TTTAGGGTAGTCCCAACCCAT
CVEOL_AF304460 11 10
1737 1755 2P CVPOL_AF304460_
¥ B 7 | TAAG&&T&ATGGCGGCEGE 1804 1824 2P R | TTTAGGATAGTE@EAACCCAT
CVPOL_AF304460 9 CVPOL_AF304460_ 10
1737 1755 F TAAGTTTTATGGCGGGTGG 1804 1824 3 R TTTAGGATAGTCCCAACCCAT

Example 4: Database of Bioz}gent Identifying Amplicons for Coronaviruses

A database of expected molecular masses and base compositions of bioagent identifying
amplicons was generated using an electronic PCR search algorithm (ePCR). An existing RNA
structure search algorithm (T. Macke et al., Nuc. Acids Res. 29, 4724 (2001)) was modified to
include PCR parameters such as hybridization conditions, mismatches, and thermodynamic
calculations (J. SantaLucia, Proc. Natl. Acad. Sci. U.S.4 95, 1460 (1998)). ePCR was used first
to check primer specificity and the selected primer pairs were searched against GenBank
nucleotide sequence database for matches to the primer sequences. ePCR showed that the
coronavirus primers should prime all known coronaviruses in GenBank, but should not prime
bacterial, viral, or human DNA sequences. For each match, A, G, C, and T base counts of the
predicted amplicon sequence were calculated and a database of coronavirus bioagent identifying
amplicons was created (Table 3).

Shown in Table 3 are molecular masses and base compositions of both strands of

bioagent identifying amplicons for a series of different coronaviruses obtained using primer sets
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approximately 500 base pair (bp) regions flanking each target region used in this study were

nspll

sequenced. The regions surrounding the target regions (615 bp for nsp11 and 454 bp for RdRp)
were amplified using primers containing 5° M13 sequencing tags. Methods of sequencing are

well known to those with ordinary skill in the art.

Example 5: Characterization of Bioagent Identifying Amplicons for Coronaviruses
For broad-range detection of all coronaviruses, two PCR primer target regions in orf-1b,
one in the RNA-dependent RNA polymerase (RdRp) and the other in Nspll were identified
based on the analyses described in Examples 3 and 4. Locations of primers within these regions
were optimized both for sensitivity and broad-range priming potential simultaneously by
performing limiting dilutions of multiple, diverse coronaviruses. Analysis of the final primer
pairs by ePCR of GenBank nucleotide database sequences showed that these primers would be
expected to amplify all the known coronaviruses but no other viruses, bacteria, or human DNA.
PCR . products for each virus listed in Table 4 were generated, desalted, and analyzed by
electrospray ionization Fourier transform ion cyclotron mass spectrometry (FTICR-MS)
indicated in Examples 1 and 2. The spectral signals were algorithmically processed to yield base
composition data. F i/gure 8 is a schematic representation of electrospray ionization, strand
separation, and the actual charge state distributions of the separated sense and antisense strands,
and determination of molecular mass and base composition of the PCR products from the RdRp
primer pair for the SARS coronavirus.
Due to the accuracy of FTICR-MS (mass measurement error = 1 ppm), all detected
masses could be unambiguously mapped to the base compositions of sense and antisense strands.

The results from analysis of 14 coronavirus isolates are shown in Table 4.
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HMurtl.".et Sense 27344.491 A21 G23 Cl4 T30 42602.022 A37 G34 C18 T48
epatiits Antisense 27083.564 A30 Gl4 €23 T2l 42061.016 A48 G18 C34 T37
Virus MHV1
HM“rtl.“te. theﬁi’sta Sense 27344.497 A21 G23 Cl4 T30 142529, 960 A34 G34 C21 T48
epatitis Antisense 27083.571 A30 G14 €23 T21 42136.047 A48 G21 C34 T34
Virus ble
H““fcl.“te.s Sense | 27344.503 A21 G23 Cl4 T30 42599, 989 A34 G35 C18 T50
epatiti Antisense 27083.572 A30 Gl4 C23 T21 42064.089 A50 G18 C35 T34
Virus MHV-A59
Sense 27344.491 A21 G23 Cl4 T30 12544.967 ~A34 G34 C20 T49
Rat 8190 Antisense 27083.567 A30 G14 €23 T21 42120.041 A49 G20 C34 T34
Sense 27298.518 A27 G19 Cl4 T28 12519.906 A34 G33 C20 T50
SARS TOR2 Antisense 27125.542 228 Gl4 C19 T27 42144.026 A50 G20 €33 T34
Sense 27298.518 A27 G19 Cl4 T28 12519.906 B34 G33 C20 T50
SARS Urbani | Bntisense 27125.542 A28 Gl4 C19 T27 42144,026 A50 G20 €33 T34
Avian ’
I“fegtl“ Sense 27396.544 A24 G24 Cl4 T26 42530.984 B33 G32 C17 T55
. Antisense 27032.524 A26 G14 C24 T24 42129.100 A55 G17 €32 T33
Bronchiti Egg-
s Virus adapted

For both primer regions, the measured signals agreed with compositions expected from
the known coronavirus sequences in GenBank. Several of the iSolates used in this study did not
have a genome sequence record in GenBank. Nevertheless, bioagent identifying amplicons were
obtained for all test viruses and their base compositions were experimentally determined. These
experimentally determined base compositions were confirmed by sequencing: Thus the strategy
described here enables identification of viruses without the need for prior knowledge of
sequence.

To demonstrate the potential to detect multiple viruses in the same sample, as might
occur during a co-infection, viral extracts from three human coronaviruses, HCoV-229E, HCoV-
OC43, and SARS CoV, were pooled and the mixture was analyzed by the methods of the present
invention. Signals from all three viruses were clearly detected and resolved in the mass spectrum
(Figure 9), demonstrating that co-infections of more than one coronavirus species could be

identified. Dynamic range for reliable multispecies detections in this system is 10* (100:1 in each
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aPur dueNC 002306. gastroenteri 2A33 G30A56 Gl18 nsplltis
Vi rus9042465. 93357C18 T5642193. 12585C30 T33
wae@ndmi8si bl ePurdue- gastroenteri 115239093. 1PRHUS2004/012671
R4A32 G8 RARptis virus9124486. 53139C8
T3226936. 57252C24 T24 Transm ssi bl ePur due-

oG8 SRRSO AR DEHR B 0 i o

can bEr agselvied sudihg ehdJmkethadh ATOth 4fischt gﬁsémbﬁng?ﬁla%rﬁgrigg%g% method of
i . A24 G4 .26936, 57252A32 .
dentifsioh S R R SRR FOTIRFEITSBESTER Jnesests Of broad range and drill-
' teRolvk a4SGE t0ABRx LRBRES LB mprising viral and bacterial
oA Sl A A BB g i i
co-infepfienswn AF124992. 1 gastroenteri A24 G24A32 G8 Rt| Rptie

TuSHEp R %%3%&%%19%%3@7%%%%%;;%2% of e e
coronfRARPEO FIRIRY wePish19bioaEert i@gﬁtﬁ?fxg a2 60 oF t of each base

T23 Cani ne- '/Iflv R- e&j.@ I n-A33 G31A 4@9 o .
compesfipn do rigpgsinteds dyoteut ki os1de 78, w08@E@1 Svhich indicates experimentally

detern]ad %ﬁ%oﬁﬁ%ﬁ%%ﬁ%at%ﬂﬁ%%%@@nsl fre indicated by the labeled spheres.

coronavi ru ouse

FigurRIRAMELAGS 86 T Tdkpbitéaehy Tek2a8Ra. tasy daRadkidnatk jgenerally match the
Cani.neCCV-Seq, In- ns coronavirusTN449; housep34 A
calculétgg ABse egpapositions. One exception is the canine coronavirus analysis which indicated

that a single T to C substitution (single nucleotide polymorphism) exists in the amplicon.
Characterization of a bioagent identifying amplicon does not require prior knowledge of
sequence. This feature is exemplified for the bioagent identifying amplicons obtained with the
nspll primer set. No sequence was available in the nspll region for three of the five viral
species (FIPV, CcoV and HcoV OC43). Nevertheless, base compositions of the three bioagent
identifying amplicons were determined which were well within the expected bounds of base
compositions of coronavirus nspll bioagent identifying amplicons. Thus, had the identity of
these three coronaviruses been unknown and if they had been tested with the same primer sets,

they would have been identified as newly discovered coronaviruses.

Example 6: Quantitation of SARS Coronavirus by Internally Calibrated PCR

SARS coronavirus was handled in a P3 facility by investigators wearing forced air
respirators. Equipment and supplies were decontaminated with 10% hypochlorite bleach solution
for a minimum of 30 minutes or by immersion in 10% formalin for a minimum of 12 h and virus
was handled in strict accordance with specific Scripps Research Institute policy. SARS CoV was
cultured on sub confluent Vero-E6 cells at 37°C, 5% CO; in complete DMEM with final
concentrations of 10% fetal bovine serum (Hyclone), 292 pg/mL L-Glutamine, 100 U/mL
penicillin G sodium, 100 pg/mL streptomycin sulfate (Invitrogen), and 10 mM HEPES
(Invitrogen). Virus-containing medium was collected during the peak of viral cytopathic effects,
48 h after inoculation with approximately 10 PFU/cell of SARS CoV from the second passage of

stock virus. Infectious virus was titered by plaque assay. Monolayers of Vero-E6 cells were
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|12 pVR- 9642524. 9581010 T5342136.09182C32 T34 068

Feline infectiousWsU 79-Seq, In- peritonitisl683; VR-
whonwserddr G24A31 D 989 RARpvi rus9727471. 5317 3&O1/US2004/012671

T3126952. 56743C24 T24 nspljqel i neWsU 79- Seq.

I n-9742490. 99005A33 . 63192169. 11462ASS 618 WO

ool ORISR i AP AR s of virs wor
prepareifl &ic tcomptdti- DMER]. Shipdivnd-wase hdpiafidt (520 Q40 UsFASH 8%2200 uL of

2A53 9 nspl |l virus9842500. 94687C19 T5342161. 0963 . )
inoculiys, S EIOHRL BEYPRERAL 3 5kort GOrNERAMIR GAROHas Said with 2-3

LGP GBSO AOSA o RAA0 1, RISTARE R s s

allow@B 400\ddidBOatnopin Eorperaave rtheil CAIE20erE 48€bateldt 37°C, 5% CO, for 72 h.

i MHV1- Seq.,.In- hepatiti sVR261houseA37 G34149 018
Plate e e O DB Pt 1 SR B DM A0 D108 SARS 19 vere removed, and

IS ViR 0.1 B8etysthviBRURSighi i GRABIARRE, @ GenBank
cells ‘?g%gﬁa?%%ﬁmngt eglygt alt tﬁ)ghl%i {% o? lepas enbly of ‘the

dafmpeler taodenmestrate 3he deeationi df B ARR cenopavitusem b @lihigally relevant fluid,

vy R PP SRR A e BB I BPA S SRS 288 ot ctuons
(10° to 10S) BF tBYS ARS @irbs we&?m in tBghpl & DAMISVE Y %tﬁmh&gdilution of the
. the target regions (615 bp for nspl | and 454 bp for
virus Wa%qded%@ 2@0 aﬂrhumapégrum; imHgepwehend tregsed a;ilmi()p@l ?Lkdm 3izol Reagent
[ . of.S enckng, ar.e. 0
A e T T -
transf@inart tact eearz abe owhioh wak eREEREd bifl iRt dut i FithTOYEBREH 8 moved to a

' - det ect f al
P2 facioRRA 1S E8tracisfoBerg maRold deseibed shoxind 09% of the solated RNA
| [ n Y] Ceti A
s B e, 1 8B IRGENET LR IR Safp T-rr ve
Caﬂieé;nuﬁdsdem&ieﬂéleExdnBlcQL bed in Exanples 3 and 4.

Logat,jons. of . priners .wthin e regions were .

opt D AP SER SR oS broiegr ¢ O Siuaat purige asid sey the SARS
coronPiueNétbél sSlufibh { Rae QHAYYedP¥sin SinfePhdlly Balitried | PR Synthetic DNA

dilutions of nmultiple, diversé coronaviruses. Anal ysis
templages with qucleig apidispeitents ideatical ibyalleRERoty toGemtBaAIBR target region from
SARS'ESY §ai t‘ﬂg eggépgl%ﬁ%? 533 Sagt?gnssip&mrrl?aq tct> Iggcth atrrllqlﬁlsc%n were cloned into a

prinmers wou e
pCR-Blunt vector (Invitrogen, Carlsbad, CA). The calibrant plasmid was quantitated using
OD;60 measurements, serially diluted (10-fold dilutions), and mixed with a fixed amount of post-
reverse transcriptase cDNA preparation of the virus stock and analyzed by competitive PCR and
electrospray mass spectrometry. Each PCR reaction produced two sets of amplicons, one
corresponding to the calibrant DNA and the other to the SARS cDNA. Since the primer targets
on the synthetic DNA calibrant and the viral cDNA were almost identical, it was assumed that
similar PCR efficiencies exist for amplification of the two products. Analysis of the ratios of
peak heights of the resultant mass spectra of the synthetic DNA and viral cDNA for each dilution
of the calibrant were used to determine the amounts of nucleic acid copies (as measured by
calibrant molecules) present per PFU, post reverse transcriptase. A PFU (plate forming unit) is

defined as a quantitative measure of the number of infectious virus particles in a given sample,

since each infectious virus particle can give rise to a single clear plaque on infection of a
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expected to anplify all the known coronaviruses but no
ot her viruses, bacteria, or human DNA. PCR products
wo o4aaBr virus |isted in Table 4 were gener at BCr/US2004/012671

desal ted, and anal yzed by. 44l ectrospray ionization
Fourier transformion cyclotron nmass spectronetry

contifoll QB-V‘P@)OIE H.agtfé.ﬁ& ak %dcohﬁm@{@ ée% of %Pgurfr%d %‘ellsT Léglacet a&l of the extracted

spectral signal's were algoritnnical roces
RNAywal gseldaineth® @eveosepeaistiipasedsttp to pratlice e vEaBcDNA, the approximate
sch mai I.C representation of electrospray . ionization,
amougt ?é’f?& CIGRAGY 2B %‘3 Wf%étlcﬁ’ét‘{%s Pefiiglgdn shemgriginal viral preparation
was eisby butions of the separated sense and antisense
strands, and determ nation of nolecul ar mass and base

corfoabitaringre the relatomBiR hﬁtwdeEUfandmophﬁ oRdBpleicFHcidmllfie virus stock

alr for.the SARS cof.onayi . ,bue to e accuracy .o ) .
was %‘?lyéﬁé MEME e a%WEﬁ@ﬁtlS@?-r §Vnt%it“'p &F{% templades; Bithepucleic acid
sequeB&e TBHIERS irCAedples 14R0R PEROMRIeY rémpﬁgrntsgg}tg' %_IQWﬁh the exception

conposi tions of sense and antisense stran
of 5 hage deletonsripierneh &0 yadhsamplicn were chuedl ints a POR Blest wacwr (Invitrogen,

SR e e T .
diluted {#0-Bsld elilGhomdsirdd @nedf with a fixeg! Beduad o§?f>stgfaverse transcriptase cDNA
a

Cor onayi ruses Experinental | yExperi nent :
prepa@HP%n‘gf- Bhst SHHS rﬁ&féﬁa?’é@l@@@é@b.b}’m@@pﬁfﬁtm@dé@& @hdtedettrospray mass

trBReEy. i i i
P e.c Vi rﬁ%S]tE?%hng%n{)ef%%Otnogfog B%Grg'pg%? £55 4 vEmRlicent: oPrectBFRLding to the
calibrantdPNA and the other to th% SA)RS ng\ﬁA' Since (the arlnFlic(:ons eln)erated from the
ecl.esStrai nMasses( RARp) ((RARp) Masses(.nap nsp. ) e
syntheShy ENGE 2est{Beeth asacbramis TRISORG b35S 2057 B (bloagent identifying
ampli€ed) vRed aifd ARt dcn g e Tah: J/ i
P @TBB Sense27471, Bl%%&%@%%%&é%@%ﬁ’%%m of the
two prodn¢ts sEvsimilar Al ysteoftbe 68562 ob ASAHGEHTR ¢Tthé 420 B4utdh 2 spectra of

the syBBUEERED ik VIt e dorseagh silusiomef 9 spllsenians s to determine the

amourte lof TRERE3 A i copiRs 939 ARAsEe® A L AHerh
C31T33 Sense274gz. %mz3&50%330424%%%%%@%%%& post

 reversE ERNSSEDRA s el 1B 59 58 AR AIUEABTR Bk OSvedR HAMmSEAase step to

produg G sl DNl ppIs s oyt 15 Assielsoidessopisiptait infectous
virus 2ROEE2 BFMedrighns e 2EDFRpatBaR 81l GRAEARARYIRIAS LARAERARY analysis

0736 .
Showeauﬁ?aﬁ@é%@;?fmké.%mmq briveeensibe cotinagepatcaotis B x 10* copy

numbe% O%_%E%@r?cgﬁ%é %Fd&ﬁ@r%qggélfﬁﬁg %%ﬁén%%ﬁ%ﬁt%% %%‘R%‘lquﬁn?elr%to (% igure 11).
Thus, theneletiqBhip HHREQIREI? GAQ TRRE2EUMCRAIAIB GAR €I6TaRd to be 1 PFU = 300

o ieSDi ar r.heal ti sense27066. 586A32G12C22T2242052897A52G15C
pies 5 fudeg acidn o i 1 us.

Huvasse needfsAng 63ARL 2! 304 in, wi

OC430C43Ant | sense27098. SEEn 8 20980 19 108 k] g, will be
appareggtpg@l.ogmgkl}i@i in the art from the foregoing description. Such modifications are also
intendé_tlg Y| t\xﬁf%eﬁ{] ﬁleezs?c%%é'o t @%%%%% 4c glg)n%z gc' %%Zt 63 z)%zﬁt(szlggplications,
printedVi pubiiddtidhéntahé esther 1ABRsIRA4 1304 3t 1 P LEAMBFLR) in this

..C34T37 MurineJHM ) .
specifipgion: are inqomorsed harsin b sefeunca el caCy THO4@ SEled 60Me art will

apprecﬁt%%%@ﬁ%ﬁ)us changes and modifications may be made to the embodiments of the

invention and that such changes and modifications may be made without departing from the
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34T34 Muri ne

wokpatlitiss Sense27344. 503A21&23C14T3042599. 989 ABAZEBS100BTi12671
50 Antisense27083. 572A30GL4C23T2142064. 089A50GL8C35T34
Vi r us VHV- A59

. e 1323C14T3 44, 667A3 C20T49 .
spirit O R A s MR B0 SR s el ey eauivalent
variatdoiidds fhw@RIAARS trhd AT 4aCAd 2Bhe MkRnBBHE A34G33C20T50

SARSTOR2ANt i sense27125. 542A28GL4C19T2742144. 026 A50&0C
33T34 Sense27298. 518A27G19C14T2842519. 906A34G33C20T50
BARSDr bani Ant i sense27125. 542A28G14C19T2742144. 026 A50&2
0C33T34 Avian In ectiou

Sense27396. 544A24(RR4C14T2642530. 984A33G32C17T55 s

Egg- Anti sense27032. 524A26GL4C24T2442129. 100A55GL7C32T3
3 eronchiti s Virusadapted For both prinmer regions,
the neasured signals agreed with conpositions expected
from 5 the known coronavirus sequences in GenBank.
Several of the isolates used in this study did not
have a genone sequence record in GenBank.

Nevert hel ess, bioagent identifying anplicons were
obtained for all test viruses and their base
conpositions were experinentally determ ned. These
experinmental |y determ ned base conpositions were
confirmed by sequencing. Thus the strategy described
here enabl es identification of viruses w thout the
need for prior know edge of 10 sequence. To
denonstrate the potential to detect nultiple viruses
in the sane sanple, as mght occur during a
co-infection, viral extracts fromthree human

coronavi ruses, HCoV-229E, HCoV- OC43, and SARS CoV,
were pooled and the m xture was anal yzed by the

nmet hods of the present invention. Signals from al
three viruses were clearly detected and resolved in
the mass spectrum 15 (Figure 9), denonstrating that
co-infections of nore than one coronavirus species
could be identified. Dynam c range for reliable

mul ti species detections in this systemis 104 (100:1
in each WO 2004/111187 PCTI US2004/ 012671 -42
direction, data not shown). This exanpl e indicates
that the etiology of a coronavirus infection can be
resol ved using the nethod of the present invention.
Furthernore, the nethod of identification of

coronavi ruses can be conbined with general nethods of
broad range and drill- down identification of bacteria
to resolve a nore conplex etiology conprising vira

and bacterial 5 co-infections. Shown in Figure 10 is
a spatial representation of the base conpositions of
five different coronaviruses for RdRp and nspl 1l

bi oagent identifying anplicons. The G content of each
base conposition is represented by the tilt angle of
the cone which indicates experinentally determ ned
base conposition. Cal cul ated base conpositions are

i ndi cated by the | abel ed spheres. 10 Figure 10

i ndi cates that the experinentally determ ned base
conpositions generally match the
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cal cul at ed base conpositions. One exception is the
cani ne coronavirus analysis which indicated that a
wermgher1§7t o C substitution (single nucl eoti dePCT/US2004/012671

pol ynor phi sm) exists in the anplicon. Characterization

of a bioagent identifying anplicon does not require

pri or know edge of sequence. This feature is

exenplified for the bioagefét- i dentifying anplicons

obtained with the 15 nspll prinmer set. No sequence
WHARSS ey ivRbas:n the nspl1l region for three of the

five viral species (FIPV, CcoV and HcoV OCA43). )
1. Nevermethod o, ideniificationpeis Pr¢ sismere uRkNQWR «orqiagigentin a sample
Comphglﬁn,t i fying anplicons were determ ned which were wel |

W LRI n the expect ed bounds of base conpositions of

COoRpoBtdiningscorsvirud ROBYROIn datliedabiplesi ng anpl i cons.

Thus,. had the identity of these three coronaviruses

be@holafﬁmmﬁprgﬁﬁaondﬂn&ﬁw fiom saiddNAs ested with the

sa . ; \/ f .

e Cpalplfie SE1 DA Sint BRY oMLK ART RERRLCI(RAL pHRES that bind to
conse@xedntegionat iofra odroBARSs @enameyvwhersinbyaid kbrsenadd segions flank a variable

. Caf:i bC{at ed PCR SARS coronavirus was handled in a P3

regloy gefalt eQFOVIIUARELI N Gat ors wearing forced air

r eAPUHEBEAhthe thEHORTBRE nABHorBERP LR S0 Eof the one or more amplification

decont am nated with 10% hypochl orite bl each sol ution
produgt obtainesl imistepradyandf 30 minutes or by immersion in 10%

foroalin for am'ninlumlof 12hang)viruswa.handled1 lated ‘

i n 5t FITRpAring. Al FRRICGYIR, LRSI DA% (MOS8 A, calculated or
experlmiéitdltyuidetep@incd YmoRler GRMsdvasr Hatk tdeidsi®iBn$ UWherein one or more

confluent Vero-E6 cells at 37C, 5% CO2 in conplete
matchof/idgniifieshsaid penowaseEEaYHEE | ons of 10% fetal bovi ne

serum (Hycl one), 292 g/nL L-d utam ne, 100 U ni

penicillin G sodium 100 g/nlL streptomycin sulfate
2. (| mhe iabeh pf chim 11GhednHRESo@@rdednepiono gengbout 80 -100% identical

Vi rus-contai nj ng nmediumwas col |l ected during the peak
amongfilfgqr?rgpow)lag]ﬁ%eﬁi c effects, 48 h after inocul ation

with approximately 10 PFU cell of SARS CoV fromthe

second passage of stock virus. Infectious virus was
3. ti fTee ecttind ol dejue 1 adwagin shidnatialleregioh exkibits &6 geeldr shan about 5%
d t.)éylere V\QggtOOM 111187 -43 PCTI US2004/ 012671 prepared at
1dentigAngony HHRFPLENERAIINSES: ssue cul ture plates. Serial -

tenfold dilutions of virus were prepared in conplete

DMVMEM Medium was aspirated fromcells, replaced by 200
4. L dhe matledipliphaing ddwhestinssaik eenserved sat ordriable 3ggionsof a coronavirus

oo i gL oo S RGBT L

bovi ne serum Agarose was 5 allowed to solidify at

roomtenperature then cel|s were incubated at 37C, 5% ]
5. cofhe gpethod nof clajrgt bswhgteid gaid opRTaRsVEIRSeld Epning e¢osprpiyirus, Feline

j i i r | . a . .

coronk BF BB TRES s 208 056uf RS GV Bl o
virus, il 1ghdmigdiblevgasaberpdritiyueisus, Bovinedeirotavirds oingine dkpatitiievirus, Porcine

delt ectjon of ﬁ RS cor onavi rui inaclinically rel evant .
hemagglyginpting, gRGRP gloawrﬁhfeﬁ OHEUSof Rt Foponaxesy  dapksyycoppgavirus, Avian
infecti¥ds BrRLARE virds, AR S&Irbivireer | @l tenfold dilutions

10 (10 to 10-15) of the SARS virus were prepared in

conplete DVEM 50 L of each dilution of the virus was

added tq, 200 .L. human ,ser.um.. m xed |l ;and treated
6. wi Lhe dr_leggo%?f &}an:)'ap?Z er%%}gﬂpm@é’}?ylﬁ@i §PgRrsequences are used to
idenﬁ%qalicsmgew%}egmnsr oom tenperature for 10 m nutes.

ntents were then transferred to a clean tube, which

was sterilized on the outside with 10% bl each and

noved to a P2 facility. RNA was extracted foll ow ng

prot ocol s descri bed above. 100% of the isolated RNA 15

was reverse transcribed. 1/40th of the RT reaction was

used per PCR reaction. RT-PCR was carried out as

described in Exanple 2. To determi ne the relationship

a
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20 SARS CoV with the exception of 5 base del etions
internal to each anplicon were cloned into a
weR4Biuet vector (Invitrogen, Carlsbad, CA). A¢EUS2004/012671
calibrant plasm d was quantitated using OD260
nmeasurenents, serially diluted (10-fold dil utions),
and m xed with a fixed anount of post- reverse
transcri ptase cDNA prepara47-on of the virus stock and
anal yzed by conpetitive PCR and el ectrospray nass
7. speltierngtRbd Yt clEach wieRkih eﬁatcbﬁesp@h@ﬁﬁqndAtiy\@bﬁﬁfea fR¥¥m said RNA in
anpl i cons, one 25 corresponding to the calibrant DNA
a reverpqinseriplasieatalyzedieaciaRs cDNA. Since the pri mer
targets on the synthetic DNA calibrant and the viral
cDNA were al nost identical, it was assuned that
8. si rilcamefOR ff tlaim ehovlesciexdaid ahplifieafun bRt &N obfained using the
I t he h}\lﬁo products. Analysis of the ratios of peals
POLYREPIFIBINGPAINE: r esul tant mass spectra of the synthetic
DNA and viral cDNA for each dilution of the calibrant
were used to determ ne the anounts of nucleic acid
9. cophesngthed ofelsim édviryeisGaiddiast campositbre sudetainiprdesemeasuring the
r. PFU t.reyerse transcriptase. A PFU (plate
mde&%ﬁrﬁ“ﬁ&%ﬁ&ﬁ)ﬁrﬁ%&g Oé‘é?’ldr"f‘é‘??l at nqlﬂfgﬁ‘t‘oltt ative measure of
the nunber of infectious virus particles in a given

sanpl e, since each infectious virus particle can give
10, rj ﬁet@eﬁwi ofgcleing| Bawhereingdetenninatidre offi said dfase odposition further
comp@?e%"tﬂelﬂl%lgsg of 8ol ét%% 04/ 012671 conti nuous "l awn" of
acteria or a corﬁitl nuous’ sheet of cultured cells.
Since all of the extracted RNA was used in the
reverse transcriptase step to produce the viral cDNA,
1. het appthedi phrdiagngpsunt the giiplom of ari@songviue i iafestion comprising
¥ i ' jr st LG L1 original wviral .
perfolih (el QT 1 NHRREL ) Shbl b 47 Blogel B Blained from
human Eﬂxhtbu‘rmg Isqjmptoi;letwfeaa moféﬁllhlv'mmai infeqionsaralf th’ebUfé:sFlitiﬁg deérlification of a
.the virus stoc was .anal yzed using internally
Spemfﬁzca?qr%l}aé’fr%agoéﬁs the gHols] Qifsga&of%}%}”é% BECHpRh nucl ei ¢
acid sequence identical in all respects to each PCR
target region from SARS CoV with the exception™ of 5
12. padbe aatead ohelaimtldr whereinosaédietiolmgp|cdompriseseindeationrtgda plurality of
' - Bl unt vector (lnvitrogen, Carlsbad, CA).
Coronélsﬁléuggg?ﬁ?%?ant pl asm d was quantitated usi ng OD260
nmeasurenents, serially 10 diluted (10-fold dilutions),
angmpgi xed wth a fixed anount of post-reverse
13. ¢ v dhedpetpedist clapnal2 phegshy said phiralitytdfecownavizus sireles adiprises the
SARSHA MeRds Py conpetitive PCR and el ectrospray mass
spectronetry. Each PCR reaction produced two sets of
anpl i cons, one corresponding to the calibrant DNA and
t he, ot her .t he SARS cDNA. Since the anplicons
14. geﬁlé‘? e{lad of ghai Hg whegeip e iedolomis fersher spaprisqsaafertioraby a bacterial
specied . i | i 1 . [ t y )
pec gL ONNAMEAR Ytk A ORI DM g mas o
bacterfatRoagérit édeatifyiimsarhplicomnpl i fi cati on of the two
products were simlar. Analysis of the ratios of peak
hei ghts of the resultant mass spectra of the
15.  SYAthehdToMdkmpdhy ifradd SaNPediat coRnkviflsd dhiRigf t he
calibrant were used to determne the anounts o
nuttteningcplaralibpelesanipdes conteining saidypesfi¢ borandvirus from a plurality of

differefPlog st s% resent per PFU, post reverse
' ertra(l)nscrn:’gb ngge. Since all of the extracted RNA was used

| nidedtifyingwaidsgpetifienaesnapiras th 8 sebet 6f #Ad PLAFKIGDBRples using the
viral cDNA, the approxi mate anmount of nucl eic”acids
associated with infectious virus particles in the

original viral preparation could be estinmated. Mass
spectronetry analysis showed an approximate 1:1 peak
abundance between the calibrant peak at the 3 x 104

copy nunber dilution and the bioagent identifying

anplicon peak for the RIRp prinmer set (Figure 11).
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intended to fall within the scope of the appended
clains. Each of the patents, applications, printed
w@nbkiicasi ons, and ot her published docunents netit/Use4012671
or referred to in this 30 specification are
i ncorporated herein by reference in their entirety.
Those skilled in the art will appreciate that
nunmer ous changes and nodif48cati ons nmay be nade to the
enbodi nents of the invention and that such changes
meth@élf ¢Bieh 1] GBéleRNGe FoiedpRndmdomitibho b tHdaRShbdD 9f Ezﬁ@ Fubset indicate
the WD 2004/ 111187 PCTI'US2004/ 012671 -45 spirit of
the sprepd qf gidispeaific coronagrus e paid epwespanding kagationst t he
.appended cl ains cover all such equivalent variations
as fall within the true spirit and scope of the
16. i n\Talat method WP 2R/ 1151 1R 7eifPMIRR QOnaliZGT 1s CaﬂfﬁeVWndvﬁ'us Feline
IS: 1. A nethod of identification of one
comnf%‘rl@ TRRAVNE 2P Eis B¥man pozonaxips ©C430 Reraing ﬁ@demlc diarrhea
of
i, e PO R SRR e SRR SRR} Sepatiisirus, Porcine
hema@}pﬂlma‘tlylg n gn@hdomlmﬁs i igusonRatorcormiagirpsyi rBully coronavirus, Avian
1n&cto %onug%eotlde gﬁggfrs that bind to conserved
P85 PERE™EF VU S @RV ERone , wherein said
conserved regions flank a variable region of said
coronavirus genone; d) detennining the nol ecul ar nmass
17. Ab@rgéerdza#p‘@bﬁ:rpmcmclmmemb@r ofitheqairrios et keayt| 1006 saenoe 1dent1ty with

e S ALY AED )i R SRR Bt e e

sequeroepeSEQEDINGS:5:6028e9:8] a0, 11108 Savleedr 99pBses or base :
conpositions, wherein one or nore matches identifies

sai d unknown coronavirus. 15 2. The nethod of claim]

wh j | [ t 80 -100%
18 EhepASFbl: SRS YF AR BUPURNG o R onk ryereGipie anatoe, wherein
said nmfiedrlmde efialcg binds Withtinereasad &ﬁﬁlﬁt}ﬂtaﬁtsaibk@lérﬁﬁitﬁﬁ} nucleobase compared
to th hlbltﬁpgo greater than about 5% identity anong
0 ea?tf‘fee‘}uﬁ @6ronaviruses. 20 4. The nethod of claim]l

wherei n said conserved and vari abl e regions of a

coronavirus genonme are wthin genes encoding
19, RNFhejeprénere marRA pleiny né 8 asdefeR Raid onucdasbasel .anBlog Th@mprises 5-

f claiml L,.N said.coronavirus is Canine
propy oé%gg\;opwgyny&@ft?sdlée égd@@ﬂ%q?wp? COQYAZHNS, AP SHER- r us
229E, Human coronavirus OC43, Porcine epidenic
di arrhea virus, Transm ssible gastroenteritis virus,
20.  Boi bieageabridgmaifyipg mmigen rfer Hegndificefion wif rausoroRovinisneomprising an

isolateﬁ?%\%ﬁ?%@@&%? s gcp %ﬁ!ﬁlﬁ%ﬁ blg«tzle%ms%shm Fp]gtR@@fqdélﬁgd by the process

of am}bilﬁmauhn toff swwlefcuscid ﬁonﬁé@&&ﬂﬁﬂﬁ@gdzﬂdﬁ&) witBh ﬁﬂm&hﬁalr wherein each
% ‘ﬂ of claiml wherein alignnments of viral enone
prlmer ﬁ?é

Pas ig0f alsnghief aboge 2 ite pbewi 36 oueledhasesd wherein the bioagent
k 012671 7. Th
i B R AL, USSR

obtained fromsaid RNAin a reverse
21. t "FiE (igég%n?%entl@}ngl Zp?i(cj:orrl g? gl%{rr? 90 wherein each member of said primer pair
has at least 70% sequence identity with the sequence of the corresponding member of any one of
the following intelligent primer pair sequences: SEQ ID NOs:.JS :6, 7:8, 9:8, 9:10, 11:8, 11:10 or

9:10.
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8. The method of claim| wherein said anplification
product is obtained using the 5 polynerase chain

wo emetiiasr 9. The nethod of claim 1 wherein sapdr/bsme4/012671
conposition is determ ned by neasuring the nolecul ar
mass of both strands of said anplification product. 10
10. The nmethod of claim9 wherein determ nation of
sai d base conposition furi4ger conprises the process
of strand matching. 11. A method of diagnosis of the

22, etiTeOptiid Bf CMiRNP0 khereil ftBE t de@herfc® "BF is@idN@oronavirus genome is
performng the nethod of claiml wherein said I e

represasteed sl @iyoyIcoHISEHDINOWGIR dBnik 165 bon , 18, TiARR1, 22, 23, 24, 25, 26,
27,2699 .31 92 S BAAR: 38137 Sf IR MO B3 4L UEThL 2R, P18 06 50, 51, 52,

53, SQQSfSL BI@,SS7§ be, 59;60|619§52Qf3 SM@S 66/ 67) &8I 69JS’0| 7f, G’Qt T84, 75, 76, 77, 78,

he met hod erein sai
79, 58 S 40 54180861 by Oadiols 5083y 95155, Bortin B TAL00 or 101.
species. 20 13. The nmethod of claim 12 wherein said
plurality of coronavirus species conprises the SARS
23.  coronmthadufor sindultafbensndetdrarination odfathenidedtihaiceitiansigy of an unknown
eLioIo%Y fu ther conprises infection by a bacteri al

corongnriiya Séglp HPEREISHEs ai d bacterial species is
i d%Bﬁthéﬁr%dsa@ﬁY SRR Wi anghit be HHﬂe?sCéﬁll@'é Hﬁ@%ﬁ cﬁ.\fanﬁ‘t of a calibration
bacteri al” bi oagent identifyi ng anpl 1 con. ty
polynucleotnwomrglﬂrtg@ @bbwdncéqtansqoem fi c cor onaw rus

conPh FrRg b REPUSLE Rubk 3 feia Bl ViRGRYE Ssraexirys yith said pai

of prlﬁfers A dhpiiimetiucledCalid G5 said SaliSiid ﬁdlyﬁlﬁzle%ﬁﬂg in said sample with
specific coronavirus in a subset of said plurality of

said padinpf BEmgE tegohtpia abrs Gouplificatiay profigcpempiiig a bjoageotl identifying

iy TEORPA AL Bk Ol LB RABRLAS,

spseaigecting said dampleciol mdlee0lad mansk ranalykid Wwhérdin the result of said mass
correspondi ng | ocations. 16. The nmethod of claim15
analygih SPBPHSCE AP AU ORETH Fdsabuganse deea Eursaidabipagest ideatifyirg amplicon
and saﬁd@ﬁf&ﬂ?&ﬂ rhl%lé;ggb n coronavirus 229E, Hunan

coronavl r us orC|ne epldenlc di arrhea V|rus

MJr ne Por Ci.ne

on miEHTE e WA hE RO GHS ] B Digaec segiying amplicon identifies

id EAOANAMII W8l cDHpsf 0 s i
S ronehiti s viTh gﬁ %orrp ggRgﬁg%‘{ng nlgsilef?fggﬁ airff)filg&ﬁ Aé%ﬂﬁdance data and

Cahbr@tmrkamﬁmoélahu@hi@tﬁ dasarbnalicatsds theheuapsity oﬂmsorammsmsmd?s@ﬁwe
sequence identity with the sequence of the
correspondi ng nenber of any one of the follow ng ,
24. I nﬂ“ﬁé hieﬂﬁidlto JAiAEY3 Whbrein SRDIEDERRN ne&ciBrifes Ghe sequence of a
.8, 9:10, 11:8, 11:10 or 9:10. 18. The pri mer
Choseb éﬁafld’@fl sequsnes af7a biopgens idestifiing anb}ctm with gt exsaption of a deletion of -

cl eob I
ot B e AN Qe AN i Sl B o oy

nucI eobase conpared to the native nucl eobase. 19. The
18 mh ei n said nucl eobase anal og
tl;ge @'g)d5of Cﬁﬁ’é‘p%n%ﬂ?@tﬁaf c@bbqi@ﬁ)ﬁqgmwf gampiises the sequence of a
choseg sﬁn@dr@%di\%b‘é bP& bi Q%QF%ffﬁﬁg aﬁfph i WAfiRhe %}chﬁao? A an insertion

bi oagent identifying anplico entiticatl

of abagd 2-Sreaniecutive mmledtisle mepidues of saad s(tm@hrqb ed:qunnkcel eot i de of
about 45 to about 150 nucl eobases in | ength produced
by the process



10

15

20

25

30

of anplification of nucleic acid froma coronavirus
genone with a prinmer pair, wherein each prinmer of
wa200d1pasT is of a length of about 12 to aboutP@BUS2004/012671
nucl eobases, wherein the bioagent 25 identifying
anplicon provides identifying information about the
coronavirus. 21. The bi oagent identifying anplicon of
claim 20 wherein each mes®r- of said primer pair has
at |l east 70% sequence identity wth the sequence of
26. t h@heafiéthSP O Sialtl 23BWRGEInGhi PO bPARN Fequdes Ha®hl RW % sequence
. intelligent prinmer pair sequences. SEQ'ID NOGs:5:6,
identify with 9.cBoseq stapdargsegueneq ofi @ bipgerd dleptifidng saplicon.
2004/ 111187 PCT/ US2004/ 012671 -49 22. The net hod of
cl ai m 20 wherein the sequence of said coronavirus
27. gefibeendthod ofplaizs @Bt whbréiy saitycalibeatidh sSRGncOhbaE fedst 90% sequence
. _13,.&4, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
identigwith g phossp standard sgquenge ofypbioagent glentifygng @Bplin, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
28. Gg,"fhﬁﬁnetl&ﬂé%iﬁﬂainﬁgg Zvﬂﬁbé%iﬁ kgid?@éib?a’ﬁigg%é%ueﬁ%s gZﬁgtgléngtc?S% sequence
.. ..18,.5 7 .81, , , . 84, 85, 86, 87, . : :
lden“é’l‘f“"gé ,"8@%{1 Sigpdargsequsgee of 2 biggeenyislentifymepmaplipen. 23. A
met hod for sinultaneous determ nation of the identity
and quantity of an unknown coronavirus in a sanple
29.  coipe imsithng: ofcddaima24 onglagmi2 velampih saidi standardsiquemk is a segment of a

sene BRI BRI AR BN phnfrf e Dis i,

si;mul t aneously anmplifying nucleic acid from said
unkﬂomn corqonavirus with said pair of priners and
a

30. ¢ mgtheg of glefrai28 veherein said srkibiptorcpolymrckedtidn resides on a plasmid.
pol ynucl eotide in said sanple with said pair of
primers to obtain a first anplification product

31 colipr isithegl of biriva@Snivhérdiandaid yidlgeularhds CRlAR&@nprises FTICR or

é_ g&d anplification product conprising a calibration
ﬁ% JBHS SRUOIKIEct i ng sai d sanple to nol ecul ar mass

anal ysis wherein the result of said nass analysis
conprises nol ecul ar mass and abundance data for said
32. bi dageelateil deiyrivcieotide o Hetenminirgn thes quasiticalof by Biohght in a sample
1Pl & . d.di stingui shing said bioagent identifying
comp@ﬁ%§$§§ﬁDg§§ﬂpgaid calibration anplicon based on
nol ecul ar mass, wherein the nol ecul ar mass of said
bi oagent identifé%ggaanplicon identifies 20 said

MAL

33, cofBriselpted pobmme {o1s detemhintrigothgequantitie of iaf fioagent in a sample

' nce data and calibration anplicon

congﬂ%%@hgﬁggg%ﬁgggiindicates the quantity of coronavirus

in said sanple. 24. The nethod of 'claim 23 wherein

Sﬁ%d cal.i bration sequence conprises the sequence of a
34, choPhY Xerten @ryutingthe calibratian prgmisicotide of BEQi TRNO:102 or SEQ
IDNOM. i con with the exception of a deletion of 25 about

2-8 consecutive nucl eotide residues of said standard

sequence. 25. The nethod of claim23 wherein said

cal i bration sequence conprises the sequence of a
35, el St o e b adon s agRoR GerSHQ g0 104,

anplicon with the exception of an insertion of about

2-8 consecutive nucl eotide residues of said standard
36.  seybEremprigiog wie 20 0wtd pAis3 prisgerPEREIREPORA/OkRET bf 24ch pair has at

e of..claim 23 wherein_ said calipratio

teast 705 seBRNRainf WHThF S BRecChE R SoMtoraaiiecyermperiofany one of the
followinigasteigshtaitthedr hati@ey@nes: SEQATPNORZE) .8, 9e9) 04 foy 1 'Y, 11:10 or 9:10.

anplicon. 27. The nethod of claim 23 wherei'n said

calibration sequence has at |east 90% sequence 5

identity with a chosen standard sequence of a bi oagent

i dentifying anplicon.



37.

28. The nethod of claim 23 wherein said calibration
sequence has at |east 95% sequence identity with a

w@bmwgeni18t andar d sequence of a bi oagent i dentiPgI/ns2004/012671

anplicon. 10 29. The nethod of claim24 or claim?25
wherei n said standard sequence is a segnent of a gene
sequence encodi ng RNA-dependent RNA pol ynerase ( RARp)
or nspll. 30. The nethod -&fl -cl ai m 23 wherein said

cal i bration pol ynucl eotide resides on a plasnd. 15

317hd gt NaYt RRE 086 ChAihE 23RN B Sdliefbe MRhRGHbAke NBRIS nucleotide
anal ysis conprises FTICR or © MALDI - TOF nass

triphospleatetsr onetry. 32. An isol ated pol ynucl eoti de for

38.

determining the quantity of a bioagent in a sanple
conprising SEQ ID NGO 102. 20 33. An isolated

POITY& UR o€ Bllairel 8 6 figthed €b@bi1iAE B PNA ol mesdidetayid @lucl@otide triphosphates.
bi oagent in a sanple conprising SEQ ID NO 103. 34. A
pl asnid vector conprising the calibration

pol ynucl eotide of SEQ ID NO 102 or SEQ 25 |IDNO 103.
35. A plasm d vector conprising the calibration

pol ynucl eoti de of SEQ ID NO 104. 36. A kit conpri sing
one or nore pairs of primers wherein each nmenber of
each pair has at 30 |east 70% sequence identity with
t he sequence of the correspondi ng nenber of any one of
the following intelligent primer pair sequences: SEQ
ID NOs:5:6, 7:8, 9:8, 9:10, 11:8, 11:10 or 9:10. WO
2004/ 111187 PCT/ US2004 /012671 -51 37. The kit of
claim 36 further conprising a reverse transcriptase
and nucl eotide triphosphates. 38. The kit of claim 36
further conprising a DNA pol ynerase and nucl eoti de

tri phosphat es.





