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RAPI D METHOD FOR TESTI NG A COWPLEX BI OLOG CAL SAMPLE  FOR THE,  PRESENCE OF
MANY TYPES OF ORGANI SMS Background of the Invention 5 The i VMAR 204 r el at es
to obtainj tic information from conpl ex biol ogical s h as
bodi | y sa%q@%?% .g., blood, urine, sputun) and feces). It is/IﬁS@Oil?g |y
inportant to identify infectious organisns in such sanples for optinum
treatment of infections and for nmintaining public health. Determning

whet her a patient suffers froma hereditary disease and forensic
identification also relies heavily on analysis of genetic in 10 formation

in bodily sag@mmedﬁmpmbmr rEHAWTOSAHNI6D FOR SESPING I ACOMPERKI OUS
agents include a conplex battery of hundreds of tests) a |large fraction of

i nfecti ous organi sns r ouBIAREOEIESN o SAMBLE EORoFHEFERESENGH OF MaNYuccess

rate is only about half iRpaktGFPEGAQIEEer M ne the in fectious agent in
patients with pneunponia, the nost common cause of death by infec 15 tious

di sease in tI% cl#ﬂ'l’é&g ﬁh@}[&ﬁngi%‘ny di seases, such as pneunpnia, meningitis)
and acute ga T ss) are characterized by a set of synptons
(a "preseptation” . By [ I 1 ous_.agents.
There is go Si nglgh% gg%m@ﬁg?lggggﬁga%olrng e%t%}{kéoh’éét%g? h°g‘g8ér’{§‘§‘? gltogglgﬁllmnl y
cause such dissmgesesuch(ds hodflgsamessi@gh Wodde stineaspuaurh pand feses)altiio mesipaly f i
test.") 20 Current procedures .often test. for the presence of onl single
type of pat h&GeHREt %rlgeéﬁ%f g‘ﬁqcnﬁ %gﬁnésnﬁr%B?Cé’r‘ﬁﬁ?‘Pl@?%oésc’pWEHV WFWB%@?‘B' tests
must of t en beectiddsrdn@doratiiin@ing mlip healthi Dee@asing gvhether Lputient suffers bR ti me

for identification, and likelihood of error. Al so) .man rocedures are too
expensi ve foneediry fiseaggand fPH’r’“‘é%%H&b‘lt‘Céﬁ“O‘? ?‘SWﬁC%Y‘Fﬁ%ﬁ%&B‘éﬂé Ofgﬂ“ﬁ&l TPars to
test for 18 pastdagell Abolily skenpiekhi S cost nmust be wei ghed by 25 health care
providers) especially in light of the fact that multiple tests are |ikely

to be re quired falhéuariiritGadde@itedfor UDGndsHzAaetLS a3G@ Tncludds tonkgkix ent

di agnostic tests require that the infectious agent be cultured to attain
battery of hundreds of tests, a large fraction of infectious organisms routinely escape de-

tection. For example, the success rate is only about half in attempts to determine the in-
fectious agent in patients with pneumonia, the most common cause of death by infec-

15  tious disease in the United States.

Many diseases, such as pneumonia, meningitis, and acute gas&ointestinal illness,
are characterized by a set of symptoms (a "presentation") that can be caused by a multi-
tude of infectious agents. There is no single test that scans for all of the pathogens that

_ commonly cause such diseases. (I refer to such a test as a "presentation-specific test.")
20  Current procedures often test for the presence of only a single type of pathogenic organ-
ism. This is problematic, as many different tests must often be carried out on a sample,

.increasing the cost, required time for identification, and likelihood of error.

Also, many procedures are too expensive for routine use. For example, it thay
cost hundreds of dollars to test for a particular virus. This cost must be weighed by
25  health care providers, especially in light of the fact that multiple tests are likely to be re-

quired for identification of the infectious agent.

Most current diagnostic tests require that the infectious agent be cultured to attain
a large number of organisms. Unfortunately, many types-of organisms cannot be rou-

tinely cultured in hospital laboratories. Most viruses and parasites and many bacteria fall
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a |large nunber of organisns. Unfortunately, many types of organi sns cannot
be rou tinely cultured in hospital |aboratories. Mst vi ruseﬁ a%se@iasi tes
and many bacteria fall 0 1 MAR 20Q4 WO 00/ 77260 PCT/ USO0 16 into

t hi s cat qgeny7er organi snms that can be cultured, criticapctiugBo/icast oSt by
culturing, which can take days or even weeks. Thus) the life of a patient
wi th) for exanple, bacte rial neningi tid may critically depend on i medi ate
treatment, bntb tMplhtBEIry.t Fop akdiRidins FRY cdresldultrell] dRIcSANSIRIIOG by cafshidgl f e

t hr eat eni ng del aés, due to culturing. O her infectious 5 agents, such as
the bact eri UREHER REUES Of BH5R MEHSo SR the dfferfa pajientetith Fos chremle, hagtegr ow i n
cul ture. Theiaggka¥giid maf Rty A8eh®bn ﬁﬁrﬂgdiﬂpﬁbzmﬂ@ﬂ_twu@%mﬂ&l)e tfrf%ﬁuln d to a
patient with tuberculosis inféecting many others with the |gF| y cont agi ous
di sease. Curegiire timeeensyming anddife thseatamingededhys.ndueds pitltwing. Qihet éhfeatloys cr ude
identifigati f I L t.J ple.. n many cases,
tTs di fri CarEe et i Baderiim BROATS BABKERSR, sirbafly BAUR: ook o BRRY, |

rel at ed non-ipatihegdine dElay irhidentificetjont(andi qpeintuinf tyeaamqngtcho tped jo apaianplieh r nay
have to under V sts. in.seve ifferent. | aboratories, carried out
by sever al g‘é‘%gcgﬁgll?ttegtén aoen ”HP’T% %glég\l?'.c??}ﬁ%o% “§H&ci al i zed trai ning.
The expense requi f t he necessary.speciglis S a.my or.drain,on the
budget of di agnos'dt’u?rg%t @ﬁé%lg%}gt%% pcHe ?érb, °S§B7ﬁf P’fcidf@ﬂ%‘é%‘f édscm fsHE" 96r i ous
15 | abor at ontheslaisnif ooghntses praseat fner sampler iemady @isespit is éiffitultrtadspagdisiiay be
probl e ic if pathogen vi.ability ig required for the test. Thus, there is
a needn?lér £aﬁl8g‘i“f°ﬁfga'8$m€f8§‘ta Ct‘?fglty r?ﬁ%tc‘g?clé‘é@moéf"i"on- specific (i.e.)
conprehensive)) efficiently checks for the presence of | ar ge number of
organi sms from vgf‘?}bqﬁg‘ofﬁ' f%’p%‘?b? PARES™ @ sAMBE "Eé?‘f‘%?rt%ﬁ‘ﬂ?w BaAYdPst iR el y
short tine (sewed defferéntardicHes Shiried Quikasvatal PeRBhRL, bRhiwitif Strendffe | €ads
to high-resol ution, iEffenI i.fication of pathogens. Qbtaining precise genetic

i nf or mat i on f SBFRaYZeT Ggining 1hesppease regwradelor Miconseessary veecialislstis @h@aietent i ty

and medi cal ldyaif @haNaBhdgat bf diRsoStics UbotRicO! ARG HIBInPEHFAR athdhel NRioGANP! €S.
This is because every type of organi smhas a uni que genom C sequence,

due to dvol JRHosrseriey inro@icee Arather Fawce afiseer, @nd dlaaspge may Darobleasinde over
tinme in25 C'pﬁﬁlﬁgé?xajiéb‘?l'it}éi?&g&i%%ﬁhéééf.s) modi fication by chemi cal nutagens,
I

m stakes in"norfmal DNA'replication, rearrangenent by genetic reconbination,

and invasion by yhidsese 1PhaR fi"?’ﬁ Wtybé%?%&?%pksfprgs%gﬁtigrgs ngl LS. As a

result, single base changes accumul ate,” segnents of" sequences are del et ed,
segnent s of compubensivs), zffeci¢ntly ehacksifor thagrastnce wh s bmgesiumber ofangpaisoib Hrom

genones are i f S g nces, (.. Oﬁ sequences .30, t hat are
common to div\ggglge ‘?eés%a%r &gﬁd&é:ég ?%02%? &sneaqrglélé‘(’:e&sert attltmeg? %(:rﬁtaﬁ% VLR of the
types 20 usesasingle test format, and leads to high-resolution identification of pathogens.

Obtaining precise genetic information from biological samples can be informa-
tive about the identity and medically relevant attributes of the organisms present in the
samples. This is because every type of organism has a unique genomic DNA sequence,
due to evolutionary divergence. The causes of change in DNA sequence over time in-

25  clude battery by cosmic rays, modification by chemical mutagens, mistakes in normal
DNA replication, rearrangement by genetic recombination, and invasion by viruses,
plasmids, and transposable genetic elements. As a result, single base changes accumu-
late, segments of sequences are deleted, segments of sequences are inserted, and chro-
mosomes rearrange. Thus, genomes are mosaics of conserved sequences (i.e., sequences

30  that are common to diverse taxa) and divergent sequences that are the result of the types
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Met hods that test for unique genom c signatures, or fin gerprints, are
therefore useful for identifying organisnms. Numerous nethodd MAR 2008een
devel oped,f aining DNA fingerprints of in fectious orgaphfBessbeSE
i ncl ude ?‘é’ 3);0{7 ﬁoon fragnent | ength pol ynorphi sm (RFLP) 5 anal ysis,
anplified fragnent |ength pol ynorphi sm<{AFLP) anal ysis, pulsed-field gel
el ectrophor egj b y i i L2 -PCR) )
epet ¢ ve soyEn@E thhRatelnRe; MRk 25 EE e B S A ) &
sequenci ng. gdipshes,rmed therd®rearsefulyfon gleatiflyipg brganishow, expensi ve,

i rreproduci ble) and technically demanding to be used in nost diagnostic
settings. Al of Nbomembomethpdsritavohen destlbprdsfogemaniag DNA @igpérpents lodin-a 10

cunber sone gel .el ectraophor.etic. st be. used) th t he _pat hogen own in
culture, thatecHQw %rgﬁrBT%{’sc ‘B@“%ﬁﬁsﬂﬁ@ﬂ} ﬁﬂcr\?h%ﬁgn\ H@@S’f?p}sg‘ Eig?‘q{eont ain
m)(rj et Ihan5 onlenaume aﬁfpliﬂéd @a?h@ml(ztgkﬂ §019Mb@5iﬁﬂuﬁxﬂﬂﬂ eﬁilyiQQiLﬂls:c&Q-fiﬁfd geInpl ex
medi cal sanples). . The same lLim.tations (wWith.the except.i of the

oqut rermnt | PETREBegs R PRBUHGREES SPURSHEY CHn et P B FRIBGe Mt hods
for high resghdaté-Bike8 PCRI Abdrgh@i}, hid corlphRtvd RiclicgidabqeAdRg. ThesdhétHbdgat i on
to 15 high density mcroarrays (Salazar et al., Nucleic Acids Res.

24: 5056- 5057 areEgw@allTiogaloeh expensye, irreprodagipls, angteghpisply demapding g Be ugggo;
Lashkari et %most%ﬁ&ﬁosti%@étlinggﬁ&ﬁ@f theGbovelhentibnedHetHodQ adrelatYGEduited et a-

Furthernore) these new hybridizati on nethods can be technical demandi ng
because tlBey cefebresomid ge! pleefiophaetil sseprberrisedathiabihe pethogsa e lggomin igicrine ohatt o
smal | ol i gonygl [ 1 Nk | r i Lng. t ] based
on 20 t hepr LS SRS PR Sk Al ot B iRe Oy (hAHTRGE W on R Mo
robust, and ghésme{thissulrppe diketriestiag bfcangdéxuingdichl sagries).i TheasmayimiRfiows se
genetical |l y-based i dent. fi | iom, | he . f orm of fingerpri,nt is

ori e cal 1 or PR eierRky of Bt Btemay Pri cRb G D RrRh RS AP o
and in hospi bpddsmethbdsrfapkigh tesallifion, stdinrigentifitdtioh irdlging es peqilahybyidifation tocoul d

be offered in a rapid, .culture-independe est,..caul d,s; lves hy

det er ni nilgg ﬁEﬁg\Aﬁlﬁ“éW apicropTayt i (alpzer aFdrﬁq'niriki‘{cfﬁc ﬁﬁﬁdéq?eéplzg%gqggﬁ?clgﬁgbe

det erm ned byrr&un 8., RIARE MERsHiol VBT 4D08S 1090 @ agke® chi1S ProdeMell.onad. $ar |
testing a sa or the presence of sev eral types of diverse orgaglci sns at

le f
once. Note t $-isé?éﬂ3%7r 8% 19PD; Fugheppore. dessaied pxprifigption medads ean

fingerprinti pGpgsichilAdendafiding Bdcathe Sdyidhtraity x@?xi#@%ﬁs@ﬁﬁﬂxa%@@&k&xﬂ%}bﬁﬁ&@
organi snms within a’species. One nmethod for festing for the presence of
several or gaios sstaall eligopuclestdes wisbyariopeéagrees AGMisHRChing -y Metodhised o ex
PCR. A majyor jor ohlem of stidei d?l18%e IR &L]Qé?xgcs%&d?d BINEE ot RIb8%eahd
anplification thods) is "that it 1s difficult to anplify nmany sequences
si mul t aneous Ither¢farephorei adiaichlonusaful.i disgnossichaseyn Pregisa gengticallaitbaseglsidamsifica- 0 1

MAR 200 WO OijoZJi%qge 'F)Ogll;/ oltJ%\?A %iggg'g'rints, is critical for tracking and controlling infectious
outbreaks in communities and in hospitals. Therapeutically, fingerprinting, especially if
it could be offered in a rapid, culture-independent test, could save lives by determining

25  which antibiotic to administer more rapidly than can be determined by current practices.

Methods have also been developed for testing a sample for the presence of s‘ev-
eral types of diverse organisms at once. Note that such methods are, as yet, generally not
suited for fingerprinting - that is, for distinguishing between closely related organisms
within a species. One method for testing for the presence of several organisms at once,

30  without requiring culturing, is multiplex PCR. A major problem of multiplex PCR,
along with other multiplexed amplification methods, is ‘that it is difficult to amplify

many sequences simultaneously (amplification artifacts begin to accumulate as more



4 prinmer sequences are included). Because of the limtation on nunbers of
sequences that can be tested for using nmultiplex PCR, it is vEry pfficult
to arrive at a robust multiplexed test for nunmerous different de 004 s

t hat occurwomonwser ous di fferent types of organisns. Thus, %/8§00}194%5b65t
exanpl es of applying multiplex PCRto test sinultane 5 ously tor

phyl ogenetical | y di sparate organi sns chegks for only nine sequences) which
I's not near | yprimeosefuehes pre dwliRdy. BecaasdbLHe hhihiiOHod RGRbIL ndahl
et al.) 3. An. Merobiol. 37.157),1999) Fur t her nor e) & iRt
linmtation i F2RhRREEHSPT §ring RELRE PrRpids veridiEian! beauivedt aonbyst anéi-
sequence per pigpe t@f (R PABIEMHMRREN SSLEMEs til gdundancy
(important for reproducibility) arrlldee(?fferss on?cfm(a:%ﬁ%@é@snélﬁgﬁcgta???frf’fof t he
infec 10 ti of$83RE5ENt Shusneieof Biedestparnples af apphdrgmitttiples RAR iontkdt birfudafe-
present i1 nMygwl r{@,op RleRadipig i echni cal |l y demandi ng, sanpl e
preparation for Yrel ihgbﬁ?a resgl ???raglbggarrrrlgs o%g‘tﬁ((%tf et PIEQF%/%VC?C&%ﬁYqI?}y‘San

or gani sm i nv@PyEEsTly erqughp frovide foe 2 pressmation-spécific RetqGesiahl(d kL. JetTiR M-
sequences) t hadidS3Hn t h ar({ui ular. type of organism Such
sequences are called ? gg%)i ?‘f’%:hﬁﬁf“%ﬁ’ 63‘3 tf?é’&ﬂéﬁﬁ‘é?““ﬂ?“ﬂ%‘f%ﬁ‘%ﬁ@ Rrphes

presence of Hunraan UeSusedfonhootef seqieRBe yer\tyFelst, orfRsnEWASTRERY) @RGed ?%E& Jdor the
i iquely present in nenbers o this

presence of uence. that is. uni i n menb

group of vi r%&@gﬁ‘:’i@gﬁ?}%{lﬁ&m&%’& P‘BEY)Q%O 1% ghly code Eeatigatiompthe diféc- ni ght
be harnl d8s wbenagenesdalipick POREis ALERENHASLE @fihmit%%stﬁr%ht fn" Gk }nemmkﬁ t he
presence of apﬁgt hgr strain of E. coil mght be |life threatening. Itnhough
such strai ns P/ EAYBrSfednisaldy demagrise semple pesparation foerediableirasgiss. shed by
detecting vari atign in Zg thei r DNA sequences. To distinguish an organism
fromclosely rel aPBYTFRPGIq gragtically idegtifyafanganisar inselyves tostingtfer the peemee of
nmenbers of aofeieqdncONA s&RAHRNERSs)hARYs GG o | ' |nations In each
strain fromw thin a group. s“%uch. Ss)e uesnce@%é t?'teﬂré%ﬂicgfedﬁgﬁlggp%fgwsé?'ﬁﬁ se
quences, hav&HEKRS #eSelledidamtifipation 610)i sequeatess T detegnine the pEtstrief hiGanNoN C
Subt ract 19n, imhincdefidlsRy kS 3l I .. Eds. 220- 236

(Academ c Press | nc.l,l Sér] DI eﬁ%&ﬁ%@’ﬁg?&\ﬁf?’{:ﬁcipgcsﬁnecfgwﬂ%fﬁqﬂﬁ’rcﬁft@ﬂ by
reference. GEIHlYdI¢sPRie membs gf dris gwupoé vidhies. Serpne et sx b, ok Bdifli ze to
the genone ofs B, IS t, not to the geno f a different, but
closely rel ated, ﬁ%’?%gﬁ{ygﬁnﬁ%@ei hsanaféa’gsc‘r”f’%’bam%‘?t @tﬁﬁggme’lgwl%bﬁ“’éﬁmgenom c

di ff erence swhileethe psesemn obenqice pasiedf £ @bl; exgibE Qife BYeabidoY WMo Pilsuch
subtractive Mlﬂ{sinq; 78, §0 L]i on with the genones of two distinct organisns.
The resul ting genom & Uit Fardntrated hayesnde dissingyishedtby detegtingipartionirc| ei ¢
aci d seq@ncesir DINA seguencgt esent in one genom ¢ subtraction sanple) but not
in another. For exanple, subtraction between the genones of 01 MAR ZOp-,

WO 00/ 77260 PCT/ USOdistingdish ab ofpafisin fe@e tidsel§ tréiadkd rditives, ifQ! Jsei?pg) st for
non- pat hogenj,¢ _strain.of g}ults in the isola tion of a set -of

. coli r
genoni ¢ differ g;,ege@cggg@gwgeég ,"?%éﬁtﬁ’? NP0y 5hat @Fcte én veiqueeombimitiens ac
ids of the piatdiolgeniin f5dnf ithin B OtSubR sENRndMC e | feed D8
non- pat hogeni c strain, A nurr_t;ler_Lg?)?diﬁi fuf erseﬂ{%nge’n%r?rxlhgd g%?rrﬁ%%fflf%cnncﬁesf'hods
have been apPeNed haye pesn deschbpedin thy liteespreiaai inStraes ("Gehanie Subtraction,” In

B Sotrmal o B oty S B 70 IAE Bl Plep NP, [99BPoc.
Nat | . Acad. Gfh isthesbp incg@otatedOny rieferente. GOBBIic difiscdncs SGUENSE Sre AV L sbeen
used as di agcﬂx@%ek that hybridize to the genome of one organism, but not to the genome of a differ-
ent, but closely related, organism. As is described in Straus (1995, supra), genomic dif-
ference sequences can be prepared, for example, by carrying out subtractive hybridiza-
30  tion with the genomes of two distinct organisms. The resulting genomic difference se-
quences constitute a group of nucleic acid sequences that are present in one genomic

subtraction sample, but not in another. For example, subtraction between the genomes of



markers to identify and fingerprint other closely related strains (see) for
exanpl e, Dar rasse et al., Applied and Environnental M crobi ol ogy

60: 298-306, 1994). Briefly, ge 10 nomc subtraction is appli &dl %ARtml
genomi ¢ DNQOE@ ;2\(%) related strains and genomc dif ference sequences are

i sol at ed. 7 the genomic difference sequences is hybr FETASIO@EETH in
a separate hybridization reaction) to thePgenomes of other strains fromthe
same group. T, e.ge ic difference.seguences that hybridizes
to the genone grﬁlllég@g%tfagrﬁnofs?‘r %#lnzn{aorg "sc%nfpé‘ﬁtq?,gcr%ﬁraﬁﬁg cHHSETH it de dRle-

i denti fying ftiangér petiofigenoAli¢ ditfaghcd seheentds, PP OOREBh RASIRRE b BHRMEL L. be a
power ful net h?d fftﬁr i.dent.i f i.ngD cl osel g r?I,at ed mem bers of a bi ol ogical
group) it is fod PeRivelt PYARIREPIINGS nhqlcie acids ibs RRy-PaslivaeiaistpéT some t o
be inplenented in,a clbi niﬁ@ﬁ setti nrﬂ, Furthernore, the genonic difference
sequences in thesé BRIRSF PhEHEEN RO suptFAstioRemetheds avehea agplisditepsisohogeni ¢
strain, ard trhblefeefsniifs &Y igolal|patHagei-secifi®loedott RETYSLY _s&iu@x?&%){fof %ﬁﬁﬁd
strains of aéﬁ'@}{%ﬁ'e g ojg)rl)]. Thus, 20 the é)rlor art is incapable o '

expl oiting g & giorrorercel Bifmolngyd 7§:6¢74s12%8 1996 Busley entabs PiongNatuner ous
sequences fr gq8adi SLENES. A0DFANI ®IFL 115, By §§&%§£e&195f§11%9{84e§1'u‘;edtas‘%fa- dekic ! S

al so useful to identify an organismas a nenber of a larger biolggical
group ing. Fdrarksesippidentily andrfipedserint mthsr closely radatetbstoring (see, Wbretxmaple ADar-

i nfection of : j . ) f .the

speci es Bor der%%igle{a b’er%pliulgi ?g& %I;lgil}%éﬁcéagg%&el%?g%g#ggggg%égge@%&%eg?”cgcéci d
hybri di zall0i ormomicesyibtricgen israppligdetoaircgenohicSRINA ef esretakal straine bifd geRomicldifst r ai ns

Shi th i oFt naePae Wucis B s 06RH 4 L B BH0GI ARG Sisaiengrat Rupede
gr oup- speci f i(each éuaisaperes. hyMidiyativh redeeomns thergeadrial dfybiier Srdifs 6 theaide

di agnosti caInIBg¥ us%ul blg_egng,thc vari.a ?fgfti ons are Si n?ll e- nucl eot i de

pol yror ghi s CENPRY SUOEH Ot 4% g1omic Jitteronge seqyences gt hybridizegdo the geremyl obi n

gene }s the catiGdrof siictol grahehhd MOCEEtSE BY BnPHHR- RN ANG&ESH s t he
gene for

ol rase i cobacteriumtubercul osis are the cause of
resi st anc‘gl\lA 4 ffy%ﬁﬁs Ei’?ﬁéﬂv\% G0 Py pRvCrbt TratsedPr sty Beclpsely relatpd memwhi ch
i s one of th@eR@Sh biolapRkt ABkp,antsitdd @tneaIyE8thnkiR et 8 L CaHlaQlnBer-
Hybri di zati on- based pet ﬁoggg I12_0r det_ectni r]gyrran / Sﬁlbs a%c’&gglgglgh%\?gﬁt‘g%n
devel oped, bif™m¢ HobeMRIEMBE Genelitieal yetting Furthtrmore akes gehomid diffeteace se-
difficulty iRuicsChl tidaatbiish L | t t ches and t hose
with a singl gumjcl gotti de ?n sn%’?%\é:ﬁ%u%éggrcggédem%ﬁ ?ﬁ%g‘é aﬁgﬁ%lﬁ%@}n’ an&
8: 435- 438, 19ggefompare enly asefy] feciypingere880okyélatd8Raind 998 singBqmeuprBhizpds f or

genot ypi S . r t.ions at. a._single gene (G ngeras et al.,
1308) " upPay ey et i PRl o BUBRLEREir Bt feefiitnloc st itammouy
suffers fromtésingpmedusistiuendey frofhdigsrse drgarisnissin a preestaddrspacifietehod f or
genotypi ng many SNPs at once that uses robust hybridization and
anplification nethékNoosefabto idéntifas prgamish deatietnpensfalaigsnFiolofitaliggougs ef ul
to test for the e.of sequences, .whi ch may. i ncl ude genom ¢

di fference sé‘%iggig’éd%g%d}tor}m%})%ﬂgpos685?%‘?666@85@% her an-gpleptiqnpttths lowey
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detecti n%smal Icnﬁdw‘ﬁers Qf ggr}l‘ogre Q,e. g., .100-1000 genomes). Sensitive

met hods P2l yPRGBK" B BPATE 2EE iy %‘ﬁiﬁ oy e fPrghe AgSEch sbiPauTIges BRegcUsiR ) i n
general, as i se8iSs bf hedspbRY,eout Rlolit $REW iR InPbtHel Rp&ies PSR ﬂj‘?eéﬁ’eng&'f hods
can only be rgliabliy applied to a very small nunber of sequences at once.
Thus, the seN&idiGRNGHH] PrEMmEsEs; e LR/ fiem Ioghes srovps. wavellddamenpasperifived f or
clinical usestfasgiced.Or only one or two pathogens at a tine. These tests are
much nore expensive (often by a factor of about 100) than the standard

ni crobi ol ogi cal teEkBoPRE hysaldichIyChibm| | ly,
commer ci al devel oprref\t of am 20 ; flf’fp%‘?gf‘?%lrﬂf‘tﬁ?@%ﬁ@é@?ﬁfg@%‘gﬁ%ﬁm ted
to di agnd8t i 80%5e§f9§”f&5q—m&i®ﬁﬁwpog@mism (IFBRNFenexdnzde, ©angle bsepon and
severe infecty : t ' rown-i.culture (e.g., . HV,
Mycobact er i utrcrgu{tﬂg%gﬁgﬂ%%g?sg? Hi{r%g%&%ﬁg?rygﬁ%ﬁ%{?eglcwg% ‘ ?’g)g.?e blaﬁee'P@‘( 'Fkéag%ds Ated to
extend the pdweeneivtd RN&ngilymheraseyin Mycobiceeriuecibotagytis be thodbdsf religoost i Cs.
Finally, it is often inportant to quantify a pathogen in a biol ogi cal
sanpl e. For 25 exanple, sanples used to diagnose | ower respiratory
infections (e.g.)-pneunonia) are frequently contam nated with the nornal
commensal flora fromthe upper respiratory tract. Further conpoundi ng the
di agnostic conplications, many of the species that are harmess in the
upper respiratory tract can be the cause of | ower respiratory infections
when they breach the respiratory system's nornmal defenses. In this case)
know edge of



30 the nunbers of organisns in the |ower respiratory sanple is inportant
for differentiating between upper respiratory tract .contam nation and | ower
respiratory tract infection. 0 1 MAR ZpQ- WO 00/ 77Z60 PCT/gUsMARL 57
Quanti tat | sis of pathogens in clinical sanples is relatively
strai ghtfg?/%@@qw t he organi sms can be cul tured. However, Ff{SIR84#6Sal |y
i nportant organismare difficult or inpossible to culture (e.g.) nobst
viruses, para$iesinChl; ' anaeorbi ¢ bacteria), Furthernore,
quantitative culnl ture gelgﬁenrrg})ﬁeyof{ehgtﬁ orsggnp%t%ra&fa‘b‘aﬁifsuséﬁf’ freay tibgtedlosisnpr e
than a nont h Hybridigatiangiasedcmstbeds foriddiecesy iyl SNRsHY oM GRRAGELEdvEIBbed, but

t ubercul osi s i s.tuberculosis, In a Jimted nunber of cases,
quantitati ve)[hcf\e%?g’%glgﬁggézn%f) uygf‘ eTSHWeff‘equﬁé%lg‘ct ulfjoin fiseripingting eetwednt ur e,

such as i nmuhgbrigiveith exelétirearthel bhdheSCAMEIRRSRYRoti WAL L Esth Alas B L N0ds for
guantitative anal ysis QL{? p@éh engxz,1 such as the cluanti tative o?syrrer"ase
chain reatti n‘(’f—%&)es’ﬁa 21786 X Pe M{rnichtlorSeisnae 388: 1ABH108r 1995).Somasnel) | evel s
in A)DS pati eas for gtlMRIEr SNOYBAY idstlor ¥RiABR 4t hiskald ds

not ori ously probl emati c@g; o desi zn SC(_)r r ef:at I y)étfggﬁﬁt?e&?? @%&gﬁﬁé%ﬁg?&and
currently caftBal P medids ey op multinleaxIGR wpwodasgyathiah buffees frdthisepré-her e i s

a need for a ; t r n s.in a higl ogical  or
clinical saﬁ?ﬁ?lh%gﬁhﬁ t?ri??ﬁ%g nlg%iegf%er?e%%glfay é]%{;ygﬁligdnaﬁﬁgl@éﬁgf’%‘ic,m?‘. e.) it
woul d 15 not ues fRluptchydtifization aaddmpbiidatiommethoddlogidsshe numer ous types of
organi snms_that m ght be present in a sanple. In summary, a robust and
sensi tivé0identi f Tkt lodfentidy hrednisws.rivie dedultthatst foaptietrasemadi &0 eatuaices,y tests

an uncul ture er of pathogen-specific sequences
(genoni ¢ di f_?l gr&g@gqg%}gﬁ gé_@{cg(ﬁf E%r°_3ﬁ%gug?fég?qd?%%%%ﬁﬁgﬁg@e%a“éi Test-e 20
nucl eot i de poigyfeiprqeersys, widtouaubtudhpgmeditdl Gardple Aegliiéeh HR 1D Fortetect-
pncaroni 2) . - SBoel LBbe Y R Belditi0 Sovhs Sretiumathas tigngrsi
information miadd adid emphfitiavibsl Hale B‘eéxoaev&\ie{;&ﬂbut,hﬁ{gé@m'a%d%s&ii%lf:& %8 gummary

of the Ii%/entigin 25 Thexpﬂ'r, ention, in one aspec provi des a net hoap,'

referred'to & g Aukine i hpssgethags easanlyahe alinbhosnpliesl ol 2ognoamtallsanpl e

Si mul t aneousbet of eiguéiiSs RIASENTAS, Hhe UG RIpRRL AT SANERETRAl WG UALAY

genom ¢ difference seciuences, group-speci fi c sequences, and

pol yror phi s iPPrIEAEOFRica 4§t fior ol one pesupatiiogens. 3t artome Théxanesty) are

di fferent typash Qbre¥xBeHi ' W represents a significant

i mpr ovement over prrei o?é.}ir%evt?pgf ) asf%tgr ﬁa%%l&)lbg)?t hei ﬁgﬁ% %ﬁ?’cé%é‘ﬁ%g‘&alsanpl e
for the preséegerirmad b okrical Jehorateries.of onseqyentlys bemfiercigl developiieSof akact eri a,

fungi asj : . rovides high resol ution WO
001 Troe0 0. T NRRIORS AR 88 byl BT Retiaha SRDg boroh ore mat i on,
(3) tests fosmspetédusccommen amhev{rs infdttiass sl @mecanndieleyiinEr@anaichcudi sease

or antibiotig r stance), (4) offers speed and sinplicity) (5) does not
require a |i 'gt’iefﬁg’ éﬁﬁpcbtalltﬁgg'géﬁgs)eﬁ?ﬁ??fﬁ’ Ic?}g?'@’dé‘f‘éfﬁho'(’@}”- ©ds 2 fegddesi bl e

to sensiti vedxyentieist poavee athdeitiVitypsy this R6Rotel @ rotisBGinbaicger number of

di agnostic sequences than was 5 previously possible) (7) achieves
robustness by i ndirafigyatid offeraintpoptinite QuAIHOA phRsen iﬁiarm%toﬁaﬁsdng}fl@.fﬁaﬁ'
control and 8}) oyl des .a ngans for quantifying the nunber tar get

or gani sifs i Bﬁngﬁ"& csT't‘ﬁeg teﬁiﬁ“ﬂs&jtlf’ﬂ?f 5EPIAorY infentiens @rgatimeemenisiearc t ype of
conpr e hensifrheritlyesanhihdi@ wihats hbinaf cagnosh] ﬁox%l% Eff%ruﬂ B r%?éif‘a?o
di sease. For exg__rrpl e, genomc profiling makes it feasible £ OtFeérYo an
i ndi vi dual STAck dMftheyy oMmpRPRERS theadiegnpstErompligationss many jofi fleaspeast thathae

si mul t aneougaymp&dntBO LY ansrf &4 |1 _.comon respiratory
pat hogens, includi ng sulgdh é?ﬁl\?ers pe(f'g E%Sbeeﬁtégggﬂggcf: Jewre?éfsm\rfﬁorrﬁélggfuog d

fungi . A_ccor"d?eﬁgl‘%x breasd theyyespiratory fvetem's mesnah dafendee.dinftiis cads} Biomiletige @€net i ¢

I nf Or Mat3p0N the numbers of organisms in the lower respiratory sample is important for differentiating

between upper respiratory tract contamination and lower respiratory tract infection.



froma biological sanple potentially containing target nucleic acid

nol ecul es by: (a) 15 providing nucleic acid nolecules that are ) t ar get
nucleic acid nolecules in the sanple) or (ii) probes that h ?l Rz 200% o
target nuc -35dod nol ecules in the sanple, or (iii) anpli @S

products o ((Ifbs or (ii), or (iv) a genom c representation o?bf 5&26485@)
detecting target nucleic acid nolecules By contacting or conparing the

nucl ei ¢ aci d nol ecgl,agitRive GRAyH Lfpah Gtd 1. S. ni mum
genormi ¢ derivati onQof greater’ th thp O%%;S ﬂﬂaﬁ&ﬁ%ﬁ%a écﬁ ﬁ’%‘g i }gg\(fm?t)) and
that includes Wd@téétel%gﬁntﬁwGé‘hbﬁe@llttlwétH@mvedetaey:medteatlygmpomcb@amsmﬁrbd

nol ecul es. Th e ste entif
cleic acid m)lhgtégqﬁt %gtssgg)tegtl ?lrttdrgféegg r?%%tla af‘ CF r g‘iﬂ'“}é’ﬂﬁ ‘Ct he
nucl ei ¢ aci d buitesah| Rustherfnogt, qmn(la)lvaa:txkufe(gentrarmmbqudels ES8draf8ays and may take

si ze-fract] ont df nts matri x Qr on a.solid support prior to ste
(a); the Zg %F |a¥éagr§rrltths Pt ﬁcr%én e S "8’ Butulydng, Ave F”t"ﬁdhﬁ @d?”{aal rs P

(e.g., a si ngkvthxcpauaugcs dberlsis. ﬁtlmaﬁqttmnﬁﬁwenm@%‘és (fuﬁttifé.tﬁflzqmta' dantiRr
nuclelc acid nol uIesO? Eesent in the samp ‘g}r;t‘)lflcatlon pro ucts
and the net hoti‘“tc v P 6&3 ‘t‘i‘fiﬂ“'éef“at?*&efucaragw qeirat deechilupresoerice al

sanple by in ssshys Nyb mddcant h@modﬁopétﬁﬁ%ﬁ\?echngl%tMpaﬂtfogéngesugt‘{ng{kﬂg fpan- step

exenplified in Ex r@leZ bel ow, invol ves) prior to ste

of hybri di zi nHaHYEPIymerass dheipgpistion éPsCPf)fhat’%éeeﬁa/ﬁD’l iglpogtdntnis mw@omlgsmlyus with
an _ensenbl@ OfevIDiAIDE akithtd/ il viN GuRtiQ) bOV 01
MAR 2004 D 00/ 77260 PC?/aLlJSOO/ 16465 gu Pr‘e? Zfa F“Mﬁ‘e‘(“%%‘"sé rt°8s
(a)(ii) inclupe ]@Fl)m%ttq‘ieﬁlﬁﬂ C‘Pl‘eftgﬂbwatchq)mb@dmmlb,wgd icakrentip gart cnntystbé appdiet

nucleic acid “L anplification sequences. Hybridization can
be carried such t fl of the nucleic nol ecul es in step (a) are in the
l'iquid phase or, rtggrt:l v C sone_of, the ucI ejc acid
nol ecul es in step ( are a?l)}ée/g f(?%rqetg&a&l asumsp%atqoge%wqe%lﬁéx' 9l°glat

| east sone of cal keclmicdl edmplaciudh Amledwodlideallpfvostddp réA) awdgencnd, il e wWoEd Or
nore ol i gphuc ast SOne of the probes of st i1) can
i ncl ude (i J’&%‘Jr m)cﬁlgg%lafldgvr?ﬁclaé%? Y& WO%&%@B@&%@%&W&% b&not her

upon hybri di zprbseorunta(}amptearget nucleic acid nolecule, and (i)
anplification sequences. 10 in another enbodinent, at |east 50% of the

probes of the ensdnbhmmafy, auchei sndaehsiveriabeFicaion rﬁ@tﬂﬂhkﬂeéﬂ%d AP kdpddlgi ng to
ences that are potentially present in

pre-determ ned enomr¥ di fferenui aeg’g Efp

the sanpl e or “1nACEUTESRONTE: 2F BTl Sanplg ot larsrenumbiep PEPathogerrspicificeser ed
enbodi nent, tQenedsi gendisikeatedes th@atnceamnBexbiNakad. t a as are
ment i oned%Oabove are I\f1 P praobes. él%tn I eagt sortpgﬁ% fi qu&ﬁll%sp%%gg{ E:Can in

15 cl ude &t afckeafdren ém?*watsm@athaw%?@mow pfo? diversq %O’é@éﬂﬁémﬁeagpms hat

det ection ensgaptsisé Bphric@at feRfingbh RISE xfacuﬂt)ma)a uéxeﬂlégﬂggﬁo ndbiRqTh N Mum
genom c derivatign of the detec |ion ensenble In ese enbodi nents can be)

for exanpl e, RJP¥At Bedicpard forensia,in{osngjion @P@ah%mdltfﬁaﬁ ffcinf wizich the sample is

derived.
Summary of the Invention

25 The invention, in one aspect, provides a method, referred to as genomic profiling,
to test an unknown biological sample simultaneously for the presencé of nucleic acid se-
quences (including genomic difference sequences, group-specific sequences, and DNA
polymorphisms) that are diagnostic of numerous (e.g., more than 5) different types of or-
ganisms. Genomic profiling represents a significant improvement over prior methods, as

30 it (1) simultaneously scans a sample for the presence of a broad spectrum of organisms

(e.g., viruses, bacteria, fungi, parasites, and human cells), (2) provides high resolution




In sone preferred enbodi nents) the detection sequences of the detection
ensem 20 ble are arrayed as spots in tw dinensions or as parallel stripes
on a solid support. In other enmbodiments, the anplificati @ MrRdg¢ s of

step (a) (W %}0/?'&@0 gener at ed by anplification of tar get nucl thm@? ,95465
I

nol ecul es 0 step (a)(l) using no nore than four pairs of anplitication
sequences, anplification sequenceg that direct the anplification of
sequences | ygenalcb@én\evﬁeﬁoﬁwo&reﬂeem thA%d f@gsp%l;mc%aﬁﬁiofns f‘sua{ LRSS unddiyyt hese
enbodi nents, 25 the detection ensenbl e of can include msites tthat are

congr uent tdnmw%éeeq@epearwb@pv ;ﬂsﬁﬁmei) f(i’rb@ffqrhsmépnd(%l)lphmw (5Ydeesmovent i on
is useful f t i r anpl e,
in one pref ce}%?&g aqﬁx%{ug?ﬁe%ngmg% e en Jri}gréryf) @%ﬁ%eg plg%lg(g?eseﬁ%w gs t hat

hybri di ze t desit chmplex “taw) saniflé éor @emiuch lacgee ngmberi cd dimghastio keptefaeo rhaemlsn of at

| east ten differ 30 ent, Vvixuses, each of .which bel.on oadlffe ent
genus. 1pr?v-l~(f135§' Sl% %Ia‘?hfﬁvtfé %t’ﬁ‘?‘fﬁéc}@f/ PEHBE AP g‘?fég% ?‘Rﬁéﬁ‘itqfc}'ﬁ 15 usef ul
i n connect i afanayi 4nld mtamyl ¢oy1@els anfl (&lp@éx@@b@&ﬁeaﬁﬁf@lq&mnfﬁﬁg fHeudinBer &fthmi cal
sanples. In one exa 'ﬁ}:_\ i.cal s e is a sanple froma hu man
gast r oi nt est&hYEHH ’f‘“é’ﬁa &t @oé’ﬂ’élf 3lign phgt F%’ SBOEVTRE ASPRE™ he

met hod of th@ndx%{?ﬂ?&sbﬂﬁhdn&p&&'ﬁc dfeRYstid kR dronfelfioRUGiteRic FRE kit egul es in
the sanple from six_or nore of the organi sns Escherichia coli,

Sal monel | a, TSHIGEIAfng yaakey HufaaS&lﬁ ko @fées 1t tan Rdiviguply sufering [femarespiratory

Canpy! obgrt efmbReR!d Singlel s titdk dinRafbolidly %&1 eapla s"&‘derﬂdﬂhé\%MLé‘oymus’
Astrovirus, enOV| rus§ Coronavirus, GQGardiala

hi stol yti ca, COMﬂGW@tQﬂS P3begens. SHCI@@EpQU@b loversti Mogmscaso@qmna,dvlmps Necat or
aneri canus, g@{ s lunmbricoides, Trichuris trichiura, Enterobius

verm cul ari s, tgongyl oi des stercoralis, Opsthorchis 10 viverrini,

G onorchi s si ”e”%céordf?x@f} Wmﬂﬁ&%hrﬁre@%%emla fo%”o%EaE&ﬁﬁ EQR?Q' ¥ aznohhe

bi ol ogi cal sanple Is a“respiratory tract sanp f enet e

i nf or mat i on fren takmolpgﬁeadtsampbaaqtmualdyf conteihieg cargeti oiclein mdllne;secmes)rbys (@ or

nor e of e organis Corn cter m dj.pht heri ae acterium

t uber cul Osi & ro‘%?}n%nu c‘%ﬁ%d ihﬁt am@%?ﬁc Fit ?ng Eﬁ?lF‘%bﬂ ‘Eﬁ‘rﬁagm}fui a
pneunoni ae, dBdii)dedtek et pﬁmdﬂzE tdi m%t mcleicea;tﬁd)meiebﬂess:mphe)sahkma’;lbd@ua) -,
St rept ococc neu hi.l us i nfluen Zae a ittaci)
Pseudononas u%éﬁ “g?rgg‘écéS °F§f)a°;5ﬁ9 8&8&%%‘3“85‘11%[??63%@{08@ Qnﬂ‘dc(aggﬁ?“é’t“ﬁm
Cocci doi des  tiig®i ducRic deidyibleiissBiSconQinRr draBmpafih gt A0MEIE cidahdTBduldsidti S,
Pneum)cystl s carinii, Resp |ratorl'>1;és yncytial virus) Adenovirus, Herpes

Si npl ex vi r @) Withedgisation ¢rsemile thas ha ﬁmlmmzragmorruedcramomf BRS9CF then 20
Anot her fj olmksgl geaep{hen Ex@aetn) %@tﬂexnkeééﬁ&t&ﬁsﬁgah&geé ﬁ’xa@élﬁ del¥GaLion is

a bl ood sanpl e, nucl eic acid nolecules are 1dentified from at
| east six ofget W@lfm @%ﬁﬂ@#ﬁ@u’@é@!ﬁl ragfeadeag asovinclydeathh yiep 06 (€ iidengfyinsmy-ococcus

aureus, Vir 'v?é@écléﬁﬂ%@&l@sc&?c%led uﬁgmpe(bg)coccus spp., Beta-henolytic

streptococci) Streptococcus pneunoni ae, Escheri chi a spp ) Klebsiella spp.,

Pseudomonas spp. Ex’%’éeﬁzﬁ@%%dﬁ@ﬂs, the 6u‘8fe?c“a%xc%§81cc Sé%da?én&%ﬂob%

Clostridiumspp.) onbnas auer ugl nosa rny act er asnodi um
spp., Lei shnitead as ﬂmﬂ@mgnatedlfmhmmn@pp qr oMacsobid supapit aeer tﬁumgl(a) the

Hi st opl ,%4 e coccus neo
Candi daag%g a?x?qﬁ? t%hér% gsu? %cFvlelrs ttn our PXIF asm le aIT p%‘l?qqh s B
virus, Cyt onti;g&&rosaqnmcs aa“lglielﬁpﬁ’ttengﬂ-rﬁarerc atid u&leaﬂheaxlerptesaﬁu mnhcseaimlﬁé so be
used to identi f¥ nucl ei ¢ aci HD %u es | nl}/ ly of

amplitication products; and the method 1s used to quantify a target organism in the bio-

logical sample by in situ hybridization.

A preferred format of the method, exemplified in Example 2, below, involves,
30 prior to step (a), the step of hybridizing nucleic acid molecules of the sample, simultane-

ously, with an ensemble of ID probes to yield the probes of step (a) (ii), above.



30 biological sanple) in which the identified nucleic acid nol ecul es are of
six or nore of the organi sns Coxsakievirus A) Herpes Sinplex virus) St.
Loui s Encephalitis virus, Ep stein-Ban virus; Mxovirus, JCOW

Coxsaki evi rus Togavrrus Measles virus, a 0 1 MAR 200 WD 00l 77260
PCT/USOO/ﬂ%Q@@T?f Hepatitis virus, Paranyxovirus, EchovirusFCBHWHG4FUs,
Cytonegal ovirus, Varicell a- Zoster vrrus) 41V, Munps virus, Equine

e e ARELS LGRS e RS ™

i nformation fingem ataﬁgebmmlew;ﬂcﬁﬂholﬁarmlaﬁd pOtaaplifiedtion s¢qmehd¢dug}gaﬁde%ge{ %aaucl eic
rones aving a

acid nolecules b p an ensenbl e of nuclelc aci

m ni mum genonf%c® \HIEIQi ng%{]t‘;‘?)tﬁ 1d’lf q%r’%‘&?é’rm?lﬁ%{ﬂesf‘f‘ 9P () 33e ivdht 5%‘%‘11 RABASE RE 2l-
“ensenbl e of peAlely, Sididhd afeaYsdnye ofthd BudMiCAEd GoRE16s mte%qw £6£da bhe
sanple; (c dﬁ}iﬁctr ng hybridi zati on between the probes and any target

nucl ei ¢ a SHERAOEs Ag{itipnedly.s3 dgAskesoragef e puglele aeid mygleryles afistepdaaeand
"ol ecul es det ggh&ordefdr HoRRbIEEAuclebBdNagO featured in the invention is a kit
for obtaining genetic information from a biol ogical sanple, which includes:
(a) a plurality ofag t )
ensenbl e i ncl udi nng tdlg%tsggcotg?gﬁ tgggﬁg%scgs\&tpogg hg‘?“’é‘ 1?6(}%&% ﬁeh“f’" g\ﬁnﬁ& dl%gnu
(a) and havi ngeqiided thatiambgdisatat o dey incshier @norohyngldeam@r tot & samgeft muﬂex(:eacxg
greater than [e, é’&fé‘)and %Zaljrlﬁ}l)fpgaﬁé eqﬁ&cg{r‘oodr ments, the probes of (a)

re t'han

i ncl ude rmret an ifty or rmrethantwo hundred and
fifty) difgerent kétﬁér%mb%drmeﬂtbpﬁ iea?ttSd‘?eQFEheEde@e R&eexﬂé&?r? of Utk

i ncl ude genornic difference sequences from at lleas hree erenf

speci es; the gsidprebesaie ¢apjble nf:hxbdldlmte frtrdeterfriined deaomici cbﬁemﬁceaaemmtdsabl e

b d t tinct taxa,
Probes: and <R B AR AN FUR ARERS bR B PR o e

In other preferre at
include: (i) two grrl% é}g&eréle{‘]%%}rﬁlhc eot & ggowuﬁlﬁ?t 8%#‘%83‘? ﬁélﬁetdg?%o%%“'

anot her upon dilydoy dschre mtritioned aboad) ald BISP gtobeg At (dastaoinalof €e SNE pobes da il

nol ecul es, d 0% t) rrﬁl ificati Qr& sglguences I n ot her enbodi nents, the
probes of 5(a) Wied 1B% Seafeog BRbedn ko 25 Reticdis rusnpS ing detensiop pysemble thas
attached to dioatair3h ch@@dld 6Nsg Squénce|Thd nEHBREAT fonomit ddHREELHDOREL bEAL S,
the 'detection se uences of the detection ensenble that detect (i) rrenbers

of a taxonomni $NgFHERLIEAR thess FrePYEIEN GaB | bet & axamplio gicatey tharpveatinese

posi ti oned adgraégﬁ-rmantfg pne another on the support. The invention also
features a kit for obtar ning genetic information froma bi o030 | ogical

sanpl e, which inclidess pré@iredeRbdilimbdtl ¥hOdetddu6h SgGeEd 8f BE BB N(Bsdh-)

Al u-specific priners) that are capable of primng the anplification of

DI CTA seq%fénc‘éeafrelaaﬁr@éas Mptsrip two ¢imengipys czrafaparr/kbl S pesAGosoid FPRIS0O1 10465 12
petitive sequences g., human Alu repeats) in target genomic DNAin a

bi ol ogi cal sanpl e ¥ eth9r cSrhedimentse e fmplifigatiop preduete LB &ER (ﬁg(x@rﬁgeameetqdrbdr udi ng
det ection Se%ﬁﬂ?ﬁ@ﬁrdn@tar&'ﬁ ﬁuc@&@&!’xd‘%ﬁec}i\k; B 4 n@(?f(@&ﬁﬁ ROLfRE thdh Fobir gﬂR' 1 Tied
using the prrrrers of (a), the detection ense H %r a m ni mum genoni c
derivation ofofgmpsfiestion seatefdey e g(,eangahﬂcgtmast:ercn@da alrat elrt:owem yrnplifigation of

included in t lified
usi ng fewer t%ﬁ‘hé“?%u?;‘%g??%& .?ﬂ rrg;%blzﬁfr C @gn%g:éfguénﬁgég agﬁ S?%’&P Qr rr?gques
nor e t han2i hrrdaed(tectign ensamble df i@ rvad érclwle IDGites thitare ¢congrieyt thilDeyoteapdtbi-es of

) D probes and g.) nore than fifty or nore than two hundred
and fifty) dr‘fa?g [ %B BtF%Eﬁ%@") 10 In pref erred enbodi nents, nore than two

of the famlies of Irfrabe ecific for non- ?verlargpi._.

taxa, different specr e‘:“rmodlr11‘51‘”§°rf F#" g%tﬁ f‘n§ a ANHiYIRE apy Bpe of organis

example, in one preferred embodiment, the ensemble of ID probes includes probes that
hybridize to at least two different nucleic acid molecules from each of at least ten differ-

30  entviruses, each of which belongs to a different genus.



ki ngdons. At |east 50% of the probes can include genom c difference
sequences fromat |least three different species. In other preferred

enbodi nents, the probes of (a) include probes that include:qqipaRLpgkWo or
nore ol igonucl eotides that can be ligated to one another upon hybridization
to an >DV@EMERER of a target nucleic acid nolecule, and (ifiSF 194p% cat i on
sequences. In other preferred enbodi nentsy the detection sequences included

in the detec tion gnsenbtl.oe t haetéuldet ect ctéclf:é menbers of fg. tlaonom'i group and
(ii) closely rel att88 VRS HFLUGP SO W‘gﬁ@?’ﬂ’i BHES" I K Ent e Sole
anot her on a caldRRO¢Iinical anipld. BY kB, B8 Gid1SAGE Mrspld!Kesdnipld fiém iaMwent i on

are general, i.e.) a single set of reagents can be used to identify many
di fferent typea gFUrpgatiiabhct apddhe graeldc fumatigy oppaingd psing thesmptppd of the

i ncorporate REwhliby R BOHRGHRALLY 6f Mitied A3 meRBIEOhShe sEhPIIREA B SorGfort he
i nvention can generate high-resolution genetic fingerprints, identifying

strai ns tBat cditle oraenisyns Bipheréthibr i, Splmasala Shigeimil erriit eeterocaitisa.nébtiods ar e
amenabl e to )Rt & G LAR L Lt agut .ensi ve
trai ning of gcgézg{)ggtﬁgﬁ? géfﬁ%&ir%tgn{’iCgﬁgrﬁ%gﬂggﬁvﬁzgéﬁégﬁgﬁgﬁét%&@gﬁﬁﬁéﬁs,

i ncl udi ng typungAdanorviows; deondramius, eGigrdia Hechlay i Enpariagbayibjstdytéicap Botsozwd) |
determ ni ng t,he.genot ype of. hi gher organi in cludi ng humans). and, in
epi deni ol ogy,ho%'ﬁf’{z? tﬁsd)olr'?#l ‘é‘c?’? ORI “r”’ezfégg“ﬂ RS s sscaél%mﬁ)ﬂco’%“’

geogr aphi cal | Brichetipttdchieg, Engerobihe vemiibuialds, Sirobfyoild3v eetcoailis aDpsShérohie
utility i@ envi 30 nnment al testﬁi}fp}g, a%r}' culture, both for breeding and
anal ysi s '0f 1WXFE&t o™ O4A G ** A HT ARt MG OR RBR 0~ WO 00/ 77260

PCT/ USO0/ 16465 13 _typing, e.qg., in the seed industry.. Human forensic
Feprosent s yet andh Hurhehsstoptent, it ASIRESL sarBlf F BtokeiEm Tt A dtdr e of
the inventionhd g&sti¢ hfbrnftiabisl thé Ydehafida@sh of MIc)eid AidMBleaTsAHom X &An&eNDbI €
of >D sequences that are useful for identifying organisns in a conplex

bi ol ogi cal 5 S aths| @f.ga“ﬁﬁ’é‘_s séem_zslfacmugbq{%%é‘ge’c ‘!’Llagt_é”‘,‘mnﬁﬁ*?é’tctblﬁé"_‘»gé(h’om c

di fference seQUERELSleMIhED CHIsh)NB Waskbn BTG Snythd JHelimnibh S OBORRITIE p&IL OUP
(e.g., different E. coli strains) and nunerous group-speci fic _sequences,

whi ch di slSi nquisishLéséengde sondi Ndcaraia pp. +Saneploorecies ppewngniaq, Eagmophius inBresnt
species or g r . | i - r of

o Treront. m o28 ot ByERE R IO BrleNi2a Bl DI el bl B Bl
rapid, non 1Qagedarpas€eccadoiay imita, Capratvtops otofermens, didssormeseddvaniiétis, by t he
fact hat culARLERg.8! chs: SAIRLAS SndRh RA ARG LR B QALMEET: D¢

eum tis carinii, Re
advant ages of FHE ARt Ton W arent fromt 0

Influenza virus, Parainfluenza virus, and Rhinovirus.

20 Another biological sample that can be tested according to the invention is a blood
sample, in which nucleic acid molecules are identified from at least six of the organisms
Coagulase-negative staphylococci, Staphylococcus aureus, Viridans streptococci, En-
terococcus spp., Beta-hemolytic streptococci, Streptococcus pneumoniae, Escherichia
spp., Klebsiella spp., Pseudomonas spp., Enterbater spp., Proteus spp., Bacteroides spp.,

25  Clostridium spp., Pseudomonas aueruginosa, Cornybacterium spp., Plasmodium spp.,
Leishmania donovani, Toxoplasma spp., Microfilariae, Fungi, Histoplasma capsulatum,
Coccidoides immitis, Cryptococcus negformans, Candida spp., HIV, Herpes Simplex vi-

rus, Hepatitis C virus, Hepatitis B virus, Cytomegalovirus, and Epstein-Barr virus.

The invention can also be used to identify nucleic acid molecules in any type of
30 biological sample, in which the identified nucleic acid molecules are of six or more of
the organisms Coxsakievirus A, Herpes Simplex virus, St. Louis Encephalitis virus, Ep-

stein-Barr virus, Myxovirus, JC virus, Coxsakievirus B, Togavirus, Measles virus, a



ing detailed description, the drawings, and the clainms. Definitions 15 By a
"genone" is neant the nucleic acid nolecules in an organi smthat Rare t he
ultimate source of heritable genetic information of the orgaﬂli‘lsm‘ 20 nost
organi snms) a genorne consists primarily of chronbsomal DNA) but it can al so
i ncl ude plWOAd3360ni t ochondri al DNA, and so on. For sone or §&A{USAY1648%,ch as
RNA viruses, a genonme consists of RNA 20 By "nucleic acid" is meant DNA,

RNA, or other_rel.ated conpogsitions. of TTE%]'[ er th can include substitution
of similar noieRHES. BOP e BOVHEe | eF D04 s BUNAHE ude'Re8RVirat are

not found in DNAeDi-ZBNG, vird¢ IHIWI, NGumPUtiniQtEqhindT BrRebHalis WAkt MiyRShodyROST Ne)
uracil in DNA). thym ne jn RNA) hypoxanthine, and so on. Nucleic acids can
al so i ncl ude ehrstemeringiisdies &abied HigusotnddHo¥iskat e or sugar noieties, which
can be intro25 duced to inprove stability) resistance to enzymatic '
degradation) or soff¥ BYsREPD alserfeatuss & Fitiog fopgbtaiping genrtie infermatian frgm 2

"ol i gonuclsot jifig R AHRBES otdnBallERAhdiRg Riel fickei@sdifmBlecd &G p@oﬁﬁnééﬁ) ,
bases. QO igonucleotides are generally, but not necessarily) 'synthesized in
vitro. A segnsemie of nu¢leir @mgd:ir@bes hating & mnimgm]goompiggies vasinn of ater tham
subsequence : red.to.

ol i gonucl eot ?@g@éﬂg%gﬁggg%c %E%EE%?E@%QL@%@ %S%gv?&sng%ﬂé%%g%oze?ubf ar get
nucl ei ¢ aci d ofebpismpde; (¢)sletretmg hybridizationibetvaen thepeobguaricey tanget neclgic adid i s

designed to d D t.he target .sequence, mght be an )D

Si f :agi nan )1 Blgcglgﬁse{fg%’. 5%15—581?’ %ch@g%s?tgggg P‘hcéeq‘f %\Cf‘gg'gféglg%ftfg{‘rflﬁlgg}ﬁs t(g)oe) a

i ngle nug eoti de jsm .5 By "tarnge ani sm'_or._'targe roup" is

fr;aggt ea tgdpe of or@gél?%%ﬁ%{runb%f%&%gogl lsa rkgtuf:c))r %tgl?glﬁ)ge{’%lgtmfgméﬁngﬁ%’8 fc test

i s designed tloldegiralctampBy whivhlinélddezata) o pluralisy ofcl@nprobes nnd/ovSNE piobkd; add ng of
l eic acid | ecul es nme di at ed . by hydrogen bondi ng of pairs of bases. B

rean gt ul K5 EAPS DR SR BARE TR SR Bl G cone e TRgorR o

detection 10 @f amd BagiRh migfman REQREC TOHRQGH 6f Bfea®PIHEE vESe. M ElBatkh@anuc! ei ¢
aci d sequence that the probe is designed to detect. By "conparative

hybri di zati orf!®6Rti ti ons" is meant the conditions used to dis tinguish
speci es fromeach other as recomended b%qthe I nternational Commttee on
S

Syst emat i © Bact er ilBIPEYFTVRYRRIEENLS | the probseqte(p) ingludsingreathan (8 (e.gn irpAre
37:463- 464, 188/ ﬁfty or more than two hundred and fifty) different amplifiable probes; at least 50%

of the probes of (a) include genomic difference sequences from at least three different
species; the probes of (a) include more than five families of amplifiable probes; and the
probes of (a) are specific for at least two distinct taxa, two different species, two differ-

20  ent genera, or two different kingdoms.

In other preferred embodiments, the probes of (a) include probes that include: (i)
two or more oligonucleotides that can be ligated to one another upon hybridization to an

ID sequence of a target nucleic acid molecules, and (ii) amplification sequences.

In other embodiments, the probes of (a) and/or the detection sequences of (b) are

25  physically attached to distinct locations on a solid support. In these embodiments, the de-
tection sequences of the detection ensemble that detect (i) members of a taxonomic
group and (ii) closely related taxonomic groups can be positioned adjacent to one an-

other on the support.

The invention also features a kit for obtaining genetic information from a bio-
30 logical sample, which includes: (a) a plurality of nucleic acid primers (e.g., Alu-specific

primers) that are capablc. of priming the amplification of DNA sequences flanked by re-



| S The conparative hybridization conditions referred to herein are those
enpl oyed by Hart ford et al. (Int. J. Syst. Bacteriol. 43: 26-31% 1993. By
"subtractive hybridization conditions" is neant conditions tAdtMAR Q00%;

equi val enwbn ré ngency to the stringency of a reaction carried out at 65C
in a buffé 89{2{% sed of 10 MM EPPS, pH 8.0) and 1 M NaCl. POT/H§oMI6d6R| ei c
aci d sequence, nucleic acid nolecule, ol il%onucl eotide, or probe that "is
found in," "i L apresent in', “occurs in," “corresponds to," "hybridizes to,"
or "is in" anPother RUEFEFE JiEn S MfaReatsbin Bige! ssnemis ONA ot bielogisal sam-

ol i gonucl eot i gle to pisldB, probes GRIAABPa disctilB eRemBleSRAHARE aet_e&iohgaé’@p}éﬁ%e%gﬁd: de, or
probe that can forma hybrid with another se quence, ol I gonucleotide, probe
or genone that® ﬁ%“ﬁmrﬁéfﬁf hEOPﬁrPﬁ@P&%IUra@P{IfF%} usingthe pEmers of (42.5h¢ dectid®C (f or
sequences of @kamilehatil@d nPfimAaUshok ) nces of .15 to 29
bp), or 8C (for sequences of 8 t%lnl4gbd§§v%&)lc?\%v%tgﬁgg{apﬁgwgg'dgﬁﬁﬁeﬁhg?randed
DNA fragrresnt ‘@’Sﬁ%})sed of the shorter of the two nucleic acid nol ecul es

bei ng conpared and its exact conplenent in a buffer conprised of 10 mM
EPPS) pH 8.0, andA1savrflydsd in e investien kiap casemipleseidDemctes thatcinciecungtified

nol ecul e, ol ig i : e 1 n" an30 ot her nucleic
aci d sequence, ﬁggﬁgﬁ%ﬁg?rﬁ E%Pfeégﬁﬁggbngﬁtnisa u%ﬂ%?égﬂhﬁ&nclg Brere handidne i s
nmeant a nucl €rg- Morelthge daveaiarore thapteenty fied) damidiee 0fIITR probby HANHEE §Rdni e, or

probe that is,, NAR: 00/ 7726Q PCT/ 0/.16465 15 not found in
anot her nucl Zféggged Lo Uan CaSre i fg fum f&f*amhgﬁg)c{a wentdPipghetic| eot i de,

probe, orjggenone. P " or "identificaliqQn sequence" is neant a
nucl ei ¢ acid sequgﬁ rgfe%-%gt% ﬁggﬁg‘:égt&n%%r ithan §yvo of the {al’“l‘, s agPyERble BEObEY  gr oup
of organi sms ahegecificsfopnesevecieppisg xasdityest ipacias, GRAGBR She@Nbi GifRngenome

(see bel ow) & [id i ing,the |l engthspecific nelting tenperature
criteria des?%ggérgs'i%{ ltze%téB%}f}é’\gﬁ%@g‘)ba%‘fai“ﬁ‘i‘Cﬂ‘idﬁﬁf’“%Cé‘ggf@‘éﬁ%é@u%F?@grp@hd to
sequences i n leasgbrediffeeant giacieched genonme that are >_30 by | ong and which
are useful for distinguishing one type of organismfrom another. Genom c

di fference sequenieshaanefbreedseddntentsIhs BAYEEE) inkifie SXERLE indhIgN;{ t 1S

i nportant,.to distin 10, gw Eh{ﬁ@gnbers of a closely related group from each
ot her. " Group™SBeBPFi'ecuiselintcs drat eandedispigd o ere anptherupenhubriditmion tsarusef ul
for distinguimbkidugncebl a ERFE0REIeiOhci@mBlOHP 2fid A ﬂ@hﬂEatQBQé%gl%ncegy ‘genom ¢

di fference sequence(s)"” is neant a nucleic aci 3 equence or @ col l ection of
nucl ei ¢ aci d SCAURNARE diTateERARHAL, IR L0BIGFRATECEON AR BNEY HRROTS) O
15 one organism but not in a closely relat e(i or gani sm nom C di'fTerence
sequences caf®bErsPBbisdRasfetess b membatsiobn fas otsmia gtaupmnd Gdlvirselyedatedyaxo-
conpari son Oho@RNAEs SRGMERGERS ﬁ&éﬂgm%nwm&%%)as ooy any of a variety of
ot her techni ques. The organi sns ‘whose genones (Or & ched genones) are _
bei ng compar ed Mrghe REceubkOSRI adefil ALYy | ! nisme.is considered
"closely rel ated" | f}bt hey are rrr_zrlsgrr?ber s of thteﬁ}é&ggarpegéé%egﬁ’olfe"iafm?ge hei r
genomes f ul f Faagentsanths| usednioridensifiemiany ¢iffbrptur tiyptisaditorganisarsi Tier fedts GrRGgid! hat

conparative i di I; | nded f.or.establishi rel at edness by
the I nternat %ﬁgﬁn%%ﬂ%lﬁagg&%séﬁtg%ﬂg ?atl‘ésag{?eé?ﬁ(f% S?ﬂﬁ%“‘é‘ﬁ ofthe 1987)
supra)). A péiventish cgn gamirgerbighsembnion generid fingb@sialsyidemiffing Gtrainf @R t han

70% of their, Gt INAf nt r gepomc c fragnents in the case
of viruses vmmtgﬁﬂgé;ﬂb&%aeﬁo Csof} %ﬁﬁn%ﬂe&fo&gz SWPERCE 81 FBengblRdp ayfpmratcd

conpar at Rye Foyints.cind asri mrcacieddit witlie ¢xddnege traRinRIrhedosigeCr i bed by Hartford
et al. ( 1993, supra). Genom c difference sequences are > 30 by in | ength.

An exanpl e of a dBwonventich fifs arveide eangesfugpidatibss, ticRih s tyRSIRR o hRisnRCCUr S

i n one pat hogeenib%ctst.r n.of E coli 0157:H7, but that does not occur in
anot her pat hogeni e Ut THpgy 3 PEOO7a3):jdetgaminingithe gepopype of higher epandsnty Go-

sequence(s) " cluingrbahinsh andiGh epideiolddy, SROMBARS if?EctBn SlbkERE ian, é%héﬁéh%' ei c
aci d sequences tha%:aéﬂy-sr’g{n% hybridi zati on undér conparative hyB Idi zation
[

condi ti ons, 83P&FRY Tegionsh dhey s ofothe drvsarions also haveansdinphyémygenet i c
| group, bsd n@hmedtal testing, agriculture, both for breeding and analysis of livestock, and in plant



0 1 MAR 200 WD 00/ 77260 PCT/ USO0/ 16465 16 anot her taxon or phyl ogenetic
group. Group-specific sequences are > 30 by in length. For exanple) a
fragment that occurs in nore than 99% of isolates in the E. cbNi MARL30M4 H7
group, but that is absent in nore than 99% Sal nonella isolates, is a

gr oup- spewiofaog72:8 quence. Sinmilarly) a fragment that occur SCTASYE§46hed by
hybri di zati on under conparative 5 condithons) in nmore than 99% of rotavirus
i solates, but is absent in nore than 99% of human i nmunodefici ency virus

i sol ates, i styaingr eapnsweé?eﬂﬂ@dug@q&@ﬁ@e forepsigsperrpents fpicansthgr aprticationgf be
used to |denmc1 %qa | evel taxonom c groups, such as subspecies or
menbers of an |nter eedi ng popul ation (such as humans) that are related by
descent. Note thag)ey E%eqtu?egmr%menmngssiﬁﬁpsagﬁi B1PREH) bfie AEANENEES ar e
nost useful when the occur 1 n one taxonom ¢ group, but not" In a sister
group at a skemblapf Hhscqmmscthdtemeﬂsefuwfm i@maifpilngorgfamamgmm@;b@tchl@lpgwdequence
S one Lhal EEmIPrTEk b oD ABhlaAldeoRlisd ROLALES (BbnrebIRAGH B EalL: OO
serotype Typhi MRiFi um “H 'S fouRd i'n essent o 1 'Sol at of

Sal monel | a emmcchldmlngmskomyrplmmmahypchaon&n(csge@pre gﬁ, dﬁi)erenNBI eplztslttams)gmdup
speci fic sequences can a enom i f.ference that is, the
26t of g oup MBS P AP ELis BRREE 0OV LSS THFET bR oAt ERn SGhen

di fference s@fugNEas, )dnffeE@ft sEREREDH Rherd). ESHURBEELIE thad canSndlidiedl YeryHarge @t

0157: H7 strains, but that is in not found jn non-0157: H/ strains of E.

coli, is bot haYaOfgiéfFRS?ﬂtéDaWF‘éFF%ﬁH@f whigh&prle used S‘é‘“&?‘&?ﬁbﬂé Hb%‘?effﬁ?:‘ds%ence
By "Consq'bvegexso%geaeﬁgfy Th§ra!f5ﬁﬁtgtof€‘hé“t¥!ﬁ£?d&1hﬂﬁdeé b§AELIABCHaOEuIRMRL ok @fel | On Of
nu cleic acid sequences t hat y hybridization cfiteria, is characteristic
of the genonsampi¢s IEGOUPwmisms spanni ng mul ti pl e i ndependent taxonom C
groups at the same taxonomi c | evel. Conserved sequences are ?30 b

length. Thus, theOthsglramessandrdvaniages of higirendonwilt becpgear feme Biif ‘Ymman
RNA pol ynera%‘%&Ea%c&%%ﬁgu\sﬁc{hé&gwﬁ@g%ﬁd t@S1ifgy can hybridize to the

chi npanzee gernone under ‘conparative hybridization conditions. Conserved
sequences arq)eggﬁ, odseful for differentiati ng menbers of the groups

har bori ng the conserved sequences. By an "B.? probe" is neant an

ol i gonuclgoti de ofy 3 PaigmeOs lﬁezﬁlﬂheq{uc@ic' ARGl fles 1hqg%r%a'ﬁ%§n inde Mgk to
hybrldlze to an % guence in a biological sanple di ze) a portion
of the probe ubimagfammmeexﬁﬂwrdeblnﬁ@tetmmfmamefﬂ)f! OtgaElemioﬁﬁ’rrmmowamﬁmwﬁe corre

spondi g m S SENSNCEn TLARRAL bl Ao lokIPDRACHS i dn (HBIAAIADRRIMERRLS, and

120 bases |ng can a ave ot portirons 1 hcludi ng
anplificati omhmdheBDNﬁoandesoampFex; seeTEqareamtess, tsdmzhtasdﬁm ezsrpma,oh ganopei avef
bi ndi ng si tes orf anplification) and sequences that serve as tags
during det ect’! r? 3 bel ow) .

20 By "nucleic acid" is meant DNA, RNA, or other related compositions of matter

that can include substitution of similar moieties. For example, nucleic acids can include

bases that afe not found in DNA or RNA, including, but not limited to, xanthine,

inosine, uracil in DNA, thymine in RNA, hypoxanthine, and so on. Nucleic acids can

also include chemical modifications of phosphate or sugar moieties, which can be intro-

25 duced to improve stability, resistance to enzymatic degradation, or some other useful
property.

By "oligonucleotide" or “oligonucleotide sequence” is meant a nucleic acid of

length 6 to 150 bases. Oligonucleotides are generally, but not necessarily, synthesized in

vitro. A segment of nucleic acid that is 6 to 150 bases and that is a subsequence of a lar-

.30 ger sequence may also be referred to as an oligonucleotide sequence.



Q1 MAR 2pQ~ 17 By a "genomc difference probe"” is neant an )D probe that
corresponds to, i.e., hybridizes to, a genomc difference sequence. By a
"group-specific probe"” is nmeant an )D probe that corresponds to, i. e., hy
bridizes to, a genonic difference sequence. 5 By an "I D pr e MARt260% or
"probe site" is neant the part of an )Dﬂequence that cor responds in
sequence to an 1D probe. By a "fam |y of""1D sequences"” is neant a set of ID
sequences conpri sPhgaiBebeatrdEe arelst sudainaciéquengbiiis diezw atmyckelvacigemone of
a single (nog; ' gan CRIRE i.ve hybridlzation
conditions). &lﬂn&f@gg% BI?B%%S C%EEII [ Dé?g%ggggéasn In t%egt&*eat%ﬁg S?é‘%gér?u@{ghtr@\‘% map

cl oser than & Od6ithisean PaisswergsaFer 4 ANPpeotgatho tasget megubrce mightehe msingleal |y

and typi cal lXuc?e%%Hégol?&n%ﬁﬂishxy of )D sequences may conprise a conbination of
group speci fic sequenctes “and genom c difference sequences, nmay conprise

only group-specifhCe « Ofv JTRY conprise onl nom.c difference
sequencesj.3 consi dﬁef ,a%glrjgrg%zﬁnpl%r, taég%gfﬁupylsorflealn%‘ é’é&gg?{é@gsTﬁéEmF%W sef ul
for tracki nggoup (t4fndrteak diagfostinteads dasipnedio deeki. 0157: H7. This family of )D
sequences can include all of the follow ng types of diagnostically useful

) D sequences: nulBy fybrigizatiop” $y@ednt hon-s@@leanbiasding BahuchiCacidmsRBultPmand
limted to all ers of the species E. coli; multiple group-specific
sequences th ?tegggpﬁ%wof’%méﬂgpqlﬁsﬁ??@&g'to all nenbers of the phyl ogenetic
group containing .only E. l.i. 0157 H/. str.ains; | tiple group-specific
sequences 20 thaté)yar e%’m#‘ﬁﬂ’y% il lsrﬁ"faé‘H{LFJ‘yth‘J‘F‘z"r?gﬁ'b‘é?‘%“Qﬂ""_t‘ﬁ??‘:tm

phyl ogengd i Cofgi ighalc 6Nk rdbe bledtle/ofmolits Wik theHucleRUatth BMubid iRy me

el ectrophoretic analyysis to have el ectrophoretic type 3 (DEC3 group;

Wi ttam et aProbe isdesigied o Aofet.  61: 1619- 1629, 1993): and nultipl e genonic
difference sequences that are present in the E. coli 0157: H7 reference
strain DEC3B, butB¥ I‘Fé’E“Péfaé‘VﬁBYb%”éQ@hfo‘}dﬁ‘Q“ﬁelSEPeaéﬂbFhie condgenqusediedience
strai n DECAGingiizhNpt@ed B dabh bhr aDR¢EmaXAR! & {hl@_qnct:ag&clné1 ebmiddiguences

can all be hybridized under conparative hybridi"zati on conditions to the
genone of a SysigiaEc Saetanelss (Fayne ol 4L, TrgmatHy Sysstror Basteaok B7:46H46ECSH). Thi s
is a defiqi ng ASREG5F08 RIS ' . Ll . ences, v ) 1 MAR
2pp~ VO %I 772608% C_Igjxuso%ﬂ/?%éz%g@{ %ognﬁlti%ﬂs re.,ff% td h&gmjal% RS2 'é'mg?o?'cd by Ha.r?

ford et al. (Int. J. Syst. Bacteriol. 43:26-31, 1993.

By "subtractive hybridization conditions" is meant conditions that are equivalent

in stringency to the stringency of a reaction carried out at 65°C in a buffer comprised of
10 mM EPPS, pH 8.0, and 1 M NaCl.

20 By a nucleic acid sequence, nucleic acid molecule, oligonucleotide, or probe that

"is found in," "is present in", "occurs in,

corresponds to," "hybridizes to," or "is in" an-
other nucleic acid sequence, nucleic acid molecule, oligonucleotide, probe, or genome, is
meant a sequence, oligonucleotide, or probe that can form a hybrid with another se-
quence, oligonucleotide, probe or genome that has a melting temperature (T,,) that is less
25  than 20°C (for sequences of greater than or equal to 30 bp), 12°C (for sequences of 15 to 29 bp), or
8°C (for sequences of 8 to 14 bp) below the T, of a double-stranded DNA fragment
composed of the shorter of the two nucleic acid molecules being compared and its exact
complement in a buffer comprised of 10 mM EPPS, pH 8.0, and 1 M NaCl. By a nucleic
acid sequence, nucleic acid molecule, oligonucleotide, or probe that "is absent in" an-
30  other nucleic acid sequence, nucleic acid molecule, oligonucleotide, probe, or genome is

meant a nucleic acid sequence, nucleic acid molecule, oligonucleotide, or probe that is



By a "famly of oligonucleotides" or a "famly of. probes” is neant a

col l ection of oligonucleotides or probes corresponding to a famly of m
sequences. All oligonucleo tide or probe sequences in a fanmly MR 200%

ol i gonucl eoti des or probes correspond to all or part of the seguences of
member s oWOP0F4240% cul ar of family m sequences. 5 By "pol ynSi P YMMdbe" or
"si ngl e- nucl eoti de pol ynor phi sm pr-obe, " B "s\p probe" is neant a set of

ol i gonucl eoti des, t hat, en hybridi.zed to a genone, ahut at a pol ynmprphic
ot 2%and havet et A Bheed SHpbte oS ALp AT, GHSTREES LRt b | o
one particul afrowe mnémsequence that occurs at the site. A set of such

ol i gonucl eot i des, en hy7ridized adjacently to a genone, can be ligated to
each other only wmmibhegahte!R "iRhtifddigeRghspe)is HeadthenubRIcORIERqSntE

- matches the abutting sequences of the oligonucleotides of the polynorphism
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30 By "group specific sequence(s)" is meant a nucleic acid sequence or a collection
of nucleic acid sequences that is, by hybridization under éompa:ativc hybridization con-

ditions, characteristic of the genomes of organisms in one phylogenetic group, but not of
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By an "ID probe” is meant an oligonucleotide or a pair or a set of oligonucleo-

tides that is used to hybridize to an ID sequence in a biological sample. To hybridize, a
portion of the probe oligonucleotide must be capable of base-pairing with the corre-
sponding ID sequence. This portion of the probe is typically between 8 and 120 bases in

30  length. ID probes can also have other portions including amplification sites (for example,

sequences that correspond to primer binding sites for PCR ampliﬁcétion) and sequences

that serve as tags during detection (see below).
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) Pecrf |'§ sequence 1] 0 MAR 2~
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Canpyl obact erth£ca¢ icomifohatonawd limited to all members of the species E. coli; multiple
group-specific sequences that are common to and limited to all members of the phyloge-
netic group containing only E. coli O157:H7 straiﬁs; multiple group-specific sequences
20  that are common to and limited to all members of the phylogenetic group containing
oﬁly E. coli O157:H7 found by multienzyme electrophoretic analysis to have electropho-
retic type 3 (DEC3 group; Whittam et al., Infect. Immun. 61:1619-1629, 1993); and mul-

tiple genomic difference sequences that are present in the E. coli O157:H7 reference

strain DEC3B, but that are not present in the E, coli 0157:H7 reference strain DEC4C.

25 Note that in the above example the family of ID sequences can all be hybridi'zed
under comparative hybridization conditions to the genome of a single organism: E. coli
O157:H7 reference strain DEC3B. This is a defining aspect of the expression "family of

ID sequences."”
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5 lies conprising an set of SNP probes for a particul ar species, | define
the m ni num ge nom c derivation for an ensenble of tags that is congruent
to an ensenble of SNP probes in the follow ng way. The m ni de;\r}‘] o%
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20 By sets of sequences that are “congruent” is meant that there is a one to one cor-
respondence between elements of the sets. For example, consider an ensemble of ID
probes that is congruent to an ensemble of ID sequences. Each ID probe contains an ID
site that lies within an ID sequence and every ID sequence corresponds to an ID probe.
Or, consider a detection ensemble made up of an ensemble of tags that is congruent to an

25 ensemble of polymorphic probes. Each tag in the detection ensemble corresponds to a
tag in one of the polymorphism probes in the ensemble of polymorphism probes. Simi- -

larly, a family of tag sequences can be congruent to a family of polymorphism probes.

By "minimum genomic derivation" is meant the minimum number of distinct ge-
nomes (or the minimum number of distinct genomic representations) to which a set of
30  sequences, probes, oligonucleotides, or tags can be hybridized. For example, the mini-

mum genomic derivation of a set of ID sequences is equivalent to the minimum number



guences is that the genone of a single organismis not sufficient to give a
positive hybridization signal with all the individual 1D sequences. An
ensenbl e of ;! D sequences is not necessarily physically i sphaddd2d0som

sanpl es. wRa¢ such an ensenble may be nerely conceptualy
facilitate tohgéi?esi gn of )T7 probes for use in constructi n%éﬁgi@ﬁgﬁﬁgbe
ensenbl e (see below). Fig. 1 diagrans an @nsenbl e of m sequences that has a
m ni num geanmeﬂi%ﬁ it¥ARch9Be Q_angrué‘t@@l flofeh sj:tsotdﬁﬁ&rqhé?ﬁgs. isB %@Qkﬁnﬂie &Y an
"ensenbl e of | D oligonucleotides" or "ensenble of 1D probes” Is neant a

col | ecti on GRINERYTYGRERMIESerivRsiongs ope dies seteddP huappisc back oxfitvdiiehs caare-

ol i gonucl eotgl a.:partion. m
cequence | n bassar o et Rty e R i B R b Bl o e e
desi gned t o seeaess)copld hybndirel foztie igerpmenefcd einge honzh. dequetheresapplesant i n a

| e that ol i St y be | .
Pl orably, o & Snocubfe’ dfeindRepel b Hol e TR S et A i ons

of the probesiriof gmupepeeiigsrespiatary eyncatia kingwequedyesa Mhe mingduse @iceni®f SNP
probes” or "ensenbl e of single-nucleotide polynor 20 i sm probes"” or
Pensenbl o of EBAUST SRISHIeb b EMEE 18 Shuiies PrSdprosteshn pibhas e
conpri ses nmérg syitgtialoms,fagdiht YnigimubNRIniied BEgenoRYs M areMSRIEN: & Rbrilidd
sequences" or "gnsenbl e of tags" is meant a set of tag se guences that is
congruent t &° 3th* SFAUERTSS Endsr coppRsuY e hybridization cenditipns e sepfid AR sequanagh en
senbl e o t agnstiQACLENHGH1idsof HORBYuBHERE L Iohgta® e hipal of GEl 8D C&ubRks & Qefdale
reverse conple 25 nment of a tag sequence) in an ensenble of probes.
Ensenbl es offategpy 3EW0dnde the gerompsefforigin (seegdsfinition ob fahily"iabevel.or converti ng
si ngl e-nucl eoti de pol ynor phi sm genotypes (which are difficult to detect by
hybri di zati on) i Htisakebelatul kg ensidevamemrcamliottypesmpleBlustrasdindabledel ow) .

By an "ense o O WA ] IS nt. a set of
Val es 30 pert art oS Rl AR b2loct 5 Tep Epm BAPREE il By ToRG RS

congr uent t @essrforths @rdstnse of certpircpahagerse Nebtestbapungrosp ofsequeacea ipéazh bbhere i s
an ensenfl e. l.ecul ar . wei S _mat chi 0.1 MAR. 2p0~r. WO 00/ 77260

PCT/ USO 164’%?1% lo‘%ﬁ B %“ydlzﬁee‘%\?mh? RO P@ﬁ%%‘? ﬁFglﬁéﬁﬁgﬂ&%‘-éﬁ%aféﬁsﬁﬁ%l e of

) D probes. Suxds inTabledemlse, mote tnd ieisulnpossitdd @HtysridieeidllofBe by@ehc8ScaR-

det ecti on ensemnhl e detection arra to ermne the identities of the
el enents of tﬂ“e;agﬂﬁq’eegé%’feé& iﬁblgﬁﬁ%&e %‘%O“é‘ﬁ qf@ B]E Giyer Bag & s edualg, dhdsypset  of
) D probes ceid minbfurdgshonic delatiBRe5the Re of MPRLEN AR bRE joRser ved no5

| ecul ar wei ghts conpared to the ensenbl e of nolecular weights (i. e, the

nol ecul ar wei ghts of the original ensenble of )D probes).
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BYubseis7ai7 fhenenierqeqtnc @r(p:mdne[sa cshe1smilegdin af buvedt GhE sco

) D_probes sglected by a clinical

roﬁ%f???“ nol ecul ar wei ghts of the )D probe famly are the
QcIucrmg |4QErUJe§trin B §H Bstladn ¥ebuk ndtREE. coli
_the origina

t h@18kHegasd)1D probes are identified leading to, in turn,

i “EQIg BHEOW H8°Fam 1y Q1 MAR 2pQ- WO 00/ 77260

0 |gonucﬁgot|des. he probe-sel ected subset of detection

ot . 8EsopAPeditapqubre kdent i fi ed by deter mning the nolecul ar
am célr gray-spaificreduveceBar wei ghts of the el enments of the detecti
—ef—ol-tgontcteots des—E “tWO="di TTeTiST onial._Uet ecti on.array
on SEE5LHRE &S0 hat have been posi tinned by a non-el ectrophore
an essentially two-dinensional (i.e., planar) solid support)

sanpl e can be determ ned usi
a%?ﬁﬂ§g§@$4§ﬂ°§£%ﬁggh§ unselected ensenble of )D probes). In
&Eg@geno s in tug clinical sanple. Alternatively, as
gﬁ@%ﬂgﬁ7gﬁ ngﬁéﬁgg e gdetected by hybridization to a detec
t he ol i gonucl eoti des and conparing to anot her detec tion
v enibD6s B Giomeﬁf@@esg‘{fg@ﬁéré%:Pt ip pyedi FRYOPICIOSERIN HE SO iy B5ORFDH
£icht @bupaspeciticpedupbey ai ne- coat ed gl ass sl i de.

2S)
iCc
such

Salmonella enterica serotype Typhimurium genomic difference sequence 1 (present in one Salmonella en-

terica serotype Typhimurium strain but not in another Salmonella enterica serotype Typhimurium

strain)

Salmonella enterica serotype Typhimurium genomic difference sequence 2 (present in one Salmonella en-

terica serotype Typhimurium strain but not in a Salmonella enterica serotype Paratyphi B strain)

Salmonella enterica group-specific sequence

Salmonella enterica scrotype Typhimurium group-specific sequence




10 By "genomic profiling assay" is neant certain nethods of the invention.
By "genomc profiling fingerprint" or "fingerprint” is nmeant the subset of
di ag nostic sequences (e.g., 1D probes or SNP probes) whose presence in a
bi ol ogi cal sanple is inferred based upon the diagnostic prolfels MARa0ar e
anplified and detected by the ge nomc profiling assay. 15 B "&(S.X n"
(plural taxa) Y?00733%¢| ogenetic group,” is nmeant the coll ec’f’ﬁ; SO et s of

a nonophyletic group, that is a group of prganismal types that descend from
and incluge a common ancestral organi smal, %ﬂae %eithﬁr kpown oL,

hypot hesi zedynonpligrearetistatoppr Paph@hifuspIe differ ot fULCTFhY BRETON TARYR T tspd
in a genefal tﬁﬁﬁﬁaﬂ)tﬁpha&phdﬂﬁ&?ﬂlE’tﬁfﬁnﬂunﬁtM_aaﬂ#r.Taemmlell@fltedt@s&i)‘ﬁihm%birﬁ strhinuls |
for exanplie, taxa are defined at the sub-species |evel and 20 al so at the
| evel of (esatrmgliachass)sephyd Ramiypbitf gen@yic differaesp s9RnAT 2 {Pasterh §rave Sgronfis en-pr
"1 ndependgnt tetrx%&(?e';oqgg ¢ i b@XPouVhd: R 2RORRNEE) A RPERGyIEIRER SR raidihUS

t he bacteri al gener scherichia and Sal nonell a are i ndependent taxa.
However, flhe.geauSEsahedubehtiac agdndehe t axonom ¢ group consisting of
Escheri chifa coli 0157: H7 pat hogens are not independent taxa, as all nenpers
of the 25 |patiegerneristseaiypr Farepi Bsoupentbiés ssawsficet he genus. By "taxonom §
l evel " i s Heant—thRe—posttromof—ataxom T te phytogenettc frerar_cny. | The
terms i sollatepyleboteyfreyis submis giisicess seprec] PesenyBitfe Py pherie] fealipigings bys pef
phyl um Kkiing = ki m are exanples of taxonom c |evels. By
" ki ngdont' }of qf%?@ggﬁcﬁrﬁgﬁw%%mgnggnt one of the follow ng: viruses,
bacteri a, |3fuapobarbpedr giranicliiftghce spluotoz (peesenpinafergylolzmur arwimgtai X but WY
001 ??7260 48 O%,;Rlogaoc?erf;g[“gﬁ%lGAGS By "distinct genonme" is neant a
genone wi tih &" pAMR1°¢UI%ar nu

U
-

cleic acid sequence that differs fromthaose of

all other ge! a?v%?%{%u%xs =10 quDé?éeel of genetically identical organ isns.
D fferent jorganis possessi ng distinct genones can be unrel ated or cl ogely

re | ated. |Ganaks &6labdcRSsquensdich as the genetical ly hompgenous organi sms9
within a Bacteria g colony, are said to possess the sane distinct genonge.
By "sanpl €"Rrétsvinegtip-spectivlséqeatd D n of material fromwhich nucleic acids are
pre

Norwalk virus group-specific sequence 1
Norwalk virus group-specific sequence 2

Norwalk virus group-specific sequence 3

Giardia lamblia genomic difference sequence 1

Giardia lamblia genomic difference sequence 2

The definition of minimum genomic derivation as applied to ensembles of SNP
probes and ensembles of tag sequences is defined as follows. An ensemble of SNP
probes consists of multiple families of SNP probes, and each family of SNP probes cor-
responds to the genotype of a single individual. However, as opposed to ensembles of D

5  sequences, an ensemble of SNP probes generally has a minimum genomic derivation of
one. This is because SNP probes can generally hybridize to any genome of the target

species with no more than a single base-pair mismatch.



pared and tested for the presence of particular nucleic acid sequences. A
sanpl e can be) for exanple, a sanple of stool, urine, blood) or sputum or
other such sanples that are routinely collected at hospitals.g{ maR 2004
Alternatively, a sanple can be a single colony of mcro 10 organi Sns

growi ng i V@ OpRTI269 dish. A sanple can also be a hunan for eng‘F'g’U%(?ﬂﬁ“%S, a
food sanple) an environnmental sanple) or3pure nucleic acid. By an
"anplification methodol ogy" or "anplification nmethod" is nmeant a tech pique
for linearly or exuaedhdiddrlay enbaidasi BEniSNE GRybesUEHRER lof GFhi¢h fHdlildey & aci d
nmol e rule. Exanples of anplifi ca&i on met hods i nclude |igase chain reaction,
PCR |iga 15 FigHK-#RisatenhmoBbRA S CORSEsT Afleieg RN ATERY SORATHAH I §lsempblesh,

st rand- di spl age/ERbrRRNbithd ;a?f%&du@ﬁbes sehfe enbsnivd B BEPSREBteNR &Rthbiedki on,

Q 3-replicase nediated anplification) roll ing-circle anplification, and so
on. By "anpl i $¥R atdbenseprratinkas ¢ migingnprgenqmia ¢relvaiRe oficge.déice 2hnicadgrsesn

resul ting £romyanpl i Ay pRc@Mtubdah GaohRMIBBLRA dote 3t BY coftiRY, ibiceatlan site”
or "anplification sequéence"” 1s nmeant a region of a nuclelic acid nolecule

t hat nedi at esensemblg of aguingekive f dirge Bipimen gewamip gerivationydlo underatand this ap-

met hodol ogy. An e; I LEi i ot I i . sites
on o DNA 71 aghur bRt Biluuahizs TPl EhERblcn sKir ey s ool dr sty
during speci fii& qirSNH prgbésnedch of RGRhroperedponds. to The ggogpetoén sttpuimdiedial.or RNA
pol ynmer ases, such a 3-repli.case or 25 T7 polynerase,, that are used
in certain an‘ﬁ“‘i ix) 8§fa%ﬁq%{éﬂ6’ﬂ§‘e?6rﬂgx B{gﬁg PEIET Kett ©% “togmélﬁﬁﬂ i§ &at i on
site. By ‘|@engisnéesSTY dongdub@famils of2gsdquandd®inme dedetonl g sad Aybritze to

i sol ation of ge nom'_jy dtjD{Hh)ereHce se%fuences For examgl e) hégri -z;%ti on

met hods i n whitch adamily o BORGnTRWENoF Bt Sherdag sHApFnsey Udhe BEPBRle qf dags
anneal ed t o acanmot KYBAAEE © Hicfhei £ BCSND prmbe S30maniniasi ghahicnRRvarres ed
"+" sequences are then isolated. An alternative exanple is the conparison

of two sequeneeers@riie asPRFIHEEETIBHIBFOTBL Y 181aY carelbbarf oYy & it equhl fohe
first 01 eQQRE@rW{%bZJ%@?e Pn%-rléﬂ‘ﬂeg‘gjefﬁﬁﬁr@?e@ ek ti%ﬂgh ﬂz@%iﬁt%n??&ond- A

sequence (30 bases in"Tength) in +" sanple is considered absent from
the "-" safpl eorit dervatigeefitbnensendnedVApbbdsdisdbistto the "-" sanpl e under
subtractive conditions. That is) under subtractive conditions, the sequence
cannot form a hybrThe dafiniomofsmigirese geriomi¢ fesivation asapplied tojap Ansgmbie ofjtagy

tenperature ( I n& .rb%tt é Bondhaat ﬁniﬁoﬁshﬁ a Qné ge?fﬁitfogad? "Ehla JsCIBRL Y sRpof the
subtractive hy%rll di zaPl on cg%cﬁ%t I ons. Eﬁ/gr I di zati on cang%e expér Imentally
det er m ned or aljple dirget"e fbr rapaticubar ¥R wobs depsedafiosionByf Harhihpiof SINP geabesti ¢
U erence, SaURhSE] o TRE e TP A B e
di f f er enceosedisallelestestbd for by anptteplar BNB pgebeponecallsielit detetmiosl ©xpeathe daastt , t he
"+ and - common within a species and one allele is determined to be the most common. The "av-
erage allelic frequency" of a SNP probe is defined to be the average of the allelic fre-
quencies of the most frequent SNP allele target and the least frequent SNP allele target.
For example, if the alleles that can be detected by a SNP probe occur at frequencies 0.85,
25 .06 and 0.002, the average allelic frequency is 0.426 (i.e., (0.85 + 0.002)2)) The "plrod-
uct of the average allelic frequencies" (P) is defined as the product of the allelic frequen-
cies for all of the SNPs in the SNP ensemble. So, for example, consider a hypothetical
test in which SNP probes are used to test for 36 human disease mutations each of which
occurs with an allele frequency of 0.001 and each of which is associated with a normal
30 allele that occurs with an allelic frequency of 0.999. For each of the 36 SNPs the average
allelic frequency is 0.5 (i.e., (0.001 + 0.999)+2)). The product of the average allelic fre-

quencies (P) is therefore 0.5% = 1.46 X 1071, (Note that for an actual ensemble of SNP



10 DNA sanples are the genomic difference sanples. \Wen conparing two
genomes by conputer analysis, each genome is a genonic di ffer,%r%ce sanple. A
genomi c difference sanple can be derived froma single or ba group
of organiwgwyr2esn conprise anplified or unanplified nucl ei epcamIsho/16466h as
pol ymerase chain reaction (PCR)-anplified DNA, can be conposed of
fractionated nucleic acids, such as a si%e 15 fraction or. an anplified
fraction; caprols the dihhugfabe ﬂwhbéteQuﬁeiedar&E@u&@eeuelmfcbhuaﬁlea»\@lotmsdifr@fn
representation of a sequence fro onpl et el nost conpl etely
sequenced geWB%m PIRRS- gt.%H HER ‘S] glﬂe(f‘ qUEBRA QSP Sﬁfypr@?%dﬁ‘?t&g%}‘l}/tor el at ed
nucl ei ¢ aci dj ook aetdirof tik Q&[E@@ﬂa@oéﬂufﬁ&ﬁ%@ﬁﬁay%@'ﬂ?'tﬁ‘cSNPﬁfblbh’) meani ngful i f
many, but not all, of the sequences in the "+" Sanple are also present |n
the "-" sanple. @nc@}’maﬁ}actﬁgrﬂt ediesk dfRelT% deter@fifid GBetlnigRROMLhet Bﬁfiﬁfdl

"enri ched genom c difference sanple,"” or "genom c representation” is rreant
a genone, 5 gebrsiFPEPFFiEE a7 &%, of SNPgAknsifer %Pﬂlm‘é‘tl%ﬁé@@aﬁﬁﬂf@ettmmmmtgﬁdergone
an enri chneng,pr e&m@lsﬁf&faaknaﬁwﬁt@gé tfeht &%ﬁgﬂh&ﬂ t 5@&&&9& Of S BroBEd 9' nal
genome or genonic difference sa or the purposes of -genom c profiling,
enri ched geniorthe fallpwing way- |%dnmammxpmqmlbdm@ﬂoo DY an lgrsemblef @frtagsais 25- bust
hybri di zati o di agn c C NPs by
hybri di zat | oﬁ’)‘éaaﬁgg% k(g? gﬁ&rcll'% eléjﬁlg n%{rlrllgtgoétﬁ%gfetr%dﬁlefépn%%utgg%& In"% F

anpl i ficati othe aregican cm’niplcltmmmmymtgamgemelaavwomf dmeaienfhimﬂtmbhgrsarrpl es

Campl o o DE bR TR By PR B PBIPT ST oyotadt 190 I BIOIIE humber

of pol ynor phé.o. heguesnces ekylhingd Bedvap®s mhithuhe pedhfc | tléhv&ﬁdﬁﬂ stheé cggruzde Nones
generated by Al u-PCR ( gee exanpl e 4). The genom c enrichnment can be based
on size fractSHRAELHIT BIPELPERE al arrpl ification (e.g., Al u-PCR or

differenti al arrpllf ti of SNP , or a her fractionation
method | O 17 NAH ofts tta BB ina Erem b Ea 0 T P BroTE L FHon, B of
genomi C repr ggpitoat dfARS xﬁﬁmnﬁrhegchoruicl dekibvMicASfofl 8ts8CHf @S &ﬁgﬂ@mssa set of
Represent ati on_of genoi neCat egor represent ati onExanple of ty

det ect i ohd seBB REPAHPFITSIdEH2 83 8%5 tage thabis coperagiya s ssi pf wl@gs@drwna(nsﬁl‘?e) of
re-Restricti @Jabésreaa{mmbﬁaa&&s miamg bsm%tfwh%' a0 g 9%&%@ uency of 0.5.
genomi cstriction fragnmentsphi sm (RFLP), e., a sequence f glolssgn
aDNAsi ze fr ahd miniinimogeaori dérivahon oaﬂssamt of nagsds <3TE)(E) e (07 Be5*ON = n

Z”m‘“a{‘ﬁr mS) ﬁ Lﬁg Qfgghfﬁi‘é '}]scﬁéée% oﬁ’J N%‘?e“éﬂ%’lﬁeeé\éﬂ gfé%tlte \gegtﬁypggué g{&@ﬁd & an in-
sequencesol i fivicagli tbat 1ddaptermtygcgts can emh ofehreal SNiPHati (dreeprab'qbihty bRldigg hetom

oner angengent _of re chy onos fro a..honol hr.oposone due
to poly phf gﬁgﬂrrp? %ca[ch%lsﬁh¥ npsrg%} éh[yg T?W &y "gg?#’laﬁ (51'1‘ E%NIE?S?{ ags on
the anplifi eproGi¥Rspdnetypé isSNP* pr oD &S(07'°.Such SINRRIvidal woeldbe 2Rctet kegeuot ype

of onelnd|V|d al Ificatjon of 1D pr.obesan lifie am |y of

TDEnsenbl e of i saueiinEeH e T bt andn s G BBr protest 8 v 6200 1 pti on
of the Drawi pgsxko’y, 1 is a schematic illustration of an ensenble of JD
sequences wWith a mninmum5 genom c derivation of 9. Fig. 2Ais a schematic

illustration of aAmbu&thed’meémaetcﬁxeeorﬁﬂmwndagcttdﬂese@&@e@tm@Iarer&shgmmrﬂ@hu p of a
hypot heti cal, but typical, group of strains including pathogenic

strain 1)2 ana“sﬁ’Bhlep%tPﬁ‘??@éﬁP‘i‘}a‘(‘g’ggbom I prabss and GNP pipies (hqs §e d‘ZtBCtiog °§‘
schematic il bepsid Rdsl DNsiR sequeBdshiad o8 seyiiéhckd) VB infiimurh etbthic Re@@lidn b C
subtraction using two organisns in a group of related strains (e.g

strains 1 anéicBpngpssmilege thersum ¢fithe mintmum sseemisicavation of thedR sises Rll'#iéhcfor
fingerprinti t 7 I 2Cis
a schematic Pﬁlﬁ{s}%ﬁr%ﬁ@ﬁr&o%&mnrﬁfﬁgﬁmgfs gﬁn&?ngéhﬁt%g%n%wgf% i aoﬁefg%é?ﬁ c

di fference sér.qnl@ncewcas,ethgememmdemmpcdcrhvamgng:émhnrrerrsembﬁact memuancmfdhe

nol ecul es,15_fr.om several, organi s For exa +" sanpl e can be
gener at e?o I B RRI Sl gaton ﬁﬁ/iﬁﬁs %Efﬁp%“@d??ﬁéﬁecﬁén | TSO0/ 16465 31
nucl ei ¢ aC|d nol ecul es of several pat hogens) and a "-" sanple can be
generated by pool ing genom c nucleic acid nol ecul es of several

non- pat hogens. The genom ¢ difference sequences obtained by this
subtraction experinent conprise sequences that occur in at |east one of the
pat hogenic ("+") strains but in none of the non-pathogenic ("-") strains.



5 Fig. 3is a schematic illustration of a binary ID probe that can be used
in a nmethod of invention. After hybridization to a chrom)somal I£“ﬂsﬁ@&quence
the left and right 1D probe-halves are ligated to each ot hell

corresponding to primer site-L and prinmer site-R are then used to anplify
t he Iigat@@ogﬁ&ﬁ%t The anplified | D probes product can bé’qTé‘é??P‘ﬂngd by
subsequent hybridi zati on to a det ection aﬁray cont al ning ei 10 ther the ID

probe or the tag ences shovvn in, ure 4 is a schematic
illustration of e%&%&l égseH’lb E’d? Pnct"?/plés'g‘bal‘“ aé?te‘tf oHA%CTSRt copry. 5 s

a schematic ishérdstd Akitpn @hils msnﬁ@sd;u&{ce; @i 9V hicable dfMDWRGeRced hed 4 Ni cal
sanpl e is scanned for numerous pathogens by genom c profiling using.

sanpl e- sel eciiBERUps ggon)iq denhragpe §F moe thap 4 Fegtheamore pryse repgniamily dnpin- i s

deposited ontgd 3RLb&aIWPRAEN Lepathedd) A5 RYdeOMinfehichf®le of TBI
pr obe- hal vestngarlgct%hgn hyb r? |zeé’ml esﬁqcl)lune ;hgﬁp tehf%Iit;'l\cl)A!TBasEI egéC)ersrh(%Scz%Iy

hybri di zed pmybigyinamembiseship| ¢fg‘hﬂ]écﬁﬁql@lnmsed~ ¢hameteribtis off dnt ensembladf dRpset f i ed
for det ect ] g8 Ika! BABnIdrndll deafohSs R SHRIRLLCuld L Haliaon of

genom c subt ron s BT hich genon c diors erehce se uences
from Sal. rmnelbhdxzeMmsxgrca&wuh nlltths smdiiduak Hggaquedcm sﬂnlmmtbilae&f lDfse(fneneemtxer ica

are divided intotwo up X and, & eci proc sub
fractions ar é‘%&?creissélﬂ yoEu slc%)ﬁ&)yoi)sf)g% gorﬁeﬁ?g}ﬁ]eé gf‘“ﬁf’ 5K c@g 615 ¥ P%ach of
t he groups. Eil@ely%nd:e‘ptlﬁh&ﬁheﬁailhﬁtd thk wiebigA lof @D ;ﬁ&bepadsxtusefmtcbemab:ydgogenet| c
tree of the Es cheric up, .Pathogens are cgolored bl ack and

non- pat hd&en?r%eené?i’l“g? Zﬁe\%ﬁ#"f"g IQ‘E dgramegan %“S%E“'%lﬁlﬁ’ghatsf%‘c’i‘qe?&?f ?ft‘i‘on of
a strategy fQﬁmpmxagéﬂoﬂgcg@n@mrpof@afnﬁwaem&s&ﬁﬁmmaﬁ ifor E. coli 0157: H7)
i n which genom c subtraction is carried out between E. coli 0157:H7 ("+"

genonic differ encgy&arvpdxseanb@rw D MigHkROGER! Gor Sédsahhls of I "rogﬁﬂﬂsrﬂx@anta
di f ference sa 1 MAR ~~ WO 00/ 77260 PCT/ US00/ 16465 32 Fi 7C is a

schematic il |cg§%°|natl |06ﬁllwuge%ftqeapégspb%Faqilb@fawmflhgon&éﬁ@m%lgmwe?

sequences for, §§chﬁ‘zlt leBrrdsh SR 28 by ofBp%bﬁ@f%ﬁ?@qﬁeréé’l?ﬁt&n%ﬁﬂngﬁlaj éls&ﬁ\glé' ed
out between |I§el l'a flexneri ("+" genomc difference sanple) and

non- pat hdgeniof I3tseauenees( Such egeerplien are dedigned dp deted abhphybyidization, nucleic acid

sequences present in a sample that correspond to two or more distinct genomes (see be-
low). Preferably, in an ensemble of probes, the sequences and/or concentrations of the

probes in an aqueous solution are known.

By an or "ensemble of SNP probes" or "ensemble of single-nucleotide polymor-
20  phism probes" or "ensemble of polymorphism probes” is meant a set of SNP probes that

comprises more than one family of SNP probes,

By an "ensemble of tag sequences” or "ensemble of tags" is meant a set of tag se-
quences that is congruent to an ensemble of probes. That is, each tag sequence in an en-
~semble of tag sequences is complementary to a tag sequence (or to the reverse comple-
25  ment of a tag sequence) in an ensemble of probes. Ensembles of tag sequences are useful
in genomic profiling for converting single-nucleotide polymorphism genotypes (which
are difficult to detect by hybridization) into robust hybridization genotypes (see example
5 below).

By an “ensemble” of some physical or chemical property is meant a set of values
30 pertaining to said physical or chemical property that is congruent to an ensemble of nu-

cleic acid sequences. For example, there is an ensemble of molecular weights matching



5 Fig. 8Ais a schematic illustration of an LD probe (conprising a gapped
circle probe and a gap probe) for use in rolling circle arrpluiyhﬁ?t' n. Fig.
8B is a sche ic illustration of a pair of primers (a biotinylated rolling
cir cle p ?’H@?’ggﬁﬁd a biotinylated branching priner) for usdGHUSH1Pf65g
circle anplification of the ligated roll2mg circle tenplate. 10 Fig. 8Cis
a schematic i | f i i | i fication
carriod out o NTRetER Bl ARG GnleRils SIFHAEL SRR 1ogPha”
rolling circlml¢caigy|vetights ¢euljl beduset 3is a dsebinmadnisemblé,| arsieteatidrofrrayf tadgdgt r  of

bi oti nyl at ed _DNA capt ur.e probes, a ir of | {ficati.on_probes, and a gap
probe, each &‘“meéﬁe“ﬁ%ﬁdﬁ‘%‘g@?"& ‘%aaég-mgl@‘cfglgﬁﬁ subset of ﬁfdPﬁana f’n¥§‘bgr g. 9B
i s a schemat iTheishibs¢sbf Ml proves@buldplanily£a by dihsOfpeardniduyant itheolsk:gad gfd- pr obe
us ing a pair, of biqtinylated |tori mers. Fi Cis a schenmatic illustration

ig., 9 schem

of hybri dPzat$YHRr BRERNR 5OBPeth 1o snenserabls &if FBOIEHRr AHFIBIS GomUbs amlscalar £ or
mass spect r oRpdighys sfah@6rddiiensEinBle olﬂj'bﬁ,b@s schematic illustration of SNP
probe hybridi zati on-selection, in which 20 ligation and anplification

depend on natch aBySWRediohnseb" of dn tefisetbRCorefdREN G dehteds & hdhe Qo he
common features of three general classes of genom c profiling nethods of

t he i nvent i orectipe P sqabencen §4eTad: tp 3h “detasion teapanedsi’| allpf whictacomssnend t6 ol
identifyin i i r siani.f i
ying a%ﬁ!dﬂ%fflﬁ@ﬁ%ﬁﬁ? Iofq Mné%lglﬁ S e:ﬁ&g,%r@lgest ﬂ%%%lﬁo%@%s, O ch i s

advant ages over ‘the prior art. nedi cal di agnostics,
amenabl e 100 itzgsl(ege At avsemhleioh IR [pravies ar of INRyproks). Thatas,tal degstiomédsemble is

t herapeutic i ] Lcal- advantages. A conpl ex biol ogical sanple can
be si mul tane%ﬁ ye,[}f‘?‘gg%‘ g+s§‘g"f§%’é quélﬁgﬁcf’ip\?% K% osh(,gglrllurrﬂrzgeanécé’r % Wég&”g}égﬁﬁ@' of a
| ar ge nunber bids apedehipgehtosipecti (isually dqLren a&sssafy by hysridiratibh) 4 digen@emanat es

hi gh-resol uti.o netic fingerprint hat, al low it ~ R 200 WO
00177260 PCT/SBEHTE AuReL] 8“%8“35}35‘2&{3@6“8%:!#isﬁ‘éjﬁii‘?ﬁ PE’I%’E‘?&%@HSWF%P%°M | ar
strains. Thi Sthes gedtpat tepreksentdlion icSthinf idflghAgcHBuEEINcquepddsh A8 fmoMithea

cl osely rgl at ed on-g}at hoggg, cgeet ween simlar pathogens involved in

separ at e ldut BY%aRE QRPN KL AseetecH AR CHEMRledhe-aHetertion SpBiences: By ibeipgs- and
resistant stnhdd @fa iidiERABRRARSY & facilibe: @PhdAchiondr iddRolRVRldsQR gl 0 scan
for many di aghgostl c 5 sequences is inportant' for applications that screen

patients for IRupieles B2t darreliibadized fo BY seqngnges within Hisl nugleia anid motecylenef & c
identificati Qfmple). Alternatively, the elements of the detection ensemble may be contacted with di-
agnostic probes in liquid. Also és is noted below, ID probes that have hybridized to ID
20  sequences within the nucleic acid molecules of a sample may be amplified before contact

with a detection ensemble.

A detection ensemble can also be a set of values of a physical or chemical prop-
erty that has a one to one correspondence with (i.e., that is congruent to) an ensemble of
sequences, probes, oligonucleotides, or tags. For example, a list or array of molecular

25  weights of the members of an ensemble of ID probes is one type of detection ensemble.
Such a detection ensemble is useful for mass spectroscopic identification of a particular
subset of the ensemble of ID probes. The molecular weights of a family of ID probes se-
lected by a clinical sample can be determined using mass spectrometry, The molecular
weights of the ID probe family are then compared to a detection ensemble of molecular

30  weights (i.e., the molecular weights of the original unselected ensemble of ID probes). In
this way, the selected ID probes are identified leading to, in turn, identification of the

genomes in the clinical sample. Alternatively, as described in Example 3 below, a family



Genom c profiling enables a new type of presentation-specific assay that
tests a patient's sanple for a conprehensive set of di sease causing

pat hogens. For exanple, ge nomc profiling makes it feasibl eUHOMQ{]E@E to an
i ndi vidual suffering fromrespiratory 10 synptons a single test t

rapi dly soeme0/f1a60t he presence of all comon respiratory pdaTdgRME$465

i ncl udi ng such diverse pathogens as bactegria, viruses, and fungi.. Current
met hods for typing organisms usually involve culturing the organisms, which
oqui res i mEfsbes ke by dsieiedrhy hybridjasda w eeiscrion crepBlestd cigpnuglestdes.

condi tions, afl s Bkl ARSI iEiebiinB1BORPlebitles A hbDE. [RhudmTY, Qigant ST,
i ncludi ng sone bacteria and 15 nost virtses and. eu aryotic parasites. The
new nmet hod al himivg the snolacslat weights ob thaialigohucisotidss iasd ¢orapdnimg to heathdridetedays and

soneti nes weeks requi.red by current methods) ince it.dges not require

cul turing. o Y&en %@lﬁtagﬁﬂé}' S#Jmalg?\ugarﬁ‘%e’ Soc?fi% ?ia“%{fseﬁ tﬂ%\?etfﬁlé’nﬁﬁieﬁg’

requi res s niémllighteresds.ng of clinical sanples, it generates fingerprints
of previously uncharacterized or 20 ganisns) positive and negative internal
control s are sinplBy & rploeiimedstn)l dpedetied eedy aphoant @ iensdnsblel b eictes FArsg) and
the method is anen e.to gutaomated formats. CGenom c profiling combi.nes

i ghl v par al T@FRy R P I8 ROt B ierto s et g eEEPaTC. aci o
anpl i fi cati ongéres b9 Adoloagecirephateio Wiettda b iah lesehdallp t0b-dindisidasl (.angenas
organismtypes _in a single assay. A single test can scan a biol ogical

sanpl e for th@hQS“RﬂOgs%‘%b%s agyleg fﬂ?éﬁﬂP°g113§§’§'°81‘t°‘tﬂﬁ§s§8%ence pol ynoi phi sns,
called 1D sequences. |b se quences are nucleic acid sequences that are
specific & the gdhoRerOmi¢ Pfilingmassays ISARGaRt G5rain msthors off the IngFHiop: A singl e
test can also sinmultaneously scan for nunerous single nucleotide

pol ynor phi sms  ( SN © SeBE REilipg SBePringe AL IHNECTPERY A et teotidRst Of 9#38t i | i ng
can, in addityQg, séqﬁérxceé%,rm taeesr SNp b %@s@gﬁée@aqn 2R%odidil Sargi0'gl €
test. 30 p 1 MAR =-QQ- 00/ 77260 PCT/ USO0/ 16465 34 Two categories of ID
sequences ar eisigferred based upanethe firgnastc probrerihal mee argplifiep #pé detested Beggedsces and
genom c diffefenc m?l?g%ggg es. m sequences that are present in all menbers
of a related groug 0 rgani sns are cal |l ed group-specific sequences.
Groupspecific seq a | o fo .G QiNG e | : certain
group is g esent ﬁn%nbﬁ?%gﬁ%ﬁlOrsgﬂ%%ﬁﬁlﬁo@rrm&g?rﬁeﬁt lltﬂﬁgplgcgggeﬁgxg of an
H V gr oup- spebdr§ pfca menppbylete gradf, dht s aroup qf oegsenmel ypesgharidesgend fiompad HI v
group. G oup-s ifi {. SO . iL,sons of
genom ¢ dat abglglgléé %rc Sﬁgﬁﬁ?%gtgﬁ g?g% ﬁé‘?ﬁo@e ¢§$C§?g§¥%§f%%éh§%§@'ﬁ%£ sﬂzaguences
such as coi ncfolérparmbkani this invditise guanis as:dtil agerarab sqpeetendoes notdmply aapne

nmenbers of a grqu f .rel.at organlO jsns are, call enom ¢ di fference
sequences. Se&§80$ Cgaéﬂ@??f%“ i P e HEEP eﬁ’ﬁ%ﬁrc?eds@%g?deﬁqhgs“%'Spwesdllevel ind
20  also at the level of genera, class, phylum, ezc.

By "independent taxonomic groups" or "independent taxa" are meant taxa with
non-overlapping membership. Thus, the bacterial genera Escherichia and Salmonella are
independent taxa. However, the genus Escherichia and the taxonomic group consisting
of Escherichia coli O157:H7 pathogens are not independent taxa, as all members of the

25  pathogenic strain are also members of the genus.

By "taxonomic level" is meant the position of a taxon in the phylogenetic hierar-
chy. The terms isolate, ecotype, sub-species, species, genus, family, class, order, phylum,

kingdom, and super-kingdom are examples of taxonomic levels.

By "kingdom" of living things is meant one of the following: viruses, bacteria,

30  archaebacteria, fungi, protozoa, plants, and animals.



particularly useful for obtaining high resolution fingerprints of

organi sns. Thus, this type of 1D sequence facilitates distinguishing one
menber of a group from anot her nenber of a group. Fi ngerpriﬂ]giw ganisms
[i's inport & 0FER60epi dem ol ogy, forensics, and for rapidly deteusionishs

whet her a bacteriumis likely to be res'bgtant to certain antibi 15 otics.
Genomi c difference sequences can be prepared, for exanple, by carrying out
a subtractive hybrBydidstinét@engnelciedueaet agehbme hethgepati@tar abiclkacidissdue et

or gani sns or . | .ed n s of two distinct sets of organisns (see
bel ow) . Genothgt %{}%? ?‘??‘n‘é"%‘,’%ﬁﬁg AL SHIRTE BFA gﬁsﬁﬁfg?ﬁmlé iqeBfical pygan-
sequences, whisck RiffereDNSrghiii@poisessgaBRInDr £HBMEE chrSbé BRtelRb oY @1dRLly -
parti cul ar tyﬁedo ) orﬁ%nlsm_ Two 20 types of m sequences are usef u( for
det ermi ni ng t BE9prgRal xelarvss. such oy e spichrallyhomosenous iorazeisme yithincachctarid
comon t o $sseiMnypdrk Yai@blpdddegPihb Sahe diftirdt RAbkkcul ar taxonom c group (i.e.,
within a biological group whose nenbers are closely related by ancestry).

In contrast, genorByC'sghpibersansutt & QAURRGEST HakHha R Wals n%lgi%rl%ﬁ% 'Ef?e-a
particul ar taxonom c group. The useful diagnostic attribute of a f mly of

genoni ¢ di f f ePassicaRddestedforyihe presence of partieulumiugleis asidseauencest Atsamplesabbe,s of
the fam |y ar g px&sft saftple I rel trains in a
group. The di agr;r)osti c Somgrngffg%gﬁgﬁ?’c&{))ordgfo? | rt%ml (gr,oqgieﬁqﬁ%rstafnpgﬁéha?ﬁrei ts
ability to tewatifehtcolegteshpyl horpitaly Allematifelyl 3 3amplgwen bes sintcomhy of micro-

characterigti : ge. iver t _of .organismal. types. |t is

t her ef ore %se?ﬁ%ﬁstngs %%‘ggﬁﬁetﬁﬁgsﬁéggﬁ@rg can A% a{e}ambaélffi“ﬁ?{{?? %‘HEPL‘OF fogd such
sets of di agnsstplecan ddviemuenad esmple, @ plireMARe2Q01@. WO 00/ 77260 35

PCT/ US00/ 16465 A "fam |y" of m sequences is a set of group-specific and/or
genomi ¢ di f f er enc BysaqaeptiGsatiohatethlotegef of "dngilificstet métiodrds RARES gcif a
particul ar gr f.organisns. The definjng feature of fhe set of m
sequences in ’g{ at(rélr Hrard of ﬁ’é?ongitiﬁlé’f'mfr?‘f’émﬁg%'é‘?pé’ number of b npcisis acig goje-si ngl e
"di'stinct genaue'Exgseles kdbimplificaish deftoni iiARR, i@he\Blin ERHRXAAR! B)a-2 5
famly of 1D sectﬁen%es 1.ght consist of 100 2_D sequences_t hat i ncl ude 80
genom ¢ diY £ EPetRAEY Jidh drasrgpn-medinish @mplifisasios: ytendrdispircemeat amplifo| |
0157: H7 gr oupcafbn, Ralk RE@ARS g bdllentd AblidkiSn, 4G rarRdad Rl fe b raiif)
DEC3B), 18 group-specifi cgegdd‘teexrllceié%tlhét ’g(?% regssfgnl{t?éqmged:l%rﬁgkga@% ?&8157: H7
strains, and Pegrdepmelficeion. endsyerences that are present in all strains of
the species E. coli. Note that) although the sequences are useful to

uni quel y 10 i dent iByy'apakificsgemnsraducts hase Beartdhé n@lesq adif mpteoulps reabltinpfrothhese
sequences can, By idiz81iE&:8 logt i nct genone: that of E coli 0157:H7
strai n DEC3B. pgwur%iaqSes%leatnu?gleg#%genom c profiling is that it can be used
to scan aganpl e Mo DERRGES ERE & 9 - di at. 111 es at. once. A set
of 1D sequences tfk?gt ai gﬁ%o 1 yosed (Bfimrg?ig%{ﬂas% ‘%’hg@fl%l{[ﬁg &air%gloélaqflaélagl?ﬁ
"ensenbl e" ofacif Belegwmbesmedittes puisisequired fatireptlicatidn WySangamlifisativh mutgsaiol-s s

tested for b js.reflected by the nunber. of families in th
enaenbl e, TheRuabarare okt Subicaf Besar e BAERT5 R onlPA Himetictrat el y

defined by a dummtsomy tcahickdlipdracleniidd prinerg Bina Wufing egeciid tprigting AfthePCR
ensenble. The "m ni_I?;um enomi c deri ag_iNon" is the m ni mum nu.rﬁ)er of
"distinct gerGHES™ 15 PRFTUF SaAPenses ton 8NSeRRIvRHass o AT QBeplicess o8 phasabl e
‘can_hybri28 zeT7 fudyméxahiare GQAARICErt %{Jlliﬁdagorpf%@thggs Lbhtiedl aﬁ&ﬁéfrgdc%fw th a
m ni nrum genom ¢ derjvation of 5 to sinultaneously test a spu tumsanple for
the presence PPURERYGB &S er i um t ubercul osi's, Legionella spp, Cocci doi des

immtus, infl uenz% virus) and respiratory syncytial virus. Thus, the
ability of genoni &YpBeamic sebtiagtipyelsimaapt & nisthodthatpleadsrta thoisolatierael gavs in a

single test immic GPRRAHERGEES, Hok %xﬂﬁgé,;@xﬁg@ﬁ%etﬁ‘oq@%Wh?thaoh"tﬂi@fx

presence of 1D sequences in an ensemb as a large "mnimim
genoni ¢ der i \8&RemeiA diffespnep samply )(sderbeloon-is afirecled s "di seasi difigkiceatmplas,

such as MymangeRRbhiGoR Ghiifilkd "+ sequences are then isolated. An alternative example is the

comparison of two sequence sets using a computer to yield sequences present in the first



ing and forensics, genomc profiling can be used to scan a sanple for an
ensenbl e of single-nucl eotide pol ynorphi sns. An ensenble of SNPs is defined
as a set of multiple fanmlies of SNPs anal ogously to the def 0rfi MARpoggf an
ensenbl e of m sequences. A famly 30 of SNPs, like a famly _of m seq‘uences)
reflects tW@§&H8Pype of a single individual. Note that, whEFEASOY1§h |y
of I D sequences is defined by the ability2eof the nember m 0 1 MAR 2pp-~
WD 001 77260 PCT/ USO0/ 16465 36 se uen((‘ s, to hybridi.ze to, the genone of a
singl e indivi 8330 1Y PGP Jf 5°§ ci@‘&fé?silﬁ et 1B 8 &s provles cansidsradne
genotype of aasskRndtdn aleganiagifle if\hedeyRAdAE R hyGIRRRTH hePL 0l d@SuBPP! | ed
to genotyping is that SNPs can be detected using a robust hybridization

assay. |n somEaqtiyp geaditenseTiBne. WRASHEUpERGiYyC appsiitiens, e paqaense campt fgemahypes
are detected phaty,fli SGLidH-Oa} GiePOt WREHL Qi g%w&ﬁoe@hga%mm@*gb%w e f Orm

perfect dupl exes and tHose that form dupl exes wth sl ng base-pair

m smatch. kn gRRtP@Idss thaneh RnPaiatur® bOtht ki@ caeSRbriaRmtidiashdifichs. Hidi-
presence or absence of oligonucl eotide tag sequences, a nuch easier task.
To achi eve t hP¥iomsaRby GpgEmenylby degirminer GhPadisid bassd GR KBRNN %84S0l ogi cal
tag sequence can be incaorporated into each SNP 10 probe. Thus, an ensenble
of such SNP probesBY & "BYh8} dnmic GigwneseBirlss eisgreanhr stk medec apid serach
fam |y of SNPgudnSesCdsp&alng!td gehchBEDNA &fRN@,Qhﬁea?éJ@@@ﬁ)sdiscb%rg%ng@ﬂi@m c
profiling assay detection step) a detection ensenble) conposed of an
ensenbl e of t &gense qeaseces. Faragnampleyinerigenomiresubractipnfexp¢rimens ftheaiip| anfli"ed  SNP
probes (c ISy r E@ml' e -Ea(; ds to
t he genot §g2 ??’ mag%rg%gﬁl&g t%génf sa#rfr%reg&i %@'ﬁ’é%é%?%ﬁ?ﬁai nglo?%flélrgiés\?%ual
(see Fig. 3). cémpnrafanlysid genegsmmedsafgegumiadifimense sarhpde.gfe genwmic giffefentd ng
method consi stg, of (LG, Gol)AWN0, Shens RSP oLy SRS VLN an snsenble. of
1D sequences, FISPhgTgenom ¢ 2 difeter hice” Sedhces Afa g oup-SPetiti c
sequences; thamplfidd dre ynaopbfied onucldic aadd,venck esd . pRBnekhbes chii®p réapti@d ves

choosing the ni sns. t ~detected and oosi ng, fam.lies of  diagnostic
D sequances. LR buR: 5 S torineRnte R Mancten 08T ity Ssncisaenes

corr Fs pondsng ﬁTaaiotnhg_ aexns:ﬁprmelel @dcgm;S@thgmeidubm becldgheiatse@em, sudhi 8l 0gi cal
sanple. Control probes are al so designed_and prepared. 25 Step 3. Designing
and prepari ng “HMRHtPIESTIAI08 S10E ée%’gFﬁee@%‘Br?dF?@P‘ﬁ‘ig’t Pfeglgl‘?éte‘f%‘f ety S¢D

probes. Cont r glen3&f PEIRERS afPEAmESRSROLMINAO DNIE QR lofler BIoSHNE el Enidlehd
desi gned and prepared. A two-dinensional detection array is prepared in one.

preferred enbedil matrculeshegenamichiigrandersgmpleds pnlyiepgninaiul anqay.cbut wpii adl of ep
i nvol ves |ysi zhéf:%gg&@% §a5..4 %ﬂ'ﬁ’é@%ﬁ?l leConbfh thO b sAgl i ¢ acid nol ecul es

of the organi econe avai bridization. For exanple) a sanple,
such as aogt ool orpgyespLifhed ?cr%ﬂﬁpl Rnridted gefbrtic YARicn Wonl8ed fafhic aif. -
PCT/ US00/ 16465 37 treated so that nucleic acid nolecules from organi sns in
the sanpl e ar érensamample.":0rs6¢oMie IRPERSPIIIAtiont epmsant Segeaeme. ragneniic Sragkams of r om
pr epared. Sampre oA KYREL f i na. ERARTRBO A den ARl PR GERAEs | )
washi ng. St ep s@ectethfpdctiby ofi thetoniginileqprmbes geneatic diffecntaosamipee. ertbnpwposes
sequences in toPgen%%rircpllnr%ﬁling, enriched genomes have two important attributes: (1) they offer ro-
25  bust hybridization-based diagnostics (compared to methods that detect SNPs by hyb‘ridi-
zation) , and (2) enriched genomic fractions generated By amplification are an efficient
way to generate material from small samples (such as forensic samples). For example,
the source of a forensic hair sample can be identified by genomic profiling by testing for
a large number of polymorphic sequences lying between Alu repeats in enriched ge-
30 nomes generated by Alu-PCR (see example 4). The genomic enrichment can be based on
size fractionation, differential amplification (e.g., Alu-PCR or differential amplification

of SNP probes), or any other fractionation method.



| Step 7: ldentifying the sanple-selected ||~ probes by hybridization of
the anplified |I probe sequences to a detection ensenble. Step 8:

Quantifying the target organisnms in the biological sanpl eUt:lyM'Am tu of the
| 10 sanpl e-sel ected 1D probes to the biological sanple. (Note t for
sinplicity) the steps of the preferred general configurati gaT,@g@,lgl‘ggcrl bed
with reference £6 genom c profiling using m sequences. For th

nmodi fi cations of this procedure that are us®d for genonic profl |l i ng using
SNPs, ‘see 'B»b&rm}sﬁmﬁa)esbfﬁacxhxcmiprtshestmsmﬁpmemwxlxd@sdctecb@dsqqnenfcurther detail,

as fO| | owsg—34+5—S5k €9 1= Q'JCDI f yg—anm errserbte—tof—b Seguences, Conpt St ng
genoni ¢ di{fRepreegeiosef genquenc@%eband)fgqpmml%lpm|Fr‘iﬁwplseitf&11eﬂrﬂfé§mlohaftquwc¢I be
probed formagrvermr test TS Step TNvot Ves choosi ng the organi sns tjo be

det ected 3 Pélﬁ?fb§4crf§‘3tf°&rﬁf | @ysig Pm’%{gr{%@é plorey) | BresEgGR nERegeny lep  polymqr- st ep

in genom q RtRfidd dift@ted f¥iOthi¢ e SriaRh @Rdniead Of t he puqmeEHﬂ’b, z@rzgsaqueSdE&hakﬁma 20
be detectdd. For exanple, for nedical uses) one to

at
test for flé0Y* spoilage, one|selects bacteria t|i f:%m“onén P50 Sga‘f]pb Q)S%St/m f or
forensi c gurposes, one sel eJts a | variety of |tearame sizzdiactiod iredngtherawain sof on.
The or ganijsas—ehoeser—ftor—aparttcutar—test—can—be—wdety—dirfferent—n—their
geneti c nyieuptificatioe bl sequavestyen smpifiedidiffersptish e atgaerals (fepuceces g ygeyy)als
bacteri a, %%@ﬁb@&r&cﬁs@%@hccg 4 Bgﬁcancﬂr @etpé}laﬁgyonpzlra!gtzlﬁlts an a@el'"aﬂﬁlfﬁﬁ;le from one

alternatively, the I chogen orgtsogl SNs na chﬁ)}n& ”’I‘R’Ht ot gor}] g%f)rﬁ%ogo d

such as a [species. A signifi|CRAT™ re8‘?‘“‘“‘genom
identification of pathogens i n a human bodi | y Wdhtmdsmesiamtpb@ym@mcﬂm)as
bl ood, uripe—ecerebrosptrrat—ftutd—or—sputum -mr—feces—(Fhenethod—| s
al so i npor téanlifiesiompyithi exeen-q af‘llﬁﬁélFfG@I§af@b’|'PélSNﬁ stsaﬁ@n @aﬁ*pﬂ’lé"‘sd;N@ependi ng pn

the source b@JOfSNpp;Obésue sar ,Ieeswpgtﬁahgp,@gémy@rrs of the patient, a decipion
is made asf to the i nportant WO PO/ 77260 PCT/ USO0/ 16465 3B

types of drganisns to be |der¥F‘l°fyP"e?f°“‘F‘6$‘”%‘59'amp e, one can choose to detkct

[ , T d t t f
bneunon a.| et of Teebo1 B pmirdaty Fom e P ERE genom ¢

profiling jassaypridicetodetrgpiam n@cb)lcsan ensenbl e of | m sequences are chosen fpr
t he assay.-Fhe—ensenbte—iTs =5

pup,
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Brief Description of the Drawings

Fig. 1 is a schematic illustration of an ensemble of ID sequences with a minimum

5  genomic derivation of 9.

Fig. 2A is a schematic illustration of a phylogenetic tree showing the ancestral re-
lationship of a hypothetical, but typical, group of strains including pathogenic (e.g.,

strain 1) and non-pathogenic (e.g., strain 8) variants.

Fig. 2B is a schematic illustration of a method of the invention, in which ge-
10  nomic subtraction using two organisms in a group of related strains (e.g., strains 1 and 8)
yield genomic difference sequences that can be used for fingerprinting any strain within

the group (e.g., strains 2-7).

Fig. 2C is a schematic illustration of a method of the invention, in which ge-
nomic difference sequences are generated by pooling genomic. nucleic acid molecules

15 from several organisms. For example, a "+" sample can be generated by pooling genomic



5 senbled fromfamlies of 1D sequences, each of which is diagnostic of one
type of organ ismto be detected in the assay. The ensenble of 'B7
sequences need not necessarily be physically isolated. RatHet MAR, 208 an
ensenbl e may be nerely conceptualized to facilitate the design of 1D probes
for use | WQMER$ULCti ng a probe ensenbl e (see below). As d&VHEdHBove,
the ensenbl e of m sequences conprises two 3dseful types of 10 sequences:
genom ¢ difference sequences_and group-specific sequences. For any particu
lar type of MAPigERCSHRARUERP! PHE2CRGIeE e dido - WHEWPH N B epEatertily Pool-
group- speci f iyg, S&AHANAETeic AENRBICuIS] bff RUERCRHNSRAYERSEBhe RhokR BrdRR&NAS on
t he diagnostic I'ssues associated with the particular type of organism

G oup- speci f isequsaess eftaingd &y higrpuhiragtianfes pergmeng AIBRTISE APUPNARR &t PEcUr én at

i nportant to Wetlefpa@BYen R ersis tRe RinBhOGH i orHaBidReriS PHERARL 11 2
sanmpl e. For é%(agtrr%{ég) ‘5#’&&%%32??% sseq{Jer?ces a{reoﬁ%{apng llég R? iﬁgst

I mportant st o .k”OWFirg. FWYa Eﬁéﬁ?ﬁ{é%s&ﬂ& %E?Fb‘?na?‘?'nﬁﬁi- R t"ﬁate&rneg% G&qlin Present
in a gastrointestirmal sanple. oup-speci fic se quences are also I kely to
be chosen whenethalsof ingertion. Afteyibybrdization o ashidapatmali® €quenceisthe left aght r ast
to group-specifig sequences enom c. differen S nces are.par . 2(
ticularly usé'f%fi}t > faoﬁlﬂ’eg‘fﬂf% Sedrr%ﬁgz}q% |°oeﬁ9b8%'§rlégﬁ%%5(§§§?s§°? é?gd%e%—”g?rrsétf%s
within a grouadipsimeesigR aedhenTiedstol @nplifethe tigaed froduce Xephglifisd B pabes

i mportant pathogen .Q.,.E...coli 0157: H7) . is closely.related tp,strains
(oo - *Conmoriaticrendistimfi s Ssbeedpenl v irhizsSor St By e finfgen.
Cenomi ¢ diof f eh@MEETsHRgbEG ARIaPdequak&Inatahatabindigadern a fingerprint of an

i nfectious agent is desired. Fingerprinting, or high-resolution strain
identifica 25 |i OfFjg. a8 alehethafOWRsIratlon &P ledenplel sTQiffa@tnttt@et of @ttettioacdi ng and
containing infectious dis ease outbreaks, including hospital-based
infections. TR¥rapeutically, fingerprinting) es pecially in a rapid,

cul ture-independen; test, offers the potentjally |ife-saving opportunity to
det er mi ne whi ch aﬁfs-éilafﬁ%erfl%flcaiﬁmtrﬁil%ff%f@_rﬂi}é# 93 By enfiayn W lmémmp_
current practghggle i SanfiRCHr o pa@bgan by BRdomidfoflBiLestRtkahipledsedRAGHT C
profiling assa\éll,D a famly of 30 18 sequences conprising group-specific

sequencesiSand/féP pgahes in Signethed DA eIrer gsaRele ds degosited ertp agolidsupgossaeitiar d

met hods, such,as,JiPEReIBSG dr Basbe RENOVAR RN HbddIEd% 3Pb&Rd samPleIDNAR ?QQ~
WD 00/ 77260 PCT/ US00/ 16465 -

and correctly hybridized probes are then ligated, eluted from the filter, and amplified for

detection on a detection array.

Fig. 6 is a schematic illustration of a genomic subtraction strategy for obtaining
20  genomic difference sequences from Salmonella enterica. In this strategy, the subspecies
of S. enterica are divided into two subgroups, Group X and Group Y. Reciprocal sub-

tractions are carried out to obtain a genomic difference sample for each of the groups.

Fig. 7A is a schematic illustration of part of the phylogenetic tree of the Es-

cherichia coli group. Pathogens are colored black and non-pathogens are colored white.

25 Fig. 7B is a schematic illustration of a strategy for obtaining genomic difference
sequences for E. coli 0157:H7, in which genomic subtraction is carried out between E.

coli O157:H7 ("+" genomic difference sample) and non-pathogenic strains ("-" genomic

difference sample).



39 If the sequence of a newWwy isolated |ID sequence is not already known,
the sequence is determ ned by standard net hods. Various fandel i,ﬁ’ gh | D
sequences, corresponding to different, and possibly unrel at 31) AR/ b of

or gani sngyo 8g7erzédhen organi zed into an ensenbl e. An ensenbl ecafugpoées
corresponding to the selected ID sequences is then de5 signed and

synt hesi zed, using comercially avail abl e3dl i gonucl eoti de synt hesi s nmet hods

method for - gener HEG Rarerrin RS RsERL: atkesel B SPEa Bt Tl g ver
| D sequence gin6&Nst Shigllla ABRYril WOwhidh gBRMEE aLb@dction i6draed iodesdwasn wel |
as - attached noieties for use in%%f%f:ecti on. At least part of the probe, the

msite) is dUeHAdERE GYbEFIMIE diFrense samplehed nen-paRqgeRic sgaing (rolBecul es
fromtest orggnt afirentsS@ple).Ng genom c di fference sequences using genomic
subtraction. Genomc differ ence sequences are used to -distinguish one
strain froma cl qgglan {56l ahedad! fRkthtion JFARIDYprofe Q:%Hx?ﬁliﬁg di fbpdeift
sequences has the property that different subsets of the sequences in the
fam |y are prrekeand 2igap BioPe)deiatie istollingrircle@ampbfitatiopr of i | i ng can ascertain
the subset 15 of a famly of genomc difference sequences that occurs in a
clinical sanple. Fig 8BHF 8 sqiginatiqillsiration of ipamiriof ppmessda biqtinylated spkhing cirs
precisely i i f ] 7 t . i Of Lol r the
D or - aseaysy Bt L Rl P e R L A L SRR Ao
gerprinting the pgated oliingrirgle emplasé. or gani sns, can be surveyed

si mul taneously. Genom c difference sequences that are useful for clinical
di agnosi 0 can be Fig 826 a sghaentioyillpstvation of hypetheanshedrodlingt ¢iveds aroplifatien

pat hogeni c strai,n an rel Nz pat.h ni,c, strain. ...Sone nomi.c

di fference sEquary glslsq%?ge g?lgégr?ggut&%ﬁi ﬁ‘.a%%ﬁ%gﬁnég?ef Lll%a%rﬁicr%].lm Slrmggeé“rﬁlﬁteé) in
recent years it e | € 1 i C.. I re quent |

har bor " pat hogenit}'g 'tg?}‘ l?gP%ﬁ%gt?ﬁ%ﬁp%ﬁn%?éngﬁﬁl%@%ﬁéﬁlﬁg&t% teugcq%gb eﬁl\?}&
contai n i ng paid dfiapipificatipupeheseamgengsp prelbop, cack df fvbich habriizesno ailD gequéhcasel y
rel ated non- at%oa?e ic 25 strains generally |ack pathogenicity islands.
Thus) pat hog%rﬂ1 f é§}:{']i sl ands are useful ge nonic difference sequences.

Q her, h t m ¢ di ff . h . | i.ni cal
Si g 11 clhoe, bl PR hraERGRLDutaef B ar g GRRIER C PR i prot &

i denti fi catiimpa phit of Botiwyladd phiieérig t hat the di stinction between
group-speci fic sequences and ge nom c difference sequences can sonetines be
uncl ear. For exarfig.®C iadsdhemaid illubtididn Hf htidpatibobanesl 4 yap b wqssacgience
could be seen as a genonm c .difference sequence, as it oc curs in sone
strains of E2nd@gofigonygleotgifor mass sprefrometry deteqign.sane sequence coul d be

viewed as a group-specific sequence), sin it occurs in al] nmenbers of the
taxon conposed oflf‘E.l% 1s ?)SC%C %‘gﬁﬁ”\?@‘Géggr??we%&?‘ﬁ@@f“fslﬁﬁ%onﬂﬁ‘ which

col i : 01579 H7jjgkibRhiBampREgaiot ldesesndOh rhdiéh AGs@sienal anbi guity, these
sequences are useful diagnostic 1D sequences. A famly of genomc

di fference sequerrggs 1GadsdiematialiaétRdoR ¥t (s cHEmOR EealiresSET\Ried e @ei OKikses
subtraction nethods (e.g.) Straus, 1995, supra; Diatchenko et al., Proc.
Nat|. 5 Acadof asppmicprogling W@Péﬁ?@b%Uﬁe‘)t“’I‘Q%; Tinsley et al., Proc. Natl.
Acad. Sci. U. S A 93:11109-11114, 1996). GCenomi c subtraction isol ates DNA
sequences t hRetaedDescriptiethe genone of one strain (the "+" strain), but not
in the genone of a related strain (the "-" strain). The products of genomc
subtraction are d9amq proglingisnd methad; for ddeafivineseigtyeirgsuganisies dat piES set
hybri di zes t&v&ﬁ?siﬁﬁgﬁ% B&¥aiagfO8%er hM@F)ngl Z€ TnOmid6al "diagndticRl fhe AEIGbA10

uni que subsets hybridize to cFoser related strains. A'general property a
fam |y of gewbishds an¢mabledpdaplsmquiatiercin ¢linicah diagnostic wettipes: Sifgrsathérapmitic i n

di fferent cophy [ y o) -l cli at ed
to the strai %qs?} %Zaeeggggglbﬁglgg%ﬁgggeﬂgénmgfeéﬁélgélgﬁée g%rr(% g)s? J(lxlg.ﬁg%r?ém{sgé

st rai ns usedrapiily, thdsegsitivaly ecagudst fontheiroespnce e lange quebsudf gathogén-sphefi€ ami | y
of genom c differen se es th i resent in _an.indivi in con
T5 titutes ohrsE SESREPTaRTE kiRt Rab Bl MhsRl bRl MR T o
famly of genom c difference sequences derived froma genom c subtraction
can hybridize to a single strain) the one used to nake the "+" genomc
subtraction sanple. (In cases in which nore one strain is used to nmake the
"+" genom c difference sanple, the products of subtraction can constitute
nore than .one famly.) 20 Genom c subtraction generally enpl oys
subtractive hybridization and affinity chromatography to purify genomc

di fference sequences fromthe "+" and "-" genom c difference sanples
(Straus) 1995) supra). Genonmic DNA fromtwo related strains (the "+" strain
and the "-" strain) is first prepared. The DNA fromthe "+" strain is cut

o, o I o o R IA



25 with biotin, which is an affinity |abel that permts subsequent renoval

of the "-" strain DNA by binding to its ligand, avidin. Enrichnent for
genom ¢ difference sequences is achieved by allowi ng denatured DNA
fragments fromthe "+" strain and the "-" strain to reassogitaMAR 200&t er

reassoci atwony/7t2ee bi oti nyl at ed sequences - and all of the BEHUSINIS465t hat
have hybridized to the biotinylated sequéfices - are renpbved by binding to
avi din-coated 30 beads. This subtraction process is then repeated several
times. |In eachobyobsto dmhxtgnhﬂ bEWWAed veayrsitniier straihs SIThisils fnpdreamt mhmxpgmbﬁxmgls
round of subtraction i bri di edW| h fresh, biotin m t he
Gt rai e THENARD QAo A e B4 "o PnpEy B FH1a PAIOEETME D0
WO 0U 77260 PGMJ&SGﬁ)/sap@AFeEOu&&eakabf £ Yitate, iafid bétgadresh dntibRUaREMItS e afid rdss-
“anplified by using one strand of the adaptaor as a prinmer |n the polynerase
- chai n reacti orf2ntPHRNAHILSIPERRRAEG e 8kl B’a"rﬁ therfRYFRERN (O] SGRLEPT MABY diagnoigtic
_perform ng 4 heeh@aLRi9sAporambf AHtitAfnd aha@scree§mttcﬁtslfagn&rﬂ&ous ené@tdmark”
strains) producés a different set of genomc ference sequences Such
subtracti on negrhanisfor ppligetiens ip gencye idgatifivation. gener ate genomc difference
sequences, are known to those skilled in the art of recomnbinant DNA
technol ogy, and sudkPramictisefdingzanableserevniyde Pl Piseatafipahpagific/senytthas ests a
details are pr f .
subtr act  on | SAFRrrls K4% RHEBLAGe (AR Mo KR DM T RPN
phyl ogenetl c tmagsc @fofiing meplps tsffezcsﬂgfam sfﬁqs tp atindihidna saffemmﬁnmansm@tqrx/ (a
10 "taxon" S I

non- pat hogens %to%s %QL%FI% %gﬁagﬁyéﬁ%?caggwot?ggﬁzs@gg o?ggtlacg nfon rc%plrator%

di fference seqpnm‘mgas, indlnding s\grh diverss pathogangasdagrerid, vnaﬂeataﬂdfmtgr_al ns (e.g.)
strains 1 and 8) can be chosen to nake the genom c difference sanpl es.
Strain 1, a pat hogeﬂurrehtsmerhms fbotypsaigenrgalnsmstxsu@lgnmrﬂa dilfufieg ércegsdmu, e and

strain 8, a non t hoge sed to mak "-" genom ¢ difference

sl 6. The 1eWBPBHIGHS re PriRSgtatr G Frogires By BE LR AL ence
sequences t hat ca@@eUhfeasiblSin Bhddpilal sbrtihg 0 mani ofphish) ifcludiig SEndeR @R And

di fference_sequences are useful for fingerprinting any strain within.the
group (i.elS imeftyyriyaed ?%FWQ“?W)‘S“CSG@%BF}%WPQE‘H Biultstorhs obtaingddn 1 and
strain 8 (Fig. hodfY (rifRef thn@hdldayd UREIESEksinRE wﬁggu&&&eg bf @RS Iedtiods)Lsihélk are
not present in strain 8. Strain 2 has sone of these genom c difference
sequences, but dopgnptyequire GYIHEINS. Strain 5 harbors a distinct subset of the
genom ¢ difference .sequences, as would strain 7) and so on. The i nportant
and general findi ndPthe advataskh Of sgReTHRiRECTH B ¥R diat She Methed JRauwEs mRnimm
strains in a 913:‘8&6‘251(1%# @nfas] skmBhed 13gc'n&at€é En e rﬁ&%f&?&x&fé@%k&:&é@éﬁéd bed
here), related strains (e.g., strains 2 ) harbor distinct subsets of
the resul t 2hg episomi pOSHIYD ERIREERE lpqe@ak;@ngolsz@smly implemensed. geledeciraptio-g.

20) genori ¢ di {166 SEGUENGEonCAR: LR GEASLALE AP0l [ ng genom ¢

nucl eic acid nolecu m several organi sns or exanpl e "+" sanpl e
can be generated by B SRANWAR
gener ated by pool |(?1§8{s?1e gﬁ%?g %@J&:E%Egﬂgﬁ&%?lﬁl Wﬂ}%auo? bgé lér%%a@égv t he

genoni c differ msnevsswcmmcdeesnnhﬁaaucmmthcslology wcklloy lgzmbmtmnsnﬁbtbrcaiétmm are
sequences that occur | | e sh Qhe, 30 of th hogen en f +"

genom c differ ente e nﬁ'pgs Bu §Eln%}& &>01 Af ﬁlélglﬁéﬁ 6a %Sﬁgﬁomlg oarqrggrﬁglg fo{]ﬂ‘é‘,, "
genom c di 2§er ﬁﬂamceseﬂmlseful class of DNA sequence polymorphisms, called ID sequences. ID se-

quences are nucleic acid sequences that are specific to the genomes of organisms within
a particular group. A single test can also simultaneously scan for numerous single-
nucleotide polymorphisms (SNPs), another type of genomic variation. Genomic profiling
can, in addition, test for mixtures of ID sequences and SNPs in a single test.
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0 1 MAR ZOQ~ WD 001 77260 PCT/ US00116465 42 Instead of using subtractive
hybri di zation) a conputer and sequence conpari son software can, be used to
conpare the genones of two organisnms or two sets of. organ i sgrs,MARQg4 hus to
generate genom c difference sequences. This nmethod is practical, for

exanpl e, Winel7?éfle sequence of the genone of the target orgEATAIR/E460NpI et e
or is es 5 sentially conplete. For exanple, a conputer-based conpari son of
rel ated strains of Helicobacter pylori, ¥hose sequences have recently been
conpleted, has b : & Afiedif6- 9 _The
publ i shed anal ys?gvmoarléiﬂg ;I){Sﬁﬁlf ((:HISI ygpg%cleéagfed\ég%g gﬁpgg%}f%légn%%gisgé's grg%%om' C

di fference stngtifipceaiendsaandgenonni¢ diferange sgnuennes.tiPesequeaness thitraad preseRhins
analysis, th | o Vi | QM. & subt raction

anal yai o 10 TrmeRRS bt L HLER ok BitrBlnients b4 e R ORI ARS8 e

| sol ati ng gr spegifis paeides as aspfelfordeteriming ifta membenpbha teanin groupde pesant e onl y

whet h f t al IS | | ogi_cal . | . d
R e T e e e S e e e T S

gr oup- speci f tatesskypreseacsofar drus i the HIV grouf. beoupagedtiit eequénctl sadeastaes t hat
i s assessed g)?; t he f\(rgrenom'(: ro{i | i 3‘8 ssay. 15 Grou&-}spe'cifi C. sequences can
be isol ated PHOURRIEF SQEPHRSPES Of BHIOHHTF AYRRY SR ynPelecy methedsifanisalaing)y
anal ysi s of pidrldd daieabasesh askBIncREAIISingd genoni ¢ subtraction using DNA
from a pat hogeni c Mycobacterium tuberculosis strain as the "+" genonic
di fference sanpl epasaguenb® thNard pregBndin iy Rt NRGRIR Co/ G ORAG BRI B ahS @l N as
the "-" strain yields group.-specific sequences that include virulence
genes th#l alses ashtied S5omEq dlé‘greb%Sr?sge@ﬁwcsweﬁgﬁa@mqllifﬁﬁemtfe@@me@@r%
strains. ThesgiQiLlPuseReSh! bifiaidRGUREE RoRliSh YRkUBRAE o%%Fga_ﬁﬁﬂy.emﬁ:Smﬁsﬁf
testing for the présence of strains that cause tubercul osis. As anot her
exanpl e, grope $pdR| feaucnee fastiietes disgnguishinsegnes mapberxofd romwaem meofhen| at ed
by scanni ng i -l ) | e e, such as
Congank) 1 or et o s MeErgthih GUARGCR {iboRultS) SfoitbBRET BT, 23
virus, but iandfor mpidbrdeteypimiswidthariarbastedium isléketiab db asséstanStoeprtain afdtsd gni ng
and prepatin .anGenseg‘%lgtg of 1Duorobes orreagg%i ng to, the en. senbl e of
117 sequihcePFTo B He CHIFAEC SRS T SPB I PEPPAEENFT 28BSt PHFIRIRHEY &y e
al so desi gneshbandivp hgpriizdon procéduge #RE GtiedRgs dIftwe RONG: Orgafiemk bi Bghe an
ensenbl e of 1D probes i deg_iﬁned 30 such that IB@Br obes in the ensenbl e
e dis bslayg.

can hybri di zZ8°YE BFRIBE REt SeiS eh TR (o quences that are chosen
for the genomc profilin ssay in Ste . An 1D probe can con sist of a

S ngl 6 b gonucl DURPIE BOJIING Canb A PP bR THBRE, 1o i esenan ahich

ol i gonucl o are HNA Migineinrs wibeGidkseA0@ 1kdidatiVEP4L OB RarkIpd bGanisM T Pr Obe

and any of its constituent oligonuc|eotides can conprise one or nore
functiond? poPesi 8hdD seapenices g aselgh TP dpeBriaing: e Presesre ©f asoprgerigdnds to
an | D sequenggouplspeciridieghaittcale eohatdh 15 lsetally DA FBINAML inbhancpseHRbe of 1D
probes contai nslfprsruftil;feﬁlﬁl_ct’isongl ID 5 pr oslgesa |5’n whrch t he pﬁtst portion of
a probe sequedreie P (s B2 biglaginal greumwhess membeneare Clospbgarddyenesenbl e
that is asseghl Sdast $Bhotmic § 1.2 ' e : ence
or a set of g@qggﬁcdgré ’t%ato}né%r rt%z%nggggqut%gg% %?f’?%ﬁéjgﬁg&g%k#%ﬁ grc?glg%ge, and
can hybri di zexeremic gioap.cThecisdfundiagoostie sittiibwt ofik dignilyhef gehFmpadjffenme,seas i s
descri beg bel ow, i i S lled,an I.D site. For exanple, such an ID
pr obe ca® coneites Wi Bl BB oy mEBPR s Bebly s R e b e ce
sequence or of dgselypelstpdatrdinsdn agepupnce. A portion of an I D probe corresponds
to anplification sequences. An inportant advantage of genomc profiling is
its ability to achieeNagnooiopdivenst gehamic-groflengais]ih iphit, ik itons dilityaaiestfeguences

at once. The genagm c.profiljing assay. avoids the, usual anplifi.cation
artifacts t haPOHRIPG Bt of g0 RYSRT Lo tttp FRARSHIHE A BB MMl eTefit®) O |

nunmber of organismal types. It is therefore useful to expand on the earlier-presented definitions of

30  such sets of diagnostic ID sequences.



15 anplification sequences to direct the anplification of a |arge nunber of
distinct 1D probes. To this end, a second portion of the ID probe (in
addition to the first portion, which corresponds to an | D sgqu¥AR @Bkcan

i nclude one or nore anplification sequences. This second portion can, for
exanpl e, W80P/@%6bnd to one or nore primer binding sites, oFCTHSAVEI4YI ng
site for a nucleic acid polynerase) such3as Q-3 replicase. The
anplification 20 nopjeties e common to mpst or all of the prohes in the
ensenbl e (i ncl udi %‘5 farily r%ﬁbss_éq%fﬂé‘m%g)“e‘{gﬁﬁ“a'rs@?%‘géc fd/ox gepqmtic 8’3‘%@“
Therefore, tRguskdes @fat RN RBRSfor NEhiFingndutRrLdT2e Bl R120 ErolPoPérghesmsamgk t he
control sequences %see bel ow) can be efficiently anplified in the sane
reacti onA bi dafiniapiseBrart the sftof I sepencseing Brdly dathal Hlafremembesycasduence
that is used ;6% £ahki0RGinct ffoRIPELS TR PLAPEAinHIRs, YR e Fol &9RpleSa

di scussed uné)er.lZSte 3% bel onv(f/: &gﬁg Codr?trol sequenclgls. SI_3othej|;ogitiv_ge'and
negati ve @ontfamilsofciihseguencecmighteongist ¢of 108 IPreceuenres that indindg BOigeromiTidr e can
be positive 8 1565l M e

cort eapond t A0Bkelea B BEHRERrkBRI NGRS dr ot POcATBESPT dllBbr fanighs, |
control nucl ébw tizet knt depivedfrom s singh stmine DEGBBY t8ogrodrespscifip beguehges thet asanpl e
preparation. Detecti of,. oSl t.ive ntrol seguences i.n the genomc

D of 11 g as @Ry TP e S ONGRT Rebipn S ? PebS ST SORGTs i e et .
(When there allatriias bidhs eppaien Eesolt Bloecth@althdugh har@juences ard udefdiRRuQERINNO

00/ 77260 PCT/ USQQ/ 16465 44 it _is,.i rjant to knqw if there are truly no ID
sequencesOpr éééé’ﬂ Y RAPOERE ‘§é¥&ﬁ‘é’fl‘ﬁg1}{725r°??afkl\9£&?sq Srcq'f‘ﬂ‘i%“&%%éﬁmfho’rfa I‘%d for
some reason. Jonda@idt ¥endaN thabdf /5 @6l ONSRH7 §ddin IET3Bhe i ncluded with the
ensenbl e of I D se quences probes. These negative control sequences do not

correspond to nat uralidue fesGrérof geldnilg pFBUHE NCBS 1864 bel ided@REdASamipl: fBOSI ti Ve
control sequences, are not added to _the bio |ogical sanple. The |evel of

negati ve contReoPreSBERTERY Qter!fanilisy atmee e 5l &0 srayeaoes hags sempsred

i ndi cates t hgshRYeha®bndRENYEUANEG AdehfetRIDRYD dhtfichd@s. MiRe number of distinct
sequence- i ndependent sel ection and anplification of m probes. Binary probes
( pr obe- halSvesgroups af eiganiand deddortby aarensamile isiyeflectrdhysthe nupbeg opfamiliesfin 10

ol i gonucl eot i g hef Hof 4 [ Lqner
portion of eéc e%’rs ?‘g t at%cﬁu Ing)?t °$frag‘?§f ﬁ?‘f&?ﬁgwgggel)éqgmgrgé)gg%%)eateg%g%nw
corresponds thy aappetisy nelladdahe Smivimem genogeg deivatPpnsefain eassmblegEhefrhipimum

di fference seguenc gr.oup- i.fi ence n_f. r.Qber es
nybr i di 7ot o ihanaaeituRadi HP rARER himRe A EGe: KABRAE APBLIMY TS |
a nucl ei ¢ acisequeh@asempAsing shechasambléd edh Indridiay. Fdrexsapip) gnoejsgmaéing dan gat i on
of probe 15 hal ves regpl t'ﬁ‘ in.the formatipn a.lar %etr nol eculﬁ ghtat can be
anpl i fi edand’St&t SEFRRE VP ¥ MUTBRSAP SV RS SR YRSy SF Rl
probe- hal L _ Caifprdampk fn tﬁd"rgfek%dce&ftmmbfcwu@ﬂhﬁ@erc}h%isﬁxégmeﬂcﬁ spp,SCdcei-
corresponding to a priner binding site for the poly merase chajn reaction.
In an ensenb|4*4f MUTEH: i‘lﬂ“ﬁ?@@é’%‘?’_ %‘Qdﬁpﬁﬁﬁﬁesyﬁag‘%xﬁ?ﬁ- e fe-20libgohgry
sequence, butpomi€ pISFMAg Rtiden®fly BhioR® Epeirihdi ST GbrSdnks@fs- inlaf sifkld RS S QAsaRCE 1S
present, it 20 is | ocated between the inner and outer portions in one of

t he probe- halapeace ofjitg abaity [ 73 £ atwele ferethe prrsencaof D equaerep iotectigmbies, 1D
sequence-gepqgggggaia}ggamiﬂﬂmn;%ggmicqggvﬁgﬁ{--anpl ification of probes-halves
that hybridize to the sanple. Tn this exanple, the left primer for PCRis
identical to the RihiRly, ¥ h&ir-inft@RMEGEEse HPHcARES, sh@ds RFdaHBEnekie strB&h-
reverse conpl ement of the priner site-R sequence. Four difféerent tag 25
sequences (tdps Rd fosgpsivs,) gengigic profilie eamgbe uspd ¢ Acane sampleufgean pasemple of

detection ar rs?tygle(éu%?eotidc polymorphisms. An ensemble of SNPs is defined as a set of multipie
families of SNPs analogously to the definition of an ensemble of ID sequences. A family

30 of SNPs, like a family of ID sequences, reflects the genotype of a single individual.

Note that, whereas a family of ID sequences is defined by the ability of the member ID



bel ow). The four tag sequences hybridize to the two conpl enentary sequences
conpris ing each of the two tag sequences in the anplified mprobes. ID
probe synthesis and concentration. m probes are prepared bygat HAR 200§

nucl ei ¢ i hesi s techni ques. The sequences and conc i f the
1D pr obeyé)ﬂwﬁ‘lf%queous 30 solution are defined. The conc%#@%é’@@% t he
| D probes in an aqueous solution can be ygried according to need. For
exanple, in @a . , i l.20. VA r WO
001 77260 i OuBBREE kB [ HEbARR sr F AR B HARYE Bl ot ife et |
an al t er nat i bgcerdpoideneato thagedddpprodbenglsogadsent in an anount that is
inversely related to the expected abundance of its corresponding ID
sequence in a typAcatlvasiagt ofjgamamicmniiing as lpplied om genoryping hethe SN Rsq@mrigi ng
organi sm For, e le, | ; person has astraoi nt estimal infectian with
borh rot avi r HEcR e arebus Ao B oIt ke R SN Bend PR FRRD L
genomes i f atisuspSINPS gotphypes srel deleetey tha dirrigiirast Batwidnasligoheicatipy hpbiidzer of
nemat ode genones i n the stoqgl sanple. |t may .therefore useful to have

b obes. for 1 SRR PR PEGE BREES RLLEi R OTY ARG “ra e bise Bp S5

Desi gni ng anghaRhemaddniaistathe @bRstit QFbABRS 86R) EanCR&ITRSHRO Pebséide bP abdRRceLtSENDI €
of B7 probes. Control sequences correspon mgﬁ;o the control probes are

al so 10 desi ghgasuelpetids tahiequencesaamysh gasias sk oFmpchisue Bis mens rabushyhrii-
prepared in ong.nkebes netueaBRdioMRh! rnd BeubRQafbe tfBrmEflaGho WA BRI € i's
to detect ang ?’Herslt ?Tyut 3 subsgtmgof ta%e&léln_semgl eeof IIPD pro gs f at are
sel ect ed1®y pxobe.i Hiusazi esemble| dd syeyblin peabes is qongrudit ¢ ayiesmblagfptag se-The

detection en e, GO i i | e of 15
1D probes asggﬁg‘%se@%i n gkaz‘gf% (angr]?g&%"ﬁ‘(e%‘;‘gs“‘g%gﬂ%ﬁg? %ﬁ]&%ﬁceg'@etg?ég'nosti C
for the preseone préfiligrassysicteyypmsstapf 2 detepion smemble, tdmposeisifan ehsendddef

ds) the detecti | e i 1t t nbl f 1D bes.
B o o BHoSaL B BECBRb S BRRLAB eSS s Mg e
Wi th the det egignent RREBNETIE: sedittcd thacioneiporistid gnogpssisd genbinidDNIAC] C
acid nol ecul es that, can be used, to.de20 tect probe-sanple hybridization
events. the FuRletPirddrpoeatipge ndhyiduakiserdds-saquences that correspond to 1D
sequences or to sequence tags within _the propes._In on nbodi nent of the
genoni ¢ pr of Y BE§ET H‘FBG’,“E f%@ga&t@eﬁfgwgé %M’Bﬁ’ﬂ%"%‘gaﬁiéﬂﬁé‘? %fr‘he
denat ured angyifohi@istbgs:a solid support, so that the detection ensenble DNA
sequences can hybridize wth added 11.7 probes. This detection ensenbl e,
when const r ustepdi: OBpetifind Nl endémsio ok ¢ %u%ﬁ%;e&,, comipribifs Fekbnac dyRréliceapsi onal
detection array. The detection sequence \s are_placed in different
posi tions on the s@pEPS andNEPHRITRECHIGFCqUPIEHdhAONALl B PEROGT &Y Tn @ Bunitest
Supportsphn this meRRGEp3hRIEE NS teRPSRishis (¥ dekectel ahdEnREihg BimiiENOM Cs.
For exanple, the nethods referred to in the Exanples can be used for this
pur pose. Al ternati ebdiggnasikbi} stauenceson of the sanpl e-sel ected B7 probes to
the detection array may be 30 carried out in the liquid phase, as is
descri bed i nSepadipDesignipgked\prepar(g Bn ensRmpBEOI\WOODETEIBOARLY USEOYerBA65 46
In a preferred enbqgj i.gn,.. det. ' :
cortebpond o a gr S Srvefies MU SER P ILIAGHAr Ak TRl e
the array. Thus, f dedignedsndprepaedcti on sequences, i.e., those that are
specific for a given type of organism (for exam ple, pathogens in the group
E. coli @357 Skép)3:aDesigeipgend eetparingae datextipn efisemblegivbrespondjnd tsthe tegsemble

Furthernore, famli of .detecti on sequences carrespanding tg cl osel
related fam Iies (PP Bl el afer i ighink ¥ BRAGNAH el a8 1 | onea
in the sane regi ondedigicdana pgyred TA two@iganionslt de@otidragtdyiit piepsred éndoeit of

t he hybri di zati on re%ul ts. Pa,si tive and negative control sequences that are
included with the PEIPFO5EbeAMERbl e (see above) may al so be i ncor por at ed

into the detection_ensenbl e. As discussed._ . ) . . .
tep 4: Preparing the biological sample. This step involves lysis of organisms in a

30 sample so that nucleic acid molecules of the organisms become available for

hybridization. For example, a sample, such as a stool or respiratory sample, is



10 above, the positive control sequences are also m xed with the biol ogical
sanple and are used to indicate the proper functioning of the assay. The
positive control probe sequences hybridize to the target conf{ MARSgIences
in the biological sanple, are anplified, and then hybridize to the

cor r espondWV@P¥FREY ol sequences in the detection array. ThePREGHIPALIES
control sequences are a useful neasure of .t he pat hogen-i ndependent 15
background signal in the assay (i. e., a measure of the anount of )T7 probe
that is anmplified int&Hed © hit npsleic apid adesulss ffPW@f&aﬁ%SF’ésfpﬁﬁdpﬁglﬁﬁaﬁt%%@én in
the biol ogi cal sanpl g, JNg9@b¥e control sequences) in contrast to positive
control sequences) are not mxed with the biological sanple. Thus) negative
control probe n L Q78 .10 . t he

“Bi ol ogi Gal Sangler NoncBas, e Motk IO AR Akt HAL LBl @l 5
sequences Wwith the bnohisgequahces tmipé prepared damplealipr-bybmidizerigx upennd probes, are

subsequent §1rrp| i ficaty Q0. 40d Qy%g{hm&zati on of these sequences to the
correspondi ng sequences 1 n t%e eteCtion array. Fabrication of an array

cont ai ni ng an eqnbl : j I es of ection
arrays can be §s dﬁ? g%J)ng%'g%qhglﬁ% I(rel)([:})csS? gagﬂgggcg@%gée@g@#ggéng% lﬁ Iﬂ%ssté?lgteés 25 f
sone designs o .eet i pn. ar )i e Iy e. .ex I desgrd bhed
bel ow. Nuner ougt%ﬁ'hg%g&ggl té%%%?élgg{l?c%i ?ﬁ?%g%s bf B)ﬁﬁlg f%ﬁ%’ngg?h ar’rnll)rlﬁledggl es |
have been descri bed. phAbpseatcesed andeteliad ehgetnbiesse in the present invention is
one in which nucleic acid nolecules are deposited at a high-density on

pol yl ysi ne tr eStqo8:glQuamifgihg destafpseergardsngs in the bidiagical sahple b$ah @@ eof the

270: 467- 47 1995). Detection juences._carresponding to 30 m sequences can
be deposi tgé in the é?’Pé@'éd%féediﬁg’ﬁ@’dSW?‘@?é@g sqePlenserts in a plasmid O

1 MAR 2dj ~ WO 0Q/ 77260, 47. PCT/ US00/ 16465 vector), as amplified DNA (e.g.) |
Lhe PCR br oduct Qo EEY 14 KRBT RIES £ Ba e SrTegieens ) ot et frsgdsportgp )
syntheti c ol i gaithClefpdncel &5 gendiniceprofilingveding, INt ftqudhedse bl HB medibdatibe sfahis “
i nclude an addressabl e set of i

synt heti c ﬁl |lgson:'1§$ eoti de t:ilgg rat her than
1D sequences. PHRECFURHat aroue farzpnpmic PROGRRESHEN ¢t & Pletlerent s in the
)D probes (as is described belo r. SNP pr.obes ( described in exam pl e
5). Each addre?@&BP ﬁ‘le%fgstqpﬁ’st‘lfégpét}eﬁﬂﬁgg’r‘ﬁr@ﬁﬁ rdo¥S¥S he tag joined to a
specific probe _se ence,rj,n t he ensenbl e of probes subjected to,
hybr i di zat 1dn- SERebt SBFFiYER EnFaFRAYC OTH SKenceD -comeriting 83noBNs Aiffs a6t fksen |

array elements and thgeREORA LOFEFRifc SRkEReS, TthaP%FB@tn%bEd)fdrqﬁgtgii\feM dsee 1D
sequences in a mxture by observing which oligonucleotide tag ar 10 ray

el ements hybridi ze t dhifte@dirobss ehposing theosganisms tog\dgisetad ard effoosing Bamiligsr oach
are that prefabricat gdsRilRYSTrRMudisUsed, as arrays containing the sanme
set of addressable tags can be used for different sets of probes. For

exanple, a set of prEbEs. {iginPeiREE bﬁﬁliﬁ%ﬁ%l?é&%@l@%ioﬁ’x%‘fmgﬁ&% ofBGadsielo Of |
probes for detecting gastrm ntesti nal pathogens can use the same set of |

tags. Thus?20a dedgleecationskamals. foemadied upesronegelpats hymangpaphagsnsgteniest fag food
ot ect  on 4r 1 agPRHEREe SRl RE e RS oRRERLER o M A AE Mg [ i
liquid to the varigyef bumgpripdieslnalDend st boriTharorgapsms ahosah far doymrticudazttespéan
phySi cal " be widely different in their genetic makeup, such as members of different kingdoms (i.e.,
viruses, bacteria, archaebacteria, fungi, protozoa, plants, and animals); alternatively, the
25  chosen organisms may be members of a smaller group, such as a species. A significant
use of genomic profiling is in the identification of pathogens in a human bodily fluid
sample, such as blood, urine, cerebrospinal fluid, or sputum, or in feces. (The method is
also important as applied to numerous other tissue samples.) Depending on the source of -

tissue sample and the symptoms of the patient, a decision is made as to the important



properties, such as nolecul ar weights, to which diagnostic products are
conpared. Step 4: Preparing the biological sanple. This step involves lysis
of organisns in a 20 sanple so that nucleic acid nol ecul es of 1t ani sms
becone avail able for hybridization. For exanple, a sanple, such as st ool
or respirwooooyr7s@npl e, is treated so that nucleic acid nol eg@f/es()o‘/l_rﬁm
organi sms in the sanple are bound to a solid support. The ainms achieved by
the foll owi ng sanpl e preparation strategy8are: 25 (a) Converting sanpl es
froma broad b@eyef wganses teksidénsifigd. For ekdmpie one cdnohbess, to dpdaétvidusdl) 206,

rine, and fec i ] formthat is conpatible with subsequent
St FEahg cﬁ%’oﬁc ﬁaqmpthat eco%mglh%auf%eol%ned’éq%’fﬁ‘c nucl ei ¢ acid

steps of the assay. gani sns areh %/se o e ac

nol ecul es are nade ' e f ridization ncentrating e

sanpl e, thereby i ng?ééé?slél ﬁg‘giﬁe& aé’ﬁsé}sttf’g)f’ t’%nhgeq R’é%s@ﬁ?f“%?ﬁw TAtFhg for
organi sms in detemrtieedf ar ensérablg of Il]')@eciub@ceﬁ@%&:(h@%ntfbx; mglgway.bh%%s&ﬂﬂmhseé) -0
1 MAR . ~(p~ WD.00{ 77260 .48 PCT/ US0011646 c) (c).  Elimnating or

attenuat i E] t ﬁ%"bg#%?f? gamdlfesé)ﬁgﬁﬁ“ﬂ?e?*ﬁﬂﬁﬂft‘ﬁ?%h i§ fiagprstic shpnedtyprofiosgepvi ng
or i mobi i zi g tortei datetiedgh GRS MCIRSenséiidle QF IS Q¥ReAdes _'?i@échf?&jrsnegéssﬁmé e

reparati on can be used repare the sanple for use in‘'the present
ﬁet Eods. The a@ﬁkf?‘éél ‘Sﬁﬁéééwhe&éﬁﬁ an enserphle Ay &g masely gonceplaplined tefdilisate o

denat ure nucl ﬁie@cﬁﬁi ftwlrc%_@yfo%ﬁsc iB26n Rt B SO ANTE AL b&ggﬁ{)fteei ns and
a

other ma terials t can interfere wth subsequent . steps.

preparation met hodgs €3&ibe@Rbdvethd bh¥mbRErUB &6y leRces %Lﬁ?ﬁicég\hg uge?&lqwr%% GhA

RNA, or both. Before preparation, dilute sanple types as ur .
sanpl es, @¢8n FRAUENSHE Eenomiudifiarence senpaneesang grauprspenific ssgnendes. &Fof arytpaatci-on

units. If the : ' L late matter that is greater
than the orgalna??r%gbgt |¢1t{r %é@??ﬁﬁ’gﬁ:ﬁggh déllsfeghse%gor ipeiude VERrSF§° Fﬁ_steﬂ‘éeng‘%rrpl e
bef ore the sasplomicdffererrersaqlicoresserdmth depeadsriretie diaphoshy ifsiidst REdch@ed Wieh

sanpl e t hroug | 't% gore sizes larger than the organisns of
I nterest. V\Vleﬁ’e?égtslthllﬂélrghc\(l)grfor Croor gani sns, for exanple, pre-filtering

t hrough a nenbran ég’ ' ore_si f 20.tq 3Q m.crans is used to
separate |arge paff{‘r?eﬂé Se@l?ilggx rf]:?%r? ggerrél sk uge?fél' gnagnosncaﬂy wq“an it is umportant to
15  know if any member of a biological group is present in a sample. For example,
group-specific sequences are helpful if it is important to know if any member of the
group Salmonella enterica is present in a gastrointestinal sample. Group-specific se-

quences are also likely to be chosen when testing for a virus, such as Hepatitis C virus.

In contrast to group-specific sequences, genomic difference sequences are par-

20 ticularly useful when differentiation between closely related strains within a group is re-

quired. This is the case, for example, when an important pathogen (e.g., E. coli

O157:H7) is closely related to strains_ (e.g., commensal E. coli) that occur in the same

tissue as the pathogen. Genomic difference sequences are also valuable when a finger-

print of an infectious agent is desired. Fingerprinting, or high-resolution strain identifica-

25  tion, can be a powerful epidemiological tool for tracking and containing infectious dis-
ease outbreaks, including hospital-based infections. Therapeutically, fingerprinting, es- |

pecially in a rapid, culture-independent test, offers the potentially life-saving opportunity

to determine which antibiotic to administer much faster than is done in current practice.

For each type of organism to be detected in a genomic profiling assay, a family of
30 ID sequences comprising group-specific sequences and/or genomic difference sequences

is selected using standard methods, such as those described below and in the examples.



15 Alternatively, centrifugation steps can be used to separate

m croorgani sns frommaterial having different size or density. For exanple,
| arge particulate matter can be separated from m croorgani sn1WMARA2004
centrifugation step at a speed that causes |arge particles, but not

m cr oor gawan®77260 be deposited in a pellet. M croorgani SnsPara)s00/16465
optionally) separated fromthe |iquid phage by centrifugation, e.g., in the
case of cultured 20 m crobiol ogi cal samplés. A conbi nation of filtration
and centri f ugalfittsriequenegd @ newlydemateed segpence irchobalréadh khorn, thesparneds dest
organi sns. Pel Seneye] e on. are
then prepared {‘eﬁéltﬁ %C{a@pﬁééng% ﬁd‘ﬁ&rﬁ%t I on Sg% H%’S%f??? Q:bug%{legncghgg\ygg‘gﬁ%lo dit.
potential di saftveaheedpossiblamunislateds epecefioripaishosare fheowrgaired e an@nbeerble.,
enrichment methods such as affinity chromatography, cell-sorting, and

anti gen- based enri gtmensemblg ofpyotsb sordsponding teabel selhited T eguercas & theredsr r ed

riTugat on® - abelsume yineSAE LR, b ARD s Wbl oh e B B i matets sucn
as fecal sam porssivicas, by spiasisiof cccambinhatiNIA fionaplawhids] os bp@grother fidtbd & a

nylon filter, art tri r beads (Fig. . Use of a solid support
provi des sever ﬁncrﬁéﬁ%sr\‘?{ééeé@? W&DB’?\HBPIC?H?‘E%% gb%%} ”Ft%vegzﬁrﬁ?%‘cwai‘ €9 xed
to a solid supgardf asdiwieiopisenetd dligomicRpadal h@ﬂ/elei’s digbrel dhaidiek | fBNudeQin
singl e stranded nycl ej ge aci d nol ecul e probes. i mmobi | i zi ng and washi ng

0 1 MAR 200 WISCRSHO™ 26 OrasiopapcoF /tsprope 66 Hieuid en&wdstamr@éze P HRisesiuerses of

enzymati c $¢ ePsucle® Bid mbleddsifRin RRbrgdRnisf | cation) are either imobilized
on the matri x or washed off of the frlter containing the bound DNA. This is

an inportant agyRAh@genonas dﬁﬂ%eﬁ&%‘ééué?ﬁescﬁéxﬂg £&lonR 8 IBbBRctRABL RS difREK
sensitivity) due to inhibition by sanple conponents. Finally, 1t Is sinple
to include i nt&rhaquencepife Lefdstofdagtinguitioens Sr'if@mffé@fsé %glatwle/ted peady |4 Bmilyhe
preferred suppgy §en6r§1c%xfﬁ=¥én99 séduk{:@cg has'Hi gxrc') H{(ﬁﬁl&r%ntbs'ﬂﬁse s o?)fﬁebénglfengégd s
exten sively used for fixing nucleic aci e-contalnin or
hybri di zati on Eghafpmily @rapresenein dfferenttins. (Natomlc pooditing Sui ascduSih the subset
81:1991- 1999 utum or ,.feca s, are
Sreared onth aagrhly o MHGRAURLERe Silledhs B T R RSB R T el g
sputum . sanpl esrdirothaids ptasd:mnmalsmplcus pmgusélhedenaﬁetcbl Alnoaivargape af 'theageadiic
(Konenen et al and Text bo k of nos M cr.obi ol o

( Li ppi ncot t Rav%rﬁﬁl"]ﬁnqsfagc?é'lﬂaﬁf’ ByongeRyyst éﬁ'ﬁ?’fy?r’f?% f,f%ﬁ“gﬁf é’éCkb‘fapb%Eg%ﬁ‘?“a or
fungi grow ng geprging spimd:l@bwp SforganReis) dan Bk Shrveya shfultahdohitipd” onto a
nylon filter or sneared onto a filter froma petri dish sneared on a solid
support. 15 In a prahentcedifferhadicqsnices Siangk @sefalr or RRNtal fdiagaskis euntheassol i d
support usjng ﬁ{eﬁ edures .that break open cells and denature any double

stranded PSHRTINE NETRRTIS . SUBHACHIY o0t Br PATRQEERIE ngFash @Rd c"elr?létc‘llrave

been devel opednonme@gemm}aud@oﬁ&c@a&mceadlffeheﬁdetke&ﬁéaeesadwoft greAtRREl Spnih
, base) chaotropic raltr‘}gsents heat, and organic solvents. This step of the

i nvention may tAEOAEHFHARPIOAR TBTeNhYTaES & hah bREAMHOSISAT IRt RAtROBERE Ageriaelte-s. A
20 sinple net h@Qntl;‘ W%rvbﬁgog%h%ﬁy is1dnfa€ A Wikt are E&Juh%\d%%u@%hé&%?b@l L&@hid-on

and washing, is a preferred means for fixing denature in a sanple to a
solid support (n%%ﬁvmlence genes required for pathogenicity. Closely related non-pathogenic

25  strains generally lack pathogenicity islands. Thus, pathogemcxty islands-are useful ge-
nomic difference sequences. Other, and perhaps most, genomic difference sequences
have no clinical significance, but are nonetheless extremely valuable for strain identifica-
tion. It is worth noting that the distinction between group-specific sequences and ge-
nomic difference sequences can sometimes be unclear. For example, an E coli 0157:H7

30  pathogenicity island sequence could be seen as a genomic difference sequence, as it oc-
curs in some strains of E. coli, but not in others. Or, the same sequence could be viewed

as a group-specific sequence, since it occurs in all members of the taxon composed of E.



al ., Methods Enzynol. 100:333-42, 1983; Gunstein et al., Proc. Natl. Acad.
Sci. USA 72:3961-3965, 1975; Ausubel, 1987, supra). If an assay yields a
negative result, it is inmportant to know whether the sanple g$ MR pogy! vy

free of 0 BNA fromtest organi sns or whether the ass i |.f failed,
i.e.) E’OF&"?% esult is a false negative. Fal se negati %qul"éioﬁllg'é%ur due
to the presence of inhibitors in the expeéoi nental sanple that bl ock one of

the enzynmati ¢ 5ifRS. H7@Lr%&%|&%§f;h¥es? JAnd &%ngenay Jhﬁgvﬁﬁfb %%aste% c%ce.rs%?e%sefs one

or nore posi {Tve contr npl es can peri nenta

sanpl e. The plgnostiedDeeoqienads. DNA sanpl es contain DNA 30 sequences t hat do
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t he posi ti ve cont AcfamDiaf gawpiieéifhreecei saqleucks dan be isdiatep bpiingporeafisderal These

pr obes . USo 6465 lified and
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that the nucleic acid nol ecules of the sanple are denatured and attached to

the filter. AUp3siTheyRrogestt pHIBCTIC suliisrton ae A Bmnily i ragnemict dilferenger ger |
Li gat abl'e prQhehal:- MRS A€ séchfBriliylyrh @e26d sk fnt iR REBHILNY el €tfiftl Gnd

nmol ecul es. |f both halves of "a probe bind to an mSequence, they are

| i gat ed tlfgetunigue tsubseisdwbedize fteiiclosgle relatdd grairse A gonerehproperty10 fapdly of ge-
PCR-anmplifie h of .t he

Ful ) <1 ongt b eano Rty Rl el SRR mEBeh 2R Ui SR EsnBiti b s,
PCR Step 5: tiepaotiengfl Braipy hbese closety tdieed © the cipensarssd nbineket dhatgeﬂrtyﬂncl d| ze

bi nd) t th d bri.d
Uobound. or ondb e SRERET kg sl wEeTBahS SRRt Siadionh TR PHAEI IR « ne
pr gbehenserrblcg theCfamil{ ok gghogAcPifferense dequencdsaidt 1spgsredae&n tah addividral @sd0esh-1 0,
and t hus can he use

0 i c, DNA le) and to
separ at e ‘Phe BT léﬁt‘ i‘?s:‘? “BPéjﬁ’ég‘P’fq’?toﬁﬂeh@Wﬁ; ed'l“ﬁ‘fer%mﬂy ggéggo'ﬁ*ﬁe

genoni ¢ DNA afiffatadde Qetfucheds dehivedrfesaa mmhbyd@btrshuaﬁe&mtr@bﬂa@é ioNChingidIfimat, s of
the )D probes, Thus, the Eal‘tl cul ar subset of TD probes sel ected

constitutes dng PHegsediq mekother He SefombmBIbERCtian Semplar () easssdP WHEHRPSANE The | D
probe hybri digga 3 1?ﬁ'se§rtc?ﬂak§thge§* gﬁ@ﬂlc}dﬁfg{?&c& éﬁhﬁ? therOfIcRRE s éxfat-&an @apd to

test for a broa range of or gani sns usi on or posi tive an negatl ve con
constitute more than one family.)

20 Genomic subtraction generally employs subtractive hybridization and affinity
chromatography to purify genomic difference sequences from the "+" and "-" genomic
difference samples (Straus, 1995, supra). Genomic DNA from two related strains (the
"+" strain and the "-" strain) is first prepared. The DNA from the "+" strain is cut with a
restriction enzyme, and the DNA from the "-" strain is sheared randomly and modified

25  with biotin, which is an affinity iabel that permits subsequent removal of the "-" strain
DNA by binding to its ligand, avidin. Enrichment for genomic difference sequences is
achieved by allowing denatured DNA fragments from the "+" strain and the "-" strain to
reassociate. After reassociation, the biotinylated sequences - and all of the sequences that
have hybridized to the biotinylated sequences - are removed by binding to avidin-coated

30  beads. This subtraction process is then repeated several times. In each cycle, unbound
DNA from the "+" strain from the previous round of subtraction is hybridized with fresh,

biotinylated DNA from the "-" strain. The unbound DNA from the "+" strain from the fi-



trols facilitates determ nation of whether the hybridization is working as
desired. In this step, an ensenble of ID probes is hybridized to the

denat ured nucl ei c acid sanple. Hybridization can be done i nUa‘qMBlm;
solution or with nucleic acid nolecules 25 that are inmobil | zed onto a
solid supp®PtY¥7%80 s descri bed above. Hybridization is per °E)§716?n' Xi ng
t he probe ensenble with the prepared bioligi cal sanple, and preferabl y

i ncubated unti| rlod has_el apse The

pr obe/ sanpl e AFXE! ﬁ]reegl ?nteﬁ d\%gttoﬁsa Saarﬁ%ﬁ} 4 by u?‘n%toﬂee?t\rﬁ%g ghrﬁeag?%tar T t hat
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subj ected to &%ﬁ ﬁﬁf B"é‘—? ﬁetmpr%calcn%lb%aﬂof'éh%/ Bt ‘r“gﬂlf' aei OTHTRIR
- 2004 WO ool 77%6&1u5és a R{fTorddSQ0Y dibgehbmiaCditferpfiey¥Bidnéat BQJh. suEtrﬁhﬁ.liohymethods
hybri di zed pr obes ar se rated from sanpl e nucleic acid noi ecul es_and

anpl i fi ed) Jas Whichrg £0; gRNar3e BFEMIC diffgRgnce)spaueness.creknoad tasinsgskitled | a

sanpl e, inclugiag RP%f Tréc&x%bﬁx@xﬂtlﬁl‘?}\ téwlﬁéls aa&k&hrmétﬁod@mlaeébeeh%wﬁwgﬁbon a
solid support (Fig. S). The sanple is ridized wth an ensenbl

probes) i ncl udiskrg M@P%éﬁlﬁﬂ%@m@wﬁm\ibﬁ Braenphrsgeldwe controls. The probes
consi st of pairs of oligonucleotides that hybridize to adjacent portions of
an )17 sequence. THe 9¥biev PLesaomigspbteactian izdlusaated in Figrdb e dAbbawd apobes,

and then is tr fp@ﬁ{cﬁ&l WhBgéhefid GELEa Q'x%h}g o%%%{ﬁ%? tl{ai &nﬁbﬁ?"l Pcl)'g?a left

and right hal robes. " Frnally, the“ligate t an es are
removed fridm t miols'mﬁﬂr@c efrthie ougjierat ?é@iPatboanmndfsomamedwn-ﬁth@gﬁrm F1$023 dwi ng

52, descr pt gl i RALELPRL Aol L0 Olddlns, RGBLELY Sdcebaglapnty |-

PIacethe)Dproehy I on m err ment _

whi ch is affigesiptad rda&dlslrdns(la;gpatrims lsmmS)ecan Be woaa&osdakelmecgrenmicamffén lter.

The preferred(szﬂ%/e bri t| o hure A ncl.udes of m probes,
o

i ncl udi ng gen a4t ffse E*HB §83f QBGRS ﬁFF&/tBrmakga%r 6u§°‘k°ﬁé°rcTH‘|fﬁ%E°“§"e Te

probes. In thiagd ¢@sia,8, thfon!pahpgabasusad & Pakd e 0f' @hbmP UG safBR. The
consi sti ng _of two I Io‘% abl e probe-halves. The preferred concentration of
each of the h&rqdupss Sgb%ctm %&4 3By aze genemis fidlgrepen rqEenses ot peRyr 1 |

This probe conggaty, ®ut A& in URER'S. trhde RERMAE UFErdne@ S&AGcad hr@%séf@lnﬂirtﬁn@é}s)
| eads to an acceptable | evel of hybridization to the fixed sanple wthin

sev 20 eral niPROHBSAPETAR EiH)in de gup (- oveprludipmstains 2R Renogggsubmgctiongs) . b)
One or nore pafh% %a?&lgﬁééaﬁﬁ@(ﬁ%’_'ﬁ% Ray 9&%&@&&/&%@&& &BRCERN PlhhOfle CONMPA

rable to that the m probes he seqlences of theSe probes correspond to
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control pr obe ves at a concentration co
would strain 7, and so on. The important and gencral finding is that when genomic sub-

traction is applied to two strains in a group (strains 1 and 8 in Fig. 2 and the example de-
scribed here), related strains (e.g., strains 2 and 5) harbor distinct subsets of the resulting

genomic subtraction products.

25 As is illustrated in Fig. 2C, genomic difference sequences can also be generated
by pooling genomic nucleic acid molecules from several organisms. For example, a "+" _
sample can be generated by pooling several pathogens, and a "-" sample can be gener-
ated by pooling several non-pathogens (Fig. 2C). In this case, the genomic difference se-
quences that are isolated by genomic subtraction are sequences that occur in at least one

30 of the pathogen genomes of the "+" genomic difference sample but none of the

non-pathogen genomes of the "-" genomic difference sample.



rable. to that of the ID probes. These probe sequences have no counterparts
in the fixed DNA sanple. d) 1 M NaCl1110 nM EPPS/ 1 nmM EDTA, pH 8.0.

Substitution of standard hy bridization solutions is also acg:f I
(Ausubel pra; Church, 1984 30 supra). Ql MAR 2 @7260
bet Usgo; WOEragHP & Lo el hybri di zation mxture it Gl agg odes
coverslip, preferably separated fromthe &2anple by a gasket (e.g.)
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conpl enent ar y egangie whebhlte sedisace ofwlie igbinee afhths einget egrefnicm dncanplerealr if @ct or s,

including the |length of the ID sequences in the probes angd the degree,of
s 10 nat oh dUCHEY SaBeEf BB EXATUPIe 1 GUTRMEHE S RUGRERTD ! FLaigH stains of
probe-hal ves. Heficdddbret ﬁﬂaﬁ,ewl(c@e Sequefice® FANGBEARNY b @rBleddaRE) bde réfsRdd t O

| i gat e adj acent probe-hal ves_that have anneal ed to com pl.enentary genonic

DNA in the fi X8R ex@erfatshedi:1 Lahih d299mEhe peplishesiranplysie grd pldighppiailable
according to 140G A Rleus berontiP BitfefenfildoBiiRes tha ¥4 uniM%%ekhge'd at ed

probe-hal ves fromthe experinmental sanple. Probes that have annealed to
conpl enent ar y sgdinohiie analyjise thepscanptituie aftypeeof Gsigeat’| ganpmig subgagsion amelysie| ut ed

fromthe ??k@fx’%@}x% E&%miicr'cﬁff%écgﬁquléﬁ]&?%a%e%@% %iétgrﬁgneﬁ.ondi tions. Applying

10 nM EPP covering wth a covers eating briefly to

100C is a pref : ¢ i e : t ;
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The anpl i fi catanpmestberpof & ctriugn paep 3s of a thidogica samplegrt pppased af détbrigiegoni ¢
profiling assay. ,(However, anplifi.cation nay not be required in all .
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probes that hatdeditthe dnszmbletod ID Requahaet dgit ¢dssasadlyahe gdnemidbrpfiibe sssay. e

ampl i fi ed ysi a nucl.eic acid | ymer ase and nucl ei ¢ acji.d 25 nol ecul e
orecur sor <3 ARHPYEFTRESIF STAUEERS D Beyirqaled H FUPRSHONS SHASF OB PTG PY BRIOTES At ng
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bi ndi ng of spe . . o
DNA from a pathogenic Mycobacterium tuberculosis strain as the "+" genomic differ-

" b

ence sample and the DNA from a non-pathogenic Mycobacterium strain as the "-" strain
yields group-specific sequences that include virulence genes that are common to all
20  pathogenic Mycobacterium tuberculosis strains. These group-specific sequences are
valuable ID sequences for testing for the presence of strains that cause tuberculosis. As
another example, group-specific sequences for herpes simplex virus can be isolated by
scanning the viral genomic DNA sequences in a public database, such as GenBank, for
sequences that occur in all known isolates of herpes simplex virus, but in no other type

25  of virus in the database.

Step 2: Designing and preparing an ensemble of ID probes corresponding to the en-
semble of ID sequences to be detected in a biological sample. Control probes

are also designed and prepared.

In the second step of genomic profiling, an ensemble of ID probes is designed
30  such that ID probes in the ensemble can hybridize to members of the ensemble of ID se-
quences that are chosen for the genomic profiling assay in Step 1. An ID probe can con-

sist of a single oligonucleotide or, in a preferred embodiment, two or more oligonucleo-



cific nucleic acid polynerases) such as Q-3 replicase or T7 RNA pol ynerase,
to specific binding sites incorporated into the probes. Any of several
anplification nethods can be used) including the |Iigase chai rq‘li g@

PCR, Ilgatlon dependent PCR, transcrip 30 tion-nediated arrpll %3

strand- d| ﬁ'&ht anplification, self sustaining sequence F@ﬁ UbteSon,
rolling-ci rcI e arrpl I fication) etc. 0 1 4¢AR 2pQ~ V\D 00l 77260 53

PCT/ US00/ 1646 ro ct s can b duri lification.
For exanpl e, § W‘fmbeaangragﬁuc’ts coéléthm Féod’é‘f’ 8?1“ Ffﬂ‘e‘iong%}"sgg Ry S ner s
synt hesi zed vmfhrh:nanﬂlpenuﬂoﬁﬁl | abel (e.g., biotin or alkaline phosphatase) or
a fluorescent |abel, or by using a | abel ed dNTP precursor. One particularly

useful nethod A po:ttmnuﬂ‘an[lDl mba tBey/ID kies ica@rdspointi i tesarbi séayulente, @ﬂﬂpﬂeﬁh@d I'n
a preferred enbodi nent od that includes ligation (Figs. 3 and
5), there are® %PgﬂempPﬁpWﬁr h‘?rjEFé S PRSRMOl5r oinkt PraRes EPRRIBY Fé’é‘b&ﬁ‘ﬂ“qnél Buter

portions ofs t heotes abehich thgcmwfabﬁ@hIo@l%robm@quleﬁ&tcoﬂédpeﬁds tb ®né SGBEHE R thd O the
outer portion of the |eft probe-half, whi the right priner i's the reverse

conpl enent  of IPrﬁéQ‘tP&t:ee‘F“SffB'Plﬁ ithsih ispssamhled ‘ing‘-’ﬁ?P browe oG suell 1D profk iingludega
probe-hal ves g fh& Jr%asewqe?méésteﬁa@ ca&@s B t@ggbmfoh%@'aﬁﬁ)@e@m'Ind%%'t ex

tent. (The unligated |eft-halves of robe I rs have no 1 ement ary
primer and ar dwbrdizatpphuciciceebid moteculas !Tghldm the dAtsequehcee 9s df deskribedrbelow- pai r s

are anpl i 11 ed JAeahbYiskoRhaR 16 site I8 dxlohb 050 8n TBHRNR B IEEERDn B L ODES:

hybri di zati on o e anpli probe sequénces to tection ensenble. 15
To gener atld a thitaomespondrio 2 gbraimic diffepresqudnat dvaegrotp-sieeifigeapredes) present
in the experinental sanple) the sanple-selected anplified |ID probes nust be
identified. Thie podimt oft hmsIDolﬁrobhe:osekmmtdedo langlifizhiden seqmededtudadmpyrtant
hybri di zation t Si st._ing. of Ig.se ences. or. m e
ol i gonucl eot i &ggangatge ogé%nof"ﬁc ?rogg?gr &B&Hg“)ﬁ & qearee %%’Hﬁlﬂf}gﬂ?tjfreteﬁg‘p}‘ﬁfaﬁf”bbes
in the origi nalf maag eé@eﬁoedammbemai géhothie . prdfliRigeay QRNEIES thelustil@nPRE&HBA € can
20 correspond to ort I ons ap@ gﬁences or to tuéi% sequences that are
i ncor por at ed B"étﬂ %ﬁhaf 13854 t URPIEREFTORY USE £ K7 bwnallpantsh ohnd
constructign Qinpﬂﬁ@mmc‘st:q@ace@rtsamahemc amplification of a large number of distinct ID

probes. To this end, a second portion of the ID probe (in addition to the first portion,

which corresponds to an ID sequence) can include one or more amplification sequences.

This second portion can, for example, correspond to one or more primer binding sites, or

to a binding site for a nucleic acid polymerase, such as QP replicase. The amplification

20  moieties are common to most or all of the probes in the ensemble (including control se-
quences) that are to be amplified. Therefore, the set of probes including the ensemble of
ID probes and the control sequences (see below) can be efficiently amplified in the same

reactlonA third, optional, portion of the probe can include a tag sequence that is used in

detection of the amplified probe. The use of tags is discussed under Step 3, below.

25  Control sequences. Both positive and negative controls can be included with an ensem-
ble of ID probes. There can be positive control sequences included with the ensemble |
that do not correspond to sequences in actual genomes, but rather that correspond to con-
trol nucleic acid molecules that are added to the sample during sample preparation. De-
tection of the positive control sequences in the genomic profiling assay indicates that the

30  entire assay is working correctly. (When there are no ID sequences detected in a sample,



is described in Step 3, above. ldentification of the anplified |ID probes
can be carried out using any of a variety of procedures. In one enbodi nent,
the anplified ID probes are used to sel ect nenbers 25 of a dgyemiR Q0%
ensenbl e idization in liquid nmedium The selected d i

senbl e néﬁ%gggggée then identified by determning their nnﬁ%@ﬁ#%&ﬂmg?ghts
usi ng nmass spectroscopy. The sel ected sequences are then identified by

conpari son t qr &h@pbrste tPkno WO Bfetd rQ)!FbS l e -
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ybridiza liqgn.o S e-sel ecte r obes i ol ogi cal. sanpl e.
Quant i fyi ng 3%‘:%&%@? gl?rgplfﬁeil é’gf’c%aﬂd%ﬁ?rﬁ?gsqqﬁenéeso%&c@ i%dhe EAABICPPE- of t en
i nportant. | rngedicindRhtef e l@xROPbRkgrsiah @i0Rs:9 Tdud W seh iREN R eh&dneNCY

Virus concentration in tgg bl oodp:ﬁ]al so referred to as the viral Toad, or
titer) is i npSFEuaRarigmPaciyrngt IREro8¢esage of the di sease and the response

to therapy. ow ed of the nunhers of target organisnms in a sanple can
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Al t er nat i vel yrobgrhplvgs bulridi® topbe dénaureb i erqoesy, thhatobe snaggpiec t4nite jbiaed t he
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i mpl ement (e.g.) Hutwenatodihent, thd derenpdradnhafleadyprdtk: K cothprjes 9 ABplifickhe
fixed sanpl e y_he the sanme sanple 20 that was used . in,. Step 4) . or y be
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exanpl es: Exanple 1. Testing a gastrointestinal sanple for the presence of
pat hogens Gadt& BaMisr 1t & c° frf @epenbindipg siffe <l ajtag sgaypRfeis present, it

i nt er nat i2onalis Reatd berRedlheMmeriadutet parliokdiih bhOdt kA E5e-RiFLr each year in
children, resulting in about 5 mllion deaths. Certain forns of the illness

can be fatal withEp SeURERdte el EmBdithéte W9RAS FrotRihaBXIPIO MRuerfe HiphRiSE array
of pathogens cause gastrointestinal illness, including bacteria, viruses,

and pr ot ozoa 18RS eIl prpETicationtof prabat-hadves giiat hubritizpetadha sraples duse
gast r oi nt est igfakxdnhd1098S 1FHrir PR I6L POR ; LG P OALhAL

antim crobial t h)é[‘ adpy_, [ c?etflpti ficati onl%@gﬁgg&g%ﬁg}nﬁ?f%%ﬁ?ﬁ%d&i ﬁ?de%?i ons,
and tracki ng Tight Briteerds thsfrefeswaeommiereeny af tho gams: sictRoseqaence.Hdundffergnener ged

pat hogen k. GOl ien @l 9ha tag RP tab MAR 446 L . 55 PCT/ LS00/ 16465
Current net hog&s e?or Q&lgadn%gs%{héa]gga’st ré%%?%gﬁ E%,nzgl@nlens[gc g%curogrmﬂ litl i deal .
Det er below). The four tag sequences hybridize to the two complementary sequences compris-

ing each of the two tag sequences in the amplified ID probes.

ID probe synthesis and concentration. ID probes are prepared by standard nucleic acid
synthesis techniques. The sequences and concentrations of the ID probes in an aqueous
30  solution are defined. The concentration of the ID probes in an aqueous solution can be

varied according to need. For example, in an ensemble of ID probes, each oligonucleo-



mning the identity of the infectious agent is often difficult, tine
consum ng (usually re quiring at |east several days) and sonetines even
weeks), and expensive, due to the nunber and range of possilbj ¢ gt hgpens
(e.qg., viral, bacterial, and parasitic pathogens). 5 The presence 0
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~ di agnostic hu%an cells) the net t%od foffer& a substanti al %{;ﬁr&vemnt over
current prac PSP SRR the,eony SUMOHLA IEmARdS $rACHET 1B o sPP oAt ey there-
appropriate ok dstfiPloyhatdi@roBaR)or fothiniiakqu¥Rées prdséie irdeni@n em@n@f i | i ng assay
is a powerful tool for epidem ol ogical analysis, be cause it can produce
hi gh-resol utigtap Bi MRS préfatifg b Astkctiod @n SRt GreBidRfiink itd) the 2 5Rble
described in this exanple to test clinical sanples for gastrointestinal

pat hogens is al so PHVE RaBseCoRE! seayengen goresprndingde ithrgcanigalurrotey arg giso
Testing fgy gastroidiigsdd HAl prEBrOIERRD-difed QA de3ectiBP ArdyPR tprdpQfed RE ,%}(é‘mt' ng
gastrointes final illness. erview of the exanple. A genom ¢ profiling
assay i s devel oped Rréfarred ¢mbaogim¢mnigl e test) scans a gastrointestinal sanple
for the presence of a conprehensive set of gastrointesti nal pathogens. |

i sol ate an ensenblTaeaple pbtheadstpstierensemigpistgadietseinng ddentifyi the aubsat 9hthezy-

pat hogens. F C i as| & i J: is
laed To i sol atEonarant Rt aaaaR- B0 6y B-ARhGRo IB3RARNGS SHAL BRIMHAT (S
G oup- speci f i empkeglibhdesction ensetily ¢dmprisgs sgapneaicntresgonding tovhe ersesblacé

i sol at ed i C r al wsi et of ensenbl e of .1 D
sequencesﬁtshgl% %{rgge@%trssgeéng%@ IP)r‘?%etpﬁze(%&% tﬁgﬁzse&u%necﬁg %‘gtt%%g’g O(S:t(’)cntg’f fhclpﬂ Ses its
genomi ¢ pr of idncergf Yariogetypesi aftorgahistis g ehe past) Nin ottat abaisethe detennins tiisambrds by

determn 30 ing the sybset af m ¢ difference sequences present i

" opr esent at | VOIERFILR derensmtle A LD Piobss- Genoh SEHGIcR SUETRRATD I RB SN The
identity of pabhegfssdifcladedlwitl abetstiseRembMO 001 77260 0 1 MAR 200

PCT/ US00116465 56 is determ ned by conparing the genomc profiling

fingerprint of therheldetitlenscaiglé Corsidtsobfudlkid slxbmBleOflesithn@ed fy isbd o de-
Overview of the nethods_ used.n the exanple. I use a variatjon of the
genoni ¢ stf tect probe-sample hybridization events. The detection ensemble can include sequences
that correspond to ID sequences or to sequence tags within the probes. In one embodi-
ment of the genomic profiling method, the detection ensemble DNA sequences are dena-
tured and fixed to a solid support, so that the detection ensemble DNA sequences can
hybridize with added ID probes. This detection ensemble, when constructed on a planar
25 solid support, is termed a two-dimensional detection array. The detection sequence
DNAs are placed in different positions on the support. Methods for fixing DNA mole-
cules to solid supports in this manner are known to those of skill in the art of genomics.
For example, the methods referred to in the Examples can be used for this purpose. Al-

ternatively, hybridization of the sample-selected ID probes to the detection array may be

30  carried out in the liquid phase, as is described in Example 3 below.



traction nethod of Straus et al. (Proc. Natl. Acad. Sci. USA 87:1889-1893)
1990) to 5 identify pathogen-specific ID sequences from bacteria and
parasites that cause gastroin testinal illness. Alternative m8th¥4B 2%n be
used to | wew@2aenon ¢ difference sequences, and can thus meEr/gsdwstsisgsut ed
for the subtraction technique outlined belpgw. For viruses that cause
gastrointestinal illness, | identify group-specific ||~ sequences using
conput eri zed sear dh aofrefseefuembminat abasgysdesighedeldotise spaperces thah c@rq3psrid cul ar

ample are identified 0 hybridi zi ng, an ensenbl e of >?7.prohes. . with the
FPebd ganam o E ot tapbed Brolit AT R 08 Rk B i amad TRRT IRyes ot v

and thus be r eétedtioededaynce)d.of, ihoedthgeno BiecifioNé: a Fiven Qﬁbbf hg@fisn Har pxphes are

anplified using a |igatiop-dependent PCR strategy. e identity of the
anplified 1D B‘go%*?gg%s_ ’aé{‘]eeﬁwﬁh_é‘?d C%yOII\?ﬂdHi"h?rEidﬁaosﬁtﬁféﬁﬁ ? graP e rsighbering
ensenbl e, whi gfs. iFrthdtindres I8Rilied Sf a&c&i'bg%éﬁﬁnéééﬂcﬂe%ﬂ&hgrlélcl&_felr a%14pdq t he
entire, unselected 15 set of _ID seguences. The pattern of hybridization

si gnal s vi suaf5kes (&1 cxteplark. 49! QIASHT and Shigelio)genponitionpd bf the iserge region
fingerprint. b&dl akdy'one e fiof kARLANER-SPAURIE AR RaGLCr T a that
cause gastrointestinal illness Strategy for 1solating sequences from
bacteria. For dia i aoy td ' - '@ﬁj f.ul

di agnostic 1D seqﬁggggg?g%aﬁggs@ng ﬁlagteg%lrmééss)tg%ég%{h%lﬁlﬁwg%pﬁ[gat 08§§§? H'but
absent in thesdmbiritsexizboyt) mpediceks inpraporgepintathe detestidreaisehilei As distussel  For
many bact esri k [ _ h. equences _can he

ef fecti velg?/ i gdc?lvg"? g%ﬁﬁitfvﬁga‘té%&ng%ﬁug&égg’??g?t’?%%‘cwﬁ‘hg‘ egsgbécrg]lg e “SURT 38 éf%n
strat egy usedustdperiddicay thehproparfunaiohiag qfabdagen) Tiespasitivdi @atsispdbalkeve

(Step 2 in detail escription secti,on). This section il125 lustrates two
di fferent str %@%egglggﬁd;i% Ot%be tﬁggﬁcg{lgoldgﬁgmeauhﬁhf:&qtl%ghcg&s E?Jé‘FFcaé’%ﬁ’ffﬁﬁ’ Sal
nmonel | a ent er aciathartdbfidize @l the coMebdiag ont@Psega@itt Sini iNEdegGbA &4}t est i nal
pat hogens. Strategy for isolating genonmi c difference sequences from

Sal nonel | a ent er i Ckhe nbpative bl S9%6raés 44 i e measint at BS pAhodehEndipErient

Sal nonel | g ar e Eenbecl;s OI, ttge subspeci es Sal nronella enterica. All strains
of Sal nond? | aPEKEEPILHEM I O ASIHEFed MegSBROhGFaMOBY 9 AP marReriiat ispmplit or e,
this group typid inespitehare hpsie(dTithd BgtSFdndhg! SHtSeEH 1D IHRURSH AT sabpiegh
identifying and distinguishing any nenber of the group from any ot her
menber is  ONeBafpELOWRl sEgyeHtSy InEgRirasomeTitvSEmrobsegEencee agingMetivittyoal .
There are man ; hShd i i

hi gh-resol uti %ﬁ%ﬁ%ﬁﬁ%l O%S;%?Eigvse%gﬁgénlpﬁ%&gg %g%ﬁglgé%%éiseﬁﬁnﬁes%or at ed
in Fig. 6. Fohybridizg teihiedivlogicah samplysiercsnssifiofas®alatiomef Ihe regativei aatral e

di vided ip§o -QuUQRS, 1.0

repr esent g?i v%ae%rr%n% erg‘églo egﬁ&g&gb%ﬂg‘?oﬁ)%ég%g%aﬁxog%:%ﬁgt Flﬁbé qugnt
genoni ¢ di f f eareplfsatemguid dybridizaBon opthiseaemieacey entaicorrebpbrfdingeseqeensaspltiee f or
Goup Y. Str aidcr}%tigr om each branch are obtained fromthe SARB reference

col l ection (BOyd et al.) J. Gen. Mcrobiol. 139:1125-1132, Z993).

Reci procal su N S] t he genom c differ aml es are.gxecut ed.
I n one subt ragﬁ"g“%?‘b?r@ aké %}%% Pt an eeﬁf:eé“bg'ér?gIr%?es?é?l%/é%q'%?gcetsh amQus
sanpl e and t hepés ofedetaciion alirdyk enebe @sed to detect diagnostic sequences. Fig. 4 illustrates

25 some designs of detection arrays that are used in the examples described below.

Numerous methods for constructing arrays of nucleic acid molecules have been
described. A preferred method for use in the present invention is one in which nucleic
acid molecules are deposited at a high-density on polylysine treated glass slides (see,
e.g., Schena et al., Science 270:467-470, 1995). Detection sequences corresponding to

30 ID sequences can be deposited in the arrays as cloned DNA (e.g., as inserts in a plasmid



10 sanple serves as the "-" sanple. The products of this subtraction are
sequences found in at Least one nenber of group X, but not found in any
member of group Y. In the recipro cal subtraction~experinment g4t &R Yoggenom c
di fference sanple serves as the "+" sanple and the X genom c difference
sanpl e seMR8V/HI% he "-" sanple. The products of this subtrBet/VSHV/HIES
sequences found in at |east one menber of4§roup Y, but not found in any 15
menber of group X . The oni i fferen sequences that_are isoglated by
this genomc sgfa“tt?r?;tc?si ?;‘ﬂﬁré}teglaﬁlégy et,gontg?icpt &r %thFS“i‘H}gefr?’&n?‘P?lg§.a“?Th°f
general, the sthadE@yuhcd) dsad@hBedd@ipodteotiagy |y, i.e., all of the m
sequence subtraction products generally cannot hybridize to any single

genone. Genoni ¢ subpl@aaitivery, ok deeel@AEnSngAMESNECluge A uErambif o6t iyidenet hod
to 20 generate nultiple fam.lies of m sequences fromw thin a group of

rel ated organi Shgonudeetidedass-ragher thap LA s9HgneGEnkIFi R8s 1 s Btfe EOTBHORNOLRE f r om

E. coli. Past efemkhe idhy IbQasRetak §s ders@rﬁ)e@i)elbaﬁpESNF%HbeQE@HQscHﬁc@ﬂ%%nj n
Fig. 7A. Note that the pathogens (black) in this group (E. coli 0157:H7 and

Shigel | a fl exn@kid)- Faghaddresssbletag dethy amrey epresponibiol thyytag doined: th atspegific probe

pat hogeni ¢ (whi hS ol Q. A : :
coli 25 phyl ogé‘%\@%?cg-[{l]?gghst%ﬁg%&?g%gs{ &g gt\rﬁgl[? fr;ﬁt§l ﬁggﬁ)(gng%?gfl&%ée %Irl%‘g)gﬁl&% of
NUNMer ous non- pahdiegairelavensiip ratvesa krrdy. elondnits amd thé proe enseinblearakitelayit possi-

i ndi vi dual s can nt o di agnosi s _.of a pat hogenic strain of . E. coli:
£ col i typi f1 R ; B SRR nRlrSpE R Y ek il e
contai n botld patyredeyesmss lghddinor-matduty én e miigturs dldairtage obidsapgichilesre e

sequences for fingerprinting such groups, the .s.tra}}l 30 e ﬂe j Ct in Fig.
78 and Fig. 7CPIORSHPS Se° REP P St & TS SOMEPRG e BRY RLohesrst o BEh ¢
t axa (brancheskarbecusad odraitfaetd sdthef prodhArdrexatilel, 4 2t oBdcebds Ter detectig€respiV\O

00/ 77260 0 1 MAR ~~ PCT/ US%)/ 16465 58 nom c difference sanPI e.
Repr esent at i ve "4 PRHQ8TS BRY # Fre Oga’i"ﬁ hAgeqting saIoisERd PRRES sab rEdhend

their DNA is usgfe ie@ofrﬁgse.ﬁ&k?agii‘iélc@ﬁﬁb‘)&ﬂn%e%éd‘ﬁf%@&ﬁyﬁ@%@@ns%sﬁfaﬂﬁ%mS
of genom c subtraction are sequences found in at |eaSt one nenber of the
pat hogen grldup of gistrpiatestmal ast pamplesshi gel | a fl exneri), but not found in any
5 non-pat hogenic strain in the subtraction. Note that this genonic
subtraction will i sditemativglynBideteetiqnfasiay selebe e 6l o detactios spauendes Wit éfe tar e

al so group- spegifibcq HOHIRIG 8 sahiplel HFrotel BYetQGGH hrrh J1sOBERRESotPhy a8’ OUP
(e.g., E coli 01157: H7§H,'A but nsgitnlallen %e%berset%?l rerab'?eﬁ&grsoups. fﬁ%?’eﬁce
genes, i.e.) t peepertichatchasmalasviet weights,fo whéchi difgpesticpnedupts erserosipatedat  occur
in the pathogenic E. coli (but not in non-pathogenic E. coli) fall into
this class of Btepsthodrrpedng Gertiglpgicl semplei Thisxysem invelves dists dfr argrnibres BODR
(non- pat hoggni ¢c) and LG I LCQll ect | i : .
Thomas Wi %mn (Pen rs]%g% é{)) g“agﬁl&\?@% g%lga\&&!uﬂss &t tllxe &Ig!irﬂﬂ'ﬁs Qéc%&eda%gxl&\fe B'{'
hybridization. For example, a sample, such as a stool or respiratory sample, is
treated so that nucleic acid molecules from organisms in the sample are bound -

to a solid support.
The aims achieved by the following sample preparation strategy are:

25 (a) Converting samples from a broad range of sources (e.g., culture, colonies,
sputum, blood, urine, and feces) into a common form that is compatible with
subsequent steps of the assay. Organisms are lysed and their genomic nucleic

acid molecules are made available for hybridization.

(b) Concentrating the sample, thereby increasing the sensitivity of the assay when

30 testing for organisms in dilute form (e.g., in the case of urine or blood sam-

ples).



p 1 MAR ~(p~ WO 00/77260 59 Table 3. Pathogens that cause acute
gastrointestinal illness. PCT/US00/ 16465 Bact eri aPar asi tesE%chAhc | a
ﬁol G a:{dl a |l anbl i aSal nonel | aEnt anpeba hi st ol yti caShi gel | aBl"ast ocy&ﬁ S

om ni sYersinia enterocoliticaCryptosporidiunVibrio
chol er aPEPBESBr i di unCanpyl obacter fecalisNecator ameri AL di um
di ffici : eAscari s | Enbrl coi desVirusesTrickuris trichiuraRotavirusEnterobius
verm cul ari sNor Vi G Us ok aneydod : CHalsi o8 ASVRVE AHSIRSd hi s
viverrini Adenovi asd (Sr?or g{lﬁﬁsn%i (#lrerﬁfséﬁlza&g%g}%aé\ﬁr tisl—lyrrey?lrgﬁl éﬁgiﬁs na*r?gtlhg
Bact eri al pat hogenssathktbycansengjasitmuibilizisg inhibiting pybai@ness. Table 3 |ists
common groups of bacteria that cause gastrointestinal illness. Infections
caused by some ofAnyloéseyephinhtiodeafssanmiptecprephiratign Yirbbe used Froprepase Bpgample
ent er ohenor r.hagi ¢ coli..(e. O, ,—E [ : , fi ven in
heal t hy i ndif®s e dr Efe %ﬁ?‘ﬁ%ﬁ‘%’éh@% %e%u‘g"ls‘?‘i 5‘%@“‘5@%"{ é%??%é’se‘aé‘%%%%raﬁgt e
t reat nents and depmiranimléig add nloleeales, andoo resmivatentfminitingesoteins 40 ghaymemces

fromthe group f bacteria Listed in Table 3) | . i appl i ed
to B col | g aner et Hub SUFEauBL Ty S bt o B AR PR
for subtractigns usddroReRpMeE Bk DNATRKA, bhotgenoni ¢ sub 10 traction
sanples, strains listed in Table 3 are grown to saturation in |iquid
culture (500 M) paRdle gepOMELicn, DilAtel urpleehpese uchAssiibe banetlesakcan bel @Bigen-supr a
). "+" and "-" strains are chosen by the sae %onsi erations _descr.i bed

S

ab%\:/)_e fgr E.m’é@l by felrefiondhrepsfestrndardiRatigonys)f fF sIRGIRTee fontains BiTHe
conbi ne t B&s 'of h ktiB AN 001
VAR 2004 T s Ta B P e O e e o dcromt
di f ; er ence stherpirepls efermibe srmpleiepraEatiqmEn B Poiet 19Ut PEfEirRg e saRele he -
. Prepar 1 G i 210 : i "W }
subtraction tgg& l?gisnfﬁ [% ﬁ’é‘q'ﬂo}ee%)ﬁﬁ l?rsg%g%g?%d?%%égﬁ%ﬁ&h\?ﬁﬁ tﬁ%hﬁgfti Jcs)kgip%ftf ?rn
?(étet ate) iggﬁg&cm&mn’defbﬁe@%ﬂ@pl& mgAiltering througlas MEBBEAG B 5 BF128¢8 PP
raws, ray,..lhe "+" ' ' ] [ re db
cut ng " +* Hestd te.%%wcmsas b B L R e BBl N e at o0
ragmen avi ng I cky .ends, . I pj j j ¥ D: ~A
frag manfss are re‘é%cgf)aé‘%géﬁ%nﬁﬁ%t[%s%éggérﬁbén%l%tﬁsﬁ [EJIE %E%%%Eéfmg?% r(? 1

ftgl/pl (StramagidlIDSingdifferent.size or density. For example, large particulate matter can be

separated from microorganisms by a centrifugation step at a speed that causes large par-
ticles, but not microorganisms, to be deposited in a pellet. Microorganisms are, option-
ally, separated from the liquid phase by centrifugation, e.g., in the case of cultured
20  microbiological samples. A combination of filtration and centrifugation is used to con-
centrate and enrich for suspected test organisms. Pellets recovered from samples proc-
essed by centrifugation are then prepared further. Both filtration and centrifugation have
the potential disadvantage that viruses can be lost from samples. Other enrichment
methods such as affinity chromatography, cell-sorting, and antigen-based enrichment

25  may also be included this step.

In a preferred embodiment, experimental samples (obtained by filtration or cen-
trifugation, as well as crude samples with a high content of microbes, such as fecal sam-
ples) are deposited and fixed to a solid support, such as a nylon filter, particulate matrix,
or beads (Fig. 5). Use of a solid support provides several advantages over other methods.

30  The sample DNA is fixed to a solid support and denatured in preparation for hybridiza-

tion to single stranded nucleic acid molecule probes. By immobilizing and washing



10 Genom c subtraction. Genom c subtraction is carried out, as was
described previously (Straws) 1995, supra). To isolate path 3 “&@Eﬁ ific
DNA fragments, a genomic subtraction experiment is carried bt 5 t he
"+" geno action sanpl e derived from pat hogenic str

bi ot| nyl ral‘ltvg)cf)‘w%56genom ¢ subtraction sanpl,g derived from n?#-}zua@ﬁ}gﬁdégi C
strains. Three cycles of subtractive hybridization purify the patho 15
gen-speci f ¢ ggAOBNG sd}nfpfe@nﬁms@o@%ﬁu@z@ﬁﬁﬁc stbh ORI Ngi c%w& SRNAMiGicaidnd geence
sequences. After ligati ng adaptors to'th enonm ¢ fference sequences,
they are anpl ¢!ﬂxeednru@mwg PG@%@W&WSW&@QS I of iy flter Sprtainngdhe bdund DNYYO,

equences by TR Rodrrn SRR Tk M B R o el

acetate 20 (Nam«;)iuc @)ﬂhhthbedby\mmhlephmpmiehcsh%mw ar ms(rﬁpl&)to irghide internal
pr eci pitat d wth ortion of the sanple (20 ng) is ligated to
BanH! - di ge te8° aég?fo%%ﬁ%’}%ﬁé?%%?aﬁ}‘é IS pBI uescriptll KS+ (100 ng

oo Aee) e o GO B TS Bl i b e
i nserts of i ndlvMy dmlfo:cﬂi;dmmomiceacseaﬁleqmamﬁdmu@saxgp!aﬂfo%brbxﬁwhusylisbﬁs| zer

Phort v TS Ry LR SR AR SRR v R e o

bacteria that sgaihser gaatsambREesé kMadred bitdasdlid Bpfeal AOTs BuRentYEMe Bactice
subtractions, as is _outlined above, on genom c dpffer ence sarrpl es prepared

from or ganPsmhe tastrg pRusineSRmpley fofuffs hesquirsai yFingotht aneid fast FReABnIseay

di fference sequaRRESS of HONT&b} hakedhd Teﬂsw*p@r BlaghRtb 0GeRDidibBt (L smeR! Y
cause gastrointestinal 11l ness are isol ated Eagh subtraction generates a

Large num \WRagw/ Firiddpiga, 99D))\pimiRdp, @@N@J@O@ﬁtm@m%fumsr growingeanoyeind-
difference Se%ﬁﬂﬁ&ﬁ%%" g)'éﬁd B@%QQ& BOYSRS" Wm{? )HS‘n QE&“& ﬁ%e 4" '8 fu1eO
e su t'ion ogenhi |

exanpl e) a sing tra etween a pat strain and a
non- pat hogeni €rof.a pel diststmeaied opiasbléshppomdr eds of genomic di fference
sequences (Juang, "Sanpling Ge nomc Differences Between Escherichia coli
K1 ad K12 1psol at esln"a gefervedregnbodinveat, samplps Fe headixed Getho noled spbdrt esing mo- usi ng
DA sequence daf, 83508 CEARTLG. SURLEAGE R8N0l LESa0RIRAT (REAREIORL-
scanni ng whol & genormes genom ¢ erence seguences, cah be

achi eved by cmmas m&gmotiﬂnfer E)Iblﬂqsgqpmrw%hayé baem@nﬂbp&derb{essmuelnmedha(nmal

Gonomes) ( See STBFOTATRY 8 e dheckire s£30 b gPa PR BUaRF g br obes

and det ecti onsepsemeli®entdi hesmengong dne o htorg ana hdthddk foedigistngsRNgences
The ensembl e of at hogen specific. | D sequences jdentified, é i s . described

above by ¢g@nofi “s’iﬁ‘B‘P 4 apvobring 3lkalf weaqmens, 1AL bY Reitelization gpd waihitgds 4 D

probes that apgfde8dndats ﬁe?ﬁ&h‘% SANAPII DA Qf Ial daBiP1e36 2:361id FWhp HiHaﬁ%t of 1D
ol i gonucl eoti des are synthesi zed. One ensenble, consti tut| n m_pr obes

(or m probe- ha-vgthods knzigapk 1693 83t42.0983; bfﬁwpﬁfgmceapl SHAp| Matl. e % zd. p% al ves

that anneal NegEN & 5198'3 pi experinental sanple are |igated)
anplified, ang g?) ?%3 léle ot er ense%)e of 1D oligonucleotides

constitutes a det eﬁtahqgsafpaéﬁmlnega@@?esm POk ROLIoAETnd Rk hafploget i on

ensenbl e corre 20 spond t0 the sequences in the ensenble of )D es. That
is) the déSecttmwr@r@f@m@c|I§QA from test organisms or whether the assay itself failed, i.e.,

whether the result is a false negative. False negatives can occur due to the prescncc of

inhibitors in the experimental sample that block one of the enzymatic steps in the assay.

To identify false negative results, one or more positive control DNA samples can
be added to the experimental sample. The positive control DNA samples contain DNA
30  sequences that do not occur in the range of organisms being tested. Probes corresponding

to the positive control DNA samples are included in the probe ensemble. These probes



congruent to the I D probe ensenble. The detection ensenbl e ol igonucleotides
are deposited onto a solid support, form ng an addressable array. The

| abel ed, anplified probes that hybridized to pat hogen genonmeq i MARh200%
clinical sanple are identified by hybridization to the addressabl e array of
ol i gonucPé¥8He&d 25 Synt hesizing | D probes correspondi ng PETURM/A6HSS
sequences. A sequence) referred to as angyD probe site, of approxi mately 30
bases is chosen from.each | D sequence, human nRNA (see bel ow), and control
sequence to Bl br amlited 41 #wetegé%wﬁfasﬁr WSS OAg OLBerg T theesay BepY 8 BB= hal ves
are synthesi zede Gl BARANE MGect Q s@gf?fﬁhféQ PBS&VERoRFARRuSEh EndiFdid o A)e The

| eft 1D probe-half contains the left 15 bases of the ID probe site and a
priner site, "SGR refBlt site-L (the "left” primer site). The right )D
probe-hal f contains the right 15 bases of the 1D probe site and a priner
site, priner siteFi® ftillestraies §Hpple prensptionhybydizatioa-splpgtippy amplificatiqpamd 00 WO
001 77260 PCT/, ' : | i fol ' S| at

cort esponds ot e Gy ar e rs bl T or Ryl ael bR EAG e
site-L (the loncfilter spithaghe micleir) ackhmolendlessef dhrestomle &t dHAOKTT@EGttached to

GAGACATCACCGY; - AT% [ Lt e- crhght | PEI. S has .t he se
5 querice: 5 Céq- &?ﬂf &&%ﬁ@g&?&ﬁf&ﬁ%nsa%hg&dﬂgﬁﬁiﬁ T g’é&g%lg ro3’5'quence
identified i halvesears éehihghridizkdov eéhe Horad didigir aliembRbulesIfdomt mjves besproeg: one
with the se guence 5' - GACACTCTCGAGACATCA CC-~ pr sitet ,5>-3', and
one with seqﬁgﬁé%agipégﬁeﬁﬁoﬁgy §ﬁ°t?§.a§ £%%$Gr?fc§@ﬁ6? Y"g‘cg “¥he I D
pr obe- hallges baPERIARpIFRADesRsd fate 4B QYinRbUiIndRaGResO4t Redh M tfaBabgth to a
tenplate con 10 taining the 30 by |ID probe site. Wien annealed in this way)
the probe- haPtRBE: Jaeairasty pougd perbe-hatygs eanpet be SRPEFEEY B0 a. formthat can
be anplified_using _primers L %}5' - GACACTCTCGAGACATCACCGTCCG-3") and R

(5 - AATT;:TTGé&é;Tﬁﬁ{& > Bropes fAMdRC Lo prabe st othehybridice (Ripd) tpigght
priner sites) reSp%@?nﬁd’ﬁhﬂqnc@ﬂ%ef%ﬁﬁdré&aﬁq Relss-hiniaiAy avhohfd prlbb& agenom c
profiling assay. To determ ne which 15 pr oBe- hal ves hybri di ze ?o a clinical
sanpl e) an addr ess&¥ndereteddyiveshiegsenbl e of 1D sequences can be queried by
hybri di zation. The el enents of the ensenble are synthetic | D sequence

ol i gonucleot i des Thagoxt of hxbsidizing the prave eppmblegbe fored samplpistthseledieabds e of
| D probes. Thal cdrfospSRfh, ARG LAbeAlL IRUEHER LR DNZSA hoRg wipg and 1o

t
conpl ementary to one strand I'D probe sife sequences that ul't from
| i gati on and avdiyl sepirestthesp hptfriddng pypdey froh teoprhybedibiag pebes. The gériomic

exanple, | c r . - di i detecti.on array.. . f ow ngt he pro
cedure of Di g@l{ Ogtg arécfﬁ.s H%%@%@%%%E%eség@l St’ﬁ’.&ﬁ%)e%uogi&ﬁgﬁja AT T yl?shg
machi ne wi t htle prtiiaddrngbset pf Mbpsbed sedamedd cohdtipoesuc fivgetpribe of Ghakmmeesdf al . |
Genone Reg. 6;639-645, .19 . oximatel.y 2.5, ng.of each ~30 base
ol i gonuc?@ot ip%rgm'lﬁg‘r %rﬁ%’f’?"el'gﬂ%erﬁjgg rgé%ﬁybgﬁlzﬁﬁél‘%ft?pdlés(gﬁgmfjﬁ%gc KR etcblgeeweboat ed
W t h pol y- L- kifie] fiel witesd f&pAFdRDradfe SOQgrstnsbRicMEien onposgivband fggative con-
ol i gonucl eoti de spots (,Schena, et _al ., 1995, supra).. nstructing a genomc
profiling daFQEJ@‘SI‘tBFS%?[ﬁ'&B?%PPHF hedierihs RYbgApRie ‘ﬁ&g&b‘hgr?ﬁ:éfﬁ”ég a pat hogen
in a patient sanple, by conparing t enomj rofili fingerprint of the
sanple to a dat abii%@‘scséer?t gq) ?ﬂsﬁrﬁg]ﬁioggg%mﬂsg’y&ﬁﬁ%ﬂﬂ’%ﬁ%we orcledggeld (o
fingerprint eahgleSR@RlSation EALLS HoneSRtaqRiout ROuGRSSMHEnRIeicdeld RIoRRESs t hat
hybridi zes to a particular type of organisn). Constructing a databhase of
fi nger pr 29t s tl}aéam iprggobilized onto a solid support, as is described above. Hybridization is per-

formed by mixing the probe ;nsemble with the prepared biological sample, and prefera-

bly incubated until at least one Coty2 time period has elapsed. The probe/sample mixture

is then washed, diluted, or otherwise treated so that unhybridized and non-specifically

hybridized probe molecules are separated from the hybridized probe and the sample.

30  Hybridized probes can be subjected to enzymatic treatment, such as ligation or nucleic



0 1 MAR ~' WD 001 77260 PCT/ USO0/ 16465 63 obtai ning genom c profiling
fingerprints froma set of reference strains fromeach target group.
Constructing the database is best thought of in terns of theltwMAR|i20§nosti c
cate gories. in whi ch target groups fall. Mst identificat] s fall
into two %%%'}32605 (dependi ng on the tar gS;at group): those tﬂhcgl?uioﬁﬁ%{% t est
for menbership in a group and those that lest for nenbershi p in a group and
di stingui sh nenbers of .a.qgr from.each ot her. Entering fingerprints
conposed pri rraﬁ%]‘gﬁgperbzra %%’p%g’%g& }begglé%q‘ﬁfg?lcéeaée feRpiRe I g}saanlggsréu%%fc acid
fingerprints. n¥iednlevent emphifigl, anis de@ribadin the nkhi@tepr | Me consi deration, |
include 10 primarily group-specific sequences in the famly of |ID sequences
chosen to identifnya pleferiedregeiodipicggni sample, thelading godire dofigolpielzRNeRl Mblea

pat hogen that is a n&er ofiécﬁ lg)r oup. (wi thout distinguishing between
menbers of theC“&Fdﬁg‘)"e‘e 80 BEPRHSUPRE Hi#-iPrrelne GRARIR B PEdigtd Witb gy enirRbe Phe

presence ofs a gyesdleincRbing® SoRdPardSpoaii®sid ﬁéfgmscoﬁ%ls.eh@tﬁyoewc&ms%ﬁ ease

and when epi denm ol ogical information is not of great val ue. For exanple,

for 15 identi fBprRGL dliganueleetidss drahBybridizg sherbaceniPorings of auilRxppguence. The hy-

gastroi ntesti najyRathagess hdkd 634aR% tdbudd fréset M8 @leaNE Reludll Wihs fuddio! er a,
a famly of 1D sequences conposed nostly of ‘group-specific sequences m ght

be incl uded i recidvaolspde higpse. to ligete thenaft andheghy halipebes Finally shajligatnddsit eah be
isolated by g WoPy t j ' " [ : ns and
the 1+ on ot r o LACBIRE! 2 v btE dahill and el B BB E AR IS 0
di f f er encel®edueimgdsa desdripianugd-appricill wrsmgd drncpsferrBberebddimtnt.gr oup- speci fi ¢

sequences are tested for their specificity by hybridization of each
sequence t o genoin ®Plidkithd Hoprnobe pytesigntat mixeirerevb e expdrintene! sprqgy waubdh is 0

menbers of a broad gpectrum ot her grou S fo e) U S.. Patent
No. 5,714, 321). Theffike n‘°é1>?8g% PYRRRE ’aﬁugggs@%s(stsﬁg%or&ygo&ﬁﬁ%gplg'egfé%%mdchy'
profiling finger pribridizadopmbecte ddclydesi tive signals corresponding to 25

group-specific I D sequences indicates the presence of a nenber of the
target group in the)sAnpineemiSe of IDi prges,pintlndisg gemniic diffetkande isequedive abdfoabase
of fingerprints. Entering fingerprints conposed pri ily of genom.c,.

di fference“sequences FI]M 'ﬁ%ecggtsﬁ HLE B‘Pg?sinﬁ‘g@}sﬁragenflgwb%éaf‘?%‘ﬁ ¥Wlias of
organi sms, the di agnogdru€legidds comstiRgoft t@olligdiBlé papbehaldsaThe @efeRedibar Of a
group and at the sane tinme distinguish it fromaother 30 strains in_the
group. Sub-strain ideH‘E‘iOF‘iQf&?‘ihcﬂfﬂi‘eshaffrPﬁ‘EPFf 10 pMyin @ praferred volumergfd8WdPRg hos
pi tal -acqui red i nfect LomraUbhbeakkefhtoR UECRE Tritnd RABALNS RANARASNS.

This type of high-resolutioh identitication requires a nore detaile
fingerprint than si rrp]eydsi r@eqmmcﬁggta;bg: level of hybridization to the fixed sample within sev-

20 eral minutes (Britten, et al., Meth. Enzym. XXIX: 363-418, 1972).

b) One or more pﬁirs of positive control probe-halves at a concentration compa-
rable to that of the ID probes. The sequences of these probes correspond to
the positive control DNA fixed to the solid support (to which the biological

sample is also bound).

25 ¢) One or more pairs of negative control probe-halves at a concentration cdmpa—_
rable to that of the ID probes. These probe sequences have no counterparts in
the fixed DNA sample.

d) 1 M NaCl/10 mM EPPS/1 mM EDTA, pH 8.0. Substitution of standard hy-
bridization solutions is also acceptable (Ausubel, 1987, supra; Church, 1984

30 supra).



0 1 MAR 200 WO 00I 77260 PCT/ USO0/ 16465 64 a pat hogen as a nenber of a
target group (as described in the previous paragraph). Genom c difference
sequences isol ated by genomc subtraction are the nost usefl 1 MARs#lguences
for obtaining high-resolution fingerprints. To construct a database of
finger pr WQ&/TR2@m t he target group, | obtain fingerprints BHPH14465et of
reference strains that are representativg,of the group. To generate a
finger print, the genomc profiling assay is applied to a sanple (often a
si ngl e bacteri ail- &?ﬂverrfys hybsidzati Gy rn@tl{rmyltééﬁ@ﬁécwrsawr@f@qa@ytswa@{%@n

strain. The genong _is scanned f t resenNee. o , . or., nor e
fanmilies of ID sgﬁﬁ%ﬁg‘é’g‘* Y&%%Wﬂf'%&"&%@i”di f’F%tF{é’ﬁ%g@gmaéﬁ é’gg%‘“e Re-
correspondi ng to gestelThensitdd)r acti on products) that are characteristic of
the 10 target group. The fingerprints obtained are stored in the database.

St andard anal ysiig Théubbts ethppxBsdt@Pb5°e¥of 580 phiitegenetic rel ati onship of the

reference strains based on the fmgerprints (Hllis et al.) Milecular
Systematicy (Si paUREshASS Bl dbesnd protid ahlsail decdnBfifiled byGRADYIndGhd Belvetlipabases
for high-resolution fingerprinting of food-borne pathogens, such as E. coli

0157: H7, is an i np@ftvasbing des fired sample ppdey Bumgspesrgitiong susk 4hys| enly 18 |

build a database %froﬁek ROELALLARE WilPidE S RhvAlhifRiaRhiesiBRaif RBERd 18O ixed,
organisns in the col 1/ Shi gel | an%#gup by obtal ning genomc profiling

fingerprints of rebmplementanenesniciliWs. e cenditions chased depend on sevesal fagtors. A

| arge nunber of s [ N r e, ' 1Se
Control and the AlLidbs el B8 B30 dicc Tht BECETHICEE o-Bte Ot B
“evol uti ondy tree mdtch demedasemable.of the group is constructed using the

fingerprints 20 as character sets. A powerful feature of this approach is
t hat the finger priligateltieabaskedfpoirs otmolg-lmlyes hE€ ONs lignso (g oskomd¥ew Bog-e

conprehensive as it js. ated .wi t.h new finge rint f rel at.e at hogens

i sbovered 1 n ori Aol B8 ol gl ihcsnCGhe PRl Jord e P

fingerprinting usipigndnifey geomid DNpriafthd fitkg expadientdlGampie aitie Ipatiompadapr i nt,

| first affix a bacterial g,ol ony to afn§I gn filter and nmake the ge25 nom c

DNA of the col ony AU X6PEMBL MATIIPHATYSE T HGCHISU S obe using a sinpl e and

stan dard get hod, (G unst ei ared on
t

netal., 197 upra). The col.o i S S
Syl on tHTer (' RERAYE e e A b eSS T e < Bb 4 SU TR HoE A PO 5
m nutes each) W t hainQeabed\b beblemdntiy Behdiic Bédu8hcds M iNa Eked dkpblithedts) safiipleB. The
sanple, now fixed to the nylon filter, is washed 3 tinmes for 5 m nutes

times in 1M NaCl e ety figm the sample Ry briefgneubationounser degaturing eonditipnsi AB1  and

particul ate matterpykf id mVeEPPY/Y $iM EDITAS HRriRE Wit d Rvérai] afd mﬁn%)sﬁa@m SITS)
may be enhanced by preée-treating the sneared organisns on the filter with
spe cific enzynes tol0@¥%dmh prefesred afediod fertreleagingthe heundpeebesrent . For exanpl e,
lysis of gram 0 1 MAR 200

20  Step 6: Amplifying the ID probes that bind to the genomic sequences in the sample.

The amplification step is the basis of the high sensitivity of the genomic profiling

assay. (However, amplification may not be required in all applications.) After removing

(by thermal or chemical denaturing) any ID probes that have hybridized to the biological
sample, the ID probes are amplified using a nucleic acid polymerase and nucleic acid

25  molecule precursors. Amplification can be primer driven, employing primer binding
sites present in the probes. Alternatively, amplification can be driven by binding of spe-

cific nucleic acid polymerases, such as QP replicase or T7 RNA polymerase, to specific
binding sites incorporated into the probes. Any of several amplification methods can be

used, including the ligase chain reaction, PCR, ligation-dependent PCR, transcrip-

30 tion-mediated amplification, strand-displacement ampliﬁcation, self-sustaining sequence

replication, rolling-circle amplification, etc.



WD 00/ 77260 65 PCT/ USO0/ 16465 positive bacteria is aided by treating
filters with a solution containing phospholipase and | ysozyrre (Graves, L.
et al. (1993}) "Universal bacterial DNA isolation procedure,@ Iw‘mgnostl C

Mbl ecul ar ol ogy, Principles and Applications, D. Pergg
eds. (V\asﬁ}goé@ﬁéo D.C. ASM Press), pp. 615§ 621). 5 Sel ecting t ﬁﬁe h6ﬁset of
[

genom c difference sequences that hybridi-Ze to the DNA of a bacteri al

strain. The genom 9r91 ifidd oA YarSH BBLIS h@ng! DRDIFIRS
pat hogen-specific 5 %Lels %ﬁat yalgri dizes to ngLe %enom&;c %il\l&xab%lt)}%dth%o t he

nylon filter. almpliﬁo?nprodsctts C@ebmln’b@edjﬁfhﬁebéntiég pmmbré§mth<astzeﬁawél sohemical
count er part | . .
Any r es!odual ! qB)ctl]?o‘f)léélﬁg? 3‘2%‘(?[?53’ hogﬂ'ﬁa?es 3 | xe Ceﬂ?{gﬁé{e% IH {e?gr&%tg?af%febt o

non-specific i m'ﬁ?laeéurmns)mptamcullaﬂy figeful metl'@d istanmpd primgrh bynrdmtlzb@wttbaﬂ'e* ed

anplifiable durleé‘g bhg subsequent ligation step. A set of probe-halves ( 1
nM each probe“n T or r espondi ng to the pat ho gen- specifi c genomic

di ff erence sequences der.iv d fr tIC r bact ia,ar

hybridi zed to the o7 ppieriad e ‘(’%ﬁ“‘ Bichp g ‘%%‘ "’q‘{‘%‘[‘)def 0 Gigs? B ) ¢ he

EI?’:DfS/ gr ?’dl\)/lesE D%_ithére ﬁﬂe d\l'bfft\lgﬁih&rhdnﬂ aGight ;Fﬂmdil,y\blﬂlbldcolﬁtpdnd tdi)blftéré;fort(oni oMhblafshe 50 Vi
p The ridizatjon reaction is inc

m nutes, af t erOHEATRFOfifcs- E'Pﬂ)%ﬁﬁ’ﬂmﬁf Eﬁ)’gerﬁﬁﬁl\/ﬁéﬁea?‘&e g‘b[g?i&f Bré’[’%’gaqgecond

washi ng steps, wiedie ﬁ%lﬁlﬂnﬂﬁr isthe B0&rsd UmpImern® S5tht daRkr potBoh 6R@S rightPrebe- al |

the half-probes in 1 in 2 mM wash buffer (1 M NaCl/50 n1VI PPS/ 2 nmv

EDTA, pH 8)0 Tha¥f. Pnligatad Hr@bﬁrf@kf@s ntapegctpnmixiee ag¢ petagpiified foAtignifigansae wi t h
1 m ligation %Mf 8k uﬁhéa gﬂ%&ﬁ% &MeTﬂa&&hh@l{ojeQthEaﬂl irhd}aRd EIQVI mM

ATP/ 25 wg/ p.| bovine se liquidis removed fromth
filter before mtamebﬁhdngxemohgarﬁé riglhgmlvqu teapebepaws fre pmplifi¢dlinesrly.-per mi tted
to dry between steps. Ligating pairs of probe-halves that hybridize to the

bacterial sanp$tep 7E| Keritifieing thg saBplaeirgiedoiihprobhgehybsidizatirnspides amplifiadyprabsund

probe nolecules is C{ch&én?&'to£8{te&1%ﬁegs%&%fg c profiling assay, especially as
applied below to clinrca nce high sensitivity is required to

det ect unc;&etured PRI DQGERS, m#g u&@meggsen vk $f ;getgmsgg %Ja%h Xt

sec lion. call that®requiri I'gation acent oun
is an effecti vexpedipentd samplar é\etShIaple{shlectgchhxyiplpﬂedti&pmh%stmmwcbéerm@pﬂ|Theed

86/67;28366t6h§£ dklﬁai‘éeig%&r: %ﬁ?ﬁ%%gtﬂ%?%g &\%?egl?&g r}])y Q)le’lnod}%%mil B tnh&sgrraxlﬁg corisist- Vo
ing of ID sequences or ID oligonucleotides or tags that correspond to (are congruent) the
ID probes in the original unselected probe mixture. The sequences in the ensemble can
20  correspond to portions of ID sequences or to tag sequences that are incorporated between
the inner and outer portioﬁs of a probe. Design and construction of a detection ensemble

is described in Step 3, above.

Identification of the amplified ID probes can be carried out using any of a variety

of procedures. In one embodiment, the amplified ID probes are used to select members

25 of a detection ensemble by hybridization in liquid medium. The selected detection en-
semble members are then identified by determining their molecular weights using mass
spectroscopy. The selected sequences are then identified by comparison to the list of mo-
lecular weights of the full ensemble of detection sequences. In a preferred embodiment,
labeled amplified ID probes are identified by hybridization to a two-dimensional detec-

30 tion array (see Step 3 above). Standard procedures are used for hybridizing and detecting



Pr obe- hal ves hybridized to the fixed sanple are |ligated by adding 200 p.|
of ligase buffer (10 mM MyClz/ 50 mM Tris-HCI /10 mM di t hi ot hrei tOhJIA{Iji nivi

ATP/ 25 p, ﬂJ 40 _};%I ne serum al bumi n) containing 1,600 cohesive &h 00k
(equi val eNP 1% Wi ss units) of T4 DNA |igase (New Engl anBCHBUSIAIS465 The
ligation reaction is allowed to proceed fsar 1 5 hour at 30C. Amplifying the

genoni c differ, ha bri etot bacterial sanple. Pairs
of ligated progagga?@ce}{g&?ﬁl 2 G utocl it 2 ?é t & Ye Bﬁeéi§rcﬁ orifientifang e pat
sanpl e are relphﬁscbﬂ)fmpbmdmmrrheﬂdemnbbaxmmaEkﬂ@plesTﬂéﬂnd.l gat ed probe-hal ves
are then anplified using the polynmerase chain reaction and priners

cor r espondi ng Step & hQuniifying the tlatbenqrgsmhﬁs irethe Bid1dghel KR@e Bfinthe h%r%ztaed

probe nol ecules. After at.i probe- hal ves, filters are washed
Wwth 2 rri 10 mv EPPSPY © E"ﬁ‘ﬁ% "8 Prtoh@ tp thepiqlogics] sammltsed from t he
filter, 500 p. ], of .10 EPPS/ 1 vaEDTA pH 8.0 is added to the filter)

which is t en i ncubXEuHYIPg fhesnumley Phtarant oigapiems iy ¢ biologigshsamplanty aftee im-
sol ution frompbdigt.fTh mie@icinedfdr bxdmple, %&QQHg%f%ﬁf%ta@}rﬁrﬁﬁge@chngg %‘\fsac%ﬁce 5t RNA

are added. The nucl|eic acids are purif et han pr eci pi
ethanol is ni ¥88eTint e Piped dalsprederregte @s chYl@hlqaﬁeorsmw))isemlpertmMrrgaﬁgnwd at

12,000 g for fhelfdye oF 82 disthe JNH @Gk $ Q%
et hanol dri ed)e aér%(ej resuslspen(?ed In oﬂ&l ﬂ%gipwﬁé‘%%c’? crsﬁﬁfﬁeb
Hal f (5 ~t|) 6fsapin@s émpapieple sem alﬁ%bﬂgnpmmt whent detingnistieg betwberoetghde doa- 1X

PCR buf f efq20 ( er Mannheim) 200 E. tM of each
dNTP (dATP TTH,%A(}%III'JIS?§$ %ﬁ%}l ?Jnfjﬁg?{%gl g’[l nyI at ed ol i gonucl eoti de

prinmer L (i . hi Q%Flg? ?@$&§€§§£Fgm§f§§@ &0 By ?’Fé tg ﬁé(:anugy t%g(gargccef\rogéa];-l ed

Reagent), I gonucl e

(5' -(biotin- dismﬁmm@am Wmus@lfg B .Mu }@Bﬂd@atﬂ;n wridkHoldoloky. T2 foriBh ¥fTET ase
(Pronega)) 'nth% 5 akS vQ ‘?i@ . 25 The el uted probes are
anplified using a %12 é’ S%If]p §I§ &S/ p(% ’E‘éﬁ%ﬂsde%wgﬁ@“d geeddedynds at
55C, and 1 ni hﬂdlee mtheﬁ@d (aﬁd)bbtﬁmaﬂy Biind) BIbIBEIER Sardle. mgmaTbay,%g Wg
proflllng% rint of %éﬁtraln gentlfyln t he anplified probe |l e
cules sel & f}l {SRAEPERY) dhat &5 SPERIAC f5F the BipF AT orgeniom detpatadd byrthe ptepsyaboys
fingerprint Of:an’:be&fsédiasf‘a probe Sl sirh h%cbﬁr’aub{»ﬂq{‘x"s bf-e‘f’érﬁg td &@asgsﬂf@%&oﬁhat
are sel ected byhbrldlzatlonto 30 the immbilized DNA o he strain.

this exanpl e, &8+i% %r'l‘t”i“\gfaiaWéeqﬁeﬁPBHe%eP@élP%ff@éi isppoveerfa! b@@gbm dbtegemmin c DNA

by hybridizin kink t R 200
V\}/ﬁ) 0)6/ 6o chlﬁéfg_rﬁrﬂéggéi/n gﬁlgl’e FY %L&Qeg'gepgn%% is egsftoqr%EE ent B.g: I-ﬁl/‘a?hg

et al., Modern Pathology 11:971-977, 1998). The fixed sample may be the same sample

20  that was uscd in Step 4, or may be prepared by other standard methods known to those

familiar with the art (e.g., Nuovo et al., supra).

These methods are described in the following examples:
Example 1. Testing a gastrointestinal sample for the presence of pathogens

Gastroenteritis. Gastrointestinal illness is a major international health problem. About 1
25  billion cases occur each year in children, resulting in about 5 million deaths. Certain
forms of the illness can be fatal within several hours of the onset of symptoms. A diverse
array of pathogens cause gastrointestinal iliness, including bacteria, viruses, and proto-
zoa. Rapid and accurate identification of pathogens that cause gastrointestinal illness is
important for choosing an appropriate antimicrobial therapy, identification of hospi-
30  tal-acquired infections, and tracking outbreaks of food-borne pathogens, such as the

newly emerged pathogen E. coli 0157:H7.



lion array. The detection array is a two-di nensional addressable array of
sequences, congruent to the ensenble of ID probes used to hybridize to the
bi ol ogi cal sanple. Thus, each m probe in the ensenble can h§dr MAR 2%kt 0 a
DNA sequence at a defi ned site on the detection array. The probes sel ected
by bi ndi TO0#712¢8 bacterial sanple are identified by 5 hbe’E@Wﬁﬁ?’?%?ﬁ to the
array. Only the sel ected probes generate5§i gnal s by bi ndi ng to the

correspondi ng spots, on the array (Fig. 5). | denature ha 25U of the
oDl 1L od br oper r SiPRua Iy o mie Rbia e WS A, Bt e
bacterial sanphiginglite laediry B0hainfdidus ARht id ot dtfRult Thife &Q@xﬁhﬁlé ufllyabe is
added to 25 m of 2X hybridization solution (2 M NaCl/100 mM EPPS, pH 8/10
MM 10 EDTA/ 0. ZWArSEAt JFASDSYER) axsy _pd seyetimes &V&ly WBSh\ABH icypensiv's: dwerﬁ)ﬁemre is
placed on the rﬁﬁx‘b@b/;)ndQQNg%r&g)oWﬂlg pRthOscAS &. gccw&r %laét@nal ahd pbﬁ%@gstﬁ@geﬁgr 20
m nutes at 50C (as describ hena et ‘al supra e unbound
probe is rénmovidd pweﬁcwédlseﬁ%mﬂbpsm@hnwg:aégtépsqcexmehthsH Rerg)of en®9C in 2
m  wash buffer é@xe%a% gséé&tMSEﬂ? §l’1é }@hn, 9”118a)nd bjcxécrl%él%{fgc% éx? are
scanned with a1aser escent scann hal's are proc essé
recorded as i sxatemmg somgles fprphdnrbgln%bfrd@;gmstls h(rﬁlrﬁeﬁs, rertmrad dl)”fexibﬂ)t&wcuﬂupr a;

Schena et al. u n t aof each strain.is re ed as
2 binary stri eprorsa@alites Fb et Biel oo BRat il 4= SrE et
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representiloeg t(mﬁ;eme ahd apgvaftagesnly thisregetfife,iinise a lslaligteggegmmrﬁmﬁlmgmfssiay itarg
fingerprints and ph enet i nal ysis for t rains. in . The
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identity of an AR NhaRIENO G el o%@@éu%)taxﬁﬂaﬁuhﬁ‘ro@en{éﬁi b@e?tcuﬁe?mblr . s
determ ned by conparing the unknown fingerprint to the phyloge netically
ordered daltSabdises. dﬁlcwshgépbm the determingiipn ot ah ephsortiatrcandisuerly therpy.|Fusthert al )
supra). |sol at fr A r i nal
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di agnosi s 28 it é‘sstmgzidx gstrastedteg] pmhmgehsfm fcmdhilmpattarbémprev@mngrgamqmtcsf-l ling
greatly i rrproves he detection of gastrointestinal parasites. 5 Isolating
ID sequences f1Bh lﬁgﬁsam tes that cause gastrointestinal illness. To i soI at e

Same otrat ooy ORiREL Stabe PRGVPIE. A EEwitc BRGUR PO bareibraPohat hbggalt,i (1

the fol |l ow ng samld gmdmeétmatamms forBRE preseRcePSI ainipeshe i BEORFaatrdiltedtidt
related to organl S norra %"nf ound in the gut, it ysually suffi cestl{lﬁD

construct the HemaHcgens; @B %"éﬁ‘BWESOffIPof'ﬁqt‘Wéesg RBNYIoN® SRFERITES

strains thed agaehoaBist Fid Ei\@le)ialsﬁn@lﬂfg%ﬁﬁﬂxd\/ﬂa?abﬂté@ EenBmicetBiactibn isised &Sisolate
Reci procal subtractions are carried out, .) each strain serves as the

"4 strain i n gnemic diferange GAUMGES F%EPOUP“SF@Pﬁ&S?ﬂ“FW@é Haroup-Reacific AaYeReasi on.
I ncreasing t hegl feHRBIHWAstdifBinhPVirdBE art YR A1@Cusing computer analysis. The subset

of the ensemble of ID sequences that are present in the DNA of a given pathogen consti-
tutes its genomic profiling fingerprint. A fingerprint database is constructed by determin-
30 ing the subset of genomic difference sequences present in representative strains from

each group of gastrointestinal pathogens. The identity of pathogens in a clinical sample



tive hybridization reactions, relative to the incubation tine for the
bacterial subtractions, is necessary to conpensate for the inﬂr\egﬁsd

conpl exity of eukaryotic genonmes. | use re 15 association Qi nes forty to
fifty ti e 00fi&60i me required for half of the single copy SEXIERNRRE&I6F0
reanneal (Straus, 1995, supra). Constructggg a database of parasite
fingerprints. As is described above for finger printing bacteri al

pat hogens, t hds detrmsnadebyl®mparjug fheegenemie prafeids timgerorint ofube clinieal |spmplede 1D
probes for ideptifw .ganisnms listed in Table 3. Fingerprinting
reference stra‘Fén%a%)Gg%r{gﬁg%rﬁé%?ucti ng a database of fingerprints is also
carried out aso| g, d5SE hPRAu{AL ol BEIRE k&N RELNAGENS of AR B
group-speci fi c séquences of _viruses that cause gastrolintestin I'T'Tness
Viruses that ceuten gatbd of IStresst érndl (Frdd tNas Acad. 1Sal. Wfs 87:083R-8893¢ i1890)g0

t hought torg)e 1 h%.fsecgnod nost nmon calhze gf ti.I I n{;ss i.% &)h United States.
Chil dren are. parTLEAIAgEFY BeticT SSatsrresI T Sesterie n RRaTics S FBHE Sarom-
patients. D agpamelignets.AIRmadUSHREhoEThT bd 6 & isdlade gbhdniie 8¥ferehcpiaubeBnt i C)
as nost of the commn agents not cul turabl e and ar

oor Lo
char act er i zed. 2n§an Eht‘-:‘§P%S”Pﬁ&t“gﬂri\gféhaﬁé‘@i‘fmﬂ%ﬁ%@ﬁ %Fl@eggﬁg\?’;‘:‘%y" ipggs fhat

expensi ve. D agQ@staktoihiing ifih&s I90aki8 dr¥ufIPecidoms s&f@n&e@pgihg c@ﬁiﬁlﬂ@ﬁ&dOf
the avail able tests, the infrequency of serious conplications, the conmon
supportive tregaigkef sequsnge dafabasese FhoID saquences ing pagicuian spraple et idepifisddy |

conpr ehensjye @ggldéz{a %R SRS e Bﬁg% pfoBEs Witk k&geggm\ai %ehmlﬂfc HSAT & thl ggmple. A

epi dem ol ogy) rufi ng out ot ‘Tcauses, ruli ng out use o

anti biotics, asliset of the Bidiprobes\@ilDybTid6,0and gy be rewmired-bPHE fiZFEeeonE4 BNAGat i ng
appropriate adm ni st.rat | f b= VI ther api LSt viral
g’?ﬂec Cﬁ)&‘:dﬁ%d ib) gpobepgxsé’ 3 Yikie géﬁé B éﬂggﬁqcﬁlf)%cggnsdeﬂ_fpéﬁ s F{(}F%g’ﬁle

pat ho gens th nmonl'y cause gastroin dent
gr oup- speci fi cidsmiyy efwhe smplifinth R proxsds dewatnined bg dygadting thetnetota deadetion en-ness.

For viruses that cause gast.rointestinal .illness,. oup- cific ID
sequences are ¥&° ’&'3588“1%}?'5%55’&5?'? %fﬁafad B\?Adlggaﬂ%%i@%a?sfg&c e SrEietdes |
viral groups Sp&e of IIX sea86ndes Ths patteen of liydadigatitaSignaladsualizetilon the wedyadans. | n
ot her cases, sequences .are_chosen fromviral genom c sequences in public
dat abases af t ef*tss 3 #pominprofiHee URgfRIMEes to ot her viruses in the dat abase.

Sequence conpari sons are made usi ng standard net hods (Ausubel .et al /) 1987)
supra). Viral kpwiipe 5?5@8*‘?8'5‘%5%1?&@ Rcef E‘é?f“qéﬁ‘éerﬁ'ttﬂ% e gastugintestinal b s en
as targets 10 figessassay probes. Constructing a database of viral
fingerprints. As is described above for fingerprinting

Strategy for isolating ID sequences from bacteria. For diagnosing gastrointestinal ill-
20  ness, the most useful diagnostic ID sequences are those that are present in gut pathogens,
but absent in the hundreds of species that populate the healthy intestine. For many bacte-
rial gastrointestinal pathogens, such ID sequences can be effectively isolated using ge-
nomic subtraction. The genomic subtraction strategy used depends on the particular
pathogen, as is discussed above (Step 2 in detailed description section). This section il-
25 lustrates two different strategies used to isolate genomic difference sequences for Sal-

monella enterica and E. coli, which are representative gastrointestinal pathogens.

Strategy for isolating genomic difference sequences from Salmonella enterica. More
than 99% of clinical isolates of the genus Salmonella are members of the subspecies
Salmonella enterica. All strains of Salmonella enterica are considered to be human
30 pathogens. Therefore, this group typifies those taxa (biologically related groups) for

which identifying and distinguishing any member of the group from any other member is



bacterial pathogens, the parasite |ID sequences are used to construct
famlies of 117 probes for identifying the viruses in Table 3.
Fingerprinting reference viral strains and constructing a dat @ndaRofgyviral
fingerprints is also'carried out as is described for the 15 bacteri al

pat hogensWOB0EEHW0 for the sanple preparation. For viruses E&H{E0RIEAFS RNA
genones) the sanple preparatl on nust ens@e the int egrity of the RNA |
process the fi au | avi n Al lday et al.) Nuclei¢ Acids Res

15: 10592, 1987‘17 Shendl %ng cif 25 BRBAGE BUSh CLEiE IS fedsolite mankee F

Aci ds Res. resohffd8 iddnafieheibR bk exdutpie GeNOBkEaBHGliRiGaGh gig 6ix it to
filters, and ma e it accessible to probes. 20 Human sequences useful in

di agnosi ng gast r oi besis dppkoakh, Itﬁ@s&sﬁdmea@vaam@zz& @niAc: SRNAVIUEd Mi@fwbi Ng
assay is that diagnostically useful man cell types can be assayed in the

sane test thatSUBEPHENSIORBX ik FrotR X's DNPofrom thispieserntativg srambsrs ¢ficash subal
illness it §s jopokd ﬁ&ﬁcdtt@ c%ﬁk@r‘ﬁ’ct%é‘etnbﬁfc dxﬁ&gﬁ&%ﬁﬁﬁlc%xdG?du}ﬁt)b 59&)(%@1?0@59

over-represented inaclinical sanple. To test for specific cell "types,
sequences of céffererzs sgyple ferfawors iYe Sirmagomreacto brantnerd Obtgmérfmm Qlef-‘-’rw
b1 Shed ¢ ePQefeftnd cBENGh! BoflAld, PASEShicdRl.A6.115401 023 P05 hiafuhd
speci fic nRNAs nown seque ces that are ex préssed in bert in types
and are inpor tahtracrwmdxsalgnbsgemgmqadaffcremqatsempiemaﬂe axkdutsls n oxﬁrsmb&sct@nathegous
to I D probes i nar obe aly Wi.t

anplificati onaglgF’é lc (fre ¢ sgmrpc? as it ?he %’9 i %ﬁd %?l oﬁerfﬁ"%f %ngerﬂkcgd to
contact thm 30samplepa|vm:hsbh@'r O gintdd. ma[m:ld(icts ahaxscmbumﬁmmdlsagxed&tsecﬁndaﬂ
sequences are | cIuded 0 e de tion_ar ) 0.1 ~ 00/ 77260
PCT/ US00/ 16465% FE*PABIETA ‘Tg é‘egbﬁ“%{ﬂ‘i& ‘"dé‘Vl“%e“rtFrb?}R FHR }%)r’ he3egigffssi ng
Gastrointestinal sdbhhd’ﬂi@ﬁ%xpérﬁﬁdﬂ& Gd Ptoehahio WiftdrbiikisempRiserves as the "+" sample
transcri pt Lact oferrl nProduct of white blood cells - indicative of invasive

i nf ecti onLCA) 2ty X gengrue giffereasredmpleservebistps od semprlsf Thequodics thisspls -

i ndi cates bl eegi-RGHARE isE{eRIER Poun® iR Al el RE nfefibkS of ghefp &5 bR ToSRERI driyC
probe) Internal control  sequences useful for evaluating the genomc
profiling h’%sa}yeml?ﬁmfﬁalllpx,ont rols. Including internal controls in the
genomi ¢ profiling assay inproves confidence in the test results and allows
efficient troubl esAddetungic diffsranes segpessessthaipire Ssofpsatuleyl Gist geemic shgraction
detection seqw%ra&g;c&em@ Sheltidth GrRHbL H o SEANCRE SRarePFERS Hhork Al e
sequences give a positive signal 1n every xper|nent he tec pique is
wor ki ng. | f, f@mllmx‘anpll ef tho jie smemdqeubt@ag@mrgducse geoerallueranodnbridize togrer |y,
t he ex peel ed i t

signal fromt hﬁﬁggip ge P %‘\%gﬁ%‘tg e %ﬁﬁéectrtl‘soﬁgfeé&tl%%i %g?m S%Q?I@gé’i\ |egf2§tw®dﬁ &h{@to
techni cal 2@i | generammenltiplofadelks of ID Megatces/feor eithinod groey ef relaedwdpdists. noni t or
whet her sequences in the probe that are not in the clinical sanple are
causi ng signal Stratagyt foe mblagrgagmonucddtf&céncerse@mnags friFheEgmibmaﬂ qirtbé iphy-ng

assay i s designed so th Is sho 0 d o t he ction
ey i1 an ) oEveRee tinct O BRun & ke it 15 Vet Bariic pifossit (RLE R ence
in the clinicatissgpsupl(E. coTh@IﬂeIm adnSHidella flekmee) A@AYQokBNfel@ddSsiblmghxa | ar
to the positi V&atca?'g] not pathogenic (white). This is also the general case for the part of the E. coli

25 phylogenetic tree that is not shown in the figure. The presence of numerous
non-pathogenic or commensal E. coli in the gut of healthy individuals can confound the
diagnosis of a pathogenic strain of E. coli: E. coli typifies groups of organisms that are

found in humans and that contain both pathogens and non-pathogens.

To isolate genomic difference sequences for fingerprinting such groups, the strat-

30 egy depicted in Fig. 7B and Fig. 7C is applied. Representative strains from the
ge-

non-pathogenic taxa (branches) are pooled and their DNA is used to make the



15 trol) except that no correspondi ng sequences are .spotted with the
clinical sanple (i.e., it is included in the hybridization nﬁ#tﬂ'&f%th t he
| D probe ensenble and is an el enment of the detection array). Thus, e
negati ve Y87 B0 sequence shoul d not be capabl e of being satGIUSWI6465t he
fixed sanple, ligated, or anplified. A ggsitive signal fromthe negative
control sequence ip the detection array 1ndicates that the steps that

sel ect for hyB?rP’d’ig@ge‘.‘ce?em?ﬁeoﬂe%?se?@“ﬁr5(919@&? figm Hetpathggsmicsapbrodssiare not

wor ki ng adequédtéd/and! théiPBNUAS udaqh Bke GEMLF Qdno Fi)?%ﬁ’cgegcctsgﬁgl?ﬁsﬁs ay that

allows nmonitoring of the |igase reaction. 'S e1rs sy esi zed, not as
a probe-hal f) but Be fro8QN dPeAsic SEHHERGEark AR W el 20, L1 ght
adaptors. O herw se) 1'?fhe seqﬁl;ggncelci S useﬁpgs t&ﬁ% %\ggﬂguﬁi\?@gtg%aﬁttornglme q)(%es

(i.e., it is Shdter eethegenperoup |(either oF. tdod ef Shigeld feamepd ehuti dotifouiched ughed i n

t he 25 probe, ' ] ; | [ . f 1he positive
control el eneﬁ?p%‘_thé:gﬁgl@dsggﬁqﬁ% %fbg%%ﬁnﬁ@%%%? Q?%é’&%bﬁgﬁﬁp Pillgtase
tection arraygénomiegitferoned sdquenceigomhe ghwhich ard aled grelpspenific edqubites,detiRet i on

array i s positfi ; ' step_in the_assay.LsS..suspect, Table 5,

I nternal cont ?]Igy gccfuglr&? aéhg%%gr%#&gmwéagaéa@ 6&%ﬁﬁ?bga§l§’hﬁ‘e‘ﬁ%%bﬂﬂrﬁol
sequecet ype ofatedquoups! Viruetdeqiene{ i€ 0thosethatres Rivblvedin the i@l RoRSRMesd, hat
probewi t h sar‘rgl enggat i vg conc':éol IHggl cat es background | evel of noyessignal
obt ai ned fr om $Fole¥e PRAPEFG ot cottdPymopanqmwpashnesnie & gld) ifalhintsotisraidsg bl es
posi tive $0gnphbdidis.al | non-yesyesligation steps in assay are

wor k-1 ngpositive control gives positive signal if all stepsyesyesin assay
are working | dent i$tyindgfdpathROGGREmBAESE Nrorh thd ECORI G- a?ﬁc{)é?ﬁi?) Pnd DfEfC _
Preparation o{ élpl ni.cal sanples. For genonic profiling ?o e nost effective
in a clinical \P8@Pgq ,Stréms‘igﬁfﬂ“@“hﬁﬁoﬁt‘j‘ﬁd bpPrp #si Whittslap fPera) Steeipiies- f or
hybri di zati onsityp t he probe-halves is preferred. Preparation of the patient
sanpl e should also ideally feature rapid neutralization of pathogens
present in the sanple, for safety of |aboratory workers, and should
effectively renove inhibitors of subsequent enzymatic reactions, such as 10
probe anplification. | fix the clinical sanple, denature nucleic acid

nol ecul es, and neutralize any pathogens with a sinple, general, and yet
effective nmethod that is commonly used for , preparing biochemcally

conpl ex bi ol ogi cal sanples for hybridization (Gunstein et al.) 1975)
supra). A gastrointestinal sanple (0.5 m liquid fecal sanple, formed stool
sam 15 ple, or rectal swabs sanple) is sneared on a nylon filter ( 1 cm),
allowed to dry, and treated as is described above for the preparation of
viral sanples. The sanple, now fixed to the nylon filter, is washed several
times at 65C, with shaking, to renove non-fixed chem cal and particul ate
matter.



Q ~ MAR ~~ WD 00/ 77260 72 PCT/ US00/ 16465 Scanning a clinical sanple for the

presence of genom c difference sequences by hybridization.
gastroi ntesti nal

B0

hybri di zi
the contr
sane as 5
dat abase
conpr ehen
sanpl e (pH
bi ol ogi cal

e sibhden

| scan a
sanpl e for the conprehensive set of relevgnt MaRtpggoens
t he ensenble of 1D probes, the human di agnostic_sequences,
Wodtdnces to a clinical sanple. The protocol isp%"é’ﬂﬁor‘?flﬁﬁpl y
that used to fingerprint referghce :;trains for building a
rd al fingerpri Qve). except for the
?%ﬁ98¥g§hghﬁﬁégﬁﬁ%%ggﬁEQW%sé and that a clinica
‘epared as Is described In the grevi ous paragrapn) serves as 1t
sanmpl e. Obt HHFH a genonic prlofiling fingEPPEket for a clin

sample. T
detection
" Const ruct
with the ¢
representi
sequences
human di ag
the clinig
in the cli
is the abi

organi snms)y have been i

quant i fi ed
20 sanpl e
Moder n Pat

e rfgariton) anpli 10 fication) fand 11 ngerprint devel opnent (g
flschesighiatelisame protocol as iq d&andg pwlliabove for bacteria
ing a database of genom c profi{ling database of fingerprints”
X féflet hat the array cont ai s Zideetipghtiehsenbl e

ng all of the pathogens indicatled in Table 3. The detection

by
and
t he

he

i cal
rray
(see

) .

orthgeladet ection array correspdndPEPYHE @@l e of | D probe
nosti.c sequences) and control 15 sequences that are hybridiz
al Yessimig eteraeghfd t ati ve anal ysi
ni cal sanpl e? A powerful featur
| i Yi§rie ghdierdnt i fy pat hogens in 4

.ﬁentified by a fing
dyaraylabpeeter A di zation to a
pr%paned according to standard |met hods (e.g., Huang et al.,
hotiegidiun dFitie77. 1098). | usd ASEEhIMpbrGideset sinpl e,

HYiSTaSRATE4™ sanpl e. Once targ
erprint) their presence can beg

that is p
sequence i

WeTTual_enough_to detect a singlje nolecule of a nucleic acid
n a single or ¥ (Huang et gl . Hrickypy ichipggg) . This met hod

used with
Al ternatiV
25 organi g
situ hybri
presence (¢
deat h fron
di sease i S
pneunoni a,
causi ng ad

The tabeled probes used tor nyqgridization to the detection ar
el Botavixu§ ot her group- speci fic fdr dBdgokipstergiculags agnosti ¢ f or
ns) detected by hybridization tjo the array may be used for in
di Jewehviruexanpl e 2. Testing a |r eSfredeidesyresegiphie for the
flggthpgens Pneunoni a. Pneunonila i s the npst conmon cause of
1 i AP Fous di sease in the Unitled?mstheredé viveR@ et i ol ogy of the
dependent on age and immune stjatus. ruses,

evigict eri al pat hogens are [t Heforgsehis #8480 non pat hogens

ult pneunonia. The spectrum of [pat hogens that cause pneu non

i mmunocong

r oRP’EH st s varies greatly and drreiepieris #9pati ents with

cancers

SO0 T8 S = ey Te— T
syst em or Badenia)tpathogeny that eausegasiysiatestinaldlingsy. ) Tablegnlésty eomumenegiopps ent s,

TR 200 VO OUT 7T 7200 —o PCiT U

and Hi V-i ngfe&Eéga %E Eﬁ:@é iastrointestinal illness. Infections caused by some of these patho-

10

gens, including Vibrio cholera and enterohemorrhagic E. coli (e.g., E. coli O157:HT),
can be fatal, even in healthy individuals. Rapid diagnosis is a key to effecting appropriate
treatment and containing outbreaks. To isolate families of ID sequences from the groups
of bacteria listed in Table 3, I use the strategies applied to E. coli and Salmonella that are

described above.

Preparing genomic DNA for subtractions. To prepare DNA to make the genomic sub-
traction samples, stfains listed in Table 3 are grown to saturation in liquid culture (500
ml) and genomic DNA is prepared (Ausubel et al., 1987, supra ). "+" and "-" strains are
chosen by the same considerations described above for E. coli and Salmonella. DNA (50

pg) from each "+" strain is combined (henceforth, referred to as the "+" DNA). Simi-
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For successful treatnent of pneunpnia, it is essential to rapidly identify
t he pathogen. Yet, alnost half of all diagnostic efforts to determ ne the
cause of pneunpnia 5 fail to identify the etiol ogi c agent.g{ MARS200es not

i ncl ude wogol/ad@e fraction of cases in which no attenpt | scHRfABoA&esdentify
t he pat hogen.) Many bacterial and all viral pathogens that cause | ower
respiratory tract infections cannot bedd dentified by routine

mi crobi ol ogi ¢aly, DMA G0@gRéMERS." feabmReHIRbRe sERIC btdins RS QASnaAl Bedc8IUI T ed
to identify the p%t hoqens t hat _cause tubercul osis, whoopi ng cough,

| egi onnai re' Lo EA&EeE 10 aihe ry PNMcopl asma- caused pneunoni a. Patients with

| ower respiratory. infectjons account for 75% of antibiotics prescribed in
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need for & sihiyrederralgdosrvicuslydSizaps, 1998, sueg). Iht &t genowirpublvetion vamplet  of

| ower respir 0 ol ' iV and .Advant ages. .Ln this exanpl e,
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determ ne an appropriate and 20 tinely therapy. Furthernore) the genomc
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determ ni ng |tn h{(’aggkt}%%eg’? %#HSDtnslrecauJ ﬁlgggofpsru lé%%:ﬁge ?lgg)r}déﬁartxggé’ﬁpgyf ittQ/eepgtg?'ai ns

f r om eachS gr gempsmtificgepmiatifiesengateipegesss. The identity of pathogens in a
clinical respiratory sanple is determ ned by conparing the genom c
profiling fi Geripg thetgeobmichiiffelencd seqlieresplifer ligatih edapatratdabe gajomic dif-

fingerprints, 30 . Overview of the nethod int example. In this
exanpl o 1 uEE SR o s ATELEER SRy G 1905 S Sz o ol

pat hogen- speapdq, Gugenaht adadiord £¢ €6 Cerf@@H ERGREe athpli it genoiD dMdrZe@e 74 0 1
MAR 2pQ~ PCT/ US00/ &465 t han éhﬁ gg_?]orri c subtraction nethod used in Exanple
1. As in the9pFEe BUSUERA N2t dRFiSATRSS lrebrPiri e O M spdiem| gseetsquences

in a par 2 cullI0AQPltActed with GREAVI/LISIBREbAN 1 U3 1aRG plebipitated Qith GcH2hA. Rfpot-he
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determine the identity of the ID probes seleéct sanp y using a
di fferent det@éfAusnbederady198curod)- ogy than the one described in Exanple 1.
| sol ating I D sequences from pat hogens that cause |lower respiratory disease.
Tabl e 6 |i st Sequsmging shergenope Aibteeense preductsaTbeinsatwenf indivignal atapey are se-
i nfectiops. S | S0l 0, on- VI L.
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turer's recommendations (Perkin-Elmer).

Isolating an ensemble of genomic difference sequences from bacteria that cause
gastrointestinal illness. By performing genomic subtractions, as is outlined above, on
genomic difference samples prepared from organisms in the bacterial groups listed in
30  Table 3, genomic difference sequences from different-groups of pathogens that com-

monly cause gastrointestinal illness are isolated. Each subtraction generates a large num-



tractive hybridization kit from C ontech (D atchenko et al., Proc. Natl.
Acad. Sci. USA 93:6025-6030, 1996), according to the manufacturer's
reconmended protocol. Choosing a subtraction schene (e.g., hle gﬁ%ae of
usi ng pool‘gg f}géﬂ c difference sanples vs. single-strain g &P 465
differenc a?ﬁ@ ) for isolating 11?7 sequences fromthe varrous i gr oup

is the sane as is Exanple 1. As is descrbbed in Exarrple 1) the " genomc
dif ference sar’rE for a rtlcular rou isted in iS.CO oed of
DA £ rom one- oPbidseniup BBES i PiBisun BEEousar #HBTG BApP SLAHAE. oo - -
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sequenced in preparation for synthesis of rolling circle anplification

probes and pri i8?®. (see below). For viruses that cause |ower respiratory
i Il ness) group-specific sequences are de duced from published DNA sequence
data. |D probedeapmicsubirastion sging FANA soaveasH daMbatss2Seramig stbeastiohan it e

conserved wi thi Bnefal 94434 Br &Enrh\{ﬁ% \U?ﬁ? gclﬁg"ﬁes f] Qénoﬁﬁ@dt@@;ené@éé gerfc@s Qﬁr{;a%o Bé' ral

groups. | choodé sequences t e“conparative c |ter| a
conpari ng pot enthieded by coppapgchd DNAssequennesad atcompletedy ssgpensed (o rtstartl)a@am-es

(e.0., Genbank) 0/ 172 TabI & th ns that
cause | ower @bete})égg??‘c?‘ﬁgﬁ%os%ew ? ?%‘}PZJ%’ @a&%%gl %&gny ct erium

di pht heri aaldl staﬁ@leaamezaapsawa.tuprﬂyycobact erium-t ubercul osi sCocci doi des
i mmti sMycopl asma pneunoni aeCrypt ococcus neof or mansChl anydi a

trachonat i sBl astreparivgproliees aad idelediiaCinsanles crpspeminng tetRa gemandy diffesence
cariniiBordetel | a pertussisVirusesLegionella spp. Respiratory syncyti al
vi rusNocar di a SpP E\fﬁﬁnow rusStrept ococcus pneunoni aeHer pes si npl ex

Vi rusHaenophi l us i nf] uenz nza Vvi.r.u sittaci Rar f yenza
i usPecudononas. acRIETHICIRA PGSR R PoREReEh el A5 ARLTRAmHR T
sequences usef Wy gbdmif wgtgdattghnl heuseruaul defiyie ik s@uches pf tatiDrprolsa it @re used in
Respiratory sanples are torious_ for bein neven alit Sput. u

sanpl es, whi chngFr%@“E‘Bﬁ\Pé‘?r}-?’é‘ﬁtafsﬁy %thmils9@&%&’69%‘&&?@&%“5?%“ Gne
frequently rej %§§e%leb6&ﬁﬁt%ﬁn§fhqurbr50e'é A7 IDYrb1Rhales D isEBHAREd &f a bidlbgical
upper-respiratory tract. Systens £ udgi ng the qualjty of specinmens_have

been devel oped seapledDoproben lvﬁSéhwég&m teaaathyge@m&em@as nghe exrerimspahsasple
epi thelial cellg, ﬁlé)atetaoL%?ﬂ? ﬁbaér[ ThE WRRE ¥ s@ﬁxb | of ﬁbl%uclé&td@consu-

respiratory assay) an'in Fidizatlon-based test for j udgi ng the
qual ity of a | dwey ardetgglqnaﬁn@frryble r'ﬁ@t s gligsineci¢ngidesdinothe tdgtectier ensembleiommadance

of these vy Cesu) d ¥ ReSse Jcme% ih ?hea&tg&ﬁl%gf iy ﬁrﬁltl:% id %tde%tt&%ns[ntﬂﬁle is

relative | evels transcripts fromcell-type specific¢ transcripts from

pol ynor phonucl @angm@m koot T2 probe emsdinblg. THealepriiinainsmnilOaligomdclGRUiBY arg depos-
ited onto a solid support, forming an addressable array. The labeled, amplified probes
that hybridized to pathogen genomes in the clinical sample are identified by hybridiza-

tion to the addressable array of oligonucleotides.

25  Synthesizing ID probes corresponding to the ID sequences. A sequence, referred to
as an ID probe site, of approximately 30 bases is chosen from each ID sequence, human
mRNA (see below), and control sequence to be included in the genomic profiling assay.
Two ID probe-halves are synthesized corresponding to each 30 base ID probe site (Fig.
3). The left ID probe-half contains the left 15 bases of the ID probe site and a primer site,

30  primer site-L (the "left" primer site). The right ID probe-half contains the right 15 bases

of the ID probe site and a primer site, primer site-R (the "right" primer site). The primer
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probe (~ 15 W@%I&Qﬁr&%&?ﬂ’éﬁ sb @rz@ fhel Bt REHERRE wiEh S@eaiel 4 Dicthpxasml e, |
use 5' biotindylated prinmers for rolling circle anplification ig. 80).

Si nilarly)0 | Beiping ks 3Gbp IS ynrobresiiez Sthen ginnesdasiomdthisgvaye therprokschpdyes wam ba
control se 2Q. guenc i i I . 1 i& ke aRNAs.
Const ruct | ng RS AHS CoeeE e L rdrb A b Aol obing BHELS RS A AT
assay. To det@TITCERAGACATCATGGEDOES hydRi @-2aA TICTAGEGGTETAAAGYAACSA ke t he
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conpri si ng anw@ﬂb%fpé’g‘igfo tg%{egt@f‘a&ggggﬁlﬂf’éﬁlé%ssﬁe?p%ﬂ‘éc)él enents of the array
i ncl ude ol i goguc| eoti deg that corresppnd to.the 25 ga obe mmi et y. of
ol 11ng i roreotatriins apteelbnghe REARF gersiit BForfRartBh 78 AEcine ek
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' probes. That is, each detection oligonucleotide is ~30 bases long and is complementary

to one strand of the ID probe site sequences that result from ligation and amplification of

20  apair of ID probe-halves.

In this example, I construct a two-dimensional detection array, following the pro-

cedure of DiRisi ez al. (Science 278:680-686, 1997), using an arraying machine with a
printing tip to spot each oligonucleotide (Shalon er al., Genome Res. 6:639-645, 1996).
Approximately 2.5 ng of each ~30 base oligonucleotide is spotted onto each of 40 slides

25  that have been coated with poly-L-lysine at a spacing of 500 pm between neighboring

oligonucleotide spots (Schena et al., 1995, supra).
Constructing a genomic profiling database of fingerprints

Genomic profiling identifies a pathogen in a patient sample by comparing the genomic
profiling fingerprint of the sample to a database containing fingerprints of known organ-
30 isms. (A fingerprint corresponds to the sub-set of the ensemble of ID probes that hybrid-

izes to a particular type of organism). Constructing a database of fingerprints requires
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are included isgatefewhyn bxrelﬂecsaﬁdel dm Ifh&ﬁBdrIthe ﬁaﬁ&@%ﬁ& al¥¥; §8<5Hreldtéﬁ @ith
clinical sanple are identified npar i ng rint obtajned to

e
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Test | ng bl god 1%&?911? VisMo BEJIBQaeﬂlsdaKg@rﬁsoﬁﬂshhﬁ@fm gaEhf&xQ&dnﬁéflS atho%Eﬁ‘%@n' C
i nvasi on of the cardiovascul ar systemis one of the nost serious infectious

di seases. Of tcawseaphslibsihientening digsaseprbolers, o fumidyrof Ibhspaveeces campesediapsty©f ur
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B .
U0/ 77260 PIOT/ UBB&eikb s6Guences and group- spemﬁc sequences. Potential group-specific sequences
are tested for their specificity by hybridization of each sequence to genomic DNA from
representative members of the group and to members of a broad spectrum of other
groups (see, for example, U.S. Patent No. 5,714,321). Thus, an experimental sample that
produces a genomic profiling fingerprint composed of positive signals corresponding to
25  group-specific ID sequences indicates the presence of a member of the target group in

the sample. Such fingerprints are included in the database of fingerprints.

Entering fingerprints composed primarily of genomic difference sequences in the
database of fingerprints. For certain types of organisms, the diagnostic goal may be to
identify a strain as a member of a group and at the same time distinguish it from other
30 strains in the group. Sub-strain identification is important, for example, in tracking hos-
pital-acquired infection outbreaks and outbreaks of food-borne pathogens. This type of

high-resolution identification requires a more detailed fingerprint than simply identifying
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subtraction nethod of Tinsl et al. . (Proc, 25 Natl, Acad. Scj. USA

93: 11109- 11118 $8Gk3S l:Er'cfoﬁ 93%?1%3’ Bar Hé%??%‘ﬁ&‘c@f free °§§’$&§%§’8§7X%’%ﬁlﬁer
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sanple is acc‘@h{ghi‘ FYY byQbiping gengmiforroRlipangsFPrintr Safsines ellesdonsct by

hybri di zat i orvrag, s@bi &ld Sk QRARs, A ThrddhufintRX JMRUE, srRRVENChvilidle o8] Bt ed
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MAR 200 WD 0Qk 77 ' her. th
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by using the mcroarray "nmet hods desc revious
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Table 7 |1StSns o, HROBHRN RAAR0AD Skl Elmgt 8RS PLOPHSERIAN RG4S 1 D

sequences are |
prints of related pathogens discovered in clinical samples.

Preparing a bacterial strain for fingerprinting using the genomic profiling assay.

~ To obtain a fingerprint, I first affix a bacterial colony to a nylon filter and make the ge-
25 nomic DNA of the colony available for hybridization to a probe using a simple and stan-
dard method (Grunstein ez al., 1975, supra). The colony is smeared on a nylon filter (1

cm?), allowed to dry, and treated successively (for 5 minutes each) with 0.5 M NaOH, 1

M Tris, pH 8/3 M NaCl, 1 M Tris, pH 8. The sample, now fixed to the nylon filter, is

. washed 3 times for 5 minutes times in 1M NaCl at 65°C, with shaking, to remové

30 non-fixed chemical and particulate matter. Efficient lysis of some bacteria (and other or-
ganisms) may be enhanced by pre-treating the smeared organisms on the filter with spe-

cific enzymes or chemicals before the alkaline treatment. For example, lysis of gram
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pat hogens using the representational difference anal ysis net rbod S

nodi fied by Tinsley et al. (1996, supra). As is described in E&yﬁ&@‘l t he
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nan- pat hogeni ¢ organi sms. (For groups in which all known representatives
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sequences ar e'i@!é%ﬁ%%@ rcg’n]ﬁl‘ peglﬁ? i (51%%3 Iﬁﬂu‘gg&é%ﬁ%}%§ é\fﬁ?@o%%@??dagcfshzeﬁ L'{:a)d in
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(approxi mately 10 Bas®sofl prbj-halnes Gnnlk raacth @robedall) earpspensingotoathg erathicon of
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correspondi ng atechybridaaptd the Gaed 03677 (arBPC (@bat ti20oas g, df@lighe alfeprare part
is conplenentary to an ID 10 sequence (about 15 bases |ong). Priners,

q
bi oti nyl atléd dmliMi&6Y) is QP mhhbrigizationclyffes §l MNaCl/50nM IonNUENEA ORI 77260

PCT/ US00/ 1646_533.%,4 HridiZARod r&Rh&H st fbpakddl fof 30 RGeS BleP ShRAPhE LhiSsind Fi 9.
9B) and affinity purified. The gap )D probe (approximately 20 bases | ong)

i s conpl enent grgbettalan ateDegwyerb by Gvana sedvnt svasking bteps; wathcshakingtat 36°C (or
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sanple, | hybrjdize t i fi sel ected | D probes.to,an _ens | e . of
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Ligating pairs of probe-halves that hybridize to the bacterial sample. Eliminating
25  background due to non-specifically bound probe molecules is critical for the gehomic_
profiling assay, especially as applied below to clinical samples, since high sensitivity is
required to detect uncultured pathogens in such samples, as is; described in the next sec-
tion. Recall that requiring ligation of adjacently bound probe-halves is an effective way
to insure that the only probes that can be amplified are those that have hybridized to

30 pathogen genomes in the sample.
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anplifying ID, propes. that bridize to the DNA of a reference strain. In

this exan]gﬁ e,thge’ﬂfgéﬁg‘célé?tﬁ{]%(? c’ﬁ‘ﬂég‘geﬁ‘lybri di zati on-capture nethod (Hsui h et

al., J. din. Mcrgbiol..34:501-507) .199 to affinit, ur,i f

pat hogen- speci f ¢ “%%r 2‘ <o) O(ngléeh%r@ e'%' Fia fg&eés Br e"‘éaéiP‘netrgl ‘f"%:h ?ﬁrél lr%gMelE%PSe{%:i d

nol ecul es of @AM EDEAESHE 8.05 the diqhid 1 r@ved fom alicefilker Sd se0¢] surd eMERRS/U

nol ecul es of the organi smare nmade avail able for h%bri di za WO Q01 77260 Q
Sty

1 MAR 2QQ- PCTMIERDBA1pH 84 iggdded inthe{ilgrnwhiptisitis® ipgydedfog g apipefehas 100°C.

t hi ocyanate ( i f wed i :

vortexing br |§¥t§py£%§§ﬁ£ﬁ ?108&?)03 t nlé or ggtr)ii%g #g B{Rg%ggﬁ eat%Iét(iilt@%@i 2‘? R%sﬁxst

pr ocedur el5canRdA apcidddde Thdmpucleimacidsyeanpirdied by ethemtil prpcipgationt | edltofrethencdt a

phosphol | paseh e pERERTRPP 14 S r gEae e BT I B S ese o
organi c ext r agkd. The paci@c acidvpéliet phessbéd with c0U%ebiml, dried,lant hesnsgeoddddw 10he
met hod of Hsui h et al. §1996 suprﬁé for hybridization with probes

fH)PH A0

(capture, an'pll‘]i lﬁ}lrﬁ%i‘tﬁpc?ﬁl W@B finity purification) ligation, and

anplification of the tripartite |igated anplifi cati_on/gag probeéFi . 9B)
(Hsui h et aL) 199@)Ialg({§m-l)agf_thcsample containing the eluted probe is brought to 1X PCR buffer

20  using 10X PCR buffer (Boehringer Mannheim), 200 uM of each dNTP (dATP, TTP,
dCTP, and dGTP), 1 pM biotinylated oligonucleotide primer L (5-(biotin-
dX)GACACTCTCGAGACATCACCGTCC -3) (Midland Certified Reagent), 1 pM
biotinylated oligonucleotide primer R (5'-(biotin-dX)AATTCTTGCGCCTTAAACCA-
AC-3", and 0.1 unit/ul Taq polymerase (Promega), in a total reaction volume of 50 pl.

25  The eluted probes are amplified using a PCR regime of 30 cycles (30 seconds at‘94°C,
30 seconds at 55°C, and 1 minute at 72°C), followed by 10 minutes at 72°C.

The genomic profiling fingerprint of a strain: identifying the amplified probe mole-
cules selected by the bacterial DNA by hybridization with an array. A fingerprint of
a strain is established by identifying the ID probes that are selected by hybridization to
30  the immobilized DNA of the strain. In this example, I identify the ID probes selected by
the bacterial genomic DNA by hybridizing the amplified, selected ID probes to a detec-



10 Purifying mass spectronmetry detection oligonucleotides corresponding to
the anplified I D probes. The anplified probes correspond to AR

pat hogen-specific I D sequences in the reference strain. For fek M 2004
spectrone ed identification of these sequences, u

bi oti nyl at ‘58%{%2? %fication products to affjenl ty purify theslg%—ltr/ﬂgooplgﬁsél ng
mass spect ronet ry detection ~oli gonucl eot Plles (Fig. 90). Arrpl ification
reactions (50

ar e ht t. p. |
sol uti on cont allgﬁ Ag* det%e? ‘gacfﬁ' lgraés g%/l’éa’g rgrrﬁcfrress‘ﬁjé? IR gﬁequences con-
ol i gonucl eot i d%nleﬁt EthdETMsEEBIS of IH folidk LsmmﬁdlzﬁMthM@éa&Garﬁﬁle I, for

2 mnutes. After A5 ~t| n ating for 15 mnutes at
300 "50°%0 1 oreat BRI dhe g e A Do Bash By 08 Blded
and affinity Cfa&@éiﬁin%’faﬁmx‘ﬁ pr&egamdwadayw;ﬂduagStow@eSbaé@ﬁ@rsah@% RE aenofed By
(Hsui h et aI , . 20.1996) supra) beads are washed 3 tines with 500 E~I
10 mM EPPS, SpH hsbreﬁ/waﬂﬁmt%@mrram@ﬁlwfteysebeﬁeii Probes BESEs Heeals Bybindipededhet i on

ol i gonucl eot i dgg & @nd’l U@bﬁ%e@‘raggﬂ%'ﬂ‘g the solution to 50C in 100 ~.il
10 nM EPPS, pH 8.0 DTA (or i gher than the highest Tm of the

det ection ol igonucl ?anlag?eshll 251 NaCla otk B RLARL e
mass spectronetry detectl onafr(;( |51(\)ﬂr?uc goplld%gpr?s {r%é’ rﬁli&%ftrom @ﬁ‘gésggatthp
magnet i ¢ beads,bridize¢ bv the bacteziabsampde, bp hedieg auldO°Cl arnigminuma Fhe tienaGoetsprobect | ng

a dat abase of f.in rjnt of .pa s HSI S
spectronetry td' ?‘% Fci #ngf?l ﬁég)(%é'@{zgﬁgwbgggE%@i?ﬁ%ﬁl&ﬁﬂ%ﬁpgﬁ/ 10 mM
ol i gonucl eord deEDTA3BLM Riivat Pofiiceisulfad). ahel prbahyttiikabiyn midtideXs placddonakk
| aser desoiption ionization time-of flight mass _spect, romattr§épédel ayed

extraction) (MAFBY:<gEed Fith 3 slass %@erf'weawddn%@atgﬂ FQ5 7E FRNEtERF (a5 gescribed

Bi osyst ens) angy RRlhPES: dARET § ?Lg 'ﬂ'l’e%\ﬁb&h@lp%béﬁqaﬁ@\)’edq;y f?’vje 30 sg)croﬂgwagﬂﬁﬁé
Acad. Sci. USA 93:4724- 4'729 1 ). The masses of the affinity purif

WD 001 77260 83 Sfelps ~WinFhaR DG, PIO’TQ"GS@OZ 118 488h diuffgo (ke M HNaCde8 IaMeEEBEH%IaNbd to
the previously (et t@“ged masses of the elements of the entire ensenbl e of
mass spectronetry dé’ ection oligonucleotides. In this way, the sel ected
mass spectr try d I d of i C turn
i ndi cat es tﬁmal denti 1|§r§£srl-ag$ a{éhgecgr?%Hg‘lel%uefﬁgegzlu?%&'fh{ej&%{f%r%%cséé%sal r%u hn)gei ng
tested. 5 The mgemdoécordesleeqwerd;wbpck esgutthshcmi teperty @PiRiskree @l s 9%, nupra;
constitutes it enom fi A dat.abase f fingerprints
is collected f(?rcg?ngfeé?én@é? Sf‘? ?ns |f’q‘% R’F’f gro}bsm} ltsé%f‘)fdr'f fgﬁlbé Pm

| denti fyi ng patdidgens Oy eisteedchidigiereeaating aiepdetomidl diffetersc@ pdueace dn ﬂie)mxar e

| ysed and fingerpri nt d as i s described, above for the reference stral ns,
except that thecrg) apaY] Béégnilo‘sf &chﬁagftepﬁéheoqn%%gqaye% "PHEHS FE heEBEps i n
Tabl e 7 ar ez nopbrbdeh diglt nlike Mﬁﬁx‘eﬁ's?ﬂﬂhh@ﬂﬂe E@Rahd SofilikgafideeRmt.s) present in

a blood sanple are identified by conparing the fingerprints) obtained to

those in the daishpgmonic profilfs AhgdthfinRfand hflogétetic ahalFhis Sor thyMERLAIM in
Forensic identification using the genomc profiling assay Overview of

forensi c i dent i ¥§€%Pi 0K .MneerRHRY Wbi’ﬁj ferepreeniglive syeing & ¢ l&T%‘P ISURPY & ided- o

criti 15 cal astnfaﬁg uffnoWR ARk iRs "R diakask 90 Ehgdpaly & e%mpﬁe@%; asccxas&mwafow@tl on
of forensic sanples requires that DNA in cellular nmaterial, often avai | abl e
inonly mecr os@@spbyleﬂraﬁtqatnale@y obie SRgATpriTiteis PEFRITEd MBS sandag! mAwPdsoRs e her
i ndi vi dual ss4 I an©: I
roqui re anatyt i Eaeed MR LERER, TR (BER7LL i LREDLE DGk for SRORAE ond
technically unsnmatpenbnt snmghaarrwdatmnamébm C¢ranmmmgmrunksowﬁrﬁngcmtmﬂhepbyloga- des -
Se:]gﬁ,: g przg f ;S: {T%bca’lly Yoderdd’ c?a"fla%taseneftfh ngerpng{s (usul;gexr'r]l%l!hods &ieesgx%efdl i q-ilhlcsmet lflz? Y

pra).

of a

Isolating ID sequences from parasites that cause gastrointestinal illness

30 Parasites that cause gastrointestinal illness. The spectrum of intestinal parasites found

in patients varies, depending on geographical location, climate, socioeconomic factors,



Overview of the exanple. | isolate an ensenble of 1Z7 sequences that are
useful for identifying the origin of human forensic sanples using enriched
genomi c difference sanples. In this exanple) the enriched gehdnMAR 20kpl es
are anpli {i&gysylsets of human 25 genones which, by the nat gg@n_gh 4485
anplification process, contain sonme sequences that are reproducl Qy
anplified fromthe genones of sone indivi@uals but not fromthose of other
i ndi vi dual s. Téﬂ%ﬁm@hcﬁlﬁ%&ﬁ'&Bﬂn@étk%eaﬂiﬂléﬁli-ﬁg gl%%gyspﬁ%&,z&pmtﬂe}n%ﬁs paa C
difference sequences: they are present in one enriched genomc difference
sanpl e but notcommsmhefountte patiese (it gagmoiaisstingblildness in dokth shmericac Esmretiat
are present i Ladic j . t g e ],

B of |11 ng 11 ngarnron e dinoe b ifsdtu HENaiE00S e S, D ERRRE prs.
obt ai ned by cofitingreraatly ithrroweanis detdctipmel gastraintestingl pdnasitenf ot her i ndi vi dual s
0 1 MAR 2004 WO 00/ 77260 PCT/ USO0/ 16465 84 Overview of the nethods used in
the exanpl & Tholatieg Hsequedidsifeons parasites that pawsei gastrotetipaldindsn Reivalngl

ways. The enrighe 1c.difference sanples use taipn the ensenbl e
of human m seqsfjéteanoggg%af e”m(?(s)%s% ?%c et ?/e%glpgrcaf#?/@l gb%ﬂ%ﬁi“ﬁ?/?‘ﬁé“ﬂ%f‘%cgy
genonmi ¢ DNA. Ténid snechodniplgostithesiciboveefoy badtgalal pitksgehs) fwith tRINDIOGing GmAll #rodCR,
but other 5 nethqds ﬁan al so pe used fagr sel ective anplificatiaon, such as
the AFLP net hotf2 oSt REGUSSRES Bt Bayracy 26t Plalid' Rt PRl faind 49 theet
al.) Ml. Gen.guMi€uehiipkuffivés tdSoonstiué théRend AR Ui FfFRREQNRBIpEs FHonPlhe  geFbREE-
Nat|. Acad, Sci. USA 91:6113-6117, 1994), or the method described in

Exanpl e 5. 1vul P08 'R BRI G PaR tTionE seppetedayifhin heduon o ingapse Resipro-
numer ous fam | daesibRhctidHEERB cArRed BGIULANCASH sthf &Fcs AN HRCHUUSHEES ofOLbEsARAdI NY
to genom c 10 subtraction products are used to construct a detection array.

To identify a #dmhen-T e the athersriaraction Inczarping tiNAcUbstieihdsifprete subirag

sel ective anpl§fiGatdifiol tdictidtsS : " ' .
"representati Otlli’l ¥ hg?ﬁ tlﬁjgloﬁn E%ﬁltrlléyé ’err?ga?rii%% t%“{g%@ttﬁrel-[@gb n%f@g ilbéét%%}rf)ug E %%108?'

I'abel ed anpl i fis oecessary tpconipansate foFitke ipcroshad templexity efsnkaydtargehdaesphss esice of

di agnosti ¢, B7 sequences b bridization to the detectiaon.array. The
genones of légi fq‘sseotrglaﬁl%n glﬁltcs ﬁ%@é‘ﬁ % gicff'y \%/'t mcfﬁg}fcsnw quuggc;]gqrix?lg °EF}‘Ff5€1>é¥$rFPP§é"ﬁom c
profiling fingeemes ttann&al(&edusvEO9agapid)i cati on of human DNA using Al u- PCR
The Al u- PCR net hod anplifies DNA between Alu repeats, which occur

frequently in Chstriavthea giatdare 0L paragité Gngirpoineans balsesibed ibory Esraffhbs-
Because Al u repeats, are, polynorphic, so amplified fragments are present
in one person)PBiipe Rﬁerﬁﬁf’ﬁ% “%éﬂfeolf‘f’é‘féi‘tggl)é‘?r’?“&f“?e,s FEHHES pRastruch frmilies of
7:1061 -1071) 19ptobed f@tiBnGifyifZthe bradhisms REe€in TBld 3. FiERSrinDed refekdale strains
89:8448-8451, 1992). The hunman genom c DNA used to nake genom c subtraction
sanpl es i s?purdndic "B?}“gtazﬁ%&&?ﬁ GrdtngeraEnts Jg Alsprrarricst ous ps is degsghed forfhe Byc-
Forensi c sanpl g@ga1daBogengpared for anplification by applying a protocol that
is appropriate for the type of sanple, as was de tailed previously (Lincoln

et al., "ForengiftifpNp JRom-5hdcitt sE’&@énQ&Qlﬁir'hségsgg%ﬁa%wéasiﬂaid\@tiﬁéihﬁé%k” ar

Bi ol ogy (Humana Press, Totowa) New Jersey) 1 . u-PCR reactions are car
tied out usingyfhis MRithQdsObastioth bt GneSd. VAlal dod R RreriBU R Bdughitd Be tlRe
nodi fication that PCR anpliftication of the DNA t0 be used as tgne "+

genoni ¢ di f f er €fRAE RAhfATEmemepuspf llpess fnthe hlnited Stars| Slildren asaparfiadarlysis-usi ng
5" -end bi 034 nyl.a&d a@!ak&ﬂﬁ%oﬁ%ﬁbgﬁisqa' g@{ﬁs ﬂx%%hﬁ%% OguJ-Bu&g%%(i\’rﬁ&tiﬂﬁd
constructing a detection ensenble arra)?. family o

illness is problematic, as most of the common agents are not culturable and are poorly

characterized. The tests that have been developed are generally very expensive. Diagnos-

tic tests are generally not done due to the expense of the available tests, the infrequency

of serious complications, the common supportive treatment, and the lack of anti-viral

30 therapies. However, comprehensive and inexpensive test for viruses will be useful for

epidemiology, for ruling out other causes, for ruling out use of antibiotics, and for indi-



30 human |1 D sequences, defined by the enriched genom c difference sequences
descri bed above, is isolated by genom c subtraction (Straus et al., 1990,
supra). Enriched genomic difference sanples are prepared as g MMRsgg bed
above usi |l es fromindividuals or 0 1 MAR Z~ WD 00/

PCT/ US00/ 1"8‘2@@'@ pool ing Al u-PCR products from several i nd}é%g%gﬁgﬂfst he
sanpl es may be grouped by genetic and/or 6 egional criteria). The genom c
difference se ced, crlbed
previousty ( Rebdia Aty ARty RR GUERCAYATRARRL 1A% It ViR SRES'
construct the gdesmattaoumoelnscantﬁ gsgwin@ytinatifleesanpl i fied sub 5 traction

products, which are genom c difference sequences, are arrayed on a nylon
menbr ane usi ngdbrlrtﬁ‘ymgngtohp-stmsﬁd sc(pxehcxeaidk'mgyvmdsemaercam;e gstro(nlestmal ill-

Bi ot echnol . 35:191-203 ) S&) F| n I‘tlll’zll lﬁjg a for ensgc I% ng Forensi c-
sanpl es are pr&pa BALE A |n PRSIy T PP SRS HE RS PEi AT y
~(Lincol n, 1098ucadfpsia)publshéd DY qeqidnce ddta. tlﬂneorhmm DMgﬂon4spbcmcfsed;1en&isc

sanpl e i s obtai ned hybri di zing.the s |l e's biotinl m

oli fication pr%?iﬁléiagytdBycph%g ot SRR sty Reryncks, e ehaten diomnt

reaction (1 M i'c@@qu%eE'ﬁPEﬂltﬂlcrHﬂaEQIﬁﬂd?ldox%%)aﬂrﬁg tﬁ@ieﬁhdﬂ@esngthfeWm:%Qs in
a

m nutes at 65C in a volune t is generall ess than 1 m. The unbound
anpl i fication the dyakase SgAeence ﬁ@%ﬁlsw e ste‘s@éé@ﬁ@?f@\/a@ﬂ’ioﬁb(f’sltséliﬁ e{ lirt h

shaki ng) at 65{gghn Vitd WLt & dEM thay Mebd haP30Df FERRn BMaELA  PH
8). The fi ngersgr?ntugrdgiatlt er%gm%f phyt;clzl%l %atl ont A}?s VIS GTPQ zed usgrll ng t %1;{
Phot ot ope- Bt arfodassatarplrs. syst em (New Engl and B| ol abs), according to the

manuf acturer's recommendati ons. Exanple 5. Scanning a sanple For numerous
human genetic Genskwcting\n dpiabese efrviray fagerprintso de irdemeithed atiove Eardingeprinting

phar macogenom s L5 %og s28e Qﬂaﬂterlﬂ@ecg.le}{?eg g.ﬂ:oﬁpeg toDcE)gIt}ulctefﬁ%xﬁ es BAID

CGenetic markers can n earfy warnin | sease east %ncer or
Hunt i ngt on' s dios ddentifying tharviqusadi oatleble 03.Whingérprimtahige eférents wirab admammt ands

likely to resp vora ede nstrates t he h

genomi c profil .°H%’“§§ G?%asgu:yvveuyal?ﬁag%% e %fo f)es O?Utéisll%tgcsgngednégreﬁeof
human genetls c brateKslr ﬁathdgeme:xt@plfdr mebs“an@lesztepmadm%d vireset coﬂﬁm!ﬂgeRNAew of
the exanple. In this exa a hynman genone | S, surve f the genq types
et bus. poHBF e OIS BB AT AHGTONS MRS Hoe R T RS the
exanpl es) an ey sutedlai LRy iePal, NigletAB6idSNEs. N15Q08R) 1987) By ok igad t o
genom ¢ DNA. As before, selective anplification of the ensenble of probes

generates a di BISFRIAVE QAP (BRlRwela e dly Bluglgissdeidy Res i 45hs BT &0 daesrertivher s
of the anplifigdoahReleicct, ﬁ?@ﬂo'ﬂ%@ﬂtdnﬁ'nﬁﬁte BacksésiBR Pprbeliszat ion to a

detection array. In this exanple) in contrast to previous exanples, sel ec

tive anplifp cajrhpianisdqratdstsem] RydiaghRmlg gistrbintatihaMnREs t he SNP
pr obe- hal ves) based on the

An advantage to the genomic profiling assay is that diagnostically useful human cell

types can be assayed in the same test that screens for pathogens. For example, in gastro-
intestinal illness it is important to know whether leukocytes and erythrocytes are
over-represented in a clinical sample. To test for specific cell types, sequences of cell
25  type-specific mRNAs are obtained (generally from published reports or genetic data-
bases). Table 4 indicates cell-type specific mRNAs of known sequences that are ex-

pressed in certain cell types and are important in diagnosing gastrointestinal illness.

Probes analogous to ID probes are synthesized (i.e., as binary probe-halves with
amplification sites) and are included in the hybridization mixture used to contact the
30 prepared biological sample. The corresponding detection sequences are included on the

detection array.



WO 001 77260 0 1 MAR 20Q4 PCT/ USO0/ 16465 86 particul ar SNP al | eﬁﬁ occurring
in the sanpl e genone. The net hod of genotypi ng using SNP pr(9

di agr amveoloo/m7260 9. 10. Synt hesi zi ng pol ynor phi sm probe enpeﬁmlsmm@w
detection ensenbles. In this ex anple, known human DNA pol ynor phi sns are
used to design pol ynorphi sm probes. 5 THe pol ynor phi sm probes can be

| i gat ed Meﬂ‘ablﬂaﬂy. Pémheafbr Homgeﬁ.‘@hs nphitneidriDiegresing Gaistrointdstiaal Hinkesl e, but
cannot bg—geatet—and—anptH-et—whenr—a—gerere—eent-at-Rs—a—e-H-erent—versi on
of the alfl el e. Thmnsadpt of alfl el e-speci fi cCrﬁmtmmbeoﬂtra}atnpn is illustfated

in Fi g 0—Thetaraet-ed—BN pnl V222V nhl SAs—-C

getrtToUuUTory

pol yror pHi sns  ( hBtsfertithat CorrEﬁ:ﬂ@d”t@ftvﬁudTEbdfcﬁéeﬂsuﬁﬂiiaﬁ&b STBva1VE inTEdIRA
genone (d.g., Landegren et 120 al., Genone Res. 8:769-776) 1998) or th

corresporjd to nutAafcoas of nediedocywfREifitance (e.g., the single base-pair
mut ati on jt hat causes the inherited di sease, sickle-cell anem a). Any her
type of rucleic aGloBinsequende PRUNITOF RAIbRHY cEIRC! Mt Higeamigt | ons,

del etiong) and rearrangenent|s) can al so be incorporated in the assay. ce
the DNA ol ynor phisstizs have HeeGomhsenall Reha RN PR hph e Secicehrove) 1

t hesi zed hasicaldymas—vae--themprobes oade in Exanple 1. _The nreforried
desi gn of ShiktepsNRBALrEXRY RNk sbiE] R)l?'ejvzilﬁytlr%f thggem %ﬂ'tﬂﬁ?ﬁg akf d' scrimnate

agai nst a single basepair msnmatch at the gate In this

exanpl e, hoygpgHal Johﬁ‘oﬂoir%ﬁﬁirngmt&%lpcroggas W[h\é%%n@}ﬁle pqﬁﬁfng'g@&% fptdial the

pairs abut at the site of the Ism Two probes are
general | y syenfifies¢e agthe sast espsreag mgows)ef@ar@ht w@b@@hc@dnﬁ(ﬁm pmbysmohphl sm

one probghdgaﬁﬁse%uagg? PALIRE enséa%ﬂggk“ Oﬁaﬁuggcafgehgena d the other probe

detects possi bl e geno ype rpht sm probes are
synt hesi zed for i r.e ch SNP
to be genotyped, bQﬁhv prsg gﬁ%\é sng%aé ﬁlrpgvg%dép%&ﬁ%“etsnt% tecg

probe- hal f @tdue lsrwgdktngplfdgeeﬁamlpfe one dfﬂthy: redg@htsiisngt mnamormgproﬁﬁrb}etmlcxver si ons

of 25 the Ieft robes hal f. ar e orated i, N E{ say...Each
versi on has P& IF%r TP the Bpginive o % ﬁﬁcﬁlb@%t) & "&lést‘?gesé% %Fé%éfﬁ""al lele
at the genonmmxo‘BBBusasttlmt faBaInygatines, Hef tb tqehaiba f1iRke/26 avoidzt. rrat ch the genom c
alleles at the 3" site will be ligated and subsequently anplified. As in
the earlider exanPegsive ttrerobrd inéludwd tp m;duat»sheﬂaﬂsdqecnhahﬁlﬂecbrbve thad 2
nyl r nth | ifi [ ion 1 MAR

86?;'72%06“ edotpinltﬁﬂaclsmcal szEmpFT‘e grrer%ausmgcgéna% on the Sltagxg)ostxc etecum? array. Thcvég

nomic profiling assay is de;xgned so that signals should only be obtained on the detec-

tion array if an ID probe in the ID probe ensemble corresponds to an ID sequence in the

clinical sample. The deployment of the negative controls is similar to the positive con-

15  trol, except that no corresponding sequences are spotted with the clinical sample (i.e., it

is included in the hybridization mixture with the ID probe ensemble and is an element of

the detection array). Thus, the negative control sequence should not be capable of being

selected by the fixed sample, ligated, or amplified. A positive signal from the negative

control sequence in the detection array indicates that the steps that select for hybridiza- -

20  tion of ID probes with target sequences are not working adequately.

I include another control probe in the assay that allows monitoring of the ligase
reaction. This probe is synthesized, not as a probe-half, but as a continuous sequence
tagged with both left and right adaptors. Otherwise, the sequence is used as the positive
control probes (i.e., it is spotted in parallel to the clinic;al sample, it is included in the

25  probe, and is an element of the detection array). If the positive control element of the de-



87 PCT/ US00/ 16465 Because each distinct |eft probe-half has a uni que t ag
(see Fig. 10), it is possible to detect which alleles have be@ Q@QE and
successful ly anplified by hybridizing the |abeled, anplified SNP probe

a detection array conprising an ensenble of tags that is con ruent to the
ori gi nal Wﬁs"@ﬁﬁ?é of SNP probes. That is.,each tag in the AFFAPOULHFY 5
sponds to a tag (or its reverse conpl emem in one of the left SNP
probe-halves in the ori pa senbl e The detection array is
onst 7 uct daias By RaHre O ‘h%E%aé&F°‘t‘fﬁg?lerP?P‘Pﬁﬁh§ HEionAREY BRREHES of the
array ar e feNfratddepSia@ealne s sagfetespondi ng to the pol ynor phi sm probe
~ensenble. 10 Sel ective anplification of human DNA pol ynor phi sns and

fingerpri nabRrMIy@isal cHArN @sgmxapmmmohmﬁn DNA are prepared as in
Exarrp|e 4 _1f nllrlflad=DQ|Q is-—used LS .Si rrnl Vi cnnffnrl 0.3 n\ll onfilter

in 0.5 MNaOH, allowed td air dry, and crossli ﬁg&@mtlge(fulgﬁccfe éotne,rolg\g_qtulgcé_ %
light (usfng the Strataliinker apparatus from Stratagene accprding to th

manuf act u ert e%?%sﬁtfrbncat' OnS)funé\J%eoftc&monas Wi tﬂ}eieﬂ{&nﬂu& JRfsnein probehy
be usef ul 5 pre-anplijffy a sanple of DNA, thHat Is, to nake a genom c
r epr esent 1t| on. For exanple DNA froma si ngl e kunﬁﬁhﬁanplefo l'icle coul df be
arrpl Ifl ed '&S#%L ,2‘: U T \/TT“IIIS‘L.:IUd dCJ\.’II UCU UL I_/\G.II'JI.C‘*.’ .

repr esent gt negutive cord@ll ag ixﬁh@&l@pbz&kmuﬁcesdvelf of |SNP pabynor phi snsyest he
probes arg designed to cqrresp t hilsms in seg nents that ar
anplifiedifromall sanpl e§‘.g“?sll\‘§ in&‘e’gbﬂﬁ?ersgg“f with the preyious exanpl
20 in whi €h the di agnost il@ahbymatsieDMIA isegnganced are the differentially
anplifiedlsequences whichH.are 1D probes).The gnsenble—of nLIL\Lnr'nr phi-s-

probes i s hyjhdidsh @aeolt O t@e@@mh@. s1£’tﬁ1$|ﬂezdl)ndn|- at ed) ys%rrpllf ed) habel ed
hybri di ze¢gl to the detectilon array, ~and the finderprint is visu alized a$ is
descri bedjin Exanple 1 (fd‘tgatforﬁ‘éthD“b?séﬁ’e%e Watkt Hat exanpl e). | The patternfof

25 hybridjzation to the dggection array indicatjes the alleles representgd
in the gepomic DNA of the sanple for each polynorphic locus Qur\/pypd byt he
pol ynor ph S?OFKBQQS‘On%ﬁe”b'g‘?ves lf,ggmy St 1@@, kMg a cegebrospinal (gJuid

sanple fo arge nunber| of viruses Overvi e f the  exanpl ¢. Infectionjof

the centr nervous system@@\}S)reWQﬂ@!tmm dered |30 to be a madi cal -
ener gency. ek aTOSTS of—tire—tmieetitous agcnl s—crrtrcatr—for U[Jl; mum

t her apeut itdetify@pathdgemsgresnsinaf clinigabbamplé ecti on is particularly
probl emati ¢ and WO 00/ 77260

5  Preparation of clinical samples. For genomic profiling to be most effective in a clinical

DU

setting, a simple method for preparing clinical samples for 'hybn'dization to the
probe-halves is preferred. Preparation of the patient sample should also ideally feature
rapid neutralization of pathogens present in the sample, for safety of laboratory workers,
and should effectively remove inhibitors of subsequent enzymatic reactions, such as

10  probe amplification.

I fix the clinical sample, denature nucleic acid molecules, and neutralize any
pathogens with a simple, general, and yet effective method that is commonly used for
preparing biochemically complex biological samples for hybridization (Grunstein et al.,
1975, supra). A gastrointestinal sample (0.5 ml liquid fecal sample, formed stool sam-

15 ple, or rectal swabs sample) is smeared on a nylon filter (1 cm?), allowed to dry, and
treated as is described above for the preparatioh of viral éamples. The sample, now fixed
to the nylon filter, is washed several times at 65°C, with shaking, to remove non-fixed

chemical and particulate matter.



p ~ MAR 20~ PCT/ CJS00/ 16465 88 often expensive. The nethod described in
this exanple can be used to test a cerebrospi nal fluid (CSF) sml e
simul taneously for the presence of various types of viruses. 0 -@B‘ecifi C

| D sequenweoanmosel ected in a CSF sanpl e by sol ution phasepdyB§dobsd
lion-capture with .an ensenble of )D probes, followed by anplification of
the sam5 ple-selected ID probes. The a ified 1D probes are used to probe

a detection eSesmbigen dini@aysdnipldedrethdipReseiidti iTlgenidrhicaiiffereditd sgaencad By Ry-esent .
The exanpl e dﬁsgri es a test for vi ruses in CSF, but a simlar test can be
carried out oRFIBERANGN- (58 aqgastoipisstingl sample far e BTBRIEheRSidE 6l Phiral¢vartue

sanpl es, fol | pshdpenaPPERARIZALGLS BRRMSINSrAPANBbdsO the ARRRH TN gﬂ&tﬁ%&ﬁ{ép&e&s of
10 Group-specitfic

viral -specific | D sequences, probes, and priners. '

sequences ar e2R§s £Antoh sgauencas eprelifigal spmplecBachprofocelHe egrentially thé sanerasses i n
the panel ©f whiis@s Hid e Jefrd@Pl e 4 (ral-specific ID
sequences are al readylcﬁ?sp?rf t?eéél;lén ?ZHQS fﬂk?g@%ﬁ%?gﬁﬁaﬁe thgec?enég@é%e,rpmg
sequences ar e(sehap). pxesat for ithel cogmmehensve equesties df theplib lprabe Gateatbtsas af t er

[ th ] i K 4Nt dat.ab oS
Compari Sans a8 fadeap Skl G dEhash dAER i RERARIRR G S s 15

pray. Viral - shiebgicalsamplquences of at | east 30 bases are chosen) and
correspondi ng ensem bl es of 1D probes and priners are synthesized as is

descri bed i ti Obtainipg e g8nqic podHingenpepptinofen diakaysangie BS ligaideRhsii-ed in
Figs. 9A-9C. her an the smpl|l nmass spectronetry detection )

ol i gonucl g(gt i g%iloﬁéﬁis E‘P%"’&’fl“ﬁ dﬂg&p“@ﬁ aﬁ@\’/\g‘?}@r“f’“)ngb?‘%fl}?esé‘F‘fé’rqt‘éﬁ?b@rls @erbout
20 bases) det ailéd MBvefes G Ol 'ToRLAICARE h dREbAsB AL gdomic proRlEIBRIALYot O t he
gap 20 probes, Detection ensenble arrays are constructed by '

phot ol i t hogr aF8FPrRE ) With Hhesxrepsign ithat HieAmgy eontainpp eteqtipa eaprthblroypicsent

control probemgalef MePabRsikgauianc SRR YetesiESahd | e 3.
0 1 MAR 2p-~ V\Dg00/772£3% 88 PCT/ US00/ 16465 Tabl e 8 Vi ﬁus‘ggsd%@{* %égﬁg’é CNS

i nfections. cYRIEPTFEAMItQshegnesmble pEIR prokesBhienirediagiontisl ssquarcesuaifogawolr us St .

Loui s encephadeyfidnses\thdt YR THEBSLSA t¥ e gﬁﬁlts?ijn ebarr . .
vi rusHepati ti snyxovi r uspaf anyxovi r usJC vi r usmunps vi rusEchovi r usequi ne

encephal i ti s @ufstaBvAMlysids it ! h96d &j )
Vi rusCyt orregacléovi rusrabi e}é vak{ﬂf@%gﬁ/{éiee I()gEl g%llgtg’ge%qwl?éu‘télgﬁca\}is%g]ﬁ?é ?°~W__
Scanni ng a sasrfl éeafugg oftberpenomioprofibieg assais tipaatdlity (Pnemd fapitiagentin GHo-

sanpl es) hybri di i e ensenbl e .of probes,. rifrcation of target
sequences by lﬁ&éﬁg'%r%l@gs%%g&% St SHEATS R RY gegf’ "?eﬁlgﬁg ye%bB%FrW"(S’H QT Pighd

anpl i fi cat i orerics cpebd quamefiecasy irs sitte hgbridhadon fo & poxamIfansd origing hblekicay! at ed

array andi oHRPRAEP s FRRE FRT Meedht & Bl et SHEGR RO ar e
within the foll:9Mt979, 1998). Ibise a sensitive, yet simple, method that is powerful enough to de-

tect a single molecule of a nucleic acid sequence in a single organism (Huang et al., su-

pra, 1998). This method is used with the labeled probes used for hybridization to the de-

tection array. Alternatively, any other group-specific probes that are diagnostic for the

25  organism(s) detected by hybridization to the array may be used for in situ hybridization.
Example 2.  Testing a respiratory sample for the presence of pathogens

Pneumonia. Pneumonia is the most common cause of death from infectious disease in
the United States. The etiology of the disease is dependent on age and immune status.
Viruses cause most childhood pneumonia, while bacterial pathogens are the most com-
30 mon pathogens causing adult pneumonia. The spectrum of pathogens that cause pneu-

monia in immunocompromised hosts varies greatly and differs for patients with cancers



01 MAR 20p 90 What is clainmed is: 1. A method for detecting target nucleic
acid nol ecul es potentially present in a sanple conprising test nucleic acid
nol ecul es, wherein each of said target nucleic acid nol ecul esMgg sponds
to a menber of an ensenble of I D sequences, wherein said 1B qﬂnces
conpri se gwendoemdohan five famlies and have a m ni nrum genonpcr/usooriésdsi on
of greater than five, said nethod conprisi si mul t aneously contacting or
conparing a detection ensenble conprising | D sequences and/or |D probes
with said test affectingitbe Bwhenenyblemudrasotediiae serfages (rycosahogekin tedsplant rcipid

nol ecules in s ng %Wmfe%@dé%ﬁénwm obes that hybridize to said target
nucl ei ¢ acid molecules in sa sanple, (iii) anplification products of (|)

or (ii), or (iv) a %Pgﬂcgssfu?%c%ﬁf&t %ﬁ“ am?gma(l ? is @ﬂ&rtﬁ rt]o Sal&ﬂé CCHtl

ensenbl e and sai d ense ces areé congrue gald

| D sequences angttogen. Ncpmhhmshﬂf oSﬂl dﬁagt&km:éffcms t@ﬂ@temﬁheth%a@abfﬂ&pmaﬂis to
ensenb] e of Wnereb saj d. target nucI eic acid

b f
ﬁorgcu?;soariaifg’ﬂ & {depfity she efio O%f‘%g‘g%}l“s &pssi ¢ 4nc qu.?rt hlreediashen of Giges in

identifying a ciiaemnad Qtfdrri?ptt e meddRTdSMPthe PadBAmS N beakial Aatafcketpdiq.get
nucl eic acid nol ecules. 3. The nethod of claim1l, wherein said ensenbl e of

| D sequences ha&nsthas %PWW?&CWW Bach #fsoligns GANGHDe ifeatified by HuHe Microki- The

met hod of cl ai RdgicaMREIngE MnéthdR. iwbaeianqmts?ehslrﬁ&ns&t éeqé?&@ado n&itxfwmel eic
acid nolecules are not imobilized in a rix or on a so support

The nethod of chegiogens, thafheause fuleasudosise sthogpiag edorg clesiornsire’s (dissaseq ped srai-'
anplificatigp pi %Hg& Sau®ld frleliinbniaZP tlgr;tsy?n%ll?q?érnggxrg{orf e ac A fok 6‘5%8' d

anplification pr ts are produce ication carried out using a
single pair of cfmplibibtiasarisonbesldnuienbeied StatesThearte$ hbiliafa ydanisrwagted bomsdier

conpri si ng quaqglsfa}qllﬁgtlc% &L% Gtg%ltie {lgx%ryf %urren Sg‘rnlpo%tlgs éegtlp}éllxﬁe pﬁéﬂ{gﬁ%gx mpst

hybri di zation fo acting of co
claimb5, wherei lnw&aesjmawm nrddt Odi¢ations. I'I'hui;&fcrd 1@@1 gﬁaat n¢bﬂlfd5tgi shgpiediaghostichasyf our
pairs of anplifj 9. The nethod of claim

catl uer}1 11 ~r %
1, wherein the ‘b‘?‘&‘t’f& 0?‘?1? K E%""f’iefpé‘iatﬂ%a? PP°Bhpabl e of
hybri di zi d I f t
10, The mot tod SpedErt Wm 8P AP REElE B o R ar e T PROURE g
fixed to a sol i st ForxpOpriesenbe dflrespiforiphtheminofn £iampl fromhAtielt Wikhayfiploast

nucl eic acid nolecules are in a liqui,d solutjon. 12. The nethod of claim1,
wherein at | eastf ?B‘Heé TP YAIRAST- divcsimpkiape s vaind rarid b’cfﬁﬁri‘%@é’eréh@“bsg tbr e

ol i gonucl eot i dejnf 8@ combidn bhB@riMELRAdardf prétosdal phihodbiR! @b ekt dpeRRETbEthr-)
conprise two or nore 10 oligonucleotides that can be ligated to one another

upon hybri di zat#a)#mpreveaRRat eTerSATENt RIRYETs: hbe feat kelrsciodiewppiae an erproruaés asdn
sai d ol i gonysl eghdid @R p9 RirthsnRFERhd fdrnoRid ABrESIMENLE S powerful tool for epidemi-

ological analysis, because it can produce high-resolution fingerprints.

Overview of the example. I isolate ID sequences from various lower respiratory tract
pathogens using genomic subtraction, in the cases of bacterial pathogens and parasites,
or computer analysis, in the case of viruses. The subset of genomic difference sequences
25  that are present in the DNA of a given strain constitutes its genomic profiling fingerprint.
A fingerprint database is constructed by determining the subset of ID sequences present
in representative strains from each group of respiratory pathogens. The identity of patho-
gens in a clinical respiratory sample is determined by comparing the genomic profiling

fingerprint of the clinical sample to the database of fingerprints.

30 Overview of the methods used in the example. In this example, I use suppression sub-

tractive hybridization to isolate pathogen-specific genomic difference sequences, rather



14. The method of claim1l, wherein said ID sequences and/or |D probes of
sai d detection ensenble are arrayed as spots in two.di nensions or stripes
on a solid support 15 or matrix. 15. The nethod of claim 1,0 WiARe208% sai d
det ecti ongRNs@Abdee conprises probes that hybridize to at | eastusidneass
different regions of the genones of at legst ten different viruses, each of
whi ch belongs to a different genus. 16. e nethod of claim1, wherein said
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The nethod of TIPERSHOP are gpfuensed @ Areparatipp der fpehess @'?‘aellhag BFle @mpl caélaﬁpn se
nucl eic acid g&%@?nﬁn@g@@mw} nmore of the organi snms selected fromthe
group 20 consisting of coxsakievirus A Herpes sinplex virus, St. Louis

encephal i tis virus,pdREh&s @haB@EJchdWc‘r'?esmW&?‘ﬂlﬁe@@ groh@-sﬁécﬁﬁ&eq%é&% @i rus
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equi ne encgpha, & thitSrelof find [nARhE S
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pre-determ ned Lfferenc f_said nucleic acid
nol ecul es. gl% qugc S Se%%f’caesrﬁoﬁlra?%ﬁ c|g§§ﬁa6r)1 Bt tldegba?‘r om a sanpl e,
conpri si ng: a) a pl ural ity of probes conprising greater than five famlies
of I D probes and 30 having a m ni mum genom ¢ derivation of greater than
five; and p ~ MAR 200 93 b) a detection ensenble conprising detection
sequences that are congruent with said plurality of probes.

d?eglc&%ng in F;L)iample



22. The kit of claim21, wherein said plurality of probes conprises nore

than ten different anplifiable probes.

5 23. The kit of claim 22, wherein

said plurality of probes conprises nore than fifty differenjy pmaRidgabl e

pr obes.
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833. The kit of claim 31, in whi
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2 positioned adjacent to one a
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5 of anplification sequences a
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Streptococcus pneumoniae

Haemophilus influenzae
Chlamydia psittaci

Pseudomonas aeruginosa
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and (ii) closdrysesel ated taxon

Ragpiberyesypdytiblivéais usi ng f ewer
d that conprises nore than thr
diAldérerved | D probes. 3 5. The
an fifty different anplifiable

Herpes simplex virus
Influenza virus
Parainfluenza virus

Rhinovirus

Staphylococcus aureus

Tissue-specific sequences useful for judging

the quality of a respiratory sample.

Respiratory samples are notorious for being of uneven quality. Sputum samples, which

are conveniently and non-invasively collected,

are frequently rejected because of con-

tamination by organisms of the upper-respiratory tract. Systems for judging the quality of

specimens have been developed based on the microscopically observed ratio of

squamous epithelial cells to polymorphonuclear leucocytes. I include, in my respiratory

assay, an internal hybridization-based test for judging the quality of a lower respiratory

tract sample based on the relative abundance of these two cell types. This is accom-

plished by testing for the relative levels of transcripts from cell-type specific transcripts

from polymorphonuclear leukocyte (encoding the proteins LCA and CD45) and

squamous epithelial cells (encoding the protein spr 1).



36. The ensenble of claim 35, conprising nore than two hundred and fifty
different anplifiable ID probes. 37. The ensenbl e of clai Mg34 MAR I Si ng
nmore tharygendeé | ies of anplifiable ID probes. 10 38. Thﬁcﬁﬂ%@%!{% of

I Si I f1able f)

claim 34, conprising nore than twenty-five famlies of anp
probes. 39. The ensenble of claim 34, whejgein nore than two of said

fam lies of anplifiable probes are specific for non-overl apping taxa. 40.
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| & | . i . : ]
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amplification of target nucleic acid nolecules using no nore t (

pai rs of anpl ¢F amplgsowiths kepyenewnbery gt sqramoweeritbdliadfceldy aidnpolpnomhemelear sai d
anplificati onle§1g0g%1tggces direct the 5 anplification of sequences |ying
between Alu repeats using Alu-specific prinmers. 48. A kit for obtaining

genetic inforiRpidis bh@ PrifncoFR r%llin%ocmiei z?xl'x{;'lgﬁcation. For each ID sequence in the
respiratory genomic profiling assay, a pair of ID probes (Fig. 8A) and a pair of primers

15  (Fig. 8B) are synthesized. ID probes and primers are based on those in the gap oligo

method of Lizardi er al. (1998, supra). However, the gap ID probe (~15 bases) and the

ends of the gapped circle ID probe (~15 bases) correspond to an ID sequence. Also, in

this example, I use 5' biotinylated primers for rolling circle amplification (Fig. 8C).

Similarly, ID probes are synthesized corresponding to the experimental control se-

20  quences described in Example 1 and to tissue specific RNAs.

Constructing two-dimensional detection arrays for the genomic profiling assay. To
determine which ID probes hybridize to a sample, I hybridize the amplified selected ID
probes to a detection array (an addressable array comprising an ensemble of detection
sequences). The elements of the array include oligonucleotides that correspond to the

25  gap probe moiety of rolling circle amplification probe pairs or to experimental control
sequences. In this example, I construct microarrays using photolithography, as was de-
scribed previously (Chee er al., Science 274:610-614, 1996; Lockhart et al., Nat. Bio-
tech. 14:1675-1680, 1996).

Fingerprinting respiratory pathogens

30 To identify a pathogen that is the cause of a lower respiratory tract infection, I

compare the genomic profiling fingerprint of a clinical sample to a database of finger-
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L AU A S, A A DIRRTHORA i ioRdo Ahegsiambiagt ﬁi{’@b%ﬁuﬁ“d washing steps are identical

to those described in Example 1, except for the composition and structure of the ensem-

ble of ID probes. Templates for hyperbranched rolling circle amplification (HHRCA) are

10  created when pairs of gapped circle ID probes and gap ID probes that anneal with DNA

in the fixed sample are ligated to each other. Ligation and HRCA are carried out as is il-

lustrated in Fig. 8 and as was described previously (Lizardi et al., 1998, supra). Hybridi-

zation to the microarray, staining using streptavidin-phycoerythrin, and scanning are ac-

complished as was described previously (Lockhart et al., 1996, supra). Fingerprints are

15  obtained from the microarray data and a database of fingerprints from each group of res-

piratory pathogens is assembled and analyzed using the methods described in Example 1.

Identifying pathogens present in a clinical sample. Various types and qualities of res-
piratory samples (e.g., sputum, bronchoalveolar lavage, and bronchial brush samples) are
applied and fixed to nylon filters using the method described in Example 1. As in Exam-
20 ple 1, clinical samples are fingerprinted, as are reference strains, except that the ID
probes from all of the respiratory pathogens groups in Table 6 are included in the hy-
bridization reaction. Pathogen(s) present in a clinical sample are identified by comparing
the fingerprint(s) obtained to those in the database of fingerprints of reference strains.
. Example 3 - Testing blood samples for pathogens
25
Bloodstream infections. Pathogenic invasion of the cardiovascular system is one of the
most serious infectious diseases. Of the approximately 200,000 Bloodstrcam infections
that occur every year in the United States, between 20 and 50 percent are fatal. Particu-
larly at risk are immunocompromised patients, the very young and very old, those with
30  skin or soft tissue infections and wounds, and the recipients of invasive medical proce-

dures. All major types of pathogens can infect the bloodstream, including bacteria, vi-
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Cornybacterium spp. Cytomegalovirus

Epstein-Barr virus

ID probes’ for capturing ID sequences, amplification, and mass spectrometry detec-
tion. For each ID sequence in the bloodstream genomic profiling assay, a pair of DNA
capture ID probes, two amplification ID probes, a gap ID probe, and one mass spec-
5 trometry detection oligonucleotide are synthesized (Figs. 9A-9C). Each capture ID probe
has two moieties: a biotinylated arm (approximately 10 bases long) and an arm that cor-
responds to a section of an ID sequence (approximately 15 bases long). The left and right
amplification probes also have two moieties: one part contains a sequence corresponding
to an amplification primer (about 20 bases long) and one part is complementary to an ID

10  sequence (about 15 bases long). Primers, biotinylated on the 5' end, are synthesized so
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10  tection oligonucleotide is approximately 8-15 nucleotides long (mass spectrometry
achieves very high resolution discrimination of small oligonucleotides), and each is
complementary to the gap probe moiety of one ID probe (Fig. 9C). The individual mass
spectrometry detection oligonucleotides in the ensemble should all have distinct molecu-
lar weights, such that their identity can be determined by mass spectrometry. To enhance

15 the molecular weight differences between oligonucleotides with similar molecular
weights, in certain cases, it is useful to include chemically modified oligonﬁcleotides.
Oligonucleotides with a great variety of chemical modifications and with minimally al-

tered reassociation characteristics are commercially available.
Fingerprinting bloodstream pathogens

20 As in the previous examples, to identify a pathogen that is the cause of a blood-
| stream infection, I compare the genomic profiling fingerprint of a clinical sample to a da-
tabase of fingerprints from previously characterized organisms. As before, I first assem-
ble the fingerprint database from the genomic profiling fingerprints of reference strains
from each group of bloodstream pathogens listed in Table 7. The fingerprint of a clinical
25  blood sample is then compared to the database to determine the identity of any patho-

gens in the sample.

Capturing and amplifying ID probes that hybridize to the DNA of a reference
strain. In this example, I use a solution phase hybridization-capture method (Hsuih et
al., J. Clin. Microbiol. 34:501-507, 1996) to affinity purify pathogen-specific ID se-
30  quences that are present in the nucleic acid molecules of a reference strain. Organisms

are lysed and nucleic acid molecules of the organism are made available for hybridiza-
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10z 15 brought to 10 mM EDTA, combined with a 10 ul of a solution containing 10 ng of each
mass spectrometry detection oligonucleotide in 10 mM EPPS, pH 8.0/1 mM EDTA, and
denatured at 100°C for 2 minutes. After adding 15 ul 5 M NaCl and incubating for 15
minutes at 30°C, 30 pl of streptavidin-coated paramagnetic beads (Promega) are added
and affinity chromatography is carried out as was described previously (Hsuih et al.,
20 1996, supra). The beads are washed 3 times with 500 pl 10 mM EPPS, pH 8.0/1 mM
EDTA. Affinity purified mass spectrometry detection oligonucleotides are recovered by
heating the solution to 50°C in 100 pul 10 mM EPPS, pH 8.0/1 mM EDTA (or 10°C
higher than the highest Ty, of the detection oligonucleotides in 1 M NaCl). The super-

natant containing the mass spectrometry detection oligonucleotides is removed from the

25 magnetic beads, which are retained in the tube using a magnet.

Constructing a database of fingerprints for a group of pathogens: using mass spec-
trometry to identify the selected mass spectrometry detection oligonucleotides.
Samples are prepared and analyzed by matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (delayed extraction) (MALDI-TOF (DE)) using the in-
30 strument (PerSeptive Biosystems) and methods described previously (Roskey et al.,
Proc. Natl. Acad. Sci. USA 93:4724-4729, 1996). Thel masses of the affinity purified
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reaction. Pathogen(s) present in a blood sample are identified by comparing the finger-

print(s) obtained to those in the database of fingerprints of reference strains.
Example 4. Forensic identification using the genomic profiling assay

“Overview of forensic identification. Identifying the origin of cellular samples is a criti-
15  cal aspect of modern medico-legal analysis. Genetic identification of forensic samples
requires that DNA in cellular material, often available in only microscopic quantities, be
amplified and compared to that of other individuals. Current methodologies for genetic
identification generally require analytical gel electrophoresis, which is time consuming
and technically unsuited for many forensic laboratories. This example provides a rapid,

20  simple, and robust method for forensic identification using genomic profiling.

Overview of the example. I isolate an ensemble of ID sequences that are useful for
identifying the origin of human forensic samples using enriched genomic difference
samples. In this example, the enriched genomic samples are amplified subsets of human
25  genomes which, by the nature of the amplification process, contain some sequences that
are reproducibly amplified from the genomes of some individuals but not from those of
other individuals. These differentially amplified sequences constitute genomic difference
sequences: they are present in one enriched genomic difference sample but not another.
The subset of an ensemble of such sequences that are present in the DNA from an indi-
30  vidual constitutes a genomic profiling fingerprint. The identity of the source of the sam-

ple can be obtained by comparing the sample fingerprint to that of other individuals.
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subtraction products are used to construct a detection array. To identify a human forensic
sample, the sample DNA is amplified using selective amplification (in this case
Alu-PCR). The resulting "representation” of the human genomic DNA in the sample is
composed of labeled amplification products. The products are tested for the presence of

diagnostic ID sequences by hybridization to the detection array. The genomes of differ-

15 ent human individuals will generate different genomic profiling fingerprints.

Selective amplification of human DNA using Alu-PCR. The Alu-PCR method ampli-
fies DNA between Alu repeats, which occur frequently in the human genome (every few
thousand bases, on average). Because Alu repeats are polymorphic, some amplified
fragments are present in one person, but not another (Stoneking et al., Genome Res.

20 7:1061-1071, 1997, Zietkiewicz et al., Proc. Natl. Acad. Sci. USA 89:8448-8451, 1992).

The human genomic DNA used to make genomic subtraction samples is purified
by standard methods (Ausubel et al., 1987, supra). Forensic samples are prepared for
amplification by applying a protocol that is appropriate for the type of sample, as was de-
tailed previously (Lincoln et al., "Forensic DNA Profiling Protocols," In Methods in Mo-

25  lecular Biology (Humana Press, Totowa, New Jersey) 1998). Alu-};CR reactions are car-
ried out using the method of Zietkiewicz et al. (1992, supra), with the modification that
PCR amplification of the DNA to be used as the "+" genomic difference sample and for

the forensic samples is carried out using 5'-end biotinylated oligonucleotide primers.

Isolating ID sequences and constructing a detection ensemble array. A family of
30 human ID sequences, defined by the enriched genomic difference sequences described
above, is isolated by genomic subtraction (Straus et al., 1990, supra). Enriched genomic

difference samples are prepared as is described above using samples from individuals or
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ume that is generally less than | ml. The unbound amplification products are removed by

five 30 second washing steps (with shaking) at 65°C in 2 ml wash buffer (50 mM
15 NaCl/50 mM EPPS/2 mM EDTA, pH 8). The fingerprint (pattemn of hybridization) is
visualized using the Phototope-Star detection system (New England Biolabs), according

to the manufacturer’s recommendations.
Example 5. Scanning a sample for numerous human genetic markers

An important goal of modern medical genetics and pharmacogenomics is to ob-

20  tain rapidly genomic profiles of patients. Genetic markers can be an early warning of
disease (e.g., breast cancer or Huntington's disease) or can indicate to which medications

a patient is likely to respond favorably. This example demonstrates the use of the ge-
nomic profiling assay for surveying the genotypes of a large number of human genetic

markers in one rapid hybridization-based test.

25  Overview of the example. In this example, a human genome is surveyed for the geno-
types at numerous polymorphic sites simultaneously. As in the first three examples, an
ensemble of probes, in this case SNP probes, is hybridizéd to genomic DNA. As before,
selective amplification of the ensemble of probes generates a diagnostically informative
subset of the ensemble. The members of the amplified subset are then identified by hy-

30  bridization to a detection array. In this example, in contrast to previous examples, selec-

tive amplification is achieved by selective ligation of the SNP probe-halves, based on the
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Cytomegalovirus rabies virus
Varicella-zoster virus BK virus
HIV

Scanning a sample for members of the viral panel. Preparation of CSF samples, hy-
bridization to the ensemble of probes, purification of target sequences by magnetic sepa-
ration, ligation of the selected probes, and amplification is performed as is described in
5  Example 3. The biotinylated amplification products are then hybridized to the viral de-

tection ensemble array and visualized as is described in Example 4.

Other embodiments are within the following claims,
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14.  The method of claim 1, wherein said ID sequences and/or ID probes of said
detection ensemble are arrayed as spots in two dimensions or stripes on a solid support

15  or matrix.

15. The method of claim 1, wherein said detection ensemble comprises probes
that hybridize to at least two different regions of the genomes of at least ten different
viruses, each of which belongs to a different genus. |

16.  The method of claim 1, wherein said sample is a gastrointestinal tract sample and

20  wherein said target nucleic acid molecules comprise nucleic acid molecules from six or
more of the organisms selected from the group consisting of Escherichia coli,
Salmonella, Shigella, Yersinia enterocolitica, Vibrio cholera, Campylobacter fecalis,
Clostridium difficile, Rotavirus, Norwalk virus, Astrovirus, Adenovirus, Coronavirus,
Giardia lamblia, Entamoeba histolytica, Blastocystis hominis, Cryptosporidium,

25  Microsporidium, Necator americanus, Ascaris lumbricoides, Trichuris trichiura,
Enterobius vermicularis, Strongyloides stercoralis, Opsthorchis viverrini, Clonorchis
sinensis, and Hymenoplepis nana.

17. The method of claim 1, wherein said sample is a respiratory tract sample, and

wherein said target nucleic acid molecules comprise nucleic acid molecules from six

30 or more of the organisms selected from the group consisting of Cornybacterium
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34.  An ensemble of ID probes that can be amplified using fewer than four pairs of
amplification sequences and that comprises more than three families of ID probes and
more than ten different ID probes.

35.  The ensemble of claim 34, comprising more than fifty different amplifiable ID
probes.

36. The ensemble of claim 35, comprising more than two hundred and fifty
different amplifiable ID probes.

37.  The ensemble of claim 34, comprising more than ten families of amplifiable ID
probes.

38. The ensemble of claim 34, comprising more than twenty-five families of
amplifiable ID probes.

39.  The ensemble of claim 34, wherein more than two of said families of amplifiable
probes are specific for non-overlapping taxa.

40.  The ensemble of claim 34, wherein more than two of said families of amplifiable
probes are specific for different species.

41.  The ensemble of claim 34, wherein more than two of said families of amplifiable
probes are specific for different genera.

42.  The ensemble of claim 34, wherein more than two of said families of amplifiable
probes are specific for different kingdoms.

43.  The ensemble of claim 34, wherein said ensemble comprises probes that
comprise: (i) two or more oligonucleotides that can be ligated to one another upon
hybridization to an ID sequence of a target nucleic acid molecule, and (ii) amplification
sequences.

44, The ensemble of claim 34, wherein at least 50% of said probes comprise
genomic difference sequences from at least three different species.

45, The ensemble of claim 34, in which the ID probes that detect (i) members of a
taxonomic group and (ii) closely related taxonomic groups are positioned adjacent to one

another on a support.
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46.  The method of claim 1, wherein the test nucleic acid molecules are generated by
amplification of target nucleic acid molecules using no more than four pairs of
amplification sequences.
47.  The method of claim 46, wherein said amplification sequences direct the
amplification of sequences lying between Alu repeats using Alu-specific primers.
48. A kit for obtaining genetic information from a sample, comprising

a) a plurality of nucleic acid primers that are capable of priming the amplification
of DNA sequences flanked by repetitive sequences in target genomic DNA ina
biological sample to yield ID probes; and

b) a detection ensemble comprising ID sequences that are congruent with said ID
probes, wherein said detection ensemble comprises greater than five families of ID
sequences and has a minimum genomic derivation of greater than five.
49.  The kit of claim 48, wherein said detection ensemble has a minimum genomic
derivation of greater than 20.
50. The kit of claim 48, wherein said repetitive sequences are human Alu repeats,
and said primers are Alu-specific primers.
51.  The method of claim 1, wherein said test nucleic acid molecules are not purified
prior to said contacting or comparing.
52.  The method of claim 1, further comprising identifying an organism from which a

test nucleic acid molecule in said samples is derived.



