WO 2011/ 156795PCT/ US2011/ 040106 NUCLEI C ACI DS FOR MULTI PLEX ORGANI SM
DETECTI ON AND METHODS OF USE AND MAKI NG THE SAME [ 1] The invention

i s directwd2no/se19s of nucleic acid probes for mnultipl erciaiseetioano©f

organi snms of interest, including pathogens, and nethods of naking and using
t he probes. G)é gﬁdvances i n _sequencin technol 0 é have continued to
dri ve NUCBEIGAG MALLTIRLEX ORGANESM FJ1ONAND METHODSF

per sonal genone benchnark \dSprNBdVIN(INﬁeTHSAMﬂl onal Human Genone
Research Institute (NHGRI ), however, remai ns elusive. Mreover, even a
patient's conplete genone provides little or no insight into a patient's
current disease state, such as an ongoing infection. Infectious diseases,
in turn, caf0®y Jdhesadertionsiswigetedio sHty obhupleicdacie psobesior nailiiglexi r uses,
bacteria, archaea, fungi, and other eukaryotes (both single cellular and
mul ti C@Ibtéﬂtl@h)of ONgaNYisi9k M@%ﬁ@ﬂc%n@bétﬂb@én@@dﬂ MietHbdd sfahakihgfdneul ty or
not at all, hindefing detection and selection of proper clinical

|nterv%g]:n| Qe probes [3] A patient's mcrobione-the collection of all the
M crobes Presenc TH and on the patlent (see, for exanmple, Friedrich M,

JAVA 300(7): 2008) - can_ revea tient's cu di,sease state as
vel | as hel E)Jig]cg}d&aﬂ%% 'Q%e%%’}&tePHEPPQVMFé’OP QH‘%FO & 4se,

infection, or clinical conplications. The m_crobi one, however, is extrenely
conpl eRrecipiteus dripedn Br PRES FEAHORFIRY CaptPer KhQ §1 OR8tPerseNal @eHRE ved i n
even a single mcroenvironent of the human body. See, e.g., Hyman etal.

PNAS 10@02?21)137!95@?3(526@@)thesu.deaﬁgnaﬂéumor@bmghed?mth Insbitutehe hunan
vagi nal epithelium. Existing nodalities for organi smdetection are poorly

sui t ed (NPGHIY asdvd\grofedRaing Biudive. CMIBé Versevei 8 patieHEd campretd@gensnie sanpl e,
because they are generally linmted to si ngl e pathogen assays that are

eXpenS‘pY@vuﬁé‘éjhlrtler? n‘boiﬁéfgéﬂs l?'go a patlent s cbf’r%n{\@fséggé Staté X4 é@aﬁ'oﬂ%;ﬂ;ﬂgns to

design ' nuclelic acid p athogen detection require a singfe short

regi on f,ew h ndred or fewt ousand

hccor aiTgPiAI (el RS Y i AoE BN BB Rehsh otmib B8ty ons,
such as the 16S ri bgsomal DNA reg |on to detect and differentiate betvveen
or gani §1RUHRY HERS. RAqte % qralaﬁﬁq fyngipandRines ﬁ%@n‘y‘%‘éﬁ&ﬁ?}éﬁé@ ¢ cglvlahe

wi dest possi bl e range of sequences. In addition, since existing tests are
often aadedul@nelitﬂarérmagmf ightgn hegiultgres ealy yéth greet difiguly arinmjiaé t ar get
pat hogen, these tests often fail to differentiate between closely related
speci eallphinderiag detspticardnsl sdlectiqresft propeaclinca danesvgntiohi ch can vary
considerably in their pathogenicity, sensitivity to antibiotics, or

production efo3jon B@hérﬂ%trﬁfo‘ioﬁlbﬁfe—\ﬂih'e' cdlleatigh beall ke hﬂfrbb!é@%ﬁeééi'ﬂ? ifleci si ons

of a caregiver. S] In view of the difficulties of eX| sti ng assays
in det [ t 8{7@{ EXARPATR
fail ur%ﬁgfd}g%%s@@ﬁg%eé)?%ﬂr%s &% Fbl&#g éjél“yyAn tobl6 t| fy opt| (TI pri mer

candldateslfro the w e possi bl e ra ﬁ tnf guences ﬁ@Sts for
rapi d, "R{R& Ad? F“&é&éﬂ{/&“ H&Faﬁﬁts ?aé‘% PANPR 81”‘@&’\5%[&%11}% dnpl ex

m xtures wi thout the need for culturin 6% Enbodi mrents of the

pr esenfUuttrs, Bl PhAispase.UbtecHph; %czltéwpa%@;@mh@afa@n% e pugrobigine nRQWRNR!.: of
maki ng and using them that enable the skilled artisan to sinmultaneously
det ect ismextremalyi complexoag avidensed by dhe onpiobial diversityethahicah gt ohdesverbed f or
culturing. The invention is based, at least in part, on the discovery of a

processn eh@t a@rﬁglémbﬁﬂehvirdmtfoﬁfﬁﬁﬁmaﬂ%d@/r @@é&i% , efynhaar gealgRNAS
sequences, such as whol e genonmes. The sequences can be used in nultiplex

di agno 37?@25 conpared to
conven'?lbggz%3 | agn(gls@??%ggtaaﬁébﬁﬁ%M?@%%??ﬁﬁa%%ﬁfﬁgs of eall nvention

oent (PR, of<aftog SRERINES K5 ababi @?@2@56'%?%@94@9%?@ K heBlngg on

t he sequence of re ns associated with, for exanple, ant biotic

resi st lisms in CO%[F%X %@'F‘qushék‘c%%é’fﬁ%\t&é‘t&?mﬁ t??ect%‘éﬁ§ ®f at%he invention
is the ablllty to interrogate specific host loci in parallel wth detecting
i nf ect igenerallydimitzd to ginglefrathogen ageayst thpt awp expRnsiteaged tisleyconsumingt hods

of the invention may be further nultiplexed and used in automated systens,
such as mcroplates, for high throughput processing of |arge nunbers of
sanpl es by centralized | aboratory, hospital, and/or diagnostic facilities.
Additionally, the m xtures and nethods of the invention can be used in a

w de variety of additional applications, such as nonitoring water supplies,
foodstuffs, and agricultural sanples.



[ 8] Accordingly, aspects of the invention provides m xtures conprising a
plurality of nucleic acid probes capable of circularizing capture of a

regi on ofworbewset9s I n some enbodi ments, the probes in Pha/usextorEoeach
conprise a first and second honol ogous probe sequence-separated by a
backbone sequence-that specifically hybridize to a first and second target
sequence, r&QﬁbCMom\ﬁr, existingeplgéfanns te design|nueigic gald RraPgefofor gani sm I'n
sonme enbodi ments the first and second honol ogous probe sequences are not
conpl epathbgen detedtive requiget singleahod, rebion ofi dAdatfewtthmdbed antev@' t er mi ni
of a target nucleic acid, e.g. a mcroRNA and possess appropriate chem cal
gr oupsthbpsak@BRaES Ring) b the ifpr. MeebrdifglgCihéskipigttdrits Efer ligitedl as
phosphoryl ated or adénylated 5 termni, and free 3' hydroxyl groups. In
sone e i LSt t e ed by a
region O@Q%éﬁﬂé%@c%rﬁ%ﬁ eélornﬁég@%\'g? %o%ér)\tﬁ]g?é%hgg@? I'n %@ ?P’?&Fdaerﬁée ng)fji ment s,
they are separated by at least 5,.6 ot 18y 1 9,210, .12 14 18 . 25, 30,
50. 75, IptTiaknbebREh Seanisiooant dis B8 0 SpuRabee BpaidAIEs 2o i des.
I n sone enbodi nents, the first and WD 2011/156795PCT/ US2011/ 040106 second
t ar get fremdheridestpassite sangeal $gAuRNCRSr dn AAMINOB, sigce gxisgingdestg@re 12 14,
18, 20, 25, 30, 50,75, 100, 150, 200, 300, 400, 600, 1200, 1500, or 2500
nucl eotfterebased on intefrdpating solyea eimgtedtianget locus hba lsingle taygebpathopensequences
in the mxture specifically hybridize to target sequences in the genone of

their fhespesits\itchadal & difedatiaebebiéertiologely repred speaiek Yrkiram varkmts o any
sequence in the genone of a predeterm ned set of sequenced organi sns-the

excl US{)@Q P%ﬂ Idr’bré?ﬁ@f#, Wﬁcéﬁ{vﬁyﬁiﬁﬁggﬁﬁ tﬁ&?&a%g’éﬂkitwb” di ze

di rect e ca re’'target, S probe séquences' are

designed specifically to not subs iall IQLZzent A uence within
a defi PRPLAY t8far®bﬁ%'ﬁ‘§s?r ﬁ’r.oé’.“,gﬁ%'igﬂf?&‘?f{fs‘% %Yéééttﬁéﬁ&'"t(ﬁgﬁ%géﬁgf bi ol ogi cal
sanpl es froma subject, the exclusion set includes the host's genone. In
par t i ciifldenesisidawdsiess of RCaEREVESI on set al so includes a plurality of
viral, eukaryotic, prokaryotic, and archaeal genones. In nore particular
enbodi ment s[005helmpyviewadfithy difficultiesipf exialiag gasays insledgetingoeiganisatiobr chaeal
genones in the exclusion set may conprise sequenced genones from conmensal,
non- vi intérest in compier Bairtpdg enixitires gad itisariailurer of éxibtingrpladfopas tforcpiiraer

enbodi nents, the exclusion set for all probes in a m xture share a conmon

subset q8digH ¢6l iRHIBH o SRNANBEME P BBARIGARS. frdrAtheadetposaibi®inggesfone and
comensal ;7 non-virul ent, or non-pathogenic organisms. In general, the

excl usj varj dnt 1 I probe in
the m %(%@?%FC cs)ég rllr(l%ta %@%{%\?ﬁ}gghosﬁ ‘E‘%’r% |Xdé|g %g%vﬁ% O?ﬁ%&tata@gtatlﬁggguence of any
ot her grobe in.the m xt u[}f. . tg@ob ln.one ItaSEeCt’ the invention
enconp3EaRss 5} complex mpfurgs without 1§ Begd SHeMMERS- " conpri si ng honol ogous
probe sequences which are substantially free of secondar stru,ctur,g, do not
contai n | onlP08 r ERpodimentssofithe orespiitdaygrdion aclyde opiayzehucleiagsd t han 7,
6, 5, 4, 3, or 2 consecutive identical bases), are at |east about 8 bases
(e. g., pbespand Mmethdds bbmakg a0d ugihg them, Hsat er@blethe siglledartisan 182 bases
in WD 2011/ 156795PCT/ US2011/ 040106 | ength), and have a Tmin the range of

50- 7203%!@%0@5?%’(5&@ Biralftp of bfgarfishms HBa cothpl€Q mikiire ot Exhe heegome
enbodi nents the first and second honol ogous probe sequences are about the

sane | : r i : Tm of
o) FRBALARG TR TSR AT, Mol AR ERpl oveheooh o

e honol ogous
b . don. b [ i
Py oentil el i DAt SRR ol S8 oﬁr%%ﬁ?@rs‘?ﬂ seBudfice 3.98*; W wer t han
20, 10, 5, 4, 3, i ) 11]. T . i
parti cihgle %WBG%J%SE%EH;%‘S%Q?W?%JWF] 'Bapﬁliﬂte%&g é%%%” @n&i%%&%%%tamy be

viral, bacterial, fungal, archaeal, or eukaryotic, including single

cel | ul draraaticatiyirefices basay tinmeland/ersd scomparsst toi eanventiend siiagRRtESt he t ar get
organismis a pat hogen. [12] The m xtures of the invention can

i ncl udhkangteit aokieranf mpthassof the nvention etablathe gilledbartisafo idéify 400,
500, 1000, 2000, 3000, 4000, 5000, 10000, 20000, 40000, 80000, or nore. The
M Xt Ur g £&kedifs bESR iBELAUs S8ER(S)rpResve difeidliat® betwerriglosslyherated
different target organisns, e.g., at |least 10, 20, 40, 60, 80, 100, 150,
200, 250, or nore different target organisns. In sone enbodi nents, a

m xture including one or nore probes to a plurality of target organisns
contains only one probe to a target o?ganisnl I n other enbodi nents, the

m xture contains nore than one probe to a target organism e.g., about 2,
3, 4, 5 6, 7, 8 9, or 10 probes for a target organism In certain

enbodi nents, such as enbodi nents designed for use with patient test



[ 13] The backbone sequence of the probes in the m xtures provided by the

i nvention may include a detectable noiety and a priner-binding sequence. In
sonme enbodpDrentS6795he backbone sequence of the probes cecpriss@s/oawisecond
prinmer. In particular enbodi nents, the detectable noiety is a barcode. In
certain enbodi ments the backbone further conprises a cleavage site, such as
a reststiaing basethdo the beadenaeceioggianssssoe wéh, fof exampde. ANEREBE nment s,

t he backbone contai ns non-Wat sonCri ck nucl eoti des, including, for exanple,
abasi gebigtarrceni eti es, and the |ike. [ 14] In another aspect, the
invention provides a kit conprising a m xture of probes provided by the

i nvention gpg7] N8 firtidri RNantRe dffie EthBas of e MveRIBIPR theiTity the kit may
al so conprise reagents for obtaining a sanple (e.g., swabs), and/or

reage - ; ; S Bk Or

i gasghgégo%ﬁféééagé bggﬁ '%f@%’@&%@?&é{ EEting ﬁ""féf‘é’]%ﬁg’@é‘%%ﬁ@f ?oas pect, the

i nvention, proviges a nethod for detecti t he presenc f .,one or nore

tar getg%}oéﬂﬂpg'ng‘dwn@@ﬁpﬂﬁlﬁ/i e |%fqgﬁ§’bV§3 88 "By Egﬁ't"yi‘?{i ng at | east

one target organismw th any of the m xtures of probes of the invention,

capt urmiiplexedanshussid inupetedsystamsasushas Migkaplatgs def highgani sm (e. g.

by polynerization and/or ligation) to forma circularized probe, and

det ectthraughpat pequessiag ofdgiigemwhbénst afrsmsnples by oebiratizadciaborajotyhe presence

of the one or nore target organisns. In certain enbodi nents, the captured

r egi omdpithl PbRSTIdiagYodtie fasiplied. | Additionalty, theénikiured ainy nthedof thens (e. g.,

by PCR). In particular enbodimnents the sanple is treated wth nucl eases to

r enov A n i ' : : o G ioZ | : t he
SnbdMtidr 55?1”‘5? _ugﬁb‘?r'\ 5 \ﬁﬁé%ngw & adHlf?ét?rﬁael%'gP%ﬁtﬁds, ‘sggw S8 PhoHiriRG

region of 1nteres n some enbodi'ments, rculariz probe 1s

linearized, e.g., by nuelease treatment. 1n other enbodi nents the

Ci rcul‘%?tleﬁéﬁp?)l?q%éo%t@@%la@diasgrkcéjgﬂﬁggmpd%‘ect |y by any nmeans known in the
art, without anplification. In certain enbodi nents, .the circularized probe
i s contact d40Bl AROringly; 8SBESSIE e EHSTIP MBS IGHIGTORIBPEINIFe t hat
primes pol ynerase-nedi ated extension of the nolecules to generate sequences
conpl epterality 9f nucleinacicprabies asipabld el Gitasdarjzingeapture plidiregion o intatest.east
one to as nany as 1 mllion or nore concatenerized copies of the original

ci r cul larsopi@bmbodimenats! theub@bes b titk nextuse eadtecompeisé arfirseangsedendol ecul e
is enriched fromthe reaction solution by neans of a secondary-capture

ol i goMuiGherhbHE pFeli SEQudHRLEsefaraREPHY amackBahe! %ég@éﬁ@lﬂﬂﬁt%@bbﬁ@amﬂpt ure

probe may conprise a noiety designed to be capture such as a biotin

nol ec - =Y ' igéﬁgh- h 0 | east 6
nucl egﬁ@é'éj?ég&oa? ﬂﬁé?@ﬁ?%&%gb?%%@%gggﬁg‘?’qﬁé uc t'&?'&” gﬁh:? eégbtﬂﬁeén)ggéhesi gned
to hybridize to at | east 6 nucleotides of the cijycularize robe may

i ncl udgagt one %aﬁggtg?rg%l,snézln0§orngreé“nkmfﬁ§nggﬁ E@sﬁ%# a?‘f’méeﬁ%@‘gﬂgw&g’e‘l"é&?t ended
capture product. In certain enbodinents, the probe and/or captured_region
of | nt@rpggtsengeaé@mafﬁ:@@t W@ﬁm%wstowhgmgﬁgwwrm butligajedq the 5

pol ynmer ase- dependent sequenci ng (including, dideoxy sequencing,

pyr oseapceActenini ahd targgt encieimatid, sygnaheicraRNe; and poseesssppropeigieenci ng
(e.g., polony sequencing). In particular enbodi ments, the sanple is a

bi ol ogresrhicapgioups fbncarmpatitaityiwitih auckidadidrksting temeyiieosagh sl sanpl e is
froma mammal , such as a human. [16] In sonme enbodi nents the nethods

of det&%éﬂ\%{)‘lgﬁed%n 186 5ORGnBki %??reb%’?‘?ﬁr&(ygamu'ﬁ@ hWokher conprise

t he st'ep ormatting e results to facilitate physician decision naking

DY, o EESGR e A 05 0 Bl MREL AL bR By mgionf 1Ly ng
o R b D 5 BB RS o TR SR L o 70

invention and adm nistering a suitable therapeutic treatnent based on the
at | easy abi@aSbﬁg@rﬁ,s‘}nQdéﬂegZem, 18, 20, 25, BO.18Y.7A, 100.t Ha, 280860, 4¢0.t he

i nvention provides nethods of making the m xtures of probes provided by the
i nvent$0m. 1200 1600 h2530, avmsiestugieotided. g some EmbedoregEn trefimhdnadn

excl usion set of genones. The sequence of the reference genone is sliced
(in silico) into n-nmer strings of about 18-50 nucl eotides. The sliced n-ner
strings are screened to elimnate redundant sequences, sequences W th
secondary structure, repetitive sequences (e.g., strings with nore than 4
consecutive identical nucleotides), and sequences with a Tm outside of a
predeterm ned range (e.g., outside of350-72C3. The screened n-ners are
further screened to identify honol ogous probe sequences by elimnating
n-nmers that specifically hybridize to a sequence in the genone in the

excl usion set of genones (e.g., if a pairwi se alignment contains 19 of 20

o Y .



[ 19] For each target organi sm honol ogous probe sequences are conbined into
probes designed, for exanple, to capture regions of interest of a

parti cul awo20mels6™s in certain enbodi nents, to capture aCprisdatasimeaed
region of interest (such as a region associated wth drug resi st ance,

virul ence, or toxin production), or, for subject geng n ure a

| ocus $%mﬁéam1$gue@0®%ﬁwp@@@d&tén@ﬂ“@fﬁtt@?'é@t 6nﬁyg 1g)ef1 nég ﬁé»
directed human input, statistical methods, sequence data mning, Ilterature
dat a rrimizw,BOoBOﬂcﬁmmaﬂ50,1‘%00,?8@05:460, 600, 1200 ZSPOMORﬁOQ)nmIe@ﬂuleﬁ:ts and
advantages of the invention will be set forth in part in the description

whi ch f ol | qg9g] asdrie BATdodinkhts) ehedRumeitsgdusqirobb eegesncdsinithe, or may be
| earned by practice of the invention. The objects and advantages of the

i nvent i, ?&u‘@ éﬂeﬁfs gfﬁ&bﬁﬁﬂqu‘ﬂ?rggi @?é’ncté\é |H'?ﬁé‘§eﬁf>m§htﬁtﬁél?‘f@éﬁe%t@é‘d

conbl nati ons 'par orn n the append clalns [ 21]
is to he unders t hat bo he .foregpin d the
Fol | oWPRFLRPANREY o E?em spaANEe %W%f@a%gﬂ%ﬁgdﬁﬁﬁégb PR are
not restrictive of the invention, as clained ,e][m cF ggorrpanyl ng
dr awi n@@demnwhe%ﬁewWﬁé@@&@ﬂi%ﬁd‘@@@‘@ll{%ﬂ%s%i da Rpdipgn
specification, illustrate several embodinents of the invention and together
wit h tiedatdddo prcptbe&ﬂn,at domod hybrigize Idirestly hethsr ¢amdus tesgelt thenbomelegayson.
BRI EF DESCRI PTI ON OF THE DRAW NGS [23] Figure 1 is a schematic

di agr aiodl serIep¥esTHradesiyrediespycificatieto byt siitsstantiedlythybridize to any [ 24]
Figures 2 A 2B, and 2C are diagrans of 3 alternative nethods of using

probesg QRS dis n"édrbét‘bf*g@%er% pel %ﬁ'é?&ll,%ﬁod 8&er ffthe case of [ 25]

Figure epicts exenp ary strategies for small nucleic acid clonlng u5|ng

pr obes descrihb i

parti ct&'logﬂg ‘fﬁitsﬁg}@e%ﬁg éguwgﬁttp%ﬁ%@s'&? %n@%‘ﬁ %%ﬁ 64t ﬁet’{ pai rs for PCR

anplification. ure 5 n exenpl ar. ow chart for

met hodRa PBW&@&PW?HL* ﬂlﬁ/@?‘n HBIRN Siei@i)sﬁ’dpﬁ ??@g;{’q {y ah¥ra agnosti c

met hods. [28] Figure 6 is an illustrative display of possibl e assay

r esul t sukdryetimtarekanyotic.fnst aichagal genamescinmene rariclar embodimeni® thes gur e

7 is a flow chart of an exenplary enbodi nent of a method for probe design.
plurality of viral, eukaryotic, prokaryotic, and archaeal genomes in the exclusion set

may comprise sequenced genomes from commensal, non-virulent, or non-
pathogenic organisms. In still more particular embodiments, the exclusion set for all
probes in a mixture share a common subset of sequenced genomes comprising, for
example, a host genome and commensal, non-virulent, or non-pathogenic
organisms. In general, the exclusion set varies between probes in the mixture so
that each probe in the mixture does not specifically hybridize with the target
sequence of any other probe in the mixture.

[010] In one aspect, the invention encompasses a plurality of nucleic acid
probes each comprising homologous probe sequences which are substantially free
of secondary structure, do not contain long strings of a single nucleotide (e.g., they
have fewer than 7, 6, 5, 4, 3, or 2 consecutive identical bases), are at least about 8

bases (e.g., 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 27, 28, 30, or 32 bases in



[30] Figure 8 depicts a plot of the fraction of a popul ation of honol ogous
probe sequences that exists in duplex formas a function of nelting

t enper at Wwe 20Tins6795 [31] Figures 9 and 10 depict tIreTaAfSE@at4@b6 mel ti ng
tenperature on the probe's efficiency, as determ ned by read count at

particular nelting tenperatures. AA32] Figure 11 is a flow chart of
an exeeppth)yartrbavk achi indhedange 968017&°C (erd-erbalti 23, ¥ §638i ¥g,%8anal yzi ng,

and outputting of sequencing results. [33] Figure 12 is a di agram of
exenpl 586G B19dr BRPC). Olh sorsy shibodimenhist thetfirstearfcbsecamol leorealogays anebie/si s and
formatti ng of sequencing dat a. [34] Figure 13, including parts A and

B, depééq]@r@as%ef@%bauhewgmé |hth @hdHeaRsisat T, I anoffRPTQ data from a

sequenci hg machi ne and quantification agai nst reference genones.

[ 35] Figure. LGhsS e [ i f
next »?%ﬁg?iﬁ%ggﬁghéﬁwn%@;fgmﬁiﬁé?”H ol SRR e Molo G PRER, SRRNERS ot e
illustration of t use d ali i

of or cHIGET of PATREIGIRIP G RObE, S SERERS 1] rech Bl oy 260 BE SRR BITC 1
depicts a nmethod of accurate pol ynorphi sm nodeling and detection by next
gener a0¢an betew arsriain threshold muesyermfdimes intheHaiget raatisme WNAMEch HPV

probes (x-axis) detect which HPV strains (y-axis) in a sinulation of HPV
st r ai n(edgy éaweérathan<0nd 03864 p3,arexstimed).a set of high-risk HPV strains (HPV
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59). Wiite areas indicate

probes that[oqq? eThe ¢geEsRUMEM Jorsa battittilar probe mdy39é ahy @uganidd. dapi cts a
target matrix for group of 20 HPV probes versus target HPV strain genones.

T il e e TN
cireul QFPL%II?@SIEIQ%‘I %@ﬁ%ﬁaﬁﬁﬁg#@%ﬁ&a\r’%ukgl%/gPes?SI nParficitaPeRbblinishtsiye Pr obe

target organism is a pathogen.

[012] The mixtures of the invention can include large number of probes, e.g.,

10, 20, 30, 40, 50, 100, 200, 400, 500, 1000, 2000, 3000, 4000, 5000, 10000, 20000,

40000, 80000, or more. The mixture can include one or more probes directed to a

large number of different target organisms, e.g., at least 10, 20, 40, 60, 80, 100, 150,

200, 250, or more different target organisms. In some embodiments, a mixture

including one or more probes to a plurality of target organisms contains only one

probe to a target organism. In other embodiments, the mixture contains more than

one probe to a target organism, e.g., about 2, 3,4, 5, 6,7, 8, 9, or 10 probes for a

target organism. In certain embodiments, such as embodiments designed for use

with patient test samples, the mixture further includes probes with homologous probe

sequences that specifically hybridize to the host genome for applications such as

host genotyping. In some embodiments, the mixtures of the invention further

comprise sample internal calibration standards.



[42] Figure 21 depicts alignments of circularizing capture reaction

products and known bacterial genom c sequences. [43] Figure 22
depi ct s ayanoselsgwbs-r esol ved sanpl es of PCR-anplified bacrarsc@iosoibact eri al
gene-detecting probe circularizing capture reactions. [44] Figure 23

depicts an alignnent of observed Sanger sequenm ng reads of PCR-anplified
circul ari zdmﬁlgoff@ hagkbanersafuense SHHg Brahesus the ixureseioNidedy the [ 45]
Figure 24 depicts detection of cDNA reverse transcribed from RNA using five
i ndi viiduentiomrney incudée awstectablepnoletys and d Eimei-binditg saguemcendn sameSanger
(N) or Next generation sequencing (T, tailed primer) (probes denoted as

198, Zafibodifents IBe baerbdf2sequence of theptbbedtampis@dadepond pritder. In
proportions of different infectious species detected by probes in four

ur i narry @5t elBbafthe e fl’%tdétgﬁtaﬁ?émlo?étgoﬁ a barcoc{e47ll1 dd: Sr@i 8mBBdiRehiSt S

corrpara rve cwcu?arlzm capture prototols perforned using a vary| ng

'} gat 110R,DaEkRORT e SEy 'eh)y%&%é\\%@ﬂ%’ﬁ & s i Dendillslease o ™

EVMBODI MENTS 1. Probes [ 48] One aspect K of the invention |des

m xt urresogiitien SegVenes:| We’@@@m@d'ﬁﬁﬁﬁe@%gﬁ?‘éﬁﬂr\? ‘?Qﬂia'géﬁ@inf%gsonr api d,

and hi ghly specific detection of one or nmore organi sms in conplex sanples
" Pr obeCriclenecleotidesa indluding, fon elxanpih edbasisl furar maietiesc eaddoenike.si ng t wo
honol ogous probe sequences separated by a backbone sequence, where the

first honol[ggaysinpiriigerssspeenaReiisvertion grovides tekintormprisifhg Eheixturel afi ¢ aci d
and the second honol ogous probe sequence is at the second termnus to the

nucl ei ?Eé ﬁroﬁ@é]d Bg?ﬁé’lr{\)é‘ﬁtl@ﬁ%lﬁ% |h§tr&c§%9|f§r 9§e Cirf ﬁéﬂtléﬂl'ai“ ng capture of a
of I nterest

regio | east 2 nucl eotides. "Circularizing capture”
refers_t i t guence
corpl &mﬁ@r@’eﬁ%"f&g‘%@jﬂ%ﬂ%&% oo ety 10T SRARRRE ] Sahep ARG
circularizin obes I ul ar_inversion pr M Ps) as
wel | a‘é’Vﬁ“@)ag'é&[OEé‘?ﬁgﬁrgs %?"(f’d‘i’@ciigg %‘flﬂr P ArY: Sé[‘ﬁg @Ymﬁé Sn, for
exanple, N lsson etal., Science, 265:2085-88 (1994), Hardenbol et Genome
Res., asl/oelgas fpzcmm)re aregiensf iterest. PLOS ne, 9: €915 (2007), Porecca
etal . , Nature Methods, 4:931-36 (2007); Deng et al., Nat. Biotechnol.,
27(4) : 353- 6[016]201&99nothér€asphit,ethe imumtioﬁ,ﬂrﬁﬂidégia methddl 85 8ctertingdhel
I nternational Publications WO 1999/ 049079 and WO 1995/ 022623. WD
2011/ 15648RECH bisg O M QaRSet organisms by contacting a sample suspected of
containing at least one target organism with any of the mixtures of probes of the
invention, capturing a region of interest of the at least one target organism (e.g., by
polymerization and/or ligation) to form a circularized probe, and detecting the
captured region of interest, thereby detecting the presence of the one or more target
organisms. In certain embodiments, the captured region of interest may be ampiified
to form a plurality of amplicons (e.g., by PCR). In particular embodiments the
sample is treated with nucleases to remove the linear nucleic acids after probe-
circularizing capture of the region of interest. In some embodiments, the circularized
probe is linearized, e.g., by nuclease treatment. In other embodiments the

circularized probe molecule is sequenced directly by any means known in the art,

without amplification. In certain embodiments, the circularized probe is contacted by



[49] Certain aspects of the invention enconpass probes which include two
honol ogous probe sequences, each of which may specifically hybridize to a
di f f er entwOangetse®équence in the genonme of a target orgaoirdarseadjoaoent to a
region of interest conprising at |east two nucl eotides. The probes nmay
further conprise a backbone sequence, which contains a detectable noiety
and a @n phgenudieatigedhat pemespslvheiasegediatetaxeneivs of tipmalesujes {e

honol ogous probe sequence at the 3' end of the probe is termed HL (or the
ext ensgareratedequahceb eohpieinegtarg tethet of teeciecidarized probesincidingfrothe pr obe
is termed H2 (the ligation or anchor arm. Upon hybridization to the target

sites hfehforgeRPaeminy 44 £hAlibn dr torelcdprbte@tieditupies ofthar eriginalt abl e
substrates for pol ynerase-dependent incorporation of at |east two

nuct eolitdifis HBek N pgg&gsér%ﬁ@@ggrf@é Pediafled BRSHSMoldds R dependent

circul arizat robes y circularizing a

pol ynmer ase- ext ended prqbe or. b equence-.depende ] I IKi ng
pol ynu%rl‘ré‘%ﬁdgtéomﬂg? rg?)‘gl%‘ ?%ét'%aéy a0 of i gcéosqc%}y-cé%tré 8FQS@'}U§%§H§W e
reaction” refers to a process where one or nore probes contacted with a
test seapivee prebeufiseeeidaryicaptiranligpngclealide Fartyre RIANsNan COMAMSE est |
wherein the first and second honol ogous probe sequences in the probe have
speci f moigty yebigned do beccapdurelde such as pdaiotiv nalecyet ardkguwighaic paidt he t est
sanple to capture the region of interest between the first and second

t ar get sgRigtRBARS idHed foenyridigd to'didpastreenucectidesoithediivcukirizedfpeoise.t o t he
m xture of nucleic acids produced by conpleting a capture reaction with a

test sk GcleidgBlls gﬁéﬁwai%@ﬁg%@ﬁ/bfi%éﬁé at fedsh® icRsstRies & tigsp! i fyi ng

capture reaction products. Ication reaction product” refers to

the m xture.of nuclei Cl rod C t i f1cation

reacti gﬁcq}@rﬁﬁadapr §Str[]$%? C(!.\Lg(% irl)b% %%g&g%ﬁz OQ'FR&% ﬁ%@%&:ﬁg tis]%me enbodi nent s
the first and second honol ogous prohe sequences are not conplenmentary to
the taP@¥Mnesaspiexicade lﬁapﬁ‘i'rgeﬁred%'?}- Bﬂ&egg'rb‘?m%?dmﬂ%?tﬁi £ FHEB%. a?'@(qjet
nucleic acid, e.g., small RNAs and mi croRNAs, and possess appropriate

cheni caaptyrasiyegidoef interpat istsacuenced by anyrinears knawn dn theyaiti siFhed¥ yne, such
as phosphoryl ated or adenylated 5 termni and free 3" hydroxyl groups.
Exenpl polynreirasé-dgpesdénirsesuehtingy@ohiding,adideatyosequeraing, pyosaeguenfingur e 3.

I n some enbodi ments, a probe with an aclenylated 5 end and a free 3'-CH is
li gat ?Qn@@éguémﬁ@ bRSAtHdsYs)lat ligasaBhabefNAqliEeAENg Té. oc.PulamnsegueTinpt | bl e
ligation ends in one step (Figure 3 (i)). In further enbodi nents, a probe
may ca : t his RC Ginlddi 15t Eh RIPS BaRicuUngr ei n a

pr obe \%IF #%ﬁgﬁlaggglndﬁog'?égﬁ5IHB;%%’%E%d@;d 1|olodg|<<2aéts§?np2%dﬂw( e.g. % aI di deoxy

nucl eot i de- bl ock nd) .my be li.gated t targe (Figure 3
(ii), FF%QP"B‘F“‘P%G %&fﬂé@waﬁ\’%@wﬁgg ?rr?”l F‘i’ﬁ?%%li g“ﬂhés %rc@ﬁ‘lﬁa jy initial
removal of an RNA base within the probe b uj ded. RNase H2 q%geftion and
subsequent HE&- §) W?ﬁ@%mqn@thedwemom FrNg BR RTEFERTELT P BF obe to
the small RNA. In an alternate two-step process, the probe may be |igated

t o t hen®re tangehprganisms futleersianenrisenitietsiep of frmsitink e resulisitp tEcilitate pr obe
may be digested by RNase H2 to generate a free 3'-OH for ligation (Figure 3
(ii), éﬁﬁﬂﬁidncd‘eoisml Riakiey BY o arample, (ProYidingloriHonmioog graphical niésiaguences

[ 52] A "honol ogous probe sequence" is a portion of a probe provided by the

i nvention t S i l; Wl ttRe § aat nt in the
Eﬂgl] R%Ebﬁdu’(?)@/,_ i efh%érdés;lﬁ”e‘ét, tRe fleHtiBAlprs FEEE RGReHIRSE

genonme of a gani sm interest. The terns "honol ogous probe sequence,”

"probe arm " " haeoner," ol . [WeToly C ; t | ogous
or obe. UEdlh et susBE e e L ditn b aMogeR; Porplitihg cucae
sequences, and are used i nterchangeabl rein. "Targef,sequence" refers to
a nucl 8t [eagkPae SHGEERERNGHN 48 In ge%fpéegséﬁm%ﬁﬁ Wﬁd%ﬁ%ﬂ 8% strand
of nucleic acid in the genone of an organismof interest. In sone

enbodi mdntikistering sheuitablg therapedtietreaimeiidasedon e Frleddong @JersM at | east
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 45, 50,
55, 60deffgted0, 80, 90, 100, 110, 120, or nore nucleotides in length. In
particul ar enbodi nents, the honol ogous probe sequences are 18-50, 18-36,
20-32, or 22-28 nucleotides in length. In nore particular enbodi nents, the
honol ogous probe sequences are 22- 28 nucleotides in length. In certain
enbodi nents, the two honol ogous probe sequences in a probe are the sane

| ength; in other enbodinents they are _different lengths. In particular
enbodi nents, the honol ogous probe squénces of a probe differ in |ength,

but by less than 10, 9, 8, 7, 6, 5, 4, 3, or 2 nucleotides. [53] In
sone enbodi ments, honol ogous probe sequences do not contain |ong stretches
of consecutive identical nucleotides. In sone enbodi nents, honol ogous probe

T e " o A~ ~ = o -



dinmer at a concentration of 0.25 pM with 50 nM Na+, and no Mg++, at the
nelting tenperature (Tm of the sequence, wherein the solution is free of
ot her sequOroa%ls6198 some enbodi ments, a sequence i s subgCaniseahloyo1hé ee of
secondary structure when | ess than 30% of the nolecules are in a stable

i ntramol ecul ar hairpin or internol ecular dinmer at a DNA concentration of
0.25 pM wi [OA 850A fuvither+aspsict Af the ingentionmproysiespethedsef makieg the C pbel ow t he
Tm of the sequence, wherein the solution is free of other sequences. In
sonme embddieswfisobes peyitsttley the mubstiant The Imethods compsiee pnaldadingst r uct ur e
when | ess than 30% of the nolecules are in a stable intranolecular hairpin

or i ntferehes YeAbnfd & aflexalubiih s&tf ehbridsO MY séhyurkceNf thé féfeRdhoeM Na+
and 0.5 mM Mg++, at 15, 10, 8, 6, 4, or 2 C below the Tm of the sequence in

the preswiie iﬁuc%d%{wﬁé@- in e GHiRGLI5r GbodoreRBb iBleRRABAIThY shbsyct ur e
are known 1n e art, may be used In e present 1nvention, and are

descri bed ug. for exangle ZuFer Nucl ei ¢ Acids Res. 31:3406né§ (2003);

Vat hevid T sifings greggipened &y elimiiate sqqundant $84d§nCeS, PEAYRTES W Anal .~ chem
327:70 (1987); Serra etal., Nucleic Acids Res., 21:3845-3849 (1993); and

Val | onteNgRry stHigyia, yapetiiive saguenges 4e1g., sty with more thamgonsgcy

enbodi nents, the honol ogous probe sequences are designed to have a nelting

t enperidentieal (icjeobities)-ang sequentes withes &nceitsifie Of Brpvedgferinedgangabout 50,
52, 54, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, or
72 C. (gxg.pautsidaibB50-22b0Yli TRekarecnd nfmers apdfifithe€ scredrieel torigestifge of 0.5
nmv ng++. I n sone enbodi nents, the Tmis 38-72 Cin the absence of Myg++. In

parti Cﬁ%nﬁblo@%ﬁ@ﬂir@ﬁ’é'%éqq_éﬂh%sw*@lﬁrﬁ&%ﬂﬁﬂ%ﬂﬂgﬁogﬁﬂ ggeaﬁéawformizé% yave

approximately the same Tm while 1 n other e nts they have different

Tns bu r i.1 R v . B, r = Of zh, other. In
certai %e(ﬁﬁgg'm%%]géﬁ%@%fm?@? éﬁ@ﬁ%lloﬁgsggg f é?gégegéa'@é’%:g R ﬁ%& the 5' - nost
in the probe) has a | r. Tmthan K the second honpbl Qgous probe seguence; in
ot her - WRSRRTIGAAINE 843 20 TG I AndHEIeT, METLER 8P ERTARRSS i 6o
sequence. {56] “Melting tenperature” ("Tm') refers to the

t enper@enaree &f thehlasgebogaoisnDRradhac alspecifiigd pusaherofdimes. elngasticdpzed as
dupl exes with their conplenmentary sequence and half are dissociated. Unless
ot her wesbodintiritat & lomblogausdetobersegadnat oaclisfordy noeain Hisi genahe 0f #f& pM and
a sodium concentration of 50mMM with no M3'. Tm may be determ ned by a

vari ety r@dt drghhieAs k&owmét%r?aﬁisme witled s@ﬁélé-%@ﬂéndbﬂ@_relm@h@ teagpi ri cal

measurenents or estimation. I'n certain enbodinments, Tmis estimted by

counti : i i e. In
part1 oD e Bl ol o e Tt PRt O e SRR s
probe sequence.i s between 30-60% @f nucleotides in the se e h as
Bbout SdNe3aaes groafisms i ofe mBeTMeNtwESTE.d Ravehee DB RENE I nanber
of G and C nucl eotjdes in a honol ogous probe sequence i; %?-4 % of

nucl eo?igd8EM 1§ aYRilaRn{a. 89 SR SAMETP SIS SRRYS, OF Serovar) ghe Oﬁn‘éag?‘i‘%ul ar
enbodi nents, a nearest neighbor estimate of Tm which accounts for base

st acki prpbectempiencesipee fiteredsol aota skacifidally hybddizrdatee geneingtefdhe

cal cul ations are described in, for exanple, Breslauer et al., PNAS, 83:
3746- 348itioAA8uanded exlianks) resulagtimbysrobe tRNABoupsS telatetiddigahsn{sl 998)
(review ng several enpirical nearest neighbor studies and providing, inter
alia, Mﬁagem§t@eﬁ¢b%eirﬁém, thd REMBIRYIND BB B EENESS MRl fleredbddy are

i ncorporated herein by reference. [ 58] Honol ogous probe sequences
may be i . oL Ldj { espLn the genone
of theto'(tjrg g%%%g'rc g Iﬁgﬁ&%g@kﬂg%gﬁ%%ﬁf iezégqﬁé;\ic%?rvsasrf‘a g]ltlgé; uztp]%e-speci fic
interactions between nuclejc acids.b tson- Cri.ck base-pajrin Awth T
or U oA TaeCry ARt ISGiatt oF e AUsigHh SE: Fo0ingt o008 DAL s Ciairates
hybri di zes to a target sequence with a Tmof not nore than 8 C bel ow that
of a peetwasn retaipd enganisms. tihesedillge precassen aee iterated fargachdatanti nents, a
sequence specifically hybridizes to a target sequence with a Tm of not nore
t han 7organism td pbe3letected byth€ paeficuart iatturel la spend eptbodanphisnthe to the
target sequence. In sone enbodi nents, a sequence specifically hybridizes to
a target sequence when it is a perfect conplenent to a target sequence. In
ot her enbodi nents a sequence specifically hybridizes to a target sequence
when it is about 99, 98, 97, 96, 95, 94, 93, 92, 91, 90, 85, 80, 75, 70, or
65% i dentical to a perfect conplenent of a target sequence. In sone

enbodi nents, a honol ogous probe sequeﬁce specifically hybridizes to a
target sequence but contains msnatches, e.g., about 1, 2, 3, 4, 5, or nore
m smat ches in a w ndow of about 18, 20, 22, 24, 25, 26, 28, 30, 35, 40, or
45 consecutive bases. [59] In particular enbodinents, the probe may

e e M



[61] In particular enbodinments, a probe specifically hybridizes when: a)
bot h honol ogous probe sequences in the probe hybridize to their respective
target sewoOenuelseisgsh at | east 60, 65, 70, 75, 80, 85, 9®CTAB2010/04(0O%
correct pairing across the entire |l ength of the honol ogous probe sequence;
b) the first honol ogous probe sequence hybridizes with 100% correct pairing
i n t hecandigatedionsologougprahe sequpness are speenedda @liginatgdhene that wilhst  second
honol ogous probe sequence); and c) the second honol ogous probe sequence
hybr i dspexifidaiig hiybridize8yittv other pEobes, in3he onix@iréases of the 5° end of the H2
(5" nost honol ogous probe sequence). In still nore particul ar enbodi nents,
a probe spefitbi CRbH sadiviibsl craanihe Honsdlofeidiphupeticagenses apbcospirieences in
the probe hybridize to their respective target sequence with at |east 80%
Corr ec; : r i qguence,
B RS OBl B R I R dr e

b) the ono sequerice zes Wt % correct pairing

of the first, 6 bases.of the 3' .end_ of Hl:. .and. ¢) .t | ogous
pr obe g@&f@ﬁ@g\ F%WSS’P?’HP%%@' &ﬂ ??Ptf%%/fé%(ﬁé}gr '%Sgﬁ?glﬁé OJ%‘?H%%?% Q%ggas es of
the 5° end of the H2. [ 62] Hopol o bet ween two.sequences, .e.gd., a
honol o@SIRN Beesiated WikndrgdRaIStaice: YiieBRener IOKINPEdHEIAN) s 8 (ebiettay be
determ ned by any neans known in the art, including pairwse alignnment,

dot - megenotypiagdtaigaptuieca foaugriating sgbjeatisl genomer tRegions otintergshmaydepy FASTA
(Li pman and Pearson, Science, 227: 1435-41 (1985) and Li pman and Pearson,
PNAS, @&finetfigvi-e18., dir@8@) hurBbi\ibut Mi&listivas methbdl) seguélice data rhming, Res. ,

32: W20- W25 (2004) (current BLAST reference, describing, inter alia,

MegaBl gstats eZ‘Eg}ggnﬁ I biBHsttheRid?! -+ 7(1-2):203-14 (2000)
(descr?gfngrt e "grégg§”ngo#ithnf I npl enented in MegaBl ast); Altschul

etal ., J. Bi, Qly:e: " - i.qi. : [ ion)),
hbedlenan-0&%@%hAngQH%éﬁﬂéaééﬁ&kﬁ%ﬁﬁ%ggé8ﬁ%gé@&h§EhQ§W£%H%%f§ﬁﬁhp
443-53(1970)), . Sellers (Sellers, Bull.. th Bigl., 46:5Q1-14 (1984), and
St b BisidsSsERoR MERTLISIONE: GUB 1 BATLPREP Ay fomdia ShapERtath 5
Mol ec. Bio., 147: 195-197 (1981)), and other al gorithns (including t hose
descr i @erraybedeamadbepeactice of Hynmvretion. Thenbigots apd.advantagesohthe whi ch
are incorporated herein by reference. In particular enbodi nents, the

met hodimveniion débbdyedlizediandesitdioed by mearseoktbeadeinagtscandicoabmnadions of
sequences by MegaBLAST agai nst one or nore annotated genones. [ 63]

| n sonpagiohRAy POMtEd cut FEMeeasfendepesiaibical 1y hybridizes” when it
hybri di zes to a target sequence under stringent hybridization conditions.

" Stringent %E}isﬁiiszﬁi%@gnaa%édéﬁﬁ'boir?frfﬂi%rc%%l%iﬁ%géhg}aiid%@cﬁtb’ﬁﬂrﬁéﬁd acids in

6xSSC and 1 at 6 I rst wash m nutes at about 42 C

w th aho 20% (v/.V. r pam in ' ith

0. oxsabedplioHIpetled FERBIRIR 418 sxefita.a Rl R TR T s h

hybridi zati on conditions can inclgde di fferent hybridization and/or wash

t enper Kstidivesf thg nyenygn, axclagpedsg 59 60, 61, 62, 63, 64, 66, 67, 68,
69, or 70 C or other hybridization conditions as disclosed in Sanbrook and
Russel |, Mo[022]1 dhe @coaimpgnyingldiBwingse whihaigaincomsratedgniang cansbite
Laboratory Press, 3rd edition (2001), which is incorporated herein by

r ef er eagart dfithgaggacifichtion siffistehtersetveral tenebdditmentt afatheonverdiopearat ure i s
greater than 60 C, e.g., 60- 65 C [ 64] Honol ogous probe sequences
may beiehiesiveith i §RRFptibRasde Y RikpRIA the Erircibids BPthepREANGS. i n the
genonme Of a particular organismor, In particular enbodi nents, the genones
of a group of closely related organisns. Accordingly, in sonme enbodi nents,

a honol ogous probe segR{EED IPPloN SE THECBRAWINGS! di ze to a sequence
contained in an exclusrUn—ségggg—sequenced—genunESTiﬁgxcIusion set" refers
to a predet N Of e i I r obe
sequence do@%ﬁﬂofggggg“?Fé%ﬁ%y%ﬂ§ﬁgﬁgﬁggEﬁﬁﬁé%ﬁ%ﬁg&%33¥gee 5@ﬁg§§g'ng
probes that do not hybridize directly to the capture target, the honol ogous
probe BEINGRE-ar e designed specifically to not substantially hybridize to
any sequence within the exclusion set. In sonme enbodi nents, a hopol ogous
probe sequelfP4]chiguien2 Ait2B.at 2G are diagrams of 3 glterpatige metheds epusing

m smat ches in a wi ndow of about 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 35praresdls deswibedthereinblesmptire aregiquehodeliest.t he excl usion set. |In nore
particul ar enbodi nents the honol ogous probe sequences in a probe each have
at | east one msmatch in 20 bases to any sequence in the exclusion set.

[ 65] An "organismi is any biologic wih a genone, including viruses,
bacteria, archaea, and eukaryotes including plantae, fungi, protists, and
ani mal s. [66] A "sequenced organisn(s)"” is an organi smwhere a
sufficient portion of its genone has been sequenced to be able to

- e, e - . T



WO 2011/ 156795PCT/ US2011/ 040106 excl usi on set further conprises the genones
of common human mcroflora or commensal organisns. In still nore preferred
enbodi mrerwe,20tihise™xcl usi on set further conprises the gemomas2af/ogdiest ar get
organi smfor other probes in a mxture, e.g., a panel (e.g., so that only
one probe in a mxture specifically hybridizes to any given target

or gani sm . [0R&5kdniguead cigpiats exemplasy éﬁétﬂm@%f@f%a”rmﬁjﬁ'%lps?‘@'%@ﬁﬁmse a
plurality of viral, eukaryotic, prokaryotic, and archaeal genones. In nore
parti cuging pestesdasrdesaibedteerplrural ity of viral, eukaryotic, prokaryotic,
and archaeal genones in the exclusion set may further conprise sequenced

genones frogpepPBNRAY is Qﬁﬁlh}éitrfaﬂbﬁ@fFaﬂ[culwﬂn@mbhggﬁﬂié?irﬂéﬁﬂgb}h agimg | n still
nore particul ar enbodi nents, the exclusion set further conprises sequenced

genonﬁi”ﬂ%nﬁéﬂ@gkﬁﬂéﬁﬁﬁ Ior¢QﬁQabﬂnggﬁ t organism including sequenced

pat hogens. ments, exclusion set for all probes in a

m xture sh .0NMD ubset of seguepced mes..conprising,. for exanpl e,
a host gengff}é@n%'geb‘%ﬁéﬁ?&’ﬁa%’fﬁ'ﬁ@( ﬂW,Ch%%r}ﬁBHleﬁl&?(i%B@mdge%o?%% sns. In
further enbodi nents, the exclusion set varjes between probes in a mxture
so t hanveriian, preiuding dreataent and diaanestic pmthedeci fical |y hybridize with
either the target regions or honol ogous probe sequences of any other probe
in the m xt[028] Figure 6[i®as]lluEhatipe dizpdaypobydssitie @psan cesulisefarmatteddy
include a first and second honol ogous probe sequence that specifically

hybr i dintint physidibh Sleciivh sekid target sequence in the genone of an
organismof interest. The first and second target sequence are separated by

a region ofabat e PR , , 15,

20, 30, 40, 10281 BB, 5 R §5uPoh af Bbhiar) epfoodimehy ofa einda 140 Soo.
700, 800, 9p0, 1000, 1200, 1400, 1600, 1800, or 2000 nucl eotides. "Region
of int@ngtegQﬂers to the sequence between the nearest termni of the two
target sequences_of the honol ogous prqgbe sequences i.n a probe. In certain
enbodi ment sL0301/\¢f'99!’Le.L§3f@?@ﬁ%ﬁdﬁ%ﬂﬁigﬁﬁ‘ﬂ@ﬁ‘ apanuiatanef Rapeleaosgi ons may
be sel ected based on human input or conputational data m ning, including

st at i spriobelsespigneas thadeaists in duplexferneagafangiion agmeitmademparatusdr ti cul ar
enbodi ments, one or nore regions of interest are pol ynorphic between
closel (T pel ated organi sns (e.g., between species of the sane genus; between
subspeci es of the same species; or between strains of the sane species or
subspeci es) [o_3|1p1 FRUfPEhICH dépientpediffERnbs methty ReMparaip8ichNBear e
associated with drug resistance, toxin production, or other virul ence

fact of $ronkd Sfiiblehol LRI By rIPOSiER bR GAbARG UmpBLAURY.

i ncl udes one or no ose disclos or exanpl e;

Mol Biol., 1 217-23,(201 i scussing the RNA pol. [

associ at ed &%‘élk 'rlﬁgf’éﬁ’rﬂi(‘d? ﬂq@@&gﬁ'ﬁﬁ?? e?(ﬁn}ﬂ(ﬁ?ryieﬁ?tg%é%@t gfgrﬁet?%r’st rai ns
of M tuberculosis); Kurt et al., J. Clin Mcrobiogl., 47:577-85 (2009)

( genot ¥iiilias BERGHSSINGS aBalyzinge 88d L4LRIHTRG OF SRRYENGHRE FRUSI i n resi stance);
Akhras et al., PLOS ONE, 2(9) €915 (2007) (describing regions fromN.

gonor r hoeae[0383 oEigared2us aldiagrans ohexarvplary embodimentefimpystamd Pour mand et
al., PLOS One., 1(1):e95. (2006) (describing a rapid assay for H5NL virus;

i dent i ichiecttre foragplerhéstinghialgsiylmid formattingsofaegbensipgldsdtani n gene;
oseltamvir resistance site on neuram ni dase). [069] The first and

secand homolaapuPiGREEs, FRAKAASBALA n@EOBENRIONA deeitarh horidkigyr on oan

readily be or use as a palr of conventional priner pairs for use

in a pgl rase [ cti necl fi I Jik egi on of

i nter egf&égga'ﬁgaqggﬁd%$fﬁlJcﬁ‘tg?rﬁﬁ%ﬁbgméﬁﬁ\%%@%ﬁ dp I rdé'?'x%tg?r{ s" refers
to a pair, of |Linear nucleic acid prinmers each menber of which conprises
sequenB@INSLISIF'EHER GERGMES- one of the two honol ogous probe sequences in a
probe provided by the invention, which are capabl e of exponenti al

anpl i fi cati [35f Figure Jhatenidts iam exasaplasoatignmentpfseauenses ohiginpitirest i des.
These conventional prinmer pairs are enconpassed by and are a part of the
pr esenhextrydration séquatdggdads. conventi onal priner pairs provided by the
invention are characterized by the sanme criteria provided above for

honol ogous probe sequences, including, for exanple, length, Tm
hybri di zati on specificity, and |l ength of the intervening region of
interest. In contrast to the probes provided by the invention, which are
capabl e of circularizing capture of a sequence conplenentary to a region of
interest, conventional prinmer pairs al® oriented with their 3 ends facing
each other to facilitate exponential anplification. Figure 4 is an
illustration of particular nethods of the invention using conventional
primer pairs. In certain enbodi nents, the conventional priner pairs
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[ 71] In other enbodinents, the 5 -nost nucl eotide of a probe provided by
the invention conprises an adenyl ated nucleotide to inprove ligation and/or
hybri di zawOaen11ef56796i ency. |1 n ot her enbodi nents, the hompCogsas 1fprcbe

regi ons conprise one or nore 2'OMethyl, artificial base pairs such as |IsodC
or IsodG or abasic furans (such as dSpacer) , or 2'OMethyl, abasic furans,
or LNA nucl K36l dkigure 1§ is asschematic ilusteatiop of the gse of seguenige @gde LNAs or

10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% 2' OMet hyl, abasic furans, or
LNA nualigiohéntesgainst 4 database lof befedincat stainatadidentifyi jeainoin @sainpieency, or
provi de resistance to enzymatic activities such as pol ynerasenedi at ed

strand disp MWF?W@HG it emetrRaVeigRcuRite potyriorphidpg neddeliag emd, J Chem
265 (10): 5561-5566, (1990). In nore particular enbodinments, the 5 end of

| cast SRCCLRACHA®ROAFAPA BRURao: (LT, cnbod ments, (he 5 Lerm nal
| i de | NA. 2 Backb . . :
orovi ded byl T P 7ok oL SEVERE REviarshes Ciatieh ASBeEhARE, (ne

first and second honol ogous probe _sequences that may include a detectable
noi et yHEYaste#as dy-amisy & Bﬁ'ﬁ’é&'ﬁf‘ﬁ(ﬁi &%ﬁ'@é?ﬁ;@%t.'onm “Sgé@lﬂfﬂg%éaﬂ@nce can
be at |east 15, 20, 25, 30, 35, 40, 45, 50, 70, 90, 100, 12, 140, 150, 160,
180, 26& of4igh-isk &PV strainsr(EPV A6n13.63 h &3 BOuBar 4o $i2nbhit 88, 3%e backbone
i ncludes a second prinmer. Each backbone prinmer may conprise one or nore

uni ver palitesgeas nidisatembbes thatelstegticorrespontiegutethg.o anplify all
circularized probes in a mxture. In sone enbodi nents, the priners nay al so

contain_proReigiPEré ASRAHASEBract AR ToPGARASR0 PV Brdses bistat i on

and/ or anpl at1on of a specific probe or“set of probes. In sone

enbodi ﬁggéiﬂpmsqﬁﬁﬁéggggﬁzequence conprises one or nore non Watson-Crick

nucl eo odi nents, the backbone conprises one or nore

2' OMet hyl nuc) eotide residues, artificial bas irs.sych as lsodC qr

| sodG, or aﬂ%@c‘:f%ﬁﬂg AR aatgrg%ﬁg%tgg)e,xpgpggggq@dﬁg#g the qu elrﬁpgns, or
LNA nucleotides,_e.%._, 1, 2, 3, 4, 5 6, 7, 8, 9, 10, or nore LNAs or 10,
20, 30typemf SIWPs itentified bycaohoof Bt speyiils POVRIORES, abasic furans, or LNA
nucl eotides, to confer greater reactivity or inertness in the hybridization
reaction, p[GMi]deiguesi2étdepicts tagaerseygaltiesolvetisaimples ot BER-amplified HPV

pol ymer ase- nedi ated strand di spl acenent or nucl ease cl eavage, to serve as

i nhi bi ppive Sfcuidiih@uap@éddtionsi on events, or to act as target sites for
trans-acting nucleic acid oligonucl eotides such as PCR primers or

bi otinyl at egh P ; ignmenty 31 cifdifari AR eaP@ré Relictiohredaetst 0
refer to a ﬁJtﬁ?lqegt Lféla'ee@s?eq e%tcs:ea“lgﬂrgt unléﬂq%le y idegmz?él?’es a nol chul e or class
of rel atﬁ%{“mﬂ culters. Sui 'gﬂqbl e barcode sequences for use in the probes of
the in@B 8Wn§?ﬂ}3?,l,%|q<f&8, ¥ SpPae "e, sequences corresponding to

custom zed or prefabricated nucleic acid arrays, such -mer._.arrays as
descri bed i H431sF '91‘5?@@té%‘?tsf?,%ﬂ%s,%@@f'“rte@&@aoﬁa”@e%Pf Bmam‘.pﬁ;f'e@atent No.
5,635,400 to Brenner. In certain enbodiments, the n-ner barcode may be at
| east Bactgriamyr bgcterjal gene-detectingrprobs, circelarizing qapturnereagion®1, 22, 23, 24,
25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400 or 500 nucl eoti des,
e.g., from [@i4]oFRfure 2B deficts 2, alyhmenit dbobserled Sadger séqueraing oaddsr
enbodi nents the barcodes include sequences that have been designed to
requi r gf pEERLAIpIBARIrduladzed probedWith gEROHRE St&sh 86 ETces uréld ow this
barcode to be inadvertently read as another in érror. [ 74] To
gener aég \?&;d&e%de sequences, for each barcode size K, 4K random barcodes may
be gen 9 romthe four DNA nucleotides, A T,GC, using a pert script.

This set of cades represents the to unber qf uni.gue_.seq e

conbi nat i ongp‘g{is B8 Zﬂoqepdc'@éfﬁj%%[?@ ﬁ%ﬁéﬁ&?fﬁﬁqwsﬁaﬁgﬁ@m Bg\pif de
variations. Barcodes for which one nucl eotide cor_r}_)ri ses 100% of the |ength,
e.g., WsmyTive ipdividusdmalesylaniaversionpinhes any agphfi¢aiondpn daEN_PAPSer t
script. Further filtering steps may include renoval of barcodes which

cont ai Ny anblexf gensrbton isdqeending 8T, tailgd prif@@Probes denoted ag ¢98,4fi%kd by
only one nucl eotide, for instance, GGGIGG Barcodes contai ni ng palindrones
or invepbedgseppple2) th a propensity to formsecondary structure through
sel f-hybridization may be filtered using a pert script designed to identify
such self-conplnmentarity. [ 75] Sel ection of barcodes that may be
utilized in a mxture of probes used { test a sanple froma patient may

i nvol ve sel ecting a conbi nati on of bartodes that will provide >5% and not
nore than 50% representation of a particular nucleotide at each position in
t he barcode sequence within the pool. This is achi eved by random addition
and renoval of barcodes to a pooled set until the conditions specified are
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3-nmer barcode - 1 nucleotide distance aaa SEQ I D NO (add bel ow) aac aag
aat aca acc 3-ner barcode - 2 nucleotide distance acg aga atc cag ccc cqgt
4- mer barwode1t/15479aucl eot i de di st ance aaaa aaac aaag aaRCTABCE1Ad06 4- mer
bar code -2 nucl eoti de di stance aagg aatt acat accg acgc acta

[046] Figure 25 depicts the proportions of different infectious species
detected by probes in four urinary tract infection patient samples.

[047] Figure 26 depicts comparative circularizing capture protocols
performed using a varying number of (i) PCR cycles, (ii) varying lengths of time for

gap filling and ligation, and (iii) varying hybridization temperatures.

DESCRIPTION OF EMBODIMENTS

1. Probes

[048] One aspect of the invention provides mixtures of circularizing “capture”
probes suitable for sensitive, rapid, and highly specific detection of one or more
organisms in complex samples. “Probe” refers to a linear, unbranched polynucleic
acid comprising two homologous probe sequences separated by a backbone
sequence, where the first homologous probe sequence is at a first terminus of the
nucleic acid and the second homologous probe sequence is at the second terminus
to the nucleic acid, and where the probe is capable of circularizing capture of a
region of interest of at least 2 nucleotides. “Circularizing capture” refers to a probe
becoming circularized by incorporating the sequence complementary to a region of
interest. Basic design principles for circularizing probes, such as simple molecular
inversion probes (MIPs) as well as related capture probes are known in the art and
described in, for example, Nilsson et al., Science, 265:2085-88 (1994), Hardenbol et
al., Genome Res., 15:269-75 (2005), Akharas et al., PLOS One, 9:€915 (2007),
Porecca et al., Nature Methods, 4:931-36 (2007); Deng et al., Nat. Biotechnol.,
27(4):353-60 (2009), U.S. Patent Nos. 7,700,323 and 6,858,412, and International

Publications WO/1999/049079 and WO/1995/022623.
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5-nmer barcode - 1 nucl eotide di stance aaaaa aaaac aaaag aaaat aaaca aaacc
6-mer barcode - 1 nucl eotide di stance aaaaaa aaaaag aaaaat aaaaca aaaact
aaaaga WP020L1¥seBS§795PCT/ US2011/ 040106 7-ner barcode - PCTrused1eoi1de

di stance aaaaaaa aaaaaac aaaaaag aaaaaat aaaaacg aaaaagc 8-ner barcode - 1

nucl eoti de di stance aaaaaaaa aaaaaaat aaaaaaga aaaaaat g agaaagcg .aaaaat ct
9-mer bar col@49] Certainl aspecieobigd AR IPNRRIRARS %ragﬁ%gﬁb‘g‘ IngHicie
aaaaaggac aaaaattgc 10-ner barcode - 1 nucl eotide distance

homologous probe sequences, each of which may specifically hybridize to a different

target sequence in the genome of a target organism adjacent to a region of interest
comprising at least two nucleotides. The probes may further comprise a backbone
sequence, which contains a detectable moiety and a primer, between the
homologous probe sequences. Typically, the homologous probe sequence at the 3’
end of the probe is termed H1 (or the extension arm) and the homologous probe
sequence at the 5’ end of the probe is termed H2 (the ligation or anchor arm). Upon
hybridization to the target sites in the genome of interest, the probe/target duplexes
are suitable substrates for polymerase-dependent incorporation of at least two
nucleotides on the probe (on the extension arm), and/or ligase-dependent
circularization of the probes (either by circularizing a polymerase-extended probe or
by sequence-dependent ligation of a linking polynucleotide that spans the region of
interest).

[050] “Capture reaction” refers to a process where one or more probes
contacted with a test sample has undergone circularizing capture of a region of
interest, wherein the first and second homologous probe sequences in the probe
have specifically hybridized to their respective target sequence in the test sample to
capture the region of interest between the first and second target sequences of the
probe. “Capture reaction products” refers to the mixture of nucleic acids produced
by completing a capture reaction with a test sample. “Amplification reaction” refers
to the process of amplifying capture reaction products. An “amplification reaction
product” refers to the mixture of nucleic acids produced by completing an

amplification reaction with a capture reaction product.
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aaaaaact gg(SEQ I D NO 1) aaaaaagcat (SEQ I D NO 2) aaaaaatat c(SEQ I D NO 3)
aaaaacactc(SEQ | D NO 4) aaaaactttg(SEQ I D NO 5) aaaaagggtt (SEQ I D NO 6)

[ 77] | n psotzncwdserdsenbodi ments, barcodes used in the prebgaspriomidesd by t he
i nvention correspond to those on the Tag3 or Tag4 barcode arrays by
AFFYMETRI XTm Further di scussion of barcode systenms can be found in Frank,
BMC Bi oi nf dORal i lessome egbpdirments; the dirgianssseconddiqraolegods probgat ure Met hods,
3: 601 -03 (2006) (including web supplenents), and Pierce et al., Nature

Pr ot ocsHgien2es 285 8ot dempRDdEhtary to the tafgesbetuerseaybut ligatditodne §, anthe’
backbone conpri ses one or nore sanple nucleic acid-specific barcodes, e.g.,

one Ortemarrﬁopaltt% nBeRid A¢ig, 63 PIBIFRNAS & ficuRNAs Eipdioseess, nore than

one barcode wi e assigned per patient sanple, allow ng replicate sanples

for e ] e : i &R G ion. By
usi ng SRRt R Aoy BEpS R mBbiiNe) viftCa ACRIC A A0E W eh B Est -
mul tiplex reactiqns a escrib iin,the .pres pRl i.cati s well as
det ecﬁ@b@%&ﬁ%ﬁ%ﬁ%ﬁﬁ%‘fﬁ%%ﬁ%&ﬂ%i,esf{"'g'aﬁﬂﬂe@ e?’hﬁ#’%ﬁﬁl gﬂ@{’l p%’se a defined
repertoire of specific barcodes. In certain enbodi ms_nth, tt;}{e ackbone may
al so coxgmplesy strategins for spallqyirteic acid cloning &g SA@WMMAHIGYES - f INeserge
particular period of time. By using a tenporal barcode, it is possible to
det ecternhodiynantera probeowith@inradenylated Saand eodya free Sr-(rbistligated Reak a
sequenci ng instrunment, between runs on different days. In nore specific

enbodi griltanes@sip te aasmaiPRNEfragmaht bavitaidies compatisleUgation endstimoaei cal |y
det ect cross-contam nation between sanpl es and/or days and, for exanple,

i nstr L@t&p??igf{ugé%r(gggwfu%ﬁ 8hfodifeRls®aTbrapd nedy Sanrard é%]'ﬁéﬂgtlﬁr%ts anpl e

handl i ng" sy m as a sequenci ng I nstrument. [7 n certain

enbodi nent s, arco se [ | s ri -y ndi oJEET) I n sone

enbodi Wéﬂ?'g qcﬂde'l?‘b%@ﬁ%%ﬁeeo g#b:%%g.g ﬁ%&%ba%g@b%t%ﬁﬁ%p%g%gg%%g pr o%gq gpeci fic

sequences. |n, some enbodi ments, the unjversal sequence is interpnal (i.e.,

3') tob'BPkﬁAaf’s‘%%F?-gcar 6?%?”?'ﬁ°%%§kcgﬁa§&pir€%y§?e ?R‘?Qrtgiﬁ‘e Eaé'aﬁénce(s)

is external (i.e., 5 to probe specific regions). In sone enbodi nents,

uni versagll Biéf\}()'ﬁgu@ 3 fidc first of Swo peoteeediagramad} Hoknt Nisimay PRe VBB nent s,

they are separated by at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25,

30, 40renoovahof an®MAthadesyitton te peobe by guidef RN ase H2edigestiore@bddi ment s,

uni versal primer sequences in a backbone sequence serve as a hybridi zing

t enpl ag @ deRfuchPRESLsiMAMRBESIE ligaftn BEIhe: ndii 3"- @tk raTimtiny probe toitlle a pri mer

that hybridizes to universal primer sequences in a capture reaction product

to facili a T ' f u } fji it s.urt her
Cihbh KA Fﬂ;ég S'ét%fr#e!t%'ﬂgB stéﬁ‘gr&%@é, fhe 6@2@%5’)%8 ligdtesi todhe & o

conprise a sanp arcode sequence, e.g., seqlence 5 to

. | . bridizi . fin _

or mor Sderitd Rigl Sitp oo e B1pesey asE ARe ke AR e BT .

g? t Z?p 'Eab{@',géiiz' %géﬁ%ﬁé&é 89@%@’? Igltfcs)r }ié)atﬁnlnI ((H\g’;ljrlérét Hi?,rseré%lntdlﬁltvev)élpr}gbgf sanpl es
diagrams in (ii)).

1.1 Homologous probe sequences

[052] A “homologous probe sequence” is a portion of a probe provided by the

invention that specifically hybridizes to a target sequence present in the genome of

»

an organism of interest. The terms “homologous probe sequence,” “probe arm,”
“homer,” and “probe homology region” each refer to homologous probe sequences
that may specifically hybridize to target genomic sequences, and are used

interchangeably herein. “Target sequence” refers to a nucleic acid sequence on a
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reaction and an anplification reaction. The addition of sanple-specific
barcodes allows nultiple capture and/or anplification reaction products to
be pool edwbeharese™et ecti on by, for exanpl e, sequenci ng. PCm/useeia/op@né i cul ar
enbodi ments, the adaptaner primers further include universal sequences that
hybridi ze to a sequenci ng_pri nmer [ 81] The detectable noiety may be
associ single strand efrudieisiasishia the gsseme of qm ﬁfﬂ?rb%n whimtaress tmgome

pol ynucl eoti de sequence, as in the case of direct |abels, such as

f 1 uor esmbotliingentg, thechemologods psobes seduencek e theprobes a‘rew@cbsatéeast@r, ot ei ns),
chem cal or protein-based |abels. Alternatively, the detectable noiety may

be i ncegppy, 84t4%d6w18h2@ dhe4pobypgci®@, ¢, 36088 ME 45250) 85168 6558, of
nucl ei c aci'd I'abel's, such as nodified nucleotides or probe speC|f|c

sequen C t e re
descrigg’ggOWﬁ%’ ??éltdgﬂﬁgﬁ ona 6@%%0%? he 1§ %%I%Bérgg%%%rﬁ@wggﬁs of

coupl i antum dots to bi onol e I %’ge evi ewed in,
e.g., ﬁg@ﬁrquugtpa{pge Sﬁﬂ?%’?‘\ee%rteeﬁ{gﬁg%%%éa%?]éga %%é?}%ss at ent

pr . nOHmOR Mot BRRCHBTDOSAGDES. (1S POFIHSTPPOB S URBORS LRt o
Apr . 1BNgUDOB MPEss pagICHiA| 1 ition

st andar ds [ 82] The present invention is based, in part, on

provi d28gucleiotides irolengtf. |or eistain ensodimentsp s M@bcrmlqgwrslmpb@ to a target
sequence in the genonme of a target organism (or group of organisns rel ated
by, fosequdttelsdn asiebeese tigesame |en?t$xe_rroume) emudirdentsahey pee difiecatt! v
hybri di ze to any sequence in an exclusion set, e.g., at |east one

non- hymnpmglmqoa@mma? Kr%eth'ﬂ St e MﬁélogSUQWo@é‘Qéﬁer%eﬂr&%%r%b@ ned set

of organrsns distinct rom e target organism such as an annot ated

3?;22?@?99 1 RRBHERHE By Behio. o 8L sn%”*%&%f’?%f“%' h MR et or gan sm or
o xtbr s of (o BLSerp Sribed e 9and) Lo IR teauieers 80 T ARMAR bt hogen

detection in a biological froma patient. The m xtures provided by
t he |nlmgtsttaiciaempfrcccs"@egutwee%mgal rgicleptides. dn spmegemboditeentso, 30, 40, 60,
80, 100, 200, 250, 500, 1000, 2000, 4000, 8000, 10000, 20000, 30000, 40000,
50000, horidhous(irobe s&qlefceLERaIN fewelmlﬁmﬂ(DOp@,o&)gs.G, Bndson2 embodi nent s,
the m xtures are designed to capture a plurality of sequences froma

par ti cgbdettidadartical AuSiblidds) RvRel paiticalal RenBdhENEs titeyncardpinur e at
| east one sequence for each of at least 2, 3, 4, 5, 6, 7, 8 9, 10, 15, 20,

380030fei’g% tBQR %g‘géé\% d%ﬂﬂcal%!e@t%s 4R9 in AlYle p%ﬂ%lar@ﬁ@edﬂ@@s 8000,

erent target organl SNs. n particul ar

enbodi ffent s xture c rlse ) 4 5 6, 7, 8, 9, 10,

15, ZO{Re drggmrpgg/erﬁ@n %gg %’8 |d%|§?cagaad?étld§§ 80 honol ogous probe
sequence from an}qpone of Tabl es 4 , 8, 10, 11, or t? ar}i cul aJ
sequences mR47HPMelAgOYT p@%eqqﬁnﬁeﬁmb?ﬁtﬂhﬁﬁf‘t@' seconaary

nt b- H37Rv-r poB- pr 01- H2, nt b- H37Rv-r poB- pr-02-Hl, ntb- H37Rv r poB- pr-02- H2,

or nt bsBUcuré, rush@sONaiREns. aAcdaroelogaes ke sequense. is I'subsiantially fege of

enbodi nents, the m xture conprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
15, ZOSeé’&idaW,straﬁturé’Owhéﬁ,no5€lmeﬁ(bf ti6d revidse EEmpdnsmBﬂt cpfrtbbdfmnmﬂogom$i ng the
honol ogous probe sequence pairs listed in any of Tables 4, 6, 8, 10, and

11. robe %@tﬁ’t]erPd’qu%%rﬂeetl;acmnﬂéiﬁ@nw lo AX PLal Invthessnslogbligprdbd k

properples such as, honologous probe 'sequence | ength, honol ogous probe

sequenggga'g%eﬁgﬂs%gyggrgsg Fw&ghﬁ/ﬂgwﬁ@?r?ﬂ% eoémbaﬁr?ﬁ@rﬁé n?snﬂjSt)ﬂF lack of

second ranges of ar values

enbodl he Tm o h 0 ous praob ces iyn,a nlxture of

or obes 1ai 1. b (i tnFn 016, 4481 5, InpargouBr 8boifRl Aty 307 ot o4ps
2011/156795PCT/U82011/040106 each other, or in partlcular enbodi nents have
the saembrdimentsserReqseneai ereinthomelpgous RETRRBRRUSIICSHBaghpNEReauaNges

m xture of probes will all be within 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1

nucl eoor gpeobe) i$ eumtbnﬁéllyefwélob!;@mndwyndtrhutupamthemdéas thearbdeforasribe they are
t he sane Iength The I ength of the region of interest between the target
sequengesieiled Wé@@@o@é’olbﬁoﬁ@?@fﬁﬂa st Intidradiesulan haltginnbrihter@olevularar y
over a range of values, such as 2-20, 20-100, 20-200, 40-300, 100-300

nucl eotides. In partlcular enbodi nents, the regions of interest are within
100, 90, 80, 70, 60, 50, 40, 30, 20, ?r 10 nucleotides in length of each
other. In nore particul ar enbodi nents, St he regions of interest are the sane
| engt h. Barcode | engths nay al so vary, but are generally within 25, 20, 15,
10, or 5 nucleotides of each other. In particular enbodi nents, the barcodes
are the sane | ength.



[85] In some enbodi ments, m xtures provided by the invention conprise
capture reaction products and anplification reaction products from

di f f er entwbDestl/sempl es, as further described bel ow. Bri eCryus2ditfofi@anent
capture reaction products and/or anplificati on reacti on products can be
conmbi ned and nul tipl exed before detection, | M‘ﬁo ch]r ent det ection.
Thi s |@rrtﬁfc,ac§@mqr§ﬁ@trau§n 85028 Wit &9 ek Na” i n? t1 e FRelting

sanpl es. For exanple, capture reaction products fromtest sarrpl e A Wil

i ncl udenpesatyse €14 Gfpihe|$|quebee ovhigreimthecsgiutioreisifesecef hepsequaroess r om
sanple B will include a sanple B-specific barcode. Wien capture reaction

pr oduclhssdr@ enttithentd, anégianpé & Sulsstantiiyifieredf evonsagustnedtog waeh
sequences in the sanple A capture reaction products are identified by the

presengees glard @ﬁ%S@f_ftHé?n&e&mgg '%é tn BRUANAE tPRAYREERY hairpin or [86] In certain

enbodi nent's, e mxtures o e I nventi on cont ain sanpl e internal

calibration,nuclei.c aci i t

quanti lf]f E“%?C d'merr%%%@c%%‘?gﬁg r?t‘.‘& ude a%ﬁtp%tau'{rxgp%radv%gpﬁ@by th
invention, ln_partjicular enpodi nen ,

15 OoMaB at 46 36, &4 rorcen: pelvaie Tm ftm PARNCRVRBIE B STHOGAIR ] cul ar
enbodi nents, there are about 4 different SICs in a mxture. In sone

embodi free 0§ otheinsegueacesvia some embsdinentse Apesiuenen iscsihsientially fiqecofof

pat hogenic DNA targets and are present in specific nolar quantities that

al | ow §egondacpsisticturs whendéssathaal 305 af tteennmleatdes are iguasiable control , e.g.,
for the processing and sequencing steps for each individual test sanple. In

certai lﬁtém&d@mﬁrplﬁ @ itk fFRoIBBLIBS ditRe PRd DNATBbRENtARIYN (0T, 28 uwant i ty)
of nucleic acids in a mxture for exarrple 2, 4, 6, 8, 10, 12, 14, 16, 18,

or L 20%kiBnthiv R BHE GRS o {43,018, 6 Ul 6 o+ RAG AT orafRodi ment s

di ffer are prese ¢ohcentrations, for exanple, in a

dilution series, ove 20. 50 200,
500, 19RRIENSEI0 th%w@ncs(ﬂtéo‘-i W‘M@ooéﬁhef 8183‘“%%%@1 fﬁttﬁat't%ﬁet‘r%ﬁ%%/ from the
nost dilute to nost concentrated SICs in 6, 7, 8 9, 10, 20,

30, 40strugtuspars: keyvn imthgaart. iraay be L@ﬁﬂdﬂf‘%ﬁt%senélf‘(ﬁ‘@f‘ﬁ?% ddEnt in a
sanple (e.g., a mxture of probes and a test sanp a capture reaction, a
capt ur éesaivetiionfopesdople, ZukeamilicieicoAeitls iRase akt: 3’&@ 15r(2@a3)anﬁﬁaﬂ‘f€tw§at i on
reaction product) at concentrations of 5, 25, 100, and 250 copies/m. By
det ect bngl, tha/gIr BT 28810116 DA0INSSI) Hilbeayed/., tAreal SChism-32n 7@ XEIgN)e, by

usi ng probes directed to the SICs-the skilled artisan can estinate the

concenspabidiy ONARIOABRA! R, 01 oBSITEEI0 (1999):L Gd VARG ef al n cer Lai n

enbodi nents, this Is acconplished by correlati'ng the frequency that a

capt uté%g%ﬁgﬁg%esd ﬁgg%‘ﬁf{j@%ﬁ]o the volune of the sanple from which the

nucl ei re - obtal e an organi smcount per unit volune (e.g.,

copies/nL f uid sa h as bIo d or ur

each or gani @rﬁ hje Q88 € r;%)l?%f?']”ef‘f? 3¢ bPEd %gow b? HPE“Ct%arec@%%%?‘?au on
of SICs and probes directed to the SICs are adjusted enpirically so that
sequentsehavs a gnetting tareperedurer( Ta) oe02@1 0 IsbraPesntssetd orMMa6 &apt ur e
reacti on product and/or anplification reaction product nake up about 2, 4,
6, 8, aboutlsl), 52454166, 4B,58®9, Bb, 60r630d, 4, 66068 8E S8, 69t e, M xarur e. In
particul ar enbodi nents, SICs make up 10-20% of sequence reads. In certain

embodi ppngs, 1ntda¢némam+hb@am%r@§ HRAUERCF0-66820Sinithe PressHtensfiong nigact i on i s
quantitatively evaluated to ensure that sanple processing occurs wthin

pre-def4 ed 3 ﬁt‘o? ++dqf,i ned

par ane s Irﬁ%ﬂ%@dlﬁr&%?ﬁéﬁq%% fol g@mﬁ%%?%@%ocfwgbl I%ty wthin two
standard devi ati,ons re | es se yence parti cul ar
run, eRpfticH anﬁp ‘t”&n}ﬁ& EBP]OJ%%L? Qrg;Be reg F%S@%BE%{% ﬁ%’%ata (e g.,
base calling reliability, error scores, percentage co tion_of t al
sequendPR@Xaaiely thersasme Hmpihie ipsthargrgediaiegis Mharvjﬁdié E—?é’ttgrnst n about
15% devi ati on of GC or AU-rich SICs within a sequencing run. In enbodi nents
i n whi ate withinet, % &, 65524 .63, 12310 ddéiiof each btherpdvcerginfembediments the
sequencing, the SICs DNA in a sanple will also conprise the sanme barcode(s)
cor r espRfoRbldolsprobe stirhes (i€, the Spabst ibtthaprobd) feay a favg Esthan

[088] In nore particul ar enbodi ments, SICs may conprise a region of
interest as defined above, where the region of interest is nodified to
further conprise a sequence heterol ogﬁgs to the region of interest. In nore
particul ar enbodi nents, the sequence terol ogous to the region of interest
inthe SICs is at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30,40
contiguous bases, or nore. By using SICs conprising a nodified region of
|nt erest a 5| ngl e probe can be used both to det ect an organl sm of i nt erest

o o o M ~tl o~ D r



[89] In sonme enbodi nents, the m xtures of the invention contain sanple

nucl ei ¢ acids. The nucleic acids nay be obtained fromany test sanple, such

as a bi olwgi2edl156mapl e. The nucl ei ¢ aci ds obt ai ned frompChaSt@s4sEaepl e may

be of varying degrees of purity, such as at least 1, 2, 3, 4, 5, 10, 20,

30, 40, 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99% of organic matter by

vei ght the seopadthanaelagoesbihensefuencenin athapebedimants ithaga higherdt r act ed

froma test sanple. In some enbodi nents, the sanple nucleic acids may be

f ur t hethaprthe sesodd hbarolegargpprobetseqakehoer det ection of nmethyl ation state.

For an overvi ew detecting genonme-w de nethylation sites, see Deng (2009)

(descri bi ng0geP el tembellid" S RfiRsfenttolths tipbrataRmMAMNEN S0EH ofap

met hyl ati on sifes). [ 90] Test sanples may be from any source and

i nclud I - f Hff : ' t e gk vng) ,
ﬁ{\l&?rﬁ%lé‘cﬁ;l in' & ?g@g% are f‘n?@é@%? tgg,%tdycl“)@ces PG cotRflehletft

agricu sanpl es ., SOI pat hogen detecti on and/ or

detecting GV cro dr | ot a0 f | ot S f small
nol ecu?‘ae(ﬂéﬁﬂfeb?r!ﬂpﬁélf gee H%ﬁB‘F‘aﬁﬁdﬁSUﬁ'F888ﬂi‘?m’bﬁ% |g§&c,eﬁ€ét'@} g?éeir%ﬁrﬁgggiagcl udi ng
anal ysis of biodiversity of a water supply, safety t in €.0. o\ 4

bi odef @A concagiratian @{Qaﬁyl\&@ﬁﬁ& %‘?ddﬁf,% Piratdh ,O?EQ%‘ME Vfgiﬁ’ 1o MGt 1 i al ,

| aboratory, mlitary, residential, or veterinary water supplies, as well as
saf et yThesay bg determingdrby mgvasietp af methnds knews tothecskillestadisan, inalading f ace,
air quality nonitoring, or biological sanples, such as patient sanples.

[91] Painipfrivas nisasurerabn@eortastipngtionnr |adenmirsembodmersts) Ty ésestirkateddnest i c,
and wild aninmals. In sone enbodi nents, aninmals are avian, bovine, canine,

equi necoﬂ]rﬁlr{gnl@e RIS orpde‘-‘rﬁéﬁt/apbﬁﬁ G BREEC RBcleBfidéBinta séQ&ie. 1AT ungul ate.

Patients may be at any stage of devel opnent, including adult, youth, fetal,

oot R BRI Oy o o 11
] e SRl S0l R R B P RS SL S o2

the three prinordial germlayers-ectoderm nesoderm or endoderm Exenplary
cel | 040x4§sﬁﬂa %@P/c-e& mece paricsiarembediments tha euabenokeland Groot h nuscl e,
ki dney, liver, lungs, bone, pancreas, central nervous tissue, peripheral
ner vougsutlestdes inca hoolcdigus robs sequehgeshdd-d4ts oboecledtidassinithe, spl een,
thyroid, connective tissue, or gonad. Test sanples nmay be obtai ned and

i mredi BbRIYoRRBIBBe @equehésr nativel y processed by mi xing, chem cal
treatment, fixation/ preservation, freezing, or culturing. Biological

sanpl es fr Omﬁéfgghgﬁibu%'r%ﬂwﬂd&#n%ﬂ%, b Mfsﬁﬁglg@ér ddtiiate d?j'l"lmkwh‘F&{ ostruns,

| ynph, seru urine, cerebrospina synovi al fluid, saliva,

T R
AT I A T R e

conbi nations with any of the preceding biopsy materials. 2.3Panels

[93] | (1958) teendrewiemsd insPartalugint GNES, @ﬁ(ﬂn@/@m@érﬁﬂﬁwﬁ? (EdHpWiNgesgyetes
designed to detect a panel of organisnms, such as commobn pat hogens for a
par ti cehmpiricHl hebedst meidhioy studies pnd aroviglingbirderdalico AHIand &S/ massarttable

i nfections) or sanple type (e.g., biopsies, water, foodstuff, or

agricu ér%ﬁA)DNAFéﬁjlbﬁ‘éiésriﬁﬁ%rbﬁfe Do \ihiBh Hre ifopb SretetERein b feferatfde i on

conprising a plurality of probes directed to one or nore pathogens

associ ated i ' fELi el i e ain

enbodi nent sﬁ#ﬂeﬁﬁlééégg g@%h%d%b&%?lngéy @%%gﬁﬁwnﬂﬁﬁp%?@egﬁ nel s. Panel s
conpri sing,probes djrected to particul ar t hogeps can be_prqduced using
onl'y r BHPTGIES SRATBChTTICERMd s HENOMP 344 f186 Y 8ePTsIbe 1780106
teachings of the present application. In sone enbodi nents, panels provided
by t he “hybrighizaso referstasequanse-sreciicntarasiions betwesnHyigsis ackisdly as t hose
described in U S. Patent Application Publication No. 2010/0098680

(part i WatsohyCnikr lzapeaphiritg @A with Tlorils and @ witbrQ) e®peeifically bybridifes’ence). In
particul ar enbodi nents, a panel contains at |east one probe directed to
each ofnha&ind £a6tlel add hybridized to 4Qarget sedlen@dwitB& T32f n8Dmopé tixéh 8f the
pat hogens descri bed in paragraph 160 of U S. Patent Application Publication
No. 2010/ 0098680. [094] In sone enbodi nents, the panel is a cerebral
spinal fluid (CSF) panel and conpri sei probes directed to Neisseria

meni ngi ti des (for exanple, genone acc &sion nos. NC 008767, NC 010120, NC
003116, NC 003112, NC 013016, or NC 004758; in particul ar enbodi nents,
conprising a probe directed to the ctrA gene), HHV6 (human herpesvirus 6;
e.g., genone accession nos. NC 001664 or NC 000898; in particul ar

e o ey b o T o



WD 2011/ 156795PCT/ US2011/ 040106 NC 007146, NC 000907, NC 009566,
NZ_AAZEO0O000000, NZ_AAZJ0O0000000, NC 009567, or DQL15375; in particul ar
enbodi merwe,20tiopTssi ng a probe directed to the bexA gemexr/Uskor1parivé cul ar
enbodi mrents a panel provided by the invention conprises one or nore probes
to each of 1, 2, 3, 4, 5, 6, 7, or all 8 of these organisns and, in nore
par t i cif aelownthediofhemesfect pemplamentde jhgtargst sequanse. op §aAPENs. [ 95]
In some enbodi ments, the panel is a nmeningitis panel that conprises one or
nmor e pembedintenteca sdquiencanspeanifically diybfidiges tep aBastet sptoenaxwith Bsthef i chi a
coil, Listeria nonocyto genes, Neisseria neningitides, Streptococcus
pneunDRbERofSRRAIY ES, 8, 392, drt °G BefW tiat)of affratadpBbhipterhail taaRgae type B,
st aphyl ococci, pseudonobnas, Mcobacterium tubercul osis, Treponena pallidum
Borrely ri ) , i : i

ont er OO ITSEHURNEEL In soMURRLASTITIE LB seb R AR hEbnd2ld e, i s
munps virys, HYV, L ... Angi ost rongyl us cantonensis, Cnathagst

spi ni g@FQ#]SGﬁHSEF%W% Igis %%ﬁ?ﬂ , @?ng%éé%@le ,Sé%lﬁ%pc@og@iogg%ﬁ donycosi s.
In particul ar enbodi nents the panel conprises probes directed to 1, 2, 3,
4, 5, @nbgdingents a segjuense spacifigglly hypridizesstp iargaksrausnggvhensit is [ 96]
In sone enbodi nents, the panel is a urinary tract infection (UTlI) panel

t hat cainqrti9fe §8pP6pes, 34, 1%dcO8d92,0015.90 86y 8PhYE.i Elyor GAYCTentgaldp 4 e. g. ,
genone accessi on nos. AP008934 or AP008935; in particul ar enbodi nents,

conpr i sérfdrt RoRipRet 6P thget Sedlhcay 'B soeieegmbbtingssts 08 bamdlegaa i s
(MVH594) (e.g., genone accession no. AF034779; in particular enbodi nents,

% L & : ; i (CFTO73
D 3 PSR AR P e Sk, 21 (T

., genone acces In particular enbodi nents,

conpri sing .a probe directe ot I e al | A .,
genoneméséﬁ%tggg%neﬁo.abﬂ&ggig’%(f’lg;? %ﬁrﬁcggrrﬁgglﬁ‘%hé @%@mm%@ﬁ%‘gﬁp@l sing a
probe directed to_the papG gene), E. coli (CFTO73) (e.g., genome accession
no. NEOF#&3f, 20, 26 %%r:’tq?g.@b 4p. érnﬁ‘gﬁf’ﬂ%?ﬁ“é‘,"e@&%?i sing a probe directed to
t he papX gene), Ureaplasma ureal yti cum (serovar 10 str. ATCC 33699) (e.g.,
genone accel®9Pbnlnrearticulrl embodanents, fher probelnaay sypiddizetmafucRdPeidsi ng a
probe directed to the hly gene), Ureaplasma parvum (serovar 3 str. ATCC
27815) sdquence thenwrebaest appendedtn a CNRABSRNA companentat that babbeenent s,
conprising a probe directed to the hly gene), Enterococcus faecium (CV133)
(€. 9., aSHIER B ESGUHEEOMPIE ‘tol DR b RNLL\aéorﬁﬁ&%htrmmétar?@npr i sing
a probe directed to the hyl (efm) gene), and Enterococcus faecium (e.g.,
geNOe, 34GASS AR MoeNERE HiERic hBichRAdUERRES IndIROdOMBRAfpIcCaRPT | S1 Ng 2
probe directie 0 € esp gene?. I'n" particular ernbodi nents’ a m xture of
nucl ei ¢. aci d, pr.abes, provi ded by the invention conpri.ses o Qr.nore probes
to eaccﬁhg&nufl,epoélyge:gdag?erépp&ndggﬁ via ﬁ%z?t'%ﬂ pr @p&y@ﬁ%g@a&r Ej%ﬂfg’g ﬁéa%&’ in more
particul ar embodi nents, the exenplary genes for the qrgani sns. [ 97]
In somPAMMIPHEHESCG hgeparated by pé’l'V”&?’Laé?ﬁﬁt@cl?ﬂt'dﬁéﬁ(g?'néb%'ﬁf?f%& one or
nore primers to one or nore organi sns including Escherichia coli,

St aphyadtmitycus saprophyticus, Proteus spp., Kl ebsiella spp., Enterococcus
spp., Candi da al bi cans, Ureapl asma, and Mycopl asma spp. In particular
embodi nent s[0BOM Kt furthepbanictisricmissdithepts) Retsriqueoniicleid duyd triay bervent i on
conpri ses one or nore probes to each of 1, 2, 3, 4, 5, 6, 7, or all 8 of

these erngﬁf‘ge%?ﬁrherein at leds? 8l firkp&tibhlof #ObNEGe RIBRE &8AGs cAodbik dpanel
n to E. Coll. |

c2gpgise e or nore probes directed to . I'n nore parplculaa
other ERRBad URF BEuyte POt 8 R TR RO RO L gP Ryl GRS

Citrobacter spp., and Enterobacter spp.,. non-fernmenters such as Pseudononas
er ugi A hIRNEY BB T BedbRUROr AL ARG L DL SEE M T ve

st aphyl ococci and Enterococcus spp. In still nore particul ar enbodi nents,

t he pasequentialiynbybddizing tedbe targebnuelsiceagid obeschi erftansing theceffigiensy cuch as
Candi da al bicans. In particular enbodi nents a m xture of nucleic acid

pr obesligatiowni afette lpapture probve td thentacgetpr i ses one or nore probes to each of 1,
2, 3, 4, 5 6, 7, 8 9, 10, or 11 of these organisns. [099] In sone
enbodi nents, the panel is a UTl panel conprising one or nore probes
directed to E. coli, Chlanydia, Mcoplasnm, Staphylococcus saprophyticus,
and St aphyl ococcus epidermdis. In particular enbodi nents a m xture of

nucl eic acid probes provided by the invention conprises one or nore probes
to each of 1, 2, 3, 4, or 5 of these’%ﬁganisns. [0100] In certain
enbodi ments, the panel is a respiratory panel that conprises one or nore
probes directed to Staphyl ococcus aureus, Pseudononas aerugi nosa,

Kl ebsi el | a pneunoni ae, Haenophilus influenza, Branhanella (Moraxella)

. o v o I T e



(i ncluding subtypes H1, H3, H5 and H7), influenza B, parainfluenza (type
2), respiratory syncytial virus, and adenovirus. [0102] In particular
enbodi mrerwe,20tihis69anel is a respiratory panel that cont CmaISera/0er106or e
probes directed to one or nore pathogens including Streptococcus

pneuroni ae, Mycopl asma pneunoni ae, Haenophilus_influenzae, Chl anmydophila
pneunoni ae, [08AY |I£\e@ﬁf’@ﬂ‘&aaeg‘@@dif@%msLé@f@bﬁﬁp%'mﬁim’f’dbﬁﬂIzﬁs Vﬂ’%%i rus,

HIN1, H5N1l, Gram negative rods, Mrraxella catarrhalis, Staphyl ococcus

aur eushothiizenclogoss protnmqumiesm ma/pmpedwﬁdridizevﬁortbeir(é@@cﬂve tanget ti cul ar
enbodi nents a panel provided by the invention conprises one or nore probes

to eacdeqfente with §tleést§0 65, 70, 78, 86,85, ®0, b5, oA 200%3orfdct pAirivlg Adrese

or gani sns. I'n some enbodi nents, the panel is a blood panel
Epsr ei e rﬁgie@[sh%?E&W@@g&?ﬁﬂ"%@eé&%bﬁ"th‘{?‘ﬁS‘SQBW"M}.‘i‘?’?’Eypm s,
De F Bah. L VLT I \Y
O, oS g e R P o Rerec PrG IBTY Brdop cd vk @ IS dts Ebol a

and Marburg vi ruseg In particular enbodi nents a panel prgw ded by the
i nvent hers' eamnfitae 1 o mast sepeng hemelogayiseiehe seadence); and ) the - 67 7, g,
9, 10, 12, 13, or 14 of these organisns. In nore particul ar enbodi rrents
t he blsmbrpldmmholognpmps@se sequancenybeidizesides first &ac 19, 6f 4HB\qr Hepses of s B,
Hepatitis C, and Trypanosonma cruzi (Chagas). In further enbodi nents, the

bl 0od erBlenglastRné $125(50 Atos? hofwlsgdusoprebedisgaehes). tin seuaamr@fpaﬂtuwaHepat itis
B, Hepatitis C, and Trypanosoma cruzi (Chagas) pathogens, and Human host

genom émﬁsamgi%émm é’ﬁ&}}lg'ﬂgbnd@@@vﬂ%% @?%%h@h%ﬂﬂ%dﬁ%@?@be' oci .

[0104] In sone e IS a bl 6od panel at contains one or

nore probes dir. | osed in
Vo 20 59N r e e Rty AR e CPir PR IodeE sbgdfod P el
Application Publication No, 2009/ are incorporated rein by
r ef er eP@6. CQW?%Q@UIW%P%FH%@“%&?%Q 4&5%’59%%%& OB s@ﬂHePﬂ% tion
conprises one or nore probes to each of 1, 2, 3, 4, 9, 10, 15,
20, 25thedirsgigomplogeus @robgaaaeence hybridizgowtisT 0D §@mectmm ﬁéﬁﬁlesflrs“t he
panel is a sepsis panel and conprises one or nore probes directed to one or
nor e pé@thegsosthend'lardi ofghed+$t;land®)athensgadndvieorbalogeus protbé kequenaeoi |,

Kl ebsiella, Proteus, Enterobacter species, Pseudonpnas aeruginosa,

Nei sseRysidiEsy With tioghs condctBasiting of BrRSfiras6 Makbs 3% tROFTEY SrtagH®si ti ve
bacteria |i ke Staphyl ococcus aureus, Streptococcus pneunoni ae and ot her

strept ococchzlnHBﬁ{otlb%pog&vs ik eaégdue?m?g g@nea{, h&f’n@!ﬁg@%@ pl??fbé he invention

conprises o nor e 8, 9, or 10 of

t hese or ani sms n.so enbodi wat er,

soi |, c%n%hleaﬁmﬁéﬂﬁme"gﬁhaé%% SEaYCe %f%dg?eprﬂﬁﬁ%g bgsarn gct ed to
for exarrpl e, G lanblia, Cvy JDtOSpOI‘I di um Sal rranel | a, Shig I | a,. Canp

y| obacEeaNs saRMINdR, the:arl f9luding pajrwise aligiieppindet- m@F“)htah‘Qr YORIE parasitic
organi sns. In certain enbodi nents, the panel includes one or nore probes to
G ar di prognarhoringy g inspaticdiausmbodiroentsrey CAFTAYLinerandaassem wat er
and/or soil. In particular enbodi mrents a panel provided by the invention
conpri SeRnese22r: MB5e-40r(9b8s) and epeharotind Pearséh, PNVAS, 85,2444-88 9, 10, or
11 of these or gani sns. [0107] In sone enbodi nents, the panel is a

foodst Bigsrsrghéeirﬁhs aamsad@@rméféemes WiesSTRIRNRIONES (00BFL ed to one
or of Escheri chia cob, Salnmonella, Shigella sonnei, Canpyl obact er,

ELZLSL{C?%&F%% A e IR e f 3"@'9*%?5%%&?2?“?“8%?'5§ Thot ugieﬁﬁ'n{". )
or ror GopRUoRB ar edt abi'4 ROBREHeSRTRB R oeshiaidorsRRC Rl R o

Escher!chla coil (EH EC), enterotoxigenic Escherichia coli ETE_%
ent er oinMagnBlasts Asendrat al.c di Mo(. i )21%1%@%1469;1'398%@”@'@%5 hia coli
(EPEC), Salnonella, Listeria, Yersinia, Canpylobacter, Clostridial species,
and St ppbldatioay)c Meedmman-iVersdchaiNeeeidiodn rmdt\Al,unach,a.gMcdab.tl&ioal48o¢3):

f oodstuff panel contains one or nore probes to comon citrus contam nants,
such aa43<¥$§(|1baof)asbnéhsc{seuéed BYANMRETORIaE, 46:600Pad(1984), ranepSinitaul ar

enbodi ments, a panel provided by the i nvention conpri ses one or nore probes
to each of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, or nore, of these

or gani sns. [0108] A fungal panel , in sone enbodi nents, includes at

| east one probe directed to one or nﬁﬁe fungi described in paragraphs 162
and 180 and Tables 1 and 2 of U S. Patent Application Publication No.

2010/ 0129821, which are incorporation herein by reference. In particul ar
enbodlnents a panel prOV|ded by the i nvention conprlses one or nore probes
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[0110] In sone enbodi nents, the panel is a subject panel for genotyping a
subject. In particul ar enbodi nents, the subject panel conprises probes for
at | east wp2B11/136794, 5, 6, 7, 8, 9, 10, 20, 40, 80, 100pC206201408)10800,
1000, 5000, or 10000 subject loci. In particular enbodi nents, the panel is
for a mammal i an_subject. In nore particul ar enmbodi nents, the nmammal is a
hurman. Wategoamr (Smithb @indeMatermane JpMedgc. iBi0 a 187 ehdda1 970198 bnapd othiinel f or
detecting heritable genetic abnormalities and/or genotypes associated with
i ncr eaakgdrittins& (iholudihigstease dekarilped in Gattard eflabdGepous, Resie 14Eb):2d8hpr i ses
probes for Killer cell immunoglobulin-like receptors (KIR) | ocus typing and

to det 9_?%2%4@%1% AN ncoPpratePREred b??éf%réﬁcet. ha gaptitiat @@bsiisents - 6
CGat -174; 'TNF-ra: G A at -308, G A at -238; IL-10: GA at - 1082, C/ T at

- 819, ﬂéﬁﬂ%}{noo@ ovi'd@dsoﬁglﬁeqm.l pﬁ@&%?ﬁ@g%ﬁﬁ S3efy §oes to

genot ype markers, and 1n particular e ts at least one probe for
each of Class I, (A Class || HA markers. .| enbodi nents, the
panel E%‘RﬂﬁqC?ésbyplﬁﬁg‘égﬁggge@aé'as'tt%‘eowgn&e %?itabﬁdqg%i&géﬁes described in
paragraphs 25, 57, and 58 of U. S. Patent Application Publication.

No. 2010/ 0130633, Inpsermgresmbrdimenty arsesuancs, spegitically Aybridizesi Whepdbi i cati on
No. 2009/ 0305284, paragraph 27 of U. S. Patent Application Publication No.
2010/ Ohykddses tny target bequendecurgdriséingerit mybedizatian eenditigns. padtangent
Application Publication No. 2010/0143949, or any of the genes in paragraph

14 of RyridiPMienEomimbne abieds tdHipbridizingauchélc agidsln BRS3ES8nd 4P4 SOIS ahi ch
are incorporation herein by reference. In sone enbodi nents, a panel

Bt B s VR TSHERh TP iRlBet AR T BRI (V2 SE, "Erve,
WIvne TR Y e end b SRR Vel i et Mg AR e o o

YES) and/ ar | oss-of-function of tunpr,_suppr essor ne (such _as_ APC,
SRoAL - BEGAN RaRvIaT RBBOIRRSNE NS R YR GA EoRRRoNS) GAT OB e

enbodi nents, a panel conprises probes directed to HLA, Kir and cytoki ne
gene | difierentrhybaidizationandéemuvastntamperairgs oé pbprLSS. & Ky 58nha%i 6t i on
conprises one or nore probes to each of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 3062063 4,66, 67, 68e68@, araike ®r other hybrifixatidh cadditivhemaldigelagtdinpr ovi ded
by the invention include probes directed to viral, bacterial, archaeal,

pr ot 0Z @3hbraBK afdMRAISERNI MoREERY CIBBInAR Mebdratsty MerianaColdrSpringHpdudri cul ar
enbodi ments, a panel contains at |east one probe for each of about 1, 2, 3,

4, 5, 0 e : OIS j i .In4, 5, 6,
7 5, Gandiptblydtess srgbeiGR oy, pHiceiothBiRaThe@iBY drergnog. 1t o
8, 9, 10,.1 20 5 0.or 35 .eukar yot parti i tsy the
or obes PRHCMARbodTieat e ruPufkaR RuEPeel S s Br il 20 PEALD-1 5.
3, 4, 5 6, 7, 8 9, or 10 fungi. In certain enbodi nents, a panel may
furthe55c&mrise at | east one probe for each of 1, 2, 3, 4, 5, 6, 7, 8, 9,
or 10 archaea. [0112] Exenplary virus taxa that can be detected with
a panel of {0f]i fMosnologous prohedsequensasvnay baselontedbiespraificallydae,

Anel l ovirus, Arenaviridae, Arteriviridae, Ascoviridae, Asfarviridae,

Ast r ovinybfléige tB@Ctbin?étis'egdéﬁce Batheayeridri@ef aBemysulausrgaBistmoddni ri dae,
Bi rnavi ri dae, Bornaviridae, Bronoviridae, Bunyaviridae, Caliciviridae,

Caudovightl eitar SRR 118 %enCRRISHYIJ Yroup@Toiessy faideel obhrad 1 | dae,

Cl osteroviridae, Connoviridae, Coronaviridae, Cor% coviridae, Cystoviridae,

Del taviyus, ,.DicisStroviri . or, | | [ L] F i i i dae,

Fl exi Vﬁqcﬁgdér,\glpgul o%?ﬁ%g!'&% ggEﬁ%\/fﬂ?ﬁO‘éﬁéﬂﬁ%ﬂ)hﬁé‘ %%‘ﬂgffceé o\élu'?{(g[vi ri dae,
Hepadnavi rj dae, Hepeviridae, Herpesviral es, Herpesvirigda Hor dei vi r us,

Hy povi ﬁpéﬁ@,cg]&i%@f I#¢,t0 a|5f~‘ﬂa€'i‘9<§§?mﬁf{&ﬁ 'Pi%@,‘g%'f’ﬁéﬁpfﬁ%\o&e@%i vi ri dae,
Li pot hri xviridae, Luteoviridae, Ml acoherpesviridae, Mrnaviridae,

M cr ovigenames. MExcldsianises’ refereotecs aladeiewainetisst pf seriencRIRNOMRFRI,

Nar navi ri dae, Nidovirales, N maviridae, Nodaviridae, Ophiovirus,

O t homyattish biibeeloGonsrpeobier sesquePrpi ddesnmoti speddiealPhylandizevin i dae,
Partitiviridae, Parvoviridae, Pecluvirus, Phycodnaviridae, Picornavirales,
Pi cor nathiddiRfentdASSRpASdIAG Brotadekt Hbdre hybladivdirectly dathe dpty@mavi ri dae,
Ponovi rus, Potyviridae, Poxviridae, Reoviridae, Retroviridae,

Rhabdovi ri dae, Roniviridae, Rudiviridae, Sadwavirus, Salterprovirus,

Sequi vi ri dae, Siphoviridae, Sobenovirus, Tectiviridae, Tenuivirus,
Tetraviridae, Tobanovirus, Tobravi rus?OTogavi ri dae, Tonbusviri dae,
Totiviridae, Tynoviridae, and Unrbravirus. Non-DNA and/or single stranded
viruses will readily be adapted for use in the invention by means known to
the skilled artisan such as, for exanple, by reverse transcription. In

. N Y L




3. 1Probe design [0116] The probes and m xture provided by the

i nvention can be produced by the skilled artisan by foll ow ng the exanpl es
and t he geoepdl1ss®achi ngs of the application. The probePdediSgmipraoess
(also referred to as probe design "pipeline") may take as input a set of
genom ¢ DNA sequences agai nst which probes nmay be designed and the sets of
part i clarget, therhomelogpbus prefee sequgnnesmaie designsdraciicalAta Beluences may be
entire genones, particular genes, or genom c coordinates in one or nore

st r ai nsubsthnitiiipdiyerigizettbanyi seejuenee nuthin tecexclusiopaet. anssamef genones,
genes, or coordinates and will select a set of regions to target based on
SOMe C&ibBHinfentd & hBMRRbIOIR prebe WequUEhLE BOhRIMSHIeast 1,€0i04s5! 6, 8jary
bet ween the input genones, genes, or coordinates of the targeted regions in

the hogologpis. Rt eREs SPONGRAG bRl 3 ARBED2595, o) Jaiomsgesanss.

[0117]7I'n pa ar- e I'ent's, e Sequence of a tardet gehone for the

or gani i nterest i ovi ded and all .pqssible string onsecutive
nucl eo?é?dggs 0621 |%§Fﬁuﬁv§ﬁ@%@rga\%ﬂ%?%et 'ﬁgﬁ?zﬁxﬁ@?'o&e%eghin ﬁoégenumr at ed
(also referred to herein as "slicing" a target genone), where n is, 18, 20,
22, 24parfisulapgmbeglimgnts the hopwologeus pigbeRedlensey y5pETPREAN Naue 2be 40,
45, 50, 55, 60, 65, 70, 80, 90, 100, 110, 120, or nore. In particular
enbodi lemst sne mismattB-iBR0 Hse3ao ay-Fuence b2 tirgexaldsientseties. I n furt her
particul ar enmbodi ments, n is 18-26 nucleotides. In nore particul ar

enbodi ment sj068] | An 28rg2Bisre” i8-anyAfiologid with iadgshone) isclogingnihadesent s, the
genom ¢ segnents of length n are with an offset of about between 1 and n.

I'n parphGuliara @R ARESka Qfes%tf;lﬁefngi Sardtae, fungi, dro#d:8] ahd) afpRAIgi n

enbodi ments,” the enunerated n-ners are€ annotated to i1dentify their genomc
iti o «enbodi t L - { ; I i t hout

Genor o anrioPRli Brera e oaps sl & FpraEds Rl SulricHt phRieg 8t 20

i peli t first f h n-ner di to. the n- '

Sul t abts GEYOmE TIPS BapR: FRAENCEE 1B RSRPIR SO GUsTIAlG IFOT SUSIORBIRTS ge

homer) and as an extension-side probe honol ogy region (an extension-side
honer ) A “Seguermedgdrome her “or rgenarag obéew@w&;p'sﬁnrsas(ﬁh rigdhesneeleatiderel t i ng
tenperature, general sequence conposition, sequence conposition at specific
posi t i seguerarbdftdhsequeneedorganisas geyome. flosomeaempodsnentshthiet sel f or with
t he backbone sequence. [0120] The pipeline may filter n-ners to

r enovesddipsfRealorgaRishaRtiUm byphhiallp 8BGudiceRr@cy., By shetgiand cBaence (i.e.,
a "duplicate screen"). To generate a set of candidate |igation-side honers,

Nn- Ner s_ \\ s . i X Of , Fe: Xy i ~api mum n used in
enuner a |Jn%cgﬁé‘?ﬁ%ﬁgeg%héggb?hlgg%‘?ﬁéns( L%ngg@'r mggﬁggﬁﬂ/e), are

consi dered .and the ones wth the hi.ghest or,es b p e
scor esSpRdRaSHy. B TREN e 0e80ats Bannasy: 40 20; 1020 S0 TG o
descri bed above. To generate a set of candi date ext e&gj on-si de gﬁrrer S,

n- mer s9%i @M hSEGHRECHT e BeAuUBNCeEAGRAMES pRY BB SEAHERERA ahd VEHeYdes with

t he hi ghest scores may be kept. éOlZl I n sone enbodi nents, the
scor i npvels of-covesagensubl gsaatiout Oetl 8, @.8sér 23, 4f5, I8 88ns of arenove n-mers
that are not suitable for use as honol ogous probe sequences. The screens

i ncl udeoveragE| MY soimel érabbeinidiis sgdrinae bizakfgr on@nisms of interest, such as
2011/ 156795PCT/ US2011/ 040106
pathogens, may be at least 0.01, 0.05,0.1,0.5,1,2,3,4,5,6,7, 8, 9, 10, 20, 50,
100, 200, 500, 1000 million bases, or more. In particular embodiments target
genomes are at least 0.01 to 10 million bases.
[067] In particular embodiments, the exclusion set comprises a genome of

the subject organism from which a test sample is obtained. In certain embodiments,

the exclusion set comprises a human genome. In more particular embodiments the
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dupl i cate sequences, renoving sequences outside of a specified Tmrange
("Tm screen,"e.g., outside 50-72 C), renoving sequences with strings with

t oo many wepenisarnucl eoti des ("repeat screen," e.g., 4POI/userig/os@nsecuti ve
i dentical nucleotides), and renoving sequences likely to self-hybridize
("hairpin screen," e.g., self-dinmerize or form hairpins). These screens can
be adj exelgionoselfedhernerinerisasthefganemeseleanmmos an NHe@flpra ehe
application for honol ogous probe sequences. The screens can be perforned in
any or gemmémsal exgampsms. by stilhynaré préferredierdbodintents, ihe lexclusidnesétng t abl e:
First screen Second screen Third Screen Fourth Screen duplicate screen Tm

23 ZZR flirfRSHonHEIRAThB }ehBhibsSEf tRe Raidel bi gelism I6F 6tB@r probesriaenmbaurepi n
e.g., a panel (e.g., so that only one probe in a mixture specifically hybridizes to any
given target organism). In some embodiments, the exclusion set may also comprise
a plurality of viral, eukaryotic, prokaryotic, and archaeal genomes. In more particular
embodiments, the plurality of viral, eukaryotic, prokaryotic, and archaeal genomes in
the exclusion set may further comprise sequenced genomes from commensal, non-
virulent, or non-pathogenic organisms. In still more particular embodiments, the
exclusion set further comprises sequenced genomes of organisms other than the
target organism, including sequenced pathogens. In some embodiments, the
exclusion set for all probes in a mixture share a common subset of sequenced
genomes comprising, for example, a host genome and commensal, non-virulent, or
non-pathogenic organisms. In further embodiments, the exclusion set varies
between probes in a mixture so that each probe in the mixture does not specifically
hybridize with either the target regions or homologous probe sequences of any other
probe in the mixture.

[068] The probes provided by the invention may include a first and second
homologous probe sequence that specifically hybridize to a first and second target
sequence in the genome of an organism of interest. The first and second target
sequence are separated by a region of interest comprising at least 2, 3, 4, 5,6, 7, 8,
9, 10, 15, 20, 30, 40, 50, 60, 80, 100, 125, 150, 200, 250, 300, 350, 400, 500, 600,
700, 800, 900, 1000, 1200, 1400, 1600, 1800, or 2000 nucleotides. “Region of
interest” refers to the sequence between the nearest termini of the two target

sequences of the homologous probe sequences in a probe. In certain embodiments,
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particular target regions may be selected based on human input or computational
data mining, including statistical sequence and/or literature data mining. In certain
particutar embodiments, one or more regions of interest are polymorphic between
closely related organisms (e.g., between species of the same genus; between
subspecies of the same species; or between strains of the same species or

- subspecies). In more particular embodiments, the polymorphisms are associated
with drug resistance, toxin production, or other virulence factors. In still more
particular embodiments, a region of interest includes one or more of those disclosed
in, for example, Arnold, Methods Mol Biol., 642:217-23 (2010) (discussing the RNA
polymerase B gene, associated with rifampicin sensitivity in multidrug-resistant
(MDR) strains of M. tuberculosis); Kurt et al., J. Clin Microbiol., 47:577-85 (2009)
(genotyping regions of S. aureus associated with methicillin resistance); Akhras et
al., PLOS ONE, 2(9) €915 (2007) (describing regions from N. gonorrhoeae
associated with resistances to ciprofloxacin), and Pourmand et al., PLoS One.,
1(1):€95. (2006) (describing a rapid assay for H5N1 virus; identifying cleavage site,
glycosylation sites on hemagglutinin gene; oseltamivir resistance site on
neuraminidase).

[069] The first and second homologous probe sequences in a probe provided
by the invention can readily be adapted for use as a pair of conventional primer pairs
for use in a polymerase chain reaction (PCR) to specifically amplify a region of
interest from an organism of interest. “Conventional primer pairs” refers to a pair of
linear nucleic acid primers each member of which comprises sequences
corresponding to one of the two homologous probe sequences in a probe provided
by the invention, which are capable of exponential amplification of a region of

interest comprising at least two nucleotides. These conventional primer pairs are
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encompassed by and are a part of the present invention. Accordingly, conventional
primer pairs provided by the invention are characterized by the same criteria
provided above for homologous probe sequences, including, for example, length, Tm,
hybridization specificity, and length of the intervening region of interest. In contrast
to the probes provided by the invention, which are capable of circularizing capture of
a sequence complementary to a region of interest, conventional primer pairs are
oriented with their 3’ ends facing each other to facilitate exponential amplification.
Figure 4 is an illustration of particular methods of the invention using conventional
primer pairs. In certain embodiments, the conventional primer pairs comprise a
barcode sequence. In some embodiments, the conventional primer pairs comprise
universal sequences, including, for example, sequences that hybridize to adaptamer
primers.

[070] The probes and conventional primer pairs provided by the invention
may comprise the naturally occurring conventional nucleotides A, C, G, T, and U (in
deoxyriobose and/or ribose forms) as well as modified nucleotides such as 2'O-
Methyl-modified nucleotides (Dunlap et al, Biochemistry. 10(13):2581-7 (1971)),
artificial base pairs such as IsodC or IsodG, or abasic furans (such as dSpacer)
(Chakravorty, et al. Methods Mol Biol. 634:175-85 (2010)), that do not form canonical
Watson-Crick hydrogen bonds), biotinylated nucleotides, adenylated nucleotides,
nucleotides comprising blocking groups (including photocleavable blocking groups),
and locked nucleic acids (LNAs; modified ribonucleotides, which provide enhanced
base stacking interactions in a polynucleic acid; see, e.g., Levin et al. Nucleic Acid
Res. 34(20):142 (2006)), as well as a peptide nucleic acid backbone. In particular
embodiments, the 5’ or 3' homologous probe sequences of a probe provided by the

invention comprise, at their respective termini, a photocleavable blocking group,

24



repeat screen duplicate screen hairpin screen Tmscreen repeat screen
hai rpin screen duplicate screen Tm screen hairpin screen repeat screen
dupl i cat ewecneaés6’Pm screen hairpin screen PCT/US2011/040106

such as PC-biotin. In more particular embodiments, a probe provided by the
invention comprises a photocleavable blocking group at its 5’ terminus to block
ligation until photoactivation. In other particular embodiments, a probe provided by
the invention comprises at it's 3’ terminus a photocleavable blocking group to block
polymerase-dependent extension or n-mer oligonucleotide ligation until
photoactivation.

[071] In other embodiments, the 5’-most nucleotide of a probe provided by
the invention comprises an adenylated nucleotide to improve ligation and/or
hybridization efficiency. In other embodiments, the homologous probe regions
comprise one or more 2’OMethyl, artificial base pairs such as IsodC or IsodG, or
abasic furans (such as dSpacer) , or 2’0OMethyl, abasic furans, or LNA nucleotides,
eg.,1,2 3,4,5,6,7,8,9, 10, or more LNAs or 10, 20, 30, 40, 50, 60, 70, 80, 90, or
100% 2'0OMethyl, abasic furans, or LNA nucleotides, to improve hybridization and/or
ligation efficiency, or provide resistance to enzymatic activities such as polymerase-
mediated strand displacement or nuclease cleavage. See, e.g., Hogrefe et al, J Biol.
Chem. 265 (10): 5561-5566, (1990). In more particular embodiments, the 5" end of
the 5’ homologous probe region (e.g., H2, the ligation arm) comprises at least one
LNA and in still more particular embodiments, the 5’ terminal nucleotide is a LNA.

1.2 Backbone sequences

[072] The probes provided by the invention include a probe backbone
sequence between the first and second homologous probe sequences that may
include a detectable moiety and one or more primer-binding sequences. The
backbone sequence can be at least 15, 20, 25, 30, 35, 40, 45, 50, 70, 90, 100, 12,
140, 150, 160, 180, 200, 400 bases, or more. Ih more particular embodiments, the

backbone includes a second primer. Each backbone primer may comprise one or
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more universal sequences that, for example, can be used to amplify all circularized
probes in a mixture. In some embodiments, the primers may also contain probe-
specific sequences, such as barcodes, for identification and/or amplification of a
specific probe or set of probes. In some embodiments, the backbone sequence
comprises one or more non Watson-Crick nucleotides. In further embodiments, the
backbone comprises one or more 2'OMethyl nucleotide residues, artificial base pairs
such as IsodC or IsodG, or abasic furans (such as dSpacer), or 2’0OMethyl, abasic
furans, or LNA nucleotides, e.g., 1,2, 3,4, 5,6, 7, 8, 9, 10, or more LNAs or 10, 20,
30, 40, 50, 60, 70, 80, 90, or 100% 2’'0OMethyl, abasic furans, or LNA nucleotides, to
confer greater reactivity or inertness in the hybridization reaction, provide resistance
to enzymatic activities such as polymerase-mediated strand displacement or
nuclease cleavage, to serve as inhibitors of spurious amplification events, or to act
as target sites for trans-acting nucleic acid oligonucleotides such as PCR primers or
biotinylated capture probes.

[073] The term “barcode” is used to refer to a nucleotide sequence that
uniquely identifies a molecule or class of related molecules. Suitable barcode
sequences for use in the probes of the invention may include, for example,
sequences corresponding to customized or prefabricated nucleic acid arrays, such
as n-mer arrays as described in U.S. Patent No. 5,445,934 to Fodor et al. and U.S.
Patent No. 5,635,400 to Brenner. In certain embodiments, the n-mer barcode may
be atleast 3,4,5,6,7,8,9, 10,12, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30,
35, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400 or 500 nucleotides, e.g., from 18 to 20,
21, 22, 23, 24, or 25 nucleotides. In particular embodiments the barcodes include
sequences that have been designed to require greater than 1,2, 3,4 or 5

sequencing errors to allow this barcode to be inadvertently read as another in error.
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[074] To generate barcode sequences, for each barcode size K, 4X random
barcodes may be generated from the four DNA nucleotides, A, T,G,C, using a perl
script. This set of barcodes represents the total number of unique sequence
combinations possible for a sequence of K length, using 4 nucleotide variations.
Barcodes for which one nucleotide comprises 100% of the length, e.g., TTTTTT, are
then optionally removed using a pattern-matching perl script. - Further filtering steps
may include removal of barcodes which contain runs of nucleotides of >3, e.g.,
TGGGGT, or runs interrupted by only one nucleotide, for instance, GGGTGG.
Barcodes containing palindromes or inverted repeats with a propensity to form
secondary structure through self-hybridization may be filtered using a perl script
designed to identify such self-complmentarity.

[075] Selection of barcodes that may be utilized in a mixture of probes used
to test a sample from a patient may involve selecting a combination of barcodes that
will provide >5% and not more than 50% representation of a particular nucleotide at
each position in the barcode sequence within the pool. This is achieved by random
addition and removal of barcodes to a pooled set until the conditions specified are
met using a perl script. Barcodes for which the reverse complement sequence is also
present within the barcode pool may also be eliminated.

[076] Suitable barcode sequences include such barcode sequences as set
forth in Table 1, which illustrates exemplary 3-mer, 4-mer, 5-mer, 6-mer, 7-mer, 8-
mer, 9-mer, and 10-mer barcode sequences. Sequences indicated as “1 nucleotide
distance” n-mers in Table 1 are illustrative sequences that have a sequence distance
of at least 1 from each other, where “distance” refers to the minimum number of

sequencing differences between each of the sequences of the same category. “Two

27



hai rpin screen duplicate screen Tm screen repeat screen hairpin screen
duplicate screen repeat screen Tm screen hairpin screen Tm screen duplicate
Screen repoan1sss™én hai rpin screen PCT/US2011/040106

nucleotide distance” sequences have a “distance” from each other of at least 2

nucleotides.

Table 1: Exemplary barcode sequences

3-mer barcode — 1 nucleotide distance
aaa SEQID NO: (add below)

aac

aag

aat

aca

acc

3-mer barcode — 2 nucleotide distance
acg
aga
atc
cag
cce
cgt

4-mer barcode — 1 nucleotide distance
aaaa
aaac
aaag
aaat
aaca
aacc

4-mer barcode — 2 nucleotide distance
aagg
aatt
acat
accg
acge
acta

5-mer barcode — 1 nucleotide distance
aaaaa
aaaac
aaaag
aaaat
aaaca
aaacc

6-mer barcode - 1 nucleotide distance
aaaaaa
aaaaag
aaaaat
aaaaca
aaaact
aaaaga
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Tm screen repeat screen duplicate screen hairpin screen repeat screen Tm
screen duplicate screen hairpin screen repeat screen duplicate screen Tm
screen WwWO20113d®2] Candi date homers (or a subset ther eoffi/ush@nm4dihe subset
may be chosen based on scores generated as descri bed above) may be aligned
against _a set of genones fromvarious strains of a target organism an
agai ns{M&" bREFRSIE 1 T WElERR SIStaBFe known genomes. Each homer may be assi gnpd a

seconp@¥¢ t hat
aadaaac

aaaaaag
aaaaaat
aaaaacg
aaaaagc

8-mer barcode — 1 nucleotide distance
aaaaaaaa

aaaaaaat

aaaaaaga

aaaaaatg

aaaaagcg

aaaaatct

9-mer barcode — 1 nucleotide
aaaaaaaaa
aaaaaaaac
aaaaacggg
aaaaagagg
aaaaaggac
aaaaattge

10-mer barcode — 1 nucleotide distance
aaaaaactgg (SEQID NO:1)
aaaaaagcat (SEQID NO:2)
aaaaaatatc  (SEQ ID NO:3)
aaaaacactc (SEQ ID NO:4)
aaaaacttig (SEQ ID NO:5)
aaaaagggtt (SEQ ID NO:6)

[077] In particular embodiments, barcodes used in the probes provided by
the invention correspond to those on the Tag3 or Tag4 barcode arrays by
AFFYMETRIX™. Further discussion of barcode systems can be found in Frank,
BMC Bioinformatics, 10:362 (2009; 13 pages), Pierce et al., Nature Methods, 3: 601
-03 (2006) (including web supplements), and Pierce et al., Nature Protocols, 2: 2958-
74 (2007).

[078] In some embodiments, the backbone comprises one or more sample
nucleic acid-specific barcodes, e.g., one or more patient-specific barcodes. In
particular embodiments, more than oné barcode will be assigned per patient
sample, allowing replicate samples for each patient to be performed within the same

sequencing reaction. By using sample nucleic acid-specific barcodes it is possible to
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takes into consideration 1) the nunber of strains that the honer matches,
and 2) the nunber of single nucleotide polynorphisns (SNPs) between those
strai ns wohon/tsh®sexpect ed ext ensi on regi on, adjacent wPOTiUse0thomEne t hat
is to be sequenced (i.e., the nunber of SNPs the honer is expected to
reveal given the expected read | ength of the sequenced extension product).
[ 0123] bathandliiBlexdeaetionscasdaseribed ifdhe psesent apphgatipn; aSéYQ"rﬁ%@%*@C{) hose t hat
specifically hybridize to a sequence in a genonme in the exclusion set of
genonespse-cogntanciaapon betwpdrhtesy sampiesothat tie rathjsec défimed tepectayre aff a

bi ol ogi cal sanpl e) and sequenced genones of organi sns ot her than the

or gani ggadific barcedest In t&redid @nfisbdimenEs She backiineamagaldtpeampfiseal , and

ot her eukaryotes. In particul ar enbodi nents, the exclusion set of genones

inclu anj s j | iaRi C

or ganﬁgﬂqﬁt ﬂer taﬂ%gé'ghe@ %@82‘?%%?%&@%@% ﬁa'ggg'??géﬂg?' Ogﬁﬂ‘c?giaé 9\?@5 a
screened n-ner.is elimnpated if it .contains less than 1. 2 3 4 5 6, 7,
o oc 5 eraPTH bafiolel 1 RoSeinie g lete Cay der S onbfinggo gy an desali; ©e
27, 28, 29, 30, 35, 40, or 45 nucleotides to any se ueﬁ%p in the exclusion
set . |IRSHEMEND HUEH asrhBRAVRIAIRY INstiReri nRfWeSREHNS ONIAHRFEBHIRYS | 1N cont ai ns
at least 19 or 20 matches in a wi ndow of at |east 22 nucleotides (e.qg., 25
nucl eonocespecifiith embadihenisesampia and/antareperat baitodeagaaynbe usae texcl usi on
set by any nmeans known in the art for sequence conparison. In particular

enbodi aEodirdaticalyndéteat erossintaraination hetwesh bamidepddiol dagaangtfot he
exclusion set. I n sone enbodi nents, the screened nners are formatted to

cont ai g H/NBMAsRIBCARIHsPPndr pradr i 8lehnReRIdH dtontarhfatd8RapIef t he
target organisnm, 1 n other enbodinments, they are further screened as

tri by ' : 0124] | t ai nmbodi ts,
Scr cortigRYeteh SSUER, A o 8L ARG R me e hat they opeci i cal ly
hybri di t ' t | t dditi |. hybridi zi .
sone ernbodi BEAL SN et aOuRSF o pdiareRds refuRiers 30 apnaien v aRd

sequenced genone of the target organism In _particular enbodi nents, the
addi t i sResIensgbin gpEierMpedistrnts theybarianeprirapaineliides hotjusivienzal agigeci es,
for exanple, belonging to the sane genus or serovar. |In sonme enbodi nents,

t he scprebeegpecifitevenjuanees.ciresored dnobadisants, tthauntveesal spagoence & interhglr i di ze
to the additional hybridizing genome before screening to elimnate those
that speci¥) apropelryetifidiragions; innethexembddimese! ukie@ane8§senddis) o her

enbodi ments, they are screened after. In particular enbodi nents, screened

n- ners (i sStgsgl : t chEh@a hdi ze to the
at |eé??éﬁﬁibéﬁa???éﬁgﬁgﬁﬁﬁgﬁg?égﬁgségﬁé%e éfore Eé?%bhbgsg%ﬁgggto

elimnate se ces, t eclfi I Ldize. I e

excl U SR SEEC R GaEks 3REGbIcER: b SR LEhEThgs: FENEC Eorlhll - rer s
are further screened to epsure that they occur in _the genone of the target
o gani RS & park Pofl Ar Sropthii: RPesfort A0 g FOtuifkaldesnarmees. 10, 18,
17, 16, 15, 10, 9, 8, 7, 6, 5, 4, 3, or 2 times in the genone of the target
organi sm |[@8@hr ni cantain embocimeanist sniversal pomasseguanees inna baekbanect | y once
in the genonme of the target organism [0126] Once the screened n-ners
are fudduencecepanad athybeidizing tdrhplatteforienggrattiaptantdr” ppmair.i An
hybridization (i.e., specifically hybridizing to the genome of the target
or gani S &0brihBeGs bi ithéythRy RybidiZES & LRvERRI BYiflcd SeqlelELd in 4 he

candi date |igation-side honmers and extension-side honmers may be assenbl ed

o, <Nl AABRENRRSINER IRk CARBIARA B TRE SalRHe Read BTG 2Pt ur e

a pre Fm ne erest, rchosen rese on-of
tat | t hods. | th nbodi t ' f didate h |
b obe. BEHBEARTE AR ¢ SRS CABPOF S5 paes ohoPoRVEREt Brimd | ength.

e.g., at least 2, 3, 4, 5 6, 7, 8 9, 10, 15, 20, 30, 40, 50, 60, 80, 100,
125, 190versgpprimsy hygm,zmgggglmpmf,the adaptamer primer. Adaptamer primers can

be used, for example, to incorporate sample-specific barcodes on amplification

reaction products to allow further multiplexing of samples after completing a capture
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500, 600, 700, 800, WD 2011/156795PCT/US2011/040106 900, 1000, 1200, 1400,
1600, 1800, or 2000 nucl eotides. In sone enbodi nents, the honer pairs are
wi t hi n a wexnmass®st ensi on di stance determ ned for a paPCiraisk@n/os@nget

or gani sm strain. [0127] A score for the candi date probes may be
generated by 1) conputing the nunber of SNPs or indels (insertions or

del et iT6Astiat ape @pi HBPkfisadon reaeion) | T'ﬂﬁ)atj@'t'an%ﬁ@@&sﬂﬁ%f'%ﬁﬁwgpﬁe whi ch
are observed between each pair of strains to which the probe is expected to
bi nd; alowgemaltiplé captares and/of anipdifivatiaressdctiompfaduates ta/belpeotatebaforeal nunber
of SNPs or indels that the probe may reveal; and 3) nultiplying the sum
from (dBteétioraby &6k E@hpleOfseqb@n@ﬁgbathdrépaﬁibﬁ:ﬂar@iﬁb@dnﬁ@twthé work. This
product is the probe's final score. The probability that the probe works

may taé%?a %@rﬁﬁlﬁ%@? (EHOF iRdlud&ein \/%lréﬂ%a%nces that hyandlﬁétésquence of the

| i gation honmer e sequence o e extension honer; iii) the sequence
of the robe s bacgbone Iv) the sequence of the extenS|on regi on between
the t J? t'he two homer Tns: vi) the propensity of the probe to

formhalrplns vvlthitslf . .
[081] The detectable moiety may be associated with the backbone

sequence. It may be bound to the polynucleotide sequence, as in the case of direct
labels, such as fluorescent (e.g., quantum dots, small molecules, or fluorescent
proteins), chemical or protein-based labels. Alternatively, the detectable moiety may
be incorporated within the polynucleotide sequence, as in the case of nucleic acid
labels, such as modified nucleotides or probe-specific sequences, such as barcodes.
Quantum dots are known in the art and are described in, e.g., International
Publication No. WO 03/003015. Means of coupling quantum dots to biomolecules
are known in the art, as reviewed in, e.g., Mednitz et al., Nature Materials 4:235-46
(2005) and U.S. Patent Publication Nos. 2006/0068506 and 2008/0087843,
published Mar. 30, 2006 and Apr. 17, 2008, respectively.

2 Probe Mixtures

2.1 Probes and calibration standards

[082] The present invention is based, in part, on providing collections of
probes that may specifically hybridize to a target sequence in the genome of a target
organism (or group of organisms related by, for example, species, genus, or
serovar), and do not specifically hybridize to any sequence in an exclusion set, e.g.,
at least one non-hybridizing genome (such as the host genome and/or a
predetermined set of organisms distinct from the target organism, such as an

annotated database of sequenced bacterial, viral, eukaryotic, and archaeal
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vii) the sequence conposition of the extension region; viii) the
sequence conposition of specific parts of the extension region, n-ners, or
conbi nat iwoxotihss®sf ; and i X) the length of the exrarsgigo40iegi on.
[0128] Alternately, the score for a probe nay be generated such that the
score is higher for_ probes that hyhridize only to or preferably to a

speci fPegamm%ﬂngeﬁ@wtbegwgiOf@arésraénwam%@ E2rgREPIg@NIREN QR 8T R1H of
particul ar set of genonnes. WO 2011/ 156795PCT/ US2011/ 040106 [0129]

| n sontargetbmwdanisms), a candi date probe's score does not include a sum of

t he SNPs observed between all strains of interest but instead includes a
sum of the | ABp&dtsidiehaimveatio® provNRss egarasest proBed farantitiplelkar | y chosen

val ue. 0130] In some enbodi ments, probes are added to a set of
candi e o B SR S e g Rl o V1B OOk el ol T
Fecompprts Jo TRuiedrERubeq Ry e PR RS Re SR d PR 8 ¥ BB ar e ot
5B o BB B A S o) A
previ ously chosen probes are scored lower. In sone enbodi nents, the scores

of t he30QURI4H08§, 680A0,LAAH0HO0EE, 3RE0L&00F8a0e 0D prfdbest In keme
propensity to cross hybridize to those probes al ready chosen for the out put

set. embodiniéxits liheGnixtures sseidesigneddo edphurelzesiurality ohseqieresdromiaset of -
all possible probes, probes nay be selected for inclusion in a final probe

out put p&@EulRY ofGAMshi NE BHARFEMbBAPRAIRS tM niREF&ASANBa ARt REQE neint i | al |
pairs of strains A and B, where Ais in a set of strains Si, S2, S3, etc.,

209 B Lepl N0 betn Sy Bhe 214, 78 XL 0! Solo S gHperod by

| east S PsS,’ i hdel's,’ or bo "I n sone

possi bl 2D 2587 pf A%, o, A680 SR dt, pUBhC ot 13PaB.5¢ 230 oy one

out put set by 1) choosing the probe with the highest score, and 2)

r econpiifferapttages eegasisos. {mpartisytarenedinebts aopixie ¢aBRiises atHeastunber of
SNPs or indels reveal ed by al ready chosen probes fromthe nunber reveal ed
by probe3 34,19, 6uiid@r9,cihslisd@0a2d,030, 35 40hiS, 8RY60,8570hE5sos8®re may be
updated to reflect how nuch new i nformati on a probe provides given all

Aacenly o et o o B ahas Tyt I nel Ul RSertion of backene Sequences,
such ageflfirRes b3 TMLiRhA$P-0A0d 1 PRHBRIZTRY-rpoB-pr-01-H1, mtb-H37Rv-rpoB-pr-

01-H2, mtb-H37Rv-rpoB-pr-02-H1, mtb-H37Rv-rpoB-pr-02-H2, or mtb-37rv-inha-pr-

01-H2, and combinations thereof. In particular embodiments, the mixture comprises

atleast1, 2,3,4,5,6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 65, 70, 75, or 80

probes comprising the homologous probe sequence pairs listed in any of Tables 4,

6, 8, 10, and 11.

[084] Probes in a mixture will typically have similar bulk properties (such as,
homologous probe sequence length, homologous probe sequence T,, and length of
the captured region of interest, and the lack of secondary structure) or fall in ranges

of similar values. In some embodiments, the T, of the homologous probe

sequences in a mixture of probes will be within 10,9, 8, 7,6, 5,4, 3,2, or 1 °C of
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[0134] In certain enbodi ments, m xtures of assenbl ed probes are further
screened to elimnate sequences likely to form secondary structures or

speci fi cawbyotwissiodi ze with ot her probes in the m xturePCT/US2011/040085]

G ven a set of selected probes, the probe selection software rmay provi de an
eval uati on based on the nunber of SNPs or indels that the probes reveal
anong 8a¢apthesuPrEn pasticar embgdimeyity Have ihe samienby hICEsMRREMeRYS. di spl ay
this information as an image of a 2D grid, wherein one axis is the strain
or spethiegsomalbgblis poolhesequerceassna podure ofrprobeawibalt be within H0 098,/ ,
extension region and the color of that grid entry denotes the genotype of
that sgf&i4)/3Peor anuedtitatin Q@%%;[hidf Rach eherphhddv partizylatiesmbadimehtss
information as a tree where each node in the tree corresponds to a probe.

The seg}egia@%@%ﬁgteﬁgh fie PdRrgY oFﬂLer %%Wé’f ihrefioetRben e 8gENMES Whi ch

are in I ngul' s ccording’to t Ps or 1 ndels observed by that

S éfr’rgit §€f$%é§°?‘%e§*@gr§haﬁ%¥z§§%°hﬂ95§?% BiEFoRAD e é‘%éﬁ%%?&aﬁb%géaheén"I ne
[ [ [ X idize. T
Cof tweFRR L, 3jioR Roce 20 GiaD: o280, A0 GBoANHS G Wher ci n one

axis is the genone and the other axis is a probe and the color at the

i nt er spatticulariembagimestantee regionsef ipterpst avel within 31004 PRe80.07Q, 199, §8ndde, or
the color may indicate the probability or likelihood of the hybridization.

[ 0137] 30,20, wrttenudebidésnianésgthpfeaeh otigr. de mbeseartiootar badedimantsow many
SNPs they reveal between sets of strains, but rather based on |lists of

t ar get tHebfelgion WY ifteP@ihrb @6 shimedefytto! @aﬂ&@@é%‘é’rﬁ%tﬂ@ mdy @s6vag) dugarone. The
set of target loci may be derived froma base set of l'oci in one or nore
refere 0 ¢ Qf 0Gh ol rel evant
genomggﬁ%@ﬂgg\;@m ‘?“\g/gzd[S ?ﬁb Or#)t ﬁgbgg@é&gltgte gt?yegFﬁgtrt]ri]%{gqb#gﬁF@%rr ence genone
to each ot her gen . _This method is |.i cable, for exanple, to a case
wher e ﬁ?&ﬁ F@%&§t§ﬁ%§?%ﬂg%ﬁﬁﬁﬁ eﬁgvgeﬁggﬂhdescribed in areference strain
of a pathogen and probes are designed that will detect those nutations in a
set of stral085r In sPnarasnbrdivents, rixtuigs PraMidRA Y the invention geawrisen such
nmet hods of sel ecting probes based on lists of target loci, n-nmers nay be
gener ataptues retedionidreductb @nd. arhplifidabise reattioodsrodubts frorolshffierent test hat a
probe works may al so be cal cul ated as descri bed above. However, in such

met hosgamples, bk Tattheceseribed Welleh. Briefigsdifieent 2afsede agaction mbdaes i s
typically based on the product of the probe's probability of working and

the “uaﬁaforaha:g@r:g@q Léé@tioh oM @R @af RXEGABINGA dr%grhgﬁi,?lé%edtmﬁo@(peﬂ ed

sequencing re e extension region, wll cover. Thus, a probe may be

scored_ hj S C L r. I i duct (neani ng
hat Aot - b sl REOFEIEe dhuor iR E sEa el el BBhG ERAREL, 1
strains of interest, d it may be scared poorly if it does not nerate a
o1 bauceqyerAgR et Kanfl 1bp el SaReS o Fouaxenls Casture srrdian PO

i nterest. 0139] In sone enbodi ments, the final probes generated by
any of fronctestsamgle Aawl indiede Asesinie Aagpesificbaicodednsheaptuieaieacten

honol ogous probe sequences (probe arns) are no longer a perfect match to
any of peaiuetsfomodargeledredll in€hide 3sample Bespmoifc bargode. Wdlyemoaptoes t he set
of genones agai nst which the probes were designed and may or nay not be the

set of [ GRHBART0AGAS Mm WAhple AEhdPsahBR BRIFE cBRDIRs forRegUehcingbari nent s,

the paraneters used to score the probe may be nodified to conpensate for
the i f I . S arns
w th aoR R es A Samef AR o o e B e BLterkE
nucIeot%&F or_nuc eotigeigin he probe arm WO 2011/ 156795PCT/ US2011/ 040106
to nmodPtPEIAAPIEHASPEREC PaF¢9dfS¢ Pature of the inperfect natch between
the probe arm and genone is within the normal range. [0140] In
particul ar Kffddimesrtain emogigants shasaixiuresaf Risobuertigrecenfaisysargple1s, 12,
10, 8, 6, or 4 days; or 72, 48, 36, 24, 12, 10, 8, 6, or 4 hours using a

si ngl eintemal Palitiratiom Xeokiadda1S|69) c ds partiautareembodistengs oowvrofuantitiesast

10, 9, 8, 7, 6, 5, 4, 3, or 2 megabases. [0141] Cenerally, probes are
pr epar gfloh@or mdrarsiCeWralindladeein amgigtirs Praddde Hythd atlentione In bartpaildri cul ar
enbodi ments, m xtures conprising probes directed to a plurality of

organi sms, e.g., a panel, are conpiled by screening candi date probes for
each target organismto be detected by the panel against each other, e.g.,
by pairw se conparison, to mnimze or3 el i mi nat e probe cross-hybridization,
e.g., to elimnate probes that specifically hybridize with one or nore
honol ogous probe sequences or probe backbone sequences in the m xture.



[0142] Figure 7 is a flow chart of exenplary inplenmentations of nethods of
maki ng the probes and m xtures provided by the invention. Figure 7, for
exanpl e, wepootsesovi di ng, e.g., a target genone 10, amdTasedienmiing a
slicing 100 into a set of n-nmers. The n-nmers are screened by a process 200;
that includes a series of screens 250 e.%. hai r pi n é253), Trr, (254),

r epeat epgdiments, AlprsichiZe % 4569) Osbrdets)!D, 2he2h-GreildifpEnt RIS #f eened by
a process 300 for a desired pattern of specific hybridization to an

excl usinchudedtin 2te mixtusmelnopantioular addiodiroaats, these iage abagt 4 diftarest SEs wher e

t he exclusion set 20 and additional hybridizing genone(s) 30 are obtai ned

f rom aindpiaase . InFUmexaiudimehie thiy 8IS hav@y riutiddtide dompayiiory 330 f or
hybri di zation to at | east one additional hybridizing genone, filtering 340

f ; ] . hi 1
1 2 SRS o oty s oot st g rineare)

agai ns i T / Y/ 4 r eened

o or shef AR oL RicBRscron d sxBrah amil 7 ey BRBtOL P E R e (o
determ ne their location in the_genope. Probes are ass |l ed.in a process
400, bRFORRPEAY ﬁé?idrse?oéﬂﬁécmﬂlStt%P%EPq'@Z’@HSBdWQH?E@?éaWZ?oﬁo‘iﬁrﬂ?l"?lt erest by a
filter 425, e.g., filter 425-1 to have a specified | ength of region of

i nt er eembadinargs, thelSIfs makkbup@ppeepimataly 10% (meolae guantityj pf negleig 450 to

el imnate secondary structure. A mxture of probes (e.g., a panel) is

pr eparaclddin a npixcesfor 8RAmpld, 12, d; 808580, 12) 1, 116] néter 2edinfdlar) by bri di zat i on
to other probes 50 in the m xture. Experinental validation 600 may be

per f or fidleiRYackitCinGhe Pfixture | h bBRicRIdr drthditiets HiftrdRBITsEe Preddift in
appl i cation. [0143] One of skill in the art will appreciate that

o (PoeRal ol SRy Mo PSR AL £9, 30018 4.9 depicted I

t he aboveé e ’'provided.

Furt he e inar i i il gni,.ze that one or
nor e c%gﬁ%re?@mgé 886a£éfsjo'{fb%t ﬁ@aﬁi Jé@é)?‘@g’%‘éyg{)g@ %@@@Bc'%i ned or

i ncorporated into another conponent shown in the figures. One or_nore of
the cofgiseatiaioaspngs Bam hetrmestdilile & masy corcenifatedsiesdn Pn3sbifare on
one or nore conputing systens. For exanple, they nmay conprise one or nore
appl i cAt8,6h<10, Bhj 30, 4G orddhgtepse Inpeartoularemebatiments iSIGsiare pogsent in a
conput er -readabl e i nstructi ons whi ch, when executed by a processor, cause a
conputgdmple (eed.f @miik&ireps padbes aml Haest Sapnplef @ caprd adaction) atdaptireons nay
be stored on a conputer-readabl e nmedium such as a nenory or disk. Such

medi a Je\ée{iaﬁbwdm,gém Qﬁlp'ﬂﬁ@aﬂdrﬁi%%ic ieﬁ,yorsarpéﬁ@ﬁﬁca%lrgne{jeaaﬁéﬂ9&6@% or more

of the conmponents depicted in the glgures may be hardware conponents or

conbi nat | e h . ial purpose
compur arieiaglne BEP Bl 158k eriee BaeSMit B ek lind FRBSBRISRRICE, i may
al so conprise _an inte | oy external database. The conpopen of ,a

comput eitcsntiaganel e S enbryeEblmut UaTH BigiesIasied Whie PissrHice.
[0144] One of skill in the art will appreciate that the above-described

st agesskitgd disarisasiasdimaie dhe cppegnteiionefran erganises of mterestiha te® di scl osed
conponents have been descri bed above as being separate units, one of

or di naggmplel | 1h dentairhembotinents, this sgecoenlisaed thyrairredataig thecfsequreswyded by
one or nore units may be conbined. As one of ordinary skill in the art wll

appr ecinat 8.capife@sedDERcOfs ddtebRd@hE& oNhé @R dle Sa plBYoRaINEH thed from
i npl ementations in certain enbodi ments. 3.1.1 Exenplary Al gorithmfor

scori ”rﬁ’u&]@i%‘%{ dSNEr PSR E TR YSorganism cEQrﬂ‘tﬁ@Jr Wmﬁ@lgq%ogfr obe desi gn,

i ncl udi hg nethods as descri bed dbove,” may I nc e a net scoring

honmers_and faqr.scoring compl et rqbes, wherein the score corresponds to
the. pr GBI (7 IRUE THEPIBEGHE Y F106 Pk Urines 62h bg Brbate f e or ¢ he
honmer and probe scoring algorithmmay be based on nelting tenperature. The
| ogi st Prganifme detaeted comonly used to describe the fraction of a popul ation
of nucleic acid nolecules that will exist in duplex format sone

t enper at ur e[087] M partichlar expediments, trenpenceniredion hSlEstane prebes ng
tenperature of the nucleic acid, and s is a paraneter describing the sl ope
of tragigédte®o tHeBITK AleeAdjusted) émf;mcanyaéo thatesequencds of SIC4 defectectin®a (Tm -
T)/s) is the fraction of the population that exists in duplex form (shown
as a function of Tmin Figure 8). In sonme enbodi nents, for a nol ecul ar

i nversion probe to have a score reflecting high likelihood of successfully
anplifying a target sequence, sever al®4 hi ngs nmust happen



1) the initiation armof the probe nust hybridize to the target nucleic
acid; 2) the polynerase nust initiate an extension; 3) the ligation arm of
t he probewoustl/tsytsi di ze to the target nucleic acid; 4) PCinaSexti®onEdON nmust
cross the entire tenpl ate sequence between the extension and ligation
arns; and 5) the ligase nust ligate the extension product to the ligation
arm capturd GBtHpn produntandiyainplifisation esegtion grojluetinakeyp abeé 2nﬁyg»be
described with the logistic function based on the nelting tenperatures of

the pr@bey,a2ye4, EBen8 2, 26, anG0¢oof segudneeddsthie imbduien hearicudar t he
nucl eotides inmmediately surrounding the initiation and ligation sites

(e.g. 1eﬁ1%8inﬁ@r¥tﬁ,b81c§@ﬁfé'kblb@f1 Mpodher samuaiee! rehgs.ani gsrtah enfittodim@éngd, t he

probe arm and the two nuc c acids at the end of the extension region).
Event (4) i e ihe LOHc ' : |t : xt ensi on
][egi Olnt_qwe)nurzbgr[ %ﬁ%‘é‘% %tnég?ﬁga%t\hdé %géh%ﬁ%}ﬁ@g@ %%%d?ggahgqaﬂge&dent I cal
ornul as and paraneters . or be computed differently. Tmnma e all oned
to be ?Yﬁuﬁt@ﬂttprﬁj‘wwa??mﬁgBfoﬁémﬁr?ﬁ?@r%WHP"”TW@'?J%WQb?W?E‘V??rﬁat t he
probe armw || hybridize may be described as PhybOnTarget = (p(T. $) /
(p(T, $in particnier Rebogiments: e Berdefinedparagyetessdneluga ane or more of the
-other(p_other(T,$)) is the sumof the logistic function over the nelting

t enper falllowesy: oéprodecibility withitetvaostaatifrd degationsatetatave tofallt danplesbe arm to
t he genone. Thus, the nodel nmay describe the probability that the probe arm

hybr i déé@ferﬁ,“édtdlﬁinbaé ioart@mdwbﬁ,i &tnprica detrinived oiiteridder ielialslet o t he
hybri di zation over "all sites, nultiplied by the probability that the probe

arm hy?éc%dgr?cﬁ‘?gabétai & %?bé‘é’é‘hﬁlﬁﬁé g%l%?)tilﬁg,eeﬁ&f dR%ds Her€entage conlpdbftdh The

mel ting tenperature f eac on-target matc nd sone nunber of

o el ke REal ot B kT b o P el A U002
? ﬁgoun%SJ/? gg\?etlt(i:ohnegf Ct?)eCt g\lp AelrJ]-r%cmeS%sov?/ﬁhi%ramsggger%c?neg (r)t}cr}c ) ltnaér%géditr)r;er}l é l|nng site,
which patient samples are barcoded to allow pooling for multiplex sequencing, the

SICs DNA in a sample will also comprise the same barcode(s) corresponding to
unique samples, e.g., particular patient samples.

[088] In more particular embodiments, SICs may comprise a region of
interest as defined above, where the region of interest is modified to further comprise
a sequence heterologous to the region of interest. In more particular embodiments,
the sequence heterologous to the region of interest in the SICs is at least 1, 2, 3, 4,
5.6,7,8,9, 10, 15, 20, 25, 30, 40 contiguous bases, or more. By using SICs
comprising a modified region of interest, a single probe can be used both to detect
an organism of interest within a sample, as well as the SICs, which provides internal
controls for quantification and validation. Thus, SICs sequences and a region of
interest from an organism of interest detected in a test sample can be differentiated

by detecting the sequence heterologous to the region of interest, e.g., by sequencing

or sequence-specific quantitative PCR.
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concentration of the probe nucleic acid in the hybridization mxture, and
the concentration of various ions in the hybridization mxture (e.g., Nat+,
My', K+, WD0i28)1/156795 [ 0150] The nodel may be further exrarsded/osuoh that
the sum of off-target matches includes both off-target matches, determ ned
by inexact alignnents of the probe arm sequence to the genone sequence, and
a geneiz s&eMilesff-target matches predicted by the probe armis Tm For
exanple, the sumof a set of predicted off-target matches nay be generated,
such that, H8%atrhsemakeninddimends,tieé niiktyresofpibiednverdionf cantainsampelen) from
30 Cto Tmk (where k = 10 C), the nunber of predicted off-target matches

i's equalicleR acids.( TR nutleid\Bigitie may Be odRshéd froRfdhy st suAlpls stichlaga At each
val ue of t, the nunber of off-target matches or inperfect matches of the

Pove BlodiCar AR 8 i acfls ARARERTrR ik Rk SAICRRATKL B0 10 the

above I's estinma the nunber of a mat ches

i ncreases. exponentially as t, decreases. ,Thaj AS e AU f ahar get
mat che¥@HfIP FRYPESS pélﬁ'[yoﬁgﬁlgiaaqt;?,eﬁ%t ﬁead%"fé’eWe?@eBpngﬁ'ggf%icgr?g%be erature
between the on-target match and the off-targ,eg n&;ch (or class,. of gatches)
i ncr ea§5590,ﬁﬁ»§6ﬁr93’ B8, 996 & qrganieMTRY WEight Hupatisdlape HMERE: probe
armand off-target sites in the genone becone shorter. Accordingly, the

mel t i nthe sarppleatunieic meidsdarerexdeetathtionha teal sBeplef Isseneemkotients; become

| arger. The effect of nelting tenperature on the probe's efficiency, as
deter n‘tH@G@br’ﬂ}vslermﬁdei@@d;rds iy e furtbel prooesbeéd,for erampleato akow detectivown f or
each of the ligation and extension probe arns (honmers) in Figures 9 and 10,

res pechif MRt IAtIdE &t FBPaiRVBHvieW el ding&eHdn&hids mcdhyiator¥ites) Sean probe

arm the upper arc of circles In both figures indicates the nean sequence

I
ci i oDeh @EPRFEsErBlo M S8 SEGACRRARa MRl tifhRe sphlEndihGlo T 0y ©

i ndi cates the sanpl e standard devi ation). [0151] Event (4), the

pr obabquW‘eg?ﬁ%?@h%‘?éésful extension, may be described as the product of
extension probabilities across the dinucl eotide sequences in the extension
regi on. EaclPIndestsamplesimagy be fipi iagisousceponbipiude samples afhe pol yner ase
successfully incorporates it and the probability of the pol ynerase crossing
t he exfaoustuffs (safptytesting, hegdihg, gctlacking)i agheslturpl sdrapieki(eigessaicr oss t he
ext ensi on region. [ 0152] Public datasets of MP (Ml ecular Inversion

Probe) sl forseatHegeh Betdctior andmpor d&euﬁ@et\mcﬂo@@?,rdru?eotsqe@mﬁ’b?@ of the
nodel descri bed above, including, for exanple, "Multiplex anplification of

(5055, FkasP s Bof Bemaltin dle6AIE ShdHioRuios) e MRt Bitod MBiigER D) - 931-6

(2007) IsulTite sequencli ng-revea anges |

nmet hyl at i on _associated.w th_nucl ear r.e r ] n o Nat

B ot s T sanpis ebioud poalss & Bed iBsRE S AN Ry S Rsting

[ 0153] The inventiaon provi des methods of detecting the ?r.ﬁ%@gce of one or
mor e of@&nikipreanse)piaasicultual Lorpuerdahgpyenmenichespigl.d MBents, the
met hods conprise the step of contacting a m xture conprising probes

descri ratooy,eniitary, residentiat, los vetarinasawetersuppliesi aeweliss\safety testipt ur e
reaction, as defined above. In particul ar enbodi nents, a m xture conprising
pr obes forssvaaihiagtarathing), svelsi or extiadss ekamastrdakd, raimyualiestondtaripg.eor al ong
with a pol ynerase enzyne and nucl eoti de tri phosphates (NTPs), and capturing

at Ieag;olgﬂgalréa&gﬁﬂgso§u(jm5§b§§éntb§énﬁ)@ggnerasedependent extension of at
| east one honol ogous probe sequence in the mixture. In particular

enbodi nent s e | - LN h%?? be
sequence i SIQ%ﬂI %&ﬂ%‘%ﬁﬁcg@@?’gﬂﬁ%@s tgﬁéﬁ@?]écng?&{m% éx e%‘gggj%ﬁé%@ by the
pol yner ase). honol ggous probe sequence to the end.of .the other honol ogous

D obe SOUILaNT S, LS SrepIaTERs. ASIMB SHE ST ATy CATiney SH B
interest fromthe genone of an organismof interest. |In sone enbodinents,

t he |i delineopvineaptsces/fisbcpersingipriaataeradgnyar unawate. IRatients may beat he
target. In other enbodinents, the target armis dissociated fromthe target
and | i galyetage obdévalopment)deciudiegaduitnyoathdfetalons efrdorgo.i hgparictilari gat i on
over trans-ligation to other probe nolecules, for exanple a dilute ligation
solution. For illustrations, see Figure 2(A) or Figure 2(C.
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[0154] Figure 2(C) illustrates one particul ar enbodi rent of a net hod
provided by the invention. Briefly, hybridization of a probe to the target
sequenceswpnotihse™sgani sm of interest is foll owed by polrgrarsasie/onadé at ed,
target-sequence directed addition of nucleotides to the 3' honol ogous probe
sequence, term nating due to obstruction at the 5" honol ggous probe
sequeratebardiments, the batient is iagaannaly aad in B19re GRACWHEHBIHMEMS. B nucl eot i de
to the 5 nucleotide of arm H2. [ 0155] The sanple is treated with
endonuinesse to digest single stranded DNA. Priners conplenentary to the
probe backbone anplify the MP into dsDNA for sequencing. For nmultiplexing

of sanpl e ngast IMBIoBIRIYSINDILY frévwird shbjeet drgiatiepdfidydncidedudlé cells, _
anplification priners at this stage w contain sanpl e specific nucl eotide

[
bar Coqgsggg,gcggﬁﬁéps eor%iopéi@@%oﬁ{gﬁgﬁ\gﬁe 1SS rc)rigfﬂa‘iriﬁ??frorﬁ‘a\’\g I three

pri mer gcule 'Sequenc ore 1dentiTties each test sanple. For
exanple, a nel of 100 probes is contacted with 50-indi Vi est

sanpl ¢¥ !mqﬁ%?ﬁ@%ﬁﬁwﬁ?%?ﬁgg%éaﬁﬁ g Bre‘?’é‘ﬁi\ed"]' gE)éergélﬁﬂgﬁ%Lro\E ead
identifies an organismof interest, e.g., a partjcular ﬂﬁ?ého ?n or strain.
Each ttisstie sahses Inplpremskinnticar. pkaletal sriscle, gamrothinyscle, ’Eﬁ)’g Melobe set .
Each barcode within the anplification primer can be used to act as an

i dent iliihgs, Homeppahenehs, ecrgral neovaus tissug, perighrlal ndiveuetissee Surcptate”y of
anplification prinmers (one for each anplification reaction product) and one
panel trkue HMINORPESSUES irtestidespld¥h, ehiygaid, soRnedtiviertissuest) gora.r Eesti red f or
a 50 sanple ' nmultiplex assay. [0156] Figure 2(A) illustrates an

. %%rmga g&@g@é BBfined tnd Hmeihed AR oRasiferhSlely BraYelskg byont act ed

with au probes, e.g., a pane Anplification reaction products
f h.t I | ed., Th : t
sequor BB I GAET oA BAIMERD TRaP G B g et nE ot AR BEAReREE 0Pt et
le i tacted with ' b | nbodi ts,
converRAaRIGR oK AUbfet ASCNcde Rihrd el R WEEI BotRles BBV ERTbences)

further conprising probe recognition sequence, are contacted with sanple
nucl eiserami, plasma, arpie, tereprosgnalfiuid, synoviedBuidysakivg, iselasy isarsnantber s (<10)
to reduce anplification artifacts. Next, probes directed to the probe

r ecogrfetéonClesiumesiesfindliide swabsnwasimed, Igrdagest disehargespbr aspicatesns
products are applied. Polynmerase extension and |ligation captures the

honol qgQeis 2B RESAISEAY GHEBPhAFyNgRaI, SRRy hGEA! e pHERfal RfEstric hectal @r

i ntervening region of interest.” Uni que barcoded probe sequences all ow for

sanpl gagﬁnaqb?vgggg"ivgggr)esnvé\}dggggmslﬂﬁ? Egggq gPQ&& rdte8fSnd ddmisiREREHS ©

honol o S e 'sequences n organi'smof 1nterest) and

barcodes (agssogiated wth _.a sanple ., pati.e . ._exanpl e of a 100
probquﬁf:?éﬁ’ 'Qﬁ@‘dw tyupinaypng &% aé'g'cﬁftﬁ?é’éﬁ?%dwgwqpﬁtbgpé%ﬁaﬁsgs a pair of
honol ogous Igr obe sequences, which identify the organismof interest, e.g.,
a pathgéan_ﬂéﬂﬁ test sanple will be contacted with a uni que probe set.
Each barcode within the probe backbone can be used to act as a sanple

i denti fi er.[09BErlafaariin embodinents] odxtueas ofdheribntiporgompisespiobest probes
wi th 100 probes in each are used. [ 0157] Pol ynerases for use in the

et hodgedidfad tedleteyt 4 pank aaRM)sugh asTammohypathasens(foaayertiatlaal ., J.
Biol. Chem, 264:6427-6437 (1989); CGenbank accession: P19821), including the

5' . - >3 AN DIGS A i | L hnglel typbauer etal .,
e N e e e B v e A e v it
pol yner.ase (NEB n (] 6 0, , U S
bt ent biRpeies, watsrc@ofs ot B AfETIdD; DRURelt el 6o KIREAS Brévife of e

hel i xhai r pi n-hel i x domai n, suc ailTo OT? nd PfuC2 (Payl ov etal., PNAS,
99: 135genton comPssing 4 H'Uﬁ‘?ﬂ%ogﬁﬁ eSILEC %ﬁ%bﬂri“?rgﬁf%o,r PP Prer ase i s
5'43' nucl ease deficient, such as the Stoffel fragment of Taq pol ynerase,
whi ch éssadiaed Iwittka particuiar aiflictien ensamgleatyPeviln gertpl) gmbpdirants bR ng 5' 43"
exonucl ease activity may be generated by neans known in the art, for

exanpl gixtbaseast the imeintiod cobtain en@éplieranals. r Banelsaonuarssing prabes dirented e,

pol ymerase vari ants can be designed based on sequence alignnments of one or
nor e pg p{éfﬁ&@l%?ﬁa&fbgtehs cahdd gloducad Mg @ﬁlyT@@tir@é@(iﬂ’be&!Hd\/ﬁihg&ﬁéﬂ ng" a
sequence t hrough a sol ved pol ynerase structure (e.g., | Ds 56530, 81884
and 81885). [0158] In certain enbodi nents, a polynerase for use in
the nethods of the invention is a non-displacing polynerase, such as Pfu,
T4 DNA pol ynerase, or T7 DNA polynerégé. I n other enbodi nents, a pol ynerase
for use in the nethods provided by the invention is a polynerase suitable
for isothermal anplification and caputure and/or anplification reactions
are perforned isothermally, e.g., by controlling netal ion concentration




WD 2011/ 156795PCT/ US2011/ 040106 Chem , 259:10041-47 (1984), and

i nternational publication WO 91/17239), and AMPLI GASETm [0162] In
certai n ovbenigshdi nents, m xtures conprising pairs of Pcomsentioanas PCR
primers (conventional priner pairs) provided by the invention are contacted
with sanple nucleic acids to anplify a region of interest between two

t ar get taashings<ofithe presest ganlication: Insosieembopinerist Banels pHUAeR RY dhe a
limted nunber of anplification steps are perforned. In particular

enbodi ilwenhtion eadirectbdio 29luziity dfpathoges, sBichas tBps® dederilgd iorlU.B.cycl es of
anplification are perforned. In particular enbodi nents, the m xture of

convenphdiiAgplitaiin PablicatisheNE 2T 1AF0CIBEEN (particulfiycp@agripre160,actied from a
test sanple, ‘a pol ynerase, and nucl eotide triphosphates to anplify the

regi on; i i i L b [YaTl} hRePsinkHt Fi gur e
3. NUIFﬁé?%&%@%gﬁ%ET@@%@“%?§%é§ééﬂpﬁgﬁgfm%f?ﬁgﬁapalﬁggﬁgsﬁ%e usegggg

mul tip]ex, reactioong. wi.thin th a S t mrOk =S | %f ool i ng.
™ sonEashBeapketR areted 1o et ol A ReS T e v S 40 1okl 2 Dot T
sequenced&e.g., a barcode) in the conventiopal priner g&lrs i ntroduce

nucl eoPV @& thsapeibeesns dracitashigriraragiard 100t §rS. fatenyRRRiclPBn  DNA
sequenci ng technol ogy priners. [0163] As part of the present

i nvent Pohlicatiomidat 2@544009868%er pairs can be used in a variety of additional
nmet hods. For exanple, in sone enbodi nents, conventional primer pairs my be
cont act ed wj0d4]alrsssmeenbsdidehts thel pansiied astebfal spimaatloidn(@SH) gawast one
target nucleic acid. In particular enbodinents, PCR nmay be used to anplify

the reghg @om‘prﬁeg g@&és éi'i@récﬁé(? ky Nelis¥Bra manplRicRdqidtickapid- gdribngd her
enbodi nents, 'the conventional prinmer pairs may be used to anplify capture

et SR RLRIHELS N B SO0 TP S PP, Reslie NEOR8SE o
B Y IR N R WA T T e St

enbodi nents, conventional prinmer pairs are contacted with a sanple nucleic

aci d agenep &t Ve huran betnesvius £ €. agempoeiasgestion NegcNEa00d684 oFn sone

enbodi ments using nodi fied nucl eotides, such as biotinylated nucl eoti des,

t he rebld 000898 aiptpartcudar ampbdfments| compasiogisopropeatiectad tathetrhajorbe

isolated by affinity capture, for exanple, with steptavidin substrates, for

subseqygpsid Fprr@l@ﬁﬁgélﬁé)% JEVYJC Solysimbairig,i d1g., gepbiiccadddsBidnheo.pr obes provi ded
n e

by the invention. | urt her odi nents, a single conventional primer my

be usegd ¢jp 1 b;,t)g.el"’,‘rinn gﬁkbfdr%ﬁbéﬁ?m%htssmc?ﬁﬁjr%ﬂwgo% gir&s@ﬁ fsétebifo %iﬁd@é &

nucl ei ¢ aci a en contacte a pro provi ded by the Tnvention
for circul arizing e..ln other e [ .s1ngl J.anal

ori mer GtLpERRG ECEIEK BoplothiitE: ¢ PragPiisiE slaeohg: fies B0 1B3hyE:
sequence and then he enriched fromthe sanpl e using streptavidin ure
for seBagictlai@mROdiments camRrsing;? pie 5@%@@%3@6 TR Hig{oRY faeien)s 5@? Fic
conventional primer pairs provided by the invention, or by random hexaner
pri nmi nghuroan heypasyirus dd efgr genoralascessing noapNGr H018PB®rpr1ddde; br ovi ded by
t he i nvention [0164] In certain enbodi ments, methods that conprise a
capt ur partieatdriembddimenes, compisirgea iphebes tizpctet! todind git gere (dusitioast ur e
reaction product wth one or nore exonucl eases to renove |inear nucleic

aci ds. 15g3paL 4u¢0hin RABPILEAEY2 \}hbﬁ\aﬁ’%i‘?ém@'sﬁﬂﬁs_ezi agl ugeond at@asiorpne of
exo |, exo Ill, exo VI, and exo V. In nore particular conbinations the

NS0ty Ao, Sty ol frin bt

1:10, 0 uni ure of exon ease | and

exonuc| egase LI1. .. [O n i.n i ts, the nethods of the
hvent [ofher afsidsae Eariphe 457 Had 51105067 BABPPRO S eainehPe S BARITEARS: oduct s
in an anplification reaction. Nunerous nethods of anplifying nucleic acids
are kntag.igenome aggesaian Nefc INfele0 1278 % NG 12468, M&m %@ﬁc 08888, e.g.,
U.S. Patent Nos. 4,683,195 and 4, 683,202 and McPherson and Mol ler, PCR (the
baSl CsNC Ten2466, BICFI0d08B6,; o2NEd Ot il 02, iNgracticLBar, edd08iment§l gomprising a
(oligonucleotide ligation anplification) (see, e.g., US. Patent Nos.

5, 185, Bfhe 8ir6iHed Whe BN TRaBREDHILOIIiBBzE (S gl JeHIPIS BLONIANNES RCA, °
described in Baner etal., Nuc. Acids Res., 26:5073-78 (1998); Barany, PNAS,
88:189-93 (1991); and Lizardi etal., Nat. Genet. 19:225-32 (1998)), and
strand di spl acenent anplification (SDA; described in U S. Patent Nos.
5,455,166 and 5, 130,238). In particul%ﬁ enbodi nents, the anplification is

|l i near anplification such as, RCA. In nore particular enbodi ments, capture
reaction products (e.g., circularized probes) are used as tenplates in a
RCA to generate long, |inear repeating ssDNA products. In sonme enbodi nents,

- 7~ A . . o o



[0166] In particular enbodi nents, the anplification reaction uses adaptaner
primers. In sonme enbodi nents, the anplification reaction uses

sanpl e- spEOI2bic1spr9sers, that is, prinmers that hybridi zeCraSs@aoenoes
present in the probe that identify the sanple. In particular enbodi nents, a

| ow nunber of anplification cycles are used to avoid_anpljfi '
art i f AES00E146, NE.e0eFSaT N 40958, Neb Alug-0ap0a900y Nz KAz iogBBhaces.

[0167] In certain enbodi nents, the nethods provided by the invention may
conpr iN€ 008587 ap @ 1¢6317 5 dn ipagicdansebodiviants, comptising aprobe diregledi on
products or anplification reaction products with a secondary-capture

ol i gonahe ekAeyeit)! Wi paRicaRf ebSdImetsipanel provitieet yy thesingastibrt 0o be
captured, such as a biotin nolecule, and a nucleic acid sequence, which is

2Pl @ MRS of kB SUDICe AU} %, AUTS, 6P bPARLEOT Product s,

or anpli I on reacti ucts. an’ ol r'gonucl eoti de, such as a

bi oti nyl at ed ol i ganucl eoti de, may, be. used ri i t nucleic
aci ds %IIQPH@"E Al i'FW‘H&rR%’ﬁE‘g?T 8%.boﬁﬁn§'§tﬁs%h%n%%&bﬁgﬂ{ Q&'éas itt())?('i)ri??e nyl at ed

ol i gonucl eotide nmay specifically hybridize to a captured sequence (i.e., it
is conpu@msMary to a region of interest), a honol ogous probe sequence, or
a backbone sequence, such as a barcode sequence. |n certain enbodinents, a
bi ot i nyl at @96t dinesamey ebwastimentse theoparelrip Baneniogdispanel that ceaprises
reaction products or anplification reaction prodcts using thernophilic or
mesophohé 6r Ary PRsIRsESiIredtad 1® bae PAMdreudfayrogBostreptotasci,tFscheschiad
conprises contacting a capture reaction product with a biotinyl ated

ol i gonyg) %%téﬁ&ni&f%cg{yge%menbis@&rié miﬁélﬁdf%%fﬁﬁo&@misi Heupieigst s usi ng

the biotrn:streptav I nteraction. Sequences captured by the

et s Ryl R 008 3% e FBRI A oRhe PR Btk Tor
e e Tob e 5L Foked, B STAEDE 00, Mool ot ion.

of the invention, and are reviewed in, e.g., U S Patent No. 6,946, 249 and
Net z k ebyrgrlatieriReninterncoas mediersnams, Nepglesia fowley.: enigryiyses, igrpes

Bi ot echnol ., 25(4):195-203 (2009), Shendure and Ji, Nat. Biotechnol.,

26( 10) sifrldéx ¥itug BPes) andlendicealaczosidr. virusamurRey vir@ iV, LENSES5- 44 (2004) .
In sonme enbodi nents, the sequencing nmethods rely on the specificity of

ei t her AagNftoRg)NsRaARMePLisDNE At iirsemansbinigetumieTulsargulosisy systdligjenci ng,
base extension sequencing (single base stepw se extensions), mnulti-base

ter nd ?glﬁgﬁgé?ﬁéﬁfmnuéﬁ%%{“%@%%?%ﬁ%ﬁd@@?ﬁﬁ@?&“ﬁﬁ“‘%% g2
5, 300, G080 B TR ARG bt ch 2t Br i Bt~ Phciooiat 251 pisret! ERRET s
e

and net hods of using themare described in, e.g., US. Patent No.

7,361, 9@, Pat ent Publication No. 2007/0141598, published Jun. 21,
2007; and Eid etal., Science, 323:133-138 (2009). Ligase-based sequencing
net hods ar e[0$i63 clrosedeiembddimeniaithe panel is.a mawmtraqg infectioyo(LE4) papelT
publ i cation WD 06/ 073504, and Shendure etal., Science, 309:1728-1732

( 2005) thalt Roprises presecdibertedtnSs sapsgiydions (AT CECHHRNS) ¢y.gusrsthanme t he

nmet hods provided by the invention include Sanger sequenci ng,

i cr oel el JSARNRES LA B GERFBLEHCAPO0BTTH AR Pafti R ASIANBbdithe S IitRSidiag BY
hybri dization (e.g., array-based sequencing), real-tine observation of

8 oA P b SR Aoty s
AR o AL AR T

7,598, 035, 7,282,370, 7,232,656, and 7,115, 400), pol ony sequencing (e.qg.,
SOLi D the espeehesrtueed.ot & CoBHOE) 073 & eHEARMPPRFBSSIOPM%Nesi s (e. g. ,
HELI COS (r), see, e.g., Harris etal., Science, 320:106-109 (2008)).

[ 0169] NG 00dBdi 1) ire phdibuierenshodiments momrising Begsobe diraciedsedbe fiows t hat
facilitate processing for sequencing by a certain sequencing technol ogy,
such agenepEpsESIAIBOY (é??.[\géﬁbm% ascedBionafo. NC e811780. segpandculgr by
syntheSi s, primer sites for sequencing reaction initiation, or restriction
enzynme sites that allow cleavage for inproved ligation of oligonucleotide
adaptors for sequencing of the particular anplicon. In sone enbodi nents,
circul arized capture probes are contatted by ol igonucl eoti des which prine
pol ynmer ase- nedi at ed ext ensi on of the capture probes to generate sequences
conplenmentary to that of the circularized probe, including fromat |east
one to one mllion or nore concatenerized copies of the original circular

F <A —— -



[0172] In particular enbodi nents, capture reaction products and/or
anplification reaction products containing different sanples are conbi ned
bef ore deveabiinie795n parti cul ar enbodi nents, capture an@&Corusanploidineat i on
reaction products are conbinatorially pooled before detection, e.g., an MN
array of individual capture reaction products and/or _anplification reaction
pr odugmebedimantd compsisinda paoke dected to diriPeRE W) sEafd Gt EMtBd. Resul ts
fromrow and col unmm pools can then be deconvolved to provide results for

i ndi vi(dunl geromée esceddighao. NCE0448Mndt irpariigslaaehhpoihentsagomprisiigd

anal ogously. In other enbodi ments, capture reaction products and/or

anpl i fir6Bé dRBcIcAas the PapXAIRD SUFSHPIAdrha deayliduh (eeroeactlstrsAiicences. I n-
particul ar enbodi ments, anplification prinmers contain sanple-specific

barco o ' tih . Rfis cont ai ned in
pool sd‘%f@?ggfgf Pgac ?%%Sggéﬁ'&%t%@?ﬁQgg??%ﬁgﬁafﬁg%ﬁ %ﬁgggactlso’n products
are identified by their barcode, sequences. 0173], . T t hods

provi FOFHPNGE rﬂ%ﬁ{r?ﬁtﬁ%ﬁﬁgﬁﬁpg'ogq?qé}i @Sé%aqjﬁrgéfn{q/rv %t(g%'{&?’ﬁgge?%’parti cul ar
nucleic acid in a capture reaction product or anplification reaction

pr oduATCE 8183 (@ gpSencaa ascassiafeno-{rnPPeut?; dp PaBicURT embRqinGHEs,
Accordingly, in sonme enbodi nents, the m xtures of the invention conprise
speci alonmasing alpeolke tirected|tadha hlyTgaINENferaboatusifeesiua (GNITB)yEabl e probe
cont ai ni ng detectable reporter and quencher noieties, which are rel eased by

a DNA qeployeehasessidrt o SAF 5444 00 dmpattieats entbadiments, dofhprididg a Meobe
5,538,848); nol ecul ar beacon, which uses a hairpin probe with reporter and

quenc mir‘&téﬂ)foeﬁwiegﬁlé(%zrg?ggﬁéj, ra?ldtﬁtgidﬂoc%:bls Bediah’Bly. Nenomé deedssion

fljyorescenc_e resore ce nergy transfer (FRET) primers, which use a pair o:‘
(U & TR ARG, B AdiytudbbrReathe R omRRing SRR (e eRREC © Y

fluoresces only when bound to the target (U S. Patent No. 6,329, 144).

Si i | ). SRR RPGePE: XSS obnYgBican] RitkeshiMAEERIES T (U S
Pat ent No. 6, 635,427) use single reporter/dtye robes. Anplicon-detecting

pr obednvendictecinprisesaet ptmege rsokesstopeadch eful o Jét 8cli 6. 5@l of used,

and as di scussed in the above-referenced patents. In particular

enbodithess srgamisruarind] &t inoes padelidriembiiReats diye exentptarg geaepdorttheul ar
capture reaction product or anplification reaction product nmay be perfornmed
on thq)rbgll}inSNA(r) ECO Real -tinme PCR system T™M [0174] In particular
enbodi nents, the nethods of the invention conprise using sanple internal

lib i l,ei i : ¢ .
or gani om of0SHf Jfsbpekfntlolightsl heBieie 8n cRertAOCPNIAG) pamBlisRl |
f f f i sm.of, i,nt the. k
concorERt BRT Prities & ead B niftedrdans . bu e S alarBin 0k on o t ne

organismof interest in the test sanple. In ,m?re lgagi cul ar enbodi nent s,
the esYlioRbYiegOeH AR PRIYISHSof relRUS SEANIMGNYEG Spler ES{ETPEOCY I Aed to a

dat abase of reference concentrations of organisns of interest associated

wi t h aCadidasdbicarns, d/reaglasmd, isodl Myeoplasoalspgi domesticilar embodinantse | n sone
enbodi nents, the nethods of the invention further conprise steps of

f or mathixigrersfsicieic boidi probesppbvideéd banhe @viestion coriprisgs chBesruhdse' refers to
the outcone of detecting a target organismand includes, e.g., binary

(e. 9. .préhed tolehesbf 9n228 48] lg @S opal BBt tRSsObreiRSt ration, and may be
based on, inter alia the result of sequencing a capture reaction product or

i : . _ el . ¢ .
conpr i ses. fPeeL AP LheRid s iboa TR T BaRel BT ghS or MlFe chbBe | "2

t est I tionall i | ydi tatisti I fi intervals. |

part i UGS b BarAbrrsthor garGulr s st S BanptEET EOMBHogo ARG of
the results. In certain enbodinents, the formatting includes

r econmariviate prebesatirectast pether Enterobadienarese, suebasdiegsieflaspexanypl e,
hospitalization, probiotic treatnment, antibiotic treatnments, and

chenot Berratiy spp N Glooteactehssh. nand £nterobatier sppt, inog-feanpniesgsucmasor nore of

the follow ng: references to peer-reviewed nedical literature and database
st at | spt&sddthoREPbEMGMASE, HAHIGIEMH-SSEINEco &S UhtRIdiny coaimaanggdtivenat  of
results is shown in Figure 6. [0176] Figure 11 is a flow chart of an

exenpl ary enbodi rent of a nethod for, inter alia, processing, analyzing,
and outputting of sequencing results. W) 2011/ 156795PCT/ US2011/ 040106

3. 3Sequence anal ysi s [0177] cder si on of raw sequence data may
occur in three stages, nanely (1) the processing of raw instrunent data and
conversion into aligned sequencing reads, (2) statistical interpretation of
read data and (3) providing output and storage in archives. [0178]
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1. Integratating sequence readout ("reads") and associated quality score
files either before or during alignnent. Sequencing platformcreate quality
scores t owvoapturse79érrors and identify decay of sequencePairtus2oieadgibengt h.
2. Aligning/ mapping the reads to pat hogen genones [0179] In sone
enbodi nents, statistical analysis and interpretation then proceed to
accourstapbyloeodci andtfnierasereys spnit sthmore pagicylpsienodimentse §ageanaingd
optionally sub-classify hits by regions of interest, such as resistance

| oci durthei covepiisesnbhé ioe nsorefprabesitiiected.to candida] 6a80as Ararshidapl ar y

wor kf | ow depi cting processing of raw FASTQ data from a sequenci ng nmachi ne

and quaBlcahk C# paRicatRidishodifiePlLa pRxURE OFRECIER i@ Prsiresipranidedaly the
anal ysis of organisns present within the sanple is shown in Figure 12.

[0181]. e . i tainegdcsf o t ation
sequen'(r:]?%l%t%rheé@gBf%esgh%%%rﬁ%ﬁ%ﬁ%ﬁOﬁﬂo%ng?%ér5 é?’ Zne%?ér?g; ‘r??gq?eads may
align tg target genom c DNA with near-perfect matching through probe arm
regi orPft grg fit in the pol ymerase-extended regi on may reveal sequence
variation through this region, which allows assignnent of these anplicon
sequences t[898] finsasne egbogiiments, the panel[ig addl| pangt RRMRIISHIY &8t r ati on of
the use of sequence read alignnent agai nst a database of reference strains
to i dembid proftesadirestechtoal s e | Ghlamydiao WMy cop/asimay r¥faphylogerat/sr eads may map
to regi ons common between one or nore strains. In this schematic

i |1 ust ga3rbphyticiRS And SA8shAbE G U ®pidaraicis. An pBriicGlarenibodiménts @ common. I n
contrast, other reads nay be unique to specific strains (e.g., the subset
of re I Ol : Il ltRe SRRt ' WBranbid ati ve
nodel ?qg(rtgﬂelu@dﬁ?%egpé |@Pé%ﬁgb\g9% Pyl;ﬂ?l on 3?@%%%%3’5‘& angrefmi gue
reads in, order t r,o¥i gde, a ptati . imate of the proportion of each
uni queprﬁg?ﬁ %SﬁcﬁPgée tg’i‘h qrﬁégf;@ﬁ%égré@mgﬁ\%. [0183] In sone enbodi nents,
accurat e pol ynmor phi sm nodel i ng and detection by next generation seguencing
i s perforneld 1891 W eaytainemodireegisy thegangl iga rﬁ%{@&toyra?n%gﬁmgrés%s
extension site (arrow), and part of the polynerase-extended region are

i ndi caoreloamare@rokes diried toSiapBlierdcHd iatEeus, MSSHEPBINEIS ASEEINIEa.bet ween

t he expected target sequence and the sequence read at each nucl eotide al ong
t he sellepsdarmadmdiviae| Hagmophildeeinfluenzee Branbameils (ilochedlancatashalise

pol ymer aseext ended region nmay allow accurate identification of

pol ymSﬁBb%EcéJi@%y@g@éy{Gréub%PCbnﬁfeb!é@t‘éfﬁfnﬁthﬁ@?ﬁé@MR@-@V,or s and
noi se. [0184] Statistical analysis generally includes sinple sumary

e. | Statistical analy | es 'siipl e summar
muntir 2roele FRBHASIGIRETRE ik Bipet A SOOI v ToRalinggnet t T (he

hi gh-qua) ity reads. It c be recorded.hy.se e I i.n the

pat hoggﬂéeg% U,ésm?Q%Hpvgvs,jig%%twyﬁygﬁy%$%érusﬂg§q\§nP%?acHi;fmegﬁégﬁndsr D and the
distance fromits center. In addition, classification hodol ,ogi es nmay be
used t MUBIRSYiEis, degiangila Passmpnidat Pﬁ?“@%ﬁﬁﬂ%%a?ﬁl%%ﬁ%”?éﬁ .Olq‘ﬂ'gatool box
avai |l abl e i nvol ves maxi nrum | i kel i hood and Bayesi an approaches, |inear

di scri cepania, Mysenlasmwatmeoinyiias, Mycohanierdimiebevotlosip Srivaoyed. Thi s
approach may enploy any one or conbinations of such approaches. Known

et hodgnadmbnred Mycebattedick adamitradgelialane lcampiex (MAGY) eGapdidalaisans,e

hi dden Mar kov nodels (HMV), Parzen Wndows, mnultivariate regression

(i ncl ugh,pEitESSinh BRHSEFAdtOPhsn AN EhYRROR BISRbRycEBEBINEastdiSVVE) . | n sonme

enbodi nents, di sclosed nethods enpl oy one or nofe of these approaches

eval uat-ed I st renc a [ 0. a¢hi B4

speci fp@f‘%@&%@%&é’ﬁg{)ﬁg%%n&é\%ésfg}r’]@]s 5‘2’."@532% g’e%%ﬁ b%ﬁgr unni"ﬁgmr?aany

sanpl es on a system of the jnvention and al so on "gol d st "

r ef er eRggel nfp@glﬁpgﬁqystﬁgﬁ@vecrgwntmpr@m%q ﬁ@r‘ﬁlpé‘%é?stgﬁoe%a%‘f g‘fltmﬂg);gi data, the
assays and inplenent fixed analysis algorithns. These algorithns are not
truly bi&ed,8,8ut10; A6t 2Q.R&ddper g%@ﬁﬂf@seéygablsm%om ng data. This prior
analysis is run several tinmes over the life cycle of a systemof the
invention. @] #t sorak emibedipresitsitthepaas! isrpiespiatary pabel/that sottependent on
prior analysis on powerful conputational services. Initial analysis

gener apps o‘?'n%’r‘égfrﬁﬂb§ dir86teBad dritf oriatey pathogBfs ifdl@ding @ifRidnea Avhi ch can

t hen be deployed into a systemof the invention. [ 0185] Accordingly,
in sone enbodi nents, the goal of sequencing and subsequent anal ysis
following a capture reaction using a set of probes is to determ ne the set
of organisns or strains whose DNA is ‘Hesent in a sanple. In sone

enbodi ments, a further goal is to determne the relative quantities of
those organisns or strains in the sanple. [0186] Met hods of anal ysis
may rely on a nodel for the probability of errors in sequencing reads and a
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known tenplate material using the sanme machi ne, sanple preparation, and
anal ysis software. Ot herr advanced nodels may | earn the probabilities of
mut at i onswbasadisersset s of known strains from public darabasesiiofoigenes or
genones, private databases of genes or genones, or from unassenbl ed or
partially assenbl ed collections of sgguenci ng reads. 55)0187] Based on
a dat afirclediog subbtipesddhdn@sHaaadthe), gsluepza B paeainfidenes (YReénd). r eact i on, the
set of expected read sequences may conputed. Each expected read sequence
may beredeiratory sfnoytiabmieugramoeadervirns. genonme, thus the nunber of expected
read sequences may be the product of the nunber of genomes and the nunber
of probes. [0102]In pHiS8Bhr EmbelIrhEstsSBie Pdne! &slb eagpirdoryasaiel (it pai rs of

reads) froma reaction, the reads may be aligned agai nst the set of

expect E&Et%ﬁg%ebcgﬁwﬁ% é%ﬁ]egtt}ﬁﬁ?téd)fo S gfﬁ@;?%agﬁg@n%gn%lﬂ@?ngm hod may

conput e e pro e rea reads) 1s derived from

each expecied product. The thod may then ¢ -set of or gani sns
o st r aTRGlERGRuS P BRaG, KGR s e ChafRe: HeBrkehiRF ks Pesie

organi s/ strains fromall expected products to which a read a}Ii%ra ith
gr eat efhiamarophilaingeuawniasianshkegienelia $hagies. L&gionelamnneumophilags/ . 001.
[0189] In sonme enbodi nents, the nmethods of analysis further determ ne the
r el at i vieup-oibt, tHoN 1,0Braxbinegative reds, dderaxelia aatasialis, Stephylecoetish that t he
proportions or abundances mexi m ze the probability of actual occurance of

t he obsgeviedTaBércafoske anamespigato cytiaMdrus (RSVY)hén padicalar! i t es of each
read aligning to each expected read; 2) a prior probability of observing

each orgARHRRRME aShdrl @ré\ﬂ?%@ %ﬁﬁ‘@m\%n(if)ﬁrco?ﬁﬂrﬁe"sm SHmefopbekitby, each

organismor sirain is equa kel'y); 3) a prior probability of the

nunber _of [ Of Stk ak t.ha I t. e sinplest form
of thiga?'@gég’?’ %;%l?aéi ?i %%’n@aéﬂ’ﬁgnﬁb%’roo4§{@§§?soﬁ%é@?%§trai ns may be
equal ly likely. In another for the prohability of the nunber of organisms
or strains Wéi@%\%ﬂﬁ&@ﬁ*@ﬁ% s B%‘?'Hﬁﬁ I?Jﬂ‘?g panefc%;i%j\g PRCE e

enbodi ments, the nethods of analysis determne the relative proportions or
abundamese posbes djrgitediio ona oa mavexaf Righitedal Epstein-Bareyiesd&&\tent s, the

hi dden variables in the nodel are the proportions or abundances of the

or gani €hmgas, IV, dVest NitelVirbe, Makirign Sgphiis obesguor Erven PBabesids Xemobwpiect ed
reads (where each observed read is assigned to a single expected read). A
vari et Muphe TRIURRHTa VMGl refitéd ViriBaXMR VR Myifitig ez Mdpaiitis G, Wimal Sanpl i ng, and
Met ropol i s- Hastings, may be used to find the values of these hidden

variab Welc I, %25}35 ' fuitddestafrfosti¥gar t he hi dden

vari ab g?%ﬂ%?ﬁé%ﬁ“%&?ﬁé I dt\a/'r?triyl% i\gb eg?i hepdtt [0191] In further
enbodi nent t he net hqds al,sq . i ngorpor at r ai

or gani EW@O?’HP%H‘F%PW tpd?ﬂdﬁ/gé’éfﬁﬁﬁﬁ‘{?ﬁ'ﬁ’g Ct%ﬂﬁg}gs\r@%b% @JI '??)éésjb[)ciﬁ%%uv@ati ons.
In such enbodi nents, the genones of unkn%]v(\)/g strains are generated based on
obser veach ehlis2that % bnt aPrdotd & 180PE 1ok RESER92DEMS MR8 genones.

The previously unknown genone nmay be added to the mxture with the sane

pr obabpaiticylaaensbddimentsy ¢ htood panel cpOTPYISES SHROIENBEHRTPRES 40 8ASH of or r ect
for multiple testing. Wthout limtation as to any one techni que, the

obj ect HW¢ HepatitissB] IHepatits €pane Tpgsirdsoema endi (Giagashdgduithers. FPR and FDR
(fal se discovery rate) are anong the nost prom sing corrections since they

are adémb%'akrﬁeﬁgﬁ, HYbIBYE pRMe! £6mPASEs 8RB RF iMBBLFobéd iREMBLAS cakh ofpdat ed
over tine as additional cases are tested.

HIV, Hepatitis B, Hepatitis C, and Trypanosoma cruzi (Chagas) pathogens, and

Human host genomic sequences such as HLA, Kir, ABO and Rhesus blood marker

loci.

[0104] In some embodiments, the panel is a blood panel that contains one or

more probes directed to one or more pathogens including those disclosed in
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[ 0193] Exenpl ary enbodi nents categorize a sanple as (1) a significant hit,
(2) an inconclusive hit, (3) lack of hit or m ssing pathogen, or (4) poor
sanpl e quabi2oy/1BE799at a error. [0194] CQutput of regdrtts2@ans@oeur in
parallel (1) to conpany server, (2) to xml and HL7 formats, e.g., for
deposit in hospital system in an electronic nedical recorg éENR system
or in paregraphs26andd’ efldsh Ratertohprlicalion Fatiication Ngs@099/08R18%4:ng™ heal th
record frameworks, and/or (3) to physician-friendly graphical and text

f or mat which gre, ingomphated thabéiady eiereacy. irepartenthreodxdimentaqanadd, web
formats linking to reference information. Qutput formats are arbitrary,

e. 0., BidUN& bfe invYBhESHEbRRIiséabAe dinidreyprabes tobherbb 1, 2r8;r4y 3, 6d7and/ or
conpressed files. A conplete record nay involve all or some of these |inked

to a di agnﬁ?’te.ic% ztgre%jm%}g%%{%% 6@?H%H§_er s. They may be assenbled into a

coherent "o accessible via a search for the uni que

identifier. 0195], Fi.qur is a dia .0 .y e di ment
of a systen&10N é%'if‘ﬁreé‘]‘?%‘?'%er‘fﬁ?iﬂ%H?Pﬁg'sﬁ%‘?%%? éaﬁﬁl&qﬁ%ﬁgﬁgg@
sequenci ng data. This system architecture invo|ves sepﬁr %tfi on of ,.sequenci ng
anal ysPgmasepyebss disesipd @ one drarorstRathegensinc mostly &5apLPedatlyS) and
output or display functions (Interfaces). Many enbodi nents of such an

ar chi t eatteria, bise &t colNKlabsiell4,i Friotelts, &mterobaaier saecies uPseudaiyenasl

i npl enentation, preferred enbodi nents include these major conponents in the

anal ysigaryihddd, \eissutiamehirigiidisiand Bhctérofies! & welpastcoowhsn Gram- [ 0196]
Met hods of maki ng and usi ng probes, capture reaction products, and

anpl | f%)BQﬁi(/Q BathA I&Q%rpgi?%&écﬁ ﬁur@u@%trbﬁtdcb@c@é bnéifloAR diRl ekpeel in the

present 1 nvention. y met s are disclosed in, e.g., Deng et al.

2009, apd Li et. gl., : ( -1 . : [0197] For
exanpl g&ePh’é’Oﬁ?'xﬁ{]P@g@gﬁggﬁ'&%ﬁ?’ e?keé%l&?r Sérkléggﬁ&%géﬂ?\()ecnélgged essentially
as described in these references for _captur i,ORS rm capture
react | GANMPEAEONE)Or MRS PrEPeatP FACh é’égt' o#s‘i(é’??%bngaﬂéw)f’f Pon reaction
products), and sequencing of the capture and/or anplification reaction

pr oduciosgaridmsnet hods di scl osed in these and other references are only
exenplary and are in no way limting of the present invention. For exanple,
Deng et al . [@K18]dctemeGanbailinddité, theqankt sz wape, beil, orefgriculturebpasel, i PS or
hES cell s using Q agen DNeasy columms, and bisulfite converted themwth

the nyéﬁd%ﬁ@é&%rﬂib%oﬁ@Eﬂ)déstdi(eﬁé@td?eféueaxamaﬂe, B. sathbid,e conversi on may
be used in the nmethods of the invention to study, for exanple, DNA

hyl at,i - : kned b 60
et ny ?%@sgé”@yhﬁi%ﬁhoﬂ@ﬁ&%ﬁr@)éﬂa, [@dé}gggfobébtercégﬁ?&/%, Epasil, Qféfrs@fa(?l eSX(

nM an Ite-converte omc DNA and mixed in 10 p

I
Anpl i gase Buffer icentre), denature t f0 g ridized
ot 55CARSprEBaR, oLTEr SR B aS i S (hgefie Yo e tRcipE Bel¥(
Ampli Tag Stoffel Fragnment (ABI) and 0.5 units Anpl.i.gase icentre) in |Ix
ATDI | SRR pes pr AEE AidksIta G Tidlel POrPtoRR i AT S5 o e
reactions were incubated at 55 C for 4 h, followed by five cycles of 95 C
for 1 montaraindnBsinQvdter andfor sTd. dh gegiculdrmsabodimenis adanel poYidad Bat i on, 2
pl exonucl ease m x (containing 10 U pl exonuclease | and 100 U pl
exonucligastentibn coRPrisesoredstadoteoptdbesrte@sichwi,1, 8nd, 4 W&, 6,628t Pone, arer e
i ncubated at 37 Cfor 2 h and then inactivated at 95 C for 5 mn.

[0198] qhosapmd bygdiisneapt ured sequences, Deng et al. anplified 10-pl
ci rcul ari%atﬂlgon p% oducts by PCR in 100 pl reactions with 200 nM AnpF6. 2- SOL

primer, 200 - | s 41 ; i of

Hi gh- Fi del i t[W@QF Son §'%g?[§h<%§%) tr St h 68t ??gggﬁ@t%{:ﬁ)@of 98 C
for 10 s, 58 C for 20s, 72C for 20 14 cycles af —98C for 10 s, 72 C for 20
s and PIORTISE @he Wﬁff@?@%&&?@?ﬁ&@féﬁgﬁc .er'ql;ﬁ’@ “fpl i cons of the
expected size range &244-39_4 bp) were purified with 6% PACGE (6% TBE gel;

| nvi t r cegimpnella, Shigplia sopneie CemmeeRpcier, isteri 8-6d Lpxiera masgiRIs§8lct s
with the four probe sets on the sanme tenplate DNA in equal nolar ratio, and
r eanpl i Yérethid beterocolitical Werginiapsactiobmwsraulosis AVipriotchograt and Clestading? pl ) ,
200 pM dNTPs, 20 pM dUTP, 200 nM AnpF6. 3 prinmer, 200 nM AnpR6. 3 pri ner,

0. 4x Sydrdy @eBoiuliﬁnﬁ;%.ZWpahicamraﬁb&&lﬁieﬁlts,M #6000 oredgritiltGrefl @andl mi n, 8
cycles of 94 Cfor 45 s, 55 Cfor 45 s, 72 Cfor 45 s and 72 C for 3 mn.
Deng et al. purified PCR anplicons with Q aquick colums, and digested them
with Mrel: --3.6 nnole purified PCR an‘glicons, 16 units of Mrel (2 U pil;
NEB), 100 pM SAMin I x NEB Buffer 4 af337C for 1 h. Deng et al. again
colum purified the digestions and digested with 3 U USER enzynme (1 U pl)
at 37 Cfor 2 h, then with 10 units Si nuclease (10 Upl; Invitrogen) in |Ix
Si nucl ease buffer at 37 Cfor 10 mn. Deng et al. purified the fragnmented

RN I A o RN I A o, ~Nr~ 7~ r



[0200] Li et al. used the follow ng nmethods. Li et al. mxed | x Anpligase
buffer (Epicentre), 500 ng (0.25 anol) of genomc DNA (e.g., test sanple
DNA) , anawo2ongi5¢s532 pnol) of probes (each probe to gDRATrask@n/onEdé o =
100: 1; nunbers change accordingly for ot her rati os) in a 15 pl reaction,
denatured for 10 mn at 95 C,_ ranped_a sec to 60 C, and then

hybr i dngledes enezf norgt pravers. dinagégd tméﬁciéermﬁ QO/pQ1§7 Hap filling and
sealing mx (5.4 pM dNTPs [100x, nunbers change accordingly for Ix, 10x,
1000x, ergtabhktndiftiadic Esebernistiia sob{ EREG) Strtefatbxifenigresaheficpipl dodd

Bi osystens], and 2.5 units of Anpligase [Epicentre] in Anpligase storage

buffer d(E[T'il_Em6)Céﬁiéréb)/asﬁé(Edcﬂéﬁbmb%@)llt(ﬂﬁi(f))e@ﬁter@paﬂ'@geﬂx& Faédherithiz cdli d, 2 d,
or 5 C. Li etal. also tried cycling the reaction: after 1d at 60

the | i neard;)D%Emeﬁgﬁ% 9_§§t8;,? 2Y§}Sr}7é9 tggﬁ’ipgl bRkl Ve fbsBiaidl dperlesbang To r enove

atlonterrper ture'to 37 C,

i mredi added L, of onucl eas 20

Exonuc?% OPP?CL( uWi eﬁrﬂ)enftmﬁrﬁepf,soép@ t@%@b?ﬁo%@%gﬁf ‘géheﬁe reaction
for 2 h at 37 Cfollowed by 5 mn at 94 C |'t L Li etal.

anpl | fGBERINEEONE| QTaTeE wbeﬁéoa;emn pRS CONRMB1ROHSURN 56 e’@r 2x i Q SYBR
G een superm x (Bio-Rad), 10 pL of circle tenplate (from above), and 40
prol  eastidioka faoddéardhemdnaewosep@:smsal(tIICDiB) emb@lmemspﬁd@%ln was 3 min
at 96 C, three cycles of 30 sec at 95 C, 30 sec at 60 C, and 30 sec at 72

C  andréliderdehedhveitichesoraprisds éhe dr more probi {0, eauhdofSt, 18,3, 41 57@ . The
desired PCR products were gel purified and quantified. For each sanple, Li

et al.g 59904'{')93%9%1& ,%grzet Plh&de nndoth I'I1um na Genone Anal yzer version

1 and updatéd Version 2’'wth a cdstom priner. [0202] The foregoing

descriptio n r i { S not
exhaust i vquﬁgghﬁ@”q{ﬂ?%ﬁgﬂﬁg?ﬁ‘% ?'ﬂ@é@ﬁ?on&ﬁédph%y%? [ae%‘%‘ggﬁ? 8t’6bé

2011/ 156795PCT/ US2011/ 040106 or .enbodi ments di osed., Mddj ficati.ons and
adapt adirested i OF%QrmeerAW'i‘QJrfj%Cf'PnEe‘ SEICEINE igi ?Hgd@o Cﬁ%‘d ] the art
from consideration of the specification and practice of the disclosed
enbodi angh2 of U-6r Petentpipplicatian Bubligativad\e. Ml 1éM@R M2 lomdiched ee i npl ement ed
in software, hardware, or a conbination of hardware and software. Exanples
of harideamperatior beteircbypeferergeor Inastedai embsysnents, a pavél providedspnal
conputers, servers, |laptops, mainfranes, and mcro-processors. In addition,

one Oftherﬁwﬂrdh c%fhﬂ)ﬂlsésnoﬁ@@r ﬁrrdre\md;tbesan@pézﬁm &t £ 2 13y, 6he, 7.8@ d9, asd
fields shown in the figures may have additional or fewer fiel ds and may

arr anngf?fﬁeloq%OddfftﬁgééeF a‘ﬁn%rﬂé” A BErticlH re‘?ﬁbdddnln‘éﬁkr %ltfﬁn(?;éltpérﬁal' ntended that

t he specitrcation consi dere exenplary only, with a true

scope and spirit of the inventio sNg cl ai ns.

[ 0203] cqmpgﬁ%pr&‘e 85“1%8@(% %%H'r‘?ﬂsa?#g%f’gfjgﬂhﬁsaﬁﬁ Yilatn@fdu bl \eNscrl bi ng
some par aneter in this application, such as t Ieast "l ess
than, " and [OA9PEIN$Rme enlpdimgests: |p§f‘?l§rpr8V‘§’8dﬁ§’c'g‘§§%Y€?’]% necr?é’@?%ses any
range bounded by the recited values. Accordingly, for exanple, the

descr i pobes directeshiot plurality of3pathpgens gs gleseri beiahngs walkas probes, t he
ranges 1-2, 1-3, 1-4, 1-5, 2-3, 2-4, 2-5, 3-4, 3-5, and 4-5, et cetera.
[0204]d|Fétfte@|td> sp@énﬁ@l—&»m@rpgeh@mid Safuenee, ettld:teasrl—ﬂ_fﬁed@n@@@lanwddRihmm n, such
as non-patent literature and reference sequence information, it shoul d be

under spi3gd hiker idci 'a?loWWg??@t gblr@narhﬁb@uh@ gBY dREQIPNAEnE BairleSs@fipler ety for

all purposes as wel proposition that is recited. Wwere any
conflict ex t t r and the
present - appldi0QF LTRSS RHERE, hSRANRIH LIy o delcBITS

associ ated with referenc ene sequences .di sc|losed.in this at

such a3ulkiglel'BPaSHC %rc%@gpgﬁn?ﬂf @‘?éu e@p&ael@ompg?e%ggwsggpagﬁgﬁﬁ c loci,
genom c sequences, functional annotations, allelic variants, and reference

TRNA (102 3idt, g 6, &, 8. 9, HkaH, ¥6uRBai 0&s300 490880 100G &908neE00Wich as

conserved donai n structures) are hereby incorporated herein by reference in
t hei r embjecelbyi. In particular embodiments, the panel is for a mammalian subject. In

more particular embodiments, the mammal is a human. In some embodiments, the
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EXAMPLES Exanple 1: Probe Generation Process [ 0205] Met hods are
provi ded herein for the design of DNA oligonucl eotide probes that can be
used in mubtoples®d di agnosti c assays capabl e of sinul t aogaisgéy/odavect i ng
and identifying a |arge number of different pathogenic organisnms, such as
bacteria, viruses, fungi and other organisns. This is achieved ey
generanam% ima poenatak omnematak panel fared @C%@M?Bﬁlgﬁf?ﬁéébppﬂﬂf’@# i ven
organi sns, capable of capturing specific regions of clinical interest, and
whi-ch and/br genotgpes assydiatedi with mictdemedwiskifot Hisense! & padiculds of ot her
organismor wth other probes in the sanme pool. Candi date honol ogy regions

of DNAe&BbduMs&hé pHRleEEbRBrises biesifopRileR ceMirhineingglobuiinfike gr oup of
genones) or froma particular regl on of interest (for instance that reflect

par ti cil.g tto@?kl@ﬁtlgédsswgﬁ@ ar?‘dJ @t%cf‘&?t@hh@@\llﬁé’”é ggin%‘ébrqﬁb'& sfapest ance,

drug sensitivit viru e, ogenl city, I ncrea unman

Mt A oo it iZ?LﬂS?-@a#/%\eatué@S”{%Z& et il Elaar fic

organis strain, substrain or serova '%?2061% I n contras

exi sti?@zrr&/ﬁcﬁissm G Ak aeéﬂéﬁm%méﬁdﬁi‘?%ntﬁlt PaBek PPISES RY; Pﬁg
specific short regions of DNA (typically no nore than a few thousand bases
| ong) , topgenutyrse kAamdeksirs el mqaanmlageMOﬂheerpiS@éé&ﬂst epesake fgr 8ACAr t i ng
with an entire genone or group of genones. This enables identification and

val i dagfi Oras9l (RM) arl Ceardi Hanenare@bss|n bthemehibddimdets! theopanddl e range of
nucl ei ¢ acid sequences, that neet specific criteria for specificity, Tm

and ot ét)fﬁro“b@@rd?r%’b?éd t%térgor more of tHegéhds Jé@?iri%@ﬁ'lb{ pafdiftaphopss

provi de e present met h i nclude two honol ogous probe sequences

§:L;3téz£a3w§ef@§ Eopls Bl R 7R i of
o0 ST T Sl R AR R
then be sequenced or hybridized to an array to obtain final result

probe Paterk Boplicatioonieblicationda. @ 100HA48g6uany cbie %@d@ﬁiﬁé’é@ddﬁdablﬁcﬁ udes

various |inkers, DNA barcodes, anplification sites, and/or restriction
Si tes.ofﬂh.@.&ﬁenmwiwtiouﬂumeaiim Nbe20ﬂ®|/|0§héﬁ4$xrcorbmy & tbelgemesiit of an
exenpl ary probe provided by the invention is shown in Figure 1.

[ 0208] pdBigfarstk a4RF ©. 9 ePETcnbAD Phdiﬁid?fpabli‘daitieﬁ NY. 20AF00985380 Bk of adiakescr i bed
her ei n Whl ch are highly specific for two common pat hogens: Streptococcus

PneumoaLct 0%?‘*”@"6"@" AREr TR 20,omu SAERRImRES, TH08! SRS ococcus

Dt R haﬁiw'h‘#aﬁ%igﬂe”"%}%" %@&%ﬁ%@w o gl o
S S50 e LIl kAL IR e R IEBY A

HCR, HRAS, JUN, KRAS, LCK, LYN, MDM2, MLL, MMTV-PyVT, MMTVneu, MYB,

MYC, MYCL1, MYCN, NRAS, PIM1, PML, RET, SRC, TAL1, TCL3, and YES) and/or

loss-of-function of a tumor suppressor gene (such as APC, BRCA1, BRCAZ,

MADH4, MCC, NF1, NF2, RB1, P53, and WT1). In some embodiments, a panel

comprises probes directed to HLA, Kir and cytokine gene loci. In particular

embodiments, a panel provided by the invention comprises one or more probes to

eachof1,2,3,4,5,6,7,8,9, 10, 15, 20, 30, or more, of these markers.
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gi 15902044 ref NC_003098.1 Streptococcus pneunoniae R6 gi 116515308 ref
NC 008533.1 Streptococcus pneunoni ae D39 gi 169832377 ref NC 010380.1

St r ept ocovousi1prseIioni ae Hungary19A-6 gi 182682970 ref RCTABOGSA4006
Strept ococcus pneunoni ae CGSP14 gi 194396645 ref NC 011072.1 Streptococcus

neunoni ae Gb4 gi 225853611 ref NC 012466.1 Streptococcus pneunpnjae JJA (i
225855735 r[gﬂm%A qditigpal panels providéd by the invention lpnclude probeg d?rected to g

viral, bacterial, archaeal, protozoan, and eukaryotic organisms, as well as
combinations. In particular embodiments, a panel contains at least one probe for
each ofabout 1, 2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 25, 30 or 35 viruses; about 1, 2, 3,
4,5,6,7, 8,9, 10, 15, 20, 25, 30 or 35 bacteria; and about 1, 2, 3,4, 5,6, 7,8, 9, 10,
15, 20, 25, 30 or 35 eukaryotes. In particular embodiments, the probes in a panel
directed to eukaryotes comprise probes to at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 fungi.
In certain embodiments, a panel may further comprise at least one probe for each of
1,2,3,4,5,6,7,8,9, or 10 archaea.

[0112] Exemplary virus taxa that can be detected with a panel of the invention
include: Adenoviridae, Alloherpesviridae, Anellovirus, Arenaviridae, Arteriviridae,
Ascoviridae, Asfarviridae, Astroviridae, Baculoviridae, Barnaviridae, Benyvirus,
Bicaudaviridae, Birnaviridae, Bornaviridae, Bromoviridae, Bunyaviridae, Caliciviridae,
Caudovirales, Caulimoviridae, Cheravirus, Chrysoviridae, Circoviridae,
Closteroviridae, Comoviridae, Coronaviridae, Corticoviridae, Cystoviridae,
Deltavirus, Dicistroviridae, Endornavirus, Filoviridae, Flaviviridae, Flexiviridae,
Furovirus, Fuselloviridae, Geminiviridae, Globuloviridae, Hepadnaviridae,
Hepeviridae, Herpesvirales, Herpesviridae, Hordeivirus, Hypoviridae, Idaeovirus,
Iflavirus, Inoviridae, Iridoviridae, Leviviridae, Lipothrixviridae, Luteoviridae,
Malacoherpesviridae, Marnaviridae, Microviridae, Mimiviridae, Mononegavirales,
Myoviridae, Nanoviridae, Narnaviridae, Nidovirales, Nimaviridae, Nodaviridae,
Ophiovirus, Orthomyxoviridae, Ourmiavirus, Papillomaviridae, Paramyxoviridae,
Partitiviridae, Parvoviridae, Pecluvirus, Phycodnaviridae, Picornavirales,
Picornaviridae, Plasmaviridae, Podoviridae, Polydnaviridae, Polyomaviridae,

Pomovirus, Potyviridae, Poxviridae, Reoviridae, Retroviridae, Rhabdoviridae,
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Streptococcus pneunpni ae P1031 gi 225857809 ref NC_012468.1 Streptococcus
pneunoni ae 70585 gi 225860012 ref NC_012469.1 Streptococcus pneunpni ae
Tai wanl9Pwo4p11/156795 [ 0210] For Sal nonel |l a enterica, gi PRINSOGH4B40166
NC 004631.1 Sal monell a enterica subsp. enterica serovar Typhi str. Ty2,
conpl ete genone, was downl oaded as the initial single injtial farget
genomeRonkirsae, Rusiviridass Saslwavius, Salteipreyiiusa SgaHbfsiaes Minfafabl e 2 were
downl oaded: WO 2011/ 156795PCT/ US2011/ 040106 Tabl e 2: Additional Sal nonella
ent er i Sobemgeirus)cremtiesidagal gewiviges cratrayirides] Jobaswvires, Nb@YTES7. 1

Togaviridae, Tombusviridae, Totiviridae, Tymoviridae, and Umbravirus. Non-DNA

and/or single stranded viruses will readily be adapted for use in the invention by

means known to the skilled artisan such as, for example, by reverse transcription. In

certain embodiments, the mixtures of the invention comprise one or more probes to

detect at least 1, 2, 4, 6, 8, 10, 15, 20, 30, 50, 100, 150, 200, 250, 300, or 400 types

of virus.

[0113] Exemplary forms of bacteria that can be detected with a panel provided

by the invention include Firmicutes (e.g., Bacillales, Lactobacillales, Clostridia),

Bacteroidetes/ Chlorobi, Actinbacteria, Cyanobacteria, Spirochaetales, Chlamydiae,

Alpha proteobacteria (e.g., Rhizobia, Rickettsias), Beta proteobacteria (e.g.,

Bordetella, Neisseria, Burkholderia), Gamma proteobacteria (e.g., Pasteurella,

Xanthmonas, Pseudomonas, Enterobacteria, Vibrio), as well as Epsilon and Delta

proteobacteria. In certain embodiments, the mixtures of the invention comprise one

or more probes to detect at least 1, 2, 4, 6, 8, 10, 15, 20, 30, 50, 100, 150, 200, 250,

300, or 400 types of bacteria.

[0114] Exemplary forms of archaea that can be detected with a panel provided

by the invention include Thermococcales, Thermoplasmales, Methanosarcinales,

Methanomicrobales, Methanococcales, Methanobacteriales, Methanopyrales,

Halobacteriales, Archaeoglobales, Nanoarchaeota, and Crenarchaeota (e.g.,

Thermoproteales, Sulfolobales, and Desulfurococcales). In certain embodiments, .

the mixtures of the invention comprise one or more probes to detect at least 1, 2, 4,

6, 8, 10, 15, 20, 30, 50, 100, 150, 200, 250, 300, or 400 types of archaea.
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Sal nonel | a enterica subsp. arizonae serovar gi 16758993 ref NC 003198.1
Sal nonel | a enterica subsp. enterica serovar Typhi str. CT18 gi 161612313
ref NC 0MWOQBLLIS8@EnoNnel | a enteri ca subsp. enterica ser @caruskanaiyphi B
str. SPB7 gi 56412276 ref NC_006511.1 Salmonella enterica subsp. enterica
serovar Parat yg A str. ATCC 9150 62178570 ref NC 006905.1 Sal nonel | a
enterica sU8dpd] exeraplansedianyoias tbﬁgWJ@? hesletectad witharpaps! RPVIEedDy2203 r ef

NC_011080. 1 Sal nonel |l a enterica subsp. enterica serovar Newport str. 5L254
gi 194Ka83ahtioafindlGde NeérfstotlaCVidrastdda SRiptlomehbadidanApicooiplexehsp. enterica
serovar Schwarzengrund str.

Entameobidae, Kinetoplastida, Dictyostellida, Stramenopiles, Fungi (e.g.,

Microsporidia, Basidomycota, Zygomycota, and Ascomycota (e.g.,

Schizosaccharomycetes, Saccharomycotina, and Pezizomycotina)). In certain

embodiments, the mixtures of the invention comprise one or more probes to detect

atleast 1, 2, 4, 6, 8, 10, 15, 20, 30, 50, 100, 150, 200, 250, 300, or 400 types of

eukaryotes.

3 Exemplary Methods of the Invention

3.1 Probe design

[0116] The probes and mixture provided by the invention can be produced
by the skilled artisan by following the examples and the general teachings of the
application. The probe design process (also referred to as probe design “pipeline”)
may take as input a set of genomic DNA sequences against which probes may be
designed and the sets of particular strains of target organisms. The genomic DNA
sequences may be entire genomes, particular genes, or genomic coordinates in one
or more strains. Alternately, the pipeline may take as input a set of genomes, genes,
or coordinates and will select a set of regions to target based on some criteria. The
pipeline may use criteria such as regions that vary between the input genomes,
genes, or coordinates of the targeted regions in the homologous probe sequence set
and a larger set of known genomes.

[0117] In particular embodiments, the sequence of a target genome for the
organism of interest is provided and all possible strings of consecutive nucleotides of
length n (n-mers) within the target genome are enumerated (also referred to herein

as “slicing” a target genome), where n is 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
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gi 198241740 ref NC _011205.1 Sal nonella enterica subsp. enterica serovar
Dublin str. CT_02021853 gi 197247352 ref NC 011149.1 Sal nonella enterica
subsp. ernwenooase®sovar Agona str. SL483 gi 194447306 r eCTNS20100886 1
Sal monel | a enterica subsp. enterica serovar Heidel berg str. SL476 gi
224581838 ref NC 012125.1 Salnonella enterica subsp. enterica serovar

Par at y$hi45C58t 55 60, Mos78980g90. 2185501 42P o Mere)1HRRrtieuas| npnel | a enteri ca
subsp. enterica serovar Enteritidis str. P125109 gi 205351346 ref

NC_01IgtiBodintaitsromisl 18561 8436¢ 2092) op 22628 pucleatidas. ondurtiear parievlam st r .
287/91 gi 197361212 ref NC 011147.1 AKU 12601)

embodiments, n is 18-26 nucleotides. In more particular embodiments, n is 22-28,

e.g., 25 nucleotides. In some embodiments, the genomic segments of length n are

with an offset of about between 1 and n. In particular embodiments, the offset is 1.

[0118] In certain embodiments, the enumerated n-mers are annotated to
identify their genomic position. In some embodiments, the n-mers are converted to
strings without genomic annotation to facilitate more rapid screening.

[0119] The pipeline may generate a first score for each n-mer according to the
n-mer's suitability as a ligation-side probe homology region (a ligation-side homer)
and as an extension-side probe homology region (an extension-side homer). The
score for the n-mer may be based upon features such as melting temperature,
general sequence composition, sequence composition at specific positions, and the
n-mer's propensity to form hairpins with itself or with the backbone sequence.

[0120] The pipeline may filter n-mers to remove those of substantially the
same or exactly the same sequence (i.e., a “duplicate screen”). To generate a set of
candidate ligation-side homers, n-mers with the same suffix of length x, where x is
the minimum n used in enumerating genomic segments of length n (as described
above), are considered and the ones with the highest scores may be kept, where the
scores are based on the n-mer’s suitability as a ligation-side homer, as described
above. To generate a set of candidate extension-side homers, n-mers with the same
prefix of length x are considered and the ones with the highest scores may be kept.

[0121] In some embodiments, the scoring of n-mers may be performed as a

series of screens to remove n-mers that are not suitable for use as homologous

probe sequences. The screens include removing duplicate and substantially
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Sal nonel | a enterica subsp. enterica serovar Paratyphi
Next, the initial target genones were sliced into all possible 25-base
strings (WO-20ewsy796f DNA. I n the exanple of S. pneunoni &eT/ush@ tiomiiné al
target genone was approxi mately 2,253,000 bases |long, and a file containing

A str. [0211]

2,221,290 strings of 25 bases each was creat ed. For,@ﬁgfxarrpl grof S.
ent er / @uplicats sequencesoFRMPYIRE sgavencemseutside of g segcified fay@ange ((Tm [ 0212] A
series of filters was then applied to the Iist of 25-mer strings, which is

si gni fsareeh)’.g asitsidet30an2 WC), remasing $equances vgthhetrings mwithtteo neany dupl i cat e
sequences and any sequence with too many single repeats (5 or nore) were

el i m naippeted AlicISotided Erdpeat 4crh, 6d.8., dantindas eonseputine identieaki ned af ter
these initial filters were applied. [ 0213] Next, all sequences were
elimn igh e dha fPEREN(hri®ze (¢ j t

cel - aparaflilg) g bR sealphOESTHEY IE AT Gz (Hofpl ET6NE % o

al l ow | e scal e rapi,d.procgessi . | | tif
or obesSAHENS 40w o B Fpessiser sl o PRt eeriBblat e o ¥

regions within the oligonucleotide whi.ch_could be self-conplenentary. A
sear chotihetrarametersdessribed insiearrigation fyf RARPIOOUS Profie RPHLCESi n' t he
probe is matched by N WO 2011/ 156795PCT/ US2011/ 040106 conpl enent ar¥ bases
i n t heThasergansiuandve pedouned imanpnoeterafoa exampie.tiveany oblbe embedimenter eat ed
in the Ruby programm ng | anguage was utilized in these inplenentations

whi ch i thetfollomigrtasles a reverse conpl enment of all possible candi date
subsequences of length N derived fromthe probe sequence. The script then
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[0122] Candidate homers (or a subset thereof where the subset may be

chosen based on scores generated as described above) may be aligned against a

set of genomes from various strains of a target organism and against a general

database of known genomes. Each homer may be assigned a second score that
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[0217] To avoid hybridization to the human genone, candi date 25-nmers were
BLASTed agai nst the human genone, which was downl oaded from NCB! by

i ndi vi duawochrioise®one. The sequences used in these studiPe3/tsec@19hmosn in
Table 3. Candidate 25-ners that shared 19 out of 20 consecutive bases with
a sequence in the human genone were discarded. In the case of Sal nonella
ent er i takes into £epsidgratianat)dhe mumber of strainsdhakihechomar madshsgs. and)dg:  Human
genom ¢ sequences for screening of hybridizing probes Genom c sequence gi
89161 1@imbef oN§ingleti@leAids@ VDo shistos¢ShRs) batver those siains Withisdne1199

ref NC 000002. 10 NC 000002 Honmp sapi ens chronosonme 2 gi 89161205 ref NC

00000%%%&&@%991%&@%@ aHjaRBAt WS AETHGE tiatds 1304 6440&ndef (i NG tA80004. 10
NC 000004 Hono sapi ens chronpbsone 4 gi 51511721 ref NC 000005.8 NC 000005

Copi ennRPER SRR e BB e3P 10 e Blis ) 5 Rl Blos N T e

chronosone 7 gi 51511724 ref 000008. 9 NC 000008 Honp sapi ens chronpsone
8 gi féfﬂi'@ﬂf’%‘?e nﬁWQ%%NC_OOOOOQ Hono sapi ens chronosome 9 gi

89161187 ref NC 000010.9 NC 000010 Hormp sapi ens chronmpsone 10
[0123] The scored (of screened) n-mers ellore filtered to gl?minate tjhose that

specifically hybridize to a sequence in a genome in the exclusion set of genomes,
e.g., comprising the genome of the subject (in the case of a biological sample) and
sequenced genomes of organisms other than the organism of interest, including
viruses, bacteria, archaea, fungi, and other eukaryotes. In particular embodiments,
the exclusion set of genomes includes commensal organisms, non-pathogenic
organisms, and pathogenic organisms other than the target organism. In particular
embodiments, a screened n-mer is eliminated if it contains less than 1, 2, 3, 4, 5, 6,
7, 8, 9, or 10 mismatches in a window of 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29; 30, 35, 40, or 45 nucleotides to any sequence in the exclusion set. In particular
embodiments, a screened n-mer is removed if it contains at least 19 or 20 matches
in a window of at least 22 nucleotides (e.g., 25 nucleotides). The candidate n-mers
can be screened against the exclusion set by any means known in the art for
sequence comparison. In particular embodiments, candidate n-mers are screened
by MegaBLAST against the exclusion set. In some embodiments, the screened n-
mers are formatted to contain genome annotations (such as their position in the
genome of the target organism), in other embodiments, they are further screened as
strings without genome annotations.

[0124] In certain embodiments, screened n-mers are further screened to

ensure that they specifically hybridize to a sequence in at least one additional
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gi 51511727 ref NC_000011.8 NC 000011 Honmo sapi ens chronosone 11 gi
89161190 ref NC _000012.10 NC 000012 Hono sapi ens chronosone 12 gi 51511729
ref NC _00WO0R811915M@5000013 Hono sapi ens chronosone 13 gi PETABIM3I0401e6

NC 000014. 7 NC 000014 Hono sapi ens chronmosone 14 gi 51511731 ref
NC_000015. 8 NC_000015 Hono sapi ens chronosone 15 gi 51511732 ref.
NC_00dwbedginggenwoe s IHsameseipbedisnaltis.dhe ssiditional fybridizing gepoms is an

NC 000017.9 NC 000017 Hono sapi ens chronmosonme 17 gi 51511735 ref
NC_00QiLRichaNEeuerrEs dédarome aptrentargdtrargasisme [h&agticulaned®odinnerits NC
000019. 8 NC 000019 Hono sapiens chronobsonme 19 gi 51511747 ref NC 000020.9

NC_00QR& @dtiizhaP R rRiAng 9@%69%0@% 2Bsdly reibbdd. T disthciNpad) 23r 7 NC_000021
Hono sapi ens chronpsonme 21 gi 89161203 ref NC 000022.9 NC 000022 Hono

iﬁf;ﬁo%é(gﬁﬂﬂ%@é%@négo e 83 H8IgHRis s dtOqR 2B DrpBaients HpeD sapi ens
screened n-mers are screened to ensure that they specifically hybridize to the
additional hybridizing genome before screening to eliminate those that specifically
hybridize to the exclusion set of genomes; in other embodiments, they are screened
after. In particular embodiments, screened n-mers are first screened to ensure that
they specifically hybridize to the at least one additional hybridizing genome before
being screened to eliminate sequences that specifically hybridize to a sequence in
the exclusion set of genomes.

[0125] In some embodiments, screened n-mers are further screened to
ensure that they occur in the genome of the target organism below a particular
repeat threshold, such as less than 20, 19, 18, 17, 16, 15, 10,9, 8,7,6, 5,4, 3, 0r 2
times in the genome of the target organism. In particular embodiments, the
screened n-mer occurs exactly once in the genome of the target organism.

[0126] Once the screened n-mers are further screened to ensure the desired
pattern of specific hybridization (i.e., specifically hybridizing to the genome of the
target organism and not specifically hybridizing to the exclusion set), the candidate
ligation-side homers and extension-side homers may be assembled into candidate
probes. Pairs of candidate homers may be selected to capture a predetermined
region of interest, chosen by human preselection or computational methods. In other
embodiments, pairs of candidate homologous probe sequences are selected to
capture a region of predetermined length, e.g., atleast 2, 3,4, 5,6,7, 8, 9, 10, 15,

20, 30, 40, 50, 60, 80, 100, 125, 150, 200, 250, 300, 350, 400, 500, 600, 700, 800,
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gi 89161220 ref NC 000024.8 NC 000024 Hono sapi ens chronosone Y

[0218] After elimnating 25-mers with simlarity to the human genone, the

remai ni ngwoe0nIEErse7%er e BLASTed agai nst an NCBI dat abase Poff/t8201994010% cr obi al
and 3,602 viral genones. 25-mers that shared at | east 19 of 20 consecutive
bases to a seﬂuence in any of these genones were elimnated, After

app! yi 900, HI09, f1200e140Q 1609, d800i @2 Q0D BUsieplidgsyrInSome eRbogiNeRigathfed.
[0219] For S. enterica, the selection for a Tmof approxinmately 59 C (by
sel ect hoagepphlys bhosithsesa veniresnt édensianaistancendeferpirsed fiiir @eparticulayt osi ne
bases of exactly 13) was perforned at this stage, |leaving 1,116 candi date
25- eI @yrget organisA?PainThe remai ning candi date 25-mers for each organism
wer e t hen BLg\STed agai nst their original target genone to deternmine their

start and s ogi Ll i - J i iaat es) .
Using this M?g?nétsltcgﬁé]ﬁ)ﬁéﬁ?tggggig%?@rb%%mﬁ?%bég%gg{% BWaﬁ C\%e?r?éeﬂls par at ed
by a fjxed dj st For_S. enter/ca, probe pairs that,. s n rget

| engt h%h@fn"é?h%'i ‘?{gﬁﬁﬁ %érgg%s ?’f‘?%’ftrllopﬁé’r%%&Pngfortcﬁ@t}'??tkqn%%?%%ﬁ tuéqf) he end
of the second 25-mer) were selected, resulting in ejghteen such candi date
probe parlested maxKauMasHuRfWhICh g ohepivEd beiwesp SachPaydl stigiisstoner e
designed for targetting sequences having | engths of 100, 200, 300, 400 and
500 bawhich theerabe ieexpanted t bind; Rhgeheratinglzesurh of te: valnes from &8 tar e shown
in Table 4, which indicates the probes' genomic |ocation and target |ength.

[ 0221] yibRithe tbttf ndfbER lof SNPSonRidelsAhaeiiey gdbenhay cevmal edreld3yonaliipdying!si ng
the generic |inker AGATCGGAAGAGCGICGIGTAGGGAAAGCTGAGCAAATGTITATCGAGGTC ( SEQ

| D NO asu?ﬂ?ro%?i@’fﬁ)ogﬂ cBfiPRES of fo% eﬁob@ﬁiﬁwm?\% sroBeMPWork NThabl e 5.

Assenbl ed pairs nol ogous pro sequences for S. enter/ca are shown in

horo o kichPang HulEEoalSectE" herirs BB el HhiPBE it R BRR 7T

probe assenbly, candidate 25-ners are BLASTed against all other candidate
25- mer aceaitt gy £ deedallowingobes in a mixture to elinminate those that woul d
cross-hybridize with any other sequence in the mxture (e.g., honol ogous
probe sequehcie seatieboaef the ligat re@rprobe). I n one enbodi nent, 25-ners
that contain 19 of 20 consecutive bases contained in another probe seguence
(e.g., backiotiee seqlaroe sfghe experatien keagpeence) in the mixture are
el i m nat ed.

iii) the sequence of the probe's backbone;

iv) the sequence of the extension region between the two homers;

v) the two homer Tys;

vi) the propensity of the probe to form hairpins with itself;

vii) the sequence composition of the extension region;

viii) the sequence composition of specific parts of the extension region,

n-mers, or combinations thereof; and
ix) the length of the extension region.
[0128] Alternately, the score for a probe may be generated such that the score

is higher for probes that hybridize only to or preferably to a specific set of genomes

or a single genome while excluding another particular set of genomes.

53



[0223] Once filtered, 25-ners are assenbled into candi date probes,
conprising two 25-ners and a backbone, which may include a variety of

| i nkers, WBbAobiawsedes, universal anplification priners, pamsSetihduoisequences
as needed. Next, assenbled probes nay be BLASTed agai nst all other
assenbl ed probes in the pool as an alternate or additional screen for

possi bl e cr[6429hymone eabiodimertisnalcandigiaje Beoliesy SeRIPqaes ot inpléde del
hybri di zati on are perforned. Validated, assenbled probes are then added to
a dat ahms ef tife ShiEfsldbgarwabbetween alsthaing ob intereshpltingtaadphedudes atsusms i n

t he generation process for a probe or probe m xture (e.g., a probe panel)

;2 g h%‘lﬂhé RnfIRHoethe nuMEerEASNPEGRRBREY 48 bhrdfd®bchosem @Iu@. 73 a) A-,
[0130] In some embodiments, probes are added to a set of final probes (an
“output set”) sequentially. The probe with the highest candidate probe score,
computed as described above, may be chosen first. At that point, the scores of all
remaining candidate probes may be recomputed such that probes which reveal
SNPs between strains that are not distinguished by previously chosen probes are
scored higher and probes that reveal SNPs that distinguish between strains that are
distinguished by previously chosen probes are scored lower. In some embodiments,
the scores of the remaining candidate probes may be updated to reflect their
propensity to cross hybridize to those probes already chosen for the output set.
[0131] Given a set of scored probes, which may be a subset of all possible
probes, probes may be selected for inclusion in a final probe output set by selecting
probes in order of decreasing probe score until all pairs of strains A and B, where A
is in a set of strains S1, S2, S3, etc., and B is in another set of stratins, are expected
to be distinguished by at least some minimum number of SNPs, indels, or both.
[0132] In some embodiments, given a set of scored probes, which may be a
subset of all possible probes, probes may be selected for inclusion in a final probe
output set by 1) choosing the probe with the highest score, and 2) recomputing the
scores of the remaining probes by subtracting the number of SNPs or indels
revealed by already chosen probes from the number revealed by probes still under

consideration. In this way, a probe’s score may be updated to reflect how much new

information a probe provides given all previously selected probes.
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[0133] Assembly of homers into probes may include insertion of backbone
sequences, such as detectable moieties and primers.

[0134] In certain embodiments, mixtures of assembled probes are further
screened to eliminate sequences likely to form secondary structures or specifically
hybridize with other probes in the mixture.

[0135] Given a set of selected probes, the probe selection software may
provide an evaluation based on the number of SNPs or indels that the probes reveal
among a particular set of target organism strains. The software may display this
information as an image of a 2D grid, wherein one axis is the strain or species and
the other axis is a position in a particular probe's extension region and the color of
that grid entry denotes the genotype of that strain/species at that position. The
software may display this information as a tree where each node in the tree
corresponds to a probe. The set of edges from the node may correspond to the sets
of genomes which are indistinguishable according to the SNPs or indels observed by
that probe and all ancestor probes in the tree.

[0136] Given a set of selected probes, the software may also provide an
evaluation based on the number of strains to which each probe is expected to
hybridize. The software may display this information as an image of a 2D grid
wherein one axis is the genome and the other axis is a probe and the color at the
intersection indicates whether the probe will hybridize to the genome, or the color
may indicate the probability or likelihood of the hybridization.

[0137] In further embodiments, probes may be chosen not based on how
many SNPs they reveal between sets of strains, but rather based on lists of target
loci, where each loci is a single nucleotide in a single genome. The set of target loci

may be derived from a base set of loci in one or more reference genomes and the
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CTGTCACAACGGGAACACGGGTATA (SEQ I D NO 45)
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complete set of target loci in all relevant genomes may be derived from the base set
by aligning the reference genome to each other genome. This method is applicable,
for example, to a case where drug resistance mutations have been described in a
reference strain of a pathogen and probes are designed that will detect those
mutations in a set of strain or isolate genomes of that pathogen.

[0138] In such methods of selecting probes based on lists of target loci,
n-mers may be generated as described above. In these methods, the probability
that a probe works may also be calculated as described above. However, in such
methosd, the final score by which probes are ranked and or chosen is typically
based on the product of the probe's probability of working and the number of target
loci the probe's extension region, or the expected sequencing reads of the extension
region, will cover. Thus, a probe may be scored highly if it is expected to generate
an informative product (meaning that the product contains target loci) against a large
number of the strains of interest, and it may be scored poorly if it does not generate
a product in many strains or if those products do not contain loci of interest.

[0139] In some embodiments, the final probes generated by any of the
methods described herein may be modified such that the homologous probe
sequences (probe arms) are no longer a perfect match to any of some set of
genomes. This set of genomes may or may not be the set of genomes against
which the probes were designed and may or may not be the set of genomes against
which the probes were scored. In such embodiments, the parameters used to score
the probe may be modified to compensate for the imperfect matches. For example,
the method may have chosen probes arms with a higher than usual melting

temperature and may have chosen which nucleotide or nucleotides in the probe arm
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GGTAAGAAACAGAACCTGAAGCGECC (SEQ ID NO 47) ACTCTTGTGACTAGAGCACCGTGAG (SEQ 1D
NO 49) TCAGCCAAACCGTITCAAGACTCCTG (SEQ I D NO 51) ACGITCTAACCAAGCTTGACAGCCC
(SEQ | D N©D28)1/15€@8CACCGTCTGCAACATGITCTTT ( SEQ | D NGO 55PCT/US2011/040106
TCCCACGAATCTTAGCACCTGITGC (SEQ I D NO 57) AGAATGCCACGT TGGAGAACGATGG

to modify such that the melting temperature of the imperfect match between the
probe arm and genome is within the normal range.

[0140] In particular embodiments, the methods described above take under
16, 14, 12, 10, 8, 6, or 4 days; or 72, 48, 36, 24, 12, 10, 8, 6, or 4 hours using a
single core Pentium Xeon 2.5ghz processor on a target genome of at least 10, 9, 8,
7,6, 5, 4, 3, or 2 megabases.

[0141] Generally, probes are prepared for a particular target organism as
described above. In particular embodiments, mixtures comprising probes directed to
a plurality of organisms, e.g., a panel, are compiled by screening candidate probes
for each target organism to be detected by the panel against each other, e.g., by
pairwise comparison, to minimize or eliminate probe cross-hybridization, e.g., to
eliminate probes that specifically hybridize with one or more homologous probe
sequences or probe backbone sequences in the mixture.

[0142] Figure 7 is a flow chart of exemplary implementations of methods of
making the probes and mixtures provided by the invention. Figure 7, for example,
depicts providing, e.g., a target genome 10, and performing a slicing 100 into a set of
n-mers. The n-mers are screened by a process 200; that includes a series of
screens 250 (e.g., hairpin (253), T (254), repeat (252) and duplicate (251) screens).
The n-mers are then screened by a process 300 for a desired pattern of specific
hybridization to an exclusion set 20 and one or more additional hybridizing genomes
30: where the exclusion set 20 and additional hybridizing genome(s) 30 are obtained
from a database. For example, the process may include filtering 330 for
hybridization to at least one additional hybridizing genome, filtering 340 for a repeat
threshold of less than 2 (e.g., one hit per target genome), filtering 350 against a

subject (e.g., human) genome, and filtering 360 against an exclusion set. The
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(SEQ I D NO 59) AAGGCAAGCCAAGTCAGTATGGCTG ( SEQ | D NO. 61)
ATTTCGGCCAAAGGGAGCCACATTG (SEQ | D NO 63)  GACACTATTGAACGACGTGCTGACG (SEQ | D
NO 65) TWGOCAIGSEAACCAGCATAGCATCC (SEQ I D NO 67)  TTTCTEAAGBINTITEBCCGGAGEC
(SEQ 1 D NO 69) TTCCTCTTCTGCCAGTCTATGCTGG ( SEQ 1D NO. 71)

screened n-mers, if not annotated, may be annotated 370 to the target genome to
determine their location in the genome. Probes are assembled in a process 400, by
which pairs are filtered 420 to capture a region of interest by a filter 425, e.g., filter
425-1 to have a specified length of region of interest and to include backbone
sequence 40. Probes are filtered 450 to eliminate secondary structure. A mixture of
probes (e.g., a panel) is prepared by a process 500, filtered 550 to eliminate specific
hybridization to other probes 50 in the mixture. Experimental validation 600 may be
performed by one of skill in the art following the teaching of the application.

[0143] One of skill in the art will appreciate that although only one of each of
the components identified above is depicted in the above figures, any number of any
of these components may be provided. Furthermore, one of ordinary skill in the art
will recognize that one or more components of any of the disclosed systems may be
combined or incorporated into another component shown in the figures. One or
more of the components depicted in the figures may be implemented in software on
one or more computing systems. For example, they may comprise one or more
applications, which may comprise one or more computer units of computer-readable
instructions which, when executed by a processor, cause a computer to perform
steps of a method. Computer-readable instructions may be stored on a computer-
readable medium, such as a memory or disk. Such media typically provide non-
transitory storage. Alternatively, one or more of the components depicted in the
figures may be hardware components or combinations of hardware and software
such as, for example, special purpose computers or general purpose computers. A
computer or computer system may also comprise an internal or external database.
The components of a computer or computer system may connect through a local bus

interface.
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GGCATACGGTTGGATTTCGGTTGCA (SEQ I D NO 73) GCTGAACGAACATTGGCCAGACTTG (SEQ 1D
NO 75) AAAGGCAATGGACTCTTCCAAGCCC (SEQ I D NO 77) CAATTCCCTGICTCAGCTAGATCCG
(SEQ | D NOD2931/156mSACCAGAGCCGAAATTCCGTIGTG ( SEQ | D NG 81PCT/US2011/040106
AGTTTGACGGTITCTCAGGTACACGG (SEQ I D NO 83) TCCACTCTGGTGGTTTATCCGCATC

[0144] One of skill in the art will appreciate that the above-described stages
may be embodied in distinct software modules. Although the disclosed components
have been described above as being separate units, one of ordinary skill in the art
will recognize that functionalities provided by one or more units may be combined.
As one of ordinary skill in the art will appreciate, one or more of units may be
optional and may be omitted from implementations in certain embodiments.

3.1.1 Exemplary Algorithm for scoring homers and assembled probes

[0145] Methods of probe design, including methods as described above, may
include a method for scoring homers and for scoring complete probes, wherein the
score corresponds to the probability that the probe will work.

[0146] The core of the homer and probe scoring algorithm may be based on
melting temperature. The logistic function is commonly used to describe the fraction
of a population of nucleic acid molecules that will exist in duplex form at some
temperature. If T is the experiment temperature, Tr, is the melting temperature of the
nucleic acid, and s is-a parameter describing the slope of transition from duplex to
dissociated, then

p(T,s)=1/(1+e"(Tm-T)s)
is the fraction of the population that exists in duplex form (shown as a function of Tr,
in Figure 8). In some embodiments, for a molecular inversion probe to have a score
reflecting high likelihood of successfully amplifying a target sequence, several things
must happen:

1) the initiation arm of the probe must hybridize to the target nucleic acid,

2) the polymerase must initiate an extension;

3) the ligation arm of the probe must hybridize to the target nucleic acid,

4) the extension must cross the entire template sequence between the
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(SEQ | D NO 85) CTTGGCTCAAGTCATGCTCCATCTG ( SEQ | D NO. 44)
CCGCTTCGAGCAATTGCTCAAAGAC (SEQ | D NO: 46)  ATAGCTGGACGCATGAGGTTGACTG ( SEQ | D
NO 48) GEOCEGGFAMAGCGTGAGATTTGTG (SEQ | D NO 50)  CGTGGRCEAGIGAGATAGACACGAT
(SEQ 1D NO 52) CTACTTCTGCAGCCAGTTCTGGATG ( SEQ | D NO. 54)

extension and ligation arms; and

5) the ligase must ligate the extension product to the ligation arm.

[0147] In some embodiments, events (1) and (3) above may be described with
the logistic function based on the melting temperatures of the probe arms. Events
(2) and (5) may be described in terms of the nucleotides immediately surrounding
the initiation and ligation sites (e.g., each may be described by the two nucleic acids
at the end of the probe arm and the two nucleic acids at the end of the extension
region). Event (4) is described by the dinucleotide composition of the extension
region.

[0148] Events (1) and (3) may be computed using identical formulas and
parameters or may be computed differently. T,, may be allowed to be the melting
temperature of the probe arm. The probability that the probe arm will hybridize may
be described as

PhybonTarget = (P(T,8) / (P(T,S) + SUMgther(p_otherT,s))) * P(T.S)
where SUMother(p_other(T.s)) IS the sum of the logistic function over the melting
temperatures of the unintended or off-target matches of the probe arm to the
genome. Thus, the model may describe the probability that the probe arm hybridizes
as the ratio of hybridization to the intended site to the hybridization over all sites,
multiplied by the probability that the probe arm hybridizes if it is available at the
correct site.

[0149] The melting temperature for each match (the on-target match and
some number of off-target, i.e., imperfect, matches) of the probe arm to the genome
may be computed using a standard melting temperature calculator that may take into

account mismatches between the probe arm and the off-target binding site, the
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CACCCGCGGTCTCTCATATAAGITGG (SEQ I D NO 56) GCTGCGCGCTCCATTTCAAATAGAG (SEQ 11D
NO 58) CCTGAAGAAGGTAAGAGTICTCACCC (SEQ | D NO 60) AGICAACTGACTGGCATCTACACCG
(SEQ | D N©D&aR)1/156PSCEGT TCCGAGATACGCAAGTAA ( SEQ | D NGO 64 PCT/US2011/040106
CATCGITGCCGTATTCGTCAGTACC (SEQ I D NO 66) CTGGIGCTGAGGACAAGTACAAGCGA

concentration of the probe nucleic acid in the hybridization mixture, and the
concentration of various ions in the hybridization mixture (e.g., Na*, Mg™*, K, Tris).

[0150] The model may be further extended such that the sum of off-target
matches includes both off-target matches, determined by inexact alignments of the
probe arm sequence to the genome sequence, and a generic set of off-target
matches predicted by the probe arm's Tr,. For example, the sum of a set of
predicted off-target matches may be generated, such that, at each value of t (a
melting temperature of a probe arm) from 30 °C to T~k (Where k = 10 °C), the
number of predicted off-target matches is equal to

ar(Tm-t)

where a is constant having a value of 1.4. At each value of t, the number of off-
target matches or imperfect matches of the probe arm to a genome or a set of
genomes is predicted according to the above formula. It is estimated that the
number of off-target matches increases exponentially as t decreases. That is, the
number of off-target matches may increase exponentially as the difference in melting
temperature between the on-target match and the off-target match (or class of
matches) increases. This may be the expected behavior as matches between the
probe arm and off-target sites in the genome become shorter. Accordingly, the
melting temperature may decrease and the number of such matches may become
larger. The effect of melting temperature on the probe’s efficiency, as determined by
read count at particular melting temperatures, is shown for each of the ligation and
extension probe arms (homers) in Figures 9 and 10, respectively (“Initiation Homer”
in Figure 10 refers to the extension probe arm; the upper arc of circles in both figures

indicates the mean sequence read count for a bin of Ty,s centered around that value;

61



(SEQ I D NO 68) GATTGGTCCAATAGTGCCCGATACG ( SEQ | D NO. 70)
CCTTGCAGTTGGT TCGAAACCAAGG (SEQ | D NO: 72)  GAGGTCCAAACGATTCTCAACCTGC ( SEQ | D
NO 74) GVOGEAOFEUFCTCTCGTTTCAAAC (SEQ I D NO 76)  TATCGBITESSHACHBITCAGGT GCT
(SEQ 1D NO 78) CTCCTGAATAGCAGACAGATAGGCG ( SEQ | D NO. 80)

the middle arc of circles in both figures [i.e., not the flat line of circles at bottom]
indicates the sample standard deviation).

[0151] Event (4), the probability of a successful extension, may be described
as the product of extension probabilities across the dinucleotide sequences in the
extension region. Each dinucleotide may be assigned a probability that the
polymerase successfully incorporates it and the probability of the polymerase
crossing the extension region may be the product of these probabilities across the
extension region.

[0152] Public datasets of MIP (Molecular Inversion Probe) product sequencing
reads may be used to learn the parameters of the model described above, including,
for example, “Multiplex amplification of large sets of human exons" by Porreca et al.
Nat Methods. Nov;4(11):931-6 (2007); and “Targeted bisulfite sequencing reveals
changes in DNA methylation associated with nuclear reprogramming by Deng et al,,
Nat Biotechnol. 27(4):353-60 (2009).

3.2 Probe capture and detection

[0153] The invention provides methods of detecting the presence of one or
more organisms of interest in a test sample. In certain embodiments, the methods
comprise the step of contacting a mixture comprising probes described above with
any of the test samples described above in a capture reaction, as defined above. In
particular embodiments, a mixture comprising probes is contacted with nucleic acids
extracted from a test sample, along with a polymerase enzyme and nucleotide
triphosphates (NTPs), and capturing at least one region of interest by polymerase-
dependent extension of at least one homologous probe sequence in the mixture. In
particular embodiments, the polymerase-dependent extension of a homologous

probe sequence is followed by a ligation of the end of the extended (i.e., by the
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CATCCATGAGACGAGTCATGGTGTC (SEQ I D NO 82) TGAAGGGCTTGATTAGCCGTGAACG (SEQ I D
NG 84) 001, 001. 001, 001. 001. 00O1. 001, 0O1. OO1
WO 2011/156795 PCT/US2011/040106

polymerase) homologous probe sequence to the end of the other homologous probe
sequence to produce a circularized probe containing a region of interest from the
genome of an organism of interest. In some embodiments, the ligation reaction
occurs while the target arm is hybridized to the target. In other embodiments, the
target arm is dissociated from the target and ligated in solution under reaction
conditions favoring self-ligation over trans-ligation to other probe molecules, for
example a dilute ligation solution. For illustrations, see Figure 2(A) or Figure 2(C).

[0154] Figure 2(C) illustrates one particular embodiment of a method provided
by the invention. Briefly, hybridization of a probe to the target sequences in the
organism of interest is followed by polymerase mediated, target-sequence directed
addition of nucleotides to the 3’ homologous probe sequence, terminating due to
obstruction at the 5" homologous probe sequence of the probe. A ligation reaction
joins the terminal 3’ nucleotide to the 5’ nucleotide of arm H2.

[0155] The sample is treated with endonuclease to digest single stranded
DNA. Primers complementary to the probe backbone amplify the MIP into dsDNA for
sequencing. For multiplexing of sample reaction products or amplification reaction
products, amplification primers at this stage will contain sample specific nucleotide
barcode sequences, e.g., they are adaptamer primers. A unique primer:barcode
molecule sequence therefore identifies each test sample. For example, a panel of
100 probes is contacted with 50 individual test samples. The homologous probe
sequences detected in a sequence read identifies an organism of interest, e.g., a
particular pathogen or strain. Each test sample amplification reaction is done with 1
unigue probe set. Each barcode within the amplification primer can be used to act
as an identifier to patient, e.g., contains a barcode. Therefore 50 pairs of

amplification primers (one for each amplification reaction product) and one panel of
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100 probes (e.g., for 100 organisms of interest) are required for a 50 sample
multiplex assay.

[0156] Figure 2(A) illustrates an alternative embodiment. In some
embodiments, each test sample is contacted with a unique set of probes, e.g., a
panel. Amplification reaction products for each test sample are pooled. The
homologous probe sequences and capture sequence identify both the target
organism and test sample, since each test sample is contacted with a unique probe
set. In some embodiments, conventional primer pairs (i.e., comprising homologous
probe sequences) further comprising probe recognition sequence, are contacted with
sample nucleic acids to amplify a region of interest using low cycle numbers (<10) to
reduce amplification artifacts. Next, probes directed to the probe recognition
sequence of the conventional primer pair amplifications products are applied.
Polymerase extension and ligation captures the homologous probe sequences of the
conventional primer pair and the intervening region of interest. Unique barcoded
probe sequences allow for sample (e.g., patient) multiplexing. Sequence reads will
comprise homologous probe sequences (identifying an organism of interest) and
barcodes (associated with a sample, e.g., patient). In the example of a 100 probe
panel and 50 test samples, each organism of interest has a pair of homologous
probe sequences, which identify the organism of interest, e.g., a pathogen. Each
test sample will be contacted with a unique probe set. Each barcode within the
probe backbone can be used to act as a sample identifier. Therefore, in this
illustrative embodiment, 50 sets of probes with 100 probes in each are used.

[0157] Polymerases for use in the methods provided by the invention include
Taq polymerase (Lawyer et al., J. Biol. Chem., 264:6427-6437 (1989); Genbank

accession:P19821), including the 53’ nuclease deficient “Stoffel” fragment
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1888257 1939895 1960174 1991683 1993632 2014690 2041093 2051748 2064388
LOZI . 91. Z 70812 459497 892090
WO 2011/156795 PCT/US2011/040106

described in Lawyer et al., PCR Meth. Appl., 2:275-287 (1993)), PHUSION™ high
fidelity recombinant polymerase (NEB), and Pyrococcus furiosus (Pfu) polymerase
(see, e.g., U.S. Patent No. 5,545,552), as well as polymerases comprising a helix-
hairpin-helix domain, such as TopoTaq and PfuC2 (Pavlov et al., PNAS, 99:13510-
15 (2002)). In more particular embodiments, the polymerase is 5> 3’ nuclease
deficient, such as the Stoffel fragment of Taq polymerase, which further lacks 3'>¥%’
proofreading activity. Polymerases lacking 5'>3’ exonuclease activity may be
generated by means known in the art, for example, based on methods of screening
or rational design. For example, polymerase variants can be designed based on
sequence alignments of one or more polymerases to the Stoffel fragment of Taq
and/or by “threading” a sequence through a solved polymerase structure (e.g.,
MMDB IDs 56530, 81884 and 81885).

[0158] In certain embodiments, a polymerase for use in the methods of the
invention is a non-displacing polymerase, such as Pfu, T4 DNA polymerase, or T7
DNA polymerase. In other embodiments, a polymerase for use in the methods
provided by the invention is a polymerase suitable for isothermal amplification and
caputure and/or ampilification reactions are performed isothermally, e.g., by
controlling metal ion concentration and/or using particular polymerases and/or
additional enzymes, such as helicases or nicking enzymes (such as primer
generation RCA and EXPAR). See, e.g., U.S. Patent No. 6,566,103, Murakami et
al., Nucl. Acid. Res., 37(3)e19 (2009), Tan et al., Biochemistry, 47:9987-99 (2008),
Vincent et al., EMBO Rep., 5(8):795-800 (2004). Polymerases foruse in isothermal
amplification include, for example, Bst, Bsu and phi29 DNA polymerases, and E.coli

DNA polymerase |I.
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[0159] In other embodiments, a mixture of probes is contacted with nucleic
acids extracted from a test sample, a ligase enzyme, and a pool of n-mer
oligonucleotides in a capture reaction, as defined above. For an illustration, see
Figure 2(B). In particular embodiments, the n-mer oligonucleotides are at least 2, 3,
4.5 6,7, 8,9, 10, 12, 14, 16, 18, 20, 22, 24 or 25 nucleotides long. In more
particular embodiments, they are random hexamers. In other embodiments, they are
polynucleotides the length of the region of interest between the first and second
target sequences that hybridize to the homologous probe sequence. In some
embodiments, the n-mer oligonucleotide contains 1, 2, 3, 4, 5,6, 7, 8, 9, or 10 locked
nucleic acids (LNAs) or 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% LNAs.

[0160] The ligase enzyme ligates the n-mer oligonucleotides with the probes
provided by the invention to produce a circularized probe containing a region of
interest from the organism of interest. Primers compiementary to the probe
backbone amplify the probe into dsDNA for sequencing. In some embodiments,
e.g., for multiplexing, ampilification primers are adaptamer primers and contain
sample-identifying barcode sequences. A unique barcode sequence therefore
identifies each sample in a multiplex. Each pathogen is identified by the unique
combination of homologous probe sequences and ligated n-mer in a sequence read.
In more particular embodiments, the n-mer oligonucleotide is a 7-mer comprising
one or more (e.g., 1, 2, 3, 4, 5, 6, or 7) locked nucleic acids and the homologous
probe sequences are 10 or 12 bases, and specifically hybridize to target sequences
separated by a region of interest of 7 bases.

[0161] Ligases for use in the methods of the invention include T4, T7, and

thermostable ligases, such a Taq ligase (as disclosed in Takahashi et al., J. Biol.
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Chem., 259:10041-47 (1984), and international publication WO 91/17239), and
AMPLIGASE™.

[0162] In certain other embodiments, mixtures comprising pairs of
conventional PCR primers (conventional primer pairs) provided by the invention are
contacted with sample nucleic acids to amplify a region of interest between two
target regions in the organism of interest. In certain embodiments, a limited number
of amplification steps are performed. In particular embodiments, fewer than 25, 20,
15,10, 9, 8, 7, 6, 5, 4, 3, or 2 cycles of amplification are performed. In particular
embodiments, the mixture of conventional primer pairs are contacted with nucleic
acids extracted from a test sample, a polymerase, and nucleotide triphosphates to
amplify the region of interest. An illustration of this methodology is shown in Figure
3. Multiple combinations of conventional primer pairs may be used to multiplex
reactions within the same sample tube, or separately for pooling. In some
embodiments, primers binding to universal probe recognition sequence (e.g., a
barcode) in the conventional primer pairs introduce nucleotide barcodes, and
recognition sites for next-generation DNA sequencing technology primers.

[0163] As part of the present invention, conventional primer pairs can be
used in a variety of additional methods. For example, in some embodiments,
conventional primer pairs may be contacted with a sample nucleic acid suspected of
containing at least one target nucleic acid. In particular embodiments, PCR may be
used to amplify the region of interest directly from a sample nucleic acid. In other
embodiments, the conventional primer pairs may be used to amplify capture reaction
products, e.g., one or more circularized probes. In other embodiments a sample
nucleic acid suspected of containing a region of interest is amplified using a

conventional primer pair and then contacted with a probe provided by the invention
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for circularizing capture. In some embodiments, conventional primer pairs are
contacted with a sample nucleic acid and modified nucleotides, such as biotinylated
nucleotides. In some embodiments using modified nucleotides, such as biotinylated
nucleotides, the resulting capture or amplification reaction products can then be
isolated by affinity capture, for example, with steptavidin substrates, for subsequent
processing, e.g., circularizing capture with the probes provided by the invention. In
further embodiments, a single conventional primer may be used for linear
amplification of a region of interest in a sample nucleic acid in, and then contacted
with a probe provided by the invention for circularizing capture. In other
embodiments, a single conventional primer containing a 5’ biotin moiety may be
used to amplify a target sequence and then be enriched from the sample using
streptavidin capture for sequencing by, for example, direct sequencing using either
specific conventional primer pairs provided by the invention, or by random hexamer
priming, or may be used for circularizing capture using probes provided by the
invention

[0164] In certain embodiments, methods that comprise a capture reaction
further comprise the step of contacting the capture reaction product with one or more
exonucleases to remove linear nucleic acids. In particular embodiments, the
exonuclease includes at least one of exo |, exo lll, exo VI, and exo V. In more
particular combinations the exonuclease is up to a 100:1, 50:1, 25:1, 10:1, 5:1, 2:1,
1:1, 1:2, 1:5, 1:10, 1:25, 1:50, or 1:100 (unit to unit) mixture of exonuclease | and
exonuclease lil.

[0165] In certain embodiments, the methods of the invention further
comprise the step of amplifying capture reaction products in an amplification

reaction. Numerous methods of amplifying nucleic acids are known in the art and
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include the polymerase chain reaction (see, e.g., U.S. Patent Nos. 4,683,195 and
4,683,202 and McPherson and Moller, PCR (the baSICs), Taylor & Francis; 2 edition
(March 30, 20086)), OLA (oligonucleotide ligation amplification) (see, e.g., U.S. Patent
Nos. 5,185,243, 5,679,524, and 5,573,907), rolling-circle amplification (‘RCA,”
described in Baner et al., Nuc. Acids Res., 26:5073-78 (1998); Barany, PNAS,
88:189-93 (1991); and Lizardi et al., Nat. Genet. 19:225-32 (1998)), and strand
displacement amplification (SDA; described in U.S. Patent Nos. 5,455,166 and
5,130,238). In particular embodiments, the amplification is linear amplification such
as, RCA. In more particular embodiments, capture reaction products (e.g.,
circularized probes) are used as templates in a RCA to generate long, linear
repeating ssDNA products. In some embodiments, the RCA reaction may comprise
contacting a sample with modified nucleotides, such as biotinylated nucleotides, LNA
nucleotides or artificial base pairs such as IsodC or IsodG, or abasic furans (such as
dSpacer), to facilitate affinity enrichment and purification. In certain embodiments,
the amplification reaction products comprising linear repeating ssDNA can be
contacted with a conventional primer provided by the invention to produce short
extensions of double stranded DNA with a length 2, 3, 4, 5,6, 7,10,15, 20, 30, 40,
50, 75, 100, 500 nucleotides. In certain embodiments, the length of extension may
be controlled by time of extension step at the optimum temperature of elongation for
this polymerase, e.g., 5, 10, 15, 20, 40, 60 seconds, at temperatures including 37,
42 45, 68,72, 74 °C. In other embodiments, the length of extension is controlled by
mixing of nucleotide analogues that prevented further elongation into the reaction,
such as dideoxyCytosine, or nucleotides with a 3’ modification such as biotin, or a
carbon spacer terminated with an amino group. In additional particular

embodiments, a primer is contacted with a linear repeating ssDNA RCA ampilification

69



459473- 459497 892066- 892090 952258- 952282 1077703- 1077727 1079804-
1079828 1320277- 1320301 1377342-
WO 2011/156795 PCT/US2011/040106

reaction product and extended by a polymerase for a single cycle of PCR, to
generate a short single stranded DNA containing the complementary sequence to
the repeating unit of the RCA product. In more particular embodiments, the primer
contacted with a linear repeating ssDNA RCA amplification reaction product
produces a dsDNA region comprising a restriction enzyme cleavage site.
Accordingly, in certain embodiments, when the primer hybridizes to the linear
repeating ssDNA RCA amplification reaction product to form a double-stranded DNA
region, the amplification reaction product is contacted with the restriction enzyme to
produce shorter fragments.

[0166] In particular embodiments, the amplification reaction uses adaptamer
primers. In some embodiments, the amplification reaction uses sample-specific
primers, that is, primers that hybridize to sequences present in the probe that identify
the sample. In particular embodiments, a low number of amplification cycles are
used to avoid amplification artifacts, e.g., fewer than 25, 20, 15, 10,9, 8,7, 6, or 5
cycles.

[0167] In certain embodiments, the methods provided by the invention may
comprise the step of contacting sample nucleic acids, capture reaction products or
amplification reaction products with a secondary-capture oligonucleotide capture
probe which comprises a moiety designed to be captured, such as a biotin molecule,
and a nucleic acid sequence, which is able to hybridize to the sample nucleic acids,
capture reaction products, or amplification reaction products. Such an
oligonucleotide, such as a biotinylated oligonucleotide, may be used to enrich their
target nucleic acids using affinity purification. In some embodiments, a biotinylated
oligonucleotide may specifically hybridize to a captured sequence (i.e., itis

complementary to a region of interest), a homologous probe sequence, or a
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backbone sequence, such as a barcode sequence. In certain embodiments, a
biotinylated probe may be extended on sample nucleic acids, capture reaction
products or amplification reaction prodcts using thermophilic or mesophilic
_polymerases. In more particular embodiments, the method comprises contacting a
capture reaction product with a biotinylated oligonucleotide for enrichment of specific
capture reaction products using the biotin:streptavidin interaction.

[0168] Sequences captured by the methods of the invention can be detected
by any means, including, for example, array hybridization or direct sequencing. In
some embodiments, captured sequences may be detected by sequencing without
amplification. Numerous sequencing methods are known in the art, can be used in
the method of the invention, and are reviewed in, e.g., U.S. Patent No. 6,946,249
and Metzker, Nat. Reviews, Genetics, 11:31-46 (2010); Ansorge, Nat. Biotechnol.,
25(4):195-203 (2009), Shendure and Ji, Nat. Biotechnol., 26(10):1135-45 (2008),
Shendure et al., Nat. Rev. Genet. 5:335-44 (2004). In some embodiments, the
sequencing methods rely on the specificity of either a DNA polymerase or DNA
ligase and include, e.g., pyrosequencing, base extension sequencing (single base
stepwise extensions), multi-base sequencing by synthesis (including, e.g.,
sequencing with terminally-labeled nucleotides) and wobble sequencing, which is
ligation-based. Extension sequencing is disclosed in, e.g., U.S. Patent No.
5,302,509. Exemplary embodiments of terminal-phosphate-labeled nucleotides and
methods of using them are described in, e.g., U.S. Patent No. 7,361,466; U.S.
Patent Publication No. 2007/0141598, published Jun. 21, 2007; and Eid et al.,
Science, 323:133-138 (2009). Ligase-based sequencing methods are disclosed in,
for example, U.S. Patent No. 5,750,341, PCT publication WO 06/073504, and

Shendure et al., Science, 309:1728-1732 (2005). In particular embodiments,
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sequencing technology used in the methods provided by the invention include
Sanger sequencing, microelectrophoretic sequencing, nanopore sequencing,
sequencing by hybridization (e.g., array-based sequencing), real-time observation of
single molecules, and cyclic-array sequencing, including pyrosequencing (e.g., 454
SEQUENCING ®, see, e.g., Margulies et al., Nature, 437: 376-380 (2005)),
ILLUMINA ® or SOLEXA ® sequencing (see, e.g., Turcatti et al., Nucleic Acids Res.,
36, €25 (2008), see also U.S. Patent Nos. 7,598,035, 7,282,370, 7,232,656, and
7,115,400), polony sequencing (e.g., SOLID ™, see Shendure et al. 2005), and
seqguencing by synthesis (e.g., HELICOS ® see, e.g., Harris et al., Science,
320:106-109 (2008)).

[0169] In certain embodiments, the capture probes contain sequences that
facilitate processing for sequencing by a certain sequencing technology, such as
sequences that can serve as anchor sites for sequencing by synthesis, primer sites
for sequencing reaction initiation, or restriction enzyme sites that allow cleavage for
improved ligation of oligonucleotide adaptors for sequencing of the particular
amplicon. In some embodiments, circularized capture probes are contacted by
oligonucleotides which prime polymerase-mediated extension of the capture probes
to generate sequences complementary to that of the circularized probe, including
from at least one to one million or more concatemerized copies of the original
circular probe.

[0170] The mixtures and methods provided by the invention can be readily
adapted to use with any suitable detections means, including, but not limited to,
those listed above. In certain embodiments using ILLUMINA ® or SOLEXA ©
sequencing, shorter homologous probe sequences may be used in the probes

provided by the invention, as well as conventional primer pairs. In more particular
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embodiments, the homologous probe sequences will be about 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 bases. In more particular embodiments, the region of
interest between the target sequences of a probe or conventional primer pair is
about 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, or 50 bases.
In still more particular embodiments, the probes provided by the invention may be
circularized by polymerase-dependent synthesis and ligation, or by ligation of n-mer
oligonucleotides of about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35,
40, 45, or 50 bases. In yet more particular embodiments, the region of interest is
about 7 bases and homologous probe sequences are 10 or 12 bases. In further
embodiments a 7-mer oligonucleotide comprising a locked nucleic acid is ligated to a
probe provided by the invention, and in still more particular embodiments, the 7-mer
oligonucleotide comprises at least 1, 2, 3, 4, 5, 6, or 7 locked nucleic acids (LNAs).

[0171] In other embodiments, capture or amplification reaction products may
be sequenced by emulsion droplet sequencing by synthesis as disclosed in, for
example, Binladen et al, PLoS One. 2(2):e197 (2007). In certain embodiments,
capture products may be amplified by RCA to generate higher copy numbers of
capture product within a single DNA molecule in order to facilitate emulsion of
captured DNA for emulsion PCR and sequencing by synthesis. See, e.g., Drmanac
et al, Science 327(5961):78-81 (2010).

[0172] In particular embodiments, capture reaction products and/or
amplification reaction products containing different samples are combined before
detection. In particular embodiments, capture and/or amplification reaction products
are combinatorially pooled before detection, e.g., an MxN array of individual capture
reaction products and/or amplification reaction products are pooled by row and

column, and the pools are detected. Results from row and column pools can then be
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deconvolved to provide results for individual samples. Higher dimensional arrays
and pools may be used analogously. In other embodiments, capture reaction
products and/or amplification reaction products contain identifying barcode
sequences. In particular embodiments, amplification primers contain sample-specific
barcode sequences. Accordingly, the sample source of sequences contained in
pools of capture reaction products and/or amplification reaction products are
identified by their barcode sequences.

[0173] The methods provided by the invention may also include directly
detecting a particular nucleic acid in a capture reaction product or amplification
reaction product, such as a particular target amplicon or set of amplicons.
Accordingly, in some embodiments, the mixtures of the invention comprise

specialized probe sets including TAQMAN™

, Which uses a hydrolyzable probe
containing detectable reporter and quencher moieties, which are released by a DNA
polymerase with 5'->3' exonuclease activity (U.S. Pat. No. 5,538,848); molecular
beacon, which uses a hairpin probe with reporter and quenching moieties at opposite
termini (U.S. Patent No. 5,925,517); fluorescence resonance energy transfer (FRET)
primers, which use a pair of adjacent primers with fluorescent donor and acceptor
moieties, respectively (U.S. Patent No. 6,174,670); and LIGHTUP™, a single short
probe which fluoresces only when bound to the target (U.S. Patent No. 6,329,144).
Similarly, SCORPION™ (U.S. Patent No. 6,326,145) and SIMPLEPROBES™ (U.S.
Patent No. 6,635,427) use single reporter/dye probes. Amplicon-detecting probes
are designed according to the particular detection modality used, and as discussed
in the above-referenced patents. In particular embodiments, a quantitative, real-time

PCR assay to detect a particular capture reaction product or amplification reaction

product may be performed on the ILLUMINA® ECO Real-time PCR system™.
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[0174] In particular embodiments, the methods of the invention comprise
using sample internal calibration nucleic acid (SICs) to estimate the concentration of
an organism of interest in a test sample. This is done by calibrating the frequency of
a sequence from an organism of interest to the known concentration of the SICs to
provide an estimated concentration of the organism of interest in the test sample. In
more particular embodiments, the estimated concentration of an organism of interest
is compared to a database of reference concentrations of organisms of interest
associated with a disease state and/or likely clinical diagnoses.

[0175] In some embodiments, the methods of the invention further comprise
steps of formatting results to inform physician decision making. “Results” refers to
the outcome of detecting a target organism and includes, e.g., binary (e.g., +/-)
detection as well as estimates of concentration, and may be based on, inter alia the
result of sequencing a capture reaction product or amplification reaction product. In
particular embodiments, the formatting comprises presenting an estimate of the
concentration of an organism in a test sample, optionally including statistical
confidence intervals. In more particular embodiments, the formatting further
comprises color coding of the results. In certain embodiments, the formatting
includes recommendations for therapeutic intervention, including, for example,
hospitalization, probiotic treatment, antibiotic treatments, and chemotherapy. In
some embodiments, the formatting comprises one or more of the following:
references to peer-reviewed medical literature and database statistics of empirically
defined sample results. An exemplary format of results is shown in Figure 6.

[0176] Figure 11 is a flow chart of an exemplary embodiment of a method

for, inter alia, processing, analyzing, and outputting of sequencing results.
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3.3 Sequence analysis

[0177] Conversion of raw sequence data may occur in three stages, namely
(1) the processing of raw instrument data and conversion into aligned sequencing
reads, (2) statistical interpretation of read data and (3) providing output and storage
in archives.

[0178] Processing of raw data from raw instrument readout to sequence
information that is associated with a location in a pathogen genome, may involve at
least the two following steps:

1. Integratating sequence readout (“reads”) and associated quality score files
either before or during alignment. Sequencing platform create quality scores
to capture errors and identify decay of sequence with read length.

2. Aligning/mapping the reads to pathogen genomes

[0179] In some embodiments, statistical analysis and interpretation then
proceed to account for all statistically significant hits against all genomes and
optionally sub-classify hits by regions of interest, such as resistance loci or unique
identifiers of a pathogen.

[0180] An exemplary workflow depicting processing of raw FASTQ data from
a sequencing machine and quantification against reference genomes to produce
quantitative analysis of organisms present within the sample is shown in Figure 12.

[0181] An exemplary alignment of sequences obtained from next generation
sequencing reads is shown in Figure 14. As shown here, sequencing reads may
align to target genomic DNA with near-perfect matching through probe arm region.
The alignment in the polymerase-extended region may reveal sequence variation
through this region, which allows assignment of these amplicon sequences to

different strains.
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[0182] A schematic illustration of the use of sequence read alignment against
a database of reference strains to identify strains in a sample is shown in Figure 15.
Some reads may map to regions common between one or more strains. In this
schematic illustration, most reads align to strains A, B, C and D and are common. In
contrast, other reads may be unique to specific strains (e.g., the subset of reads
aligning only to strain D). In some embodiments, quantitative models are used to
predict the distribution of common reads and unique reads in order to provide a
quantitative estimate of the proportion of each unique pathogen present in the
sample.

[0183] In some embodiments, accurate polymorphism modeling and detection
by next generation sequencing is performed as diagramed in Figure 16. A 3’ probe
arm, polymerase extension site (arrow), and part of the polymerase-extended region
are indicated at the top. The plots below indicate mismatches observed between the
expected target sequence and the sequence read at each nucleotide along the
sequence read. Modeling of the frequency of mismatches across the polymerase-
extended region may allow accurate identification of polymorphisms that are not a
result of background sequencing errors and noise.

[0184] Statistical analysis generally includes simple summary statistics, such
as hit density for all pathogens, where hit density is the number of hits in a window of
sequence divided by the number of high-quality reads. It can be recorded by
sequence coordinates in the pathogen sequence or by a combination of a "region of
interest" ID and the distance from its center. In addition, classification methodologies
may be used to provide accurate assignment of samples to pathogens. The toolbox
available involves maximum likelihood and Bayesian approaches, linear discriminant

based methodologies and neural network approaches. This approach may employ
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Assenbl ed Probe
GCGCGTGTTAAATATAT CCCT GCCGAGAT CGGAAGAGCGT CGTGTAGGCGAAAGCT GAGCAAATGT TATCGAGGTC
TATGGAGGAECAGAASEPFTCGGTAAGA (SEQ | D NO 124) PCT/US2011/040106
GCGGCTCGTCAAATCTTTGACCT TCAGAT CGGAAGAGCGT CGTGTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
GGTGTTGCGCAACCT GITTCTIGITC (SEQ I D NO 125 i
wmm&mmmm@m&@m@wm@@@&@mmﬁmwﬁ?ﬁmwc
CAGCCTGGTTACCCA GITCTTACTG (SEQ I D NO. 126)
ATTGT GeadrEnEimiieACEIFIedAEon : dd 2 15
AATTCATCGGGTGAC CCTGTGGAAG ( SEQ | D NO; 127)

CACACCNISHIS o NGAGIIEAE ARG EUES S TAGTESABATGIHE UM EECIAT CGAGGT C
AGGTGTCAATGCCAT GCGTGGT (SEQ | D NO 128) Har

machines (SVMs). In some embodiments, disclosed methods employ one or more

XPOT TATCGAGGTC

of these approaches evaluated against reference data sets in order to achieve
maximum specificity and senstivity. Final analysis may depend on running many
samples on a system of the invention and also on a "gold standard" reference. From
this one can then examine the properties of these data, the assays and implement
fixed analysis algorithms. These algorithms are not truly fixed, but instead adapt
themselves to incoming data. This prior analysis is run several times over the life
cycle of a system of the invention. Statistical interpretation as implemented above is
dependent on prior analysis on. powerful computational services. Initial analysis
generates algorithmic recipes for analysis and interpretation which can then be
deployed into a system of the invention.

[0185] Accordingly, in some embodiments, the goal of sequencing and
subsequent analysis following a capture reaction using a set of probes is to
determine the set of organisms or strains whose DNA is present in a sample. In
some embodiments, a further goal is to determine the relative quantities of those
organisms or strains in the sample.

[0186] Methods of analysis may rely on a model for the probability of errors in
sequencing reads and a model for mutations arising between related strains of an
organism. The simplest version of these models may treat all errors or changes as
having equal probability, where that probability may be derived from data or chosen
based on a researcher's best guess. In some embodiments, more advanced models

may learn the probabilities of different types of errors from sequencing datasets of
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TTGTCCAGGT GGCAGAAGATACT CGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
CGACGGGATTTATCG GTGGCTTTAC (SEQ | D NO 129)
CAACACGAGEOATOASTBEACT GECAGAT CGGAAGAGCGT CGT GT AGGGAAAGCT GABTAXNNTGTIIAT CGAGGTC
CTTCAGCGTTGTCTG TCGCCAGTAA (SEQ | D NO 130)

GAATTAGCCAAGT TTGAGCGT CCGGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
CCTAGTIGREAT eprgatoraieriat asinadibe sameumackine, sample preparation, and analysis

CAAGT CTAAGACATCCTGCT COGT GAGAT CGGAAGAGCGT CGT GT AGGGAAAGCT GAGCAAATGTTATCGAGGTC
GCOCAGSSTMDECATthaG IVEGGES niGiisls ntayNeatrB e probabilities of mutations based
ATTCAAGTGGGCTACTTCCTGT CGCAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC

GCCCCAGAMEATEAhowY Stain ot SESlid Eatifades3df genes or genomes, private
TGGCCTGAGGATAGAAACCAAT CCCAGAT CCGAAGAGCGT AGGGAAAGCT GA TGITATCGAGGTC

OB T80 A o a8 o arconccrc

GATTCTL cﬁ];ctlons oP sequencing reads.

[0187] Based on a database of known genomes and the set of probes used in
the reaction, the set of expected read sequences may computed. Each expected
read sequence may be derived from one probe and one genome, thus the number of
expected read sequences may be the product of the number of genomes and the
number of probes.

[0188] Given the set of sequencing reads (or pairs of reads) from a reaction,
the reads may be aligned against the set of expected reads. Using the model for
sequencing errors, the method may compute the probability that the read (or pair of
reads) is derived from each expected product. The method may then compute the
set of all organisms or strains that might be present in the sample as the union of the
organisms/strains from all expected products to which a read aligns with greater than
a selected minimum probability, for example, .1, .01, or .001.

[0189] In some embodiments, the methods of analysis further determine the
relative proportion or abundance of each organism or strain, such that the
proportions or abundances maximize the probability of actual occurance of the
observed set of sequencing reads, given:

1) the probabilites of each read aligning to each expected read,

2) a prior probability of observing each organism or strain in the sample (for

this type of probability, each organism or strain is equally likely);
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AAGCCAAGC ( SEQ | D NO 135)

CTTGGCAGAATCGGCT CAAT CAAGGAGAT CGGAAGAGOGT CGT GTAGGGAAAGCT GAGCAAATGTTATCGAGGTC
AATGCCACAEDACGBSIEFTGTCCAC (SEQ I D NO 136) PCT/US2011/040106
ACCACAGAAAGGGOGGT TAATAGGGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGTTATCGAGGTC
GOCGCAAAGAAGAC ACCAGCATCTA (SEQ | D NO: 137)

CGATACCTTGIRICamriaspreRatiita ok terumbacebreanismeesaiains el ReTGTTATCGAGETC
OCGTGCCCTGTTGGAA AGGCAATTGA (SEQ | D NO: 138)

GGCTGGATTTGCT GRAE0T T CAT ETAB SBENAGACLET (YERGIT AEOCARMB T et GOAEGDT AT CGAGGTC
TTGACCTCAGCGATTA CCTGCAAGC ( SEQ | D NO 139)

TAACGCTCCAATT @@@%%TWQWWW GEAMTEITRFCGAGGTC
AGAGCTTCTTTCATGA GTGGAGCCC ( SEQ | D NO 140) oA y

CCAACCGITCTCT : ATCGAGGTC
GO0C0CCTTACTE AT AR A e TN T 0 ey g e cretiter

[0190] In some embodiments, the methods of analysis determine the relative
proportions or abundances of organisms via a “Mixture Model.” In some
embodiments, the hidden variables in the model are the proportions or abundances
of the organisms or strains and the assignments of sequencing reads to expected
reads (where each observed read is assigned to a single expected read). A variety
of methods, including Expectation-Maximization, Gibbs Sampling, and Metropolis-
Hastings, may be used to find the values of these hidden variables which maximize
the probability of the data given the hidden variables and the priors on the hidden
variables.

[0191] In further embodiments, the methods also incorporate unknown strains
of known organisms into the Mixture Model by using the probabilities of mutations.
In such embodiments, the genomes of unknown strains are generated based on
observed reads that contain one or more mismatches to all known genomes. The
previously unknown genome may be added to the mixture with the same probability
as a known genome

[0192] Some embodiments also correct for multiple testing. Without
limitation as to any one technique, the objective is to eliminate false positives and
false negatives. FPR and FDR (false discovery rate) are among the most promising
corrections since they are adaptable to any system. In some embodiments,

thresholds are updated over time as additional cases are tested.
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[0193] Exemplary embodiments categorize a sample as (1) a significant hit,
(2) an inconclusive hit, (3) lack of hit or missing pathogen, or (4) poor sample quality
or data error.

[0194] Output of results can occur in parallel (1) to company server, (2) to
xml and HL7 formats, e.g., for deposit in hospital system, in an electronic medical
record (EMR) system, or in other HL7 or xml capable storage systems, for use in
existing health record frameworks, and/or (3) to physician-friendly graphical and text
formats, e.g., graphs, tables, summary text and possible annotated, web formats
linking to reference information. Output formats are arbitrary, e.g., simple text,
spreadsheet data, binary data objects, encrypted and/or compressed files. A
complete record may involve all or some of these linked to a diagnostic test via
unique identifiers. They may be assembled into a coherent object or may be
accessible via a search for the unique identifier.

[0195] Figure 9 is a diagram of an exemplary embodiment of a system
architecture for implementing analysis and formatting of sequencing data. This
system architecture involves separation of sequencing analysis (Server),
computation of statistical measures (Computation) and output or display functions
(Interfaces). Many embodiments of such an architecture exist. Without limitation to
any particular physical implementation, preferred embodiments include these major

components in the analysis workflow and architecture.

3.4 Exemplary protocols

[0196] Methods of making and using probes, capture reaction products, and
amplification reaction products are known in the art and may be used in the present
invention. Exemplary methods are disclosed in, e.g., Deng et al. 2009, and Li et al.,

Genome Res., 19(9) 1606-15 (2009).
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[0197] For example, the mixtures of the present invention can be processed
essentially as described in these references for capture reactions (to form capture
reaction products), amplification reactions (to form amplification reaction products),
and sequencing of the capture and/or amplification reaction products. The methods
disclosed in these and other references are only exemplary and are in no way
limiting of the present invention. For example, Deng ef al. extracted Genomic DNA
from frozen pellets of fibroblast, iPS or hES cells using Qiagen DNeasy columns,
and bisulfite converted them with the Zymo DNA Methylation Gold Kit (Zymo
Research). Bisulfate conversion may be used in the methods of the invention to
study, for example, DNA methylation, but is not necessary. Deng et al. combined
padlock probes (60 nM) and 200 ng of bisulfite-converted genomic DNA and mixed
in 10 yl 1x Ampligase Buffer (Epicentre), denatured at 95 °C for 10 min, then
hybridized at 55 °C for 18 h, after which 1 pl gap-filling mix (200 uM dNTPs, 2 U
AmpliTaq Stoffel Fragment (ABI) and 0.5 units Ampligase (Epicentre) in 1x
-‘Ampligase buffer) were added to the reaction. For circularization, the reactions were. - -
incubated at 55 °C for 4 h, followed by five cycles of 95 °C for 1 min, and 55 °C for 4
h. To digest linear DNA after circularization, 2 pl exonuclease mix (containing 10
U/ul exonuclease | and 100 U/ul exonuclease Ill; USB) was added to the reaction,
and the reactions were incubated at 37 °C for 2 h and then inactivated at 95 °C for 5
min.

[0198] To amplify the captured sequences , Deng et al. amplified 10-pl
circularization products by PCR in 100 pl reactions with 200 nM AmpF6.2-SolL
primer, 200 nM AmpR6.2-SoL primer, 0.4x SybrGreen | and 50 pl iProof High-
Fidelity Master Mix (Bio-Rad) at 98 °C for 30 s, eight cycles of 98 °C for 10°s, 58 °C

for20 s, 72 °C for 20 s, 14 cycles of 98 °C for 10 s, 72 °C for 20 s and 72 °C for 3
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min. The amplicons of the expected size range (344-394 bp) were purified with 6%
- PAGE (6% TBE gel; Invitrogen).

[0199] Next, Deng et al. pooled purified PCR products with the four probe
sets on the same template DNA in equal molar ratio, and reamplified them in 4x 100
ul reactions with 4-ul template (10~15 ng/ul), 200 pM dNTPs, 20 uM dUTP, 200 nM
AmpF6.3 primer, 200 nM AmpR8.3 primer, 0.4x SybrGreen | and 200 pl 2x Taq
Master Mix (NEB) at 94 °C for 3 min, 8 cycles of 94 °C for 45 s, 55 °C for45's, 72 °C
for 45 s and 72 °C for 3 min. Deng et al. purified PCR amplicons with Qiaquick
columns, and digested them with Mmel: ~3.6 nmole purified PCR amplicons, 16
units of Mmel (2 U/ul; NEB), 100 uM SAM in 1x NEB Buffer 4 at 37°C for 1 h. Deng
et al. again column purified the digestions and digested with 3 U USER enzyme (1
U/l) at 37 °C for 2 h, then with 10 units S1 nuclease (10 U/ul; Invitrogen) in 1x S1
nuclease buffer at 37 °C for 10 min. Deng et al. purified the fragmented DNA by
column and end repaired the DNA at 25 °C for 45 min in 25-pl reactions containing
2.5 pl 10x buffer, 2.5 yl dNTP mix (2.5 mMeach), 2.5 ul ATP (10 mM), 1 pl end-
repair enzyme mix (Epicentre), and 15 yl DNA. Approximately 100-500 ng of the
end-repaired DNA was ligated with 60 uM Solexa sequencing adaptors in 30 ul of 1x
QuickLigase Buffer (NEB) with 1 ul QuickLigase for 15 min at 25 °C. Deng et al. size
selected ligation products of 150~175 bp in size with 6% PAGE, and amplified them
by PCR in 100 pi reactions with 15 pl template, 200 nM Solexa PCR primers, 0.8
SybrGreen | and 50 pl iProof High-Fidelity Master Mix (Bio-Rad) at 98 °C for 30 s, 12
cycles of 98 °C for 10 s, 65°C for 20's, 72 °C for 20 and 72 °C for 3 min. Deng ef al.
purified the PCR amplicons with Qiaquick PCR purification columns, and sequenced

them on an lllumina Genome Analyzer.
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CTGT CACAACGGGAACACGGGT ATAAGAT CGGAAGAGCGT CGT GT AGGGAAAGCT GAGCAAAT GTTATCGAGGTC
CTTGGCTCAAGTCAT GCTCCATCTG (SEQ | D NO 142)
GGTAAGAAAZAGANOGTEAAGCGCCAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT BAGTAAATBINNAT CGAGGTC
CCGCTTCGAGCAATT GCTCAAAGAC (SEQ I D NO 143)

ACTCTTGTGACT AGAGCACCGT GAGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
ATAGCTGGACAOZP6] Adetriacrd thedollowinganetheps. Li ef al. mixed 1x Ampligase
TCAGCCAAACCGTTCAAGACT CCT GAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGTTATCGAGGTC

GGACGOHETTYAEPISE nGaRHA0INE] (0.2SEMoIPofgeddrjc DNA (e.g., test sample DNA), and
ACGTTCTAACCAAGCTTGACAGCCCAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC

@A@ﬁgg 6% rBh&d $BHRA molar ratio = 100:1; numbers
GCAACATGTT TTAGATCC—IEAA CI:%—TFCGFGFAGGGAAAGCTGAGCAAATGFTATCGAGGTC

e AR P RPN R MR P armncoro

rampe%a‘at 0.1 °C/sec to 60 °C, and then hybridized for 24 h at 60 °C. They then
added 2 uL of gap filling and sealing mix (5.4 yM dNTPs [100%, numbers change
accordingly for 1%, 10x, 1000x, and 10,000x], two units of Taq Stoffel fragment
[Applied Biosystems], and 2.5 units of Ampligase [Epicentre] in Ampligase storage
buffer [Epicentre]), and incubated the reaction for 15 min, 1 h, 1d, 2d, or 5d at 60
°C. Li et al. also tried cycling the reaction: after 1 d at 60 °C, we applied 10 cycles of
2 min at 95 °C followed by 2 h at 60 °C. To remove the linear DNA, Li et al. lowered
the incubation temperature to 37 °C, immediately added 2 uL of Exonuclease | (20
units/uL) and 2 L of Exonuclease Ill (200 units/uL) (both from USB), and incubated
the reaction for 2 h at 37 °C followed by 5 min at 94 °C.

[0201] Next, Li et al. amplified the circles by two 100-uL PCR reactions with

50 L of 2x iQ SYBR Green supermix (Bio-Rad), 10 pL of circle template (from
above), and 40 pmol each of forward and reverse primers (IDT). The PCR program
was 3 min at 96 °C; three cycles of 30 sec at 95 °C, 30 sec at 60 °C, and 30 sec at
72 °C; and 10 cycles of 30 sec at 95 °C, 1 min at 72 °C, and 5 min at 72 °C. The
desired PCR products were gel purified and quantified. For each sample, Li et al.
sequenced 10-20 fmol of DNA by both lllumina Genome Analyzer version 1 and

updated version 2 with a custom primer.

[0202] The foregoing description has been presented for purposes of

illustration. It is not exhaustive and does not limit the invention to the precise forms
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TATAAGTTGG (SEQ | D NO 148)
AGAAT GGCACGT TGGAGAACGAT GGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCTGAGCAAATGT TATCGAGGT C
GCTGCGCGOVQRATITI STEAAATAGAG ( SEQ | D NGO 149) PCT/US2011/040106
AAGGCAAGCCAAGT CAGTATGGCT GAGAT CGGAAGAGCGT CGTGTAGGGAAAGCTGAGCAAATGT TATCGAGGTC
CCTGAAGAAGGTAAG AGTCTCACCC SEQ I D NO 150)
D ntodisCiupEdAMaditcainnaETEray
AGTCAACTGACTGGC ATCTACACCG (SEQ I D NO 151)
GACACTADEFAGOARGIEERITE B BTAICRAACAGRIT QET 6N AGOEASPEITGABO/MAT GT TATCGAGGTC
GIGCGGTTCGGAGAT ACGCAAGTAA (SEQ I D NGO 152)

TTCCAT, - Gr

CrocT AR B TET R R AT 1 PO OO SPARRERARKT TATEAEETE

software. Examples of hardware include computing or processing systems, such as

eimesrtonvit GETATCGAGGTC

personal computers, servers, laptops, mainframes, and micro-processors. In
addition, one of ordinary skill in the art will appreciate that the records and fields
shown in the figures may have additional or fewer fields, and may arrange fields
differently than the figures illustrate. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

[0203] It should be understood that for all numerical bounds describing some
parameter in this application, such as “about,” "at least,” "less than," and "more
than," the description also necessarily encompasses any range bounded by the
recited values. Accordingly, for example, the description at least 1, 2, 3, 4, or 5 also
describes, inter alia, the ranges 1-2, 1-3, 1-4, 1-5, 2-3, 2-4, 2-5, 3-4, 3-5, and 4-5, et
cetera.

[0204] For all patents, applications, or other reference cited herein, such as
non-patent literature and reference sequence information, it should be understood
that it is incorporation herein by reference in its entirety for all purposes as well as for
the proposition that is recited. Where any conflict exits between a document
incorporated herein by reference and the present application, this application will
control. All information associated with reference gene sequences disclosed in this
application, such as GenelDs or accession numbers, including, for example,

genomic loci, genomic sequences, functional annotations, allelic variants, and
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TTCCTCTTCTGCCAGT CTATGCTGGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCTGAGCAAATGT TATCGAGGTC
GATTGGTCCAATAGTG CCOGATACG ( SEQ | D NO 155)
GGCATACGOVOGBATIFFESGT TGCAAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT BAGTAXNTGINAT CGAGGTC
CCTTGCAGTI GGTTC GAAACCAAGG ( SEQ | D NO: 156)

GCTGAACGAACAT TGECCAGACT TGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGT C
GAGGT aefaraccaMRNACKHABEITE ¢ SE@XPD baondsgrgs) and protein sequences (such as
AAAGGCAATGGACT CTTCCAAGCCCAGAT CGGAAGAGCGT CGT GTAGGGAAAGCTGAGCAAATGT TATCGAGGTC
CTTGGEGEsHIehed doganTstaid@s] SEChefebfind&Pprated herein by reference in their
CAATTCCCTGTCTCAGCTAGATCCGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGTTATCGAGGTC
TATCGGEH ACG TTCAGGTGCT (SEQ | D NO 159)

AAGACCAGAGS CGAAATTCCGT GTGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCTGAGCAAATGT TATCGAGGTC
CTCCTGAATAGCAGA CAGATAGGCG ( SEQ | D NO 160)
AGTTTGACGGTTCTCAGGTACACGGAGAT COBAAGAGOGT CGT GTAGGGAAAGCT GAGCAAATGTTATCGAGGTC
CATCCATGAGACGAG
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TCATGGTGIC (SEQ I D NO 161)

TCCACTCTGGTGGT TTATCCGCATCAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGT C
TGAAGGCGOWQANTIAGBEGTGAACG (SEQ | D NO 162) >strep. pneunpCTAB204308@P6 pNneuno
-20 >strep. pneuno -21 >strep.pneuno -22 >strep.pneuno 23 >strep. pneuno

EXAMPLES

Example 1: Probe Generation Process

[0205] Methods are provided herein for the design of DNA oligonucleotide
probes that can be used in multiplexed diagnostic assays capable of simultaneously
detecting and identifying a large number of different pathogenic organisms, such as
bacteria, viruses, fungi and other organisms. This is achieved by generating a pool
of probes that are at once highly specific for given organisms, capable of capturing
specific regions of clinical interest, and which will not cross-hybridize either with the
nucleic acids of other organism or with other probes in the same pool. Candidate
homology regions of DNA (or RNA) are selected, either from an entire genome (or
group of genomes) or from a particular region of interest (for instance that reflect
particular characteristics, such as mutations conferring drug resistance, drug
sensitivity, virulence, pathogenicity, increased human transmissibility, and other
features with diagnostic or clinical relevance). These homology regions can be used
to identify a specific organism, strain, substrain or serovar.

[0206] In contrast to existing methods of primer design, which are limited to
preselecting specific short regions of DNA (typically no more than a few thousand
bases long), primers were designed according to the present methods by starting
with an entire genome or group of genomes. This enables identification and
validation of optimal candidate probes, from the widest possible range of nucleic acid
sequences, that meet specific criteria for specificity, T, and other probe
characteristics.

[0207] Typically, the probes provided by the present methods include two
homologous probe sequences (also referred to herein as “*homers”), designed to

capture a region of a target organism’s genome. When the homologous probe
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sequences of a probe hybridize to a particular target, the gap is filled and a circular
product is generated, which can then be sequenced or hybridized to an array to
obtain final results. A probe “backbone” connects the two homologous probe
sequences and includes various linkers, DNA barcodes, amplification sites, and/or
restriction sites. The assembled structure is the finished probe. A schematic of an
exemplary probe provided by the invention is shown in Figure 1.

[0208] This example describes the production of capture probes as
described herein which are highly specific for two common pathogens:
Streptococcus pneumonia and Salmonella enterica.

[0209] For Streptococcus pneumoniae, the target genome (gi 221230948 ref
NC_011900.1 Streptococcus pneumoniae ATCC 700669, complete genome) was
downloaded from NCBI, along with ten additional S. pneumoniae genomes, shown
below in Table 1.

Table 1: Additional Streptococcus pneumoniae target genomes

Target genome
gi 194172857 ref NC_003028.3 Streptococcus pneumoniae TIGR4
gi 15902044 ref NC_003098.1 Streptococcus pneumoniae R6
gi 116515308 ref NC_008533.1 Streptococcus pneumoniae D39
gi 169832377 ref NC_010380.1 Streptococcus pneumoniae Hungary19A-6
gi 182682970 ref NC_010582.1 Streptococcus pneumoniae CGSP14
gi 194396645 ref NC_011072.1 Streptococcus pneumoniae G54
gi 225853611 ref NC_012466.1 Streptococcus pneumoniae JJA
gi 225855735 ref NC_012467.1 Streptococcus pneumoniae P1031
gi 225857809 ref NC_012468.1 Streptococcus pneumoniae 70585
gi 225860012 ref NC_012469.1 Streptococcus pneumoniae Taiwan19F-14)

[0210] For Salmonella enterica, gi 29140543 ref NC_004631.1 Salmonella
enterica subsp. enterica serovar Typhi str. Ty2, complete genome, was downloaded
as the initial single initial target genome. In addition, the fourteen S. enterica

genomes shown in Table 2 were downloaded:
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Table 2: Additional Salmonella enteric target genomes

Target genome

gi 161501984 ref NC_010067.1 Salmonella enterica subsp. arizonae serovar

gi 16758993 ref NC_003198.1 Salmonella enterica subsp. enterica serovar Typhi str. CT18

gi 161612313 ref NC_010102.1 Salmonella enterica subsp. enterica serovar Paratyphi B str. SPB7

gi 56412276 ref NC_006511.1 Salmonella enterica subsp. enterica serovar Paratyphi A str. ATCC 9150

gi 62178570 ref NC_006905.1 Salmonelia enterica subsp. enterica serovar Choleraesuis str. SC-B67

gi 194442203 ref NC_011080.1 Salmonella enterica subsp. enterica serovar Newport str. SL254

gi 194733902 ref NC_011094.1 Salmonella enterica subsp. enterica serovar Schwarzengrund str.
CVM19633

| gi 198241740 ref NC_011205.1 Salmonella enterica subsp. enterica serovar Dublin str. CT_02021853

gi 197247352 ref NC_011149.1 Salmonella enterica subsp. enterica serovar Agona str. SL483

gi 194447306 ref NC_011083.1 Salmonella enterica subsp. enterica serovar Heidelberg str. SL476

gi 224581838 ref NC_012125.1 Salmonella enterica subsp. enterica serovar Paratyphi C strain RKS4594

gi 207855516 ref NC_011294.1 Salmonella enterica subsp. enterica serovar Enteritidis str. P125109

gi 205351346 ref NC_011274.1 Salmonella enterica subsp. enterica serovar Gallinarum str. 287/91

gi 197361212 ref NC_011147.1 Salmonella enterica subsp. enterica serovar Paratyphi A str.
AKU_12601)

[0211] Next, the initial target genomes were sliced into all possible 25-base
strings (25-mers) of DNA. In the example of S. pneumoniae, the initial target
genome was approximately 2,253,000 bases long, and a file containing 2,221,290
strings of 25 bases each was created. For the example of S. enterica, this file
contained 4,791,936 strings of 25-mers.

[0212] A series of filters Was then applied to the list of 25-mer strings, which
is significantly faster than with FASTA files or other formats. All duplicate sequences
and any sequence with too many single repeats (5 or more) were eliminated. For S.
enterica 4,295,818 candidate sequences remained after these initial filters were
applied.

[0213] Next, all sequences were eliminated which are likely to form hairpins
(i.e., are likely to self-hybridize) based on in silico string representations of the DNA
to allow large scale rapid processing of very large candidate sets to identify probes
likely to self-hybridize. The hairpin/dimerization search looks for regions within the
oligonucleotide which could be self-complementary. A search criterion was

established requiring that a set of N bases in the probe is matched by N
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GCCATCT CORQCATIOATPEAGGECT AAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT BAGTAANTGINNAT CGAGGTC
CTGCCATGCCACTAG TAGCACCAAA (SEQ I D NO 163)

AAACGGT GATGGAGT GGT CCAGCATAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATATTATCGAGGTC
AGT CGOraaplaCRBlaryAEsesindt: s3m© Rrobeaat didgnce D bases away from the probe.

GTCCGAACTAGCTTGCTTGI TGAGGAGAT CCGLAAGAGCGT CGT GTAGGGAAAGCTGAGCAAATGT TATCGAGGT C
GT'GCCOAGEfiptdreated in the Ruby programming language was utilized in these

implementations which first constructs a reverse complement of all possible
candidate subsequences of length N derived from the probe sequence. The script
then searches the probe for exact matches and reports a hairpin when a match is
found and the end of the first sequence and the beginning of the second sequence
are more than D bases apart. Searching and matching are performed using string
manipulation functions on arrays and/or hashes of sequences that can deliver results
very quickly in this setting. In this example, N is more than 3 and less than 7 and D
is greater than 5.

[0214] For the candidate 25-mers from S. pneumonia, 25-mers were identified
with a T, of approximately 59 °C, based on having a sum of guanidine and cytosine
bases of exactly 13. For S. enterica, the selection for a target Tr, was performed at a
later stage, as discussed below. It was later found that performing this screen at this
earlier stage substantially increased efficiency.

[0215] After applying these filters, 1,175,631 candidate sequences from
Salmonella enterica remained. For the subsequent steps, string files were converted
into FASTA-formatted files.

[0216] Next, NCBI's MegaBLAST Version 2.2.10 (unless otherwise indicated,
any reference to BLAST [i.e., blast, blasted, BLASTed, et cetera] in the Examples
refers to MegaBLAST) was used to compare all candidate 25-mers to all target
genomes of the same organism listed in Tables 1 and 2 for S. pneumoniae and S.
enterica, respectively. Any candidate 25-mer that did not have an exact match in all
of the genomes for its target organism was discarded. For S. enterica, 42,907

candidate 25-mers remained after this step. The number of hits for each 25-mer
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CTTCTTCTAG ( SEQ | D NO 165)

CAAAGGAAGCCT GTAAGCGT GTCT GAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
TCGTACTGOB0AGATISEPEATGATGT (SEQ | D NO 166) PCT/US2011/040106

TAGCAGT CATAGGT GCCTCCT GGTTAGAT CGGAAGAGCGT CGTGTAGGGAAAGCT GAGCAAATGTTATCGAGGTC
ACCAAACCTTCAAGAA GOGGAGCCA (SEQ | D NO. 167) o

TGAT GERIA sl SachC ATIR UG ACOINE daEnmiEsT anadntig AxemesNWIRESEAT CGAGGTC
TTCCAGCGAGCTGCG TCAAATTGAC ( SEQ | D NO: 168)

GTTGAGRGAAEEAAS AR ASICEAGAR S GEABRATETECKEIET AGGGAAAGCT GAGCAAATGTTATCGAGGTC
CCACCAGATAATTGA CGGGCAAAGC (SEQ | D NO 169)

CCGTGAGTA @g@g@q&&ﬂ £ HoNAGHE Bl Fah SR A adIdahe2BAn st TATCGAGGTC
CAACCTGAC%}«? CTGCATAA (EEQ I D NO 1%0) ’ i

GraT KPR TEET T A R S T e SO AGIREERBATERACETE

individual chromosome. The sequences used in these studies are shown in Table 3.

Candidate 25-mers that shared 19 out of 20 consecutive bases with a sequence in
the human genome were discarded. In the case of Salmonella enterica, 42,485
candidate 25-mers remained after this step.

Table 3: Human genomic sequences for screening of hybridizing probes

Genomic sequence

gi 89161185 ref NC_000001.9 NC_000001 Homo sapiens chromosome 1
gi 89161199 ref NC_000002.10 NC_000002 Homo sapiens chromosome 2
gi 89161205 ref NC_000003.10 NC_000003 Homo sapiens chromosome 3
gi 89161207 ref NC_000004.10 NC_000004 Homo sapiens chromosome 4
gi 51511721 ref NC_000005.8 NC_000005 Homo sapiens chromosome 5
gi 89161210 ref NC_000006.10 NC_000006 Homo sapiens chromosome 6
gi 89161213 ref NC_000007.12 NC_000007 Homo sapiens chromosome 7
gi 51511724 ref NC_000008.9 NC_000008 Homo sapiens chromosome 8
gi 89161216 ref NC_000009.10 NC_000009 Homo sapiens chromosome 9
gi 89161187 ref NC_000010.9 NC_000010 Homo sapiens chromosome 10
gi 51511727 ref NC_000011.8 NC_000011 Homo sapiens chromosome 11
0i 89161190 ref NC_000012.10 NC_000012 Homo sapiens chromosome 12
gi 51511729 ref NC_000013.9 NC_000013 Homo sapiens chromosome 13
gi 51511730 ref NC_000014.7 NC_000014 Homo sapiens chromosome 14
gi 51511731 ref NC_000015.8 NC_000015 Homo sapiens chromosome 15
gi 51511732 ref NC_000016.8 NC_000016 Homo sapiens chromosome 16
gi 51511734 ref NC_000017.9 NC_000017 Homo sapiens chromosome 17
gi 51511735 ref NC_000018.8 NC_000018 Homo sapiens chromosome 18
gi 42406306 ref NC_000019.8 NC_000019 Homo sapiens chromosome 19
gi 51511747 ref NC_000020.9 NC_000020 Homo sapiens chromosome 20
gi 51511750 ref NC_000021.7 NC_000021 Homo sapiens chromosome 21
gi 89161203 ref NC_000022.9 NC_000022 Homo sapiens chromosome 22
gi 89161218 ref NC_000023.9 NC_000023 Homo sapiens chromosome X
gi 89161220 ref NC_000024.8 NC_000024 Homo sapiens chromosome Y

[0218] After eliminating 25-mers with similarity to the human genome, the
remaining 25-mers were BLASTed against an NCBI database of 25,991 microbial

and 3,602 viral genomes. 25-mers that shared at least 19 of 20 consecutive bases
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CTATCCACACCACCACGCT TAT GGAAGAT CGGAAGAGOGT CGT GT AGGGAAAGCT GAGCAAAT GTTATCGAGGTC
TAGACCGOGACTGAG TTCGTTTGCA (SEQ I D NO 172)

AAGT AACCARO BEATIGAGAGCAAGGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT BABTAXATGIINAT CGAGGTC
GTTCTTGCGGTTCAT CTGTTCCACC (SEQ I D NO 173)
CACCTCCGCATAGCTCTTTCCTTCTAGATCGGAAGAGOGT CGT GT AGGGAAAGCT GAGCAAAT GTTATCGAGGTC
GCGAGCAGGT SESTCeAT RN Of thgsg gepmes N@re efininated. After applying this filter,
GATTTCACCAd CAAACT TCCT CGGGAGAT CGGAAGAGOGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
CGT COCT, 245 AAAGINAteZAABEIGEDr CSEQfdriDaNamBiEd.
TCATTCACACCTTCATCTGGCCGAGAGATCGGAAGAGCGTCGTGTAGCISAAAGCTGAGCAAATGTTATCGACI;TC

TCAGCTGCATTH KX T6428Fch 0 seledNoh ¥d6a T,, of approximately 59 °C (by
AAGGACGA\GCA AT CFAT&CCAGATC%AAGA&GFCGFGFAGGEAAAWGA&AAATGFTATCGA%TC

L 0 B R I D i PRSI R concorc

CCATTAC)%A&Iy%was performed at this stage, leaving 1,116 candidate 25-mers.

[0220] The remaining candidate 25-mers for each organism were then
BLASTed against their original target genome to determine their start and stop
positions in the genome (i.e., their genomic coordinates). Using this information,
pairs of 25-mers were selected that were separated by a fixed distance. For
S. enterica, probe pairs that spanned a target length of exactly 100 bases (from the
start of the first 25-mer to the end of the second 25-mer) were selected, resulting in
eighteen such candidate probe pairs. In the case of S. pneumoniae, a total of 58
probes were designed for targetting sequences having lengths of 100, 200, 300, 400
and 500 bases. The 25-mers contained in the probes for S. pneumoniae are shown
in Table 4, which indicates the probes’ genomic location and target length.

[0221] Next, the 25-mer pairs were assembled into completed probes, using
the generic linker
AGATCGGAAGAGCGTCGTGTAGGGAAAGCTGAGCAAATGTTATCGAGGTC.
(SEQ ID NO:7). The assembled probes for S. pneumoniae are shown in Table 5.
Assembled pairs of homologous probe sequences for S. enterica are shown in Table
6, which includes the genomic location information for each pair of homologous
probe sequences.

[0222] In further embodiments, before probe assembly, candidate 25-mers
are BLASTed against all other candidate 25-mers and/or assembled probes in a

mixture to eliminate those that would cross-hybridize with any other sequence in the
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GITCCCATTCGC (SEQ I D NGO 178)

TCGGTGGTGGAGAT TCAAGCT CAAGAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
GAGTACACMICA®ATISEPAACGGCTC (SEQ | D NGO 179) PCT/US2011/040106
CAATCTCTTGGTCTTGGACGAGCCAAGAT CGGAAGAGCGT CGT GTAGGGAAAGCT GAGCAAATGT TATCGAGGTC
ACCTGCAGGTTGATG AACGAGATCG (SEQ I D NO 180

AGGGCATBIWEARAATTTORAA - G : CEASARBDIRINIORRAT (TAT CGAGGTC
CACGGAGACTCTTCGA CACTAGACTC ( SEQ I D NO 181) >strep. pneuno -40 >strep. pneunno
41 >steraboginmnp25-Akers shateqontaiaul®oof 20 consecutive bases contained in another

probe sequence (e.g., backbone or homologous probe sequence) in the mixture are
eliminated.

[0223] Once filtered, 25-mers are assembled into candidate probes,
comprising two 25-mers and a backbone, which may include a variety of linkers,
DNA barcodes, universal amplification primers, and other sequences as needed.
Next, assembled probes may be BLASTed against all other assembled probes in the
pool as an alternate or additional screen for possible cross-hybridization. Final
analyses for hairpins and/or self hybridization are performed. Validated, assembled
probes are then added to a database of useful probes. A flowchart of exemplary
implementations in the generation process for a probe or probe mixture (e.g., a

probe panel) is shown in Figure 7.
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>sal - 918848=a11/1328167163786- 163885100 GCGGTAATAGGGT GAACBTTARSEE0(BEQ | D

NO 182) TACCCAACCGITCACAGGTGGAAAG (SEQ I D NO 183)

>sal - 91537sal - 495107163787- 163886100 CGGTAATAGGGTGAACGTTATGEEC (SEQ | D NO.

184) ACCCAACCGITCACAGGTGGAAAGT (SEQ I D NG 185)

-56 >strep.pneuno 57 >strep.pneuno -58 Table 6: Assenbled pairs of

honol ogous probe sequences for
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>sal - 1023952sal - 888277163814- 163913100 GITCCAGCGTTTGCGTTGATCCTTC (SEQ 1D
oAl 17U

NO 186) TGAAATTTCCGCTTCGCGGGACCAA (SEQ | D NO 187)
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>sal - 244766sal - 1039899164829- 164928100 TGATGCCGGTATTCCCTTTGECGAT (SEQ 1D

NO 190) ATGCGCGATTATCCCGATATTCGEC (SEQ I D NO 191)
>sal - 379412sal - 999649164841- 164940100 TCCCTTTGECGATGCGGTACAACTT (SEQ I D

NO 192) CCCGATATTCGGCTGGATATCGATG (SEQ |1 D NO 193)

>sal - 6431
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GCCTTTGCCATCGTTTTACGCGTGA (SEQ I D NO 194) GATCGTAGCATCCCCTGCATACCTT (SEQ I D

NO 195) >sal -231120sal -422707164982- 165081100 CCTTTGCCATCGITTTACGCGTIGAG

(SEQ | D N©D291)1567PEGTAGCATCCCCTGCATACCTTG (SEQ I D NGO 19€X/US2011/040106
>sal - 1053463sal - 69659165054- 165153100 AATTACGCCGGAAGCCGCGITAATG (SEQ I D

NO 198) TGCCTTTGCCATCGITTTACGCGIG (SEQ I D NO 199)

>sal - 492477sal - 239882165083- 165182100 ATGATAAAGCGITGCGTCTCTCCGEC (SEQ | D

NG 200) CGGGCTATATCGGTGGGAGTITTGIT (SEQ | D NO 201

>sal - 239882sal - 596706165157- 165256100 GAAGACTTACAGGATGGEGCGGITGT (SEQ I D

NO: 202)
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WOCEGEAGHAT CCACAAATCAAAGCGG (SEQ | D NG 205)
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>sal - 120080sal - 4280372922400- 2922499 100 CGAATGGCAGGACTCGCTTACTGAA (SEQ ID

NO 204)
>sal - 662112sal - 10721502922404- 2922503 100 TGGCAGGACTCGCTTACTGAAGATG ( SEQ | D

NO 206) GCAATGCACAAATCAAAGCGCECGGT (SEQ 1D NO 207)

>sal - 1071952sal - 106112939265- 2939364 100 AAACTTCGGTGCAGGGGTTAGGCAT (SEQ ID

NO 208) TGGCAGAGCGAGTGACTATCTGAAG ( SEQ | D NO 209)

>sal - 241367sal - 8042154263827-4263926 100

ATGATAAAGCGTTGCGTCTCTCCGC ( SEQ | D NO 203)
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GGCTTTGGCAACGTAGGCTTCTTCA (SEQ | D NGO 210) ATGCACATCACACCGTCCTGACCAA (SEQ I D
NG 211) >sal -8740sal -6717574265448- 4265547 100 GCAGGCGATCTTTAATCATCTGCGG
(SEQ | D NED222)156MACCCTTTCGCGT TGGCGAGGTTA ( SEQ | D NO 218YT/US2011/040106

>sal - 33849sal - 3228274265449- 4265548 100 CAGGCGATCTTTAATCATCTGCGSG (SEQ I D
NO 214 AACGCTTTCGCGT TGECCGAGGTTAA (SEQ | D NO 215) .
>sal - e s ssembled ppisaf homelegaus BabecaIENETEIr@AMSHERSIHEKa SEQ | D
h[)216) GTATGCAGATCGT CAGGATGGECCAA (SEQ 1D NO 217) (headlngs above the
sequelresak9i8a13 alshler26187hovi68 FAS-16888% i1PPer s of| t he honol ogous probe
sequenGesCTMTAGGHEAAGET TG (FES IDOWd8dy |t he genonic target coordinates,

and the | ength of t ar get _ ¢
end of TAGEAASES %&T}BSGG MG GEd bB i start of the first 25-mer to the

>sal-91537  sal-495107  163787-163886 100
CGGTAATAGGGTGAACGTTATGGGC (SEQ ID NO:184)

ACCCAACCGTTCACAGGTGGAAAGT (SEQ ID NO:185)

>sal-1023952 sal-888277  163814-163913 100
GTTCCAGCGTTTGCGTTGATGCTTC (SEQ ID NO:186)

TGAAATTTCCGCTTCGCGGGACCAA (SEQ ID NO:187)

>sal-591159 sal-1123128 163815-163914 100
TTCCAGCGTTTGCGTTGATGCTTCG (SEQ ID NO:188)

GAAATTTCCGCTTCGCGGGACCAAA (SEQ ID NO:189)

>sal-244766 sal-1039899  164829-164928 100
TGATGCCGGTATTCGCTTTGGCGAT (SEQ ID NO:190)

ATGCGCGATTATCCCGATATTCGGC (SEQ ID NO:191)

>sal-379412 sal-999649  164841-164940 100
TCGCTTTGGCGATGCGGTACAACTT (SEQ D NO:192)

CCCGATATTCGGCTGGATATCGATG (SEQ ID NO:193)

>sal-643175 sal-704852  164981-165080 100
GCCTTTGCCATCGTTTTACGCGTGA (SEQ ID NO:194)

GATCGTAGCATCCCCTGCATACCTT (SEQ ID NO:195)

>sal-231120 sal-422707  164982-165081 100
CCTTTGCCATCGTTTTACGCGTGAG (SEQ ID NO:196)

ATCGTAGCATCCCCTGCATACCTTG (SEQ ID NO:197)

>sal-1053463 sal-69659 165054-165153 100
AATTACGCCGGAAGCCGCGTTAATG (SEQ ID NO:198)

TGCCTTTGCCATCGTTTTACGCGTG (SEQ ID NO:199)

>sal-492477 sal-239882  165083-165182 100
ATGATAAAGCGTTGCGTCTCTCCGC (SEQ ID NO:200)

CGGGCTATATCGGTGGGAGTTTGTT (SEQ ID NO:201

>sal-239882 sal-596706  165157-165256 100
GAAGACTTACAGGATGGGCGGTTGT (SEQ ID NO:202)

ATGATAAAGCGTTGCGTCTCTCCGC (SEQ ID NO:203)

>sal-120080 sal-428037  2922400-2922499 100
CGAATGGCAGGACTCGCTTACTGAA (SEQ ID NO:204)
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Exanpl e 2: Generation of M tubercul osis-specific probes
Probes specific for were made essentially as set forth in Exanple 1 for
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>sal 8740 sal-671757  4265448-4265547 100
GCAGGCGATCTTTAATCATCTGCGG (SEQ ID NO:212)

AAACGCTTTCGCGTTGGCGAGGTTA (SEQ ID NO:213)

>s5al-33849  sal-322827  4265449-4265548 100
CAGGCGATCTTTAATCATCTGCGGG (SEQ ID NO:214)

AACGCTTTCGCGTTGGCGAGGTTAA (SEQ ID NO:215)

>sal-848714  sal-549807  4265674-4265773 100
CTGCAGATCGTCCCAGTCGGATTTA (SEQ ID NO:216)

GTATGCAGATCGTCAGGATGGCCAA (SEQ ID NO:217)

(headings above the sequences in Table 6 show the identifiers of the homologous

probe sequences, in respective order, followed by the genomic target coordinates,

and the length of target sequence from the start of t

second 25-mer).

he first 25-mer to the end of the

Example 2: Generation of M. tuberculosis-specific probes

[0224] Probes specific for were made essentially as set forth in Example 1

for S. pneumoniae. Briefly, the target genome (gi 57116681 NC_000962.2

Mycobacterium tuberculosis H37Rv, complete genome) was sliced into 25-mers that

were filtered to have a CG content of 40% (and therefore a fixed Tr), and to

eliminate duplicate sequences, sequences with sec

ondary structure, and sequences

with more than 4 consecutive repeats of the same nucleotide, as described in
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Tabl e 8: Assenbl ed pairs of honol ogous probe sequences for M tubercul osis
#414 mt b-gcl0-5778nt b-gcl0- 13476 1697202-1697301 100 >nt b-gcl0-5778
ATCAGCGTGVQACGTATEF TTTGAT (SEQ | D NO 218) >nt b-gcl10- 134P6ET/US2011/040106
GCTCGTTTTGATCCGATTTCTGITT (SEQ I D NO 219) #4# nt b-gcl0-10249nt b- gc10-21740
1697207- 1697306 >nt b- gc10- 10249 CGICTCACGTATCTTTTGATGGAAA ( SEQ_ I D NO 220)
>nt b- getanplerho The RPamecosaTerseeened dealse saieeh sqaurnces hat specifically

hybridize to the M. tuberculosis genomes in Table 7.

Table 7: M. tuberculosis additional target genomes

Target genome
gi 50953765 NC_002755.2 Mycobacterium tuberculosis CDC1551
gi 148659757 NC 009525.1 Mycobacterium tuberculosis H37Ra
gi 148821191 NC_009565.1 Mycobacterium tuberculosis F11
0i 253796915 NC_012943.1 Mycobacterium tuberculosis KZN 1435

[0225] 25-mers were screened against a human genome as in Example 1 to
eliminate any which would be likely specifically hybridize with human DNA. Probe
sequences were screened to not specifically hybridize to the same NCBI database of
microbial and viral genomes as Example 1. 25-mers were assembled in pairs into
probes to capture target regions 100 nucleotides in length. The M. tuberculosis
probe sequence pairs and their genomic location are listed in Table 8.

Table 8: Assembled pairs of homologous probe sequences for M. tuberculosis

#HH: mtb-gc10-5778 mtb-gc10-13476 1697202-1697301 100
>mtb-gc10-5778

ATCAGCGTCTCACGTATCTTTTGAT (SEQ ID NO:218)
>mtb-gc10-13476

GCTCGTTTTGATCCGATTTCTGTTT (SEQ ID NO:219)

#HHE mtb-gc10-10249  mtb-gc10-21740 1697207-1697306 100
>mtb-gc10-10249

CGTCTCACGTATCTTTTGATGGAAA (SEQ ID NO:220)
>mtb-gc10-21740

TTTTGATCCGATTTCTGTTTCGCCA (SEQ ID NO:221)

#HH# mtb-gc10-14718  mtb-gc10-21512 1697208-1697307 100
>mtb-gc10-14718

GTCTCACGTATCTTTTGATGGAAAC (SEQ ID NO:222)
>mtb-gc10-21512

TTTGATCCGATTTCTGTTTCGCCAA (SEQ ID NO:223)

#HH mtb-gc10-18048  mtb-gc10-20799 1697209-1697308 100
>mtb-gc10-18048

TCTCACGTATCTTTTGATGGAAACG (SEQ ID NO:224)
>mtb-gc10-20799

TTGATCCGATTTCTGTTTCGCCAAT (SEQ ID NO:225)
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100 ntb-gcl0- 14718nt b- gc10- 21512 1697208- 1697307 >nt b- gc10- 14718
GTCTCACGTATCTTTTGATGGAAAC (SEQ | D NO. 222) >ntb- gc10- 21512
TTTGATCCOHDBIATIGIBFCGCCAA ( SEQ | D NO. 223) 1697209- 1697 POS/USOM 1/040106

mt b- gc10- 18048nt b- gc10- 20799 >nt b- gc10- 18048 TCTCACGTATCTTTTGATGGAAACG ( SEQ

I D ) 224) >ntb-9cl10-20799 TTGATCCGATTTCTGITTCGCCAAT (SEQ | D NO 225)
#H mtb-gc10-13476  mtb-gc10-9738 1697276-1697375 100

>mtb-gc10-13476

GCTCGTTTTGATCCGATTTCTGTTT (SEQ ID NO:226)
>mtb-gc10-9738

CGACGAATGCAATCAGGTCAAAATA (SEQID NO:227)

#HHE mtb-gc10-5979  mib-gc10-3490 1697348-1697447 100
>mtb-gc10-5979

ATCGACGAATGCAATCAGGTCAAAA (SEQ ID NO:228)
>mtb-gc10-3490

ACGCGGTGTCTCCAATTTAGAATAA (SEQID NO:229)

#HHE mtb-gc10-9738 mtb-gc10-13364 1697350-1697449 100
>mtb-gc10-9738

CGACGAATGCAATCAGGTCAAAATA (SEQ ID NO:230)
>mtb-gc10-13364

GCGGTGTCTCCAATTTAGAATAACA (SEQ ID NO:231)

#Ht mtb-gc10-1167 mtb-gc10-18133 1697421-1697520 100
>mtb-gc10-1167

AACGCGGTGTCTCCAATTTAGAATA (SEQ ID NO:232)
>mtb-gc10-18133

TCTGCGACATATTCAATATGGTGCT (SEQ ID NO:233)

#HHE mtb-gc10-2966 mtb-gc10-6093 1697501-1697600 100
>mtb-gc10-2966

ACATATTCAATATGGTGCTCGGGAA (SEQ ID NO:234)
>mtb-gc10-6093

ATCGTCTCCTGTGAGATAATTGCAT (SEQ ID NO:235)

#HHE mtb-gc10-10988  mtb-gc10-9385 1697583-1697682 100
>mtb-gc10-10988

CTGTGAGATAATTGCATCCGATCAT (SEQ ID NO:236)
>mtb-gc10-9385

CCGTTTCTGGTTTTGTCTTGATGAT (SEQ ID NO:237)

#HHE mtb-gc10-15828  mtb-gc10-14219 1697591-1697690 100
>mtb-gc10-15828

TAATTGCATCCGATCATATAGGGCT (SEQ ID NO:238)
>mtb-gc10-14219

GGTTTTGTCTTGATGATCAAATCCG (SEQ ID NO:239)

#HHE mtb-gc10-7551 mtb-gc10-12444 2632341-2632440 100
>mtb-gc10-7551

CAAAACTTGATATGACCGATCTCAC (SEQ ID NO:240)
>mtb-gc10-12444

GATATCGCGCTATCGGTAAACTAAT (SEQ ID NO:241)

#HHE mtb-gc10-8929 mtb-gc10-2100 3487428-3487527 100
>mtb-gc10-8929

CATTTACCTCTATCACTTCGGCTAA (SEQ ID NO:242)
>mtb-gc10-2100

AATCCGAACGAACACATAGCATTTG (SEQ ID NO:243)
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WO 2011/ 156795PCT/ US2011/ 040106 ###

nt b- gc10- 13476nnt b- gc10- 97381697276- 1697375 100 >nt b- gc10- 13476 GCTCG 111
GATCCGATWGQRGHTIF6YSEQ | D NO. 226) >t b- gc10- 9738 CGACGAAPGTAATGAGBIGAAAATA
(SEQ I D NO. 227) ### nt b- gc10-5979nt b- gc10- 34901697348- 1697447 100

>nt b- (‘1(‘10 5979 ATCGACGAATCCAATCAGGICAAAA _(SEQ I D NO 228) >nt b- gcl10- 3490

ACGOGEHEMr e IRATIBAGAAPAATY- 51881 | 485097008440 nt - gc10- 9738nt b- gc10- 13364

hgg; %%%éé@%%%%&@e BRL0s 9438 SIRAGRATCCAATCAGGTCAAPATA (SEQ 1D

GGCCTTATCTAAACCACTGAAGTTT (SEQ ID NO:245)

#HHE mtb-gc10-8689 mtb-gc10-13874 4062276-4062375 100
>mtb-gc10-8689

CATCCTTATAGGAACATCACAGACT (SEQ ID NO:246)
>mtb-gc10-13874

GGCATTTCCGTAGCTTTTGAAATTC (SEQ ID NO:247)

#HHE mtb-gc10-17547  mib-gc10-8941 4062278-4062377 100
>mtb-gc10-17547

TCCTTATAGGAACATCACAGACTTC (SEQ ID NO:248)
>mtb-gc10-8941

CATTTCCGTAGCTTTTGAAATTCCC (SEQ ID NO:249)

#HHE mtb-gc10-9500 mtb-gc10-7386 4062279-4062378 100
>mtb-gc10-9500

CCTTATAGGAACATCACAGACTTCA (SEQ ID NO:250)
>mtb-gc10-7386

ATTTCCGTAGCTTTTGAAATTCCCC (SEQ ID NO:251)

#HHE mtb-gc10-11046 mtb-gc10-21368 4062280-4062379 100
>mtb-gc10-11046

CTTATAGGAACATCACAGACTTCAC (SEQ ID NO:252)
>mtb-gc10-21368

TTTCCGTAGCTTTTGAAATTCCCCT (SEQ ID NO:253)

(headings above the sequences in Table 8 show the identifiers of the homologous
probe sequences, in respective order, followed by the genomic target coordinates,
and the length of target sequence from the start of the first 25-mer to the end of the

second 25-mer).

[0226] In addition, probe sequences were generated for specific regions of
the M. tuberculosis genome, focusing on the genes where mutations have been
shown to occur which confer resistance to rifampicin and isoniazid, two of the
principal first-line treatments for M. tuberculosis infection.

[0227] These probes were screened for specificity as described in
Example 1, but in this case were not limited to a specific Tn,. In particular, they were

designed to capture a specific 81-base region of the M. tuberculosis rpoB gene
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GCGGTGTCTCCAATTTAGAATAACA (SEQ | D NO: 231) ### ntb-gcl0-1167nt b- gc10- 18133
1697421- 1697520 100 >nt b- gcl0- 1167 AACGCGGTGTCTCCAATTTAGAATA (SEQ I D

NO 232) >WODRoyei567938133 TCTGCGACATATTCAATATGGTGCT ( SEQ PDTNG201288)1064#1

nt b- gc10- 2966nt b- gc10- 60931697501- 1697600 100 >nt b- gc10- 2966
ACATATTCAATATGGTGCTCGGGAA ( SEQ | D NO 234) >nt b- gc10- 6093
ATCGTOVOgEGTRNEIginATTisaTe(Bratipns Ree sgngentrated.” Two pairs of probe

nt b- gc10- 10988nt b- gc10- 93851697583- 1697682 100 >nt b- gc10- 10988

CTGT GAGAJURNEESORIGRed AR piBEGhisDedion: 286)s felfowsgc10- 9385

>mtb-H37Rv-rpoB-pr-01-H1: GGTCGCCGCGATCAAGGAGTTCTTC (SEQ ID NO:254)
>mtb-H37Rv-rpoB-pr-01-H2: CATCGAAACGCCGTACCGCAAGGTG (SEQ ID NO:255)

>mtb-H37Rv-rpoB-pr-02-H1: GTTCATCGAAACGCCGTACCGCAAG (SEQ ID NO:256)
>mtb-H37Rv-rpoB-pr-02-H2: ACCCAGGACGTGGAGGCGATCACAC (SEQ ID NO:257)

[0228] Probes specific for the M. tuberculosis inhA gene, where isoniazid
resistance mutations occur, were similarly identified. A pair of probe sequences

designed to capture this region are as follows:

>mtb-37rv-inha-pr-01-H1: TCGAACTCGACGTGCAAAACGAGGA (SEQ ID NO:258)
>mtb-37rv-inha-pr-01-H2: GGCGTATTCGTATGCTTCGATGGCC (SEQ ID NO:259)

Example 3: Generation of probes directed to C. difficile Toxin A gene

[0229] Probes specific for the Toxin A gene of Clostridium difficile were
made essentially as set forth in Example 1 for S. pneumoniae. Briefly, the target
region (gi 115249003:795843-803975 Clostridiﬁm difficile 630 - tcdA gene) of the
target pathogen (Clostridium difficile 630) was sliced into 25-mers and filtered as set
forth in example 1, to eliminate duplicate sequences, sequences with secondary
structure, or sequences with more than 4 consecutive repeats of the same
nucleotide. In this case, they were not screened for a fixed CG content or fixed Tp,.
Probe sequences were screened to also specifically hybridize to the following
C. difficile Toxin A gene sequences: gi 260681769:718474-726606 Clostridium
difficile CD196, complete genome; gi 260685375:715995-724127 Clostridium difficile
R20291, tcdA gene; and gi 144925 gb M30307.1 CLOTOXACD C difficile toxin A
gene, complete cds. The 25-mers were screened against a human genome as in
Example 1 to eliminate any which would be likely to cross-hybridize with human

DNA. The probe sequences were screened to not specifically hybridize to the same
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CCGTTTCTGGTTTTGTCTTGATGAT (SEQ I D NO 237) 1/ 41#

nt b- gc10- 15828nt b- gc10- 14219 1697591- 1697690 100 >nt b- gc10- 15828
TAATTGCATMOGATIOATATAGGGCT (SEQ | D NO: 238) >nt b- gc10- 142 POT/US2011/040106
GGTTTTGTCTTGATGATCAAATCCG ( SEQ | D NO 239) ### nt b- gc10- 7551nt b- gc10- 12444
2632341- 2632440 100 >nt b- gc10- 7551 CAAAACTTGATATGACCGATCTCAC ( SEQ | D NO
240) >SNEB! detababenfmicrobidlGrUGIATECoNSSASTAMPEED ProbgsequgnceRairs

nt b- gc10- 8929nt b- gc10- 21003487428- 3487527 100 >nt b- gc10- 8929
CATTTAGERASEASIEd GEcaptvke (GO FYidIB 024M) to-200 ngcledtidadd length. The

pairs for Clostridium difficile Toxin A probes are listed below in Table 11, which
includes the genomic location information for each pair of probe sequences:

Table 9: Assembled probe sequences for C. difficile

>cdif-toxA-1.L50 pos1467-1566
CTCGCTCCACAATAAGTTTAAGTGG (SEQ ID NO:260)

ATTCAGCTACCGCAGAAAACTCTAT (SEQ ID NO:261)

>cdif-toxA-1.L120 pos1467-1566
CTCGCTCCACAATAAGTTTAAGTGG (SEQ ID NO:262)

ATTCAGCTACCGCAGAAAACTCTAT (SEQ ID NO:263)

>cdif-toxA-2.L.50 pos8185-8284
TGATGGAGTAAAAGCCCCTGGGATA (SEQ ID NO:264)

CTTTATGCCTGATACTGCTATGGCT (SEQ ID NO:265)

>cdif-toxA-2.L120 pos8185-8284
TGATGGAGTAAAAGCCCCTGGGATA (SEQ ID NO:266)

CTTTATGCCTGATACTGCTATGGCT (SEQ ID NO:267)

>cdif-toxA-3.L100 pos3114-3263
ATAACAGAGGGGATACCTATTGTAT (SEQ ID NO:268)

CCTCAGTTAAGGTTCAACTTTATGC (SEQ ID NO:269)

>cdif-toxA-3..170 pos3114-3263
ATAACAGAGGGGATACCTATTGTAT (SEQ ID NO:270)

CCTCAGTTAAGGTTCAACTTTATGC (SEQ ID NO:271)

>cdif-toxA-4.L150 pos1528-1727
ATAAATAGTCTATGGAGCTTTGATC (SEQ ID NO:272)

TTTTATGCCAGAAGCTCGCTCCACA (SEQ ID NO:273)

>cdif-toxA-4.L.250 pos1528-1727
ATAAATAGTCTATGGAGCTTTGATC (SEQ ID NO:274)

TTTTATGCCAGAAGCTCGCTCCACA (SEQ ID NO:275)

Example 4. Generation of probes for detection of drug-resistance mutations in HIV

[0230] This example provides a method of selecting probes that will detect the

presence of HIV-1 and that will detect drug resistance mutations. A list of 65 drug
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AATCCGAACGAACACATAGCATTTG (SEQ I D NO 243) WD 2011/ 156795PCT/ US2011/ 040106
### ntb-gcl 0-17338nt b-gcl0-13891 4056910- 4057009 100 >nt b-gcl0- 17338
TCATGT TTGROAAGASEACCGAAAAC (SEQ | D NO 244) >nt b-gcl0- 1389LCT/US2011/040106
GGCCTTATCTAAACCACTGAAGTTT (SEQ I D NG 245) #4/# ntb-gcl0-8689nt b-gcl0-13874
4062276- 4062375 100 >nt b- gc10- 8689 CATCCTTATAGGAACATCACAGACT (SEQ ID
NO 24 6Fsistartsegogion mmvm q ey wanlrstoa7)  uu#
m b- gcl10- 17547nt b- gc10- 89414062278- 4062377 100
generated. These loci were taken from the HIV Drug Restistance Database at
Stanford University and the tables at the following websites:
http://hivdb.stanford.edu/cgi-bin/NRTIResiNote.cgi
http://hivdb.stanford.edu/cgi-bin/NNRTIResiNote.cgi
http://hivdb.stanford.edu/cgi-bin/PIResiNote.cgi
http://hivdb.stanford.edu/cgi-bin/FIResiNote.cgi
http://hivdb.stanford.edu/cgi-bin/INIResiNote.cgi

[0231] A set of 1522 HIV genomic sequences was also downloaded from
NCBI. Using the BioPerl module Bio::Tools::dpAlign, the position of each resistance
mutation in each of the 1522 genomic sequences was determined. For each
genome, each gene was aligned against all three frames and both orientations to
determine the best alignment. The resistance mutation positions were then mapped
from the consensus sequence to the genomic sequence.

[0232] As input to the probe design pipeline, 100 of the 1522 HIV genome
sequences were chosen at random. To generate the set of candidate probe
sequences (probe arms), the list of all n-mers which have a length of from 20 to 30
and which occurred within 50 bases of any resistance mutation in any of the 100
input sequences was generated. These n-mers were chosen as they were the
candidate probe sequences that would generate a sequencing read that will reveal at
least one of the resistance mutations. Duplicates were removed from the list of
n-mers, as were n-mers containing homopolymer runs having a length of greater
than three and certain other underdesirable sequences (e.g., restriction sites
associated with enzymes that might be used during microarray synthesis of probes).

The candidate probe sequences were further filtered to retain only those present in

20 or more of the 100 input HIV strains.
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>t b- gc10- 17547 TCCTTATAGGAACATCACAGACTTC ( SEQ | D NO 248) >nt b- gc10- 8941
CATTTCCGTAGCTTTTGAAATTCCC (SEQ I D NO 249) 4/4 ntb-gcl10-9500nt b-gc10-7386
4062279- 9628181548 >nt b- gc10- 9500 CCTTATAGGAACATCACAGAETTOA2(13AD 11O
NG 250) >nt b-gcl0-7386 ATTTCCGTAGCTTTTGAAATTCCCC (SEQ | D NO 251) 1144#
m b-gc10-11046nt b- gc10- 21368 4062280- 4062379 100 >nt b-gcl10- 11046
CTTATAGGAAGPZNd eI Theatesi@Espwanchep senesated tye sgoressios each n-mer
TTTCCGTAGCTTTTGAAATTCCCCT ( SEQ I D NO 253)

describing its desirability as a ligation-side probe arm and as an extension-side

probe arm. The scores were generated as described herein, and the distribution of

desirable probe arm melting temperatures was selected to be two degrees higher

than usual. Once each candidate probe arm had been scored, the best candidate is

selected from the set sharing a common prefix of length 20, where the best

candidate was identified by the highest sum of the score as a ligation-side probe arm

and the score as an initiation-side probe arm. Candidate probe arms that scored

poorly (i.e., those that had an expected probability of working of less than .25) were

discarded from further consideration. This process accomplished the goal of

examining candidate probe arms with varying lengths (from 20 to 30 nucleotides) to

find the one with the best melting temperature and other characteristics.

[0234] Each remaining probe arm was then aligned against two exclusion
databases - human genome sequences (February 2009 human reference sequence
[GRCh37/hg19] produced by the Genome Reference Consortium; available at
http://genome.ucsc.edu/cgi-bin/hgGateway) and sequences present in U.S. Patent
No. 6,252,059 - using the short read aligning program Bowtie (available at
http://bowtie-bio.sourceforge.net/index.shtml). Any candidate probe arm that
matched either database with one or zero mismatches was discarded. Remaining
candidate probe arms were then aligned with the 100 HIV target genomes using
Bowtie.

[0235] The target list of resistance mutation sites to be covered by probe
capture regions was then prepared. The list contains one entry for every known

resistance mutation as mapped to each strain (i.e., 65 * 100 = 6500 entries). The

probe arm selection process was then designed to choose probe arms such that the
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(headi ngs above the sequences in Table 8 show the identifiers of the

honol ogous probe sequences, in respective order, followed by the genomc
target cowodonatse®s and the | ength of target sequence fPomush@1ss@Ené of the
first 25-nmer to the end of the second 25-ner). [0226] In addition,
probe sequences were generated for specific regions of the M tuberculosis

genonesequsteicnigads of et lagshbro wrheaimg Bclusiesedriventheen ta s/ 6o S86Bur

which confer resistance to rifanpicin and isoniazid, two of the principal
first-mutationrsitetinesch dtain)M  t ubercul osi's i nfection. [0227] These probes
were screened for specificity as described in Exanple 1, but in this case

ver e not |'[@QBBFF&@e§cf§@@r€duﬂét@ prBbe bﬁnﬁﬂfé hibar of fdaitanes Bugeinusied t o
capture a specific 8l-base region of the M tuberculosis rpoB gene where

ri farrplnc(hg 5?31'@5 %t Wy bé’% é‘r’e‘a % batfhs & e?%brréaeflf tAeobe
ur r

sequences ESI gne O cap are as fo

>mt b- H37 r-01-H TCAAGCAGT T

i b- 1BIPR AR e %gam%@%w % -%de%v Rep 228

>mt b- H37Rv- r poB- pr-02- H1: GITCATCGAAACGCCGTACCCCAAG D NO

>nt b- HEaRdetesaBnes - Bhisnwas derehpexeniandteederdisals qf@m@fl@%%te
[0228] Probes specific for the M tuberculosis inhA gene, where isoniazid
r esi st pnobe arat againseantcgenome radsiaunting Ithe ndeer of egktisfansgi mutatiopr obe
sequences designed to capture this region are as foll ows:

>nt b- 3ditas withi-Plixddildisbncé S EIGheoPAaEnEaacatRirQ ThisNE R Kes
>nt b- 37rv-i nha- pr-01- H2: ATTCGTATGCTTCGATGECC (SEQ I D NG 259) Exanpl e

3. CengiRhiBUith® hahber 3F HRGsaidsdtowhith thé hh@idaRprdbs HRNE a good
match.

[0237] The 100 HIV target strains were processed in an arbitrary order to
generate candidate completed probes (i.e., pairs of probe arm sequences for
assembly into a completed probe) for each strain based on candidate probe arm
sequences that occur within 85 to 250 bases of each other in that strain. Each
candidate probe was retained only if the expected probability that the probe works is
greater than .5. Then, the list of resistance mutations (out of the 6500) that will be
covered by sequencing reads from this probe was completed,; this represents the
coverage list. This computation combines the lists from the two candidate probe
arms that were joined to form the probe, retaining entries for a genome only if the
candidate probe arms were within 300 bases and in the correct orientation in that
genome.

[0238] The candidate probes were sorted based on the sum of the coverage
list for each probe and the probe with the highest sum, i.e., the probe that covers the

greatest number of resistance mutations, was chosen.
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[0229] Probes specific for the Toxin A gene of Clostridiumdifficile were
made essentially as set forth in Exanple 1 for S. pneunoniae. Briefly, the
target rey0an1igs79315249003: 795843- 803975 C ostri di um dipCfriuseéia/06B06 - t cdA
gene) of the target pathogen (Clostridiumdifficile 630) was sliced into
25-mers and filtered as set forth in exanple 1, to eljmnate dupljcate
sequences, K2dakhbesoveragedistiolon s rarpaining sandidatequgheswas Unda e than
4 consecutive repeats of the same nucleotide. In this case, they were not
scr eenedletbresisthnoethutBiansthanhawe alreadybden coverpd hydyogprobes wllrebesr eened
to also specifically hybridize to the following C. difficile Toxin A gene
sequengBfs reghoviPRShEsided4tidn 1R Gdndt cover Ay untavdrbd cesistablod96, conplete
genone; gi 260685375: 715995- 724127 C ostridiumdifficile R20291, tcdA gene;
and gi 144025 gb MB0307.1 CLOTOXACD C.difficile toxin A gene, conplete cds.
The 25-ners were screened agai nst a human genone as in Exanple 1 to

elimnate ich would be likely to , cross-h i b ze W . The
pr obe sequ:ﬁééw(ﬁemg Fgf’,’?té%en%fothfsop rﬁ%’? ssebeecéﬁopi R 8%4%#%’5}%9 PPé‘ﬂlbtzeg rE WSH?QW

NCBI dat abase of m crobial and viral 8enorres a% Ex%gpl e 1. Probe sequence
pai rs akbresisiageaniuations kays been caye/ef RYIWORIOPss, HEPrPEeSH Ny *EPE8t i des in
| ength. The pairs for Costridiumdifficile Toxin A probes are |isted bel ow
i n Tablf@rddes kemnaih, ihectandiidate list gay@gain be sertedrbasetamiie; ssin Phtheeach pair
of probe sequences: Table 9: Assenbl ed probe sequences for C. difficile
>cdi f - gevetade 1iS0fop eadH rolisafd HEGIOHECATAVRTANGRESLAEN 3. BE(piobeNi@MR60)

ATTCAGCTA GAAAACTCTAT (SEQ I D NO 261) >cdif-toxA-1.L120 posl467- 1566
CTCGCT %\ﬁgé}%‘é@ RSt ERUhB NG 2oxtanfe HAEhd CTAT (SEQ ID
NO. 263) >cdi -tox%-z. L%apos8185-8284 TGATGGAGT AAAA! GGGATA (SEQ I D

-

e AR TR AR AR G b of i

CTTTAngl:ggte T;')Afgtl)_ggr %E%tagigﬁgﬂe[r)e Igceln%?aztéd by trying variations on each :
position in the probe arm, starting from the backbone side and working towards the
capture side, until the probe arm had no match of more than 19 base pairs with any
of the 1522 HIV genomes. The melting temperatures of all such variations on the
probe arm were computed and the variation that caused a decrease in melting
temperature (based on the imperfect duplex of the original and mutated probe arms
as computed by Melting 5.0.3 (available at http://www.ebi.ac.uk/compneur-
srv/melting/melting5-doc/melting.html) closest to 1.5 degrees was retained as the
new probe arm. Thus, by increasing the desired melting temperature in the initial
parameters and attempting to achieve a lower melting temperature with the
mismatch, the final probe arms may behave similarly to unmutated probes under
experimental conditions.

[0242] The mutated probe arms were then aligned with Bowtie against all

1522 HIV genomes to determine how many of the 1522 would be captured by at

least one probe and how many of the 65 resistance mutations across the 1522
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>cd i f-toxA-3. L100 pos3114- 3263 ATAACAGAGGCGATACCTATTGTAT (SEQ | D NO 268)
CCTCAGITAAGGTTCAACTTTATGC (SEQ I D NO 269) >cdif-toxA-3. L170 pos3114-3263
ATAACAGAGECCATIAGEPATTGTAT (SEQ | D NO 270) CCTCAGTTAAGGPTTAAGNTINANNGT ( SEQ
I D NO 271) >cdif-toxA-4. L150 posl1528-1727 ATAAATAGICTATGGAGCTTTGATC ( SEQ
I D NO 272) TTTTATGCCAGAAGCTCGCTCCACA (SEQ ID NO 273) >cd if-toxA-4 . L250
pos 1528trainsweregantwetdiorobdeereraeate?? 566 pggsGiatal loci in theory,
TTTTATGCCAGAAGCTCGCTCCACA (SEQ I D NG 275) Exanple 4: Generation of probes
f or deB6c@050ncoiven dgntifiabist ampet allitesistance mutations @Réd pe Thagpasktongll e
provi des a nmethod of selecting probes that will detect the presence of

HI V-1 @ﬂdirﬂs?laB.a‘é@ah |ondﬁts@ﬁal%§,@hé%%i: ot irgét string vasugérited, aid fite drug
resistance loci in the HV RT, protease, fusion, and integrase genes was

i’ . _ .
| 'St geiedsat ; angeﬁé%‘f%ﬂﬂbﬁ%‘%‘_’ﬁfa‘?n&a*ﬁﬁ gfnpgﬁl 508 sasDpiES TEShERIARHR

Dat abaSe at Iversity and es at the tollow ng websites:

http://[hi,vdb. st anf ord. edu/ cai - bi n/ NRTI,. Resi.Not i

ntt p. / SRR Br ) Ghe Bl RILMRBufidgere used. The only
htt p://hivdb. st anf ord. edu/ cgi - bi n/ Pl Resi Not e i .
ht t p: / FRAVEM I tgnindial Pamimelgrs was the @i%@ﬂ&ag%iorobe arms that are found in

htt p:// hi vdb. st anford. edu/ cgi - bi n/ 1 Nl Resi Not e. cgi
seven or more strains, rather than the original 20, were retained.

[0243] The final step of the probe design process was to filter the 467
preliminary probe sequences to remove probes that might cross-hybridize or cross-
prime with other probes in the pool. This filtering was based on alignments of the
probes to each other and to themselves, followed by melting temperature
computations on the aligned regions to determine the likelihood of the duplex
forming under experimental conditions. This filtering removed 34 probes as likely to
form hairpins and 56 probes as likely to cross-prime with other probes, leaving 376
probes. These 376 probes contain at least one probe for 1384 of the 1522 strains.
Some probes capture over two hundred strains while many capture just one or
several; this generally reflects the order in which the probes were selected, as
probes that captured resistance mutations in many strains were chosen first, and

probes specific to one or several strains were chosen last.

Example 5: Generation of probes differentiating strains of HPV

[0244] This example provides a method selecting probes that will detect and
distinguish publicly available genomes of 288 sequenced strains of human papilioma
virus (consisting of 137 distinct types, wherein some types have multiple isolates or

strains). The goal of the probe selection process was to pick probes such that the
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[ 0231] A set of 1522 HV genom c sequences was al so downl oaded from NCBI .
Usi ng the Bi oPerl nodul e Bio::Tools::dpAlign, the position of each

resi st ancworntiztse™a i n each of the 1522 genoni ¢ sequenc@STAS201d®4@ED6T ned.
For each genone, each gene was aligned against all three frames and both
orientations to determ ne the best alignment. The resistance mutation

posi t i seienee deadie fromaihegegionoeh intesesisiepiiied dysbgae RERLasWPHE rguaRiatc
sequence. [0232] As input to the probe design pipeline, 100 of the
1522 HeXstgssvemeSNPgwesoes! indels hatween aay paimafainain® generate the set of
candi dat e probe sequences (probe arns), the list of all n-ners which have a

llength of frooREPfhé Brotie deslgnipigeing egahas) yéridtating 8 IBaseall Afmanyof

resi stance nutation in any of the 100 i nput sequences was generated. These

n- mer %F}éﬁgatrh% P56 % oRAT al Bﬁg i3l ;[Mlt]ﬁp&%r\ﬂé gn i%‘?dé@%@?ﬁéﬂ%ﬁ gwoul d

gener a a sequencing read tha revea t east o e resi stance

mut at i ons. | i cat wer.e removed fromthe |list of n-ners . re n-mers
cont ai Wﬁrﬂap‘igﬁﬁl%ﬁfrﬁﬁé} ha\ing arfﬁ&??ﬂi“é”ﬁ%%‘?h”@n“ F%%P%WW%%‘"&%‘P%@ and
certain other underdesirable sequences (e.g., restriction sites associated
with eseriaiRsestreliomengtme sites EGETHRIN EAGYMES Pha USaY 1Q PFRIASEIREORES idbes) . The
candi dat e probe sequences were further filtered to retain only those

pr esertiavenbééh synthesigedontamidioarragpsa stth/sies aiaysnot bamllowed in probe

2011/ 156795PCT/ US2011/ 040106 [ 0233] The probe design software then

gener aflichoBs 3§ 868 drabodiftdhtd taehsyreshai &l pbessardedimtible withadl a
| i gati on-side probe armand as an extension-side probe arm The scores were

e e S S A R R G RN SO

mel ti enpe res was egrees hi gher than usual. Once

each candi dat e probe ha n_.scor [ | §.5el ected
from t¥&'E ,ta%ﬂgﬁrﬁ)&d:{o%@h\? '%58?'%%6&%%&‘3?#}%% %madé%%gﬂﬁﬁgt%ggt candi dat e
was identified by the highest sumof the score as a, ligation-side probe arm
and t eesi@hility as aigationrside p&hes?%aﬁﬂﬁ@%wat@nﬂﬁaﬁ@@%?%e%% t hat
scored poorly (i.e., those that had an expected probability of working of

| ess tBzampesd, therhighistseoded prekawithra iwen d8riaseeprafix yvas retRisedr dbess
acconpl i shed the goal of exam ning candi date probe arnms with varying

| engt hetHadeniuPBet filt&@dribe lpeohédliesienmavef thode wWith aperfect dr t-baséesir mel ti ng
tenperature and ot her characteristics. [ 0234] Each remai ni ng probe

ar m wagidrhSehab it AdnReAYE1Fdmé Raging I US B35 friuzkas @Fobe BuleBtiogenome
sequences (February 2009 hunan reference sequence [ GRCh37/hgl9] produced by

the Genome. F‘ﬁlgc%?‘@&%m“’ﬁ%?h%@éﬁgk |\Ritikach of the 288 HPV strains

http://geno cqgl - way) and sequences present in U S.

Patent No. 6,252,0 - _usi the short read alignin ro B | e

(avai | 36N¢€ eé&ﬂﬁﬂ’?%ﬁﬁ%%%f’@ﬂ?&%&38&@5?*@%%’%‘79 |sn%%f?ﬁﬁwe %%@H candi dat e
probe armthat nmatched either database with one or zero m snmatches was

di scar PRIBVISRERBIIPRY Qnaedndae sapps@alins Eashentnein theingaisy NFieaethe 100

H V target genones using Bowti e. [0235] The target |ist of

resi st theceumbenoi SNPsiaresnalbindelsdbatthedmbihasisaitenapigtto ceveryitbte was t hen
prepared. The list contains one entry for every known resistance nutation
as nappRsbdted eeads Fbmathe drobeés it sefects. 17Aus; ths0atikisites matikef desibed ar m

sel ection process was then designed to choose probe arns such that the

?iequengNrp%, i 8aqige MatAk sheRa hégm&@%@n%s 'tﬁl@hh'l[@ggggfcﬁb@%tr i¥ sefectde s

.e., each miutation site in train). For each candi date

probe ar { nunber of _.resistanc tatd o i i |l 8. Qf: 0 that
woul d g’e@89E$%We%y% qWe“I’%'F §E%ﬁ%¢'ﬁ§1®®]§q€%§&%”%@g@§% W@{%Q&p@%ﬁiéﬂ%ﬁlﬁq@? used
as a ligation-gside probe armand as an injtiation:si r gbe .arm was

det er mMhgR¥enThPtherREokR AESig) t@%‘&?ﬂﬁ"ﬂdmﬁ'ﬁ EB%W( matriy ‘%gﬁ?ﬁgﬁlﬁ’ Tt he

candi date probe arm agai nst each genone and counting the nunber of

rest i sexaoplenifttwoi Yraiss wese apnsidared ¢linieallyddentiogat.dhe soathixseight Bave Re probe
arms location. This step takes into account the nunmber of HV strains to
whi ch tée estngdfatahesepsivhiasaindicating tigaidtieraisato need to dis@agaih Them10D H V
target strains were processed in an arbitrary order to generate candi date
conpl eted probes (i.e., pairs of probe arm sequences for assenbly into a
conpl eted probe) for each strain based on candi date probe arm sequences
that occur within 85 to 250 bases of each other in that strain. Each

candi date probe was retained only if the expected probability that the
probe works is greater than .5. Then,118he Iist of resistance mutations (out
of the 6500) that will be covered by sequencing reads fromthis probe was
conpleted; this represents the coverage list. This conmputation conbines the
lists fromthe two candi date probe arns that were joined to formthe probe,

. T r o - N I o o o



[0239] The coverage lists for the remaining candi date probes was updated to
reflect resistance nutations that have already been covered by two probes.
Probes wewe 20evm3¢®d from consi deration that do not covePCaUs2unOM1e6 €d

resi stance mnutati ons. [0240] In the practice of this probe selection
process, if no probes remain or if all resistance nutations have been

cover egeriajn stieinsmesskshigherecoresage Snidgs serasrondingfoihese stigisinayhe
candidate |list may again be sorted based on the sum of the coverage |i st
for eagdntgihdighendhltide probe with the highest sum i.e., the probe fromthe
list that covers the greatest nunber of resitance mutations may be chosen.

[0241] | n SQOR7FAS BdterMinatHeOlityVBf 8BatHhiRdused probe armether pobear ns of al |
sel ected probes. The nutations were generated by trying variations on each

posi tion ih..t r Lag - i kikng
Fover de e DRI o e et fing I iy e bR R of Sk an 10
base pairs with. a of the_ 1522 H V genones. .The |t t rRlqur es of

all swR r@é{??lﬁgiwg%‘edﬁn}eﬁe Pﬁb@ea'?'ﬁ%@W@rgmﬂ?ggsghé?ﬁheegggoﬁi%h on that
caused a decrease in nelting tenperature (based on k/ge irrperfel(_:t dupl ex of
the orstiaingusingBonwtiarand aloyseone mismtddRRIoBRaN oLERER RGNS of @ €34 | abl e
at http://wvw. ebi.ac. uk/ conpneur srvi nel ti ng/ nel ti ng5-docinelting. htm)

cl osesit-nmer dncbeacypaie of vmsins do avhieh tresnnher aligns[ino@e okdeninderendeny
increasing the desired nelting tenperature in the initial paraneters and

at t enplasANY CarRlidritMentof thseioTegions Wonersireant of thewi-hfertwees pérforatezhto t he
final probe arns nay behave simlarly to unnmutated probes under

exper i &&Q@Prﬁhe%@%nﬁt?&sof SNPs apd&s@%?ﬂﬁpéﬁ%wmwﬁb@wé@w@a fforivar e t hen

al i gned w Bowt 1 e agail nst al V genones to determ ne how many of

the 1522 woul d be captured at 0 : t he 65
oot st oD beac o BT S NP2 BBl s ir ARl o6
strains were captured (thougﬁuﬂthere are 15%2 * 65, 0r 98(%3#0, dtot loci in
t heor yProg, aos | B jength of fReofianking prgion ysed f the aligniaertdgRendz i fons
could be mapped to all strains). Based on this analysis, the set of target
st r ai nexpetechegaeenciag rearlength; in dve sesees flasigparedion P PPageswas. The
original 100 strains, plus 223 new strains that were captured by few or no
pr obesused.t Aa dlighirienlt of thensl bases upsteebmTi¢hentmecivangdsa pertfirgnedita i al
paranmeters was that the candi date probe arns that are found in seven or

mor e sfE@ifie il MEhbéMFBNPE ki GhaRinde thatwoulebeidesstted if the ntfigA3] The
final step of the probe design process was to filter the 467 prelimnary

probe SeAUENCes LA iﬁﬁi?ﬁéﬁ-g&{?@ﬁ? ThgdtoFEQSS nMBF itdbFRatfte§ 0PSS- pri ne

W th o@%er probes in is filtering was based on alignnents of

the probes to each other and ta th el ves, foll j erature
conput & %%'Még&lf?%fﬁac%ﬁ Sﬁtr\f‘éei?nr %@f%ﬂfgs (8N &Y 518 h‘@%@ %@E#r%@g ﬂ?ﬁeﬁ?he

dupl ex form ngg under. experinmental condjtions. This filteri B% renoved 34

pr obesmes asi & bgatiansite ek aFpiand BePBe’ 3% aRdatiation-pide Rrobe Mo ¥ or i ne

wi th other probes, |eaving 376 probes. These 376 probes contain at |east
one pr ekampler ofitb8Alighmemé fAsa®e Binei ia§howrhelprwg§rQ:amagteeﬂ%v@@lcatﬁé
hundred strains while nmany capture just one or several; this generally

ref | ecigo¥digentifjest that pauitidn, el whereathewtrain Bahdicatat] atleftpr obes t hat
captured resistance nutations in many strains were chosen first, and probes
specific to one or several strains were chosen |ast. Exanple 5. GCeneration

of pro i,fferent}at.) i I anpl e provi des

a rrgt hglﬁg%égrl cting Oi)ﬁ%@g;@%g@d C\gﬁ?(ﬁ{%tge%cmﬁégg#ﬁ ‘%-lpl??\z 7gﬁb|rrip0| yIo

avai | aBP&%enones GC@@@@@&W@WWE A@é’] {:rdﬁEﬁg[BiNﬂ'%Erh Vi rus

(consi BH955338f 137 AGTFATTHORACAGEASTCIRAETRIM TEGE TAYBES IRARR78UI ti pl e

i sol at ggoe St rai nspceTEMECasedcT TEImACPARIETEEITECt (5BQ IPNOCESS Was t o pi ck

pr obes that th i iy est captured
W3 @% ERCASPORACT LFRTE 8! @BQYh NOYeBf

TREALAN

by thesg 'probes wou r eaﬁ t or NN el s between
any paN@J§ﬁ5§%rainsN}TA?ﬁKAﬁ@%%@#%gﬁécigﬁggT |8ﬁ85§gﬁpkﬁgﬂgegan by
generating a |ist of & FepmsgegtebPidwgt i 18 & 26 fromall 288 strains.
N-ners were then di scarded which contai ned a honopol yner stretch having a
of length of greater than three or which contained certain restriction
enzyme sites (certain enzynmes are used to process probes that have been
synt hesi zed on a mcroarray, so such sites nmay not be allowed in probe
sequences in sonme enbodi nents to ensure that all probes are conpatible with
all possible synthesis options). Eachdf the remai ni ng 9, 825,946 n-ners was
then scored, as described for the H V-specific n-mers in Exanple 4,
according to its desirability as a ligation-side probe armand as an
initiation-side probe arm As in Exanple 4, the highest-scoring probe with
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[ 0246] A square matrix was constructed with each of the 288 HPV strains

al ong each axis (though only the upper half of the matrix is used to

i ndi cat e wach1pasT™M se result only once in the square mrRCTIUSRO11EaEbG ent ry
in the matrix indicated the nunber of SNPs or small indels that the nethods
attenpts to cover with the expected reads fromthe probes it selects. Thus,
this matri X048} s mamer revsrisithses SINR\petweenestrains sMARSSA! afdowd how nmany
differences the finished probe set is selected to reveal between any pair
of st rBR305, norndbhetweandi22061 antd N@sOAE3d, sad spobeteasint FMPH283B pndo seven.
O her probe design tasks mght initialize the matrix differently. For
exanplggo242.two strains were considered clinically identical, the matrix

m ght have a zero entry for those strains, indicating that there is no need
to di stingu ) i trains
need hi gheﬁbgg%ﬁgg@é@r\?m@g%éérﬂtgggﬁgﬁ%ﬁ?gp m%’:&%?@aﬁﬁy%gn%ont ain

hi gher val ues. . 0247] To determine the util] - as a
probe PHA prpﬁﬁsfﬁ%ﬁ‘eaé@\%é%%riyoq{ dﬁ’é?ﬂ%@g%ﬂeﬁs%%&%r%yefg{oé%%lgﬁ & ﬂﬁﬁﬁvﬁ}fmny SNPs
between pairs of strains are revealed by the n-ner. Ehus,éﬁhe n-mers were
al i gneePrabiBingsh-ners thak fel withing 399 basas onsARky OlRk iFEAChLANHFIS RECRe

m smatch in alignnment of each n-nmer. For each n-ner and each pair of

st r ai nga$ scoveiddraseideomtheshiollawingnealgés(Brarsk @2r - i ndependent fashion), an

al i gnnment of the two regi ons downstream of the n-ner was perfornmed to

det ermi ne t{1¢ ThergrebabilityIhRSthanstopaalill workledrsd t hat woul d be observed from a
sequenci ng read through each region if this n-ner were used as the

ligation-sideyn QQSe&éﬁ‘numﬁer'cﬁ'%@% Bf sinBf ifdeI8 i Atahe pedwisedeln the
end e

al i gnment d S on the expect sequencing read length; in this case, a

fl anki ng regi.on of .50 ba. | d fii s es upstream
of the n-ne Wgnaﬁtgaénspefﬁéﬁ\ﬁggc@g%g@%}n@ %@%&P%W%gé$@%§ l§@%ggéand smal |

i ndel s that would be detected if the n-ner.were used.as . an jnitiation-side
probe arm WW@QW'H(S?V%?j t"?ﬁe%ﬁt,rat"\ﬁd/"?ﬁa?wia&'&{ Ry supEURg the 8"??@? nces
between pairs of strains were conputed: one matrix for the nner as a

| i gati on- si GNPfindelematrinesfar thestwst prebesymsn Yalues 801M6aPQ1EHRI # sbaingrm  An
exanple of the alignment for one n-nmer is shown bel ow, where an asteri sk

i ndi cat es 1id0AhicH ¢ind probeatvillt irattwargetd. dihe probe winasare heo &rragiant ¢rsini ndi cat ed
at left: FMB55841 MB2305 FMP55838 D90252 M22961 NC 001531

AGTTGT TGCAA%Q%@W ¥l i AT SEICPNASIIATrECIHEAGBATTAT GEGT CC
AGI TATTGCAACAGCATTGTGACTATATTT TTA AGCTGTTGCAACAGCATTGTGACTATATCTGGGTCC

AGCT ATTGCAA%}&IA&! %B T%% RS @]‘F,?GSI CC
*x ok kkkkkk A I@%ﬂ;@é‘g% g?gé%;r(@-%l\lo 76 SéﬂQ-@lgD NO %y) SEQ I D
NO 278) (SEQ | D. NQ 279 SEQ | r 280 8

2011/ 1567958&?/ L'}gg@%ffﬁﬁgﬁggx- ﬂ"é\lg”af?}%ﬂé?ﬁ%ihge ﬁl%r‘%rg%\t/%ga) UM el gl onps
bet ween strai ns FMD55841 and MB2305, none between M22961 and NC 001531, and
si x bet weenemMyBsIBHES MRHII00252. [ 0249] To construct probes
containing a pair of n-ners, all 288 HPV strains were processed in an

ar bi t r ahg finabgcorardor p potheswae tee geoduchiobualues (dhand §2) ai n by conbi ni ng

n-nmers that fell within 300 bases of each other. Each candi date probe was
scored basem2®0] The the btebe Wwith tiae hizthebl scaradvdihen del@ct&andrtbbabi ity that

the probe wll work, and
subtracted the probe's observed SNP/indel matrix value from the desired target
matrix (negative values in the result were set to zero). The score for the remaining
probes was then updated; scores may only decrease during this process as the
remaining probes may detect differences between strains that have already been

covered by a selected probe. Probe selection continued in this manner, i.e.,

selecting probes and rescoring the remaining candidate probes, until the target
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(2) the expected nunmber of SNPs or snall indels that the probe will reveal
bet ween strains. The expected nunber of SNPs or snall indels that the probe
will revesD 2betMse®s strains was obtai ned by summ ng t hePohbasSeaed4@bi/ i ndel
matrices for the two probe arns. Val ues corresponding to strains in which
the probe will not work (e.g., the probe arns are too far apart or in the
wr ong reatrareprdaine dtzeses (ma@mgéha{)@ezs@ﬂ@ﬁteqtmbﬁéWﬂrrsyealr?é 1888t num val ue
inthe matrix was set to the | esser of 3 or the value of the correspondi ng
entry sevenh®NParag@tdeisbetweeriTeach paialof strains) of untiltrieerepnainiagwandidate sum over
all entries in this matrix. The final score for a probe was the product of
val uespiobl 3% héh-zero scorel (R&Mind trat noarepTaatiag \Wahbidake pfokgheiitresealr e was

then sel ected and then subtracted the probe's observed SNP/indel nmatrix

val ue éiﬁ§@$2§%§§%@§35?§3ﬁ%hﬁ%é |i18§t e(lFE‘agj@/tBéé‘?\ a&ég@ggi n the result were

set to z e remai ni ng probes was then updated; scores

may only d during this process as the r i\d es.jpy det ect
differ encegﬁggﬁ ﬁ\i’é‘ﬁ lﬁ?f qqgﬁergr oﬁﬁae?q{:g\gg pép?%%?@e l%é%ﬂ rgé(r?\?pe@éggbﬁ "{éﬂg?')égl ected
probe. Probe selection continued in this nner, i.e.,.selectjn obes and
r escorthe@rohes fRMaIRING CEREFIPURING. 3NFIKEass-NWRRdizatRn ?%Fbéi‘amﬁ’lﬁ‘?#%
contained all zeros (neaning that the selected probes wll reveal at |east
seven BMPprabesi ndel s bet ween each pair of strains) or until no remaining
candi date probe has a non-zero score (neaning that no renaining candi date

probe will [ogeepivheinfd sinflgten bEHPREstraih detettionhiapelfermed osingl thesely been
det ect ed). [0251] This iterative probe selection process sel ected 548

e : . oy lve ol 2
pro es?]@egpl}ééz%’s' AMH 4 13et Bf l‘ﬁBéﬁ'lsquvaaétfa@ﬁﬁ-lPV 18598P81 BA®S, 30045, 51,

Cross- h I'zation as in anple 4 left 346 probes. [ 0252] When a
2 set ot ootk Poby S pObes MR B pRB S RHBEIE AT FATE ol BRED 200

58, 59), 73 probes re expected to pr.oduce roduct. .Fi.gure 17 shows the
mat ri xMeHXfi \Hh'CBr%%g%s Px2%%) ‘é’?ﬂﬁs# @&i“ﬁ@%ﬁ“ﬁ@tsrgﬁﬁﬂsc&@??)dﬁEEG (y-axis) in
the simulation, with a white bl ock indicating an expected product and a

bl ack $imsdatiamavitea whitetiregk inRicaing v exnectrst Pindsgtiaed 8 Hagablecks r om t hat
strain. Exanple 6: Detection of HPV strains in clinical sanples

[ 0253] inBiogting th& theprobe dal hetrwetuocmbrprrdicifrandnatgirast. 20 speci fic HPV
probes versus target HPV strain genones. Probes are represented across the
x-axis of the plot, and strains are represented along the y-axis. Wite
areas indicate probes predicted to bind to the genone of the corresponding

straing, 1l Cat eflie Manl & 1T SraMLRACINRA SakipIY Obes that are not predicted

to bind—to the Torresponding strarns. [0254] Figure 19 depicts a

target matrj anded tp indicate.the . r d P, I ified
by each of @@EE@UW 38%' ?3&359&@%'23%?gb%gi:%(?gpgﬁggﬁpé/ Fﬂo I %at es
any particul ar base changes to each of T, C G or A or thea%resfetgce of an
i ndel \®raystarget HPAhstrainganomes. cRiehessereResenti 2¢8s 1§ %iaIseT Rat

| ocation. Individual probes are indicated along the x-axis, and each probe
i s brokleh ang strains anerepesemted@ionq the yaisc AVhifia areas indicgde Piekes nore t han
one SNP. [ 0255] Usi ng net hods as described herein, HPV 16-directed

pr obesp(INEed 58 6ird0RThe NEPOh T 6f BRADrrespoNddQldraing ARiated, wilé bigekli r ect ed
probes (AY262282_7174, AY262282_ 3309, or AY262282_1450) were conbined with

DNA fr grael ihBicadd ﬁ)r%%@@'tﬁﬁt érgm&l?fréﬂﬁbte%pt@tkﬁh@itd‘%ee@:érff‘@épd‘f’la\h%lﬁtréiﬁd 18, as
i ndi cated by the Tane nunber for specific sanples in the gel shown in

Fi gure 20. @Ig‘qﬁjg P 19! i@ @ t%?ﬁ&%@égj?&@@idiéét@%é’ﬁh%i’ﬂ‘é&%%ﬁ

extension a on-(ci'rcularizing ca was perfornmed to detect

circularize obes. . PCR anplic wer, cted at..the expected size
(250nt PreolaEs g b aan o 2hsbee iy A yhaobess Tiffer SRERe8 e Foy
16-directed probes detected HPV 16, and the HPV 18-directed probes detected
HPV 18shadingdndismes Bey particular base changes to each of T, C, G, or A, or the

presence of an indel Gray=Indel, and black indicated no read from that strain at that
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[ 0256] Figure 21 shows an exanpl e alignment of Sanger sequenci ng of
anplicons generated in the sanples corresponding to Figure 20 above.
Sequenceswalzognsa’oso HPV 16 and HPV18 ref erence genones pCcans$2oingioas ed
sequence capture through the pol ynnerase extension region. Exanple 7:

Det ection of bacterial DNA in clinical sanples [ 0257] St aphyl ococcus
sapr oplogations Ingdividnaloorolies wee intlicaied @dpngqth@I X-aXigafnd gaAph 8509 ISRTPKEN ent s
with urinary tract infection (UTlI) using a single S. saprophyticus -directed
probe up iktomnecedlaming bnguttié eokinass ifl stapitired nheneghan OReddiNE. 22A) . S.
saprophyticus DNA was al so detected in bacterial clinical isolates using

ei ther a singlsy) PRREMEIHOR aPaedEbedrheteP) fIFaH 161diiedicdl PlobREObes
conprising probés directed to the MecA gene region ("All I\/ECA probe pool ")

(7 0 Bl RN A BN s gt = 5 7
i oot PERES m?@g@bﬁzii%ﬁé\?ﬁ@@ﬁéﬁ?' RxpRoeh D 3 LR E bun usi ng

t he Staphyl ococcus saprophyticus-directed probe of Figure 22A as observed
in an mthg}hiérfforofcll@|§§@amale,sfe(abmlf’cfemgcqrﬁa@mﬁltheﬁéﬂE> 6505 185 &%
circularized probe with genom c DNA from a reference Staphyl ococcus

sapr opndicated bytthailane number {dy2perifisaaneples ayihengs!isoninso Higiiec2(t.ed

pol ynmer ase extension and capture of Staphyl ococcus aureus target gDNA when
conbi ”ﬁ‘ﬁe\f\h?ﬁncﬁkméﬁ@@QES@q@m@a@ﬂhlﬁr@bﬂ?n@r@i@éxteﬁ@oﬁ%hgmloﬁwhe

al i gnnent of observed sequenC| ng reads of the PCR-anplified circularized

Pr obe Yl ddANTLAEIAPPLRAASHHANRAUD RASHEREEREEN Es2PorRExarm ¢

Det ect 1on In c i'cal sanple cDNA reverse

det oot BRIEPHG IS SISy aﬁﬁ% SHeeeEtipi @ﬁ%t?&i S hBEs an%% M cation
Shoun_ PH 7GRS 20 { brigbed adHBY cib-acetod prass, deigse By g anabe S ap”
denot es St aphyl ococcus saprophyti cusSvatom c DNA control). Exanpl e 9:

Mul t i pHER d8idinercieshprobesatstected HEWA alot HRGMNBUTI sanpl es [ 0261]
A pool of 60 conpl eted probes directed to organisns with potential roles in
urinary tragd256)Fanire @isshimss an exampit aligemeniofdddngerisequenciBgril t ot al
nucl ei ¢ _acid, containing equal nolar proportions of each probe.

[0262] aﬁﬂﬂm@ﬁ@@%n@ﬁ&éd WotheWathp ek 2R esPoABIRG A IFIRIre| 20 4odvd. Ségdehces

i ndi vidual clinical urinary tract infection (UT F[?isarrpl es and ?our cont rol
sanpl e%héﬁ’éd ?04HW5§ and HPV18 reference genomes, and indicated sequence capture

through the polymerase extension region.

Example 7: Detection of bacterial DNA in clinical samples

[0257] Staphylococcus saprophyticus genomic DNA was detected in clinical
samples from patients with urinary tract infection (UTl) using a single
S.saprophyticus -directed probe in a circularizing capture as described herein
(Figure 22A). S. saprophyticus DNA was also detected in bacterial clinical isolates
using either a single probe (“193” probe) or a pooled mixture of probes comprising

probes directed to the MecA gene region (“All MecA probe pool”) (Figure 22B)
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WO 2011/ 156795PCT/ US2011/ 040106 Each clinical sanple was quantified by

pi cogreen to contain variable anounts of dsDNA between 0. 1lpg and 100Ong per
m crol i t ew0 2011/1567950263] Pol ynerase gap filling, |igati @oT/tsaa10i@est i on
reactions were perfornmed, and any circul ari zed product was anplified by
uni versal primers containing a 3' portion that hybridizes to the un| ver sal
backbofbands of Hee pxpaned size arevisiblgiin ad samnles:inkahjsoktes i daeedasqui r ed
for hybridization to an Illumna flow cell (lIllumunia Inc., San Di ego, CA).
| ndi vi d¥3b63GAM6I ard €A/ ai ni ng non- hybri di zi ng si x- nucl eoti de barcode
inserts were used to |abel anplicons fromeach individual clinical sanple

with a unig eeditedtidastinditstatii on of
S@\[\@a wa lhqoﬁ}dré\@in‘éi%@é edti i

sequence rea [0264] Amplicons of the expected

si ze r 0 r Locdy¥p! i cons were
purifi éﬁqﬂ%ﬁ% %gggé"bﬁgaﬁ% lé';ed Sgﬁqu{m\l%ru%p aténg%E?g'rg sequenci ng. All
sanpl es d t og er i e se uenci on an

|11 umi W’@ﬁy ’q‘ﬁ P“’(R? ‘Bf[a‘l_Cl ‘g8t e%ﬁ:ﬂb?ﬁqrv?ﬂén 9%‘8#8@3& th a

si x- nucl eoti de barcode These sanépl es were further multi EH)V% xed with

addi t | obrervedsphieending teafls oitheriRCRAMRIies) Ciiawarzge RICRBWVIINRISNAIRE in this
anal ysis. The sequencing run produced roughly thirty-three mllion reads.

[ 0265] DNAefrpmad eefaremeef StaphivecéCrustsanrophdicussti@inl i gned to a | arge

coI | ecti on of genones and partial genones. For each match to each probe, an

"expect ed rgpgY] BafgasSRIRNehd 8186 iticsted tpatymérasbextaisiopandeapture t he
ext ensi on regl on %e right probe arm and the 21-nucleotides of backbone

sequen(gﬁs{gz)%, %Bc&'f!se Er‘e?&srw e?%ese w%gc&qﬁmﬁ@@ Wliﬁesfépgk)bc@b&%ea@fems A

Bowti e e was UI 't o 86 expected reads. [0266] To
align the reads, the FAST rodu LI ng
sof t watkeGigd Probes: aépﬁl'\ Httbesaé'g g%?f)?%%&ggﬁghp %H&'ﬁgcg %?ﬁ% e. Each
barcode (the first_ six nucleotides of th re o all known

bar codBER-ampdiied giseulagzed RePe With 988PEY §t"i'f:fa}'))t"?fé’05%{? @@E%Jspﬁqqegﬁegf t he
read had a single match to a barcode that was better than the match to any
ot her (Faguered?3). The quality of the match to a barcode is the sum of base
gqualities at positions where the sequencing read and expected barcode

m snat ERamblels; Detddtiph efuatal DNAEE clniteisamplesv sum (i deal |y zero) and the
mat ching fromreads to barcodes accounts for the quality of the sequencing

r ead. JARG EDNBRHClcRle R CHPSRATGATENASASETI M eRURRI flashzy | o ded
at least one read, wth a range from 11, 245 to 4,874,885 reads per barcode.

The reg C &l pr obe
dat abad i bR aE Qe REIGEHSYTIE RV EEH rRRRAE ok RATBEo ERE P70 0%
--tr --Sol e strata us,
Bowt i eaﬁml'a?%tforbﬁlrVOF'Egﬂgﬂ%e%'\ﬁsoré\fe)&ﬂgngﬁﬁgn%q%&npggd@ 5%'3%30 m%ﬂ
expected reads that were of the best match_qua i f. several
expect ischavaii higtth2d (Prebesatpnerrd Ag 198454 %9’? tﬁé@ §8§r@6gu§b°éip of

m smat ches, both reads were included in the output. However, another
expectddnokesthabaylobascusmapmpleytmusmmIO\@N/N caotrobave been i ncl uded, as
its match woul d not have been as good as those of the best quality. See
Bowtie's docunentation of "-best - strata"” for nore details). Each bowie
alignnment was fed into an analysis script. For each read, the script

det er ERSthddS. ilextidiélith S MBI BN clidigdl Ut Pysnbley cane (that s,

t he se € expectied reads t he read

mat ched at Thi n as a set
of Gonbank 10298 ke phsneig efp@%ka%fés%ﬁf&”%gé%b&@/@h REtgHBEs

coul d be witten as the set of strains corres SSIOI’]
nunber &leg# udRamdract infaeliens Y8 PsePes r%@”g@gg%&*? 3\/(7@2? iOt?ﬂ ®6r ot eus
mrabilis strains. A different read may map equally wel | to expected reads
from aABvecmmog@qumemoaonw@iggs ®EIBB578, NC_010554" whi ch

i ncl udes both Proteus mirabilis and Proteus penneri. For exanple, the

anal ysi s scroz2]Tihelgrobepdol was hybridized to approximately 4 pl of 33 individual

clinical urinary tract infection (UTI) samples and four control samples for 24 hours.
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236- Proteus mrabilis (ACLE01000080, GZ68578, NC 010554) 1 -Proteus
penneri, Proteus mrabilis (ABVP01000025, ACLE01000080, GG661996, GGE668578,
NC 010554W0 20ndisemsi ng that 236 reads map to expected pPOTISRE 1on@ns P.
mrabilis and one read maps to expected products fromP. mrabilis or P.
penneri. Thus, these results were interpreted to indicate the presence of
P. mi riach ¢linicalsample wagsotuantifid by rieegreendo spRigie varkakle anHt$ ef second
line was actually fromP. mrabilis rather than being a co-infection by P.
pennerdsDNA betwg&2 68]pgTlare 10@sy besnficroliterhe 37 di fferent sanples indicates
i nfections by a variety of different organi sns. For exanple, the analyis

script repqppeg] PAGmePhdcOYhp €llihg! ligeRioh, nd HigebtionABGERTRIWERCT er
aphr ophi | ug, Pr]ot egrsn penn%\éririp, lPrgotlgéaf}s m Pabil? [ SD?ABVP01000025,

ACLEO 9 7 . 24 = Candi d
o, SRR e b it k02

. .NC 009648,. NC 011283, N 2731) 30109;, Kl ebsj. el '
A atRIDIS 3 B RarsD A aIzSs (oE SDbeIA HREKBRS 3 G BroRBLAHTEN | 2°
pneunoni ae (ACZD01000013, EU682505, GG703525, NC 009648, NC 012731 WO
2011/ 1% daibsmatamingy adapiongeageences required for hybridization to an lllumina flow ell

(lumunia Inc., San Diego, CA). Individual 3’ primers containing non-hybridizing six-
nucleotide barcode inserts were used to label amplicons from each individual clinical
sample with a unique DNA sequence tag to allow subsequent identification of
sequence reads from this sample.

[0264] Amplicons of the expected size were excised after being resolved on a
2% agarose gel. Amplicons were purified from excess agarose and salts in
preparation for sequencing. All samples were multiplexed together into a single
sequencing run on an lllumina GAll instrument by barcoding each of the 37 samples
with a six-nucleotide barcode. These samples were further multiplexed with
additional samples (and different barcodes) that were not included in this analysis.
The sequencing run produced roughly thirty-three million reads.

[0265] The probe arms for the 60 UTI probes were aligned to a large
collection of genomes and partial genomes. For each match to each probe, an
“expected read” was assembled that consisted of the left probe arm, the extension
region, the right probe arm, and the 21-nucleotides of backbone sequence between
the six-nucleotide barcode and the right probe arm. A Bowtie database was built of
these 10,886 expected reads.

[0266] To align the reads, the FASTQ file produced by the lllumina base-

calling software was first split into separate files, one for each barcode. Each
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7Kl ebsi el | a pneunoni ae, Escherichia coli (ACZD01000012, EU682505, GGr03525,
NC_ 009648, NC 010378, NC 012731, NC 013503) 2 -Klebsiella pneunoni ae,
Escheri chwa 200i15679K1 ebsi el | a variicola (ACZD01000012, EP63AB0H,1/0GGFO3525,
NC_009648, NC_010378, NC 011283, NC_012731, NC 013503, NC 013850) 30

-Kl ebsiel |l a pneunoni ae, Escherichia coli, Klebsiella variicola, G trobacter
koser i baraazethedustisix nECiestides of thereag? asnonuareddo aldsnopyAEarcodes.010378,
NC 011283, NC 012731, NC 013503, NC 013850) 4 -Kl ebsiella pneunoni ae,

Kl ebsi &lréad wais/ as3ignedACZDDa20de I2the A 6aES porticB i 3be Sead\ad @idde

NC 011283, NC 012731, NC 013850) 656 - Kl ebsiella pneunoniae, Klebsiella

vari i cobasn(PGZRIHRRRAAR wEsBBRAEPHanREORSRA to MRy (NG ASarchife 0 Tha8Riality
NC 012731, NC 013850) 2 -Lactobacillus helveticus, Lactobacillus

e oodBale n&f&’*&é’%ﬁ% i AP SRS s e 6700752

sequencing read and expected barcode mismatch; thus, a high quality match has a

low sum (ideally zero) and the matching from reads to barcodes accounts for the
quality of the sequencing read.

[0267] Each of the 37 barcodes used in the experiment yielded at least one
read, with a range from 11,245 to 4,874,885 reads per barcode. The reads for each
barcode were aligned separately against the probe database using Bowtie version
0.12.7 with command line options “ -p 8 -q --trim5 6 --solexa1.3-quals -e 200 --best --
strata -m 20 -k 20”. Thus, the Bowtie aligner only returned hits of the sequencing
reads against the expected reads that were of the best match quality (i.e., if several
expected reads matched the sequencing read with the same number of mismatches,
both reads were included in the output. However, another expected read that has
one more mismatch would not have been included, as its match would not have
been as good as those of the best quality. See Bowtie's documentation of “--best —
strata” for more details). Each bowtie alignment was fed into an analysis script. For
each read, the script determined the set of strains from which the read plausibly
came (that is, the set of strains corresponding to the expected reads that the read
matched at the best quality). This set of strains could be written as a set of Genbank
accession numbers, e.g., “ACLE01000080,GG668578,NC_010554" or could be
written as the set of strains corresponding to these accession numbers. For
example, “ACLE01000080,GG668578,NC_010554" were three Proteus mirabilis

strains. A different read may map equally well to expected reads from
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549 - Proteus mrabilis (ACLE01000080, G368578, NC 010554) 27 - Proteus
penneri, Proteus mirabilis (ABVP01000025, ACLE01000080, G361996, G3668578,
NC 0105540 20t1AS67981 dencia rettgeri, Pro videncia al cal iPCadiSens/04Rnet eus
penneri, Proteus mrabilis, Pro videncia rustigianii (ABVP01000025,
ABXV02000043, ABXWO1000004, ACCI 2000067, ACLE01000080, (3661996, G&E668578,
GG7 03848 VRGeS, ANCE 10686050, GRH61986p3088 68 His_EHWHSdpMhicht us

(AF144088, AP008934, NC _007350) 310 - Ureapl asma parvum ( CP000942,
NC_002iheRided® M Prbid)is 2hirabilis ang|Prsteaswesaeyt iFcuexatR0s th84anaNSin11374) 5 -
Ur eapl asma ureal yti cum Ureapl asma parvum (CP000942, CP001184, NC 002162,

NC_OlO@?pt nlﬁ%pﬂejﬁ,%ﬁ{l_) [0269] The vast majority of the reads in this
anal ysi s report came from Kl ebsi el | a pneunoni ae, a know conmon cause of

ot her Known 271 nat e AL AR OB GERRETIENG B o™
U 0270 h | j

al bi cans gehor o BreleupBRaRSAoyoks Fuanusip RS eRoBREEnELB01RERRRES o few
hundred reads from Kl ebsi ell a and Proteus, presumably either due to | ow

cont ani nat i 96851996 CExH9878, NG D10584).t o produce the DNA (I ess than . 1%

based on the read counts) or sequencing errors that caused reads from other
sanpl eindicatiagfleatr 236 rezaistraap to kxpbcted queddas fiom £. gxrghlilis. and one r¢@P71] The
proportions of different infectious species in detected in four of the

urinar Magé%bxbééléﬁtﬂrédu@@mrﬁﬁ inhiabilisbisPSperrearti Tigus, these mestittewveren
Figure 25. The different primary infections were identified as Proteus,

Kl ebS! phdBretBAo MdAERbANE BréUrRE % Smirabii /R i st Horlikely tithe Bhgfeapt ur e
read from the second line was actually from P. mirabilis rather than being a co-
infection by P. penneri.
[0268] Tthe results from the 37 different samples indicates infections by a
variety of different organisms. For example, the analyis script reported the following
for sample #7:
2 - Aggregatibacter aphrophilus, Proteus penneri, Proteus mirabilis
(ABVP01000025, ACLE01000080, GG661996, GG668578,
NC_010554, NC_012913)

324 - Candida albicans (AJ251858)

6 -  Klebsiella pneumoniae (ACZD01000012, EU682505, GG703525,
NC 009648, NC_011283, NC_012731)

30109 - Klebsiella pneumoniae (ACZD01000012, EU682505, GG703525,
NC 009648, NC_012731

5-  Klebsiella pneumoniae (ACZD01000013, EU682505, GG703525,

NC_009648, NC_012731)
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[0272] The circul arizing capture protocol may be perforned using a varying
nunmber of PCR cycles to determ ne an optimum nunber of PCR cycles (Figure
25(1)) fowopartviseissar probes and target DNA sanpl es. WECT/US2011/040106

2011/ 156795PCT/ US2011/ 040106 [0273] The protocol nmay al so be
performed using varying lengths of tinme for gap filling and ligation. In
sone cases, 7gap fKlebsialla poeamopias; Eseherchiantali (FEC AR 125 Eil-%@@ﬁﬁﬁi on
(Figure 25(ii)). [ 0274] Probe hybridizati on may be perfornmed at
slightly varyi ngGGIOB6R8E NC=900D6e48eNEr 010878 NCoP1 278N 0135083t i on
tenperature for specific probes. At either 72 C or 68 C, for exanple,
subst ant | al Ci T GRS BnBlARHAe, IESCHERENA'BH, RlbslolBuRRiddZal i on Tor i me

periods as short as 10 nutes (Figure 25(111)); incubation tinme in mnutes
is indicated for . 0 {ddcCat | j st

t hor oughl y under@%oﬁm@nﬁ%ﬁs%%’t%;@t 33%Si£¢—quggg'?émg?gngi ted
within the specificati e inen 1.t hi eci fication provide
an illustration Np_gﬂﬂgg?’n’gﬁgpg(?g?gﬁ[\é%L&MqMa@ﬂf@gul d not be construed

tolimt the scope of the invention. The skilled artisan readily recognizes
that nmany o3ber dffebsietiepnsumoniasn &Esepasedd cpy, KlebsieHaamticef, Al |
publications, patent applications, and patents cited in this disclosure are
i ncor porated by Cefobaeterddsent(ASZDEIN0004RyEUBB2608, BL/€3625he mat eri al

i ncorporated by reference contradicts or is inconsistent with this

speci fication, tRe $pocssi Nat DOY792 |NCSOPEIAEIEC aoy1 288 INCEI173a| .  The
citation of any references herein is not an adm'ssion that such references

are prior art toN@@s%enb bﬁlgggléi on. [ 0276] Unl ess ot herw se
u r

indicated, all n s expressing quantities of ingredients, reaction

condi tions, , and forth used i.n the, specificati i i.ng clains, are
to be under%t‘oocﬁ%@s’ﬁg? RYCHBR 9% ?lﬁs’gﬁq V?rﬂg?}gr@‘g:sz%wq?gh?er m "about . "
Accordingly, unless otherwise indicated to the contrar t he nuneri cal
paranmeters are abpP8RPRBL PETH38RE. My 008698 Ge Ad 283 UNen014E3 lesi r ed
properties sought to be obtained by the present invention. At the very

| east, and not aNCa@1d38b@npt to limt the application of the doctrine of
equi valents to the scope of the clains, each nunerical paranmeter should be
const rued i @56 L glKlepsieliapneumapiadKiehsielld vamiodladA@ZB0 HOUDOABi nary

roundi ng approaches. The recitation of series of nunbers with differing

amounts of signi £{sapko4| @d@s}s@sr Re_oeosss Na! bgﬁ‘2$§, Nt 0127Pe construed

as inplying that nunbers w ewer Significant digits given have the sane

precision as nu ' nore significant digits given. [0277] The
use of the wor dmgjg\#%g% when used in conjunction wth the term

"conprising’ in the clajnms, and/or the ecification, . . " but it
is also congi'stelnt‘ﬁ‘;t%"t’cﬁ}/‘f%lée HBUGHSh aﬁp%%(‘}ﬁ/gs@%%%,’m%mﬁig%@&ﬁne, " and
"one or nore than one."” The use of the term"or"” in the clains is used to
mean "and/ or" unPEST 0IRP0083 CHOPAHR ££BA0242% 36700 60hING R89S%As only or
the alternatives are nmutually exclusive, although the disclosure supports a
definition that NEf ©@08520, NGl Y¥1808@rNE&t Dté82And "and/ or." [ 0278]

Unl ess otherwi se indicated, the term"at |east” preceding a series of

el enent s i ss5h9 -be pypRessheasiis (PACEEST00008) G3GEE8ETENCI IMdsBt)series. Those
skilled in the art will recognize, or be able to ascertain using no nore

than routing-exp é{g%,rﬁlt 2P PrER | 55@@1@@@@9@@& ment s
descri bed thei n%fr uc ‘@G’%@’a ent g’ﬁ’?@@%@%ﬁ%@%@@ énconpassed by the
foll ow ng clains ined otherw se, all technical and
scientific ter rrsqngQﬂ%QE’ %8%%%m€w ani ng as commonly under st ood

by one of ordinary skill in the art to which the invention bel OE%S Any
met hods and/mat ePrewdengiatatigero Preydensipaigalifariens JAolushe e, heeleus can
be used in the practice or testing of the invention. 0280] The

publ i cations di sousdis, Reowdaneipaupliigianid AB¥BO&0§002E, ABY02/0M3psur e
prior to the filing date of the present application. Nothing hereinis to

be construed as ABXWONSSO0W, IAGCICAVO008YACLEN 1060080, @®GE6HDEE, t 0 ant edat e
such

GG668578, GG703820, GG705265, NC_010554)
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WO 2011/ 156795PCT/ US2011/ 040106 publication by virtue of prior invention.
Further, the dates of publication provided my be different fromthe actual
publ i cat iwo 2datB679%hi ch may need to be i ndependentl|y comrCirrusea.1/040106

[0281] Ot her enbodi ments of the invention will be apparent to those skilled
in the art fromconsideration of the specification and practice of

t
enbodi ment 7@ scSapbuiaseces saprophyticus Eéd 088t PORBO3HAITLE PEEBION aﬁd

exanpl es be considered as exenplary only, with a true scope and spirit of
t he i nventi30 bei Ugeapiasmatpadvioy (CRE00B42 AMCNHO2162,NC_O0WHOB)I S CLAI MED | S:
1. A mxture conprising a plurality of probes for detecting at |east one

target orgagg sm UpedblasihhefbalyiianeCP0easB4pNCbe1¢897Prises: a. at a first
ternminus a first honol ogous probe sequence thaf specifically hybridizes to

a first target Fi%‘ﬂ my(ﬁ par get
or gani sm aE?Id b%ﬂ%%ﬁia}%&%g {Hecrum r%’?gggge ﬁn;ngﬁ:(g%oudﬁg?gb@ggquence
t hat specificall I, ol et sequence present in the
genonme of the atMpeégél‘&réséa{)g%%%m(&fﬁﬁnd c. a backbone sequence in
between the first and second term nus conprising a detectable noiety and a
priner, whdP8pfl T vastragjoriat Qfefthesréa%ﬁtﬁ"%ﬁﬂa‘b’ﬁ'é reBeB AN S sequence
are separated by a region of interest conprising at |least two nucl eotides,
and whslebsielle peieuofonide o knaw canuingre canse hbutihary dest nfetiionsegilendata i n each
probe: i. specifically hybridizes to the target organism ii. has a Trf, in
t he ragg¢ irfictB-tH@ Iéw-level presence of other known urinary tract infectants, including
Candida albicans and Ureaplasma parvum.
[0270] The results for the sample of Candida albicans genomic DNA showed
293,384 reads from C. albicans as well as a few hundred reads from Klebsiella and
Proteus, presumably either due to low contamination of the cell culture used to
produce the DNA (less than .1%, based on the read counts) or sequencing errors
that caused reads from other samples to appear to contain the barcode for this
sample.
[0271] The proportions of different infectious species in detected in four of the
urinary tract infection samples from this sequencing run are shown in Figure 25. The

different primary infections were identified as Proteus, Klebsiella, and Ureaplasma

infections..

Example 10: Circularizing capture reaction methods

[0272] The circularizing capture protocol may be performed using a varying
number of PCR cycles to determine an optimum number of PCR cycles (Figure 25(i))

for particular probes and target DNA samples.
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1ii. does not specifically hybridize to (a) any other honol ogous probe
sequence in the mxture; (b) any backbone sequence (c) any nucl eotide
sequenceswpnresrss7osn t he genone of the subject; or (d) @oy/useadeilnee
sequences present in the genone of a predeterm ned set of sequenced
organi sms other than the target organism; iv. occurs in the_ at |east one

target gendf@7BEThewEctpeqianay alsocahpedormgtraing vanung dgnaths ehiivsHel d i s 20
and v. does not contain nore than 4 consecutive identical nucleotides and

i s subgdpfillinglaind ligatien oin semencisey, gap (iingiscomplete aftar golyrd minueai m 1,
wherein each of the first and second honol ogous probe sequences in each

probe smpsibation (Figdrges(id)ze to the genome of sequenced variants of the
organi smof interest adjacent to the region of interest. 3. The m xture of

claiml, ‘é"g‘@?gér F%'&? E?Bﬁ&’i&aﬁc{ﬂ{ ﬁ?‘ygdoﬁjeéﬁoﬁﬁ% at sifghtifR@nfThg tethBeriturekai m 1,

wherein t on o nteres nor phi ¢ anbngst sequenced vari ants of

the target, organism . 5. The . m xture of claim4 | hey.r edi of
nter Z@td%tgma‘fég@b? aetiy PERder o st 3R o sad e sl PssBbbize.
e mxture of claim1, wherein the at |east one target o ni sm conpri ses
a pat hégenbs °g, fqrffé‘%'ﬁ‘@d?u$®%$m@|§irﬁ9|§f‘z€\§ﬁ Yetishge raFeéIaggerone target
organi smconprises a bacterium 8. The mxture of claim1, wherein the at
| east loytridizatipetfootigenperindsaspsharess 4 Ovninutes (Fagurenb(i)x inpubatien me m 1,
wherein the at |east one target organismconprises a fungus. 10. The
m xt urig AihutdisThdicatdtcfoeech ehedt | east one target organi smconprises an

ar chaeon.

[0275] The specification is most thoroughly understood in light of the
teachings of the references cited within the specification. The embodiments within
the specification provide an illustration of embodiments of the invention and should
not be construed to limit the scope of the invention. The skilled artisan readily
recognizes that many other embodiments are encompassed by the invention. All
publications, patent applications, and patents cited in this disclosure are incorporated
by reference in their entirety. To the extent the material incorporated by reference
contradicts or is inconsistent with this specification, the specification will supersede
any such material. The citation of any references herein is not an admission that
such references are prior art to the present invention.

[0276] Unless otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification, including
claims, are to be understood as being modified in all instances by the term “about.”
Accordingly, unless otherwise indicated to the contrary, the numerical parameters
are approximations and may vary depending upon the desired properties sought to

be obtained by the present invention. At the very least, and not as an attempt to limit
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11. The mxture of claim1l1, wherein the at |east one target organism
conprises a eukaryote. 12. The m xture of claim1l, wherein the backbone
further cwopnigker9a cl eavage site. 13. The m xture of clpairmsi@1/owdies ei n t he
cleavage site is a restriction endonucl ease recognition site. 14. The

m xture of claim1, wherein the backbone further conprises a second priner.
15. Ththenamplisationiof exdastiine wih envivalanie tathessqons of the iclainsi gach bar code
sequence. 16. The m xture of claim1, wherein the m xture conprises at

| east aomepicabearbatetat shadd bedonsfrued in ligitr, of3Be ndthbed ©f sRMificadOdigitso, 200,
250, 300, 400, 500, 1000, 2000, 4000, 8000, 10000, 15000, or 20000

di ffergng or@ihglf o%amy éﬁﬁoacﬂgs 'Th@ r@&lféttibh%f@fené!s af ﬁuﬁr}bev‘@ﬁmﬁld’fférh%
m xture conprises at [east 60, 100, 200, 250, 500,

1000, 20 4 70000,
80000, “BH0BE 8999a@%%%fod'%‘t’s“ﬁﬂofhe%%%%ﬂ'@ﬁ%ﬁs?a o HE
m xt ur furt er ses. at st .one subj ect-specific. robe The
i xt ur DA UETERTR T BT SIS SIS ERYST BV Enare ProgeioR s riberse. of
claim 19, wherein the subject is a human. 21 The m xture of any one of
cl ai msWﬂh-mQ'@ sigRiéeantrdigite 9lyeRnl ogous probe sequences of each probe are
18-50 nucl eotides. 22. The m xture of any one of clains 1 - 20, wherein
t he honol ogflRY 7 Tbbeiseaafibasesd§8” era“calm”prlmlmeusncbinmnﬁmqﬁmlvﬁthﬁmdgrm

“comprising” in the claims and/or the specification may mean “one,” but it is also
consistent with the meaning of “one or more,” “at least one,” and “one or more than
one.” The use of the term “or” in the claims is used to mean “and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to only alternatives and
“and/or.”

[0278] Unless otherwise indicated, the term “at least” preceding a series of
elements is to be understood to refer to every element in the series. Those skilled in
the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments described herein.
Such equivalents are intended to be encompassed by the following claims.

[0279] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art
to which the invention belongs. Any methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the invention.

[0280] The publications discussed herein are provided solely for their
disclosure prior to the filing date of the present application. Nothing herein is to be

construed as an admission that the invention is not entitled to antedate such
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23. The m xture of any one of clains 1 - 20, wherein the honol ogous probe
sequences of each probe are 20-32 nucleotides. 24. The mxture of claim
21, wher evo 2bhe156795st and second honol ogous probe sequeRCEAISarI@/02R6@28

nucl eotides. 25. The mi xture of any one of clainms 1 - 20, wherein the
first and second honol ogous probe sequences of each probe have a Tm of

50- 65 p@iblication Py airtdexefpriordnveniipno fairtiter cihg; daeg of PQ‘@“C%H@rpéPYi e first
and second honol ogous probe sequences of each probe have the sane Tm WO
2011/ knay HeRfiférdn2fiddl hétidtal @iblicatien dateswikicihinayngeesthto ¢ clainms 1 - 20,
wherein the first honol ogous probe sequence has a |ower Tmthan the second
honol qgQeSeeiy opfiABge. 28. The m xture of any one of claims 1 - 20,
wherein the f| rst honol ogous probe sequence has a higher Tmthan the second

honol ogous B?f%ﬁ%gl Wlmea% YR8 it 1&1%!? @d?@arjrttoftHééé@Rlllé@Wp“ si ng

extracted roma est sanp m xture of claim?29,

r“n*‘i{ﬁitﬁeé?te@%{éﬁ?%ﬁeraﬁ%?'efﬁc o C@?éé.a%gmrea% §4?‘*§ %ﬁ%@ﬁ% ent, 32

The m xture of claim3l, wherein the patient is I 33. %mxture
of cl «diaglgged haeaini K is ngﬁ@qﬁﬁ]at,tlge specifiegiion and examp es be cons;dere

exemplary only, with a true scope and spirit of the invention being indicated by the

following claims.
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34. The m xture of claim1l, further conprising at | east one sanple internal
calibration standard nucleic acid. 35. The m xture of claim 34, further
conpri si yoani/se®s one probe that specifically hybridi res/useaih/osiies sanpl e
internal calibration standard nucleic acid. 36. The m xture of clai m 34,

further conprising extracted nucleic acids froma test sanple. 37. The

mxturﬂﬂﬂlﬁ_@_@d&_@ﬁl aims 1 - 36, wherein the mixture conprises at |east
one honol ogous probe sequence fromany one of Tables 4, 5, 6, 8, or 9. 38.
The m kt Armixddrecdomnpnising eheumility ofiprobeg fardeaiécting atrleast ore targéteast 2, 4, 8,

10, 20, 40, 60, 80,.100, 125, 150, 00, 250, 300, 350, 400, 500, 600, 700,
800, oXganismvii a subigct MiryeimeRR PrEBSECMRTISAS00 nucl eoti des. WO

2011/ 156795%?3;;[/% 9’3&6@%9%&%0%%2@u§%&@ Sddi@nicBanat spedifRafy any one of

clainms 1 - I nstructions for . The kit of claim39, further
conpri si ng rednybritizes do adivt targataeguence pleseat irethecgensimel of e atlgasthe

presence of one qr re target qrgani snms conprising: a) contacting a test
sanpl e suspectoé‘ﬁqﬁfgrgé’ﬁg%ﬁ'ﬁi ng"9 target organismwith the mixture of any

one of cl aipBatly secthd RImARRIAEEAhPhoBIoydusTprobé eegséndythat | east one
probe hybridized to a first and second target sequence to forma

circul ari zed ppebiicalhnbylyidizes toca sagondhtargelpaausace dgeentdn thengenese,
t her eby det eCtOif% gpl%ag{géeepa(iﬁe%rgtaﬂ%n‘?;%aor nore target organisns.

c. a backbone sequence in between the first and second terminus comprising

a detectable moiety and a primer,
wherein the first target sequence and the second target sequence are separated by
a region of interest comprising at least two nucleotides, and wherein each of the first
and second homologous probe sequences in each probe:

i. specifically hybridizes to the target organism;

ii. has a Ty, in the range of 50-72 °C,;

iii. does not specifically hybridize to (a) any other homologous probe
sequence in the mixture; (b) any backbone sequence (c) any nucleotide
sequences present in the genome of the subject; or (d) any nucleotide
sequences present in the genome of a predetermined set of sequenced
organisms other than the target organism ;

iv. occurs in the at least one target genome below a repeat threshold, wherein
the repeat threshold is 20; and

v. does not contain more than 4 consecutive identical nucleotides and is

substantially free of secondary structure.
2. The mixture of claim 1, wherein each of the first and second homologous probe
sequences in each probe specifically hybridize to the genome of sequenced variants

of the organism of interest adjacent to the region of interest.

3. The mixture of claim 1, wherein the repeat threshold is two.
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42. The nethod of claim4l, wherein the region of interest is captured by
pol yner ase- dependent extensi on of a honol ogous probe sequence. 43. The

met hod ofwol2aiwmsdbs wherein the region of interest is caprarsedioy106
sequence-specific ligation of a |inking oligonucleotide. 44. The net hod of
claim4l, further conprising the step of anplifying the circularized probe
to for4nEhemixtate ofclaim Anphetainshe mgion of injerestisceiympathic agiongshbf

interest. 45. The ngt f claimd41l. further conprising the step of
nucl ea%%%nésﬁﬁféﬂ?%oéﬁﬂﬁg%ehw ucl ei ¢ aci ds between steps (b) and

(c). 46. The nethod of claim4l, further conprising the step of linearizing
the circul arized probe by cleavage with a site-specifjc endonucl ease. 47.
The med.hDe arixturgobelaine#t, whereis tha regiam of inlerestis assesiated withitedinst ep of
sequengi ! 0N, I: st. 48. The nethod of claim47, wherein the
sequeﬁ@?ﬁgcﬁgﬁaf%g@§§“§éﬁ%%%§§%g. 130 49. The nethod of claim47, further
conprising the step of conparing the sequence of the captured region of
interest to the sequence of known genones or to a dat.abase of known

nut at i &ndhe fBiZK.tUWh?g clRihbavhgrelnipesdeast anedprRet PFOAYSMERPRISES Re t ar get
organiB&bbg gny target or gani sm possessi ng a sequence of interest. 51. The
nmet hod™ 0 ?ain150, wherein the sequence of interest is selected froma
gene, a locus, a sequence containing one or nore single nucleotide

pol ynmor phi sns, ( SNPs) . .an sequence contai ni ng .one ar npre i.nsertions,
del etiBnJhedF“xgqfaéﬁs@!a'mS .Vaﬁ{gﬂhg‘ﬁrﬁ?de%? CE]eaﬁaﬁé]%ﬂrg?W?%‘éqm%%?si ng the
step O%a%qaﬁbﬁhﬂ ng the sequence of the captured region of interest with

respec o0 thée sequence of known genones and a nodel of sequencing errors
to estimate the proportions or abundances of the various organi sns present

'nt he8.S 6]’rfrl"%lrr(?ixture of claim 1, wherein the at least one target organism comprises a

virus.

9. The mixture of claim 1, wherein the at least one target organism comprises a

fungus.

10. The mixture of claim 1, wherein the at least one target organism comprises an

archaeon.

11. The mixture of claim 1, wherein the at least one target organism comprises a

eukaryote.
12. The mixture of claim 1, wherein the backbone further comprises a cleavage site.

13. The mixture of claim 12, wherein the cleavage site is a restriction endonuclease

recognition site.

14. The mixture of claim 1, wherein the backbone further comprises a second

primer.

15. The mixture of claim 1, wherein the detectable moiety is a barcode sequence.

127



53. The nethod of claim4l, wherein the circularized probe is detected by
hybri di zation. 54. The nethod of claim53, wherein the hybridization is to
a m croarwa@yotosprssi ng at | east one feature that speci Pctaiskeitioydané di zes
to the circularized probe. 55. The nmethod of claim41l, wherein the test
sanple is obtained froma mammal i an subject. 56. The nethod of clai m55,
wher ei 16.t iae meixtwee of slaimHuiwhereinghe minkirensoRtdises at leaskons ProapRidiat t he

test sanpl e J KOPSY T 0 n fznpl @ 57,
Fur t nd Rt 98n g0 RE 40 &8 8" BT 00 RsPLepfr R 500, 3008 Ak

st andafgbd, ®obhe 10660, 5000, 6r 20000 diffdrent@idudrganieial m 58, furt her
conprising the steps of adding a probe that specifically hybridizes with

the sanple internal calibration standard and detecting the sanple internal

calibraji : r - 60, - i 1 , further
conpri ﬁngﬂ?ﬁ‘@@?@g%"ﬁg‘r n@ét??ﬁgh?ﬁ@'xﬁjé‘é%@"‘ﬁ@%ﬁ“ﬁ#ﬁﬁ%éi ?(’:?’a‘ﬁ?deci si on
maki ngs0, 891.100h200E23t 00 1008 206 40008600, 10G0F, @00801 3GEO0, #0000e s
providing an estimated quantity of an organismof interest. 62. The nethod
of cla? 60RREr E0QG 3%&09&9959:% Q'n gsm'e $®r - coding the quantity of the
organismof interest. 63. The nmethod of any one of clains 60-62 , wherein
the formatted results conprise a therapeutic recommendati on based on the at
| east tHheThangetureof alasiram, ddtereinetie migiire Auria¢heampfisasr atdeastpre subj ect
infected wi.th a_pat hogen, conprising the nethod of any of clains 41 - 57
and f UBYRIRT-SRGSH i%rpﬁé- the steps of detecting the presence of at |east one
pat hogen and adm nistering a suitable prophylaxis to the subject based on
the at | east one pat hogen detected.

19. The mixture of claim 1, wherein the subject is a mammal.

20. The mixture of claim 19, wherein the subject is a human.

21. The mixture of any one of claims 1 - 20, wherein the homologous probe

sequences of each probe are 18-50 nucleotides.

22. The mixture of any one of claims 1 - 20, wherein the homologous probe

sequences of each probe are 18-36 nucleotides.

23. The mixture of any one of claims 1 - 20, wherein the homologous probe

sequences of each probe are 20-32 nucleotides.

24. The mixture of claim 21, wherein the first and second homologous probe

sequences are 22-28 nucleotides.

25. The mixture of any one of claims 1 - 20, wherein the first and second

homologous probe sequences of each probe have a Tr, of 50-65 °C.

26. The mixture of any one of claims 1 - 20, wherein the first and second

homologous probe sequences of each probe have the same Tp,.
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65. A nmethod of making the m xture of claim1, conprising: a) providing at
| east one reference genone for an organi smof interest, at |east one

non- hybr iwozongisgwsone, and optionally at |east one hybpcaiuszelg/oganene that
is not identical to the reference genome; b) slicing the reference genone
into n-ners, wherein nis in the range of 18- 50; % i dentifying a set of
screenzfl Hhenniztuie ofranpensldf claimsef e2@nvbergimthasfirshhemelqgouserede of

screened n-ners: i) is.nop-repetitive; |ji ]| f.oa-ners that are
ubst FRIUENES b logte’ Jor Babane ssbpliE hoblslogiobe Byl 12

contai ning nore than 4 consecutive identical nucleotides; iv) consists of
n-mers with a Tmin the range of 50-72 C and d) identifying a set of

h](c)m)l o%ﬁ)ui'mewr%@t]a@M@@_@,O Wilrimsi h- 2Bewheieh tipolirst PPAIodous AR8s consi st
of screened n-ners,. X jf I di
ony noEER S S yiolBE S afian e bGorr ABRBIdRUIIHOBESERTLAR. | ¥ ot di ze 1O

refe:rglnce genone and optional at |east one hybridizing genone; and e)
asse ing a plurality of probes conprising a first honp] ggous probe
sequend® %h@ @X%@@ﬁéé'mrfblf%'&%!sc%?@ﬂféngé @ﬁf@é’,n‘iﬁﬁ%? éplﬁilsgpom a tést

sample.

30. The mixture of claim 29, wherein the extracted nucleic acids are from a

biological sample.

31. The mixture of claim 30, wherein the biological sample is from a patient.
32. The mixture of claim 31, wherein the patient is a mammal.

33. The mixture of claim 32, wherein the mammal is a human.

34. The mixture of claim 1, further comprising at least one sample internal

calibration standard nucleic acid.

35. The mixture of claim 34, further comprising at least one probe that specifically

hybridizes with the sample internal calibration standard nucleic acid.

36. The mixture of claim 34, further comprising extracted nucleic acids from a test

sample.

37. The mixture of any one of claims 1 - 36, wherein the mixture comprises at least

one homologous probe sequence from any one of Tables 4, 5, 6, 8, or 9.
38. The mixture of claim 1, wherein the region of interest is at least 2, 4, 8, 10, 20,

40, 60, 80, 100, 125, 150, 200, 250, 300, 350, 400, 500, 600, 700, 800, 900, 1000,
1200, 1400, 1600, 1800, or 2000 nucleotides.
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i) the first and second honol ogous probe sequences specifically hybridize
to a first and second target sequence in the genone of the organi sm of

i nt er est ,woespestiosel y, and wherein the first and secon@Crarsg@t/osEguences
are separated by a region of interest conprising at |east two nucl eoti des;
ii) the plurality of probes do not specifically hybridize to each other;
and ii 891t Aekiptemarising the npxtope of any opaips claime dl 4 §6 Apd dnyructions ferase-
structure. 66. The nethod of claim65, wherein two or nore reference
genones are provided, and wherein, at |east one probe hybridizes to at

| east gmeTRE Kithsf dlSHEBSTORhELOOPAsing Péagdiite foEDN@dexifadtiodi m 66, wherein
each assenbl ed probe is scored based on the total nunber of SNPs reveal ed
bet ween pairs of known sequences within a set of genonm c sequences of a

vt ur 81 AR detBing i IR RGs B ofi Bl Mot 1arbEbRIiar? Bl “are present

bet weegorkpfgingsequences within a set of genom c sequences of a region of

interest. 69. The nethod of claim66, wherein each assenbl ed rot[%e is
scored base® ¢FBIRCtinG & iehramplarrysnectadpiRantaining 3fargrt @aais i ur ed by

t he probe. 7%6mﬁ”ﬂ%@ﬂﬁ%%“ecdfaaﬁ?ﬂ"gghﬁﬁer ein the nunber of probes in the

m xture is selecte on at nunber of probes that capture a
particul ar bumhpturing a eegien of oderest by at ast bne pratde hybridined tood fiost aandy one

of clains 65-70, wherein each prohe is altered such that no honol ogous
pr obe sequencé%Bﬂ?%@?Pﬁewnf%cﬁo ﬂﬁpﬁc'ﬁ”??%egsﬁrﬁgﬁ’ A peci fi ed Igngth to

e s con : ! .
a set of exg) \ﬂ%téaﬁﬂgggiegis@turéa%gveﬁr&m&é&@, tﬁéﬁéfy%teemtgeﬁ\e%rle%ﬁégr Efe

circularize ‘after Ing to one or nore target genones.

met hod of any tbh@eneforsharientargs-organiemsc ei n the n-ners are sel ected based
upon their occurance in the set of reference genones at |east a threshold
nunber of tines. 73. The nethod of any one of clains 65-72, further

conpr i $2 NTheREMHNT cHdifPs1,(Weref tHelegRACHE iNETBStis @aﬁfuréél@'yt i onal

organi snms of interest. 74. The nethod of claim 73, erein mis greater
t han 4polymerase-dependgnt extension) o8e hotogquppProbese®snce300, 400, 500,
1000, 2000, 4000, 8000, 10000, 15000, or 20000. 75. The nmethod of claim
65, wherein the at |east one non-hybridi zi ng genone conprises the human
genor ng3. The method of claim 41, wherein the region of interest is captured by sequence-

specific ligation of a linking oligonucleotide.
44. The method of claim 41, further comprising the step of amplifying the
circularized probe to form a plurality of amplicons containing the captured region of

interest.

45. The method of claim 41, further comprising the step of nuclease treatment to

remove linear nucleic acids between steps (b) and (c).

46. The method of claim 41, further comprising the step of linearizing the circularized

probe by cleavage with a site-specific endonuclease.

47. The method of any one of claims 41 - 46, further comprising the step of

sequencing the region of interest.

48. The method of claim 47, wherein the sequencing is dideoxy sequencing.
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76. The nethod of claim65, wherein the at |east one non-hybridizing
genones conprises a predeterm ned set of sequenced organi sns other than the
target orwenoswmse7937. The net hod of cl ai m 65, wherein tireTAlS2018A%G100NEe
hybri di zi ng genone conprises sequenced variants of the same speci es,

strain, substrain, or serovar of the reference genone. 78. The method of
any ord9.oThelnagthied @ clzdim 4vh durgher edmeprising theystep afleenmpaiingeheseguane@rs i s

with an offset between 1.and n. ..79. The nethod of cl ai 4 erein nis
18- 35 &J&&&Phﬂ'@é.mg'gﬂ.O%ﬁsr‘??éﬁ%m? seaime Ao adsthes 8o 46755

nucl eojatdBsse oBiknowhenuiBlibyysl of claim 80, wherein n is 22-28 nucl eoti des.
WO 2011/ 156795PCT/ US2011/ 040106 82. The nethod of any one of clainms 65-81,

wherein the nmethod takes under 16, 14, 12, 10, 8, 6, or 4 days; or 72, 48,

5%, 2450 o Mo oo A 8, g G068 SR 290
nri egaapgstorgafidm gosseRbirgud Seqlierryofanteredt. clains 1 - 38 for detecting one

or nore organisnms of interest. 84. Use of the m xture of any one of clains
1 - 38 for detecting one or nore organi sns of interest.

51. The method of claim 50, wherein the sequence of interest is selected from a
gene, a locus, a sequence containing one or more single nucleotide polymorphisms

(SNPs), and a sequence containing one or more insertions, deletions, or indels.

52. The method of claim 47, further comprising the step of analyzing the sequence of
the captured region of interest with respect to the sequence of known genomes and
a model of sequencing errors to estimate the proportions or abundances of the

various organisms present in the sample.

53. The method of claim 41, wherein the circularized probe is detected by

hybridization.

54. The method of claim 53, wherein the hybridization is to a microarray comprising

at least one feature that specifically hybridizes to the circularized probe.

55. The method of claim 41, wherein the test sample is obtained from a mammalian

subject.
56. The method of claim 55, wherein the mammal is a human.
57. The method of claim 55, wherein the test sample is a biopsy.

58. The method of any one of claims 41 - 57, further comprising the step of adding a

sample internal calibration standard to the test sample.
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59. The method of claim 58, further comprising the steps of adding a probe that
specifically hybridizes with the sample internal calibration standard and detecting the

sample internal calibration standard.

60. The method of any one of claims 41 - 59, further comprising the step of

formatting the results to inform physician decision making.

61. The method of claim 60, wherein the formatting includes providing an estimated

quantity of an organism of interest.

62. The method of claim 61, where the formatting includes color-coding the quantity

of the organism of interest.

63. The method of any one of claims 60-62 , wherein the formatted results comprise

a therapeutic recommendation based on the at least one target organism detected.

64. A method of treating a subject infected with a pathogen, comprising the method
of any of claims 41 - 57 and further comprising the steps of detecting the presence of
at least one pathogen and administering a suitable prophylaxis to the subject based

on the at least one pathogen detected.

65. A method of making the mixture of claim 1, comprising:

a) providing at least one reference genome for an organism of interest, at
least one non-hybridizing genome, and optionally at least one hybridizing
genome that is not identical to the reference genome;

b) slicing the reference genome into n-mers, wherein n is in the range of 18-
50;

c) identifying a set of screened n-mers from the sliced reference genome,
wherein the set of screened n-mers:

i) is non-repetitive;

i) consists of n-mers that are substantially free of secondary structure;

iii) is free of n-mers containing more than 4 consecutive identical
nucleotides;

iv) consists of n-mers with a Tm in the range of 50-72 °C; and
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d) identifying a set of homologous probe sequences, wherein the homologous
probe sequences consist of screened n-mers, wherein:
i) the n-mers do not specifically hybridize to any non-hybridizing genome;
ii) the n-mers occur 1-20 times in the reference genome and optional at
least one hybridizing genome; and
e) assembling a plurality of probes comprising a first homologous probe
sequence and a second homologous probe sequence, wherein :

i) the first and second homologous probe sequences specifically
hybridize to a first and second target sequence in the genome of the
organism of interest, respectively, and wherein the first and second
target sequences are separated by a region of interest comprising at
least two nucleotides;

ii) the plurality of probes do not specifically hybridize to each other; and

iii) the plurality of probes are substantially free of secondary structure.

66. The method of claim 65, wherein two or more reference genomes are provided,

and wherein, at least one probe hybridizes to at least one of the reference genomes.

67. The method of claim 66, wherein each assembled probe is scored based on the
total number of SNPs revealed between pairs of known sequences within a set of

genomic sequences of a region of interest.

68. The method of claim 67, wherein the probes in the mixture are selected based
upon a threshold number of SNPs that are present between known sequences within

a set of genomic sequences of a region of interest.

69. The method of claim 66, wherein each assembled probe is scored based upon

the total number of target loci of interest captured by the probe.
70. The method of claim 69, wherein the number of probes in the mixture is selected

based upon a threshold number of probes that capture a particular number of target

loci of interest.
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71. The method of any one of claims 65-70, wherein each probe is altered such that
no homologous probe sequence contains a perfect match of more than a specified
length to a set of exclusion genomes, and wherein the altered probes will still

circularize after hybridizing to one or more target genomes.

72. The method of any one of claims 65-72, wherein the n-mers are selected based
upon their occurance in the set of reference genomes at least a threshold number of

times.

73. The method of any one of claims 65-72, further comprising repeating steps (a)-

(e) for each number m of additional organisms of interest.

74. The method of claim 73, wherein m is greater than 4, 10, 15, 20, 30, 40, 60, 80,
100, 150, 200, 250, 300, 400, 500, 1000, 2000, 4000, 8000, 10000, 15000, or 20000.

75. The method of claim 65, wherein the at least one non-hybridizing genome

comprises the human genome.

76. The method of claim 65, wherein the at least one non-hybridizing genomes
comprises a predetermined set of sequenced organisms other than the target
organism.

77. The method of claim 65, wherein the at least one hybridizing genome comprises
sequenced variants of the same species, strain, substrain, or serovar of the

reference genome.

78. The method of any one of claims 65-75, wherein the slicing of the genome into

n-mers is with an offset between 1 and n.

79. The method of claim 64, wherein n is 18-35 nucleotides.

80. The method of claim 79, wherein n is 20-32 nucleotides.

81. The method of claim 80, wherein n is 22-28 nucleotides.
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82. The method of any one of claims 65-81, wherein the method takes under 16, 14,
12, 10, 8, 6, or 4 days; or 72, 48, 36, 24, 12, 10, 8, 6, or 4 hours using a single core
Pentium Xeon 2.5ghz processor on a target genome of at least 10, 9, 8,7, 6, 5, 4, 3,

or 2 megabases.

83. The mixture of any one of claims 1 - 38 for detecting one or more organisms of

interest.

84. Use of the mixture of any one of claims 1 - 38 for detecting one or more

organisms of interest.
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