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invention relates to nucleic acid detection assays for the detection of

m croorgani sns. The invention also relates to nethods for chem cal
treatment of nucleic acids to. reduce the conplexity of mcrobial genones

conbi ned wt of specific |I|igands for m crobi .on.

Backgr ound Aﬁ6%§%%§ &r of procedures are presently avgh’gﬁ{og%%r%t he
detection of specific nucleic acid nol ecul es. These procedures typically
depend on sequence-dependent hybridi sati on between the target nucleic acid
and nucl METECHSIF@ER SHERLIFHIINGMICROBIARLJEIGLEIC ASTRE BY CHEMICAD MODIFICATION

ol i gonucl eoti des (20 bases or |esrtorogfmences of many kil obases (kb).
The nost widely used nethod for anplification of specific sequences from
within a popiikdmicalifialf nucl ei c aci d sequences is that of.polynerase chain
reaction (PCR) (DiLeffenbac C and Dveksler, G eds. P Prinmer: A

Labor at ory Manual . Vg" r“it’]ﬁtas mnqaaﬁs?C‘ﬁ'é%%'?“ ?ﬁ%}’%ﬁ%@\fg{%“ﬁt‘?n o this
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l'ength on compligye Rt/ thDmSbid BtRicahish @horfdd DRbineMditPhe Lidor spgion to be
anplified, ar &E’u€§rd to ogrlqure\g synt hesi s on denatured single-stranded
DNA. Successi V& ¢yl BEBF Fifdlirati on, primer hybridisation and DNA strand
synthesis wusing thernostable DNA pol ynerases al |l ows exponenti al
anplification of the sequences. between the priners. RNA sequences can be
anplified by Bagkamumdbhiyi ng usi.ng reverse transcriptase to produce a

conmpl ement ary "DNA (cDNA) copy. Anmplified DNA fr ts . can be detected by
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Beacon and TagMan s%/st EnBy o ASOWET 1S PER™Y VHINTEIY® B her  techni ques
have been devibPegsesikbbr detection and anplification of specific nucleotide
sequences. One ex i [ chal reactia 1991, Bara F. et
al., Proc. Natl. iggh' ssgé‘(ﬁ:?%hr%gikgg}?iQé?'%@gfﬁof&ﬁ ot %‘?c_éee léer?p o mlmsw’?%{ﬁot her mal
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Nadeau Jl G anieBhtakh, & andInikedar NGl eds.NPOR PrirderanRhbdriters hMatinal.dfoldBfing by a
restriction engydRl N ORLKIRYASEHRY e dogdred nd
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Medi at ed "DNA. Successive cycles of denaturation, primer hybridisation and DNA strand synthesis

using thermostable DNA polymerases allows exponential amplification of the sequences.

between the primers. RNA sequences can be amplified by first copying using reverse

transcriptase to produce a complementary DNA (cDNA) copy. Amplified DNA fragments

can be detected by a variety of means including gel electrophoresis, hybridisation with

labelled probes, use of tagged primers that allow subsequent identification (eg by an

enzyme linked assay), and use of ﬂuorescehtly—tagged primers that give rise to a signal -

upon hybridisation with the target DNA (eg Beacon and TagMan systems). '

As well as PCR, a variety of other techniques have been developed for detection
and amplification of speciiic nucleotide sequences. One exampile is the ligase chain
reaction {1991, Barany, F. et al., Proc. Natl. Acad. Sci. USA 88, 189-193),

Another example is isothermal amplification which was first described in 1992
(Walker GT, Little MC, Nadeau JG and Shank D. Isothermal in vitro amplification of DNA
by a restriction enzyme/DNA polymerase systerp. PNAS 89: 392-396 (1992) and termed




Anplification (TMA) and Nucleic Acid Sequence Based Anplification (NASBA)
that use an RNA polynerase to copy RNA sequences but not correspondi ng
genomic DNA 5 (CGuatelli JC Wiitfield KM Kwoh DY, Barringer KJ, Ri chmann
DD and G ngeras TR Isothermal, in vitro anplification of nucleic acids by
a multienzynme reaction nodeled after retroviral replication. PNAS 87:

1874- 1878 ( %Wsosdsbevits T, van CGenen B, van StrlijQ,T,Aé&gH&EJ nk R,
Dircks M Adriaanse H, Ml ek L, Sooknanan R, Lens P. NASBA | sot her nal
enzymatic in vitro nucleic acid anplification optim zed for-the diagnosis
of HHV-1 10 infection..J Virol Methods. 1991 Dec; 35(3):273-86). O her
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continuing cycles -of denaturation an
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damage the DNAcramisl. 2088 Udd: 40¢M): 1282.) afd @omRIrédehtakitlioasesDapradest isttsotaker mal

met hods -~ do A asr?pliéca?gh d(‘-lBﬁ Qh%p{léegwh@ﬂ:agee&%ﬁfé %tdngﬂdme [5!““]@54&3%3?' ate DNA to

produce singl erve’ as terr}t) at es %\?mfurther
anpl i fi cati ostagdef kest dirssHdt Ke Y. Kenakd- higlicape-gaaNTas1 18Xl @8 BV speci fi ¢
o restrictiQn  eRPORENCEMBS Rap. 2804 A0S BEBNTI5- aoer)rper at ure WO 2006/ 058393
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(SDA) relies on tResentypispthenpaypetpedsiohPhh F’E’E'tfP‘?tE‘f’f‘ NBts ﬁ%@‘?ﬁég FEVEFYK t he
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cation N Sense and 5
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serves assa target molecules at each cycle of the ampilification reaction. Heat treatment of DNA
results in a certain degree of shearing of DNA molecules, thus when DNA is limiting such
as in the isolation of DNA from a small number of cells from a developing blastocyst, or

- partlcuiarly in cases when the DNA is already in a fragmented form; such as in tissue
sections, paraffin blocks and ancient DNA samples, this heating-cooling cycle could
30 further damage the DNA and result in loss of amplification signals. Isothermal methods

do ot rely on the continuing denaturation of the template DNA to produce single _
stranded molecules to serve as templates from further amplification, but on enzymatic
nicking of DNA molecules by specific restriction endonucleases at a constant

temperature.




tenplate for the antisense reaction (Wl ker GI, Little MC, Nadeau JG and
Shank D. Isothermal in vitro anplification of DNA by a restriction
enzyme/ DNA pol ynmerase system  PNAS 89: 392=396 (1992). Such techni ques
have been used for the successful anplification of Mycobacterium

tubercul osis (Wal ker GI, Little MC, Nadeau JG and 10 Shank D. Isothermal in

vitro anplifivegddoidids#f DNA by a restriction enzyne/ DNA, system
PNAS 89: 392-396 (1992), HI V-1, Hepatit(is C and HPV-16 Rﬂ%@gm@% , 2000),

Chl anydi a frachomatis (Spears PA, Linn P, Whodard DL and Wl ker
Si mul t aneous Strand Di spl acenent Anplification and Fl uorescence

Pol ari zation Detection of Chlanydia trachomatis. Anal. Bi ochem 247:
130-137 (1997). 15’h€tw@ht!m@t@ﬁé$§iﬁarld@lﬁ%ﬁcemh@§ﬂwé@éﬂﬂmé§D&feﬁ?§6P\“leed

E)Rlzsgholr thi Oﬁébﬁlw %lﬁéﬂ{ ﬂe&ﬂ&loh @nzyrn@§ fetioktiee lliifnﬁﬂtﬂﬁtﬁst&nhl efHemphoGifduaDAi oat e

upl ex that the LS t ynme
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"R oK! 23, e Sk Sty B0 pBEIOBLERT e b BN o o Crem
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by the use of aco restrictio me (Aval) and
Heat stabl e ESIBURHPIHFETFERPiEratemsst Amrlfcaliay a"%ﬂv%essﬁ‘%’ﬁ%ﬁ?aﬁon has been
shown t o i ncrmastsionofdthidmydattiacrometif. ixoaleBiogheot 24h¢3-8Hd19%%h froma 108 fold
anplification to_ 1070 fold anplification so t ssi pl sing this
techni que/® to tHABe %f@ﬁé%g%ﬁasﬁp?ﬂ?ﬁﬁﬂ‘é"‘gﬁﬂﬁ@om&%3‘? 'é"tc%ogdss "The
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mol ecul e tO be ?ﬁ% %Iu%n iy rﬁnl(ggalrnlc tnﬁle nuadése%}Al\QJ bpéorﬁ:m) wa {gl %tF’l\Q‘@ > In

addi tion, ated once rom ng event. For
direct det ect980?r?999ﬁ€99156(2%ﬂ Nﬁﬁ'@ﬂ‘%"l (MOE&‘;‘FBQ Galy &t Dé'@ﬂtﬁb‘ﬂ’l BRSFAtkd on the
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FrS:JS,[ hte?r " an$ EQNEPEIQPEhe% tZH{](ﬁ\IchrﬁlPﬁ‘l Fﬂ%%% OB RARY YBesPuQr &h ohgHget s equence
25 Converting Miyl endonuciease into a nicking enzyme by changing its oligomerization

siate. EMBO Rep. 2001 Sep;2(9):782-6. Epub 2001 Aug 23). The use of such enzymes
would thus simplify the SDA procedure. :

In addition, SDA has been improved by the usle of a combination of.a heati stable
restriction enzyme (Aval) and Heat stable Exo-polymerase (Bst polymerase). This
30  combination has been shown to increase amplification efficiency of the reaction from a
108 fold amplification fo 10" fold amplification so that it is possible, using this technique,
to the ampliﬁcatlion of unique single copy molecules. The resultant amplification factor
using the heat stable polymerase/enzyme combination is in the order of 10% (Milla M. A.,
Spears P. A, Péarson R. E. and Walker G. T. Use of the Restriction Enzyme Aval and




Northern blotting). The probe may be a natural nucleic acid or anal ogue
such as peptide 10 nucleic acid (PNA) or |ocked nucleic acid (LNA) or
intercalating nucleic acid (INA). The probe may be directly | abelled (eg
with 32P) 'or an indirect detection procedure may be wused. Indirect
procedures usually rely on incorporation into the probe of a "tag" such as
biotin or digexshgeass and the probe is then detected R¢rBadiSeedsh as
~enzyne-|linked substrate conversion os chem | um nescence. 15 Another nethod
for direct detection of nucleic acid that has been used widely is

"sandw ch" hybridisation. In this nethod, a capture probe is coupled to a
solid support and the target nucleic acid, in solution, is_hybridised with
the bound pr BkeBstBobmernse ntSipadPispierementAnpifigtonBigsdiniyes iy %'ﬁ%i't he bound
nucl ei ¢ aci dageg, detected using a second probe that-hybridises to the
target sequences. Detection may use direct or 20 indi rec_t,_rretlgb?ds as

out i ned .above. Ecedatsl albisghersaldNAvermpiBention weninyes feAWre B YRRYE pnA" si gnal
det ection systHikd BMpRRDNA SolbiRi tobs enathel miandwieihitidfipb pf atiplidation principl e
(1991, - Urdea, M..S., et al ' = Sar 4,197-200). A
rapidly gPoul Wa't'o'hlag'ﬁltmf;%%?f’ U gll?]ﬁdt}c @%ﬁéﬁ%&ﬁﬁyﬁdﬁ@ﬁ“ on for direct

det ecti on of nucl®y girextdcteciat] trRNEeS nideic tdikhis ekt diénanly ceaatedysthe ( 2002,

Nat ure Genetics, .32 S - ; eqcal ., -
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M cr obi ol ogy hybtilisation %/jth 8 arppe corpplemgréanpiodiadaget SERYFNGT ﬁ?&ﬁherﬂﬁggei c acid

speci es, thaioffyn biangs. Thoprshtatbe aolatum nuddieatd aesalogueyspicas Reptid®s- ners i n
the Affymetrix, syst ' ' Qo | ' nucleloERid eidah yTHe0- ners in
t he Appl iqu g'f'%%%% 'Gg(%%%@aé&%%%{gﬁﬁq%%h@%}da%g&’e%yen Iouqer_b sequences
such as cDNAPebeHEYbe @Feéﬂif'ﬁkiéﬁ’ €8 W4 sgl‘?r(?”g\ﬂ'iﬁf)%fj?te?'ﬁnﬁma‘?l %”ﬁfftti ern or 30
phot ol i t hogr agdi erairkyt peyedunssisea rabrordaneaioradios intibe probeofaalggecdes | abel | ed

nucl ei ¢ -aci d; Lib Ok drsy the 6 Bod VY e dits @8l M chdhnt Beehak kayymadidkddne | evel of
hybri di sati oﬁioﬁg&yaggﬁb%ﬁh 3 41& h rray quantified. Most commonly,

ot 1n- the a
r adi oacti vel §”b35Ft9PPWYSWSE’EGEHPW‘-’W%%?TC@U nucl eic acids (eg cRNAs or cDNAs)
ar eI useg Jor . Eybr,j\rgh,%%}aﬂgq fob &l%giétééﬁﬁvﬁ'n@ﬁéﬁﬁd 14t hay BdcdBed gidely bi840 c A
enpl oyed, such as chem:| um nescence. ] ,
rapidiy grow SgOUFEAYRHEINs i'étﬁ'ﬁ_ﬂf&f’l%é)f’ca Caaé%% %@%ﬁ?%&gg %#&g%?r?ect
det ection of andiiie kaeget nuntsichdise i rekitiens isihgbridisad Wit ERRUINMIPERS- HPRUYL (Young RA
Bi onedi cal  dis5RWuediat ad it A adsy @yidhe KGahd nubRR: aclHid Set¢@B06)Ng aat son A New

tools. A br eed of . hi.gh. i ' . 4 (2000)).
0 e AT S o Bt s (2000)

9 specles, .that range from
ol i gonucl2got indisest ethogisasuiinedbaigun YNGR © m%*m?ﬁr”éﬂ@%&“%a’ﬁ?ﬁ{g( cDNA)
clones, are bisesgiaddaedtion sydteril pparamplerha ugasitie pativieh hybrigization gistieor

labelled nuclglo¢ HELdvPePYY :ﬂ? {kid Acids e NBdardadios 280Wiatrbpidigroming ay and t he
| evel of hytSrl disation wth eac

commonly. 1 adloadet ReEPcels po PTRFRa o PRt deinst] 3 et {ehihosdROL
CDNAS) were wusest O mioybrraydj (2002, BiaturetGroatish. 35 Kapplentenlydi0dceersn-Yy &t ens were
enpl oyed., Tr adig i 0nal.@esd) 8853510b0daNRordgl, €41, ie0a., Pfendd i MIBSHIATYYSTE Such as
bacteria, ye%g%g@)’ in this process, individual nucleic acid species, that may range from short

oligonucleotides, (typically 25-mers in the Affymetrix system), to longer oligonuclectides,

(typically B0-mers in the Applied Biosystems and Agilent platforms), to even longer

séquences such as cDMNA clones, ars fixed fo a solid support in a grid-pattern or
30 photolithographically synthesized on a solid support. A fagged or labelled nucleic acid

population is then hybridised with the array and the level of hybridisation to each spotin

the array quantified. Most commonly, radioactively- or ﬂuorescently—lgbelled nuclelc

acids {eg cRNAs or cDNAs) are used for hybridisation, though other detection systems

can be employed, such as chemiluminescence.




and fungi and include culture of the m croorgani sns on selective nutrient
nmedi a then classification of the m croorgani sm based on size, shape, spore
‘production, characters such as biochem cal or enzymatic reactions and
specific staining properties (such as the 15 Gram stain) as seen under
conventional |ight mcroscopy. Viral species have to be grown in :
speci al i sed %&%U@os?fg cells then classified based on their structure and
size determne fectron ni croscopy. A major dranbBERAONEES
techniques is that not all mcroorganisns will grow under conventi onal
culture or cell conditions limting the useful ness of such.approaches.
Wth bacteria, for exanple, such as Neisseria 20 neningit/dis,
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of detection broth or brain heart infusion and the addltion of various additives such as sodium

polyanethalesulphonate. For microorganisms such as Clostridium botulinum, which
‘causes severe foad poisoning and floppy baby syndrome, the identification of the toxin
involves injection of food extracts or culture supernatants into mice and visualization of

30  results after 2 days. In addition, culturing of the potential microorganism-on special
media takes a week. Staphylococcus aureus enterctoxin (a cause of food poisoning as
well as skin infections, blood infections, pneumona, osteomyelitis, arthritis and brain
abscesses) is detected in minute amounts by selective absorpti'on of the'toxin via ion

) exchange resins or Reverse Passive Latex Agglutination using menoclonal antibodies.

35 s relative, S. epidenmis, leads to blood infections and contaminates equipment and
surfaces In hospitals and heatth care machines and appliances.




when a typi cal -m xed popul ation of different species of mcroorganismis
present in the wld or in association wth higher organisns. O her nethods
for the detection and identification of pathogenic mcroorganisns 15 are
based on the serol ogi cal approach in which antibodies are produced in
response to infection with the m croorganism Meningococci, for exanple,
are cl assifi g Rosmssbe basis of the structural diffeggnGBashiisdhel r
capsul ar pol ysaccharides. These have different antigenicities, allow ng
five major serogroups to be determned, (A B, C Y and W136): Enzyne
Li nked | munosor bent Assays (ELI SA) or Radio | muno Assay. (R A) can 20 -
assess the production of such anti bodies. Both these nethods detect the
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nucl ei ¢ aci da¥yd daRAdt rdigbIiREERIa befNEh Bast and active infection.

© 25 More recently, there has been much interest in the use of molecular methods for

the diagnosis of infectious disease. These methods offer sensitive and specific detection
of pathogenic microorganisms. Examples of such methods include the “branched DNA”
signal detection system. This method is an example that uses the sandwich
hybridization principle (Urdea MS et al. Branched DNA ampiification muitimers for the

30 sensitive, direct detection of human HIV[and hepatitis viruses. Nuclefc Acids Symp Ser.
1991;(24):197-200). ‘

.Another method for the detection and classification of bacteria is the ampiification
of 168 ribosomal RNA sequences. 168 rRNA has been reported fo be a suitable target
for use in PCR amplification assays for the detection of bacterial species in a variety of

35 clinical or environmental samples and has frequently been used to identify variocus




15 acid with an agent that nodifies cytosine and anplifying the treated
nucleic acid" to produce a sinplified formof the genone or nucleic acid.
In a first aspect, the present invention provides a nethod for
sinmplification of a mcrobial genome or mcrobial nucleic acid conprising:
treating mcrobial genonme or nucleic acid with-an agent that nodifies.

cytosine to | erivative mcrobial nucleic acid, Lifying the
derivative m“sir)zgﬁ)ﬁi%g ﬂucl eic acid to pyoduce a sinpli f%’%@“ﬁ%"?ﬁ@%‘*" t he

‘m crobial genome or nucleic acid. In a second aspect, the present invention
provi des a nethod for producing a mcrobial-specific nucleic acid nolecul e
conprising: 25 treating a.sanple containing mcrobial derived DNA with an
agent that nogediicasicoogauignniecheef168 IRidegeneathonespeties-aeriid nucl ei ¢ aci d;
?“d anpl | fy: o rdh%ﬁé}(m_la@or,h. @,Lﬁ.ﬁ\iala, ﬂ.qﬂidsléﬁﬁén'}fﬁlm. ?ﬁr@ﬁ‘le?ﬂda‘!&%t %g.: & act d to

orma sinmplifre nucl el-c 3cCi cyl e havir educed total . nunber o
cyt osi nes corPyPEkaRd -1 Pﬁ'@gﬂ' 8%’??@5%%%%@36@%8%9%%8%%%% CUliRI ei c
aci d, wher ei rof bigerisiangpiendiied anshaftsr BCR aawlifitaB: throsaspiel il hasdb belesuenasdcl ei c
fﬁ ! dds eqq%‘f%rﬁﬁ&ﬁlzéd & afr{%r_oaanay \?ﬁ@&ﬁv&@ﬁﬁ §é§ér9ine {thd %eagg(fgamsﬁmhgxy, pe. In a

ird aspect, e present .inventiop provides od f or ucing a

m crobi al - spé@a‘ﬂt’@g%ua?yéfiﬁ Hargp! %&é@ﬁ&a%ﬁﬁﬂﬁﬁ'ﬁ%?f& 58393
PCT/ A1J2005/ G048:2605-8).chiclamathnds e Bivansie i censfimibgragd |abatir bigngeni sm
formng a sinmplified formof the m,.crobial sequence. by carrying out a
conversi on of thelrﬂ? PO 'QYE"H@“?EHE‘?%?S‘?B?” E‘ﬁ%ﬁ%ﬁﬁ’g&eﬁ%’w cytosine to |
t hyni ne such mitrharganisnes wiichpian bi edbptagrtergesferal Hetedtioe pobifiz FCrERINSESPAYE fS e s
subst ant i @ | \anDAieSviagdrlese, 5 guanine and thym ne; and selecting a
m crobi al -specific . nucleic acid nolecule fronithe sinplified formof the
mcrobial DNA. In 'a fourth aspect, the present invention provides a

m cr obi al -sp%:ic i-cr n I\,eiﬁcn acid nol ecul e obtained by the method according
to the third present invention. 10 In.a fifth aspect, the

present inventi oniy gnkdesspbd 8hdbredditinvantitindiats eorediding thecohprxiydfr d aspect
of the present, Ly alkl Aol OmOBLAILLBLO09R0F aBE bITFLlnd Bickhlfh APl 1 Ty the
m cr obi aI_-spem?'“] &Mty @ adrd r?o?ecu?e I _a test or assay. In a sixth
aspect, tthe medsdhen pesnd el Beise exipdnesng FEREYNgihe Jpeiptiwelicitfed by the
fifth aspect pefdutdesipbiee Rirmionwe Bériodie.or ddcidinady. seventh aspect, the present
~invention provides a nethod for detecting the +presence. of a mcroorgani sm

in a sanpl e conpr Ind iR asksist HiemresgtinvertionPavidenameighicasiegiistionglR pect ed of
cont ai ni ng t hicroltfal@ecdiigamisolial nuclkic acid comprising: .

treating microbial genome or nucleic acid with an agent that modifies cytosine to

20  form derivative microbial nucleic acld; and
. arﬁp!ifying the derivative microbial'nucielc acid to produce a simplified form of the
- microbial genome or nucleic acid.
In a second aspect, the present invention provides a method for producing a
microbial-specific nucleic acid molecule comprising: -

25 treating a sample containing microbial derived DNA with an agent that modifies
cytosine to form derivative microbial nucleic acid; and '

amplifying at least part of the derivative microbial nucleic acid to fom_': a simplified
nucleic acid molecule having a reduced total number of cytosines compared with the
corresponding untreated microbial nucleic acid, wherein the simplified nucleic acid
30  molecule includes a nucleic acid sequence specific for a microorganism or

microorganism {ype.

In a third aspect, the present invention provides a method for producing a
microbial-specific nucleic acid molecule comprising:




treating the mcrobial nucleic acid wwth an agent that nodifies cytosine to
form 20 derivative mcrobial nucleic acid; providing prinmers capabl e of
allowing anplification of a desired microbial-specific nucleic acid

nol ecul e to the derivative mcrobial nucleic acid; carrying out an
anplification reaction on the derivative mcrobial nucleic acid to forma
simplified mipleisessassi d; and 25 assaying for the presgﬁggugﬁyﬁﬁugnpllfled
nucl ei ¢ acid product containing the desired mcrobial-specific nucleic
acid nol ecul e, wherein detection of the desired mcrobial-specific nucleic
acid nol ecule is indicative of the presence of the mcroorganismin the
sanple. If the genone or mcrobial nucleic acid is DNA it can be treated to

forma .30 deri vHaiRed HRNARRIUERCS ©M HBITOEIFP ed t.o form sinplified form
of DNA. If the gefB QEmHﬁﬂ%%%#th@%o%la?nﬁ&béhdeWaﬂrﬁng%ﬂa be converted

to DNA'prior to realn m crobi a %gnomornclelca0|d
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derivative D@l@ammngw},ﬁ]epgﬂdor to anplification. Methods of conversion of
RNA to DNA are well known = and include use of reverse transcriptase to form
a cDNA. The m crcﬂaieatnggﬁanmmabspemtmuebcaaémlecldﬁfr@'etf@mrmhfmﬁorﬁmfmephage
virus, Viroi ghcronr BR&Leri um fungus, alga, protozoan, spirochaete, or -
single cell. organism The mcrobial genone or nucleic acid can be selected
from protei n encddiarfgirth@epdce the peasent invadior progities mmisrbisisnegilitusielsiasidaci d,

ri bosomal geﬂ'%lef:lﬁgbﬁaﬁed)éyiﬁé RKREY SHc8iRing fo thSth@ et tha GreRbrkt ARiibh.C .

m croorgani snms. 'Preferably, the ribosonmal gene regions are 16S or 23S in
prokaryottes and 188fifinasp2EShe nresdndingentien ppviddsvge ef themplied aagiidingst i ¢ 10

m croor gani sgg tmﬂi%péw@me ﬁ%nhﬁveﬁﬁifﬁ@ biRGn broBB’ &iparkisad Bind AGRIpAY GOl
citrate. -Prefer 1 l- Cnuclel ac‘ tgw%q% 1m tgl syl fat e. Preferably, the agent
nodi fies an gv:lr yi o a ' u THeach strand: conpl ement ary doubl e
stranded .m crobi ah ag&mcagb@ct Iamrés@,hm@gtmw)vﬂeg pMBésl At @rifaers obteied by

conpl enent ar%gq}tﬁ:égﬁ%’#thfeg)desgglt?wgrﬁfog nol ecules.- In a preferred form t he
i i thyl a

cytosine is as 1S typically found in mcrobial nucleic
acid. Pr efaerabl Y, In b Beved@irdsyat, ithseprédentinientdh prividbeh metoil tbr Batsctiag theduced t ot al

nunber of - rteQe%'cQsta @B%@;a@ggw %n.}p@eﬁgﬁlg‘rlg"@;pondl ng untreated m crobi al

genonme or nucléic acl e sinplified formof the m crobial
genone or nucl ei mbeming fiesbial DNedtizealsdngplecdus prtteder cantairdyt thsi-nes conpar ed
with the Corrcri'%?& Qfs:@.g untreated mcrobial 20 genome or nucleic acid. In
one preferre rm the derivative microbial nucleic acid substantially
contai ns bases adetigriee fidopiajuakicaecd (MB) an sdephthatenddips evtgbingtabit (U) and

has substant jad L Lfi@onisi A%l QiR nunmber of bases as the corresponding
untreated m crobi al genone or nucl ei c

providing primers capable of aflowing amplification of a desired microbial-specific
nucieic acid molecuie to the derivative microbial nucleic acid;

carrying out an ampliﬁcat!or_l reaction on the derivative microbial nucleic acid to
form a simplified nucleic acid; and

25 assaying for the presence of an amplified nucleic acid product containing the
desired microbial-specific nucleic acld molecule, wherein detection of the desired
microbial-specific nucleic acid molecule is indicative of the presence of the
microorganism in the sample. '

if the genome or microblal nuclelc acld is DNA it can be treated to form a
30 derivative DNA which is then amplified to form simplified form of DNA,

If the genome or microbial nucleic acid is RNA it can be converted fo DNA prior to
~ freating the microbial genorhe of nucleic acid. Alternatively, microbial RNA can be




acid. 25 . In another preferred form the sinplified formof the m crobial
genone or nucleic acid is conprised substantially- of bases adenine (A,
guanine (G and thymne (T). Preferably, the anplification is carried out
by any suitabl e neans such as pol ynerase chain reaction (PCR), isothermnal
anplification, or signal anplification. The method according to the second
aspect of th P{E 36353 i nvention may further 30 corrprlp%é. ﬂ&%ﬁﬁ%iﬁrng t he

m crobi al - speC| e Aucl ei c acid ol ecy e. In a preferre orm e

m crobi al -specific nucleic acid nolecule is detected by: WO 2006/ 058393
PCT/ AU2005/ 001840 10 providing a detector Iigand capable of binding to a
target region of the mcrobial- specific nucleic acid nolecule and all ow ng
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bent hi ¢ p‘t?pulr%{?rPUH%msmsr agﬁP‘e@B?’? é?le?t%dtrﬂ?ﬁmo S %e{%%()ﬁag%oﬁr to t hird
aspect of t hehgagesEnsodiimmiisuifité.on, sinplified forns of two or rmre m cr obi al

DNA sequences are_obtai ned an t WO, Qr e conpared to
obtain at |east OR@P‘?’}?&}’M |a§fq5‘ﬁg$e‘°fa" CﬂoginF@Jﬁacigrﬁ%%%ﬁgﬁe 20 In a
preferred foraompemetery seydnstiandasiaierbigfgeppiaic BNAIEFINIWR LA PURE nucl ei ¢

aci d nol ecul %m@bﬁeﬂ@@aﬁ&r@ﬁbi Bycleipsayindbngesa Irtteprefetred foini, gfanutosiap bl e. of
binding tQ a uég‘g{hol%]tega g E&Eﬁn Bl Bia HRIRGIHYqe and al I owi ng sufficient
n to

time for 1[ ind to the region; and nmeasuring binding
of the detector IP@waly; theldBevatnechieiobiabraicidic ol ba1d ediaed détlogmberiee 25

presence of t %f!ec uc]loﬁfgg @%tﬁth@b@&g&ﬁimgl SrSRY HebbiRRh&hd Sthubiek BLidt he

nucl eic acid are detecte y separating an anplification product
and vi sual i si ng t hefsapatetselifirddoundf thelmicrebialgandnne nutlele acid has.a

m croorganis %&ggdgtoﬁpﬁun%}’& FrobNA QRPAIE Wik the rE!éI"r-espf.mdmg untreated microbial

20  genome or nucleic acid,

Inone preferred form, the derivative microbial nucleic acid substantially contains -
bases adenine (A); guanine (G), thymine (T) and uracil (U) and has substantially the
same total number of bases as the corresponding untreated microbial genome or nucleic

acid.
.25 . In another preferred form, the simplified form of the microbial genome or nucleic
acid is comprised substantially of bases adenine (A}, guanine (G) and thymine (T).
Preferably, the amplification is carried out by any suitable means such as
porymefas.e chain reaction {PCR), isothermal amplification, or signal amplification,
, The method according to the second aspect of the present invention may further
30 comprise:
detecting the microbial-specific nucleic acid molecule.

In a preferred form, the microbial-specific nucleic acid molecule is detected by:




m crobi al genone or nucleic acid is RNA, for exanple a RNA virus, the RNA
viral 30 genone can be first converted to cDNA in order to treat DNA with
the agent. RNA may also be treated and the derivative RNA is converted to
DNA prior to anplification. Preferably, the derivative nucleic acid
substantially contains the bases adenine.(A), guanine (G, thymne (T) and
uracil - (U) awe2me@sssdsbstantially the same total nunberpcWouzZedRidp8393

PCT/ AU2005/ 001840 11 of bases as themwcorrespondi ng unnodified m crobial
nucleic acid. Inportantly, the derivative nucleic acid nolecule
substantially does not contain cytosine (C), with the proviso that the
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a preferred formmedsuingibindisbiobthe dgfediorfigandriaitieddrget smaicn todtted lite has a

nucl ei ¢ gCi reSEEEBNEE michshich- GlckEnRicichddandaurarl ¢ | evel of the
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of segrents t re pi C ed up from ot manmmel i an or avi an viral genones.
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se
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has- been“bbt ai ne rgani's y th pr obes or
primers can M@@s@@m@tﬁ@#@ﬁ@u*e 30 anplification of the region of

interest in an anpl ldEnlthaa etel {&BF Ea'ggl%? Oanléﬁfg t%%lck%?th?%ﬁ’é?e?éerctoor primers

have been desi gné) or scientific
assays on slaﬁip¢lé%aftd@“@i@ﬁ€e%@’f0&mdim%?f the datestyr M?M”%ﬁ““@r@'%ﬁ”q axonom ¢

level . measuring btndmg of the detector ligand to the nucleic acid molecule 1o detect the

25 presence of the nucleic acid molecule.

In another preferred form, the nucleic acid molecutes are detected by separating
an amplification product and visualising the separéted product. '

In situations where the microorganism does not have a DNA genome or the
macroblal genome or nucleic acid is RNA, for example a RNA virus, the RNA viral
30  genome can be first converted to cDNA in order to treat DNA with the agent. RNA may
also be treated and the derivative RNA is converted-to DNA prior to amplification.

Preferably, the derivative nucleic acid substantially contains the bases adenine
{A), guénine {G), thymine (T} and uracil (U) and has substantially the same total number




The microbial -specific nucleic acid nol ecul e can be uni que or have a high
degree of simlarity wwthin a taxonomc |evel. One advantage of the.
present invention is the WD 2006/ 058393 PCT/ AU2005/ 001840 12 ability to
greatly sinplify the potential base. differences between, or wthin,
taxonom c |evels, for exanple, of a microorganismto either an uni que
.ol ecul e or I that have close sequence siml fic
prinmers or rggtcé@ Aunber of degeneratg prinmers can @éhﬁé% §@§&£ mplify the
m crobi al -specific: nucleic acid nolecule in a given 5 sanple. For double
stranded DNA whi ch contains cytosines, the treating step results in two
derivative nucleic acids (one for each conplenentary strand), each

cont ai ni ng thﬂbmhasemeadmammemmgumnmmmrmmhyﬂMw@@aﬁdduhmmﬁ$ﬁWTM% t wo

derivative n r gureed rggg,{dggo,{ta\m)qﬁd pelk® it @deds of the
doubl e st rangﬁd%%l?ﬂ;acﬁ nﬁblecglr'é:gvatl Vaﬁgﬁﬁ‘géﬁ" aC|sdsl(%r ef erably have no

cyt osi nes butPrevseithat figyicrpiial iy wesigt Af ??é[?gs and sequence

length as the origjnal E%ﬁﬁ#@@d%w%h&&é‘ﬁ@d sdb@@ﬂfaﬁ@éﬁn{ahs e WsdsNo

b
d t | d}m t t
and 5 bot omA JEPHAPEBABFEFEMRY PaARTT FHLET IO YEie BT BRI o ot  ands

can be used aferidies tuafetpeicid (hraruneuped micwbiabnickis agidh die empified gerypliver i-ed

nucl ei c acid HML@%HE%tergéﬁ's%m%ﬁﬂhbl&bﬁéﬁi' on of 15 the derivative nucleic
acids, uracils 1n the top (or bottomstrand) are replaced by thymnes in

t he correspondi ng lreambﬁefredaﬁrns itrephiciobiglespbdifanuoibic apieé melgelie has aRUCEIc As

anpl i ficati 0rbcf&%@&déﬂl:@ﬁd;eédﬂ@oﬁaQonG]aﬁ%Q/leverofbﬁtrﬁuéma@érrsaﬂdrrbftw@nmhubfelv@d) wi
be diluted out as’ each new ¢ qqﬁg Ly bases

adeni ne, ﬂ’uarﬂfW@m'?rH?fPﬁ’}'Féncqnt'”%Plfanﬂlé 935%1‘8 C?Fesda'f'hg‘%e ?(hl Spect of the
i nvention al sopilatthsties theseme ocdifrrent geqantisios bentierapyigliong. tdhpragreht ary
sequences to Haaenm&ﬁa?mcﬁérewﬁsgéﬂeeaum&bm&damaza suoh ag\Haeterignd nucl ei ¢

et o b0 eie et o S : NRLSHEL ARG HRLRE: b A BHferot 01T LT 00,

to the mcro nuc eic sent 1 nvention can
use probes orchpmla’fmais gay hepolypaspligigh fagle Ruslegide *W%%’é’ﬁf‘ﬁl"w@ BRE of
m croor gayy SfDWﬂn@leﬂe%ﬂth@xustSreﬂw ihieacaiRil=R Farinméthinlaaditresrganieyn @Bsmids poor gani sm

is present in.a ﬁgr.é(s‘? dge?_;&%&rgmc EIJE; {E% )?I‘Pe&&%bdf mlcré&‘d%‘ﬁlsﬁ%ﬁérﬁés%u% gbes can

be used to adt' a“given, type,. subtype, variant and
genot ype exaﬂﬁlloé%ﬂ"@ﬁ Istinés-oor gani sm  When a mi crobi al - specific nucleic acid

mol ecul e has been pbfa %&?@v&'&m g%bfbh 66ka b Rarco&nzé ﬂ‘iﬁﬂ(ﬁﬂyﬂ?rﬁu&:@@i&%ﬂl sm

probes or priners can esl to ensure r% O%lion w CPe regi on
of interest i‘H2'QE ARG ?'Tq??atbPB??dt%%?ﬁ?r&? hq ghim 'C”ﬂtﬂ‘iﬁ’r 5@9?"8mﬁ?1té' 'hat bot h
str ands ofo a dan eahﬂmheaawehmes@nd/bertcede\genm stréineerisg froeme-peoreant

‘derivative ryf’g ot re@gr'isdfr&n Gffler? nidaR oYz Rsly ﬁ@ﬁanﬁtfﬂu@f&é sfi§ifd G chinsdrace
treatnent or nver si on

es o and hence
different pr |%‘?9”%9856%8@?'%?%”9%%&?%&”?"6’?3"%3 avﬁ@t\"eqs:é.'goﬁ‘leof the 'top' and
"bottom strands ﬁ%llﬁ:@%p?t@@‘ﬁte& Pelfe meMbs BarkirdRied sutlifsiico Waing@awn 35 and

Cg]i/grt egt ' ar:%gl)e:c acid sequences 0 mi%rogrg%r\ll}gm \(«)rlpelij'(la g‘l:[ré &%reoéytégplgg ﬁ"bl'ee o fgingfhe

25  segquences is converted to thymine to obtain the simplified nucleic acid. Sequence
identity can be determined from the converted sequences. Such an in sifico method -
mimics the treatment and amplification steps. : ,

When a microbial-specific nucleic acid molecule has'been obtained for any given
mibroorganism by this method, probes or primers can be designed to ensure
30 amplification of the regibn of interest in an amplification reaction. Thus, whep the probes -
or primers have been designed, it wilt be possible to carry out clinical or scientific assays
on samples io detect a given microorganisms ata given taxonomic level.

The microbial-specific nucleic adid molecule can be unique or have a high degree
of similarity within a taxonomic level. One advantage of the present invention is the




WD 2006/ 058393 PCTI AU2005/ 001840 '.. 13 genone as it exists imediately
after conversion, and the popul ation of nolecules that results after the
derivative nucleic acid is replicated by conventional enzynol ogical neans
(PCR) or by nethods such as isothermal anplification. Primers are typically
designed for the converted top strand for conveni ence but prinmers can al so
be gener at edwfp HRfossshe bottom strand. Thus, it wll bechﬂsj%og[quBo carry
~out clinical or scientific assays on 1§arrpl es to detect a

m'croorgani sm The primers or probes can be designed to al I ow specrfr c
"regions of derivative ' nucleic acid to be anplified. In a preferred
form the primers cause the anplification of the mcrobial'specific

nucl ei ¢ aci d 2Rl &erally siplifyihepaisaial Rese. AFAICes balyRen g SEUREORYREL i on

provi des a Kildvelsoior eketnpiet sfagricrosryaisobib alther sp e roolenuieloe moleaddsdhatol ecul e
CONpr i ST NG PlhaRlicke QealRhDERSAEC SpelitaPrifrslor Fetdtroeasgsgér PhogefdifiaPr esent

invention together wth one or_nore. reagent. nent s’ f
anmpl i fi cati o MEFCET B‘?‘l”seﬁrt%?@?'%ﬁ/m'c '8 Riin %‘B‘Fﬁﬁrﬁc r‘i’? ?”'@&ae%‘feé‘d from

phage, vi mussamplieoi d, bacterium 15- fungus, al ga, pr ot ozoan .spi rochaet e,
single cell or ganr srn r any other mcr oorganr sm QOW varl ously

classified, such § e 8 Pyt bEpiaLe B?n%?’aﬁ??t'gg Stﬁp res Bive 1990,
Handbook of Iﬂrra)dlemmtws hagleid anisgorarfar el edmgplemenabdtiaadiegash cm:mmUSA or

gr cr golro ?22' s fsgsers%ta@m@er Eumotﬁifrﬁﬁ@gwd"ﬂrécﬂ Mmsen@ﬁvedsﬁab.esadg Re Halr glofr ons

| |

o MR AR ot Mggingle Hens o7 g BotblagtpisA N (e el dos ol |

i croor gami s mecldesddsi teferabln hawgo citasinespulsti havedesamedeiaidivtbeeibaketi ned in
OMM Onli neah@%@édc@%nhﬁ%ﬁﬂé@ﬂiﬁﬂ uhﬂ?eamrnmweméonmg@wmryﬂr@nm croorgani sm

can be a pat {J:'?j] e n glmcacrds er%gtccgr%l%ll . {y \clrler a éforn?gma ﬁd awgtgo ror
ai rbor ne Org an organisniexl s lng carrred' rn a quId

or gaseous rré'tﬂiﬂdrﬁ?mpiﬁﬂﬁf%iamhléﬁaﬁan na]Prenne 0f§b?)?f@n‘#~°0?%beéﬁqdr?ér*he target
extracel | ul ardr gmpiicfon it pro@ee kietingliio nucieic agis Aricaii€ dDwing Bmglificdtiorer i c i fe

form of xi ShlatREI SRRTIERS AL 1nBESUERRed BEndBlSobickgaf 0T 15, such as

am crobe assocl wth a
bacteri al fi Hninps injtae gryesiapiag grapllgg%%r'pp!\f@,qi fof‘ﬁéﬂb‘?‘é‘sc@r&?é"doft\s RNA vi ruses or
vi roi ds by f eimplification Bateinbesntie tdpgard/ Gtige sioame ifiantptficd) wiDb#difuledmuiasa r ever se

transcripti Og?c,%qwtc@same%@anﬂ%hé Wi ARGt b5 BYind, BBariR2@GARe. Thi s gets

over the problemof any nmethylation existing at cytosines I n RNA viruses,
as the reverse triamtbe amﬁra%eo\/ﬂrdtthrmpgctbﬁbsevaﬁlom #iso intleles wedlac acihul ar

m gf\l ne% hgﬁsre.sn@smawmg bhRpiaaS Iy SRdidbes twfﬂsroméi stesﬁl:l ;ﬁarfre%fsb.?eet our \ellglt : e
nucl ei ¢ aci dmoiSP'@%) ‘gBﬂ’V'C?%%ﬂ]ﬁgﬁ'{fﬁg %ﬁ’azﬁ@f?ﬁﬁglg glfeﬁﬁti%géfﬁp 14 agent -

used for nodpﬁrrylltlnl@f ythemicrabiaj-spegiiciiugiriclsicid mddctle. Ot her agents that

simlarly’ modif yI'he present invention can use probes or primers that are lndrc:atrve of
representative types of microorganrsm which can be used to determine whether any
25  microorganism is present in a given sample. Further microbial type-specific probes can
' be used to actually detect or identify a given, type, subtype, variant and genotype
examples of microorganism, '

When a microbial-specific nucleic acid molecule has been obtained or identified
for any given microorganism, probes or primers can be designed to ensure amplification
30  of the region of interest in an amplification reaction. It is important to note that both
strands of a treated and thus converted genome, (hereafter termed “derivative nucleic
acid’y can be analyzéd for primer design, since treatment or conversion leads to.
'asymmetries of sequence, and hence different primer sequences are required for the '

detection of the ‘top’ and 'bottor’ strands of the same locus, (also known as the ‘Watson
33  and ‘Crick’ strands). Thus there are two populations of molecules, the converted




unnet hyl at ed cytosi ne, but not methylated cytosine can al so be used in the
nmet hod of the invention. Exanples include, but not limted to bisulfate,
acetate or citrate. Preferably, the agent is sodiumbisulfate, a reagent,

which in the. presence of water, 5 nodifies cytosine into uracil. Sodium
bi sul fite (NaHSOB) reacts readily with the 5, 6-double bond of cytosine to
forma sul fogg ﬁ% Psine reaction Internmedi ate whichyds, syuscen +]Ib|e'[0

deam nati on, I'n the presence of water gives rise to a uracil sulfite.

| f necessary, the sulfite group can be renoved under mld al kaline
conditions, resulting in the formation of uracil. Thus, 10 potentially all
cytosines will be converted to uracils. Any nethylated cytosi nes, however,
cannot be comessrhess ibxistsimmenidielyiterronesiemanddhe PanylagierRlawlecys Hit

met hyl ati on. - Ihgs Q‘Ee‘?frﬁ'ﬁ%m}aﬁ\)éerﬂfcfef&%cﬁ%‘Teﬁ@a@@@ﬁécﬂderﬂ:&wa'ﬁsﬁymb‘%!ml

ci rcunventing sone 0 y r mous
unexpect ed gd¥RSA? @%Pf@f?ﬁﬁo%ég%%ﬁgowe%ﬁ’ 3?‘8'%%3 ?’ﬁ ﬁgmgéﬁengpéﬁhg“ al
speci es, (20QBsigikeltitrahd epnyerled fopestrasd for copyapienca\zit primee ge alssche gengrgtefisy 102,

13950- 13955, 5 om%aes'm@fit wmletdo@ém pabhpeeBirical Grakiatis asbys on
Strept ococcus agal acti cj rg’g ations for the mcrobial "pan-genonme").

Al'l isolates S@Fp'efm%et%%sﬁ"éef"i f%fﬁa%?”és have a "core" genone of protein
codi ng genes whi Chyd mneessmmesa@meqrémgwdemom%aﬁcre@msgfmwmel plus a
or ot ei - codi HegEAee ?o”%ﬁsr%dl@e%t G A BFRo Sl IS BA s B L

bact eri al pophkd mtciobh- wczfmcma@@d@l%?éleordl ng to the present inventi on t he

i nventors -can deal ‘'with a core, non- rot ei.n resent
el o bt or i o s A Basheer il BRadh RS, BRMAT AQORARRH pteke, P ESCD

envi r onnent alspedirrenisicesid bioprdg p@mrlsmgva'ﬂm%ns &r prefes @etoEding e ifith 208yt f or

M croor gani Sige M@ﬂn@mbéﬁﬂod théths'ilmth dedrinioys iebganes @wicormporiehie for 28 speci es | evel
is useful, in or 0 |rst determine the general group to which the
organi sm beI '33{4:‘3{'61 ﬁt 8% include, but not limted to, diagnosis of

di sease in any OP&@é?btﬂmhe(rh&obr@an@ﬁ isebleasEiron phage vibs, atreld, bpeterkam yot i ¢ or

eukar Yot 6 G fhin ARSPRBIo oAl S ARbe) ﬁﬁgmmwﬁm%@;ﬂ.sﬂmn f ood

sources s scr za‘j bg o1 ? i ng of
envi r onnent alnogeatietlay \t?éOl!SPYéSPSHQ‘%%F% aﬁFhe IR e PR FAf S ng
cont am nat i omged, Heabibook uf Rribetsta) Jories and Barigettf @wbﬂwherszédst@rg\giéA fo6r hunan

breeding.  Def Hukl hz%tsuém & Inl HirGnOPprinciples ani mal
br eedi ng. Detréi%r?b’r%%ﬁ%%@t drdladbdi&t a8 Hubla e rfsenOPri es

m,Cr oor gani Si
bi ol ogi cal wdrPEREMedFtEeld Editiog, t’&rte%%frw @’d’f“& ol “’% “us@'!a'mﬁ‘g 3006/ 058393
PCT/ AU2005 004:8A&itiodS iTiscdivaivios s mmoprsspléfw ﬂ¢59@hqddhassa~ﬁw@§ with H&ﬂa&o nt ext

requ' res ot hecro)%%s dEﬁﬁdWrﬁlM ORHENIdraBlian IMPErithedel iR b, MEvvs mubl.goas ‘conpri ses"
or "conprising”, wll be understood to inmply the inclusion of a stated

el enent, integer Ohe sicapigaoEmgaobpa pithegeamairally opgyfrisgepdrogpedtleps, but not

the excl usi Onsa%lea\ﬂé(tefoar Beton @53 Km, (drBh 6@ABiIsIA Bxising Br bakig @friad afquel enent s,

Integers 5 OJr gaseoﬁs medium), in either a mature or spore form, either extraceliularly or

| 25  intracellularly, or associated with a chimeric life form, or existing actocommensally
between two or more life forms, such as a microbe associated with a lichen, or a microbe

’ assoc:ated with a bacterial film.

Itis possnbie to assay for the presence of RNA vinises or vm:nds by first
converting their RNA genome into a cDNA form via reverse transcription and then
30 ~ modifying the cDNA by the reagent. This gets over the problem of any methylation
existing at cytosines in RNA virusés, as the reverse transcriptase will copy these as if
they were regular cytosines. | _
Preferably, the agent modifies unmethylated cytosine to uracil which is then
replaced asa thymine during amplification of the derivative nucleic acid. Prefe{ably, the




Any di scussi on of docunents, acts, materials, devices, articles or the |ike
whi ch has been included in the present specification is solely for the
purpose of providing-a . -context for the present invention. It is not to
be taken as an adm ssion that -any or all of these matters formpart of the
prior art base or were comon general know edge in the 10 field relevant to
the present wovestssss as it existed in Australia priorpdradfyelignent of
the present invention. In order thati4he present invention nmay be nore
clearly understood, preferred enbodinments will be described with reference
to the follow ng draw ngs and exanples. 15 Brief Description of the

Drawi ngs Figure 1 shows alignnent .of part t Nei sseria neningitidis and
N esorta poRarmsier Tolie REestreaa e Ria Rt GBI | on® Ac
can be seenunpethgiptet oytommeohit coigheiimtidied eytosing gan aisa ketuspd bithegnstheskdpe

combi nat I( 3208/ O RE Ex_EﬁQ}dé ih_éixtﬁhet Bt nbhniteldio\RILMRY, ac%%&@frtdt@fé. of - Nei tS_seri a
Specl es” 0 uen S| dar . CcO reda W on I nat 1l ons

P e s i 1 FrEseRn s Shels Ao e SSORBR St el ;P bpendr B8R o

similarity). mSHes ppsinedp yratlh st ed after each sequence). Figure 2 shows the
use of I NA probes,to further,. | ea h e, Sj.m i of _the
sinplified sequengcéés?lfm g’?é@%h*ﬁgﬂr%%%ségﬁlﬁa@gh!'gg %éq?g%l%éﬂ%%%?%noettﬁan
standard ol iferasifenstsddgtogipoisasion Dirmpdita yhich s syerelviedto deampinatiet.cat i on
procedure w thd Ie grasdpeobamtbivayisettidle usel f6itd. AMheoddaniSRe afifitpiroties W th
100% Seq“e”C%ar?bg}eh%(,@m&%ingﬁaE&e%ﬂo%anﬁgéﬁﬁﬂg %-tﬁléfﬁﬁsztj{;.!?o#}i%.srms?t ed
after each.sequence). "Figure 3 "shows genom c stnplification to
di f f er ent'Oat @otaiafeahrviashsenjbe etryerdd ©© Ypeli A8y BEIMYCARIFNEACYCEY. the |ga
gene from Neicasrt becontshetide tie pltiiifiirsy redienidl therotestipa by misthglatieet hod of t he
present invention allows the sinplification of the genomc 30 nateri al
~in-order to produtie m@eaiieentineah bé adgptedesssist in caddivédtiog sorad dfieugh -

Sinpl i 1ying_Lhe o aepasD bt 18 efbrinodd drWeoill b R haidhdn Ywiaeh Ween

Nei sseri a an%mlgwler% | olsgfsi%ﬁg%%%étebéla@ﬁ% 'I"ﬂ%}‘%g séjeci es. ;fafshlggal DNOis
listed after 99 obibg Gane Bctergisgerss @Ol AR} Py RifbntroeMafl {23 pt ococcal
t uf gene tbef oisa. aregl138650dRI5geREWITE anglysipdfinfultipketpatmgdnit iddatel &ff er ent speci es

of St r ept 0COGgLnt BRhRBakiteat: MRbibatioRs loPlh@ mid@bid Zad 38ndM 2 QU GRR]3IP3
PCT/ AU2005/ 0018%.0 - 16 probe copbi pati ons,woul d he requi .ehd for tthe

uni versal pr i‘WPe*Pa"I?f'a’tsﬁgc"%S&F"egseﬁ%ﬁe AP °“§8*ﬁ'8r%°@”%?e Y"%’F LEPI0H)° only 64
probe conbi napiroxiwatelp 804 obibe penguioplepius adispansabie geapme gensisting Bpartially addi ti on,
the sequencesgdr8d hrrshrbid-spadie bisteii daainglgbiadl B9 fredtihg @131 28S Géndidpprdasth

I ncr ease%ot Ow 5,?4)3%];&6[,‘3 soll[xrl'glic!nftj Cfi'naetringlﬁc')ds%??E |r||r£ It\llcg ir%sehtiir’?vteﬁ&naﬁq%er each
sequence).” 57Figure AT S |ygnrren -0 _(fche f’aphD ococcal enterotoxin
genes bef or eingefHors g9 ¢aal \Yeyrere oyiRgIein detqowﬁﬂmesb%ﬁ%prﬁ%e@wﬂ' te treatnent,
a total of lpisiapsestes, conmbi nati ons woul d be required for the universal
primer of the Staphyl ococcal enterotoxin gene. After genom c

simplification onfhg peebeitnobetios ananititid foodisicaCubiebrb@ntal; eunsic adolégtral uni ver sal
detection. ( %E%rje,[gr Q,%riﬁﬁ_c Jas'sa;s%; nﬂér&&&an%ﬁ%@vh@?eq}l@ﬂﬁﬁ)idenﬁty above or at the
25 species level is useful, in order to first determine the general group to which the
organism belongs. Examples include, but not limited to, diagnosis of disease in any
organism, (be it veriebrate, invertebrate, prokaryotib or eukaryotic, e.g. diseases of
plants and livestock, diseases of human food sources such as fish farms and oyster
fanms), screening or sampling of environmental sources be they natural or contaminated,
30 determining contamination of cell cultures or in vitro fertilized eggs for human bllastocyst
production in in vitro fertilization clinics or for animal breeding. Detection of
micéoorganisms in forensic settings or in biological warfare contexts, is of particular
significance.




10 Figure 6 shows alignment of the Influenza group A and B neurani ni dase
gene of various influenza strains before and after genom c sinplification.
Before-treatnment, a total of 2,048 probe conbinations' would be required
for the universal prinmer of group A and B neuram ni dase genet After

genom c sinplification only 48 probe combinations would be required for

uni versal de n addition, the sequence simlar 15
sinplificati gﬁfl S on I%Jy 50% whi ch incrgases to 75% afteir’&g‘i&];r%g{s%ﬁ%oat i on.
(SEQID NOis Ilisted after each sequence). Figure 7 shows alignnent of the

Rot avi rus VP4 gene. before and after genomic sinplification. Before
treatnment, a total of 512 probe conbi nati ons would be,required for the
uni versal primer Broygheutiius spprificaiion/prlessdbe eontext requirey athenise: e WOI f i cat i on

only 32 20 pr"e@ﬁprﬁ@-rrbiuaaéﬂoﬁ@@cw@y1'£mbﬁse&'e&wmdssﬁgnrwamm WeleSsfod eeilr@iyt i-on.
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anplification pro Aihed enom ca ed 23S
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appropri atse aiplepsions bei ng detected.as bands of specific Iength by agarose
gel 25 el ectrophoresis. The arrow i ndicates the expected size of the

anpl i cons r el at i vAnvtdiscussios pfidacdments.agispRpiREals devings. aricler @ eIk ithane, (M.
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fromthe g;en(fmdeaé\layit to tre prgalehfinvealicR 38 itrekibies tiralstrajie peoritedévelopmedt ofthe col t

(I'ane 1) and Q&qwgg&hae (lane 3). The specificity of anplification is
illustrated l?y the absence of anplification products from the remaining 10
speci es of bact ertnardek/&tzm)ﬁé%&&@e&um:ﬁ%]:ﬁ@eEbé@ﬁlﬁd@stodcv pfefgmede 10 shows

the anplifi C%Hbea}meﬁ@a,m% dBRLBLLVREh rp%reﬁ@oftweqmo&msd RELARbIples] P! i Tied
23S ribosomal gene regions using pri-mers specif or |sser|a Figure 11

shows the anplification.product obtained by PCR from a protein coding gene

fromthe gengom cal ly si rrpl ified region of the recA gene of E. coll. The
speci fi cﬂ%y &&Qﬁ?@%ﬁéﬁ—%@m illustrated by the presence of the E.

col i TecA anpl i coRgand shis ABSRIEET pahlcPRL haBsk iRhindAasBRCT o5 Of bacteria.
Figure 12 shc,)\g{séthea | ification fromthe

genomi cal | y FPTE S ¥ o939} $6 98 gé‘ﬁ%"%‘ew‘ SE‘QPUE%/"H’B bF FAEPS speci fic
f or St aphyl osesre prior K grapwic BBnpiifratien, & kndal ahfll2ipfdbe apnbinetippodierdd Be obt ai ned by

PCR from t he rg@naivocit byveraaﬁJde%dm bffwe%def?a%%e@émgedueg@mmraam ons using
primers s gflg%rhgacﬁécgwlthﬁtj& k rnatc fons aFer lmp?f“ cati don o?ovr\% d%nv%tn%%cl' rfcla lgt I on

product s 7om a € genomcally
sinmplified ré¥i %)??CIB‘P'WOP sEnipoA( @ P ‘SSJ@EBHWT@@WG%E“C@pI dermdis. ‘The two

bands ( arr OWEd) rﬁ&Jrg EER&WSCE% rs)é Oerprm ltd fﬁ% m‘;,‘ég@ th@gequbrqc% similarity
of the simplified sequences, since INA probes can be of shorter length than standard
ollgonuc_leotlde probes. Combining the genomic simplification procedure with INA
25 probes allows the selection and use of probes with 100% sequence similarity to the
‘target sequence. (SEQ ID NO is listed after each sequence)

Figure 3 shows genomic simplification to dlfferenttate between ctosely refated
species usihg alignments of the Iga gene from Neisseria and Haemophilus. As can be
seen, the method of the present invention allows the simplification of the genomic

30  material In-order to produce species specific probes. In addition, although simpilifying the
genomic DNA, it still allows differentiation between Neisseria and the closely related
Haemophilus species. (SEQ ID NO s listed after each sequence).

_ Figure 4 shows allignment of the Streptococcal fuf gene befere and after genomic
simpilification in 10 different species of Streptococci. Before treatment, a total of 12,288




round, (upper band) and second round (lower band), PCR anplifications. 15
Fi gure 15 shows detection of anplicons using specific priners targeting the
genom cally sinplified 23S ri bosomal genes of Chlanydia trachomatis. Figure
16 shows sequences of normal genomic and genomically sinplified 233

r DNA' sequences from St aphyl ococcus epidermdis. (SEQID NOis listed after
each sequenw®)0608093Fi gure 17 shows sequences of genawiravansogapon cally
sinplified. sequences of the E. co/il¢ecA gene. (SEQID NOis listed after
each sequence). Mode(s) for Carrying Qut the Invention Definitions 25 The
term "genom c si rrpl ification" as used herein nmeans the genom c (or other)
nucleic acid i fledfr beln ine.(A),
guanine (G, "f%ﬁ ha”‘*’("ﬁ Wouﬁ be s %%F?%%& ﬁ%ga@hrg%r?og Q&%‘lgﬁe ggﬁgal ni ng the
bases adeni nee(gyic sngnﬁmtwe OFQ){Q‘* prqhwmnhleafmﬁ weii besreqyined FP&U'i“YﬁjS%ubst antially
Lhe same tot ajeteﬂﬂﬂﬁ})ﬁf adaftioh ¥eBquehBe siln@dritp beftes mmmltﬁcavﬂan mmlyeﬁmsvmmg as used
erein nmeans .a_nucl.ei.g, e bases A G
T and U (or RS %sttﬁ g/"%’g{%%xﬁ Jﬁ@attor?%lsggl?@\l@éﬁ gsaéefe% Qéqﬂﬁc%t) and has
substanti a |y thergase sh@.bsaéhgﬁruémeirth@étah@ﬁ:e&ca&nteheoxlr@hémedmcng

unmodi fied m %epqtelpg‘rh;c& %hf?cat?ona% %rel{ t?éa nHe% alxot% ol"f %ﬁ?&d nes int he

m cr obi al ave been conver uring treatnent with the’
agent. It wi ICIOWW@O@‘G?’%B%@SU‘P@TWMUS‘F@(P!['B‘&(Pf hedPtapbyIagestaci at ed - t hat
al tered cytoshfsoxinyentl Afer Gynomid siyplifitationonly®y/proled combinetrsanbibiy bobe

converted t 0 LAl o §fler PR kN TSEARING 1 Fcand: A5 Ea@EncbRSe- Pi ke entity).

As m crobi al elc acird typrcally does not contal n nethylated cytosine
(or ot her1ocyt 0Si neig@k B@haws digehent dittes Infueategtogt £adH sfuemabidasegemvar t s al |

Cyt osi nes. (ﬁﬂé %Léﬁza Qt)(e}n%sdefb?e %{ﬁl AR Aehbhid sm!ii%aﬁlfna@bi’ore tFQaﬁ’nén?ra

5|rrpI|f|ed nu eic acld herei n neans .t he %I’IUCHEIC aci d
product obt alt?fé'd’f%9189‘?’0%[']"1“?5'9'?@“’8@? P& APIRY f?fdr&q Lfé‘i"’(‘?rsacﬁna’er 5P in the
derivative nuwel gineuramiiddse genkhafer gepindcgupliisatian tily #8 prebg chnbitatidnag

anpl i fication,gf vk héauﬁi@dfomwe&el JRMElil Gn Afitdn, tﬁé)sefq\%n@é §iRPar®) wa&mgf i ed

I d I th 10
orber o % oePatscs any SHL BB FE SR L AT R el ot oo
acid but |shsladbsfteamqhasbdzt5ennﬂde up of a combi nation of three bases (A G

d T). The t | jfi | t
T The e R keSS SRR AT DR DTN, IR 3RS cEhguE esul Ll 1o

nucl eic acid SPIVAL Ve 2 eic acid to
form a si npl ishiréiEtatione IBefose t@éﬂ*@!‘* atpfal of é‘sﬁﬂrtﬂber@ inatons ’F"P‘é‘?ib%@ﬂﬂi@‘?é‘é" has
subst anti al | yhémeearmnﬁmméwamm gehb. g gsnadc simgificaion espandi ng

unmods [ &8, Moe2RmindlBid S %&%ﬁ&%&lgﬁ@ﬁ%@. EHR% RBN RlddurgRde up of

a- conbi naztl orﬁJ Ar'ee ase rm "non-converted
sequence" as EBWP@F@tn nmeans the nucleic acid . sequence of the

m crobial nucl ei GAcl &R Ho dnifdbH ks 3BnBIH) AR £3h 1R GendniBAD-
simplified 23S ribosomal gene regions of Gram posutlve and Gram negative bacteria, wnth
' appropriate amplieons being detecled &s bands of specific length by agarose gel
25 electrophoresis. The arrow indicates the expected size of the amplicons relative to
standard sized markers run in the Marker lane, (M). Using primers specific for Gram
negative bacteria reveals bands only in the six Gram negative lanes, (fop panel). Using
primers specific for Gram positive bacteria reveals only bands in the six Gram positive

lanes, (lower panel)

30 Figure 9 shows the amplification products obtained by PCR from the genomically .
simplified 23S ribosomal geﬁe regions of £. coff (lane 1) and K pneumoniae, (lane 3).
The specificity of amplification is illustrated by the absence of amplification products from
the remaining 10 species of bacteria. '




converted sequence typically is the sequence of the naturally occurring

m crobial nucleic 20 acid. The term"nodifies" as used herein neans the
conversion of an cytosine to another nucleotide. Preferably, the agent
modi fi es unnethyl ated cytosine to uracil to forma derivative nucleic
acid. The term"agent that nodifies cytosine" as used herein means an agent
that is 25 capabls® converting cytosine to another ctt}ﬁ.rg I ity.
Preferably, the agen{ nodi fies cytosine. to uracil whi CHI{E@ tlﬁg}r‘% repl aced
as a thymne during anplification of the derivative nucleic acid.
Preferably, the agent used for nodifying cytosine Is sodium bisulfite.

O her agents that simlarly nodify cytosine, but not nethylated cytosine
can also be usecF:guneumﬁowetmwptﬁcatdm@mdwt@hﬁ@ﬁbyEiﬁﬁ'ﬁmé@ geRenigalé, but not
limted to 3Q; nmrﬁédli3s%osoﬁﬁ?§eﬁé ?egfb’hs Ging ;ﬁﬁT%rs Peeficbalidisserid.he agent is

sodi um bi sul f| te, a reagent, whi in the presence of acidic agueous

condi tions, nodi fRigse mysmwsmmf@aummduct ofmiNet Ry BEB domiangoteip ReHIREO3)

reacts readi | gl Qe gapInea Rl ofho REAQBAIG & Bl Treacietbonat ed

cyt osi ne reactl on i nter and in
the presefice MeATRIE? *"Gﬁ%@?"}‘ fhgé’ret%”cg ﬁ'ﬁ?f&’ %ampﬁ Sor d%gnme(g:‘%tg}s]%py, t he
sulfite grou;ﬁom&lnedﬂ&errlemedOBlﬁactmder mld al kaline conditions, resulting

in the formation r Thus ot ent

PCT/ A112005/ 0018 “ﬁbﬁ&?ﬁ"ﬁ&%@?"ﬂﬁgﬁ'ﬂ" “60‘11”%8&/ %A%Y tcgﬁgrgf‘:hfg'%ﬁ"%iﬁ"y
net hyl at ed cygipdiiauess nhqamkgene mim@vs"hﬁepﬂﬂ@tﬁﬁpéﬂﬁfefér Pyrhvleecchipdi fy| ng
reagent due to pr ot ec n tion hat
cytosine (or any %?‘ﬁ‘:éﬁé %Q&’a ec,aglﬂ’ {; prOchthF' gﬁ\%‘l b’@%ﬁ‘q ﬁ&ﬁ%ﬁ%@%@égﬁ%ﬂ?
achi eve aloderinifida28Smibedomiatgeng ragions uting RyITerHSpes Oﬁﬁf@é’@ﬁ?w! nvent i on.

i e S S aybe

nodi fi ed: chemc at’l on e present

i nventi on camoditgeene Femda genedicalytsimpiiiedeqiornaf [t rBRALRNE ChYfERMPGIREES or by
yet to be repppbashiarticilchabl jaroned) sépretebtedimpoves enpicoedreenthy firss. - Cheni cal
treatnment, such as bi OmGIREMRRS, CYt OSi ne to
uraci-l via aﬁ?ﬂ”g PPREL Egndﬁ%nc‘%Sgc?n@%&gglgwgg%ﬁ@aﬁéﬁ mqlo cyt osi ne deam nases,
for exanpjse, may Eigirk )5 Shtivsde@oitvar sm[miﬁortsmamvsmcﬂcdmnervmmeﬁm thaucl-ei ¢ acid.

The first r e@@ﬁ&mu&ﬂy Q%Hﬁ@h Bgs ﬁk%%él@%@&&@h@h&pd:m@mbmdg;e is 1932, Schnidt,

G, Z. physiol. Chem, 208, 185; (see also 1950, H. Z
Lanpen, JyO J. F'Q’%F“*@l‘?@ﬁ?““f@% oIy QGW?/%QGENE'@%SH}E lfiegﬁg%f '

cyt osi nes nueﬂJMSeqﬂnesQes frbmn Stdpihglocoeausepidarnids. (SHR IS NAds tedrltatraeh was not

obt ai ned freg.gf,hher nucl eo-deam nases, 15 however, V\ang et al. were able
to purify sucﬁ an activity from yeast and E. coll. Thus any enzymatic
conversi an of cytRigiret? stowk seguerced ef gopamicped aensmisely sippifedisouences ¢1i mat el y
results in ”ﬂ%é%ﬁeEAg heO ke D96 iclidfoli BEerlehén 2gudnceiep! i cation at t hat
position, that is different to a cytosine, wll yi eld a sinplified genone.
The chenical and enzymatic conversion to yield a 'derivative followed by a

sinplified genonme are applicable to any 20 nucl eo-base, be it purines or
pyri ni di nes MMMMUCI ei c acids of .

Definitions

25 The term "genomic simpiiﬁcaﬁon“ as used herein means the genornic (or other)
nucleic acid is modified from being comprised of four bases adenine {A), guanine (G),
thymine (T) and cytosine (C) to substantially containing the bases adénine (A), guanine
(G), thymine (T) but still having substantially the same total number of bases.

The term "derivative nucleic acid " as used hersin means a nucleic acid that
30  substantially contains the bases A, G, T and U (or some ofher non-A, G or T base or
base-like entity) and has substantially the same total number of bases as the
corresponding unmodified microbial nudeic acid. Substantially 2ll cytosines in the
microbial DNA will have been converted to uracil during treatment with the agent. It will




m croorgani sms. The term"sinplified formof the genonme or nucleic acid" as
used herein nmeans that a genone or nucleic acid, whether naturally
occurring or synthetic, which usually contains the four common bases G A,
T and C, now consists largely of only three bases, 25 G A and T since nost
or all of the Cs in the genone have been converted to Ts by appropriate
chem cal nodidbpatssee and subsequent anplification preggaiti@ioisihe
sinplified formof the genone neans tisat rel ative genom c conplexity is
reduced froma four base foundation towards a three base conposition. The
term'base-like entity' as used herein neans an entity that is fornmed by
30 nodi.fication of cytosine. A base- Ilke e\r'}ﬁ‘% % can betrngc%gganr %ed by a DNA
pol ymer ase  PR#APFR§EEKIIN £itered SARINGS: SUChes by etV Een, IRY It eSAET4"aRd t he

pol ymer ase cemnsertedAg uGibior sbremthebeorph.Serd twe ar rewdie shiyhds Wamiflenent ar y
DNA strand aEuciJLE‘acBQfd:éatnP&beQ RBQShibg rﬁéﬂ@latd&%?t@mhé lePothéiiclibdind ditetdiiensgler i vat e

| d b
modi 11 6 { ol EYRBLARRVER SR LSRRI nG TREPXPRArR LR T el o

add. 35 Exanphes of a base-like entity includes any nucl eo-base, be it

e o P e RS SSESE TR  A O e,

"rel ati ve coaneX| use ereln re
nanel y the i prodwehetsained @eearaye'lnpldefb@ti‘{eewglﬁiﬁ agighgbrapisin rteqtsrrﬂraé'te 'N?'e&chl eve t he

sane  speci f LGd & YheaRshidcBy 84 a BlmiAY b iddirgainphitaidn ok theldeatiiemudlepeidi f i c

| d ft h
o e e DAL, HUALonB LYo SRR e
bases, G10A Fanmmdin@er offtetz dasesth @es?@’i'f‘%ﬁﬁﬂ“%j@rt@ﬁéd'f%d IBEropizlARIElpiG aci R s ane

| ength but SEEBLEIEASINRAS up bi A@pblnyticdl f theastrasés@s andiBive been converted to
thym nes. The | ocus under test is in the sane location in the original
unconverted as wehe termdsimpified sasyeioeRs e baren MeAnsliereayine r%fﬁ'e'ffc'fjrer pr obe

Will have a sHa6e ob@ead ki ainplifyiveeivativé nudeid achiytbforrdia zenppifexifredeity in a
regul ar genoy dOFhej %Bﬁgggﬁ f@@lg_%@eﬁc@}ék§t§t:ls@gtla9)‘;thu§§rnérgurﬁ&¥'5ft9@ses G A T

and C, (4" e Ual's ver, once suyc : genome of
4,194, 304 bﬁ@é@a*htﬁg e ﬁ\?@‘i‘?@’?fdwcrﬁt?@ﬂF‘F?‘?%C“g?qu%ﬁ‘és”téﬁl tabl € means,
t hi s conver t athsgemraymaisynsweonbpdise df tofee badey (4,14 &9 Tbases and is clearly
| ess conpl ex. . However the consequence of this decre lenom ¢

conpl exity Is t hathe &m ’b‘?”e‘i?ﬂ%??eq”ﬁ’rﬁeqifeusfd STRE eRPBE Lh%e' onger has a

uni que site terqumtuecohthetmormimhmlrp}elmaqﬂmlerwheﬁmnnttanéamslifsﬁtmlfP\fTPfed genone.

There are now, JBRAY 04 RALe HASH) RiR: LELtnkaband ndt@aRlcc@thgGhicradialbasec
sequences that have arisen de novo as a consequence of the bisulfite

conversi 8h. #4%wi Il now require a 14-mer probe to find and hybridize to
the original | OCU$e teNnt' ROdHEHR" ééus@@ﬁerelh ﬂtebhaathé YonRErBienof naysied tol Nt ui tive,

o e | S B S U R AR i

| ocation in Hf: ST base "geno ecause nore of the
- 20 genone | obks adprvatiemecleit peidhas nore sinil ar sequences) Thus the reduced

relative 9enOm Gy SQURMEX ke o Qe SLIRIEEL e Phorb bl SRS goTOTE)
means that one ha%® oS ry £0 %5 origi nal _uni que
site. 25 capable of convertlng cytosme to another chemlcal enfity. Preferably, the agent modifies
- cytosine. to uracil which is then replaced as a thymine during amplifi cation of the
derivative nucleic acid. Preferably, the agent used fér modifying cytosirle is sodium
bisuifite. 0tt1er agents that similarly modify cytosine, but not methylated cytosine can
) elso be used in the method of the invention. Examples include, but not limited to
30 bisulfite, acetate or citrate. Preferably, the agent is sodium bisulfite, a reagent, which in
the presence of acidic aqueous conditions, modifies cytosine into uracil. Sodium bisulfite
(NaHSOa) reacts readily with the 5,6-double bond of cytosine to form a sulfonated
cytosine reaction intermediate which Is susceptible to deamination, and in the presence
of water gives rise to a uracll sulfite. if necessary, the sulfite group can be removed
"35  under mild alkaline conditions, resulting in the formation of uracil. Thus, potentially all




The term"relative genam c conplexity reduction” as used herein can be
measured by increased probe | engths capabl e of being mcrobe-specific as
conpared 25 with unnodified DNA. This term al so i ncorporates the type of
probe sequences that are used in determning the presence of a

m croorgani sm These probes may have non- conventional backbones, such as

t hose of PNAWF}WJ\@ r nodified additions to a backbol;}’er &Q S10 t hose
s g

described in a genone |s cgnsidered to have uced rel ative
conpl exity, irrespecti ve of whether the probe has additional conponents 30
' such as Intercal ating pseudonucl eotides, such as in INA Exanples
include, but not Ilimted to, DNA RNA, Iocked nucl ei ¢ acid (LNA), peptide
nucl ei ¢ aci dcﬁ%}smll\ﬂa&onveabdtawmls rAny | nesithyladas QﬂfoélAM)"OWQYEB(FQQB*Pt%CI eic acid

(HNA), .intergg ﬂ%tﬁ&l{ﬁ&ﬁ&iﬁg %bgﬁtﬁué%)pmtedﬁyﬁhﬂhﬁﬁﬂétwh mpumlkei ¢ acid (CNA)
ereo

and m xtures t and hybr 1 ds atom
nodi i cat i on@PRreREFebiat %ﬁ'ﬁ g’éa‘B’Lﬂt ah?'f’i?fbeed"?déﬁ h%&p %rgdgqﬁ%a%g?o es,

met hyl phos pbﬁiu@feasignmhmrmwmamﬂ@sﬁ@lghf bplﬂwsﬂﬁmr*b@ﬂeﬂm"at es,

: phosphoroselenoates

occur ri ng®nucl eotm&argﬂ‘g’ls g%tgeb%%%ggﬁgﬁgjoé%ﬁﬁ%rﬂagg%?ﬁw2an[ alnlo%/

linmted to"thednet ceoticales! aaymatics EdlsywinpdifiqatiaNag themasenbigentiongen 4994,  MNA,

ANA, LNA, C'\léecg‘ﬁ&!t%ut B_Mturél% ocb\!l‘ﬁ %més%rb@b&ﬁa- bé\repartdd-drifiviaiyl NA,
a- L- Xyl o- LNA, cycl o- DNA,

6- Ami no- Bi cyE‘P'??t"Eff{W 3/@9'8‘}?}? erﬁ?’“c"?/cl ohelﬂ\ﬁ%aﬂ% : Su%] asb’%ﬁfph@” cycl o- DNA, -
Bi cycl of 4. 3. fletDiAogid cancionfsd: cziogipe oNyFec 5'alp@'9aﬂséf[ chergice) Sl G SITHRON

stDRREX Irae%é{rl.e d¥amindsds; ﬂewﬁmﬁreamaswrryma BnvdrsiNG, forﬂr—d.denﬂ‘kb@e or a-D- dRN%A

n a QL0 used for

“linking to nﬂﬁq%‘b?cf'cgn@egﬁéﬁep tosﬁ%tdgé)ﬁkgﬁegdp (?Jrﬁ EH?!@%Q%S%?Q& .
f or macet at e, Gu.I%. phiysich&benages. é@ﬁﬂ (sep ARP AP OgVS0DS - %oﬁ’?ﬁﬁ éizn 2Re S | n
particul ar nycggi @hem’ﬂ%cdS?@BCErﬂwﬁétﬁldsaranﬁatdnafl@ltocegaesucﬂmyldmﬂmrtmnse one or
more intercal aﬁ}bvvo& B u%%nﬁ\%lfg\ggd r%?ébté chee oTBt‘ﬁern{u@@@-H&ﬁnrﬁHseé PN is not

part' of the &d escription ei.c_acid WA@C £Sy nor is the
"backbone 1gar towdvet, M\ﬁngébﬁm%%?‘?‘?/m pé'[jféﬁ“‘é%a”l‘%‘?t‘ MBKEO™ YER Pk W8nt an

i nt er cal at i ngnyilmatR: cadletbidniof agaitedafooe a\mm»latntehemlemelhwhgh olimegly03/ 051901,
VO 03/ 052132{93\/@ uQ%Q%%&@ﬁﬁ%sm /tl%iﬂ?egc%pfl(:m%i thé/ p%);ltlori ﬂﬁ@:&por ated

herein by reference IS an nucl eo 0 otide 15
anal ogue” congiEertig asresitsn wilyield ?ﬂ?’%‘Fg‘gﬁg%W Bé%ﬁ'&g}‘ﬁﬁc d% Z’ﬁ-'an | PN)
nol ecul es. Bytoerb@non|tc3y1ﬂ@aﬂérfwamlf@iowedaby aigmplied G?n@@mﬁw"ﬁfé@é? PBed by Van

Aet schot gt ﬁbcleo—bal:g%lélt )&B)fn yrinﬁdu'iH%@fmatlﬁ}Hle'déb&n@‘ludl&caadﬂﬁfsCrI bed by
Hossai n at at ers to nucleic acids described by Ailert at

al, 1999. 20“‘1%&93“}?5? be any LNA mol ecul e as described in WD 99/ 14226
(EXI qon), pref er-afalum 'bu%hﬂe& f&ﬂn'o@ﬁb@énd‘nﬂeﬂfﬂnbdﬂﬁc ﬁ&ich"%eubmem-pmeansd in the

abstract of WD 99114226. I &Pﬁ tﬂé’tﬁ:‘@) Aek :
n
descri bed i n"&tAGHEY °5f’"°'ef§qf§j [23 IE'?% of © é? 535 &1< f} al ., 1997.
contains the four comman bases G, A, T and C, now consists largely of only three bases
25 G, A and T since most or all of the Cs in the genome have been converted to Ts by
appropriate chemical modification and subsequent amplification procedures. The
simplified form of the genome means that relative genomic complexity is reduced from a
four base foundation tawards a three base composition.

The term 'base-like entity' as used herein means an entity that is formed by
30  modification of cytosine. A base-like enfity can be recognised by a DNA polymerase
during amplification of a derivative nucleic acid and the polyrn_erase causes A, GorTlo
. be placed on a newly formed complementary DNA strand at the positipn Oppo;.ite the
base-like entity in the derivate nucleic acid. Typically, the base-like entity is uracil that
has been modified from cytosine in the corresponding untreated microbial nucleic acid.
35  Examples of a base-like entity includes any nucleo-base, be it purine or pyrimidine. |




" '"PNA" refers to peptide nucleic acids as for exanple described by N el sen
at al, 25 1991. 'Relative conplexity reduction' as used heretn, does not
refer to the order in which bases occur, such as any mat henati cal
conplexity difference between a sequence that is ATATATATATATAT (SEQ I D
NO 1) versus one of the sanme length that is AAAAMMAA1 1 1111T(SEQID
NO 2), nor woemsndssasefer to the original re-associ at ip@fvagibesiisae Of

rel ati ve genone sizes, (and inferenti®al |y, genom c conplexities),
“Introduced into the scientific literature by Waring, M & Britten R

J. 1966, Science, 154, 791-794, and Britten R J and Kohne D E., 1968,

Sci ence, 161, 529-540, and ear| ergnces therel %hat ﬁte fromthe
Car negi e | nst i tut 6 rREHS %‘%8&”?@ BEENSIARHR R
PCT/ AU2005/ 084r8diPine RreaReinavérage Igdwdenw tbainﬁplewxneﬂ {p achigvatbegpifer ei n refers

to an unc hane;géi.ra n& ie%\ o@ﬁybnmﬁa%glscﬂabr&a@qogeﬁ&m&cwaﬁdérsgﬁsfceaaed by
nol ecul ar probe

orlg_P %E unconve ‘% ﬁgg 0Tes Ishgé/g,, bases at
i nvari ant poEﬁ"{eF‘S?fé""ld‘tPBsWtw? & RHERSAIe YoV NP ISEH Base parr hapl oid
human genséme anf coasigia of the Pucyasks) GaA Trand ) wheredsdhd segend genemsisgbeiaetons are

defined as. bee@QmIereﬂijm%uttéan@,cytwélﬁs%déauysan%thﬁ%sPﬂQve%@n cdrivertsd tb he sequence
| to n, the imbase_i

i h eisaT
in the convefY@{es. ggﬁi?ﬁuﬁundﬁﬁ?s{]%{“%' % g‘?ﬁa@" %Eg"%naﬁuncgm?égse& a%§%§here| n
i ncl udes ni ceotheabnvetadadearyot @n avetegesinigireer eEIbP il NevkARYEdICaRIMO  DNA
protei n encoghipgit ﬂm%ﬁld&e B6ihtly i QMediap héHomeoNn s, 084,313 baa& comdsahgbithaci d, and

ri bosonal genpe regsegn/g m%gkar g[t gqgm "H&&ngr rg: g&aeljéggéyotl C

mi croor gdfi s geno Rerel n- covers
cHr onpsonal  aenomelof 4,384, 3@%@%&%@&?@%%‘#”% B P’éi"fﬁte SCotoRy suitebleipgans. g

tenporary r eﬁﬁsd:%maﬁe@ﬁeﬁoh@tis GRNRAPoses WE hhathrep Iba@m;mld; is clzadyt less hvaige. and
mobi | e el eneplt 5 vlep hb Pgnsga%ﬁgaéﬁghls;f&%%se |;I1_B8na e t;h@fha{ our l%W@USq}or €

conponent as' eXenp avi ng codi ng

and. non- bodP*F@Jeél1ém5ﬁf‘§’ef‘ﬁlﬂ"gﬁ%i pg/2 H@ﬂ%ééﬁt"d’}’rf'q‘étrcé‘ﬂf‘yqe'g’é?HF’E@ "®The term
"mi crobi ab deimpifed géisAie. daersaachoaenaiypthengissible saubdknolbeaipmed 11 thgeect | y

froma mcr OQ%Q%QT[!He§ 20av0 Bih %QO\!’JEQ'arc%ﬁéehﬁ(enQé( oﬁﬁmﬁ"ﬁ.ﬂﬂté &leé'ﬂsn@rﬁ obiitl RNA to

DNA by any nown or sul rev ranscr| pt ase.
20 The ter m "¢ EAYEHURTE RO | h@@d’sﬁg’ﬁ'&zﬁ %*ﬁ%ﬂ%‘@@"%’ﬁag@“‘"“ VFUEY viroid,
bact eri um f bitiglysippedr gayntepinatitve o thus péauinéstradrassased pgheeiendgd) 1o d@’fegfam sm or

any ot her mh%'bﬁ@ﬁéyﬁa@ét%Mn MRt E‘?ﬂ%&r%@m’?ﬂﬁﬂ\éd\t%é pakelg¥ndihal 8&dalidatlore 3tt6B as t he
Ki ngdom Protoctis

a 99 rotoctista,
Jones and® Ba??']"g’tebo"k?’ﬁ'ﬁls?@ﬁg'?éas %%?'@Har Sf’%’,&nces? anug&gg%glg%ﬁp;se’ang that are
associ at ed wpeéromfrmvanexityar gmplicheef théhien prsesisRanesmeas et IS®@S& [ nt er nal .

Medi ci ne, 12bdsidRdbrgbaitobe8 @ frathdyriginalRnidbé seN et at., McGaw H Il Inc, as
well as later editions. It also ihcludes all m croorgani sns descri bed in
associ ati on wi t h The term "relative genomic complexity reduction” as used Ferein can be

measured by increased probe lengths capable of being microbe-specific as compared
25  with unmodified DNA. This term also incorporates the type of probe sequences that are
used in determining the presence of a microorganism. Thiese probes may have non-
conventional backbones, such as those of PNA or LNA or modif_ied additions to a
backbane such as those described in INA. Thus, a genome is considered o have
reduced refative complexily, imespective of whether the probe has additional components
30 ° such as Intercalating pseudonucleotides, such as in INA. Examples iﬁclude,lbut not
limited to, DNA, RNA, locked nucleic acld (LNA), peptide nucleic acid (PNA), MNA,
altritol nucleic acid (ANA), hexitol nucleic acid (HNA), intercalating nucleic acid (INA),
cyclohexanyl nucleic acid (CNA} and mixtures thereof and hybrids thereof, as well as
phosphorous atom modifications thereof, such as but not limited to phosphorothicates,
35  methyl phospholates, phosphoramidites, phosphorodithiates, phosphoroselenoates,
phosphotriesters and phosphoboranoates. Non-naturally occurring nucleotides include,




hunman conditions defined in OMM Online Mendelian Inheritance in Mn,
www. ncbi.gov. i The term "m crobial -specific nucleic acid nol ecule" as
used herein neans a nol ecul e which has been determ ned or obtained using
t he met hod according to the 30 present invention which has one or nore
sequences speci fic to a mcroorganism The term "taxonom c level of the .
M croor gani sgly s8sessgd herein includes famly, genus, pcsf}lﬁfibu%o:s@t rain,
type, or dif rent populations fromthge sane or different geographic or
bent hi c popul ations. Wile in the case of bacteria the generally

recogni zed schema, such as; Bacteria, Proteobacteria; Betaproteobacteria;
Nei sserfal es WO 2006/ 058393 PCT/ AU2005/ 001840 23 Nefsseri aceae; Neisseria
i s used. -Di f betnshlimijsdgethanidipideresprpesed StRGNARRUATIA. S GiN- MNficl eot i de

changes or vapnaatiRQrNAabNaxmed g2 N PRig (ﬁmfgcrtNAea-LtmmLm losS-XyioLIaR

t |1 ul | t hi d
pol yimor phi o Gri-SRELHer B Tegh U (SRR bR b s B BE Y
pat hogeni ci t Bidysb-Bidsa-Bibjdo-DNA 'ﬁlcvqn-BNAEBIMIGW@b]]@NAaBuYOJAH%Il] Qj@nones is
recogni zeg, gc;w%' GBI, ]§¥B—ﬁ9§5}'¢r§nd§ﬁe rm aeyraatsyl-gﬁrmm which can

be in |ndepen nt" n el c_acid pleces nce, Qﬁ%/ a,r|5|r%0<%J strains from
r e- assor t nenfRNgfor SQTBH'P‘OB'P@AOH%EW"BWW F"f"é?'lé’i'f{”s (g corpoyNds Y\ human
influenza steasaifordiakiofiomatiestided sisk gsbuinst linfited toanethyinokmethylp from ot her -
manmel i an or f@%b&ﬁb&é’ 'tﬁlf%nnag@:&@%ﬁé hnk:n? %Fbuﬂ_@@orﬂp‘ﬁél@ auﬁlh@ss Qn §ﬁ%ﬁ%’?ﬁ@cletc

simlarity" as.used herein incl bove |n| relative

sequence conﬁF'@%i’W”&ﬁHaﬁ'FBBﬂoquéﬁﬁ'f’%?“%fg's%°mé’l?Fee'” ef\‘?ﬁ IALS and METHODS
‘Extracti om ofpsdinucieoiien¢PH). , Theipcaselyieal IFBNMqtorrt vil thatonRIN&KY deatridlien obt ai ned
from any sui #&hh&eicléc@ma&&ﬁes, Framé ea%kbd?@lpa.@@mhéw&mﬁ@atyldum safpia; cel |

cul tures, broth cultures, environmental sanples, clinical sanples, bodily
f1 uids, || qui d saBpINFsis nmhiamusiarnpibf@s neieleh acisintacepsdaace with the tOPRIIG NA f r om

sanpl es can b@)@Q@ﬁ'g@ﬁdvd@ﬁs@éﬁ@ﬂ%@oﬂb@ﬁ@@lmoﬂﬁo o&@smrmmwb)a sui tabl e

extraction is_as i n e .ace 400 pl of 7 M
o i RyAPueR b ehiey FLeRaBr R b G Rokyeo Piasiebils,

Tri t on- X-1800 an&@yug gomivisio ore priage Er@r@agtqmgudonmow(fﬁN>W&§we& RNA. The:
sanple is thorou ho i d left
or a5 hours at - SO0 R A atlelad i RRAIAREurbo By Dty REBGLEBRC, | U
freeze/thaw é9¥ es of dry ice for 5 mnutes/ 95C for 5 mnutes. The sanple
is then vortexed A f pellet the cell
debris. The Super%ﬁﬁg?ﬁy ebﬁgﬁ%%gé'%n#gg%&c%d% gteg? 1t9[§;8t ed 25 to reduce
the salt ConcentI‘ANA’GéFeﬁsh@ﬁUC@h&mmlbdﬁsh:hmaoj‘y@mméml Hagﬂ,ed et hanol

pr eci pltat ed and resuspended in 50 pl of 10 mM Tris/ 0.1 nM EDTA

Speci fi.c&ly; the-¥HNmagRe P%)b‘t"i"b'i‘?gleweo?ﬁd@s‘ﬁ\‘??‘bkﬂé’i’? PYA422R4B69°8i negat i ve
bacteria gr pwferanly, EHARGakdeanan tHelradlesleé dedidiedin theiabsterbdf W@ gRli4288Eent S

SpeC' flict ONEI%CA?eférQQIE}'L?@)ls a nucleic acid as described in Singh et al, 1998, Koshkin et al,
S 1998 or Obika et al., 1 997

'PNA’ refers to peptide nucleic acids as for eXample described by Nielsen &t al,
25 1991.

'‘Relative complexity réductio‘n' as used herein, does not-refer to the order in
which bases occur, such as any mathematical complexity difference between a ,
sequence that is ATATATATATATAT (SEQ 1D NO: 1) versus one of the same length that
is AAAAAAATTTTTTT (SEQ ID NO: 2), nor does it refer to the original re-associafion
30 data of relative genome sizes, (and inferentially, genomic complexities), Introduced into

the scientific literature by Waring, M. & Britten R. J.1968, Science, 154, 791-794; and
Britten, R.J and Kohne D E., 1968, Science, 161, 520-540, and eariier references therein
that stem from the, Carnegie Institution of Washington Yearbook reports.




were performed as follows. - j 30 For DNA extraction from G am Negative
bacteria the protocol was as follows: a) Using a sterile toothpick
bacterial colonies were scraped off the culture plate into a sterile 1.5
m centrifuge tube. WD 2006/ 058393 PCT/ AU2005/ 001840 24 b) 180 pi of
Guani di ni um t hi ocyanate extraction buffer (7M Guani di niumthi ocyanate, 5
mM EDTA ( pHBwOroosd43393M Tri s/ Hcl pH 7.6, 1% Triton- X- 1@gavaesedded and the
sanple m xed to resuspend the bacteriz@ colonies. c¢) 20 pl (20 nmg/m)
Protei nase K was added and the sanples were mxed well. 5 d) Sanples were
i ncubated @55C for 3 hours to lyse the cells. e) 200 pl of water was added
es

to each sanple and sanmpl .m xe entle pipetting. .f) 400.pj pf

Phenol / Chl or of OnP%E‘B-"gpﬁﬁ'l“.’”é{‘F QU EIX'Q‘%( AL Pi?&v%gfg’sg%ﬂg%l‘c’é%'?&e? R%s'”g‘?gr?% es

vort exed f or ba@seX %o geworedthat isgpcerias hyangicuier nwetres (Ratfethe sfging! #2 a i cr of uge
alt 14, (])-Og %pﬂhcf,dﬁferé]g Biarﬂirl‘{eggave l:_ib@ei%gl—{;%nﬁﬁﬂéﬁm tBIﬂa&ﬁhéf\%elbﬁﬂl’i_BVed i_nlt 0 a
clean 1. ntrifuge | i i..0 X y r.nlj.sQ-.a

al cohol (25:_33’?%5?}1 ba%?s&é{&aéﬂgﬁwag’%e&"@g felgeagfé nl\%&ﬂ%&%@%ﬂ%i%ﬁ@ srer%:/onds.-
j) The sa#pl essitigps erctdrined apbeing fora 1 i b Mberggds RP00IN0G0Gr himtheoieaene nut es. .
k) The aqueoyss RHRSE H¥RSs 4 EFPE drigith Gerdrre) tB@Tthd "basd is @anik thefcogerédibe. 15 1)
800 NI of - 100% et hanol was added to each sanple, the sanple vortexed
briefly thengérf?gfet -at -20c for 1 hour. m) The sanples were spun in a

mi crof uge at TidicRRehiift htdeidadi® Bb LS hateirdfaiudes nicidbe PhRapeklaat s wer e

at 14, 000r prrerap el uGRET BRI oo GRoIRTRIER AR forsRloighoinlf 1 £ 09°
pel | et's wer endigic ahid, gt fheporsal apneuedians ghprokarypizs apd eiRele eI RENPES uspended i n
100 pl of 10mEMokgansitCl pH 8.0, 1 nM EDTA pH 8.0. g) The DNA

concentration and purity were cal cul ated by nmeasuring the absorbance of
the solution at 288 terpgmicrapghgrngmeDas ysgy heskin cRRs RN PEAE FHRFETSIm Posi ti ve
bact eri a t heepfehot0domamsichE doidb,| 8wl as @npbiatynesidenstoinad gentroatshgh @k

bacterial colani, D&hofd ferhdtfs if HeltiBeR ka8, i Qeomshasile 1.5
m centri fughﬁ%lgé.b\‘g%rﬁ)lfg%éﬁl _01p 205 rrﬁ/rr'fl f sogerre gal grrar?;:aé?j pﬁ of
Lysost apHPn . @ SP§IFETPUET areeerariitrtPysd 9P/8otas et e %/‘&)'F"é“ KEYHo8 R8I L s wer e
m xed gent | ynérecddegeepentd tHaherbbatvemi diferdntisdattoni es.. ¢) The sanpl es were
i ncubated at 37C for 30 m nutes, t eqrade, t he cel | .. d) The sanples .
were then processEf i %P@'a[ﬁwv%‘ﬁ?'g’g%sé’aeda%%%’? ﬂ?ﬂ%es\te%,;\?}féa%dggﬁ%ly -
' ’ from a microorganism or obtained indirectly by convertirig microbial RNA to DNA by any
of the known or suitable method such as reverse transcriptase.

20 The term "microorganism™ as used herein includes phage, virus,'viroid,
' bacterium, fungus, alga, protozoan, spirochaete, single cell organism, or ény other
' microorganisim, no matter how variously classifled, such as the Kingdom Profoctista by
 Margulis, L., et al 1980, Handbook of Protoctista, Jones and Barllett, Publishers, Boston

-USA, or microorganisms that _aré associated with humans, as defined in Harrisons

25  Principles of Internal Medicine, 12" Edition, edited by J D Wilson et al., McGraw Hifl Inc,
as well as later editions. 11 also ihcludes all microorganisms described in association with
human conditions defined in OMIM, Online Mendelian inheritance in Man, www.nchi.goy.

The term "microbial-specific nucleic acid molecule” as used herein means a
molecule which has been determined or obtained using the method according to the
30 present invention which has one or more sequences specific to a microorganism.

The term "taxonomic level of the microorganism™ as used herein includes family,
genus, species, strain, type, or different populations from the same or different
geographic or benthic populatiéns- While in the case of bacteria the generally
recognized schema, such as; Bacteria, Protecbacteria; Betaproteobacteria; Neisseriales;




DNA mni kit. protocol for G ampositive bacteria. 35 WO 2006/ 058393

PCT/ AU2005/ 001840 25 DNA extraction from Cytol ogy sanples from patients.

a) The sanpl e was shaken vigorously by hand to resuspend any sedi nent ed
cells and to ensure the honpbgeneity of the solution. b) . 4 mM of the
resuspended cells were transferred to a 15 m Costar centrifuge tube.. 5 c)
The tubes wew® 26/@Mkshd3f uged i n a swi ng-out bucket rotorpciar3696u1xs0g for 15
m nutes. d) The supernatant was caretully decanted and di scarded w t hout
di sturbing the pelleted cellular material. e) The pelleted cells were
resuspended in 200 pl of lysis buffer (100 mM Tri s/ HCl pH 8.0, 2 nmM EDTA pH
8.0,0.5% SDS, 0.5% Triton-X-100) and m xed wel | unttl g sol ution
was homogenedlaisseriapeagoNeipsert isupgd. é%iff%?"ép%%ﬂ?“?'?sd?@’fb&p%ﬂ”mﬁ%’c °r§'€9|ﬁ/el | sanple
preparati on plidddlidghadedr varfatifl dbteiaa weDKA waikcaekibat eaistin emiptrawsiivia on

| ncubat ed. - at, 396e, %rm,&o%gg{,sn( (i BF GBS, ExpRiynbhioBneblontay Si s): DNA
extraction from uri ne sa Wwas ext ract ed ‘Iﬁ\/ﬁ'glfﬁ @}yﬁgtl ng vol une
of | ml of ufagiRes SLBIEIORISAYST genoes seshasREthepichssRg by ndbook.
Bisulfitestr ﬁﬁdrmbnmfﬂra%o&&mpk@sg&&dMﬁdllmwdbs thachimatic nedwe efadrali ed out

according th dah b b iR Zﬁﬂéﬂmﬁa@fdfaad%ﬁmeﬁé Hbdij Eﬁsnﬂgtgdbm cati on
kit (Human netlc ghat ures, Aust ralg% see S QW a’é 0 singly,
it has been ffefﬂﬁ%ta?ﬁ?“'fﬂﬁ@ of, gRCBIGegINT IR fgeretnﬁ%ﬂ'm?ﬁeerge’q %’ HOehEeY F%

separate thesmumMMerﬁ%ségnmms@mdhem pinbed gesonobtheruednenallameicayianivid! exanpl e
when there Sndiierobial DNA in a sanpl e of human cells. The treatnent step
can be used 1g an vast mxture of different DNA types and yet a

m cr obi al1ﬂspeC| f i Therterod "elose seqiiehce aimiliydy”sisiubdd IRBein idevdeistheethorndefifiéorpr esent

invention. | bt e&tl\%séehﬁ@\%@gorﬁmw £rtliepré)ﬂe%ﬂgﬁws%fs a@@he@ki on In a conplex DNA

m xtures are that of the limts of standard PCR detecti on which can be down
to a singl eMaapRIAS sad MEETEIEDSNUC] ei ¢ acid nol ecul e. Sanples 30 Any
suitabl e sampl e can he used for the present invention. Exanples include,
but not Iini EXH3¥PR AP opbi al cultures, clinical sanples, veterinary

sanpl es, bi ol ogi cgl enérhufhfé:%blai[b@@eéewﬁaukNM@n%ambﬁsd freR Wiy napENt al - sanpl es,

I ff I /Q P 26
i i it Sl R e

shoul d nat beamplensiniat smpies, keghyAluissi ligeid swm gs. - S0l samples such as tissue.
Microhial DNA from samples can be obtained by standard procedures. An example of a

suitable extraction is as follows. The sample of interest is placed in 400 pl of 7 M
Guanidinium hydrof::hloride, 5mM EDTA, 100 mMTris/HCt pHB.4, 1% Triton-X-100, 50
20  mM Proteinase K (Sigma), 100 ug/ml yeast tRNA. The sample is thoroughly

st

homogenlsed with disposable 1.5 mi pestie and left for 48 hours at 60°C ‘After
mcubatlon the sample is subjected to five freezefthaw cycles of dry i ice for 5 '
minutes/959C for 5 mmutes The sample is then vortexed and spun in a microfuge for
2 minutes to pellet the cell debris. The supernatant is removed into a clean tube, diluted
.?;5 to reduce the salt concentration then phenol:chloroform extracted, ethanol precipitated
and resuspended in 50 pl of 10 mM Tris/0.1 mM EDTA. '
Specifically; the DNA extractions from Gram positive and Gram negative bacteria
grown on standard agar plates (with nutritional requirements specﬁ" ¢ to each species)
were performed as follows. ’ '
T30 For DNA extractioﬁ from Gram Negati\}e bacteria the protocol u;l_as as foliows:
a) Using a sterile toothpick bacterial colonies were scraped off the culture plate into a

sterile 1.5 ml centirifuge tube.




5 The present invention can be inplenented in the formof various kits, or
conbi nation of kits and instantiated in terns of manual, sem autonated or
ful'ly robotic platforms: In a preferred form the MethyEasyl M or

H ghThr oughput Met hyl EasyTM kits (Human Genetic Signatures Ply Ltd,
Australia) allow conversion of nucleic acids in 96 or 384 plates using a
robotic platWwonmesssseds as EpMtion. 10 Bisulfite treat pefisuiisiapp! ary
protocol for effective b(sulfte treatment of nucleic acid is set out

bel ow. The protocol results in retaining substantially all DNA treated.
This method is also referred to herein as the Human Cenetic Signatures
(HGS) net hod be 15 recia d that, t ol unes or amunt s of
Sarpl o or e Bl ooy ARG B S et Bl Lt S RenBRRES ¢ ot ment
can be found |nnMJEDIBI(ntm.l@TDMTﬂﬂﬁnfpﬂl’ﬂmm%ﬂ'(D@ﬁﬁﬁ@Oiwquwmdéde herein by .
reference. To %aﬂﬁfe@f:xe@%esﬂﬂ@eﬁ&mgsm@@ PRlofedi gested with suitable

restriction if. s e | une NaCH (6g in |
50 M water, ? g’ﬁé 815&0\%51 a'gg'a%aqd%d a%élgsa'?@??awer B’l"e‘?r%e'm 20 pl. This
'step denabur €k Qaﬁ\eledwml@ﬂéﬁt%@j@cmh%$@d!ﬁeé@ defit.0 a single stranded
form since teheo@msdﬂlu&:etﬁas*@ﬂeenteam@hereaéhhyéamea@mﬁed/wgenﬁé Mgdtngst r anded

ol ecul es. T € 4 & gt olflﬁﬁen hioroﬁ:)rnti)/aggmgl @J&Sfﬁd'!) as mdgdlandsthxtel ncqbatl on at

t enper at ur es ‘abov Fove "RBTY i ci ency
of denaturati dﬁﬂex%foA?ﬁéﬁS?%dsﬁ ncubation, 208 pi 2 M Sodi um Met abi sul fite
(7.6 gin ZOQﬂTh&@érﬁﬂesiMér@theﬁiﬁmﬁﬁa&ﬁrdﬁ:dﬁ&aﬂi o@hpn A alnafiités1 0356. 4D; freshly
made) anq012h)0|-r r#%g %Magy{vgso%guo%% ert??clgan PS%PC&%M%H&E BDH Anal R

#103122E; %/ nol is a reducing
agent and- heI p§0 o of Bﬁﬁi’%c’d‘i{Pfd'éH’F‘b‘ﬂmdﬁ‘cP'Ffe(2r5ézéde't’{?%add€fﬁ’é’rth?eﬁﬂwsng agent s
can al so be us edtfexédior 2XaBpkanddi t hi ot hreitol (DTT), nercaptoet hanol,

qui none 30 yqn@%od@Weth?ﬁs@%h%mﬂH&[g@Q 460%%?1*0&%%9%@5 The sanpl e

was overlaid w th m ner a verlaying o m neral oil
prevents evafloras ?%Oﬁ%'a&wwﬁmand&mfﬂean1%%@&9{@9&&#’ is not essential.
The sanpli® was 80thidrf 1GP¢udibaretivareeldet igletchesambBChe sghpleyanakadielkely thére sanpl es
can be cycl ed idhagobhesmBlougycl er as follows: incubate for about WO
B30 B R B Al A G B Tl L, 0
per f or ned at”)afﬁbe Pitypelietsrwarewpshadiviibe o W@“/Q%hsélbfout 90C and can vary in
length fromé& mhaddn@Sestn@rSspia i SmicDhgp a2l 40a0rphEoiRthoesBRAQtthany ‘

t enper at e frgtﬂ}u?o?&%rgdlgc%eﬁ‘IBmc?‘JHQﬁ&lie%%@reaﬁxdﬂféé%%%%tés“ length from about 1

second nt wth Sodi um
Met abi sul fi tR, Fipell thss PNAvaas 'ieéH‘FB%‘Bd 198 Hhof 3P MMRRGEHQI o Bifg MM EBFA 2 pl

gl ycogen were pdded if the DNA concentration was |ow. These additives are
optional andgCaR Bga b RLhwafod SRHAMT whRSalig 8 oPhed ¥R 21089 EYr CO-

the solution at 230, 260, 280nm.

25
For DNA, extraction from Gram Posifive bacteria the protocol was as follows:.
a) Using-a stedle toothpick bacterial cofonies wetre scraped off the culture plate into a
sterile 1.5 mi c:entrifuge tube.
b} 180 pl of 20 mg/ml Lysoczyme (Sigma) and 200 pg of Lysostaphin {Sigma) was added
30 to each sample and the samples were mixed gently to resuspend the bacterial

colonies,

c) The samples were incubated at 37°C for 30 minutes to degrade the cell wall.

d) The samples were then processed and the DNA extracted according to the QlAamp
DNA rnini kit protoéol for Gram positive bacteria,

35




precipitating with the target DNA especially when the DNA is present at |ow
10 concentrations. The use of additives as carrier for nore efficient
‘precipitation of nucleic- acids is generally desired when the anount

nucleic acid is <0.5 pg. An isopropangl cleanup treatnent was perforned as
follows: 800 pi of water were added to the sanple,.m xed and then | n

i sopr opancl . The water or buffer reduces t tion of
the bisute sa t%olgﬂgtgﬂe reaction vessejs to a | evel at T&n%?@ﬁ%%g salt wll
not precipitate along with the target nucleic acid of interest. The '
dilution is-generally about 1/4 to 1/1000 so long as the salt concentration
is diluted below a desired range, as disclosed herein. The sanpl e was

m xed agai n &M exeddtiomfrond Cytblogy samulesiffauiPadi®s ni nutes. The sanple was spun
in a mcrof uge fekahfle vas SHaReH BGoreRE by hendietdsadpen@anyiairated xeltiabh 20 70%
ETON, vortexi ng eachéﬁi@a: Thi.@ y\gggciﬂr}%ntr-eat ment renoves any residual '
salts that- pr SRR P URERY R RECIE ¢ aci ds. The pellet was al | owed to
dry and t henb} elsusptedestisianded eslis werb transfasied faea 47 miPqstar canifigq e s/ 0. 1 Vi
EDTA) pH 2. Ol 23 1ib6 Re@TeMmBrufdd in Behvhgbutdiucetold afBdtas glierets midutasnd t o be

25 96 hr. asohdenaPY Bt R DK EoRTRe 1T UREREE hout el lE 127 op M1 1O

25 96 hr, as e “nuclei c "aci not her exanpl e of
bi sul fite treatrstaid eolarimatdriglind i n WD.2005021778 (i ncor porated herein by
reference) whi ciieREIRWIET Wi RAGpeadd INMEUDG bfaysks Huer (CamumITss/H0l  of cyt osine

Lo uraci|. I Soites STHRERIRALS0 B MG EPhdl 38 ind ol bfind cacted

with bisulfiteP anine ¢atal yst, such as a’‘triamne or tetra-am ne.
Opt i onal I19, theoBterasdompgaee$npri ses magnesi um bisulte. In ot her

enbodi ment s, fa goytbRhdsanpiedvdssrandertddada opvivtihsampgnesiamiobplsiel fi t e,

optional l'y in the, ar YRR G188] Ablbsteq 3EHEkerd hoGUfiseMar Y

am ne cat al yg% Jﬁﬁ'&@%‘?@@%éﬁx’ﬁ%ég% t@%e{}g’t can be used toorcaffr};{ out net hods
of the inventi ¢mcedyre gspifs imesldy$i) eci at ed that these nethods woul d al so be

sui table for oA FAVERALILON in the treating step. WO 2006/ 058393
PCT/ AU2005/ Ogﬁg}éﬂ%?%ﬁpﬁw@i ca !leon PCR anplifications were perforned in

25 pl reastion niptAwesextractdirem agiagingvolafie ofdi rsludf frirteeactardiag @dhegenomi ¢ DNA,

using the Prg{@gﬁﬁ% tBis Pbdbodk N9/ pl of each of 5 the priners.
Strand-specific nested primers are used for anplification. 1' round PCR

“anplifications were carried out usi-ng PCR prinmers 1 and-4 (see bel ow).
Foll ow ng 1st_ round arrg}lfb i catilon, 1 pl of the anplified material was
transferred ESYSRIPHSA S8PP&Xi xes contai.ning PCR primers 2 and 3 and

anpl i f ihed ‘as pr feVé;amé YodlRSH l(fvia@%j?éd ouBATBNIRG tHRf MRy OdNG Ehroughisut arrlpl i f } ed
05C for £om HOREuE iy PR e e S fBraRT e diion Y E 7 3
mnutes and 72C fQfpingly R HeorliotitiyandfresbdlnfcdtorslBatithdiel @8 nedtlio# 3

separate the microbial DNA from other sources of nucleic acids, for example when there

is microbial DNA in a sample of human cells. The treatment step can be used for an vast

mixture of different DNA types and yet a microbial-specific nucleic acid can be still

25 identified by the present invenfion. ft is estimated that the limits of detection In a complex
DNA mixtures are that of the limits of standard PCR detection which can be down to a

singlé copy of a target nucleic acid molecule.

Samples

30 . Any suitable sample can be used for the present invention. Examples include,
but not limited to, microbial cultures, clinical samples, veterinary samples, biological
fluids, tissue culture samples, environmental samples, water samples, effluent, As the




~ 15 Multiplex anplification' If nultiplex anplification is required for
detection, the follow ng nethodol ogy can be carried out. One pl of
bisulfite treated DNA is added to the followi ng conponents in a 25 pl 20
reaction volume, xI Qagen nultiplex master mx, 5-100 ng of each 1st round
I NA or oligonucleotide primer 1.5- 4.0 nM MgS&4, 400 uM of each dNTP and
0.5-2 unit oWwotzsnosspsl yner ase m xture. The conponent s mravtdsteycl ed in a
hot Iid thermal cycler as follows. T¥pically there can be up to 200

i ndi vidual primer sequences in each anplification reaction 25 Step 1 94C-
15 minute 1 cycle Step 2 94C 1 mnute 50C 3 m nutes 35 cycl es 68C 3

mnutes St eﬁg%s@rﬁ%v noms%%gl?é Eo?éf%acﬁ’ﬂégx}l nici B é}ﬁLn{ %‘é‘l%t nBl[ gation is

t hen perfor on a ound Ication that is
transferred F@‘S&’eéeé@éﬁﬂ‘%“%ﬁd reaction tube cont ai ni ng the enzyme reaction
m x and appropriate second round priners. Cycling is then perforned as
above. WO 2006/ 058393 PCT/ A1J2005/ 001840 29 Primers Any suitable PCR
primers can k#sused for the present invention. A priner typically has a
Conpl ement ary sequence to a sequence which will be anplified. Primers 5 are
typi cal I y®ol i gonu @sa@én%eﬁon@ahb%@p&megt@m&%feﬁn efeadgvsikbyGes.  Probes

The' probe n’ayforblﬂnalﬁlyoﬁduk b:ahhseanﬁaeb B termB OF Warial, e@ﬂlaetométeﬂuﬁiuw rebaidd

anal ogue. 8&@5% %a ﬁf]_\{ﬁ\; nucl ei c
acid (LNA), EEQ%S nuc J?'@Pahgm@att YE% ucSI9e| cgam d
(ANA) , hexi tﬂ'l'””?ﬁﬁ&feéﬁtﬁf’ %Qf]aa”‘islﬁl%&td Ausira{ip 'E‘H'ICQT"PW?” HUHCE‘P@C‘&%I”C?G(UF NA) ,

cycl ohexanyl 3ttugdtes asirac rdbdtiCAformsdcnas@EpMotian.t her eof and hybri ds t hereof,
as, wel |l as phosphorous atom nodi f.i cati ons thereof, such as but not [linited
to phospHfBr ot hi at es, met hyl phosphol at es; phosphor am dites,

phosphor odi tBIs%hﬁétreé%RQﬁPhor osel enoat es, phosphotriesters and
phosphobdranoates. 15 Non-naturally occurring nucl eotides include, but not
limted to the nucleenpdesraaniiondiedive tiifite rediNdgt oRMAeIcRING is dehdyt HNA, VNA,

ANA, LNA, CN?E vpeﬁlépraf%l reglgts stgaln bste(ngall' Mﬁbﬂx%te@ *hlﬁhptﬁ)od-lyp‘
a- L- Xyl o- LNA, cl o DNA,

o At o B Cy PbiBIER e SIS BRURTS Somrbe GoAod iy B o-
Bi cycl of 45 3. @jprddidted tityeolobings o ajoumIAf. saBlp@)m FesientS oD tervthsh DNA
g?DDRﬁAPO{p gr el:a}nos .reffz’-r%e a d?(fadlfl%_wl'—%@%qye%ﬁg F‘%‘OPS fdun%SnLEal S Poclo_rrgglﬁ ngg may be
~used for |inRFHHUER4ERTEdncPaested hereindy F%fefleme
' To 2 pg of DNA, which can be pre-digested with suitable restriction enzymes if so

desired, 2 pl (1/10 volume) of 3 M NaOHR (6g in 50 mi water, freshly made) was added in
20 a_ﬁﬁal volume of 20 pl. This step denatures the double stranded DNA molecules into &

single stranded form, since the bisulfite reagent preferably reacis with single stranded

molecules. The mixture was incubated at 37°C for 15 minutes. Incubation at

temperatures ahove room temperature can be used to improve the efficiency of

denaturation.

25 Aftér the incubation, 208 ijl 2 M Sodium Metabisulfite (7.6 g in 20 mi water with
416 ml 10 N NaOH; BDH AnalaR #10356.4D; freshly made) and 12 @i of 10 mM Quinal
(0.055 g in 50 _r'n: water, BDH AnalR #103122F; freshly made) were added in succession,
Cuinol is a reducing agent and helps to reduce oxidation of the reagents. Otherreducing
agents can also be used, for example, dithiothreitel (DTT), mercaptoethanol, quinone

30 (hy&iroq_uinone), or other suitable reducing agents. The sample was overlaid with 200 pi
of mineral oil. The overlaying of minera! oil preévents evaporation and oxidation of the

. reagents but is not essential. The sample was then incubated overnight at 55°C.
Alternatively the samples can be cycled in a thermal cycler as follows: incubate for about




not limited to methylimnomethyl, formacetate, thioformacetate and |inking
groups | conprising amdes. In particular nucleic acids and nucleic acid
anal ogues nmay conprise one or nore intercaaator pseudonucleotides. 25
Preferably, the probes are DNA or DNA ol i gonucl eotides containing one or
nmore internal IPNs formng INA Electrophoresis Electrophoresis of

sanpl es was r according to the E-gel systemu Lde

(ww. i nvi t ro§§ﬁ5°§8€§g VO 2006/ 058393 RCT/ A1J2005/ omsi%ﬁmﬁ%@gﬂti on

met hods Numer ous possi bl e detection systens exist to determ ne the status
of the desired sanmple. It will be appreciated that any known system or

nmet hod f.or .detecting nucleic acid nolecules could be used for the present
i nventi on. Ddthewsiooovesjgit enfolidwscBlen ¢, 55i1t 2 rsyeled inIFOR roasling;dstep2, 95°C

Hybri di zat.i on, @i aREy PR @ﬁl‘fbfnﬂe@@?ﬁ#%%rﬁ Goift aBbiR BPOAG Gt doroandevi ce
whi ch coul d” sel ect fo[h 10->200, 0?0 ! ndi u dtéal %on‘g'%%nc% S The arrays coul d
be conposed @t a8 PR QRS MBRIRE O} MoHFe PB4 F8 P& P PY 788" nucl eot'i des -
arrays orto temperaduré frerlabous 30°Cdo shauf 22°¢ agdican vay iglengh froplabeittil gecamica, nyl on
, bead, mMagNeldrmih@edARngdr] UOrescent bead or nenbrane; . 11. Southern

bl ot type detection systens; Ill. Standard PCR detection systens such as
agar osegel , f| uorAfier thetfreplowmadt Wit Sodiusiddtebislfie he ot was wmevgds prd 1 AR ch

hybri di sat i oggassal or 2 INycSichiwkid Ehided B Mg SNASconsERRatith vk ndiTueaddr oni de,

Syber green, g t 1 body {d)aet %g_tgl on, ELI ég 15 h!%I %ideo bmdo%{ainteéfgewqevrces,
fluorimeter GeUYvERESoPIPIaRY R PSS PER RPN MRl URTOCPEREL Y FE or mul tipl e
genomi ¢ anpl plecieitting wifnisa tasget BNABERecially Whani tamDRA istiegent aflowany  of t he

det ect i ongSy st2ams=AHsl ITREdsd &F abiiB/eY\ 204 1) BRA2EH e Predfitatidr dfan@EE ent

beads, enzyng sqg]%%r%?%ﬁggésir%agvhgrﬁ %%Vgunl?ﬁ&qe?c &MS Lg'gghl ke; =20 VI. Any ot her

detection syg‘f’ m I'Ng an amﬁ rcati on step su as |igMse chain
reacti on or | sot hgyisarodahid) crREmIp tde@@ht vy deffoitiea las giless: 900 bl dsafst r and
Di spl acenment  Ampl i fj i S I L= cti ystens.
VI1I. Electr g%ﬁ@? Eégsc{ t(sd\%éans%%\?lgesﬁg I %%tt€1%ln1'\4|r”r{£d _é#’g% g@s ?%SAE@%&?@E“ on
pl at f or m usebuftsf redeees dha@nerbation st te piswtite st diegeacipryvessel i PPt i ng
nucl ei ¢ aei dehibinihessiawiahbilgedpitete @loag aith itls tafdeNAcledr eiddintarastt.uTas | y occurring
pol ynucl eot | Giifion WAL ARG AR A R shRorBiiC dl i BoBRrali N RAL B Wi LD
sequence specificity. _T are _candidates as. alternatives/substitutes to
nucl ei ¢ aci d2fPUBRENSR F5AEEEFASE - hybri di zat i on ' '

' The sample was mixed again and left at 4°C for a minimum of 5 minutes. The

sample was spun in a microfuge for 10-15 minutes and the pellet was washed 2x with
20 T0% ETOH, vortexing each time. This washing reatment removes any residyal salis

‘that precipitated with the nucleic acids. 7

The pellet was allowed fo dry and then resuspended In a suitable volume of T/E
{10 .mM Tris/0.1 mM EDTA) pH 7.0-12.5 such as 50 i, Buffer at pH 10.5 has been
found to be particularly effective. The sample was incubated at 37°C to 95°C for 1 min to
25 96 hr, as needed to suspend the nucleic acids‘ '

Another example of bisulfite treatment can be found in WO 2005021778
{incorporated herein by reference) which provides methods and materials for conversion
of cytosine o uracil. In some embodiments, a nucleic acid, such as gDNA, is reacted
with bisulfite and a polyamine catalyst, such as a triamine or tetra-amine. Optionally, the -

30  bisulfite comprises magnesium bisulfite. In other embodiments, a nuclelc aci_d is reacted
- with magnesium bisulfite, optionally in the presence of a polyamine catalyst andfor a

quaternary amine catalyst. Also provided are Kits that can be used to carry out methods

of the invention. It will be appreciated that these methods would also be suitable for the
present invention in the treating step. )




assays because they exhibit several desirable properties. INA are polyners
which hybridize to nucleic acids to formhybrids which are nore
t hernodynami cally stable than a corresponding naturally occurring nucleic
acid/ nucleic acid conplex. They are not substrates for the enzynmes which
are known to degrade peptides or nucleic acids. 35 Therefore, |INA should be
nore stabl e wa:zis/medssigi cal sanples, as well as, have artoagmns08342006/ 058393
PCT/ A112005/ 001840 31 shelf-life tha#® naturally occurring nucleic acid
fragments. Unlike nucleic acid hybridization which Is very dependent on
ionic strength, the hybridization of an INAwith a nucleic acid is fairly
i ndependent of ionic strength and is favoured at |ow ionic strength under
conditions which strongly disfavour the hybridization of. naturally
occurring nuampligicdioaci d.to nucleic acid. The binding strength of INAis
dependent .on the nunber of intercalatin & s engi neered into the
mol ecul e as wel | &R?’H@‘f‘ﬁ?é'ﬁ'%ﬁwq’?l%@%?q"&)g% frﬁ?ﬁ?” AyHFes GeaiNBhE PR bet ween
bases st ae keﬁsdurmte-aeamaganbmm Cingts bsingthe Rromegda BOR enaster mixgeoh/pi of sasb biir e.
Sequence 4l Sﬁt@é» &@t$t%ﬂd%§ecffghsst§;6rﬁr%@?é usfegrforahjlﬁ‘hffc gqk z} ROpENA than for
y

DNA recogni zi n referab '3/9‘;” sphor am di,t e of
(S)-1-0- (4, 48M F‘??Q'P%%%(%?’F‘iﬂféﬁ%ﬁ' Gy primess ba’(d14 ﬁﬁ?"r hEelying 1 gI ycerol .

| NA are synt tvesd areglifitayiors d plptf tieicowplifet n&tmak}msdtanﬂfergadmz"lj eobd BeRsynt hesi s
lloercgggrteﬁe: &eﬁixégémm Cﬁ ﬁgzergﬁmﬂd% WiieR #ea.gbéry desbpkd lalggf '1 2'2 ti o of
03/ 052133 an‘(gf‘”ira E%%/ 'it%zt'e'(emﬁf% N%}hﬁrﬂﬂ%fbﬂigﬂbggééf”ﬁg%‘? ‘ref erence.
Ther e ar &0 nitie echditany 1dvdid eff96Titiost intinadoliowddtbylolydss «f98°CGfoahuiane, nucl ei ¢
aci d probes. sotbese rilhfidseinanoesiocninies;aapMe s 2 foy 1dmpkes down into.

bi ol ogical, structural,. and physico-chem cal differences. As discussed
above and bel oW —THESE ofofrogrcar, scruceurar, —and pnystco-them cal
di fferences nay-Leaw to unpredictable. results 20 whe enpting to use

I NA probes in applications were nucleic acids have typically been

enpl oyed. - Thi s non-equi wal €ncy of differing conﬁq;ssltlons is often observed
inthe chemcal arts. Wth regard to biol ogical differences, nucleic acids
are bioldgical materials that play a central role in‘the life of living

speci es as ¢ transm ssion and 25 expression. Their in vivo
properties Z’?@H\E’%f?{"{}%cgﬁ%under stood.: I NA, however, is a recently

devel oped totall yfnanﬁpue&bmplaﬂoatmtseeqmredfoew@cﬁbwmfblraawmbenelmoﬂde;gyo:fanchem sts
and nmade using H]etl c organic chemstry. It has no known bi ol ogi cal
function. Struc{ura y, INA also differs dramatically from nucl eic acids.
Al t hough bot h carne angbieytite treatedDRA Gl sgiodnts & f¢lBwinErorhongnts mrecksl), t he

CO”EOS' tipn rQéchﬁé‘o‘ﬁﬁnérQ BRYLERu exn?é%te?HilﬁtlHéﬁén 1\‘%&% nABE backbones

of RNA are co?ose repea ng&é P di ester ribose and

2- deoxyri bosoég‘ﬂWF'F%nde PRERE i i MIRPEIED WY oFedeh PNTaRA hig2 YOhd UF nor e

| ar ge f | at nmlyeecdsemlme abeedmporgnt ale théresyclmd Inexdwk B tbgrmilcytireaspol yer . The
follows. Typlcally there can be up to 200 individual primer sequences in each

arplification reaction
25 Step194°C 15 minute - 1cycle
Step 294°C 1 minute
50°C 3 minutes 35 cycles
68°C 3 minutes -
Step 3 68°C 10 minutes © 1gycle

30 A second round amplification is then performed on a 1 pi aliquot of the first round
amplification that is transferred to a second round reaction tube containing the enzyme
reaction mix and appropriate second round primers. Cycling is then performed as above.




flat nol ecul es intercal ate between bases in the conpl enentary DNA stand
opposite the INAin a double stranded structure. W 2006/ 058393
PCTI AU20051001840 32 The physi co/chem cal differences between | NA and DNA
or RNA are also substantial. INA binds to conplenentary DNA nore rapidly
than nucleic acid probes bind to the sane target sequence. Unlike DNA or
RNA f ragment o 2hdildssddsnd poorly to RNA unless the integGal\Bldsifisd’ OUPS are
| ocated in termnal positions. Becausgy of the 5 strong I nteractions between
the intercal ati ng groups and bases on the conplenentary DNA strand, the
stability of the I NAIDNA conplex is higher than that of an anal ogous
DNAI DNA or RNA/ DNA conpl ex. Unlike other nucleic acids such as DNA or RNA
fragnents or PNA, INA do not exhibit self aggregation or binding
properties. 10 As INA hybridize to nucleic acids with sequence specificity,
I NA are usef GF"™eEhndi dates for devel opi ng probe-based assays and are
particul a"h| y adf'ipArl?y%uftéH%lk(bﬁ§?rﬂ@gcarﬁfér&6@iogﬁe§ﬁa§w%vehtm ppehes, - homxe{j’
are not the equivalent of nucleic aci robes. uent. ) t hod,
s or conpOOEIIRE ARPERMEYAY a1 Bt B T e LY Ghlnda, b (00
reliabilisy efetypiciiecligasusitotides dyicaibe Pigoclagi¢s JRI0PYES he det ecti on,
anal ysis 15 and quantitation of DNA containing sanples..|NA have the
necessary properties for this purpose. RESULTS The detection of
m croor gani SpedestiCh as bacterial, viral or fungal strains) is 20 often
hanpered' by t-he | arge nunber of individual $trains of mcroorganismwthin
that species. TF® ryeeana beiany siitable pugli¢ arid moleaslestr nueleic pAYRIHIIEH ar e
Lgught h_ulsi. ng_E&%}Iﬁpl@ﬁﬁénﬁ_{el But nblakrREEiol BNAERNA) @okdddiusleic it Sex), p@p?ilgnor rhoeae,
enophi l us influen ept.aco . o) igures 1 to
5. The dinePRIerTerpABVE R AEIGE fud B heoAARACHERIENR, L BT TS The
| nf | uenza vi intescaiatide Redleis/2aidiNAYmYglahexannugisis arid (CNAhandyaiEes fescbe heni cal
data for teaght RGriddEeBoDROKIIZEGhddpBorbivadth mobifitfiotieBaredfbadh asblEhgures 8 to

18 using clipicall e L ‘am | . negative
bacteri a. 30ﬂ'@b%t%%ﬁas’_gk?flgtﬁ@%%%% %E@E%{O%%sﬁgwghng@e% ion of the iga
prot ease genehesphapdikisisRioFRTGEselenagtps ANESRIGIPEE S GRAPIGPIBETECIFH N

gononhoeas ( aBn-hiesy seairogsuckolidss includé, Ivei ot lraitedrtathe nubentitier domiprisgdnones)

(full classi yﬁﬁbﬁﬁnawﬁwﬂem@mﬁr QNRORGC | RAI Gia BRINADTRA Q2RSS 2, WO
12006/ 058393 PCI/ AU2005/ 001840 33 Nei sser] al ESUA Neg%%c&a%e' i sseria
meni ngi t i des - PHXGNASEL-RRCIN K- Ny P-A-0CusNA chids B3t ga: i gal
prot ease; -Geseydd-D0638Aminb@itysio-Dag, HMMERHS,-DREf G8igyclo-DNA, Tricyclo-DNA,
Bicyclo[4.3.0]-DNA, Bicyclo[3.2.1]-DNA, Bicyclo[4.3.0]lamide-DNA, B-D-Ribopyranosyl-
20 NA, a-L-Lyxopyranosyl-NA, 2'-R-RNA, a-L-RNA or a-D-RNA, B-D-RNA. In addition non-
. phosphorous containing compounds may be used for linking to nucleotides such as but
not limited to methyliminomethyl, formacetate, thioformacetate and linking groups
comprising amides. "In pér;icular nuclelc acids and nuclgic acid analogues may comprise

cne or more intercalator pseudonucleotides.

25 Preferably, the probes are DNA or DNA oligonucleotides containing one or more

internal IPNs forming INA.

ﬁléctrophoresis

Electrophoresis of samples was performed according to the E-gel systém user

30 guide (www.ihvitrogen.doc).




accession # NC 003116.1; PM D 10761919; Parkhill J et al., 2000, Nature,
404, 502- 506). There is 74% sequence simlarity between these two

Nei sseria 34 nucl eotide 5 sequences. PCR-based prinmers nade to-anplify
these regions in both bacterial species would require degenerate priners
W th 512 possible conbinations. The cormmbn sequence used for part of the
PCR anpl i fi capizeossemal d be the 34 nucl eoti de sequence pcOXbA§AEEYCGYCTY
GAAGAYTAYA AYATGGEC (SEQ I D NO 3) whe¥e the standard code for designating
different positions is given belowy, N=A G Tor C D=A 10 CorT;

H=A, Tor C, B=G Tor C, V=G Aor C, K=CGor T; S=Cor G Y=TorCR =A or G M= Aor.C and
W= Aor T. the bacterial DNA fromthese two species is
treated wit hﬁttg%gt\{%{ﬁgtu ?gste reagent, (resulting in the conversion of

cytosi nes to thymunesjus pbésibldddtattion dyytems exdstity detgmie diucstaesof tHealesimdver ted to

eri vative seananai b0 at, ARS8 PRI sfBPaaRicials ARt ia,Bek oxi ot I

nature. The de ative uences are V o Sequence ] PCR- based
priners desi gfiemoleerien oud bpesedderine preceat MRS Deiecipresaiems hekdsePital. | oci
In a singbe h&Sinitgdias only requiré only 2 primer conbinations. The

conmbi nati on woul ! iPAAGATTATA
ATATGGT  ( SEQWO | D%P‘ﬁzﬂ%%ﬁ%@?’gpﬁ% 'gi%ﬂée@igggg’%@a%\s% iEoE gny‘%gyéi ther an
adeni ne-or a thyfPHE selRd iR &a2BPodyndiviEHRl CompanEnis ShA TR CWHRPer si on reduces
the rel ative genanmposedpdituEd Njs, ANdmobhRiebiedr mpdifietenucieytes aridfabstomassi ve
reduction sinplifdes ke sé\_ﬁgg}féc'e%@éﬂ L1t o, FRAEIAC BSad Fafei €1 at ed

bacterial species.” Further vant ages accrue from optionally using I-NA
probes .t d°anpl i fF?‘EaF%ﬁ?E”tbe%qﬁrtrPF’g@éaW bact eri al species, again using

- the san® | oclis. Fogiiem bhtiybé dstestias esterse 25 sane 34 nucl eoti de regi on of
the iga genefy of dihneBRBIRIId 5 Ssy@Rfs Mich@QBQArsRRARAS Bk Pdatad i n Figure
1, with the. added denopstrati on of th‘f %‘?It ﬁn kj}oﬂ whi ckgﬁgotge.-l ength and
conpl exity can bé&Yf LR MR (REM y@di"b‘la R Bro5ed™ A¥EH8rt "I NA 16 ner
sequence AGGYCGYGRre@AAGNYSEHEDM Domde. Sybengast artbqdl detecka. BbSSi bl e pri ner
conbi nat hgns t o GekEehddr Bips cEi@E Torindiér wfiékLl conversion with bisulfite, a
uni que prineg, 30 seguen AGGTTGITT T . be
sufficient. [}fhe al:%\a/'Ia(?qlﬁr'fﬂ'%}%g’2 qg?cﬁg"géﬂ?f ecﬁ@?&@ﬁ Ié§§§°¥rﬁa’z{>®%€?\ﬁ)fﬁ§g{u’ {‘)tgt‘he _
i ntercal ati ng pseu@waciederH8s that are - incorporated into its backbone,
hybri di zat i og. t 0 Anlef teadtegibn Hy3RMHS olindalic ihe D 2008ASEE25 sudh st | ngui shed from

non specific bi n(ﬁ},&gsce%ea%f L%y{np%%Ajmfee,%&&ctT\r@b%dstm td¥Rer el ative to  a

standard ol i gonucleotide. | )e apprec| at ed, however, that standard 35
ol | gonucPBot Vdes ARY PHerieiactonsue iz e ampIFSHon siep Sher deisashn
PCT/ A1J2005/ 00184éxctiddvor Wethemed! DBalayplifightinh dathindagics sbchl assiiacd es cause sinmi | ar
clinical synmptongs,RiaHld siincaRA\Ss4ed DNA can again be used to design
sinpl er probes tQ assay for presence of specific bacterial types- Figure 3
shows t he Lal MY H%Q_d‘étfed[%ﬂéysitej%?'gene in three bacterial species, one
of whi-ch, HadhoplFecuephpmrbis aehvisualisatiorfingefs.a di ff erent taxonomi c

25 IX. Any detection platform used or could be used to defect nucleic acid.

Intercalating nucleic acids

Intercalating nucleic acids (INA) are non-naturally-occurﬁng polynucieotides
which can hybridize to nucleic acids (DNA énd RNA) with sequence specificity. INA are
30 candidatés as alternatives/substitutes to nucleic acid probes in probe-based hybridization
- assays because they exhibit several desirable properties. INA are polymers which
hybridize to nucleic acids to form hybrids which are more thermodynamically stable than
a correspoﬁding naturally occurring nucleic acid/nucleic acld complex. They are not
substrates for the enzymes which are known to degrade peptides or nucleic acids.
35 . Thetefare, INA should be more stable in biclogical samples, as well aé, have a !onger




5 group. Bisulfite treatnent of the bacterial DNA resulted In a much
smal | er nunber of probe conbinations. This conparison illustrates:-the
i nportance of being able to assay for unrelated species in one test. Both
N. nmeningitides and H influenzae cause neningitis, so it is advantageous
to be able to assay in the one test for all mcrobes that cause the sane
clinical synphons.ssd The analysis of a large number OJCTfH‘%&E’Bﬁ% bacteri al
species fromthe sane taxonom c group;is again facilitated by the present
invention. Figure 4 shows a 40 nucleotide segnent of the tuf gene in 10
bacterial species of the Streptococcus group nanely S. oxalis, S. mffs,
S. dysgal actiae, S. cristatus, S. gordon/1 S. parauberis, S. pneunoniae, S.
bovis, S. veshdlfifd than saterally dBcunirgenuiisic adith fregmests. dinlikeamickRisgeidxi mat el y 15 68%
Seﬂg _enCtG_ Sl ”hb@fdiz&%on%ﬁc}“ﬁsed_ér} ﬁh%eﬂc@nﬁd?.ﬁ&ﬁ@&aﬁ@d,ftﬁ@ﬁ%bﬂﬂiﬁigﬂ&,a%8ﬁA itk &€ { )
conbi nations in order to . sinu neous assay. .for .spe in e one
Coot. The. bILHT Fbe R HEPEeR PR Lo R A Pyt by AREEHRgn "
85% sequenc e usdanbraitionswhichdstrongindigfayour the tviiridiaatiop of priwslivisiceurfiig nygpic
c OﬁPi nat : NS acid Hﬁn@@%'a?éﬁ.i $hé2>%en&5g’ eftu?éﬁ%iﬁbf- !ﬁl‘iﬁ@&telﬂéndéﬁd R Agndedoft he sae

acterial species Is also 20 si | i.nvent Lor :
il lustrates 5’992%5?“['09 PEYrS %’@'"E%raﬂgﬁatth%?"g]? ﬁggaﬁp‘%p E'}/epdc%’g%@g raéa%'h'?%ftozn
ent er ot oxi n -gediegendondirgbategen basessEgkrsiie a sercifie frsgiog mrdopdlg FEdethas onl y. 56%
sequence Si Myr@firk ysRRENRIBcAihatibn & rhd BficiambrNecb@Rins TG thar oer
conbi nati ons,  whereas t@ﬁ;\bi sulfite converted sequence has 74% sequence
sinmlarity - 2NG PEYUFPLE™8niy 64 priner conbinations. 25 Viral nucleic acid
anial yses fgnd rel aﬁkréfb]b@r.eﬂ_ﬁ@m/ﬁis%rﬂhb@&bkmidﬁedusﬁ-hm4ﬁhle_ p&i nci pl e Ff
relative gengnme¢ ¢ exit 1 3 e applied to viral groups,
such as Ianawggxﬁf%ﬁg%%%é%gﬁggE?g’g%&@@?\%%fopas, well as to viral groups
whi ch have RNA genprssynfhaszddns aBhijAatioapf dxendedvigoniceotide sypibasby rever se 30
tr anscri pt as ero%géjuréshﬁ Qfogﬂnﬁt%hﬁc!htisecotn{n%%iﬁg a@ﬁlgﬂé.qﬁﬂgﬂeﬂr}itian-@wﬁdaJnU%frat e
application Por viTal etection, the neuranm nidase gene of strains of
i nfl uenza vi syshesisEamPe fpundip YRR3RV TN BT 052 At R A/ PAa% prot ei n
encodi ng 1¥P4 wie0®05134 QuinastivS)Sncetpoaitadsherein YyaafetepceReovi ri dae), both viruses
having a segnented RNA_genone, have been useﬂ] The taxon my o[,i nfl uenza
viruses is conpl eReraye jopsayaany diffepgnggspepverp INAREhfS 28° B*@P‘?of’é 35 % ased on
anti geni ¢ chatiaptobed. Sthessdiffaeradtesvcdntbefcanvehientydudiey gewn ibeibivipglsalsed on site of
WO 2006/ 05833@&@! a%%ﬂ&%%é:}ﬁ%&l difRRnBlsi Ok Risc)b8ad ardle hiloRivi, B8se | SOl at e

Y

nunber and subtype. This reinforces th ” eed in tGe {ﬂirst iti&sg,&nﬁse to be
abl e to i denPPRYCHHTNGUR) 8 Y PREEE PRI ee Mahiesh i PeleRoR IS ) | down
to anal yse st sitenpihgleosié INAatrehen inl applcations weTracieig)aeitd hgre dPicebt avi ruses i s

al so conpl ex pectNBnditBBetnidhonlRtiRMERNY Sf SRIAY YRRSositidnsi i§ ofteh lofeerwidtihithb WO
mai n- ser ot ypes hei nrg. recogni zed, the P and G serotypes. There are
mnimal |y 14075t G serotypes and their unambi guous detection is of

importance in it regard to biological differences, nucleic acids are biological materials that
play a central role in the life of living species as agents of genefic iransmission and
.25  expression. Thelr in vivo properties are fairly well understood.  INA, however, isa
recently developed totalily artificial molecule, conceived in the minds of chemists and
made using synthetic organic char_nistry. It has no known biological-function.

Structurally, INA also differs di'amaﬁcaliy from nucleic acids. Although both can
émp!oy common nucleobases (A, C, G, T, and U), the composition of these molecules is
36  structurally diverse. The backbones of RNA, DNA and INA are composed of repealing
phosphodiester ribose and 2—deoxyribose units. INA differ from DNA or RNA in having
one or more large flat molecules attached via a linker molecule(s)'to the polymer, The
_ flat molecules Intercalate between bases in the complementary DNA stand opposite the
- INA in a double stranded structure. '




paedlatrlc nedicine. It is estimated that by the age of three, nearly every
child worldwi de has al ready been'infected at | east once by Rotavirus, even
t hough these infections may be subclinical and have only mld effects on
the gastrointestinal tract. 10 The consequences of infection by influenza
at the clinical level are well known, wth significant norbidity and
nortality neablposessessy W nter. However there can be nmesaipyRsGR&ondary
conplications followi ng infection, especially by Streptococcus pneunoni ae,
Hei nophi | us i nfluenzae and Staphyl ococcus aureus. It is very clearly

advant ageous to be abl e to sinultaneously analyse for both viral infections

and bacteri al ctl nla co ns_ca narisefrom
m xed features of aog'ﬁ’ %Fmﬁlcg'fsﬁﬁ?] ﬁ%ﬁ@%ﬂ?'\%}%ﬁp antibiotic
treat nent casulistantial. 84 odsito eonpdireneatayy DNﬂqmoreeBlalﬂlﬂhen eaiRinrcE! REdhepl exi ty
reduction |nb&d@difhfe%érﬁé‘iardeﬂééqu%éauﬁlké@Nﬂ%rRﬁA%’Eé}ﬂéhts \N® BhdpticRy & A 20

nucl eotide r 0 enza Vvirus.,is shown in

its DNA for mﬁw’f‘ﬁ"é‘f'eés rg rgﬁ@aq%{@aﬂ@%s g |°#?£'P|t%rvfnﬁlﬁoﬁgq@ﬁ ? REVE I %ol ates. 20

~ After bisal f stengdeeraetions betweartbe intetpalalingrepaiandibdsesorhias commignespiasd fo 75%
In its origi oA stbY, méstabwdfmenmuNAeorzﬂéas BigRST itriah Enap b diRIhal6gIBI Nnat i ons to

anal yse thes %’ bf)lgh as after bisulfite conversion only 48 priner
conbi nat i ons%N eD%\?fg (f‘/D ‘Tatl ve genom c conplexity reduction in the

VP4 gene of 3 di fu.&k@&herrr@bsawaau@sucmag DA Sr RISA FAMVAtsion PRAOMARIC Aot A 20

nucl eotide re N f the ne h i%2%sequence 25 simlarity before
conver si on aﬁ%‘ ﬁﬁg?%r%qah 0?1r QR EIY %3 € nunber of primer conbinations

reduces fipom 512 ADNBRybritibe oTRlcRBUcRE wila¢eauéndp pauclicipgiNahee idensi | i ca

appr oach of H‘ﬁﬁ

m croor gani s?raénrrl}%is{els}!qrggferggﬁjgg’p bglbla—se%%rg%ggg %ﬁ ga %ﬂ E‘ga&gpteq%r%%l nically
rel evant. i cPEBINNG 3HwE: M4 Prakat: ha‘i"%/ebéfﬁﬂ?h‘l“?e%‘@ T 8retic A9 PBSSSi tal  and
30 pat hol ogy Coesstiigngly, dhy tnsthod, kitd & camphistitshanettichandhvid ihagpe, theasyebeidiciig) | ni cal

| perative ! okl o Rlihifty I:Tﬁ)%b'e—%@sé?ifasséiiﬁ%@%gﬁéelfmgltﬁg SHEREYARkRRE, 1 the

initial decision bet ween sence of Gramp OSLtI ve or
G am negdfi vé"%‘&@f”g?tloa of WNA cedpipresampire Py sa the Ge S PIHRAPHE P Br ovi des
such a test pgpesg. t he 23S ri bosonmal -genes of different WD 2006/ 058393.
PCT/ AU2005/ 001840 36 bacterial species to generate a set of priners that
allow either Gcam positive or Gam negative bacteria to be detected by
utilising sughggridrers on sinplified genones via an anplification
reaction. The 23S sequences ‘are ideal for such high | evel distinctions,
since they occur Tia dalettioh atinisrooeghnisipesiiesas baeliek ¢irg eningst #traishiscodi ng

- sequencesgg Whidh rafBered BPihk ARG nupllel drirdRRIud @raNBE nikAcdr@nisAl wilhneares, such as
seen in the preyvibus S. gal actf.ae. exanple. Many protein codi ng m-crobial

sequences ar *sKkfn to genomi ¢ "rot'sam and jetsani, and their useful ness
lies in differ entl‘h@éérié@al PeEErhcheEf the iﬁWﬁhorIa’i&ﬁQ&L@m Ringtiaitegrria es such as

different .m Rle:g Q {neﬁx%%ria &anifels\%%'ig %‘gno(?rhoéa%O tr:fo?hr!ugynﬁll%zég]e case of viruses,

bet ween di ff eren artsen fru nor mal ~ and
Si rrpl ified ggﬁqﬂtﬁcgccus sp and Staphylococcus {Figures 1 to 5). The general principles of the

25  invention have been taught using the Influenza virus and Rotavirus (Fsgures 6 and 7).

The general biochemical data for teaching and supporting the invention is
described in Figures 8 to 18 using clinically relevant Gram positive as well as Gram
negative bacteria.

30 Bacterla

Figure 1 shows a 34 nudleotide region of the jga protease gene in N. meningitides -
and the cdrresbonding locus in N. gonorrhioeae (as these regions exist in their natural -
bacterial genomes) (full classification; Bacteria; Proteobacteria; Betaprofeobacteria;




10 sequences of both of these conmponents, the non protein coding ribosomal
RNA genes, and the protein coding recA gene of bacteria are given-in
Figures 15 and 16 respectively. The prinmer sequences used to performthe
anplification reactions for the 23S bacterial anplicons are given in Table
1. The primer sequences used to perfomthe anplification reactions for the
recA anpl i cops :ekmssadsven in Table 2. Al priners are neeavigsdmsanl fate 15
treated DNA and are shown in the 5 tm 3' orientation. Table 1 sets out
suitabl e bacterial primers sequences used in anplifying bisulfate -
sinplified DNA fromthe 23S ribosomal RNA gene(s) using alignnments to

generate - priners for the detection of Gam positive ,S %ﬂ'

negat i ve. ( Ne§pissqrialesid¥fisseiiiqeady MNpiseare mpapaidps ﬁéﬁeﬁ"gff’ %’g@ ff‘ﬁ?mﬁet ection
of Mycopl asmenspfieristidsciya, 1@m&yéaacemg®68$ppa(s%aplm09®t RefBewcoccus spp
(Strep), Nel gsecla, $RE @gﬁm %ﬂh@?@’?‘éh@lg { Edrknin 201, é@%@h@e{t&rghb@ seel a and

Kl ebsi el | a pneunbni ae 0 esl ate the foll

base- addi t i of%6)- W’e‘elﬁ se"i‘“WeE!m"@ty beﬁ("eégl"h%nfblﬁo VefsPee %‘ 0o '?' o? CO\MVng
G Aor Cs Kgﬁiﬁeﬂ'@—@OR(Eaé@dmlmers@nﬁém @mNEyAbazs@aegthAoboTh begteridlspeqiasi ner s
used were ba’g%&'ud%au#?ééé&eﬁégﬁ pRhEgNith s?%o%ﬁe%&quﬁm@ﬁss “The bafinén 1 Bacteri al

primers 235 I mers

GGTTTTTTI | GAA%FA@W“P?‘A@WM*“P POyl '°'t§t§“i T ?@Wﬁ%ﬁdﬁ&?ﬂﬁe&@;mm 8
Pos- Rl F2 TGERASTTARAICTERRNGATHNG TAYANYTRECASEQUBEEAGH FAKETIRGT GGGTGTT AAT

10 WO 2006/ 0 0
\O  Pos-R1 Fgé@%@muag%% hiRdht p&?nozﬁégﬁeh BB, NBeAUS G D=3, SEQ | D

Pos- RLRL TRCARMHHACTTER i-ﬁr NégA ﬁfN%%( o l—&gg"‘ H ASALAG +2
Pds- Rl R2- ACEAACATWCTEACT¥MIWAMWBMICCAC 15 Neg- Rl R2

ATCAACATTCACACTTCTAATA 16 1,GGTTTITTI, Y. TTTAGGGITA
17 W Neg- RIF1 G%\%W%%ﬁﬁ%ﬁ%@?ﬁ%ﬁ PO SRRFBR S “ﬁié%wmg

YGGKAGT TAGAVWSYBRRAGATANGUIG in tWeegreRionkp cesEAGNIMARPSREVIBLTAY TAAT 20
W Pos- R1IF3 GAlifah AAEY KHAGATAAG RlderWiNe gqRbnded thGAMEREEIBMCCTWIAGATAG 22

W Pos-RIRL HeRa ai ERGETSRMMEMICL. 3Re o NRE sRhudRles MEAHEACLLIGREMRACYTAC

24
_ similar. PCR-based primers designed to allow PCR amplification of both these bacterial .

loci in a single test now only require only 2 primer combinations. The cqmb,i'nation would-
be based on the sequence GTAATTW AGGTTGTTTT GAAGATTATA ATATGGT (SEQ -
1D NO: 4), where only the base at position 7 is either an adenine or a thymine (denoted
20  W). Thus, the bisulfite conversion reduces the relfative genomic complexity from 512to 2
primer types. This massive reduction simpiifies the amplification of the same locus from

- related ba_éterial species.

Further advantages accrue from optionally using [NA probes to amplify regions
from these two bacterial species, again using the same locus, Figure 2 illustrates the '
25 same 34 nucleotide region of the iga genes of N. meningitides and N. gonorrhoeae as
depicted in Figure 1, with the added démonstraﬁon of the extent to which probe length
and complexity can be reduced even further using INA probes. A short INA 16 mer
~sequence AGGYCGYCTY GAAGAY (SEQ ID NO: 5) would require 16 possible primer
combinations to detect this region, but after conversion with bisu!ﬁie, a unique primer
30 sequence, AGGTTGTTITT GAAGAT (SEQ ID NO: 6) would be sufficient. The advantage
of the INA molecﬂle is that; owing to the intercalating pséudonucleotides that are
incorporated into its backbone, hybridization to the correct locus is much more easily
distinguished from non speciﬁc-binding. owing 16 the increased Tm of the INA relative {o
a standard oligonuclectide. It will be appreciated, however, that standard '
35  oligonucieotides will sﬁll-perform adeql-Jately.




W Pos- RLR2 ACCRACATTCTCACTYMIAAWAMICCAC 25 WNeg-R1 R2
ATCAACATTCRCACTTCTAATACCTCCAA 26 Pos=R2F1 KTTRAGAAAAGTWITTAGDDAGRK 27

Neg- R2F1 TTTARGAAAAGTTWITAAGTWITA 28 Pos- RRF2 AGDTRAGRWGAGDATTTTWAGGTKR 29
Neg- R2F2 GCKTRGOWNGAGAATWI TAAGGTGT 30 Pos- RZR1 AATYTMYNMATTAAAACAATACMCAA
31 Neg- R2R1 AATCTCAAAVWAAAAACAAYMYMACC 32 Pos- R2R2

ACMHACAT CTTGACY I AYAAYTTCACC 33 Neg- R2R2 -PCT/AU2005/001840
MAYTACATCTTCACAACMAHWICAAYTTCACT 34 Ros- RZR3 CVATAYYAAAYTACAATAAAACTC 35
Neg- R2ZR3. CAATAYMAAACTAYAATAAAAATT 36 WO 2006/ 058393 PCT/ AU20051001840 38
23S Primers Sequence 5'-3' SEQ ID NO Pos-R3F1

GGTGAARTTRTARTRTKWGT GAA

AGTGAARTTGA\ADTKGW@F@M&% %@a' s&ec%s %E% s i s P T peaG 39
Neg- R3F2 KGTWH@ATEEMNGATTAN CF CralTto desisnmisapiarprebet o asIRIRIASANRAAT AATATCC 41
“:g- 233212 1%%%’%%%&?%}% <hdws o DNRIGhANEOATEGRARANMASET TTAAACA 43
45 EC F2 TTR?WM%& %%F’Kéﬁ'é’s %@gﬁ%&wﬁi E.[GTH“TIE A;%§@AT¥%$E%
47 EC- Rl sTATATACRiMMNe Featoreto tha bacterialiaNA peulied ingdR YATAC 49
NG F1 TTGAGT@,%@@WE.%%@@@FS%&&M NSirERs EAT@@F@A@@@@@TQMWEM NG R1

CrcraocerAccRTAEGRT Ace e ot il BRKURL IS RO R Bt o

TAA!
CT- RUF2 GGTGABOTI\SEitERRTaTRgess o berahig toessa i M@@TTA@TA
57 CT- R%%TWEEHMTWCT 58 CT Rl R2
CCCTAAAA TCAAAAAAAACAAAA 59 CT-R2F1 T GGA
10 The analysis of a large number of different bactena speme-ls_ %%K%FTTATTAAT 60

taxonomic group is again faciiitated by the present invention. Figure 4 shows a 40

nucleotlde segment of the {uf gene in 10 bacterial spec:es of the Streptococcus group

namely S. oralis, S. mitis, 8. dysgalactiae, S. cristatus, S. gordonii, S. parauberis,

S. pneumonraé S. bows, S. vestivularis and S. uberis. This region has approximately
15 68% sequence s:mllanty between the 10 species and requires 12,288 primer

combinations in order to s:mu!taneously assay for the 10 species in the one test. The

bisuliite converted sequence befween these species has 85% sequence similarity and

now only requires 64 possible primer combinations. .

The analysis of different.strains belonging to the same bacterial species is also
20  simplified by the invention. Figure 5 illustrates a 23 nucieotide segment of the '
Staphylococeal aureus enterotoxin gene se. The natural sequence of this gene regicn
has only 56% sequence similarity between all 7 strains and requires 1536 primer
combinations, whereas the bisulfite converted sequence has 74% sequence similari'ty

and requires only 64 primer combinations.

25

Viral nucleic acid analyses and relative genomic complexity reduction

The principle of relative genorhic complexity reduction can also be applied to viral
groups, such as Influenza virus which has a DNA genome, as well as to viral groups
which have RNA genomes, (as the RNA can be converted to DNA by reverse

30 transcriptase and then bisulfite treated accordingly) To illustrate application for viral
detection, the neuraminidase gene of strains of influenza virus, (Famlly ‘
Orthomyxoviridae), and the surface protein encoding VP4 gene of rotavirus strains,
(Family Reoviridae), both viruses having a segmented RNA genome, have been used.
The taxonomy of influenza viruses is complex, with types A, B and C for example belng

35 based on antigenic characteristics, and with further subtypes being based on site of




CT- R2F2 TAAGGAAGTGATGATTTGAAGATAGITGGA 61 CT- RZR1 ACACCTTCTCTACTAAATACT 62
WD 2006/ 058393 PCTI AU2005/ 001840 39 23S Priners Sequence 5'-3" SEQ ID NO
CT- RRR2 TATACCATAAATCTTCACTAATATC 63 CT-R3F1 TTGIGTAGATGATGGAGTAGTAGGTTA

64 CT-R3F2 GAATGATGGAGTAAGITAAGTATGIGEAA 65 CT- R3RI
TAAAAATTATTTCTTAAAAACCTCACT 66 CT- R3R2 AAATTATCTCACACACCTTAAAATAT 67

CT- R4F1 AATW AAAGCGATAT 68  CT- RAF2 TATTGAATTIAAGEETE CETGAATGGTT

69 CT-R4RL CAACATTAACTCCCACILCTC 70  CT- RAR2
ATATCCATCTTCCAAATTCATAAAATAAT 71 CT- RAR3 TAAACAACAACAATTCCACTTTCC 72

M/c- Rl F1 ATAGGAAAAGAAAWTGAAVWGWGATTTTG 73 Myc- Rl F2

GTGTAGTGGTGAGT GAAAGTGGAATAGG 74 c- RIR TAAACAAMITCMMITCAAAATAACATTTYYCAA
75 Mc--RI R2 otgpAFarRAFaFtonaagies T apgsubigpe- oS feinforeeptiR ST TR TRt TATAATGT

T oA AT S AT TV 18, e TR0 CACOMAAR G o RCRT T8 - RaF
R 3
TGTAGTTAGATA TERCBIE c- RIF2 AGGGGAAGAGTTTAGAT ATTAAA 82
Myc- RBRI  ATAACT T@ﬁ%ﬁAP&Tﬁm@% %/H; @%Tso&'éré;% _?_:‘_Fgmég%ger of rotav:rus serotype;ZAA a5
Nyo- itz TR AT PRy ks s

c- RAF2 TKK *Bg e RRETTVWGT 87
: wc R4F4 - GAATEesin b diiepliG yorptyres ggd MFEMsts%emﬁAmm%msm 40
23S Primers ﬁmqitaﬁmeecﬁ'ﬁneB It |§5@hht@jﬂ@b%@a@4ﬁlhrm&TWMWAATA

B N T @W&E@%‘ %?&&T“%%?W&%&i&ﬁfwx%T 02
Myc- R5R1 CAARG BHERlINER @Qﬂ@? ISR a\RE gagrpintestinal tract. .
10 The consequences of infection by influenza at the clinical level are well known,
with significant morbidity and mortality nearly every winter. However there can be
massive secondary complications following infection, especially by Streptococcus
* pneumoniae, Hemophilus influenzae and Staphylococcus aureus. It is very clearly.
advantageous fo be able to sifnultaneously analyse for both viral infections and bacterial
15 infections since pneumonial complications can arise from mixed features of bacterial and
viral infecﬁons, and prombt antibiotic trea_trrient can be an effective therapy.

The relative genomic complexity reduction in 9 different influenza strains is shown
in Figure 6. A 20 nucleotide region of the neuraminidase gene of influenza viru$ is
' shown in its DNA form. There is 50% sequence similarity between these 9 isolates.
20 After bistffite conversion, the sequence similarity has increased to 75%. In its original
form it would require 2048 possible primer combinations to analyse these '9 strains,

whereas after bisulfite conversion only 48 primer combinations are needed.

The relative genomic complexity reduction in the VP4 gene of 3 different rotavirus
. strains is shown in Figure 7. A 20 nucleotide region of the VP4 gene has 52% sequence
25  similarity before cdnversion and 74% after conversion. The number of primer
combinations reduces from 512 o 32.

The molecular data supporting the in silico approach of simplifying microbial
genomes as a means of detecting mlcroorgamsms is illustrated in Figures 8 through 15
using clinfcally relevant microbial species that are commonly encountered in hospital and
30  pathology testing units, ' ’

ltis a distinct acivantage, and a clinical imperative for the fapid detection of
contaminating microorganisms, if the initial decision could be made between the
presence of Gram positive or Gram negative bacteria in a sa'mp!e.' The mathod
described herein provides such a test usfng the 23S ribosomal genes of different




Myc- RSR2 ACAACAATTTAAACCCAACTCACATATCT 94 Myc- R5R3
AAAAYAAMACTYTTCAATCTTCCTAYAAA 95 Strep-R1 F1 ATWM TGTTAAGGEDVWRT GARRAGGAAG
96 Strep-Rl1 F2 TAGRAGGGTAAATTGARGWGTTTA 97 Strep-Ri F3
TKATTTGCGAARRTVWRGT TAAAGAGA 98 Strep-RIRL TCTCTTCAACTTAACCTCACATCAT 99
Strep- RLR2 ATAATTTCAAATCTACAWCMMAAT 100 Strep- R2FI

RATKTATTGCGAGCE EHiaALssBACCE 101 Strep- RRF2 ATGTTGAAAAGTKeTAtGHolddeftd 102
Strep- R2R1 TCTAAAATYAATAAWCCAAAATAAMCECCTC 103 Strap- R2R2
ACTACCAAYHATAWHTCATTAAC 104 St eep- R3F1 AGGTTGAKATTTTTGTATTAGAGTA 105

St r ep- R3F2 RWAGTGATGGAGGGATGTAGTAGGTTAAT 106 St rep- R3R1

St aph- Rl FI' ACKAE rORT e ek in i = Pt ] Cigir oG A 109
GTTATTGATATGTepalive s eaesiprbetetecerdy vtlisiag ﬁuthpﬁ“e@/m!&‘PW?ﬁﬁﬁmeF@P@f‘AATYc 111
St aph- RIR2 CAfpHAtich TRAcASTA TG PEEAdquddds arBtidepifol R hiGNETE Gitilr@liondGGT TAAGTAGT

L3, 00 P A il o0 500

PCTI AU2005/ equence t aph- R2F3
GATTTATGT PGARRIRIFEAEI AT epmeragria gswmsaﬂﬁh?&ﬁ" e prvibus S gabae
CCTYTTTCT AACEAiiAA AT ot diiAddiryInicroiBai apdueR3:E hreGAGH FETBBATIRGET 3l TGGATA 117

P ACAMT COARYMRCIRCACTT R A (S K3 Gl ebym GREIGEIB et o cancroana

120 St aph R»mgoneixﬁs@h\e?@@?fmﬁrwf)'?'@vm%?ﬁorisz’ims?rdﬁ%eﬁaﬁ of virlises,
ACAAATTAAAAANESNASCAEAAETypd R 2r n%MtoﬁmmmmmMT 123

Table 2 sgts .gulnDAck &l @#th&@'cefﬁﬁonéﬁguﬁé}%%rda@.@%dma r@a%lmai A en°elsrml ified
DNA fromthe recA proteln codi n% ‘g%?te usin %P’ %ér) gta‘})lﬂlyl ococcus
aureus (SA), ansihg BIXANLGKE FRCALSP A BT RFETRT & %n '”§ Fegit ANt 'SHRESRY (s,
Escheri chi a dbé printeESquancks uSedviepsifanindhecamndificatien readtiens font) 23%bacierizique

bacteri al tthBﬂzonsTe?fQEﬁer?-mB%Stw irAd pridr BRIueRRE USUAE Perfbiedle biRploguon f yi ng
sinplified D'NeAacgons P iHaSe s ampllc rsoatreegljlvrgéncl:"lo'fjab[ég2 Qﬁr};?mers are made to bisulfite

15 treated DNA and are shown in the 5 to 3’ orientation. - .

Tabile 1 sets out suitable bacterial primers sequences used in ampﬁfying bisulfite -
simplified DNA from the 235 ribosomal RNA gene(s) using alignments to generate -
.pfirriers for the detection of Graim positive (Pos}, Gram negative (Neg). In addition -
primers were designed for specific de‘gection of Mycoplasma spp (Myc), Staphylococcus

20  spp (Staph), Streptococcus spp (Strep), Neisserfa spp (NG), Chlamydia (CT), and
Escherichia coli and Klebsiella pneumoniae (EC). -

The following symbels designate the following base-additions; N=A, G, Tor C; D
=AGorT,H=A,TorC;B=G, TorC;V=G,AorC;K=GorT;S=CorG;Y=Tor
C:R=AorG,M=AorCandW=AorT, T

25 . Ail primers used were based on bisulfite sir_npfiﬁed DNA sequences.

Table 1 Bacterial primers

1235 Primers  |Sequence §’-3 : SEQID NO
Pos-R1F1 GGTTTTTTITTGAAATAGTTTTAGGGTTA 7
Neg-R1F1 GGTTTTTTTTGAAARTTATTTAGGTAGT 8"
Pos-R1F2 TGGKAGTTAGAWTGTGRRWGATAAG B
Neg-R1F2 ~  |TGGGAGATAKATRGTGGGTGTTAAT 10




RecA Specific Sequence SEQ ID NO A-SA-F1 TAGGITGITGAGITTf AATTATA 124

A- SA- F2 GAAGTATAAAGTAATGGTGEEGTG 125 A-SA-RL
TACAATATCAACTACACCACTTCTAACAAAT 126 A- SA-R2 TAATAAAAATAACAATTATATTT 127

A- SE- F1 AAGGTTGTAGAGTATTAAGTATTTTAAG 128 A-SE-F2 GITGATAATGTATTAGGGGTTGGA
129 A- SE- F3 ATATGGATTTGAAAGITTAGGTAAGATG 130 A-SE-RI '

TACTACTAAAT TATCCACA 131 A-SE-R2 CTTAATA @%@0@@ CT 132 WO .
2006/ 058393%@3%?001840 42 Rec4y Specific Sequgrlli’ce FOE%O A- SM F1
GAGAATAAGTAAAAGGTGITAGITGTG 133  A-SM F2 GATTI TTAI TGGTTTATTGT TATTTGATATTGT T
134 A-SM R1 CAAATAATCAATATCAACACCCAACIITTIIC 135 A-SMR2
TACACACCACCAAACCCATATAC- 136 A-EC F1 GAAAATAAATAGAAAGTIG TGGTG 137 A-EC F2
TGITTTTATT %ﬁkﬁ 11 I?%%% futds- RL.  CAATAACAT CTACTACAGCLEMYHE 1139

A- EC- R2 CAT. CTT] TFACCC 14D A YE-F1 TATGTGITHTGGTIGAAGATTGTTTA
141 A- YE- F2lFbdRIGATAT TIGEATEECOB0RTOCIARAGAFAE- F3 11
GGTTTGITAATQ FGHATTFSHFGAG 43— A YERI—CATACTCTACATCAATAAAA 144 Tabl e |

shows the balleaR1E8 pri [FBAVCEGRSIASSTYEESATAGanp! i fyi ng |bi sutfitd.
sinplified The e(s) using [mul tdyplefalignnents
to generate 85h1 F@Rﬂ"'ﬁ gé?w ON% on of Gram posi tii ve (ldenot ed

Pos), and Grﬁg?_@megatl W Adlpinalced TORAMAAGRIAET | a I'n addi titan prliners were

al so designe speciHfi-c- det-ectton—of—groups speehes—as—weHl as for

~J UI \JP

i ndi vi dual sl}g’esﬂeez TheAGQsA@A'EEGTmTf/WAAWIWC@a@t eri gl 'pr’i5rrer groups are

as follows; Escherichia Tygit ana niae [(EC), sserl a spp
(NG, ChlamydeaRIBT) - MPEEGR %ﬁ%ﬁ%qgéggococcus sp8_ (Strep) and
St aphyl ococ el psRR1ESt ARG vEARRIAG SHRGERTITANat i ong refer tC forward
10 and reverlse prinmers respectively  In addition- where-{rere—thad one
possi bl e basgwv- ng—RmeceszyTaITTangMEﬁmﬂUﬁhéGﬂ‘Adﬁ p05| tijon, 1Bhe hase
degener acy |s—gtven t-he—f-otTow A ode, N=-A_G Tor Ci=ACrT, H=A, Tor C,
B=G, Tor C, V= .,\"AgPSCRR’-?G EP‘F’KQGEB?@W $SP&RW'GAB_P£§,3WAOI’ C, dndWERor T.|. -
- Toreiterate, EJTET IS cUSad A ﬁgéy B¥eEHF are basgd ompgbi syl fde
Si ITp| ified W%VAN% gﬁjeil:lrg %%HEF&G_ Q(Iﬁﬂ\l\s hacterial pri pers segyences used
in amplifyingy- bbsSRIF3 t GRATBIGEDRUTKYKWAGATAA 21
W-Neg-R1F3 - [YGAWGTGGGAAGGTWTAGATAG - |22
W-Pos-R1R1  [HCRATMHHRCTTCRMMMCMMYT ’ 23
IW-Neg-R1R1  |WCRAHHCACCTTCAHMRACYTAC ' 24
- {W-Pos-R1R2  |JACCRACATTCTCACTYMTAAWMAMTCCAC 25
"IW-Neg-R1R2 [ATCAACATTCRCACTTCTAATACCTCCAA 26
Pos‘R2F1 KTTRAGAAAAGTWTTTAGDDAGRK 27
Neg-R2F1 TTTARGAAAAGTTWTTAAGTWTTA ' 28
Pos-R2F2 AGDTRAGRWGAGDATTTTWAGGTKR ‘ 29
Neg-R2F2 GGKTRGGWWGAGAATWTTAAGGTGT ' 30
Pos-R2R1 AATYTMYMATTAAAACAATACMCAA . 31
Neg-R2R1 AATCTCAAAWAAAAACAAYMYMACC 32
|Pos-R2R2 ACMHACATCTTCACWMAYAYTAYAAYTTCACC - 33
Neg-R2R2 MAYTACATCTrCACAACMAHWTCAAWTCACT 34
Pos-R2R3 CMATAYYAAAYTACAATAAAACTC . .35
Neg-R2R3 CAATAYMAAACTAYAATAAAAATT 36




‘DNA fromthe recA proteln codi ng gene using alignnents fron1Staphoncoccus
St aphyl ococcus epidermdis (SE),

aureus (SA),
Escheri chi a
bacteri al

ri bosoma

coil (EQC

Serratia marscesens (SM.
and Yersinia enterocoiftica (YE) for unique

typi ng. WO 2006/ 055393 PCT/ AU2005/ 001840 43 Figure 8 shows the
anplification products obtained by PCR fromthe genomcally sinplified 23S

gewe 2008@4s63Ss of Gram positive and. G am negatpcyaubasisoessba, W th -

appropriately sized anplicons being dstected as bands of specific | ength by

agar ose ge

el ectropho

resis.

anplicons relative to 5 standard sized markers run in the Marker

Usi ng pri ner

t he six C}anh

s specific

for ram

negative hacteria reve

S handc

B Ak |

Seﬁﬁ:‘eni:e 518’ ough 6,

(top

panel) f

FEGEEOR

TXTTOO

coli, Neisse
Pseudbr nonas
Gram positiv.
t hrough 12 1
~epidermdis,

pneunoni ae apd-Streptocpecds

products obt
gene regi ons
bacteri al
specificity

of anpl i consll
the absence

t hr ough 12,

bacteria use
products obt
gene regions

spg il

aonorrha
Tt 3U||U| i

PaeRelgt nosa

au.,

aha
|\| epst CI I [=}

CETGAPRITRIARTRIKYSATS

JIICUIIUIII

db VoT

ﬁ?j%‘ﬁ |

git=a

mgr s §6e0|f

catg

§ Q?%&irla

el§

RPN

OCO(‘(‘[JQ

R?G*?AﬁT G g

aecal | S,

m pagi ti\

9t aphyl ocd

haap
||MU|IU|

pel-ABEY | OCOmWGmAGSmmeUS xyI d

‘Lruua H

ul T U DIIUV

Si S,39Str ¢

MegBGFDY P

TREAGARBHT AT

Tsinplifig

s—the—an

d 238

ril

—d - - i
-gesl HEU 1

Agin

P BT TR

.ﬁ£g1only two

and K. pne

G a
noni ae

W 15

Rxfe%ﬁam arrpl

anes

TEREAMANIRADOGAhogYT S 111 ustr

nr ncnnfu nn l:

ceor

ted4by tH

G@&RBBQIfIC

aﬂﬂQﬁﬁﬁTﬁWﬁEﬂkﬂﬂﬁCCWTTQﬁﬂﬁﬁQ

COT 1

as wel

MII

I\. 'JIICUI

ad3f r on

oG TR 1 CRACCANNIIS

WW“Q’G’VM'@W%E‘Bth he an

remnal

nin
pl i

10 4
I cati

Nei sseri a. Tlge-rpecific

illustrated
Nei sseria go
1, as well

as

onl \In

RORBAF ErTABIATDI [ 11 ¢

?T@

ne :\r\f nrn

d 238 rit

B O BTG

nt@ﬁIﬁTWUHHﬂmmﬂUWAEA@ﬁWﬁﬁ| flcatlon

:\l group-
U W

Hﬁodol

I, +ha e
oy el

F&ridheae,

Sence UI

ARACART TERGAS

T TCOIT "0Of

Gé‘r“%GEFﬁ{Vﬁ

it an
ifi-cati

on pr odud

2, Lepre

T&Qm ["aneg

t he renalnlnb IT species
i ndi vi dual dgﬁmmlal sp

appropri ate,
not
guestion. Fi
gene of E. ¢
presence of

t he remainin
bacteria. Th
primers that
St aphyl ococcj .

- |CT-RiR2

?A%Nh

ANMRETA?CA&E%ﬁNﬁ%ﬁ@ 11 enpty

acteria used int

he fncf

Eor

| angs r 4

anala
TCATTUAT

ECKE&UUﬂﬂQMﬁMACAﬂdU“Q genes can 3

| so 4Be d

erem_S

ponnDr@ﬁiﬁ1for théT@AﬁFég@ﬁagTﬁﬁgﬁﬁ@@GEfAthe gene

tTarns of

M CT
seq

Or g4
nce

S

éé’i‘?

soem

@?GyﬁﬁT prinmers to th
V.. O t%i-é anplicon is

e bagteri

| L ustrat
Hustat

MTGTAZHIZMHTIMAMIBTTI‘\ACCI ane |

and

i ts 5&bsern

E?chorrect
|l anpca_- 2 ¢+
TATTC I & C
Gt a of H

LI UU

&

II .LL

epresenttn

CTATGTATAHET TGS

ottrer—11-
trate the ¢

Sp
peci

. es
icit

ﬁég al the
e anpl

1.C

cme‘?H{EEé'?Xﬁ@AﬂccﬁA‘rm bacteri g
a

CT-R1F1

GTATGATGAGTI'AGGGAGTTAAG'ITAAA

55

CT-R1F2

GGTGAGGTTAAGGGATATATA

56

CT-R1F3

AAAAGAGTGAAGAG'ITGTTTGGTTFAGATA

57

CT-R1R1

HCCAAACCTTTTTCAACATTAACT

58

|CCCTARAATTATTTCAAAAAAAACAAAA

59

CT-R2F1

TTAGTGGGGGTTTATTGGTITATTAATGGA

60

CT-R2F2

TAAGGAAGTGATGATTTGAAGATAGTTGGA

61

CT-R2R1

ACACCTTCTCTACTAAATAGT

62

The arrow indicates the expected size of the

| ane, (M.
only in
i chia
rrhalis,
ic for
e | anes,
ccus

7

}pt ococcus

lification
osoma
negative

'he

e presence
ni ae, and

h | anes 4

peci es of
on
osoma

ogy is
senting

t in lane
presenting
sis of .
sed where

INi sm ar e

in .

al recA
ed by the
ce from
of -

y of

such as
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Table 2 Bacterial primer seqguences u

sed in amplifying simplified DNA

protein coding gene

from the recA

rﬁgr's%s&%qgﬁlf‘ GBebichiheoimECyMai al
base conplexity of t he

SEQ ID NO

RecA Specific [Sequence
SAF1  [TAGGTTGTTGAGTTTTAATTATA 124
A-SAF2 GAAGTATAAAGTAATGGTGGGGTG 125
ASARI TACAATATCAACTACACCACTTCTAACAAAT 126
| A-SA-R2 TAATAAAMTAACAATTATATTr 127
ASE-F1 AAGGTTGTAGAGTATTAAGTATTTTAAG 128 .
A-SE-F2 GTTGATAATGTATTAGGGGTTGGA 129
A-SE-F3 ATATGGATTTGAAAGTTTAGGTAAGATG 130
A-SE-R1 TACTACTAAATCAACAACAACAATATCCACA 131
A-SE-R2 CTTAATACTTAAAACATTAATCT ' 132




15 substantially all cytosines in the sequence to thymne to forma
sinplified nucleic acid sequence containing substantially only bases

sel ected from adenine (A), guanine (G and thymine (T); and obtaining or
identifying a mcrobial specific nucleic acid sequence fromthe sinplified
nucl ei ¢ acid sequence. 20 15. The nethod according to claim14 wherein a

m cr obi al spwoizdosesssmacl ei ¢ aci d sequence contai ns onecoavts@issequences
unique to a mcroorganism 16. The met€hod according to claim 14 or 15
wherein the mcrobial genone or nucleic acid is obtained from phage,

virus, viroid, bacterium fungus, alga, protozoan, spirochaete, or single
cell organism | 25 17 The pethod-accerdi-ng—te—any—one—of—ctais 14 to 16
wherein the R&msﬁecﬁﬁc gsmmce)r nucleic acid is sel ect edS‘F‘PMBr Dt ei n

encodi ng nucrete—aei-eh—non=proternen .EIC aqi d, bospmal gene
regi ons of pREREFYot es |[BACARRMET Wéggﬁfg% mcroor%%ni-. 5. 18. The

met hod accorgi(sglgcﬁo cl abWégxﬁppﬁgﬁAﬁmh@ﬂne regeens are 16S or
[0) Qr

30 23S in pr tes 1n-singl e cell-ed—gukaryetie| -

m croor gani spEEsmM-R19. A mmvmmrmcmmmc a i cr dBbal nucleic

acid conpri si-pg—treat-Hrg—m-er-ebt-at—mucterc—acrd fTom qg onall gene
icro

regi on of a &S&k&?yot e EP‘C&CA%@WWQPI‘%& T&ukar yotic n ganismwith an
agent that i fLES CcyTasin &orm derivatiwgzm crobj al

nucl ei ¢ aci QP Eﬂepr odugﬁ‘ﬁﬁ’&g Sl rm éﬁ%(?rm of the nilcrobial--génone or
nucl ei ¢ aci dl, #0g> The nﬁeéhﬁﬂ—y@\wgemmgdmw‘ral m 19 wheriei n 18Re ri bosonal
gene region |q ’IRQ or 23 HA—a—prokaryote—or—18Sor—28STm_singlie cell ed
eukaryotic mA@Ha;an gani SWMATWH@TMW ding td claith 19}or 20
wherein the ggent—is segtect R acetatg or ghtrate. 22. The
met hod accord‘r REo cl apﬁ’lT T%PWQ erﬁéﬁg\@qgﬁg is sodiumbisulphiite.’ 23.

The nmet hod aGogs di ng tngwT@ﬁq—T@thmmdﬁ—MO 22 wherjei n e agent
nodifies a gytosine to a uracilineach-strand—of——comtenentaryjdoubl e

stranded ni cmokneci DNA [TTOTGATATT GIATIRS@RPTSat i ve but non- clGfpl enent ary

m crobi al nuetetec—actd HU| e(,w €S according {4, any one of
clains 19 toA2\§Where| n ﬁ%‘tn I?%%JQ‘QG nucleic acid has a
reduced totaf, pJEIRDC C%‘E\é%ﬂﬁﬁn%ﬁm?w with the correspanding
untreated mCcro |aI nucl ei-c_acl The—rethed—according-to—any one of

clainms 19 to 23 wherein .the si rrpllfled formof 15 the mcrobial nucleic

acid has a reduced total nunber tosines co I '

cor r espondi ng untT@ﬁbﬂ"oﬁ‘FW@ﬁFtﬁnaiBrgﬁéﬁ%quenceﬁﬁc%mgaﬁgmwoéﬁsz The met hod
accor di ng t o seyfiedmN/Offoneihai2A® ridgoma %Qﬁﬁéﬁﬁwﬁmgw'p&é}‘@w&eﬁ”ﬁ}% ni cr obi al
nucleic acid g@{x@%ﬁ& @Mn'\a?bl]ir){erQQJP&@'d@@cﬂéﬁ%ﬁ@m&d&@hﬂﬂdérﬁ)&d RpspAid@anG) , thym ne

'E-fll_)e 22?r eg{)gﬂaﬁeﬁ' Uedentged negﬁ b u%ﬁé[ E\”Ebﬂlo%nﬁng% v B REighed i BEdcOT bases as

detection of groups of species as well as for individual species. The designations for

. these bactetial primer groups are as follows; Escherichia coli and Klebsieﬂa_ pneumoniag
(EC), Neisseria spp (NG}, Chilamydia (CT), Mycoplasma spp (Myc), Streptococcus spp
(Strep) and Staphylococcus spp (Staph) The F and R sub designations refer o forward

10  and reverse primers respectively. in addition, where more than one possibie base is
necessary at a given nucleotide position, the base degeneracy is given by the following
code; N=A G TorG;D=AGorT;H=A, TorCiB= G, TorC,V=3G,AorCK=G
orT;S= -Cor3:;Y=ToerC;R= AorG M= AorC, and W= A or T. To reilerate, all

primers used in this invention are based on bl_sulﬁie slmp_liﬁed DNA sequences.

15 Table 2 shows bacterial primers sequences used in amplifying bisulfite simplified
DNA from the recA protein coding gene using alignments from Staphylococcus aureus
(SA), Staphylococcus epidermidis (SE), Serratia marscesens (SM). Escherichia coli (EC)

and Yersinia enterocolitica (YE) for unique bacterial typing.




20 untreated mcrobial nucleic acid. 27. The nmethod according to any one of
clains 19 to 26 wherein the sinplified formof the mcrobial nucleic acid
is conprised substantially of bases adenine (A), guanine (G and thym ne
(T). 28. The method according to any one of clains 19 to 27 wherein the
sinmplified formof 25 the microbial nucleic acid is produced by anplifying
the derivati i al nucleic acid. 29. The netho to clains
28 wherein aﬁ%l Hafﬂ cation is carried oy by pol ynerascei’c?%g]?ﬂ]%dgggtl on
(PCR), isothermal anplification, or signal anplification. 30. A nethod for
producing a m crobial -specific nucl eic acid nol ecul e conprising: 30
treating a sarrpl e_containing mcrobial derived DNA with an agent that

nodi fies cyt osi nd94ss §husithe araplifigntion eragyctznotained Ry REB HpaIthegrapaicalyaci d; and
produci ng a slnmpﬁadmﬂdbmmbﬁ_:]eae fgiots ofdren phetiveanGaim hegable bAdkla, 94th t he

derivative dﬂ'{gleﬁj siZal innﬁﬁcﬁ%satgélr%  deldifRa 8 PRk bt ciﬁq%{g@\'} @rha%[%h)ge HQ' ecul e

havi ng a reduce tal yt osI nes co
cor r espondi nﬁeﬁtﬁPP‘éﬁ?’%dT%aérP‘HHldﬁteﬁH@Ieéi"i?tec’ét??&“hwi?'@?% relidvedp npl i fi'ed
nucl ei ¢ a6i dsiwodaecsited manddraidie t the Madbdhite, 8¢ Wshg gLiress epecipetickae for a

M Cr 00T gant s R pdbaEAPIIEIE SRl When yibix S Asﬁétnggnéscmh%ﬂs dgp c! @l m 30

wherein the mcroorgani smis se E | rus, “VITo
bact eri um- f BA§sOr ZRCgaehig coft Uf’é%ﬁ‘faggfm"?’%??ﬂﬁﬁ %e’aBPe”é’?Oi"'{@F'e“”?!@F&l”a organl sm
32. The net hwammmbmsabwgmmmwraéusmam sk erirére spdaifialfornucl ei ¢

acid i sel exhPhballOMARLakil, BCOM0G LGk Bl efushaﬁsgnfm@gﬁw encodi ng

nucl ei ¢ acid 32%90 ne reqglons_of ro aryotes or_sin

eukar yot i'¢ r’rp%’Fe(SB?r& T CRPPUS B SIBRYRERS UP@?"H@ 91’?5’”5’?%%‘{832 vvherel n
t he ri bosaonakurgen8iapadncorrgs a&_ﬂ@fslsﬁpmcoccas&vaumope@m@t@bmsocand 18S or 28S in
singl e cell egheAlg@ssot i ¢ m croorgani sns. 34. The nethod according to any
one of clainms 30 to 33 wherein the agent nodifies unnethylated cytosine.
35. The net hod acuiedishgws the amylifioation ofodadtanpitEn®byRERIbrvhe genami¢die agent i s

sel ect ed 155:515!?8@1 Q3§MJOB$'H15I @eneﬁﬁ@&%tc%s@ﬁedqb Hét@ét@mpl%@ns ﬂi‘@oﬁﬁ?m@'&uﬁccor di ng
to clalm§5 agent. i.s sodi

according’t oz %heé)ra]%ter(') RS %e’{ag‘p%g]fvﬁ@?%“{))ﬁ pf'ﬁl@"%’i'aﬁp}F? F@&Iﬂﬁﬁcl eic
acid nol ecul @th%anwrmmmwomismww hyHles Rfesenceaeiiageliosheinddsieal! nucl ei ¢
acid. 38. Thsormtdpaderiagsr aiiagd K@n@brﬁdwd?éeBan&h\@ét%brﬁbe&ﬂﬂhblfrb&@ﬁl on.is carried

out by pol YItGedag in iafle £13\AN LERGH AL 4 B 14 30 @%&@J Rl L fication, or

si gnal arrpll I cation. cg bne of . claims 30 to
38 further CBPEFTENTYe re"??é'ﬁ’@c@@ﬁ@"'ﬁts%bﬁ‘ﬁ‘%'ﬁé'ﬁ? pihedesti fi c -nucl eic acid

mol ecul e, 40.  Thei et B L RGEOLHIRGHSPorbh s Do el BEPE
m crobi aIU speci f1 'gu nucl %l C a|llr ' l+ & +e ®i S dgétj\,g\%t %ﬁgﬂiﬂ% gﬁnoulmﬁ%/ PCR.
simplifi ed 233 ribosomal gene regions using primers specific for only one bacterial

group, Neisseria. The specificity of the genomic simplification methodology is Mlustrated
by the presence of an amplicon oniy in lane 2, representing Neisseria gonorrheae, and
the absence of an amplification praduct in lane 1, as well as from lanes 3 through 12,

25 these 11 empty lanes representing the remaining 11 species of bacteria used in the test,

For analysis of individual microbial species, protein coding genes can also be
used where appropriate, with the proviso that different strains of microorganism are not
polymorphic for their presence/absence of the gene sequence in question.

Figure 11 fllustrates the use of primers to the bacterial recA gene of E. coli. The
30 - specificity of the amplicon is iflustrated by the presence of the correctly sfzed amplicon in
lane 1 and its absence from the remaining ianes 2 through 12, representing other 11
species of bacteria. - '

The data of Figure 12 further illustrate the specificity of primers that reveal the
. fmembership of a larger bacterial group, such as Staphylococci. The amplification
35 products oblained by PCR from the genomically simplified 23S ribosomal gene regions




25 41. The method according to claim 39 wherein the mcrobial-specific
nucleic acid nolecule is detected by a mcroarray detection system 42.
The nmethod according to claim39 wherein the microbial-specific nucleic
acid nolecule is detected. by: providing a detector |igand capabl e of
binding to a target region of the mcrobial- 30 specific nucleic acid

mol ecul e andwalb@wssags sufficient tine for the detect orpdriagadisudigte Pind to
the target region; and nmeasuring binding of the detector ligand to the
target region to detect the presence of the mcrobial-specific nucleic
acid nol ecule. sa -43. The nethod according to claim42 wherein the

m cr obi al - SpeCl fic nuclejc ngd nol ecul e is detected %/St)qiepar ating an
anpl i ficati off*PP BEﬂ]‘?f? SRRGC {Ar SiRAMYIPeRy revpRl amalicpns oV Rt Bnd 184,  The
met hod accor dﬁmgﬁm@goﬁf@hwpﬂ@cwmmndmWpawméus@amummdrﬂfmubtocms separ at ed

by 6 el ect r opbgs efiesbaside d@n@a{pﬁﬁ&aﬁaﬁ pYécﬁlHalll !aﬁémheagq Phs B & 1 fgfrg f'f] on a

gel . 45. The meth d C

sinplified nifFg ﬁ%#%@%@ﬁﬁgpﬁﬁ%ﬁ&ﬂﬁ?ﬂ? ali]el%)e"??& 18%6%‘1"??@5?‘”%6. The
met hod acéor deiysredesdiapnBighyidrescel rcletizuseddr tbblesl - speci fic nucleic acid i
nol ecul e does not:..occ nat ur al | n the cr.oorgani s 10 47. The net hod
according to any Figkte Shc?\"’%#'ﬁf %%@"2@%}%?@?' ‘%FY} Qﬁmm@?a?"%@& fic

nucl ei ¢ aci d simpliged2B8 ribrssmal gene fegions urbiabrisetpspadis forfitieptatdcvat badteria. t axononi ¢

l evel of thqhérmmmedmeﬁﬂlo&ms dbinelitg PoRtHRALH Fnd:b%uﬁﬂf&ilz%‘sm 47 wherein
Strai n rype bisBel oefe e R PR IR o Repo R oy i opany o
geogr aphi’® ofngeht amdddeﬂm%slﬁlg)ﬁseptm@cuwwmmb fgrStepbeaseisng a sequence of

a m crobi ?I BPBGOIfics. ITHE bideficeddt a6l ariplifiegidh ﬁfod@(@ﬂ‘ﬂéde&” mﬁeugﬁbb%f\&aﬂﬁea DBIA |
sequence fro rg@m! S b r e mcrobia
DNA sequence% H}g%l%{?@n% t %egfgl crpmﬁgle%selgée egfnt{nﬁ&enll%c tfmiSNA sequence
by changi ng 'é‘?ﬂ‘i"c@?‘ia éat’%?dt"hVPnTeﬁe such that the sequence of the

sinplified form gfy, (fh‘q lufd QQE%W% BBEMA éo?aﬁned%y%h?nﬁhf aatlrJJtme ases

adeni ne, guani ne an m ne nvers the action of
" an agent P hafedugeRs Fam fhpegrdniically gmpliigd rqgion ghthe ispsens ?fétaahylococcus
m cr obi al - spewiddriniisnisnk ). CFhatiabapes) (reneed) Fappavebthite Girppldr binpibofiofam of 25

the m crobi aje %oﬁﬁﬂﬂﬁﬁ&%négnd Ié@ni%h%m%?ﬁé?\rdgb@& a%iﬁﬁglﬁing] ‘wherein

t he conversign.is [ P ﬁ\? h? BS Fr??a according to claim
49 or 50 wheP &A% ﬁ‘BP iC?'?Séa BT Werue wﬁBdBFhr?H?P "Y:?"E)B‘?e&fc'mt@equences
ar e obt ai nedmathed aldeenphesiass mﬂnﬂé‘f@e@n@ﬁoe@lfMEHBQWQNwded io peltbt:laaarn at | east

one mcr Q@l atirceigsicks ﬁst@é&&f%%oﬁ%cﬂnd@n%@hﬂn% of the genome, to achieve

detection of only one bacterial species.

Figure 15 shows- detection of amplicons using specific primers targeting the
genomically simplified 233 ribosomal genes of Chlamydia’ PCR reactions were carried
out in duplicate due to the low amounts of starting DNA. iane number ‘5 ,was-DNA

25  extracted from the urine of a known negative individual. The presence of a band in any
of the duplicates wae considered a pasitive reaction for the presence of Chlamydia DNA.

“Flgure 16 shows the normal nucleotide sequence of the 23S ribosomal RNA gene
from E. coli and the same sequence after genomic simplification, where for illustrati\{e
purposes all cytosines have been replaced with thymines.

30 Figure 17 shows the normal nucleotide sequence of the recA gene from E. colf
and the same sequence afler genomic simpiiﬁcatior{ , where for iltustrative purposes all
~ cytosines have been replaced with thymines.

In summary, the bisulfite-treated DNA from ricrobial sources, when amplified
using genormically simplified primers, be they oligonucleotides or modified nucleic acids




30 52. A microbial-specific nucleic acid nol ecul e obtai ned by the nethod
according to any one of clains 49 to 51. 51 53. Use of the nethod
according to any one of clainms 49 to 51to obtain probes or prinmers to bind
or anplify the mcrobial-specific nucleic acid nolecule in a test or

assay. 54. A nmethod for detecting the presence of a mcroorganismin a
sanpl e conprj.si treating the mcrobial nucleic acid with an agent that
nodi fi es cytg@2 '%mf%g %uracil to form gerivative m cr o FARRPURY aci d;
providing primers capable of allow ng anplification of a desired

m crobi al -specific nucleic acid nolecule to the derivative m crobi al

nucl eic acid; carrying out an anplification reaction on the derivative

m crobi al nuclidi &s IBiés grovide arl Onstipasked dgieetioh BYsteadfontreingimicrergzhisnmsmfl assayi ng

for the pr eseemga, amﬂaﬁlaaém;hxéfue%t BaHIShdm Ahdh dnﬁi&ﬂ%iena%a@anemeg t he
desired mcro etection of the

dosired i o ?f@ﬁ*Sr%ba%?ffvffemﬁ%a?a?ueceafeghaﬁw@eﬁna@d.“@?ﬂf IRt o "t e
presence of titventionihgs brenglemossitatet SorsavideThrgerné difedntdecteral spryies.@ndifati m 54

\ghe: eint fsef 5 GihieAy g;?é’wblaﬁt'ﬁrhss 9elieekRd of sigge cdnéhemaryaﬂcrmmryam@hsdsuch
acterium

r ot 0zoan oI . Si or gani sm
S6- The et hd eaR oy Raverar s B S2a0RR Pa s e?dBrets sel oot ed’
from bi sul phetiwd. ¥cesugssimiar génorig 8quege SqUrcsFRuCies he ds arc@&r@pwad o claim

56 wherein t keqR86d! ot sh&wH, Bt @dingbéduence%at&aepmkm gheR pedisg to any
ication is carried out by pol ynerase

one of cl ai 54 .to a
chain reacti (%&ﬁ)om}u!hﬁﬁpé’?ﬁ@[)m'ﬁ[ﬂl ification, or signal anplification.
59. The met hod achpidigs! tnﬂ:h%i%n%@ﬂe(ﬁete@ito%léj@exﬁ%céo&in@&o%&ﬁ'&leﬂ t he

m Cr obi al - Sp?n§| ftfog are C?\T’SOQT%!IEOF% F V?Iﬂe%eﬁtng[ﬁgs gescrg)igﬁlto%%g%grel ha.ve ?le;lilTl me PCR

60. The net hod accor wherein
m cr obi al = spéemfms@afeﬁu@vsei’%%&f P@D‘ﬁ’ﬁﬂit@BdP@OP@ CarePeengserdie @Yni croarray
det ecti on sysicamdol6dly. knim:nﬁmmwma@édneﬁgammaamyn mmbaﬁéy ddtatiors 54 to 58

sher i n UNe, QUG GeAGhil o LB LBl lFRE e BncaBulid o 2 det ector

l'i gand capa are elc nol“ecul e and
al I owi ng Suf ORI %‘?‘H’ﬁ—‘e? EMNAsHEe P@ET%F’B?WT@%’@‘{CSS 'BF ﬁ%imf‘bc Pls8gi on; and
measuri ng bi add mgcebilovwk ordetredisses diingan drgbdsrbdie ba testedion ndobatrayeiviicall e t o

detect the g&gg@ﬂ&@o&gf&%tmagr&)amd mol ecule. 52 62. The nethod
according to any one of claims 54 to 58 ‘wherein the nucl ei ¢ aci d nol ecul e

is detected by sdffareamplg sanicraapdyivas daltd @nstprcied trcdetan260008 wasa si ng t he
' diffefent microorganisims in one test, current methodology could not provide an adequate
20  pragmatic detection platform, as it would be swamped by physical limitations of the
detector platform. However, with genomic simplification, a small microamay could detect.
1000 or so different high level bacterial c;ategories. The positives from such a test could
then be evaluated using another array, simply containing representatives of those groups

that were positive in the initial test.

25 - It will be appreciated by persons skilled in the art that numerous. variations andfor -
modifications may be made to the invention as shown in the specific embodiments '
withﬁut departing from the spirit or scope of the invention as broadly described. The
present embodiments are, therefore, to be considered in all respects as illustrative and
not restrictive; - - '

30




separated product. WO 2006/ 058393 PCT/ A112005/001840 1/35 SEQUENCE LI STI NG
<110> Human Genetic Signatures <120> Detection of M croorganisns <130> -
205591675 <160i 226 <170>..Patentln version 3.1 <210> 1 <211> 14 <212>
DNA <213> artificial <400> 1 atatatatat atat 14 <210> 2 <211> 14 <212>
DNA <213> artificial <400> 2 aaaaaaattt tttt 14 <210> 3 <211> 34 <212>
DNA <213> Neisseria' <400> 3 gyaatywagg ycgyctygaa gaytayaaya tggc 34
<21,0> 4 <211> 34 <212> DNA <213> arti4icial . <400> 4 gtaattwagg
ttgttttgaa gattataata tggt 34 <210> 5 <211> 16 <212> DNA <213>

artificial <400> 5 aggycgycty gaagay 16
Claims:

1. A method for obtaining a microbial specific nucleic acid of a microbial genome or
microbial nudleic acid comprising: |
reducihg the complexity of the microbial genome or microbial nucleic acid by
5 generating a simplified form of the microbial genome or microbial nucieic acid in
- which substantially all of the positions nalurally occupied by cytosines are occupied

by uracil or thymine; and
obtaining a microbiat specific nucleic acid from the simplified form of the nucleic

acid,
10 2. The method according to claim 1 comprising converting microbiat RNA to DNA prior
{0 carrying out the method. '
3. The method according fo clairm 1 comprising carrying out the method on microbial
RNA to yield a simplified RNA molecule then convertmg the sumpltf;ed RNAfo form a
simplified DNA molecule.
15 4 The method according to any ong of claims 1 1o 3 wherein cytosine is occupied by
uracit,
5. The method according to any one of claims 1 to 3 wherein cylosine is cccupied by
ihymine.
8. The method according to any one of claims 1 to 3 wherein the microbial genome or
20 nucleic acid is treated with an agent selected from bisulphite, acetate or citrate that
modifies cviosine to uracil.
7. The methad according to any one of claims 1 to 3 whersin the microbial genome or
- nuckelc acid is freated with an agent selected from bisulphite, acetate or cltrate that

modifies cytosine to uracil and amplifying the derivative microbial nucleic acid to
25 produce a microbial genome or microbial nucteic acid having a reduced complexity.

8. The method according to claim 7 wherein amplification is carried out by polymerase
chain reaction (PCR), isothermal amplification, or signal amplification.
8. The method according to any one of claims 8 to 8 wherein the agent is sodium
bisulphite.
30 10. The method according to any one of claims 1 to 9 wherein the microbial specific

nucleic acid comprises one or more nucleotide sequences unigue to a

microorganism.



. 210> 6 <211> 16 <212> DNA <213> artificial <400> 6 aggttgtttt gaagat 16
<210> 7 <211> 28 WO 2 0 0 610 583 9 3 PCT/ AU20051001840 2135 <212> DNA
<213> bacterial <400> 7 ggtttttttt gaaatagttt tagggtta 28 c¢210> 8 <211>
28 - <212> DNA <213> bacterial <400> 8 ggtttttttt gaaarttatt taggtagt 28
<210> 9 <211> 25" <212> DNA <213> bacterial <400> 9 tggkagttag
awt gt grrwg ataag 25 <210> 10 <211> 25 <212> DNA <213> bacterial <40' 0>
10 tgggagatak atrgtgggtg ttaat 25 <210> 11 <211> 22 <212> DNA <213>
bacterial <400> 11 ggatgtggdr ttktkwagHt as 22 <210> 12 '

11. The method according to any one of claims 1 to 10 wherein the microbial genome or
nucleic acid is obfained from phage, virus, viroid, bacterium, fungus, alga, prolozoan,

spirochaete, or single cell organism.

12. The method according to any one of ¢laims 1 to 11 wherein the microbial genome or
5 nucleic acid is selected from prolein enceding nucleic acid, non-protein encoding
nucleic acid, ribosomal gene regions of prokaryotes or single celled eukaryotic

microorganisms.

13. The method according to-claim 12 wherein the ribosomal gene regions are 16S or
23S in prokaryotes and 185 or 288 in single celled eukaryolic microorganisms,

10 - 14, A method for obtaining or identifying a micrabial specific nucleic acid sequence ofa
microbial genome or microbial nucleic acid comprising:
obtaining the nucleic acid sequence of the microbial genome or microbial nucleic
acid; '
reducing the base complexity of thé nucleic acid sequence by changing
15 substantially ali cytosines in the sequence to thymine to form a simplified nucleic acid
| sequence containing substantially only bases selected from adenine (A), guanine (G)
and thymine {T); and . o
obtaining or identifying a microbial specific nucleic acid sequence from the
simpiified nucleic acid sequence. |

2b 15. The method according fo claim 14 wherein a microbial specific nucleic acid sequence

contains one or more sequences unique to a microorganism.

16. The method according {o claim 14 or 15 wherein the microbial genome or nucleic
acid is obtained from phage, virus, viroid, baclerium, fungus, alga, protozoan,
spirochaete, or single cell organism,

25  17. The method according to any one of ¢laims 14 to 16 wherein the microbial genome
or nucleic acid is selected from protein encoding nucleic acid, non-protein encoding
nucleic acid, ribosomal gene regions of prokaryotes or single celled eukaryotic

microorganisms.

18. The method according to claim 17 wherein the ribosomal gene regions are 16S or
30 23S in prokaryoles and 188 or 285 in single celled eukaryotic microorganisms.

19. A method for Simpliﬁcation of a microbial nuclelc acid comprising:
treating microbial nucleic acid from a ribosomal gene fegion of a prokaryote or a
single celled eukaryolic microorganism with an agent that modifies cytosine to uracil




<211> 22 <212> DNA <213> bacterial <400> 12 tgawgtggga aggtwt agat ag 22
<210> 13 <211> 22 <212> DNA <213> bacterial <400> 13 hcaat nhhac
ttcammtnm yt 22 <210> 14 <211> 23 <212> DNA WD 2006/ 058393
PCT/ AU2005/ 001840 3,35 <213> bacterial <400> 14 wcaahhcacc ttcahmaacy tac
- 23 <210> 15 <211> 29 <212> DNA <213> bacterial - <400> 15 accaacattc
tcactyntaa wmantccac 29 <210> 16 <211> 29 <212> DNA <213> bacterial - -
<400> 16 atcaacattc acacttctaa tacctccaa 29 <210> 17 <211> 28 <212> DNA
<213> bacterial <400> 17 ggttttttty gafatagttt tagggtta 28 <210> .18:
<211> 28 - '

to form derivative microbial nucleic acid; and

producing a simplified form of the microbial genome or nucleic acid.

20. The method according to claim 18 wherein the ribosomal gene region is 168 or 238
in a prokaryote or 183 or 288 In single celled eukaryotic microorganism.

5 21 The method according to claim 19 or 20 whereln the agent is selected from

bisulphite, acetate or citrate.
22. The method according to claim 21 wherein the agent is sodium bisulphite.

23. The method according to any one of claims 19 to 22 wherein the agent modifies a
cytosine to a uracl in each strand of complementary double stranded microbial DNA
i0 forming two derivative but non-complementary microbial nucleic acid molecules.

24. The rﬁethod according to any one of claims 19 to 23 wherein the derivative microbial
nucleic acid has a reduced total number of cylosines compared with the
correspondmg untreated microbial nucleic acid.

25. The method according to any one of claims 19 to 23 whersin the s:mp}:faed form of
15 the mzcrob:ai niucleic acid has a reduced total number of cytosines compared with the

corresponding unfreated microbial genome or nucleic acid.

28. The method according to any one of claims 19 to 25 wherein the derivative microbial
nucleic acid substantially contains bases adenine (A}, guanine (G), thymine (T) and
uracit (U) and has substantially the same total number of bases as the corresponding

20 untreated microbial nucleic acid.

27. The method according {0 any one of claims 19 o 26 wherein the simplified form of |
the microbial nucleic acid is comprised substantially of bases adenine {A), guanine
(G} and thymine {T).
28. The method according fo any one of claims 19 to 27 wherein the simplified form of
25 the microbial nucleic acid is produced by amplifying the derivative microbial nucleic

acid,

29. The method accérding to claims 28 wherein ampilification is carried out by
polymerase chain reaction {(PCR), isothermal amplification, or signatl amplification.

30. A method for prodijcing a microbial-specific nucleic acid molecule comprising:
30 {reating a sample confaining microbial derived DNA with an agent that modifies
cytosine fo uracil to form derivative microbiat nucleic acid; and
producing a simplified nucleic acid molecule from at least part of the derivative
microbial nucleic acid, the simplified nucleic acid mo!e_cul-e having a reduced total




<212> DNA <213> bacterial <400> 18 ggttttttty gaaarttatt taggtagt 28

- <210> 19 <211> 25 <212> DNA <213> bacterial <400> 19 yggkagttag
awgygrrwg ataag 25 <210> 20 <211> 25 <212> DNA <213> bacterial <400>
20 ygggagat ak ayrgygggtg ttaat 25 <210>. 21 <211> 22 <212> DNA <213>
bacterial <400> 21 WD 2006/ 058393 PCT/ AU2005/ 001840 - 4135 ggat gt ggdr
ttkykwagat as 22 <210> 22 c211> 22 <212> DNA <213> bacterial <400> 22
ygawgt ggga aggtwtagat ag " 22 <210> 23 <211> 22 <212> DNA <213>
bacterial <400> 23 hcratnmhhrc ttcrmmecfin yt 22 <210> 24 <211> 23 - <212>
DNA ‘ - :

number of cytosines compared with the corresponding untreated microbial nucleic
acid, wherein the simplified nucleic acid molecule includes a nucleic acid sequence

specific for a microorganism or microorganism type.

31. The method according to claim 30 wherein the microorganism is selected from
5 phage, virus, viroid, bacterium, fungus, aiga, protozoan, spirochaete, or single cell
organism.
32. The method according fo claim 30 or 31 wherein the microbiat nucleic acid is
selected from protein encoding nucleic acid, non-protein encoding nucleic acid,
ribosomal gene regions of prokaryotes or single celled eukaryotic microorganisms.

10 33, The method according to claim 32 wherein the ribosomal gene regions are 165 or
238 in prokaryotes and 18S or 2885 in single celled eukaryotic microorganisms.

- 34. The method according to any one of claims 30 to 33 wherein the agent modifies
unmethylated cylosine.

35. The method according to any one of claims 30 to 34 wherein the agent is selected

18 from bisuiphite, acetate or cifrale.
36. The method according to claim 35 wherein the agent is sodium bisulphite.

37. The methad according to any one of claims 30 to 36 whersin the simplified nucleic
acid molecule is produced by amplifying the derivative microbial nucleic acid.

38. The method according to claim 37 wherein amplification is carried out by polymerase
20 chain reaction (PCRY), isothermat amplification, or signal amplification.

39. The method according to any dne of claims 30 to 38 further comprising:
detecting the microbial-specific nucleic acid molecule.

40. The method according to claim 39 wherein the microbial-specific nucleic acid
molecule is detected by Real-Time PCR.

25 41, The method according to claim 32 wherein the microbial-specific nucleic acid

molecule s detected by a microarray detection system.

42, The method according to claim 38 wherein the microbial-specific nucleic acid
molecule is detected.by: | '
providing a detector ligand capable of binding to a target region of the microbial-
30 specific nucleic acid molecule and allowing sufficient time for the detector tigand to
bind o the target region; and
measuring binding of the detecior ligand 1o the target region to detect the
presence of the microbial-specific nucleic acid molecule,




<213> bacterial <400> 24 wrahhcacc ttcahnracy tac 23 <210> 25 c211> 29
<212> DNA <213> bacterial <400> 25 accracattc tcactyntaa wraitccac. 29
<210> 26 <211> 29 <212> DNA <213> bacterial <400> 26 atcaacattc
rcacttctaa tacctccaa - 29 <210> 27 <211> 24 - <212> DNA <213> bacteri al
<400> 27 kttragaaaa gtwttagdd agrk 24 <210> 28 <211> 24 <212> DNA <213>
bacterial <400> 28 tttargaaaa gttwtaagt wtta 24 WO 2006/ 058393

PCT/ AU2005/ 001840 5/35 <210> 29 <211> %§ <212> DNA <213> bacteri al

<400> 29 agdtragrwg agdattttwa ggtkr 257 <210> 30 <211> 25 <212> DNA

. <213> bacterial <400> 30
43. The method according to claim 42 wherein the microbiabspecific nucleic acid

molecule is detected by separatling an amplification product and visualising the

separated product,

44. The method according to claim 43 wherein the amplification product is separated by

5 electrophoresis and delected by visualising one or more bands on a gel.

45. The method according to any one of claims 30 to 44 wherein the simplified nucieic
acid molecule has substantially no cyiosines.

46. The method according 1o claim 45 wherein the microbial-specific nucleic acid

molecule does not oceur naturally in the microorganism.

10 47. The method according to any one of claims 30 {o 46 wherein the microbial-specific
nucleic acid molecule has a nucleic acid sequence indicative of a taxonomic level of

the microorganism.
48. The method according to claim 47 wherein the taxonomic level of the microorganism
inciudes family, genus, species, strain, type, or different populations from the same
15 or difierent geographic or benthic populations.

48 A methéd for s_electing a sequence of a microbial-specific nucleic acid molecule

comprising: '

obtaining a DNA sequence from a microorganism;

forming a simplified form of the microbial DNA sequence by carrying out a

20 conversion of the microbial DNA sequence by changing each cylosine to thymine

such that the sequence of the simplified form of the microbial DNA comprises
substantially bases adenine, guanine and thymine, wherein the conversion mimics
the actioh of an agent that converts cytosine to uracil; and

selecting a microbial-specific nucleic acid sequence from the simplified form of

25 . the microbial DNA sequence.
50. The method accerding to claim 49 wherein the conversion is carried out in silico.

51. The method according o claim 49 or 50 wherein simpfified forms of two or more
microbial DNA sequences are obtained and the two or more sequences are

compared to obtain at least one microbial-specific nucleic acid molecutle.

30 52. A microbial-specific nucleic acid molecule obtained by the method according to any

one of claims 49 {o 51.




ggktrggwwg agaatwitaa ggtgt 25 <210> 31 <211> 25 <212> DNA <213>
bacterial <400> 31. aatytnynmat taaaacaata cntaa 25 <210> 32 <211> 25
<212> DNA <213> bacterial <400> 32 aatctcaaaw aaaaacaaymynacc - 25

<210> 33 <211> 32- <212> DNA <213> bacterial <400> 33 acnhacat ct
tcacwrayay tayaayttca cc 32 <210> 34 <211> 32 <212> DNA <213> bacteri al
<400> 34 maytacatct tcacaacnmah wtcaayttca ct 32 <210> 35 <211> 24 <212>
DNA <213> bacterial <400> 35 cnatayyaaa ytacaataaa actc 24 WD 2006/ 058393
PCT/ AU2005/ 001840 6135 <210> 36 <211>8P4 <212> DNA <213> bacteri al

53. Use of the method according to any one of claims 49 to 51.{o obtain probes or
primers to bind or amplify the microbial-specific nucleic acid molecule in a test or

assay.
54. A method for detecting the presence of a micreorganism in a sample comprising:
5 treating the microbial nuctelc acid with an agent that modifies cytosine fo uracil {o

form derivative microbial hucleic acid;

providing primers capable of aflowing amplification of a desired microbial-specific
nucleic acid molecule to the derivative microbial nucleic acid;

carrying out an amplification reaction on the derivalive microbial nucleic acid o

; 10 form a simplified nucleic acid; and

assaying for the presence of an amplified nucleic acid product containing the
desired microbial-specific nucleic acid molecule, wherein detection of the desired
microbial-specific nuelsic acid molecule is indicativa of the presence of the
microorganism. A

15 55, The method according to claim 54 wherein the microorganism is selecied from

phage, virus, viroid, bacterium, fungus, alga, protozoan, spirochéete, or single cell
organism.

56. The method according to claim 54 or 55 wherein the agent is selecled from
bisulphite, acetate or citrate, '

20  57. The method according te claim 56 wherein the agent is sodium bisulphite.

58. The method according to any one of claims 54 to 57 wherein amplification is carried
out by polymerase chain reaction (PCR), isocthermat amplification, or signal
amplification.

59. The method according to any one of claims 54 to 58 wherein the microbial-specific

25 nucleic acid molecule is detected by Real-Time PCR.

60. The method according 6 any one of claims 54 to 58 wherein the microbial-specific
nucleic acid molecule is detected by a microarray detection system.

61. The method according to any one of claims 54 fo 58 wherein the nucleic acid
molecule is detected by:

30 providing a detector ligand capable of binding to a region of the nucleic acid

molecule and allowing sufficient time for the detector ligand to bind to the region; and

measuring binding of the detector ligand 1o the nucleic acid molecule to detect the
presence of the nucieic acid molecule.




<400> 36 caat aynmaa ctayaataaa aatt 24 <210> 37 <211> 31 <212> DNA <213>
-bacterial '.. <400> 37 ggtgaarttr tartrtkwyt gaagatgtdk g 31 <210> 38
<211> 31 <212> DNA <213> bacterial <400> 38 agtgaarttg awdtkgtt gt
gaagatgtar t 31 <210> 39 <211> 25 <212> DNA <213> bacterial .<400> 39
gatwggat gg aaagattttr trgag - 25 <210> 40 <211> 25 <212> DNA <213>
bacterial <400> 40 kgtwagatgg aaagattttg tgaat 25 <210> 41 <211> 23
<212> DNA <213> bacterial <400> 41 - - - hymaymmay haaaataata tcc - 23
<210> 42 <211> 23 <212> DNA - <213> baéterial <400> 42 tcaanmmmywm
maaaataata ttt 23 <210> 43 .

62. The method according to any one of claims 54 to 58 wherein the nucleic acid
molecule is detected by separating an amplification product and visualising the
separated product.




c211> 26 WO 2006/ 058393 PCT/AU2005/001840 7135 <212> DNA <213> bacteria
<400> 43 awccattcta aaaaaacctt taaaca 26

<213> bacteri al

<400> 44 ' ..

<210> 44 <211> 26 <212> DNA
aaccawwnyw aamhmacctt cawact _ 26 <210> 45

<211> 28 <212> DNA -', <213> bacterial <400> 45 gttggtaagg tgatat gaat

tgttataa 28 <210> 46 <211> 26

ttattattaa t{gaaddekass aggtta 26 ,
bacterial <400> 47 gaggagttta gagtttgaat tagtrtg 27

<212> DNA <213> bacteri al

49 <211> 22

<110

<120>

<130>
<160
<170>

<210>
<211>
«212>
<213>
<400>

SEQUENCE LISTING -

Human Genetic Signatures
Detection of Microorganisms
2055918175

226 :

.PatentIn version 3.1

1 -

14

DNA
artificial
1

atatatatat atat

<210>
<211>
<212>
<213>
<400>

2

14

DNA
artificial
2

aaaaaaéttt ok ol ok

<210>
<211>
<212>
<213>

<g200>,

3

34

DNA
Neisgeria’
3

gyaatywagg ycgyctygaa gaytayaaya tgge

<216>
<211>
. <212>
<213 >
<400>

4

34

DNA
artificial
4

gtaattwagy ttgttttgaa gattataata tggt

<210>-

<211>
<212>
<213>
<400>

5

16

DNA
artificial
5

aggycgycty gaagay

<210
<211>
<212>
<2135
<400

6 -

le

DNA
artificial
6

aggtbtgttitt gaagat

<210>
<211l>

7
28

<212> DNA <213> bacterial <400> 46 -
<210> 47 <211> 27

W

<400> 4E tafatacaaa actatcaccc tatatc 26 <210>

14

14

. 34

34

16

16




<212> DNA <213> bacterial <400> 49 tcatcaaact cacaacayat ac 22 <210> 50
<211> 25 <212> DNA WD 20061058393 PCT/ A1J2005/ 001840 6135 <213>
bacterial <400> 50 ttgagtaaga tattgatgag. ggtaa - 25 <210> 51 <211> 21
<212> DNA <213> bacterial <400> 51 tatggttagg gggttattgt a 21 <210> 52
<211> 24 <212> DNA <213> bacterial <400> 52 aatctatcat ttaaaacctt aacc

24 <210> 5 <212> DNA <213>. bacterial < mshhbgact atc
tataccttcc g’g@%&%ﬂsﬁéﬂm 54 <211> 25 <212> DNA <213> ,Aa[,c‘é:tgr{fial <400> 54

cactccccta ccataccaat aaacc 25 <210> 53,,<211> 26 <212> DNA

«212> DNA
«<213> bacterial
<400> 7 o

ggtttttttt gaaatagttt tagggtta %S

<210> 8

<231=> 28

<212> DNA

«213> bacterial
<400> B8

gghttttttt gaaarttatt taggtagt _ , 28

<210> 9

<21l> 25

<212> DNA

213> bacterial
" <400> 9

tggkagttag awtgtgrrwg ataay 25

«210> 10

<21l> 25

<212> DNA

«213> bacterial’
<400> 10

tgggagatak atrgtgggtg ttaat . ) - 25

<210> 11

211> 22

«212> DNA

<213> bacterial
<400> 11

ggatgtggdr ttkikwagat aa 22

<210> 12

«211> 22

«212> DNA

<213> bacterial
<400> 12

tgawgtggga aggtwtagat ag 22

<210> 13

<211l> 22

<212> DBNA

<213> bacterial
<400> 13

heaatmbhac ttcammmemm Yyt ' _ _ .22

<210> 14
<211> 23
<212> DNA




<210> 56 <211>

' <213> bacterial c400> 55 gtat gatgag ttagggagtt aagttaaa 28
<210>

21 <212> DNA <213> bacterial <400> 56 ggtgaggtta agggatatat a 21
-57 <211> 30 <212> DNA <213> bacterial <400> 57 WD 2006/ 058393

PCT/ AU2005/ 001840 9/ 35 aaaagagtga agagttgttt ggtttagata 30 <210> 58 <211>
24 <212> DNA <213> bacterial <400> 58 tccaaacctt tttcaacatt aact 24

<210> 59 <219 2830555931 2> DNA <213> bacterial '.. <4OQ%1§%mﬁgﬁﬁ§§aatt
atttcaaaaa aaacaaaa 28 <210> 60 <211> 30 <212> DNA <213> bacteri al
<400> 60 ttagtggggg tttattggtt tattaat gga 30 <210> 61 <211> 30 <212> DNA

<213> bacteri al

<213> bacterial
<400> 14

weaahhcace tteahmaazcy tac 23

<210> 15

<211> 29

«<212> DNA
<213> Dbacterial
<400 15

_accaacatte tcactymtaa wmamtccac ' 29

<210> 16
<21l> 29

<212> DNA
<2313> bacterial
<400> 16

atcaacatte acacttctaa tacctccaa ’ 2%

<220> 17

<211> 28

<212> DNA
<213> bacterial
<400> 17

ggtttbtity gaaatagttt tagggtta 28

<210 .18

<211l> 28

212> DNA
«213> bacterial
<400> 18

ggtbtttttty gaaarttatt taggtagt 28

‘<210 19

i «211> 25
<212> DNA
<213> bacterial
<400> 19

vggkagttag awygygrrwg ataag 25

<210> 20

<211>» 25

<212»> DNA
<213> bacterial
_«<400> 20

ygggagatak ayrgygagtg ttaat 25

<210>. 21
<211- 22
<212> DHA .
«213> bacterial
<400> 21




<400>.

<212> DNA <213> bacteri al
<212> DNA <213> bacteri al
<212> DNA <213> bacteri al
gatggagtag taggtta 27 WD 2006/ 058393 PCT/ AU2005/ 001840 -
<213> bacterial <400> 65 .gaatga
s o DA <3135 hOoRy

<211> 25
25 <210> 64

<211> 28 <2
tatgtgga 28

taaaaattat ttcttaaaaa cctcac't - 27

T <d400>

<400

61 taa as t at attt as g4 9 9 g g gatagttgga 30
<400> 62 acaccttctc tactaaatac t 21
<400> 63 tataccataa atcttcacta atatc

<400> 64 ttgtgtagat

<211> 27

ggatgtggdr ttkykwagat aa

22

22

DNA
bacterial
22

<210>
<21l>
<212>
<213>
<400>

bacteri a
c210> 67 <211> 26
4135

ygawgtggga aggtwtagat ag -

23
22
DNA

<210>
<211>
<212
<213> bacterial
<400> 23

heratmhhre ttormmmemm vyt

24

23

DNA
bacterial
24

werahhecace ttcahmracy tac

<210
<210>
<212>
<213>

25

28

DNA
bacterial
25

<210>
<211>
<212>
<213>
<400

accracatte tcactymtaa wmamtccac .

26"

29

DNA

bacterial

26 ;o

«<210>
<211>
<212>
<213>

atcaacatte rcacttctaa tacctecaa

27

24

DNA
bacterial
27

<210>
<211>
«212>
«<213>
<400>

kttragaaaa gtwtttagdd agrk

28

24

DNA
bacterial-
28

<210>
<211
<212>
<2135
<400

tttargaaaa gttwttaagt wtta

<210> 62 -

<210> 63

10/ 35 <210> 65

t aag
29‘}5@1‘8‘{& 66

22

?2

22

23

29

29

24

24

<211> 21




<212> DNA <213> bacterial <400> 67 aaattatctc acacacctta aaatat 26 <210>
68 <211> 24 <212> DNA <213> bacterial <400> 68 aatgttaaaa ggttaaaggg
atat 24 <210> 69 <211> 28 <212> DNA <213> bacterial <400> 69
tattgaattt aagttttggt gaatggtt 28 <210> 70. <211> 29 <212> DNA <213>
bacterial <400> 70 ccaatatttc aacattaact cccactctc 29 <210> 71 <211> 29
<212> DNA <Fohudpasberi al  <400> 71 atatccatct tccaagidanbdsaghaat 29 WO
20061058393 PCT/ AU20051001840 11/35 <210> 72 <211> 24 <212> DNA <213>
bacterial <400> 72 taaacaacaa caattccagl ttcc 24 -<210> 73 <211> 28

<210>» 29

<21l> 25

<212> DNA

<213> Dbacteriazl
<400> 29

agdtragrwg agdattttwa ggtkr ) 25

<210> 30

<21l> 25 :

<212> DNA . !
.<213> bacterial

<400> 30

ggktrggwwg agaatwttaa ggtgk ' 25

=210> 31
<211s> 25
<212> DNA
«213> bacterial.
<400> 31
aatytmymat taazacaata cmcaa 25
<210> 32
<211> 25
<212> DNA

" <213> bacterial
<400> 32

aatctcaaaw azaaacaaym ymacc 25

<210> 33

<211> 32

«212> DNA
<213> bacterial
<400> 33

acmhacatct tcacwmayay tayaayttza ce 32

<230> 34

<211> 32

«212> DNA
«213> bacterial
<400> 32

maytacatct tcacaacmah wteaayttea ct 32

<210> 35

<211l> 24

<212> DNA

<213> Dbacterial
<400> 35

cmatayyaaa ytacaataaa acte 24




<222> DNA <213> bacterial <400> 73 ataggaaaag aaawt gaawg wgattttg 28
<210>-74 <211> 28 <212> DNA <213> bacterial <400> 74 - | . gtgtagtggt

gagt gaaagt ggaatagg 28 <210> 75 <211> 32 <212> DNA <213> bacteri al _
<400> 75 taaacaantt cmmtcaaaat aacatttyyc as 32 <210> 76 <211> 23 <212>
DNA <213> bacterial <400> 76 ctaattaata tttaaactta ccc 23 <210> 77 <211>

25 <212> DNA_._.<213> bacterial <400> 77 ttttgaaatt at {t tgt 25
<210> 78 <21¥929998 15> DNA  <213> bacterial  <400> f%kgéaFg@)%gt :
tggtgagtta tgatagt - 27 <210> 79 <2111m23 WO 2006/ 058393 PCT/ AU2005/ 001840

12135 <212> DNA

<210> 38

<211l> 24

<212> DNA
<212> bacterial
<400>» 36

caataﬁmaaa ctayaataaa aatt - - ’ 2@

<210> 37

<21l> 31

<2125 DNA
«213> bacterial
<4 00> 37

ggtgaarttr tartrtkwgt gaagétgtdk g : 31

<210> 38

«<211l> 31

<212> DNA

«213> bacterial -
<400> 38

agtgaarttg awdtkgttgt gaagatgtar t g 31

<210> 39

<211> 25

<212> DNA

<213> Dbacterial
. <400> 35

gatwggatyg aaagattttr trgag - 25

210> 40

<211> 25

212> DNA
<213> bacterial
<400> 40

kgtwagatgyg aaagattttg tgaat _ ' 25

<210> 41

<21l> 23

<212> DNA
<213> Dbacterial
<400>, 41

hymaymmway haaaataata tce ; . 23

<210> 42

<211 23

<212> DNA
«213> Dbacterial
<4 030> 42

tcaammmywm maaaakaata ttt ) . 23

<210»> 43 °
<211> 26




<213> bacterial <400> 79 cctccantta wyataatct yac 23 <210> 80 <211> 25
<212> DNA <213> bacterial <400> 80 caccwaaaya acaccatcat acatt - 25
<210> 81 <211> 29 <212> DNA <213> bacterial <400> 81 tgtagttaga
tagtggggta taagtttta 29 <210> 82 <211> 24 <212> DNA <213> bacteri al ,
<400> 82 aggggaagag tttagattat taaa 24 <210> 83 <211> 28 <212> DNA <213>
bacterial <&@DwosHsssat aacttcaw cycmwat aca acactcat 28 pcsatQousffiss211> 28
<212> DNA <213> bacterial <400> 84 atcaatttaa aaaattctca ctcycaaa - 28"
<210> 85 <211> 26 <212> DNA <213> bactesial - - <400> 85 tttttatwat

tggatttggg gwt aaa - 26

<212> IONHA
<213> bacterial
<400> 43

awccatteota aaaaéacctt taasca 26

<210> 44

211> 26

<212> DNA

<213> Dbacterial
<400> 44

aaccawwmyw aamhmacctt cawact ) . 26

<210> 45

«<21l> 28

<212> DNA

<213> Dbacterial
<400> 45

gttggtaagg tgatatgaat tgttataa . ' 28

<210> 46
T «211> 26
<212> DNA
<213> Dbacterial
<400> 46

ttattattaa ttgaatttat aggtta 26

«210> 47
<211> 27
<212> DNA
- <213> Dhacterial
<400> 47

‘gaggagttta gagtttgaat tagtrtg 27

<210> 48

<211> 26

<212> DNA

«213> bacterial
<400> 48

tatatacaaa actatcaccec tatate 26

230> 49

<211>" 22

<212> DHNA

<213> bacterial
<4Q0> 489

tecateanact cacaacayat ac . 22

<210> 50
«211> 25
<212> DNA




<210> 86 <211> 22 <212> DNA WO 2006/058393 PCT/ AU2005/ 001840 13!35 <213>
bacterial <400> 86 tkktwtag tattgagaat ga 22 <210> 87 <211> 24 <212>
DNA <213> bacterial ¢400> 87 tgtaaattwa ttttgtaagttwgt 24 <210> 88 <211>

23 <212> DNA <213> bacterial <400> 88 gaatgagggg ggattgttta att 23
<210> 89 <211> 26 <212> DNA <213> bacterial <400> 89 tctataacca

aaacaat caa a?@ <210> 90 <211> 26 <212> DNA > ial _
<400> 90 cat cacc? aacaaatatc ttcacc - 26 <210> 91 j%%%gm@%ﬁ&§é12> DNA -
<213> bacterial <400> 91 atwat aggt tg&gtaggtr agaaat 26 <210> 92

<213> bacterial
<200> 50

ttgagtaaga tattgatggg. ggtaa 25

<210> 51

<211> 21

<212> DNA
<213> Dbacterial
<4Q0= 51 .

tatggttagg gggttattgt a : 21

<210> 52
<211> 24

, <212> DNA
<213> bacterial
«<400> 52

aatetateat ttaaaacctt aacc o i 24

<210> 53

<21l> 24

<212> DNA
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3383@%@3&% 360 ttaaagaagg taataatttt gtagﬂFﬁgﬁﬁ°§W3%@ttttt
attttgagta 420 tgatggagta tgtgaaattt tgttggaatt tgggaggatt
gttaaatatt.480 ttttagtgat t%#Ht agtgaa ttagtattgt gagggaaagg

gagt gaaaga gaatttgaaa ttgtgtgttt ataagtagtt
ggtgtgtttt ttgtagaatg aattggtgag ttatgatttg
tgtggagttg tagtgaaagt gagtttgaat agggtgttga

tttggaaggg 540

aalzgggt gati 600
aagbegt z222a 660

Otagaddtgarwigdttraat t aggtga tttatttttg gttaggttga agtttaggta

gaggattgaa 780 ttgatttatg-ttgaaaagtg agtggatgaa ttgagggtag
taaftogaat 840 ttggagatag ttggtttttt ttgaaatagt tttagggtta
aLg@i;aiﬁg 900 gaggtagagt attgtttgga tgaggggttt tttttgggtt
ga@aaatbmn 960 gaatgttaat taatttaatt tgggagttag aatatgggtg
gﬁﬂ?gaﬁﬁ§m¥620 ggaaat agtt tagattatta gttaaggttt t aaaat at at
aaaﬁgatg 1080 - gtgttgttta gataattaqg tt gttt agag tagtt
gﬁf@a@ft&attfiwcg‘f é@ﬁfgct?%ﬁt? EYHEGHG FATTSET F@% ¥4 haat gfat t g
t et zACEtYar tEPOT t iy BTG TAR PORRF eIt FHEC AR ﬁbtﬁﬁ%f@t%lgag]tgz@t ttt
aagbatagatat ocat@6lta Grorabygiie stogrebfagtagttateeg) abafreRrg? aat'gPt ggt g
aagad3gea0adb32Qa MWD 200 6405 830R=RET/ AR0EE4:004840:-t<84/ 350
t tcag;g&aéégggc%&@a&gb&égakéaagaﬁ@ﬁagaagtetarggtwgt:gi gttgbges t ag ot 380
%%acgg;c + 4L RA0! L &G0k 0081 5:28]2004 L AR gl AL dbL Ot 363440
teaat, L Qatt%&q ? L4 %Qst%@&t%t&ggga%%g L REALEQL 1 651500
tt AA0LAC % ? t1a t?gct aaat tt%% Ltla taagqttgag 23000
oAl C%tg TS CEGTT GOERAT T (T AtT ot *Tdandanagt 620
RN I RS I M R e
t ragtagazet SAREt YRR SEF IR AgRTRF A aogAE et Y 2T HATEFE ggf°1 740
t tdat-dtcagygtiatimbt pearog@ag dgidogtctagitgermoatig2aacezmet gatss1800
aaataagagt cdotédgéd aapctdagt asgubgsat ghatragggogiobgatygt t 1728860
00898 tAGageee aelagbagh tbticgistgaagtiatgasaibtgaagt t t782920
t ggg&&téﬂ@t cdg@l A8t L dol 82005208 0 aRBLdb A cQLLGAYRE 22434980
%&%EQ@EL%MQ&?E acua%&ctgtg%éé&agégg aégauaggg 0a&,¢040

ggggaattta gtatgagtta tgttatgtta ttgatatgtg

tt t ttgt ? %aagggctat latagta gtt%%loo
tf%% %Q e fa %;ggaa%%g ag gg,tttttga 160

gaatgccaa taatttaac tgggagtcag a catgggt ataa gaaag

ggzaacagoce cagaccacca gotaaggteco caaaatatat gttaagtgga aaaggatgtg' 1080 .
gogttgecca gacaactagyg atbtgttggelt agaagcageco atcatttaaa gagtgcgtaa 1140
tagctcacﬁa gtegagtgac actgeogecga aaatgtaccg gggctaaaca tattaccgaa 1200
getgtggatt gtectttgga caatggtagg agagegttot aagggoegteg aageoatgatc 1260
gcaaggacat gtggagoget tagaagtgag aatgcegytg tgagtagocga aagacgggty 13290
agaatccegt ccaccgattg actaaggttt ccagaggaag gctegteecge teotgggtthdg 1380
tegggtecta agetgaggec gaqaggcgté ggegatggat aacaggttga tattcctgta 1440
ccacctagta tegttttaat cgatgggggy acgeagtagg ataggogaag cgtgotgttg 1500
gagtgcacgt ccaageagta aggeobtgagig ttaggeaaat ceggeactea taaggetgag 1560
ctgtgatggg dagaggaaat tgttteorcteg agtegtitgat ttcacactge cgagaaaégc i520
ctctagatag ataacéggtg cccgtaccge aaaccgacac aggtagtcaa gatgagaatt 1680
ctaaggtgag cgagcgaact ctegttaagg aactcggcaa aatgaccoceg taacttcggg 1740
agaaggggtg ctetbtaggg ttcacgccca gaagagcege agtgaatagg cccaagcgac 1800
tgtttatcaa aaacacaggt ctitgctaaa cegtaaggtg atgtataggg gcotgacgoect 1860
gocoggtget ggaaggttaa gaggagtggt tagetteotge gaagetacga atcgaagecoc 18206
cagtaaacgg cggcegtaac tataacggtc ctaaggtage gaaattcétt gtegggtaay 1980
ttccgacccg cacgaaagge gtaacgattt gggeactgte tcaacgagag actcggtgaa 2040




ttagtttatg tggaggtgtt ggtgggatat tattttagtt gtgttggttt 2220
attatttatt gtggtgggag atagttttag gtgggtagtt tgattggggt 2260
t aaaaggtaa tggaggtgtt taaaggtttt tttagaatgg ttggaaatta 2340
gt aaaggt at aagggagttt gattgtgaga tttataagtt gagtagggtt 2400
tttagtgatt tggtggtttt gtatggaagg gttattgttt aatggataaa 2460
gouRicocdsewgs gt ttattttt tttaagagtt tatattgat gp@Qo@e@iobissh 2920
gttggtttat tatattttgg ggttgtagtt ggttttaagg gttgggttgt 2580
aagtggtatg tgagttgggt ttagaaigit gtgagatagt ttggttttta 2640
gtgtaggaaa tttgagagga gttgttttta gtatgagagg attgggatgg 2700
tatta tgtt aatggtatag ttgggtagtt atgtatggat 2760
aaa "Hg LR T TP TR GEERRAGEE “FIHO0taght t £199820
taeEe ﬁ%cb%F@‘éFﬁgaaggtctgﬁ%?&t G2t ey reygas gpIgt Hye gaB162880
gaﬁfa’éﬁtaaﬁ ceRgr tgay ttgeecageitt Iteddntas tR922gc< BidegRR6 <220> 1062
<243»adyaet eedaattat< 4002 RE Shgoetal SQatganaEadudEagaaagcy
Cagdtgg@eea tgahigag addaddbyct Caaldst 0ot & -2a006) ¢6Rkafak 9CHLGt O
gt {882t AL YNARAEE ol ﬁk@;}cgéﬁcwa&%&g gégtckgggést ggatat c

ca&gg&%ga c&gg&ggggg&g%g% cg_ aaat ¢ gt accggaat ct
ccac ggﬁ dca eYt0a aggt avaacc

cC c%

cga e Cacye a@ﬁﬁc‘ﬁﬁfgﬁ% tﬁ?aﬁﬁaﬁhéﬁFﬁﬁia%tgﬁﬁEQtc
ac%“ﬁj‘%f@"t 9‘6@%@65@6&&%@@?’ G TGRAGCHGeHy geraeIcta aaitet gt
C gt et ggaPgedgtagarycuREOt (gresatTgt Ggadebgactemitecggcgireact g
C ggagartyas@jyegan st wadffa gouogachoitecqaeadsgggesdatgCcggeacgt
aggegatgegodtangeid §of <540c -aagalane Cirgdragtagle sag.£acgeh gct g
AC£APALGGTctgl GaAABL 1ag600a MQ2006/ Qé&%&étpgﬂcé%g%/ 204840

%5 aitﬁégcgcc 660

aat gt gagtg
tttaatttgt

ggttgttttt

tttatagagt

gaaagat gga
agttattttg
gtattttgat

ttgtttatta
tttgttgtgg
atatattttt

gggataagtg
.tggttataag a
at gt ggagtt
<212> DNA

ttggcggcag
ggt gaagacc
gcgecttgggg
t ccggt aaaa
tgtgcgttta
. gatatcgata
gacgccct gg
acgccgaaag
at gat gagcc
atcttcatca

35/ 35 ggtgt 9aéggétal%géi.%@&%gaag9%@9&%@9&9&9&% Q4L 2caCcact

tctgttcggc tcag%_cgaggc%ggac % ggtcggcc Q:Cg g ?ga a gcgaaaa g%f
agcgaaacccC gcgtg aagt gaagaac aa g cgccgtttaa acaggctga 80
ttccagatcc tctacggcga aggtattaac,ttctacggcg aactggttga cctgggcgta 840
aaagagaagc tgj@%gdﬁzg agcaggcgcg tggtacaget acaaaggt ga gaagatcggt 900
cagggt aaag cgaai.gcgac tgcctggcetg aaagataacc cggaaaccgc gaaagagatc - -960
gagaagaaag t aegi-gagktergat g' ct gagc aacccgaact caacgccgga tttctctgta 1020
gat gat agcg a&f¥fcgt¥§c agaaactaac gaagattttt as 1062 <210> 226 - -
gattaagkta ttaagggtgt atggtggatg ttttggtatt agaagttgat gaaggatgti g0 .
attaatgatg atatgttttg ggtagttgta agtaagtgtt gatttagaga ttttigaatg . 120.
- ggggaattta gtatgagtta tgttatgtta ttgatatgtg aatttatagt atgttagaag 180
gtagatt;gg agaattgaaa tattttagta tttggaggaa gagaaagaaa aattgatttt - 240
ttgagtagtg gtgagtgaaa tgggaagagt ttaaattaat aagtttgttt gtiggggttg 300
taggatattt tatatggagt tatdaaagaa tatgttagat gaattatttg gaaagatgaa ' 360
ttazagaagy taataatttt gtagttgaaa atatattttt ttttgagtgg atttigagta 420
. tgatggagta tgtgaaattt tgttggaatt rgggaggatt attttttaag gttaaatatt 480
ttttagtgat tgatagtgaa ttagtattgt gagggaaagg tgaaaagtat Ettggaaggg 540
gagtgaaéga gaatttgaaa ttgtgtgttt ataagtagtt agagtttgtt aatgggtgat 600
ggkgtgttit ttgtagaatg aattggtgag ttatgatttg atgtaaggtt aagtagtaaa 660
tgtggag?tg tagtgazmagt gagtttgaat agggtgttga gtatttggtt grtagattbtga 720
aattaggtga tttatttrtg gttaggttga agtttaggta atattgaatg gaggattgaé . TBO
ttgatttatg ttgaaaagtg agtggatgaa ttgagggtag tggagaaatt ttaattgaat 840
ttggagatag ttggtttttt ttgaaatagt tttagggtta gttttaagtg atgattattg 200
gaggtagagt atkgttigga tgaggggttt tttttgggtt attgaattta gataaatttt 960
gaatgttaat taatttaabt tgggagttag aatatgggtyg ataaggtttg tgtttgaaag 1020
ggaaatagtt tagattatta gttaaggittt taaaatatat gttaagtgga aaaggatgtg 1080
gtgttgt?ta gataattagg atgttggttt agaagtagtt attatttaaa gagtgtgtaa 1140
tagtttatta gttgagtgat attgtgttga aaatgtattg gggttaaata tattattgaa 1200
gtegtggatt gtttttbgga taatggtagyg agagtgtttt aagggtgttg aagtatgatt. 1260
graaggatat gtggagtgtt tagaagtgay satgttggtg tgagtagtga aagatgggtg 132¢




<211> 1062

<212> DNA <213> bacterial <400> 226 atggttattg at gaaaataa
atagaaagtg ttggtggtag tattgggtta gattgagaaa 60 taatttggta aaggttttat
tatgtgtttg ggtgaagatt gttttatgga tgtggaaatt 120 atttttattg gtttgttttt
attggatatt gtgtttgggg taggtggttt gttgatgggt 180 -tttattgttg aaatttatgg
attggaattt tttggtaaaa ttatgttgat gttgtaggtg. 240 attgttgtag tgtagtgtga
aggt aaaat t ttta ttgatgttga atatgtgttg 300 gttg tgtaa
attgggt gt t g‘gbg‘fﬂ WR atttgttgtg tttttagttg 360 gat att%t ““%éi’?%‘ gtatt
ggaaatttgt gatgttttgg tgtgttttgg tgtagtagat 420 gttattgttg ttgattttgt
ggtggtattg atgttgaaag tggaaattga aggtg 480 ggtgattttt atatgggttt
tgtggtatgt atgatgagtt aggtgatgtg taagttggtg 540 ggtaatttga agtagtttaa

tatgttgttg
ggaaatt at t
ttgtattggt

ggt gaagaat
aggt at t aat
agtaggtgtg
tgtttggttg

aggbté‘?%\

atebedttbligtattattaat fttgadtty Abpmagyacs GO Ttaygtat tEpeattag ggt3dat t t
atctggtgghormmtgiogtt gaasaibtd batogtdgabGRlradsttgt tdcgtdtatd gatsattt g
g @@ aRA 0 308 8E30RRgdGhS) 9t H96tagd 2lagAgipacntidgred gt Baaagt

Qégftgtr‘{agétfagéat LR Blhaadtdgasad &Qggéauéaa%ggtttg;gt t alsggt ga

?%t

(Laat E&%tét%gg

tga_gaa
tatﬁatﬁa%%t {: t% aat %tab 696gta
t at gt gagt t . gt EHEEFEGt tgéﬁ"tgﬁt“daé’i tRau @f"cgﬁ

4 tgl.%a%g

aaggt gt agt agezrEYTESt tHybRgEaTt LYTRERESta GFpagttat

tgtttattaa
gttbggtgtt
tagtaéatgg
ttttgatttg
attatagtat
ttattétagt
aatgtgagtyg
tttéatttgt
ggtbgtettt
tttatagagth
gaaagatgga
agttattttg
gtatbtttgat
ttgtttatta
tttgttgtgg
atatattttt
gggataagtyg
tggttataag
atgtggaétf

225
1062
DNA

<210
<211>
<212>
<213>
<400>

225
atggctatceyg
caatttggta
atctckaceg
cgtatcecgteg
atcgecgeag
gacccaaktet
gacacceggcyg
gttategtcyg
ggcgactctb
ggtaacctga

aaatataggt
ggaaggttaa
tggttgtaat
tatgaaaggt
ttgtgaagat
ttgataktga
ttagtttatg
attatttatt
taaaaggtaa
gtaaaggtat
tttagtgatt
gggataatag
gttggtttat
aagtggtaﬁg
gtgtaggaéa
ggbtgtattag
ttgaaagtat
atttttkgaa
gatgaatatt

bacterial

acgaaaacaa

aaggctccat
gtbegettte
aaatctacgg
cgcagegbga
acgcacgtaa
agcaggéact
ttgactcegt
acatgggcct
agcagtccaa

ttttgttaaa
gaggagtggt
tataatggtt
gtaatgattt
gtaggttatt
aatttggtat
tggaggtgtt
gtggtgggag
tggaggtgtt
aagggagttt
tggtggtttt
gtttattttt
tgtattttygg
tgagttgyggt
tttgagagga
ttgttgtgtt
ttaagtatga
gatgatgagyg
aattgattga

acagaaagceg
catgegecty
actggatate
accggaatct
aggtaaaacc
actgggegte
ggaaatcktgt
ggcggeactg
tgcagcacgt
cacgctgctg

ttgtaaggty
tagtttttgt
ttaaggtagt
gggtattgtt
tgtgatagga
agtttgtata
ggtgggatat
atagtgttag
taaaggtftt
gattgtgéga
gtatggaagg
tttaagagtt
ggttgtagtt
ttagaatgtt
gttgttttta
aatggtatag
agttbbtttt
ttaataggtt
agatttaatt

ttggeggcay
ggtgaagact
gegettgggg
tceggtaaaa
tgtgegttta
gatatecgata
gacgccctgg
acgccgaaag
atgatgagcc
atcttcatea

a%ae@&taa% gatigagaa
%ggt %aa atgaat gt gat
FEAT PET ’t'ﬁ'tgata%?gggggat]dé? agtg

agtgaatagyg tttaagtgat
atgtataggyg gttogatgttt 1860
gaagttatga attgaagttt 1920
gaaattttit gttgggtaag 1980
ttaatgagag atttggtgaa 2040
tggaaagatt ttgtggagtt 2100
ggataggtag gagtttttga 2160
tattttagtt gkgtbggttt 2220
gtgggtagtt tgattggggt 2280
tttagaatgyg ttggaaatta 2340
tttataagtt gagtagggtt 2400
gﬁtattgttt aatggataaa 2460
tatattgaEg gggaggttty 2520
ggttttaagg gttgggitgt 2580
gtgagatagt ttggttttta 2640
gtatgagagg attgggatgg - 2700
ttgggtagtt atgtatggat 2760
aagatgagat tttttaattt 2820
taaggtggaa gtgtggtgat 2880
aa ' 2922
cactgggéca'gattgagaaa 60
gttececatgga tgtggaaacé 1290
caggtggtet gecgatggge 180
ccacgetgac getkgeaggtg 240
tggatgctga acacgcg&tg © 300
acctgotgty cteccagecg 360
cgegttoctgyg cgcagtagac 420
cggaaatcga aggcgaaatc 480
aggegatgeyg taagctggcg 540
-accagatccg tatgaaaaté' 600,
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ggtgtgatgt
tetgttegke
agegaaaces
.ttccagatcc
aaagagaégc
cagggfaaag
gagaagaaag
gatgétagcg

<210> 226

. <211>
<212>
<213 >
<200

DNA
228
atggttattg
taatttggfa
atttttattg
© -tgtattbgttg
attgttgtag
gatttaattt
gatattggtg
gttatkgttg
ggtgattttt
ggtaattitga
ggtgtgatgt
tttgttetgtt
agtgaaattt
ttttagattt
.aaagagaagt
tagggtaaag
gagaagaaag
gatgatagty

1062

teggtaacece
tcgacatécg
gegtgaaagt
tctacggega
tgatcgagaa
cgaatgcgéc
tacgtgagtt
aaggcgtage

bacterial

aﬁgaaaataa
aaggtttitat
gkttgtbbte
aaatttatgy
tgtagtgtga
atgtatgtaa
agtaggbatt
ttgattttgt
atatgggtre
agtagtttaa
ttagtaattt
ttgatattkg
gtgtgaaagt
tttatggfga
tgattgagaa
tgaatgtgat

tatgtgagtt

aaggtgtagt

ggazaaccact
tegtategac
ggtgaagaac
aggtatcaac
ageaggegeg
tgectggetg
getgetgage

agaaactaac

atagaaagtg
tétgtgtttg
attggatatt
attggaattt
aggtaéaatt
attgggtgtt
ggaaatttgt
gatggtattg
tgtggtatgt
tatgttgttg
ggaaattatt
tbgtattggt
ggtgaagaat
aggtattaat
agtaggtgtg
tgtttggttg
gttgttgagt

agaaattaat

35735

accggtggta
geggtgaaag
aaaategetg
ttctacggeg
tggkacager
aaagataacc
aacccgaac£

gaagattttt

ttggtggtag
ggtgaagatt
gtgtttgggg
tttggtaaéa
tgtgtgttta
gatattgata
gatgttttgg

atgttgaaag

atgatgagtt
atttttatta
attggtggta
gtggbgaaag
aaaattgttg
ttttatggtg
tggtatagtt
aaagataatt
aatttgaatt
gaagattttt

acgegetgaa
agggcgaaaa
cgecgtttaa
aactggttga
acaaaggtga
cggaaaccge
éaacgccgga

ad

tattggétta
gttttatgga
taggtggttt
ttatgttgat
ttgatgttga
atttgttgtg
tgtgttittgg
tggaaéttga
aggtgatgtg
attagatttg
;tgtgﬁtgaa
agggtgaaaa
tgttgtttaa
aattggttga
ataéaggtga
tggaaattgt
taatgttgga

aa
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aétctacgcc
cgtggtgggt
acaggctgaa
cctgggcgﬁa
gaagateggt
gaaagagétc
tttetctgta

gattgagaaa
tgtggaaatt
gttgatgggt

gttgtaggty .

atatgtgttyg
tttttagttg
tgtagtagat
aggtgaaati
taagttggty
tatgaaaatt
attttatgtt
tgtggtgggt
ataggttgaa
tttgggtgta
gaagattyggt
gaaagagatt
tttttttgta

660
720
780
840
500
960
1020
1062

60
120
180
240
oo
350
420

. 480

540
600
660
720
780
840
800
960
1020
1062




