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WD 2007/ 021250 PCT/ S&006/ 000224 1 Met hod and/ or

appar at us of oligonucl eoti dedesi gn' and/ or nucleic
wa@eood/o22st ecti on Field of the invention The prBSERG2006/000224

invention relates to the field of oligonucleotide

design and/or 5 nucleic acid detection. The nethod,

appar at us and/ or product afcording to the invention

may be used for the detection of pathogens, for

exanpl e for the detection of viruses. Background of

the invention 10 The accurate and rapid detection of

V|raI and bacterlal pa#hogens fn_hunan patients and

dete tﬁ ortance Hi storically, diagnost ic t echm ques have
ed on cell culture passaging and various

i mmunol ogi cal assays or staining procedures. Accurate
Fieldasfdhs @tveintiome detection of infectious di sease agents
is still difficult today, despite a long 15 history of

ress in.this area. Tra nmet hods, of culture
The Riaser it inysAton yelates der the %@H atr Phlgwtﬁﬁ%'d@eﬁﬁglanuandlor
I
nuclélé’ ag:ld Het’é'gﬁérﬁggﬁggﬁétﬁeg aagé’ﬁaﬂdsoéhﬁlﬁrqﬁéguéteacdopﬁng to Jhe

| Sease presentation an
mverctmgrrtam be usetl tfoe theb ideitectnnofripathedens; daniexampléidor the
det %fo %e .detected by these approaches. Faster diagnosis
etegon HrdSP8ns woul d reduce nor bi dity and nortality,
for exanple, 20 through the earlier inplenmentation of
appropriate antimcrobial treatnent. During the past
Ba_mlm&#é&%@&#m@ﬁtgﬂ)us met hods have been proposed to
achieve this; with those based on nucl ei c acid
The %%Eﬁr‘étté Yhd Hgﬁb U@ét@@t%cﬁcgfw I %ﬁrﬂg&éﬁéﬂ' g%ps in, human
ues, seemn e nost prom Sing. Icul ar,
paﬂeﬁ@ahds;@@bubﬁ@r&y& lm&\mtlbalemeldmdl ez(rEhEpdienablo@vm lrgpcbld)ance

id diagn of suspe d 25 th
Histasicglier HRagpets JOTUT S Hevereipd cort dell G P aashiginapnd
vano@l‘sﬁgﬁ @Iog%@l"@é@ ys bp t&ﬁin 'Bﬂic%d@%‘%é&fr&t‘é éﬁtﬂ‘@eﬂ%ltlve

uni |ng teC|on|n rryrla ways.
deteeticnmof dnpfestioes viliseass ageatnds sliffediffivud tqﬂawldeapltaga long

i, Db s S e BT G L
basddCdétecBON @il 4124 central role in microbiological laboratories despite

the problems of the delay between disease presentation and diagnosis, and the

limited number of organisms that can be detected by these approaches. Faster
diagnosis of infections would reduce morbidity and mortality, for example,
through the earlier implementation of appropriate antimicrobial treatment.
During the past few decades, various methods have been proposed to achieve
this; with those based on nucleic acid detection, including PCR and microarray-
based techniques, seeming the most promising. In particular, PCR-based

assays have been implemented, allowing for more rapid diagnosis of suspected

‘pathogens with higher degree of sensitivity of detection. In clinical practice,

however, the etiologic agent often remains unidentified, eluding detection in
myriad ways. For example, some viruses are not amenabile to culturing. At other

times, a patient’'s sample may be of too poor quality or of insufficient titre for
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2 pat hogen detection by conventional techniques.
Mor eover, both PCR- and anti body-based approaches nay

wao 2007/021250 ecogni ze suspected pat hogens sinply PAIRGL006/000224

natural genetic diversification resulting in
alterations of PCR prinmer binding sites and antigenic
drift. 5 DNA and oligonuc|eotide mcroarrays with the
potential to detect nulti®dle pathogens in paralle
have been described (Wang et al. 2002; Urisman et al.
2005). However, unresol ved technical questions prevent
their routine use in the <clinical setting. For
patho§&RIidtectidroWydessveritiorae| echnighes misdrednénr bethi WER- and
probes 10 for conprising a pathogen ture
antandydcmsedfamf@ame%atayofallatﬁdre@Pa@,@ WPP%@B?F“&HG"S simply

due tgrﬁét[lfﬁ @ene\ﬁv&aﬁl\)e?é’ fstidd réétﬂﬁﬁ SR eterstions! ofaPER primer

robe 1nvo verrent stitute a det ect ed

blndlr@aélmmhﬂmmodriﬂt.he accur acy and sensitivity of an
opti m zed detection algorithn? (Striebel et al. 2003;
Bodrossy and Sessitsch, 2004; Vora et al. 2004). 15

DNA ¢ roﬂ{;é‘rgué{ oﬂdberrﬁlc‘réar‘?aﬁe%m rthé hpstehtigl o Ofletect multiple
ogy or alternati've and nproved net hods of

pathogenecm ipanale havel k¢en sleisddbed .ﬁ\/\m\gt etal- 2002 Hdiisman & al.

2005 S 8 b BT EnRa AR 4G bR os n o
chmcél@%tt'lr\t)’ FHri}aniple, RoRSEsds by %@tdot)mh@d@bﬁ?nsfeﬁmhhﬁe probes
| ens above, and in articular provides a

for campasmug Qﬁmenprﬁgﬂﬁ ref g |'Qj5n9f:laé6?|?f@§t'9@s?§‘ﬁ crpﬁs-
C t I GV

oGRSt MG B A T ) aABTRG IS proe

mvohlé@(q?erﬁncoffﬁtﬁme izs ddteotepr aitidegbre? rWhlabds thaacaungcy and

d/ duct . of | i d det '
sensifgtyzpben 2ROMTCI SesTioRORERBETS (NrEbeh oh gt 2P R adpssy
and Sﬁé%‘%ﬁ&ct,h 008 %F‘é@f‘éi Qmja?ﬂl on provides a nethod -of

gni'ng at l'east one ol igonucleotide for nucleic
acid detection conprising the follow ng steps in any

AccoPJir%% there is a need in this field of technology for alternative and
improved methods of detection of nucleic acids. In particular, there is a need for

alternative and/or improved diagnostic methods for the detection of pathogens.

Summary of the invention

The present invention addresses the problems above, and in particular provides
a method, apparatus and/or product of oligonucleotide design. In particular,
there is provided a method, apparatus and/or product of oligonucleotide probe
and/or primer design. There is also provided a method, apparatus and/or

product of nucleic acid detection.
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(1) identifying and/or selecting at |east one region
of at least one target 5 nucleic acid to. be

wa@egio2i2éa, the region(s) having an effici encyPOf/SG2006/000224

anplification (AE) higher than the average AE, and

(I'l') designing at |east one oligonucl eotide capabl e of

hybridizing to the selected region(s). 10 The at

| east one ol i gonucl eotidé may be at | east one probe

and/or prinmer. In particular, in step (I) a score of

AE is determned for every position i on the Ilength

of the target nucleic acid(s) or of at |east one
Accordﬁr@'t@n at Resteq _Ip@cﬁd thgubﬁ@mntdv}éntl@m progidege aAmeatbode of

i'S obtained. hoserelonss oW ng 35 AE . score h'rgg??h
designinigaat lehst mou@@u@@otw@ dar @@@le@% REEGtiggi AMRYSITY the

fOIIOW"E%ﬁth%{J ]Oﬁﬂgrucl eic acid to be anplified. In

AE of the selected region(s) my be
§1h@éﬁtﬁymg ai&i/(bl’f@elénnhg f4t dedstooneErdgion @it Isaslr ene target

i askhdd: 5o PoRREor e el chafoh B R o
%ﬂE}J ?FQHOF?{A@) ﬁgﬁéf i ’dheoivetr ngr @@y nucl eic acid,

e regi on of e targiet nucl ei ¢ acid
@R)Sdeggnlng é)teleaabbnélcd@onumepadm capable afHwhrigiing tpjthe

< 10000 bp, nore in particular <_ 5000
ecé&?ég"i@ég bp, for example <_ 500 bp. In

partlcul ar, the forward and reverse priners my be

The at] |§§Qt°c§ﬂé’6uq;8%fu% C?ettr%qﬁé? iatatligag i srobaseitsr pririer.st ep

ermning the effect of geonetrical
In parﬁd&mér fin et O ebsarref afr ABvierdeterseined dar every Resiin i on the

d, d 25, t
ongt o WBeteboes ol 3040E) 551 s eak e B850 FABUE ke
subsegﬁeﬁﬂrldﬁ hesthhemK @Ebr@isgblﬁfalrtdml’fﬁobe regmnagﬂnoﬁﬁng =0 AE
he “geonetrical anplifjication hia

score FP@hdm then thecavarage may ber selesteghas dh %tregleagﬁ) ca‘nf%\e target
| eqt |

nuclelpeaéigcgﬂcig E blgadc EW?)% fic lﬂér ?H?W@b?ge %gg?ﬁegqég%(s) may

be cagGatel b tthe aAYNPIBCHOT/ aﬂn:%@;ypsmw(mmwm ig the

proba(t))lﬂ.ll’qggk'?a;tJ %S%r%eqrﬁggll bﬂ:aggﬂ@f@g{g%agpkﬂ%‘@“gpggg&eﬁg? Bribner r;
can b%éﬂ dg 5p%)'sﬁi% jbftthe éfdeqq{ﬂelé %9:!00'?5(:1%1)|1 o¥|sblfhe ®gict bethe

accor | ng to at |east one
targetfmjdlemamgd desitest toabe @m)plified. Yrepaticelar, the region |i — j| may be

< 10000 B rearS ! sehiddial'® 5806 B i €Modd B! A 8§82 500

bp. In particular, the forward and reverse primers may be random primers.

According to another aspect, the step (l) comprises determining the effect of
geometrical amplification bias for every position of a target nucleic acid, and
selecting at least one region(s) to be amplified as the region(s) having an
efficiency of amplification (AE) higher than the average AE. For example, the

geometrical amplification bias is the PCR bias.

The step (I1) of designing at least one oligonucleotide capable of hybridizing to

the region(s) selected in step (I) may be carried out according to any



10

15

20

25

5 (b) the oligonucleotide(s) is selected by having the
hi ghest free energy conputed based on
wokaressiNei ghbor nodel ; (c) given ol i goncl eot PAESE2006/000224
and ol igonucleotide sb substrings of target nucleic
acids va and Vb, sa is selected based on the hamm ng
di stance between sa and any | ength-m substring sb
and/or on the 10 | ongest4 common substring of sa and
ol i gonucl eoti de sb; (d) for any oligonucl eotide Sa of
I ength-m specific for the target nucleic acid Va, the
ol i gonucl eotide sa is selected if it does not have any

oligonﬁlﬂééﬁdé’\’i élé‘siéﬁhﬁ?r eEdHHIq®S Rndwis! Bi cthacizet. dirf f partionlaf,r dhe
~ the target nucleic acid and if the oligonycleotide
oligon@zedtigr(sh-capadle 1aft Bybidizingnte (e eslectedi egian(s) may be

differegnt f t ' i : e
N L e

iqg) galwtbcﬂgarmrggnaadbma;@ hbs rahl@GLment fromiz8)% &6 60P4;s

el ected; and ' - iti

(Bbfine: oiapuelotiall s seratacb by diasiice e pichiest ige erfdtay
pre o ) hdd i of th
anp%oﬁége{j%ragé? dn%é%&%ﬁﬁtﬂﬁgg{?ﬁ&fﬂpp;r?i CL| Zr, t he
qlc) gpvarelotigbncleotids saeared mﬁgbeualﬁd_ﬂ@e $or Sl!ibﬁ’cl_fings of target
Qg_gg{é"oclillﬁ?lgl %@d%‘gx‘éd%gf\‘/’br S@o&ege]gqﬁ?%%t teh#ggd' B it ﬁgmming
ol i Qﬂé‘l‘éﬁlcsoéét%éé)sa bR bﬁ%ﬂ@{gf!h-rh h&ubstring s, and/or on the

ol i gonucl eotide(s) may be " designed by applying all
cri tlengest(@mmon (sepstriogrfrsa@nd igoﬂuﬁéo’[igﬁﬁbi cigt ly

t.ioned herein ' e Wit hi.g .
0 0 R RV BgHYS 5= Y oenBirEpbodf, LR S ppior
t2oo7a€<£?a tl,,g?@uepéﬁ(a%ﬁﬁa%%fi_@@a%lele%tm ifiadoés nbhhave mayrhits

e criterion (e), a oligonucleotide p; a iti i .
of awithegytregieidf & QUCA@IP@%difér%ﬁdf&géBeitt?‘%gfb‘ﬂé'g%‘j'd’
> A 2 21 N ' } Yriths S . .
pr ob%%@ﬁﬁ? ?lﬁ%ﬁn%p?%oﬁggigdligé gtsh {noHtaﬁg '%é’é’wm niucloe}lc acid
Bhg digéﬁ‘ﬁt from|teé target dubteic dtide thenoligenudentiders. lanpth-m
wher it e} Smalest B Gantanent et afitdor whh the least

number of hits is selected; and ,
(e) a oligonucleotide p; at position i of a target nucleic acid is selected if p;
is predicted to hybridize to the position i of the amplified target

nucleic acid.
In particular, the oligonucleotide may be a probe and/or primer.

Accordingly, two or more of the criteria indicated above may be used for
designing the oligonucleotide(s). For example, the oligonucleotide(s) may be
designed by applying all criteria (a) to (e). Other criteria not explicitly mentioned
herein but which are within the knowledge of a skilled person in the art may also

be used.
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representing the anplification efficiency score (AES)
values of all oligonucleotides of va, k is the nunber

wo@ooglozgenucl eotides in va, and c; is the nunmP€r/S61006/000224

ol i gonucl eoti des whose AES values are <_ x;. 10
According to another aspect of the invention, the

nmet hod of designing the oligonucleotide(s) as

descri bed above further donprises a step of preparing
the selected and designed oligonucl eotide(s). The

ol i gonucl eoti de, which may be at | east one probe
and/ or prinmer, may be prepared according to any

In parﬁét,ﬂé\d@lh@ei@\éf@hfé?@nk(@m oligofiligtedtide pF@lr pesitowi of akt;arget
chenmical synthesis or photolithograp Accor di n

nucleiamciches isasglected if HR(zptedent, Wheiein Ads %5(% dé’épdv s the
met hod of detecting at |east one target nucl ei, c

probakitityshatpritybrinizest teghegrositien iaf fhe tayge PH@%a‘P%é{sﬁ%ﬁé“
Partictt@'gﬁ-l{)\ﬁ??%l sanple; (ii) anplifying nucleic acid(s)

e€d in the biological sanple; (iii) providing at
| east one oligonucl eoti de capable of hybridising to at

| east one target nucleic aci d, if present in the

bi o] ogi cal s e, reié the al_i u ' S), ki
In pagkggl eﬁf_pﬁﬂ%‘plﬁ% e) 3 By wherein XS E@%\bg&(n VatiSble
accordlng to any aspect of the invention described
repremmegn tmdammflcamn a@o‘ﬂlm@mynesgoriego(AESéotweaee{%) of all

oligoryeleguias b dsopaneny i be ebBlighudttds v ool e
numb@Fbﬂél@onu@@&@@glmﬂEEQ&mﬁ0@0224 6 In

particul ar, the oligonucleotide is a probe. The
anpllflcatlon step (ii) may be carried out in the

resence ran a teqaciani
pceo B 7l SBUER o on, SRy s
ohgorﬁfc%ﬁ{ﬁﬂ@@s)cés @%sérﬂmi alsve ﬁuaﬂhéorroﬁmrmg;s@ ﬂeprﬁr;qtrimrlr:g the
east one random revers and/ or. an two
selociaashprionen $1GRRYCIRRIE R (e GBI BRE TaviHoat
d 2 aélrd
s Tyt LSRR T8, B9 BB ositingpld unymei
meth@d ndhognt oinpothiet | art [ Fandeaam@laersml chemical syntheSIS or

photolithography.

According to another aspect, the present invention provides a method of
detecting at least one target nucleic acid comprising the steps of:
(i) providing at least one biological sample;
(i) amplifying nucleic acid(s) comprised in the biological sample;
(iii) providing at least one oligonucieotide capable of hybridising to at
Ieaét one target nucleic acid, if present in the biological sample, wherein
the oligonucleotide(s) is designed and/or prepared by using a method
according to any aspect of the invention described herein; and
(iv) contacting the oligonucleotide(s) with the ampilified nucleic acids
and/or detecting the oligonucleotide(s) hybridised to the target nucleic
acid(s).
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random prinmer binding to position j of a target
nucleic acid va are selected 10 anong priners havi ng
wa@pooatopl2sd i cation efficiency score (AES1) for POUESE2006/000224

position i of a target nucleic acid va of : i j+Z

AES, =" Pf (j) x IPY (k) j=i-Z k=max(i+1, j+500)

j+Z wherein | pr (k) = Pr(i+l) + pr(i+2) +......

Pr(j+2Z), k=max(i+1, j+500) Pf (i) and P° (i) are the
probability that a randomprinmer ri can bind to

position i 15 of va as forward priner and reverse

prinmer, respectively, and Z <_ 10000 bp is the region

In partﬂfulé/ratﬂéeﬁigécﬁﬂlctébtlblé lglﬂq”ggged More in parti cular, Z

The ampliicaliaatsien G) damye AP St 4t JEP dPHRRaNFe. B Sandom
prlme%r éxarﬁ@% etﬂghamglflgé)uotnhgtefpo'( Ol gaB@ E:§r\ffé636ut in the

tation, fixed
presefidd GE&L l‘é%@d@lhear%danvmmm eprmemat Ieathnaarfmdm@rr@wrse
at |east the variable tajl d| ze I,
primer, Aok Fegse Ak WP d2iantH bemers, Al prEnfigstich RFthod RSl
in the %gﬁb%%b%%eaf‘ F%L BRapYe, 896 B p‘ﬂﬁcét‘iﬁd/\ﬁ\fe%@ ¥ #RT-POR.S€

primers having the nucl eotide sequence of SEQ
IDNO 1 or a varlant or derivative thereof. 25 WO

In paéﬁzgw 021%85)'9\@5 gggoﬁ%grzﬁﬁdlrr@ame RifbP Y SRY ?%pél%e

or exa

randofrf ‘EJ'F}’rﬁerhlbiﬁBIhgbﬁi esitione] bf & tm‘géwnuewlamd‘rw due selected
t1ssue, sera, nasal_ pharyngeal washe

i
amongtpmmersdwm an @mplifisation aﬁicr@cyﬁebq’ ?A%%S f?rh%"?rb’ L&%’S'“O”
The biolo S le may be treated to free the
/ofamg?tem{:cl%g a% oan%frlpsed in the 5 biological sanple

bef oy e rcarrying oytzthe anplification step. The target
nuc nucleic acid which is

zlnt é&ﬂ?§5be deJZE{ﬁQX)The target nucleic acid to
be jdefact ed ney™BE€+rat*Peast a nucl eic aci d exogenous

to the nucleic acid of the biological sanple.
Accordingly, if the biological sanple is

J+Z

wherein ZPr (k) _ = P(i+1) + P'(i+2) +...... P'(j+2),

k=max(i+1, /+500)
P’ (i)and P" (i) are the probability that a random primer r; can bind to position i

of v, as forward primer and reverse primer, respectively, and Z < 10000 bp is
the region of v, desired to be amplified. More in particular, Z may be < 5000 bp,
< 1000 bp, or < 500 bp.

The amplification step may comprise forward and reverse primers, and each of
the forward and reverse primers may comprise, in a 5-3’ orientation, a fixed
primer header and a variable primer tail, and wherein at least the variable tail
hybridizes to a portion of the target nucleic acid va. In particular, the
amplification step may comprise forward and/or reverse random primers having

the nucleotide sequence of SEQ ID NO:1 or a variant or derivative thereof.



10

15

20

25

30

froma human, the exogenous target nucleic acid to be
detected (if present in 10 the biol ogical sanple) is a

woe@reeresaci d which is not from human ori gi n. PCT/SG2006/000224

According to an aspect of the invention, the target
nucleic acid to be detected is at |east a pathogen
genone or fragnent thereof. The pathogen nucleic acid
may be at least a nucleid acid froma virus, a
parasite, or bacterium or a fragnment thereof. 15
Accordingly, the invention provides a nethod of
detection of at least a target nucleic acid, if

The b|§[o°g$@£‘%amme %QL@b%f@énWﬁdk@n fitve arendvachaipiorexample

I agnosti c od for the detection of the presence
from af hampat heifien Thﬁth@'qgl‘éﬂlogﬁ'&“@ie JaRpI ke UFHE, 387 Rasal

|
pharyriga) §5skS Fbgorny B b R BIGEE, (el shodl B the lice.
The b@ld@]l@ﬂls@ﬁipléw Be tréatedttoffreHnmemrrlelcTamd comprised in the
ol i gonucl eoti de(s) , desi gned ﬁ H:{J)_\re a}@ rtdl n(ﬁ
biological aaypiebatate @ﬁrrytrrgeokl?ﬂ%ﬁm Vep@rgelatigigic
acid r'ﬁ_g)( Yl gﬁ% ué@ﬁ ijﬁi%ﬁd somté\{Héd‘W|HébH§teo‘Eé@p¢hb target

gonuc eot| de probe(s) may be
nuclelamﬁld ¢l ,bes geterts mayZBemh leeti aonucleici acid| axsigensupgor the

nuclelgccordl )P'B@ni./ﬁan echni gr Z\?kn@%%’cﬁ tgg @r oglca;ll—hseample is

8h6G 8 ¢@icleid abiddtoshe RRtécted (¥ rekent in
from #ﬂmﬁgﬁg%&g the?l%nt acfgél with the nucl E‘IC( a‘g?d(

the bm‘loglmi bawipla)i tsala swelgie, acidnwhichf ismedefiem ¢ @’hr‘{{ in.
cl d(s

Accordifa P At Pt £ vk Taft fsciie: RUBIdIE ER 1o abitttgd i

at Iea@fﬁ‘rat éﬂhbgén ddhdnie dieﬁr@gﬂhenﬁ thfPed OTHe pBRTdhen nucleic acid

6/ 000224 8 step (iv), the nean of th s nal
may b@tﬁin@ﬁﬁﬁ asnitleichacigr BBRL anwMirds ‘Fﬁyptﬁr?a'? eOf hagterjuat, or a

ally higher than the nmean of the probes 0 v8,
fragm?hgfm %‘%/&fndl cating the presence of va in the

bi ol ogi cal sanple. 5 Mre in particular, in the
nocodfie henetosion bibigs s, B bt Wi GRE el opgt 2 taret
nucle&t é&.a Slf bFE%!eInY H'egbi%iodléﬁl%ahﬂﬂe MERé nedthbdenap b@@dlagnostlc

met hod further conprises the step of
meth@ubfmdhe dgtediien ofdhatpresentief ofcr pahogen in Hee BIQB%P@M wnple.

For exam%[e, ?fetﬁeoolologlr&gy r%ppe 2 sthiABa rd M Sh AL BRing, the target

nucleic acid, if present in the biological sample, is not from human.

The oligonucleotide(s) designed and/or prepared according to any method of
the present invention may be used in solution or may be placed on an insoluble
support. For example, the oligonucleotide probe(s) may be applied, spotted or
printed on an insoluble support according to any technique known in the art.
The support may be a microarray, a biochip, a membrane/synthetic surface,
solid support or a gel.

The probes are then contacted with the nucleic acid(s) of the biological sample,
and, if present, the target nucleic acid(s) and the probe(s) hybridize, and the

presence of the target nucleic acid is detected. In particular, in the detection



to the proportion of the probes used in the detection

nmet hod having high signal 10 intensities, the density
walr@voeeed i on of the signal intensities of proP€FSGz06/000224

being nore positively skewed than that of probeso va,

thereby indicating the presence of va in the

bi ol ogi cal sanple. For exanple, in the detection step

(iv), at least one targetd nucleic acid in a 15

bi ol ogi cal sanple is detected if the density

distribution of its probe signal intensities is not
normal, i.e. nore positively skewed, given by
step (#ﬁ@h’é ?r%n[@‘rthé Rehyndl fftenyiics of the 6rcﬂfesamd|/cb rybridideue \afis
< 1 and/or a val ue of

statlstlt{allly ﬂmgherl_manl the measr gbibe pobss i%@ ﬁ”ﬁ’%‘%r‘%‘ﬂﬁt'@g the
t-test | < 0.05. 20
presem%f\{ad ﬁ@? |°é‘fﬁL’%$rsatngf'ﬁ]8rret h§3 of V?hgedletsectl on step

(iv), further conprises evaluating the probe si gnal
intensity of pro

5 More igigpitieulpe '@ﬂhﬁ)@e?@iig%% )Jlihgat ho’ﬁ?ﬁ%‘? QQ?IéPtcenS't'es of
the p%gg(\ﬁglgwﬁdﬁ(g&%{(&ﬁ'ﬁt. ”&a%%all&j'l%ﬁéptﬁérp%é’fmean of the

hte efbler di Ver gence scores
probeéJ) ¢ VQgéQj Qhe( methdd furtiier qoMprisaisl {tea step af anpugngnhe

7/ 021250 PCT/ SG2006 0
N SO AR i
to the %Iroégﬁlog\'/&%%prbﬁgse Uﬁé& 'u??n&fieié&ﬁoﬁ rA&RsdiHavity highnsignal

e curmul ative distribution
10  intensttiesc tthe denkity listbgtien of ibe rignal dptessitieseolopisthes v bping

more psBeelyBEhacTben G ekl HBHAY Pibhgins dae
of va ,ﬁ’fthéggj@glbg gynﬁb@_/ Pa is the set of probes of a virus
va and 1"a = P - Pa

For exanpl e, each signature
probe set (SPS) whi ch represents the absence of

|
For expigdls. Pnfentfieliphidee By 3l ol sitel rRblsie it in a
15 blolog‘fé’élu§arﬁplé) i Yet&dted Oif tﬂheV‘ﬂegbiit}edilﬁubUhmmofLEs ubrebe S|gnal

i vergence score of WKL<5. EFach s at
mten&;’@es (sspg)nqmgbh & @mrgs%}ﬁltyely sskewedE given Bgl)\ du rSor |eng

test value < 0.05 and/or a value of t-test < 0.1 and/or a value of Weighted
Kullback-Leibler divergence of = 1.0, preferably = 5.0., In particular, the t-test
value is < 0.05.
20

More in particular, the method of the detection step (iv), further comprises
evaluating the probe signal intensity of probe(s) in each pathogen specific
signature probe set (SPS) for the target nucleic acid(s) va by calculating the
distribution of Weighted Kullback-Leibler (WKL) divergence scores:

00t
WKL(P,|P,)=
(Fa1%)= =0 \/@;(J')U_Q;(J)_
25
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10 the presence of at |east one target nucleic acid va
has a positively skewed signal intensity distribution

wa@pa7o21280 Wi ght ed Kul | back- Lei bl er (VWKL) di vECTRGL®6/000224

score of WKL>5. The nmethod may further conprise
perform ng Anderson-Darling test on the distribution
of WKL score(s), wherein a result of P>0.05 thereby

i ndi cates the 15 absence of target nucleic acid(s)
Va, or wherein a result of P<0.05 thereby indicates

t he presence of target nucleic acid(s) va.
Additionally, a further Anderson-Darling test nay be

f i ndi f of
e e (-l Earier OTRLYE “dthdion® AR of i tnal
anot her aspect t he foresent i nventign Qrqvi
intensitieshoti toe l@lbéﬁrﬂnnlptag oupd pr dlerke o@ t aF ? %“U'at"’e

nucl eic acid Va conprising detecting the ridization

distrib@fio@fuh&rt obthe sighaldatensitist oidtheppabes(inhg, fouolddn bin by,
bei ng sel ected and designed according to any known

0-(J Yei% %s Uiy r&lS?l(?))‘ét’tl?ﬁWUﬂ%ﬁ@ﬁscﬁr%e' e@hbﬁ%téﬁsﬁ@@ of the

accor e present invention) to at
| east one target nucl eic acid Va and wherein tl?r nmean
probegfn tA)dosnd irabini it Ryisithé est of probesmf @od(us) vaandtH s = P - Pe.
hybridize to va is statistically 25 higher than the

nmean of the probes o va, ther%b\k/l di catin E
For e)@mg@n@@cbf&grgeturq wo@grsﬁetdﬁﬂﬁ» high rgREGSERtS heealgeegr}pg of
target d“c{?&é'édlfﬁ% 9fn ﬁ%ﬂz df‘%;lhﬁﬁtetﬂiyélghgl' iferisty (é(é’sés%ed by

I'stica e nean epro es 0 va,
Andergofi- mamngaemwlmgomﬁ)m@m mrgemmnb@@elz@blexdWKL)

e SorSTESE L, S PSR htgor
the pFBééEtc%' ghat lééﬁted}ﬁéettérﬁét terchef'@ db‘@g/grﬁaéﬂé Qésltlt'/tﬁy skewed

es used détection neth havi n

SIgnatsl omensiiynt distributies, andéordeasiWegiohied r Kb'ﬂb?gﬁL@%'ert HYVKL)
signal int s of probes va being nore positively

d'Vergﬁ{&ﬁe%c &EW’ﬁthof 5 probeso va, thereby indicating
the presence of va. Mdre in particular, the presence

The fetiiod aﬁgyatfuﬂh@ﬂ @bmpﬂeedpenfomlhgoAngemh -Bartipy eteist on the
gi ven ﬁ\la value of t- tes

distritastieer g6 I rscPrRyS ), ediergi aefegu't@fé?@ﬂé/tbﬁr%t’yvﬁﬂf@t%? the
abserd HB é%“hh&l@%kaaggs?'@f dh ?(lgnfegétﬁ% ebul? of- B<0.05 thereby

prefera the t-test val ue may

indicdtes <the0. ;ﬁ)éseride of target nuclelc aCId(S) Va. Additionally, a further
Anderson-Darling test may be performed thereby indicating the presence of
further co-infecting target nucleic acid(s). According to another aspect, the
present invention provides a meth'od of determining the presence of a target
nucleic acid v, comprising detecting the hybridization of at least one
oligonucleotide probe (the probe being selected and designed according to any
known method in the art and not necessary limited to the methods according to
the present invention) to at least one target nucleic acid v, and wherein the
mean of the signal intensities of the probe(s) which hybridize to v, is statistically
higher than the mean of the probes ¢ v,, thereby indicating the presence of v,.
In particular, the mean of the signal intensities of the probes which hybridize to

v, is statistically higher than the mean of the probes ¢v, and the method
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According to another aspect, the present invention
provi des a nmethod of detecting at |east one target

woe@reeresaci d, conprising the steps of: (i) preol/sGHy6/000224

at | east one biological sanple; (ii) anplifying at

| east one nucleic acid(s) conprised in the biologica
15 sanple; (iii) providing at |east one

ol i gonucl eoti de capabl e 68 hybridi zing to at | east
one target nucleic acid, if present in the biol ogica
sanmple; and (iv) contacting t he ol i gonucl eoti de(s)
with the anplified nucleic acids and detecting the

furthePJ:érBBﬂé'éé 81 5ee(S) compuiting thedrelativehdifiemrget ofrthe lpeoportion
acid(s), wherein the nean of the signal kntengltles

of prob@s #he hadmggbilbcalmlu"a@(@ﬁeﬁm e ranarden ef the Rbes used
in the 61@ { gﬁb'crﬁ %\%‘8 W\lg{/ﬂqéa{lélhiﬁt ABRRL Yhe td@i?'nsrty ﬁlstrlbutlon of

ereb y Indicating t
the sngﬁﬁsmmmeﬁ oV@rob\e§ lve beirg omreabos:hmiyﬁkeﬂ@dl than that of
particular, the oli gonucl eoti de | s an, ol igonucl eoﬁ eth
probepe tloe (Narabt BHIGETRY, thenPTRRRIFOf e MagRaln Pardcular, the

preseh{% ?P@t&@?ln‘ﬁcﬁl@%cﬂr RREBI0 Wﬂj icd) Mﬁlbqé #vdrPby 8 valfe of t-

than the nmean of the probes o-
test ¥a,0.andntife A’ﬂdél@dnfmamhgrtestomhje s€s00%e agdisy @fvalue of

Weiopanuulbgtiy £, e IRT o Brp: PRIGRAN 2ot gof i,
the t_tgggﬁggg@gg 4 peygpr obes used in 30 the detection
net hod havi

ng high signal intensities, the density
di stribution of WO 2007/021250 PCT/ S&2006/ 000224 11

sooorhly o BRUeR S04 B HhaRo PR gHTaloh BB B oo o

detechﬂ@'a?ﬁidsﬂ@nbh@rg@'t fEEleRLac, c/c&npﬂsmbeh@stdpsgmfcal

. Partlcu ar, in step (iv) the presence of
afl) P@dﬁln@)ﬁé qast gae binlesieaksamPlg: i n a  bi ol ogi cal

STl gt Al s e,

ofambleght ed Kul | back- Lei bl er di vergence of > 1 O

ferably > 5.0 The t-t |
i Rty scpast gneelaapbgeelidei Satabicopt Fapigmo o at

eXOQFe%‘%Fé[}% ‘i’alldé? nUHI‘ékc?ééid B prbseht trhhebbielogiiat @bmple; and

target nucleic acid to be detected may be
a(|v) eastacting the bligosciemitets) with the @mﬁﬁ@dtm%@ﬁmdﬁﬁ!‘d

pat hggg %tlﬁaclt eel, Col%%'nﬂcleoYde@) aﬁytgr?oq?éd O tHY C{a‘:r‘bé:t ?'I%IC%IC
acid(s), wherein the mean of the signal intensities of the
oligonucleotide(s) which hybridize to v, is statistically higher than the
mean of the oligonucleotide(s) ¢ va, thereby indicating the presence

of v, in the biological sample.

In particular, the oligonucleotide is an oligonucleotide probe.

In step (iv), the mean of the signal intensities of the probes which hybridize to va
is statistically higher than the mean of the probes ¢ v,, and the method further
comprises the step of computing the relative difference of the proportion of
probes ¢ v, having high signal intensities to the proportion of the probes used in

the detection method having high signal intensities, the density distribution of
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10 froma virus, a parasite, or bacterium or a
fragnment thereof. In particular, when the sanple is

wobiogiomedo f rom a human bei ng, the target nucl ePCT/aG2086/000224

if present in the biological sanple, is not fromthe
human genone. The probes may be placed on an
i nsol ubl e support. The support may be a mcroarray, a
bi ochi p, or a nenbrane/ dynthetic surface. 15 The
present invention provides an apparatus of the
i nvention, conprising an apparatus for perform ng the
nmet hods according to the invention. In particular,
the s@r’i‘él iARARIRISUST PRdbdie vl Peirte fidagi Mlﬁﬂdlﬁ@@kéﬁ)&%ﬁ&ﬂﬂf&l of
nucleic acid detection and/or a i fication
probeaqepartaecebyomdmt@@nmegmaﬁenﬁe qf denin er Riglpgiea séﬂi@@le In

t t
prtcf, 5, WERch B SORAAD 3 6k GASCf08 AGFHE okt 1 o
biologR¥f | 's@hﬁﬂ@)(s ofvernpy id vaRkl @Iht-l(eéE)< lol. e/ Andelsen- Darlmg
aver ag and design at | east

test vallpgs 105 @mr'ctreq y;altt@agfau\(egiaifedmﬁqa&ﬁed@ef givargence of
1.0, pF&?{EH N rlzgg 02R§eOL te%‘(alv@lﬁ{J %99%@(05@5 RE Srdcibic aC|d to be

the appara configured to detect
detectald ikengicioBeidt exagEnousdbehe mncleab aoidpofi therjomgjcab semple.

e sk S B o o B 5 B e o

. fragmehp HLGRTHEAHRNS geﬁrrﬁ}ﬂléib %lcﬂhdyeﬁétamé@st one nucleic acid

I gonucl eoti de apabl e of hybridizing to at | east
from @NiEus$,aa getasntecbebacm:lum drfa fﬁa@ment tharephdn periiguy; wdien

th I
i sGATR o RGAF i BB RBHEL SR GG s e At
the bﬁﬂ)%%bﬁuéﬁrﬁ RC GO ihtNBoin0 tie @uiitire Gbhome. artte \Wbbes may be
/02125 PCT/ SG2006/ 000224 12 contacting the

placed|angam insolfte SEpPRYrini b SURBOH MRY PP MeePERY. adieehip, or

c the ol i gonucl eoti de(s) hybridized to
ame?‘ﬁ% ?ydjgﬁétﬁcuc ‘acid(s). The present invention also

provi des at Ieast one corrputer program pr oduct 5
configured for performn iggd accordin o.t.he
The Prﬁ’%'ﬁ’& mﬁntl%é}r@"ﬁes ALE Papg% @& dhginyRafign, hprising an
appal‘aalrt]@sC ?cfr&%r’fbrﬁﬁr% A& HbHQ‘a%EQI’dlr@té e FRRNBHT bQﬁlchar

ratus acco ing to the Tnvention. Accord
the apparabes mayde fortdesigning ntlg@wclent@a(@)efgr aucleie agidl qlgetectlon

ancic sreaab b AR B SRR PGB B ot o
least | SHEETESiBA(S) | 6F BANEAKUOARE . taFded nuclelc acid to be amplified, the
region(s) having an efficiency of amplification (AE) higher than the average AE;
and design at least one oligonucleotide(s) capable of hybridizing to the
identified and/or selected region(s). More in particular, the apparatus may be
configured to detect at least one target nucleic acid comprising any one of the
steps of: providing at least one biological sample; amplifying nucleic acid(s)
comprised in the biological sample; providing at least one oligonucleotide
capable of hybridizing to at least one target nucleic acid, if present in the
biological sample, wherein the oligonucleotide(s) is designed and/or prepared

according to the apparatus being configured according to the invention; and
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10 renovabl e el ectronic storage nmedi um nmay conprise a
software configured to determ ne the WKL di vergence

waecarmesd/ or Anderson-Darling test for desi gpeT§G2M06/000224

| east one ol igonucl eoti de probe and/or priner, and/or
detecting at |east one target nucleic acid. Mire in
particular, the renovable electronic storage

conprising a software cohdiguration may conprise the
VWKL, Anderson 15 Darling test, the designing of

probe(s) and/or the detecting of target nucleic
acid(s) as defined according to the invention.

contacﬁﬁﬁoﬂ‘i’é ng d@bnubfé@h@e(s? Qlith0 tAEOwntsitied a naoleloveaicdds and/or
cohfigured as descri bed above. Brief de criptjan
Hiécsprocess

detectmgethe|c¢go@scla@tlda(§hhxéorpl§¢fbt%t@ tﬁ'rgerim iGar
of a pair of randompriners on a virus sequence (SEQ
ID NOS: 1to 9). The labels for Figure 1 are as

The pfééér@%ﬁverﬂionl?al%erpr@vtdwat: legti ome (cBTIT)puté?r pncmram pasduct

R} Sl e YR
prowdQ%f %‘?q%%;t @ elSPRGHIE isfora Bdrﬁgﬂllﬁ'?ﬂ BRfrhg tRe denfigafdiof of the

nthesis is conpleted i ncorporatl ng tags. D
appar#topl acfaomdmgctn ks magg’e«zln RAcpording to wsiengspesik, e frtention

GITTCCCAGT SEQ I.D NO 8 WO 2 [
providggTASEOHEER GO t F?@{ﬁ%e "“&H&W& gﬁ%Rﬁ%\Jn%h tat olft(\)nﬁare
conflggf'éd ) SEEIMOR hBthddfsiRcddrBingab thd tnvnioB. Irgsadicelar, the

ure 3 shows oligonucl eotide probe signal
remowaMaaBiBatmeE: storage mxgsivmmeRy NP BOTtwars gapligured to

deterrgli%&n atﬁg M[Pélgur Ak eﬁ@é%&omécc}rge % Nndjér%ﬁ '[ﬁ%ﬁq’ntégt for

a Vvirus

de&gﬁﬁé%ﬂea%rﬁi 6I¢g®nu¢lhcﬁm‘ee§rdb|@%rmtfer prlmrsaed\besiet@ﬂmg at

the distribution. This indicates tha aIthou%qr)] ﬁ'
least jonenéarget nuslaie acid.sMaref !%W'Clﬁ%u Hmpydpe %r(f pgic

S [ dg -
e o B8 Ut Skt oo
Darlini Steiwl #e designmgt of ibbee(g)Jmdﬁ)rst’lm/vdemtlagmfy’@r@et nuclelc

acid(s) ra%rrcr‘sv?%eﬁ accolg)da rt1g5] %J ﬁ'\ne ﬁl'l%te% <t3r|1 oRccordi%ggy, tthere is also provided

a software configured as described above.

Brief description of the figures

Figure 1 shows a RT-PCR binding process of a pair of random primers on a

virus sequence (SEQ ID NOS: 1to 9). The labels for Figure 1 are as follows:

A: Reverse transcription (RT). Primer binds to template.

| B: Tagged RT products are generated (in detail with hypothetical viral sequence

template, and hypothetical specific random primer).
C: Second strand synthesis is completed incorporating tags.

D: Amplification of tagged RT product using PCR  Primer
GTTTCCCAGTCACGATA (SEQ ID NO:8).
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Figure 6. digonucleotide probe design schema. This
illustrates the tiling probes created across the

w@essne126d NC 001781 Hurman respiratory syncyt i BCT/SGE06/000224

virus (RSV). The nunbers represent the start and end
positions of each probe. 1948 probes were synthesized
to cover the entire 15225 bp RSV genone. This process
was repeated for the remddni ng 34 viral genones.
Figure 7(A,B,C) Key to |l abels of mcroarray bars:
Virus famly Virus genus/species Sars Sin2500

Ot honyxoviri dae OC41 229E Coronaviridae Flu A Flu B

Figure 2CHJWY bhi Adliffetiieh Efcidrtl e corfhg FAiRS) MapEfurehe RSB
2007/ 021250 PCT/ SG2006/ 000224 14 Entero A Rhino 89

genonkhino B Hep A Foot & mouth C Bunyaviridae Hantaan
Sin Nonbre Wst N le Jap enceph Dengue 3

FigureF|3a¥i1¥\iNEi&%%ng‘éfégﬂﬁelprobe signal intensities for 1 experiment for
RSV B.

Figures 4(A, B). Figure 4A shows the density distribution of signal intensities of
a virus that is the sample tested. An arrow indicates the positive skewness of
the distribution. This indicates that although there is noise, there is significant
amount of real signals as well. Figure 4B shows the density distribution of signal

intensities of a virus not in the sample. It is noise dominant.
Figure 5 shows an analysis framework of pathogen detection chip data.

Figure 6. Oligonucleotide probe design schema. This illustrates the tiling
probes created across the genome of NC_001781 Human respiratory syncytial
virus (RSV). The numbers represent the start and end positions of each probe.
1948 probes were synthesized to cover the entire 15225 bp RSV genome. This

process was repéated for the remaining 34 viral genomes.

Figure 7(A,B,C) Key to labels of microarray bars:

Virus family Virus

genus/species

Sars Sin2500
Orthomyxoviridae 0OC41
229E

Coronaviridae Flu A
FiuB

Picornaviridae Entero D
Entero C

Echo 1
Eniero B




Dengue 2 Dengue 4 Yellow fever
Ni pah Paranyxoviridae Paraflu 2 Newcastle
wordoapeesovi rus HPV type 10 HIV 1 Hep B RubeCT/8G2006/000224

Par af |

Paraflu 3
RSV (Bl)

u l

O hers LCW-S LCW-L PMW Human controls RNA
i sol ated from SARS Si n850-i nfected cell
Dengue | -infected cell

t he pathogen mnicroarray fi4llow ng SARS-specific

line (B) was hyb

line (A) or
ridized onto
or

Dengue |-specific RT-PCR respectively. SARS
cross-hybridi zed (shown in 5 black colour) to other

coronavi ri
conserved
2003) .
fromfl avi

seguence §
(HD) and N
est abl i she

Den

dae genones,

particularly to the highly

gue | cross-
viri dae and of
imlarity. By

d threshol ds t

mxi mum Cont i gfieRls Meuteh

m ddie porti ohemkrodAie genome (
Rbinbd@®zed to pro

RBino §enonmes base
Egaf ni ng the Ha

: (MM
o predict whet he

Ruan et al.
pbes deri ved

d on their

m ng Di stance
scores, we
WO

2007/ 02125
woul d occu
in silico
froma cl

BPCT[ 2006/
rPEHAER 1 i zeq

hybri di zat i of
rcat —patiTent

PRR2dn 15 cross-
] Sirfiambraf or mat i o
1 signhatures. (O

HWaORRSed Wi th
Jap enceph

Dengue 3

Dengue 1

Dengue 2

Dengue 4

Yellow fever

nybridi zation
n to generate
RNA i sol at ed

Flaviviridae

Parafiu 1

Paraflu 3

Nipah

Paraflu 2
Newcastle

RSV (B1)
Metapneumovirus

Paramyxoviridae

HPV type 10
HIV 1

Hep B
Rubella
LCMV-S8
LCMV-L
PMMV

Human controls

Others

RNA isolated from SARS Sin850-infected cell line (A) or Dengue I-infected cell
line (B) was hybridized onto the pathogen microarray following SARS-specific
or Dengue l-specific RT-PCR respectively. SARS cross-hybridized (shown in
black colour) to other coronaviridae genomes, particularly to the highly
conserved middle portion of the genome (Ruan et al. 2003). Dengue | cross-
hybridized to probes derived from flaviviridae and other genomes based on their
sequence similarity. By examining the Hamming Distance (HD) and Maximum
Contiguous Match (MCM) scores, we established thresholds to predict whether
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RSV was anplified using random RT- PCR and hybri di zed
onto the pathogen microarray. 5 Figure 8

w@Redoaesshi p bet ween probe Hanm ng Di st ance (PDY/SG2006/000224

probe Maxi mum Conti guous Match (MCM and probe Signal

Intensity. Average probe signal intensity decreases
as HD increases and MCM decreases. This correl ates
with a reduction in thelpercentage of detectable
probes (signal intensity > nmean + 2 10 SD). At the
opti mal cross-hybridization thresholds HD<_4 or

MCM> 18 (shaded), >98% of probes can be detected. At

cross—h%@étnd\ﬂ%&?d othig dirt @izeanhisdhforinaltiba to tgendfte in silico
Figure 9(A B) RNA isolated froma

S
hybridjzatiparsignaturasy 6€) RN isokaies frem Baqlﬁgg"lﬁ’a%'ﬂfeé'?%ﬂsed with
arra
RV bt Yaplibh BB AEhPRISEOR 288, B9ipled BHETE peboger
micro&®ay.d |ine). Non RSV probes, when exam ned on a

genome-specific level, e.g. parainfluenza-1 (grey
dotted line), also show a normal distribution. Signal

Flguré%tlsglﬁ'tlb ﬁ’i eéﬁ‘fﬂ)kﬁ aHrﬁfﬁ%ﬂDlgﬁéfﬂ:ea(HDboﬁkdbé/MaXImum
R

er S|gna intensities in the tail of
Cont@dmwdl\/lﬁtch t(nMG)Mr) qrid podbe Signal Intersity. (A]g)er.gtprpbgwlgﬂal

lntench@\pﬁn gsg%%% |r§pg%\§ezsnfr?cg I\&Lﬁ@l %écrgg%%\ﬁetm %grr\%afes with
a redl?(gWHQHftﬁé ﬁé?@eﬁ%b’e &Qféﬂé@ablé Prébes ¢sighal iiterisitybutrieam + 2

not normal .05 by Anderson Darling
SD). Eb(tHaJdpimgat bmsathyhnelrza@endhaeamm HQﬁ%OraMWﬁH% (shaded),

buti on. m, t hi Q C
98 probss sadehe PG AyEPRR Jelany afeiiG i Buls
to 85dﬁs i ndi cative of probe anplification efficiency.
i gher proportion 25 of probes with high AES are

det ect abl e above s I t ty thresh
Figurex3{éy; BeRNA ispiairt %gl%?a &S]n\é-,l?%géq%mq{r@%? 2 ﬁﬁé%gsonto a

o538 el RO By S s o sl

probels!ybll‘uo\]gil 2 adremal sdigtriblutiont (grey tsplid dinegl HloesREY probes, when
eram by e aRB L It S BT 2 G Kekine),

also show a normal distribution. Signal intensity of RSV-specific probes have a

positive skew, with higher signal intensities in the tail of the distribution (black
solid line). (B) Distribution frequency of WKL scores for the 35 SPS with
majority ranging between -5 and 3. However the WKL score for the RSV
genome is 17, so the distribution is not normal (P<0.05 by Anderson Darling
test). Excluding the outlier genome results in a normal distribution. From this

computation, we conclude that RSV is present in the hybridized sample.

Figure 10 AES is indicative of probe amplification efficiency. Higher proportion
of probes with high AES are detectable above signal intensity thresholds over 5

experiments.

Figure 11 Schema showing the processes necessary for pathogen detection

using microarray.
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m croarray, and signal intensities of each probe were
plotted together with the conputed AES. The si gnal

wao booestab@ f or hi gh-confi dence detecti on on a PEPBG2I06/000224

5 array is indicated by the green line. Figure 13
Usi ng AES-optim zed primer tags for random RT- PCR

i ncreases the AES by 10-30-fold. The optim zed
prinmers were predicted tdbhave the sane per f ormance
across all 35 genones represented on the mcroarray.
Most patient sanples were anplified using the
AES-optim zed prinmer A2. SEQ ID NGO Priner Nucleotide

Flguréewmb@om si Eﬂmﬁgg@%&s 1d MéAplification Efficiency

Score NAEICATL2A . AoRB\Vypatientssample yas tfwbrlélaf@ésoato a
L B Ry 38 b R S i v

complﬁ@dQKESJ Thdasgidlthfesheldifd® Hgle-confidéndeddetegtiorram & typical
Entero Echo 1 2007/ 021250 PCT/ S&2006/ 000224 17

array 'SEH@@?F?deYETﬁ@'ﬁ? iNgnino 89 Rhino B Hep A

Figure 13 Using AES-optimized primer tags for random RT-PCR increases the

AES by 10-30-fold. The optimized primers were predicted to have the same

performance across all 35 genomes represented on the microarray. Most

patient samples were amplified using the AES-optimized primer A2.

SEQ ID NO: Primer Nucleotide sequence
10 A1 GTTTCCCAGTCACGATA
(N A2 GATGAGGGAAGATGGGG
12 A3 CTCATGCACGACCCAAA
13 A4 AGATCCATTCCACCCCA

Figure 14(A,B) Key to labels of microarray bars:

Virus family Virus genus/species

Sars Sin2500
Orthomyxoviridae | OC41
220E

Coronaviridae Flu A
Flu B

Picornaviridae Entero D

Entero C
Echo 1




Foot & nmouth C Bunyaviridae Hantaan Sin Nonbre West
Nil e Jap enceph Dengue 3 Flaviviridae Dengue |
woengoe1220 Dengue 4 Yellow fever Paraflu | Rer/a62006/800224
Ni pah Paranyxoviridae Paraflu 2 Newcastle RSV (Bl)
Met apneunovi rus HPV type 10 HIV 1 Hep B Rubella
O hers LCW-S LCW-L PMW Human control s Choice of
primer tag in random RT- PCR has significant effect on
PCR efficiency. Heatmap show ng probes hybridizing to
a clinical hMPV sanple follow ng RT-PCR using (A
original prinmer described by Bohlander, et. at. 5
1992, or ) prinmer desigr@dsf ol | om ng PR nodeling to
ensure that it wll effgérdereAtly anplify jall genones

(hi gh AES) represented [grhind®9 mi cr oarray.
Rhino B

Hep A

Foot & mouth C

Hantaan

Bunyaviridae Sin Nombre

West Nile
Jap enceph
Dengue 3
Dengue 1
Dengue 2
Dengue 4
Yellow fever

Flaviviridae

Paraflu 1

Paraflu 3

Nipah
Paramyxoviridae Paraflu 2
Newcastle

RSV (B1)
Metapneumovirus

HPV type 10
HIV 1

Hep B
Rubella
Others LCMV-S
LCMV-L
PMMV

Human controis

Choice of primer tag in random RT-PCR has significant effect on PCR
efficiency. Heatmap showing probes hybridizing to a clinical hMPV sample
following RT-PCR using (A) original primer described by Bohlander, et. al.
1992, or (B) primer designed following PCR modeling to ensure that it will

efficiently amplify all genomes (high AES) represented on the microarray.



10

15

20

25

WD 2007/ 021250 PCT/ S&006/ 000224 18 Figure 15
Di agnostic PCR results for RSV Patient #412 confirm

W baw/opesé ent does not have a coronavirus i nf BCT/BGIN06/000224

(A) PCR using Pancoronavirus prinmers. Lane 1. OC43
coronavirus positive control, Lane 2: 229E coronavirus
positive control, Lane 3: RSV patient #412, Lane 4:
PCR primers and reagents ®nly 5 negative control. | kb
| adder. (B) PCR using OC43 specific prinmers. Lane 1:
OC43 coronavirus positive control, Lane 2: RSV patient
#412, Lane 3: purified RSV from ATCC, Lane 4: PCR
Figur@eBRDidgnsstiat PCR r&éie fordR8Y. PafigntPER] 21iongrm 2REE patient
specific primers. Lane 1: 229E coronavirus posjtive
does pehhave a ¢axaeavirusRgiection: (AhPGR psing Baacaronagirus primers,

e . L i . AN
Lane gf Q?(%%g%ﬁgen |rg% ﬁ%@oé?@% i %aﬁgf%?%%:%ggﬁeni [ o%gsddsl(&nwe
contrcflhtapéESGRSVSpa@éﬁti #412 obare &: POR pdmeve@mnenmsgents only
listed in the form [ st of erences and added .
negativg epareing K 1aqies. BRh RS Sisineh S soSctR st Gen
0C4PLALhAUFABLEitI1E BREBEAarlS2NREY Patidhit 44018 2Puried
reference. e present 1 nvention addresses the
RSV froob AFIGC, dfaniehd: RIGR megative avantioh pAbp iaddesr (ChPER dsing
at | east . one t haod, ar at us. and/ ar. product of i
229E Gieg iR Tee: Hano b A gl SRl ir EoRiB @EY Gine 2: Rsv
patielt#Mi2dedna PR HegahRALSHvS. &KY/1a6dér oduct of 20
probe and/or prinmer design. There is also provided a
nmet hod, apparatus and/or product of nucleic acid(s)
detection. \Wile the concept of using oligonucleotide
Detaif 04 UBAL 8Pyl AUGRRGRYS as a tool for determining
ns has been proposed,

significant 25 hurdles remain, thus preventing the
Bibliogsaphi¢ tdfeemcas c nuantiomes riouthenepresest r spemifiatilnMare, for

o 0 LT o B IV D 48 o o
the ex8AMIdsChhe 'tholgoé&iteMobﬁ’su,@thibli@?rg?hic; ref8R¢hcesTiREherein

present 1 nventors observed in a pi m croarray that

incorpizrated by refefanseous probe selection, the best in
silico designed probes do not necessarily hybridize
well to WD 2007/021250 PCT/ S&006/ 000224

The present invention addresses the problems of the prior art, and in particular

provides at least one method, apparatus and/or product of oligonucleotide
design. In particular, thre is provided a method, apparatus and/or product of
probe and/or primer design. There is also provided a method, apparatus and/or

product of nucleic acid(s) detection.

While the concept of using oligonucleotide hybridization microarrays as a tool
for determining the presence of pathogens has been proposed, significant
hurdles remain, thus preventing the use of these microarrays routinely (Striebel,
H.M., 2003). These hurdies include probe design and data analysis (Striebel,
H.M., 2003; Bodrossy, L. & Sessitsch, A., 2004; Vora, G.J., et al., 2004). The
present inventors observed in a pilot microarray that despite meticulous probe

selection, the best in silico designed probes do not necessarily hybridize well to
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19 patient sanples. The inventors realized that to
generate probes which would hybridize consistently

wowedo7oespat i ent material, it was necessary toPOPS€0R000224

a new and/or inproved nethod of probe design so as to
determ ne the optimal design predictors. In
particul ar, as described in the Exanple section, the 5
present inventors created9 microarray conprising
over |l appi ng 40-nmer probes, tiled across 35 vira
genones. However, the invention is not |imted to this
particul ar application, probe Iength and type of

pat.ent %ra%éleg UTh8iiGvafbs reMiEetdinad 1d Gehepatet plobearwhighembuld
he invention, the present inventors describe 10

hybrldizﬁmcanslgtﬁmlm well fio ratient unaterial, it wasaPeesgssanate slavelon a
v SRGTIG52:39 A8, TR Bt B3 Bl B8 oo
desigriepredidtors. InTbarticaleentaw slesbrbed dianthd iExhnpplebsectisi, gthe
predictors, including neltin u GC- cont ept
preseat 'Wﬁ@t%ﬁ&éﬁateée%ﬂﬂ%rwayﬁ%%%ﬁ'@g w&ﬂﬁ\oﬂ@gd‘i Amg{duobes,
tiled éclhrgééaj Wrscgeﬁgm%% Qﬁ\ﬁé%r &hES ﬁ&eﬁﬂiof@rﬁft'llﬁhd 39 this

cation efficiency, and/or the

particelaf applm:dtlos'eprnd:vmlength gno kype sitargétenrcleic asial. t s wer e
consi dered and/or incorporated into the devel opnent of

a method and criteria for probe and/or priner design.

Accorﬁﬁﬁgofdjé Harficula 48Rt BﬁfHé Wbﬁf ion %B%bseﬁthﬁvéﬁtb@&ééﬁlbe
evel oped a data anal ysis al gorithmwhi ch may

how aasmp(’&t dh partinudati & micrieariay ddelferan,ds optifizaseso agde éwe@ome

a viatE i e TR a0 o A AR 008 gection
The Wvehiors Rasd elﬁbﬁtlmtﬂ/@fobléafcwlgre(pbedw%@ alr@mdm@wmmtmg
be used even if Frobes are not ideally deS| ghed. ,This

temperaiwer (rrcanigdt Pt A PehgpIsegondany %trttﬁtw&e am@ﬂ distance,
I d

s SSRGS SRR ot RS ie gen o
amplificativrdiefifci¢rncya gray/on ¢he sffeas pﬁcSequdrrte:errpblymbrphisnheThese
sty SR R i S LB

and &HERS P()'rr;?’r%Sé  afi6E ?irin?eraagéi@h PRAihg (1) a #ﬁ)ré\ﬁéértlé‘lﬁlar

SOonme novel specl es, an unbi ased manner. Genone or
aspedct, thesigventors Heveloped @ @lastm analy s aquthme/vhlgl@ ieqy accurately

oroa L EBbobe BE 2 BeRARB e o A ot e =
pathogen. For example the pathogen may be, but not limited to, a virus,
bacteria and/or parasite(s). The algorithm may be used even if probes are not
ideally designed. This detection algorithm, coupled with a probe design
methodology, significantly improves the confidence level of the prediction (see
Tables 6 and 7).

According to a particular aspect, the method of the invention may not require a
prediction of the likely pathogen, but may be capable of detecting most known
human viruses, bacteria and/or parasite(s), as well as some novel species, in
an unbiased manner. Genome or a fragment thereof is defined as all the

genetic material in the chromosomes of an organism. DNA derived from the
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20 genetic material in the chronosones of a particul ar
organismis genomc DNA. A genomc library is a

weaelorezson of clones nmade froma set of randoPCSG2006/000224

generated overl appi ng DNA fragnents representing the
entire genone of an organism The rational e behind
this detection platformaccording to the 5 invention
is that each species of #¥Prus, bacteria and/ or
parasite(s) contains unique nol ecul ar signatures
within the primary sequence of their genones.
Identification of these distinguishing regions allows

genetit Matbbl PNRle HrbaRRBATRAST 4l partiutdreordaaispnid gendrhiz DNA.
specitic detection of individual species, and i

A genoaseslibrarnds va dirliectien Afnslonesemagisc FaM @#neel«d; @ﬁ‘dnemw

gener%p /bcgrer arpéjﬁ)% zfg}l)ggg m J‘t'sg%@“§§‘§’ﬂﬁ‘l$dﬁ‘%§ﬂ§"§r ggﬁéme of an

organisRUI TRAS aamdiehlé abehind drid getm:tlonepsIHEmm wadcbrdimgibtee the
t he detection and parﬁl al characteri Z?tl on of z t
inventiesvisi thatt Ragleripeciss: Pheithsr dactlia ARE(QsPARSip(sh Gontains

uniqu gﬁ gﬁ%‘i’esclghé‘tuf’es%\{ﬂglir? thé%ﬁﬁé@a%é{ué\ﬁéé‘& tth6ir genomes.

on o Vi ruses cteria and/o
Identificationi dfelhese dlhkﬁﬂgwstnng tragleoasalgowa)fqrma@gnalaoltngcmtlde

probe SlRRIL a7 41 spEgH o gEUBY st ShEEREhe payés

|nd|v1d1{?l 3rBirRCine ccﬁﬁ:‘éﬁﬁtanﬁ@@@?gﬂ' AYH/bP prepRRstiore uf aligcﬂﬂxa:tédtl,de
I nvention may be used as a diagnostic tool

(oligo )i prudes ﬂr@at cmpltelt‘penwﬁ)ﬁ mosighly siangsreel esionseagiosgelamily

d nd/ t
and gangs JERrHe s edtie 8 AQHCHET S Badflchatdforatiohof
some Hovef {aétﬁo@@ﬁ}é Plirtieemiore] that mohusi%imof all sgch prc&befsnnasmgle
aspec present inventjon provides. a.me

suppq;"emaynali@N dhe gl@;ﬁj:élpg(ﬁﬂ peltiple, KEwess, teria pg@fér &)@Ir%sﬁe(s)
that sgﬁlglgeﬁ"féo?f%ifl de ét'éqghﬁlgﬁ ﬁl&oﬁ'h@@uﬁﬁoﬁﬁﬁ bt AndR¥oluble

yIng an ecting at 1east one
suppdrgdnopartitulat d eal$d supporttaFgetexam,l:dds,eadnmafray)ob@ biochip

anplified, the region(s) having an efficiency of
assa¥anplification (AE) higher than the average AE; and
(ii) designing at |east one oligonucl eotide probe
capabl e of hybridizing to 30 the identified and/or
Accomslingttt apartimilamgspect Wie JoeEntopimsp becwed@pa sliagngstig tool,

depending on the way in which oligonucleotide probes are designed, and/or

how the data generated by the microarray is interpreted and analyzed.

Determination of efficiency of amplification
According to a first aspect, the present invention provides a method of
designing oligonucleotide probe(s) for nucleic acid detection comprising the
following steps in any order:
(i) identifying and/or selecting at least one region of at least one target
nucleic acid to be amplified, the region(s) having an efficiency of
amplification (AE) higher than the average AE; and
(i) designing at least one oligonucleotide probe capable of hybridizing to

the identified and/or selected region(s).
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21 In particular, in step (i) a score of AE is
determ ned for every position i on the Ilength of the

wo arogee12sucl ei c acid or of a region thereof anPCEREG2006/000224

average AE is obtained. Those regions show ng an AE
hi gher than the average are selected 5 as the
region(s) of the target nucleic acid to be anplified.
In particular, the AE of 2ithe sel ected region(s) may
be cal cul ated as the Anplification Efficiency Score
(AES), which is the probability that a forward prinmer
r; can bind to a position i and a reverse priner rj
can bind at a position j of the target nucleic acid,
In par§B@at,iin-stbb (i)Sa EB6red GOABNs Aetéitinbarforieverchesitiomeiot the
desired to be anplified. In particular, the 10 region .
lengthj pf thg targaet nbeleic acidoonobp, regisme therephandcan awe@_gesgﬁols

. bp, < 0 . ]
ot 8o 108808, SRyt SESFEN BAPHBuehe ar solpid
as thd R Pof tier targeAanelalt agidtto nariptifiecdpepriiculae tise & of
(i) of 1dentifying and/or selecti r, ion(%,,lSo a
the selgelgeiregirn(@) Biayche) cplsulated st e 5_81%@%%@%_ iclency Score
(AESg%ﬁ&lﬁ”i@tﬁ@ m‘i‘atﬁlfitpﬁlﬁét fo?w%anﬁrﬁrhbp Rl caHBlridf iccatddttion i
i'as for every position of a target nucleic acid, and
and aseverski primehe caadiinth @63 positioa jafihé target ascleleeacid, and |/ —
. region(s), having an effi.ci gnc f. amlifi ion.
s e ot et OB SO ¥ s R 1 bR e
oL ji frh &R OB 100 irfig&itiarhras 8008 B@RabEl 1000 bp,
e P heFbecd | UEROMoRe bl o S0% banabe, 100p b
for exaprme ef H500i kmtinyparticiian the forvesd eng/orrererseapiners may be
eonetrical anplification bias is the PCR bias.
randq%gggmeﬁﬁ. of anplification efficiency 25 Since it is

not known what target nucleic acid (for exanple a
pat hogen) exists wthin the patient sa

L | € l e, random,
Accorslingriar analier Bepeste theisierdl of identifpngrandsen stlectiigsppdion(s)
[Lor r I; -1 , 'p i . \

o  JBEP 0Bl ZELES i MRTRRLRLIRBETUcR AR 1 orct o
geomattee dmplificatibhlbiadrfyr eaedopositiph i dfi @ darget nusldiodcid, and
known in the art nma . ysed for the r poses of..t.he
selecing Jan oSG oobe STPIIRY Aot it hdeb g o iy of

i Hidh&r2dniaan EbghBTgE&Retr Al amplificati
amp A g S Tt amplifcation
bias mayabe defined kis thedcapahiliy of lrpme ihegieps i BfiCleifeacid to be
amplﬁiggs%%tre efficiently than other regions. For example, the geometrical

amplification bias is the PCR bias.

Modeling of amplification efficiency

Since it is not known what target nucleic acid (for example a pathogen) exists
within the patient sample, random primers may be used during the amplification
step and/or the reverse-transcription (RT) process to ensure unbiased reverse-
transcription of all RNA present into DNA. Any random amplification method
known in the art may be used for the purposes of the present invention. In the

present description, the random amplification method may be RT-PCR.
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invention is not limted to RT-PCR In particular, the
RT- PCR approach may be susceptible to signal

w0 p@coenaci es caused by prinmer-di ner bindi ngs BOISEIO6/000224

anplification efficiencies in the RT-PCR process
(Bustin, S. A, et al, 2004). To 5 overcone this
hurdl e, the inventors have nodel ed the RT-PCR process
by using random primers.22According to a particul ar
aspect of the invention, the anplification step
conprises forward and reverse prinmers, and each of the
forward and reverse 10 priners conprises, ina 5 -3

Howe®&d, Nt 'b@ncleér fid %2 Gkilldd"pérsbaather thednatheay bélthe present
primer tail, and wherein at |east the varjable t
inventigrbisi lmtj@ytetdothREd?@Rorhn oertigyéar, the BdrP %uR:PEPr@a& imay be
suscepﬁléleTheelghélleln%fcpp{?gcrleslt )égﬁs&ﬁ 'bryaérlﬁg?gﬁ@eg?)gﬁl% 2Pl _poor
amplifidtitionbdficientiet hﬁe the FDFER pirotdes (Buesting$.Ag atral; 2@04)0 To

t he resent invention. The fixed
overcpe, i TLflgans dOvaiors Sy HoKelach e IR #roRers by
: tail may be 1-20 ner, in particular,
usmgggrﬂ&ﬁgﬂgr exanple 9 ner. An exanpl e of these
forvvard and reverse priners is shown in Figure 1.
n partjcular, the | if.icatlaon ep
Accodiipsg’ PAIRIZI SRBPET Folts da e diontr | AP TGRIS ngteP

comphE@s %ma?@tdn@erev%%el iffers, and each of the forward and reverse
CCCAGT CACGATANNNNNNNNN: 3 (SEQ 1D NG 1),

20
pnmemeompmsam in arb-2owsieptation, B fixgd primet haader aid 2 aEriable
prlmeégglimq ¢ W, %&ﬁﬁda'gr\ga%t th% 9@{@5!8 ﬁé@@x?ﬂgggé gﬁtn% S?tLo?Pof the
targef"ifh(i@l‘ei?lij abifdle vi.amHe naiFs - cEKIhe)IﬁQe@Smmer helabensand_thatvef the

be the actual virus in the sanp h ndom rlme
variablgauimer el enayrbpat %%@lé@s"\/\ﬁsef,z%wkﬂbl? g‘?faﬁg'ﬁyplﬁp Beﬁé’% the
meth@(ﬁ ﬁeg?cgrd[}g o”tgeabtr%éeé?(gpgngntm. Theateld rehet &y babloe30 mer,
in pafteulaGTTH-CEAGT EBAGSAEMPIINNINNNY: Bhe (\/SE@DIBDamay bardd20 imer,
o o8 s B R ek
reverk%‘éﬁ‘firﬁé{@ gﬁoﬁl‘ﬁtlnl FI%UF@G‘ MorehR ﬁeﬁ‘ﬂé&ﬂﬂﬁ &hé)argplificaton Iskep

Figure I. fact, nucl eotide size of the
may pompeise fensiatichapeiari reveese sandgm tprémpaesabavingnthe nucleotide

seaui i o8 GBI BOEIR RATRBNRUIRRES: " 550 I8 gD,

wher@haN & afPoR&LRIAN T2 OYENAAR dpraodkrdlative thereedi on bet ween
posi tions i

According to a particular embodiment, also exemplified in Figure 1, the present
inventors have modeled the random RT-PCR process as follows. Let v, be the
actual virus in the sample. The random primer used in the RT-PCR process was
preferably a 26-mer primer having a fixed 17-mer header and a variable 9-mer
tail of the form (5-GTTTCCCAGTCACGATANNNNNNNN-3')Y(SEQ ID NO:1
and, in particular, SEQ 1D NOS:2-7). However, it is clear to a skilled person the
that primer according to the invention is not limited to the sequence(s) of SEQ
ID NOS:1-7 and Figure 1. In fact, nucleotide size of the primer, and in particular

of the header and variable tail may be varied and chosen within the ranges
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and j of va, the inventors required (1) a forward

primer binding to position i, (2) 1i - ji <_ 10000,
w@ra70325@ reverse primer bi ndi ng to position PCT/EG2006/000224
particular, Ii - jl, which is the region of the

target nucleic acid desired to be anplified, may be <_
5 5000 bp, nore in particular <_ 1000, for exanple <_
500 bp. The quality of tH®3 RT-PCR product depends on
how wel | the forward prinmer and/or the reverse priner
bind to va. Sone random priners can bind to va better
than others. The identification of such priners and

discusteer SbdRedobdirt 8 RE-RCRgsrod0ct inda ¢é¢|bnrbemveehqmsitions i
likely a particular region of va will raj:Eag(}lglifj,ed., .
and j eksvanghe mvgntqsw@%re ( @@M@@@nm@s\hi g 4, position /, (2) |/

1 < 0] 8 AR TR WO CAUERIPH Sareter,

whichpe$ihé regloniof e tnget auq:ielctacndl Imswp«b:tcb biecamphfm‘d may be <

t | d v ' th
3500 L Lo eSS 4350 bR B, 98 o o
RT- P@Rsﬂ%@d%& Hegénd'sao Sh(f)\ﬁr\)o@ﬂ Qhé’rfbfWérd PriméndnbRy ah&ereverse

respectively. For sinplicity, it is assumed
primet bitd B varGtone panden imemntyn binthite v. better themeothgrs. The

dentifiiiofo Fih BHSTS AR BPTe 1 BSictva, SR8 41 BftiGation of
how |IR§RISé bbﬂ@:uﬁicr ré@on(df%%ﬁ@emm led. U'Eh'igsthl§apbr@mh1 there is

Figure 1. Based on well-established prinmer desig
providgd eer amplifigation. evfﬁmeétcyamodehgwtl)ch eaRPptes an ﬁﬁﬂollﬁcatlon

Efﬁm%fc}y' rgclﬁg%)ggr %\pé/yy otsftlonzcgf\;or ms a significant

rene n€lting tenperature. On
the other hand, if r; does not form any si gni fi cant
pri mer-di ner and has optimal nelting tenperature,
For a harticRifar(pgsitian | dfea fiargiet nusiaic tarid vla,f Rf e amdddén afe the
the randompriner is simlar tova, it my also ajid
probaibilitissdhal @ candpramimaruscarbind to pesiion efHergstfopward primer

and rtgp{grslr ark; %ﬁrtégﬂg?tlve iy )Fg‘Pﬁlrﬁ@mﬁ&t ‘ﬂdof is. 49sutR&d bch?fj'anﬂa

Y-at %38} va as orwar
prlmdi’fdaﬁ‘ﬁbn@ftﬁlﬂdtt@ vd fidhguasi 9ynurfledthiesRiT- fRER smdodu erinfaris a

SubsEng AT dne ySVeTRE SIMBIRAIETBI0lCha o aRHO RIS hEF o SUERITING of v
(reve&%s Hi#n%rr] 'Tl‘ﬁ%1 i/ %@@E%n i%l?é € ngHéeﬂeén @\félleéétébl‘isﬂﬁe rimer

uct r at l[east 10000
deag%o@r?téﬂaj(ﬂ\ﬁp BT/ @@00%@0}32% P2@) sl estimalies to be low if ;

downstream of position i. Thus, an anplification
formebf sighBkant pames-dimer or has extreme melting temperature. On the

other hand, if r; does not form any significant primer-dimer and has optimal

melting temperature, then P’ (i) will be high. Note that if the header of the

random primer is similar to va, it may also aid in the binding and thus result in a

higher P (i) . Similarly, the P’ (i) was computed.

The binding of the random primer r; at position i of v, as a forward primer affects
the quality of the RT-PCR product for at least 10000 nucleotides upstream of
position i. Similarly, the binding of the random primer r; at position / of v, as a

reverse primer affects the quality of the RT-PCR product for at least 10000
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AES1, for every position i of va can be conputed by
considering the conbined effect of all forward and

WO eog0sRspriner-pairs that anplifies it: 5 j+zZPCHESR006000224

Pf (j) XY, P (k) j=i-Z k=mex(i+1,]+500) j+Z wherein
IPr (k) = Pr(i+1) + pr(i+2) +...... Pr(j+2) k=max(i +1,
j +500) Pf (i) and P* (i) is the probability that a
random primer rl1 can bind4to position i 10 of va as

forward primer and reverse prinmer, respectively, and Z
< 10000 bp is the region of va desired to be
anplified. Accordingly, Z may be <_ 10000 bp, _< 5000
nucledtides <dowR&Pedi ¢Ff positi®®0. Phus,Tan vanplificatibn téfficiency score,
variation in signal intensitiez%fisplaye bﬁ iffergntd
AES,, fasgevary nesition i 6f vi £88 hmsomprird by Garsideringning; ¢gmbine
thei r ' I_f L:cat Leiency scores,
effoct B Forfd EPETRIeTe For ca T BrRneS T Ll e
case, a total of five microarray experinments) were
performed on a common pat hogen affecting human, the
human respiratory syncytial virus B (RSV B). 20

Model i-ng of RT- PCR foryanplification efficiency

Acepr digrg .to th i of the invention, which is an
AES; 5 %gr}rgﬁixof he (%2 hod of (Sung et al. 2003, CSB)

t e Bri mer u§EEtEH P he reverse transcription

conprises a fixed oligonucleotide tag (header) and a
random ol i gonucl eotide tail. In theory, the random
ol i gonucl eotide tail'should bind indiscrimnately to
all WD 2007/ 021250 PCT/ SG006/ 000224 25 nucl ei c acids

in the pa+Zem sarrpl e, initiating first strand
wharginhesi s (& = pg+1)5ePRd) st.r.aRG+Zynt hesi s, all

rever segxg¢n.aa®cri bed sequences will have the fixed

ol i gonucl eotide tag (header) at both ends. These e
P&@parchPE) iartke arohatilite thafya rapdem pemey tan binddg position 1

ol i gonucl eoti de tag (header) as the priner to_gener
of 3/, RERopwatL ptimes BNgtreyerss PAMED Tespesivale RRchE 3 ﬁ%oabebp

is H"?er Feigqgrll 3 Vs Hggr&ﬂootgé Ia%p(ﬁ{‘ie& _he

Accordingly, Z may be < 10000 bp, < 5000 bp, < 1000 bp or < 500 bp.

To verify if the variation in signal intensities displayed by different regions of a
virus has direct correlation with their corresponding amplification efficiency
scores, several microarray experiments (in the particular case, a total of five
microarray experiments) were performed on a common pathogen affecting

human, the human respiratory syncytial virus B (RSV B).

Modeling of RT-PCR for amplification efficiency

According to the method of the invention, which is an improvement of the
method of (Sung et al. 2003, CSB) the primer used for the reverse transcription
comprises a fixed oligonucleotide tag (header) and a random oligonucieotide

tail. In theory, the random oligonucleotide tail should bind indiscriminately to all
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anplified PCR products are between 500-1000 bp in
| ength. According to the particular enbodi nent, the

wQ@esomee12p0 i mer used for reverse transcripti on PEIFG2006/000224

conprises a fixed 17-mer tag with a 9-nmer randomtail:
5'- GITTCCCAGTCACGATANNNNNNNNN-3' (SEQ ID NO:'1). 10 In
our nodel, va represents the pathogen in the clinica
sanpl e. To generate at [2Bast one PCR product, for
exanpl e of 500-1000 bp, in any region of the genone,
defined by positions i and j of va requires a forward
primer binding to position | and a reverse primer
nuclei®i e ¢h e ?éiieh't %nhplé nirditRingnfitst stRse gyrthesisoMfter the

such t hat ji = 10000, and in parilcul :ﬂ] ,
secondlﬂnandlwntlms =l rever§eﬁ-tran@@tbed1%eqtr?é1°§ﬁﬁ'& fgve the fixed

ogorgbL o8 BaBh T o S THAB gk g8 e by

% or Rt on,
PCR, fuehfg tlheZ éﬂfké@rbl@‘dnu@ietoyideftagh(mqademeas ttbetnma’ner toagengrate

whi ch b
PCR piodigis of ShlaAShq 00B0PS Thisath. ) Rariegiary L Ml of the
| t

s P EORR215 S87 1o by o Akordgoons

particdiap lenfbhaxtitnicot, tHef 26+men:pnrn@® \Bedr for (raggsef ansyriatipn (RT)
t f i f f 5

compligs e 4 AESPIFor 8HEh 139 « MR 1 %of VRS ) aaelpf) Wy 5

GTTT&C%A@T@@@AWRNNNNMMMSE@ IRNDM). priner r; can

to position i va as forward priner and reverse
primer 25 respectivel For sinplicity

In our madek \@aﬁgmﬁepts ther petargsniy thg glinical &mpke. <’:Fﬁ’egenerate at

nucl t f eppri £ th
least G5 B Fpflst, Ibr PR ), 598 g PR, Ty, iion of the
genor@8, 88fed by gositior®s Land $ ol vs uémlirasng forIWarl:lepﬁMBr binding to

2007/ 021250 PCT/ SG2006/ 000224 26 reverse
positign l\aald( ﬁoﬁG\XﬁFS& Bflm%?)) dio easipmhzy ’é‘"ng e plgetion

such g{dt ' ux %}V\B QHICWFAF' sﬁéﬁ ﬂ%t' 56099 |PLijirEer 000.
and ozzo , We estimted
The mﬁdlﬁg)afhmtyoef hcpmnnér is; deftemnninad abysmg{ﬁast t%mfaCtOFS (1) primer

i mer-di ner

dlmerpp‘fgrr&tp@, ‘?ﬂgng&) |hfygf'd'zaf'?in int yo hwqgﬁysgﬁgkl %):J{:hgntv ﬁﬁs Va.
Genddjit ?Eg}loﬂ‘s"(ﬁﬁlcﬁ%m@g stRbésERlIyBhiplified tymaruetaftavindigieal

the fixe ollgonucelotlde t
primef Hepdiag) looatiens V\ﬂtgln“ddﬁﬂﬁé@ invsteqtidgs. &y Rapicelart withing | q@gor
500 rgfcg%qgedaq%qs{; \&ﬂﬁbﬁﬁ%g’wﬁy Laiclfati b Hmpifichfion IEffiGRHcy
Score (AES) for every position of va: Figure 1.

Amplification Efficiency Score (AES)

For each position i of v,, letP/(j)and P’ (i)be the probability that a random

primer r; can bind to position i of v, as forward primer and reverse primer
respectively. For simplicity, we assumed that a random primer can only bind to
v, if the nucleotide of the random tail of the primer (for example, the last 9

nucleotides of the random primer as shown in Figure 1) is a substring of the
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and thus result in a higherPf (i). Simlarly, we
conmputed P (i) . The binding of the random priner r;

w@rooposizsé on i of va as a forward prinmer affecPGI/SGE06/000224

the quality of the RT-PCR product for the nucleotides
upstream of position / (for exanple, for the 500 to
1000 nucl eotides upstream of position i). Simlarly,
the binding of the randcd#@ primer r; at position i of
va as a reverse priner affects the quality and
coverage of the RT-PCR product for the nucl eotides
downstream of position / (for exanple, for the 500 to

reversd86mplehaftdfde S fetowid tprdeen) o spasistiing ol b, i(deverse primer;
Consi der a position x of va. Al effectjv

Figureyd).r Base@pnr\@gﬂ-@é’[aﬁhsbgg i qrm@ﬁ{sdq;ag%,q:ﬂlt?nar Z‘Q@e@gg \}.égci;zoll
1991);@{33t rq'tﬁri%t%dfl)qf) 5 b2 18y i 6lmod'S EficA RS inRl Sf had
extrerpg Mgt fbeBatpe- e o ol i LR T 4 Shifant
prlme’r:-fd r’ngl1 gﬂﬁmadsﬁgﬁﬁal ﬁ'r:ecffﬁn%ft&h pEeMRLBE, Rﬁéht}’ rrg) Xwiftfbey Righ. If

e comput ed by considering the 20 conbi ned effect

the fIQé@HI%O@Edé@{déj?%d %héél?ér I’wéfr!aﬁéomt prlﬁﬁelb Sﬁbﬁ? n%@(the

i =x-1 k=max(x+1, | +5
fixed zweﬁemgmmw%@rmas) rscmmﬂar togwa, Amay ab@semduu the binding

predictive of success T- PCR The .t hreshol d for
and ﬂal#ﬁaquﬁitd'&ﬁl hi@hi | (é] '8‘))|3§¥OW§§°P?H“ B gbé sel ecti on

for avirus va is determned by the cumul ative
tr| tio unct.i on of, t he. AES val ues.va. Let.
The K E}Eﬁﬁf‘é{qnéﬁf'@‘?refp?t&%%ﬂ?%’go S et Firdsr dfects
the qGﬁlﬂ?%?tﬁg RYaPCReprddulefor thE fuslédEiaes psPEAREST pdsitiéh / (for
denote the probability that the AES value is

exampaas;scot Hen500 tedOA0 nuclgotisespgpstrean of positionahepinitarlys the
umber, of
blndnag OE&? |anp8n3(pﬁ'r:9% ? tpd@[gt%h P@fv\? éggg %%r%@fprlrﬁéﬁaﬁf&ﬂg the
qualityednd¢oReahé Df €IS F§$P®Ri pftﬁiu%Eﬁ)r\fthbumcléﬁtid@s ddwnstream of
si gnal intensi ty of a probe is corrg) ated_t

positiond (Ressxpanile, TakdheAUdin: 400 apclpo dewaspraphst P‘P%‘QO”
i). Cotr{%?c}er%{ Po&l@o#%sgzm gy\ll%fﬂﬂ:ﬁk g?h‘gg‘gjeﬁ% thB¢ F&?d@%@%%gﬁléns i

and j respectively contrlbute to the quality of the RT- PCR product at x. Note that
i=x=jand i-j=10000. For example, 500 =i — j = 1000 since our RT-PCR
product when 500 to 1000 basepairs long. Thus, an Ampilification Efficiency
Score, AES,, for every position x of v, can be computed by considering the

combined effect of all primer pairs that ampilifies it:

aBs, = Y {Pf DY (k)}

J=x-1000 k=max(x+1,/+500)
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ei k where c; is the nunber of probes whose AES
values are less than or equal to xi. 15 For probe
w@edogoeizem, probe pi is selected ifP(pi |va) >PEI/SGI06/000224
our experiments, we set A =0.8. At this threshold
(top 20% AES), we observed that nore than 50% of
expected probes would hybridize reproducibly to
different clinical sanpled. Wile using probes wth
hi gher AES (eg. top 10% AES) woul d i nprove
reproduci bility, this would reduce the nunber of
uni que probes remaining for 20 sone genones to <10 at
AES thiésBORCHRUIEHYE b sneBessiigRT-POR odi ng the ability of
the array to specifically identify pathogen Thus top
was used., WD 2007/021250 PCT/ SG2Q0 {00 224 28
The thﬁﬁh@'ﬂd‘alr amplidsationTTigignsy sepesdorpiheRse or a virus va

t r RRET 0
s 10 g e OB B ST A2 Bl
be thep rartnim(ns yadalpeepresenting theiAGSygalues o all psebes ok Let k be

|on may be sgelected, to, a on f. the ob
the nyB ik f Blpooe e e B \Nﬁ&\moit%%@%ﬁ?’!“twﬂ@f%ﬁqfﬁ%ﬁﬁ'&'ue
s lestdhan s ek 15 kb1 BLE sEPSoset ey s iihpet br Brobes
principle also for deS|
whichga g eEﬁa\falU%Lesaéea@erﬁ% Fi%reg e Mbemv ShERStRY g ve
let x; Bé"ﬁfg)b@rre d/ n é%érre\@gUé a\“;l%é tﬂé"‘el\ll & |ﬁfér%ﬁy§3f0é§ probe is
hlghlyed@wlatedeto\/lts AE&Valué Wer&ﬁtimated%@p@sz j{iﬂh@tpnobablllty that p;
substring of v;) which satisfies the follow ng
has higinsighaldintensity irb’ehedmaisgneel of akitadpei A({t0< xgonBiwisr at i on,
for exanple, at |east one of the follow ng: (a)
establ i shed probe design criteria of honogeneity,

sensitivity and 15 specificity (Sung, WK. et al,
2003, CSB); (b) no significant sequence simlarity to

uan ong; and (c) efficiently anplified using AE

P(p; Eveg?elf%%xgianpl e by RT-PCR, as herein described. 20
Noi sy signals caused by cross-hybridization artifacts
present a majQr obstacle

&
where ¢;is the number of probes whose AES values are less than or equal to x;.

For probe selection, probe p; is selected if P(p, |v,) > A. In our experiments, we

set A = 0.8. At this threshold (top 20% AES), we observed that more than 50%
of expected probes would hybridize reproducibly to different clinical samples.
While using probes with higher AES (eg. top 10% AES) would improve
reproducibility, this would reduce the number of unique probes remaining for
some genomes to <10 at the species level, consequently eroding the ability of

the array to specifically identify pathogen. Thus top 20% AES was used.
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to the interpretation of mcroarray data, particularly
for the identification of rare pathogen sequences

w@e@sen2so n a conpl ex mi xture of nucl ei c aci dsPCH862006/000224

exanple, in clinical specinmens, contam nating nucleic
aci d sequences such as those derived fromthe host
tissue, wll cross-hybridize with pathogen-specific 25
m croarray probes above s#he threshol d of sequence
conplenentarity. This can result in false-positive
signals | eading to erroneous conclusions. Simlarly,

t he pat hogen sequence, in addition to binding its
speci fic probes, may cross- hybridize with other

non-target_ probes (i.e esj.gned det ect ot he
Emplﬂ&@h@@&fwmamnsﬂ éf‘?%?"‘bl‘i’é Lf?tfﬁ%’ﬂg ;@B A {%gmpgen
Detecggﬂp aé could WD 2007/021250 PCT/ SG2006/ 000224
provi de g

eful information for pathogen
identification to the extent that such

Probe Dessgihybri di zati on may be accurately predicted. Wth

The S0 (8 RS Sanie e ) 0P e BRotEetsh P RR e bridlig to the
selecierda% oA Ifapess Qeﬁéd:taae@o t SnENGe Eofmaé NBlobepeisidriing
I zation (to a known 5 target) wi th m ni nal

’teChmmman il itreyarto 1 hetfollowingspesgrintiongelaies de pyobe design,

howeyﬁmﬁ%ﬁ Il e cg%% atg L#S gﬁe%\ﬁteps?%etof gﬂalg tfw??gnﬁ)@é?ﬁn&%&%&n for

desigAgsimpR&f, an Pastiudardfor @ dsigrivg prtrair{s) fisr ROsPCRasons
that are wunclear. To syst ematically investigate the

dynam cs of array-bas t ho tectl
For exhBRIG N &) $e§éﬁl§%r9@§w§ 'Ca?g@? ( qﬁbv'é%]eeﬁem%%) v
= {vi,) ,t..hemsforté?fe P OPYa @Fw}éﬂd’th-‘?ﬁ p?ébeszﬁIA is al 8bstring of
s designed to etect ap Vi ruses
Vi) mmmgsameﬁasrther dcblkyvmgl edndstuoaa Mr@@ed@SM@é taking into

Jutl on_ acr h of ~each genomne
consitg st e EadleeryRs: 4ie sihRdswe pPe " 9P T o
G?é'%ébf%@?ﬁﬂb@dd@éigﬁ heriteah het ionied ity rsensitivity and
m croarra (colum 1) Nunber of probes for eac

geno%@@mw&ingew Bnet ale 2R08r 68Bay.  (col um 2)
NP SR 0B G BE BT Bl o o

lebéﬁﬁcm‘ntlpr ahasifiédr usiag hABe soor, foini e;kemplee bvn RTuE’OR) as

t he ﬁen?r?e anrd do not cross-hybridize with human.

O i ghergin deseriiedy
Noisy signals caused by cross-hybridization artifacts present a major obstacie
to the interpretation of microarray data, particularly for the identification of rare
pathogen sequences present in a complex mixture of nucleic acids. For
example, in clinical specimens, contaminating nucleic acid sequences such as
those derived from the host tissue, will cross-hybridize with pathogen-specific
microarray probes above some threshold of sequence complementarity. This
can result in false-positive signals leading to erroneous conclusions. Similarly,
the pathogen sequence, in addition to binding its specific probes, may cross-
hybridize with other non-target probes (i.e., designed to detect other

pathogens). This latter phenomenon, though seemingly probiematic, could
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Uni que Ge- No. of No. of NCBI G Probes Ref type
Accession no. Description Hone Probes Probes nunber

W@ 200702125¢ 3) 1 1948 537 271 9629198 Ref Seq NC POWLFE004/000224

Human respiratory syncytial virus, conplete genone
Human par ai nfl uenza virus | strain 2 1995 550 295
19718363 Ref Seq NC 003461.1 Washi ngton/ 1964, conpl ete
genome 3 2002 762 474 19585721 Ref Seq NC 003443.1
Human parai nfl uenza virus 2, WD 2007/ 021250

PCT/ S&G2006/ 000224 30 conplete genonme 4 1979 701 345
10937870 Ref Seq NC 001796. 2 Human parai nfl uenza virus

prowd% uséﬁ!llmrhi%ﬁ'ﬁaﬂ@ﬁ%? patifdgerc Qj’é?ﬂ!lﬁb.‘,éﬂ‘ ot$ 18 thd58enb ti#i0such
444 30468042 Cenbank AY283794.1 conpl ete genone

crossmhadlzaaammy pescourrdely pedighd. dyith y@eogsm@m% fo assess

annedfie Fobiglocid , beBeHGs  EndBRARE S AIRIGEoCAERES Fave

traditionap/ I8éen desigimeddo EAsbre2Maixial W&ﬂ@ﬂ)rl&iﬁm (to a known
NC _004148. 2 Human pet apneunovi rus,

target) 9th manimeal gsageyBrigigaiiony fﬂd‘@bﬁéﬁ%'%? %ﬁeﬁ@%@n%@evef

n oA TR T o RS ital

silico pararmeters, do not perform according to expectations for reasons that are

unclear.

To systematically investigate the dynamics of array-based pathogen detection,
we created an oligonucleotide array using Nimblegen array synthesis
technology (Nuwaysir et al. 2002). The array was designed to detect up to 35
RNA viruses using 40-mer probes tiled at an average 8-base resolution across

the full length of each genome (53,555 probes; Figure 6, Table 1).

Table 1. List of Genomes represented on the pathogen detection microarray.
(column 1) Number of probes for each genome synthesized on the microarray.
(column 2) Number of probes for each genome remaining following application
of probe design filters. (column 3) Number of probes for each genome which

are unique to the genome and do not cross-hybridize with human.

Original|Filtered}
Unique
Ge- | No. of | No. of NCBI Gl
Probes Ref type [Accession no. Description
nome |Probes|Probes number

3
(1) (2) @

Human respiratory syncytial virus,
1 1948 537 271 19629198 | RefSeq | NC_001781.1

complete genome

Human parainfluenza virus 1 strain
2 1995 550 295 [19718363] RefSeq | NC_003461.1 Washington/1964, complete

genome

3 2002 762 474 |19525721| RefSeq | NC_003443.1 . .
Human parainfluenza virus 2,




conpl ete sequence 10 296 81 54 8486134 Ref Seq

NC 002021.1 Influenza A virus RNA segnent 2,
weegamzeso 10 110 69 57 8486131 Ref Seq NC_00202PCWSG2006/000224
I nfluenza A virus RNA segnent 8,

conpl ete

conpl ete sequence 10

196 71 62 8486129 Ref Seq NC 002019.1 Influenza A virus

RNA segnment 5,

002017.1 Influenza A virus RNA segnent 4,

conpl ete sequence 10 177 75 59 8486127
Ref Seq NC_002018.1 Influe¥za A virus RNA segnent 6,
conpl ete sequence 10 225 70 51 8486125 Ref Seq NC

conpl ete

sequence 10 300 105 48 8486164 Ref Seq NC 002204. 1

I'nfTygenza [B virus RNA-1, conplete gequerompléyenome
2007/1021240 PCI1/ SG20Q6/ 000224 31 10 293 113 74
848614 8-RgF-SeqINC 0632051t ez Equht,b,{R‘ggpalm\gﬁzadwrus 3
4 |coatplletet |se¢fugmoe7s7q((ReBE (84 _BHI7982836150 efIe 0. me
NC 002206.|1 | nf|l uenzg B vifus RNA-3[| conp ete equence
10 237 70153 8486152 |Ref Seq NC 002207 . 1 Influenza R
- 3 nayj j 0,
Y gfgogs Ig%é 4 4 %gog&%&)t‘tg feer?b%ﬁlé £5789, 325455 BRNBUEETSY
Ret Sg(q 0] gs8. 1 I nfluenz Vi rug RNA-dempleto pgmbm¢ e
sequence |10 195 64 32 848156 Ref Sgq NC 002209. 1
Fftoenza B—viTus RNWA-6, cqnprete S que.n,gﬁmo.:buavmt@oqg
6 [379384862459 ReF Ja39194e2| 0@28@91(? NE€_Q08147dgnza B %@gtgaen%
conpllete |sequence 10| 136 H9 50 8484161 Re
. 00R211.11 Inflluenzal B virlus RNA-81 conplete
i 9E,
¢ BSReNGR, 1141340278555l 4800630 | Sed N B2
st Nile \virus, conp| ete denone complete genome
Human metapneumovirus,
8 1705 | 292 177 }46852132] RefSeq | NC_004148.2
complete genome
Infiluenza A virus RNA segment 1,
9 296 118 101 | 8486138 | RefSeq | NC_002023.1
complete sequence
Influenza A virus RNA segment 3,
10 282 69 42 | 8486136 | RefSeq | NC_002022.1
complete sequence
influenza A virus RNA segment 2,
10 296 81 54 18486134 | RefSeq | NC_002021.1
complete sequence
Influenza A virus RNA segment 8,
10 110 69 57 18486131 | RefSeq | NC_002020.1
complete sequence
Influenza A virus RNA segment 5,
10 196 71 62 | 8486129 | RefSeq | NC_002019.1
complete sequence
Influenza A virus RNA segment 6,
10 177 75 59 18486127 | RefSeq | NC_002018.1
complete sequence
Influenza A virus RNA segment 4,
10 225 70 51 8486125 | RefSeq | NC_002017.1
complete sequence
Influenza B virus RNA-1, complete
10 300 105 48 | 8486164 | RefSeq | NC_002204.1
sequence




12 1389 145 123 9627244 Ref Seq NC_002031.1 Yell ow

fever virus,
\NG&WHEQ&ND_002728 1 Ni pah virus,

conpl ete genone 13 2335 235 171 13559808
conpl et e genoPET/SAZD06/000224

1943 244 211 11545722 Ref Seq NC 002617.1 Newcastl e
conpl ete genone 15 1174 208 128
9629357 RefSeq NC 001802. 1 Human i mmunodefi ci ency
conpl ete genons3116 409 134 106 21326584

di sease Vi

virus 1,

Ref Seq NC 003977.1 Hepatitis B virus,

rus,

conpl ete genone

17 1011 169 135 9627257 Ref Seq NC_001576. 1 Human

papi | | omavirus type 10,

conpl ete genone 18 1036 325

Z99 10445391 R&T Seq 002554, 1 Foo{infaada BoilisRNdi2s@asiete
10 lvPfud &3 W7200%86Y8 2 S0SPCTNSEIHIB! p00224  3Q.6aMP! et e
genorfe 1911246(211 209 9790308 Ref Seq NC _001545.1
Rubelll a—vilrus —tconp! oe—20 Ir:ﬂr.; Qng 17?RN‘A€3 a7o|2t
A . . Vi
10 |RefeSgqq ohiC. 0%648948%1 > patsed | RCAoxdob S, COAPI Ete Hone
21 834 103 29 38371716 Ref $eq NELOOJZZZ 1 Pﬁﬁﬁﬁén
virug, cornplete¢ genoe 22837 188 98 38371727 Ref Seq
NC 005217.11 Sin Nonbrie virds, co hdM@augénhm@N@aydﬁ@de
10 116% g6 23334885 8461°3e RoRed 0042871 [y nphocydeiyence
chorijonmeni|ngi tils virus segnent S, ¢onpl ete sequence
22 QHO2 AEH 294 1222240 QE DA'F oo N N H
— u. A =4 ‘rus.. l—U\.I I_UU.\J_T\ T\CT u\a\.1 I\IV J nzia v A S o p te
10 |cher ijormni|nght i 8406i54) Resrg TRIBL00k208a ONPI €1 € Sequence
24 1404 2Q4 122 9626460 ReflSeq NC 001437. 1 Fa5difese
encephal i tlis vifrus, |genong DNA Dengue virus type 3
genonmi ¢ RNA, 35 1370 284 9 q#%%% I6fluBare BlybisseRNA-6, complete
10 aB¥89178. 1| BnyPEPLE &?Sﬁ‘?@ N 4479 t:ﬁ‘of JapagqRee02890
DF DV 3
Influenza B virus RNA-7, complete
10 | 150 47 37 |8486159 | RefSeq | NC_002210.1
sequence
Influenza B virus RNA-8, complete
10 | 136 59 50 |8486161| RefSeq | NC_002211.1
sequence
1" 1401 85 54 |11528013| RefSeq | NC_001563.2 | West Nile virus, complete genome
Yellow fever virus, complete
12 | 1389 | 145 | 123 ]9627244 | RefSeq | NC_002031.1
genome
13 2335 235 171 |13559808| RefSeq | NC_002728.1 | Nipah virus, complete genome
Newcastle disease virus, complete
14 | 1943 | 244 | 211 [11545722| RefSeq | NC_002617.1
genome
Human immunodeficiency virus 1,
15 | 1174 | 208 | 128 9629357 | RefSeq | NC_001802.1
complete genome
Hepatitis B virus, complete
16 | 409 | 134 | 106 |21326584] RefSeq | NC_003977.1
genome
Human papillomavirus type 10,
17 | 1011 | 169 | 135 |9627257 | RefSeq | NC_001576.1 .
complete genome
18 | 1036 | 325 | 299 [10445391| RefSeq |[NC_002554.1 [ . = . disease virus C,




wa47011230744844 Genbank AF489932.1 Dengue Vi r PGT/3GHO6/200224
conpl ete genone 28 1370 152 52

26 1361 130 57 12659201 Cenbank AF326573.1 Dengue
virus type 4 strain 814669,

strai

n

BR64022,

conpl ete genone 27 1370

323660 Genbank MB7512.1 DENT1 SEQ Dengue virus type 1
conpl ete genone 29 944 175 87 9626436 Ref Seq

NC 001430.1 Human enterovd2rus D, conplete

genonme 30

945 183 122 9626433 Ref Seq NC 001428.1 Hunan
enterovirus C, conplete genone 31 946 196 148 9627719
Ref Seq NC 001612.1 Hunan enterovirus A, conplete WD

2007021230 PCJ/ SG20 6/ 000224 33 genone connlidiagznome
echoyirus |1, conplete 32 945 364 1p4 21363125 Ref Seq
19 ;ﬁfﬁggﬁ’ L208°! 9796308‘3-%5%3@ Nd_061‘54y."? m\%ﬁﬁble’te genome
, 001472.]1 Huan enferovi fus B, corplete genone 34
Q13 483 0 9627730 Ref Seg-NGC-00161] Huyes
; ; e is A complete
20 |1 BsNQVisedly 88, 60T ¢ ReTScP RO TR 14835 92'6 PRSE g
9626135 Rgf Seq [NC_001490. 1|Human r hil novi r us9§ome
conpllete gdenong Togg¢ther Wth 7 replicates for each
21 [vegal| podhe,20ars3Tiomn IRaiSes ¢§O06®23.11 Bantawh Kiay, complete genome
synt Qesi s |[and hybridiizati of (as des¢ri bed bel ow), the
array contjar ey —a_t otat— of 390, 482 PTaiDRdmbreirus, complete
22 |Hesmgenasd tly,98s gepsT 17RA iRefteanC P8I flijci ty Hormngenel ty
requijres tihe sgl ectign of probes whilch have Srm | ar
neltilng tlenperlatureq. It Wwas foundithat prohes with
i Lymphocytic choriomeningitis virus
23 | Q4% 4G60Mt &Rt |5hashsR tReRiQ U ME Sooazga.1 | VPOt 9
segment S, complete sequence
Lymphocytic choriomeningitis virus
23 | 853 455 286 123334585| RefSeq | NC_004291.1
segment L, complete sequence
Japanese encephalitis virus,
24 | 1404 | 204 122 | 9626460 | RefSeq | NC_001437.1
genome
DNA Dengue virus type 3 genomic RNA,
25 1370 284 91 151850386|Database| AB189128.1 complete genome, strain:
of Japan 98902890 DF DV-3
Dengue virus type 4 strain 814669,
26 | 1361 | 130 57 12659201 Genbank| AF326573.1
complete genome
Dengue Virus Type 2 strain
27 | 1370 | 142 21 119744844{ Genbank | AF489932.1
BR64022, complete genome
DENT1SEQ Dengue virus type 1
28 | 1370 | 152 52 | 323660 |Genbank| M87512.1
complete genome
Human enterovirus D, complete
29 | 944 175 87 9626436 | RefSeq | NC_001430.1
genome
Human enterovirus C, complete
30 | 945 183 122 | 9626433 | RefSeq | NC_001428.1
genome
31 946 196 148 19627719 | RefSeq | NC_001612.1 .
Human enterovirus A, complete
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15

reliable hybridization signal intensities, and that
probes with high CG content had a propensity to
w@e@dozeshi gh signal intensities through non- spersé2006/000224
bi ndi ng. 10 Thus, it could be established that the
CG content of probes selected should be from40%to
60% Accordingly, the present invention provides a
met hod of designing oli@&8nucl eotide probe(s) for
nucl eic acid detection, conprising selecting the 15
probes having a CG content from40%to 60% The term
"hybridi zation" refers to the process in which the

ol 1 g9 probes bfnd nen-covhlentlTy tp the taggehe
nucl ¢i ¢ aci d, or poriion thereof, tp forma stable

gotbtie—sttanded—Frptre——sttanded ily DT H&%aﬁ‘ébﬂoﬁﬁsh %orﬁ;;l&@
32 |t ol e364c$| EY ﬁms&htﬂ RefSHO| RQOTIBL1P50

PCT/ $G2006/ 000224 34 Hybr {di zati on| probes &re
ol i gonucl ¢oti deés capable of bindinglin a base-specific

ner tola,cof M 51, tHPgRENtqRRYEYsE) gomplete
33 ggl d. Igybri &?zirg%%g@ptgg{s%{? :a@;@%gﬁ ¢rs to tbmobendi ng,
dupl gxi ng, or hybridiizing of a noleg¢ule substantially

to—or—onty—to g particular [TTuct €0t T {ie0 G A HRid@s &Y, complete
34 |setpugnesss |umeber| 9678301 iRetem NPT 1 pns vvhengénlggg

sequgnce i{s prdsent ifln a conplex m xture (e’g., total

cell dl ar) fof DI\JIAiL_EM bridizati nﬂc ph ——
35 [AbbEl|eaPachi 4 oplsPRe rRUD! NEI BRob NS, et '€ BHE Patomp

pertqrmed under stringent ¢onditiong. For exempee,
condijti ond wherle the|salt ¢oncentratfion is no nore

thamabout T votar (M and a tenperature ol at | east
25C., e.g., 750 nMM Nad, 50 mM NaPhosphate, 5 mM 10
EDTA pH 7.4 (5 tines SSPE) and a tenperature of from
Togethleo withZb € plizadds fdr ee@ﬁh(vlraHpmbejl arut cmimlssawaacey for array

oS st 4 RSB Y Y oY &8 o

3904t89 ghature of at [least 25C. For stringent
Itions, see also for exanple, Sanbrook and
Russel Mol ecul ar C oni n _A Laboratory Mnual, Cold
Hommenng, mﬁbyntyam%%? IgiY, New York (2001) which is

Hom%qeqrn%m b rr Ol egh ornefcﬁr IQ)%%S' WHidt® hR Isfrfiiar fn%ltlng

s above. ens ty requi res that prob
tempéRadresamnaiasf fountdsthah Ipfcbbmlwlthelomn d}G-y,ontant Letid u“mésprbduce
rellabzepeléﬁgtgggaltlgn Osrlgﬁzgl IE?en%ﬁlte%Ctand ’Eﬁa? roggg Cvsithrﬂﬁlgh CG confent
had a propensity to produce high signal intensities through non-specific binding.
Thus, it could be established that the CG-content of probes selected should be

from 40% to 60%.

Accordingly, the present invention provides a method of designing
oligonucleotide probe(s) for nucleic acid detection, comprising selecting the

probes having a CG-content from 40% to 60%.

The term "hybridization" refers to the process in which the oligo probes bind
non-covalently to the target nucleic acid, or portion thereof, to form a stable

double-stranded. Triple-stranded hybridization is also theoretically possible.
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20 with the highest free energy conputed based on
Near est - Nei ghbor nodel are selected (SantalLucia, J.,

wdaeooz/og2s@t ., 1996). Accordingly, the present PEWEGLI06M00224

provi des a nethod of designing at |east one

ol i gonucl eoti de probe for nucleic acid(s) detection,

wherein the probe(s) are 25 selected by having the

hi ghest free energy conpdfted based on Nearest -

Nei ghbor nodel. Specificity requires the selection of

probes that are nost unique to a viral genone. This

is to mnimze cross-hybridization of the probes with
HybridiatRin Pbes HeldigatlicRistites capablésof biatingxiang lbasespeslfic

genones). G ven probe sa and probe Sb WD 2007/ 02125(9 X
mann@CTIOS@ 0uBNpleorentary3sstearsk 1 of igegeds nugledfet agidc| Bykridizing

speci e rt8C8Y, B, o SRS, BB g ol AR
substaftRllyas @etonivied i particuldr nibleatidé sequantder lseqgesdes under
comon_substri nagof sa and grobe S articul

. In r
stringpri conglfioifawsn BBal BREHINGR mﬁﬁnﬁ@saf@ 6 fapdlire (..,
V. I ec H H e ¥ >
ol SEAGER F ONA /O BAShiiato g et Sppll Seno
hybridizatigins, ascgenerblly petfermpd updse strimgenheongitiersitFor example,

conctl B e S RaF o s DR BEAED T8

tempdfafure Uit lessriamC, 18.gdi aRNe NTI/ 60 mRNE&Phospifaens mv
substring may al so vary. According to Kane's criteria

EDTA, kih@,4 (8 meseSSRE) ,angbadempseatuee shient abowip293 {9 about
. the hanmi.ng. di .
sorc ot DR P B TE ST N, L) o
examBle2 Hla 44it Chhcérittatiomebad momhanstbs tandng tedpSeataredof at
s

b is [ess than 15. The cutoff val ue(s) fpil)r %he
least 2 ieprdptingRek Geagitianse ege AISe: (r GXARRIS- SRAbrook and
tri [ AR ' t a ikl |
rossfr ARARY (OPLIRE, A [y, REGRR! Soprrie! tfor
Laborxteryt tlevg Yook (2e0 pawhiatuisanersby i ingenpoyatdd oy eeferer@e in its

. According to a particul ar exanple of the herein
e”""ﬂ%&frﬁ'tﬂgpﬁ%‘b@gﬂ\%i gn, the inventors used hamming
di stance cutoffs of >10 with respect to other target

nucl eic acids for specific probes, and < 10,
Sensitivity ereduines< tbat oprabess dhatedcannsibeform  significant  secondary

structures be selected in order to detect low-abundance mRNAs. Thus, probes
with the highest free energy computed based on Nearest-Neighbor model are
selected (SantalLucia, J., Jr., et al., 1996).

Accordingly, the present invention provides a method of designing at least one
oligonucleotide probe for nucleic acid(s) detection, wherein the probe(s) are
selected by having the highest free energy computed based on Nearest-
Neighbor model.

Specificity requires the selection of probes that are most unique to a viral
genome. This is to minimize cross-hybridization of the probes with other non-

target nucleic acids (for example, viral genomes). Given probe s, and probe sy
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Wth a specific probe, it indicates a probe which only
hybri di zes to a specific target nucleic acid, while

waowdo/oai2éonser ved probe it indicates a probe wdTRGIMY000224

25 hybridize to any nenber of the famly of the target
nucl eic acid. Accordingly, the present invention also
provides a nethod of designing oligonucleotide
probe(s) for nucleic aci #3detection, wherein given
probe sa and probe Sb substrings of target nucleic
acids va and Vb conprised in the biological 30 sanple,
sa is selected if the hamm ng di stance between sa and
substrﬁﬂ%s bR iR 3610€NQ 20350, BOE/ Ss@Ae6haseR 34 th@ hamming
substring Sb fromthe target nucleic acjd Vb
distancadretoess B aa\ddaﬂshl@r!g&?rgéwbsf@a&rﬁyrfr@nﬁbﬁ targst WW%AC acid

Vb ancﬂ@ﬁplﬂ C}qu?r@eét ohfidn S0UB8¢r ﬂ{%u?f?%éﬁdjg}'np Et‘?Mn b3 icular, let

I'Za ynam cs VVI exl't

Sa anér§sbe leybth-chi zalvstings$ rfrom hired ngdidine %@«twbompectu\sely,
and Dengue serotype 1 viral 5 RNA were purified from

where (Ye #r¢dl-a of infected cell lines, reverse-transcribed,

and PCR-anplified using virus-specific priners (Wng,
et. al., 2004). Each genonme cDNA was anplified inits
The lemgthratthe (mebe(Ehto heedesignsd quey bengf) any lenigdh egetul for the

purpogkastdne fgerd BLEGREF 1% Brohe ey B Meso i, 14g i or
examF}iet boatd 88, #ith, S8R% BRERdr GobleXBAfHid U im@Y. aphé thamming

l'uorescent (Cy3) signal wel [ above the detection
distanderayyhor WngesictummonsbISiing By asQMaly-i ntensiti es >2
standard devi ati ons above the nean array signal
intensity; Figure 7A) Cross-hybridization with other
Acco@ﬁ@@ﬁﬁn@é@hf&neﬁ(ﬁeﬂ\e\m Dij &b atal2000hswyris sgedifit Yo ¥4if:
ot her nmenbers of Coronaviridae and fe speci.es of
Plah AT SO el B o Erday 1epatT-at Sikreting B from
t %esrﬁi | S_;_(g?g» shar es littl e sequence
hbﬁ%ll r?{éﬁ/ qg e?qﬁﬁ%\?n viruses (Ksiazek et al.
2(03he Iéﬁhmshycbmmblz atibstingaiftsgrandaf, iDEsgUban 15n t he

ot her hand, was nore conplex (Figure 7B). First, we
observed that hybridization to the Dengue 1 probe set

The MRSf R/%\'id 01§ | fof the GRIMMEHE distarce nT=§Ibe®RBOSHS eittorfing to the

signal) due to sequence Efl ynor phi sns. The Dengue
stnng@mwdeanysldr ildivlebecevidert tor eay M&@oerﬁm DPWdtq ﬁ@kﬂcta the

namrgr i88ntFeodbfta rRedifido AT e Beblifar oty fesired.
Accoffing ttb 2 babRolfdi98xamply) af ke iHerein descrlbed probe design, the
inventors used hamming distance cutoffs of >10 with respect to other target
nucleic acids for specific probes, and < 10, preferably < 5 for conserved probes.
With a specific probe, it indicates a probe which only hybridizes to a specific
target nucleic acid, while with a conserved probe it indicates a probe which may

hybridize to any member of the family of the target nucleic acid.

Accordingly, the present invention also provides a method of designing
oligonucleotide probe(s) for nucleic acid detection, wherein given probe s, and
probe s, substrings of target nucleic acids v, and v, comprised in the biological

sample, s, is selected if the hamming distance between s, and any length-m
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Si ngapore in 1990 (Fu et al. 1992). The Dengue 1
probes that failed to hybridize wth the cDNA target

weaoh/ozest ai ned at | east 3 m smatches (w t hi n BC/S6HM6/600224

stretch) with the target sequence. Second, we observed
that cross-hybridization 25 occurred to sone degree
with alnost all viral probe sets present on the array,
particularly with probes 3f other Flaviviridae
menbers, consistent with the fact that the 4 Dengue
serotypes share 60-70% honol ogy. To understand the

rel ationship between hybridization signal output and

substiit 8@froRptHePReét midisic 46R1 v i’ Miboré dara0 2%ng| dndotheblengest
sequences to each viral genoms u5| ng 2 neasures of WO
commpocsubEEing of RemdeehessdddessthadSini1arity: probe

hamm ng di stance (HD) and maxi mum conti guous match

To s%marreﬁp Iﬁ%‘faﬂ?n Pgngr\ﬁftfsal\knt LU i | &?’m?!e%tﬁ‘n&e &bss-

W score or sim sequences
hybridizdition ﬁngm Hehan Rmﬂaﬁsmmﬂavhes aodii2engife serotype 1 viral

o SO0 i A BT o o g

and Iﬁé gé%ghf?éh td%%d"@lr@@-%pm'csﬁﬁﬁ\%‘i’s f(Worﬁt?/eéN #11,08604). Each
ative to the Hawaiilan Dengue 1 isolate and
genombseli)b@d wamtammé@é sndSesnfa"ea/ i(Av e¢adirmedn By dsea@ncing),

r tivel n
v YR S TTRFFICAA SR RS RGP SRS sbhbe
hybnd‘Eé@We?lntom@SARB ﬂlﬁ’g;op’ﬂ)bds gvithHBll 3,805 Smbpmlflmbes
10 27 (n=627), i dized th medi an signal inte y
dlsplaylng)gﬂugrmoenuaa(d& p ogltemal  wellh Ahgyeodbe odeRdess hsyold
t r
(dete&ghgg tﬁpér%b Qﬁﬁ |h%‘£{lsyr%spfi'ogféﬂ;c{ag(§]ng%vfa;t]log% 55'095 thé&Mdan
array Gigat astiedsity; Fiyerey7A) Ceossnbytiridifatkarwith otheti ;sathng@n probe

sets Was RYAORIGOPBeRPd Rl laboinaleqins & Cbhaviides and = fow
spemé@ 6‘6 (?r?\gg@d%epdrﬁppér XRRES, 'db‘?\'sbé{erﬁh/ﬁtmﬂiéébééfrv@ﬁ‘ ion

n>51, 000 ad HD Scores between 8-21
that masmammummseaummowswﬂbfotm mpwn rgysem (Ksiazek

ect abl I
ot al.o2803) ffis PyPEAERLT BHERLBY oA an STt Slpr hongh dves
morevﬁlﬁﬁﬁle%(i:lg@]rém Firdietd bips&ged tﬁéﬁﬁytﬁmdlzémimmm Dengue
al'ways have detectabl e si gnal 1ntensity

1 prcmm\s@twmgqeaﬁiu ingpEwletevdie-i FegiaBS FRsssh %Qnal) due to
sequ&%’cé’ %fﬁ%l’?}ﬁsnw 'hpee Dengue 1 sample hybridized on the array was

cultured from a Hawaiian isolate in 1944 (ATCC Catalog #VR-1254), whereas
the array probe set is based on the sequence of strain $275/90, isolated in
Singapore in 1990 (Fu et al. 1992). The Dengue 1 probes that failed to hybridize
with the cDNA target each contained at least 3 mismatches (within a 15-base
stretch) with the target sequence. Second, we observed that cross-hybridization
occurred to some degree with almost all viral probe sets present on the array,
particularly with probes of other Flaviviridae members, consistent with the fact
that the 4 Dengue serotypes share 60-70% homology. To understand the
relationship between hybridization signal output and annealing specificity, we

first compared all probe sequences to each viral genome using 2 measures of
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pat hogen sequence. At the optimal simlarity
thresholds HD = 4 and MCM = 18, >98% of probes coul d

wheoodeeresi ed with nmedi an signal intensity 2 | opGT/8GEN&000224

background, whereas adjusting the threshold down 1
step to HD=5 and MCM = 17 would result in only -85%
probe detection and nedian signal intensity -1.2 25

| ogs above background (Fi%ure 8) Using these opti nal
HD and MCM t hreshol ds to predict for

cross-hybridization, we binned all probes into groups
nost likely to detect a given pathogen. W WO

similaﬁ@wér@%ézﬁgnﬁﬁi_ﬁ/fgsﬁ?&é)r%é)qm4ana8nfa&frﬁunt @ohtigseéus match

roups as specific signature probe sets (SPSs andg vie

(MCl\/geHDrmeaStsressthed?veéakbﬁlnafartthélsw%@h%é @%?fg%ésw'th w
T

scoreh 8% 3 SAgfBpt B Rind LR, Row TaBbasS e Hmper o

consadutife H¥ses WHitle drep eRatth npstcioest with highl weordsl for. similar
Probes that do not have GC 5 between 40-60% [ col um

sequeneep (Kanais§Rl-408Warity to human genone [col um (3)]
were renoved. Probes derived from ot her pathogens

We c%ﬁl‘é%ﬂé\p?’éﬁ& MOrdcdrdeior ievek Jgﬁrdb'ét RPsR/R 1oaAne HBMaiian

colum (4) %‘ were added to the SPS [col um
Deng(8)1 |sdiate ahd cpb&mtved dbat thsisel scaTesiareninversaly afdogisectly

correlpfid SrsechiVal i bithe SiobhLuendls AP BetHs BRI ME aray with

high Qﬁmaﬁg tBrtﬁQQ*?aWéila?fPﬁengué PYehdine), &bt HU‘D29(4h=@I4d) 6BMCM =
4) CW Arenaviridae 1283 574 1 1% 555 0
27 (n5687), thaldtZ@éanBberdiaﬂl sigealgntensily %logs abave bagkgroynd.

o AR RS YA £ BB B 15 o8, 200

MCMCerr@jea frior digg2489dTedian (robd3sighdl thténsity decreased at every
increment of sequence distance. Median signal intensity dropped off sharply to
background levels at HD=7 and MCM=15, with 43% and 46% detectable probes
respectively. The majority of probes (>96%, n>51,000) had HD scores between
8-21 and/or MCM scores between 0-15, of which 1.23% and 1.57% were

detectable respectively.

The ideal cross-hybridization similarity threshold would be one where all probes
identifying a specific pathogen would always have detectable signal intensity
above background noise, even in the presence of polymorphisms in the
pathogen sequence. At the optimal similarity thresholds HD = 4 and MCM = 18,
>08% of probes could be detected with median signal intensity 2 logs above
background, whereas adjusting the threshold down 1 step to HD=5 and MCM =
17 would result in only ~85% probe detection and median signal intensity ~1.2

logs above background (Figure 8)

Using these optimal HD and MCM thresholds to predict for cross-hybridization,

we binned all probes into groups most likely to detect a given pathogen. We
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44 Human 17

6 SARS Coronaviridae 3805 672 6 78 588 3 591 7
Denguel serotype Flaviviridae 1370 201 2 47 152 50 202

w@200engueser ot ype Fl aviviridae 1370 178 0 36 14PCTIGRDE000224

9 Dengue3serotype Flaviviridae 1370 336 1 51 284 69
353 10 Dengueeerotype Flaviviridae 1361 172 1 41 130
44 174 11 Japanese Flaviviridae 1404 274 6 64 204 40

244

encephal itis 12 Wes®8Nile Flaviviridae 1401 111 4

22 85 22 107 13 Yell ow Fever Flaviviridae 1389 151 0

6 145 10 155 14 Hepatitis B Hepadnaviridae 409 146 2
10 134 0 134 15 Influenza A Othonyxoviridae 1582 601

BifichdibH&tuEe proltéd tsbtymems)r isthalewd 8RFined

papi |l | omavir

SPSs mpeaqrmfetbe B5deathegen genpmesreprgsantadon ﬂﬂ% ggaydTaple 2).
hIMPV Par anyxovi ri dae 1705 375 23 60 292 8 300 19

Table)? -3

gh'

b AR

dt&:‘ed Fobe) 4

arany oViri

T E83500

2

iSelite

21

ﬁobes with
235

AES 21'35he aa;p szt%uprérbe.euﬂea[cbman afyk oRiabiesathat 996 BA5hage e@o
3 553 WD 200%2l
betwepar%ﬁ PP ksoiam® (

were 7%13{ \9%13 Fgrﬁ[;%@fehgéﬂ?ﬁ)rﬁ’

021250 PCT/ SG2006/ 000224 39

R8T B8 gehprae [Fiumg (3)]
JHREraHRtheYERd ARFchl AilPcrded-RPridize
Par anmyxovi ri dae 1948 655 52 66

to thebpathagén basas dic hiiy iandsMCNpi[ealuruy (4) waase guslegsty the78PS

[CO|UI’8I‘6\ 2@29

423 26 Enterovirus A Picornaviridae 946 205, O
21 217 27 Enterovirus B Picornaviri dae 944 109

0 15 94 47 141 28 Enterovirus C Picornaviri dae 945

202 0 19 183 31 21 29 Enterovirus D i cornaderafdae
944 19110 16 175 15 19( predicted
Total GC Human No. of | cross- | No. of
Pathogen Family tiling |AES coptent Gepome filtered |hybridizing Probes
probe| (1) | filter filter probes| probes |in SPS
s 2 (3) left |(HD<4 and| (5)
MCM>18)
()
1 LCMV Arenaviridae 1283 | 574 1 18 555 0 555
2 Hantaan Bunyaviridae 834 131 6 22 103 2 105
3| Sin Nombre Bunyaviridae 837 |225 8 29 188 3 191
4 229E Coronaviridae | 3495 | 196 2 12 182 2 184
5 0C43 Coronaviridae | 3937 |663 16 43 604 3 607
6 SARS Coronaviridae | 3805 | 672 6 78 588 3 591
7 [Dengue Serolype|  gyoividae | 1370 |201| 2 47 152 50 202
g|PonoueSerOWPel  Eiaviviidae | 1370 |178| O 36 142 71 213
g [Dengue serolype|  cynviviridae | 1370 |336| 1 51 284 69 353
1g{Penoue SRR} Fiaviviridae | 1361 [172| 1 41 130 44 174
11 ef\i‘;i‘;]zﬁﬁs Flaviviidae | 1404|274 6 64 204 40 244
12 West Nile Flaviviridae 1401 | 111 4 22 85 22 107
13{ Yellow Fever Flaviviridae 1389 | 151 0 6 145 10 155
14| Hepatitis B Hepadnaviridae | 409 |146 2 10 134 0 134
15| Influenza A | Orthomyxoviridae | 1582 | 601 2 46 553 0 553
16| Influenza B | Orthomyxoviridae | 1822 | 718 7 69 642 2 644
Human
17| papillomavirus | Papillomaviridae | 1011|177 1 7 169 0 169
type 10 ‘
18 hMPV Paramyxoviridae | 1705 |375| 23 60 202 8 300
19 Noweasle | poramyxoviridee | 1943 252| 0 8 244 0 244
20 Nipah Paramyxoviridae | 2335 |274| 22 17 235 0 235
21| Parainfluenza 1 | Paramyxoviridae | 1995 {625 13 62 550 3 553
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325 disease 31 Hepatitis A Picornaviridae 955 355 9
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48 283 13 296 type 89 33 Rhinovirus B Picornaviridae
920 464 3 35 426 11 437 34 HV | Retroviridae 1174
229 4 17 208 0 208 35, Rubella Togaviridae 1246 748
534 3 211 0 211 Total 1189555 10955 11497 Each
pat hogen's SPS conprised tiling probes derived from
its genone sequence (HD=O, MCM=40), as well as
cross-hybridi zing probes derived from other pathogens
22 Parkiffiderza 4| PMexovirkSd | 2002 VBshest tonssder pdept her 0 762
23] ParRiHlzB 8¢ 'PErlalﬁnyrQEé Hozadzah phehomema thabi cpul d 710
24 'SVt @Er%mxﬂiﬁrfagé is D885 | SE> Prohws. gy ekanpl e, | wey
25| E %9?%% I B HEURIE! | ofg| Aol 0TS D DT WEETReRT PDE5ST gNab3

(

26 En?q‘ovrus +?’Hc0rnav idae J_'é?é ’éo:é Tt o I P§ EVI u1%6 21 217
27| Enfgrounis i e’ DOREJogft P oS5 =40Y5 eSH Ted 7
JTHC bz C IOCD, ng T Jl,fé T I 1U"/0 14

< 4

A\~ L) :
26 Enieyins g | cRiscpaindie ok, 845 [0 1107 ks o8 & BTOT Ol (e bt
29| Enggrovinss(fn 4. Piggrmayiidee o b §445h 18 ha % 1490% ) R e 190

30 F°‘1}11f§“d| ”ig’i'@c MGGhaviedat 136 hss6an 28ddi t i bnal | s¥Fekbti &n 325

31| Rephtlich ' |V Prraidad P95 | J9al M g~a0%0 Wy andl spgbvo Gl Werso

REASIFEGEGTromour—sFSS I Uesprte opLrmal HDand VIV
32 “yalwes. | Beutrdide si%nd |33ty to hutfan getfdme 15° 1n| 2%
33| RRASRusiENE PasreRkiddeUC|oeo ¢4aci 3 t ¢ bessdet ¢c42ed|i s11 437
34 ExNvAact 40 kdomdRdimanga(d0  exanple, hunme sanpl es| 208
35 QQBEIQ' NiNOToghvirdke OGRRURRSJs,| BE40BEs with|hgh| hanol ooy
to tTe NUMaTGgENOMEs 5Eg)Ul d al SO be avol| deds 11497
Accordimngty,—for—arny rope Sa of tength-m Speciiic
for the target nucleic acid va, the probe sais W
2007/ 021250 PCT/ S&2006/ 000224 40 selected if it does

Each npathogea’sar8P&i tempiiséd ating egio@asoﬂeeivem cﬂr@nnc itsciggnome

o LD, WS e A AR SLRBE)f pRR e
other"é}g&}ﬁ&%ﬁ@ﬁﬁ o hemtanggt nucleic acid, the probe sa
gth-mw th the

We next considered other non-specific hybridization phenomena that could
affect performance of our SPS probes. For example, we observed a general
relationship between probe signal and %GC content. Consistent with previous
observations, we found that probes <40% GC resulted in diminished signal
intensities, while probes >60% GC content showed higher signal intensities
(Wong et al. 2004; Maskos and Southern, 1993). Thus, we utilized %GC
content as an additional selection filter, whereby probes with <40% GC and

>60% GC were excluded from our SPSs, despite optimal HD and MCM values.

Sequence similarity to human genome

In case the target nucleic acid to be detected is extracted from humans (for
example, human samples containing viral genomes), probes with high
homology to the human genome should also be avoided. Accordingly, for any

probe s, of length-m specific for the target nucleic acid va, the probe s, is
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smal  est maxi mum al i gnnent | ength and/or with the
| east nunber of hits is 5 selected. In particular, for

wa@pyo7loznegt h- m probe sa, hits of sa with the huP€rSG2006/000224

genone are found with the BLAST al gorithm (Al tschul,

S F., et al., 1997). A BLAST word size of (W= 15)
and an expectation value of 100 was used to find all
hits. sa is selected if ¥ does not have any hits with
t he human genone, that is, it is specific to va.
However, if all |ength-m substrings of va have hits
wth the 10 hunman genone, those with the small est

select@@ﬂ‘ MiBeal harmand ahiﬁ_lhﬁ*s Righ enyregiont biea Ireeidic meitbdiffeoént
hits was sel ected urthernore, as cross-h b“dlzathetﬂ
e

from tiet tergetrarclolt asite anc fulhe Brake Serebeiham bhas fitsswit

h
iSRG P b o8 BETACE35 ety s e
small&@ﬂﬁakmw alignl\rlgetatl Iagguademg\Mthdthﬂs learsh | ryusnigerobf thits is
human genone ture 4 682 860 (200
soloctefh Al PATURIE: Oy NGE-GT PLabq Ape BER(! Gt v thegByman
genorﬁé%{?ere h\NﬁHp[ EtEﬂ_ |"|'l?|rr?f(Altéc‘:')rQJIW’é’,rlE fadrdiherog7). A

romt s (s Tabl'e 2 above
BLASRomonddsing/lof (W el 5pramslan ekpraiation nalweosfi H¥swas msedda find

ot i S FBBA g R doBHR 5951 1 G D She B e, e
is, it is §B8élﬁc%weﬂb%9elf o all lRAgHRADSLbSIHAYS Of vahihde hits Wl’ma‘the
probe sa i s selected if it does not have any hits with

humaargencﬁgeoﬂme with [be esreallast dnaxipfusn alignmesthengtht and ayith
cl e| probe sa | ength-mhas hits
the Iea; 'H"P llu'g eﬁgggglegﬂ%ffferent fromthe target
nucleic acid, the probe sa Iength-mw th the snall est
Furth&mora) aslo?d)sksghymmzdatmmhh hodiar sedqudndeseoutthalsorngmifieund

o, i oot A e b, i S ot B 17
(Interﬁﬁ%r‘?’a‘? %rﬂbﬂ%éﬁo%@%ﬂ)@ﬂﬁ@ @on'sBrtRﬁ‘ﬁt irftdl] %requbhémg and

nventi on provi des a sel ectin

analyehssofgherngrpanlgeﬂommﬁ\latureﬂ@ﬁ?(@lﬁé% 860- 93%429@1})}) by BLAST

5 / 0 02 [
w5855 12,5098 04380 L SRAOBHREE AR F o o
100 v&é}é fRARSL filfdtel fRIm tRESPEENEEE TRbId armt\/enucl ei ¢ acid.
In particular, the oligonucleotide probe(s) capabl e of
hybri di zi ng to the sel ected
Accordingly, the = present invention provides a method of designing
oligonucleotide probe(s) for nucleic acid detection, wherein for any probe s, of
length-m specific for the target nucleic acid v,, the probe s, is selected if it does
not have any hits with any region of a nucleic acid different from the target
nucleic acid, and if the probe s, length-m has hits with the nucleic acid different
from the target nucleic acid, the probe s, length-m with the smallest maximum

alignment length and/or with the least number of hits is selected.

Further, the design of the oligonucleotide probe(s) may be also carried out by
AES according to the invention. In particular, the invention provides a method of

selecting and/or designing probes wherein a probe p; at position i of a target
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5 region(s) may be sel ected and/ or designed accordi ng
to at least one of the following criteria: (a) the

wa@edogored probe(s) has a CG content from 40% t BCBEOG2006/000224

(b) the probe(s) is selected by having the highest
free energy conputed based on Nearest- Nei ghbor nodel;
10 (c) given probe Sa and probe Sb substrings of
target nucleic acids va &id Vb, sa is sel ected based
on the hanm ng di stance between sa and any |ength-m
substring sb fromthe target nucleic acid Vb and/or on
the | ongest common substring of sa and probe Sb; (d)

nucleibOAcidny delatied 8 ppis lppedittedmos hgsridize thothet pesition dedf the
nucleic acid Va, the 15 probe Sa is selected if it

amplifipsbtargeitnuedeie agithy hits with any region of a nucleic
acid different fromthe target nucleic acid, and if
the probe sa length-mhas hits with the nucleic acid

In particiibgrthetoligoaaticbtide argied(s) vapaleeofdnibddizimg tetlebeelsated

length-mwith the snmll est nmaxi mum,  alignnment | engt
region(RLIAAY AP $Pleried) BRgRT et ACHLig 45 2l lBepk e dgthe
followﬂ'[?dtfrﬂérié'e) a probe p; at position i of a target

nuc

elc acid is selected if p; is predicted to
hieh thelselectanl probefeshas aCG-contert froamp0V4 10e60 Yoar get

1S B penbrishis Salschre R revise tRABPPHENPE o BRar BrBled
abovigsd@myo R Ridesest-NeighBesiiddieng the ol i gonucl eoti de

probe(s). For exanple, the probe(s) &% be desi gned
b{c) giyery prapeasd aod inrebe v Cabsripgs ©f targeh sucleis peEs| g, and

not expli.cit nt.j her ej ) f j t
o I S RSB o YA B2 A St
WO 250V [dhtR 90 SeBELrfig2 60 friodd B2 4argé? nutlgiaatidcud and/or on
under the criterion (e), ap oké?mﬁi %tp osition i of a
t ar gtte IADges coMAONSUBSINgG QstacttEBIOPe S(p; | VQ > A
16t BngptGods2 ) shedifid fdrsthbh8rgdl iR bbid,, the
}A@tfgtlgnﬁgga%%sﬁ?g%ﬂ@vtsgetlﬁée positi[)gn i of the
t ar gptobaus) i selacted i¥/it.does not have any hits with any region of a
nucleic acid different from the target nucleic acid, and if the probe s,
length-m has hits with the nucleic acid different from the target
nucleic acid, the probe s, length-m with the smallest maximum
alignment length and/or with the least number of hits is selected;
and/or
(e) a probe p; at position i of a target nucleic acid is selected if p; is
predicted to hybridize to the position i of the amplified target nucleic

acid.

According to a particular aspect of the invention, two or more of the criteria
indicated above may be used for designing the oligonucleotide probe(s). For
example, the probe(s) may be designed by applying all criteria (a) to (e). Other
criteria, not explicitly mentioned herein but which are evident to a skilled person

in the art may also be used.
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More in particular, ,\ is 0.8. 5 According to another
aspect, the invention provides a nethod as above

waoleacetzed wherein P(p; | vQ P(X <_ x.)= k , ME8E2006/H00224

is the random vari able representing the anplification
efficiency score (AES) values of all probes of va, k
is the nunber of probes in va, and c; is the nunber of
probes whose AES values 420 are < x;. According to
anot her aspect, the AES can al so be used to design
random priner tags to facilitate random anplification
of sanple by random PCR (for use in applications such
In parBéulde! @fddrae Writadh QLR proly prat Positidn geha target nucleic
expression, constructing clonal DNA |ibraries, and
acid wt hersedgyied cifit Poms va) sk Mereiar dois Reuland 15(iji)d§ the
random PCR) . nt hesi s of oligonucl eotide probes, on .
probabiiiypthet pi hae d AVREIES tenberReSRILet ey arae! DuReis A V.
h . el ecting and/or 20 designing at |east
“m”e[ﬂé?iﬁwggﬁdgpé%tide probe(s) as described above
further conprises a step of preparing the selected

and/ or designed probe(s). Designin a probe c ri ses
Accorgifge et anethah ﬁ‘stpse%egi% n'8¥e%ti'ﬂi? i O%gg?‘ g%i Hbe%l]?é) g% a%%f"’e
sui tabl e neans, for exanple by using a software. The
descritieglpvbéreiin diiar g ~AEY <pr, pbe-‘c oviparemeX is iee pydang pariable
preparation of it. The probekmay be prepared 25
' i st ofF 9L, k
epro GG R R ARIBES, SBBOA ) oo tt
is thepuanberasf drgbed nvnagndrpiis theamphber aisprobies svhdsedAER values
Sanbr ook and Russel, 2001. WD 2007/021250
are sp{T/ SG2006/ 000224 43 There is al so provided a

AP S LandtRér §38ER! @h@ AES! 84 Il We D566 MbPdesigapaineidm
Accoacco?%i%ng tor angggnbodi ment according to the prgsent

primeir iagsitd tacilitata sapdomegrsplifiatiogd ammie pyspadem PCR (for use

. accqrdin o_an f ho t r : [ ' ;

in apRfigAlsgacrion 2o REITaRop! Rayoling; 8EHion o1 JHEDb ctRssion.

consBUERRY dlondiIDNASHRERES, ardpitee spplitaitths & skiliedpevson would
printed on an insol uble support according to any

empleyeandaguEdReown in the art. The support may be a solid
support or a gel.

Synthesis of oligonucleotide probes on a support

‘According to another aspect of the invention, the method of selecting and/or

designing at least one oligonucleotide probe(s) as described above further
comprises a step of preparing the selected and/or designed probe(s). Designing
a probe comprises understanding its sequence and/or designing it by any
suitable means, for example by using a software. The step of preparing the
probe comprises the physical preparation of it. The probe may be prepared
according to any standard method known in the art. For example, the probes
may be chemically synthesized or prepared by cloning. For example, as

described in Sambrook and Russel, 2001.
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The support with the probes applied on it, may be a
mcroarray or a biochip. 10 More in particular, the

w@e@sen256 nvent i on provi des an ol i go m croar r apCT/SG2006/000224

hybri di zat i on- based approach for the rapid detection
and identification of pathogens, for exanple viral
and/ or bacterial pathogens, from PCR-anplified cDNA
prepared fromprimary ti48ue sanples. In particular,
fromrandom PCR- anplified cDNA(s). 15 In the

foll ow ng description, the preparation of probes is
made with particular reference to a mcroarray.

There TOWRESrovided £ 4RSI, foRrexiRiple asmichearpayodesiochiy pbepared
prepared according to any description across the whole
accordmgtt@any@mbdﬂbmﬁﬂ"eg@fmrd"‘motﬁlth@eﬁrﬁwt IMYErRiRNE i cul ar, an
‘array” is an intentionally created collection of 20
nol ecul es which may be prepared either synthetically
The p%bé{bp%l}éﬁfgh@ﬂlmﬁi byepafbé admhﬁngltesanwrrtdhbomrafabe magsent

identical or different from each other e arr
mventmyrrwysuw in alufien Wdﬁﬁ?ch%ﬁ% aéDrgan 'P??JFE\ adprat. For

examﬁ’lgs H@yebg%lgﬁﬁé’rﬁ es.spot 'db&aﬁr‘n‘ﬁ%dcgn aﬁ Q%&UH@SSJp?Joﬂeé&ermg

ps, or other solid supports.
to anyNechnique licwvromn ’dneFéxrat'éhe suppbib ayashbeiangolisl parpatt Pt ¢ gel.

of arrays in array i,s 25 se ar at ed he
The sypp@it Wi thePrg %aBﬁiféF it Béryr b PIEE aggaa/ncer %rot(?;ﬁ\e6
passage of liquids and form ng an area or space,

referred to as a well. Sanple preparation and
More hirbr pahtlzallar,o rthenpresant  Mandianr Ayovides brp| eoeamicroarray

e, nmay, be a f [
o o8 R L e 356 SRR rfaton o
pathogéﬁs beorbbettp Ieawmcbhd/bﬂlbéctaﬁll Ipaaqogwsmﬁ)?ﬁ (PQRE&Mplified
CT/'S&G006/ 000224 44 urine, stool gét{]e i ke Ill_ge
cDNAvprsipsged drons aiipIasy Hgsus samidgs el pyrticHizs, AW ransioraiFCR-

ised in the biological sanple before
ampl'ﬁéqgmggut the anplification step. The target
nucl eic acid may be any nucleic acid which is
intended to he detected. The et _nucl eic, aci.d ta..
In therdeliaied dakBESTR MecaePatatiorh Bt Phrstals ebieofifl s ibder
refer%g:;% F&Jaﬁ%;deBTNeR/BP tﬁé@u‘b@bﬁabs%"pé@the probes, may be

he bi ol ogi cal sanmple is froma human,
prepdrbd a&)oogdangde angrdgscription [asressthedwhelepeonfentef tie present

appllgatiase tn meIcU arbla% a(;i'lré:ya‘I %len?ént5o§1aﬂyn&‘égf‘éoc Bfit&ion of

molecules which may be prepared either synthetically or biosynthetically. The
molecules in the array may be identical or different from each other. The array
may assume a variety of formats, e.g., libraries of soluble molecules; libraries of
compounds tethered to resin beads, silica chips, or other solid supports. Array
Plate or a Plate is a body having a plurality of arrays in which each array is
separated from the other arrays by a physical barrier resistant to the passage of

liquids and forming an area or space, referred to as a well.

Sample preparation and hybridization onto the Microarray
The biological sample may be any sample taken from a mammal, for example

from a human being. The biological sample may be blood, a body fluid, saliva,
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which is not from human origin. According to an aspect
of the invention, the target nucleic acid to be
waledgored i s at | east a pat hogen genone or fr ap@EsG2000000224

t hereof. The pathogen nucleic acid my be at |east a

nucleic acid froma virus, a parasite, or bacterium

or a fragnment thereof. According to an aspect of the

present invention, there44s provided a nethod of

target nucleic acid detection analysis. The target

nucleic acid(s) froma 15 biol ogical sanple desired

to be detected may be any target nucleic acid, RNA
urine, 218b0TarfNfhe FiRE. TreNBlofgitdRNarapld/ atayc BdlAredtedeta free the

particular, the target nucleic acid to be detected

nucleifagcide conptisesydn the rhimoalﬁﬁhcﬁg?éﬂp'eF&@?%aﬁﬁrf&t”g out the

Jmay. be the-gen . t L
oo oo T Py AR 0855 bt piin
intendedr tdshé detebied.pTiebergethedéiedacia do be geteptrderag Genatyleast

a nuglgion et SHIANPSL SENBI APk RRIa: 5" B PIqiRdeHo R

i . " . 1 o
scco B3 6 HRGEHBRRHS TR Fhurh BECPLROGuRIA tare
nucleiti avid & beydetadtedr(if resenidhithe bidjegical sample)ds a nucleic acid

wichf o HORL ST b BB A SaBELt REURY rhehon, ne
targePRGEINRISEH 1HR5E Retedtb@ at % £phtiderhgenomedsrotagment
and comercial kits. For exa Q agen Kit for

| e,
thereofudheipathegen negleicacid mﬁm’agggtea% aducigic @cichirpmel yirus, a
Phenol / Chl.or of or used for the extractio
parasgg, %’l\bl\a‘gﬁﬂﬁ% O%ﬂﬁ.}%?ﬁ{ttggﬁ%ﬁque known in the art, fo?

exanpl e as described in Sanbrook and Russel, 2001 may
be used. RNA was reverse WO 2007/021250 .
Accomiing BCaD0RRESH 2P e presank RaNteBd theseBACYided ¢ Medrd of

PLLIGEN e kb
e SR SO O S5 EgRdy fom <
biologiEhsample tésirechtpbefdetectby may denamCrRarget agaeint acidoRNA

| abel i and hybridization of le to th
andio 9N ga s, xRS SR KBe Y SONIE oleFe 4F ol thg teraet
nucle® acid4B8We detddisd ARy BY aSpathBgeh oramepathbgeh oFér example,
particul ar experinent described in the Exanples
it may dut thengendmae or a fragment thereof of at least one virus, at least one
bacterium and/or at least one parasite. The probes selected and/or prepared
may be placed, applied and/or fixed on a support according to any standard
technology known to a skilled person in the art. The support may be an
insoluble support, for example a solid support. In particular, a microarray and/or

a biochip.

According to a particular example, RNA and DNA was extracted from patient

samples e.g. tissues, sera, nasal pharyngeal washes, stool using established

_protocols and commercial kits. For example, Qiagen Kit for nucleic acid

extraction may be used. Alternatively, Phenol/Chloroform may also be used for
the extraction of DNA and/or RNA. Any technique known in the art, for example

as described in Sambrook and Russel, 2001 may be used. RNA was reverse-
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present inventors selected several viral genones
representing the nost common causes of viral disease

WO pooZiopgapor e. Usi ng the conpl ete genone 10 sePUERGHEHD6/000224

downl oaded from Genbank, 40-ner probes which tiled

across the entire genones and overl appi ng at

five-base resolution were generated. Seven replicates

of each virus probe were 4ynt hesized directly onto the

m croarray using N nbl egen technol ogy (Nuwaysir,

E.F., et al., 2002). The probes were randomy

distributed on the mcroarray to mnimze the effects
transchibe@Y RS IdONAL USingl Pagddd frafdiém Ppeintars! melsetiobn a protocol

non-speci fic hybridization of sanple to rohfs, []_)MOO
described duhBehtandenetpabbd 993aand Wany ik Blamf (3, nthi sP Y was

ont o t lcr f 0 i gogHG! ] i f
then gt BYatFE R TRER. ETEEn Py PG B iR RRion o
sampleaBanE misrodreayt Werepedried wut gsnizsedbed bgyVarg @tran @O0,

probes with 40-60% CG content. These probes neasured

t he background signal intensity. 20 As a positive

. ol i gonucl eoti de probes to human genes

M'croﬁfye{]%g\bég%nom or inferred functions in inmmune
Accordigptn separicalsyexpersneriddescrided r they Exarplesirsection, the

virus, PMW, s included as a negative contr.ol, r
presolby b s apel e bOT B0, SN REl, Ve b o Bt
com éﬁ’" LaudW SHamdl | MEERS ih Mindapsel ibingMthe d@mplete genome

escribed in nore particularity with reference to a
sequarmesod@mnidededtiram Genpanis 4haisfprebes whichdfled rasgoss, the

e

replickit® sE¥aER!viRsPpRitse feretdyathavizu direcis cmés ¢he brettroarray
across the whole content of the pres

. ! ( egéq pgl i cation.
using\i§milegen 2eokolpay; (Bysirobeb2 £ As _330 ht probes were
ans SR g5 e 43 o ppdtion
artifacte! Fot corgrartfot eastspmuifict hylriizationl ef samplal te prghessi 15000

th t f: (i i.di i ol .ogical c (il
oot i MerE deviees o 8hER SR ikt
Theséa{%b% élid{gﬂrﬁm@&i‘d‘e@' 81 abt hasstamnecquibaes Wiiigiilyde the

probe capabl e of hybridizing to at |east one target
humarugéméroeaor do the patkegan genomee. bhey sfredendamppebesyith

40-6 éi@élﬁq{ﬁgﬁtoplr Ob%( Sl)obieg rgégglﬁreﬁqhgybé@gp&r?d g@n@?ﬂwtensity.
As a positive control, 400 oligonucleotide probes to human genes which have
known or inferred functions in immune response were synthesized on the array.
A plant virus, PMMV, was included as a negative control, for a total of
approximately 380,000 probes. In the following description, the invention will be
described in more particularity with reference to a pathogen detection chip
analysis (also referred to as PDC). However, the analysis (method) is not
limited to this particular embodiment, but encompasses the several aspects of

the invention as described across the whole content of the present application.
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aspect of the invention herein described; (iv)
contacting the probe(s) with the anplified nucleic

wa@eids2esd detecting the probe(s) hybridi zed POI/862006/000224

| east one target nucleic acid. 15 The anplification
step (ii) may be carried out in the presence of
random partially random (that is, conprising a fixed
portion and a random port46on) or specific primers. In
particular, the anplification step (I1) nay be carried
out in presence of at |east one random priner. Mre
in particular, in the presence of at |east one random
forward priner and/or at |east one random reverse
primer. 20 For exanple, the anplification step (ii)
Methcpdipfﬂet@:tmg wgéﬁnuﬁlﬁlpmlﬁ(‘sésence of nore than two
random priners. Any anplification nethod known in the

Accorﬁ{rg{% ysf\%oqger%%%géﬁf he é%? L | ntvgﬁtic?ﬁrgﬂrjo(/io%%t LOMethod of

detectimty Qﬂle@éﬁo@té&b@pﬁ@cléldm@ @dnmﬁflsdﬁthetste’@ ofhe 25
pr obe &ﬂh ybridized to the to the target nucleic acid
b@)slér@V q Adiagicat $amPl%n  ef ficiency score (AES).

Th g RELICUSB ) SoRiickafl 1 Higioblie) aheipid;

I'nvention. In particular, a
f (M)vm'oduduragwdbbeapt one rohgbnuclen@de prthscapabieuof dwbrigizing to

L& Gt G tarat aiieigaedie 16 ot SedtBain igh JiciBbisd) sample,
h@/\‘\;eFEQn %He%béééZQ§t repafdd | b{)@gsﬁ? a\PIROd /d2bediAg to any

S&2006/°0002 7 score for every position
|aspe<;i of tharng\antmmdn@*em d@mm i j+Z AES, =Y,

kﬁ{&iesr@bé@s) Hybﬁa&)ad% a(tlléaﬁmﬁl\eﬂarg(et)nuamc ablel
probabilities that a randompriner rl can bind to 5
position i of va as forward primer and reverse primer,

The AEEISHNYE ke Hrfer oy’ SRR Bt Tyl 8 pREROL oo
partiall§ r2@86mb(thakis, Ho0Gpriging ar fixed poktidspand a random portlon) or
specific primers. In particular, the amplification step (Il) may be carried out in
presence of at least one random primer. More in particular, in the presence of at
least one random forward primer and/or at least one random reverse primer.
For example, the amplification step (ii) may be carried out in the presence of
more than two random primers. Any amplification method known in the art may

be used. For example, the ampilification method is a RT-PCR.

in particular, the present inventors developed a method of detecting the
probe(s) hybridized to the to the target nucleic acid based on the ampilification
efficiency score (AES). This may herein also be referred to as the algorithm
according to the present invention. In particular, a forward random primer
binding to position i and a reverse random primer binding to position j of a target

nucleic acid v, are selected among primers having an amplification efficiency
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The anplification step may conprise forward and
reverse prinmers, and each of 10 the forward and

WO 2Me03R5pri mers nmay conprise, in a 5 -3 ori ePCEBGTNNG/000224

a fixed priner header and a variable priner tail, and
wherein at |least the variable tail hybridizes to a
portion of the target nucleic acid va. In particular,
the anplification step rfdy conprise forward and/ or
reverse random priners having the nucleotide sequence
of any of SEQ ID NOS:1-7, or a variant, or derivative
15 thereof. The biol ogical sanple may be any sanple
score QJS\E'S, ¥ r P aevERyMpositiodr Exefphe tafgetmraudivloaradiei vg. of:
T e blologlcal sanple may be tissue, sera, nasa
geal washg sal | va, any other body fluid,
AES, bJ ds Pdi(iiyve, stdaP,(kdhd the Iike. 20 The bi ol ogi cal
may bg giey 10 free the nucleic acid

conprlsed in the bi ol ogi cal sanple before carrying
out the anplification step. The target nucleic acid

may be any uclelc acid which is intended to be
det ect ed. rget nucleic acid to be detected may
whegeit | ea ckeﬁf(¢+1a)c4 B(e)genouB’(j#@)t he nucl eic

acid acf=matxhe/bp®| ogi cal sanple. Accordingly, if the

bi ol ogi cal sanple is 25 from a human, the exogenous
Pt@rapd Pharei theaprebahilities thateat eandon piregie it CAR bipgeto

bi ol ogi cal sanple) is a nucleic acid which is not fr m
posiiiean’ of vgas forwerd poimeyoarnd teveese suptrierepestively4and

o155 0 Bl 5 AFREE, M f B 2

mé&¢Bere 50001 @ ara 000 ipeveef 500 . pat hogen nucl eic aci d
may be at least a nucleic acid froma virus, a

parasite, or bacterlum or a fragnent thereof. 5

The e(?ﬁ kB! <X p §é Wr@‘én@%v@ré@abme rs°fafnd each of

ect I on O Ieas a target nucl el c acid

the fqrwes@ra'nd revemsdmpmdnmscrabympﬂ)mse Thea rfreﬁhodenmjlone aafixed
nosti c

primeg HeAd8s AR Vo DG PRESH TG GHICE dneran i gasicfe Variatie tai

hybnﬁ%@gp{oe a | hortiBR Bf Oﬂh‘ég'tﬁﬁjetsﬁﬂ&bﬁ: ifeiPbial teddrtiemas the
man being, 10 the target nucleic acid, if present in

amplifibatidn etepginey|coseprisecforwardhand/or sevargensandonrryimers having
the nﬁglpﬂﬁég gp%ﬁﬁlgg% r%g g@&?&f%E@r |k erC?éi:1 _af,c&rg '\/Qﬂaﬁt? ot Yérivative

thereof.

The biological sample may be any sample taken from a mammal, for example
from a human being. The biological sample may be tissue, sera, nasal
pharyngeal washes, saliva, any other body fluid, blood, urine, stool, and the like.
The biological sample may be ireated to free the nucleic acid comprised in the
biological sample before carrying out the amplification step. The target nucleic
acid may be any nucleic acid which is intended to be detected. The target
nucleic acid to be detected may be at least a nucleic acid exogenous to the
nucleic acid of the biological sample. Accordingly, if the biological sample is
from a human, the exogenous target nucleic acid to be detected (if present in

the biological sample) is a nucleic acid which is not from human origin.
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i nvention may used in solution or may be placed on an
i nsol ubl e support. For exanple, nmay be applied,

wgep@roedsor printed on an insol ubl e support ackPOF/EGHY6/000224

15 to any technique known in the art. The support wth
the probes applied on it may be a solid support or a
gel. In particular, it may be a mcroarray or a

bi ochi p. The probes are #fen contacted with the

nucl eic acid of the biological sanple, 20 and if
present the target nucleic acid(s) and the probe(s)
hybri di ze, and the presence of the target nucleic

Accorélﬁgc{o'a?l dst&G iR dhe INVeRBon, theltarget inlicidie adiel tedid detected is
the mean of the si gnal intensities of the

at leapt ableathﬂﬁeb roeryahe dir feagraenttheseok t Hhg pathegan nHelgieAcid
than th b
may Q%%@ Iﬁ?gtsg‘?@c‘%p: Lha. \%r?] §S I oﬁvgagl a?él?é‘)yOIl 'nggegfu'rﬁ‘gor a

va'in the sanpl e
fragmbnt th@Fddfcul ar, in the detection step (iv), the nean of
the signal intensities of the probes whi ch hybridize
to va is statistically higher than the nean of the

Accore ggﬁstpg m\//énttuﬂ{‘gré\ﬁgeﬁt Methdd b 'Ei‘é'iedifé‘ﬁpbf §?ﬁaésh% target

relative difference of
nuclelpranixﬂ),nf present, ipraobiekgical sahmplé.nthéimgthed gnay be a dlagnostlc

methachdorgie fatesiian ohdte HpPRE hicare SrahaseReBoi Soyfe!
samp%c-lyo? %IQOQQI@& bl(ﬂ’@glbé‘téﬂ}ﬁbk' i€ Sobthineddedrai 4 Yiuman being,

stribution of the SI% intensities of robes va
the tabgatrigicleioreidh dispresemd ip mbw&glwﬁaﬁamwst Ismotﬁf% §afh,
thereby indicating the presence of va in the
bi ol ogi cal sanple. 5 For exanple, in the detection

The p?él%’(s§ Ué‘stgnbﬁ%rﬂ]’/@ﬁﬁﬂé@eréd‘ aécdraingeto aug hestkodiof the preesent
bi ol ogi cal sanple is given by a value of t- bZSt<

inventien roay Asag B cioluion PhEAYERe Placgd,enan msghl %&PHPOQ " For
exam%?eolf'ﬁa)zr e}’%) Eﬁtde@ggfféé g?%i‘ln{éﬂ 8h &in PisYRbEE @G?p&ft agcording

articular, the
to anyatbuhnnqae«ndwr%n tH® aAcchedsugpa:rb vattothmlprdmapphedw@n it

resent invention det erm ni
may Phes prRldeRdebt O § el RALIEIES S6Mi% Roco BT STy or @
biochii§t ecting the hybrldlzatlon of a probe to a target
ucleic acid Va and wherein the nean of the signal
intensities of the probes whi ch hybridize to va is

The pr %telssérec%lenycgﬁtggt%ﬁ vtw he nucleic acid of the biological sample,
and if present the target nucleic acid(s) and the probe(s) hybridize, and the
presence of the target nucleic acid is detected. In particular, in the detection
step (iv), the mean of the signal intensities of the probes which hybridize to v, is
statistically higher than the mean of the probes v, thereby indicating the

presence of v, in the biological sample.

More in particular, in the detection step (iv), the mean of the signal intensities of
the probes which hybridize to v, is statistically higher than the mean of the
probes ¢Vs, and the method further comprises the step of computing the
relative difference of the proportion of probes ¢ v, having high signal intensities

to the proportion of the probes used in the detection method having high signal
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the mean of the probes o va, thereby indicating the
presence of va. In particular, 15 the nean of the

wGa@naki2smt ensities of the probes which hybri dP@ESGC0§/6000224

is statistically higher than the, nean of the probes
o va, and the nethod further conprises the step of
conputing the relative difference of the proportion of
probes o va having high 49gnal intensities to the
proportion of the probes used in the detection method
havi ng high signal intensities, the density
distribution of 20 the signal intensities of probes va
intensﬁﬁb,n dBERsRP HidttiMalion DK eNE Sigrizannichalies! of prabieese; being
thereby indicating the presence of va. Mre in
more pasitivalyiskewetltiban fhaisefrrebes « 1. tthetphty indicading the ppesance
.a bigjgg%cql sanmple is given by a value of t- test <_
of va ity the Biolpical A4S on- Dar i ng test value <_ 0.05 and/ or
a value of Weighted Kul |l back-Lei bl er divergence of >_
1.0, preferably, >_5.0. For exanple 25 the t-test .
For examnple, inetpetstetectian 8p (Mchedrrgenes ahatawiet auslsis acidip a
. r v :
pioloefef SEMpIA ' GIGA B UL 18 =20 A khdior AP R DNRG tost
value & 0.04% ang/cpva dalg ot Weiglsted dadlibackilehlendivespphes o8B 1.0,

(ii) anplifying nuclejc acid(s) ¢ ised in the
prefergbhy %éiracpém PagiFIaL, thﬁi‘%@%??'ﬁ%ﬂ%%{S%n SG2006/ 000224

50 (iii) providing at | east one oligonucl eotide probe

capabl e of hybridizing to at |east one target nucleic
Accordinigd to i dngthes eaetpeich, thee eseniginventieanprayidey ja/)method of

deteriaieg o draeine Pha Eeesebegod b doihBliaPl i dafing the

hybridiE$idii 6f Aprssto aBRitinucidie aBriay, aid wherdie thiegnean of the
Intensities of the probes which hybridize to va, i

signabtndensities af thye prokgsewhighanyhricizeriana b Stﬂ’f@ﬁﬁﬂbbb@?‘@r than
a. thereby indi [ R FD ;

e iy P8 oAl Bt RSl Py MiBartctar
the rMé&Madf tHY eigidli peerditiéd @f ptheberobids avhibly binyltidize tto Wa is
10 is statistically higher than the mean of the protbe%
statistivally highet meamdbhadneanrafibe pf@éﬁﬁrﬂesa'ﬁgh%t"eﬁth(?f’ urther

comBgR b, EShANG, Al LAaneealonts g pRepiyeR o
probd¥ @pPhhiiag High slghapintbasities exlthienpropbetiateottite probeeused in
havi ng high signal intensities, the Qensd' tr?/' e
the dgteptionpue paving high signal infensities, the dersity distribution of
the signal intensities of probes v, being more positively skewed than that of
probes¢ v, thereby indicating the presence of V.. More in particular, the
presence of a target nucleic acid in a biological sample is given by a value of t-
test < 0.1 and/or Anderson-Darling test value < 0.05 and/or a value of
Weighted Kullback-Leibler divergence of = 1.0, preferably, 2 5.0. For example,

the t-test value may be < 0.05.

According to another aspect, the present invention provides a method of
detecting at least one target nucleic acid, comprising the steps of:
(i) providing at least one biological sample;

(i) amplifying nucleic acid(s) comprised in the biological sample;
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the signal intensities of probes va being nore
positively skewed than that of 15 probeso va, thereby
w0 p@i7oa2smg t he presence of va in the biol ogi ceCT/SG2006/000224
sanple. In particular, in step (iv) the presence of a
target nucleic acid in a biological sanple is given
by a value of t-test < 0.1 and/or Anderson-Darling
test value <_ 0.05 and/ & a val ue of Wi ghted
Kul | back- Lei bl er divergence of > 1.0, preferably >_
5.0. The t-test value may be < 0.05. The nucleic acid
to be 20 detected is nucleic acid exogenous to the

RIS |p?é\ﬂd|ﬂ§'é1 |&4stidife Bligdmdisctldesgiopeesapableof hylgmlzmg to
nucleic acid to be detected may be at |east a pat hog

gena@teeast oneriages mucleie peigh if pregeidn Higbiplogiealsampl
b
B 5fieing S uGodl4F Witn(i8 HriflBRydieik dohy af detecting
gaf tthe Lﬂitrﬁbe(tsy\hybrtldlh@d lt(S mbEnudem?amd(MdN?emn tthhehtrrmm of
ein e target nucleic ent in.the
bt oltBaisiaial inpRsties PERErabEs HHIRE PHBGRe g feSBiRgeally
pr o%éhé@ﬂ%@/ tﬂé %%Qn 8P tRE prodakuRle #ErBBY linditaeing the

suppo roarray or a bIOChI est using

t he presphed ef\gaquhednmloglcassarﬁpréo veri fy if the
variation in signal intensities displayed by different
regions of a 30 virus has direct correlation with

{
s (53T RO S6n bt oot ancn Mo o .

is staﬁstmllynl‘nghmrthay the m&eam@lﬁﬁbe weokes ek oang the methed fudher

compE 3!? ae‘ltaélf Ctl m%%? repwgugﬁghe& %pgf)zltté) er}’roaortlon of

ré{.e I’P'Q ﬁé! iResh sV ©, theBsrepaiphi cfdhe Protes bsed in
probe% épﬁ g?\gnsggguenge olf RSV B obt gﬁl{eg from NCBFD

the demcuoomempd trniing highuisigngl intgnsigias, B?%H@@S'Bbéﬁtré@tlon of

e 85 PREF R 13058 TS0 IS B, L 58 65 B

probe%’éQ)%r kHERBb lﬁdiﬁaﬁrﬁtﬁ\t\hblmesérhcgybevg lnﬁheSblbiogwedasahmle In
peaks havin e AES higher than the average

partlcalan umcﬁt@rat(iw)gthteh@r%@gw@n@f & target Ravleis o @rhé‘ﬁog'ca'
ob fa |
sampg e 15 @%Jﬂ ﬁ’gy gélu%Joq +308d Lfd. “?ae{rio‘?& Ahﬁér‘%anfl?érﬂﬂg &St value <

unman respiratory syncyti a
0.05 (dMoB)a vdlineepleWeighted cKquad(yL@blmrdwergwaﬂercef > 1.0,

orefo s L8, HIe 30 e S DT BRI e % be
detected is nucleic acid exogenous to the nucleic acid of the biological sample.
The target nucleic acid to be detected may be at least a pathogen genome or
fragment thereof. The pathogen nucleic acid may be at least a nucleic acid from
a virus, a parasite, or bacterium, or a fragment thereof. In particular, when the
sample is obtained from a human being, the target nucleic acid, if present in the
biological sample, is not from the human genome. The probes may be placed

on an insoluble support. The support may be a microarray or a biochip.

Test using the template sequence of RSV B
To verify if the variation in signal intensities displayed by different regions of a

virus has direct correlation with their corresponding amplification efficiency
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15 For each experinent, the signal intensities of the
1948 probes were ranked in decreasing order and were

waeerorebesed with their correspondi ng AES val uepPCiib€2006/000224

p-val ue was found to be < 2.2&16 on the average. This
indicates that the correlation between the signa
intensity of probe at position i of RSV B with AES; 20
is not at all random Fuftither investigations reveal ed
t hat about 300 probes, which consistently produced
high signal intensities in all five experinents, have
anplification efficiency scores in the 90th percentile

scored, €Y @btal [FVAiveg nﬁiﬂ@ﬂﬂai Fextpekiftferiie sesricbpdrfampd foncatéammon
effici ency nodel

s well on 25 the RSV B
pathogen affeciing huean; theshynan raspirannemaytiab\deiss? 26&9/3@1 he
i nvention may be extended to other viral genones as
wel | . Another mcroarray experinent was performed on
Next, tthe proben designpretenani s \desesbédiVehve, Tese appied on the

omplstacpaas o ReuFh hTne teth WLt IREL B89 s KiShnec
m 194555, SRR P A AIE8R) The T lcakth efncy mab
for R8YitBnsas m;tso a;nm:%mdgphoc 40 :rtgla naﬁtﬂalcemyng?f@r@sd Ghownain
rigur 2y TSl Siie Becordiietba e A S B hbh 68 gBrage

AES ta%dprrﬁﬂbéﬁng{ hRe ! Rigdisy ®fstHeeRISY Bf vﬁtrgﬂﬁéﬁerppmbutﬁldy of
ferent regions of a viral genome in the

ampllﬁ@m bed experinent set-up. Probes fromregions with
| ow anplification efficiency scores have a high
tendency to produce no or low signal intensities.

UsingThi sanidlek ccdrsiting ihe mrhahaesp&gm'y\sgnoytlal hérus B (RSV B),

m croarray. Such probes wl| Ilct t he an Si s |
indepgndenle MCEQaERY SXPEEMENEH V'R §°P e@‘\ﬁer{ eﬁlcs'?aé¥t glgna

mten%@%@tdr dueg‘icw EGRerithdHt 30 8hYh in Fldﬂﬁé’ﬁs' gnal intensity

ts target genone nhot being present or
si rrply that it was not arrpllfled As such, probes in

For ShERlRelia oS 3Rablel k. P A5SRABeE ekt e n
decrez@UREIrddY ditewBre ESIIBIRE @MtA tHEirtdrictpdAdingPA EBEue.IPhe

p-value was found to be < 2.2¢7°

on the average. This indicates that the
correlation between the signal intensity of probe at position i of RSV B with AES;
is not at all random. Further investigations revealed that about 300 probes,
which consistently produced high signal intensities in all five experiments, have

amplification efficiency scores in the 90" percentile level.

Having shown that the described amplification efficiency model works well on

kthe RSV B genome, it was desired to show that the model according to the

invention may be extended to other viral genomes as well. Another microarray
experiment was performed on the human metapneumonia virus (HMPV). This
time, there were 1705 probes on the microarray. Again, the amplification

efficiency map for HMPV was computed. In this experiment, the correlation test
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The threshold for anplification efficiency scores for
probe selection for a virus va is determ ned by the

wevalozsive di stribution functi on of the AES vRPCTIRG62006/000224

Let X be the random variable representing the AES
val ues of all probes of va. Let k be the nunber of
probes in va. Then, we denote the probability that the
AES value 20 is |less tharP2r equal to x beP(X <_ x) _
~lk , where c is the nunber of probes which have AES
val ues |l ess than or equal to x. For a probe p; at
position i of va, let x; be its correspondi ng AES
betwe\é-‘?\I éi?nalﬁhféi‘ﬁéltté%eaﬁd Qﬁﬁihfltéﬂd?ﬂéﬂ'blér@fy stopsobave 3 p-value of
y correlated to its AES value, we estimteP(pi |
1335ea) the probability that pi has high signal
intensity in the presence of va, to be P(X < x;)
Thus, 25 P(p7 | va) P(X <_xi ) ci k wherec; is
Accorﬁh@l;ﬂ uhb eimpiffication efficidreyan &S a/caiom@mgaoethé ésentibarns able
qual to x;. WD 2007 021250 P 8%006 000224 . 53 For.
to pregi e salptive SERNGHY SRORIS Psodusest by difarepf Boigns,g @ viral
genoﬁé fnntﬁ@%egﬁﬁﬁéﬁtexﬂmdt@t Pribss §@m degions Witk low
rdingly present 1In entlon al so prOV|des a
ampllﬁmthmdefﬁtnepcy Iseor:bashaye a higl/ tendency o gmduuecmceouoa\csngnal

o S eI S DRt il Sy
will ccﬁmbﬁcé}e Iﬁﬁe ad?'%éﬁé) of theYMicrbarrblat® rdh@athid ist Mati®aveR; more

intensity in the presence of va
compratedmncepar probel with aplow signahjntengityxmay Re ydueyto, its target

oonof K iy b f ARV TAL bR AES}Y i s

regiofé A@sredborablykigh Sinificatiow efficidnay sdzees ishoull balséle(cted
I s the nunber of probes whose AES values are |ess

to minkaizeorinacauiacies gauseds byarthet RIaBEE Praeees detiagt iagHom
pnme‘fi‘Qal ysis In the follow ng description, the invention
be described in nore particularity wth
refer ence to a pathogen detection chip analysis (also

The el e e S e 5 BB ST s v

is defeRMHEPSY e &@ﬁu&ﬁwer&étnaéwmc%ntdﬂ%é M VAI08s 35. Let X
escri bed across the

be the random variable representing the AES values of all probes of v,. Let k be

the number of probes in v.. Then, we denote the probability that the AES value

is less than or equal to x be P(X <x) = y where ¢ is the number of probes

which have AES values less than or equal to x. For a probe p; at position i of v,
let x; be its corresponding AES value. Since the signal intensity of a probe is

highly correlated to its AES value, we estimate P(p, | v,), the probability that p;
has high signal intensity in the presence of va, to be P(X <x,). Thus,

P(p;|v,) = P(X <x,)

> |0

where ¢;is the number of probes whose AES values are less than or equal to x;.



10

15

20

25

20 whol e content of the present application.
Therefore, in particular, given a PDC wth a set of

wo engiobr2se probes P = {pi, P2, ..., pi}, which P&T/SG2006/000224

designed for a set of viral genonmes V = {vi, v2, ...,
v"}, the pathogen detection chip analysis problem is
to detect the virus present in the sanple based on the
chip data. The chip data3here refers to the
col l ective informati on provided by the probe signals
on 25 the PDC. Thus, the chip data D= {dl, d2, ..., Q
is the set of corresponding signals of the probe set
P on the PDC. Gven a sanple, it is not known what
pat hogens are present in the sanple, how nany
For piohid esadectiomt prpenp; t iseselestas] if P(miegentA.aln afhe, present
However, if a virus va is WO 2007/021250
experirEhts@vessebesds 084 i ndeed in the sanple, then the
signal intensities of the probes of va should differ
significantly fromthe signal intensities of probes
Accorfiingi), ahBepresent Seeantiopealsbi pradvides aantetbe rofppoyber design
robes of va_shoul d haye hi gh signal .intens

andloE BhRERIUTRIC SEIFLHOLPEHGR BT la L BIOLR i FOS U | O & target
nuclei?%?%&%%eglg&e{in]e 3%9% e}\t, etb@ngls ?17')? lﬁf]%ﬂ(?)'i F\ﬁ{)i%fthe

Inva S stati stica |ghe

' P V QigrAf GReAsiRe iy thé NsrebBNESGf 0. More in
pmba%p'g{/iﬂgsé[sp 'aﬁ%é%ﬁgg;hv\%grréi n thelwnéan opﬁ t he si gngln=1
intensities of the

. r obes ich hybridize to va i .
particylBi | S50y Pk Ghen = an PHISTSI0 Kol BF ¢ARIGRoBRuage
va, which may indicate the presence of Va in the
represéntinagheaimplifizatioe effidieveyescoré 4AESY valuesaifiaitprobes pf va, k
) hi gher an may still be jnsufficient to canclu
s theRoay S ROReE I Bt 8 e rapehFtprots SRRE ARG values
are lcSk SRaBY ehigalt6 4y red. We 15 need to conpute the

relative difference of the proportion of probeso va
havi ng high signal intensities to the proportion of
probes on the PDC having high signal intensities.

This is based on the observation that the distribution

Targ® nlidiBichsidedetectibhngmdlysis of probes Eva is nore
positively skewed than that of probes 0 va (see the

R AT AR R P A R
with RF&RRBE Go ¥ pAthbYSE YetEtion chip analysis (also referred to as PDC).
However, the analysis (method) is not limited to this particular embodiment, but
encompasses the several aspects of the invention as described across the
whole content of the present application. Therefore, in particular, given a PDC
with a set of length-m probes P = {p4, p, ..., p}, which is designed for a set of
viral genomes V = {v1, v, ..., vy}, the pathogen detection chip analysis problem
is to detect the virus present in the sample based on the chip data. The chip
data here refers to the collective information provided by the probe signals on
the PDC. Thus, the chip data D = {d4, da, ..., di} is the set of corresponding
signals of the probe set P on the PDC.

Given a sample, it is not known what pathogens are present in the sample, how

many different pathogens there are, if present at all. However, if a virus v, is
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anal yzed as follows. For every virus va e V, we used a
one-tail t-test (Goulden, C. H, 1956) to determne if

wo b@7mees of the signal intensities of the proPEFSGMW6000224

was statistically higher than that of the signal
intensities of the probesO va. Thus, 25 the
t-statistic was conputed: ti - Sa Sa -+ n,, nay WD
2007/ 021250 PCT/ S&G006/ 068224 55 where ,ua , 6Q and
na is the nmean, variance, and size of the signal
intensities of the probes E va respectively and j-La
, S2 , and na, is the nean, variance, and size of the
lndeecflrgi?\%l sarpleNfridn Be é?énélhﬁtdh"smé%scﬁ tM@ preissreet vyshould Differ
test the significance of the difference, the 1 evel
mgmﬂcﬂntm fgcbmfthe signal iniensities ob prapessromntgedaires: frectisally.

o i B BPAREEOoL Hip oI PSR 5 RO B

to otHeFt\ﬁﬂu%ie*si fH‘er@fe tih vauldlirs éipécted ﬂmlltﬂmeoniaanbef the signal
accepted if t he p-value of to < this case, va

intensities| okethg pEohss 'rpr‘éséhf)ul‘?h ttqq@f%th%?ﬁﬁ%v ql@hqfhéh? Ny of

robeg one, which allows the inventors to know if the

P strl bution of the signal intensities of a virus is
different fromthat of other viruses, nmay not be

sufficient to determne if cul virus iS,.in_.
Accorgiehs dBveTion Bafdss esBedGhetsndhe,mRan & e sona
intens?cfesd Bfft z)'ﬂéb%§1€vrﬁc‘,’|9 gbﬁafz'ebﬁ')t yons s@ét%tlcéﬂy WHighert i the

to neasure the simlarity between a
meantoftlbe girsties buwt,iveiichmoiaw indickie the presenee ofrv.iis the fpiological
ul I back- Lei ber di vergence (Kull back and Lei ber, 1951)

| so known as the relative entropy). In this
application, the probability distribution of the
signal intensities of the probes in va is the true
Howedesthawmg actatisticalty highepmagammay still e isufiigientds eenclude

t he e of  a
that Vool el S %qlrgpl'te Eﬁf{a e&%élyr_ an éédlilgﬁ§lp§fé eﬁ'nagpbg éuﬁ'&lﬁg We
need (& cohibutéhé Pelekive eiifidrencé k) the direpogioncet prfobblse va having
probability distribution of the signal intensitie

high shanalriatemsities to kng pPonartgr: of rebesoey fh@ §>DC having hlgh s{gnal

intensities. This is based on the observation that the distribution of the signal

samp

intensities of probes e v, is more positively skewed than that of probes ¢ v, (see

the arrow in Figure 4 A. For comparison see Figure 4B).

Based the above observations, the chip data D for the presence of viruses was
analyzed as follows. For every virus v; € V, we used a one-tail t-test (Goulden,
C.H., 1956) to determine if the mean of the signal intensities of the probes v,
was statistically higher than that of the signal intensities of the probes ¢ v,. Thus,

the t-statistic was computed:

_ Ly -He
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p[ xSmax(D) f (x) 25 where p is the nean signal
intensity of the probes in P; fa(x) is the fraction of
w@e@bes12sh Pa with signal intensity x; and | XxPCT/SG2006000224
fraction of probes in Pwth signal intensity x. It
follows that if KL(Pa 11 P) = 0 then the probability
distribution of Pa is exactly the sane as that of P.
Ot herwi se they are differ®nt. WO 2007/021250
PCT/ SG2006/ 000224 56 Since a virus that is present in
the sanple woul d have signal intensities higher than
that of the population, this inplies that va has a
chan is Nt 4 i | 11k i
wherel o e Bha PR R plinog AERZR oF e sitphedrhifes of
r dj, f : t wo2 IFN LSh T B i
the pIgRES, £ob RERRINGY i B G PARP 2 i3 e MESh Ut sand

size o&uhfr? %@E@l ﬁnterLﬁtit(ieé'rsSo ;Rﬁg?ﬁé@é&g 2 rBghéciivBpt the

Lel gence i s the coll'ective
di fference over all x of two probability

To tef} i 5EifiiseREe s e oBlarendie i1 HonmBpdidiras gt t

0.05. dintd Friddis! 9at thd h?éotﬁ@kis%a@!tﬁ@ﬁ%eﬁﬂoﬂﬂ@dsi haf inféhidiges of
spreads, which affect the tails of the Ero ability
i

the pm’bﬂlsr Eb}det iaﬁhiglmr éhék\)méh@te@fc'fheoéiﬂlniah irtegsiies of Ahg)probews va
woud oy e hetTeR P RE bl h 6 081 Bl Resy, 435 186 fo be

presehffh theadgthgle. Hence, the Kul | back-Lei bl er divergence

statistic nust be inproved to reflect nore accurately
such an observation. 15 To increase its sensitivity

i | : S .
e st SRS 0 Bk MR a0 b kuton o
signatlintengittes @f 4 hizud\isl eiffavenDiohi tiptsafadthet ivousésSt rmpliend, be

.M A (1974). EDF Statistics for, Goodness, .of Fit and.
Sufficligt i BIHING §5nartsa NHHS 7 1t e SHBPIE 1osn Pesotlial t

W IrAfiArsh di 8% tWH distAButicr®s ZR7)A rulBithak BEn be used
know [ g%{@%%ﬁ?lggte/n&- Lei bl elrI di vérgence \r/l\JKL) is: P_a ~'uW _
to maasuog the ainilgrity Biween altrug) distribution) ang gxmedy! dipiipution is

1- where. QA x) is cumul ative dj Stiki [
the KRE-LABE Spddnds il iBARR RN a8 iR (B kHdwn as the
relative entropy). In this application, the probability distribution of the signal
intensities of the probes in v, is the true distribution while the probability
distribution of the signal intensities of all the probes in P is the model
distribution. Let P, be the set of probes in v.. The Kullback-Leibler (KL)

divergence of the probability distribution of the signal intensities of P, and P is:

KLE|P= 3 fiologde®)

psxsmax(D) f(x)

where  is the mean signal intensity of the probes in P; fi(x) is the fraction of
probes in P, with signal intensity x; and f(x) is the fraction of probes in P with
signal intensity x. It follows that if KL(P5 || P) = 0 then the probability distribution
of P, is exactly the same as that of P. Otherwise they are different.
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probes in P. 25 Enpirical tests show that in sanples
where there are no viruses, viruses that pass the

wo 200821288 t h signi fi cance | evel 0.05 have WKL RCBHSG2006/m00224

sanpl es where there is indeed a virus present, the
actual viruses not only pass the t-test with
significance level 0.05 but are also the only viruses
to have WKL > 5.0. Thus 3D 2007/ 021250

PCT/ SG2006/ 000224 57 we set the Weighted

Kul i back- Lei ber divergence threshold for a virus to be
present in the sanple to be 5.0.This anal ysis

Sincefd %W@Wé’t ik re8OMNIni tRe FaBtile Vould Aver sighsl |ﬁfml'/sﬂres higher
t5)]ro uct perform n% t he met hod according to th
than that ehtheopomulation,dhigedmplira dbgt vohas aighanes qﬁé}esr&qpreﬁzent in

f f
o st KATEINED SRR AREDS HheD K508, PO
differérnit\e@dtthetwo phelbalsilityrdistyibutidres an@s&wt‘nora\hkalyl that & isindeed

provi des a software and/or a conputer program product
presepb iff thgusa8aPleo person the al gorithns and/ or net hods
according to any enbodi ment of the present invention
There is also provided at |east one 10 el ectronic
It is shportayd tve dibtenthdth thee lkadibadkileibdero divgegereet usntln@ycoMecuve

oG Lt e 5P b T W i
Lelblﬁ'I &GGEIgRnlce i80St fikdhy Bhifs inhg pﬁlbbabl'ﬁ?edlié@i’bhﬂ@ﬁ eit i@yot

ran on personal conputers, mainfranmes, and any
alwaxsonpugwdg gir lndiegi syeads.t whicin affer thautails @f the probablllty

dIStrI%lf %fnl rr%t 'A\?an |d|e%8§b§<gg¥w\éb§|{ “2 ,? rllni k(éh% goget‘rl?g [t.)rtb%ablllty

d|str|btit}tﬁﬂ§ﬁ00l@je@&ﬁe beest |ﬂb$m9t|b|$@bbut wagther a ﬁnmiplpeesasr’ntyn the
and that various nodifijcations in desig

sampie Honee, Bepkrllack keibler KINSTBRNF? S AiRILIEbRE bBTImAaved to
refledt Wcﬁ'gtéc%ﬂratgﬁ/véd},@\ 5}9%%{}%{6\“ y described the

nvent1on e nore readily understood
through reference to the foll ow ng exanpl es, which are

provi ded b y ustra nd_,a not .
To infieRehdecans havIadpeniig fis. Mrneastad & 9N Rr weishted
stahsﬁé%fﬁ'—tﬁ% ﬂLﬁ‘lBgé‘R-‘F_eTB?éreQH\l'éfbeﬁbé” QY ARBEFRYoRUBATikE O vatistic
e art and not specifi cal ¥
(Stephens, M. A. (1974). EDF Statistics for Goodness of Fit and Some
Comparisons, Journal of the American Statistical Association, Vol. 69, pp. 730-
737). Thus the Weighted Kullback-Leibler divergence (WKL) is:
fu(010g 22?2

Sx)
WKL, | P)= ). ————x
psxsmax(D) ’\/Q(x)h Q(x)

where Q(x) is the cumulative distribution function of the signal intensities of the

probes in P.

Empirical tests show that in samples where there are no viruses, viruses that
pass the t-test with significance level 0.05 have WKL < 5.0. In samples where
there is indeed a virus present, the actual viruses not only pass the t-test with

significance level 0.05 but are also the only viruses to have WKL > 5.0. Thus
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descri bed were generally followed as described in
Sanbr ook and Russel, 25 Mol ecular doning: A

waoadwenasr y Manual , Col d Springs Harbor Labor apOr/gG208e000224

York (2001). WO 2007/021250 PCT/ SG2006/ 000224 58

M croarray synthesis W selected 35 viral genones

representing the nost conmon causes of viral disease

in Singapore (see Tabl e ®7above). Conpl ete genone

sequences were downl oaded from NCBI Taxonomy 5

Dat abase

(http://ww. ncbi.ni mnih.gov/ Taxonony/taxononyhone. ht m
we set/ thet WeigiftBar Rukbak-I08ibep ddpgercy ¢meshold fardaadruss® be

the entire genones and overl appi ng at, an aver age
presegt ipdbe spaie ta Ped.0.7 W%amalwfsé@amwgrieﬁ S&P%%'”%ﬁ%‘ﬂ@ 5.

was synt hesized directly onto the m croarray using

i '%Q.ij "YUt perfdrRfiNGO ! thEY meMRY dcditlidg - to the
Appa%tgg)_ epmetgtm@r%e ran§§n1y dlngtl‘i buted on the 10
inventionr oarray to mninize the effects of hybridization

artifacts. To control for non- specific hybridization

. of sanple to obes and. ngasur a [ S| .
e RGP o SRR SRR R e e whir
can peYihiahieZagdosihngs BRE/ornetRais! Bypvidedeln theepreseddmvention.

probes with 40-60% GC-content with ng sequence

Accorsiingly, dhetpresent; inventiom @lspe Rtvidesor sofware 94l oo emputer
eno Ltd venco 4 ' j
poor S BB0 Aty BB PO HlE B ot s
to anf eRtBddrAgni 6f ihaieeent fvention Miteee &y alsbgworieeédat least one
array. A plant virus, PMW, s inclyded as ,negative
electrpie: $terages mediin of Be electryc gga% um @gmee computer
hard B B RO R K o Bl O B U e h o Hobpy

disk, AF G0y otbep elentidaic stsagadn&ilingbh trartcdihe softwargamay be
cul tured as de

I bed (Vi t al. 2004).. inj .
N
and A8 paRAeNeioMighfiionsrdre KPR @td persendidleeriadhetart 80 C

I n RNAzol (Leedo Medical Laboratories, Inc.,

Fri endswood, TX). Al were suspected pneunonia %
hpkthepre e by way of

It willpke iapnresiatgdd present dnvestien Hasi brem sesgt
oranfE S5l nfh bR B BhYubararRef Lebeymey! B A Wil

departure from the spirit and scope of the invention.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples, which are provided by

way of illustration, and are not intended to be limiting of the present invention.

EXAMPLES

Standard molecular biology techniques known in the art and not specifically
described were generally followed as described in Sambrook and Russel,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New
York (2001). '
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manufacturer's instructions (Smalling et at. 2002;
Tang et at. 1999). Extracted WO 2007/021250

weaN82806/ 000224 59 RNA was resuspended i n RNESG2006/000224

storage solution (Anbion, USA) and stored at - 80C
until needed. RNA was reverse transcribed to cDNA

usi ng tagged random priners, based on a protocol
descri bed by Bohl ander e®8al and Wang et al (Wang et
al . 2002; Bohl ander et al. 1992). The cDNA was then
anplified by 5 random PCR, fragnmented, end-|abel ed
with biotin | abeling, hybridized onto the mcroarray

thesdisas previously described (Wng et al.
Mlcrogﬂ%ﬁﬁi In our initial experinments, we found that

robe GC content could create artlfacts in s%%u
We selec’reds35 yiralegenoneas iepresntingithe meesh ¢n@iogneguses of viral

dir 0 t obe GC content. Adding
diseass l@% ¥Rfﬁ8 @géma%or?ggéeb%@ ‘proprietary TMAC
hybri di zation 10 buffer elimnated this artifact.

CompRﬂél denomeDi sgnesices  WierBCRIdvanlomBd afrdmh NRUBA j@;pnomy
eaction m xture cagntaj ni

h fied
Databigap: e(PRHMEOCHRTIRLOD-ORaT ARy B LR gg) Ny to
gener%ﬁé:?ghﬁ?nbrdﬂﬂa%%q'u%hbgét ﬁlbd HRRIssOfthe XemtiteV géﬁ@l'neéz’(aﬂd

xWwth no UNG (all from Applied Blos%sterrs
overlapping st ni anarage B-b8s® rescpiwtlcm oBéepmeées ehleachpdrus probe

B
was synfhenced CufeEd) BHESBE el Caafiel oo Bb S PEEl prpprictary
techn@l%bfy‘{Nﬁ%yQFr e‘ff%C 20‘[%2 ‘Bﬁe lpi“cbbésJWerI\Md@any@llsmbumd @Sthe
for activation of yner ase. r;;p catlrg of RT
mlcroprrema@tmlnaﬁﬁeeth@ceffﬁﬂﬁof bybrl@gamn i §Ct§t rRd Tqr non
|
B
10 OO@V@’IIgoR@BeﬁﬁdeiyproBesl we(;armllesfgnedt iaod, siyhthesizedermgdo the
t at e
oo s e Tattotcal SiEy IS T no
sequéﬁc%‘élfrﬁl% td EH@BGW%@%&J bf $6 tEeatiRfEn §8nobEeAs a

was converted to co using a control gl asm d
posmoé dontmh 4@6@!@nnualteotlde prébes RSWmanegpnesl\@Iglc dyavesknown

or mfg@gd gwtggsﬁrgan%fuélr\ggségsm%yv ef% gﬁthE¥g¥9 &Y %%ag n aé £} plant

virus, R;MW WA ifeRiderieyd he§atardcdrtdl ofor hliata‘bezeﬂ 482vsrobes.
‘cul tur'es of human coronavi rus OC43, 229E and

rhi novirus 16 were

Sample preparation, microarray hybridization and staining

Dengue cell line (ATCC #VR-1254) was culiured as per ATCC
recommendations and Sin850 SARS cell line was cultured as described (Vega
et al. 2004). Clinical specimens (nasopharyngeal washes) were obtained from
an Indonesian pediatric population and stored at -80 °C in RNAzol (Leedo
Medical Laboratories, Inc., Friendswood, TX). All were suspected pneumonia
patients aged between 7 to 38 mths demonstrating specific clinical signs of
respiratory ilinesses. RNA was extracted with RNAzol according to

manufacturer’s instructions (Smalling et al. 2002; Tang et al. 1999). Extracted
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purchased from ATCC (Cat #VR- 1 558, VR-740, VR-283)
for use as positive WO 2007/021250 PCT/ SG006/ 000224

w@oocoaRi®l s. RNA was extracted from these cul P@r/862006/000224

using RNA Mni Kit (Qagen, Germany) in accordance
with manufacturer's instructions. The sanples were
anplified as previously described using the follow ng
di agnostic prinmer pairs: 8pancoronavirus (Cor-FW
Cor-RV), OA3 (0OC43-FW OC43-RV), 229E (229E 5 FW
229E-RV), rhinovirus (Anplinmer 1, Amplinmer 2) (Moes et
al . 2005; Deffernez et al. 2004). Analysis of

RNA W& eMbEH GRIRNY sksrbge @uluticH (’:))QﬂbrbnMUS/O)aém@}stored at -
contains a set of 40-mer probes

80°C unititmesdedt BNA wesneversedranseyibed do g&% HS%\ggtﬁageﬁi égnéom

primorsy ARRrZa0 (R P PO RSy By BPRialider et ol diPhyah et a

(Wan@eff. s0a2aBohliantienst ty. d@@ﬂd) e £DNA was then amplified by
corresponding to probe set e ai

random PER. fragroentes, @adﬂ%b?JP@é'élm blctt%e' EEF m anfeqthe

mlcro%rgg%gxp as{t%b% Ea'gloé}ewﬁggﬁtdjés%n()%qw& éEaIVQbOQ cH=1'|d&1|r initial

er signal I ntensities

experm@ﬁeswa/a)unﬂsmetpeom | T6] d:gntemecouldt creats adlfetht ini signal
T-test)

intensify aPASUrRE SR It BT aARing Signal GroaaHropRaIcRy ppronY EC
contefgﬁ;ﬁ&ﬂagh%'oe@ I\EQ'I\WACttBeNEﬁlSlegénE MdpFetRe IMAE! Nylsitlization

a, na' are the nean, variance, and size of the
bufferssligminbtednthénaitifdats of the probeso va respectively. WO

2007/ 021250 PCT/ S&2006/ 000224 61 The | evel of

e GG REPE GRSy By o o e vl

si gnal |ntenS|t|es of the probes e va is higher than

A 20yl hahctidn hiiauge gﬁﬂﬂalmm\g ens bf thes pofified eatientoRbld, 5khof MuLV
the p-value of to

reverse transcriptase, 8U of recomblnant RNase inhibitor, 10ul of 2X universal

PCR Master Mix with no UNG (all from Applied Biosystems) 0.9 yM primer and
0.2 M probe. The real-time RT-PCRs were carried out in an ABI Prism 7900HT
Sequence Detection System (Applied Biosystems). RT was performed at 48°C
for 30 min followed by 10 min at 95°C for activation of DNA polymerase.
Amplification of RT products achieved by 40 cycles of 15 s at 95°C and 1 min at
60°C. Negative controls and serial dilutions of a plasmid clone (positive control)
were included in every PCR assay. During amplification, fluorescence
emissions were monitored at every thermal cycle. The threshold (CT)
represents the cycle at which significant fluorescence is first detected. CT value
was converted to copy number using a control plasmid of known concentration.
For RSV, 2.61 x 10° copies had a CT value of 11.897 while for hMPV, 7.51 x
10° copies had a CT value of 10.51.

1-step Diagnostic RT-PCR for coronavirus and rhinovirus

Frozen live cultures of human coronavirus OC43, 229E and rhinovirus 16 were
purchased from ATCC (Cat #VR-1558, VR-740, VR-283) for use as positive



0.05. Inthis case, vais likely to be present in the
sanple. However, the T-test 5 nethod of detection

wo e@aloeesée n many fal se positive calls. PDAv.| PEDAG208/000224
conprises a series of statistical tests, beginning
with a Weighted Kullback-Leibler test and Z-score
transformati on (WKL score) followed by
Anderson-Darling test for6hormality. 10 Consider the
virus va. Let Pa be the set of probes of a virus va
and Pa = P - Pa. Let [rjo,,, , rhigh] be the signa
intensity range. W partitioned it into ¢ bins

contrdl§. IR Ras. éxiractdd from tAdde duliures) uéMéERNA MinivKif (Qiagen,
j=0, 1, ..., c-1. The unnodified C C KuIIback Le| bl er
Germanyleinganeerdange bt dﬁ@rmféat%v s ipsfruchiops) TRe(gamplespygre

g B, ol 9 A g, oy e
pancerﬁa\VlﬂJsI (r@orilFW;tG:«quVD POaBOCA3FW f OGHB-RV)b220E (RRE-

respectively
5 FW, Rggﬁs"]{\t'}xe"I?'F‘Q\é'flﬂ%n(p@ﬁpiﬁ‘f’é)lbes Amém?ro@d”{'ﬂ%%‘ ﬁﬁl " 00s;
a k=0 To conpare the signal difference
Deﬁeh* %e 2 bf the probability distribution, we set
rlQ = Pa, the nean signal intensity of the probes in
Analyxis ofﬁathogegHVImrnaxnayJAatazo signal intensity. W set
the default nunber of bins, ¢ = 20. WD 2007/021250

Our F%?ﬁé&é? %g(o%gp%zéontg?ns a set of 40-mer probes P = {p4, p2, ..., Ps},

binned into distinct probe hybridization signatures for 35 viral genomes V = {v4,
10, ..., vas). Upon hybridization of pathogen nucleic acids, a set of probe signal

intensity data D = {d, da, ..., ds} corresponding to probe set P is generated.

1-tail T-test

If virus v, is present, then probes comprising its hybridization signature (probes
€ v,) should have statistically higher signal intensities than probes¢ v,
15 determined by the t-statistic (1-tail T-test):

_ }’l‘a _ua'

where u,, o> and n, are the mean, variance, and size of the signal intensities

20 of the probes € v, respectively and p,, s 2. and ng are the mean, variance, and

size of the signal intensities of the probes¢ v, respectively.
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To further stabilize and/or increase the sensitivity
of the Kull back-Lei bler divergence on the tail of the

w@e@babi2ko ty di stribution, two nodificati ons WeCESG2006/000224

made. First, we introduced the Anderson-Darling type

wei ght function to the Kull back-Leibler divergence.

This gave nore weight to the tails than the mddle 5

of the distribution. Nex6! we applied the statistic

over the two corresponding cunulative distribution

functions instead of their probability density

functions. W call our inproved Kull back-Lei bl er

LV I ul fearisehit we wiowdrgtynaecept
The Ie? | %@gﬁ%ﬂdﬁ% ng‘)(e%é’?ﬂmgm( sahat g v c%(w 8ccep
the hypotifesty thar meeneeagqp?) the signa! iptensitiesi ok the Prebeuts dh is

iohe 85300l i) FOBky 0 BEPIG bl 1P @i .

0.05. qh HHhis 'dé%b' Pisfikent iPPBe ereéé]ﬂ in $h@ BaM plélt vaéveesthef T-test
robes 1n Pp found in bin _bj. Thus for each
methOId)m‘rCF ction resHiis & WYJQWSLRC@H‘V@@ ®KL score of every
virus va E V. Next, we clained that the distribution
PDA\Pf VKL scores of all viruses va EV 15 was _
apprOX| mately normal if there was no virus present in
a sanple. W enpirically verified if our claimwas
PDA edr centprisgs aa ksmiest pfspatisjicpk tesés,s begiening wéth eh¥Veighted

Kullbapﬁi@elkr)lepﬁe\s/{,\@rgﬁZ,ggorel \;r%%rsﬁ%%go\é' g\&gﬁL\/ l%?‘f%{ éﬁh?@%wked' by

Anderfsf)ﬁrbﬁ'llﬁﬁ?ést(f&t AG@haly s andonly wi th replacenment to
forma "perturbed” signal intensity distribution of

vk. Such distribution can mmc 20 the situation wher
Consid'er the vikus ¥..nbet s bsetive sai of msolempl @ MBUSTHhaA B -
scores are genperated for the,set of.n vij rus
Let [’N@)@t rhlgv]eb%r?@@k@@% inteBstty \igpoe-s i LAWIQ g? n"%alblns
dlistrlputlon by the Angierson Darling test for

[7:, +IjQERLELY, 'ﬁ$+(95‘1’9(¢5’hf—|—%¢cf®rljﬁﬂerual Thb Gdet snmgslified
was réepeated 100,000 €inmes. The distribution was

Kullo 4G Ebled dRRrGEREE Indy hEBOMpl b9 of the Lime. - (NE:

are V|r genones represented on
our mcroarray, n =35) WO 2007/021250

PCI/ S&006( 000224), 63 Based on the above di scussi on,
KL(Fyd. tan Otfe@ﬂloig )s>arrpl e contains virus(es) by
=

where n/and »/ are the number of probes in P, and probes in P, contained in

j "
the bin b; respectively. f,(j)= C_’f“ is the fraction of probes in P, found in bin

I
S
h=0

bj and £ (j) =

is the fraction of probes in 2, found in bin b

To compare the signal difference of the tail of the probability distribution, we set
row = 1, , the mean signal intensity of the probes in 2, and rpgn = maximum

signal intensity. We set the default number of bins, ¢ = 20.
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maki ng the following null and alternative hypothesis:
Ho: The distribution of WKL scores is normal, i.e.

waQeousers@r e not present in the sanple. 5 H :PJN8G2006/000224

di stribution of WKL scores is not normal, i.e. at
least 1 virus is present in the sanple. Definition
The Anderson-Darling test is defined as: HO The data
follow a specified distri8ution. Ha: The data do not
follow the specified distribution Test The
Anderson-Darling test statistic is defined as
Statistic: . 2 4--N-S where 5 r(2-1) [ .F() +1In

To fufther (diablibe Andot SinbhayseU TS agdrvtivitys bf i tht Keilback-Leibler
function of the specified distribution. Note that the

divergenceren tthe tadr@fethﬁi piekabilitgi gisifautianc dveymogdéigations were

o 1L 5 R Al A PR e

Kullbaﬁksl_élblbidﬁi\/@ﬁgér’iw This gwmgot@&te@ght tEf divestsiisettian dhe esiddle
d fornmul as have been publi shed gSte hens 1974

of theld'ﬁ@'qunzob@(bﬂgﬁpﬂhé‘#/t@@z@*@@ﬂfb yo thes Iwg ppfrespenging
cumufa%(/eadlg l‘ﬂuﬁ@ﬁ%ﬁ%@rﬁ' ﬁ{sﬁééwtdfcmélr BBABiRly: déﬁ’ﬁﬂpfﬁ?ﬁ!’uons

one ogi st'i c, xtrene val ue typ
We ch]l oiiherrtpes\ted Kudiback-Lsikied dlvmnaedtheh&’v@gbt&dwéﬁllback-

he di ibution is of a specific formis
Leml%@ﬁ‘@d’ﬂ@ﬁ"‘? ﬁ%@é@i statistic, A is greater than
the critical val ue.

O D)
WKL(E, |E,) =
| ;JQ;(j)Ll 0.(0]

where 0.(;) is the cumulative distribution function of the signal intensities of the
probes in P, found in bin b;; 0-(j) is the cumulative distribution function of the

signal intensities of the probes in 2, found in bin by.

Thus for each hybridized sample, we computed the WKL score of every virus v,
€ V. Next, we claimed that the distribution of WKL scores of all viruses v, € V
was approximately normal if there was no virus present in a sample. We
empirically verified if our claim was correct by a bootstrapping process: Let n be
the number of viruses in V. For each virus vy€V where k=1, ..., n, we choose
|vi] probe signal intensities from a real dataset D randomly with replacement to
form a “perturbed” signal intensity distribution of vi. Such distribution can mimic
the situation where virus v is not present in the sample D. Thereafter, n WKL
scores are generated for the set of n viruses. Next, we checked if the n WKL
scores follow a normal distribution by the Anderson-Darling test for normality at
95% confidence interval. The bootstrap was repeated 100,000 times. The
distribution was found to be normal in more than 99% of the time. (NB: since

there are 35 viral genomes represented on our microarray, n =35)



We proceed to apply the Anderson-Darling test for
normality on the distribution of WKL scores to reject
w0002 125®5% confi dence interval. |If the di strP@USGHNG/000224
of WKL scores is not normal, then we exclude the
virus with the outlying WKL 5 score and apply the
Anderson-Darling test again. This process is repeated
(to identify the presen®® of co-infecting pathogens)
until Ho is accepted. We denote the distribution of
VKL score when Ho is accepted as the background WKL
di stribution. The viruses excluded are thus very
Based bk&h¥ ABbVREdisBLESENT wk bdn st #RIsainile ontdies virdles) by
score does not follow the background 10 WKL
makingi the follawingmull andoaliereaties hyiethesiswe observed that P,
the probability that a non-normal distribution
r R c a; gi SIS
o TP B IRE SPAREC G, H i S e e frogbhit in
thesalnrQeX 10- 6( obt ai ned via Z-score transfor mati on of WKL
score). Box 1 shows the pseudo-code for our VI rus- 15

e FbariatpalRBgen R coRressje et s hoy o deda] GUB s

Let Vpresent = F WO 2007/021250
preseégq{'/t@%zooaﬁooozm 65 Let DWKL be the set of WKL(P" 11
P-) for all v c V; 1. Determne normality of DWKL

with Anderson Darling test for normality. If DWKL 5
Definitiona mWoemahdetssh+Ddlitg tost va défirdgas:f i cance | evel 0. 05,
return Vpresent. Else, go to step 2. 2. Find the
virus ya wth t"rﬁefaagélrb‘ﬂbwbbé’aﬁéa dFs’%rrButfdrpm DV\KL

Let Vpresent -Vpresent u

VKL(Pa, 11 Pa) } ve SPS
and vémréfy that TW@E%pgthQquj[q%ﬁ’lq mgf}%& r%ﬁ@ﬁ
distribution is not normal, go back to step 2 toflnd
co- i nfBedti ng pafrheg%'rderscﬂr-&arMQ tegt Satistie islefined as
Anpl i f ] Caﬂg{lon Bi as Random priner anplification, rather
t han pé spemﬂcﬁr’@l_r_ﬁ\rcagon is 15 preferred
for identifying unknown pat hogens in clinical

speci nens. Howeygerel N

9= i (21;; D [ F{¥;) +In {1 — F{¥ay1-a))]

F is the cumulative distribution function of the
specified distribution. Note that the Y; are the

ordered data.

Significance g

Level:
Critical The critical values for the Anderson-Darling test
Region: are dependent on the specific distribution that is

being tested. Tabulated values and formulas
have been published (Stephens, 1974, 1976,
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initial experinents using randomprimng anplification
to identify known pathogens, we frequently observed
WO p@aopi2ét e hybri di zati ons spanni ng genom ¢ rRgI/A6H06/000224
not expl ai ned by sequence pol ynorphi sns (Figure 7C)
Genonme secondary structure, probe secondary structure
and probe GC content 20 also failed to explain these
| ow signal intensity prold#s. Thus, we hypot hesized
that inconplete hybridization mght owe to PCR bias
stemming fromdifferential abilities of the random
prinmers to bind to the viral genone at the reverse
transcription (RT) step. The random priner used in our

experinments was - COAPI | Of: @ . m

nonamer (3') tabg{jda\ﬂ@ﬁ%%{ %@ééaggf-@é'r&%ége%u%&%ce 25

(5" - GTTTCCCAGTONgaBRIdGiamial é¥gohkhgiak Veeiball Hogistie,

1), where the purpose of the fixed 5 tag was t

facilitate PCR eXirgme va*nepﬁysadatTh@éﬁférl%ﬁi%-S'ﬁegz

fragments of le ol p@]\rﬁt'- ; A:L900

bp PCR fragmentts%%[ %Eg%&ﬂ?&%ﬁes%@g ‘%‘%ﬁi&% ﬁgﬁ?&%f(l)%z

Wang et al. 2008)eciflofsinudyejebted if frecteststadisfic W, is

designed an algorith AES) to del the RT-PCR

process 30 usi ngreét%‘ghéﬁgth%Sf't"fﬁjg’é‘fuesuccessfuI RT- PCR

i s dependent on the ability of WO 2007/021250

PCT/ S&006/ 000224 66 primers to bind to tenplate.

Intra-prinmer secondary structure formation, such as

dimer and hairpin formati on between to tenplate.

I ntra-prinmer secondary _structure fornmation, tﬁuccp ag i
We pmeaad terrpmy the Andesianbrdingdeshdennerrality gnfhg distrioution
of W{\?f s t@'?gjr?gf ﬁg%gﬁ'%‘%%&ﬁ&&%@m{éﬁ/aﬁrﬁ th& UktribQtion of

uence bi'ndi efficiency(Nguyen and Sout hern,
WKL 2900es Ranos moamel, thlen @6 0S)cludes therivitgs twidh the rarlyingr WKL

scorq fad ARl TisoAgRer S PAETEy ST REAT doyd Plare s/ spratd (o
identi) thePhredRES of ¥oliRktifg paffdgtASPuR HY Rtteptal be

generated from each possible starting position in the

genorre. Thus, for every nucleotide in a slidi nggg ndowy
We denafgotheadistributine 00 &650r¢ t YheRatoi S \@qce as the

S [ (i ¥ Nl ;
vack QUEFETPIAL HIBIAT 08, ol Lol g s very ey o be
preséitnhi thecgdrhple ihte dheindyKEcsroze admmseiot fallovathied anekground
the algorithm we ranked the hybridization signal
WKL distgRafiefes for all 1,948 SPS ~probes for the RSV
genone and conpared themto their AES val ues. Across

In our experiments, we observed that P, the probability that a non-normal
distribution occurring by random chance with a given WKL score, in samples
which contain a virus is very low i.e. P < 1.0 x 10®(obtained via Z-score
transformation of WKL score). Box 1 shows the pseudo-code for our virus-

detection algorithm.

Box 1: Virus detection algorithm

Given a pathogen microarray data D with virus set V and probe set P,

Let Vpresent= F
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t he RSV genone, we observed that AES correl ates
remarkably well to 15 hybridi zation signal intensities

W@ Bioshense Exact Probability Test P=2.2x10- 16)PCT/SG2006/000224

denonstrating the strong correl ati on between AES and
probe detection (Figure 12). Another conparison using
1,705 SPS probes for netapneunovirus showed a simlar
result, P=1.3x10-9. The i@%portance of AES in

predi cting SPS probe detection in clinical sanples is
denonstrated in Figure 10. Notably, we 20 observed

t hat hi gher values of AES correlated with greater

proporiions of detectable probes, particularly in the
top 20% of AES val ues. Therefore, while HD, MCM %C
Let Diginbesthepusstod nrti(gU epefos alvec 4l uabl e par anmet ers of
probe performance, they do not take into account PCR
bias, and thus are insufficient predictors of probe

er f.or nan ' :
1. Do B DR RFTRAENLS ABBEoR, RARPBRSEITEF pOfmal ™l T
is 89lopeibl aRtrifutipAtWitg signiitSnce i@l DiGE ety i Vipeay Etse, go to
pat hogen prediction as evidenced by higher WL scores
stethd. el i m nati on of fal se positive calls (Table 3).
I an probe
2. FH&‘meeYl?hs %ﬁﬁ?hgglg{ i t est l;ﬁjlljl trééml%wgs h gunber of
Left a/fp@@ntrrovbrtaaew)@ab b sDwkdot Divikz ed W}%(Pgnm) bfo to step 1.

3. Rebf SPlected SERbaN NPT (B SOk TBTRIPD 18 Sonmak,
4. If g@?ﬁﬂgﬁgpﬂé hbeh&al, gs%&so %tﬁpsgt@ﬂﬁdtdo\flﬁféiﬁlh??pdﬂhﬁgérﬁ

icient for etection accuracy

abl e to make an accurate diagnosis using the entire

unfiltered probe set. A virus is "detected" if VWKL
PredictingeGendbmeéJaiideg Amplification Bidsi di zati on signatures 5

(filtered) increases the WKL score, corresponding to

Rancp T8 SPRURRRS Phvel DBe8 IRERS. ool Somltcaton, =
prefeﬁr%@%lamé\t‘ﬁ}ym@%hﬁﬁbwwbéiﬁd) éDBAclmidal\ép"edﬁ:rné/hﬁ UHOWGW in
Max WKL . of Value no. Chip Pat hoq Known
lnltlals@uperlm@ot$cuﬁ|@gvram§ priming amphflcatlon to identify
pathogens, we frequently observed incomplete hybridizations spanning
genomic regions not explained by sequence polymorphisms (Figure 7C)
Genome secondary structure, probe secondary structure and probe GC content
also failed to explain these low signal intensity probes. Thus, we hypothesized
that incomplete hybridization might owe to PCR bias stemming from differential
abilities of the random primers to bind to the viral genome at the reverse
transcription (RT) step. The random primer used in our experiments was a 26-
mer comprised of a random nonamer (3’) tagged with a fixed 17-mer sequence
(5-GTTTCCCAGTCACGATA)SEQ ID NO:1)(see also Figure 1), where the
purpose of the fixed 5" tag was to facilitate PCR of the RT product, generating
PCR fragments of less than 10000bp, in particular 500-1000 bp PCR fragments
(Pang et al. 2005; Wang et al. 2002; Wang et al. 2003). To study this
phenomenon, we designed an algorithm (AES) to model the RT-PCR process

using experimental data. Successful RT-PCR is dependent on the ability of
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# filters) (filtered) Detected 32272 Pure SARS 5. 007
5.803 1 -- -- 34959 Pure Dengue 14.351 20.373 1 -- --

WQ@2R392R3V patient 324 18.288 20.611 1 21. 4366PCI/8G2004/000224

35179 hMPV patient 122 1.747 8.439 1 25.5388 50384
35253 RSV patient 841 12.056 12.069 1 20.8619 14 x 10
36042 RSV patient 412 16.466 17.531 1 23.5804 2.5 x 10
36053 RSV patient 483 126089 12.168 1 24.8340 1.2 x 10
non- pneunoni a 35915 patient (negative 3.916 4.284 0 0
O control) Data for all patient sanples hybridized on
the array are shown in Table 4 below. Table 4.

pnmerg:qmﬂlr?d fo {én%laféf \Rtrb Prip@ér é&bh@ﬁ%ﬁsthﬁ(&mréﬂcﬂfﬁfbt@ht such as

t hogen O mcroarrays. Patie v.1l Cinical
dimer | amd |m|rphmdmat|@m VehvrerRTtopERNPlate-ayniFe-Primafk segandarY

e e 00 LR ER B PR, OBy B and

nonan%ﬁ@‘?dlwgréﬁg ARfy lempbiatdiCate knawhoO to . id8aehdd\binding

o x 104 A2 71180 13 359591 7
efficieacy{ Mguyen @ E‘mﬂheﬁwﬂmﬁss!?ﬂl@bm@.@ai iqdb]) 66691 165

8.56786 1.804x hMPV pneunonia hMPV 27.9 3.9 x 103 A2
s B§83545 yel 1 A o O A G e
of the6\‘3|reﬂ 3Jéiora8 Petrfedig) T 21ghriiim1 determingsn Sigrprekahiiik ibaha
500-1980 fproRluLt ga i aanarated from edch PosSidibatarifg pddiffol in
the genome. Thus, for every nucleotide in a sliding window of 1000 bases, the
probability that it will be successfully amplified is reflected in its Amplification
Efficiency Score (AES; See Amplification Efficiency Score above). To validate
the algorithm, we ranked the hybridization signal intensities for all 1,948 SPS
probes for the RSV genome and compared them to their AES values. Across
the RSV genome, we observed that AES correlates remarkably well to
hybridization signal intensities (Fisher's Exact Probability Test P=2.2x107"%)
demonstrating the strong correlation between AES and probe detection (Figure
12). Another comparison using 1,705 SPS probes for metapneumovirus showed
a similar result, P=1.3x10°. The importance of AES in predicting SPS probe
detection in clinical samples is demonstrated in Figure 10. Notably, we
observed that higher values of AES‘correIated with greater proportions of
detectable probes, particularly in the top 20% of AES values. Therefore, while

HD, MCM, %GC and sequence uniqueness are valuable parameters of probe

- performance, they do not take into account PCR bias, and thus are insufficient

predictors of probe performance when considered in the absence AES. Using
top 20th percentile AES as the first filter in the selection of pathogen SPS
significantly improved pathogen prediction as evidenced by higher WKL scores

and elimination of false-positive calls (Table 3).

Table 3: Detecting pathogens using only mean probe signal intensities (T-test)

results in high number of false-positive calls. Optimized hybridization signatures
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66690 853 none pneunonia hMPV 36 05 A2 detected
12. 53428 5.66 x Rhinovirus 68359. 892 5 pneunoni a hMPV
wW@32008/022502 4 10-
None Al detected 70927
detected 66701 312 none
detected 71006 321 none
detected 66702 368 none
25.40628 3.80 x 5 71025

818 none Negative ctrl None A2
pneunonia RSV A 33.7 44 A2
pneunonia RSV A 31.1 340 A2
@feunoni a unknown A2 detected
414 9 10-24 RSV B pneunoni a
RSV A 22.3 3.9 x 10 A2 71027 478 none pneunoni a RSV A

34.8 18 A2 detected 59.27523 1.91 x RSV 5 73068 832 3
and rla@noV&? cﬁng%ﬂe‘gﬂwfﬁﬁv Aod3-h{Bfidizs B *hukRat2gendias(iised)

25 4 .897 23 10~. 23~x RSV B pneunpnia RSV A 19.1
reducds Talge-positine calis ot io pat §gﬁsvps\iior9detfe§tomsvcwﬁéun‘8%V-1

s abl IS ef o ARVl dgndsisdiniG 49 Sl RfitdeRayohecht A

virus ib7“c@8cﬁéd’8lfmxsétﬁe%% BJ$iRg | opRBYiz&d mbﬁaliatlﬁn BignatQtes
66695 374 none pneunonia RSY B 34,1 500
(fllteer?Bt inereages dhe IViKtgsaareg pomespandingdio @cm@ﬁe regnfiglence of

the dlaangs%g“v#us cf vii?eARe real-time PCR cycle when virus was detected
(see above).

‘genus 35915 111 none Negat POBSG2006/000224

Detection using PDA v.1 .
Virus Virus co
CT Py
Chip Max WKL | Max WKL |  No. of Value no.
4 Pathogen score (no score viruses
filters) (filtered) | Detected
32272 | Pure SARS 5.007 5.803 1 - -
34959 | Pure Dengue 14.351 20.373 1 - -
35259 | RSV patient 324 18.288 20.611 1 21.4366 9.8x 10
35179 | hMPV patient 122 1.747 8.439 1 25.56388 50384
35253 | RSV patient 841 12.056 12.069 1 20.8619 14 x10
36042 | RSV patient 412 16.466 17.531 1 23.5804 2.5x10
36053 | RSV patient 483 12.089 12.168 1 24.8340 1.2x10
non-pneumonia
35915 | patient (negative 3.916 4.284 0 0 0
control)

Data for all patient samples hybridized on the array are shown in Table 4 below.

Table 4. Complete list of

microarrays.

clinical patients hybridized onto pathogen

Initial

Patie P- | PDAv.1 | Clinical PCRCT| Virus |RT-PCR
Array nt ID WKL value |diagnosis|diagnosis® di PCR. value |copy no. | Primer
1agnosis
35179 | 122 8.439216 11(3)471" hMPV LRTI hMPV | 248 |50x10%| A1
35887 | 122 18'3;207 218822" hMPV LRTI hMPV | 248 |5.0x10%| A2
71180 | 133 17'3?959 21‘(*)2" hMPV LRTI hMPV | 25.1159| 4.0x10* | A2
66691 | 165 |8.56786 11%‘?4" hMPV |pneumonia| hMPV | 27.9 |39x10°| A2
70035 | 254 21'3§'851 815030" hMPV LRTI hMPV  |21.9518| 5.4x10° | A2




WERI7B2230 5804 6.9 x 105 A2+A3 36053 483 12. 1PE1/8611A6/000224

A

36042 412 17.53123 4 4.58x RSV B LRTI

6.9 x 105

A

RSV B 23. 5804

35890 412 17.21 6 455 1.05x RSV B LRTI

11 .0-472 RSV B LRTI

RSV B 24.834 2.9 x 105 Al
76: 54718 1.83 x Rhinovirus 119 3 10 genus;
pneunonia RSVB 35:1 240 A2 54.01322 2.45 x
Enterovirid 3 10-61 ae f &l

4.86 10 .866 RSV B pneunbnia RSV B 20.8619 4.4 x 106

70997

554

35253 841 12. 06913 8

6.80 x 22.10857 10-50 RSV B, RSV B

20.8619 4.4 x

106 73070 841 hMPV pneunpnia A2 5.708560 5.. 06 x

‘ 00|mmﬁ§m7yegh V L,A4T8 WD 20077021260 | 1

63781 SG?OO()M(DOD:ZZW&‘?%Q Beygoga pYKERME T o5 Rov B, 6 10-
ﬂ[OOESE 384914 10 360 X

73067 §neurmﬁi a | HoBV| gﬁﬂ:% 6LF§§ ) @ﬁ )2586%3% 2?9(‘“ nA?
66600 38890 185 [none | DIATO N rbukiBK DVRMAE | dedsect ech.$6607 A2
1261 none. rnpllmmﬁﬁtﬁdﬁﬁl\ nown_A2| detected 66598 331 -he
esaso | woe (O A BfRIGH O deiehiad
35015 | 111 de”tggfe 4 Negative cirl  None A1
70927 | 818 de”tggfe 4 [Negative ctr|  None A2
66701 | 312 dentgrc]:tee 4 |preumonia| RSVA | 337 44 A2
71006 | 321 der][‘;';fe 4 |pneumonia| RSVA | 31.1 340 A2
66702 | 368 none pneumonia | unknown A2

detected

none

3

enus

71027 | 478 detected pneumonia| RSV A 34.8 18 A2
73068 | 832 [P9-27523 118102‘ RSV LRTI | RSVA |23.7681|12x10°| A2

1267314 9.71x | RSV )

66703 | 924 9 10 genus pneumonia| RSV A 31.5 250 A2
35050 | 324 [20.61147 312‘24" RSVB | LRTI | RSVB [21.4366|3.0x10°| A1
35662 | 355 17'989941 218740" RSVB | LRTI | RSVB |20.2642|67x10°| A1

7.77 X

5.4 x 10°

70033 | 378 (1381578, \F| RSVB | LRTI | RSVB |239204 A2
36042 | 412 17'52’123 418855" RSVB | LRTI | RSVB |235804|6.9x10°| A1
35890 | 412 17'2g455 118513" RSVB | LRTI RSVB 235804 6.9x10° | A2+A3
36053 | 483 12'156802 11‘(‘)712" RSVB | LRTI | RSVB | 24834 |29x10°| A1
~[76:54718 1.81131,2)(‘ Rhinovirus S N R A
epal 03 1077 | genus; 1 onevn | sl | ”
70997 | 554 54.01322| 2.45 x [Enterovirid pneumonia BSV»,B. 351 : 240 , A2 -
| 3 ] 10% | aefamily R
35253 | 841 12'086913 413628‘ RSVB |pneumonia| RSVB [20.8619| 44x10°| Af
6.80 x
RSV B .
2210857 10°° ' . | RSV B/ |20.8619| 4.4x10° | |
73070 | 841 |5 208560 5.66 x hMPV | pneumonia | "y oy | 354 8 A2
coinfection
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71189 393 none pneunoni a unknown A2 detected 66699
461 none pneunoni a unknown A2 detected 41. 39705 3. 97
WO 2Mmiozese rus 66700 573 1 10- 3 genus; pneunonPEr/SG2006/000224
unknown A2 27.44489 1.34 x Enterovirid 3 10-11 ae
famly 71182 639 none pneunoni a unknown A2 detected
71007 699 none pneunoni a unknown A2 detected 71188
859 none pneunpni a unknow? A2 detected *LRTI: | ower
respiratory tract infection The inportance of AES
suggested that anplification efficiency and subsequent
probe detection could be i nproved by using optim zed

|-wu< g g@ggl(t hus, wejcal cul ated AES scog eS
Si r Horot ed 17-nmerrR\agy S2Gs&joesndasp” an
68300 | 821, %Aggsé he3ixd (%“?ec \?”e&{"\?ré'? yemPYr | n85.4 Wwhi @h %2
resy i n18%he est overall increaselin AES

66696 |S@81|es (Filgure 13*9”3 Uf>brﬁﬂmbhi§ ARSoRRl i M zed prinprag
we anplifiled metdsispEd oV rus and RSV from¢linica

66697 |SBAM| es wi{th i [ggf"a?/gc piRGRogk] Usinewsy and det ecti pn A2

caenditivitivy (Ej Bte Table-5—Fable—5- S o

uuuuu LI B Y LI A TaAoTC 797 rIaagn < J. .AJIIP(J.II\OiAI

10 A1 D AT Wa T 1 - I
AT ay 35179 Twas—anptT e ustng(the

66698 |31 E- Pr edijct arn %;}2 A prieualoglar ubkmewn on pat i ent sanplAés
Z dlfu .
3 | IR g desmimobied unimoResul ts. |Arrays| A2

1

71189 |a@98di nal RCR p
atd 8 —anptifieg—ustngpriner—A2,——and
preyimesian pri mer nd A2

e e I

none

71007 | 699 detected pneumaonia | unknown A2
none .
71188 | 859 detected pneumonia | unknown A2

*LRTI: lower respiratory tract infection

The importance of AES suggested that amplification efficiency and subsequent
probe detection could be improved by using optimized RT-PCR primer tags.
Thus, we calculated AES scores using randomly generated 17-mer tag
sequences, and selected the top 3 most divergent primers which resulted in the
greatest overall increase in AES scores (Figure 13). Using the AES optimized
primers, we amplified metapneumovirus and RSV from clinical samples with

improved PCR efficiency and detection sensitivity (Figure 14, Table 5)

Table 5: Comparison of E-Predict and PDA v.1 algorithms on patient samples
#412 and #122. Array 35179 was amplified using the original PCR primer
described in Results. Arrays 36731 and 35887 were amplified using primer A2,
and Array 35890 was amplified using both primers A2 and A3. PDA v.1 returned
only the correct pathogen in all cases. The authors of E-Predict use P<0.01 as
significance cutoff on their platform (Urisman et al. 2005). A lower cutoff

appears to be necessary if this algorithm is used to analyze our array data. The




70 new priners designed by PCR nodeling result in
better prediction scores using either algorithns

w@ a0orayes85179 vs 35887). Having a second pri neCT/SGRU06/(00224
the PCR process offered increnental inprovenent in

WKL scores and P-values (arrays 36731 vs 35890).
Array Pati ent

Genone WKL prinmers core 36042 412 (RSV) Original

y | PCR E-Predi ct al gorithm @& SPat hogen
anplifi- algorithm catid® Genone Sinilarity S P-val ue

RSV

0. 35128 0 RSV 21.526316 primer Al OC43 coronavirus
0. 350264 6.84E-20 229E coronavirus 0.323503 1.77E-10

new p

é idebiynBd

8911 0. 0029
elther@ngpr(tm\ar)(myaﬁﬁﬂ%ss@@@%) meaq pgeqong pemes during the

cor Q. 34804 9
PCR fos5ancaesSe adanoniah iipteemer 050 f¥iiapg Pvalues
(arrayB%ebha,sCBmsz 0.00919 35890 412 (RSV) A2 + A3 RSV
0.334602 0 RSV 22.093258 OC43 coronavi rus 0.348969

Qﬁﬁéﬁi

ﬁwo%élﬁé-r@éulﬁﬁfﬁeﬁé}f
Hepatitis

0. 229589

prealdtionsSscores using
0. 00847 36731

2 63FE-23 229F coronavirus 0.322805 3 20E nf\f: tis
ArrayR} BrtieaR6PER 74E.- 04 SARRe B AeERM us 0. 338605?' pEo
351790 1 dipal—hMPV—0 26011069550 PV
d. 76314 apr.ﬂy VPV) p‘i"el“P@? Al ﬁw@gL % fl%zsﬁéime WKL
360421 410 2?53\;5 Orlé:n:a? aft BEt r—C 002+ 816 4 068t 1526316
primer A1
OC43 coronavirus 0.350264 | 6.84E-20
229E coronavirus 0.323503 1.77E-10
Hepatitis B 0.134825 | 3.03E-04
SARS coronavirus 0.338911 0.00299
Hepatitis A 0.229589 0.00847
36731 |412 (RSV) A2 RSV 0.335389 0 RSV 21.836754
OC43 coronavirus 0.348043 | 2.29E-13
229E coronavirus 0.322055 | 2.00E-09
Hepatitis B 0.135222 | 1.02E-06
Rubelia 0.164332 0.00919
35890 |412 (RSV)| A2 + A3 RSV 0.334602 0 RSV |22.093258
0OC43 coronavirus 0.348969 | 3.63E-23
229E coronavirus 0.322805 | 3.20E-14
Hepatitis B 0.13436 6.74E-04
SARS coronavirus 0.338609 0.03060
35179 122 Original hMPV 0.260110695| 5.01E-28 hMPV | 9.763149
(hMPV) | primer A1
Rubella 0.164784981| 1.20E-17
Foot-and-mouth C {0.206747816| 4.66E-11
Jap encephalitis  [0.201347222| 1.65E-04
Hepatitis B 0.133407622| 1.98E-04
Yellow Fever 0.200500564| 0.00567
Echovirus 1 0.222002025| 0.01740
Newcastle 0.234481686| 0.01820
35887 122 A2 hMPV 0.299655 0 hMPV | 39.677149
(hMPV)
Rubelia 0.169626 | 3.40E-19
Hepatitis B 0.137703 | 5.84E-12
0OC43 coronavirus 0.347685 | 5.06E-10




10

15

20

Jap encephalitis 0.201347222 1.65E-04 Hepatitis B
0. 133407622 1.98E-04 Yell ow Fever 0.200500564 0.00567

waehowenes 1 0. 222002025 0.01740 Newcast! e 0.PCHE62068600224

0. 01820 35887 122 A2 hiWPV 0.299655 0 h\MPV 39. 677149
(hMPV) Rubella 0.169626 3.40E-19 Hepatitis B 0.137703
5.84E-12 (OC43 coronavirus 0.347685 5. 06E-10 WO

2007/ 021250 PCT/ SG2006/ 0@0d224 71 229E coronavirus
0.321702 1. 72E-06 SARS coronavirus 0.340504 1. 76E-06
Foot - and-nmouth C 0. 2075 1.31 E-04 Newcastl e 0.23453
0.04310 PDA v.1 - an algorithmfor detecting

pat TogeTs O T TEE cShege 1932142 Of 1.ede-gup- opt i nl f or

manom cl annl &
\a\/llulll A MIIPI ]

g hi o vi T at
fitres. | have ﬁs(ﬁ%§ﬁ?‘r8nalxl(rﬁs\/ydr'5 5loérr ¥?6rér:\d|;§\ he reflerence

$train bn 5 { feotand-mguth & | hAPE5co} i-ATEeR4 | ng

pat hogeps. M ,roanév&yﬁleals biasses ah oiomdier ent noi se

fref-Ron—specttichybridrzatiom and other artifacts.
Thus, interpreting microarray data is not a sinple
matter of matching probe signal intensity profiles to

PDA V.he &FPSlgerithm fog detedting pathogensal nethods (e.g.
T-test, ANOVA, and the Ilke) To address this issue,

we establlshed r obyust st t I ft
Clinicg, speciiiPeh {RaPHLSUPHPL inal Stﬂ'ﬁfc‘iOaBHS?ﬁmB &%&05%?1%{) may
have l'oW \%Ebﬁ'tﬁ fe8Shard ﬁég&@nééﬁpéwﬁqdrahlsﬁisl froiA thE eafepdrist &Péin on
nti y pat ens preSent in a hybridized sanple

the ar(rSje,eorl hbow €p- mmmg pathogenshiligroatras alsh haveran énharent
nal inten .al | 0 y

noise i MANRRGTISR Y AR 7B S Hfath; Gy infeigrsting
mlcroﬂl“rﬁ %l%te? %Wt'asé,lﬂfble h%t%rﬂﬁtm%ﬁmgﬁ‘ﬁSbmlgﬁal iistepsitys prafiles

e sanple would have very strong sj ?nal
to the SPS or using simple statistical méthods (e.g. T-fest, ANOVA,and the
like). To address this issue, we established a robust statistical software, PDA
v.1, which analyzes the distribution of probe signal intensities relative to the in
silico predicted SPS to identify pathogens present in a hybridized sample (See

above).

Based on our observations that while the signal intensities for all probes on the
array would fall in a normal distribution, a large proportion of probes comprising
a pathogen SPS which is present in the sample would have very strong signal
intensities résulting in a distribution skewed to the right; we deduced that we
could detect the  presence of pathogens by analyzing the distribution of probe
signal intensities (Figure 9A). Examining the tails of the signal intensity
distributions for each SPS would also enable us to identify the presence of co-

infecting pathogens in the sample.

Thus, PDA v.1 comprises 2 parts: (1) Weighted Kullback-Leibler Divergence
(WKL; our enhanced Kullback-Leibler test) to evaluate the probe signal intensity
of probes in each pathogen SPS, and (2) an Anderson-Darling test to determine

if the distribution of WKL scores for each SPS is normal.



10

15

20

25

intensities resulting in a distribution skewed to the

right; we deduced that we could detect the presence
wotoogarnzegens by anal yzing the distribution of POT/S6E06/000224

signal intensities (Figure 9A). Examning the tails of

the signal intensity distributions for each SPS woul d

al so enable us to identify the presence of co- 20

i nfecting pathogens in th& sanple. Thus, PDA v.1

conprises 2 parts: (1) Wighted Kul | back-Lei bl er

Di vergence (WKL; our enhanced Kul | back-Lei bler test)

to evaluate the probe signal intensity of probes in

The oﬁ@ﬁiél rIPasIeDeibiE?, conndt e&iaba,ndéwiﬁm@aifraaéﬁddwnttaettamof
determne if the distribution of WKL scores for

a prarbility eistributionn0apdo7s 0 highy #ewﬁe@@o@moti@zmunﬂger of
pobeR B R A el i KRR, Pk Lol

1951)di \Whe idvetdame thedei defidighlby timmpmienng otinet nmdeusrheDaolrng

probes/ genone and the size of ea i ntensit
Statlsii!ﬁ 0 QB InpRreKWaisht (te theetails 011‘9%% ’%2}3 f’ éi-‘é“g a

cumu%?(rlg%r%ﬁrd?ﬁiohn&iﬂw&ﬁ ghi@gdt Eie tI%‘QﬁIQﬁPJI ;Q%blabﬂi%/ @istribution

IC to give nore wei ght alls of "each
(Andetset r abdit Daringar®52y. Wengalh owuenhantad Ki sdivetgencenthe

weigieaike ek tieaerdssiodWhRLEN) o 1052) v cal

our enhanced KL di vergence the Wighted

Kul | back- Lei bl e ergence (VKL k Jlo 1
-1 QQ(J) QWL«( . \})Pg) = ~(QQ()J)1-%J3 %Qﬁiﬂei)e

WKL(?iMQ the c ve distribution function of the
rfal tgr@i)tu_@(p)f the probes in Pa found in bin
bj, the ¢unmil ative distribution function of

t he S|gnal |ntenS|t|es of the probes in PQ found in
bin bj. SPS representing absent 15 pat hogens shoul d
have normal signal intensity distributions and thus
relatively |ow WKL scores, whereas those representing
present pathogens shoul d have hi gh, statistical

whereiggmiflsélanpumiiatpferraswikytlge6%%“0(@@%?@'@19 '”tPHSF'ﬁé of the

probes I%oBa fc?unc} in bin b;; 0-() is the cumulative distribution function of the

signal intensiﬁes of the probes in P, found in bin b, SPS representing absent

pathogens should have normal signal intensity distributions and thus relatively
low WKL scores, whereas those representing present pathogens should have
high, statistically significant outlying WKL scores (Figure 9B). In the second part
of PDA v.1, the distribution of WKL scores is subjected to an Anderson-Darling
test for normality. If P<0.05, the WKL distribution is considered not normal,
implying that the pathogens with outlying WKL score is present. Upon
identification of a pathogen, a separate Anderson-Darling test is performed in
the absence of its WKL score to test for the presence of co-infecting pathogens.
In this manner, the procedure is iteratively applied until only normal distributions
remain (i.e., P>0.05; see Table 3 and Table 4 above). PDA v.1 is exiremely fast,

capable of making a diagnosis from a hybridized microarray in about 10 secs.
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of PDA v.1, '"the distribution of WKL scores is
subjected to an Anderson-Darling test for normality.

woO tooPe21280b, the VWKL distribution is consi der edP@D8G2006/000224

normal, 20 inplying that the pathogens with outlying
VKL score is present. Upon identification of a

pat hogen, a separate Anderson-Darling test is
performed in the absencé3of its WKL score to test for

t he presence of co-infecting pathogens. 1In this
manner, the procedure is iteratively applied unti |
only normal distributions remain (i.e., P>0.05; see

Patho%@h'[ﬁa%n%‘i’s SR ECfinfdi PatientBariples s extrenel y fast,

capabl e of meking a diagnosis froma hybridi zed
m croarray in about 10 secs. V\D 2007/ 021250
We epauasc2Gus/ ptiopm byshyhridiggen3di aijierli sperimeps onto our

pathogﬁ;bﬂ %Ig ﬁ\g @%@(Brn*?aem%ﬁﬁ %‘E'% evBAlfRy MustrRedtih qfl@ﬂn@/ﬂ

cli'nli ca I'mens onto our patho

Of the¥e¢ RPagpeymehsttian beemprevidisly diagndeedies IRS\é\A RgV B or
|IIustrated in F| ure 11.

h 27
metapReEMAYiIrEs; dAYT Ik %@&@Hra&gmté%?eif%wt gena o 2f27
sampldE! fRA}IER P!)érﬁs%'h% Bl\ﬂ‘i,lfs%ﬁé @l%t?étfté(ﬂ QfaYséiﬁégﬁﬁ\féd were at

pat hogens sanpl es. 6 sanpl es where no
the de»teciwcm \iersit bgtreat—’emje( E’@Rs(eﬂr@egmh QQQIGW&@’[@D) amp@ such low

ot BT ST e 8 TR, S IR g peten

severénalbbgéé/ Qoopethé&@ \ﬁéﬂeob@QE@tI)agﬁS%ndmp@ysrrbd:reafrar/ théve

pat ient's severe disease ese were correctl

infecteld aithobwvirysnirca sareemofiandireri@PAieRIS VU SF\aRe fespiatory
dlsea§%\p21?x\éle{i g%yp Iupgp(g\Nﬁ Cﬂaﬁ SoH ﬁ]@omgaﬁ' %ﬁﬁ’ﬁﬂeﬂ W Btiologic

2ke Calise
agentP@hiM@9R0s) firhel ﬂijh@éHafnaqus c(é'able‘ |4edbdm@) éThasleogasults were
agent (rhi novi rua| 1 of the b‘i)el; h
vahdam\mo reaiiime PERIAS ease%@edvavq ?%taﬁw.ﬁ?é ogens

when v\ﬁgean vved%gn dﬁ@ga"&tr%‘cféd“ﬁ&nﬂﬁﬁ@&ﬁmﬂ%y pBFerite @S non-viral

sanpl es extracted from pneunoni a
etiologati ents with non-viral 15 etiology. Data analysis
M croarrays were scanned at 5pmresol ution using the
Axon 4000b scanner and GCenepix 4 software (Axon
Instrunents). Signal intensities were extracted using
20 Ninblescan 2.1 software (N nbl eGen Systens). Using
Data ahafjigmat ed script, we calcul ated the nedi an signal
intensity (to elimnate hybridization artifacts) and

Microarrays were scanned at 5pm resolution using the Axon 4000b scanner and
Genepix 4 software (Axon Instruments). Signal intensities were extracted using
Nimblescan 2.1 software (NimbleGen Systems). Using an automated script, we
calculated the median signal intensity (to eliminate hybridization artifacts) and
standard deviation from the 7 replicates of each probe. The probe signal
intensities were sorted by genome and arranged in sequence order, then
reformatted into CDT format for graphical viewing of signal intensities in Java
Treeview (http://jtreeview.sourceforge.net). In parallel, the probe median signal
intensities were analysed using PDA v.1 to determine which pathogen is
present, and associated confidence level of prediction. The present inventors

carried out experiments to demonstrate the effects of prbbe design on
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standard deviation fromthe 7 replicates of each
probe. The probe signal intensities were sorted by

w@eeoner2and arranged i n sequence order, then PCT/SG2006/000224

reformatted into CDT format for graphical view ng of
signal intensities in Java 25 Treevi ew
(http://jtreevi ew. sourceforge.net). In parallel, the
probe nedian signal intédfsities were anal ysed using
PDA v.1 to determ ne which pathogen is present, and
associ ated confidence | evel of prediction. The present
inventors carried out experinments to denonstrate the

experi‘hﬁérﬂél feshfts Rindbefeni Howothe ¥oh2Rhese2dfAhe analysis algorithm
PCT/ S&G2006/ 000224 74 experinmental results and then to

accordinevio tie presanst inkes¥iopf t he anal ysis al gorithm
according to the present invention. Effects of probe
desi gn on experinental results 5 A PDC cont ai ni ng
53555 40-ner probes from 35 viruses affecting human
was used for 4 independent mcroarray experinents.
EffecEhef prasstbsigrobpexparimentabsesultaised on a 5- bps
t| I ing of each virus and were not subjected to any of

robe I
A PDE; oafitfy E5R58 AEMe] HiebBes, FRHE 35 FratBY HrkRBiuman was
used F8€ 4 Rfdpletident naigRddrfdyc akp@ﬁmentsbeTms@n 58565npﬂoy>em)were
10 than that of a PDC with well -desi gned robe

chosarebaeerl e0ra ArsyHing af gash viiue and Weichnah 1 SUBBERGL0 any of
our picgﬁé ch{nt Erfér%x JSTERE %%Ag dAbett Q—:’FFHFQ' é‘msuﬁ‘g Q}U’Sa'ib eCG-

an un nown pat en was anplif by th
conteRiE-d?@Eé hybddizgatiors iangd ineffidient pmpttiisatiordia he rs@rymarﬁlyzl@dre

than Gt of 219G o we-FHrEd isbesn Ve BN plapafa:cigptifim
in SU%L?H'EIBV%%@CS%’[ Sy B DeRBerthéhigonput ed the Wi ght ed

| bac Lel bl'er (WKL) divergence of their si gnal
intensities to the signal intensities of all th
In thiprexaetplena hmarh spmple with enHRkNQWn mtmg%vmﬁsamﬁ“ft%by

for each f
e FOEBE ol ST a ARG s PO ETHRRLEN 4 g PoC.
We é&fbiedt@d) tﬁ’&%rbl@es deneaély of ke B85 waxhse.s bnsomeD& to the one-
resent the 20 results of OHFO nal f%iz K
tailed, htesn m&pﬁ@nﬁ@ﬁngedeva@bpé a@daﬁ%mPHtﬁdr E KH@DaC -
I; § a)l’ #ténsities of all
LeibiGEYKES bysFaSARTSY {Ric Nl iftentAG o fho B itbnsi
the probes ed. the chlp to determine which virus was in the sample for each
experiment. Confirmation of the accuracy of the analysis by our program was
done by wet-lab PCR to identify the actual virus in the sample. We present the
results of our analysis for the 4 experiments of Table 6 and their corresponding
PCR verifications in Table 6.

Table 6: Analysis results done on a PDC with no probe design criteria applied.
The virus determined by our analysis algorithm to be the actual virus in the

sample tested for each experiment is highlighted in light gray colour.



The virus determ ned by our analysis algorithmto be

the actual virus in the sanple tested for each
wez@aneemt i s highlighted in |ight gray col oupCT/262006000224

2007/ 021250 PCT/ SG2006/ 000224 75 Experi nment

Experiment 2 Experinent-3 Experinment 4 1 Sanple

35259 324 35179 122 35253 841 35915111 Nanme I D 53555

53555 53555 53555 Virusé€® t-test t-test p- t-test

t-test (Accession p-value WKL val ue WKL p- WKL p- WKL

No.) value _ value NC 001781.1 0 16.391 1 NA O

10.85635 1 NA NC 003461.1 1 NA1 NA1 NA 1 NA

NC_ 00328 3ndrimentop24 NA' 0. 873017_NA" Q. 99802 I\E
0. 999961 NA,- NC 0p1EwBerimeny? 1 Fmperiment 3y, Experiment4
AY283 79410065485 0-108t41TNA OO 7759590 0- 435427
051475289324, 2896 3B1KA182 1. 3995@@5(@_811 76991 285915_111
’_0457-,5555 12943 055%84/ NA U 535@5888 0 2. 33%34
D4. 11 N( 10. 85635 NA
1 NA 1 NA
0.873017 NA 0.999961 NA
1 NA 1 NA
0.108141 0.775959 0 0.435427
1 1.399591 0 1.762912
0.999847 1.655888 0 2.079334
0.002733 | 5.762907 NA 1 NA
0.579561 NA 1 NA 1 NA
1 NA 1 NA 1 NA
0.000001 | 0.537826 1 NA 0.995013 NA
0.000005 | 0.758758 | 0.998873 NA 0.363947 NA
0.999062 NA 1 NA 1 NA
0 0.571844 1 NA 0.769098 NA
0.999066 NA 1 NA 1 NA
0 2.189827 0 3.978747 0 1.490665
0.004643 | 0.94841 | 0.009599 | 1.257041 0 3.961532
0 1.527292 | 0.299334 NA 0.000002 | 0.166239
0 2.438558 0 0.869782 0 0.989592
0.319125 NA 0 2.593065 0 1.510399
| 0.990757 NA 0.646314 NA 0.773912 NA 0.807875 NA
NC: 0052171 1 0.60477 NA 0.999903 NA 0.354358 NA 0.000871 | 0.626818
NC.004294.1 0 1.8411 | 0.000523 | 0.902399 0 2.43215 | 0.000007 | 0.537531
NC.- 004291.1 | 0.662386 NA 0.954137 NA 0.255422 NA 0.099148 NA
NC_001437.1 1 NA 0 0.593003 1 NA 1 NA
"AB189128.1 - 1 NA 0.906213 NA 1 NA 1 NA
AFE326573.1 1 NA 0.038503 | 0.539783 1 NA 1 NA
‘AF489932:1 1 NA 0.899797 NA 1 NA 1 NA
M87512.1: 1 NA 0.759668 NA 1 NA 1 NA
“NC_001430.1 1 NA 0.912496 NA 1 NA 0.999912 NA
"NC_001428.1 | 0.999988 NA 0.284792 NA 0.999346 NA 0.957164 NA
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NC 002206.1 NC 002207.1 1 NA'1 NA 1 NA 1 NA NC
002208. 1 NC 002209.1 NC 002210.1 NC 002211.1 NC

wORm3631220 1 NA 0. 000001 0. 537826 1 NA 0. 99501 3PC¥SGNG6/000224

002031.1 1 NA 0.000005 0.758758 0.998873 NA 0. 363947
NA NC 002728.1 1 NA 0.999062 NA 1 NA | NA

NG 002617.1 0.999994 NA O 0.571844 1 NA 0.769098 NA
NC 001802.1 1 NA 0.9999686NA 1 NA | NA NC 003977.1 0
2.7424 0 2.189827 0 3.978747 0 1.490665 NG 001576.1
0. 371224 NA 0. 004643 0.94841 0.009599 1.257041 O
3.961532 NC 002554.1 0.000062 0.7146 0 1.527292

NC 001612998 3470B%8 0. 200D 020000116 6.2:3865 |NGodd7s0), 1HA45. [10.01226 454 A

NC_003988.1438558 0 OnB6D s8R0 (0889892 INC | 08148999949 NA

NC_001472A58 0099809126 NA 0006 59886540 UPIBI0ROQA | 0143404 |  NA

NC_001437:1- 003228, |1 '& 9DOFBT3NA ONG4GPIA7HA O NA7309-5148A | NA

"NC_00D198078PBoRIE | N@® 0092959291 | 0. 047 0-9RIBSN!|_ 9993 O-RFA2S NA

Deductiprg54 358CN0 16800087 INQ 0926818 Nd\lw@i@&ﬂ N 0 1. 84bhe

23 (dR8¥Wp309| 0 2 (MNP¥YE o _dooogR¥M)s37531 NG

NG

RN R IR /S V'SC%?J‘S?. Np 0. 09anes.

uuuuuu =X I‘\DJ.OUJ.LOJ. L

NA 0.906213 NA 1 NA 1 NA AF3265731 1 NA 0. 038503
0.539783 1 NA 1 NA AF489932.1 1 NA o 899797 NA 1 NA 1
NA MB7512.1-, | NA 0.759668 NA I 01430. t’Jﬁ

The ptemtorewlza%\omtfptmeoawggizalgw'thﬂtaééw yideduces the

sl Bt USRS MphoBhe Bt o

Tabie NA\aBo 08P FQiktHermbrd 6be varadabi8 thiAldiueelthasttivisample has no
viruses in the last experiment. Note that if we had just used the t-test with level
of significance 0.05, then the number of viruses detected to be present for each

sample is shown in Table 7 below.

Table 7: False positive detection of viruses using t-test alone

Sample Name 35259 324 35179 122 35253 841 35915 111
Viruses Detected
Using T-test ° 14 9 10
False Positives 8 13 8 10
Max KL
divergence (> 5.0) 16.391 5.76 - 10.85 -
Viruses Detected
Using T-test 1 1 4 0
foliowed by KL
divergence

By using the Weighted Kullback-Leibler divergence of the viruses that pass the
t-test, we were able to remove all false positive viruses and identify the actual
virus. Thus, our analysis algorithm can robustly determine the virus under a

high level of noise.

Next, we investigated the effects of using a PDC with probe design criteria

applied on our analysis results. Firstly, the amplification efficiency map for each
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NC 003986.1 1 NA 0.000012 0.604474 1 NA 0.997945 NA

NC -001472.1 0.999999 NA 0.0046 0.455194 0.999579 NA
wO2482040 NA NC 001617: 1 0.721465 NA 0. 98373 MNAT/SG2006/000224

0.178733 NA 0.414209 NA NC 001490.1 0.999808 NA

0. 995029 NA 0.997369 NA 0.859025 NA Deduction

NC 001781.1 NC 004148.2 NC 001781.1 None Virus =

(RSV) (HWPV) (RSV) Confi rfifati on NC 001781. 1

NC_004148.2 NC_001781.1 None Virus (PC, R (RSV)

(HWV) (RSV) The present results show that the

anal ysi s al gorithm accurately deduces the 5 actual

of theV35 Viusds Wik sciplitedt FReedthenestdit 53555t prdbes ar thmblﬁgznal
(results shown in Table 6 above). Furthernore

PDC were: subjestactaipinbecdasion ceitesias Rrpbes MAich bad \ﬁX#rﬁgz@s'elVﬁ'S
t f
o i3 R, TR P, O ] 4 s ool o
amphﬁ’bﬂﬁ@ﬁr efiicisricyuseses ataret mehdvadofropt dserchig.oh tetatof 10955
anple is shown in Table 7 below 10 T

probepowetq vetainadien te secand gekof gxprgmen %sﬁ'sglgoﬁ@ 8smples
used @iar usesslt\l%? %&gggﬁ%ﬂits’sw 996@%e§535%§%e%8ﬂ@4ﬁ1'ﬂable 8

Usi ng T-test Fal se
belowReith the aewschip. Bhd Bxpavimendtal tekults Bre presarged s Table 8.
di vergence (> 5.0) Viruses Detected Usi ng T-test 111

0 | | owed by KL . i
Tabiels; ABLRTLe i fonf UL BRRSRun BhsbE RNl Sy The
virus HB%mﬁnéd?%S/ olean#<is aljorittirg tbase e ébiuaﬂ &Ir8§ iptisd sample
viruses and identify the actual 15 virus. Thus, our

testechfarl gaohsexpejirentrismigiviohisnus dight ARYEHPWe t he virus
under a high level of noise. Next, we investigated
the effects of using a PDvalth probe deS| gn crlterla

35179 122 35915_111
10955 10955
NA K NA
NA 1 NA 1 NA 1 NA
NA 0.53727 NA 0.002783 | 0.837121 | 0.020436 | 0.603552
NA 0.999907 NA 1 NA 1 NA
1.347801 | 0.024116 | 0.858364 0 1.523272 0 1,128637
1.604381 | 0.999697 NA 0 2.150019 0 2.893555
2.802742 | 0.999895 NA 0 4.612482 0 3.635771
NA 0.000003! | 9.324785; 1 NA 1 NA
NA 0.124517 NA 1 NA 0.999163 NA
Nc 002204 1
NC_002205.1
NC.002206.1
:g gggggz : A NA 0.998724 NA 1 NA 1 NA
NC_002209.1"
NC_002210.1
NC_002211. 1
NC_001563.2 | 0.986443 NA 0.428418 NA 0.76002 NA 0.112011 NA
NC:002031.1 | 0.998103 NA 0.003435 | 252162 | 0.278672 NA 0.409527 NA
INC002728.1 | 0.990375 NA 0.30951 NA 0.969492 NA 0.207244 NA
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applied on our analysis results. Firstly, the

anplification efficiency map for each WO 2007/ 021250
weON78R2806/ 000224 77 of the 35 viruses was cPOPSGHEI6/000224

Then, the exact 53555 probes on the original PDC were

subj ected to probe design criteria. Probes which had

extrene levels of CGcontent, high simlarity to

human and non-target virufes, and low anplification

efficiency scores were renoved fromthe chip. A total

of 10955 5 probes were retained for the second set of

experinments. Using the sanples wused in the first set

INC_oo2b1EKpearessrert s NaWe| rospmat ¢d.obsh® [d.expel | mant § 0.02578ab] 0861163

NC od80helow1w tth tNRe heweks p. Whe |experi emiAal |[results| NA
NC._003PZ7.pr es@nt gb-062956T alol.0e00, | 3Pa2e 8:0 Anak-§74%9% |r eshl t s|3.277708
NC_0046Tfe1 08-583R0C WAt h| prielees desNn |c3-15824% | a Mippl|i BPS41Th)eB-280335

NC._ 002?554,@5? deé7et i n&d by olr ar 212683795 BBA§Hr |t HYH t @ PEDS§BRe| NA
- b sdhml & 27P8T7es-9ePp1$ hil-6743p8 | 0 1.97064
iq@ﬁqggfﬁ i nMNA qhqoowpg ;18299431 r 0.000006 3.023235

141 [Ey Moy (IR gei035T e by, ([ AR6957 | NA
s PP94388, 1o WA, 50600789 L INA (4 B032616 | 2105628

P 2023518 - —NA - SO fOD06T T NA - | Bpsorss | NA

oogazs 10 NA T OTpst LT NA ) 3”2506%. NA

ST NG TS, ‘F\“dﬂ% . . 0E57228 -] NA

— 0.7 [NCRROT7Bebocky O Ti6r 5183 4asbe N A

~ 0Adstdd L TNA W b.dooddy| L 0N L ins3od  NA

Py $970955 /]2 7 NNV Do 836684 B3 1tk 837 b.dobea7 NA

Nostlidsl (IONK 1| d\WSoAds YIITYD /1 [NB\oskasNA| 1 NA

T 7a6d3dozd). (0244 16 U. 858B64dnAD 1. bdz3zzd 2| O na

51dls62086 0 InB043B8deds1 POOGO 77 [NA74412 NA

. 5 00002645, 1| 0082802742 (. 999895 NA

4. 2 A3, 63670k |R3BBANAS7R 1 N 0 |000BS3 NA

./8599959NA INANA| NEDB2023 N4 NO-GOR022. NA 0.692936 NA

.0}35562 NA 0.474076 NA 0.028549 | 1.699567 0.079676 NA

1 NA 0.90881 NA 0.996231 NA 0.518662 NA

NC_001781.1 NC_004148.2 NC_001781.1 None
(RSV) (HMPV) (RSV)
NC_001781.1 NC_004148.2 NC_001781.1 None
(RSV) (HMPV) (RSV)

In the following set of experiments, the analysis algorithm correctly detected the
actual virus in the 3 samples and also the negative sample. After designing
good probes for our chip, the Weighted Kullback-Leibler divergence of the
actual viruses in Experiment 1, 2 and 3 was greater than that of the
corresponding experiments without probe design. This means that the signal
intensities from the actual virus were relatively higher than the background
noise in the PDC. This showed that our probe design criteria had removed

some bad probes from the PDC, which resulted in a more accurate analysis.

Again, we present results of the 4 experiments shown in Table 9 below, if we
had just used the t-test with a level of significance 0.05. This time, the number

of viruses detected to be present for each sample is shown in Table 9:
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NC 002020.1 1 NA 0.124517 NA | NA 0.999163 NA NC
002019.1 NC 002018.1 NC7002017.1 NC_002204.1

woenoo228b. 1 NC002206.1 NC 002207.1 1 NA 0. 9PSI3G208¥X000224

| NA 1 NA NC :002208.1 NC .002209:1 NC 002210.1 NC-
002211:1 NC 001563.2 0.986443 NA 0. 428418 NA 0. 76002
NA 0.112011 NA N67)02031.1 0.998103 NA 0. 003435
2.52162 0.278672 NA 0.409927 NA NC. 002728.1 0.999375
NA 0.30951 NA 0. 969492 NA 0.297244 NA WO 2007/ 021250
PCT/ SG2006/ 000224 78 NC 002617.1 0.63418 NA 0.003578
0. 965856 0.247148 NA 0. 025188 0.861163 NC 001802.1 1

TableN PaR283d&iNAdtdMioh dFvird¥esO0SiAg -tésD afbrigbRO6PDC with
0. 000028 3. 027442 0 4.574591 0 3.277708 NC 001576.1

probe@e5kPB42 NA 0. 101093 NA 0. 155219 NA 0. 026417 3. 280335
NC 002554.1 0.6722 NA 0 2.289379 0.80654 NA 0. 106683

oA L AR 1

sl S T
Viruses d 1 UoHd INC 14 1 . 4 0. 99
RS RREE%64 1. 9543 0. 000006 B. 023235 NO 005239, 1
Fafle P3fis WA U 297101 TR (g 974081 NA ©. 356952 NA 10NC

Wiax RO @R brgehcd) |9 0 8 NA 759 NA 0. 032616
2 (166528 \CTBo%3% |1 BabRo5 | Na B 23507 | Na D 3009
Virdds De@6@d59 NA NC (04291. 1 0. 992032 NA 0. 964128 NA

UsingT4estl. NA 0. 206422 NA NC_001437.141 NA 0.001068

followsgpy ¥4 1 INA 0. 857228 NA B1;89128.1 | NA 0. 732737 NA
divergense7 NA_ Q. 98859 INA

From Table 9, it can be seen that probe design has reduced the number of false
positive viruses detected by the t-test for samples 35259_324 and 35179_122.
A more important observation is that the Weighted Kullback-Leiber divergence
for the actual virus has increased for all 4 samples. This means that the signals
of the actual virus are more differentiated than the background signals when

probe design criteria are applied on the PDC.

In conclusion, we showed that using the one-tailed t-test with significance level
0.05, followed by computing the Weighted Kullback-Leibler divergence for the
signal intensities of each virus, we were able to accurately analyze the data on
the PDC and determine with high probability the actual pathogen in the sample.
Although the analysis algorithm works well even under a high level of noise, we
showed that the accuracy of the analysis is improved by using the above-

described probe design criteria to select a good set of probes for the PDC.
Alternative methods for probe design and pathogen detection

Very few algorithms are available for predicting cross-hybridization on
microarrays and only 1 algorithm, E-predict, has been reported and validated for
detecting pathogens on microarrays (Urisman et al. 2005; Li et al. 2005). E-

predict matches hybridization signatures with predicted signatures derived from
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F326573.1 1 NA 0.435629 NA 0.999986 NA 0. 905393 NA
F489932. 1 | NA 0.322655 NA 0.999996 NA 0.996837 NA

wWOBK03021230 0. 999617 NA 0. 057346 NA 0. 999758 NA BPCPSGHB¢ 000224

NA NC_001430.1 1 NA 0.865038 NA 1 NA 0.882339 NA
NC_001428.1 1 NA 0.522986 NA 0.999351 NA 0.749412 NA
NC_001612.1 0.991708 NA 0. 751091 NA 0. 990929 NA
0.257635 NA NC 003986. 180. 999997 NA 0.02014 0.93616
0. 937996 NA 0.708985 NA NC 001472.1 0.99959 NA
0.977242 NA 0.957869 NA 0.692936 NA NC 001617.1

0. 435562 NA 0.474076 NA 0.028549 1.699567 0.079676 NA

the th&@g@i@éﬂ@@e énéyg‘%fch Rizatdh Br gﬂﬁﬁ%cf‘é‘érﬁb 662 Hvever,
uction NC 1 NC 004148.2 NC 0017 1 None

using B-presliqt Rswnalyermuy mla@@rray@dﬁsuk%m armuma&wﬁ@lfepos'tlve

calls (Egﬁ/g%ﬁ? %5%5 N%qgﬁ'?%?%ﬁﬁﬁﬁpre thr &?eélf g?rolré)m us |n RSV

patien®2dly@Figural tBY DidgnoxvicrRCR uadgt;mrtoeobﬁd@rusqnﬂmats as well
virus in the 3 sanples_and al so_t I:E negati ve sa
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E-predict on our platform. From our experience with E-predict, it would not be
fair for us to compare PDA v1 with the other algorithms as they were designed

for different probe lengths and optimized for other applications and platforms.

Conclusion

By empirically determining cross-hybridization thresholds, we created in silico
pathogen signature probe sets comprising only probes which would hybridize
well to specific viruses present in clinical samples. The AES algorithm allowed
us to design universal primer tags to efficiently ampilify entire viral genomes.
Together with the PDA v.1 detection algorithm, we can confidently identify any
of the pathogens represented on the microarray from clinical samples. This
approach eliminates the requirement for empirical validation of each pathogen

hybridization signature and allows for future microarrays containing probes for
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t han the background signals when probe design

identifigatioBri a are applied on the PDC. 10 In concl usion, we
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becorhbrpowaful Qﬁagﬂost@@@ﬂforhs fet pathog2odBgntificatipnedi ct
mat ches hybridi zation signatures with predicted
signatures derived from W) 2007/ 021250

Here,P% $@88R6ﬁ%oqggdllts & a systematic investigation of the complex

relationships between viral amplification efficiency, hybridization signal output,
target-probe annealing specificity, and reproducibility of pathogen detection
using a custom designed microarray platform. Our findings form the basis of a
novel methodology for the in silico prediction of optimal pathogen signature
probe sets (SPS), shed light on the factors governing viral amplification
efficiency (prior to microarray hybridization) and demonstrate the important
connection between a viral amplification efficiency score (AES) and optimal
probe selection. Finally, we describe a new statistics-based pathogen detection
algorithm (PDA), that can rapidly and reproducibly identify pathogens in clinical
specimens across a range of viral fiters.

We have demonstrated the feasibility of using viral genome sequence obtained
from publicly available databases, to detect viruses in clinical samples with a
high degree of certainty if at least 4000 virus copies are present (see Table 3

above). Its sensitivity approaches that of antigen detection methods, making it a
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oI i gmmienlceacnddse, sndiasron grylangsst eerspe csusting oh kg and
efflc:Len%)é id r%t)llflcatlon by the pol ynerase chain
reac? Ee % Biol 10, 233-238 WD 2007/ 021250

@W fﬁﬁ%\‘ﬁ@ﬁélw&kotﬁl@ §] e rmgttim Bpeeifibddr dfie dagiey muckpic
at | eat one oligonucleotide for nucleic acid detecti OR
conp@¢idivagtheneligenuaeptids stiselecied it gpggrnot%e)ve any hits
i den e
b YrcBR f LG40 Bl FERATNS Rl ok gk
regi and $f thuhgxgmmeafcfe s Eemgih-af haartptsi wltbath'emucﬂeié)acid
hi gher_ t han_ the avera deS| ng at
e SFBHr B ohEREt weieic 356k S pagEn e Bt 5 lenath-m
the C}HelWe' Ehl%%é‘lnijr{é%( maRl ﬁﬁérﬁﬁeﬁﬁgér@ﬁlﬁ Sénd/élgvﬁth tHeeleast

nmet hod according to claim1,”whereinthe AE of the
sel eoumtber of hiks (s$elested; and’

(e) an oligonucleotide p; at position i of a target nucleic acid is selected if

pi is predicted to hybridize to the position i of the amplified target

nucleic acid.

9. The method according to claim 8, wherein under the criterion (e), an
oligonucleotide p; at position / of a target nucleic acid v, is selected if

P(p,|v,)> A wherein A is 0.5 and P(p,|v,)is the probability that p

hybridizes to the position i of the target nucleic acid va.

10. The method according to claim 9, wherein A is 0.8.



5

10

15

20

25

calcul ated as the Anplification Efficiency Score
(AES), which is the probability that a forward priner
WO 200car12bl Nd to a position i and a reverse prPOESGL06/000224

can bind at a position j of the target nucleic acid,

and Ii - ji is the region of the target nucleic acid

desired to be anplified. 15 3. The nethod according to

claim2, whereiniji - jlI 8 <_ 10000 bp. 4. The

met hod according to claim2, wherein i - jl is 1000

bp. 20 5. The nethod according to claim?2, wherein |

- JjlI is < 500 bp. 6. The nethod according to any one
11.THE Bl eredidisg Cloaidiy oMeerdri me_Stpﬁ*ééédinf;?@!mhe,Saﬁherein

determining the effect of geonetrical anplification

i as or e _pesi ti,on of \a.t [.e [ .
PBiEE PR Y 02! WeRl s BB R B LprgB8thng
the region(s) having an efficiency of anplification
theAmpplificgtien effidiencyt seoreddE)evahnes of alirakigenitalesiide(s) of va,

according.to clai.m 6, whegrein.the ri.ca
k alf‘rpii%lef nhaed S, RugbRuBPRAStEh  fa ERETE 281?7/%5’15% of
oliehiSe3886(s) Uhd2é ABS VBlucEwrenetdiod any one of the
precedi ng clains, wherein the at |east one

ol i gonucl eoti de capabl e of hybridizing to the sel ected

: )i Lo , cording t _

12 THE ThERER) adorifie® R iy, BHE S MeIPREHAL (Rl (i, the
nsthge futheotdrplisds hatep oCBremaringnthef selatiédtaridio6esigbed
ﬁb) the oligonucl eotide(s) is selected by having the
ofiggmedeoty -energy conputed based on
Near est - Nei ghbor nodel ; (c) given oligonucl eotide sa
and ol i gonucl eoti de Sb substrings of target nucleic

13. Aauéitied\od detattivly, atdeastoreciaegatauicleic adidosprnpising ithe step of:

di,st ance. between sa ,and any | ength-m substring Sb from

t I@ p{%‘f@'é‘{g aﬁgeeqﬁ}cqn& @og)&lqﬁ%mﬂ%/ or on the |ongest

C Qi EpHYRStriudMc ik 8) 8ovprised Brihedisiobicde sampld;d)

for any ol igonucl eotide sa of |ength-mspecific for

t Hi) traejdinonat least one oligonucleotide capable of hybridizing to at
least one target nucleic acid, if present in the biological sample, wherein
the oligonucleotide(s) is designed and/or prepared according to the
method of any one of claims 1 to 12; and
(iv) contacting the oligonucleotide(s) with the amplified nucleic acids
and/or detecting the oligonucleotide(s) hybridized to the target nucleic

acid(s).

14. The method according to any one of the preceding claims, wherein the at

least one oligonucleotide is at least one oligonucleotide probe or primer.

15.The method according to any one of the preceding claims, wherein the
amplification step is carried out in the presence of at least one random

forward primer and/or at least one reverse random primer.
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acid va, the oligonucleotide sa is selected if it does
not have any hits wth any region of a nucleic acid

waledo7meess fromthe target nucleic acid, 15 anPiCT/8Gr00&000224

ol i gonucl eotide Sa | ength-mhas hits with the nucleic
acid different fromthe target nucleic acid, the

ol i gonucl eotide sa length-m with the smallest maxi num
alignnment length and/or ®th the | east nunber of hits
is selected; and (e) an oligonucleotide p; at position
I of a target nucleic acid is selected if 20 pi is
predicted to hybridize to the position i of the

16.Th§%|e'ﬂgioe‘éckélrcﬂ¢d to”él'ﬁ} ®ine 8Fitke RecddifigEhinesl wherein the

according to claim8,” wherein under the criterion (e),
ampiifloatlogmt&mlsa;)RleBCﬁ at position 1 of a target

nucleic acid va is selected if 25 P(p; | va) > A

wherein Ais 0.5 and P(p; | va) is the probability

17.ThehRbktiid aby¥drdir &eany ord1ef s 2rtoi 1&f wherin ah@ébrward
nucleic acid Va. 10. The nethod according to cl ai ng
ranchesm irimer biadingsto Nesiton 72001 HSores e Linding

o t : dj
to éﬂsgp%ﬁ? o\fﬁ etrQ&%rt] %ﬁg%ﬁ)(‘fjéﬁgv\}@%ré%lébﬁég( t%;-nc;_rﬁfprﬁ’rh mﬁseﬁléé\lﬂﬁg an
amplifichton affithkenoyascabl @ ESp faseveryrppsitidre/ afnal iargetanudeaic
ef ficiency score (AES) val ues of all

ol i gonucl eot i dé of va, &¥Z%is the nunmber of

ol i gonuddBHt= d )Pl(m)Va aé?jpc(k)l s the number of 5

ackl q’,%@ﬂycl eot | whos e-= Mabugs are <_ x;. 12.The
nmet hod according to any one of the preceding clains,

wherein the nethod further conprises a step of
preparing;the sel ect ed and/ or designed

ol i gonuclﬁg@, . 10 13. A nethod of detecting at
wHeraBt one mlarciﬂa)’cpéﬁﬁbﬁconﬁlﬂr’@) :ng the step of:

(i) preevdilng®at | east one biol ogical sanple; (ii)

lifyin nuleic c,',ds onm rised i.n the.biolo |

rLahana? (ram)t Erﬂsv'P%? h@ésa hat &8 daﬁepemewﬁme?%& idtton

apabl e of zi n at . east on t
i lye|a§.fenﬁ%roﬂg e B SevarSe Prime bR SR rarcE o 40000 bp
is YEF&iBn of v, desired to be amplified.

18. The method according to any one of the preceding claims, wherein the
amplification step comprises forward and reverse primers, and each of the
forward and reverse primers comprises, in a 5-3' orientation, a fixed primer
header and a variable primer tail, and wherein at least the variable tail

hybridizes to a portion of the target nucleic acid va.

19. The method according to any one of the preceding claims, wherein the
amplification step comprises forward and/or reverse random primers having

the nucleotide sequence of SEQ ID NO:1 or a variant or derivative thereof.

20. The method according to any one of the preceding claims, wherein the
target nucleic acid to be detected is nucleic acid exogenous to the nucleic

acid of the biological sample.
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t he ol igonucl eotide(s) is designed and/or prepared
according to the nethod of any one of clains | to 12;
w@r@7/021250 cont acti ng the ol igonucl eoti de(s) w POT/BGH06/000224

anplified nucleic acids and/or detecting the
ol i gonucl eoti de(s) hybridized to the target nucleic
20 acid(s). 14. The nethod according to any one of the
precedi ng cl ains, wherei ®0the at |east one
ol i gonucl eotide is at | east one oligonucl eotide probe
or primer. 25 15. The nethod according to any one of
the preceding clains, wherein the anplification step
is carried out in the presence of at |east one random
forward primer and/or at |east one reverse random

21. Ther meshod \aocRoding dp1amp apeTpEde opregedingy clagys, wherein the

torfL RLFIe gt d<te @i AE st ol oG BBl Afgment
thérebhod according to any one of clains 2 to 16, wherein

the forward 5 random prinmer binding to position i and
the reverse randomprinmer binding to position | of a

22.Tr}t1eaﬁw%%oc5‘a%%gﬂﬁdgrqaﬁ glalfﬁ‘ A S/}(I?éﬁ'laﬁﬂlfédpémé BnHUdBE Scid is at

aving ation clency score (AES1) ftor
legates ynyatsic taaih fionofa sirasr gqiarasite,eoc bactgrivh, ARSa fragment
Pf QJ') X1 Pr (k) acid va of : j=i-z k=max(i+1,]j+500)
therepfnherein zP (k) = Pr(i+1) + pr(i+2) + .....
Pr(j+2); k=max(i+1, j+500) 10 Pf (i) and P (i) are
the probabilities that a randompriner ri binds to
23. Theosnethod accasflingatcagny conearad thei praceding clai@ss aviireire the

oiEEREE ol s el oog nufan 2 cerct e Bt fdotete
adiiMif preascdt irf the olegrdl semplarigihot fwberimimanhe 15

anplification step conprises forward and reverse
prinmers, and each of the forward and reverse priners

24, THE TREHRES actdtdfhgto BnyC5hé BraiHe® Brecding &hhiffs, Wierein the

probes are placed on an insoluble support.

25.The method according to claim 24, wherein the insoluble support is a

microarray.

26.The method according to any one of claims 13 to 25, wherein in the
detection step (iv), the mean of the signal intensities of the probes which
hybridize to v, is statistically higher than the mean of the probes ¢v,,

thereby indicating the presence of v, in the biological sample.

27.The method according to any one of claims 13 to 25, wherein in the
detection step (iv), the mean of the signal intensities of the probes which
hybridize to v, is statistically higher than the mean of the probes ¢ va, and
the method further comprises the step of computing the relative difference of
the proportion of probes ¢ v, having high signal intensities to the proportion

of the probes used in the detection method having high signal intensities, the
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header and a variable priner tail, and wherein at
| east the variable tail hybridizes to a portion of

wo b@7hanget nucleic acid va. 20 19. The net hodPCT/SG2006/000224

according to any one of the preceding clains, wherein
the anplification step conprises forward and/ or
reverse random priners having the nucl eotide sequence
of SEQID NO 1 or a vari &t or derivative thereof. 20.
The nmet hod according to any one of the preceding
clainms, wherein the 25 target nucleic acid to be
detected is nucleic acid exogenous to the nucleic

deﬂ%l}ﬁ dfriblitorPbthe Gigil irtensities of\Bras¥EV. 02iag thore positively
PCT/ SG2006/ 000224 90 21. The net hod according to_any

skeweddhanthappbpwiesg vel thiereby sisating theeprepangR of Va In the

.nucl e {d to be detected is at | east a pathogen
b"ﬂ%%'&ﬁleg%'% ragnment thereof. 5 22. The net hod

according to claim 21, wherein the pathogen nucleic
acid is at least a nucleic ?ci d froga \r/'gus a. .
28. Theamgihpd | a6FOTHIRG: &9 1A OFF 8T rGlalgiferid 19 He-eWhereip ingthe
; accardi f ' id i
Selp G S BBt Mt o el S agid n o
bidlogitah sample isegingn end at halueaohétestusl eDd aadiat, Andlerson-

.esent in the bi gical sa e, | ot, .fr u s
DG HESHPH 5o cOPBTHETPb SR e o efinieh AUBRTR g oibter
di\gé,?'bﬂge ofBergin the 15 probes are placed on an

I nSol ubl e support. 25. The nmethod according to claim

24, wherein the insoluble support is a mcroarray. 20

. Th h ' ) '
20. T8 B TG R B, b 8RS Bl R <18 9
the signal intensities of the probes which hybridize

to Va is statistical Ica/_hi her than the nmean of the
30. Theomathed saccor@iag elsy e Prclaie 29.cwbgERinotheyyajue of

WehtB R BBLCR LA forg®es o 2 G, 1™ n the. det ect on
step (iv), the nmean of the signal intensities of the
31. T?\reorgg’ﬁ'lo\@h;ggording to any one of claims 13 to 25, wherein the detection
step (iv) comprises evaluating the signal intensity of probe(s) in each
signature probe set (SPS) for the target nucleic acid(s) va by calculating the

distribution of Weighted Kullback-Leibler (WKL) divergence scores:

o Qes
PRLE )= Z Jo-li-2.0)

where Qa(j) is the cumulative distribution function of the signal

intensities of the probes in P, found in bin b;; Q;(j) is the cumulative

distribution function of the signal intensities of the probes in Fafound in bin

b;. P is the set of probes of a virus v, and P =p-p..
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hybridize to va is statistically higher than the nean
of the probes 0- va, and the nethod further conprises

wo b@782ep0 of conputing the relative differencePOf/SGrie000224

proportion of probes o va having high signa
intensities to the proportion 30 of the probes used in
the detection nethod having high signal intensities,
the WD 2007/ 021250 PCT/ S&006/ 000224 91 density

di stribution of the signal intensities of probes va
being nore positively skewed than that of probeso va,
thereby indicating the presence of va in the

32.0710¢ *ELERY 86EBRg §> 2fihhg1 Mphkesinassel dighatire priaye set

one of clainms 13 to 25, wherein in the detection step
(SPS) Wh@hpmeﬁ@'és dheaabgengst Ofo’ﬁ’ég@faﬂg‘éﬁlcn%@ﬂ(ﬁ) cvaaha% a

ot S8 PR i A 4 P S
G(WIQL)Jelv@fgéﬁﬁjegéﬁo@QoKWKlbe&:k Lei bl er divergence of >_

. 10 29. The nethod according to claim 28, wherein
the t-test value is <_ 0.05. 30. The method according

§!
S\ B0 BB FPiR ) 39, Barbbicetdl terghyo ooy so
Sr)eWhmxh\ @presatits ghé prasgnoenef af lealshione tagyet muzksic acid
S B AR e i by FRRARS g4 e
ﬁlll)&ic"kel_elbfép@kaLgrdl\w@ehé‘é d8brewolVRiLG-5aci d(s) va by
cul ating the istribution of Wighted

Kul | back-Lei bl er (WKL) di vergence scores Q@ (J) 1 og(

oo ek ot I o 1 055 G

‘;ﬁéﬁéﬁnﬂﬁgoAnﬁét%oﬁLth tegt @nstHd G%tﬂﬁuﬁd?ﬁ opWKEsstaore(s),
a found in bin b is the cunul ati ve

dwheraipua i resukt L}PchPPQrQ%ﬁh%@@I)’si”@'i%teﬁf therahsance off target
PhOBER: ddlads)found in bin

35. The method according to any one of claims 31 to 33, further comprising
performing Anderson-Darling test on the distribution of WKL scores,
wherein a result of P<0.05 thereby indicates the presence of target

nucleic acid(s) va .

36. The method according to claim 35, wherein a further Anderson-Darling
test is performed thereby indicating the presence of further co-infecting

target nucleic acid(s).

37. A method of determining the presence of at least one target nucleic acid
va comprising detecting the hybridization of at least one oligonucieotide
probe to at least one target nucleic acid v, and wherein the mean of the
signal intensities of the probes which hybridize to v, is statistically higher

than the mean of the probes ¢ va,, thereby indicating the presence of va.
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bj. Pais the set of probes of a virus va and '"a =P
- Pa. 25 WD 2007/ 021250 PCT/ S&G2006/ 000224 92 32. The
woreiohogi2according to claim 31, wherein each siPOEBEG2086/000224
probe set (SPS) which represents the absence of
target nucleic acid(s) va has a normally distributed
signal intensity and/or a Wi ghted Kul | back-Lei bl er
(WKL) divergence score of93WKL<5. 5 33. The net hod
according to claim 32, wherein each signature probe
set (SPS) which represents the presence of at | east
one target nucleic acid va has a positively skewed

38.3Tﬁ?aﬂne'tﬂgoe%i‘cbbﬂlﬁc\b/w<brtlawﬁ'3’7‘ ahersih eVt of the S|gnal

back- Lei bl er di vergence score of WKL>5
anten’sﬁ@m@‘ttheoprabe@) dvm@h hybagize 4o &= ds Stﬁtlﬁt'ﬁ%"yeh'gh%r than

3 h

e AR I B 12, AR S B MAREFBOERELL W e
r&rs %an@ftln§>@}e05elbﬁ\% elferendé Caft @te tmepalblsanofa pebbes ¢ v,
target nucleic acid(s) Va . 15 35. The netho

alwon@hht@w sigrahintensitied tathe prorprtien of e th%‘evsed in the

f
SPRENGh MeanBa oG iy 204 573064 88, 4y bt of
Rre. Qénélhﬂf&?&}tlds@ﬁ prebes vi, belrtg;r rmes peositivelysskgeted than that
nucl erc acid va .. 20 36. The neth?d according to

cPhpiPPes & Viah ﬁéﬁ"tﬁ/ indicgfing dhe RFRRSNSE R Mar | i ng test is
performed thereby indicating the presence of further
co-infecting target nucleic acid(s). 25 37. A nethod

39 oTheledethotl ricogrdimeicpelade Beorafaiat 38 eaberaimthe pregence of at
nucleic acid, va, ¢o t ect

PigHe e derast rVEIei APEAD At g ot o RS samPle s ghen by
tg \%‘iu% S?‘Eies‘?rke b ar f4fd/oNARHBIONADAMiINgaedNvalubeL @05 Afdlor

mean
a value of Weighted Kullback-Leibler divergence of =z 1.0.

40. The method according to claim 39, wherein the t-test value is < 0.05.

41. The method according to claim 39 or claim 40, wherein the value of
Weighted Kullback-Leibler divergence is = 5.0.

42. A method of detecting at least one target nucleic acid comprising the
steps of:

(i) providing at least one biological sample;

(i) amplifying at least one nucleic acid comprised in the biological

sample;

(iii) providing at least one oligonucleotide probe capable of hybridizing to
at least one target nucleic acid, if present in the biological sample;
and

(iv) contacting the probe(s) with the amplified nucleic acids and detecting
the probe(s) hybridized to the target nucleic acid(s), wherein the

mean of the signal intensities of the probe(s) which hybridize to v, is
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signal intensities of the probes which hybridize to va
is statistically higher than the nean of the probes o

wQ 20070kes@eby i ndicating the presence of va. 3PCTEG2006/000224

2007/ 021250 PCT/ SG2006/ 000224 93 38. The net hod
according to claim37, wherein the nean of the signa
intensities of the probe(s) which hybridize to Va is
statistically higher tha®4 the nean of the probes o
va, and the method further conprises the step of
conputing the relative difference of the proportion of
probes 0 va 5 having high signal intensities to the

Pr oRQAfisHRAIYT hightr RhaRehe!$hsah Noft ke  piRbe(s)i @V, [Tethbraby
havi ng high”signal intensities, the density

di stindigatingthepresenee of ya i thenbielpsieal samiie.pr obes va
bei ng nore positively skewed than that of probeso va,
thereby indicating the presence of va. 10 39. The

43."Eh& P the 8 QidHoRding Go @dmni 3 7wherelh dh st&8 (ivttes aieart bthe
presence of at |east one target nucl ei c ac

id i ¢
| sigeal ipiensiiesn oithearobasmwhich BYRfidiga toya '%S\I?gﬁﬂga'@fh'gher
[ < / L <

68 sdnen oSO 5 0 B gl ptniigpres e
détepr sfedsiapaiing the lathe differéive ofethleoproporimndofprobes ¢ va
claim 39, wherein the t-test value is_< 0.05. 41, Thﬁ1
neayipg hialk sianahintepsities torthe perrarfign of Ae R%ﬁ%%vﬁeq Hthe
Lo M e e gty dson o
nthel signakintehsittesof mobgs tvb@eirg gose @fo_siti@/'epy squewadjih@@ that
B OSARE Huo T BT B R TS BICFRH ) bieol b g1 dclogioa
S%I fo 25 (iii) providing at |east one

ol I gonuc

| eoti de probe capable of hybridizing to at
| east one target nucleic acid, if present in the

biol ogi cal , sanpl.e; . and. (i cont.actin :
44,706 G SPTTRE LGP S2ef GEEr A B bl T STV the
%%&%ﬁﬁb EV Bk ijghteshd @argle HualdetadidiGh eitdeast dhe)biological
t
sgrrfpllen is g(ieven by a value of t-test < 0.1 and/or Anderson-Darling test
value < 0.05 and/or a value of Weighted Kullback-Leibler divergence of 2

1.0.
45. The method according to claim 44, wherein the t-test value is < 0.05.

46. The method according to claim 44 or claim 45, wherein the value of

Weighted Kullback-Leibler divergence is 2 5.0.

47. The method according to any one of claims 37 to 46, wherein the target
nucleic acid to be detected is nucleic acid exogenous to the nucleic acid

of the biological sample.
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30 nean of the signal intensities of the probe(s)
whi ch hybridize to Va is WD 2007/ 021250

woeaN82806/ 000224 94 statistically higher theeT/8G206/000224

nmean of the probe(s) o va, thereby indicating the
presence of va in the biological sanple. 43. The

nmet hod according to claim42, wherein in step (iv) the
mean of the 5 signal in®énsities of the probes which
hybridize to va is statistically higher than the nean
of the probes o va, and the nmethod further conprises
the step of conputing the relative difference of the

48. PTHPRIShEN aebordirRP RS clBind aanyhaie o duigis 37 gnal7, wherein the
intensities to the proportion of the probes used in

ttarget dutcieie i asid ﬁ@th%@leiﬁ'&tﬁ%tﬁ af W%.%Pat ERsP§RYURe or
the den tstbgg ql stribution of 10 the signal intensities
J QFW% a being nore positively skewed than that

of probeso va, thereby indicating the presence of va

in the biological

49. e mezmo@@cmma ISR i WOTRITS HEp PRt i Seldis
RIERESE SRl nd Ie QEIH PO taa!hﬁ% AYsdr8kite a6t ‘E)abfériéﬁn or a

|'east one bi o sanple is given by a val ue of
tfragraent thebedf. and/or Anderson-Darling test value <_
0. 05 and/or a value of Wi ghted Kull back-Lei bl er

di vergence of 1.0. 20 45. The nethod according to

50. CFFﬁb“hfb‘fhod“"ﬁc%Wnéﬁ@ hny esrie \GH dairms 37 t6. #B,. whereiihthe
nmet hod according to claim 44 or claimd45, wherei n t he

vlablm@mal savsmlﬁm obitaingd fraokalhurpaR being, ang dne &anget sucleic
5 47, T
3350 o pesns I b RRAL SR 10 LM ey g ™

detected is nucleic acid exogenous to the nucleic acid
of the biological sanple. WO 2007/0
51 ptiTe sEthod As00ming toanygne f &‘WWZ Zgowa?w the at least

Qi rtWherein the target
nuc#g}(gg%{:sl @Sg&i 8@ a@e‘ cltaélgt&sﬁ%t ‘| east one pat hogen
genone or fragnent thereof.

52. The method according to claim 51, wherein the support is a microarray.

53. An apparatus for designing at least one oligonucleotide for nucleic acid
detection, the apparatus being configured to
(1) identify and/or select at least one region(s) of at least one
target nucleic acid to be amplified, the region(s) having an efficiency of
amplification (AE) higher than the average AE; and
(1) design at least one oligonucleotide capable of hybridizing to

the identified and/or selected region(s).

54. The apparatus according to claim 53, wherein the AE of the selected
region(s) is calculated as the Amplification Efficiency Score (AES), which
is the probability that a forward primer r; can bind to a position i and a
reverse primer r; can bind at a position j of the target nucleic acid, and |i -

j| is the region of the target nucleic acid desired to be amplified.
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5 49. The nethod according to claim48, wherein the
pat hogen nucleic acid is at |east one nucleic acid

WO p@mo21256 r us, a parasite, or bacterium or a PET/aGI®HD00224
t hereof. 50. The nethod according to any one of clains
37 to 47, wherein the 10 biological sanple is
obt ai ned from a human being and the target nucleic
acid, if present in the Bfol ogical sanple, is not from
human genone. 51. The nethod according to any one of
claims 37 to 48, wherein the at |east one probe is
pl aced on an insol uble support. 15 52. The net hod
according to claimb51, wherein the support is a
m croarray. 53. An apparatus for designjng at | t

55. dine apparatus beoending o claimchdi whaesia |/ ddt ics 89986?&0, <

rat us ' configured to 20 (1) identify and/or

ggﬁgcﬁpz&r %Jggg%’p(‘)ne region(s) of at |east one target
nucleic acid to be anplified, the region(s) having an
efficiency of anplification (AE), higher an the

56. A\her apearatus aﬁ@prg})ng) tajagy gwea@fL\ 5@5&% %5nfe 58 Wnbréin step()

i | S | b Lo _

oL SO 0RPL SR PL ey, spifigion bias or

8&&1@@ @bgﬁioaoafpm targgt _hucleic?anirﬁtangvame?ir?g ath@laAE_OOG regen
ected region(s) is cul at ed .as_t he £ |

orie:pewigeddarbe e ST iins oh e s oL ARl 2fE)

aniél‘?én"‘ﬁ‘\%ﬂ tRE I2¥BFade AEAN bind to a position i and a

re

erse prinmer rj- can bind at a position j of the

target nucleic acid, and Ii - 30 jj is the region of

t target nucleic acid,desjr.ed i fiine ;
575008 o_%'g@%r@?%?‘_‘é‘@ﬁ@‘ﬁ/ dBof%lﬁ‘ 9_%6)’53’_.9”‘%@' a%ﬁa?%?o\lfé&”ca'

agepliididnitas iih@ BER tiberein 1i - jj is <_ 10000 bp,

<_ 1000 bp, or < 500 bp. 5 56. The apparatus
according to any one of clainms 53 to 55, wherein

so SRS B AL HV0S d8agtd s olr wrep o
t gligigiuciustide(s) aspabieaot tyblidizingidoathe selecterthgegiom(dn is
selected and/or designed according to at least one of the following
criteria:

(a) the selected oligonucleotide(s) has a CG-content from 40% to
60%;

(b) the oligonucleotide(s) is selected by having the highest free
energy computed based on Nearest-Neighbor model;

(c) given oligonucleotide s, and oligonucleotide sy, substrings of
target nucleic acids v, and vy, sa is selected based on the hamming
distance between s, and any length-m substring s, from the target
nucleic acid v, and/or on the longest common substring of s. and
oligonucleotide sy,;

(d) for any oligonucleotide s, of length-m specific for the target
nucleic acid va, the oligonucleotide s, is selected if it does not have any
hits with any region of a nucleic acid different from the target nucleic acid,

and if the oligonucleotide s, length-m has hits with the nucleic acid
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59.

60.

61.

62.

63.

to be anplified as the region(s) having an efficiency
of anplification (AE) higher than the average AE. 10

geonetrical anplification bias is the PCR bias. 58.
The apparatus according to any one of clainms 53 to 57,
wherein the 15 oligonucl eoti de(s) capabl e of

hybridi zing to the sel ec®éd region(s) is selected
and/ or designed according to at |east one of the
followng criteria: (a) the selected

ol i gonucl eoti de(s) has a CG content from40%to 60%

Ardraht trom Bld BAGBtGILRMIE Bl )ihé Bligehesiéstitidy, emgtng with

the highest free energy conputed base

d on
tearsesallasé mmioumsltignment lengithy eaad@iri wigh the least aember of
2d .ol i gonucl i de Sb substrings of target nucleic
}&sdgs\g%cﬁ(ﬁeﬁ/@f sa is selected based on the hanm ng
di st aneg dveéastedhes aligorliclentides pgathpasitiarb$ of iantargt hucleic

the target 25 nucleic acid vb and/or on the |ongest
asitos salectediihg ds sadigid 1) IRSIRS gbttf‘%&@éf,‘oqt §)of the

Iﬁépﬁ% &I{é&%@gbwe sa of |length-mspecific for
u

targe Ic acid va, the oligonucleotide sa is
selected if it does not have any hits with any region

a nucleic acid. different_framthe target nycl.ej
s aPRETERN ARG 19 PigoR . cdtral wAGRERG, AR e). an
' it HChRiGorR ¢ HRBIZ%d v, is selected if
g@%&%&‘?%%%ﬁﬁéfgagl f(?eér/??llf%@?r omthe target
NEEp i) A, daherein ol isy Oticinsbt Pge | 6313 dhatprokatlish that p)
the smal |l est maxi rum alignment |ength and/or with the
| ydidizamiscthegfositigntiofitee sanoet nedeiCard Ve) at | east
one oligonucl eotide p; at position i of a target
nucleic 5 acid is selected if pi is predicted to

hHs bebamitli9atdvrdip@totdliaim 59 ovheren Aaerpla.fi ed t ar get
nucl el ¢ aci d.

The apparatus according to any one of claims 53 to 60, wherein
P(p;|v,)=P(X <x,)= %’ wherein X is the random variable representing

the amplification efficiency score (AES) values of all oligonucleotides of
va, k is the number of oligonucleotides in v,, and ¢; is the number of

oligonucleotides whose AES values are < Xx;.

The apparatus according to any one of claims 53 to 61, wherein the
configuration further comprises a step of preparing the selected and/or

designed oligonucieotide(s).

The apparatus according to any one of claims 53 to 62, wherein the at
least one oligonucleotide is at least one oligonucleotide probe and/or

primer.
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59. The apparatus according to claimb58, wherein under
the criterion (e), an oligonucleotide p; at position

wo 2@f7/0z126@r get nucleic acid va is selected if PADSGL006/000224

64.

I v,,) > A wherein Ais 0.5 and P(p; | va) is the
probability that pi hybridizes to the position i of
the target nucleic acid va. 60. The apparatus

according to claim59, wH8rein Ais 0.8. 15 61. The
apparatus according to any one of clains 53 to 60,
wherein P(p; | va) P(X <_ x;)=k , wherein X is the
random vari able representing the anplification

ehhi apsaEus COhAglirtES)o Vaetees f leakt orld danget|ramieideacid
of va, k is the nunber of oligonucleotides in va, and
conprising anyieperof e sigpsgnucl eot i des whose AES val ues

are < ,.X.. 62. e : di t

of cla(i')r%mg@glgo&é?,g& rgefgﬁ]@g{lﬁ% cgnéi gzgat iooﬁn%/u(r)?ﬁer
gonpr i (ﬁggnﬁy_ligﬁ@n?élepr%m%(rs;) ngg%migedélq_ ﬁm bivlagicklsample;

esi gned oli gonucl eoti de(s). . e arat us . .
accor difprovdaAdmstsmesdoRudsts Bpauiner By to
: | . ) : _

ot ISsRane tget e &y, Hopideet ihehs HaSgica), sapele,
ROAGISER 866 bhgaR Bleotie(Suis designedieadies prepaieguaeeprding to

detect at | { N t | ei ' . 1.Si .
4y Shreronis v SapLo Bt o g B ATLong OF SRS ko 63
bi o ogi cal sanple; (ii) anplifying nucleic acid(s)

conprised in the biological sanple; 5 (iii) providing .
at | eafv) @neta@tin@dhacpgmmurée@g&&ﬁ) avithr thfi/kﬂ“i‘féﬂf@ﬂnﬁuglﬁ'c

RS gRidlpr GHEE i SuEbRuPRbfdp(s) MITRER 1 B%taroet

degtierrestig@yl/ or prepared according to the apparatus
bei ng configured according to any one of clains 53 to

and 10 (iv) contacting the oligonucl eotide(s)

63; .o . . \
o5t Hl VAT ASFRLS o, oB8 SEBIR  fpacme

66.

67.

amplification step is carried out in the presence of at least one random

forward primer and/or at least one reverse random primer.

The apparatus according to any one of claims 53 to 65, wherein the

amplification step is a RT-PCR.

The apparatus according to any one of claims 53 to 66, wherein the
forward random primer binding to position /i and the reverse random
primer binding to position j of a target nucleic acid v, are selected among

primers having an amplification efficiency score (AES)) for every position i

i

AES; = Y {Pf (j)x jfp" (k)}

of a target nucleic acid v, of : jei-z k=max(i-+1, j+500)

J+Z

wherein 2P (B) = Pst) + PYi+2) +.... PTG+2) |

fe=max(i+1, j+500)
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nucl eic acid(s). 65. The apparatus according to any
one of clains 53 to 64, wherein the 15 anplification

wat@p/oeescarried out in the presence of at | eaBCT/FGH06/000224

random forward priner and/or at |east one reverse
random prinmer. 66. The apparatus according to any one
of clains 53 to 65, wherein the anplification step is
a RT-PCR. 20 67. The app&Patus according to any one of
clains 53 to 66, wherein the forward random priner
binding to position i and the reverse random priner
binding to position j of a target nucleic acid va are

?)%ﬂﬁ?ﬂ Z?QFE]Qhep liteRY itRSt @D raRBbf ipfiidron, _blnds to

DRORE o are or every position i i j+Z

d%'éﬁié)n ] df \f e{sl fordfard ;ﬁrp imek hd r%@er%% Orﬁflrﬁéf @epebiidlgiand Z <
| =l-2z max(1 +1 +Z wherein pr

1(00D02bp3|s(the1¢g|®n@f(vgde)alred to be ampljf . k=max(i +1,

j +500) WO 2007/ 021250 PCT/ S&G2006/ 000224 99 Pf (i) and

P (i) are the probabilities that a random prinmer r;

68. O SigpRratleSdddofding tef aM@ cife bPictwmé B3 itoe67 awtlerein the
reverse primer respectively, and Z 1000Q bp is the
raagphfma@bnmerd@@mmwesofowam@ndfreéarsasp@r@emrh@ each of

SHRSGFAR 5 S PR ARk RS ettt o

r;ﬁ“ﬁéﬁﬁemerfﬁi’f&a vaﬂdbleamimerf tallt bed ﬁ/\mgnancatd\emstrtbe @aﬂeble
prinmers conprises, in orlentag a fixed

piﬁﬂ rh&’b”ﬁ@ﬁﬁé‘? adedtien VQFheaﬁrQetdW%P ac "and wher ei n

at least the variable tail hybridizes to a portion of
the target nucleic acid Va. 10 69. The appar atus
69.aTherappayatus acgording fuf acwamm cﬁ$lalm8653 igh6Beiwhergis the

?@Tﬁ\!@l | Cy%itnl,.r%{l@ﬁcgﬁwpns S’r\%lsér(]jc NG r véjr/sgr random Sftimers
having the nucleotide sequence of SEQ ID NO:1 or a variant or derivative

thereof.

70. The apparatus according to any one of claims 53 to 69, wherein the
target nucleic acid to be detected is at least one nucleic acid exogenous

to the nucleic acid of the biological sample.

71. The apparatus according to any one of claims 53 to 69, wherein the
target nucleic acid to be detected is at least one pathogen genome or

fragment thereof.

72. The apparatus according to claim 71, wherein the pathogen nucleic acid
is at least one nucleic acid from a virus, a parasite, or bacterium, or a

fragment thereof.

73. The apparatus according to any one of claims 53 to 72, wherein the
biological sample is obtained from a human being and the target nucleic

acid, if present in the biological sample, is not from human.
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havi ng the nucl eoti de sequence of SEQID NO 1 or a
variant or derivative thereof. 15 70. The apparatus

waewangi2ag to any one of clains 53 to 69, wherRCTISGH®B6/000224

target nucleic acid to be detected is at | east one
nucl ei c acid exogenous to the nucleic acid of the

bi ol ogi cal sanple. 20 71. The apparatus according to
any one of clains 53 to 890 wherein the target
nucleic acid to be detected is at |east one pat hogen
genone or fragnment thereof. 72. The apparatus
according to claim71, wherein the pathogen nucleic
acid 25 is at least one nucleic acid froma virus a
parasite, or bacterium or a fra nent t her eof

74. Tﬁbe Aanraralugsaceardingi Wg any Gy o6 RBIBTS 8P aiPré swheée'ﬁzthe
T e

pth@&ﬁﬂéastrbn‘el‘mobepl ogi cal sanple, is not from human.
WO 2007/ 021250 PCT/ S&006/ 000224 100 74. The

apparat us according to any one of clains 53 to 73,

75 i5& &f EFFJ{GS RO W ¢ 4 S\ﬁﬁer@in iR fsofile support is a

i nsol e support onto ich'is placed the at | east
onmaacrpaubye 5 75. The apparatus according to claim 74,
wherein the insoluble support is a mcroarray. 76.
The apparatus according to any one of clains 64 to 75,

76‘“‘T'ﬁéeddba‘ré‘tu§%coﬂ<ﬂngﬁtb%y 8fle Ffaihaifrisvp4 tbhf5 IWI@éreﬂ‘f in the
the sig intensitres of the probe(s)

hgletelcdmz eSteD (), the gnaan sefi thet signal gﬁénS'tlﬁarPft fhe wpeake(s)

O BRIZ iy G AR T 58 oves
agGA Wheféby MdRAYing Mife pFesdneraf vg4n tie Blﬁlogntael rseinmplen

the 15 detection step (iv), the nmean of the signal
intensities of the probes which hybridize to Va is

772&'@@ ShdralsYadloddiRG HhaRy bhe JEasin® 6kte 75,0RRsreh Yt the

detection step (iv), the mean of the signal intensities of the probes which
hybridize to v, is statistically higher than the mean of the probes ¢ v,, and
the apparatus being configured further comprises the step of computing
the relative difference of the proportion of probes ¢ v, having high signal
intensities to the proportion of the probes used in the detection method
having high signal intensities, the density distribution of the signal
intensities of probes v, being more positively skewed than that of

probes ¢ v,, thereby indicating the presence of v, in the biological sample.

78. The apparatus according to any one of claims 64 to 75, wherein in the
detection step (iv), the presence of a target nucleic acid in a biological
sample is given by a value of t-test < 0.1 and/or Anderson-Darling test
value < 0.05 and/or a value of Weighted Kullback-Leibler divergence of =
1.0.

79. The apparatus according to claim 78, wherein the t-test value is < 0.05.
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t he apparatus being configured further conprises the
step of conmputing the relative difference of the
w@e@poeson of probes o va having high signal PCT/SG2006/000224
intensities to the proportion of the probes used in
t he detection nethod 20 having hi gh signa
intensities, the density distribution of the signa
intensities of probes valBting nore positively skewed
than that of probeso va, thereby indicating the
presence of va in the biological sanple. 78. The
apparatus according to any one of clains 64 to 75,
wherein in the 25 detection step (iv), the presence
of a target nucleic acid in _a biological saqple IS

80.gi Renapgaratusapecording to elgim <8 gr ¢laimgf$rwherein the value of

- ' - . 5 and/ or a val ue of
CA\Z‘FGE@QQ@P?%@gﬁ‘ﬁ"f%f%V%@eﬁﬁsi?sg’n@e of = 1.0. 30 79.
The apparatus according to claim 78, wherein the
t-test value is <. 0.05. WO 2007/Q2125 .

81 pEne seRrABiUs0RgIYTingo 49y T CfiaN 54 .25, dYhgetpthe
C . 0 q . .
SBeBLIR s (Y EIR e O ating I, YghEnEnsifiIFIEBELs) in
appeh asigsatace oprdibeg sed (BRSprier othecltalget Buclets #id(s) by

wh ‘n the detecti . ; )
CRecalnal T cerpt8n° o pHdonEl KU IRRF LAk, LRk
pag@@qé% dcos; for the target nucleic acid(s) by
calculating the distribution of Wi ghted

Kul i back- Lei bl er (WKL) divergence @cbfrs: k-1

Q(j)1og( Qaa)) WKL(Pi{ éﬁ@@r{’—(‘f 10 | =0 JQ
(HLIQ )] W(@T)‘ the cumul defde di'stribution
function of gilgral t sqjt 1e§gr3 xgre probes in

Pa found in bin bl : QO3 Vids WHE cHalVadi ve

di stribution function of the signal intensities of the
whebes @ (jPa i§ ot ¢umblative bidistdtwtioshefuactien i of tthe signal
of probes of a virus va and Pa = P - Pa. 15 82. The

FRBASIALY ©f A€ YrdbEd it P Clodhd Bloinvhier €L/ Bashhe cumulative
f BERe

sighature pro

distribution function of the signal intensities of the probes in I_J;found in bin

bj, and where P, is the set of probes of a virus v, and P a =P-Pa,.

82. The apparatus according to claim 81, wherein each signature probe set
(SPS) which represents the absence of target nucleic acid(s) has a
normally distributed signal intensity and/or a Weighted Kuliback-Leibler
(WKL) divergence score of WKL<5.

83. The apparatus according to claim 81, wherein each signature probe set
(SPS) which represents the presence of at least one target nucleic acid
has a positively skewed signal intensity distribution and/or a Weighted
Kullback-Leibler (WKL) divergence score of WKL>5.
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wara7o21280 Wi ght ed Kul | back- Lei bl er

(SPS) which represents the absence of target nucleic
acid(s) has a normally distributed signal intensity

score of WKL<5. 20 83. The apparatus according to

cl ai m 81, wherein each signature probe set (SPS)

whi ch represents the presence of at |east one target
nucleic acid has a posifiP¥ely skewed signal intensity
di stribution and/or a Weighted Kull back-Leibler (WKL)
di vergence score of WKL>5. 25 WO 2007/021250

PCT/ S&006/ 000224 102 84. The apparatus according to

84.2MHeORBpafatGs aéé&r&illgg% 8any f oid hefr clamrpiBisitegs3, further

85

86

87.

88.

89.

90.

performng Anderson-Darling test on the distribution
oforupising cperdgrayingvimdersanddarkirg testsn thepdighiutionfyWWKL

Cndi ; : .
SReoray b RIS o ok} AereBChBtoB X} Bbsgog of
BargdtiHudhse acidesipr i si ng per form ng Anderson-Darling

test on the distribution of WKL scores, wherein a
result of P<0.05 thereby indicates the presence of

t Angetappaedis Cadddrilng to18nPbond hef almsatgls teces) durtber

to clarm85, whereina further Anderson-Darling test

i sopprisiog nperfotmaingbndersooddaning ttest ¢ ypdistrigftion of WKL
further co-i.nfecti t ar ' CLA(S

THETER A TIE Saeo: 1P ra s kB dpaERis e Bresthps of
WG 6t Audidle ackigs).i guration is stored on at |east one

el ectronic storage nmedium 88. A conputer program
product configured to performthe nethod according to

afle %??aFHtué: batdRiing tPclafn 880 viHereif £ AINEr Kndyre@i-Darling
pr odu conprising a software configured to _ )
test is performed thereby indicating the presence of further co-infecting

target nucleic acid(s).

The apparatus according to any one of claims 53 to 86, wherein the

configuration is stored on at least one electronic storage medium.

A computer program product configured to perform the method according

to any one of claims 1 to 52.

A computer program product comprising a software configured to
determine the WKL divergence score and/or Anderson-Darling test for
designing at least one oligonucleotide and/or detecting at least one target

nucleic acid.

The computer program product according to claim 89, wherein the WKL,
Anderson-Darling test, the designing of oligonucleotide probe(s), the
designing of oligonucleotide primer(s), and/or the detecting of target

nucleic acid(s) are defined according to any one of claims 1 to 52.

(VWKL) di vRCTRGL®6/000224
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w@bkiogomzsd eot i de and/ or detecting at

determ ne the WKL di vergence score and/ or
Anderson-Darling test for designing at |east one

nucl ei c acid. 25 90. The conputer program product
according to claim89, wherein the WKL,
Anderson-Darling test, the designing of

ol i gonucl eoti de probe(s)03he designing of

ol i gonucl eotide priner(s), and/or the detecting of
target nucleic acid(s) are defined according to any
one of clains 1 to 52. 30 WO 2007/021250

91 WénW@%% stbpsigd %edﬂlrhwtﬁirﬁg alseftivapsiconfigured

storage nedi um conprising a software c_onfitf:]ured to
derdesformtthe methiedcceorcdingite gny onariyf driensot 1¢Pdins 1 to
52. 92. A renovabl e el ectronic storage nedi um
conprising a software configured 5 to determne the

02 VKkerflbY#1516 IE@rditi® srage hsdidndensarisiniaal safigvdre ssonfigured

desi gning at |east one oligonucl eofide probe, the
desdgjaimigedhe WKLGHeIE86EiSEET ?Pﬁ@' (%)‘J,%r%%rﬂﬁf Png test for
d 1.0g at st et | e aci i
THTGURET ) LS el Eledlee Thibbgn e ¥ping of
9Bligoneleetidet prémell),, andibe rdatactiday lat igasteone taget nucleic
desi gni ng of oligonucl eotide probe(s), the designing
o®Cigi i gonucl eotide prinmer(s), and/or the detecting of
target nucleic acid(s) are defined according to any
one of clainms 1 to 52. 15

93. The removable electronic storage according to claim 92, wherein the

WKL, Anderson-Darling test, the designing of oligonucleotide probe(s),
the designing of oligonucieotide primer(s), and/or the detecting of target

nucleic acid(s) are defined according to any one of claims 1 to 52.

| east oOnePCHEGEING/000224



