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detectibare and antibody- based detection still play a. central role in

WO 2007/021250 PCT/SG2006/000224 1 Method and/or apparatus of
oligonucleotide design and/or nucleic acid detection Field of the invention
The present invention relates to the field of oligonucleotide design and/or
i id detection. The method, apparatus and/or produ '
Wé}%@?@ﬁ\%ﬁtion may be used for the detection of pathogens, &é%%%i@oazm
for the detection of viruses. Background of the invention 10 The accurate
and rapid detection of viral and bacterial pathogens in human patients
and populations is of critical medical and epidemiologic importance.
Historically, diagnostic techniques have relied on cell culture passaging
and various immunological assays or staining procedures. Accurate and
iive  detegtion of inectious dease posits ig ULyl ioday. i

acid

microbiological laboratories despite the problems of the delay between

Fiei@@@ﬁ%ﬁg@[@ﬁﬁﬁ?@“o” and diagnosis, and the limited number of organisms
an pe

etected by these approaches. Faster diagnosis of infections

would reduce morbidity and mortality, for example, 20 thraygh the, earlier
The | AERSATiNBBR ST A SEIB R aHn LR treﬁﬁﬂBHﬁ‘%ﬁﬁﬁgg4%3*%%3?“’0'"
nucl&w slagasisecrianio Theeedtsd) ayseesiuprandsrdindobiexecdhingvith the
. tt}fse based on nuaegﬁa id d t%‘%tign including PCR arid mécroarr‘a Yor the
RC A R e R o e AT
deteationysfirwasdeen implemented, allowing for more rapid diagnosis of

suspected 25 'pathogens with higher degree of sensitivity of detection. In

clinical practice, however, the etiologic agent often remains unidentified,

Backbrdunyddefttheti amventioyriad ways. For example, some viruses are not
amenable to culturing. At other times, a patient's sample may be of too

The PROLTHAIA R EIRBUHISIBBHGE ColotieP 2P Haéddd]l pathogens in human
PCT/SG2006/000224 2

patients and populations is of critical medical and epidemiologic importance.

Historically, diagnostic techniques have relied on cell culture passaging and
various immunological assays or staining procedures. Accurate and sensitive
detection of infectious disease agents is sfill difficult today, despite a long
history of progress in this area. Traditional methods of culture and antibody-
based detection still play a central role in microbiological iaboratories despite
the problems of the delay between disease presentation and diagnosis, and the
fimited 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 amenable to culturing. At other

times, a patient's sample may be of too poor quality or of insufficient fitre for
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pathogen detection by conventional techniques. Moreover, both PCR- and
ahtibody-based approaches may fail to recognize suspected pathogens
simply due to natural genetic diversification resulting in alterations of PCR
WHNRAARINg sites and antigenic drift. 5 DNA and oligonuclegtidesqasos /00224
microarrays with the potential to detect multiple pathogens in parallel
“have been described (Wang et at 2002; Urisman et at. 2005). However,
unresolved technical questions prevent their routine use in the clinical
setting. For example, how does oné select the most informative probes 10
for comprising a pathogen "signature"” in light of amplification and cross-
hybridization artifacts? What levels of fluorescent signal and signature

probe involvement constitute a detected. pathogen? What is t ac
pathgggnsSRGHIAT o ﬁncgﬁﬁﬁm&ti%ﬁ W‘g‘lﬁéﬁtlﬁ%’?@{ﬁé’ge C"(}Eaaﬂ.s %3;¥nd

 antitReEpss;daasHtessieshm2)OfiMor actonn RROG) st dtedopditipigetiesintply

need in this field of technalogy for alterpative and i e )d
due AR SRIUTAE SV PO a1 adlel A RCRIIR, Bifner
bindanpéteirgvd wedigkadn asift methods for the detection of pathogens. 20
Summary of the invention The present invention addresses the problems
above, and in particular provides a method, apparatus. and/or product of
DN/oligoduclgatitieidotidn. mipeadoEss, withethgrovigadal netsiaiect muliiple

pat %@\HSP%'PQ{%T E’g%%‘%&é@'%&%%@“ﬂﬁsla &t IR EBIMGEIRSII Bt al.

ere is also provi a method, apparatus and/or 25 product of nucleic
2003)itfidersionrveechay tozhpsmPaEsiopsmRoerihel sRdinginpeia the

clinigﬁts%%fa‘?%t’ﬁf]ﬁ SRR SR8 QdesAdBethad Rl st asionNstiat IpAshes

one oligonucleotide for nugle.lc acid detection comprising the following

for semeisiagy dreathaurenimgngEmelofsdighingfaAewRifisaliqryRRtHrpss-

hybr‘%gééﬁtﬂ? é"i‘%fﬁé‘été'_’?W@P RIEIO oba1asRkleck tBR)FRIIBR)digivitdranprobe
efficiency o

invoivementyconstitute a detected pathogen? What is the accuracy and

sensitivity of an optimized detection algorithm? (Striebel et al. -2001_3; Bodrossy

and Sessitsch, 2004; Vora et al. 2004),
Accordingly, 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 inveniion

The present invention addresses the problems above, and in particular provides
a method, apparatus.andfor 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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amplification (AE) higher than the average AE; and (11) designing at least
one oligonucleotide capable of hybridizing to the selected region(s). 10
The at least one oligonucleotide may be at least one probe and/or primer.

In_particular, in step (I) a score of AE is determined for every % i Q
Wﬂ?(,ﬁﬁf’é%dﬁéaof the target nucleic acid(s) or of at least one regio%gf# ?gc(){? olbone
and subsequently, an average AE score is obtained. Those regions

showing an AE score higher than the average may be selected as the
region(s) of the target 15 nucleic &cid to be amplified. In particular, the AE
of the selected region(s) may be 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 rj can bind at a position j of the target
Accordmugleio agidirahosspfdt trﬂeeregr@ﬁw&hmgmm@mtd%d%é&\%mé b
.__amplified. | rt] iOneli = i1 PR, pn piiadNthe
demgnbréqt%h%?sii%%o g%? %fﬁl%%of%% for egﬁﬁiﬁéﬁ%g%p. Inﬁ,‘T . v
followipgrsimparirntiaayoprd@d and reverse primers may be random primers.

A6l inranier seinh et RRLDGRRiseR deiarmuaiiode eife

geometrical amplification bias for every position ofata%%et cleic

avidleindazidsdrechrg amekieandieyiREgis) P aSiigency of
fgm;%{i‘ﬁﬁéﬁe%{i Bhigfisianen oharaplifisgiongARdhigher than the

average AE. For example, the geometrical amplification bias is.the P,
HiksdeRigRtes At jeRtedith 94538%%!??838 o|‘F§c5’Fr\§) ?e8?i§ga%r %‘%brfé’ 5% the
@@gg{é@ge@o%@ﬂ/}e region(s) selected in step (1) may be carried out
according to any WO 2007/021250 PCT/SG2006/000224 4

Tre sl e e T e S B

In pardRiggiedrasebgasionetaecofdAl ts duleastiond bortey eoy s enitens; the
ot o LA, TR et
subscRpIBptehhanasayeNeE restieciy odaimedeT topeiveaiong Giauita s
score nigi'?elaizg?géjr? lﬁ%ida%gtba%%b%g@gé@g&@%d as the region{s) of the target
nucleic acid to be amplified. In particular, the AE of the selected region(s) may
be calculated as the Amplification Efficiency Score (AES), which is the
probability that a forward primef r; can bind to a position i and a reverse primer fj
can bind at a position | of the target nucleic acid, and |/ - j| is the region of the
target nucleic acid desired to be ampilified. in particular, the region |i — j| may be
< 10000 bp, more in particular < 5000 bp, or < 1000 bp, for example < 500

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

According to another aspect, the step () 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 ampiified 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 (I én‘ designing at least one oligonucleotide capable of hybridizing to
the region(s) selected in step (I) may be carried out according to any
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nucleic acids va and Vb, sa is selected based on the hamming distance
between se and any length-m substring sb and/or on the 10 longest
common substring of sa and oligonucleotide Sb; (d) for any

“@?gw%ﬂde sa of length-m specific for the target nucleic agidy@. Ihe 100224
oligonuc

eotide sa 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 sa length-m has hits with the nucleic acid 15 different from
the target nucleic acid, the oligonutleotide sa length-m with the smallest
maximum alignment length and/or with the least number of hits is
selected; and (e) a oligonucleotide pi at position i of a target nucleic acid is

selected if pi is predicted to hybridize to the position i of the amplified
oligonuaiestize naeeianiog. 1pchatEEIakaRvBIiginfeR ofife rh&y%%cﬂfﬂﬁe the

oligorR TS AsedinglY nivaREmgracithe wiiiendisgier(spavay be
may be used for 25 designing the oligonucle t'de%sh Far exartn?ple, the
selecis Gs-RBHEBE] AR THINGIR BHERB, OlPRA ESIPIRMAG B0
E{Bs&ﬁg%i@éi%aeag%mwlmwﬁ%mm | wgantwmmwmamtmeo%;
nowledge of a skilled persan in the art may, alsp u W
0B o B ASTEIR SOBE A B AR, T BREL Te0o SRy
a oligepusiratidensat posiieareef-hligytonusteielacid Va IS selected if
P(p; 1v.) > A, wherein X is 0.5 and P(p; | v.) is the probability. :
h&%)icﬁi\é%r}ooﬁl%oﬁffiqﬁgﬂq ORI ra(ﬁ)gﬂﬂg)%‘%ogé% VA, %%r% fﬁbaéa%tflcmg?,e t
A is OfuSdicpadidsiar, Bip lwa) NP Eelecteds Kantdrein Xhie thamming
random variable_representi [ficaic iC] n& oL (NSdn the
valuesrdngftgl’l'cglieé)gr{?’gs(%iaenot|Sder%§(%11(§:¥I \%ﬁ{g% the r?l?m%%r%f p%g%énucleotides in
va, angegsstemmobeubstiwnidectidbslighossiaeigs shies are <_ x;.
1%) 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
different from the target nucleic acid, the oligonucieotide s, length-m
with the smallest maximum alignment length and/or with the least
number of hits is selected; and ,
(e) a oligonucieotide p; at position | 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 oligonucieotide 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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According to another aspect of the invention, the method of designing the
oligonucleotide(s) as described above further comprises a step of
preparing the selected and designed oligonucleotide(s). The

ligonucleotide, which may be at least one probe and/or pri
Wg)r pgé’f%%}‘?gcording to any standard 15 method known in themal\%.‘][rﬁgg’];'X ﬂ%g/ 000224
example, by chemical synthesis or photolithography. According to
another aspect, the present invention provides a method of detecting at
least one target nucleic acid compéising the steps of: 20 (i) providing at
least one biological sample; (ii) amplifying nucleic acid(s) comprised in the
biological sample; (iii) providing at least one oligonucleotide capable of

hybridising to at least one target nucleic acid, if present in the biological
In pasisuigle, undersine thstetigon(flcatrligenisessigaadt ahaRF pePER Hprost
using a metho ogding fo ipVent| C[i
el T T (00 Sy e ot Sel) i e OBl RS
probaAifls tRaC/hystRAtNg thetligesitedtisiets) ytyidised!ediaeitigdyiors in
_nucleic._ acid(s). WO 2007/021250 PCT/SG2006/000224 6 in particular,
particiaTond8iBleotide is a probe. The amplification step (i) may be carried
out in the presence of random primers. For example, the amplification
step (i) may be carried out in the presence of at least one random

in pa{\%@(ﬁé‘? prﬁ?g,.rrii n?éir?ﬁ%qu%?@ﬁr?%@érp%% apg/euAMYe thamable

0 rantdom ificafion method known in the art may be
used. For gxample amplificati hodis.a R - 19 pggliculgt, ag)
Rl GEhS raﬁbeomggﬂﬁiggjgﬁlggi]ng %%%Sitl n i%%%% r(?{/Ae%g)gerandom primer
oligohirdéugidiep asitian k d ahergetnbeteif stidornualeotisiestit vaoafiorigis the
rimers.havin : (&U% HCjenRssaye(fEST) for every position
numpet g tcg\’:‘rI ePHﬁgcag?icsg%? va o‘??ﬁiz AESI = Pf ()) X Pr (o
According to another aspect of the invention, the method of designing the
oligonucieotide(s) as described above further comprises a step of preparing the
selected and designed oligonucleotide(s). The oligonucieotide, which may be at
least one probe and/or primer, may be prepared according to any standard
method known in the art. For example, by -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;

(it} amplifying nucleic acid(s) comprised in the biological sample;
(iif) providing at least one oligonucieotide capable of hybridising to at
iaaét 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 amplified nucleic acids
and/or detecting the oligonucleotide(s) hybridised to the target nucleic
acid(s). '
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j=1-Z{ k=max(i+i,j+500) j+Z wherein P (k) = pr(i+1) + p (1+2) +......p"(j+2),
k=max(i+1, j+500) Pf (i) and pr (i) are the probability that a random primer
ri can bind to position i 15 of va as forward primer and reverse primer,

' and Z <_ 10000 bp is the region of va desired to
vism%g;ﬁ ilggﬂlgloore in particular, Z may be _< 5000 bp, <_ 1000 6’%&6??"‘306’“"“224
500 bp. The amplification step may comprise forward and reverse primers,
and each of 20 the forward and reverse primers may comprise, in a 5'-3'
orientation, a fixed primer header @nd 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

In pagiciasihe HRMAREIRIRBPEPVO 2007/021250

The BmPRSARRO/ORNZ Tridie bisleaieni$aoplarméydeamenanpé takeiom

~ from a mammal, for example_from a human heing. The biological sampl
D”m‘?ﬁ%y%@ti%ﬂ@@@raﬁ%ﬁﬁ@ﬁéﬁ%ﬁ@aﬁﬁ an 3 %va?aﬁya/rﬁ%%r%@dgp fhe
presdiig. blogdieudnareiaeindoehthienliked Prienbiolagitadsiponteanapereverse

treated to free the nycleic acid comprised in the 5 biplogica I
P*”m%%.ﬂe/ﬂ?a rﬁ?fﬁe“%%%wgaf%ﬁ&j P #}ﬁ'g 'i%‘rg\eqyn WAL @{!' %%c% Ilr]n%a%yghpleggz@%(ﬁn
in theueleitadid which Rointseardity the detpdiftchtirertetierd itieldid difeRo

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
In phrdinaarthe éxvgadousndaret prioleic hindingbiodeesitian(if frededt gvRrse

the biglogic le) i eic acl ich i anQLidg
o B T o ot el e oy e e

amodgtptitedris havingsam amplbiraiige sERsteoeT sgRTE ARSI for myery position
i of f%&@%&%ﬂe&ﬁiﬂ% gpay be at least a nucleic acid from a virus, a
pards '

Ite, or bacterium, or a fragment thereof.

i j+Z

AES, = > '{Pf Dx 2P (k)}

Jei-Z k=max{i+1, j+500)

J+Z

.
wherein “ZP (k) = P(i+1) + P(i+2) +......P(+2),
k=max(i+1, j+500)

P/ (j)and P’ (i) are the probability that a random primer r; can bind fo 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 1D NO:1 or a variant or derivative thereof.
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15 Accordingly, the invention provides a method of detection of at least a
target nucleic acid, if present, in a biological sample. The method may be
a diagnostic method for the detection of the presence of a pathogen in

the biological sample. For example, if the biological sample is gbtained
WP&?PW&%% being, the target 20 nucleic acid, if present in the BiSragiea’0*24

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 arvinsoluble support. For example, the
oligonucleotide probe(s) may be applied, spotted or 25 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,

The rolipapparmptargay Theaprplsesraris thdmoditactadvammi.rigslerample

acid(s) of the biological sampl| nd. i h r cleig-aci
LI e S T T i e A
pharyisgietesteshds, satticylanyrotheletstyifnisyblood voipezsipol. and the like.

PCT/SG2006/ 4 8s Y i ' iesafithen
e SSERSTHIRAENE SR tape e rereimsg e
biologirabesm e, memmwaﬂr@tﬂq&epr@mz@@@f% e HigiIdgIegt nucleic

acid pf)% Ec‘ul}if) e ety iidhedeiqasivrglep 69, dasstiean Thdeaargst
signal intensities of the probes which hybridize to Va is statistically hi he(;l
nucleihaacidelonbardstasted aras ovat daaghe medied ﬁﬂﬁe%%gr%}%é%% ghe

nucier?]éead?cﬁ GMRLBR G cH ativesliferanss ahing, pfopes tisiblebrabearapia is

aving high signal intensities to the proportion of the probes dinthe, .
from @chasenan. ieenBYIsRNAY hisiags M dsihasidide ,%g‘%%ﬁgﬁéﬁs T

the BbIBSiISHNShNIRBSIIESHT MeRsE adeinghigtore pasitiedyrskeuradrhanmigin.

that of probes ova, thereby indicating the presence .of va in the biplogical, .
Accoedingie. #bPERER S e i RICRIAS )pﬂ??@lgs%/%ég Rargi eI %L%%%é '

at lo@SicimatiyBiolgsicohfaDp It dyteiactibitte Taespptisgéntivisitsacid
may %gz%sgé'gﬁ_%‘;ﬁﬁﬁg%gsa'iiﬂo%%mé" | ’vll'r%sfngrep Pa%l‘%%?'%? li?e%?grh%{?rbr a

fragment thereof.

Accordingly, the invention provides a method of detection of at least a target
nucleic acid, if present, in a biological sample. The method may be a diagnostic
method for the detection of the presence of a pathogen in the biological sample.
For example, if the biclogical sample is obtained from a human being, the target

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

The oligonucleotide(s) designed and/or prepared according fo 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 fechnique known in the art.
The support may be a microarray, a biochip, a membrana/synthetic surface,
solid support or a gel.

The probes are then contacted with the nucleic acid(s) of the bio!ogical 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
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test value < 0.06 and/or a value of t-test 5 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
W%%Oq%l%gher comprises evaluating the probe signal intensg}fﬂ%qcmssmﬁozz 1
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: k73 QaWlog(Qa(l ) Qa
77~7T~TT (7~ U) 77Yir (pl Y 1 PA) - 2.4 25i=0Q;(>) 1-Q; (J) WO
2007/021250 PCT/SG2006/000224 9 where Qa(J) is the cumulative
distribution function of the signal intensities of the probes in P. found in

bin bj ; QQU) is the cumulative distribution function of the signal,. .
step (imeHriereantrb thropiesa ntenaiies ¥ith5 . PEBES Yé’fﬁé Efmeﬁméo ValS

statis@isHipuiigndrnatian bthasignaffintensiiesdy the/R prebebyniRdicatingirthe

bin bj. Pa is the set of probes of a virus va and 11 = P - Pa. .For example,
presegseroiyniniie pislwisal §85%)\Suhich represents the absence of target
nucleic acid(s) va has a normally distributed signal intensity (assessed by

Anderson-Darling test value < 0.05) and/or a Weighted Kullback-1 eibl
More (VR GHRgEr o B  Sele STRE P L Le] (gt e of
the prdtiel rapierenydAdizbetprogeiscetatiatitedst bigherdbanutieiceeanval the

has a positively skewed signal intensity distribytion and/a j
ProbaR Hek SISV TIEL) oG e b I S DS & B P iy the
relatifer idicfeeanpristihe rioupittohnde mabEarding hesiran bigh gigmgutidansities

WKL score(s), wherein a result,of R>0. indi .

(0 thes BB JEE TR sl v G, o B Rt Haliia Fion sigma
intensities, the density distribution of the signal intensities of probes vs being
more positively skewed than that of probes & v,, thereby indicating the presence

of v, in the biological sample.

For exémpie, in tﬁe detection step (iv), at least one térget nucleic acid in a
biological sample is detected if the density disiribution of its probe signal
intensities is not normal, i.e. more positively skewed, given by Anderson-Darling
test value < 0.05 andlor a vaiue 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.

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-Leibier (WKL) divergence scores:

. 0.(oe)

- 0-(J)
WKI(E, |P,)= £
(el ) ;.\/Q;(j)Ll-—Q;(j)_
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indicates the presence of target nucleic 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,

esent invention provides a method of determining the p
W%g%%%’r%g%cleic acid va comprising detecting the hybridizatio£r'1%§§§r:§%‘%Is/?D0224

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 va and wherein the mean of the signal intensities of the
probe(s) which hybridize to va is statistically 25 higher than the mean of
the probes o va, thereby indicating the presence of va. In particular, the

maarof tie sjonakiniaasitamaldheprahasiitieh hilidisa tofvahs signal
statistically higher than the mean of the probes o va, and the method WO

intensA00Y /82 1220 FeAésGRORE/G80RA34 i Ooiurthagr;cabiyfridesshthstepunfulative

computing the relative difference of the proportion of probes o va having

distriﬂ&!ﬂ&r?%i@ﬁe%%é%m prepRitien o thrpprbsss e iRoiied in bin by

etection method having high signal intensities, the density distribution of

O- (j‘i‘%ssiggg' Iniensiies ofierabeso ReIREINON RRsityighaskavekithan dhatne

of 5 probesov8, thereby indicating the presence of va. More in particular,

the presence of a target nucleic acid.in a biological sample is gigen hy a
probagaiie’ ofe RS YN Lirfded? MiER S -BIARRTG E%s% \YHM%"%_E‘Bfﬂ)spﬁen“a%r"aP &

value of Weighted Kullback-Leibler divergence of ? 1.0, preferably ? 5.0.
For eRaf@Xamiden tigrdestvislupanas ber8)orhichAeprediagitotamatbsence of

aspect, the present invention provides a method of detecting af least o
targelgeleaei(atit %mmﬁ@%ﬁx Qf&@)&ﬁ@ )Sb%efm%%?‘%ié S‘ﬁ‘éseﬁeby
Andebiolegicalingrepie vl @raplifgiigaridaash Aveyitkeickadib EebaipitsdiVilL.)

. the biological mple,..(iii) providing at least one Qli i
dwer%%ﬁ%@%fﬁ@ﬁ%@%% 56 ROGRITE BEORRC &ﬁ@é?fz%mi%ﬁ%ﬁ%%“"s
the pristepinsl shatpleaghdne target nucleic acid va has a positively skewed
signal intensity distribution and/or a Weighted Kullback-Leibler (WKL)
divergence score of WKL>5.

The method may further comprise performing Anderson-Darling test on the
distribution of WKL score(s), wherein a result of P>0.05 thereby indicates the
absence of target nucleic acid(s) va, or wherein a result of P<0.05 thereby
indicates the presence of target nucleic acid(s) v.. 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 va. comprising detecting the hybridization of at least one
oligonucieotide 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 va 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 g v,, thereby indicating the presence of va.
In particular, the mean of the signal intensities of the probes which hybridize to

v, ie statistically higher than the mean of the probes ev, and the method .
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(iv) contacting the oligonucleotide(s) with the amplified nucleic acids and
detecting the oligonucleotide(s) hybridized to the target nucleic 20 acid(s),
wherein the mean of the signal intensities of the oligonucleotide(s) which
wRYBkidige tgva is statistically higher than the mean of the
oligonucleotide(s) e va, thereby indicating the presence of va in the
biological sample. 25 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 st?ﬂistically higher than the mean of the
probes o va, and the method further comprises the step of computing the
relative difference of the proportion of probes 0 va having high signal

int ities to th ' f th b d in, 30 the detecti
P A e G T A e
of prétet/ 262006109 0AgH signtensigrliéscoshie pofmudims oktheipphesresed

) positively skewed than that of probes o v8, thereby indicating the ... .

i U oA P h BB SR SAICRURE oL (i gton o

the du@sensRAbaideast prsbasget helrigicanid ipasitishy B wah i@ Hiaérmf
by a valye of t-test <, 0.1 and/or Anderson-Darling t yal ;

pmbﬁ%ﬁ)ﬁ’r AVETGEH ARSI ueflb%'&?(%g&)?eroﬁv\é?’ge%é?ot)/ 'ﬁ%%@?%@e%bl?e

pres@rizd of betdrigst valttleimayibinSalbdSiogluahsaibiciadiiayee bicebiriof t-

nuclejc,acid exogenqus to t ej¢ acid.of the biglagic .
5t gt B 0 D DR DE Lo be S Tsncs 0 e Senag of
Weightddamitrckereiiet ntiveeghogerof i iéit apretambbeabifadidngxample,

ucleic.aci from g.vix's, a parasite, or bacterium, or a fragment
the tf eesr{e%?.hfn %%]é}%c%%aﬁa\%}ge% the sample is obtained from a human being,

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

Accé}amp%” tgeaw@ﬁghss?f@@@stmaxb%a{@cmﬁt@m insiehHBlessuoRABEHBRE of
sup

rt may be a microarray, a biochip, or a membrane/synthetic
detestiriaed least nagiasent BAPiSrovRIBREFHNEH R HEPS e invention,

?n?/@r%io%r?glﬁqﬁeaﬁ%gla%%ﬁé%&ggwMb@metmds according to the

(ii) amplifying at least one nucleic acid(s) comprised in the biological

sample;

(iii) providing at least one oligonucleotide capable of hybridizing to at
least one target nucleic acid, if present in the biological sample; and

(iv) contacting the oligonucleotide(s) with the amplified nucleic acids and
detecting the oligonucleotide(s) hybridized to the target nucleic
acid(s), wherein the mean of the signai Iintensities of the
oligonucieotide(s) which hybridize to va 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 o vg
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 e v, having high signal intensities o the proportion of the probes used in

the detection method having high signal intensities, the density distribution of

PCT/SG2006/000224
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the apparatus may be for designing oligonucleotide(s) for nucleic acid
detection and/or amplification, the apparatus being configured to identify
and/or select at 20 least one region(s) of at least one target nucleic acid to
the region(s) having an efficiency of ampllflcatloﬁgt(ﬁ@
Wplgﬁﬂ t%%?\gthe average AE; and design at least one oligonuc (=)ot|de2({36m00224
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 dfthe 25 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 smeabligtﬁmt@ﬂl@é(@W@%I‘és\(gn}é@f%mﬁré’ﬁﬁ‘gﬂe cebrREs (AR that of

probe%%t@ IS RBINGEAEKl eﬁwécg%%‘rg:&) drevinyenHanbREGI¥E! sample. In
71021250°PCT/SG2006/000224 12 contacting the ollgonucleotlde(s?]
particulia, tie ataplified Hriskesemeansl/sl RastaNPHRERiMUTRGHASE) N 2

biologRaIdapi s@%;wa%@%legl@@e{&héféte@rese@namnmmai@@noaﬂmg

provides at least one computer gram roduyct nfi dfor
test Vﬁéﬁ%rﬁﬂ@ﬁwéﬂﬁ@h@d"é’&%refn f?i‘?th? Lﬁ?ﬂf:il'il fggr%?&?%eoé =

1.0, p?fb\%@éb@fnﬁ glectoctHeseIRINE Ay @@rmgllmsctmi‘wnmlemcﬁcthbto be
pparatus accordlng to the |nvent| Accordl ?ﬁﬁaﬁﬁe t thel sample.

dete"ﬁ%!ﬁlﬂHcﬁ'S %ﬁ&@éﬁé% @tr%‘r'ﬁ el bcg ABRIBRsTRR

The tﬁeéwaf@ci@wﬁaww ke Risfetteihmayetoa( ) astordinmthdgernyentiore o

 raam AR AP RE RS I I Bl s SEort B 26l

ergence Score an

from AnGRISOa-padisigpiant ﬁacmmgnlng aﬁtegmmbtbbgeuhdm@mrtaqbﬂebavhen
and/or r and/or detec Ie t e t |

the Sﬁﬁ“ﬁ@iﬂp @ing é\?gﬁ)lg% on|c @ r@%e co pr@ﬁ'gg ak? SO twarg Fésknt in

the tﬁom‘@watmwpay mmpnsiwhe mmwmergenqm)aifh@ webasemay be

placegF BN nm(‘?n Prgpe%l}ﬁge %O‘rﬂbe&fﬁ ggtﬁéggt:ﬂﬂfr'@éfﬁé”f %(St)a@éhip, or

el ng o Invention. cco ingly, there is also provided a
a meadﬂhaa&aymﬂﬁgﬂmaﬂéamscnbed above. Brief description of the figures

The present invention provides an apparatus of the invention, comprising an
apparatus for performing the methods according to the invention. In particular,
the apparatus may be for designing oligonucieotide(s) for nucleic acid detection
and/or amplification, the apparatus being configured to 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 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 targst nucleic acid comprising any one of the
steps of: providing at least one biclogical 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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20 Figure 1 shows a RT-PCR binding process of a pair of random primers
on a virus sequence (SEQ ID NOS: 1 to 9). The labels for Figure 1 are as
follows: A: Reverse transcription (RT). Primer binds to template. B:
wadeedRkroducts are generated (in detail with hypothetical };@} G2006/000224
sequence template, and hypothetical specific random primer). 2 é:

Second strand synthesis is completed incorporating tags. D: Amplification
of tagged RT product using PCR Primer GTTTCCCAGTCACGATA (SEQ
ID NO:8). WO 2007/021250 PCT/$&2006/000224 13 Figure 2 shows an
Amplification Efficiency Scoring (AES) Map for the RSV B genome.
Figure 3 shows oligonucleotide probe signal intensities for 1 experiment
for RSV B. 5 Figures 4§A, B). Figure 4A shows the density distribytion of

 contaging ithehsRigeHCleRtAS thar ilthe bsm ARRBIERS. RHCKIBWARER afdior

detetinaaiivegehrivresaiofs e Bistibstien iAditigeicalrdibaaatitugh
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

The s84Ee! lHegmdice dvinaolidedigliiedsshmes eoramalysipfogmaewgriodiict
pathogen detection chjp data, Figure 6. Qligonucleotide probe desian.

conf BB RIS SR AR S Lo R e el Tl 72150

providéd @ﬁléﬁii blmmr‘aacmdspir;mqrggecytwim sbmzﬁw@i@a’)cmh@gncmﬁbergf the
represent the. start and en sition D W .

appd g B T R SN AT 18 S S 8L W Rntion

provideeatedriontiveremainitigediovirsiagegomes dligurecoBIgl K ey téoftware

conf@ﬁﬁé(?j@%ﬁ?ﬁé%gﬁ?hé%ﬁ fasRilyafig B 958 H/RRROIRS IR B RORR e
removable electronic storage medium may comprise a software configured fo
determine the WKL divergence score and/or Anderson-Darling test for
designing at least one oligonucleotide probe and/or primer, and/or detecting at
least one target nucleic acid. More in particular, the removable electronic
storage comprising a software configuration may comprise the WKL, Anderson-
Darling test, the designing of probe(s) and/or the detecting of target nucleic
acid(s) as defined according to the invention. Accordingly, there 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 randem primer).
C: Second strand synthesis is completed incorporating {ags.

D:  Amplificaion of tagged RT product wusing PCR Primer
GTTTCCCAGTCACGATA (SEQ ID NO:8).
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229E Coronaviridae Flu A Flu B Picornaviridae Entero D Entero C Echo
| Entero B WO 2007/021250 PCT/SG2006/000224 14 Entero A Rhino
89 Rhino B Hep A Foot & mouth C Bunyaviridae Hantaan Sin Nombre

West Nile Jap enceph Dengue 3 Flaviviridae Dengue | Den
W 7 5 g
Bé%tﬂoezlzfr’q{ellow fever Paraflu | Paraflu 3 Nipah Paramyxoyﬁi 65132096/000224

Paraflu 2 Newcastle RSV (Si) Metapneumovirus HPV type 10

13

Figure 2 shows an Amplification Efficiency Scoring (AES) Map for the RSV B
genome.

Figure 3 shows oligonucleotide probe 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 Hlustrates 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 repéa’:ed 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 OC41
228K

Coronaviridae Flu A
FiuB

Picornaviridae | Entero D
Entero C

Echo 1
Enitero B




HIV 1 Hep B Rubella Others LCMV-S LCMV-L PMMV Human controls
RNA isolated from SARS Sin850-infected cell line (A) or Dengue I-infected
cell line (B) was hybridized onto the pathogen microarray following
Wit Re éﬁ%%;?lc or Dengue I-specific RT-PCR respectively. SA
Cross- zed (shown in 5 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 genom#&4 based on their sequence similarity.
By examining the Hamming Distance (HD) and Maximum Contiguous
Match (MCM) scores, we established thresholds to predict whether WO
2007/021250 PCT/SG2006/000224 15 cross:-hybridization would occur
and utilized this information to ge f@ SI|ICO hybridization signatures.
(C) RNA isolated from a clinical p agnosed with |RSV was
amplified using random RT-PCR em@;laybrldlzed onto the pathogen
microarray. 5 Figure 8 Relationshifcbeéwearipobe Hamming Distance
(HD), probe Maximum Contiguous Match (MCM) and probe Signal
Intensity. Avera E{)]ggllagaggnal Intansindecreases as HD increases and
MCM decreases. 11is correlates)\@ithNgneeuction in the| percentage of
detectable probes (signal intensity > mean + 2 10 SD). At the optimal
cross-hybridization thresholds HD¥egMNRCM>_ 18 (shaded), >98% of
probes can be|detected. At HD=5% =17, the detection rate falls to
85%. Figure 9(A, B) RNA isolated zﬁﬁﬁé SV-infected patient was
hybridized onto Bay¥ifs8en detechengagray. (A) Distribution of probe
signal intensitigs all 53,555 Dengue 4
Yellow fever

ISG2006/000224

Parafiy 1

Paraflu 3

Nipah
Paramyxoviridae Paraflu 2
Newcastle

RSV (B1)
Metapnesumovirus

HPV type 10
HiV 1
Hep B
Rubelia
Others LCMV-3

. LCMV-L
PMMYV

Human controls

RNA isolated from SARS Sin850-infected cell line {A) or Dengue i-infected cell
line {B) was hybridized onio the pathogen microarray following SARS-specific
or Dengue I-specific RT-PCR respectively. SARS cross-hybridized (shown in
black colour) to other coronaviridae genomes, particularly to the highly
conserved rﬁiddie portion of the genome (Ruan et al. 2003). Dengue | cross-
hybridized to probes derived from flaviviridae and other genomes based on their
seqﬂence similarity. By examining the Hamming Distance (HD) and Maximum
Contiguous Match (MCM) scores, we established thresholds to predict whether
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15 probes show a normal distribution (grey solid line). Non-RSV probes,
when examined on a genome-specific level, e.g. parainfluenza-1 (grey
dotted line), also show a normal distribution. Signal intensity of

RSV-specific probes have a positive skew, with higher signa i@f‘%@ I£Sd
WS he distribution (black solid line). (B) Distribution fre!?quencyyéﬁj?m)224

WKL scores for the 35 SPS with 20 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 Andersonarling 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. Hitgher proportion 25 of

ro
cross-mr@mmﬁsn@@d@t@@@alﬂﬁcb@%@ﬁdhﬁ iR Q%ﬂt’ﬂﬂé‘%kﬁﬁag’aﬁrp@ SB%%
hybrid?ﬁ(%féhmsﬁaﬁtﬁ%ﬁé}F%%%%&}a%aewia&\ﬂaedm@gsgaﬁm@mm with
pathogen-detection " using microarray. WO 2007/021250
RSV wm@mﬁwmzmqg%@ ﬁd?ytﬁm?zﬁ‘ﬁ' ﬁ“i‘@%%ﬁﬁ‘{é’ng?@ pathogen
microgﬁgglates to Amplification Efficiency Score (AES), P=2.2 x 10-16. A RSV

patient sample was hybridized onto a microarray, and signal intensities of
each probe were plotted together with the computed AES. The signal

Figurt%:gg}%rgri]séﬁgh _ @%%%ﬂLr}ﬁw@AneEmmF@@:gmamppmmMa@mw
. Flgure SN -optimjz [mer, t r .

cont e oA 5o TR A e sone
intendfgdisieddadinue D satreapesfamiaiibcessalies Jhieerselates with

represented on the microarrgy, Most, pati ify
o rocci e RE SRFRIEES B A A0 L TN Bl e ot o * 2
SD). PAAHR"SHHRIAHGIT RS OAGISABRANAS HIXA or MCM218 (shaded),

>98°/§§1§é@%m&léﬁ ADEI PRI ARE Wefiids fife falls

to 85%.

Figure 9(A, B) RNA isolated from a RSV-infected patient was hybridized onto a
pathogen detection array. (A) Distribution of probe signal intensities all 53,555
probes show a normal distribution (grey solid line). Non-RSV probes, when
examined on a genome-specific level, e.g. parainfluenza-1 (grey dotted line),
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.



Figure 14(A,B) Key to labels of microarray bars: Virus family Virus
genus/species Sars Sin2500 Orthomyxoviridae OC41 229E
Coronaviridae Flu A Flu B Picornaviridae Entero D Entero C Echo 1 WO

W@?ﬁdg@é&o PCT/SG2006/000224 17 Entero B Entero A R WSQ%O%/GOOZM

0 ep A Foot & mouth C Bunyaviridae Hantaan Sin Nombre
West Nile Jap enceph Dengue 3 Flaviviridae Dengue 1 Dengue 2

Dengue 4 Yellow fever Paraflu 1 Paraflu 3 Nipah Paramyxoviridae
Paraflu 2 16

Figure 12 Hybridization signal intensity correlates to Amplification Efficiency

Score (AES), P=2.2 x 1078, A RSV patient sample was hybridized onto a

microarray, and signa! intensities of each p'robe were plotted together with the

computed AES. The signal threshold for high-confidence detection on a typical
5 array is indicated by the green line.

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 NQ: Primer Nucleotide sequence
10 A1l GT%TCCCAGTCACGATA
11 A2 GATGAGEGAAGATGGGG
12 A3 CTCATGCACGACCCARA
13 A4 AGATCCATTCCACCCCA

10

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

Virus family Virus genus/species

Sars Sin2500
Orthomyxoviridae | OC41
229

Coronaviridas Fiu A
Flu B

Picornaviridae Entero D

Eniero C
Echo 1.




Newcastle RSV (B1) Metapneumovirus HPV type 10 HIV 1 Hep B
Rubella Others LCMV-S LCMV-L PMMV Human controls Choice of
primer tag in random RT-PCR has significant effect on PCR efficiency.
Heatmap showing probes hybridizing to a clinical hMPV sample followin 8
WeHEERTing (A) original primer described by Bohlander, et F&T5G4§5/000224

or (B) primer designed following PCR modeling to ensure that it will
efficiently amplify all genomes (high AES) represented on the microarray.
WO 2007/021250 PCT/SG2006/GG0224 18 Figure 15 Diagnostic PCR
results for RSV Patient #412 confirm that patient does not have a
coronavirus infection. (A) PCR using Pancoronavirus primers. Lane 1:
OC43 coronavirus positive control, Lane 2: 229E coronavirus positive
control, Lang 3: RSV patient #412jtemie 4: PCR primers and reagents
only 5 negative control. | kb lad E('SEAEE’CR using OC43 specific primers.
Lane 1: OC43 coronavirus posit} rol, Lane 2: RSY patient #412;
Lane 3: purified RSV from ATGGys game 4: PCR negative control. 50bp
ladder. (C) PCR using 229E spetific omumensC Lane 1: 2R9E coronavirus
positive conttol, Lane 2: RSV patient #412, Lane 3: PCR negative control.
1 kb ladder. Detalled descrlptlﬂm\tﬁathe Invention Bibliographic
references rri ‘fld’ned in the preseniNgpdiication are, far convenience,
listed in the form of a list of refeyences and added to thejend of

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

Flaviviridae

farafiu 1

Paraflu 3

Nipah
Paramyxoviridae Paraflu 2
Newcastle

R3V (B1)
Metapneumovirus

HPV type 10
Hiv 1

Hep B
Rubelia
Qthers LCMV-8
LCMV-L
PMMVY

Human controls

Choice of primer tag in random RT-PCR has significant effect on PCR
efficiency. Heatmap showing probes hybridizing to a dlinical 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 ganomeé (high AES) represented on the microarray.
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the examples. The whole content of such bibliographic references is
herein 15 incorporated by reference. The present invention addresses the
problems of the prior art, and in particular provides at least one method,
d/or product of oligonucleotide design. In particu% IS
“g?(?\ﬁgjélgiazgrﬁethod, apparatus and/or product of 20 probe and g’ﬁ%ﬁ%"f’”“““”"‘
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 tool1for determining the presence of
pathogens has been proposed, significant 25 hurdles remain, thus
preventing the use of these microarrays routinely (Striebel, H.M., 2003).

_ These hurdles include probe design and data an%%/;is (Striebel, HM.,
Figupe 085 Hjaenesiic PERBaesidin far, B84 Radienic?4 1 atwnfiooihat ratient

| dOe&%ﬂ%&@@@&(&@@ﬁ@@%&ﬁdﬂ!%@iPr@Rr@éHBqﬁQﬁtﬁil@i{ﬂﬁ\ﬁF@éJ'?Hﬁ\ers.

robe selection, the best in silica de%g_ned probes do not necessarily

Laneny il A e RIS ORI ST a0 380 B BO i Postive

cont@AMPiase BheRBvepisisrealizez thaide gerermenioRes Whthawiddis only
hybridize consistently well é%gatiént ma_teriﬁ, it was necessary to develogn ”

negaiivg GO lilBrRREeMABLE S PriBR AddGRsSREIT T & tgn
OC40ptsrah4slasigrppeaiietasnimpadticoda; REvepatiend #itx Examplepurified
ction S present inventors created a microarray, c risi .
ROV AR A BrabE: ISP SR D En S ek SR HE9
229thyestiiic iprmgﬂrn Eadaéo'lthl?ﬁ@ﬁr&wt&rea@plﬁ:ptbeitivmmbmﬂm_igtt’aafadzwﬁsv
patieoﬁtt% nugigie a6 Anccoéﬁ'%58%%%”1%%888?.‘?‘ of the invention, the
presentinventors gSehbE 10 how a SUpport, 1n particular a microarray

platform, is optimized so as to become a viable tool in target nucleic acid
detection, in particular, in pathogen detection. The inventors also

Detaiﬁ@@ty@&%%ﬁ gegigndresigiars, including melting temperature,

-content of thé probe, Secondary structure, hamming distance,

similarity to human genome, effect of PCR primer tag in random P
Rice g it

[ CR 15
Bibliggs RRRRTRy HRIBPRR dRedDSr RIgEEALe PRIHHGANREME™S:  Tor

convEesacee distsdnartheoiasitent aaiixl/of inferpotaiehindodtidedeeithrmeand of
the %];(%rrr?p %%(.)d'l'he whole content of such bibliographic references is herein

incorporated by reference.

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
hurdies remain, thus preventing the use of these microarrays routinely (Siriebel,
H.M., 2003). These hurdles include probe design and data analysis (Striebel,
HM.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 fo
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and criteria for probe and/or primer design. According to a more particular
aspect, the inventors developed a data analysis algorithm which may
accurately predict the presence of a target nucleic acid, which may or

may not be a 20 pathogen. For example the pathogen may bei’cb[lz' Mos/000224
Wﬁr%f}tﬁe’%e %8?%} 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 Table§®% and 7). 25 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
patieninbisptbmanneingeTionsereekizash et i IeBes e RrESs Wi ighe would

28 2l | ISP R ipTivedderD
e e TG N et e
new anhedardsopresest B pHIeE UM RigRmi SRR R AR f@l\‘fi&?%ﬂa@ﬁoﬁbﬁcopﬁmm

desigPPfe%d%cﬁaFQ."?ﬁtif%r%&meéén@%&%@ st afgamsiamplegeretriagd the
overlapping DNA fragments representing the entireﬁonome

an
presesigveMOThe PAIBH A BISRRRITRYs (RITEIRINGIGHS Qgé%ré)dfﬂ‘% Hieges:
tiled BWRILIORES hal epathanesiesieivaius, hnstareaititior paratitiisteorimitisis
~unique molecular signatures withip the primary sequence of&heir
partiqyiabARRICYSRRARBATIAHR S iM%Bg%Fée?JgfgiﬂcaﬂS\NS for rational
oligonucleotide probe design for the specific detection of individual
species, and in some cases, .individual straing. The co ' esian. .
Moo PR RO P RGER AR 0 Bl o) oot e SEaribe
how Sneapbigt)\rcparenved teginmsameyngifdfoily: . de o pémirsthemberk) bgigome

o v o R A B AR PR b sARely gtoin.
The Smm&bma)aﬁmv@dhatﬂ"méctmbémd&ﬁi@ﬁvi@mﬁpﬁ&aterﬁgcaﬂ@ng melting
RS B MU % W acip s T et e
similarityictoaraynana pevemipe assligct of PCR primer tag in random PCR
amplification efficiency, and/or the effect of sequence polymorphism. These
results were considered and/or incorporated into the development of a method
and criteria for probe and/or primer design. According fo a more particular
aspect, the inventors developed a data analysis algorithm which may accurately
predict the presence of a target nucleic acid, which may or may not be a
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 methed 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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According to a particular aspect, the invention may be used as a
diagnostic tool, depending on the way in which oligonucleotide probes are
designed, and/or 20 how the data generated by the microarray is

wishgsaindsand analyzed. Determination of efficiency of amplifigﬁt}g& 06/000224
According to a first aspect, the present invention provides a method 0?

designing oligonucleotide probe(s) for nucleic acid detection comprising
the 25 following steps in any order: (i) identifying and/or selecting at least
one region of at least one target Rcleic acid to be amplified, the region(s)
having an efficiency of amplification (AE) higher than the average AE;
and (ii) designing at least one oligonucleotide probe capable of hybridizing

to 30 the identified and/or selected region(s). WO 20071021250 . DNA
genepemEerg0n/Hup SHIC PR HIPARiEHIAPRMTEELIA) HIRYRIEAEEROMIC DRA.

A giRIRIRINSAAIG RVETY dMRiliged @1 thRresgrhafdhertarget Retieit agidiomiy
of a region thereof and an average AE is obtained, Those regions '
GeneEAlGH Y BRI R An SR SRRRe R S B RURR AP SHL R SIS P
orgatigrargelenueleimarid sehmanplifiedeteqiuticyitaifirenABabtieselkectdioe
) region(s) may be calculated as the Amplification Efficiency Scare, (AESQ);
voRfas R R ARSI StoTil PRIET P b a e
uniq@erexelseuimsignatarceinditira thesitoinjaltheetrgetauicbaicigeanidis.

- Jj is the regjon of the.target nucleic .acid red lif] .
confaf 1655 AGEENTIET R0 SRS O AR e oo e
prob&QRGigp, for theldpa:tiis, deeckiampfarxibodus). dpasietcakd, ithedsievaases,
... and/or reverse.pri ran } ingst :
L B e O
(olignupreibescithad tepaespiifidbe snysiiddgiiyiconsaijanddiegsopmong 1amily
and SEATEHEahBAIRITEAISN IS (AL YERIRBRIANP AL Shinslakiiatithn of

ok pIoaeHEATSTABIEH 1 N e BUEIGEREIONS I 2 single
someffie OGEFpshfiCEHi [ .
sup&?ﬁm%‘%ﬁb&mﬂ@ﬁ%@&iﬁa&Wtrgﬁedeﬁue@@,%&ww&moba%ﬁe(s)
. regions of a nucleic acid to be : 3 o
that simuitaneously co-infect a clinical sample. The support may be an insoluble

support, in particular a solid support. For example, a microarray or a biochip
assay.

According to a particular aspect, the invention may be used as a diagnostic tool,
depending on the way in which oligonucieotide 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 fo be amplified, the region(s) having an efficlency of
amplification (AE) higher than the average AE; and
(i) designing at least one oiigonucleotide probe capable of hybridizing fo
the identified and/or selected region(s).
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20 amplified more efficiently than other regions. For example, the
geometrical amplification bias is the PCR bias. Modeling of amplification
efficiency 25 Since it is not known what target nucleic acid (for example a
n).exists within the patient sample, random primers
Wgélgﬂﬁé% 1%\)ngplification step and/or the reverse-transcriptionr%%/?&%gﬂwzm
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 inven&idn. In the 30 present description, the
random amplification method may be RT-PCR. WO 2007/021250
PCT/SG2006/000224 22 However, it will be clear to a skilled person that
the method of the present invention is not limited to RT-PCR. In
particular, the RT-PCR approach may be susceptible to signal
In patialaidticiamiSedl sopRMEATINABIRIMEeIPHEYPumpRIiGRIdPN the
lengtCTBEIBRE IR JRINBEE QB PEcer(Botstm thérest alnd Wavierdge AE is
overcome this hurdle, the inventors have modeled the RT-PCR proce[sescted

obtaingd udhRsrREBiANs BN 8o iy Hi9BSSathemdPadpitagryRLe se
as thdNENEALs [IBe RERkfigatianaRep aeRITBrise B iAPNAEd andaieamteetEs of

and each of the forward and reverse, 10 primers compyises,.ip a 5'-3'
the seffsiaiEraIaRdTRIne? FeHrERy 20 i AR BIGE o0 Lo Sikore
(AESY! {eaishihe wsighbtb iy irdize Stoveapdriieimel thecdarbaichtnleipasition |
va. The size of the fixed primer header and that of the, variable pri il:
a0 3Ry BRI FIEF B R P e b e TG Sy 2N -
jl is tieecagiingdbtiretprgeenticiuentioid. désifdetbHsaderpligdoénipeasicmer, the
.15 in particular, 15- r, for example 17. mer T iable tail
FEgion r%é?a?ﬁ%%rﬁifé?%?? ‘et o'rRe é‘%{g{‘eﬂg n%]e%r.aggaééé%pl"é@ﬁ%%s%p’
for cfarmplesl anED0everda peantietisis Sheoniverigars!/orvieirerseRiitienage be

arrrrilplli}‘icattjgn step may comprise forward and/or reverse random primers
%av?ng'ﬂﬁe hucleotide sequence

5-GTTTCCCAGTCACGATANNNNNNNNN-3', (SEQ ID NO:1), 20

whereln Ny A & QeAdiohe bR bR oG AEdidh(s
Acco gn aﬁ%eg‘?ti%lﬂ%ﬁ%%%%?n{;mgﬁi% exgmpgliﬁed in }Iy%ure 1, the presentgj‘j (®)
of a target nucleic acid to be amplified comprises determining the effect of

rand

geometrical amplification bias for every position of a target nucleic acid, and
selecting the region(s) to be amplified as the region(s) having an efficiency of
amplification (AE) higher than the average AE. The geometrical amplification
bias may be defined as the capability of some regions of a nucleic acid to be
amplified more efficiently than other regions. For example, the geometrical
amplification bias is the PCR bias.

Modeiling of amplification efficiency

Since it is not known what farget 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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inventors have modeled the random RT-PCR process as follows. Let va
be the actual virus in the sample. The random primer used in the RT-PCR
process was 25 preferably a 26-mer primer having a fixed 17-mer header

e 9-mer tail of the form
V@@rf&ﬁ?g CAGTCACGATANNNNNNNN-3)(SEQ ID NO:1 and, i - o002

particular, SEQ ID 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. InZact, nucleotide size of the primer, and
in particular 30 of the header and variable tail may be varied and chosen
within the ranges WO 2007/021250 PCT/SG2006/000224 23 discussed
above. To obtain a RT-PCR product in a region between positions i and j

Howewe, thavihemtsiearipire e died iaerann pivite tn e RApesition |P‘"(%§€(Pt

inverticl?RAbaRH i 3 ﬁ’?@@ﬁ”ﬁ?%@!’ﬂgmgﬁq}ﬁ@mpﬁm AFBHSHEH riiaibe
which is the region of the target nucleic acid desired to be ampllfled Traég
susaggtites t0Bighy, INBFERGIECERMSEY 000 ATMERAHBRE £ oor

ampltediis AfhRIREEER BeduTtiereisutEqB L) ttse;&or\@arai pzmal) To

and/or the reverse primer bind to va. Some dom n bind to
overga BB TS BlRe BT He BRI iR, BTSSR e B ROy b

usingirght¥R Evesran indication of how likely a partlcular region of va will be
amplified. Using this approach, there is 10 provided an amplification
efficiency model which computes an Amplification Efficiency Score (AES)
Accletievenspesitantielia. Fepasartitutaepasidnionf athergetitieitiavidstep
PA(i andPél) are the probabilities that,a random pr
comRERB OIS LI A RLY OIS A CTae b T ACa S ) Hsree
pr:mmmmt;prt's&assmﬁe&hammmqmﬁm caim@niyeatetoard itkhatiahie

orimar E{eudes, %}eﬁrgpgeé‘gtﬁﬁ]@eﬁ{ A abIaUs ﬁ&g@?r@e{eés ortion of the

comp émen orwar or a substrln reverse primer).

targ%lsusishnmdn Giglieel sRasefl thewbtesktabieeederdesr agskifiat of the
vari |II§ %%Pt%ﬂ Yna§l: b%msﬂ% at (Mﬁ%sﬁgmet?‘& @B MIEELES the

a significant primer- r or has extreme meltin g temperature. On

methmi amerchagdo ithe dsesetstirventen. Shefossd pa dﬂﬁ%rb&n&%ﬁg mer,
in pﬁea s rg RGeS A AR P RBMHRE AL i RaliiBa -20 mer,

er of the
in particular, 5- 15 mer, for example 9 mer. An example of these forward and

reverse primers is shown in Figure 1. More in particular, the amplification step
may comprise forward and/or reverse random primers having the nucleotide
sequence 5-GTTTCCCAGTCACGATANNNNNNNNN-3', (SEQ ID NO:1),

wherein N is any one of A, T, C, and G or a derivative thereof.

According to a particular embodiment, aiso exemplified in Figure 1, the present
inventors have modeled the random RT-PCR process as follows. Let v; be the
actual virus in the sampie. 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'YSEQ ID NO:1
and, in particular, SEQ 1D NOS:2-7). However, it is clear 10 a skilled person the
that primer according tc 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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random primer is similar to va, it may also aid in the binding and thus
result in a higherPf (i). Similarly, the Pr(i) was computed. 25 The binding
of the random primer r; at position i of va as a forward primer affects the

li the RT-PCR product for at least 10000 nucleotides
wadgnby {F% P }
bl D B

imilarly, the binding of the random primer r; at posi
as a reverse primer affects the quality of the RT-PCR product for at least
10000 WO 2007/021250 PCT/SG2006/000224 24 nucleotides

downstream of position i. Thus, a®@&mplification efficiency score, AES;,
for every position i of va can be computed by considering the combined
effect of all forward and reverse primer-pairs that amplifies it: 5 j+Z AESI

=L {Pf( X 1 P'(k) j=i1-Z k:maxg}+1,j+500) j*+Z wherein P '(k) = pr(i+1) +
discupsgd2above, prg+atytaemaR+T GRopoyddh)iarm ﬂagegnsh%@’ﬁﬁibé’sm&ms !

and j 582 FRBGOMR REBRSLE AR A0BReHIRNIrikE PbURIAG (R WakkIMer2) |/
_“and reverse primer, respectively, and Z < 1OOOObP istheregion ofva, =
~ ]| <J%6R68 e GhhIiTRErAR BRI PIndiRg) (B aPesitioRdd bR _'%'8%1’@ g

whictSis 1090 5t 1ROkt ANGERy Hihe vasindiordbeighadlifirnsitieg be <

displayed by different regions of a 15 virus has direct, corrglation Wlthé?%ge

5000 RpreBishdinGamipHift aton W ei o XSEBRR SevPaPhi r?éﬂ'?“ Y

RT~P@F@%F@%§'&¥ ﬂ%&ﬁd@ﬁﬁuﬁwa@@ﬁ aﬁet%f?héw pngfﬁmaaw@xﬂwimsae
. were performed on a common pathogen affecti h

PGB BV oy SETRRIOR (BRSO o PRTEh BT g ers. The

identAiRaidisadioauRffigiemeyra cantdinbdretithepdsirat iof thegimesntiorindibatios of

now (Rl B Aiauabreotn B iai os anbfidy. Ry HREAEN R Hhere s

provided an amplification efficiency model which computes an Amplification

Efficiency Score (AES) for every position of v..

For a particular position / of a target nucleic acid va, Pl(yand P"(i) are the

probabilities that a random primer r; can bind to position i of v, as forward primer
and reverse primer respectively. For simplicity, it is assumed that a random
primer can only bind to v, if the last 9 nucleotides of the random primer is a
substring of the reverse complement of v, (forward primer) or a substring of v,

(reverse primer). This is shown in Figure 1. Based on well-established primer
design criteria (Wu, D.Y., et al,, 1991), the P/ (i) was estimated to be low if r;
forms a significant primer-dimer or has extreme meliing temperature. On the
other hand, if r; does not form any significant primer-dimer and has optimal

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

random primer is similar to v,, 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 / of v, as a forward primer affects
the quality of the RT-PCR product for at least 10000 nucleotides upstream of
position /. 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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comprises a fixed oligonucleotide tag (header) and a random
oligonucleotide tail. In theory, the random oligonucleotide tail'should bind
indiscriminately to all WO 2007/021250 PCT/SG2006/000224 25 nucleic

“;33%371 2Iﬁg{)rJatient sample, initiating first strand synthesis. Aftg &2@0

: : 2006/000224
second strand synthesis, all reversed-transcribed sequences will have the

fixed oligonucleotide tag (header) at both ends. These sequences are
amplified by FOR, using the fixed oligonucleotide tag (header) as the
primer to generate 5 PCR productof at least 10000 bp in length. In
particular, the majority of the amplified PCR products are between
500-1000 bp in length. According to the particular embodiment, the
26-mer primer used for reverse transcription (RTg3 _gom rise?_ra.fixed
nUdeﬂ?’?‘dﬁér%ﬁ“ﬁﬁiﬁe@@lrﬁfepﬁﬁm’taﬁ@gi an amplification efficiency score,
AES, GOT EGEGAGTEACATANBNBANBINDLE QIR AN Mnammbined

maodel, va represents the pathogen in:the, clinical sample. To generate at
effeciof AlbIRMEER FRFdEYE" BQEP}‘?H@%%%@%W@@??%&IW region of the

genome, defined by positions i and j of va requires a forward primer
binding to position / and a reverse primer binding to position j in the
anti-sense direction such that 500 =ji - j0 = 10000, and in particular, such
that 500¢=ii - ji = 100Q+-45 The)binding affinity of a primer is determined by
AES,a*u:k;%‘ {W@gt@rs: (1 pm'i'(aj)}jimer formation, and (2) hybridization
affinftyrof the primert@Mevirus va. Genomic regions which can be
successfully amplified by virtue of having ideal primer binding locations
within 10000 nucleotides, in particular within 2000 or 500 nucleotide, can
be predicted for by calculating an Amplification Efficiency 20 Score (AES)
for every position of va: Figure 1. Amplification Efficiency Score (AES) For

each positiorﬁg}/%,]éetPf(i)andP"(i)be the probability that a random
wibidesn r; can to posifit piRiE2iorwardPitdker and reverse primer
25 respeetivEly-E&®simplicity, we assumed that a random primer can only

ind t if t leoti d ' j o
B e e el

oPYRSIEND QI SRE YR S0RRARREP TS 2RA6602, and Z < 10000 bp

is the region of v, desired to be amplified.

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 oligonuciectide tag (header) and a random oligonucleotide

tail. In theory, the random oligonuclectide tail should bind indiscriminately to all
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26 reverse complement of va (forward primer) or a substring of va
(reverse primer; Figure 1). Based on well-established primer design
criteria (Wu and Ugozzoli, 1991), we estimatedPf (i) to be low if r, formed
a significant primer-dimer or had extreme melting temperature, On the
W%tﬁ@?ﬁéﬁﬂ? if r; did not form any significant 5 primer-dimer antlhRgC2006/000224
optimal melting temperature, then Pf (i) will be high. If the fixed
oligonucelotide tag (header) of the random primer (for example, the fixed
17-mer tag shown in Figure 1) is &Bnilar to va, it may also aid in the
binding and thus result in a higherPf (i). Similarly, we computed P’ (i) .
The binding of the random primer r; at position i of va as a forward primer
affects 10 the quality of the RT-PCR product for the nucleotides upstream
nucleiof aciitioin /itfer pexiamipsarup!eheinitiatiog dustnsicandigaiipsicaniter the

sition J). Simi : indi i - atnasitiond.of
secorfP SRR Ji5-Deimese e D umes: iproOe:
oligorpradatitiotage(haeketidet prirendan begRSRHPTSISe R BRBPHSIEH &Y
PCR, 5@%@%9%%#88‘?&? 5 ARunakeam Qhragidipnds the Grmsiieln gosdiate
x of va. All effective primer pairs that reside at positions i and |

PCR pregecivel abieastt2a8aAdquinitpethe IR TRPERYROING BiBiORutHLE

amptigd( BRNG-bauliTtd CAROpERIEABOIR 1209 - i18AGM sineedrding to the
o QI'-PCR product when 500 to 1000 basepairs long. Thus, an . . RT
particaiapIAmhaESTbidhey 2606RS, RIEBRT 1734/ dRF SELRISE LEr R Rliepe(RT)
compPREPUted bycansideringdhe &g comhinedeffegtiméall panmbsmairsdiat 5'-
amplifies it: (J+1000 A.ES. jrf( r (k) ,J=x:10, =msx(x+1,J+500) 25
GTTM@@@V%%%NM%%@A@%@&OId predictive of
successful RT-PCR The threshold for amplification efficiency scores for
In ouprebesiclectiopréwentsieeatisatmerinitieel gjnise! campigvEQBENSTAkEHat
functi the valye DESHE FRIFNR vaiialle reiYeREMiNthe
ieasttﬁg%\ valﬁg%éo d||%%§%§&bﬁﬁ§%% (HB ? Ry oo
genome, defined by positions 7 and j of va requires a forward primer binding to
position / and a reverse primer binding to position jin the anti-sense direction
such that 500 = |i — j| = 10000, and in particular, such that 500 = |/ ~ ji = 1000.
The binding affinity of a primer is determined by at least two factors: (1) primer
dimer formation, and (2) hybridization affinity of the primer to the virus ve.
Genomic regions which can be successfully amplified by virtue of having ideal
nrimer binding locations within 10000 nuclectides, in particular within 1000 or
500 nucleotide, can be predicted for by calculating an Amplification Efficiency

Score (AES) for every position of v,: Figure 1.

Amplification Efficiency Score (AES)

For each position 7 of v, letP/(i)and P'(iYbe 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

nuclectides of the random primer as shown in Figure 1) is a substring of the
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5 the number of probes in va. Then, we denote the probability that the
AES value is less than or equal to x be P(X <_ x) = ~lk where c is the
number of probes which have AES values less than or equal to x. For a
0 osition i of v9, let x; be its corresponding AES va i
V?tée%%?nué?%#ensity of a probe is highly correlated to its AES v§€%§%&mom‘i
estimatedP(p, | va), the probability that pi 10 has high signal intensity in
the presence of va, to beP(X 5 x). Thus, P(P,lva)~P(XSx;) k where clis
the number of probes whose AES ¥8lues are less than or equal to xi. 15
For probe selection, probe pi is selected ifP(p; Iva)> 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
revesrgicanpIeIREY, ol EfoBR P rotaenits RighbsKing g/adfpYetsearryer;
Figufy!s! EQY & SRR nBUSHMAN | HRdHEMETU AR zzoli,

probes remaining for 20 some genomes to <10 at the species level,

199 thrwemsbmbteddtiing tadadny 67 fiasraechy DapEcaRERyTARREiNer or had
thogen. Thus top 20% AES . WO 2007/021250 .
xir b0 RSB EAS: B ie AISE AN B 5 EI R Ao it
primEMERRN A58 d Fhaeen @éﬁgg%%@w;@(itﬁmw@mmﬁBfehehigh. If

ot

step (ii) of designing oligonucleotide probe(s) capable of hybridizing to the
the Seletteligregioaisideatabe(beladtay tf dmy aedofhprpmeleesiaimple, the

o S M i B S

pétson to apply the same
and prosiplewdse foniglesigning p8meigsly iwpadimgatetbP tgpigning primer(s)
for RT-PCR. 10 For example, given a set of target nucleic acids (for
example, viral genomes) V = {vi, v2, ..., v'}, far every vie V, a set of froct
TheibiRARe-0 BB TIRMOHBGb<1Hi BFIRNIAE K2R SR RBTRaects
the eoadiliafsiaahedesigreritakinothinrasstdriatigntfonsxafmeitrin / (for
least one of the following: (a ste%b ished grobe de?i n criteri cg .
examé%hgﬁ/ Sggngq[ﬂ%&g cleotides upstream of position 3 imilarly, the
binding of the random primer r; at position i of v, as a reverse primer affects the
quality and coverage of the RT-PCR product for the nucleotides downstream of
position [ (for example, for the 500 to 1000 nucleotides downstream of position
i). Consider a position x of v,. All effective primer pairs that reside at positions
and j 'respectiveiy contribute to the quality of the RT-PCR product at x. Note that
i=x=jand i—j=10000. For example, 500 = - j = 1000 since our RT-PCR
product when 500 to 1000 basepairs long. Thus, an Amplification Efficiency
Score, AES,, for every position x of v, can be computed by considering the

combined effect of all primer pairs that amplifies it:

F=x-1060 Fama( 241, j+500)

AES, = 2 {Pf {/yx jfuf”(k)}
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15 specificity (Sung, W.K. at al, 2003, CSB); (b) no significant sequence
similarity to human genome; and (c) efficiently amplified using AE
score,for example by RT-PCR, as herein described. 20 Noisy signals
caused by cross-hybridization artifacts present a major obstag|
w %8%?3112/ bn of microarray data, particularly for the identificag08%/I(t'SJ)?;gél‘(r?g'/ﬂ‘g0224
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 h#ét tissue, will cross-hybridize with
pathogen-specific 25 microarray probes above some threshold of
sequence complementarity. This can result in false-positive signals
leading to erroneous conclusions. Similarly, the pathogen sequence, in
AES tidditibalth indictive ofssiteprsiub Ridyefdss- hybridize with other
non-target probes (i.e., designed to detect other pathogens). This latter
The HRRRASIGEPBNRAHEREREEHRE BokiomRalib eI EIARH G2A 25Arus Vs
) PCT/SG2006/000224 29 provide u,seflij information for pathogen Let X
5 detpIEHIRSA AN CARN AR o8 LE A A Foay s ve Lo
be th@@ﬁﬁ&%ﬁiwwmj@e@_?ﬂé&bm@usermstsam:ssefsan @mieehlr(g‘ patbetidt be
and sequence specificity, microarr, ohes have tradition
the nGEGEH Al LIRS Hrad ) SBET RA TE  ATBMAS Arguyaiue
is lesIRARUMELGERSS Ty Bdizakon (o 1 g"'iﬂﬁéﬁé’ E89URBCRSINBIMEN BFo RS
practice we have found that many pr Hes, though designed using optimal -

whicHhSHCR Parogneiar oo Mah R losieRes or dmg: 19 pnRcHhtiansollificeasons,,

that are unclear. To systematically investigate the dynamics of .
let x AealisnacEeRAnsEsh 6é§cY@H,e-1§Wéechéﬁtédﬁgﬁ ol %ﬂﬁ'gYeBEc?e iRks s
highly SiBgditablegsn aray sunibesis iehmalear(Nuwaysinet sloBaBRy That p;

array was designed to detect up to 35 RNA viruses using 40-mer probes
has Hilgdsidmal interegiy Slihecpreseintiovhvrois b (i fengthldfusach
genome (53,555 probes; Figure 6, Table 1). Table 1. List of Genomes
represented on the pathogen detection microarray. 15 (column 1)
Number of probes for each genome synthesized on the microarray.

P(p,v,) = P(X %)

)
k

where ¢ is the number of probes whose AES vaiues 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. fop 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.



10

15

20

25

(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

\ﬂﬁ'%@ﬂoﬂﬁ inal Filtered Unique Ge- No. of No. of NCBI Gl Plp(ggef%gﬁ 3’?[00224

type Accessmn no. Description number name Probes Probes (

1948 537 271 9629198 RefSeq NC_001781.1 Human respiratory
syncytial virus, complete genome Human parainfluenza virus | strain 2
1995 550 295 19718363 RefSeq N&& 003461.1 Washington/1964,
complete genome 3 2002 762 474 19525721 RefSeq NC 003443.1
Human parainfluenza virus 2, WO 2007/021250 PCT/SG2006/000224 30
complete genome 4 1979 701 345 10937870 RefSeq NC_001796.2
Human parainfluenza virus 3, complete genome SARS coronavirus

Emphiedii (9 Rtk A8 4 CRABPRAHEns\ Y RExi dscemal ¢iathogen
genome. Human 6 3937 604 356 38018022 RefSeq NC_005147.1

DEt““!ﬁ‘fr‘Bﬁa%ﬁ§°@Hﬂg complete ete genome enome Human coronavirus
229E, 7 3495 182 112 12175745 RefSeq NC_002645.1
Probe Design

The step (ii) of designing oligonucleotide probe(s) capable of hybridizing o the
selected region(s) may be selected fo any one of the probe designing
techniques known in the art. The following description relates to probe design,
however, it will be clear to a skilled person to apply the same principle also for
designing primer(s), in particular, for designing primer(s) for RT-PCR.

For example, given a set of target nucleic acids (for example, viral genomes) V
= {vq, Vo, ..., Vn}, fOr every vie V, a set of length-m probes (that is a substring of
v} which satisfies the following conditions may be des;gned taking into
consideration, for example, at least one of the following:
(a) established probe design criteria of homogeneity, sensitivity and
specificity (Sung, W.K. et al, 2003, CSB);
(b) no significant sequence similarity o human genome; and
(¢) efficiently ampiified using AE score,for example by RT-PCR, as
herein described.

Noisy signals caused by cross-hybridization artifacts present a major obstacle
to the interpretation of microarray data, parficularly for the identification of rare
pathogen sequences present in a complex mixture of nucleic acids. For
example, in clinical specimens, contaminating nucieic 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 fo binding its specific probes, may cross-
hybridize with other non-target probes (i.e., designed to detect other

pathogens). This latter phenomenon, though seemingly problematic, could
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18

complete genome 8 1705 292 177 46852132 RefSeq NC_004148.2
Human metapneumovirus, complete genome 9 296 118 101 8486138
RefSeq NC_002023.1 Influenza A virus RNA segment 1, complete

e 0 282 69 42 8486136 RefSeq NC_002022.1 Influ '
Wi eRs R qNC_ eégfé&
NA segment 3, complete sequence 10 296 81 54 8486134 Re eqyég%ﬂmm

NC_002021.1 Influenza A virus RNA segment 2, complete sequence 10
110 69 57 8486131 RefSeq NC_002020.1 Influenza A virus RNA segment
8, complete sequence 10 196 71 82 8486129 RefSeq NC 002019.1
Influenza A virus RNA segment 5, complete sequence 10 177 75 59
8486127 RefSeq NC_002018.1 Influenza A virus RNA segment 6,

_complete sequence 10 225 70 51 8486125 RefSeq NC002017.1 Influenza
provideyikgsTRNinfesgatinat Ffochnhesssecssificatipsotr1 e 48 danb it such

cross&?%ﬁ?&ﬁ%eﬂqag 4 lthieazaPortaicRNAVItRArBRINIS weaienee MEbss
2007/021250 PCT/SG2006/000224 31 Influenza B virus RNA-2, complete

anneatingn3PAStiAE4 8648 SRHESITRI CSBRODISHEY: sEHGERIEaMNRERDESS have

tradittdrIR DR, costitele td @rRIG oMt Refastiticati®R 286l known

sequence Influenza -B virus RNA-4, complete 10 237 70 53 8486152
ﬁgwever,

targeR opBy B MRl 910A S BERIRRRL O AIR AN -BRARICRIGAYS b
in practice we have found that many probes, though designed using optimal in
silico parameters, do not perform according to expectations for reasons that are

unclear.

To systematically investigate the dynamics of array-based pathogen detection,
we created an oligonucieotide 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|Fiitered|
Unique

Ge- | No. of | No. of NCBI Gl .
Probes Ref type |[Accession no. Description
nome i Probes|Probes number

3
(1) (2} ©

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

Human parainfluenza virus 1 strain
2 1985 550 295 [19718363| RefSeq | NC_003461.1 Washington/ 1964, complete

gencme

3 2002 762 474 118525721] RefSeq | NC_003443.1 . .
Human parainfluenza virus 2,




10 232 90 82 8486154 RefSeq NC_002208.1 sequence Influenza B virus

RNA-6, complete 10 195 64 32 8486156 RefSeq NC_002209.1 sequence

Influenza B virus RNA-7, complete 10 150 47 37 8486159 RefSeq NC
};39equence Influenza B virus RNA-8, complete 10 1362229« 100224

8486161 RefSeq NC_002211.1 sequence 11 1401 B5 54 11528013

RefSeq NC_001563.2 West Nile virus, complete genome Yellow fever

virus, complete 12 1389 145 123 9627244 RefSeq NC002031.1 genome

13 2335 235 171 13559808 RefSeNC 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

)
326584 Refse
nome HumAan pay llomavitus typellQ 171011169 135 9627257

1174 208 128 9629357 RefSeq.NC..001802.1 co ﬂnleLe,%e,ngm,e_H%Pa_t.i.t_i.g__
virus,{complete 16/409 134 106 21 q NCGBSEA7me™e

+ Ret5aa NG00 1626 | eonpite-geridme 36038 325 RS TORUETG e >
efSeq|NC_002554.1 Foot-and-mouth disease virus C, (990691822250
CT/SE2006/000224 32 complete genome

1.1

SARS coronavirus Sin2s00,

complete ganome

5 3805 | 588 444 130468042| Genbank] AY283794.1

Human coronavirus OC43,
6 3937 604 356 |38018022| RafSeq | NC_005147.1

complete genome

Human coronavirus 229E,
7 3485 182 112 M2175745] RefSeq | NC_002845.1

compilete genome

Human metapneumovinis,
8 1705 292 177 (46852132] RefSeq | NC_004148.2

compiete genome

influenza A virus RNA segment 1,
9 296 118 101 | 8486138 | RefSeqg | NC_002023.1 :

- complete sequence

Influenza A virug RNA segment 3,
10 282 68 42 18486138 | RefSeqg | NC_002022.1

complete sequence

Infiuenza A virus RNA segment 2,
10 296 81 54 |8486134| RefSeq | NC_002021.1

complete sequence

influenza A virus RNA segment 8,
10 110 62 57 18486131 | RefSeq | NC_002020.1

complete sequence

influenza A virus RNA segment 5,
10 196 71 g2 8486129 | RefSeq | NC_002019.1

compleie seguence

Influenza A virus RNA segment G,
10 177 75 59 | 8486127 | RefSeq | NC_002018.1

complete sequance

influenza A virus RNA segment 4,
10 225 70 51 | B486125] RefSeq | NC_002017.1

complete sequence

influenza B virus RNA-1, complate
10 300 105 48 | B486164 ! RefSeq | NC_002204.1

Sequence




19 1246 211 209 9790308 RefSeq NC001545.1 Rubella virus, complete
genome 20 955 309 172 9626732 RefSeq NC_001489.1 Hepatitis A
virus, complete: genome 21 834 103 29 38371716 RefSeq NC005222.1

wRENGEEAY

s, complete genome 22 837 188 98 38371727
1 Sin Nombre virus, complete genome 23 430 1

%‘ié?)%&zoosmoﬁm
86

23334588 RefSeq NC_004294.1 Lymphocytic choriomeningitis virus
segment S, complete sequence 23 853 455 286 23334585 RefSeq
NC_004291.1 Lymphocytic choridieningitis virus segment L, complete
sequence 24 1404 204 122 9626460 RefSeq NC_001437.1 Japanese
encephalitis virus, genome DNA Dengue virus type 3 genomic RNA, 25

1370 284 91 51850386 Database AB189128.1 complete ggnnmpt,chmini ;
| Vi -2, complate
o PiAapin 98902890 RENY:B RsL3G &3 E6e 2ETY261 GEHBETK
AF326573.1 Pengug virus type 4 strain 814669, | complete®¢fétititie 27
1370 142 21 19744844 Genbank AR489932.1 Dengque Virus Type 2 stra{in
h 4 ~ i s e
- BE%LLTozzEQ completelgenome 28 1310, 15252343860 Bk M8 7512 T
D IS é Denguej virus type | comjpleie genome 29 944 ¥p8=8F
0626436 RefSeq N¢@_001430.1 Hunpan enterovifjus O, complete _genome
0945 18{3 1P2 9626433 Reféeg NC gzo%%; jitivaces Bitesdiiifud emplete
10 Lotiblate Jerontd 32896 1pELAY d efSeq NC 08&pad Human
enteroyirus Al complete WO} 2007/021250 PCT/$G2006/000224 33
ENOMEHUMan echovirus 1, compl EJ%qec 002208.1 influenza B virus RNA-5, complete
10 | 232 80 82 |8486154 | RefSeq _ . sequence
) ; influenza B virus RNA-G, complete
10 | 195 64 32 | 8486156 | RefSeq | NC_002209. sequence
002910.1 [nfluenza B virus RNA-7, complete
10 | 150 47 37 | 8486159 | RefSeq | NC_ . soquance
- 11 influenza B virus RNA-8, complete
10 | 136 59 50 | 8486161 | RefSeq | NC_002211. sequence
11 1401 85 54 111528013] RefSeq | NC_001563.2 | West Nile virus, compiste genome
031.1 Yeliow fever virus, complete
12 | 1389 | 145 | 123 |9627244| RefSeq | NC_002031. qenome
13 | 2335 235 171 113550808] RefSeq | NC_002728.1 | Nipah virus, complete genome
26171 Newcastle disease virus, compleie
14 | 1943 | 244 | 211 [11545722] RefSeq | NC_002617. genome
.y Muman immunodeficiency virus 1,
15 | 1174 | 208 | 128 19629357 RefSeq |NC_001802. complete genome
1 Hapatitis B virus, complete
16 | 409 | 134 | 106 |21326584| RefSeq | NC_003977. genome
NG 0015761 Huran papillornavirus type 10,
17 | 1011 | 469 | 135 |9627257| RefSeq | . completa geriome
18 | 1036 | 526 | 299 |10445391) RefSeq |NC 00285411 _ = . ih disease virus G,




32 945 364 154 21363125 RefSeq NC003986.1 genome Human
eriterovirus B, complete 33 944 94 12 9626677 RefSeq NC_001472.1
genome Human rhinovirus 89, complete 34 913 283 190 9627730

beehNGs001617,1 e genome Human rhinovirus B, complgte;.

9626735 RefSeq NC 001490.1 35920 426 _ genome Together with 7
replicates for each viral probe, and control sequences for array synthesis
and, hybridization (as described below), the array contained a total of
390,482 probes. 5 Homogeneity, s&hsitivity and specificity Homogeneity
requires the selection of probes which have similar melting temperatures.
It was found that probes with low CG-content did not produce reliable

\/hr|d|7m‘|nn annnl int

ies.and that probes wi

4 propensity td proddce high|signal iftensities thrbugh n% Om%f;‘gg‘?"ome
hinding!.10 Thus_it could belestablished that the ICG-content of probes
19 dei@dfed Hould B OO 16" 200h Kt E PGy MR DY B S RTTRIS R0
provides a method of designing oliganucleatide probe(s) for nucleic.acid
20 detegtidn sgeniprsing selesiinedhe, Inorebaesdaying BTt LR TSR
40% to 60%. The ter ization| refers to the process ff\fifch the
dligo probes bind n e target nucleic acid, or portion
21 theteof | to'form 2%t St hied 0¥ ¢ -StenaB iTHY ISABRA B PEe
dlso thdoretically pogsible. WO 2007[021250 PCT/SG2006/000224 34
Sin Nombre virus, complete
22 B37Y 188 98 |38371727| RefSeqg | NC_005217.1
genome
Lymphogcytic choriomeningitis virus
23 430 100 86 |23334588] RefSeq | NC_004294.1
segment S, complete sequence
Lymphocytic choricmeningitis virus
23 853 455 286 |23334585| RefSeq | NC_004291.1
segment L, complete sequence
: : - Japanese encephalitis virus,
24 1404 204 122 |9626480 | RefSeq | NC_001437.1
genome
DNA Dengue virus type 3 genomic RNA,
25 1370 284 91 |51850386|Database| AB189128.1 complete genome, strain:
of Japan 98802890 DF DV-3
|Dengue virus type 4 strain 814669,
26 1361 130 57 (12659201 Genbank | AF3265673.1
. complete genome
Dengue Virus Type 2 strain
27 1370 142 21 |19744844{ Genbank | AF489932.1
BR64022, complete genome
DENT{SEQ Dengue virus type 1
28 1370 152 52 323660 |Genbank} M87512.1
camplete genome
HMuman enterovirus D, compiete
29 244 175 87 9626436 | RefSeq | NC_001430.1
gencme
Human enterovirus C, complete
30 8945 183 122 9626433 | RefSeq | NC_001428.1
genome
31 946 196 148 | 8627718 | RefSeq | NC_001812.1 Human enterovirus A, complete

006/000224
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Hybridization probes are oligonucleotides capable of binding in a
base-specific manner to a complementary strand of target nucleic acid.
Hybridizing specifically refers to the binding, duplexing, or hybridizing of a
molecule substantially to or only to a particular nucleotide se

WQ&&&Q?P&ééﬂunder 5 stringent conditions when that sequence % &%%%ﬁg{fﬁlﬁmozm
a complex mixture (e.g., total cellular) of DNA or RNA. Hybridizations,
e.g., allele-specific probe hybridizations, are generally performed under
stringent conditions. For example33conditions where the salt concentration
is no more than about 1 Molar (M) and a temperature of at least 25C.,
e.g., 750 mM NacCl, 50 mM NaPhosphate, 5 mM 10 EDTA, pH 7.4 (5
times SSPE) and a temperature of from about 25C to about 30C

Hybridization|is usuplly performed uhder stringemt conditiorfSf6¥
example, at 4 salt concentrgtion of no more thani| M_and a temperature of

5 i iti S Hicomniete -
vz atgéga 5t 25C ngr43t %q&%lféé e r TR BIEO ST
and Russel, Molecular Cloning: A Laboratory Manual, Cold8pfifigs
Harbor 15 Laboratoty, New {rork (2Q01) which is{hereby incorporated by

reference in ifs_entifet all_purpos . S eraiariapirayiirds (prariete
38 hrdfed tht chnfiot fpgr%gé%r iﬁggér#se%% 2?\@9'15 ructures baesefected in

brder tp dete¢t low-gbundance mRNAs. Thus, prpbes 20 with the highest

Tee energy camguted baseq onSNee restélal1ei97h1barﬂmodedhareingeﬂ%@t@uﬁete
34 ISikal (&, . 130, AT PagE S Kt Oraingy, thé present inwemtion

rovides a meéthod af designjng at lepast one oligbnucleotide probe for

ructergracid(s) deteqtion, WNETEIT the probe(S) ane ibmaelaietediny, bavieg

35 théighefrée?8hetGH2E8mA P REPHIEH B R2dlest- Neighgaesrodel.

pecifigity requires the selegtion of qrobes that afe most unique to a viral

genoeme—thisHs-to-minmize cross=hybridization of thé probes with other

non- 30 target nucleic acids (for example, viral genomes). Given probe sa
and probe sb WO 2007/021250 PCT/SG2006/000224 35 substrings. of
Togatheferiihicleierlisatesfanaans, whakrGReIRNcLEaaH ﬁ%!Haﬂﬁ%ﬁ%%"' anay

syntiUSRNGPRINRED AR ANG S A RABEUB SIS ifeshrfiontintdingsta total of

nucleic aci
390,482 probes.

Homeogeneity, sensitivity and specificity

Homogeneity requires the selection of probes which have similar melting
temperatures. It was found that probes with low CG-content did not produce
reliable hybridization signal intensities, and that probes with high CG-content
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 nucieic 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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Vb and/or on the longest common substring of sa and probe sb. In
particular, let sa and sb be length-m substrings from viral genome va and
vb respectively, 5 where (va # vb). The length of the probe(s) to be

v&g%g%ﬁ y be of any length useful for the purposes of the%ng%e(%te 5000224
' to

invention. The probes may be less than 100 mer, for example
mer, 25 to 60 mer, for example 40 mer. The hamming 10 distance and/or
longest common substring may also vary. According to Kane's criteria
(Kane, M.D., et al., 2000), sa is sp&tific to Va if: (a) the hamming distance
between sa and any length-m substring sb from viral genome vb, is more
than 0.25m; 15 (b) the longest common substring of sa and 8b is less than
15. The cutoff value(s) for the hamming distance may be chosen »
Hybrishzatiom@teber asrinjereyelestidas canphicedidiRe gl 2 RRss seRGfC
manfi {9 sgleebMpidiaBHiRg distange eptafeeordingde therrtiaytaidizing
stringency desired. 20 According to a particular example of thgherein

specicaiiib SR gy rPindingy SHRIRIEd RRnTHRAY GIRER AufofesHie
substEHlidiihsesPesijaoBgidaggbrucitinagslséyurmre it pehemess shder
10, preferably < 5 for conserved probes. With a specific rlobe it iﬁndicz?tes
stringepiRRnARRF MR ARk AR B G REP ST A ST s UL Sl
total asHINESTY esk PONA it drdiFigs aHybhidirdtionsnag.@5 mflelisizpaoifmyprobe
member of the family of the target,nucleic acid. Accordingly. the pr
nybriEHRGR A5 SRORERY PRI L HeS D SR atahge Fb B2y Pl
conditibny eléisre dicedeatiotionceviiertiom giveo prote thamatoptcbMskar (M) and a
substrings of target eic aci [ j i '
oA Sht AL e WA s B0 b 2 oA
EDTiength-TdQ ¥ Girees 78BRESGRC T /SOREI6I000 ZH 4T3 alisstting sh Roapout
oihe ic aci IS M 2 d e n
0 B o er e or
exardglemics wilhoongentstiprestyef mos thgpritiheed Roifmparaiirens at

least>2E0e CHBPAINS A0 DENAHERCTARCAlsY3h° SRR NIE BRI OB
he media of infected cell lines, reverse-transcribed, L

Russel, Molecular Cloning: A Laboratory Manual, Coid Springs Harbor

Laboratory, New York (2001) which is hereby incorporated by reference in its

entirety for all purposes above.

Sensitivity requires that probes that cannot form significant secondary
structures be selected in Qrder to detect low-abundance mRNAs. Thus, probes
with the highest free energy computed based on Nearest-Neighbor model are
selected (Santal.ucia, J., dr., et al., 1996).

Accordingly, the present invention provides a method of designing at least one
oligonucleoctide 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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and PCR-amplified using virus-specific primers (Wong, et. al., 2004). Each
genome cDNA was amplified in its entirety (as confirmed by sequencing),
labeled with Cy3 and hybridized separately on microarrays. The SARS

ridized well to the SARS tiling probes, with all 3,
Wé%\%%&%#ggﬁc probes 10 displaying fluorescent (Cy3) signal well above

the detection threshold (determined by probe signal intensities >2
standard deviations above the mean array signal intensity; Figure 7A)
Cross-hybridization with other pafogen probe sets was minimal,
observed only for other members of Coronaviridae and a few species of
Picornaviridae and Paramyxoviridae, consistent with the observation 15
that SARS shares little sequence homology with other known viruses

substigiazéitarget! NPOEEY AURSHRAR NtiofeFa SSIRSPDRARRR a7 JArthe BHiiRe
distar{ﬁ‘gel%?e?eﬁ"@ar%ﬁ@ﬁﬁiﬁé@%ﬁ- £Bbduilsl Werrhaene kiRt nucleic acid
y

ridization to the Dengue "I probe set was partially incomPIet%g,e.
Vo angéoirs HssIanastshigRRIMATL YLSHHNG RicSe SR GFRRE Sis. FHAPISRG et

s, arsPEPIENYBHGIRaH QuikeREaYiMeRs 20-sulgEadfiony admavaiiansselatdly,
1944 (ATCC Catalog #VR-1254), whereas the array probe set is based
wherg fving s‘éﬁuence of strain 5275/90, isolated in Singapore in 1990 (Fu at

al. 1992). The Dengue | probes that failed to hybridize with the cDNA
target each contained at least 3 mismatches, (within a 15-base stretc
The 'ﬁmﬂt%th&ﬂ&eP@ﬁfeé%E%.@eégﬁ@qﬁg JB8EET gpgr]l(?snsg VB |§gt@ﬁ the
purpceGsutred jeosenteitiegitenvitelpashed viray frelessetbgmet@dtronthter
array, particularly with_probes of other Flavivirid SHeQ ' .
example, R gcgiltyhé%ﬁe D%’n&ée ?ee}%tjgés%)%rp a&%%ﬁémologﬁ io ng
distane enstdoditingestl abonsbip SdtsieErghybydidsticanignal output and
annealing specificity, we first compared all probe sequences to each viral

genome using 2 measures of WO 2007/021250 PCT/SG2006/000224 37
AccosiintptiyKanele diienaititoaietdvide. (19Dphnd0R8XiswmBaeiit Buynifatch
(MSM, ¢ imilarity, JISIANEeHIHYR SEOUPRRES, from
wl\?t%)I%pﬁws%ﬁﬁﬁgé%%}r%{gﬁgﬁ%@s%iamm??}g’],._19%0). MCM measubres
theiralmbeooie coniscowiedtRRESAIEHh are exact matches, with high

SC(%r)e&go[ﬁ%@c&ﬁﬁﬁl‘?%ﬁ&ﬂﬂ@n&f@fz&n@%q)s less than 15.

The cutoff value(s) for the hamming distance may be chosen according to ‘the
stringency desired. 1t will be evident to any skilled person how to select the
hamming distance cuioff according to the particular stringency desired.
According fo a particular example of the herein described 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 providés a method of designing
oligonucleotide probe(s) for nucleic acid detection, wherein given probe s, and
probe sy, substrings of target nucleic acids v, and vy comprised in the biological

sample, s, is selected if the hamming distance between s, and any length-m

/S 2006/006224
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We calculated the HD and MCM scores for every probe relative to the
Hawaiian Dengue | isolate and observed that these scores are inversely
and directly correlated respectively to probe signal intensity. All probes on

ith high similarity to the Hawaiian Dengue | genome, | =
‘ga%gggy T = 10 27 (n=627), hybridized with median s,igsr‘-{f;l’i%é_z'g?""”““224

intensity 3 logs above background. Although 98% of probes were

detectable at the low HD range from 0-4, or high MCM range from 18-40,

median probe signal intensity decr88sed 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 15

respectively. The majority of probes (>96%, n>51,000) had HD scores
subsifgesniam thin ket siorsihdvieanare Hiast fidrem 120sbihanipngest

comtarbuetRngeiesiahia prepedlyRiedbeibdral Bross-hybridization

similarity threshold would be one where all probes identifying a specific
thogen would always have detectable signal infensity 20,above
To BB A n e AR o /B e A am N Ay "o cross-
hybrigfitatigenfseguancen/R e, GARR cimitaitrukresddinpile sdratyhdICMiral
=18, >98%.0f probes.could he detec ith jan, si intensity. 2.:
RN i B DL e, S B R B B e b ea.
and HIGR-amphiiel using wiruktspecifin pnilne8s%\Wiolge déteatior28fd). Each

gl o ¥ . .
sondfid RENICHAE SribIesh B A IaRe R M ImEd B, ShRoing),
labeled bidthe Byl probbyliridized seeaiateiikely foido@EeYsyivER SHiby&ample
hybﬁaﬁxﬁ%ﬂoty‘%ﬁé@@h%ﬁg 5%995&9%% A8 Y65 19 ARSI BERHRS Adbes

specific signature probe sets {SPSs), and we defined SPSs for each of

displaging pAURBEERTENSMED repiessntdebn Bhorerain@ asriestiopapisreshold

(detEMIHBABOISBINOSRRALINERGRSY SPsthRRMISsVigRIP eI tHERean
in the top 20th percentile j7column (2)]. Probes that do not have GC 5

array,&igaahintRBesY: (BN’ O) [ TiosRi KpHERTeS MR SAhgE RfeRIURRRDe
sets(RsYRIBIRGANQYSsEREbsS wesivethBe metiesRashaunts avitielzyidind a few

speé(gsf,se%g] (E)grgﬂlzf@eﬁggdéhpegxpnaéhgg%r}n%%%%?ri%cg %gggsl}:ﬂe%y V\g%ﬁl%rgnoggéwation
that SARS shares little sequence homology with other known viruses (Ksiazek
et al. 2003). The hybridization pattern of Dengue 1, on the other hand, was
more complex (Figure 7B). First, we observed that hybridization to the Dengue
1 probe set was partially incomplete (i.e., regions absent of signal) due to
sequence polymorphisms. The Dengue 1 sample hybridized on the array was
culiured from a Hawailan isolate in 1944 (ATCC Catalog #VR-1254), whereas
the array probe set is based on the sequence of strain S275/90, 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 fo 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 860-70% 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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[column (5)]. No. of predicted Total GC Human No. of cross- No. of
Pathogen Family tiling AES content Genome filtered hybridizing probes
probe (1) filter filter probes probes in SPS $ (2) (3) left (HD54 and (5)
WMCM218 (4) 1 LCMV Arenaviridae 1283 574 1 18 555 0 555 2 Hanta;a\n
BaRYAAHde 834 131 6 22 103 2 105 3 Sin Nombre Bunyavitidag g37%/ 000224
225829188 3 191 4 229E Coronaviridae 3495 196 2121822 184 5
OC43 Coronaviridae 3937 663 16 43 604 3 607 6 SARS Coronaviridae
3805 672 6 78 588 3 591 7 Denggle t erotype Flaviviridae 1370 201 2 47
152 50 202 a Dengueserotype Flaviviridae 1370 178 0 36 142 71 213 9
Dengue3erotype Flaviviridae 1370 1 336 1 51 284 69 353 10
Dengueserotype Flaviviridae 1361 172 141 1 130 44 174 11 Japanese
simildrigvivirioae HAMR6 6412044 endephakiroum vwestigieus match

laviuviridae 1401 111 22 iviri :
ven PR A o el P A Mo S SR R: it ow
scoreb3ibr Hiniltumeza anOeh dhigrovinidad 9532 KM ressyressie pgmber of

consedfienzg B Orthomyxoviridas 18221481669 Gk 2 Ehsran ot similar
I

papillomavirus Papillomaviridae 1011 177 1 7 169 0 169 type 10 18

sequavey (Karengielidf888)1705 375 23 60 292 8 300 19 Newcastle
Paramyxoviridae 1943 252 0 8 244 0 244

We calculated the HD and MCM scores for every probe relative to the Hawaiian
Dengue 1 isolate and observed that these scores are inversely and directly
correlated respectively to probe signal intensity. All probes on the array with
high similarity to the Mawaiian Dengue | genome, i.e. HD =2 (n=942) or MCM =
27 (n=627), hybridized with median signal intensity 3 logs above background.
Although 98% of probes were detectable at the low HD range from 0-4, or high
MCM range from 18-40, median probe signal intensity 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 (>86%, 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,
>98% 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



disease 20 Nipah Paramyxoviridae 2335 274 22 17 2350 235 21
Parainfluenza | Paramyxoviridae 1995 625 13 62 550 3 563 WO
2007/021250 PCT/SG2006/000224 39 22 Parainfluenza 2
Vggrﬁwéqyga’dae 2002 838 31 45 762 0 762 23 Parainfluenza 3 - 60 '
aramyxoviridae 1979 834 29 104 701 9 710 24 RSV B Paramyxouingas 00224
1948 655 52 66 537 4 541 25 Echovirus | Picomaviridae 945 439 3 72
364 59 423 26 Enterovirus A Picornaviridae 946 205 09 196 21 217 27
Enterovirus B Picomaviridae 944 18® 0 15 94 47 141 28 Enterovirus C
Picornaviridae 945 202 0 19 183.31 214 29 Enterovirus D Picornaviridae
944 191 016 175 15 190 30 Foot and mouth Picornaviridae 1036 356 26
5325 0 325 disease 31 Hepatitis A Picornaviridae 955 355 9 37 309 0
refer3go BB R GRS A TRieoHit Fisnatue PEI2 st E3PRshoand age defined
spsRinQdnsJp t‘ﬁ&‘@%‘g‘é{ ﬂ?géﬂéf'h%s?ﬁa REkhttdon e Ny (Table 2).
Retroviridae 1174 229 4 17 208 0 208 35 Rubella Togaviddae 1246 748 -
534 3211 0211 Total 53555 10955 11497 pathogen's SPS .
Tabiaod ol 2 IR oG0S GBADAET ORETR: S LS LR b Bigbes with
AESMig Mﬁéo&n;&w@" pereersitehybollizing (INbadrdbegethfbrdootistr have GC

pathoge =4, M = 18). 5 We pext considered other non-specific,
A TR R e L R ks S S R )
wergelsesyddrfrohep lde e dfsernardieg gathalgariatiohishi wiie twess pybtidize
signal.and %GC content,.Consj ith.previo nations,
to 3 R G GReE Lk BT R SIS 4808 e sps
[coluvhiidPiobes >60% GC content showed higher signal intensities 10 (Wong
at al. 2004; Maskos and Southern, 1993). Thus, we utilized %GC

No. of
predicted
Total GC Human No.of | cress- | MNo. of
. tiling |AES confent] Genome |filtered hybridizingprobes
Pathogen Family probe! (1) | filter filter probes| probes |in SPS
s (2} (3) left {{(HDs4 and| (5}
MCM=18)
L),
1 LMV Arenaviridae 1283 | 574 1 18 555 0 555
2 Hantaan Bunyaviridae 834 |131 8 22 103 2 105
3! Sin Nombre Bunyaviridae 837 1225 8 29 188 3 191
4 228E Coronaviridae | 3485 1128 2 12 182 2 184
5 0C43 Coronaviridae | 3237 |663| 16 43 604 3 607
5] SARS Coronaviridae | 3805 {672 6 78 588 3 591
7 De”guef@mtype Flaviviidae | 13701201| 2 47 152 50 202
g Dengue SeOUPE|  kavivirdae | 1370 |178] 0 36 142 71 213
o|PengUe SOTONPS)  Fiaviviridae | 1370 |336| 1 51 284 69 353
jo|Dengue serotype: o iindae | 1361 [172] 1 41 130 44 174
qq] Japanese Flaviviidae | 1404 |274] 6 64 204 40 244
encephalitis
127 Woest Nile Flaviviridae 1401 {111 4 22 85 22 107
13 Yellow Fever Flaviviridae 1389 151 © 8 145 10 155
14{ Hepatitis B Hepadnaviridae § 409 |146 2 10 134 0 134
18]  Influenza A | Orthomyxoviridae | 1582 | 601 2 46 553 o 553
16| Influenza B | Orthomyxoviridae | 1822 1718 7 gg 642 2 644
Human
17} papillomavirus | Paplliomaviridae | 1011 1177 1 7 169 0 169
type 10 '
18 hMPY Paramyxoviridae | 1705 [375| 23 80 282 8 300
qg MNewsastie | o vxoviridae | 1943|2521  © 8 244 0 244
disease
20 Nipah Paramyxoviridas | 2335 | 274! 22 17 235 G 235
211 Parainfluenza 1 | Paramyxoviridas | 1985 | 825 13 82 550 3 563
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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 15 In case the target
Wﬁ%l}%ﬁﬁ%ﬂ to be dete_ct_ed is_ extracted from humans_(for_ exg @I@ 2006/000224
uman samples containing viral genomes), probes with high homology to
the human genome should also be avoided. Accordingly, for any probe sa
of length-m specific for the target nucleic acid va, the probe sa is WO
2007/021250 PCT/SG2006/00022& 40 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 sa length-m. has hits with the nucleic acid different from
the target nucleic acid, the probe sa length-m with the smallest-maximum
22 Pagligpemear®, | Eathveridder WitPn &8 hsthumber B hi@;@i@;@qga_ teh (62
23 Papsiiftierdas [fGRrany- iR mRPala‘da Fits iof sd%ith ndRuman 110
e

gﬂf\ FaVaaVal
,Eq @ .§$T ||4uCIILIIéz}1
24 aR8Ydind wWiRPREEI%kS ] n-(Altsghul St 81097 A—— o
A e-Sxpeciaih-vake H 400 as-ueer;
26 Em‘ﬁ’ms£" '\ii%lcq 2 r;tg\ if ﬁoﬁr)e 0 Hhave-any 186 ., -thedt

27| & qaraidae | gaa Liogl 0 TN ge T T e U T
28] Egierpvinis ol Clsainarian | 945 12031 0" L - hE L SRS et T et
5o B, - blsormawidas | 0aL | 1O W%% 190
FopGIHR-aHgRrHent |C||g$|| ang-with—teeast umber of s W%S 205

3 s&l@gg@aﬁ: uRtlsermsiiEe as 1SR briffization with hinfan sequences
31 mepdiialso [condouadidresuylesavesampired all probes t#ffhd hurflan | 30°
a9 Iﬂyﬁqu%!eﬁa sem;?,lﬁg\gméud lg)g(lm@jr:e}_@ne! H}szi\pl G(::-nmarne Seguencings
gt ?"Ucnj:éélg Ao gNAlySIS Q1 Ue TRkl geqiome. 437

s

=

o

w

D

.

N

:
=

33 Rbinovirts, 6, 890 thoal & AV 008
T AR 2N O35 U)QBL/-_\bl THSITY ap01d Size of 508
oy }.’ﬁun[é I?L:I e "‘“.'rég%%daéf' B3 llllMé:X%QIatlon \mlue o1-.4P0;were Turtnes 1
fittere fronTthe RS (Sug:zEaHie 2Ziabove). Accordinpiyedbe present | 11497
mventiorrprovides a 1method of désigning  oligonucleotide probe(s) for

nucleic acid detection, wherein for any probe sa of 20 length-m specific -
for the target nucleic acid va, the probe sa is selected if,it does not

Eacha RAHQUFRIP aP R g RITH" ﬁ@dﬁ@fﬁ’cié’mﬁ&%nﬁfﬁéﬁ%ﬁ Panpgelg' ngq?:%ﬁ%me

sequahite IPIEhaTRR63, lasgivelh dashitssviffbtiizng|probeid diffirshfrom

other pathogens (HD = 4, MCM = 18).

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 exiracted from humans (for
example, human samples containing viral genomes), probes with high
homoiogy to the human genome should alsc be avoided. Accordingly, for any

probe s, of length-m specific for the target nucleic acid v,, the probe s, is
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from the target nucleic acid, the probe se length-m with the smallest
maximum alignment length and/or with the least number of hits is
selected. 25 Further, the design of the oligonucleotide probe(s) may be

W%Sﬂﬁﬁ'ﬁgoom by AES according to the invention. In particulag4&:1006/000224
Invention provides a method of selecting and/or designing probes wherein

a probe p; at position i of a target WO 2007/021250 PCT/SG2006/000224
41 nucleic acid is selected if p; is predicted to hybridize to the position i of
the amplified target nucleic acid. ffPparticular, the oligonucleotide
probe(s) capable of hybridizing to the selected 5 region(s) may be
selected and/or designed according to at least one of the following

criteria: (a) the selected prob h CG- 409% 9
Ot e e s R e b AP

from bﬁb@ga@@eﬁi@;ﬁr@@ré\lwhbw@qﬂehelqag@b%vgg Rradier9n. diad ritbeveth the
substrings_of target nucleic aci and v, is selecte d e
nuc ?fﬁrﬂﬁﬁ%g 50(5& ?a gh@?gf%t%ﬁ%%@s%nﬁg Sﬁ‘oﬁ i the
smaﬂémmﬁmﬁb f @ﬁgthmﬁ/dengtht@wb@esﬂﬁ*oﬁhnomasﬂbsmn@ﬂfﬁhﬁ is
S o an robe a of len ecifi r eta |
slod d HATUES B e 2K SR A eSO b M e fuman
gend&@oareffaundckmdﬂaﬁm Bt Hkgmrﬁhmdr@&snbulelﬁﬁudefaﬁﬁ iftBe7). A

BLAﬁTtY)\??f 'e”%fr‘ %ha%k;t eng@”&\ﬁ%‘ﬁ%&ﬁc' %%Fﬁ‘b&%ééh?s?&%tfmd

rob e smallest maximum alignment
all hiength iarstfechsth ifhie desst nahfimeodnithiiswibiébe berana/ge(me, that

is, it Qéo o g%th §'t'(¥%\:\9§\%ia{9§ﬁ Relpic Acid isseRiRedest \‘?ﬂnéﬁ/é’l’ﬂ@% the

iZe to the position’i of the amplified target nucleic acid. 2
humAncgﬂmagl@o thpsriovithy thsp seodieRt MIKITLA tﬁﬁ&gama?é%ﬁma and with

the lggﬁrlﬁlmber of hits was selected.

Furthermore, as cross-hybridization with human sequences could also confound
results, we compared all probes to the human genome assembly (build 17)
(International Human Genome Sequencing Consortium. Initial sequencing and
analysis of the human genome. Nature 409(6822), 860-921 (2001).) by BLAST
using a word size of 15 (Altschul et al. 1997). Probes with expectation value of
100 were further filiered from the SPSs (see Table 2 above).

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, fength-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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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. 30 WO 2007/021250
WP eEEPE061000224 42 In particular, under the criterion (e)F G ProBa R 000224
at position i of a target nucleic acid va is selected if P(p, | va) > A, wherein
Ais 0.5 and P(p; | va) is the probability that p; has to hybridize to the
position i of the target nucleic acidtya. More in particular, Ais 0.8. 5
According to another aspect, the invention provides a method as above
described wherein P(p, | va) ~ P(X <_ x) = k , wherein Xis the random
variable representing the amplification efficiency score (AES) values of all
nuclefy g of walkcisdhif munsberaficiedds itylaridize dpighiee peaitiver bof the

: pro tes whose AES values 10 are <_x;. According to another aspect, the
amphﬁ rget hucieic act

SO be used to design random primer tags to facilitate random
amplification of sample by random PCR (for use in applications such as

etectiop. of ' ressiQns (e
In P S L A R e B g bR
regiorésidoraPBR)sSgutedsiarst/ oligirtideetdagsentismica 2t Retoriinge

noiher aspect of the invention, the method of selecting and/or 20
folloﬁ&@ig%g at least one oligonucleotide probe(s) as described above further

cdmphecseiesiep orphafalifgaeErearierhimdilia e Probe(s).
DesiaRn SSRGS ANBERSS BRI IR et RBECaIEY computed

designing it by any suitable means, for example by using a software. The
step digsepambarsepribRierbiadshe physical preparation of it. The

PrebeyRigy BroBeRaradd prageordisatieringStanedagbmelbhsideoids in and
the art. For example, the probes m bﬁ chemlcalgf %nthe%lzgg{i or and
prepaled%yieISRIRGIShr BRERTR doe hamming distance between s,

any length-m substring s, from the target nucleic acid vy and/or on
the longest common substring of s, and probe sy,

(d) for any probe s, of length-m Speciffc for the target nucleic acid v, the
probe s, is selected if it does not have any hits with any region of a
nudieic 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 pi 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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described in Sambrook and Russel, 2001. WO 2007/021250
PCT/SG2006/000224 43 There is also provided a support, for example a
microarray or biochip, prepared according to any embodiment according
%t%,g&g%%ﬂt invention. The prqbe(s) _deS|gned and_prepar_ed ?5%%8%@6}060224
to any method of the present 5 invention may used in solution or may be
placed on an insoluble support. For example, may be applied, spotted or
printed on an insoluble support according to any technique known in the
art. The support may be a solid supgort or a gel. The support with the
probes applied on it, may be a microarray or a biochip. 10 More in
particular, the present invention provides an oligo microarray
hybridization-based approach for the rapid detection and identification of
In padindganends dhenspleniaal @ drmsabe madRreliens) #ba target nucieic
cid PER@MRified, cONA prapased om,paraay ispue saraples ApHarliswatne
acndfro%n !g;ggcll)%ng%CR- ang%rfﬂie‘é cDNA(s). 15 In the following des”c{r}iogﬁoﬁg, the
probpisiier abian s i e hidridi ‘dﬁ mittﬁaamusﬂ' b. i riecbér’fmtatga mum{emd i ra;\jyid Va.
However, the suppojt, as well as the probes, may be prepared according
MOf?o’%R?@ggﬁrpﬁd%%' ross the whole content of the present application. In
particular, an "array" is an intentionally created collection of 20 molecules
AGC‘\?/TVR%@% rr%gyg)ne%%gp aéggeeé{h%%quwx Fﬁ%@ﬁ&@t@“ﬁ%@ho@e&s above

ules in the array'may be identical or different from each other. The
array, may assume a varie formatsee.g.. librarigs.of.sal bl
des%‘b%%ﬂ&érﬁm;ﬁg% i}’ﬂiﬁrgy&%ﬁc’d’% ethered P§ Fglsnlr?%eggglg, lTlSI ﬁdao%iggflgr ©

other solid supports. Array Plate or a Plate is g body havi lyrality of
reprgRaling (i aneldnation,s *%@%a%ﬁé%ﬁ?&%ﬁﬂépéﬁ?e?g%gf}%%ﬁ%‘p"m K
is thrhysisak T ierotasisiant tatdecpas dag e oinbgrickpaniddo whingaA AR saues
space, referred to as a well. Sample preparation and hybridization onto
are the'Microarray The biological sample may be any sample taken from a

Accordmpab fanettamplep86tfrim Al Bnaabeisp Tee tselddicatisaigplaanapm
primbeer %%%qbafgc%t\é{clau}gha%%\/%n%ﬁ?f%% 1(7:1/{(1)% %%%Bi%ﬂ? %%%%%Olgﬁ%gffor Use
in applications such as detection of pathogens, detection of gene expression,
constructing clonal DNA libraries, and other applications a skilled person would
empioy random PCR).

Synthesis of oligonuclieotide probes on a support

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

designing at least one oligonucieotide 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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44 urine, stool, and the like. The biological sample may be treated 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

ch. ended to be detected. The target nucleic acid to
wo'HG /dgﬂtgff %?cﬁﬁ%%gmeom

may be atleast 5 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 ac# which is not from human origin.
According to an aspect of the invention, the target nucleic acid to be
detected is at least a pathogen genome or fragment 10 thereof. The
pathogen nucleic acid may be at least a nucleic acid from a virus, a

Thereparakite porvidededi ShipReh f@gﬁ@ﬂ‘m@r@dﬂiﬂ%FﬁH‘n@rﬂ?‘Sﬁfﬁgpgﬁ?Bfww

; [ i s pyidetha a¢ afvEangst nucleic acid
accor%@ﬁéwgr%@%ﬁ%éﬂgrget nucleic acid(s) from a 15 biological sample
desired to be detected may be any target nucleic acid, RNA and/or DNA.
The g%%@(@ﬁ&é%ﬂ@%é%l@w%%d\é@faiﬁgpwtmwammméthwpi@sent
acid to be detected may be a pathogen or non-patho en.i qu exarré%lgt, Igor
inventigay MEYHeS§ErBne By aEma R RIGsF-PTeal: BRg IRl SHHB3S:

examBRE aGYALE sRHospbIRAS LPNSrPAsasEe. AMinpubbisie seippterd acddoding
prepared 20 may be place

> d lied and/qr fixed on a supp. ordi

to anyGargnitRIRE B IRIBRA ﬁt&?&%ﬁiﬁ‘éﬂy&?s%r??ﬁh%ﬁ%ﬁh‘g Agel.

The sSHRIRMLIRAVIRG BobiEslpblieduppititniay Gampliemaiy suppbiedhip.
particular, a microarray and/or a biochip. According to a particular
example, RNA and DNA was extracted from patient 25 samples e.g.

MorelisaUegas@iaianasilephprysgetl inssnsrstanoviieg esmbiiged BieIoEsIaY

.and commercial kits. For example, Qi ' cleic AGigLSMHAGHIN of
hybrickZR R RS TR Sy, %hgh&%%%@foér%ﬁ%@% e s the
pathaerestifor ab@higlandial RMFoAbpaserialgoathagarEinltRBaRCBramplified

I described R -
con TR B SRR Rt et e
amplified cDNA(s). '

in the following description, the preparation of probes is made with particular
reference to a microarray. However, the support, as well as the probes, may be
prepéred according to any description across the whole content of the present
application. In particular, an “array’ is an intentionally created collection 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 fo as a well.

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

from a human being. The biological sample may be blood, a body fiuid, saliva,
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transcribed to cDNA using tagged random primers, based on a protocol
described by Bohlander et. at, 1992 and Wang et. at, 2003. The cDNA
was then amplified by random PCR. Fragmentation, labeling and
wiyBkigigatiag of sample to the microarray were carried out as p@%q‘g
by Wong et. at, 2004. 5 Microarray synthesis According to a particula
experiment described in the Examples section, the present inventors
selected several viral genomes representing the most common causes of
viral disease in Singapore. Using tffe complete genome 10 sequences
downloaded from Genbank, 40-mer probes which tiled across the entire
genomes and overlapping at five-base resolution were generated. Seven
_ replicates of each virus_probe were synthesized directly ontg the
urinen iRl 29 % R IOt R G GRIGEY, BY- et Sodsge the
nucldib e duRbeswpitssaniombedisithugiealonsdinpibciosisey teamyiimizedhethe
effects of hybridization 15 artifacts. To control for non-sgef:ific id which is '
ampPhfiEHIRDa AP of EMBIER SIOBEL fﬁigom%fig%%ﬂgoﬂ L BB WETE
intendesigodstadstsyieiticTizedpptd thekicraciday bEhdet®000ay be at least
oligonucleotides did not have any seguence similarity to the n
2 nGEREmECHY SR DHBoGh JERoNLae e oS o SIoHa iR mele:
Accotitglyy €Gheohietugitiadsmapipleesnfemsusedhtiedracip oennpsiopus target
intensity. 20 A ifi 00, oli cleoti ;
o e e L oo
whichyisthesiZecro it ainr @yigin. pfeenoriding Pyvmv aseedhelidesl yention, the
targ oﬁﬂavlgl\é c(éggitﬁq{of%réactg{%@d geREPYRately 388 Q00 PERPEEn I $ragment

Ing description, the invention will be describéd in more particularity

thergaith Thfenraticegerpiaie aaidatation ahig2st ananraiqace fenayiys, a
para@ﬁé?@@)a'&'@ﬁﬁwﬁrop@ﬁéﬁéﬁ@ﬁ msthed) 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. WO

AccHBd0R18RGESHASS 2RAGHROQARANYE YIS H) Oh & RIQRHNG R GE FIBIBISHE of
acid(s) According to another aspect, the present invention prov_léi , af ,
targehelsdelg acid detection analysis. The farget nucleic aci (%3 from a
biological sample desired to be detected may be any targe_t nucieic acid, RNA

and/or DNA. For example, mRNA and/or cDNA. More in particular, the target

r

nucleic acid o be detected may be a pathogen or non-pathogen. For example,
it may be the genome 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/Chioroform may also be used for
the extraction of DNA and/or RNA. Any technigue known in the art, for example

as described in Sambrook and Russel, 2001 may be used. RNA was reverse-
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5 detecting at least one target nucleic acid comprising the step of: (i)
providing a biological sample; (i) amplifying nucleic acid(s) 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
Wﬁé)@g-’f%llzégmple, 10 wherein the probe(s) is prepared by usg frefifoyo224
according to any aspect of the invention herein described; (iv) contacting
the probe(s) with the amplified nucleic acids and detecting the probe(s)
hybridized to at least one target nésgleic acid. 15 The amplification step (ii)
may be carried out in the presence of random, partially random (that is,
comprising a fixed portion and a random portion) or specific primers. In
particular, the amplification step (II) may be carried out in presence of at
transtefisicdrne raiddfn psingr. tepgedn pardomaniimpsprossace ohag |gustocol
desolfiSd B RGN GIET 388 PLALSA SIS eHSD RN s
or example, the amplification step (i) may e carried out in the presence

then afmplifiedthay taodamd&ie Brifeagmentatiaplifiehsdingnanbdxhddzaianeof
samiS I8 R’ﬁéﬁ%%%&ﬁ%@'@é’«'ﬁe%@a@'H@@é%ﬁ*&ﬁ%?%‘dﬁgﬂé%ﬁ%o@.

particular, the present inventors developed a method of detécting the 25
probe(s) hybridized to the to the target nucleic acid based on the

Micr@g}p&éj@mg@iency score (AES). This may herein also be referred to
as the algorithm according to the present invention. In particular, a

Accorsingrte ranBeRi pHATePXRREMES $Bstikied dndhe&masarigAdRRrtfimdRe

pres@IdNQLRIBRS IR AER [HBekr UGS agienchiss Seipriedmingndhe most
primers having an amplification efficiency WO QO_O?/O 1250
comiperT/SRYSEBeRI0NEU IERass Y ALRIFREFR LIF RS SIS nGBFRIStE Enome

seqUBREISIC ASithiFadkd roht BienbaHKI )8 -Ridkpished iwttanx (itel J4G08) the
entir;éevr\zlgﬁwrgisnapn'd(@v@ﬁégE%rZQJraE;r&i\fez- géé'a‘epsrc%%zm were generated. Seven
replicates of each virus probe were synthesized directly onto the microarray
using Nimblegen technology (Nuwaysir, E.F., et al,, 2002). The probes were
randomly distributed on the microarray to minimize the effects of hybridization
artifacts. To control for non-specific hybridization of sample to probes, 10,000
oligonucleotide probes were designed and synthesized onio the microarray.
These 10,000 ofigonuclectides did not have any sequence similarity to the
human genome, or to the pathogen genomes. They were random probes with
40-60% CG-content. These probes measured the background signal intensity.
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 fo 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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k=max(i+,j+500) Pf (i) and P" (i) are the probabilities that a random primer
ri can bind to 5 position i of va as forward primer and reverse primer,
respectively, and Z <_ 10000 bp is the region of va desired to be

mgﬁ%%ﬁ%ore in particular, Z may be <_ 5000 bp, <_ 1000 M(f_}e%/ooozu

500 bp. The amplification step may comprise forward and reverse primers,
and each of 10 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 hybridizestfo 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 any of SEQ
ID NOS:1-7, or a variant, or derivative 15 thereof. The. biological sample
may be any sample taken from a mammal, for example from a human

MetH¥INGF dbebistpisrbsamalaaanbrilispue, sera, nasal pharyngeal
washes, saliva, any other body fluid, blood, urine, stool, and the like. 20

The biglogical sample m e treated tq free the nucleic acid compri i
Ao g RO BB & Sarry PRt MBI I e TRghed o
deteddrgebhikelsioreidipey ey acideiorapittingithaésiatentied to be

deqt cted. The ta e% nuclleic acipeto be detected may be at least a nucleic

ac'§ 8&%\6 W2 E’?ﬂ _ 'FITRICRSH of the biological sample. Accordingly,

if e aiohdiditad sarieie s $Hornmpisadrn tHbekinjedisas 3argeteiucleic

acjd.{o.be detec if Jar ' J i | a3l

R e R e R T e SR o

48ahdeastim® farashdutaeineanidentiontasenarethrchifiegirplogmple,

defaciediis ti%% I?@%%Q&ﬁgogﬁébgﬁé@r% AsirRpMeRLIASEeakcBing to any

pathogen nucleic _ be at least a nucleic acid from a virus, a
pagssiest oplithetdnneniior daranianaiRedor. 5 Accordingly, the invention

ProNHIESRARENPLHOTHEIRTUI IithaHE aFhBIREE St uBIHE KRR CaridPdeseting
in a biological sample. The method may be a diagnostic .
the probe(s) hybridized to at least one target nucleic acid.

The amplification step (i) may be carried out in the presence of random,
partially random (that is, comprising a fixed portion and a random portion) or
specific primers. In particular, the amplification step (i) may be carried out in
presence of at least one random primer. More in particutar, in the presence of at
jeast 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 amplification 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 amplification
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 | of a target

nucleic acid v, are selected among primars having an ampiification efiiciency



10

15

20

25

method for the detection of the presence of a pathogen into the biological
sample. For example, if the biological sample is obtained from a human
being, 10 the target nucleic acid, if present in the biological sample, is not

from human. The probe(s) designed and/or prepared accordi
Wi 6fthe present invention may used in solution or may t%l p(a;q‘g]a}g /006224

on an insoluble support: For example, may be applied, spotted or printed
on an insoluble support according 15 to any technique known in the art.
The support with the probes appliél on it may be a solid support or a gel.
In particular, it may be a microarray or a biochip. The probes are then
contacted with the nucleic acid of the biological sample, 20 and if present
the target nucleic acid(s) and the probe(s) hybridize, and the presence of

scoreth¢AB§At rfocleievarid ispdstieted InqfarttulbaraethabekaistiodCcEepay)of
the mean of the sign%'&ntensit'es of the probes which hybridize to va is
statstic igher th n of the probes e va, thereby indicating the

AES, pzreﬁz‘n gl&gﬁn theazl?ggilpjl sample. 25 More in particular, in the
detéEtfon step (Vi TRE MEAR of the signal intensities of the probes which
hybridize to va is statistically higher than the mean of the probes o va,
and the method further comprises the step of computing the relative

difference of4 Zép,rr?%i)rtion of probes 0 va having high signal intensities
wigéréirthe progarfion bt thdPffobps dE6d2) the ddtddtiéh method having
high sigkie»261%/021250 PCT/SG2006/000224 49 intensities, the

PITR PRl (B eRAkiBLCRsles o aBRP KRG, BAEbInd to

pc%fi'?{cﬁ'xir? H?%Qiggﬁ%@ala?tarwﬁé Egam?el, m_im]emme;lmqﬁ\@sp aggi Z <
e presence or a target nucleic acid i 101001 a e 1S glven.
Q0 57 188 GO e ISR o SaP Tetla s T NN, 2

- or a
m¥ R of \Weoahipr Kullbegkobethler dgeérgpnce of >_ 1.0, preferably 7 5.0.
in particular, the t-test value is s 0.05. 10 According to another aspect, the

present invention provides a method of
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 patrticular, the
amplification step may comprise forward and/or reverse random primers having
the nucleotide sequence of any of SEQ ID NOS:1-7, or a variant, or derivative
thereof.

The. biological sample may be any sampie 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 iike.
The biological sample may be treated 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 biologicai sample is
from a human, the exogenous target nucleic acid to be detectied (if present in

the biological sample) is a nucleic acid which is not from human origin.



10

15

20

25

30

determining the presence of a target nucleic acid Va comprising detecting
the hybridization of a probe to a target nucleic acid Va and wherein the
mean of the signal intensities of the probes which hybridize to va is

%ﬁ%ﬂ%@igher than the mean of the probes e va, thereby W&g
the presence of Va. In particular, 15 the mean of the signal intensities o
the probes which hybridize to va is statistically higher than the mean of
the probes e va, and the method further comprises the step of computing
the relative difference of the propd#ion of probes e va having high signal
intensities to the proportion of the probes used in the detection method
having high signal intensities, the density distribution of 20 the signal
intensities of probes va being more positively skewed than that of

Accopiisigsiseda, asersohinedangniienpibseiraot DHCIRb - JarELIESrgd s
at ;egé?%%%%rgﬁewrgsﬁme&ﬁ 3ehd iR Diplagictl SEHaPsinehen Avckeialueid

of t- test <_ 0.1 ahd/or Anderson-Darling test value < 0.05§nd/0r,a value.

may re\ebilpast RumbasicLafife RT3 cifdsrd PRRSIRIQLIFCEEYNES 2

fragnf&ARRectd 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: (1) providing at least one

Accogm@%ar@mp@twgiﬁrgmﬁym%ma@ aﬁ;%%gc%mggémi m(ea;;e a target

iological sample; W 71021250 PCT. 4 i) 4 ,

il ARing SRS e BIYORGEL IO Bl PR B 1 KN I6eP ol

metH@dSmr}m@rr]Qeteugdmmac_Jtﬂdet rl]fppeseelrgfﬁ{alndh@ bmw:'san‘tpldh@\.};io(og:cat
contacting the pro WL £ amplil C &

sem Ot EEed e AP Ao ST Tl SCHFHE Biing

the taigeanintbsisiteiditheqsaiids thiithaybiddizeampleidsnaishieanyuimsier

than the mean of the probes o v8, thereby indicating the presence of va in

the biological sample. In step (iv), the mean of the signal intensities of the
The probetsytiesigneridind/ar vaenaras seaesiding ypey maiheR aidaa Brefent

snveRﬁﬁR%%{‘;pseaﬁkAhgﬂﬁm%ﬁ%%fw%&?so%at%em@@uaﬁam%r
relative difference of the proportion of _ S

example, may be applied, spotted or printed on an inscluble support according
to any technique known in the art. The support with the probes applied on it
may be a solid support or a gel. in particular, it may be a microarray or a

biochip.

The probes are then contacted with the 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 va is
statistically higher than the mean of the probes ¢v,, thereby indicating the

preseance of v, in the biological sample.

More in particular, in the detection step (iv), the mean of the signél intensities of
the probes which hybridize to v, 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

N i000224
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probes e va 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 va being more positively

- (3?8?@%?1%” that of 15 probesva, thereby indicating the presgnegata@dhoozz4
e biological sample. In particular, in 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 > 48.0, preferably ? 5.0. The t-test value
may be <_ 0.05. The nucleic acid to be 20 detected is nucleic acid
exogenous to the nucleic acid of the biological sample. The target nucleic
acid to be detected may be at least a patholgen gengome or fragmen

t, .
intensitiesedheT e paitiogisirhuéien akilnehajane e e O R OBt ENY
more éic'ie%ﬁslfe I REG PHRACEIHDs ﬁFd%%ngr’ch@\@l@Pinmdﬁmgum, pvsance

e Is obtained from a human being, the target nucleic acid, if
of v, iprissehidipgieabsanamRyical 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 seqyence, of RSV B T.q -
For exemfyi¢ thetbarrefsstiniigiea (ﬁf@ﬂgﬁe@ 8&%&%&%%&?&% ?%é?o%ggof %2
bioloaYEuss Firgekeosiplaian wid theistconesporiing\aiplisivatidarling test
efficiency WO 007/02125%CT/%§2E%%3 O%%Eéab?&rs&i’f %é%t%jfoju 1.0
valuefige IS SRTET SyalRent VRIS OB B ommon pathogen ’
prefefiifging bumasaitieuluitae tassiattnespnsylddirus B (RSV B). Next,
the probe design criteria, as described above, were applied on the 5
template sequence of RSV B obtained from NCBI (NC_001781). This

Accot@Rigtas inrdngmmimscspatied metsepdchnsiotioay ovideantliMaion of
oo e A 5 B AR SRR R iy ltecing e
hybritheaf&:$ dfighprdbartdhe argeiguickels aeid N};jﬁj@fﬁﬂ@i‘@f@[@dhﬁ]wg the
s N R RSA U matfeair, wsatmpiorcr tan
fhe nMeisnoa iy axpbemIents, WesesbyrodiestingH b ecRiRRANCJPaYe- In particular,
the mean of the signal intensities of the probes which hybridize to va 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 density distribution of
the signal intensities of probes v, being more positively skewed than that of
probese v, thereby indicating the presence of v.. More in particular, the
nresence of a target nucleic acid in a biological sample is given by a vaiue of t-
test < 0.1 and/or Anderson-Darling test value < 0.05 andfor a value of
Weighted Kullback-Leibler divergence of = 1.0, preferably, = 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 biclogical sampie;

(i) amplifying nucleic acid(s) comprised in the biological sample;
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~intensities for one such experiment is shown in Figure 3. 15 For each
experiment, the signal intensities of the 1948 probes were ranked in
decreasing order and were correlated with their corresponding AES value.

wWH8oPrHa{yg Was found to be < 2.2e-16 on the average. This indicatesiosnoo224
that the correlation between the signal intensity of probe at position i of

RSV B with AES; 20'is not at all random. Further investigations revealed
that about 300 probes, which consistently produced high signal intensities
in all five experiments, have amplffftation efficiency scores in the 90th
percentile level. Having shown that the described amplification efficiency
model works well on 25 the RSV B genome, it was desired to show that
the model according to the invention may be extended o%}rtﬁrg\/iral

geibrRERiiNGeRt IkASHRIGRYSRILS ealpe PreRR HaR PEdigRe to
humarsmetepBaLRegE: anHMcIE?&)imeeéf;mﬂmthereimejg;_cm@ammaes .
on the microarray. Again, the amplification igiency map for HMPV. \

o BB 08 SRR, M O A S HRS S I8 reteing
PCT/SG2p61R0o2b Adifeite earsighalisittn sitie Ynarberpliithéonean of
efficie scores gave.a p-valye of 1.335&. ardingly, the amplificat
CicionCh MOV daisling 1 e Mool CNEEEs A B A
strengtiigifesicthals fineducearb\ofiffeeemirobgions: uf,a thieatlyerodieatingethe
described e>r<]peri ent set-up. I?robes'g m riggions with low amplification
efficier“gcry?sse?:o(%%s&j ReEa Gfg%qg %%cy%o Bro‘duce no or low signal
intensities. This would result in a false negative on the microarray. Such

I s B T A e e o e

is statisfiballi ricbarshary dhegarrsneofidhbamebse ser GRiniply Meinedyriner
comPRb G LD RIS AR WP prosorion o
probigace usdtivinghigh signealdniensitiys feodespresiagirmabihe Relkes yspd 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. In
particular, in step (iv) the presence of a target nucleic acid in a biclogical
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 > 5.0. The ttest value may be < 0.05. The nucleic acid to 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 sampie, 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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The threshold for amplification efficiency scores for probe selection for a
virus va is determined by the cumulative distribution function of the AES
values va. Let X be the random variable representing the AES values of
all probes of va. Let k be the number of probes in va. Then, we denote
WEhaprepESfity that the AES value 20 is less than or equal to xESaByx2006400224
=5k, where c is the number of probes which have AES values less than
or equal to x. For a probe p; at position 1 of va, let x; be its corresponding
AES value. Since the signal intengity of a probe is highly correlated to its
AES value, we estimateP(p, Iva), the probability that p; has high signal
intensity in the presence of va, to beP(X <_x,). Thus, 25 P(p, | va) Z P(X _
X;) ¢, k where c; is the number of probes whose AES values are less
scorethan esaledl fige;mitQ A0y /6Rp2RMEAT/ SEPO0002BE 58 Rocprotien
selection, probe pi is selected ifP(p, Iva)> A. In the, presen ' ts,
PathoRa B RLNPE, SR g S e B g ol a

method of probe design and/or of target nucleic acid detection wherein a

be bi At bOSITON | of g < ol N Wi
Next (R3S TR SIS Toat EETICL ShES SKRS hpphed X the
tempEitm asigtensity of R\ sertednetvEromoNGR | (G087 13D 1Ny Fepited

in 192% él? Bes %%[88“8&{8 DS FAARM YRHEPIEHLD JERIRRSAIEN éffciency map

Ication efficiency score (AES) values of all probes of va, k is the

for RRVWnBewespaltrecampligadneios the thenastval paimarisaat ShaRdn
Figur%r o legsdnanAL SABRLRY: deakarastingiels apbdeigrbiomanabsislerage

the following description, the invention will be described in more .- ¢
AES parstuidisative tarres@iens LpathegSroktdtiviianhigheiyerebatiity o
ampifﬁé%!’tf@ﬁ.to as PD_C). However, the analysis (method) is not limited to this
particular embodiment, but encompasses the several aspects of the
invention as described across the 20 whole content of the present

Using®liationesT BerpirdntRarticwain dwepitafIACsyncytial virus B (RSV B),
independent microarray experiments were conducted. The resultant signal

intensities for one such experiment is shown in Figure 3.

For each experiment, the signal intensities of the 1948 probes were ranked in
decreasing order and were correlated with their corresponding AES value. The
p-value was found to be < 2.2¢™° on the average. This indicates that the
correlation between the signal intensity of probe at position / 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 ampilification efficiency model works well on

the RSV B genome, it was desired to show that the model according io the
invention may be extended to other viral gendmes 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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with a set of length-m probes P = {pi, P2, ., pr}, which is designed for a set
of viral genomes V = {v1, v2, ..., v'}, the pathogen detection chip analysis
problem is to detect the virus present in the sample based on the chip

, ip data here refers to the collective information provide c§)
picki RS R g

signals on 25 the PDC. Thus, the chip data D = {di,
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 aré2if present at all. However, if a virus va
is WO 2007/021250 PCT/SG2006/000224 54 indeed in the sample, then
the signal intensities of the probes of va should differ significantly from
the signal intensities of probes from other viruses. Specifically, a higher
betwaepsitoa! dnirostiesans soplficriirnrrifician srerestRaveompataiye of
1.338L0ther viruses. Hence, it would be expected that the mean of the signal 5
intensities of the probes in va should be statistically higher than that of
probes o va. Accordingly, the invention provides a method wherein the

AccdReapIpf the slapahdatRnsiimeioht)nrsaBeaNiIRNAY BsigieeiiQarith is able
statistically hi(F]her than the 10 mean of the probes e va, which may

to pipgichiaqre BrvsRtenstlLiipRARRIRUF A R TRIGIL FRIINS plgtaviral
genéﬁ%isnipat:ae h@wF') ; riasg@resrwdigﬂymefésuﬁi.ci%&E)bégon@m?jeegﬁm’cs/aﬁnﬁrgow
the sample, Preferably, an additiopal step ma required. We 15 nee
A R BB TN R SRR S P EDATOPHOR BISHEBEAS A2 lafimgnal
intefiglesionakinienkitiestd heapiipe tiogatfver avethemiled2beyh Suoh piobes
... Signal, intensities. This is pased on the obsgrvation that the distribution of
il G BIeRlE The AL Bl DE T A A IO S Y e ore
compliniaésOsiadser ptubarvath ia igusighad. iIFErity paagdresded-tguite &Bpet
20 Ba he above ob I i . e .
e AR Heta st S EAALR S8 AAIRAMNRE RESR FRobes in
regione-wiihtreas¢GabiyltighGimplifieatp oeférientyestaresmsbanidf bisessipeied
fo mﬁ&%ﬁéess%&%ﬁy%fé?@s?a\{%ed by the RT-PCR process using random

primers.

The threshold for ampilification efficiency scores for probe selection for a virus v,
is determined by the cumulative distribution function of the AES values v,. Let X
be the random variable representing the AES values of all probes of v,. Let kbe
the number of probes in v,. Then, we dencte the probability that the AES value

is less than or equal to x beP(X £x)= Ac, where ¢ is the number of probes

which have AES values less than or equal o x. For a probe p; at position 7 of va,
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 v,, to be P(X <x,). Thus,

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

<
k

where ¢;is the number of probes whose AES values are less than or egual o x;.
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was statistically higher than that of the signal intensities of the probes o
va. Thus, 25 the t-statistic was computed: t 2 S. +s na na, WO
2007/021250 PCT/5G2006/000224 55 where Pa , 6a and na is the mean,

variance, and size of the signal intensities of the probes e va respectiv
Wé’n’d‘%{’."?%zi? and na' is the mean, variance, and size of the siglj)rgaﬁ sc?zoog%uzm

intensities of the probes 0 va respectively. 5 To test the significance of the
difference, the level of significance was set to 0.05. This means that the
hypothesis that the mean of the sial intensities of the probes e va is
higher than that of the signal intensities of the probesO v. would only be
accepted if the p-value of to < 0.05. In this case, va is likely to be present
in the sample. 10 The t-test alone, which allows the inventors to know if
the distribution of the signal intensities of a virus is different from that of

other viruses, may not be sufficie Qﬁt ine if § pasticylar yEISIstlnt
For Pr@%%n?ﬁ%%%’alggoesese@ftié tos%l%%)&v% o?v%ﬁii‘gf’irdi erent-the’?vdv‘o
expeﬁliﬁgp;{gyg%@rgefa@}egtbgg-can be used 15 to measure the similarity

between a true distribution and a model distribution is the Kullback-Leiber

divergence (Kullback and Leiber, 1951) (also known as the relative
AccofEgRY)ite thissomlicatientitie sabalrtityddistributiethobithef pgobe design

int iti f the prohes | js the, true, distributi i ilj
QAN O RSO e BrRe Pl PR T ol ooy
nucidistibytions sietbe theest (of prohewinevainTheésiOuTBamkel @ibter (<Lp the

divergence of the probability distribution of the signal intensities of Pa and.
probabidtykthat pPiay B(hia (RIS IRTID) DS RISSRNGSs the/mddpre in

signal intensity of the probes in P; fa(x) is the fraction of _
particular, P(p,|v,)=PX sx,)= —kL wherein X is the random variable
representing the amplification efficiency score (AES) values of all probes of v, k
is the number of probes in v, and ¢; is the number of probes whose AES values

are less than or equai 1o x;.

Target nucleic acid detection analysis

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. Therefore, in particular, given a PDC
with a set of length-m probes P = {p4, pa, ..., p}, which is designed for a set of
viral genomes V = {1, vz, ..., Va}, 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 = {di, db, ..., dy} 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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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(P8 Il P) = 0 then the probability
distribution of Pa is exactly the same as that of P. Otherwise they are

vggf%g%z}ly 2007/021250 PCT/SG2006/000224 56 Since a %Lﬁ%%f{{?ﬂ“” .
present in the sample would have signal intensities higher thanthat of the

population, this implies that va has a chance of being present in the
sample if KL(P8 1i P) > 0. Thus, the larger the value of KL(P9 11 P), the
more different are the two probabfiy distributions and the more likely that
va is indeed 5 present in the sample. It is important to note that the
Kullback-Leibler divergence is the collective difference over all x of two
probability distributions. Thus, while the Kullback- Leibler divergence is

indeedal tefinamplehthenihesisnalinenstivamiihe rrabes ofvwahewd differ
signig_egﬁtﬁ‘} {#8(44&9&@@%%\!@?{%@5 eftihshialsehthamiPRREE. Specifically,

IstribGtion more. escribed in Figure 4(A,B%, the tails-of the probability

a highefpraRsitisonterRes Abe isRGHRMAYAMNGE RIRRER IRl RRaied
to otfdPeinxBRleHaRBsE ithRdtuibBek S giblekdivargiense shalisliomuss bagnal

improved to reflect more accurately such an observation. T increﬁ\se
ig;th?é'bl that of

)
intengitiosHiviiEoRtrBRaRe Bl \FORHIYdBEe T URNERRAE I IRE
prob8@fistic to the Kullback-Leibler divergence, the Anderson-Darling statistic

(Stephens, M. A. (1974). EDF Statistics for Goodness of Fit and Some
Comparisons, Journal of the American Statistical Association, Vol. 69, pp.

Accc?&ﬁgiﬁ% Eﬁé@a&)ﬁ#ﬁiﬂﬂ?ﬁéﬁﬂsﬁs%wgﬂg@rIs)niﬁtg&fidimeg&m(wrih}zisigha!
. (x)Jog f (x N P) = S ~ X) I ere Q(x) is.t
'”terﬁm‘ﬁ.%a‘ﬁ gh&s?ﬁﬁ ﬁ%n"%ﬁ&iﬁ( tg'f'?ﬂ%esfé)n%ﬂr\?e%)‘?é\é%céw?é 'él?ore%ﬁ? phe

meadSoF thpineabtasis shamitaapandptesatherprissaca o, Wirdsesiological
Sam\éilgjses that

However, having a statistically higher mean may still be insufficient to conclude
that v, is in the sample. Preferably, an additional step may be required. We
need to compute the relative difference of the proportion of probese vi; having
high signal intensities to the proportion of probes on the PDC having high signal
intensities. This is based on the observation that the distribution of the signal
intensities of probes ev, 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 vz € 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:
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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

> 5.0, Thus WO 2007/021250 PCT/SG2006/000224 57
W&%@H e;%igl?uliback-Leiber divergence threshold for a virus to gg%§r%%6§§060224

in the sample to be 5.0.This analysis framework is shown in Figure 5.

Apparatus and/or product performing the method according to the

invention 5 It is well-known to a sKiffled person in the art how to configure

software which can perform the algorithms and/or methods provided in

the present invention. Accordingly, the present invention also provides a

software and/or a computer program product configured to person the
wheralgoritarhssanidins imgthodsacomdance ang einbadithersighashinfsresities of

invention There is also provided at least one 10 electronic storage .
the predidians Tae efRRONR S@REgE mediun@ithy bds BEnMeds: VardfReadd

__ CD-ROM, a flash ice (e.g, USB thumkdrive), a floppy disk,
size SR NG AR o LTRSS R oware may be. rin

on personal computers, mainframes, and any computing processing unit,

and the particular configurat ngwn P lled.

To 168 P TSt T B e Bl SRR e T
0.05 Wihioineamieabnhednpdibesisrihat iralifeancs thalsiggalnnipmities of
made without_departur, e SRk thed ' I
the e o A et b e e A B e B e i
wouldratédystepddhenigt itteecporivetiod folloRiNG eltathijsicasghichsalikely to be

i ARay of illustration, and are not intended to be limiting of
pres Il:lcg\?al‘(rjgl’:,%ekrglgxtélln\}Bention. EXAMPLES Standard molecular biology

techniques known in the art and not specifically described were generally

The (A lROSTHIhedIBRATRErARIcRIEr S 8S Rhot> Mplecuar bt the
Laboratory Manual, Cold Springs Harbor Laboratory, New York (2001).
signalvDtepsities 10750 My S dtssrRMsOm that of ofher viruses, may not be

sufficient to determine if a particular virus is in the sample. lt is also essential o
know how similar or different the two distributions are. A ruler that can be used
to measure the similarity between a true distribution and a model distribution is
the Kullback-Leiber divergence (Kullback and Leiber, 1951) (also known 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:

KEIP= 3 fiogde

psxsmax( D} f {JC}

where y is the mean signal intensity of the probes in P; fu(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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58 Microarray synthesis We selected 35 viral genomes representing the
most common causes of viral disease in Singapore (see Table 1 above).
Complete genome sequences were downloaded from NCBI Taxonomy 5
Zgbttpzllwww.ncbi.nIm.nih.gov/_'l'axonomy/taxonor_nyh%?&%[&w 0234
t0 generate 40-mer probe sequences tiled across the entire genomes an
overlapping at an average 8-base resolution. 7 replicates of each virus
probe was synthesized directly onto the microarray using Nimblegen
proprietary technology (Nuwaysir éBat. 2002). The probes were randomly
distributed on the 10 microarray to minimize the effects of hybridization
artifacts. To control for non- specific hybridization of sample to probes and
measure background signal, 10,000 oligonucleotide probes were | .
Sincaesighesl Rl B MRsSIRbNIHR BERfcHaM e MR PiRat RS Higher
thaniiB43-8% GlrseBie s tinpReSatuencaraiHatiiedhst Bamgpresent in
genome, or to the pathogen genomes. As a 15 p sit{}/ﬁcf&ﬁr‘]ﬁro! }SO o
the samelubléddde frbes & MhNaiRRIRSRER Nﬁ%ée ariirfrerfhg more
diffefHREHPESHE MBBRSHASRE SRIWBIRICHShAGIZAd ArviediRelgthAt plaistindeed
virus, PMMV, was included as negative control, for a total of 390,482
presgrifadhess@mRlSoreparation, microarray hybridization and staining 20
Dengue cell line (ATCC #VR-1254) was cultured as per ATCC

. recommendations a in850 S cell line was cultured Crj .
e g T s
diffeehiteinen/&oail andhdenesrabatuititptdispipuiiation aAhastovbileatheokollhack-

.. RNAzol (Leedo, Medical |.abagrator] ., i I e
ool R A e R B S BRRE A TAAE ro
alwanemsm syt gzé phodiog lisjee psign svbicke affiest rihi ntadise of R pragability

. extracted. wi A [ nufactureps. Ccli Smating::
s BN, A SSL0 I g st e e oplisy
distrit0liteGrovises tize mest RipsIatioresheys wethe rarypia geessitibnthe

sam%ﬁg.‘ %%Sméﬁmm@ib@(awb%%@e&aﬁg{é WiRFIEYEFRproved to
ranscribe

to cDNA using ta%ged random
reflect more accurately such ano

servation. -

To increase its sensitivity out on the tails, we introduced a stabilized or weighted
statistic to the Kullback-Leibler divergence, the Anderson-Darling stafistic
(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:

fytog e

} @
PRUEAD m;uw) Jo@I-0()

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 2 5.0. Thus



10

15

20

25

primers, based on a protocol described by Bohlander et at and Wang et at
(Wang et at. 2002; Bohlander et at. 1992). The cDNA was then amplified
by 5 random PCR, fragmented, end-labeled with biotin labeling, hybridized

onto the microarray and stained as previously described (Wo
W?dt?%@lzr}zosﬂr initial experiments, we found that probe GC con?grﬁéggﬂfmmm
create artifacts in signal intensity measurements, with increasing signal
directly proportional to probe GC content. Adding 0.82 M TMAC to
Nimblegen's proprietary TMAC hybfidization 10 buffer eliminated this
artifact. Real-time Diagnostic RT-PCR for RSV and hMPV A 20pl reaction
mixture containing 2pl of the purified patient RNA, 5U of MuLV reverse
transcriptase, 8U of recombinant RNase inhibitor, 10pl of 2X universal

we seCRawsightes Wiuliadnieibar riKeTasHRe BIESkhn 0% YDt &P
B Hi6 teaktinaifisRieRmwerR rastied/auhifigord Bl
preseg{rlgm %O%I@?i S%Z%%nce Detection%@stem (Applied Biosystems). RT
was performed at 48C for 30 min fallowed by 10 min at . activati
Appaiatiien ﬁﬁf#ﬁ’l‘éri@%‘?%ﬁblif&%’ﬁ%f@l’ Sdu %@c ﬁv%%gg%@ yC esoiglfe
inverd@dnat 95C and | min at 60C. Negative controls and serial dilutions of a
plasmid clone (positive control) 20 were included in every PCR assay.
is \ufing amplification, JUQr i BRISHSWRIC BRI dethedRvhich
It is Wwee[rirr%ﬂa \cp&ﬂé%?f%e%q erééjs 0 (C%? trqzlpresents_the cycle at which

can pighifivathdl @igestamee andfer daribeds erovides RabeoAiRSEEY 1BVesly™

rysl t i WhdeNeesbBliare Fed/B5Y cdbuter
ACCO%@@&%%%% ?@Tr@%?ﬁ%? %i%ds; while for h(MPV, 751 x_25,109 b

progeupiesashtcantiasiasl dp1pesson- hepIsRIERECRY P Refpds according

to arfPENBYHHSARGF IO VFES DR R S UINERS Rf Hls pnaddedaatreast one

C43, 229E and rhinovirus 16 were purchased from ATCC (Cat
cloctmyrc RiSEOPIFSITR IR ISP HOD bHIEG 17D JBOT% 55D comPuter

hard BT G 200640902 24n SSrcansiplonRisviseseytraisRi thomitiese callioppy

using RNA Mini Kit (Qiagen, Germany) in accordance-with manufacturer’
disk,i@t@%ﬁ%%ﬁéegémﬁémw%m&%%@ sl e B8 Be

vi%u'sly Jestribed usin
run e felieniBp singnasiie, prtarifraiies, and any computing processing unit,

and the particular configurations are known to a person skilled in the art,

It will be appreciated that the present invention has been described by way of
example only and that various modifications in design may be made without

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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pancoronavirus (Cor-FW, Cor-RV), OC43 (OC43-FW, OC43-RV), 229E
(229E 5 FW, 229E-RV), rhinovirus (Amplimer 1, Amplimer 2) (Mods et al.
2005; Deffernez et al. 2004). Analysis of Pathogen Microarray Data Our

@@Q@ﬁﬁqz%icroarray contains a set of 40-mer probes P = {p1,:R2.casfdboo224
binned into distinct probe hybridization signatures for 35 viral genomes V

= (vi, 10v2, ..., v35). Upon hybridization of pathogen nucleic acids, a set
of probe signal intensity data D = {di, d2, ..., d5} corresponding to probe
set P is generated. 1-tail T-test If %% us va is present, then probes
comprising its hybridization signature (probes E va) should have
statistically higher signal intensities than probeseva 15 determined by the
t-statistic (1-tail T-test): leaa'z t'_ Sa Say na na, where ua, 6a and na
Microasraie siaeSiriance, and size of the signal intensities 20 of the probes

E va respectively and a, , s and na- are the mean, variance, and size of
We dbRsisaalinaasijenofibe psphesovitingspectivedy. aOra00 xeasesof viral

. PCT/ 62006/0%224 6J@Th{al v%l f significance was set to 0.05. This
diseqs I SRR HARAIBRPYRE hypothesis that the mean of the

signal intensities of the probes G ve is higher than that of the signal

Comjrigasigenon@e peabessen inuess-ipyailsaged ofpn n ifStade XMy
Datal¥$g¥ 1 WBF%W?H&B%W%H@W@X@MHWTE%W@W|/) to

etection results in many false positive calls. PDA v. | PDA v.1 comprises

genesaleriddonetaiiabs S9EUBRERTINARIIRI 98I giEd RITRSRIYRES and
overlSShiNyd-A-gR05G draBe WIpatan84iLiranre) fofusmedyf each virus probe

Anderson-Darling test for normality. 10 Consider.the yjrus va. Let P

was (RSBESFARISUESHE VATV d DR Tig G NImbISgar prBpietary
technology (Nuwaysir et al. 2002). The probes were randomly distributed on the
microarray fo minimize the effects of hybridization artifacts. To control for non-
specific hybridization of sample to probes and measure background signal,
10,000 oligonuclectide probes were designed and synthesized onto the
microarray. They are random probes with 40-60% GC-content with no
sequence similarity to the human genome, or to the pathogen genomes. As a
positive control, 400 oligonucleotide probes to human genes which have known
or inferred functions in .Emmune response were synthesized on the array. A plant
virus, PMMV, was included as negative control, for a total of 390,482 probes,'

Sample preparation, microarray hybridization and staining

Dengue cell line (ATCC #VR-1254) was cuitured 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 pediafric population and stored at -80 °C in RNAzol (L.eedo
Medical Laboratories, Inc., Friendswood, TX). All were suspected pneumonia
patients aged between 7 to 38 mths demonstrating specific clinical signs of
respiratory illnesses. RNA was exiracted with RNAzol according to
manufacturer's instructions (Smalling et al. 2002; Tang et al. 1999). Extracted
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Let [rio, , rhgh] be the signal intensity range. We partitioned it into ¢ bins
[raw+j(Y"g"c ~ "~ ),raw+(j+I)(ri,,gr -',aw)] for j=0, 1, ..., c-1. The unmodified
Kuliback-Leibler divergence may be computed by KL(Pa Pa) f(J)1og(L(J))

J=0 15 where nand 77; are the number of probes in P. and p '
WaghtaNeeh j the bin b/ respectively. fa(j) _ ~a-a is the fractio£)r(i?:t2)£‘?§d%%Egg](m24

in P8 found in bin 77 a r,=o0 b ; and fa (j) = n is the fraction of probes in
Ta found in bin b1. a To compare the signal difference of the tail of the
probability distribution, we set rf&8= o , the mean signal intensity of the
probes in T, and rh;gb = maximum 20 signal intensity. We set the default
number of bins, ¢ = 20. WO 2007/021250 PCT/SG2006/000224 62 To
further stabilize and/or increase the sensitivity of the Kullback-Leibler
RNA wixerganspendtie iR AhstprapalsiolinnriRmeionwe Hocamh e fée
.o~ Made. First introduc, - ' ' iIeBAGom
200 B B R e g e
primetbe baigett Sroftherdistimutrecrived, e Boblaadse éaﬁlst?@gvg\(?ﬁg r& al
cose. i mlaiive distribgigm furglopsAtgaE ofibeimpiphabdity
(Wan%eés%gr%%%r%a \iNe callguﬁmgggdu%ﬁbg%gﬁeﬁr iverge <p:e t,the Y
randomeRibiediagmaated. canérahaiegendd (WWS%?Q;P&‘&’%&@M)&G

micro%‘{ Brifalzm @R pPeRBuklyQsAckd udew sxiisihRooRhulaie initial
Istribution function of the signal intensities of t@ﬁ (El[obes in

]E’ f{)und in al
experbimepis. QM) feune dhiRtuRifhe dRbriSRSRThRIYH SFaRte artifacts it sign
intensity measurements, with increasing signal directly proportional to probe GC
content. Adding 0.82 M TMAC to Nimblegen's proprietary TMAC hybridization
buffer eliminated this artifact.

Real-time Diagnostic RT-PCR for RSV and hMPV

A 20yl reaction mixture containing 2ul of the purified patient RNA, 5U of MuLV

_reverse franscriptase, 8U of recombinant RNase inhibitor, 10pt of 2X universal

PCR Master Mix with no UNG (all from Applied Biosystems) 0.9 pM primer and
0.2 uM 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
80°C. Negative controls and serial dilutions of a plasmid clone (positive controf)
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, 229k and rhinovirus 16 were
purchased from ATCC (Cat #VR-1538, VR-740, VRf283) for use as positive
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signal intensities of the probes in P found in bin b1. Thus for each
hybridized sample, we computed the WKL score of every virus v8 E V.
Next, we claimed that the distribution of WKL scores of all viruses va E V

wa WesARppximately normal if there was no virus present in 883RW ¢ /000224
We empirically verified if our claim was correct by a bootstrapping

process: Let n be the number of viruses in V. For each virus vkEV where
k=1, ..., n, we choose Jvk) probe signal intensities from a real dataset D
randomly with replacement to forn8@ "perturbed" signal intensity
distribution of vk. Such distribution can mimic 20 the situation where virus
vk is not present in the sample D. Thereafter,. n WKL scores are

generated for the set of n viruses. Next, we checked i@&n WKL, scqres
con'iglfbu iAo BIASRNE] ReAREHTFES HRRPEN Ao MIBHR I iRoen.

GerPRHy S oRfidensiiiies/alith he Aastssiaparasirererieshi 0T RO Gstimpted lveore
distribution was foung to be normal in or?ian;%f@,of the time.i NeBr: irs:
amplifipd as; RIEVICHRIY3E SRR TS rﬁﬁe? WG RFIRRIS LY SR Pars:

panEXohWRROMZHFARRERAB2ESH0Z28-63\B Bed DR e 2P8Ke(229E -
discussion, we, can test if g sample contajns virus(es)\b aking. th .

W ool SNBSS P M IS Gt R oy 2005:

Deffe¢neesasaioBb@k)i.e. viruses are not present in the sample. 5 H1: The
distribution of WKL scores is not normal, i.e. at least | virus is presentin

Anaﬁ?ﬁ%t%&@ﬁ%ﬁﬁ%%ﬁ%}g@aﬂing test is defined as: HO: The

follow a speci distribution. Ha: The data do not follow the

decified distribution Test The Andersop- arlinﬁ tes stai_j,st_iﬂc is defined )
OurRattpgencMigreariay SRS ?(ﬁitlcj TRSH RIOPERYNT 1P)) RAis thiePs
binrfsdMutatu chsl iprsiss hybatdamodtheignatures for 35 viral genomes V = {vy,

Vo, ..., vast. Upon hybridization of pathogen nucleic acids, a set of probe signal
intensity data D = {dj, 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
€ vy should have statistically higher signal intensities than probes v,
determined by the t-statistic (1-tail T-test).

r }‘l'a _p‘a‘

i 2 2
s, 8.
na nal

where u,, o2 and n, are the mean, variance, and size of the signal intensities

of the probes € v, respectively and p,., s2 and ng are the mean, variance, and

al

size of the signal intensities of the probesg v, respectively.
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specified distribution. Note that the Y; are the ordered data. Significance
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, WO
WIRYI31380 PCT/SG2006/000224 64 1977, 1979) for a few SpEaHfit 06/000224
distributions (normal, lognormal, exponential, Weibull, logistic, extreme
value type 1). The test is a one-sided test and the hypothesis that the
distribution is of a specific form igfejected if the test statistic, A, is
greater than the critical value. We proceed to apply the Anderson-Darling
test for normality on the distribution of WKL scores to reject Ho with 95%
confidence interval. If the distribution of WKL scores is not normal, then
The Ivelexcligiafibandeusatsehis QUOBING kisin Satotbadnisapplyidenly accept
Andersqn-Darling test again, This procass | t [ [yt i
the URELERTE o 2b o dLg oA aEr B L Mo St SR denate s
highetligishutian of Wilsigrakintbesitisiohtwpetbeas gie bibrgpovalyaniil= <
djstrihution. The virus d h (VAT to sy e d
0.05. 1S S el TR oS e oo T atknoia Lo i o
methotistilgtentitm oceseiparimants falecobseitiet aals.P, the probability that a
non-normal distribution occurring by random chance with a given WKL
PpA °9'e in samples which contain a virus is very low i.e. P < 1.0 x
10'6(obtained via Z-score transformation of WKL score). Box | shows the

PDA g\{sg%ur%ﬁiﬁggseefg re(z) usre\ﬁréjss -OJfSngE% }é:%ri] ?é%?é',trbrggﬁ'\%njd V\'ﬁfﬁs geWBﬂted
Kullback-Leibler test and Z-score transformation (WKL score) followed by

Anderson-Darling test for normality.

Consider the virus v,. Let P, be the set of probes of a virus v, and P=P- P,

Let [row . faignl be the signal intensity range. We partitioned it into ¢ bins

4

[r. + j(-iféi*—g'mﬁ%),now+(j+1)(i‘gf';ﬂ-)] for j=0, 1, ..., c-1. The unmodified

Kullback-Leibler divergence may be computed by

o1

= e
KI(F,|P)= ;;,;f;m iogcw———ﬁi m)

where »/and »! are the number of probes in P, and probes in P, contained in

a

J
na
-1
Sn
=4

the bin b; respectively. f,(j} =

is the fraction of probes in P, found in bin
h

j - 1 "
b; and £(j)= c_’:z is the fraction of probes in 7, found in bin b;.

To compare the signal difference of the tail of the probability distribution, we set
fow= 1., the mean signal intensity of the probes in P, and rpgn = maximum

signal intensity. We set the defauit number of bins, ¢ = 20.
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Given a pathogen microarray data D with virus set V and probe set P, Let
Vpresent- F WO 2007/021250 PCT/SG2006/000224 65 Let DwKL be the
set of wxz,<nv p P3 for all v e V ; 1. Determine normality of DwKL with
rling test for normality. If DWKL 5 is a normal distgibution wi
Vgg%?éz/gr%%e evel 0.05, return Vpresent. Else, go to step 2. 2.%@%}%%)0&%0224
virus va with the highest WKL(Pa 11 Pa’) from DwKL. Let Vpresent =
Vpresent U { Va ); DWKL = DWKL - { WKL(Pa Il Pa) }; Go to step 1. 3.
Remove detected SPS and verify thdt WKL distribution is normal. 10 4. If
distribution is not normal, go back to step 2 to find co-infecting pathogen.
Predicting Genome-wide Amplification Bias Random primer amplification,
rather than primer-specific amplification is 15 preferred for identifying
To ftheivetphiliesycardivtiimeseapecithensensiigber o thatidleifritmeiler
d’ivei‘b%ﬂ%éaaﬂofﬂé”ﬂﬁﬂ'r&%@"?F@é‘&l@iﬁ%‘@ﬁgﬂmm NVRARRARNS RS were
fre%qently observed incomplete hybridizations spanning genomic regions .- .
madgetidighaivedByskiischdas ApeRiptisRR! PG e cyeigehdretion to the
KullIS8RD M6 S BnBEODE RS (AR Y SHEURILIEH R BS REORAIS R A0 HeNRddle

also failed to explain these low signal intensity probes. Thus, we .
of 11 SRTEIEE thiieiie oM RRPIB RS RIGHTHRNENER MEReAEgSPonding
cumﬁ]@ﬂ“@imtﬁiﬁe{m@én@biﬁﬁéﬁ _tbﬁtﬁg@rdqj}‘bﬁd_lq:]mss tuhisit) teutistions.

viral genome at the r se transcriptior; step. ndom pr.

We il R e o RS LSRD e ALKHEAGER dhe RIS HbrHBRcle
Leib(3h) daggedrwish B/ftescbreer sequence 25

(5-GTTTCCCAGTCACGATA)(SEQ ID NO:1)(see also Figure 1), where

the purpose of theéi 5' tag was to facilitate PCR of the RT product,

generating REReHaents of less than 10000bp, in particular 500-1000
WKLER EEQR% #g et al. 2005; Wang et al. 2002; Wang at al.

2003). T&® Gey iy nomenon, we designed an algorithm (AES) to

model the RT-PCR process 30 using experimental data. Successful

wheRT P GRils tepandearitve hietaiblitionl MHARNIDGIAREZHnal intensities of the
PCT/SG2006/000224

probes in P, found in bin by; 0.(/) is the cumuiative distribution function of the

signal intensities of the probes in P, found in bin b;.

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 &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 v,. Such distribution can mimic
the situation where virus v is not present in the sample D. Thereaiter, 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 fest for normality at
95% confidence interval. The bootstrap was repeated 100,000 times. The
distribution was found fo be normal in more than 99% of the time. (NB: since

there are 35 viral genomes represented on our microarray, n =35)



66 primers to bind to template. Intra-primer secondary structure formation,
such as dimer and hairpin formation between to template. Intra-primer
secondary structure formation, such as dimer and hairpin formation
etween the tag and nonamer, and probe melting temperatur. é%b W
W 2iP#I”"u{c’::zr%%gbinding 5 efficiency(Nguyen and Southern, 2000 gﬁag{%s r(wagjghﬂz24
at at. 2005). Assuming that a nonamer in the random primer mix
complements the sequence of the viral genome perfectly, the algorithm
determines the probability that a 860-1000 bp product can be generated
from each possible starting position in the genome. Thus, for every
nucleotide in a sliding window of 1000 bases, the 10 probability that it will
be successfully amplified is reflected in its Amplification Efficiency Score
Base(AES {iSeabonplifitimsiBificencps dest #havegmpleyaaatainghdrus(es) by
- algorit idizati j tatensities for all 1,948 SPS
makl%g%%\gs ?3)?9 m@@,ﬁﬁ%ﬁ%ﬁ%‘rﬁgﬁ%‘% to their AES values. -
Across the RSV genome, we observed that AES correlates remarkably . .
Fo: - walnes ST Aok i SSPRE IS TSI EP< X SE PR TG Pasr I
the sEm®iéx10-16) demonstrating the strong correlation between AES and
probe detection (Figure 12). Another comparison using 1,705 SPS probes

for_ metapneumoviru e imjlar =1.3x10"9. : i
H: im%{g?taa%%r[(gﬂl{% ?r? pre |ct$|r?§ §@%r§§€%§@éﬁrﬁn %%in%%tsa’llm\sfgg ©
presasitientbaseateden Figure 10. Notably, we 20 observed that higher values

of AES correlated with greater proportions of detectable probes,
particularly in the top 20% of AES values. Therefore, while HD, MCM,

DefirtfiSir AhSCAHABRSHITRHAAS 8118 VRIHRBIE Aarameters of probe

performance, they do not take into account PCR bias, and thus are

insufficint. predictors o prabe-apslprmansembeaisepidssed in the

absence AES. Using 25 top 20th percentile AES as the first filter in the

selection of pathoge P% a%g@giﬁ%@jéglmﬂ\mﬂ\ée oﬁg?@wggiﬁgpn as

evidencedby higher scores and eliminatio se-positive calls

nionsiietSehos) A RATRGIORCBUL o LC AORINE CHlL Bpfizec

hybridizagienistgnatures WO ‘gpQZIO%%,ZSOSPCT/SGZOOG/OOOZM

where
5= i %—H [l F(¥5) + I (1 — F(¥oepa2a))]

F is the cumulative distribuiion function of the
specified distribution. Note that the Y; are the

ordered data.

Significance g

Level:
Critical The critical values for the Anderson-Datling test
Region: are dependent on the specific distribution that is

being tested. Tabulated values and formulas
have been published (Stephens, 1974, 1976,



10

15

67 and removal of probes which cross-hybridize to human genome
(filtered) reduces false-positive calls but is not sufficient for detection
accuracy. PDA v.1 is able to make an accurate diagnosis using the entire

ié g% Oobe set. A virus is "detected" if WKL score > 5. Ugj
v%&p%n%e %rybridization signatures 5 (filtered) increases the \/\/E?%%%%%‘fﬁmmzm

corresponding to increased confidence of the diagnosis. Virus CT value:
the real-time PCR cycle when virus was detected (see above). Detection
using PDA v.1 Virus Virus copy C#Max WKL Max WKL No. of Value no.
Chip Pathogen score (no score viruses filters) (filtered) Detected 32272
Pure SARS 5.007 5.803 1 -- - - 34959 Pure Dengue 14.351 20.373 W25
35259 nt 324 18.288 20.611 10 35179 hMPV patient 122 1.747 8.439 84
35253 RSV patient 841 12.056 12.069 10 36042 RSV patil6.466 17.531
10 36053 RSV patie9733 12703t 2. 168 sPenific-grattimditinsg5915

patient ( tive 3.916 4 t i leSiafia
ybriized on the sk B e D B Rl SDF Bl
list of clinical patientssytataizedlentyparthbdere igshikpaneysidegray
Pate WKL P PDA M Gl iz GCRHBOR G s S BFERBL B o

value diagnosis diagnosis* diagnosis value copy no. Primer 35179 122
8.439216 1104ix hMRyadiin fekmrig piertd i e taptadsiisticod, is

18.31207 2.982x hMRYLRFAMRN 24 B SaP vk A2

We proceed to apply the Anderson-Darling test for normality on the distribution
of WKL scores fo reject Ho with 95% confidence interval. If the distribution of
WKL scores is not normal, then we exclude the virus with the outlying WKL
score and apply the Anderson-Darling test again. This process is repeated (io
identify the presence of co-infecting pathogens) until Hp is accepted.

We denote the distribution of WKL scére when Hp is accepted as the
background WKL distribution. The viruses excluded are thus very likely to be
present in the sample since their WKL score does not follow the background
WKL distribution.

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 aigorithm.

Box 1: Virus detection algorithm

Given a pathogen microarray data D with virus set V and probe set P,

Let Viresent = F
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30

7 10" 71180 133 17.35959 2.4 7 1 3 x hMPV LRTI hMPV 25.1159 4.0 x 10
A2 66691 165 18.56786 1.804x hMPV pneumonia hMPV 27.9 3.9 x 103
A2 70935 254 1.34851 8.700 hMPV LRTI hMPV 21.9518 5.4x 105 A2 5
10' ' WO 2007/021250 PCT/SG2006/000224 68 63781 283 16.68075

W8 8%/t pneumonia unknown A2 2 10" 73067 769 24.00853/1632000224
hMPV LRTI hMPV 25.6715 2.5 x104 A2 3 10" 66690 853 none
pneumonia hMPV 36 0.5 A2r detected 12 53428 5 66 x' Rhinovirus/
68359 892' pneumonia 1 hMPV 388 27 ' A2 41 10' enus 35915 111 none
Negative ctrl None Al detected 70927 818 none Negative ctrl None A2
detected 66701 312 none pneumonia RSV A 33.7 44 A2 detected 71006
321 none pneumonia RSV A 31.1 340 A2 detected 66702 368 none

pneumonia unknown A2 detecteds _ 540%$2%: 80 x I'', i F-A? 71p25

414' £9 1D24f25V6ne
Let Dy, bé the set'© Wﬁ%ﬁ%%qa{ﬁsa%ﬁﬁé’v 05

1. Determine normality of Dy with Anderson Darling test for normality. I D
is a normal distribution with significance level 0.05, retumn Vpresent. Else, go to
siep 2.

2. Find the virus v, with the highest WKL(P, || Ps) from Dy
Let Viresent = Vpresent W{ Va }; Dwie = Dwie — { WKL(P4 || Pa) }: Go o step 1.

3. Remove detected SPS and verify that WKL distribution is normal.

4. I distribution is not normal, go back to step 2 to find co-infecting pathogen.

Predicting Genome-wide Amplification Bias

Random primer ampiification, rather than primer-specific ampiification is
preferred for identifying unknown pathogens in clinical specimens. However, in
initial experiments using random priming amplification to identify known
pathogens, we frequenily observed incomplete hybridizations spanning

genomic regions not explained by sequence polymorphisms (Figure 7C)

‘Genome secondary structure, probe secondary structure and probe GC content

also falled 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:t)see also Figure 1), where the
purpose of the fixed &' tag was fo 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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71027 478 none pneumonia RSV A 34.8 18 A2 detected 59.27523 1.91 x

RSV s 73068 832 3 10"102 genus LRTI RSV A 23.7681 1.2 x 10 A2

71028 993 ,5 89708 3 2 X, RSV'B pneumonsaD VA 19 | 4~7~x 1Qs, A2
703 924 12.67314 9.71x RSV pneumonia RSV A 31.

‘ﬁ‘%@%@%@% 36250 324 20.61147 ' sox RSV B LRTI RSV B %ﬁ%‘&g%%mm
x 106 Al 35662 355 17'989941 10740 RSV B LRTI RSV B 20.2642 6.7 X
106 Al;. > 7*tMu k5" libiei..r$..sn!f.vzy"e" .r+F " N?.r;" ,6669574
N ,r detected 'pneumonia; VRSUBS41, 34 1,7 X002 70933 378 13.81578
X77 x RSV B LRTI RSV B 23.9204 5.4 x 105 A2 4 RSV B LRTIRSV B

23.5804 6.9 x 105 Al 36042 412 17.53*nia 35890 412 17.21 3 RSV B
LRTI RSV B 23.5804 6.9 x 105 A2+A3 36053 483 12.162 RSV B LRTI

 primeRSio Bind. B3 temolRte0dNiIESIT T BEESRERY S yergsmAlisyy suah as

401 vVirg ANSkRO i B 3 2 - ' b53Ga3ry
dlme%ﬁ%?z %%55% I%S\;QB aneum.cr)ﬂi?i;% R%é/ %?20%%1 ge%eﬁ: ;r?(r;l% %ﬁégrgg X
strucRiBTE0B0. REVERR SIS 0BERIRIN formwtipshbeuees Higsay and

nonam8P. X4HMPY-PREUmERiAL MENpdpst el GReCUAROH ORMEH ZERLE0 BIrhAg
. 'PCT'/SGZO 6/000224 69 21.36951 2.095 RSV B, 6 _
efficiency(Nguyen and Southern, 2000; Ratushna et al. 2005).

Assuming that a nonamer in the random primer mix complements the sequence
of the viral genome perfectly, the aigorithm determines the probability that a
500-1000 bp product can be generated from each possibie starting position 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 fo
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
detectabie probes, particularly in the top 20% of AES values. Therefore, while

HD, MCM, %GC and sequence unigueness are valuable parametars 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



10 RSV B/ 20.8619 4.4 x 10 68360 841 6 1 23x hMPV pneumonia hMPV
35.4 8 A2 9.647188 10-a coinfection 66696 185 none detected
pneumonia unknown A2 66697: 261 detected pneumonia unknown A2
etected 66698 331 none pneumonia unknown A2 detected 71189 393
WO SAY BAEBGonia unknown A2 detected 66699 461 none pnelifrfopfz?06/000224
unknown A2 detected 39705 3tiOX R hlenUSUS g Wa4.b"i'ap 66700
57,3 Q prieumopia unknownw' A2jl' 84,x Enterovmd 27 44489'| , L' OF
X0* ae*famil 71182 639 none pnegiymonia unknown A2 detected 71007
699 none detected pneumonia unknown A2 71188 859 none pneumonia
unknown A2 detected *LRTI: lower respiratory tract infection The
importance of AES suggested that amplification efficiency and subsequent
and RIFRR slesctinpseyldbrcimpioadiyptisiog optirhizediR GRCRerifdtered)

roducst BEERRRLS, CIE BUb A hie! NGt BT it v
is ablesyligalie the Mreates disgabilsraateginhsEasoarasiifoedertghalseig A
virus tige“ée %?Sé"”!%z ﬁﬂ(L score > 5. Using optimized hybridization signatures
(filtered) increases the WKL score, corresponding to increased confidence of
the diagnosis. Virus CT value: the real-time PCR cycle when virus was detected

(see above).

Detection using PDA v.1 .
Vggs Virus copy
Chip Max WKL | Max WKL | No. of Value no.
# Pathogen score {no score viruses
filters) {fiftered) | Detecied
32272 | Pure SARS 5007 5.803 1 -- -
34859 | Pure Dengue 14.351 20.373 1 - -
35259 | R3V patient 324 18.288 20.611 1 21.4366 | . 9.8 x 10
35178 | 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 palient 412 16.466 17537 1 23.5804 25x 10’
36053 | RSY patient 483 12.088 12.168 1 24.8340 1.2x 10’
non-pneumonia
35915 | patient (negative 3.216 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 clinical patients hybridized onto pathogen

10

microarrays.

. I Initial .
Array (P20 gy | P | PDAV | Olinical POR (PO T oy o, | Primer
diagnosis )
35179 | 122 8.439216 11‘%‘1'@;1" hMPV LRTI AMPY | 248 |B50x10*| A1
35887 | 122 78:3;2“7 z,ig%z" hMPY LRTI AMPY | 248 | 50x10%| A2
71180 | 133 17'3;5959 21'3%7" hMPV LRT] hMPV | 251150] 40x10°| A2
66691 | 165 |8.56786 1:5%4:4" AMPV | pneumonia| hMPV | 27.9 |39x10°! A2
70935 | 254 2"32’851 81'-6(-)30 hMPY LRTI hMPV |21.9518] 5.4x10°| A2




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 10 #412 and #122. Array 35179 was amplified using the original
‘B{ﬂé‘} f1&° described in Results. Arrays 36731 and 35887 wef/56G2006/000224
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 uggP<0.01 as significance cutoff on their
platform (Urisman et al. 2005). A lower cutoff 15 appears to be necessary
if this algorithm is used to analyze our array data. The WO 2007/021250
PCT/SG2006/000224 70 new primers designed by PCR modeling result
63781 NAG1ES-PRETACHET SLORRRYSING  KithsHAGRAKHAMS (arrays 35179 vs|' a2

cotand.nrimar durina-tha. PCR nrocescs-bffarad
o r.ll LLILE AV A= A= Ak} lv CITG

et

moTTrrogvtss meTecu

EMAW WKLLROres latPWalae 67 (araps 367381

——3589Q)ATray et PR E-Predict algorithm.GisPathogen amplifi-: . .
Gﬁﬁgtoaléa?‘ithfh_;";éati"n.Gémm&mﬁ&ﬁﬂ?“gug--‘v ~ %enb?gn%* KL(%(;rg]m rs
603500048, 3009243 2 RAROMINRIRSN a1 AR RINV. 2e5263 167 priimenal

7 DCAB corBhaNintd o BEIPEY 0 84F 20 200 e storaviris B-323503 1<
350151.77E|10 Hepatitis B 99’}@3%@58@@8@@1 SARS cgronavirys 0.338911A1
0-00299 Hepatitis Aj0. 438589 U.00U847 b7§q1 4T2'(RSV) AZ RSV
70927() 84380 0 RSV 21.836@Eed DX G BHaNDE®0.348043 20132288

66701905@Ravirus 0.32205b 2I60E-09,HeRatits BrE\IR522331702E-06: Rupelle
d

164332 0.0gg19 detected

73067iNTHO

71006 | 321 de“t‘;‘;fed pneumonia| RSV A | 31.1 340 AZ .
66702 368 d entgg'seed pneumonia | unknown
F | T OB ARBOBESB0 K et e Al A 3
e IS AR s TE R Vs 2 B HSEs
71025 1 Al gV g2 RS VB g pneumonidl TR
71027 | 478 der;::gti:d pneumonia

59.27523 1. RSV LRTI

3 i genus
1GE o R TREE g ] B g Al
12.6;314 7 g%ﬁgs pneumonial RSVA | 315 250 A2

35258 | 324 20.61147
17.99941

RSVEB LRTI RSV E |21.4366

20.2642
B

R O S

23.9204

70933 | 378 [13.81578

1758123 498 | ReVB | LRTI | RSVB |23.5804

35890 412 17'223455 11%%?‘ RSV B LRT! | RSVB 235804 6.9 x 10° | A2+A3

36053 | 483 121080 147X] Rrove | LRTI | RsvB | 24834 29x10° A1

7654718 1.83 ¢ |Rpinovirus|. 7T g B B T
el 03 |20 Cgenus; S DO LTa B T
70997 | 55454 01329 2.45 X [Enterovirid| PREUMONI| “RSVE- | 351
{..78 | 10%. . aefamily ; 3

12*986913 41'336" RSVB |pneumonia|l RSVB [20.8619] 44x10°! A1

I
O - r
R

35253 | 841
6.80 x
- RSV EB 8
22.10857 107 ' | RSV B/ |20.8610)| 44 x10°| |
73070 | 841 hMPY | pneumonia A2
5.708560{ 5.66 X | e iion hMPY | 354 8
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35890 412 (RSV) A2 + A3 RSV 0.334602 0 RSV 22.093258 OC43
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
5 Original hMPV 0.260110695 5.01E-28 hMPV 9.76
W&Kh@?}%‘r%ﬁwer Al Rubella 0.164784981 1.20E-17 Foot-and-n%éi%%e%l 000224
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 Newcast#® 0,234481686 0.01820 35887 122 A2
hMPV 0.299655 0 hMPV 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/SG2006/000224 71 229E coronayirus. 0,321702

1.728,06,8ARDLBoravims0.340504 1.76E-06 [Fagt-and-moyth €
68360 P2075 1681 E-% Newnwstie )pB@dlﬁBrﬁh(M%m%Di%%%ﬁ&aﬁ% Lﬁﬁnmﬁar

deteglifg 1iathogensiCiifelinspecimens lare often sub-optimal for géenomic

amplification: they mayndrve Ior\{g 1_\llrlnrgrlﬂ'gjlltrtagkhavne sequence A
pofinorphisms from) theeniserdnCe Strain on 5 thelarray, ar have

66697 Cognfecting pathogens"®Mitroasrays siea Danean Inherent noise from A2

hon-speeifie .“ybridiz*?ﬁgfﬁflgﬁ ether-artifacts—Fhus -interpreting

66698 miiGtoprray data is NQtRSknPIPNFHIENEf RPN probe signal intensif§}a
Srofiles

711891 393 d ;gz:; d phreumonia | unknown AZ

66699 | 461 NONE | hneumonia | unknown A2

detected 1

"'«g,e-. g

none .
71182 | 639 detected | PREUMoONIa unknown AZ

none . AD
71007 | 689 detected prieumonia | unknown

71188 | 859 d;ZZfed pneumonia | unknown A2

“*LRTI: lower respiratory tract infection

The importance of AES suggested that ampiification 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 ciinical sampies with

improved PCR efficiency and detection sensitivity (Figure 14, Table &)

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 plafform (Urisman et al. 2005). A lower cutoff

appears to be necessary If this algorithm is used to analyze our array data. The



to the SPS, or using simple statistical methods (e.g. T-test, ANOVA,and
the like). To address this issue, we established a robust statistical
software, PDA 10 v.1, which analyzes the distribution of probe signal
Wepsiiss.glative to the in silico predicted SPS to identify pathegReSsos/000224
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 15 a
pathogen SPS which is present in fRe sample would have very strong
signal intensities resulting 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
new grimersiglesianed ity F’dﬁ‘e?riﬁlﬂf&?ri@?bf%hi%@%&ﬁﬂ%%éﬁ%ﬁ%‘”g
eithéﬁ%&ﬁ%ﬁ%@@?ﬁ‘éﬁeﬁ%%!ﬂwlﬂﬁ pRiiPgeassEChRisprimie. dinitsg the
PDAv.1 comprises 2 parts: (1) Weighted Kullback:Leibler Divergenge .
PORRRES88r AL ITISARUBIBIEYREG b B Ak TS RBE Girpues
(arrd?&%@'ﬁ?‘l Qs3eBes)N each pathogen SPS, and (2) an Anderson-Darling
test to determine if the distribution of WKL scores for each SPS is normal.

A, 20071024250 RETISE 2008000824 T AT e orgat K U TERRIgIeT
dannot reliablydetermine differences in the tails of a probabilitgigorithm
digtribution] antias Righly g@eardent osidneriau S0 @LatudrpltesigenpmeKL
and the size®SI&5&h signal intensity bin (Rstiback and Lejbler, 1951). We

seomarrzaﬁwxh@_sgrdetricits byRE¥orporating-#h&Anders8n-Darlifi§% stetisHE318
to ive mor@YEIgHL o the tailsof-each-distribution-apd-by-tsing-a
cuhulative WistributloP R RRRAR e Ad STIE g ot bba bility
distribution | (AnderdoBEETRIANE 105573908 dall T Bnhanced K1
dilergence|the Weighteddgeiitsdick-L¢isldpHRiergéieE-tvKL): L-1
Q3)160(Qa(>)) Q;(Ipr@a~dmea@il)) [1- 4811 | 0.00299

Hepatitis A 0220589 | 0.00847
36731 {412 (RSV)| A2 RSV 0.335389 0 RSV |21.838754
0C43 corpnavirus 0.348043 | 2.28E-1%
229E coronavirus 0.322055 | 2.00E-08
Hepatitis B 0.135222 | 1.02E-08
Rubelia 0.164332 { 0.00919
35800 1412 (RSV)] A2 + A3 RSV 0.334602 0 RSV |22.093258
QCA43 coronavirus 0.348969 | 3.63E-23
229E coronavirus 0.322805 | 3.20E-14
Hepatitis B 0.13436 8.74E-04
] SARS coronavirus 0.338609 | 0.03060
35179 | 122 Original hMPV 0.260110695| 5.01E-28 | hMPV | 9.763149
' {(hMPV) | primer A1
: Rubella 0.164784081| 1.20E-17
Foot-and-mouth € |0.206747816! 4.66E-11
Jap encephaliis  10.201347222| 1.65E-04
Hepatitis B 0.133407622 | 1.98E-04
Yellow Fever 0.200500564] 0.00567
Echovirus 1 0.2220020251 0.01740
Newcastle 0.234481686] 0.01820
35887 | 122 A2 hMPY 0.299655 0 hMPV | 39.677149
{(hMPV)
Rubelia 0.169626 | 3.40E-19
Hepatitis 8 0137703 | 5.84E-12
QCA43 coronavirus 0.347685 | £.06E-10
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10 where Qa()) is the cumulative distribution function of the signal
intensities of the probes in P. found in bin bj; g-(j) is the cumulative
distribution function of the signal intensities of the probes in Pa found in
bin bl. SPS representing absent 15 pathogens should have normal signal

WihEahEIR 8 tributions and thus relatively low WKL scores, Whgpéré%qﬁ@ggmozm

- 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 subjg¢ted to an Anderson-Darling test for
normality. If P<0.05, the WKL distribution is considered not normal, 20
implying that the pathogens with outlying WKL score is present. Upon
identification of a pathogen, a separate Anderson-Darling test is

erformed 1 the Absgnceehi#arWKL scorecto tesTIbrthe presence of

go=infectmy pathogel ks I inaviRann 1 68.3H080prdcerkEeds iterativel

nnli At

pphed-urti-onty e lé‘fgggﬁj%%tigrb e (Fg. s FE8A05; see Tgble 3
ei 4 a ) Al ic :

nd Tﬂhl ha 14 extre (NP 4 PRy ! - t
! - bove). ."Ném}'gastfé Xt ’“E%‘t C1e g GEHE Orl\' making a
iagnosis ffrom a hybridized microarray in-about 10-sees:-WO

2007/021250 PCT/SG2006/000224 73 Pathogen Diagnosis on 33 Clinical

Patient Samples We evaluated our platform by hybridizing 33 clinical
PDA YPECIRS HSEHRIAHfORHSERITING [ethiagetesform, according to the

workflow illustrated in Figure 11. Of these, 27 specimens had been

.. previously diagnose RSY. r IO
SLEER o St ok e e R R e v
have Sewples tithese v sinsowas e rebeaqrakismedrmeiNRdRiSeRgE straln on

detection,lImit by reallime irfkicApipeiRAGion)havd sirchnlowrent
the &I ’I@é&avvgrg%hﬁ%é%ﬁ% k?e% ﬁ)‘éaej??élgég%%%pﬁlt gpons' e for th{e "
noisepdtEmt nicvesprsficcaxbridigptiatsANer O tsre i ARG oS ) MeTPretng
micro:)%fé?ﬁacfQXtLQ st 10dpfeaterhwitBrBinewtsisin srobeesiyabbinttnsit§ profiles

ts wi

severe respiratory disease caused by unknow e
to thm@ﬁﬁ%rm#&}ﬂﬁeﬁfﬁi@@tﬁ@é‘ﬁé‘ﬁﬂidﬂ&w?rﬁ?ﬁgvi]rt"iﬁg’ #ﬁ%ﬂ%@d the

Tike). SPOBISSEEaDIG S RRnwe)wEheseaaRHisere bulidstettiat abfimarBCRDA

"As expected, we did not detect any pathogens when we hybridi ,
.1, i B0 SRS PSRRI PAEE HPHAN ML Tetve 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 fo 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
¥ the distribution of WKL scores for each SPS is normal.
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15 etiology. Data analysis Microarrays were scanned at S5pm resolution
using the Axon 4000b scanner and Genepix 4 software (Axon
Instruments). Signal intensities were extracted using 20 Nimblescan 2.1
W%):%W’% 1S_IggmbleGen Systems). Using an automated script, W}?cﬁ@é%ﬁ}ﬁgﬂozz .
thé median signal intensity (to eliminate hybridization artifacts) an
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 gréphical viewing of signal intensities in
Java 25 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 driginatKetibaskehaibiecaamawbrliahipntemdiodifeierae méherads of

a pﬁfb%r&_ﬁﬁd%ﬁgﬁb@ﬁcwp %ﬂgw%l%@'xﬁf-ﬂ@ P08A24hE4 number of
experi h

ental results and then to show the robustness of the analysis .=~ '~
P'"Ob%&)@m@a@ﬁérﬁi'ﬁgsﬁéﬁl‘@c Gracle gl it itepis é%%ﬁ&‘ﬂé&é%f?‘eﬂ
19515 XREME AL RS e & PREGENIANINECIBePAiRy N B r bR FERm-Barling
_viruses affecting human was used for 4 independent microarr .
statigtigo i eHesteigis o Hag dale Rl BRGECHIBRGUHOR f@%ﬁytiﬂﬁ@%fa
cum@iagle/inisrApdivwRreuMRtisvbinsieado éNYY etigpraibpraesigitigritismibution
Thus, we would expect errors, arisin EIi;iue to CG- cont n% . he
(And@fé%‘-h?ﬁﬁdf@ﬁﬁlﬁ?;anmﬁéﬁc & SalbiRHL STt BER ohhcSNRAES1d
Weighwaithalibéa(&%!dﬁhiwmig(\&d@wbe& We tested our analysis
algorithm in such an adverse setting for 4 experiments. In this example, a
human sample with anyunknown pathogen was amplified by the RT-PCR
process uﬂn@g@ﬁ)d Bes and then hybridized onto the PDC. We .
WKL%WJEL e probes 8EBACh of the 35 viruses on our PDC to the one 15
taifed t-testing -$i0[1ifiqanGe Jevel 0.05 and computed the Weighted
Kullback- Leibler (WKL) divergence of their signal intensities to the signal

intensities of all the probes on the chip to determine which virus was in
the sample for each

where g,(;) is the cumulative distribution function of the signal intensities of the
probes in P, found in bin b;; 0-(5) is the cumulative distribution function of the

signal intensiﬁes of the probes in }Z_fcund in bin b;. SPS representing absent

pathogens shoﬁid 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 pathogers.
In this manner, the procedure is iteratively applied until only normal distributions
remain (i.e., P>0.05; see Table 3 and Tabie 4 above). PDAv.11s extremely fast,

capable of making a diagnosis from a hybridized microarray in about 10 secs.
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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 20 results of our analysis for the 4 experiments of Table 6 and

their corresponding PCR verifications in Table 6. Table 6: Analysis resu}ts -
WRSAY B A BDC with no probe design criteria applied. The viri§T/562006/000

determined by our analysis algorithm to be the actual virus in the sample
tested for each experiment is highlighted in' light gray colour. 25 WO
2007/021250 PCT/SG2006/000224 75 Experiment Experiment 2

Experiment 3, Experiment 4. Sample 35259 324 35179 122 35253 841
35915 111 Name ;=. D 53555 53555 53555 53555 ~'~"ttest"t testi
Viruses t -test, ~, ttest p '~ aw " i (4c cession ~'3 WKL - WKL p WKL P
PathoQést Bidhvalutsveiud? ClimickhRatist-Rafopdes, value NC 001781.1 0
16.391 1 NA 0 10.85635 1 NA , N03461.1;t 1 NAITNA1NA1NA NC

We eg(%ﬁ{%dlggé QI PREGNALR B A A0 -398BRINAI0 SERAEERE T our
- 2TNATNA 1 NA'L NA A'AY283794 1° 00,5435 0.108141 NA 0
pathogeTreuevarcyIBatiprm@csosing ir the yessioAlgsiratiy fgoure 1.

OFf thesd 63912 N O@284 P Heen BrbA8dRI0-9P084dtIA Bs1IRSFBA8 RSV B or
2.079334 NC 004148.2 1 NA 0.002733 5.762907. 1 NA

1 NA
metappeLodma NeUroGiier \aesuiaigly detected pathogens from 21/27
samples. The 6 samples where no virus was detected (false-negative) were at

the detection limit by real-ime PCR (<10 viral copies/reaction), and such low
viral loads were uniikely fo be the etiologic agent responsible for the patient's
severe disease. 2 of these were correctly diagnosed by microarray fo be
infected with rhinovirus. In a screen of another 6 patients with severe respiratory
disease caused by unknown pathogen, the microarray identified the etiologic
agent (rhinovirus) in 1 of the samples (Tabie 4 above). These results were
validated by real-time PCR. As expecied, we did not detect any pathogens
when we hybridized samples extracted from pneumonia patients with non-viral
etiology. |

Data analysis

Microarrays were scanned at 5pm resolution using the Axon 4000b scanner and
Genepix 4 software (Axon Instruments). Signal intensities were extracted using
Nimbiescan 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 paraliel, the probe median signal
intensities wers 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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NC_Q"0202Q 1$ 1 NA 0.579561 NA | NA 1 NA NC00201°9 1 )NC
0020181 ,N.C" 0020.1..7.12 NVI'0022041 NC_00220'~.6 .y’
MNC_0022061L NC_ 02207 | 1 NA 1 NA I NA 1 NA MC aAO220s

6 002210 x,~c 002211.1 P,NC. QQ15632; 1 N
"%‘}@?ﬁﬁ%{h 0.995013 NA %14C '002Q31 A | 1 NA 0.0000 gﬂg%%ﬂem‘
0.758758 0.998873 NA 0.363947 NA N11002728:7 i.- 1 NA 0.999062 NA
I NA I NA N:C O0261'r7.1t 0.999994 NA 0 0.571844 1 NA 0.769098 NA
NC' 0()1802°13 1 NA 0.999966 NA4L NA 1 NA NG=003977.1. - 0 2.7424
0 2.189827 0 3.978747 0 1.490665 .NC? 001576.1 0.371224 NA
0.004643 0.94841 0.009599 1.257041 0 3.961532 :NC_0025541311
0.000062 0.7146 0 1.527292 0.299334 NA 0.000002 0.166239 _ ,
expaNGe0t 3asulis and ey 1o888wdloerebyEaYddagopnalysis algorithm

accoNPRIARIHOA0RGE39125 NA 0'2.593065 0 1.510399
NC"Zt-0052221 0.999757 NA 0.646314 NA 0.773912 NA 0.807875 NA
NC 005217.1 0.60477 NA 0.999903 NA 0.354358 NA 0.000871 0.626818
NC004294.1 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 -

Effects 46 prtobeldssmp g exnaimpnia! £8385$28i1 1 NA 0.906213 NA 1
NA 1 NA AF326573.1 | NA 0.038503 0.539783 1 NA | NA AF489932.1 |

A PDE RSBTHTJ\B8658AbNeMFEBEE. oIS O/FD06s Siffécliry hlitVan was
used for 4 independent microarray experiments. These 53555 probes were
chosen based on a 5-bps tiling of each virus and were not subjected to any of
our probe design criteria. Thus, we would expect errors arising due to CG-
content, cross-hybridization and inefficient amplification to be significantly more
than that of a PDC with well-designed probes. We tested our analysis algorithm
in such an adverse setting for 4 experiments,

In this example, a human sample with an unknown pathogen was amplified by
the RT-PCR process using random probes and then hybridized onto the PDC.

We subjected the probes for each of the 35 viruses on our PDC to the one-

tailed t-test with significance level 0.05 and computed the Weighted Kuliback-
Leibler (WKL) divergence of their signal intensities to the signal intensities of all
the probes on the chip 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 o ideniify 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.
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0.999988 NA 0.284792 NA 0.999346 NA 0.957164 NA WO 2007/021250
PCT/SG2006/000224 76 NC 001612A 0.970379 NA 0.000001 0.557865
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Virusgs oo R CEE ) el UL 2 ﬁg; & O _l;ab heERISE
{AcceRQBlive on Wmmsb?ﬁ 6 mﬂiialogﬁﬂs lavame 17p3 :
NG 12235268 P 35015 111 ’i‘)ﬁﬁses Détectedrand 10 Using
NC mﬁ@’ﬁltl@’gk 8 3 8 1(F-¥rax K1 Hlvpr":pr;g‘in (>15 njl 6 QW-Z\?}S\?& _n;z}: \i -
\A L N/ noro.on Py icinaa-4dhoe
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Nc 002645 1%}- 0 1.2943 | 0909847 NA 0 1.655888 0 2.579334
NC_004148.2 1 NA | 0.002733 | 5.762907 1 NA 3 NA
N, auuzozaﬁg:a
1 NA 0.579564 NA 1 NA 1 NA
1 NA 1 NA 1 NA 1 NA
1 NA 0.000001 | 0.537826 1 NA, 0.995013 NA
1 NA 0.000005 | 0.758758 | 0.998873 NA 0.363947 NA
, 1 NA 0.999062 NA 1 NA 1 NA
‘ i 0.090004 | NA 0 0.571844 1 NA, 0.769098 NA
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% | 0.000062 | 0.7146 0 1.527292 | 0.290334 NA 0000002 | 0.166239
0 " ) 1.4545 o 2.438558 0 0.869782 0 0.989562
:N,c %00_148 : 0 1.7088 | 0.319125 NA o 2.593065 0 1.510399
NG 005222.1. | 0990757 | NA 0.646314 NA 0.773912 NA 0.807875 NA
NG 005217.4 | 0.60477 NA 0.996903 NA 0.354358 NA 0.000874 | 0.626818
NC 0042041 0 1.8411 | 0.000523 | 0.902309 0 243215 | 0.000007 | 0.537531
NC. 004294.1 | 0.662386 NA 0.954137 NA 0.255422 NA 0.099148 NA
NG 00143714 . 1 NA 0 0.583003 1 NA 1 NA
AB1881281 - 1 NA 0.906213 NA 1 NA 1 NA
TAFE326573.1 1 NA | 0.038503 | 0.530783 1 NA 1 NA
CAF480832.1 1 NA 0.899797 NA 1 NA 1 NA
-MIB87512.17 % NA 0.759668 NA 1 NA 1 NA
"NC_§01430.1 1 NA 0.812466 NA 9 NA 0.999812 NA
NC 001428.1 | 0990988 | NA 0.284792 NA 0.959346 NA 0.957164 NA




t-test, we were able to remove all false positive viruses and identify the

actual 15 virus. Thus, our analysis algorithm can robustly determine the

virus under a high level of noise. Next, we investigated the effects of
WY D P4 With probe design criteria applied on our analysis egitsgs/000224

Firstly, the amplification efficiency map for each WO 2007/021250

PCT/SG2006/000224 77 of the 35 viruses was computed. Then, the

exact 53555 probes on the original PDC were subjected to probe design

criteria. Probes which had extremé8evels of CG-content, high similarity to

human and non-target viruses, and low amplification efficiency scores

were removed from the chip. A total of 10955 5 probes were retained for
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NG 00ikes delermsmed | bynaur brabgsis dlgorithm to-$5ethe adttal Viflgseithe NA

“Dedusignple, LOPt@aiﬁéHT@fr éagh ebtﬁeﬁaﬁﬁé%ﬁ ?s hlghllb‘l?wt@‘éﬂ?ﬁh@ht gray CaigHs. r
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Continpation E %ﬁgﬁé 3525%&%%& % %g&%% 10955 109%5e
S ) TMUSEMS T T Test, T tester ~ test p st testrp Accession KL INKL
Wia . wKL . value "~ Value value value' Nq~p.Saw ~~"a'r 7 nire. NC

001781.1r0°_"r;18.54859.' 1 NAO?i'. "1179,4°4' 1 NA NC 003461:x1 1
The g}fééé% tbiidk NAoNGhap W&da@&@ﬁ@)mhrﬁ BREATaMAY0JRERIE8S the
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Tabi®G'30R0dY Firtharhintald . 98a80FA0 Ha8006d $hat2tBe3ssbple has no

v:rus'glg /|\n )%Oeoé6315el>;poe%h§ggz Z%‘\?k:)(%e‘:ag a'xgeﬁgl? \Néo‘ I'Qaé' ?&éﬁ?geg %Qﬁé@% with level

of significance 0.05, then the number of viruses detected o be present for each

sample is shown in Table 7 below.

10  Table 7: False positive detection of viruses using t-test alone

Sample Name 35259 324 35179 122 35253 841 35815 111
Virusgs Detected 9 14 9 10
Using T-test
False Positives 8 13 8 10
Max KL 16.391 5.76 - 10.85 .

divergence (> 5.0)
Viruses Detecied
Using T-test 1 4 1 0
followed 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
15  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 004148.2 1 NA :0.,00000:,f 9.3247851- | NA 1 NA N'G0020231" NC
,002022.1 N00020211i:_ NC 0020201 1 NA 0.124517 NA | NA 0.999163
NA NC 0201 NC'0020181; NG-002(r)17.1 NC" 002204.1 NC'002205.1

002206 1 2002207.11 NA 0.998724 NA | NA | NA 6_0022"0‘3%;2? é}!&:} I
879568 1> Ric. 002210.1 NC 002211:10 NC 001563.2 0.88644

0.428418 NA 0.76002 NA 0.112011 NA NC_002031.1. 0.998103 NA
0.003435 2.52162 0.278672 NA 0.409527 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 10.861163 4C 001802.1. 1 NA 0.998118 NA | NA
I NA NC 003977.1 0 3.062956 0.000028 3.027442 0 4.574591 0 _
of the3Z3 V08l @80 LoTapLIeds 1984R s @xa0D35GA orebss rnNiae original
0, . 5 13067
PoC G SR B B L S e ooy
of CEarotaninchioh1580iNT0394IPNAD. 90908 RANRSH0YEES B2 GBS low
amplﬁ%@@ﬁi&%ﬁ@%%%@%@?@-%&%98@3@6\% he9%Hit 1 NAR 4084955
NA 0.356952 NA’ NC [0052171; 0.916186 NA 0.994358 NA 0.600759 NA
probaz0aee1 6 tainseL HINGD Serendssebh 86 PEPSTASH St YrNK'S. SaoHRes

used MMBOTELON AT M:iNAEeIE L POPS2 S AP AT ShEL 2 ThiNA 8
0.206422 NA . _
below with the new chip. The experimental results are presented in Table 8.

Table 8: Analysis results done on a PDC with 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.

A[FExpETimeRE T AEXpeHment 27 | Experient 3 [FEXperiment 47
35250 324 35179 122 35253 841 35815 111
10055 10055
C 0017811 AT
INC 0034614 NA 1 NA
INC-:D03443™ | 0.548718 NA 0.53727 NA 0.837121 { 0.020436 i 0.603552
NG 10017962 1 NA 0.008507 NA 1 NA 1 NA
& 0 1347801 | 0.024116 | 0.888364 0 1523272 0 1.128637
; 0 1.604381 | 0.9¢9697 NA 0 2.160019 0 2.803555
NCH002645H © [ 2.802742 | £.999885 NA a 4.812482 0 3.835771
NC 1 NA  [550,000803¢ | 93247857 1 NA 1 NA
NC00202:
Y20: 1 NA 0.124517 NA 1 NA 0999163 NA
NC 0020191
NC 760201811 ¢
NC=002017.1 -
1 NA, 0.998724 NA 1 NA 1 NA
NC 001563.2 | 0.886443 NA 0.428418 NA 0.76002 NA 0.112011 NA
NC 002031.1 | 0988703 NA 0603435 | 2.52162 | 0.278672 NA 0.400507 NA
NC .0027284 | 0.900575 NA 0.30851 NA 0.560492 NA 0.207244 NA
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0.882339 NA NC'001428* - | NA 0.522986 NA 0.999351 NA 0,749412 NA
NC. A01612"W 0.991708 NA 0.751091 NA 0.990929 NA 0.257635 NA
NC~"003986:4r 0.999997 NA 0.02384 0.93616 0.937996 NA 0,708985
NA NC "0,0"1,"4,7'21:,, 0.99959 NA 0.977242 NA 0.957869 NA 0.692936
NA NC?JOOFY617.1 " 0,435562 NA 0.474076 NA 0.028549 1,699567
0079676 NA NC.i0:011490:1. | NA 090881 NA 0996231 NA 0518662

NC_0926133-, 068HINE_AB17d1 OoNEBoA 1AE N Q38191 1 Wionh R/ 0851
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Nt: mwﬂg&mmm ection of virases usingit-test a9e9eecin a PDC wiBsBroble NA
1| 0.099907 NA 0.02044 | 093616 | 0.937998 NA 0.708985 NA

J 0.99959 NA 0.977242 NA 0.957868 NA 0.6928386 NA
0.435562 MNA 0.474076 NA 0.028548 | 1.699567 ; 0.075876 NA

1 NA 0.80881 NA 0.996231 NA 0.518662 NA
NC_001781.1 NG_004148.2 NC_001781.1 None
(RSV) (HMPY) (RSV)
NC_001787.1 NC_D04148.2 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 &
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Sample Name 35259 324 35179 122 35253 841 35915 111 Viruses
Detected 6 g 9 10 Using T-test False Positives 58 8 10 Max KL
divergence 18.54859 9.324785 11.17914 > 5.0 Viruses Detected Using
T-test 111 0 followed by KL divergence From Table 9, it can be s
WehH51B6& Yesign has reduced the number of false 5 positiveP\fl’lp (S %%96/000224
detected by the t-test for samples 35259 324 and 35179122. A more
important observation is that the Weighted Kullback-Leiber divergence for
the actual virus has increased foradl 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. 10 In
conclusion, we showed that using the one-tailed t-test with significance
TabldayeF a5, Jolinveddeyartimputingithean eightgdtesbalaneeidler PDC with
divergence for the signal intensities of each virus, we were able to
probedegifiely analyze the data on the PDC and determine with high

probability the actual pathogen in the sample 15 Althougt th%%qg!ygﬁge
Safhpieita@syor q3ﬁaﬁ9e§gﬁ4m&éﬁ§9h@2, lelel- B8P HsisE iveLsh Do

oHHOISE-Wersnoweathat e

Viruge! R e ¢ - :
E?@@mlﬂﬁ_@g&ﬁh(, anallﬁs!s IS mproved by using thebove descnbé@_l probe
Falie PSS a0 SetgTt agpod SEgoT proges for e PDC. | Alternadve

RENESIaEPPD iqn and n detecti y few algorithms are
Maxa\/(aim%% for |ored‘1|3(§g5(_z1 ) ga0ds fon7¥er

ng cross-hybridizatiod on 20 mirmnrrg_)g_agd_gnl.y_l_
Virgggoigtasi®ipredict, has been reported and validated for fetecting
"({%{ﬂ% éﬁ? on microatrays (Urismah et at 2005; Litet al. 2d05). E- Predict
fo[ﬁ%e L

ybridization signatures with predicted signatures derived from
WO 20077021250 PCT/SG2006/000224 80

Erom 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 FDC.

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 probabiliity the actual pathogen in the sample.
Although the analysis algerithm 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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the theoretical free energy of hybridization for each microarray probe.
However, using E-predict to analyze our microarrays resulted in a number
of false positive calls (see Table 5 above). For example, E-Predict

“%E%S%%ﬁ%onavirus in RSV patient 412 (Figure 15). Diagnos{,i&l};&g 06/000224
uSing pancoronavirus primers as well 5 as specific diagnostic primers Tor

OC43 and 229E coronavirus confirmed the absence of coronavirus from
patient 412 (see Table 4 above). We hypothesized that false positive calls
using E-Predict resulted from coro&avirus probes which cross-hybridized
with human or RSV genomes. Indeed, 85% of the 50 coronavirus probes
with highest signal intensity were predicted to cross 10 hybridize with
human genome and 65% had HD<17 relative to RSV, which is just above
the theordtcariskotneigyobhyaridicatessonasrh e arationerd lowever,

e R s e o o

calls dmegsT sinerd shayehybeiip@DRlR R RRRCRIAP IR AR inRSV

patie‘ﬁ‘?’l_ﬁ%e(ﬁg‘{li}el%?h b ikehphR thasg Diarersnlifieseptimisroagayell

design strategy and cross-hybridization to human genome, contributed to
as specifisofisenentiarREmArE fpFeikrich BUF pARFnTORBRY YR SERINBIRE the

abseHB ErRadgEVIOSH e ntalr Y ssdoTedRpArgHB A WY witlytathesized
other algorithms as they were designed for djfferent probe, Ien%t}bsoand

that fiampesitue Rl Mot Enbrediftrpsidtemdroy exiRuaylptsgyobes which

cros@ﬁﬁb'mﬂwemwimamt?fpsahmww_mmfeﬁhogmwﬁ _csils%eo?i’n ik 050
patnogen si naturQ robe set comprising only propes wnic 0

corogH PP HIRERTEe S o TN e B A5 CToSS"

hybrrip@ithinh SHiewed geriontiesigd BTY6rhakptiDeriags|aiiedite RE\Gnwigh is

. entire viral es, 25T r with the PDA v, 1 ion algori

st QRN L AR5 o1 o IR A GRS I GfER Rl b pmore,

E-Pradicoaveay drstimiditic saoriples. 7 msicappmeacvbidhicardgimed probes that
equirement for empirical validati en ridizati

ore SRR ARG R, PR b o g e

wheR0QT(R21 R REEIDE 200 HIODAEL YeSLEED V0L thegenkey masideration.

Thud ?%/\{grt&eq)ira g{lé{sgll‘%ggago]rggof&r Ea&%?&%t microarray design strategy and
cross-hybridization o human genome, contributed to the poor performance of
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 amplify 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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identification. We have optimized the design and analysis for pathogen
detection microarrays, facilitating their use in a hospital setting. We
discovered that primer tags 5 routinely used in random PCR are biased,

resulting in non-uniform amplification of pathogen genomes. This Qi
W dUditéd by designing primers using our AES algorithm. Oﬁé%w}gsﬁ%gg%ﬂm

signature probe sets allow us to predict accurately which probes would
hybridize to any pathogen represented on the array. Together with the
PDA v.1 detection algorithm, this &pproach eliminates the 10 requirement
for empirical validation of each pathogen hybridization signature and
allows for future microarrays containing probes for >10000 pathogens to
become powerful diagnostic platforms for pathogen identification. Here,
>10000e refbtidbasesultsaricarsy spomantuintisagassis opmioesipfex pgthogen
d t.ig:elattlicc))gships between viral amplification efficiency, hybridization signal
aen ’6ﬁ?put, "target-probe annealing specificity, and reproducibility of pathogen
We haeteopitimiasindhe clasiom @r&igﬁ@bfﬁi&%ﬁﬁaﬁiﬁ@%ﬁ’ﬁﬁ%@ﬁ’ﬁﬁ&iﬁ@%%ﬁ%s'
raciit RGB! Bs0oKF M AOcleaetenge insiuasssisionieiiopiimal tags
patfiogen signature probe sets (SPS), shed light on the factors OVEJr:nlng
routinghameg iNcearienn RERIeRe P BRBF o 9aIdE Ky MYBHEREAEfERYIcation

of paﬁﬁé’@ﬁ%@%@ﬁ%’siwtﬁ% caRNBstippRetyasnevitding phiteationsing our
e

iCiency score (AES) and optimal probe selection. Finally, we describe a
AES plgpritafistied iz alipRibiepa iR BtabR %ﬁ&%ﬂiﬁw(%%ﬁﬁéﬁ%%ﬂ%%%ﬁ%ﬁ‘y
whicrRnsHssrodiyeibly ideBHBRAtRoaRny ipsliticRinspepiemsrtatrass thearareay.

Tooofunembe oAb e TR s, v

requiMivess ifbeliBipplsesn Meiidwiibra ofighadgpethaigeaTtbiyityidizatieas sipegure
virus copies are present (see Table 3 above), Its itV

anct B3Ks SR G SRR RO S RIS A S 07 0T coons o

becoRe Ho@2A0608gR24 BRI stforvalfoe pathm gleteicgntiicetidniu et al. 2005;

Marra et al. 2003). The ability to predict in silico pathogen hybridization
signatures accurately presents a

Here, we report the resulis of 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
algotithm (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). lts sensitivity approaches that of antigen detection methods, making it a
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significant advance over current microarray methods, which require
empirical validation by first hybridizing the array with pure pathogen
samples. Besides 5 specific identification of pathogens represented on the

vs?(ﬂr G?%B’%Sg'l allows _identification of t_h_e pathogen class, fanﬂ%%%%ﬁeezm
or those genomes which are not specifically represented on the array (by
relaxing thresholds for HD and MCM). This information is often sufficient
for treatment decisions in the clinic. With an AES-optimized tag, we were
able to identify virus from clinical s&nples 10 which could not be detected
earlier when amplified using a non-AES-optimized tag. Thus selection of
tags by AES increased PCR efficiency and sensitivity of detection. The
algorithm according to the invention may be applied to other

clinicaligeelavast dotestiapptichibivsetab2ad fekanact of AT rHR SR t©
[ f ACI 10
predggﬁ%@%& /%\E)@b i rg %%gg#w%nl%}e{r%ﬁ%% Dgdebfhtely presents a

erences AltSchul SF, Madden TL, Schaffer.
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vaﬁd%%\ﬁ(r%geﬁ?étoﬂﬁrien%ﬁ@ fialahase seRCh@ BameginciRimhfeids Besides
25: 3389-3402. Anderson TW, Darling DA (1952) Asymptoti SE]OW of
specifitidentisaions of REERRIRIBJERISIENRSE IR HE9 B R DA Nals oS
idenMRAGIRGCH SRlisGE? 43 1RRRIMSgEhuSassiltobe \d8AbAes which
Oligonucleotide microarrays in microbial ggf;nostlcs. %Jrr’%pqg& I\ﬁICIJC!‘r Oénd
are pobagestizaly FRTRSPRRIENp NG aTaR ARl SR EEL R FowiRY I,

MCjaz MOWIAR M ehsbiordificieptdfse quaineeinddpeisiterd in the clinic.
_.amplification of microdissected chromosomal material. Genomi :
Wi SBACSRPHIAR S8, BATER T ST S ot spmples

whidle\siskt iah serigtiesctpdlwadiasecbaimmeslfieh usBpmaldre&ESSpptimized

5-166 Deffernez, C, WunderlL W, Thom erly rri ity of
185, AR L R T BNEd Dot D o vy o
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comprises determining the effect of geometrical amplification bias for
every position of a target nucleic acid, and selecting at least one region to
be amplified as the region(s) having an efficiency of amplification (AE)
higher 20 than the average AE. 4. The method according to claim 3,
wherein the geometrical amplification bias is the PCR bias. 25 5. The
method according to any one of the preceding claims, wherein the at
least one oligonucleotide capable ofggybridizing to the selected region(s)
is selected and designed according to at least one of the following
criteria: (a) the selected oligonucleotide(s) has a CG-content from 40% to

MCSLLP

Cla@d%o; (b) the oligonucleotide(s) is selected by having the highest free

energy 30 computed based on Nearest- Neighbor model; MCSLLP 87 (c)

. %V ‘f"EJSB ﬁ%‘?ﬁ ?nega% A d%oase %ﬁg%% c?éct: ?ci detection

nuc c acl s va a sa’ls se ecte amming stance
betmessing mfaﬁy\lenng$ubemmgr§l@lfrom the target nucleic acid vb
a”d@r 188Hﬂﬁflgﬁgﬁ%ﬁ”@@?8&ﬁ‘§3§i“l’é%&f 8%@'?81% B goNLRleQlde Shkar g et

(d) tfor any oligonucleotide sa o ngth-m specific e target nucleic
acichwelgihe atigoriaclbetidesiifiedeldrtedebicides hawhm/eaanwﬁissem of

anye[ﬁgJO%(% iG] @ﬁ%‘]i-l F]d[ﬁf&ﬁ %‘TI'[SW tajgespycleic acid, and if

the oli eotl the nucleic acid 10 different

frorﬁlﬂwéeﬁrgem@lelemwﬁﬁeoéjmmﬁ% erpiRbigtiehhybitdiieg to the
t d/or with the least number of hits
" S’i‘%f@ﬁ‘i %%%PQ%’E@H & %’&éj‘

ect an oligonucleotide p; at position i of a target nucleic
acid is selected if p; is predicted to hybridize to the position i of the

. diplmethedgecoslingleiclain 16 wheseairethe\cebibimgalsetamhragion(s) is

ng%{ﬁﬁléﬁ‘dﬁét%ér'%%ﬂf@tséﬁ Higrrrlgotsie,pl af RRFNOWHRER is the

target nucleic acid va is selected
probability that a forward pnmer r, can bind to a position i and a reverse

primer r; can bind at a position j of the target nucleic acid, and |/ - j| is the

region of the target nucleic acid desired {o be amplified.

The method according to any one of the preceding claims, wherein step(l)
comprises determining the effect of geometrical amplification bias for every
position of a target nucleic acid, and selecting at least one region to be
amplified as the region(s) having an efficiency of amplification (AE) higher

than the average AE.

The method according to claim 3, wherein the geometrical amplification bias
is the PCR bias.

The method according to any one of the preceding claims, wherein the at
least one oligonucleotide capable of hybridizing to the selected region(s) is
selected and 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;
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P(p, I va) > A, wherein A is 0.5 or 0.8 and P(p, | vi,) is the probability that
pi 20 hybridizes to the position i of the target nucleic acid Va. 7. The
method according to any one of the preceding claims, wherein P(p; | va)
~P(X <_xi) =i, wherein Xis the random variable representing the
amplification efficiency score (AES) values of all oligonucleotide(s) of \I\/A%SLLP
25 k is the number of oligonucleotide(s) in va, and ci is the number of
oligonucleotide(s) whose AES valueg-are <_ xi. MCSLLP 88 8. A method

of detecting at least one target nucleic acid comprising the steps of: (i)
providing at least one biological sample; (ii) amplifying nucleic acid(s)

compiisaddn HRybinleticiRaRpiend dliBrMIEBENY leasi®®ings of target
oligonucleotide capable of hybridizing to at least one target nucl%iac ﬁcid, if

present M HfbiBfAgRc s AT I owiTertin SHEBRGonheRtHidR s e hamming
designegigtasy pepies acenidingoldigtmeinadetany enerehrigigsalget
to 7; and (iv) contacting the oIigonu&\lE:otide(s with the ampljfied nucleic
acids 1845HRIfoPGEte¥iRy the' oRgoil FRUBAHAR HedPh e and
nucleic @iRjetRIciBolilg sethod according to any one of the preceding
claims, wherein the amplification step is carried out in the presence of at = .
a0 18T AMoRNOPE SIRRHD mEY SRt |SREE e PR AR gRCleic
primer. 3@idTie thetbhgoreetdingdsany sxiebthd pracedingiclaims any hits
wherein the amplification step is a RT-PCR. 20 11.The method accarding .
to any OHEA RIS HD HREIEA I E AL AR DGR
to positigid #nthéheligyeistetstRiioR, NEMEhbiINdtiag Hispasitiohé afuwcleic acid
target n ic acid va are selected among primers having an_amplification
et YRR (78 01 B, TR DL ORI P (P e S -
{P1 (I)x Witk)the smallest maximum alignment length and/or with the least
number of hits is selected; 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.

The method éccording to claim 5, wherein under the criterion (e), an
oligonucleotide p; at position / of a target nucleic acid v, is selected if
P(p,iv,)> A wherein A is 0.5 or 0.8 and P(p, |v,)is the probability that p;

hybridizes to the position i of the target nucleic acid v..

The method according fo any one of the preceding claims, wherein

P(p, |v,)= P(X <x)= % wherein X is the random variable representing

the amplification efficiency score (AES) values of all oligonuclectide(s) of v,
k is the number of oligonucleotide(s) in v, and c¢; is the number of

oligonucleotide(s) whose AES values are < x,.



acid va of : j==-z k=maxi+l,j+500) j+Z 25 wherein P (k) = pr(i+1) + P'(i+2)
o Pr(j+2); k=max(i+1, j+500) MCSLLP 89 Pf (i) and P’ (f)are the
probabilities that a random primer r; binds to position i of va as forward
primer and reverse primer respectively, and Z <_ 10000 bp is the region
of va desired to be amplified. 5 12. The method according to any one g | p
the preceding claims, wherein the amplification step comprises forward
and reverse primers, and each of thggforward 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

8. thermetieichatididantidy/atdrairahe dangdificatideic acitepapmsisgshe steps
fopward and/or reverse random primers having the nucleotide sequence
of SEQ ID NO:1 or a variant or derivative thereof. 13. The method
acclipimgvidingyableast elznhioBowice samgien in the detection step (iv),

e amBIIRT HRALIE SoRte hipnaa AU SHe Bl Ta s
the pildseruaddiy i lgasbiolsyichivsanprtite Theahiehet hedddwingtdo at
any@agt%%af'm;é Liwhergingdp e detpcinpRIRRIM): BRMealRErein

the signal intensities of the probes which hybridize to 20 va is statl_stically
higHbetheligene eheetivef sha prossignadh, alit eheitRatriifagasrding to the

compusesthe §Fﬁpo(ﬁfe‘38f7&9éim9 ‘F_'}S qe,:lgme difference of the proportion

of probes o va having high signal intensities to the proportion of the

prolipd stanting deee@lisie miatesdidr{BhoviighisryrrMpliaditeeciple acids
density distabidiom gt dne 6!%&&1@8%@@@3%}%%@ REIEMAAEA ucleic
positively skewed than that of probeso va, thereby indicating the presence
of \ECif{§he biological sample. 15. The method according to any one of
claims 8 to 12, wherein in the detection step (iv), the presence of at least

one target nucleic acid in a biological _ .
9. 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.

10. The method according to any one of the preceding claims, wherein the

amplification step is a RT-PCR.

11.The method according to any one of claims 2 to 10, wherein the forward
random primer binding to position 7/ 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 of a target nucleic

i

AES, = ) {P-f( NE fPr(k)}

acid v, of ; i=i-Z k=max(i+1, j+500)

<
wherein D PR = priaty + P2) ... PGH2)

k=max(i+l, j+500)
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30 sample is given by a value of t-test <_ 0.1 and/or Anderson-Darling test
MCSLLP 90 value <_ 0.05 and/or a value of Weighted Kullback-Leibler
divergence of = 1.0. 16. The method according to claim 15, wherein the
t-test value is <_ 0.05 and/or 5 the value of Weighted Kullback-Leibler
divergence is = 5.0. 17. The method according to any one of claims 8 {p~¢| | p
12, wherein the detection step (iv) comprises evaluating the signal

intensity of probe(s) in each signatiwge probe set (SPS) for the target

nucleic acid(s) va by calculating the 10 distribution of Weighted
Kullback-Leibler (WKL) divergence scores: Qa (J)10g(Q. U) ) Qa(J)
WIGH@ad Pa)) bicotki brébabltiebataQatnddhe mummedativimdistobyieition
function of the signal intensities of the probes in Pa found in bin b ; Qp(J)
ische:cagiortRes BrsmRLEnd favetem pither Jigpreatteivitiercdotise 10000 bp
RARET BN BHDIdBSI 1S Bl &iffiibg set of probes of a virus va and

1'Q =P -Pa. 18.The method according to claim 17, wherein each

signature probe set (SPS) which represents the absence of target nucleic

12 BRIUSINANAP 3JNTAY 1FISIHPUSRE Signgldnisasity RS A YeIgRGn the

13

14.

15.

Kullback-Leibler (WKL) 20 divergence score of WKL<5"or alternatively,

eaﬁw%ﬁ@ﬁaﬁnesm@mr(mﬁma? aéﬁré@éﬂt§qr@ﬂmés@n@@§bﬁaﬁe@étthe
ORPHAFICA RN HIEIEREIbMmMBAS @orﬁ%ﬁ%@@'Xr%eW—eﬁj SIERRENSYixed primer
distribution and/or a Weighted Kullback- Leibler (WKL) divergence score
ohgaresznms aeaiabte qarimer kl madowheseiding teaglytbripliakle tail
18y et hRisCRMP SRR RTAHB NS ADHEeR Baiina IeRHRsH i amplification

distribution of WKL scores, wherein a result of
step comprises forward and/or reverse random primers having the

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

. The method according to any one of claims 8 to 12, 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.

The method according to any one of claims 8 {o 12, wherein in the detection
step (iv), the mean of the signal intensities of the probes which hybridize to
vy 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 the signal intensities of probes v, being more
positively skewed than that of probes ¢ v,, thereby indicating the presence of

v, in the biclogical sample.

The method according to any one of claims 8 to 12, wherein in the detection
step (iv), the presence of at least one target nucleic acid in a biological

sample is given by a value of t-test < 0.1 and/or Anderson-Darling test
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P<0.05 thereby indicates the presence of target nucleic acid(s) va . 5 20.
A method of determining the presence of at least one target nucleic acid
va comprising detecting the hybridization of at least one oligonucleotide
probe designed and/or prepared according to the method of any one of
claims 1to 7, to at least one target nucleic acid va and wherein the ? b
of the signal intensities of the probes which hybridize to Va is statistically
higher than the 10 mean of the prolggs ova, thereby indicating the
presence of va. 21. The method according to claim 20, wherein the mean
of the signal intensities of the probe(s) which hybridize to va is statistically
highes thap.0%eam#en afiheprobv¥gagracdnidihisaviethsibifurtieergence of =
CT prises the step of 15 computing the relative difference of the

oportion of probes e va having high signal intensities to the proportion
of the probes used in the detection method having high signal intensities,

o R L TR AR 8 S

pites eaheeai y.eXghad N&fﬂbaet{}bdlbtarafmgg;mwclalm 26.0r 21, wherein
the presence of at least one target nucleic acid in at least one biological
sample is given by a value of t-test <_ 0.1 and/or Anderson-Darling test

17 Vahe metbdb archiodiag aduaref dNeightEidinEBIIBam 1zibkbediriendetettion

S S S R e

SQMUMmpparaasz{SﬁSI)e&)grﬂnegtatgehskmfmmhgmatrephyle:muiaﬁmdhe
0d L J
%ué'rﬁ%%/eor se eéﬁ%%%% @%%Jr)%r@n (Ip w}[ﬁga\%%r%ﬁt%rg%??%%glelc

aC|d to be amplified, the region(s) having an efficigngy;pf amplification
(AE) higher than the average AE; and @i dadug( i one

oligonucleotide Cmt%d)f @grldlgg to the Z
7O (N1 -0: ().

where O,(j) is the cumulative distribution function of the signal

intensities of the probes in P, found in bin b;; O-(J) is the cumulative

distribution function of the signal intensities of the probes in Efound in bin

b;. Pg is the set of probes of a virus v, and Pa =P P,

18. The method according to claim 17, wherein each signature probe set (SPS)

which represents the absence of target nucleic acid(s) v, has a normally
distributed signal intensity and/or a Weighted Kullback-Leibler (WKL)
divergence score of WKL<5 or alternatively, each signature probe set (SPS)
which represents the presence of at least one target nucleic acid v, has a
positively skewed signal intensity distribution and/or a Weighted Kullback-
Leibler (WKL) divergence score of WKL>5.
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19.

20.

5 identified and/or selected region(s). 25. The apparatus according to

claim 24, 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 10 primer r can

bind at a position j of the target nucleic acid, and li - ji is the region of

target nucleic acid desired to be amplified. 26. The apparatus according to
claim 24 or 25, wherein step([) compyses determining the effect of
geometrical amplification bias for every position of 15 a target nucleic

acid, and selecting at least one region to be amplified as the region(s)
hav@gx@rhetfi@iemxdmamrdiﬁigtaﬁi@im(AE)dniglaerfmmrcmmragg pdEfatihing
The s acc t er eometrical .
b he Pt ool KT Seatos AueraiR eesHy of
oreMOBlehmeB¢ ﬁmd&?atmmeielpmb@mi@mmtgehdﬁ@bmamsma .
hybridizing to the selected region(s) is selected and/or designed

according to at least one of the following criteria: 25 (a) the selected
OﬁgnBuﬁmﬁﬂe@bhammglﬁrmmmﬁwnmﬂ@%éas’ﬁ@%x thgenucleic acid v,

onucleotl ha in e tfree ner uted
et S e Rl BT oo T e e
odigeng;m@écmdﬁ@bpsabamdmbrammtgehauoleibcatmfsaw ang b ainss 1 to

e[ct (Ho %RQ he h mm MC LLP 9 hségé}%e betweens ﬁl sianal
any engt msubstrl asb rom 2 arg%t S aC|d androron 9

| omigest tcmsroh dmesplgies gadiica hmdlg@muo&eosm%:c@yyfmw than the
oligonucleptide sa of IengtB\ e fcf rth tar uc |c acid va, the
B R & e B R e iy voion

of a nucleic acid different from the target nucleic acid, and if the

21 _°“ﬁ%‘ ur?qlgﬁlcgc? Sé%c':%?gmgmtg acszilélértg \%81 th%gyé:llne'%haé: '%%'grﬁrer}t f’sri%n signal

22,

23.

24,

intensities of the probe(s) which hybridize to v, 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 the signal
intensities of probes v, being more positively skewed than that of probes

¢ V,, thereby indicating the presence of v,.

The method according to claim 20 or 21, wherein the presence of at least
one target nucleic acid in at least one 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.

The method according to claim 22, wherein the t-test value is < 0.05 and/or

the value of Weighted Kullback-Leibler divergence is = 5.0.

An apparatus for designing at least one oligonucieotide for nucleic acid

detection, the apparatus being configured to
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the target nucleic acid, the oligonucleotide sa length-m with the smallest
maximum alignment length and/or with the least number of hits is

selected; 10 and (e) at least one 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. 15 29. The apparatus according to glai | o
.-28, wherein under the criterion (e), an oligonucleotide p; at position | of a
target nucleic acid va is selected if Bfp, | v.) > A, wherein Ais 0.5 or 0.8

and P(p, | v,) is the probability that pi hybridizes to the position i of the
target nucleic acid va. 20 30. The apparatus according to any one of

claims 2§ tid @%tjfwlerdior Bédtva) Iéés(b(me x@g&dn(ﬂhefrehlee'si thee target
rand erlrcl:varl c?let reqr se%nﬁ]f% é)hf '%S score gﬁj nov of
valies of ollgonuc fides 0 er o onucl es |¥
vamnﬂ(:atlsmr(@\ﬁumgheothahgmmmages!\ﬁ]c&selAEs values are <_ x;.

25 31. Af SpRaials cenlouied 48 6(aelatinas ana HagtSIRBAET the

comprising any one o steps of: (1) providing ot east one Ica
salepified paplifsrigaiedistgiatid(s) comprised in the biological sample;
MCSLLP 94 (iii) providing at least one oligonucleotide capable of
hybridizing to at least one target nucleic acid, if present in the biological
25.saﬂnple:1ppaem@ins tlaecoﬁyogume@d@msﬁﬁs debigiaia dnel/diprepdhsd selected

' guged
A0 2 LA PR AR MR R P o
aﬂn@lﬁr@@a@bwuérwéuas‘oawardrmr@te@tmg:ﬂﬂebmgdﬁmléaatﬂ@(@) Ayistidipeerse
mﬁeﬂawegn% 2PAUSAiRm B RPAIRIUE ATCRIHIngi anRy ks ffis the

alms 4 o 31, wherein'the 10 amplification step is carried out in the
pr@gm@fdhattwggtt onsleigdoid desired to be amplified.

26. The apparatus according to claim 24 or 25, wherein step(l) comprises
determining the effect of geometrical amplification bias for every position of
a target nucleic acid, and selecting at least one region to be amplified as the
region{s) having an efficiency of amplification (AE) higher than the average
AE.

27. The apparatus according to claim 26, wherein the geometrical amplification
bias is the PCR bias.

28. The apparatus according to any one of claims 24 to 27, wherein the
oligonucieotide(s) capable of hybridizing to the selected region(s) 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% fo
60%;

(b) the oligonucieotide(s} is selected by having the highest free
energy computed based on Nearest-Neighbor model;

(c) given oligonucleotide s, and oligonucleotide s, substrings of

target nucleic acids vy and vy, s is selected based on the hamming
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29.

30.

31.

forward primer and/or at least one reverse random primer. 33. The
apparatus according to any one of claims 24 to 32, wherein the
amplification step is a RT-PCR. 15 34. The apparatus according to any
one of claims 24 to 33, wherein the forward random primer binding to
position i and the reverse random primer binding to position j of a targetq | p
nucleic acid va are selected among primers having an amplification
efficiency score (AESI) for every posgjfion i of a target ~+z AES,. _ Pf (j) x

P' (k) 20 nucleic acid va of : j=i-z k-max(i+l,j+500) j+z wherein | P '(k) =

P (i+1) + P (i+2) +...... Pr(j+Z); k=max(i+l, j+500) P’ (i) and P’ (i) are the
prdtiabitit dsethaten randach aniynkemagibindssibpbwitipe, ifafmatias fargeirducleic

CHOR B8 66 SIS ¥ ind S g B0R6 S once

amgording to any one of claims 24 to 34, wherein the amplification step

comprises d.and 1, ImeLs, a ch,of orwar,

reverse pri@gﬁl{s&éoarﬁ r%@?@@%&g&%r%&iﬁ%ﬁ%ﬂ@d@ B%ﬁ?@‘? fgﬁgr target

amdcievarablesprive otwihrandeshideem i kalstthd dtidbkstaibbhave any hits
idi 0 i lej ' for,t ificati :

S e AL e YA LA e NAa Bha

nindedliglnsetpmite Hf BEGHDINGE bitawihdheonddeiragvidtdéferfnBiom

T%%%%Pﬁé?%z?%&o%f&g hanypaolielams 3 fa “h‘-’YHG‘\RﬁEE i?\éh% lest
detection step (iv), the mean of thie signal intensities 0t the probe(s) whic
hylridimerto aligiveatideoglly aryer tivih the lmeahroimbtep@beitsHayaelected;

tgﬂgby indicating the presence of va in the biological sample.

(e) at least one 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.

The apparatus according to claim 28, 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 or 0.8 and P(p, |v,)is the probability that p,

hybridizes to the position i of the target nucleic acid v,.

The apparatus according fo any one of claims 24 to 29, wherein
P(p,|\v,)= P(X <x,)}= %‘— wherein X is the random variable representing

the amplification efficiency score (AES) values of all oligonucleotides of v, k
is the number of oligonucleotides in v, and ¢; is the number of

oligonucleotides whose AES values are < x,.

An apparatus configured to detect at least one target nucleic acid
comprising any one of the steps of:
(i) providing at least one biological sampile;

(il) amplifying nucleic acid(s) comprised in the biological sample;
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37. The apparatus according to any one of claims 31 to 35, wherein in the

15 detection step (iv), the mean of the signal intensities of the probes

which hybridize to va is statistically higher than the mean of the probes 0

va, and the apparatus being configured further comprises the step of

computing the relative difference of the proportion of probes o va havmgSLLP

high signal intensities to the proportion of the probes used in the

detection method 20 having high siggal intensities, the density distribution

of the signal intensities of probes va being more positively skewed than

that of probesO va, thereby indicating the presence of Va in the biological

sample.(iﬁ$p?dnécﬁp@miaimasammdjﬁugmmwme ot apteiphs 8flHphBRlizing to at

Wher 'E]‘ 0 108,45 deteclion $ten W e Dt ehiaTo odid !{a@l'aweucvﬁ\%ra(fn the

in‘abio oglcal sam €15 |veh avalue or t-test <

Ami@mon@@ﬂdm@)estdmllgeedoahﬁjquﬁwwawamamammtedthe apparatus
ullback L |bler ver P9 aratus

Z%%gl rl[o aim a;%;%w(?: %e t%tgléltgv%h%r?ssgégdoég or the value

of Waghhéd:l&ulﬂlemigllb@lehgiw&r@enbde@# %ith 40 Emepdifipdraudeic acids

accqrding, t f etecli v

comagrlse% gva glng%h g%%%t@n@?g/\ﬁnﬁgﬁd (Q %?n t%a@%s?é%’?t%ﬁeg Etem

pacii{ set (SPS) for the target nucleic acid(s) by calculating the

distribution of Weighted Kullback-Leibler (WKL) divergence scores:

Qa(J)log(Qa(Jd)) WKL(Pa Pa)=E Q'- (j) I=0 Q Q(J) I-QQ(J) where Qa(J) is

32 th“érmmptmiwé@sauwmdmmrﬁctiamofqne fnelkimengideto miof\nﬁ@rein the

p 0 [ is.t tr, ti
PR oMb oo IR HLalie T ER 189, RS Rihom
idenaaset plipobesiitalilessipaadgvesse rarglom Hﬂh@eapparatus

according to claim 40, wherein each signature probe set 15 (SPS) which
represents the presence of at least one target nucleic acid has

33. The apparatus according to any one of claims 24 to 32, wherein the

amplification step is a RT-PCR.

34. The apparatus according to any one of claims 24 to 33, wherein the forward

random primer binding to position i and the reverse random primer binding
to position | of a target nucleic acid v, are selected among primers having

an amplification efficiency score (AES)) for every position i/ of a target

AES, = Z {Pf (/) x f:P"(k)}

nucleic acid v, of : jmi-Z k=max{i4l, j+500)

+Z

wherein 2P ) = Pty + P(2) +.. PY(42)

k=max(i+1, j+300)
P/ (iyand P’ (i) are the probabilities that a random primer r; binds 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.
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35.

a positively skewed signal intensity distribution and/or a Weighted

Kullback- Leibler (WKL) divergence score of WKL>5. 42. The apparatus
according to any one of claims 40 to 41, further comprising 20 performing
Anderson-Darling test on the distribution of WKL score(s), wherein a

result of P>0.05 thereby indicates the absence of target nucleic acid(g);; p
alternatively, a result of P<0.05 thereby indicates the presence of target
nucleic acid(s). MCSLLP 97 43. Thgmpparatus according to claim 42,
wherein a further Anderson-Darling test is performed thereby indicating

the presence of further co-infecting target nucleic acid(s). 5 44. A
cdinguapppratranapeoddictcdafigored e petfarminie AetiBdccattingjnothe

o of claims 1 1 / i
UL 95 200 A ST OB e
AndeesdraDanavgtestiondesigaimgrisdsain eng dliguiridielinilesalixidr primer

ing.at least,on rget leic, agj in.th r :
R O e aronid § ey evarane tai
oligbridiziestideappipnte(s o g datbetdeteringsidarg enaiierclitcea sit@]fimation
defl edc%ﬁggfg@ AN LR MBI @3 ARdAHETBANARIE SlRRHNICGhe
storage medium comprising a software configured to 15 perform the
nettledtithe 6ailtgnoaal SrR AP ar @ pariand/or dedviiiyeréhereof.
configured to determine the WKL divergence score and/or
Anderson-Darling test for designing at least one oligonucleotide probe, the

36.dé5igring arediigorcrnediige torigrer (Onearid/ slaistecligtat Basvbaesiardgetthe

nygleiGiaridiaEIngReh SnrierspyhRarian iants e Sesicangsf dfich

oligonucleotide probe(s), the designing of oligonucleotide primer(s), and/or

iylorégézsintg ofatdryetanimiendcligh)earéhastinbe d0eaiding {banyrepesofé Va,
Clﬂgpébjy ﬁﬂcﬁgaténg the presence of v; in the bioclogical sample.

37. The apparatus according to any one of claims 31 to 35, wherein in the

38.

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 gv, 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 probese v, thereby

indicating the presence of v, in the biological sample.

The apparatus according to any one of claims 31 to 35, wherein in the
detection step (iv), the presence of a target nucleic acid in a biological
sample is given by a value of ttest = 0.1 and/or Anderson-Darling test
value < 0.05 and/or a value of Weighted Kullback-Leibler divergence of =
1.0.
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The apparatus according to claim 38, wherein the f-test value is < 0.05

and/or the value of Weighted Kullback-Leibler divergence is = 5.0.

The apparatus according to any one of claims 31 to 35, 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) by calculating

the distribution of Weighted Kullback-Leibler (WKL) divergence scores:

0,())
O-(J)

I_Q;(J)_

w1 Za()]og(Ce >
WKL(P, | P,) = Z\/Q =

)

where O,(J) is the cumulative distribution function of the signal intensities
of the probes in P, found in bin b;; @5(/) is the cumulative distribution

function of the signal intensities of the probes in Efound in bin b;, and

where P, is the set of probes of a virus v, and P

The apparatus according to claim 40, 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.

The apparatus according to any one of claims 40 o 41, further comprising
performing Anderson-Darling test on the distribution of WKL score(s),
wherein a result of P>0.05 thereby indicates the absence of target nucieic
acid(s) or alternatively, a result of P<0.05 thereby indicates the presence of

target nucleic acid(s).
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43. The apparatus according to claim 42, wherein a further Anderson-Darling

test is performed thereby indicating the presence of further co-infecting

target nucleic acid(s).

44. A computer program product configured to perform the method according to

any one of claims 1 to 23 and/or 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, wherein the WKL, Anderson-

Darling test, the designing of oligonucleotide probe(s), the designing of

-oligonuclectide primer(s), and/or the detecting of target nucleic acid(s) are

defined according to any one of claims 1 to 23.

45. A removable electronic storage medium comprising a software configured to

perform the method according to any one of claims 1 to 23 and/or a
software configured to determine the WKL divergence score and/or
Anderson-Darling test for designing at least one oligonucleotide probe, the
designing of oligonucleotide primer(s}, and/or detecting at least one target
nucleic acid, wherein the WKL, Anderson-Darling test, the designing of
oligonucleotide probe(s), the designing of oligonuclectide primer(s), and/or
the detecting of target nucleic acid(s) are defined according to any one of

claims 1 to 23.





