WO 2005/ 035792 PCT/ US2004/ 016x60 VI RTUAL REPRESENTATI ONS OF NUCLEOTI DE
SEQUENCES FIELD OF THE I NVENTI ON [ 00011 This invention relates generally to
nol ecul ar bi ol ogy. More specifically, this invention relates to materials
and net hods for %enerating nucl eoti de sequences 5 tha% Ere re ) esentative
of a gi veWOBROR® (e.g., a genone). BACKGROUND OFFFEES CN [ 00021
A obal nethods for genom c anal ysis have provided useful insights into the
pat hophysi ol ogy of cancer and ot her diseases or conditions with a genetic
conponent. Such net hods include karyotypi ng, determ nation of ploidy, 10
conparati ve genom c hybridizaton (CGH), representational difference analysis
(RDA) (see, e.g., United States Patent 5,436, 142), and anal ysis of genom c
representations (WO 99/ 23256, published May 14, 1999). Generally, these

nmet hods i nvol ve either using probes to interrogate the expression of
particul ar genes or exam ning changes in the genone itself. 15 [00031 Using
ol i gonucl eoti de arrays, these nethods can be used to obtain a high

resol ution gl obal image of genetic changes in cells. However, these nethods
requi re knowl edge of the sequences of the particular probes. This is
particularly limting for cDNA arrays because such arrays only interrogate
alimted set of genes. They also are limting for genone-w de screening
because many 20 ol i gonucl eoti des designed for an array naybe unrepresented
in the interrogated population, resulting in inefficient or ineffective
anal ysis. WO 2005/ 03 i ( VA )

100041 This inve e DL oSS PS S oS ‘ or
i nterrogating popul ati ons of nucleic acid nolecules These conp03|t|ons and
nmet hods can be used to anal yze conpl ex genones (e.g., nmammalian genones), 5
optibnally in conjunction with the mcroarray technology This invention
features a plurality of at | EELIDION THEINVENEION nol ecul es (A) where (a)
each of the nucleic acid nolecules hybridizes specifically to a sequence in
a genone of al[()lloéhsﬁ'hlenvbutsmpdanesgemndl)(ﬂo)mtdccwmr@mlog%Mbrewcmﬁqallw aI ity of

Ut e,251 O BB SR 9% ke Bl B ShdSS (11

5  that are representative of a given source DNA (e.g., a genome).

BACKGROUND OF THE INVENTION

[0002] Global methods for genomic analysis have provided useful insights into
the pathophysiology of cancer and other diseases or conditions with a genetic
component. Such methods include karyotyping, determination of ploidy,

10  comparative genomic hybridizaton (CGH), representational difference analysis
(RDA) (see, e.g., United States Patent 5,436,142), and analysis of genomic
representations (WO 99/23256, published May 14, 1999). Generally, these
methods involve either using probes to interrogate the expression of particular
genes or examining changes in the genome itself.

15 [0003] Using oligonucleotide arrays, these methods can be used to obtain a high
resolution global image of genetic changes in cells. However, these methods
require knowledge of the sequences of the particular probes. This is particularly
limiting for cDNA arrays because such arrays only interrogate a limited set of
genes. They also are limiting for genome-wide screening because many

20  oligonucleotides designed for an array may be unrepresented in the interrogated

population, resulting in inefficient or ineffective analysis.



10 acid nolecule present in or predicted to be present in a representation
derived from said genone, said representation having no nore than R¥% of the
conplexity of said genome; and (iii) no nmore than X exact matches of LI

nucl eot i 2%(%/;3617%1 genome (or said representation) geg/&%ﬁ/&\é@ggtthan Y

exact matches o nucl eotides to said genone (or salrd repre ation);

and (B) where (a) Z > x 108; 15 (b) 30p> K 30; (c¢) 70 > R> 0.001; (d) P
? 90-R (e) the integer closest to (log4(Zz) + 2) > L1 > the integer closest
to log4(2z); (f) Xis the int ﬁ; ig 5 é E L,+l); (g) Yis the

i nteger closest to D2x(K gﬁmﬁﬁ tT 6 and (i) 1 > DD > 0.5.
[ 0005] In so furt enbadi nent s t.he pl ur f ucI eic acid

mol ecul es gﬁ@?ﬂ?ﬁ) Tg*&gﬂ‘é%“ P%H@P%%ﬁnfzfs‘@wﬁé § I'10,000; 25, 000:
50, 000; 85, Oo%tm%%%gggpulzﬁ%gs Qﬂgmleﬂzracﬁﬁgolgaﬁ)esnqﬁéﬁ'c@n@ﬁhﬁ'wﬁ%@cUl es; (2) Z
is at least 3 x 1 101, 1xl ol orixloll; (3)Ri s0.001,1,2, 4, 10 15,

20, 30, 40, S50nehod?@m Pefsedia mwmmﬂmpm@@mmmalm geperats),70, 80, 90,

95, 97 or 99; s .15 1 1 22 23 or
2. (1) P Ts Genouly bfmiinstihuth giSnigBuresfengliogy S Wondteilies (5 1 <
40, 50, 60, 7QphlitydPat 18420100lhleiclatill mdlé&uleskBYwhéB(a) 208 ofthe n&ﬁcﬁc In sone
enbodi nents, a nucI ei ¢ acid._nol ecul e_that hybridizes specifically to

anot her nucl el%ldaeqlac%|hmé1§cswa%m%ﬁaﬂ¥%%eqm@&ﬁf@ﬁ@éor“eré?ﬁ?y toa -
sequence of f &r?gttlgas‘tp‘ytmaﬂ%ﬂﬂhtﬁb'ﬁﬂtﬁle?c R fofphiecuhve @ 4n further

enbodi nents, it as east 91 % | east 92% at | east 93% at | east
94% at | east I@Fg%ofat Idaﬁé"snumm(n) hsblldlmsp%My tot at leasisme @8elgicat | east

99% or % se ce i dent i furth nbodi each of
aai b P of ) sai R rate sty et o b R n e PirE s PR BN Bt o o
than A exact m“ﬂcgbﬁﬁn@fsax&?epmeﬁtawmﬂeﬁlgh@m&ﬁ&@ﬁf‘/@&&ﬁ&&nﬁiﬁaﬂiy&mM/016060
-3 said genone and no fewer than B exact matches of L2 nucleotjdes to said

genome, wher &fif gerpme; pnd(Hipnompredhangf %’@é"rm%‘F}éf‘éégPlledF%tjl&i psad 3, (b) Alis

th t | th t
ol gslegt etggr DSL g)%ﬁ%?é}((o_rgﬂd%r ')z(x{t%tszm) a&din*b%\svér tﬁ%x‘(’eﬁ‘ic?)r)atchéscaf;ﬁ s (e)e '1”>e%ir :

0.5. 5 [(0071 Mclp@meemdagenomeéfrsadmspmmnatmd@):w}nerb@)ﬂr abud@d by
th
Foatricr b e TR EKCEI09E) T 280 AR P So MG igH 0 1

repr esent at i offlog;{Apt 2) =, L thehe mtegeﬂlctoaat torleg DS emKds ﬂﬁmnteger alosexpound
representati OrI])1 x (K—L;+1); (g) Y is the integer closest to D2 x (K—L;+1); (h) 1.5 =Dy =1;
and (i) 1> D, =0.5.
[0005] In some further embodiments, (1) the plurality of nucleic acid molecules
20 comprises at least 500; 1,000; 2,500; 5,000; 10,000; 25,000; 50,000; 85,000;
190,000; 350,000; or 550,000 nucleic acid molecules; (2) Z is at least 3 x 10%, 1 x
) - 10°,1x10%0or 1 x 10"; (3) Ris 0.001, 1, 2, 4, 10, 15, 20, 30, 40, 50 or 70; (4) P is
independent of R and is at least 70, 80, 90, 95, 97 or 99; (5) D1 is 1; (6) L1 is 15,
16,17, 18, 19, 20, 21, 22, 23 or 24; (7) P is 91, 92, 93, 94, 95, 96, 97, 98, 99 or
25  100; and/or (8) K is 40, 50, 60, 70, 80, 90, 100, 110, 120, 140, 160, 180, 200 or
250. In some embodiments, a nucleic acid molecule that hybridizes specifically to

another nucleic acid molecule has at least 20% sequence identity to a sequence of

the same length in the other nucleic acid molecule. In further embodiments, it has

at least 91%, at least 92%, at Ieast 93%, at least 94%, at least 95%, at least 96%, at
30 least 97%, at least 98%, at least 99%, or 100% sequence identity.

[0006] In some further embodiments, each of said P% of said plurality of nucleic

acid molecules further have no more than A exact matches of L2 nucleotides to



[ 0008] The nucleic acid nolecules of this invention can be identified by a
10 nethod conprising: (a) cleaving said genone in silico with a restriction
enzyme to generate a plurality of predicted nucleic acid nolecules; (b)

generat i n‘gpgm}é%)?lﬁgl representation of said genone b¥§®gg%§¥£%gﬁggspr edi cted

nucl ei c ac ecul es each having a length of 200-1
i nclusive, said virtual representation-3having a conplexity of 0.001 % 70%
inclusive, of said genonme; (c) selecting an 15 oligonucl eotide having a

| engt h of 30-3Q0 nucl eot i des ncl usi ve, | e 90% .sequence identity
to a predicteé g@%@é&?ﬁﬂ?ﬁﬂ@&ﬁ ‘“é‘a?tﬁm(t‘%ﬁes of](tﬁ TOE‘SFSatPl ﬁagg’l“‘@‘ ®conpl exi ty

of said virt Uaglhe{eﬁp(l’afﬁxeﬁlgbltﬁﬁnfe%bﬁélés\éﬁ té RgX@) d 308N ANE theMbodr SRRt f yi g al |
of the stretches of nucl eoti des occurring in said ol |(%gnucl eoti de; and

(f) confirm hgl)ihé{K-thﬁIhm(%é‘? zBI(C)Bm%@emrdﬁS%@P@@t tdhtd x&urs in

sai d genone 2 f| £ usppreglet erm ned requirenents. [0009] The
nucl eic acid ?r% gc@es of hﬁ @en |on61§an be used as probes for

anal yzi ng SSarTWOWFNA e&b@ﬁﬁhm@ﬁlﬂsNA@npﬂeuMﬂmbbbmﬂa&m sefpeneair f ace of a
solid phase, inc sem -solid surface. Solid phases include, wthout

limtation, FRACHIS %ﬁﬁeé’ﬁé%d SFoMeot &1 ?%P@E]éShe?@’h‘;Braéﬁ“é%"tlogl ass slides, and

m cr ospheres 5]%]%9&% ¢ de pRoginents, the
positions of the nug%gl c acl 6?1 edT%}es on sa%pgee af ‘phase’ faillre known,
e.g., as usedmsmttatmpmsmmoaysdmmdfﬁpmsemal@ml on aI so features a net hod
of anal yzi ng enom c. e ent ation), said
net hod conpr i W(%‘ r“iacff@ig%mfléf fgnggntggc% eldﬁﬁtﬁg ¢ ®aci d probes of
this inventi omem%ﬂ@oﬁ;bﬂmﬁget(e}awmamtgemn@m silfcoswithth ebttittadn dnyymefd of
nuclelc acid nol ecul es sal d sanpl e hﬁprldlzes [0010] This invention

features al sogenerts #Buraby ofmagdiciedyc W‘%ﬂ%@lesvﬁf)lgﬁlﬁrﬁﬁlgadﬂmé? genoni c
sequence bet YRRt AT Ben of t%ﬂ@@?@% &@&EE‘{eF ﬁg&elge géla)mo\f@u?eggé/hO%NZ

PCT/ US2004/ 01 -4 provi abl'y representations, each
prepar ed fronhavieg a leegthof 200rE20(Ebrseppirs vindlisive, Sdldmisltuahnpxesedtanon cal

restriction epz cont hese. t presen s wth the

nucl eic acid B?%%% %?r}l? 6&%‘2’ O({‘;‘I o rﬁ?B?ff‘%n@ f?)thngbaé’t ween t he
representgti osﬁgo@ndeéttnehaﬁﬁ@e&ngmcb)faanebnzdlmdémmcﬁlswbmdx Eastioon | evel s of
the two representations to the E)robe set, uie]géa'((glfference in said

level s to a nisBeERcedfentifydo ppedi f‘éié’t“"‘ieﬁdﬁc’élé{l%c GASRBtNg R at i on
bet ween the t yRnSIEAR BT Sailivirthal REREG SN FIARRWELd SERHRNE ideAiFRLeH DY

of the stretches of L1 nucleotides occurring in said oligonucleotide; and (f)
confirming that the number of times each of said stretches occurs in said genome
20  satisfies the various predetermined requirements.
[0009] The nucleic acid molecules of this invention can be used as probes for
\ analyzing sample DNA. These probes can be immobilized on the surface of a solid
l phase, including a semi-solid surface. Solid phases include, without limitation,
nylon membranes, nitrocellulose membranes, glass slides, and microspheres (e.g.,
25  paramagnetic microbeads). In some embodiments, the positions of the nucleic acid
molecules on said solid phase are known, e.g., as used in a microarray format.
The invention also features a method of analyzing a nucleic acid sample (e.g., a
genomic representation), said method comprising (a) hybridizing the sample to the
nucleic acid probes of this invention; and (b) determining to which of said plurality
30  of nucleic acid molecules said sample hybridizes.
[0010] This invention features also a method of analyzing copy number variation

of a genomic sequence between two genomes, said method comprising: (a)



said nenber. In sone enbodi nents, the representations are distinguishably

| abel ed; and/or the contacting of the two representations is sinultaneous.
10 [0011] This invention further features a nethod of conparing nethylation
status of a genom c sequence between two genones, sahg t hod i nvol ves
providingwpﬁggmﬁg?%ctably | abel ed representations fro Tﬁ%ﬂwﬂg%@@tive
genones, each representation being prepared by a nethylation sensitive

nmet hod. For instance, a first representation of a first genonme is prepared
using a first restriction enzyne 15 and a secon Ii%epresent tion of a second

genome is prepaadng SThepiebbCiaRied RSt PP A? Fetin said first
and second regf la&fv!e%,@ncﬁﬁl%m%t 186900 idRtidal RstrioAFerz§Rb; (bFédneftik t € but one
is nethylation-sensitive and the other is not. Sequéences wth nethyl-C can
al so be cheni dhdst ywateproentatians with theliuplgicacidrpaghes obiisanyemtiomia Hlosy
non- et hyl atign, sensitive restriction.enz , such that. a 20 representation
derived from %YP@@F@HO&?’&W%%&’Sﬁ?’?ssma'i’%‘{siaﬁgﬁﬁ?ﬁ&atﬁf’éc)ﬁ%%g Cepresent ati on
derived from ayhedz4Rh MveRlof thedwd esfReserdthteins td e prde sétephasignt at i ons are
contacted with the probes of this invention to allow hybridization between
t he represent affaense antpid lseelplogyaembanpp e grobssetdpdieAtestafopy WBmP¥pr esent at i ons
to the probes j AR " aTT A I r i i di n 25

| evel s’ bet V\eer}}aﬁia*}}eo%%%pr esg}r%tztgtgigons vs\n%?ﬁl rrg %‘gﬁfﬁ&é‘i%@%ﬁggﬂﬁ}a{ﬁ? be

i ndi cates a daififnenehec elnisomaethydiotents ths teptesentdimnsvare distihguithablygenomes wit h

regard to a nom c sequence targeted by said.probe. [0012] Simlar nethods
cag al so be ugg’&%&%;&ﬁ@nﬁBﬁﬁfgﬁﬁwgﬁ%ﬁeﬁtaB%f W“‘[tﬁ‘?ﬂg , as further
illustrateg bgbe; 38is[iRABin htthaCBRMLRR GRHOH bhcdigiahak th idh FRflss of the

i nvention, an algorithmis 5); ovi ded for accurately and efficiently

det ecting and of 8 Gerangig SegHeEnca bEED BYo gangmes, said mstheddevolives prayiding/e¥eone. Thi s
algorithm so i ggﬁq -herel 2

PCT/ US2004/ 012%%5‘%’%5 bgfeegr S‘Ir‘fg?%g ﬁ(;%krf‘tg@ﬁ% -cﬁggg%g,ﬁ{eggégélga transformof a
genone (e.gq., reprBentatasbeinffyerepared biramethplatign nsitieenmethiod. | Fainstabae,a st ruct ure

t t th f Li ticul fo in th . A
vord" 1 ef or s D FPrFERRT T dd oS L Rbere SaBe PO RGP S 00141 |

general , tHe @p@hnecondaémbRmtalic ofa sBednldi gehdnad is\pRsparedYisih b Sécohd ndi ng t he

| ast character of the word. Then jt proceeds to | ook for the character
i medi atel y restriction enzyme, wherein said first and second restriction enzymes recognize the

same restriction site but one is methylation-sensitive and the other is not.
Sequences with methyl-C can also be chemically cleaved after making a
representation with a non-methylation sensitive restriction enzyme, such that a

20  representation derived from a methylated genome is distinguishable from a
representation dertved from a non-methylated genome. Then the two
representations are contacted with the probes of this invention to allow
hybridization between the representations and the probes. Hybridization of the two
representations to the probes is then analyzed, where a difference in hybridization

25  levels between the representations with regard to a particular probe indicates a
difference in methylation status between the two genomes with regard to a
genomic sequence targeted by said probe.
[0012] Similar methods can also be used to analyze polymorphism of a complex
genome, as further illustrated below.

30  [0013] Inaccordance with certain embodiments of the invention, an algorithm 1s
provided for accurately and efficiently detecting and counting the number of times

a word occurs in a genome. This algorithm, sometimes referred to herein as a



preceding the |l ast character. If the first inmediately precedi ng character
is found, it then |ooks for the second i medi ately precedi ng character to
the | ast character of the word, and so on until the Word is found. If
further precedi ng characters are not 10 found, it will be concluded that the
word doesWORAMW¥BE in the genome. If the first char 55?&52991‘/0{6“@ word is
found, then the nunber of tines it occurss.is the word count of that
particular word. (00151 This particular algorithmis advantageous because it
can be used to inplenent several practical applications involving genonc
studi es, as diSSBEISIREHC Of 3 ME{CBEINS, 16 PATRNCIoHR PL 4 EHOTILE LaABUHAYEMt ages of the

invention Wl lyh APk

description and c egl ns. ﬁ’%@ %@Q‘@E%%gﬁ'ﬁﬁ%\l% TI&%E%%Q&QF%@&% I%i gs. IA-1D
denonstrate t Iymtmnhﬂwotdaiac&rs frythe ferionfeo Arftwdrd Srefansitozacmumteatide sefuen2doft he array
measur enent s uslegn m roarrays conprising 10,000 oligonucleotides. Fig. IA
shows the res# &bt he sanpl es hybridized are a Bgll representation

and a Bgl 14 rqp§R$em gdnean tﬂeeawgﬁk@éar&i‘esrdraq,mhﬁrw&byaﬁrkﬂfmng%@avage site.
The Y-axis (Mean Ratro) is the mean neasured ratio fromtwo hybridi zations
of depl et ed daspelwswster of thomword Hmn@roqee@srtemtfaﬂhenhqmqmrmmednatelyog scal e.

The X-axis 25 ex fal se const.r 2hes deri ving
from fragment ?‘ecggflgﬁhgéa%zmﬁac\kn ngﬂgnﬁﬁstnl e%] teqﬁl%guﬁ“%%?[eacgf he ri ght
side. Fig. 1Bishewsokdfer thee@bﬁdmhhitﬂwmédm@aammﬂt@&é &sﬁdﬁéﬂ’cteﬂ'&flt s used

to generate the average ratigQ in Fig., IA _The Y-axis (Ratio Expl) is the
measur ed rat i S Veh %’%ﬁér"? Hﬁ‘i‘?tﬂ“:’t“’%‘f‘ilds forpad. &ﬂgﬂegpl(epggimg)clg@ﬁtgs Fgngthe

measur ed §@! i Gogla, £XAPbE Rl thEiAhdw B RIORIELcilnt NikROmSCal € FI 0.

| C graphs the norfmalized ratio on the Y-axis as a function of 1ntensity of
the sanple thahmaﬂgﬁmeméh@enﬂ dhen treenupobex o ftimdBat dectutsds thawiond eonat

intensity were B Ettg (gg scale. Fig. 1D represents data generated by WO
2005/ 035792 P Af‘/’%f’é’ -6 sinmulation. The X-axis (Index) is a fal se

i ndex. Probes {0015} gMaispertiealabilQoritha iefdvanthgronChehiing iCanYe assaher, fromleft
to right. 600 flanking probes det ect normal . copy nunber. The Y-axis (Mean
Ratio) is meadmpimen sywtlpeastich) 2pplicdpns dnolying a@emstlﬂlﬁsas dscusssd3  2B1- 2B3,
and 2Cl- 2¢3 shgjyt he genonic profiles for a 5 prinmary breast cancer sanple

(CHTNI59), with aneuploid nuclei conpared to
[0016] Other features and advantages of the invention will be apparent from the

following drawings, detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017} Figs. 1A-1D demonstrate the predictability of informatics and accuracy of

20  the array measurements using microarrays comprising 10,000 oligonucleotides.
Fig. 1A shows the results where the samples hybridized are a Bg/II representation
and a Bg/ll representation depleted of fragments with a HindIll cleavage site. The
Y-axis (Mean Ratio) is the mean measured ratio from two hybridizations of
depleted representation to normal representation plotted in log scale. The X-axis

25  (Index) is a false index constructed such that probes deriving from fragments
defined as having an internal HindIII site are to the right side. Fig. 1B shows the
reproducibility of the duplicate experiments used to generate the average ratio in
Fig. 1A. The Y-axis (Ratio Expl) is the measured ratio from experiment 1 and the
X-axis (Ratio Exp2) is the measured ratio of experiment 2. Both axes are plotted

30  inlogscale. Fig. 1C graphs the normalized ratio on the Y-axis as a function of
intensity of the sample that was not depleted on the X-axis. Both the ratio and
mtensity were plotted in log scale. Fig. 1D represents data generated by



di ploid nuclei fromthe sane patient (Fig. 2Al-2A3), a breast cancer cell
line conpared to a normal nale reference (Fig. 2B1-2B3), and a normal male
to a normal male reference (Fig. 2C -2C3), using the 10K printed array

(Fig. 2A1 j 31, Fig. 2C1) and the 85K photopri ig. 2A2,
Fi g. ZBZ,WIﬁ&%/OQé%. In 10 each case (Fig. 2Al, Fig. E'ET’HS@%”‘(‘E&& and Fig.

2A2, Fig. 2B2, Fig. 2C2) the Y- axis isghe nean ratio, and the X-axis (Gen
I ndex) is an index, which plots the probes in genom c order, concatenating

t he chronosones, .and allow ng the. visualjzation of the ire genonme from
chronosonme 1 gigatiop; @?egﬂ@?!ﬂndas ISZ%E“,?SC ’nadr??ﬂ' %og?s’ ?’C%O%R”?cﬂ_%/%(:l!éle gtrrespondence
of the ratios; b 86byf fuiBer, BoRl RRMo rid. BOCRAKiMY RERR Uetedt nofiBa1 10K and t he
85K m croarrays. The Y-‘axis i's the nmeasured ratio fromthe 10K m croarray

and the X- axi sopysnunher. e ndsi(MeaniRatip) is mean atig plottedion pdeg scalg. 100191 Fi gs.

3A- 3D show se hr i vas yhn unber . 11 ations from
anal ysi s of tx@']ﬁjnﬁ S‘%ﬁ)ﬁ?g\yﬁ%ﬂ}@qg%%%é’rtg%gffn§rr{1?1%r°H%%)%Ior%l r mal

ref er ence. 5 Therm¥aaX@sast daoé sRaple QUHTRNS DS #ith sndupRid R ki tathpagedtd t WO

hybridi zations_in | og scale. The X-axes gGen | ndex) is an index of the

genoni ¢ coor dipkeid sucleiffo thg sarpepatieatd(Figs 2o 3 habeest aper celbiRons i dentifi ed
for chronoso i f il sone 17 and
q %Eecg ﬁc])%no%ﬁal ﬂilegegérﬁﬂ(% i 24, 2@)2%\1%«1% T Elxﬁenf]ﬂm)

Fig. 3D for t ronosone. Fi gs. - ow t he nean
segnent at i on el ateadfefmoe(Rig & Car{13),sismgdlic 108KprBRedarcy (figr 24l1,fFeg.t he nor mal

f Fi \ Fi d CHTN159. (Figr. 4 ig 4D). In Figs.
i aD e v B e aodne fak sROEmantHiEn it 2arie 135 MnehT Bor i 0 0o
scal e. I nyfi geac,%aMi%F'm-l,mg,zmbﬁigx,a_@xa@ KiMea, FReURE Hig. badpme ¥-s each

\

listed in ascen.di_s;g al ue of their assigned nean segnent. 30 In Fig. 4B and
Fi g.' 4D t he Xxasigissth¢ mepn rateery thesX-gxig éaernindey) iadndexhwhich pleds thelescr i bed

Do PhaceS pHE A BT SR PO S B g L o
WO 2005/ 03579 2iskelikatisP6iid @itieOgome Frotmehnmehaessmeil tdiYn Fih@ ABeRig. ZBHri zont al
1) 2L ahBd, AOPNMERSl GRS MOEI SO 85 gk e LLOT of
mean ratips Obrdbédproyeht indhe BOK 1ashe§5KSK Bhrrhys OTIRAY adistiotha neadured 1 ef er ence
'n log scale. ratio from the 10K microarray and the X-axis is the measured ratio from the 85K
microarray.
[0019] Figs. 3A-3D show several chromosomes with varying copy number
fluctuations from analysis of the tumor cell line SK-BR-3 as compared to the
20  npormal reference. The Y-axes (Mean Ratio) represents the mean ratio of two
hybridizations in log scale. The X-axes (Gen Index) is an index of the genomic
| coordinates. Fig. 3A represents copy number fluctuations identified for
chromosome 5, Fig. 3B for chromosome 8, Fig. 3C for chromosome 17 and Fig.
3D for the X chromosome.
25  [0020] Figs. 4A-4D show the mean segmentation calculated from the analysis of
SK-BR-3 compared to the normal reference (Fig. 4A and Fig. 4B) and CHTN159
(Fig. 4C and Fig. 4D). In Figs. 4A-4D, the Y-axis is the value of the mean
segment for each probe in log scale. In Fig. 4A and Fig. 4C, the X-axis (Mean
Segment Index) is each listed in ascending value of their assigned mean segment.
30  InFig 4B and Fig. 4D the X-axis (Gen Index) is a2 genomic index, which, as

described above, places the entire genome end to end. Plotted on top of the mean

segment data is a copy number laitice extrapolated from the array data using



5 The X-axis (Gen Index) is a genom c index. Fig. 5A shows a region from X
chronosone with a region of |oss. Plotted over the neasured array ratio is
the cal cul ated segnentation value. Fig. 5B shows a region of chronosone 8

(c-"ryc Iocatedtothe right of the center of the gr sul ts of
SK-BR-3 i WO YUpaPEson to nornal reference. Plotted oﬁ’%f%‘{?z‘%%ﬁg data are
the segnentation 10 values for SK-BR-3 ifn.conparison to normal reference in
di agonal hatch and the segnentation values for the primary tunor CHTN159 in

vertical hatch. Fig. 5C shows a | esion on chronosone 5 denonstrating the
resol ving powdprmpflas wighig gk ted (harpaptalrlngs) Saichistedorpymraber fmeseh ts are from

SK- BR- 3 cprrparﬁ)%ét q%}%&ngmedi%l? SheRe. Open circles are fromthe 1K

printed mcro rc es are 15 fromthe 85K photoprint array.
Horizontal i r[oozlqlr EFigs0 PY-STUFHREH orfthé Ypaiideeaba&ﬁ«ﬁiSKdaRm))dxelmd’ag rittoom nmean
segnent val ues g oD shows co ar| son 8f SK- BR- to no r ef erence,

di spl ayi ng a reé§reRYBIRsHES %aemhﬁé%%elqg’g%ﬂ% mean
segment Vakuegh%ggl Et@&ﬁéeﬁl g smlcuﬂ@ex @;gismﬁodv@uagﬁﬁ@dxﬂmopy nunber

estinates as ed above. 00221 Figs. 6A-6D show the results of a
nor mal conpar e:ﬂrqn@samnmhhallregm@leﬂmscé’bﬁed ovqrhlaetm@hsgquagrexdraihn ifthg. 2C2 with

the exception thal n e d as described in the
text. Fig. 6B ﬁarcfa‘{?@ 3@%@1&?&8‘{3 Flglg cogrrhpg’rslas}%%o%? C%ro oesrorlnr?e Por a small

region from cnbm&@m&g}]ﬂmﬁeXen@efbsmbgrarph)eﬁmmm@éﬂm-m3 log scale. The
X-axis is a genom ¢ index. The filled (85K) and open (10K) 25 circles are

fromthe conpaPmearsosfo mpmpReeierense.n blofigh ontopeofdigdaja are fhefgermentation .
compari sofg Of Ay KK BRIANE ARy [olRnltERronbd 4 ifRoninaRlzhdlies a | esion

found in the nor mal popul ati on®on chronosone es are
plotted by neaagmmanwvbblcsﬁ:m&immmmmhﬁHﬂWﬁ?m“rmdakhmdr nig. Sf er ence.
The verti cal tch ' val ue for the to nor nal
ref erence cor‘rﬁg?w§% .Iorf’ﬁg °§@maﬁ%°o§$?mﬂ¥g?w§wgﬁ?%ss qgng R%W?Feoafﬁyeg%@nt val ue
for the SK-3- %Bn@af%@ttﬂﬁéllﬁkMﬁfﬂsﬁm&eﬁﬁmmcoﬂﬂh@e&tbaiﬁnhﬂtCh line is
the segment val ue fromthe PI’I mary _tunor (CHTNL59 aneuploid to diploid)

conpari son. Firgfereges- Prepcigles axgifigpm Be l%pma@émgsmapéﬁe}tgmas/maoao -8

chromosongs 2. égﬁ?m‘é%%ﬁr@t}fbﬁﬂnﬂa?mﬁ'tﬁ ﬁﬁﬁta finds's Eé@otp?%u&%ﬁ%%ﬁfn%&@ edSK-BR-3 to

normal re erence The mean” segne I ne or t onparison i s shown in
vertical hat cinmdédebingrfrom neeag isegment vakessf big. fRshowsngwarpasem ofiSKaBBy%gny to t he

nor el to normal reference, displaying a region of homozygous deletion on chromosome

19. The mean segment value is plotted as a white line, and the lattice are copy
number estimates as described above.

20  [0022] Figs. 6A-6D show the results of a normal compared to a normal, identical
to that displayed in Fig. 2C2 with the exception that singlet probes have been
filtered as described in the text. Fig. 6B illustrates the serial comparison of
experiments for a small region from chromosome 4. The Y-axis is the mean ratio
in log scale. The X-axis is a genomic index. The filled (85K) and open (10K)

25  circles are from the comparison of SK-BR-3 to normal. The empty triangles are a
comparison of a pygmy to the normal reference. Fig. 6C illustrates a lesion found
in the normal population on chromosome 6. The filled circles are plotted by mean
ratio for analysis of the pygmy to the normal reference. The vertical hatch line is
the mean segment value for the pygmy to normal reference comparison. The

30  diagonal hatch line is the mean segment value for the SK-3-BR-3 to normal
reference comparison. The cross hatch line is the segment value from the primary

tumor (CHTN159 aneuploid to diploid) comparison. Fig. 6D shows a region of



reference is shown in diagonal hatch and for the primary honor CHTN159 in
cross 5 hatch. For Fig. 6C and Fig. 6D the cal cul ated copy nunber for the
horizontal lines is found to the right of the panel. 100231 Fig. 7 shows a
bl ock diagram of an illustrative systemin accordance_w certain

enbodi menVQ 253 ¥ i nvention. 100241 Fig. 8 shows a frﬁhﬁQW%%Pﬂéﬁ an
illustrative pre-processing step for 1l@_perform ng exact word counts in
accordance with certain enbodi nents of the invention. [00251 Figs. 9A and

9B show a flow chart of an illustrative word counting a!égorithm in

accor dance wi tiromesamsiZy Thetsdaidishem i crcles pefrem therorpausopebd¥BRi3ds. | 0A and
1013 show an | oy erexanm! Béhiisonti sBd j f Figs. 9A
and 9B in accgé%ézée&ep&%dc?’h Cer%%sﬁg@%‘é@%ﬁcg&{ﬁg %r? tsg isnv‘gﬁﬁ%en. 00271 Fig.
11 shows an i hdtelst Tiethese segnieht neafor thy chiaparisgn o pylinmatoehquosinkl ons
corresponding to the coordinates, of th epone in acco]%ﬁg with certain
enbodi ment s on?rﬁ@eil?@@Wfl!nbﬁif?g%l WZ@? f‘g‘i ‘5@ Pﬂrﬁﬂy&fﬁ%é f iTa .
represent ati opuQf Fdig/ 8CLAPFRScB AL dd&hﬁted%?y’ﬁ&xﬁlﬁ&%rliﬁ@ﬁbﬂzﬂnﬁpﬁl{é@ﬁ ion with
the al gorithmaccording to certain enbodi nen of the invention. 10029] Fig.
12B shows a pisdowtst totheaighbefitbspaneht i on of the al gorithmaccording to
certain enbodj  s..of , t.he | nye tiggi T hﬁD .. THE

| NVENTI ON 108@8%% ’37?hrc1’\‘7’§ﬁt%|yoggdf a u‘r?tgagqgﬁ'él%onus eo?ﬁégg%)a%l%ees or

anal yzi ng r epiageahtvidingms offtheantMbomopul ation (e.g., a genone, a chronosone
or a mxture of DNAs). The oljgonucl eotjde probes may.be used in solution or
they nmay be !%!Flﬁz%@oﬁﬁaéhg’d%hﬁ‘mg BRAUNE PSRTPeERE H5P ¥Uir f ace such as
an array @f a3l R Wbrd Soulltsin hEERARE: With &rtain dAiboliimdaRi JF thdchem  Bi ol .
6:31-38 (2001} Kwok,  Annu. Rev. Genom cs Human Genet. 2:235-58 (2001);
Aeber sol d et miventioNat ure 422:198-207 (2003); and United States Patents

6, 355, 431 and 020 2005/ 035792 .P 6 -9
representati ow@lzé]zghgséé)% @gl b %ng{r?& %‘3 O(f)?ncia{u%%ﬁlgg%g Cao'(ta?%nrg in which the
resul ti ng DNAalgygithah kycofdagceawilteserthin affeiodmientsaftiesielveneiopml exi ty or both
(Lisitsyn

[0026] Figs. 10A and 10B show an illustrative example of word counting

15  algorithm of Figs. 9A and 9B in accordance with certain embodiments of the
mvention.
[0027] Fig. 11 shows an illustrative suffix array having coordinate positions
corresponding to the coordinates of the genome in accordance with certain
embodiments of the invention.

20  [0028] Fig. 12A shows a graphical representation of the variables and data

structures used in connection with the algorithm according to certain embodiment

of the invention.

[0029] Fig 12B shows a pseudo code representation of the algorithm according

to certain embodiments of the invention.

25 DETAILED DESCRIPTION OF THE INVENTION

[0030] This invention features oligonucleotide probes for analyzing
representations of a DNA population (e.g., a genome, a chromosome or a mixture
of DNAs). The oligonucleotide probes may be used in solution or they may be
immobilized on a solid (including semi-solid) surface such as an array or a

30 microbead (e.g., Lechner et al., Curr. Opin. Chem. Biol. 6:31-38 (2001); Kwok,
Anmu. Rev. Genomics Human Genet. 2:235-58 (2001); Aebersold et al., Nature
422:198-207 (2003); and United States Patents 6,355,431 and 6,429,027). A



et al., Science 258:946-51 (1993); Lucito et al., Proc. Natl. Acad. Sci. USA
92: 151-5 (1998)). For exanple, a representation of a genone may consi st of
DNA 5 sequences that are fromonly a small portion of the genone and are

|l argely free of repetitive sequences. Analysis of genom c representations
may reveawochesrdd¥e2in a genone, including nutations #OTSZ94/0keDedt | ons,
anplifications, chronbsonmal rearrangenents, and pol ynorphi snms. Wien done in
a clinical setting, the analysis can provide insight into the nol ecul ar
basis of a disease as well as useful guides to 10 its diagnosis and

treatnent. [ O0Q&ldsediaorOk b aprotukdel JadRlifOSROSNAIpepslatidn nlWikcH ¥ ent i on can be
used to hybridize to representations of a source DNA, where hybridization

data are processking DNA pipisellvibasgereat fosmaonFadnesd complerity ankatk ELighexn(e. g. |

di sease-rel at net icehgsl rHhi ) : e preferred
that the reprggghgg%ﬁ%&gg%gé%g?ﬁ¥?ggf&$£%gg§g§%zgﬁbﬁg#iﬁg?gﬁgafter) and at
| east a fract i9en5d6 (1998))oFogenaple atrépiesentpticabeda gemorbdumayg compssof DNAs ar e

derived fromthe sa speci es. .DNA from.an speci es be utilized,
i ncl udi ng %m?%ﬂ“ie’é"ﬁggﬁbgf’ g@m(qé%? ,Smf# @?ﬂl%ﬁ%‘? Eetlla?“? an%?%&gs@y@gs a.%, human) ,
dog, and cat) reRRfvd Rgudibesk iﬁx'ﬂlysﬁ%??&&i@f FeSdtdibBSmap RO6AI Bar2bs ind ant s and

¢
speci es of mcroorganisns. 20 I. GONUCLECTI DE PROBES [ 0032] The
ol i gonucl eot i genoprepinsbiding npuiationis gucdyas idelatiens camplidications) ghrapeesomakbd by  vi rt ual

representation of a sourc uch h 2N O . Of [ rence
i ndi vi dual . Ré%%%emeaﬁi%ﬂﬁp%%@%a%%m%%ﬁ%?ﬁ %‘?"%%W’@ﬁn‘h%u A o)y
results in a csipilidt imRhi @b Bé moleulaobgiseX b Hiseasd Beweld aphsefil yides toa

representation corresponds 25 to the fraction of the genone that is
represent 84 t WEARBRSISARA UGRPCRly cal cul ate conplexity is to divide the

nunber of nucliglj defe biohli@edRRESEO BInk BFthiMnteiBon S HRGkePlo NUC! eoti des in

the genone. The genom c conplexity of a representation can range from bel ow
1 %to as hi ghybrdigegossppdsentaizons of asougenidNA, wirgre hybrigigation defaaeen or gani smwith

a relatively sinnl en [ S _MS re i.on: ave a

conpl exity of %i%f%% qr??@?et %eil gtlyc %gﬁlgérgfmég(glffeﬁé@'ébglesé%%'tr %%F&c:n may be
gener ated by remsdticilesions mdpol@adrphibmi)o tladnayhéprefetrbdibiat thapdprdsemtaionsn.

Represent ati ons associ ated with the invention i cally have conpl exity of
WO 2005/ 08570 RHH TR RAGHE JETPmalen) HLeEshe BIGORST Mo hsomeloabthic | on of

conpl exi ty al lLaes fQhe SRFoLBPALare derived from the same species. DNA from any
species may be utilized, including mammalian species (e.g., pig, mouse, rat,
primate (e.g., human), dog, and cat), species of fish, species of reptiles, species of
plants and species of microorganisms.
20 L OLIGONUCLEOTIDE PROBES
[0032] The oligonucleotide probes of this invention are preferably designed by
J virtual representation of a source DNA, such as the genomic DNA of a reference
individual. Representation of the genome generally, but not invariably, results in a
simplification of its complexity. The complexity of a representation corresponds
25  tothe fraction of the genome that is represented therein. One way to calculate
complexity is to divide the number of nucleotides in the representation by the
number of nucleotides in the genome. The genomic complexity of a representation
can range from below 1% to as high as 95% of the total genome. Where DNA
from an organism with a relatively simple genome is used, the representation may
30  have a complexity of 100% of the total genome, e.g., the representation may be
generated by restriction digest of total DNA without amplification.

Representations associated with the invention typically have a complexity of



hybridi zati on ki netics. [0033] An "actual" representation of DNA invol ves

| aboratory procedures ("wet works") by which representational DNAs are
selected. Virtual representations, on 5 the other hand, take advantage of
the fact that conpl ete genonmes, for exanple, the human genone, have been
sequencedWOPRSEYAZ conput at i onal anal ysis of the avaPCABSOHRMOW c
sequences, one can readily design a |lar nunmber of ol igonucl eoti de probes
that hybridize to mapped regi ons of théﬁgénone and have a mninmal degree of
sequence overlap to the rest of the genonme. 10 [0034] By way of exanple, to
desi gn a set pétwedd @O0196 hebD10% eRatuotiasoficomplenitpallovgefoetesirattisal ysi s, one can
performan in silicqo (i.e,, virtual) digestion of the human genone by

| ocating all BﬁEHW@B@1§Wﬂ¥§'of a selected restriction endonucl ease in the
sequenced gen «£aDr BT Alo) SEDNACIY AT 1hbdRkofyl (HOLERNES (4t | dent i fy
those that aﬁ@g?kcgﬁde5|re%£rgnge %e.g., 200 - 1,208ﬁfps, 100(- 400 bps and
400 - 600 bpsvorkl’pby Which cepnesbetatzomal DNAe dretyglected.gVirtualORpreSentdiiohs, agnent s ar e
defined herein as "predjcted to b resent.” in representation.. A
ostrction elomse hinds s ifyehes St BR R sauBi R ARPRE IR RPERR O of ¢ he
represent at i ORuH@sidnesle, Ha0é bénabqeiced. Tafoluph EdrhpRattRALAUBAR SRS t hat cut
infrequently, such as those that recognize 6 bp or 8 bp target sequences,
wi |l produce Peailakls apnoatis saguenses, oBGean Teaskiky|design § larggimehesobo restriction
endonucl eases { ) . & i 4. bp target
sequences, mﬁP*Q%Qg%#@g%%ggggggh?ggﬁg%gngﬁwg?ﬁ%ef ?gﬁﬁ%§§??§¥ He%ddition
fact ors such asnitnhbdegte€ of sayuente ovérldphie thgeesd nbthagedopred Wil | affect the
frequency, of | eavage of _particular. restri.ction endonucl eases and
consequentd y 1ipFLoRE a7 RESRTRIC I Frign ot e P S TrahEER eases.
General l'y, robsgtic s$sis) 6dd AR péForBNAaR ¥ics A%e irk B R AOSS tRXRinRint St ar
activity are used. Aternatively, cleavage based on nethylation state of a
target site nespomiedy loratingpll elpaviage steg of 4 splested Hestiigdion gadoryelegse in the

met hyl ati on-s Lt t 1+.Gt.l o r BC,

whi ch recogni%%é&#g¥ﬁy°§?é %&?ggfﬁgémﬁ%ﬂﬁkﬁﬁmF§@§§ éggagﬁcggq%¥@gll

di gest ed f r agthehdrs inof desirelbsinge@. g, 200 e 1(200 dps, 200400 bpOgnd B0 698 bpH00 - 400

bps and 4Q0 - ,600 ) e, analy C ut er re.reqi ons of sone of
these fragmenfi! ?aﬂg’g %‘PﬁﬁiﬂbX’Sﬁsﬁ%gb%h %&gﬂeﬁ% ?ﬁ%ﬁ'ﬁgtbﬁre%ﬁ have ni ni mal
honol ogy to t hgedigisd toHe opfr&@nﬁﬁ&ﬂ@f?re@@fﬂaﬁbﬁ. AGkafitish AdomRRASSAM B | onal WO

2005/ 035792 PCT/ US2004/ 016060 - . .
selected based on the complexity of the representation desired. For example,

restriction endonucleases that cut infrequently, such as those that recognize 6 bp or

8 bp target sequences, will produce representations of lower complexity, whereas
20  restriction endonucleases that cut frequently, such as those that recognize 4 bp

target sequences, will produce representations of higher complexity. In addition,

) factors such as the G/C content of the genome analyzed will affect the frequency of
cleavage of particular restriction endonucleases and consequently influence the
selection of the restriction endonucleases. Generally, robust restriction

25  endonucleases that do not exhibit star activity are used. Alternatively, cleavage
based on methylation state of a target site may also be employed, e.g. through the
use of a methylation-sensitive restriction enzyme or other enzyme such as McrBC,
which recognizes methylated cytosines in DNA.

[0035] Sequences of all digested fragments of a desired range (e.g., 200 — 1,200

30  bps, 100 — 400 bps and 400 — 600 bps) are analyzed by computer, where regions of
some of these fragments that are at least about 30 bps in length and have minimal

homology to the rest of the genome can be selected as representational



ol i gonucl eoti de probes for the human genone. Exanples 1 and Section VI bel ow
further illustrate nmethods of identifying the oligonucleotides of this
invention. [0036] digonucleotides of the invention nay range in | ength
from about 30 nucleotides to about 1,200 nucl eotides, % %)&kolength of

ol i gonucvamtwsless793 chosen wil |l depend on the |ntendedxﬂgg;m§ 8. the size of
the source DNA from which the representation is prepared and whether they
are used as conponents of an array. The oligonucl eotides typically have a

|l ength of at |east 35 nucleotides, e.g., at l|least 40, 45, 50, 55, 60, 65,
70, 75, 80, gdigommleotds pypbesdor thebiaet geaeme. Brmplebynd Segtion ¥bﬁﬁewS hort er

havi ng a Iengﬁﬁl , on 10 29 or 30
nucl eot i des. eqfﬂquS%tgdm(?f&gf éﬁe ¥§ Fcal o[h)%,é%é:\?/egnd%%gg{ V&t °ho nore t han
600 nucl eoti dee3e}e nggpnmﬂ)edmﬂeseofttllmamvéiﬁﬁnnﬁ@@angéﬁﬂlengﬁﬁﬂkonﬁﬁﬁut:-EDO 250, 200
or 150 nucleotjdes. WO e re gni zed skill.in the art, the
| ength of théWMe P‘i“%éfﬂr%%hﬁ@e%“ﬁop dng%FP&P%%nrtﬁafe}r&%“ﬂr°trdﬁ% genome

anal yzed, se. Qhosen QTR iBpent ¥n iR EteAIBAWRS, e, thEALS ditthd/RuABDIENERH 15 H.

OLl GONUCLEOTI DE ARRAYS [ 0037] The ol i gonucl eoti de probes of this i-nvention

can be used mﬁlnghtharqugsentatmnrmprepamdmdr thes ithsyiascused asseomipenenipplort wit h
nucl ei ¢ aci d robes ‘%ﬁﬁngnhgsetwgﬁﬁwgg 4n§&1d°fcpllg5sgﬁﬁ,gﬁﬁ der addresses

Each address oaHf"yar nany

m xture of didg. ertwa&tzrbl\ws 50360, 6570, @5,80a85, @oz@s @rnoamcle(aidsg btrer rred
"mcroarrays"_ or "chips," have been generall art See,

scribed in_the
e.g., United theanasalmhesherg hagpg gen » §-&f éf? @ﬁc% 23i%eth Lhct’e?h. Ve  have

ter ned gegetin cﬁ‘@@hﬁéé&nd@@ﬂf&&l@@mﬁféﬁh@é Rgl/l%\@dl Iy'Hak¢ £RARKJF hORRte than
ol i gonucl eotide m croarray anal ysis where cl eavage depends on

met hyl ati on #00mheleatidesyste.giotmeore rhaetﬁﬁQAISQm@ﬁ ﬂ&é&ﬁ@h 280,298vuds@ot i de
m croarray S ' f t Joarray of
this inventi (z)nﬁl %Bl?deegsﬁmﬁes% g’é‘?‘%‘g"gﬁucr g‘?rﬂglg{sh %ﬁeﬂ{é?epg%‘rr?efgﬂto a solid

support, whi Qihgﬁmclebﬁdamdn dégendhog feanges ofthagdnbme aalgred, ¢@) sopipdgxityene or
nyl on), polyacrylamd ni.trocel l ul ose, or other materials, and may be
porous or norRB8rBOYt oFFFREINESEHERES: at t achi ng the nucleic 30 acids to a
surface i§ byﬂprr BIICO RO CUESEDH ARRA VS |s described general ly by Schena
et al., Science 270:467-70 (1995); DeRisi et al., Nature Gen. 14:457-60
(1996) ; Shall8®37t Tae oligamaplsetiderpaabes of thggnveption cade;usehict aB@frtana et al, Proc.

Natl. Acad. V%ngaqoﬂl wg&]&gs[ aus%%iggl%p%;t%ﬁlonucleic acid probes attached

thereto at defined coordinates, or addresses. Each address contains either many
copies of a single DNA probe, or a mixture of different DNA probes. Nucleic acid

20  arrays, also termed “microarrays” or “chips,” have been generally described in the
art. See, e.g., United States Patent 6,361,947 and references cited therein. We

) have termed genetic analysis using the new arrays “representational

oligonucleotide microarray analysis” (“ROMA”) or, where cleavage depends on
methylation at the target site, “methylation detection oligonucleotide microarray

25  eamalysis” ("MOMA”).
[0038] To manufacture a microarray of this invention, pre-synthesized
oligonucleotides are attached to a solid support, which may be made from glass,
plastic (e.g., polypropylene or nylon), polyacrylamide, nitrocellulose, or other
materials, and may be porous or nonporous. One method for attaching the nucleic

30  acids to a surface is by printing on glass plates, as is described generally by Schena
et al., Science 270:467-70 (1995); DeRisi et al., Nature Gen. 14:457-60 (1996);
Shalon et al., Genome Res. 6:639-45 (1996); and Schena et al., Proc. Natl. Acad.



-12 Sci. USA 93:10539-1286 (1995). For low density arrays, one can al so use
dot blots on a nylon hybridization nenbrane. See, e.g., Sanbrook et al.,

Mol ecular C oning - A Laboratory Manual (2nd Ed.), Vol. 1-3, Cold Spring
Har bor Laboratory, Cold Spring Harbor, New York, 1989. 5 10039] Anot her

met hod f oWOrRM&O3g % croarrays is by using photolit hog P&BRISE00¢/816060
"photoprint”) techniques to synthesize Pi i gonucl eotides directly on the
array substrate, i.e., in situ. See, e.y., Fodor et al., Science 251:767-73
(1991); Pease et al., Proc. Natl. Acad. Sci. USA 91:5022-6 (1994);

Li pschutz et 8&ki USNE&B 106394286 (1299)1 Feulpp!|deniy-a4@ys, Qﬁ@@)nalsvuma}igi r et al.,

Genone Res 1 9-5 (:2002): 10 Al hert etgal Nyc Res.

31(7): e35 (20%&’% e 9 P g?ﬁ%gml‘aale e e., Suproplct L%IA% . and

5, 510, 270. Q'(Di‘dmﬁgﬂﬂm&rﬁt@fyMﬁrﬁiaﬁ(Z%H[EH')e\‘Bélsl—anOold ﬁﬁéHEuib@fl of defined

ol i gonucl eoti des can al so be used. See ., Blanchard et al., Biosensors

& Bi oel ect ronleb,oratmrysgvldgiwnpabb&o }éﬁ’\‘dY%is -and Southern, Nucl. Acids

Res. 20: 1679- Lo typically

conpri se ?t I i‘g@ é] ég&?érmétﬁod]ﬁap#.g%gg Hﬁ‘g%{a@% %’f h@%&ggﬁg@%&ﬂﬁéﬁ

oL gonie)eot | ehuopnhe esanheray st algenwigtves iy s arbor o« up
o .0 . : or
700, 000 pr obeéuobssfﬁﬁﬂ la‘?r’l"éifg‘ %e’t% E"#ﬁ?bﬁ?f &f‘Wf)?%a?@qﬁag%& ige*’é"f’)ﬁjprl se nore

than 700, 000 gf ghes tﬁom@auesm UHRY1158Y2-6 PTIOL); 3 SpsBRftLet o8 Hat. GéRet20 tO

800, 000, 900, 000 or 1, 000,0 robes. In sone enmbodi nents, the arrays are

hi gh density ai(rlaﬁmpl\)ﬂ@-l‘}fiﬂlﬂf?g), 1@@)’@4’@@1 dpenomerResbb(1 )HGA56 (2008%t pr obes
per 1 cng, tel.gb%létgf)ﬁaﬁéci %%Eds%e% 31&7er|3§' ZHOQ)% e&jﬁat% ??{% sStranded or

doubestrand I'mrtate nma url useo earrays t he
ol i gonucl eot | 4578886556752, 1ahd 5,51 0270t Other xﬁayo&efomplndfsyﬂﬁeshwa,nde g.,

i ncor porating pepI| dy cture d ana cI eot de t he
probes. II1I- R#%hﬂ"@‘{ée‘{ 293P a!]lsﬂg’eélﬁ‘?dg ?E%‘aﬁjr ﬁgs of this

i nvention Ca”B‘i&e&%@C& B‘ibelH’c@&ﬁc@ﬂ%WWh@G} ﬁaﬁ'hﬂasﬁ@d%d%oﬁﬁxeﬁhﬂu@ﬁ For
exanple, the sanple may be a cDNA |ibrary, a genomc DNAI|brary, or an RNA

prepar at i on. Mldéﬂ?ﬁérzoéﬁ%ﬁ%?%@ the arrays 30 of this invention are used
Lo obe A Tyt U e AR By hoblop L PICRRAT 1)
500, 1,000, 5,000 or 10 OOO) ohgonucleotlde probes, and may comprise many more
probes, for example, up to 25,000, 50,000, 75,000, 85,000, 100,000, 200,000,
250,000, 500,000 or 700,000 probes. The arrays of the invention typically do not
comprise more than 700,000 probes: However, they may comprise more, €.g., up
20  to 800,000, 900,000 or 1,000,000 probes. In some embodiments, the arrays are
high density arrays with densities greater than about 60 different probes per 1 cm’.
) The oligonucleotides in the arrays may be single-stranded or double-stranded. To
facilitate manufacturing and use of the arrays, the oligonucleotide probes of this
invention may be modified by, e.g., incorporating peptidyl structures and analog
25  nucleotides, into the probes.
III. TEST REPRESENTATIONS
[0041] The oligonucleotide arrays of this invention can be used to probe any
nucleic acid sample of choice. For example, the sample may be a cDNA library, a
genomic DNA library, or an RNA preparation. In other embodiments, the arrays
30  of this invention are used to probe DNA samples that are representations (or “test
representations”) of a complex DNA population, such as the genome of a higher

organism.



WD 2005/ 035792 PCT/ US2004/ 016060 -13 [0042] Representations and net hods for
their preparation are described in, e.g., Lisitsyn et al., Proc. Natl.
Acad.- Sci. USA 92:151 (1995); Lucito et at., Proc. Natl. Acad. Sci. USA
95: 4487-4492 (1998); and WD 99/23256. One approach for nmaking a

r epr esent WO2BAY039| ves reproduci bly cleaving a DNA pBRTIVEINHNHNNAt 0 5
fragnments. Reproduci ble cleavage is gengrally acconplished by digesting with
one or nore restriction endonucl eases ?'e g. Dpnl or Bglll) or enzyne(s)
that cleave at particular nmethylated sites (e.g. MrBC), but any nethod

t hat reproduc{d®¥y] cRemesestationsendmstheds fop therpeeparatine areeiﬁsnrtbﬁd\gl,@m fragments

by, o0 pol JRUPRSE aifare N0 Ko TS0 LR g UG A oot i T on,

using primers AcsiYBLE USAL F5: 448?@4911@99@@&‘{&'@99/53266&%& appresthifeagment s
represent a subset of the starter DNA popul ation. Due to the anplification

step, r epr es eFrking g fepressptatien %@l@esrrmﬁﬁiwspcle%m ? Difopepulatigr inde ar t i ng
terial |
CRoR S a8 ao g ol Mbbeg R PLRRAY bloriihed 1Y AESHANER B0Y° L0

United States oﬂabmnesmcﬁxoﬂ@ﬁddmﬂeanﬁ(e@ 5ol @@ iey ebeynugdhatoleaeratve  any

sequences. [ oBMSTAReIEyIaet 5o i MGEED 30 B eetftb e Sp B AR R8s ul e such
as the genonﬁerjN&ﬂlaQIbgﬁﬁéﬁmhe%suﬁmQENAﬁ'ﬁ@ﬁﬁﬁgaréﬂnﬁad,toad%romsom or

regi on thereoff‘ refer to representations of such a DNA popul ation as
chr onosomal of g;mndmtniw ePhese &pgraantsate thep amplified byp P, PHymeEsachamy  DNA

popul at i ops cancRs ’B‘?‘i’i $de Uhin réictihn Fﬂﬁgsﬁ%ﬁé‘rﬁ'c&h@g iR lRS such as

tunoy bi opsy sanple tissue sanple tuno '"nes, normal cell
lines, cells 3daptowl B&atnpkﬁddﬁp@mmtmngrpseauammy ofﬂaarsp:ﬂrEBDNonrensi c sanpl es,

| eo- DNA sanpl i ssected 1is | ated nuc
S0l at o0 chr oRBEHEE: Db IR BRRpon it stETRLt 4o PERERRR O col | or

ti ssue sanpl emalwmmm@aa(dgpﬁ@ﬁsrmtg@fmpflze@re@&@étﬁﬁﬂnt ation (or a
" conpound representatlon und representations are useful for

screeni ng ﬁlf%&n%ﬂabﬁlsér%DA% de%“Bed m\l\@l@m st3ppiciencg@a%PAEdt conparati ve
anal ysi s 9@&1th&’9@1&‘§@3 vv| 5964%‘11’”:%}”\1) C&Qdﬁ%eﬁwa“ ng a

genomi ¢ repre ent at on froma normal cel representation
froma cancer mq'slcrmWnomﬂMdseq@n@aﬁmedhcmlpquentanomaylbbdplgeéwnnw to

sequences.

[0043] The starter DNA population can be large DNA molecules such as the

genome of an organism, or a part thereof (e.g., a chromosome or region thereof).

20  We refer to representations of such a DNA population as chromosomal or genomic
representations, respectively. The starter DNA populations can be obtained from,

) ¢.g., diseased tissue samples such as tumor biopsy samples, normal tissue samples,
tumor cell lines, normal cell lines, cells stored as fixed specimens, autopsy
samples, forensic samples, paleo-DNA samples, microdissected tissue samples,

25  isolated nuclei, isolated chromosomes or regions of chromosomes, and fractionated
cell or tissne samples. One can also make a representation of a representation (or a
“compound representation”). Compound representations are useful for screening
for polymorphisms. See, e.g., WO 99/23256.

[0044] For comparative analysis of representations from two DNA sources, such

30  as comparing a genomic representation from a normal cell with a genomic
representation from a cancerous or otherwise diseased cell, it may be preferred to

prepare the two representations in parallel, e.g., isolating the starter DNA from the



prepare the two representations in parallel, e.g., isolating the starter DNA
fromthe WO 2005/ 035792 PCT/ US2004l 016060 -14 two cells at the sane tine
and in the sanme nanner, preparing the representations fromthe same anount
of starter DNA, and anplifying DNA fragnments at the sane tine under the
same condVORWHE3TR the same thermal cycler. It may al BoV/B¥*OPE¥Rr red t hat
the normal cell and the diseased cell arge taken fromthe sane 5 individual,
al though it is possible to obtain "normal"™ genom c DNA by conbining, e.g.,
the DNA from both parents of the individual. [00451 The conplexity of a
represent at i ofiva eslls atthe sEmeyimeARdAn the SAME FRANGE{ PreRiEng dedFRTETCnB opul at i on,
because (Ner & pghtnoGRaR0AR RLARETNAald EnsHiAhL DA SR 4 Ot hiyg! are not
present in the representation. The conplexity of a 10 representation is

rel ated to thémeubhdertiyg shme goralitops of the kang hetmal cydlan llenalelsecheease in  a

particul ar starter popuyl ation. e.freguent cutt Lves rise to a nore
conpl ex repreg@‘ﬁrggﬁgﬁfﬂeggggﬂggﬁ%%ﬁ?ggﬁcg \ﬂéeethﬁ(efgiflg{hf,sﬁﬁﬁ basepairs are
pref er entisal | yhapAdilal, hitagl it iFdRsibRAS bbthdPin6alCQMbinid DN, byddthbii, 0bt ai n
high conmplexity representations by cleaving the starter DNA Such that a

majority of tR&. s INAfearhoth parentyefitheindivid@l.- 1, 200 basepairs. Conversely,
| | exit ! - Al i DNA | |
such that 1 ewtwSl PIFERPRI0%, FBRsaRu BRI LARONE Yoy BRI H B PNC TRorc ! ©

exanpl e, Dpnl ktakrd@6A population, benaae thigenaesaubidés presengintbe starsee t 0 a
representation havin bout, 70% af the conplexity of the entire human
genone. DigesP‘i’%’?f‘%?%é‘?‘FﬁggtW?Sgﬂtt}ﬁmermffeémgﬁphh%nﬁ’%e%ﬁfﬁl or Bglll, on
t he ot herjohangbpred@iatidh Y€related@o tHe catting PegScdby 81 the FeshRMbmehdofthdleas@put 2% of
t he conplexity of the human genone. Hi gh conplexity _representations are
useful for, eagarpc@@tmmpnglng@néms@ egisRbaNter gEFSTISE ¢ha MeEDHpi ng,

det ennuring | [ 0QS1h e had.l NQ K} . di.zation, and
archi ving of %ﬁ’iﬁ‘%"ﬁ%&%‘ﬁ%g‘ ??)dvz\l/h%:éoﬁ exﬁtb%eég%ggeg{igﬁ)on Jlg%gguseful for
25 the sane pprefeosntislly ooplifigd by POR under typioali cdndiionsponedan ebiamshighhan hi gh

conplexity representations.. 046] .The c | exi,t representati on may
be further fi ﬁ&ﬁ%@d%?eﬁtﬁf‘?@%yﬁge}‘gngﬁgﬁ?%ﬁéﬁﬁ&#gwfﬁwa&@@? 0 generate
fragnent spspri @hgrhdhtd drgBétivesh 200 L 11200 taskpair®r Sonvarely Clowlipnipfdxity One or nore
additional restriction enzynes tQ cleave a 30 _subset of the fragnents after

ligation of tFETeAeMasiont e behisingd by sleayips thedN4 mplqculeguch that fewer of
the fragments are between 200 — 1,200 basepairs. For example, Dpnll digestion of

human genomic DNA may give rise to a representation having about 70% of the
complexity of the entire human genome. Digestion by a less frequent cutter such
20  as BamHI or Bglll, on the other hand, may give rise to a representation having only
about 2% of the complexity of the human genome. High complexity
| representations are useful for, e.g., determining gene copy number, deletion
| mapping, determining loss of heterozygosity, comparative genomic hybridization,
and archiving of DNA. Generally, low complexity representations are useful for
25  the same purposes, but give better hybridization kinetics than high complexity
representations.
[0046] The complexity of a representation may be further fine-tuned by using
more than one restriction enzyme to generate fragments prior to ligation of the
adaptors, and/or by using one or more additional restriction enzymes to cleave a
30  subset of the fragments after ligation of the adaptors, thus depleting the resulting
representation of those fragments. Any restriction enzyme, including methylation



representation of those fragnments. Any restriction enzyne, including

met hyl ati on WO 2005/ 035792 PCT/ US2004/ 016060 -15 sensitive restriction
enzymes, may be used to produce a representation for analysis as described
herein. [0047] The conplexity of the representation also can haped by

t he choi COSAEFIpt ors used for anplification. For e&%%??%&?‘”‘ﬁﬁ?‘ﬁh adapt ors
are used can 5 influence the sizes of .nmgnbers of a representation. \Were

i dentical adaptors are |ligated to both ends of the cleaved fragnents,
panhandl e formation between adaptors within the single strands conpetes
With primer aSYRERYS RETICHINFEZYRES BRY phised %Pﬁiwea{?ﬁrsﬁ%HW%&.an@g@s Lukyanov
et al., Anal.,R.Q¢B6Mherdg?d: 198-202 (1995). Anplification of shorter
fragnents is nore likely to be inhibited because the 10 adaptors are cl oser
to each ot her[0D47]s Hihetcemplexiyakthe seprasesationialsg cambeashaperhey theghdiecof ve | ocal

concentration of the ]igat adaptors_an huys ater i.nteraction.
Adaptors t hat? B?ﬁ“ﬁ%i}#‘?gﬁ%ﬁéd%caggga%ﬂr@é '“ﬂ%t"é}léﬁ %g%gssaéf)g?erd S*1 1 ow for

anpl i fi casi oninfifiertt g RRBE & thémbdieof régredepfagon. OWh2RAddntiRMQdReRRRd I' S .
Adaptors that form shorter panhandles, e. asepairs, release sone of

g., 24
the i nhi biti oigatsd te heth endsfihe cleaved & sspanhardle fqrmationbetweets avor i ng of

smal | er PCR | fJ.Cakl 3 |con of

i terod_conp Depeh A RoRER BN Pt R R LA A s
[0048] The m ampiHicationsyHCR. h$e Lukyamoy ictal., Anel. Bigohemnl 220: 193802¢19¥%50 t o sanpl es
Pybr i di 22t 1 o BBHGEHRA D PRIl orT RIS PO ROAF AL Bhe

hybri di zgpi onadapidrses clodeh® daEIPBer iakhdér FRYndItS t@uRIRE Yn PRigiged as a
conparator, neasuring the ratio of hybridization between two differently

| abel ed speci FHsaEvelpgd cansapiradipn ofithe ligsted adaploragd) thusriskeater infpr@ctioier ef or e
share the sa el ' Pl : | : specinens wll be
fromtest (e.r%(.ﬁ,ﬁy(g% {shgﬂa%g%?aglﬁgagsgﬁapg[:&%%}??@%%%%%? ﬁvee cells, 25
respecti vel y. anii)fi¢@ionSd fipEments o the sing/tangeidf200-11200tbaseprirs r Sdaptary that e. g. , t he

above-describgd test reprgsentations, .can be detectably. l.abeled by any
nmeans known t@"gﬁ O%fpeglglg'f(ﬁes’ t-&- H]gas 4TS, rﬂﬁ“&?ﬂ@%’ﬁ%‘ﬁdﬁ’%‘r’gﬁf’gf)kﬁ‘ﬁe sanple is
| abel ed wist h sl RégarpRMesilBnSinythe RYoridg®f s@ARGTHCR afsiifitatioifiodsdts | abel i ng
or nick translation, Wen the sanple is a 30 representation, it may be

sanp
| abel ed dur i rRpdithrzefgrep representation of pligsedsPmnlXitysi on of
IV. HYBRIDIZATION OF NUCLEIC ACID SAMPLES TO ARRAYS

[0048] The microarrays of this invention are typically hybridized to samples of

single-stranded nucleic acids in solution. Because the potential hybridization
20  signal may vary from address to address in the hybridization chamber, the probe
array may preferably be used as a comparator, measuring the ratio of hybridization
between two differently labeled specimens (the sample) that are thoroughly mixed
and therefore share the same hybridization conditions. Typically the two
specimens will be from test (e.g., diseased) and control (e.g., disease-free) cells,
25  respectively.
[0049] Samples to be hybridized to the microarrays, e.g., the above-described
test representations, can be detectably labeled by any means known to one of skill
in the art. In some embodiments, the sample is labeled with a fluorescent moiety
by, for example, random primer labeling or nick translation. When the sample is a
30  representation, it may be labeled during the amplification step by inclusion of
labeled nucleotides in the reaction. The fluorescent label may be, for example, a

lissamine-conjugated nucleotide or a fluorescein-conjugated nucleotide analog. In



| abel ed nucl eotides in the reaction. The fluorescent |abel may be, for
exanple, a |issam ne-conjugated nucl eotide or a fluorescein-conjugated
nucl eoti de anal og. hi WD 20051035792 PCTI US2004/ 016060 -16 sone

enbodi nents, two differentially | abeled sanples (e.qg. h A d with
reiRbaRRs

| i ssam neVArRW ¥t her with fiuorescein) are used. | i ments, the
sanpl es are unl abel ed. [0050] Hybri di zajg.on and wash conditions are chosen
such that the nucleic acid 5 nolecules in the sanple specifically bind to

conpl enentary ol igonucl eotides _on . the array. Arrays cont ?i ni ng

doubl e- st r andsmasmhpHuEN s bV differegtiallyjabrlsdsamples &5k eelabeladgvidfenat uri ng
conditions toy r j UrbROld S S ostelcabe8thenRl 07 tO
contacting w %1 S%?"%% agg%(gi.lérgﬁﬂi nafegié;/rg%?edl zat | orcl) conditi gﬁs’%el | depend on
t he | engt h anehnplesearé enigheledRNA or DNA) of the ol i gonucl eoti de probe and 10

sanpl e nucl ei j ds., [ 0051 bridi zai.ion tq an ar f the inyention
maybe det ect eg"‘%@i aﬁ?fbl{lfg?ﬁ’t?{ﬁ anl-‘%:\%s\llib‘fo cﬁﬁ?q?ggee&gfens%cﬁ f}}éf E?ef‘ﬁcgelgla?& In sone
embodi mentss, taGchivbin tHE Ztpledifically!bd 1B 26@Pleiéntanpal RdudeadiBégonuc! eot i des
is detected by |aser scanner. In some enbodinents, the hybridization of

| abel ed or unthesarpdArayirioataining desbiedirended oligoryeleetidgsaee gsperabasuri ng their
mass. Wen t i ff f Yo I : he r may be
one that 15 gt ThplasnREEREGH, (8% R, Slafniiifiiue: SR REARAEC, T, 12
wavel engt h copri@xp ootactipg twathtthedample. €ptimal hyloidézntiem torditivak will deppndal | y

si mul taneously qr nearly sinult ou Y/ MPLARY. USES FOR THE

OLI GONUCLEOT] %819&?%%3"}32@6[(6@5 ATWZH’%M &%ﬁ%@&ﬂ‘é&%‘“‘#&é and¢ he

i nvent i onjgvay bengisRstidi®adl@d ect and quantify the changes in the copy number
or nmethylation status of specific sequences in a genone. Were

repr esent at i oif)5ter Hylrelizatignicansitiay of theynvsntigmnay badgiecies tyraay methoddi zed to
the sane olig i 3 l.at | j AT . ridization
bet weon the. ¢ W Bl gt B EERERe ol offeBbulol e R M datolP | C1 22

rel ati ve copy flowrssventlylabeted sayipht ivolzotidea isdetenfed blydassesparme. elnsomeespondi ng t o
that probe in the two les. . Ce , for ex le, typically contain
either extra ° Eﬁﬁ@gntﬁftﬁ%@@vﬁ“@égﬁfgﬁ@@f Ei‘&lébetletaﬁln%ﬁ‘mel I’f‘%@ﬁ?‘%ﬁ or fewer or
no copi es)xf G&éétﬁlélﬁy nRAGHRE ERE M. Whe BV CdifRRnPAuBREA 1A R8s, These
met hods can be used, for exanple, to analyze changes in the copy of numnber
or methyl ati ofeseappeicmayf be one that is able to detect fluorescence of more than one

wavelength, the wavelength corresponding to that of each fluorescent label,
typically simultaneously or nearly simultaneously.
V. EXEMPLARY USES FOR THE OLIGONUCLEOTIDE PROBES

20  [0052] The oligonucleotide probes of the invention may be used to detect and
quantify the changes in the copy number or methylation status of specific

| sequences in a genome. Where representations derived from a plurality of DNA

samples are hybridized to the same oligonucleotide probes, the relative intensity of
hybridization between the two samples to a particular probe is indicative of the

25  relative copy mumber or methylation status of the sequence corresponding to that
probe in the two samples. Genomes, for example, typically contain either extra
copies of certain sequences due to amplification or fewer or no copies of certain
sequences due to deletion of specific regions. These methods can be used, for
example, to analyze changes in the copy of number or methylation status of

30  sequences between a reference sample and patient samples where amplification,
deletion or methylation status of specific sequences is implicated in, for example,

the predispostition, progression or staging of specific diseases including, for



30 sequences between a reference sanple and patient sanples where
anplification, deletion or nethylation status of specific sequences is
inplicated in, for exanple, the predisposition, progression or staging of
speci fic diseases including, for WO 2005/ 035792 PCTI US2004/ 016060 -17
exanpl e, WaRBBMO35Meur ol ogi cal di seases (e.g., autism) PCHUSHEHRLH60

cardi ol ogi cal diseases and inflammatory;di seases (e.g., autoimune

di seases). .[0053] In addition, positional information on the alteration of
copy nunber or nmethylation status in a genone_can be obtai ned because the
sequences in ekample, gavrsnmewrglogicakdisenses (8. aisme| diabetescaptilpgisalof t he

i nvention are .ol.Lgonucl eoti de probes are
designed to hy rgel[gg% %M%‘ﬁgﬂﬁﬁse@gw "eéﬁg(g{rﬁ]gnnl%lgglesg%gﬁbe and the sanple is a
hi gh conpl exi {§058F phesiditioal pasitionaltinfosnatioa aithd atetatiomapcqpy@aambed or r egi ons of
genone anplification, deletion or nethylation status. Thus, .the invention
may be used tH“’ﬁH Figtus 2 Fgmg ca e mP?ﬂa‘?ecﬂﬁﬁﬁﬁéeﬂWnF‘??\}Bﬂ\?ed in the
predi sposi§ i 0Bendeq6 Whichi tREolMonddIaHid froBls SRESbifiof :fe@eftemehbepe genes
maybe oncogenes and tunor suppressor genes dependi ng on whet her 1he

sequence i s amyskinpbwadWheed the eldgopncleatidn prabesare dasignedyo hytsulizefrequendiycer genone

relative to a.reference genone espect.ively. [00541 The ql .l gonucl eoti de
probes of the“rﬁ%ﬂ%‘?‘l?ﬁ : “qg° ?fgyt%eesaﬁ?_geds??%‘fghpgefiéyrefsesﬁ%ﬁ/%b}t%i_c sites,
includi ng si ngbgibleie nepiprétisepakyiony ¢tipesdtie {rpidivhtio)dtletion érithaihylaioni ndi vi dual
and between individual s. These pol ynorphisns,_are. conmmon and as . many as 2-3%
of ol i gonucl eselgeTHsoednEnas law%‘o\rsvﬁwrlsfntéy BéHAdyabgensy Bt mpebieen

“normal " {qdi yivaHRk t thOplelfs @sm&l,Qeg%mm's&rgrﬁagmpécﬁﬁtdigeaéeg.omstae loss or
gai n, of restriction endonuclease fragnents, €.g., due to point nutations, 20
del etions, gegeres maybapncoggeasend BImer sUpprRss@ @aesdspandingentveettientheover

het er ozygous pol ynor. "'m et re ref ted in their esence or
absence in as?qélprcgsle" a |egh&£ﬁg—%r°rexeg%%%ee(,ﬁ“%§%t@€tf§ﬁl %#Ln{;eﬁ iy n%cl eoti de
sequence Wi t hréative@si fef@tnoegefoids) FBpedlyelyesul t in one large (i.e.,

uncl eaved) or two small  fragnments _dependi ng on whether a restri,g{i on site
is present. TH¥S4bolhseligonndeqtide probesqfdhe gyention glsp may dssedte ideptiSt in a test

genone i f14 he ,ohingQMiieo il ARy SRS ifbead &%ﬁo@msﬁl@tmsgjb&mﬁﬁﬁal |
fragments in Fh_e test representation. [00555’ imlarly, génomc
r ear r angenent gn indiyaduabiandpetwesn sndvddualso fdiese prdgmerphisms arejcomaosiaodes and

del etions, My [SU bol i} ofiBénelebtld b0 hisPRY ph il bvisPaRRuUC! ease

between “normal” individuals. Detectable polymorphisms may result from the loss

or gain of restriction endonuclease fragments, e.g., due to point mutations,

20  deletions, genomic rearrangements or gene conversions extending over
heterozygous polymorphisms, where they are reflected in their presence or absence
in a representation. For example, digestion of the a nucleotide sequence with a
restriction enzyme may result in one large (i.e., uncleaved) or two small fragments
depending on whether a restriction site is present. This polymorphic restriction site

25  is known to exist in a test genome if the oligonucleotide probes detect one or both
of the small fragments in the test representation.
[0055] Similarly, genomic rearrangements, including translocations, insertions,
inversions and deletions, may result in the creation of new restriction endonuclease
fragments spanning at least part of the rearrangement. Some of these new

30  fragments may be amplifiable and, therefore, present in a representation of the
rearranged genome but absent from a reference representation. Conversely,

genomic rearrangements may result in the loss of a fragment from a representation.



fragments spanning at |east part of the rearrangenent. Sone of these new 30
fragnments may be anplifiable and, therefore, present in a representation of
the rearranged genone but absent froma reference representation.

Conver sel y, enoni ¢ rearrangenents may result in the r agnent
from a r HPRYIARIR on. VIO 2005/ 035792 PCTI u52004/0160%{5%%3‘{’?1?“&ther case,
a difference between the test and refergnce representations in
hybri di zati on to certain probes suggests that genom c rearrangenents may

have occurred in the test gengrre rel ative to_the reference genone. By
anal yzi ng t heln dihgiease addifmencs bewesn tpdest apddeferrace BRIESFIHLCISIN t hese pr obes

in the refer e%&ag&p&%miﬁ%be@&gg&mm gefidiRic FBdrtAPerfdhtd 8y BRREL i C
rearrangenments, including the type of rearrangenments and the junctions of

t he rearr angeowntrsd i tbOH6] geliome welbative tojthe referardeyzenome pBy anakyyang thad ot her

pol ynor phi sns_of specific equ es wthin and hetween jndividual s has many
uses that wil FeIBE Si)?)tlaé‘%sﬁf’rc{%’gs a@&ﬁe%’Fat]soﬁ ?ﬂhﬁ? W‘?Deesér} ° r#ﬁrg’%%f may be, but

are not | igm t gghollR, orled@ bbthinGafoiraatioafon 1he %dﬁétﬁd/ﬂeﬁwﬁigémeﬁts,gncludiﬁg theor ensi ¢
testing and paternity testing; breeding of plants or animals; discovery of
pol ynor phi snstyphaf reairenggagris prdthe jproctionR ofithe seagmangem@is-t ed trait, including
the anal ysi s aft | i LLS, ] j g ein a
patient, inclbding 'géée%’lﬁgrwoﬁaﬁfﬁ%%ﬁ’gfnﬂﬁog{ﬂg%%@glygéﬁg%oﬁgé&%?a drug;

di agnosi s; aswiuérees wabinand bétereet individasls bas ramy wts that willdetapparentrto cl i ni cal
trials. 15 VI. A EMPLARY . SEARCH ENG NE 57 he,fall owm ng descri bes an
al gorithmt ha?nec‘glﬁ%em&e "t e%%f‘%ﬁl??"\l?‘ﬁ@re ’giogg%{eﬂl%t‘q%‘ﬁé&a?@flf’gonucl eoti de
probes. [fp W jnldividalsNElg) for @ehsidtaéting Afd pAthitMeltng; BRZEME RF pRAtsios NOt
intepnded to show that this algorithmis the only neans to obtain such
probes. |t wi fpmglssdsqoxenyofpolymemhismgshat angigsnetically linkedhtoaminhenited cat i ons

ot her 20 than - ] | I . Of 1Sl i on. Sone
d
of "the ot her UBGaEe i SBMARRE RS BRI B et DL
sonet i nes r ef epatiedt, iwhkirggiradictmga tepefictdh oeatyerse raspomse hea drugndjagmesisuses a
transformof a no £.0.. .a Burrows-\Weel er. Transforn) and an auxiliary
dat a structur%mflfgr %’Eﬁ{ﬁ?ﬂ@c WFSE%?Wﬁ{%&?%@ﬁI ar word occurs in 25
t he genong. Aviwor AN et MPS.ARY SEARCGIEENGINESequence of any | ength. [0059]
In general, the_engine searches for a_ particular word by first finding the

y
| ast char act el00871 t R pBpwime dpsebesiangieopthuy that ¢an hsared torobtaethehar act er
i mredi ately

above-mentioned oligonucleotide probes. It will be understood that the following
description is not intended to show that this algorithm is the only means to obtain
such probes. It will also be understood that this algorithm has applications other
20  than generating the oligonucleotide probes of this invention. Some of the other
apphcations are described herein.
[0058] This algorithm, sometimes referred to herein as a search engine or a mer-
engine, uses a transform of a genome (e.g., a Burrows-Wheeler Transform) and an
auxiliary data structure to count the number of times a particular word occurs in
25  the genome. A “word” refers to a nucleotide sequence of any length.
[0059) In general, the engine searches for a particular word by first finding the
last character of the word. Then it proceeds to look for the character immediately
preceding the last character. If the first immediately preceding character is found,
it then looks for the second immediately preceding character to the last character of
30  the word, and so on until the word is found. If further preceding characters are not

found, it will be concluded that the word does not exist in the genome.



preceding the |l ast character. If the first inmediately precedi ng character
is found, it then |ooks for the second i medi ately precedi ng character to
the | ast character of 30 the word, and so on until the word is found. If
further preceding characters are not found, it will D ed that the
wor d doesWR3e05@3§7%% in the genone. WD 20051035792 PCT?%EE‘%%/@?%G@GO -19
[0060] This particular algorithmis advantageous because it can be used to
i npl enent several practical applications involving genom c studies, as

di scussed above. One application of the search engl ne |s that it can be

used to annot H080k Thisepdictlpralsosithn sdyadipeAusIeCapsy difah® "IS4i® i cul ar Iy, the
genone can beiﬁﬁ@;ﬁe@tse@ré Pl aspibaiohl BESIVRTg Rndidlcishitidsads digngkd that exist
wi thin the genone. The search engine can then count the nunber of tinmes a
particul ar | enbpive. Snbspplicagonof dherssarcmengineds Hwhih oan benired ¢o ywatatesa provi de an

i ndi cation of the unigueness.of a partigul S N re. | r counts
represent a hfl‘bcﬁ%ornjdﬁé g%cegPCWia FaHes a#h%;]aﬂm té%%%ﬁm%%&ﬁ}t‘gg%“ﬁ%at%)%M] Pr obe
desi gn i s sanohdigy subk@iaps 6fd padtitialar kajth @ikt bhist wittin &@d\senérae eDhusdedrch enhanced by
usi ng the search engine. The engine's ability to rapidly count the nunber
of tinmes a paftgeagaathensogntihgyaimbsr offimes snagirular length subgungeqcyrsief ul in
desi gning pro I di idj.ckeaion of DNA
w e o ot ok, Phele st AL Eh SFac SnBusREcold Rl D] O
cross 15 hybr subiszingj whaere bewer bauntsirepresentechiplyer degred of ungquengss tae highebe
conprised of constituent segnents that are uni que and neet certain
stringency cof ¥ ons such as havi ng | ow word counts or no word counts

Wi thin thp enfo06e] JRiRBEEesignlo tadlheY plactidabipplitatipIhdt ¢oddvaitagdoudliie sear ch
engipe is to detect differences between two genones. For exanple, as the
human genone PREpedbysBghascach engins. b cgpmERility 6o rapilly embthe are mapped
and rel eased hnbBor B b Gar rf B5pcBR B £ PR i0 farflilay @R uf Nt ver e
desi gned on another version of the sanme gehone, it can be determ ned how
many of t hosedgsigniesprobes thet appique ahd lybtitlize teaspevific s¢gion afDNAewidenone.

[ 0063] Yet stil.l. ot her .appl,ication in which the search engi ne can be used
s to 25 ver PRYTRhGPHEPPRCGHIET By are fis auER P PROPIA “Bhome. It nay. be
desi rabl ejst o hibidlizatiBhiskSm bb ainiflized BY reypRB@la prébeltb e ganipedsp that there is
little chance that the word, will hybridize to a section ¢of the genone.

These wor ds nﬁgpsgl@ergtéﬁgpg{t%@at are imique and meet certain stringency conditions such as
having low word counts or no word counts within the entire genome.

[0062] Yet another application of the search engine is to detect differences
between two genomes. For example, as the human genome project progresses,
20  new segments of the genome are mapped and released to the public. Using the
search engine and probes that were designed on another version of the same
| genome, it can be determined how many of those probes can be applied to the new
| version of the genome.
[0063] Yet still another application in which the search engine can be used is to
25  venfy whether a particular word exists in the genome. It may be desirable to find
words that do not appear in the genome so that there is little chance that the word
will hybridize to a section of the genome. These words may be generated
randomly according to a predefined set of criteria. When a word is found, its
complement is also submitted to the search engine to determine whether it appears
30  inthe genome. If both the word and its complement do not appear in the genome,
it is known that both of these words will hybridize to each other and not to the

genome.



randomy according to a predefined set of criteria. Wen a word is found,
its conplenent is also submtted to the search engi ne to determ ne whet her
it appears 30 in the genome. If both the word and its conpl ement do not
appear in the genone, it is known that both of these words will hybridize
to each oVAGISHETIhot to the genome. WO 2005/ 035792 PEYPIHEsY8% 016060
-20- A SYSTEM DESCRI PTI ON [ 0064] The segrch engi ne and applications thereof
can be performed in accordance with the present invention using

illustrative system 700 shown in Fig. 7. System 700 may i nclude conputer
710, user |ntérfac§Y§EE%PE§?R1§'EIOl§ Internet 740, and optional |aboratory

equi pnment (noioo%t] Whie se tgrgﬁh%%%&%ﬁ catibREtEEEE dHbE bRrGnfe@iput ers 710 and

user interface equi pnent y one o each’Is 1llustrated in Fig. 7
to avoid corrplacawdanmgwiﬂnﬁxeqbreamt myyentigonsiiga husfrb@ve systesii®shewn e connected to

user interfac 30 a Interne7t 740 v conmmuni gzi on paths 790.
10 [0065] Co mia}ﬁ}ﬂ" %CQEPF‘E?ﬂ S§{Bc? €€ qumen Qa 712,
dat abase 5714meﬁarﬁo%uwhonmﬁm%ryéq@;ﬁﬁ‘eng(nm KRR NS AERE$60 ARYD (€. g.

rY)> and Trenovable-nedia drive 718 g. oppy di sk drive,” a_ CD ROM
drive, or a Dupludgmuligple corm%ers:ﬂr(b@dtusgr letaﬁaqy@qu@mmﬂéotbléﬁ@lﬂ qe@fta to,
from and/or :;_ ﬂﬁ et 740.
Conputer 710 rra;}/lvylsaln #azﬁmfgﬁgé \ﬂo‘f%ﬁoe 03 rheﬁ%\g’e §/ér?té§%§3nd| ng to
user input fr@]ibmsterbeicaximcthditteaseﬁqufpafmqmpﬁ&at710;)arpimn®me71@0my al so provide
Information to the user ]‘Ehéy?@ I nterface equi pment 730 with respect to
resul ts obtai SEYTFRGHHSPE n of the search engine. [0066] Database 714
stores infrmgdes) ChBAbutef POIASSnéE® GRAMS SuNEN I YRodsdon 728) dd@base More
partjcul arly, database 714 nay ‘i ncl ude the sequence of a genone or a
particul ar poﬁﬂ‘ﬂfﬁrgmhard-rén‘geémﬂ@ry‘?h@(q guienddnyacagesymerneryd.lded genome

I nformation a&glg 114 t rr I ch can
al so be stored&%gnvgglg%?élgaase ﬁg(e eﬁ(%g&%%%&?aay@?%h/[ atefogt%?bu ure that
i s generated idfivg)r @hisrcatiity cad irusediogtansiait idag t@ ﬁonamd/mrbﬁméena;sgenorre or a

ortion thereof. Data.re eno be obt ai ned, for
gxarr;:)l e, fromye aéﬁa%ﬂ"@g’ﬁgz(?ﬁ‘m%%@mggﬂ gg%y dy Initiate

15  techniques of the invention by responding to user input from user interface

equipment 730. Computer 710 may also provide information to the user at user
interface equipment 730 with respect to results obtained from operation of the
search engine.
[0066] Database 714 stores information that provides the search engine with

20  data. More particularly, database 714 may include the sequence of a genome or a
particular poriton of the genome. The invention may use the genome information

) stored on database 714 to construct a suffix array, which can also be stored on

database 714. The suffix array is a data structure that is generated in preparation
for constructing a transform of a genome or a portion thereof. Data representative

25  of a genome may be obtained, for example, from a readable medium (e.g., a floppy
diskette, a CD-Rom, or a DVD) which can be accessed through removable-media
drive 718. Alternatively, genome data may be obtained through Intemet 740,
where the data is transmitted from a server located, for example, at a research
facility (e.g., the National Institutes of Health or a university). If desired, database

30 714 may be updated with new genome data as it becomes available.
[0067] Generally, the quantity of data representing the suffix array is much larger
than the quantity of data representing the genome. Therefore, database 714 may be



di skette, a CD-Rom or a DVD) which can be accessed through renovabl e-nedi a
drive 718. Alternatively, genone data nmay be obtained through Internet 740,
where the data is transmtted froma server |ocated, for exanple, at a
research facility (e.g., the National Institutes of Health or a

uni ver si twp2005f03518%i red, database 30 714 maybe updat eBCHUBHOHRARPYenone data
as it becones available. [0067] Generally, the quantity of data representing
the suffix array is nmuch larger than the quantity of data representing the
genone. Therefore, database 714 nmay be WD 2005/ 035792 PCT/ US2004/ 016060 -21
mor e suit abl edmsﬁthbieifwrgtMgﬂashfﬁm(amyrtw nidmaary ffEdrbecpuseidtdbessause dat abases
readily store e dat a tH n..meno [ 0068] User interface equi pnent 730
enabl es a usef® yFtH{ﬁ}PME %ﬁﬂ’f‘?ﬂéﬂeﬂvf’ Y-conput er 730 via input device 732.

| nput devi ce {gbs|RYRE iRBifacs etk 740 hdbles ans&tt6 hpab coBaiigast i onal
keyboard, a wireless keyboard, a nouse, a touch pad, a trackball, a voice
activated consemputei30xminps dsyieatZo Aot deviesy Benayckesmyspitable deyissi ce 732
may, for a word count
of a partS)éurglrl&maﬁrgmoe?h&aygg'%&rﬁt a?#%%ﬁs%g ané?n{s?:asseogggu%wtlal probes. A
user may noni trackbaleCwiastiv @hsole) of)mysopsﬂ)arma'ﬂefmnhdexa'qiﬂsahpimw ce 734. 10

Di spl ay device 734 may b co uter nonitor, a tele SIO afla ({ panel
di splay, a | dgdsd’ 3t?r‘?as)’b W%nga??a le,2 BSET foier courmafy oc?Fr o 2 9974 abl e

di sPla Y ( CRT)oynY offa p&G¥il& Syord, P &]forﬁ:f)s?aﬁdﬁéa@ﬁ‘ﬁdlﬁﬁ d}%t)ﬂﬁtuﬁ oyERY Abe any

sui tabl e communi cations path suc as a cable Iink, "'a hard-wred link, a
fiber-optic | isemaymdnitbr proesdses opteating oni sysiom-AAP ee dispBy|devike 734. bl ue- t oot h

i nk, an al [ or any
com] nat i Bh o RSk 7 e o M ot B SO T APLLR S ld T

enabl e data t digaid fely: stabﬁkp]ﬁﬁlacﬁt(hﬁqm:hta?ltubEIORT)J&EEny(lithﬁrsflﬂﬂ:ﬁednqplajbrrent 730 and
I nternet 740. [QO070] Laboratory equi pnent may be provided in system 700 so
that results 998%%ptai ned with the search engi ne can be directly applied to

experinents, a§uéoy E8mmbicifon faflR 7D ?béﬂﬂfdﬁﬁﬁﬂ@c&ﬁmbﬂﬁaﬁﬁﬁfpﬁﬂ s|awine is
that the techni qgues for countin exact word matches can take place entirely

Wi t hi n t he nesbs gablelink, a hwéfmrep%mkﬁg fiber-optic link, an infrared link, a ribbon-wire
15 link, a blue-tooth link, an analog communications link, a digital communications

link, or any combination of such links. Communications paths 790 are configured
to enable data transfer between computer 710, user interface equipment 730, and
Internet 740.
[0070] Laboratory equipment may be provided in system 700 so that results

20  obtained with the search engine can be directly applied to experiments, and vice
versa.

j [0071] An advantage of the search engine is that the techniques for counting
exact word matches can take place entirely within the memory (e.g., memory 716)
of the computer. This provides for extremely fast and efficient querying of the

25  genome for exact word matches. There is no need to access a database (e.g., a
hard-drive). Such a need can substantially hamper search engine performance.
The techmques used for counting exact word matches are 100% accurate.

B. SUFFIX ARRAY, BURROWS-WHEELER
TRANSFORM AND ALPHABOUNDS

30  [0072] Referring now to Fig. 8, illustrative flow chart 800 shows steps in
preparing a genome for use in the search engine according to the principles of the
present invention. Flow chart 800 uses techniques to build a suffix array data

structure which provides the basis for generating a transform of a particular



of the conmputer. This provides for extrenely fast and efficient querying of
the 25 genone for exact word natches. There is no need to access a dat abase
(e.g., a hard-drive). Such a need can substantially hanper search engi ne
performance. The techni ques used for counting exact word matches are 100%
accur at e. WB205(08¥PX ARRAY, BURROWS- WHEELER TRANSFORMPARYSALHUARSUNDS 30
(0072] Referring nowto Fig. 8, iIIusttgﬁLve flow chart 800 shows steps in
preparing a genone for use in the search engine according to the principles
of the present invention. Flow chart 800 uses techniques to build a suffix
array data stgeneherBrusinsforppearides ¢ basiefop theisgarply enginaefithis inygntien; r ansf or m of

a particular \%J%g?é%ﬁ%?%@?g%{ ‘éﬁéﬁ’%%{lajtﬁ‘?ﬁgnbei paeipelcTalalyc - Of\q,\%i s transform

provi des a basi's I"'ne of I'S 1 nvention, ere the search
engi ne can r afpatticylat euti (eigh @ wondrhevingof length of 1% AL€X% @fdOxhametets).cAd ar wor d
(e.g., a word having a lepngth of 15, 21, 70 or 80 charfact ers). At step 810
a nucl eoti de $E8§P4AeEEERNE SRAUSNGSHENS aFERAHE 7 PEHODP! 18GeMEAL is 5

provi ded. Fhe Wiiggée&ﬁne%ﬁm@n&ﬁ a@a%ﬂn%@gcl%a&é}?ﬁ%ﬁ% fY¥Fng a

| ength of N where N represents the total nunber of nucleotides
in the stringMNfuclettidesawhere N reprosentsethe foted numhber @€ nustentide®iBg stithgofyenone

provi ded at stﬁgr %10 can bte gﬁri ved fromany organismor it can be randonly
gener at ed. For® ¢ Fgﬁlr@re%gxg t 5P ®nown human genorme nmay be 10 provided or

a portion of tip@Er3puThS gcemRRPRovidedae step 810 ctite derivkd, frain ROY brgatist0br # he genone
representing a chrompsone or a_region of a chronosone). If desired,
non- human gendé#ebeendomlyaseerged, fol ggample thetygogminimag gspoms may ke |

A1 . 1L S B o R, 120

and animal's s izar e.g., rats, and
nonhuman pri meesme repfes¢nfifg 4 phramosdneporgdaegion bta geomownie. Hudesiedt ed to a
transformation ocess which reqrgani.zes the nucleotide .arra nent of the
genone accord inﬁg‘m gert?F&d‘é?é?ﬁ%gﬁﬁg’? ‘Pi i SB%?SéE%geélgfneﬁ) ngfu.sesfﬁg&ﬂaa nsf or m
mai nt ai ns t he sgalEcelle®@asd miiltieBlled @i, {n€luding yédst, plint, 4u8 anigfalk shep t hat

appear in the genone, but these letters are arranged in a different order.
In one embodi réHEares: fishand pommalsd g free: ot grdRopbuinan pEBRED ed to a known

et or e 4 9 YRR R0 g s e
reorganizes the nucleotide arrangement of the ge)lllbme according to a
predetermined lexicographical order. The transform maintains the same
constituent letters (e.g., As, Cs, Gs, and Ts) that appear in the genome, but these
letters are arranged in a different order. In one embodiment of the invention, the

20  genome is subjected to a known transform called the Burrows-Wheeler transform.
The Burrows-Wheeler transform can be obtained from a suffix array. According to

j this invention, a suffix array 1s an N x N matrix representing all the cyclical

permutations of the genome, where the permutations are arranged according to
predetermined criteria (e.g., alphabetical, numerical, etc.). Advantageously, the

25  Burrows-Wheeler transform represents the sorted N x N matrix of the cyclical
pérmntations. Thus, when the search engine of the present invention searches
through the Burrows-Wheeler transform, it, by extension, searches through the
suffix array, which by further extension, searches through the original string
representing the genome.

30 [0075] Genome sequence assemblies can include an ambiguous character in

addition to A, C, G, and T, thus extending the genome alphabet to five characters.



this invention, a suffix array is an Nx N matrix representing all the
cyclical permutations of the genone, where the pernutations are arranged
according to predetermned criteria (e.g., alphabetical, nunmerical, etc.).
Advant ageousl%/, t he 25 Burrows-Weel er transform reprgé,ﬁ%%o}éﬂo orted N x N
matri x of WPRYWS83Y3 cal pernutations. Thus, when the g. e of the
present invention searches through thexBurrows-Weeler transform it, by
ext ensi on, searches through the suffix array, which by further extension,

searches through the original strin representing th en .30 [0075]
Genone sequendBSZTOMBYS %?ﬁ_cf’ﬁ‘fﬂo éeéﬁe‘g S%W‘Eﬁ&?‘%gg&w’i‘ﬁ‘e addi tion
to A C G apghtigb Qf@%ﬁﬁéﬁé}%bﬂﬂoﬁéﬁr&%ﬁf@i@e&&bﬂ%k ubRndvive characters. WO

2005/ 035792 PCT[ US2004/016060° -23 Thi s anbi guous character, comonly
referred to a$00R] i Becapps theBusrows Btheeltiransioom repgesents eisdedssuffax przavt i cul ar

posi tion of ajnucleic i d sequen LS. unknown. ..[0076] Because th

Bt over Vel 4P B Erdih SRR UERRR: e DGR oniby f HpaRSANSERERE |
need to acces shdrkters Ubrbfexably, tiytranktonn Bearehinngericy, whepdsdatchitlgar string of 5
characters, Preferably, the transformis stored in nmenpry, where searching
functions canfimstienssalbeexesifedmugh fagter thamWbeihBA ransiorm 15 soFekon a Bardt ored on a

hard- di sk. 0 a?ﬂﬂg hitY idai s ﬁi,a%ﬁ i Pe @ suffix
array can bewﬁgsg'bs éer?tv ?Igﬁ;éddﬁﬁetﬁés]‘gjf I %glri% aflmﬁ?alg%lg\?&gto e§§?%?eed in a

har d- di sk dri vébstansalghp ssffid arreyombynkave to bpsead imgharddisk yrife,. ag oppasahdom access
menory of a ¢ ter). .For 10 exanple, the size of suf f | x ray for the
hunan genome ?OSB%IFF? 8‘"8%8’&?%@%?@8‘“ HrHaByTey Otﬁafcoétl?éltf’r)aﬂ{oérray were to
be storedo n esenmply, thd i cfashff@faray for ey Hugnan RRNdns bvehe/@de Fabpbes of
menory woul d be nuch _nore costly than a nachi ne havi nsg,ﬁf or exanple, three

e

gi gabyt es of gigAbYiSs: Litnehan amrey Werp o besierrd Bguemery: the cost et BXChiRg)i ne i s t hat

't does not T gaih e RRRSEBIKE AN IT RAT it ERShAE BRE MhAESmAGiRecause L he

transformrepresents a contens sion of the sorte IX array. [0077]
Wi | e the suf having ferexample tbtee gigebyesanfyndnmry.pEhdrefore, oup adyantageaitihes
according this inventi ontB ti.{ i S L{SEfLﬂ to descrjbe how such arrays are
obtained in OPHECPEEe SHBH 19055 PUTEIIS SERTRY B AR ERODABCPYXH TP P and t he
array. Thes subédaise the frafoRditegiesenio A Sbiidéaieddejonldf tisd softbd Qiffik @fay.he cycli cal
pernutations of a nucleotide 20 sequence. For exanple, Table | illustrates
the cyclical B&mt%ﬂs#&%?ﬁ&%ygﬂ%ﬁ@essmmmmmww@%$" is

provi ded to neskdilpeniifverfiol, s SGRAMMPARLEBeHdw such arrays are obtained in
order to show the relationship between the transform and the array. The suffix
array can be constructed by first obtaining the cyclical permutations of a nucleotide
20  sequence. For example, Table 1 illustrates the cyclical permutations of the genome
"AGACAGTCATS,"” where "$" is provided to mark the end of the genome string.

AGACAGTCATS
GACAGTCATSA
ACAGTCATSAG
25 CAGTCATSAGA
AGTCATSAGAC
GTCATSAGACA
TCATSAGACAG
CATSAGACGTC
30 ATS$AGACAGTC
TSAGACAGTCA
SAGACAGTCAT

TABLE 1
[0078] After the cyclic permutations are obtained, the rows are sorted according

35  topredetermined criteria to obtain a particular lexicographic order (e.g., an



AGACAGTCAT$ GACAGTCAT$SA ACAGICATSAG 25 CAGTCAT$SAGA AGTCAT$SAGAC
GTCATSAGACA TCATSAGACAG CATSAGACGTIC 30 ATSAGACAGIC TS$SAGACAGTCA
SAGACAGTCAT TABLE | [0075] After the cyclic pernutations are obtained, the
rows are sorted according 35 to predetermned criter]

par ti cul 2¥0PUXPESYr aphi c order (e.g., an WD 200510357 @W@%SMOE%O
-24 al phabeti cal | exicographic order) -¥por exanple, Table 2 illustrates an
al phabetical arrangenent of pernutations shown in Table 1, under the

headi ng, Sorted, Arra Row Sorted Arran Tra $AGACA >T 51
ACAGTCAT$AG - 2lphabeti tigal eicopiaangiden. §°$exaglpke$%i°ré§@&@t "EA "’P:%AGACAGTC -
> C 5 CAGTCAJRAN gément ofﬁe&ﬁta@o%B%QWei whddr thd h&&%@&&ﬁ% > A 8
GTCATSAGACA - - > A 10 TCAT$AGACAG - > 15 TABLE 2

[ 0079] Once the cycl i ¢ By nut at i onSorgdeAxsay t ed, the tLMme of the genone
can

0 SAGACAGTCAT - > T
5 1 ACAGTCATSAG - > G
2 AGACAGTCATS . - > $
3 AGTCATSAGAC - > c
4 AT$AGACAGTC - > c
5 CAGTCATSAGA - > A
10 6 CATSAGACAGT - > T
7 GACAGTCATSA - > A
8 GTCATSAGACA - > A
9 TSAGACAGTCA - > A
10 TCATSAGACAG - > G
15
TABLE 2

[0079] Once the cyclic permutations are sorted, the transform of the genome can
be obtained by taking the last letter of each row of the sorted array. These letters
are reproduced under the column heading “Transform,” indicating that the

20  transform of the genome "AGACAGTCATS" is "TGSCCATAAAG."

[0080] In one embodiment, the suffix array of a genome such as the human
genome can be built using a parallel radix sort using a 16-node cluster. Using this
approach, the genome is divided into X number (e.g., 100) equal-size substrings,
each overlapping by seven nucleotides, with X being a predetermined number.

25  The offsets into the genome (i.e., the "genome” coordinate) within each substring
are assigned fo one of 5 "prefix” bins according to the 7-mer (seven nucleotides)
at each offset. The offsets within each prefix bin are sorted based on the sequence
following the 7-mer prefix, thereby creating the suffix array.

[0081] At step 830, various statistics are computed to generate an auxiliary data

30 structure, which can include an alphabounds data structure, a K-interval data
structure, and a dictionary counts data structure. The alphabounds indicate how
many adenine, cytosine, guanine, and thymine nucleotides there are in the
transform. For example, using the genome of Tables 1 and 2, the alphabounds for
A, C,G,and T are 4, 2, 2, and 2, respectively.

35  [0082] The alphabounds can be used to delimit ranges in the transform that
correspond to particular characters existing at the front of each row of the sorted

suffix array. For example, a delimited range for the nucleotide A includes each



be obtained by taking the last letter of each row of the sorted array. These
letters are reproduced under the colum heading "Transform" i ndicating
that the 20 transform of the genonme "AGACAGICATS$" is "TGSCCATAAAG " [0080]
In one enbodi nent, the suffix array of a genome such as the human genone
can be buWPROGSBHY a parallel radix sort using a 16- nBHEUEIMYEPEPEO Using t his
approach, the genone is divided into X_pdober (e.g., 100) equal -size
substrings, each overlapping by seven nucleotides, with X being a

predet ermi ned nunber. 25 The offsets into the genone (i.e., the "genone"

coor di nat e) wirewiof theeseffixcamsy thet starts witheAa Refogrradolgblse itshovsthatgews i x” bi ns

according to th =ner, (;se ¢l eot f .+ The offsets
Wi t hin each prléf?éthsF?{tegrag\ég%?‘?g’gh%‘as%hgﬁ%e {oﬂléro&%q%&gﬁ%pgﬁﬂo& owi ng the 7-ner
prefix, therelyphabmids bempudel orAf Mublanishyws th&Q8g 5-AtbeginepitlBSOwhiviar i ous

statistics are conputed to generate an auxiliary data 30 structure, which
can include artoRFSPRBS i ithe alrhpbounds cpyputed for Gy Tikqwises \ a‘l}Pl?alfa structure, and
a dictionafy %Bﬁgép%n&%éoﬁéwfédsfaﬁdmﬁ%@kn@m% lofisAtHsfomy  many

adeni ne, cytosine, guanine, and thym ne nucl eotides there are in the

transf orm For[0@83hmSitep, 830smayqlsolzengatn Knptepfalsiabévesy K mundbeof dhmctatsphabounds

for A C G .and.T e 4, 2.2 and.2, .respecti ly. 35 [10082] ,The

al phabounds céﬁ&ﬁﬁaﬁ%{}n’t‘@e&eﬁ%ﬁIefe‘feé%l&ﬂginﬁmﬁﬂeﬁﬁ?{%%&% ﬁé{%edt‘éorrespond
to particul ar kel AmhRIotePdfThdhicRbtide® tﬁe&@ﬂ%ea@fn tB@Grhngféi. dfhetd - sort ed
suffix array. For exanple, a delimted r ange or the nucleotide A includes

each WO 2005/ 0gsmels neyTreyseinghe seambenging of the pregnt inyentiqitp speedupdle t hat
starts w A rri . . ' s OWs: L f the sorted
arr aﬁ st aw Wit %% p%‘%gs Wg?%)&dgc}l gsreg\ls\’lgslo‘?gigr es%%%%‘ ‘{lglvflﬁsé% agifl %habounds

conput ed for Apedifitdlly, thesioofthd Kaitervalenalesthb egarah enigink téCoutpdrfartn andor r espond
to the al phaboungds co ted for. C. Likew se, the G bl ock rresponds to

5
rows 7 and 8, ShifstFpacerhpy guyentigna! ypr @‘Qﬂﬂgfﬁh%ﬁuef*@p?cﬂa&]h’s“fc}%Pm [ 0083]

Step 830 may appRedas naE1sstRlc KequBhcRs Prahter thar foal RillokchuHRES inQéngtinar acters in
the transform where is a predeterm ned nunber. K-intervals maybe used to

K
keep a runni nd0984) a|Thefolloxang exgmplediuthes cxplaipnlay apesdorn i§ tabplatedr ansf or m
These K- iater By & ﬁﬁ ' e present invention
to speed L% tﬁl\éﬁlﬁ( coun ?n‘gég&(%?ég@? |%ﬁp$h§%&q§€%§ag%’é&gel ow i n connection
with Figs. 3 ACGTCAGHIESkd thaKHiptertatsenreigtered bvdrp eivichandeery.aht thadibstes t he
search engi ne igtgwgf%t%%jirﬁgrwa%]c?udes one A, two Cs, one G, and one T. At the second

interval (e.g., the tenth character) the K-interval includes a tabulation of all the

nucleotides that have occurred in the transform thus far. The second K-interval

20  includes three As, three Cs, two Gs, and two Ts.
[0085] At step 840, the Burrows-Wheeler string is compressed according to a

} predetermined compression ratio. Preferably the string is compressed using a 3-to-

1 compression ratio. That is, for every three characters, the string is compressed to
one character (e.g., 3000 characters is condensed down to 1000 characters). Those

25 of skill in the art will appreciate that other compression ratios can be used. For
example, a four-to-one or a five-to-one compression may be employed. The string
can be compressed using a dictionary-based compression scheme, where one of
125 distinct single byte codes represents one of each of the 5° possible three-letter
substrings (e.g., AAA, AAC, ..., TTT). More specifically, the transform is divided

30  up into three character substrings and each substring is compressed according the
dictionary based compression scheme. For example, if a three character substring

is AAA, it may be equivalent to byte 0 of the dictionary compression scheme.



use | ess space than conventional word counting techniques, especially when
applied to nucl eoti de sequences greater than four mllion characters in

| ength. [0084] The follow ng exanple further explains how a transformis
tabul ated 15 using K-intervals. Assune that the transform has the ten
charact er ¥O R %TCA, and the K-intervals are stor ed @VEPIP4O18PE0
characters. At the first interval, the Jginterval includes one A two Cs,
one G and one T. At the second interval (e.g., the tenth character) the
K-interval includes a tabulation of all the nucleotides that have occurred
in the transf oBimilatlygf thesubsiing is EEbrillisknayrhe@quiablentigbitadPhabhet hree As,
three Cs, two §s and ot\'\?eslx%nséh% 5] At step 840, the Burrows-Weeler string
i s conpressed 8%%%6’*10 a “predeterm ned conpression ratio. Preferably
the string i s moss) eBEAdictivhintydoants dite strictire iy 6 gémhatédbtolassist Tiedeaics, f or
every three characters, the string is conpressed tqQ .one _character (e.g.,
3000 char act er @gns ip heFORRE PERFRFF yd”@[‘(?é@géﬁ%ﬁm#%‘)@?wg‘“s rauicky skill in
the art w Lkl tﬂﬂll St GAAR ' i d. For
exanpl e, akfoﬁggéo-oggﬁbr a ?Q&gﬁ%étonehggﬁggggégﬁhpi%y gggap gyed. The
string can beThiosmdessagtousdicoapsait dnatiésdheseprch @sgve to@epfions spwmingchene, where

ooy bl o ol o DSBS s SRR e M e gl P 53
specifically, b€ bytemafRivOtb Be SicvingREsedn bidet P thesbiréiferpiiRitaGhith Substrings
and each substring is conpressed according the dictionary based conpression

schene. For exenvphes the pumberof Smes  partiewlar 1oticy 9wy Wishin p seqnghregion. @y be

equi val ent;pt 0 | Chi i 035792
PCT[ Ys20047016 %“%"‘8&@&&%&"%‘%‘?‘ T pfeD @tﬁﬁsﬁ‘{g}t’?@ﬁ%ﬁ?dt hi 9%5"? be
equi val ent t o tworthird9df the timb durimgj the clormtey cawnrtipg etsp being petfiemed by @@86] The
di ctionary-counts. dat.a structure nmaybe generated to assist the search
engine in the ¥BCAEPEBSprocess by providing a fast access | ookup table for
quickly 5 idemsgyio&ettﬁ@wmmﬁﬁs @®mprésI@E itds Radyt fof tdedh tHetkirER eMERIIIS i N a
conpressed byte. This is ad,vantitrgeous because it _enabl es the search engi ne

to perform coutfithsigresespventionnBargenlathethe compresie PPV e Wheelet ganséipy essed
state. 11 1kS NoLed qubQuRY Reate ah %@ﬁ&ﬁ%@cﬂhé@‘éﬁa&&uﬁgwﬁl@%ﬂ%&ﬁsed n

%ng @
order for the sear engine to finis counting the nunmber of tines a
particul ar | etwehindlecgensmed t hin a search region. On 10 average, it has been

found that a b&te %&]ﬁ?&ﬁ?ﬁ'{‘ﬁé&ﬂééﬂﬁﬁﬁm i's deconpressed

[0088] Fig. 9 shows a simplified flowchart of illustrative steps for counting the

number of times a particular word exists in a given genome in accordance with the
20  principles of the mer engine. Beginning at step 910, a compressed transform of the
genome and an auxihary data structure are provided. The compressed transform
} and the auxiliary data structure can be obtained, for example, from the flowchart
illustrated in Fig. 8. At step 914, a query pattern of a particular length is provided
(e.g., ACG...G). The pattern is preferably a string of nucleotides that the search
25  engine looks for in the transform of the genome.
[0089] After the query pattern is provided, the search engine begins an iterative
searching process to determine whether the pattern exists. If the pattern does exist,
1t quickly and accurately outputs the number of times it appears. At step 918, the
iterative process begins by defining (or redefining) a search region, which delimits
30  arange of character positions within the transform. The search region delineates a
block of characters starting at position X and ending at position Y of the

compressed transform. This search region (or block) potentially contains all



two-thirds of the tinme during the character counting step being perforned by
the search engine. [0087] Once the transformis conpressed, it is ready for
use in the search engine of the present invention. Particularly the

conpressed Burrows-Weeler transform 15 can be queried to | ocate and count

each occuPOSABE3IYP2 3 particul ar word contai ned withi REFASZYLABAY. C WORD
COUNTI NG ALGORI THM [ 0088] Fig. 9 shows g4sinplified flowhart of
illustrative steps for counting the nunber of tines a particular word

exi sts in a given genone in accordance with the 20 principles of the ner
engi ne. Begi nricoracesstfdls Gty paitero he seasdiegipaisgicbped wingedgfapdne and an

auxiliary data _structure ar royi.ded. S f.or nd the
auxi liary dat acré%r}alfgflmsea p%élfacugaé9%45%3?%@?%*1%&%2@%3@?&%?@@% aglﬁer& }fe?owc har t
illustrated i rjald O\ mBre d¥tailel efpl&hbéion &f Kpwethy sqaedhiregion fdefingbistdiscudsed | engt h

is provided (e.g., ACG ... Q. The pattern. is_preferably a string of
nucl eoti des t HAcoRpRetion yithpthe descrgiion aecorparang 8- 1% the transform of the

genone. [ 0889] erast liSesi! g@q,m ' i ne begins
an iterati %/)e [(s)(egad:jctﬁtr?%%grgg’?g%g&?%sggéet?rg?ﬁncsnng\%et herés?%eﬁeg(g {égﬁ(ﬁ&gxi sts. If

t he pattern dohbsracter sfithe query paticokippeanth the searchiregion. ot stept 822t Hébenunber of

times it appears. At step 918, the iterativ r.ocess _begqi by defining (or
redefining) a @%@F@Hg ?%%B%FOW?SCW(H&%%BVQ aﬁﬁgéio?sé}?ggm 'Tga‘ngﬁ]éeré(qffeé’sr

posi tions wit hinds {step SRBRMSEIQELR onktBaBerar i€ foune glithth dlehelaitddaangs, thel ock of
characters starting at position X and ending_ at position Y of the

conmpressed t r Wedest IPOoPH to sispaibn AF Egp &0, (o datirmineyl Wisthenthearacpdignt ai ns_al |
VIO 2005/ 03579 - ttern. Th
B9 R B FRHUNAG, o o REMRLRISED, B plBetetopgl o1, The

search regron iIs Ined u S a particular
charact er of tshp 938ecwherptiecennt obtinst abiepdPd,is autputtedhed thegmoss shdsor e

det ai |l ed expl tion of how the sear reqign i.s defined is.discussed in
con unct i on it fepraefas B BeaplaRe e aciy et/ Fllemp a1 o1 ep. 020,
the process dgbéfsbatien stepWiBBEYautd MBS rohyet Bevhtdephaiedifibe qudtppatier of the
guery pattern appears in the search region. At step 922, if the _proceeding

charact er courfloes & dogs ot exisbindhcgsponsat Abitep Ydetheserrchserion insedefined process

ends (steps 924\ oLt Rlerhfiddlieg character is found within the delimted
range, the proglgé)se proceedsnto step 926. At step 926, it is determ ned

whet her the pr[@@¥di More particularly, the search region is redefined using equations 1 and 2
below: ) |
Start Position=A + Z (1)
End Position = Start Position + M — 1 2)

20  where A is the start position of the preceding character according to the

alphabounds, Z represents the number of times the preceding character occurs in

) the transform prior to the currently defined search region, and M represents the
number of times the preceding character occurs in the currently defined search
region.

25 [0092] The redefined search region also potentially contains all occurrences of
the query paitern, but the newly defined search region further limits the character
positions that need to be searched in step 920. Afier the new search region is
defined, the process continues to step 920, where the next preceding character (i.e.,
the character proceeding the last character used in the previous step 920) of the

30  query pattern is counted within the newly defined search region. This loop may
repeat as many times as necessary before finding the first character of the query

pattern, and consequently the number of word counts. If one of the preceding



10 character is the first character in the query pattern. If so, the process
proceeds to step 928, where the count obtained in step 920 is outputted and
the process ends. |If the preceding character is not the first character of
the query pattern, the process |oops back to step 918 because it has not
yet been woneosessed i f the query pattern does or doeBCHEB2084(916460i n t he
genone. At step 918, the search region_hg_redefined 15 using predeterm ned
criteria. 100911 More particularly, the search region is redefined using
equations 1 and 2 below Start Position = A + Z Sl End Position = Start
Posi ti on + M -charagters ip®t fved én psqacchirpgion; dtayifl bgsenaluded that ne gechmatieradi ng
character acc%%%gqgt%oe&) x al phabounds, Z represents the nunber of tines

t he preceding ¢harac occurs in the transformprior to the currently

defined sear cljo09syi ®igs. BB listfateamerirmplt bethe foragdng whrd donmtingt he pr ecedi ng
character occurs in the curr?ntl defi ned search 25 100921 The

I an,
redefined seariERrifwyi Dis gfaawls e WPP%SF?‘W@@WP%I%@(;EEA&?%W@ of the
guery pattern, t § | TRER A LAt fundd M ts the
character §poSP?#gﬁgnﬁﬁgﬁmﬁﬁggﬁﬁﬁgﬁg(sea#%ﬂ%d iﬁgg?gg&%ZO. %&ter t he new
sear ch regi on desribeibprievieusly inheonpectior with debles herds2.t In this epargpl€) assuinesr e t he next

precedi ng character (i.e. the character pr.oceedi he | ast g¢haracter used
P Ehe previ ol i eafio deitiind B RERFlmBlA B3R TGt medRinfeh n i he
new y defined ggmin&h region. This loop nay repeat as nmany tinmes as
necessary before finding the first character of the queré pattern, and

€

consequent | y t¥94huknEie HiA. W Rrogsstbresns bydepmiingfthe Hlosk dewysny a0
2005/ 03579y P‘ﬁ}! 1%&?4&{%%&1%@93& "CAS" AANAGLRASME & 518k ﬂegm@% pditnSear ch
I e cl ude ts 1nt

region, it w con that no such pattern exi e genone.
[0093] Figs. hGlemisial posiiondof thaBexerWheelef tranyforino rihgss pogitimay ate count i ng

algorithm This, ex | e, uses .the.illustrativ n GACAGTCAT. suffix
5 array, Burrmg’fnetpeglpgﬂ’é’% M h\lﬁ%&%)%?ﬁ%ﬁﬁé’grep%%%??@eﬁescri bed
previously in feQmaesintohe vihber lZNsethe dexd PetceedingthbRictr 6XON,E exigRUe  t hat

a user wants taq_determ ne how man¥ tines the word TAG'_ appears in the
genone. within the G block. Fig. 10A shows that two As appear in the G block, thus

15  indicating that the genome contains two occurrences of "AG."
[0095] If desired, K-intervals could be used to facilitate the step of counting the
number of times a particular letter appears within a search region (e.g., counting
the number of As in the G block) and can also be used to count the number of
times a particular letter appears before a search region. To carry out such counting

20  steps, the particular character is counted starting from a predetermined position
(e.g., the start position) and progress to the nearest position that is a multiple of K.

! One advantage of using the K-intervals in connection with the search engine is that

the time it takes to determine how many times a particular word appears in a
genome is linear with respect to the K-intervals, the size of the word being

25 searched, and the time required to access various memory addresses. Thus, the
size of the genome is not a factor in determining the word count, unless the size of
the compressed transform and the K-interval data structure are too large to fit in
memory (e.g., random-access-memory). In one embodiment, the K can be set to
300 characters, or equivalently, 100 compressed bytes. With such an arrangement,

30  the maximum number of counts that need to be performed does not exceed K/2.
[0096] If desired, subintervals of size K” within each K-interval may be used to

maintain a running total of each character occurring within a particular K-interval.



[0094] In Fig. 10A, the process begins by delimting the G bl ock because G
is 10 the last letter in the word TAG" As illustrated, the G bl ock begins
at position 7 and ends at position 8 of the Burrow Weeler transform These
positions are obtained fromthe al phabounds. Once the G hlock is delimted,
the engi nWO2REMHES for and counts the nunber of As, PERESHEPIM eceedi ng
character of "CAG" existing wthin theyd bl ock. Fig. 10A shows that two As
appear in the G block, thus 15 indicating that the genonme contains two
occurrences of "AG " [0095] If desired, K-intervals could be used to

facilitate thelfdhegizentk islimiteddo balsss themdefor sxamnplerdiendthe, sountsior each| et t er
appears within eql (Mplo R inthe G
bl ock) and canleg[fiag%{l)eg’pl%gl o°%%c%‘§%%%§9%{w§%§b§%§$ﬁ%u| ar

| ett er appear sinorhsudeleasityad ticivonstifigindex by adantoryof UK " suhille immoeasing itige 20 st eps,
the particular character is.cqunted starti from a.pre 1.ned .posi tion
(e.g., the st afRECHTFIPHTBIRHS f&ﬁﬁwg‘ﬁ'ﬂ’gﬁ%’é §°‘fnésn&?e{aﬁt85?%§"tly E‘géﬁ)%ngflﬂgt is a
nul tiple ofs K subfdigvald ¥adtiao®notaints hiv@ beferplbytid@iMad suxiliurg @tnect i on with

the search engine is that the tine it takes to determ ne how many tines a
particul ar wor sgpebeisg hsedan copapdior With this glearthiy. 1 Pepeadips e thewheiges
kintervals, e ghiRn0f rid1G WOLHIARIDE, ARy BEALENRN BOG h0Fel Mo T equi red
t o access vari ous nenoty addr esses. us, Size of the genonme is not a
factor in det esdhigved o/hileeaintaiting o dizinoryirbeissnenhef 18ssakamodvo gigabyeofapr essed
transformand the K-interval data structure are too large to fit in menory
(e.g., random DEEMY). In one enbodinment, the K can be set to 300
charactersy or (g% Ve iteysped e COAMRRE PRIRELs AKE BRtiondH bouditiChatAudiufangenent ,
30 the maxi num nunber of counts that néed to be perfornmed does not exceed
K/ 2. [0096] | ¢anchegiseddlNots thet e spmpiessigf sch¢meused 194 3:hicomprgesionschemer val may

be used to i i [ Ualal t e ) 4 wthin a
particul ar K-i niéerr@\lygﬁe?o\?%()% /46%%%9{5&?%0%%63280?&3%&}@91 he size of
Kis limted tTheodicli@msy-tduats shactufeas a swadiplensioriah amayt thet cxo ba ttoufltrofeach
letter at every K-inter. can be, recor.ded i a single te. S

provi des for  FimEBRGHtEPEy ok BohEoIath G T BUReSHYRs § ST K
whi | e incrgasi geinfrbRiondidfofaryfites, A8 Bich chRfuntddfedfohdd Ble¥eH lek@WitE by a
factor of only [(K/ K*)/4]. Such 5 subintervals and size constraints have

been enpl oyed spoptecinhaket] A frgughak. aThesfoleneing explajas byway etexamplediodect i on wi t h
this algorit h%e%ﬁ%@%k@@uﬂﬁ%ubugérfﬁg'sﬁgg%rﬁﬁi cd WedSopefotdl ESfatihg f1vefold

i ncrease in query ex tron
operations.

=

[0098] Assume, for example, that the search engine is in the process of

20  determining the number of As that occur before the search region. Using the K-
interval counts structure described above, the engine can "jump” to within at least

) 50 bytes of the current start position of the search region in a single look-up.

Further assume that the start position is pointing to the third "T" in a compressed
"ATT" (a byte) which is the 49™ byte of the interval. For each of the 48

25  preceeding bytes, the byte itself can be used as the row number in the dictionary
counts data structure, and the letter of interest, "A," represents the column number.
Using this information as coordinates for accessing the dictionary counts array, the
dictionary counts data structure provides the number times "A" appears in that
compressed byte. Therefore, to determine how many As appear before the start of

30 the search region, the dictionary counts structure needs to be access 48 times. In
addition, the 49" byte may need to be decompressed in order to examine the first
two letters "AT" of the "ATT" byte.



achieved while maintaining a nmenory requirenent of |ess than two gi gabytes
for the human genone. 10 [0097] To further speed the counting process, the
dictionary counts data structure can be used. Note that the conpression
schene used is a 3:1 conpression schene, where bytes %y 24
deconpr es¥OLYWSHRAR  hr ough "TTT" respectively. The dfgyp H%@%Q%%unts
structure is a two-di nensional array thab-can be thought of as a matrix
with 125 rows with five colums. Each row corresponds to one of the 15
conpression dictionary entries, and each col unm corresponds.t g ch letter
§ Paphith et

of the genore [M9%hadbbs. whep fiesligiionary cauqds §at SIS S¥BPR iy of

exanpl e how &l Ghta QRACeCAE RES oSdoliiirgng nﬁﬁgeﬂ@hhﬁizﬁfs\f&?ﬁr&@ﬂ be used to
perform counting operations. [0098] Assune, for exanple, that tKe search

engi ne is in &ie+lptabledeck-urs, plos it chenatar epgnpatieons ifnthe Wostt c&8- t hat occur

bef ore the se reqLon. i . - nt.e .S . u descri bed
above, the en@‘?]rc@] cggfe‘rﬁmtﬁrb%%k?(gmgih@hﬁlﬁ S%atrll&? ée%gf}te tﬁe&‘%k&fgy‘eﬁé;ﬁ@kcur rent
start posigi ORvithin thB GrasF@iCdd thedi laws Whare3d Bgkoh fooihk nettt precEding her assune

that the start_position is paointing to the third "T" in a conpressed "ATT"
(a byte) whi cihiractem dhadppndapesotdpe Ardlqckpes ipund byaddingfaemppbarge 48 25
preceedi ng bytgRs At @ceﬁXsttSeGtﬁ@ékfm%'}rgﬂ?foﬂﬁﬁ%é‘ﬁr&g@sit!i&x%eﬁlﬂﬁ@f’&%ldcﬁ the
dictionary counts data structure, and the letter of interest, "A™"
represents thbegio$ imthe mansfem, In 483 exgmplej enly nhioA waturobefors thieoGbitickat es f or

accessing the.dictionary count rray, the .dicti.onar ount s a structure
provi des the ndff e’t“iﬂr‘?égqua onjﬂg‘évacrg'h?ﬁg‘[lﬁétan&gd raesgaé'{3 s VPé’g?Eﬁ{erefore,
to deternige kgawaGaltkAsSoRinaRTHaehding pdsitonsifatie AGhs dfaihdieusaar ch regi on,
the dictionary counts structure needs to be access 48 tinmes. In addition,

the 49"' byt e cAYAfioRd@BOYe Wheredd ihiprmbeed Asfowidda thefGbloglnibquationg first  two
letters "AT" ggeé&sgg_gé\ﬁgck%a osiﬁ/gg&gpmgég%iggﬁwszoommaoeo -30 100991
|

Thus, when th ctionary counts data structure’is conbined with the K-

i nterval s dat 401} u€noe the AChbklosk sgowid, the searéhrapgian gounisthe nuwberradct er s
requires only,. K/ 6+1 tahle.l ogk-ups, .pj.us two.ch er _conpari.,sons in the
Worst case. 106 dses Mo Bk ERR el el QRE B CRIRSR RIS,
delinits 1he penddhersdsause Okt firsticharatterrdT3hiconshdSCAGIAThuS, tHenewsh Where to
search for the next, preceding character. The boundaries of the AG block are
found by addi fBRh¥eKsARwrd ggunt of one.

[0102] Fig. 11 shows an illustrative genome having coordinate positions and a
sorted suffix array that has coordinate positions corresponding to the genome's
coordinate positions. That is, the first character in each row of the suffix array

20  corresponds to one of the characters in the genome. For example, the second row
of the array has a coordinate position of 2, which corresponds to position two of

\ the genome. Thus the coordinate positions of the suffix array correlate to the

coordinate positions of the genome.
[0103] If desired, the suffix array can be used to locate the coordinate position of

25  aparticular word. For example, if the coordinate position of "CAG" is being
sought, the suffix array of Fig. 11 can be accessed and it will indicate that CAG
starts at position 3. However, as mentioned above, accessing the suffix array is a
time consnming process because it requires hard-disk drive access. Therefore, it is
desirable to obtain word coordinates by only accessing memory. This can be

30  achieved by assigning preselected suffix array coordinates to the transform,
thereby allowing a coordinate location algorithm to use the transform to locate the

starting coordinate of a particular word.



times A precedes the Gblock in the transformto the first position that the
A block begins in the transform In this exanple, only one A occurs before
the G bl ock. Therefore, using equation | above, where Ais 1 and Zis 1, a
start position of 2 for 10 the AG bl ock is obtained. T@@U ngh!glg 6Rosition of
the AG i SWBRIRIEY using equation 2 above, where Mi§ gﬂ’u #%f As found
in the G block). Equation 2 vyields an _A%-Bl ock end position of 3, as shown
in Fig. 1 OB. [0101] Once the AG block is found, the search engi ne counts
the nunber of tinmes C occurs therein. This count yields the nunber of CAGs

that occur in [PHM] 1charerrdingledensien deordhmppernlaingd YNEYALCEFMBIE- t he wor d
CAG ™ Thus, {AGSERLFHhe FOEAPGh 6F S sitriRhsly U arRforfR molAhGAE Fi g 11
shows an illustrative genome having coordi nate positions ang a sorted

suf fix array tdndthdtaslycoodihateat @angddhave teascaned esptmitie rgnsfont fiendgenone’ s
coordi nate posi tions. af is, t fi.rst.character in.each t he suffix
array 20 corr SSpEhYRYt ¢ UBHE aﬁﬁ‘m’[eﬁgat btﬁﬁaeégf"&%sﬁi%ﬁﬁf ﬁ@rﬂﬂ%ﬁfg{’ﬂo&o&aml e,

t he secondsr oWhatQf tht f8ns¥érhPbadtesrdmated s0tined %/ithsd GitloR isaiffiatedtEN
corresponds to position two of the genone. Thus the coordinate positions of

the suffix ar riy thoegoedinates afd'G weuld bolratnithoup baving gresogito psiag thenonre.
10103] If desired. fiXx .3l . di nat e
position of fggéb%agerﬁfcuﬁgjrgéﬂm detﬁgfﬁt?o&:%Stg?T?? s ltls%g&&ctgdo‘trvgiﬁhh%? %:[ position
of "CAG' is bdpixgthe ankddrin. Stivéing with ithis 61 thaylgofithini deterinines dhowheangccessed and
it wll indicate that CAG st%rlts at position 3. However, as nentioned
above, accessiMigreiig Gy ereare, dp fys ¢ase.here isippe priGeding Hg process because it

requires hgrd-[@iedf drte\shabouBaSdatd YRCREOLR thd furhier offdtdedR G Aeobt ai n wor d
coordi nates by only accessi r_l%drrermry. Thi s can be 30 achi eved by assigning
presel ect ed suised o detarmipeadusidetiapesedes thispartiewar<d.oUpme theradnhabgungs,l owi ng a

coordinate |lo i it(ﬂm 1T r : tarting
coordi nat e of qgltsécglgvlﬁlclztgf glr('3 mr%?st%%&é%%o&é%é&ﬁ%} %éfg%getfg%éggbm%ﬂ
[0104] Such a atgeithih addsehis aomberan 7ad gitainiShmhus tieexAltiat o@tespohdedythef exanpl e.
Assunme that the_circled. portion of the suffix array js the transformof the
Gonons  and { IFAGHTRY SR e 9108 Cia e F) 6% Do Mo BUeBURRTED | he
transfor m$rongt Ris compibieX oRd iteddtiono iR BbragmeBBatiod algokithnl. SGERpIed to find
the coordinates of TC. " (Note 5 that if the transformhad coordi nates

associ at ed wi tspeakiing, this iexetiongs repedted uptiba cegrdinate (e.g., 3 or 7) on the transform
is reached. Once a coordinate is reached, the number of iterations is added to the

coordinate and the resulting sum is the actual starting coordinate position of the
desired word (e.g., TC).

20  [0106] Continuing with the iterative process, it is known that two As precede the
A associated with the suffix array string beginning with GT. Using the

} alphabounds and the number of preceding A's, the algorithm settles on the C

assoctated with the suffix array beginning with AGT. Since there areno C's
preceding this particular C, the algorithm settles on the A associated with the suffix

25  array string starting with CAG. Because this A has a coordinate position (e.g., 3),
the actual position of the word TC can be determined by adding 3 (the coordinate
position of this A) to the number of iterations, which in this example is 3, resulting
in a coordinate position of 6. Thus, TC begins at the coordinate position of 6 in the
original genome.

30 D. APPLICATIONS OF THE SEARCH ENGINE
[0107] Now that the operative features of the search engine have been described,
practical applications of the engine can be discussed. One application of the search



TC, the coordinates of TC woul d be known wi thout having to resort to using
the coordinate location algorithm) It is known that the TC is associ ated
with the last Gin the transform Starting with this G the algorithm
determ nes how nman preceding Gs there are. In this case, there is one

pr ecedi ngwﬁzo‘f@ﬁlﬁ%l The al phabounds data struct ur e P&APSeHdHther

of preceeding Gs are used to determne_yhich letter precedes this
particular G Using the al phabounds, it 1s known that the G block starts at
position 7. Since there is one preceding G the algorithmadds this nunber
to 7 to obt ai nefgineTistient itichiebensel in annotatesgrnols (ar@ny kther ypé pf xuckaotidy st ring

that starts with GI {s,the ther that pre , ioned 15 G

Thi s conpl et ess‘?ﬂlﬁgncleizl?aé‘?clu(l)nﬁ'o@%lgﬁ%o %%argé’f %&?f‘%@% oﬁgtglgg%grfiat hm Generally
speaki ng, thi spirtieiladlength ikt e edthédthe Bériomea The eeagihnaigihe can then cSur 7) on
the transform is reached. Once, a coordinate is reached, the nunber of
iterations is HeduEmberriitmes apagicylanlengthpbstingLcrus i the ggnomem khess he act ual

starting caor dqa 8 BA%k bl Afichlod (oh &8 Dbl latbubstd, widh (0106]
Cont i nui ng%\(/)vit trtsﬁ)rpﬁe%%%fﬁvlec p(} O@esgﬁﬂeﬁﬁsoﬁﬁgm t%at ?\Ao@xvs precede the
A associ at ed widwer thmtsugpresent abighsr degree nfjubeupinessithey haghten c@its. Usi ng t he

al phabounds an e er, of preceding A's, the algorithmsettles on the C
associ ated w tﬂ’ﬁ’ﬁk_%%ﬁ °T)8€'ilhﬁ_gf’9‘?§w\/ﬁr{ﬂf‘?%igge§°ﬁ’€énaty re are no Cs
precedi ng thi sagkdtddbbsa orGts dohiStitadn Ofubrt' Hdinsepties. €4 "Mlr i fnothad S&RCoAt ed Wi th
the suffix 25 arrg{i; string startl.qr;]garvmth G Because this A has a

coor di nat e pos RWogthor bgring afja partiqydar Jengtha Theo when eengmetone paIoB TC can be
determ ne y j - (t I 04 ifl f S nunber of
iterati ongwbwhlﬁlgﬂéo?% bt% | sang%gt?r(gllfejils ?@ﬁo%te(?%g% (%l{l)rﬁarg of%B%rﬁg%léﬁ%gg%g.bosi tion
of 6. Thus, TCubekhghs afls h& 24 pardR4h.aRegaodiess of the nodfr Ihgihrbeirpannotated] nal
genone. 30 D. APPLI| CAT CE E S ENG NE [ 0107] - Now t hat._.t he
operative feat BYES™SF oét%?%%ﬁ B @%@55@%"%&%&?@&@ eof i&eti cal

appl i cati ons ofnet RASIENI1 3] ErcGR R EngihSHIISRASNINSMS Wil lcbeRb1aRe Bfst 151 sear ch
WO 2005/ 035792 PCT/ US2004/ 016060 -32 engine is that it can be used to
annot at e a genB§eadgiach hymst peeprrmgdbergaficn Bach sugegeding byymeneverlappdet i cul arl y,
t he geno an,be. ) i i : rd t hat
xi 50w i ¢ REVoBOTEhal Gty B8 FUABLT TGGs WhafoicR N hkfiln 15 R0 © O
times a parti callsumerahgtabtes2dbtongn6 canstifuts anothehkS-men oharactdrh 8 slerough

17 constitute yet another 15-mer, and so forth. This ensures that every annotated

15-mer is assigned a word count, such that the word count represents the number
of times that particular 15-mer occurs in the entire genome.

20 [0109] Probe design is facilitated by using the search engine. The engine's
ability to rapidly coumt the number of times a particular word appears in a genome

" is useful in designing probes that are unique and hybridize to a specific region of

DNA with minimal cross-hybridization. By using the search engine, potential
cross-hybridizations can be minimized by selecting a candidate probe that is

25  comprised of smaller mers that are unique and meet certain stringency conditions
such as having low or no word counts within the entire genome. A unique word
may be a particular string of nucleotides that have less than a predetermined
number of word counts (e.g., less than 2, 5, 10, 25, 50, or 100 word counts) or an
absence of word counts (e.g., zero word counts) within a genome of portion

30  thereof.
[0110] More particularly, candidate probes are obtained based on a set of

predetermined criteria such as requiring the candidates to have a length, L1, and



5 counts provide an indication of the uniqueness of a particular substring,
where |ower counts represent a higher degree of uni queness than higher
counts. [0108] If desired, any region of the genone or the whole genone
maybe annotated based on its constituent "mer" frequencies. A "ner" is
anot her t¥PA056357% word or substring of a particul ar PERYPHO/SAWE when a
genonme or a portion 10 thereof is being=mnnotated, it is annotated based on
mers of a particular length (e.g., nmer lengths of 15, 18, 21, and 24).

Regardl ess of the ner |ength bei n%éannot ated, .every ner of that |ength that
exi sts in the aorfeqnirngthabhs cangidates havsaprpdatermined (word copgt (&gt h i s 15, the
search engi ne iRy b Mord Gt th Qiaititye tld frédetehminefer and each
15- mer occurric\r%ﬁgx&]?ﬁgﬁléog’ '?%r.gEaclr"l succee ?)Elg 15- er 0\};er eaps te e 15 previous
15-mer word byriteria cah alsac¢quire thbhte réverse chiaplaoentraf atandidadetprhavbaconstitute a
15-ner, characte 2.through 16 constjtuyte another 15- racters 3
through 17 C(ﬂﬁ%‘{efmgy@f g _ﬁ’egr’ J: rgl?c,e the Gpndidates gre ﬁs{aﬁ"r‘?ﬁ’gﬁ%‘hﬂgﬁres t hat
every annot at eglbjedted FRAdditfonalrbdbieslindd bRfefla fPdbirmifeUptich balidale@aneor d count
represents the nunber of times that particular 15-ner occurs in the entire

genore. 20 [ 0XGdpblefasiee arasplps. iThese additionah erifariagre ysgdig filtseths eandidetesngi ne.
The engine’s alld 4 deif Qodshfdle 'siébr%@&iﬂ} i.EDﬁxef}%'m%ng}{ ontdTe AP cular word
appears in a genone s useful 1n e5|<gn| ng probe Patare uni gue and

hybri di ze to aafdidate brobe). Sfyir exangile, thi\Mtening briteria nrmirequire asndryblengthzat i on. By

usi ng the search engine, potential . cross-hybridjzati.ons can be mnim zed by
selecting a CMP"S@%&?&&%@%&E:Hoéla‘é%wgfgr?ﬁg‘itgg’at%FHEWH}I%%!I&H%‘F&'[ hat are
uni que angly Meedthér HEdRIcANEHAteI ABNE Y rolRistishib QRBts afileap RS rifd4IudeH oW or no word
counfs within the entire genone. A unique word may be a particular string

of nucl eot i dedindingpraksse- 4 Islaonshipbelvesn Ebrad eqomsirairts (hgneyhidieagor d count s
(e.g., lesst . : 3 r.d:6Qun sence of
word counts (%%g@,ﬁatgZsr%&%r‘éﬁjcrg%%gstgEhva]é%ﬁ?'ﬁaaagge%olﬁnnéﬁ%il p(t)sf([éigﬁzlp:%o t her eof .
[0110) More pawhitlcthe@ohsyitucntunchi dbahte aperminesized)e obt ai ned based on a set of
predetermned crjteria such as..r i ring the candidates tq have a |ength,
E1 ana Vo 20d8) His % wp sty e nstaas Fie sbRacantiiyg theton neo
candi dat eg5 havge fsieste] PFVicHSE pabithed@uRdtatioR: Wsingdvorl 3DEHt Giabenddibgbe havi ng
a word count of one). In addition, the predetermined criteria can also

requi re that toaedifdoesandeselgpipdiemregonsof gerpgneme baving lg¥ceneentrations
of word counts (e.g., it is preferable to obtain candidates having a minimum mean

value of word counts of a predetermined length, a geometric mean value of word
counts of a predetermined length, a mode value of word counts of a predetermined
20  length, a minimized maximum value of word counts of a predetermined length, a
sum total value of word counts of a predetermined length, a product value of word
} counts of a predetermined length, a maximum length string of a particular
nucleotide, or a combination thereof.
[0112] To satisfy the "soft" constraint, the candidates can be annotated according
25  to predefined criteria such as 15-mer counts, 17-mer counts, etc. The data obtained
from the annotation is analyzed to determine whether a candidate is unique enough
to be used as a probe. A candidate may be selected as a probe if, for example, it
has the lowest sum of 15 mer counts of all the candidates. Other criteria such as
minimal occurrences of composition bias (e.g., long strings of a particular
30  nucleotide) can be applied to determine which probe is best. After the criteria are
applied to each candidate, the one or more candidates are selected as suitable

probes.



predeterm ned word count (e.g., one). Once the candi dates are obtained, they
are 5 subjected to additional predetermined criteria to determ ne which
candi dates are suitable for use as probes. These additional criteria are
used to filter the candidates based on their constituent subregions (i.e.,
mers of aWPaM§OB8ont ai ned within the candidate probBSTUEPYEBEp e, the
filtering criteria may require a nmer of_q44ength L2, where L2 is |ess than
LI, to have word counts that are minimzed relative to 10 ot her probe

candi dates. Thus, a relationship exists anpng the criteria used in finding
probes - a rel[8113ns¥at guoshenseplication pithe é‘??gfg‘tef“&ﬁnﬁissm@%t?ﬁ.c,ha%qs fiAmReeach

candi date is Pﬁ&h&ﬂﬁtd"ﬂn%ﬁxef.?ﬁ&%ﬁ&nﬁl@, ds i KIRRATRAoR o8 Yrbere &L Bl Nt S
(e.g., in whith the constituent nmer counts are mnimzedj. [01111 One way
to satisfy theephansldf the getonse ant mappedtand odieas¢dtodzapiibliat Usinptiwesdardn 15 t he

results of a previousl eLforrre annotati on. Usin rd count iqformation,
candi dat es carfiEie gad BROPERINHLSR PRran ot arothsraeRion eyt Beorsy
concent r at § ONsap 88 dWRREn&PRIH MafiPoBheseiprotes cdf B HHEG 16 thche@Dicadish #@Ndi dat es

having a m ni num nmean value of word counts of a predetermined |ength, a
geonet ri ¢ nearth¢ggngmeof word counts of a predetermned | ength, a node val ue

of word count a Eﬁﬁﬂ@; . . -3 A g ﬁﬁ?ﬂ al ue of
word counts oﬁogfﬂre‘pd%?@?m ne qﬁ@ﬁéﬁ%%ﬁgqﬁ%u%gf%aleﬁ%gge of S\i\!%{rpégcounts of
a predet er m necnbewhdther agapicothnebrd/adisteindhe gunoohe. Gonaytte defirableo édédt er m ned

| ength, a maxi num length string of a particular . cleotide, or a

conbi nat | on ¢ HEGsfal Gopet 3avepb gl pplpeisn st s B Ein MRt H8PE candi da es
can be anngt atywgll 1366880 Wkeciton dfAhdsRORE] TREke Words@hdybeSieafta®d 15- ner counts,
17-ner counts, etc. The data obtained fromthe annotation is analyzed to

det et ni ne whetrirdondy eecatilingioe nredefinedsct obmiierigh When dhwordsefouad its probe. A
di d e . [ for. s
candi date may Bg,; eFﬂegxﬁs%?sﬁ%ﬁbxﬂmglé gg@e géarc& eﬁgm% XS8R Svind \Lheﬂ%?gtsaw%]rén?‘r"r’e;t sum

of 15 mer counts~ o e can es. Fcriteria suc
occurrences ofindegeoant.i Hiboth the worl apd its complesient dog®t afpear ipdiet geoother 30

nucl eotide) cap be applied,to deter.n n i.ch probe is best, After the
clrJi teri :a az e tﬁ??f)?si ae'g'g‘ﬁ%aelé’gﬁfeg%aﬁgl]ﬁg?@,awamc @e@mthﬂpgyﬁ%%ﬁqﬂﬁees are
sel ected 3§ sUichéib.eSudbmeRFbriNéing BEUbEDH 19 2sRGh AR 16RG8ble 34 [ 01131

Yet another application of the search engine is to detect changes from one

genome to anothsesodesmgd iphyhmidization arrayrontiplseand gambmadded i) meleiqacklyr esses, new
probes for the purpose of enhancing hybridization signals through network

formation.
[0115] One way to minimize the chance of hybridization is to minimize the

20  frequency of a particular word's constituent mers. That is, it is preferable to obtain
probes that have as many constituent mer lengths that have word counts of zero.

) For example, assume that several 20-mer oligonucleotides are generated with the
aim of not hybridizing to the human genome. Then, further assume that each 20-
mer is annotated for each of its constituent overlapping 19-mers, 18-mers, 17-mers,

25 16-mers, down to, for example, 6-mers. Theoretically, the most desirable 20-mer
would preferably have zero word counts for each length mer. In practice, a probe
that has minimal chance for hybridization preferably has as many mer counts of
zero as far down in the mer lengths as possible (e.g., a desirable probe may have
zero word counts for mer lengths of 19, 18, 17, 16, 15, 14, and 13). Thus, if one

30  probe has zero counts of its constituent 15 and 14-mers, it is less likely to hybridize
to the genome than a probe that has zero counts of its constituent 15-mers, but has

one or more counts of its constituent 14-mers. Thus, the former probe has less of



segnents of the genonme are mapped and rel eased to the public. Using the
search engine and probes that were designed on another version of the sane
genone, it 5 can be determ ned how many of those probes can be applied to
the new version of the genone. 101141 Yet still another a Elication in

whi ch t he WRHP¥HS®Rgi ne can be used is to verify V\/netl’f?ngg U210yl ar word
exists in the genone. It maybe desirablesio find words that do not appear
in the genone so that there is little chance that the word 10 will hybridize
to a section of the genone. These words may be generated randomly according
to a predefi negh epnorghity:iojbybridige thw the lafteppiolie pecangsuhdoesippihave gaplenent i s

al so submtted t ﬂlﬁ?naﬁ%%(ﬁpse?ﬁ%{s&g%%g@ rmne whether it appears in the

genone. |f bot B the™word and do not appear in the genone,

there is a m njoraé] cNendgbridizihg dligomusiestidesicwl betconstmotet asimg tonstitdenthy br i di ze
to the 15 genonme. Such non-hybridi zing propes can be ysed in hytg;i di zation
as readabl e bEEE PR HeHbahaye 3 250 SRlo% VY OBHt %8¥§x,amé’|l\edl n be added

to nucl ei csaci Emﬁaﬁﬁ%smwasahg-ﬂm&@ﬁﬁ DereHBRANG MY Bl BAbE Aasi gnal s
t hr ough net wor formation. [01151 One way to minimze the chance of

hybri di zati on toshuild oligeriuclepdesitant pbably doaeicxispin the penomedagatwawof d' s

constituent negs. at is,, it 1 referable to obtain robes that have as
many constitueﬁfsﬁﬁgm%ﬁa?h%at{aﬁgﬁdqﬂa?@%%F %Sﬁﬁ?gmg}]e%ge#noeg' For exanpl e,
assune that sepand 2frdMeboritoiyRiing] ROEIEDE, azerogomttvadre dnditd 2erd bamt ai m of
not hybridizing to the human genone, Then, further assune th%t, each 20- ner

is annotated fevmplgRentron-dridigingqligpmisieotides) randisiagehed tora fybridgingy s
17-mers, %§O£L?rgllrggé or otd®In %%bsﬁﬁ&@lﬂs@;th@ﬁv%@ Sre thOeRMEt gt Y, the nost

desifabl e wou pr ef er y have zero word counts for each | ength net
In practice, aatpachérkbto thdvdoditase.nihaipnabe). CWherclybidizatgrhednathenses, the words er abl y

has as many nejf, count f. .zero as far do inith £l ths as possible
(e.g., a desi rgﬁﬁnés g?‘ﬁﬁgy‘%‘f&“ﬁ&%"% 02@?’0%}‘56 %%%?15%&%&68 ?r?entge Fg}?&ehs of 19,
18, 17, 16, 15Beckfise #8eold)("arhkySypidaily omey 30eteutsdlemarsialz(elzQ adRiditsendf its
constituent 15 and 14 it is less likely to hybridize to {he genone

than a probe tlsheD H’&sselgg}r"?}'i%téﬂ? Gelps 2 przon Bistipgiely b probs’sdesaion withinhas  one
o T e 0Bkl AR e s MGG | o
the latter provmsiservastoanplifyiveibilitpef thaprwbethat Bhybridized to the genome.
[0118) The non-hybridizing oligonucleotides can also be used as tags to uniquely
identify a particular sequence among a vast population of other sequences. The
non-hybridizing oligonucleotides can be attached to the known sequence, thereby
20  tagging or labeling a particular sequence.
[0119] In yet another example, several different DNA sequences can be
) concatenated to form the single genome (e.g., provided, for example, at step 810 of
Fig. 8). Such a concatenated genome is useful, for example, if it is desired to
design a probe that detects the presence of a particular pathogen (e.g., a virus)
25  within a human blood sample. A concatenated genome is needed because the
DNA exiracted from human blood not only contains human DNA, but also DNA
from other sources such as the pathogen. Therefore, in order for the probe to
effectively detect the pathogen in human blood, it should not cross hybridize to the
human genome.
30 [0120] In the event that the pathogen probe is not completely unique with respect

to the other genomes in a tissue sample (e.g., the patient’s genome and genomes of

other microorganisms found in the patient), it may be necessary to compare the



mers that match with sections of the genone. [0116] Non-hybridi zi ng

ol i gonucl eoti des can be constructed using constituent mners of a particular
mer that have a zero or |ow word count. For exanple, if a 5 particular
20-mer has a 13-ner that has a zero word count, this 13-nmer can be used to
bui I d ol | YorAIeYEBPR des that probably do not exist in PhRa/I§eMHAE0Ee. g., two
of these I3-ners can be attached to eac? other to create a uni que 26-ner).
[0117] Ina | aboratory setting, for exanp 6e a zero count word and its zero
count conpl enent (non-hybridizing oligonucl eotides) can be attached to a
(hybridi zi ng) wﬂ;ﬂlqmﬁh‘ertheptcmegteﬂue\pamdgemgemanewhhtheaaedrdsamfortﬂee words are

the "arns" that are ched to t e " body V\hen

hybri di zati on B, %e’ig‘F@O%Sr m}*-‘/&?ﬂ“&?"' ?elgffgf éE‘ﬁ ot her,
whi | e the probg, e§f é@&flh@re%bﬁmgﬁeem%r for B@&ﬁuﬁm&nhﬁtmm e

typically carry a detectable material (e.g., | uor escent Iabel) the sel f

hybri di zat i on Netepgbatan arplgogithis d;lal wgmhsngnm@ppqagmt may beadvaiagesns ti n 15 t he

genone agai_nst back rou d bridi zati on sel f hybridi zation of the
arms servesd t odEHEH Vfelhil 8tf P%éwﬂ)t 6‘3‘@ ?aﬂg Q8T 90 1988 t o t he

genone. [0118h1e‘§hﬂ>er¢aﬁmbmtm¢ 6théd geglombs ig Ak @OamgRsare disprapsitiolgelyised as
tags to uniquely identify a particular sequence ampng a vast popul ation of

ot her sequence!®¥.-The non-hybridizi ng oligonucl eoti des can be attached to

t he known sequ e, gkAfpAbys 20 tagging or |abeling a particul ar sequence.
[0119] In yet ggfc')t her exanple, several different DNA sequences can be
concatenat ed t[!)]f.’.b]r rrThd'@llsﬁvingleeatgldmp(oeldgdbyp’labofﬂﬂ@&tratlbopnle'xé[hpye at step

810 of Suc onca nat ed no f.or exanple, if it is
desi ed to1 de s peﬂa%f) 8%%’88?@ nglo e&s’lsecgégd%?elﬁ particul ar

pat hogen (e.g. Exmglerlusselé’&.onnot tﬂl\ﬂoﬂudlélﬁiﬂ@s @bﬁgﬁ:@ﬁmy@ akegmsﬂhﬁ&at ed
genone i s needed because the acte not only

cont ai ns humanlO3R@] Biys e’éﬂ“ﬁ’ée Wm??tﬁﬁﬁ%tmﬁ%wﬁ %féillg@%#(’ﬂée PIRESSat hogen.
qherefore, 1N GEAEE cofichBf rtQQ?;ﬁnEdergﬁeﬁ%}ésmﬁyon% Giah Behddl NOgeN | 7

human bl ood, it s oss ize'tot human genone. 30 [ 0120]
In the event t&mulathmrmhd:wgganmso@@ d@lglohgmmmteieequmlmqumm respect

to the other geno t.i SS t he s genonme and
genomes opg otﬂ%ﬂ%"g gB‘fcéeé%?m Ogﬁne ueé?e?%skﬁ%ﬁm% ralete% may be necessary
to conpare theUVib: 2Gwblishzd Qe fiRcI BB O0HE Hlikﬁﬁ@}nomaﬁequence we performed

an in silico BglIl digestion of the human genome by locating all Bg/II restriction
sites within the draft assembly. We further selected all sequences of BgiIl

fragments that were between 200 to 1,200 basepairs in length. We then analyzed

20  the sequences of these fragments using an algorithm described herein. This

algorithm (also called “a mer-engine™) can be used to determine the copy number

) of any given oligonucleotide sequence in any sequenced genome. This copy
number is also called the “word count” of the oligonucleotide sequence in the
genome.

25 [0123)} We annotated each Bg/Il-digested fragment with the word counts of their
constituent, overlapping 15- and 21-mers (i.e., oligonucleotides having 15 or 21
nucleotides) using the mer-engine constructed from the same draft assembly of the
human genome. To do this, we generated in silico for each fragment every
constituent, overlapping 70-mer oligonucleotide (e.g., 2 100 basepair fragment

30  would have 31 such 70-mers). The following attributes were determined for every

such 70-mer of a fragment as described below: maximum 21-mer count (or



word count for the probe in the pathogen genone with the word counts for the
probe in the other genones. This approach may require two search engi nes --
one for the pathogen of interest, and the other for a conbination of the

ot her genones. Note that in applying this dual search engi ne approach, it
may be adWAn0BHS613 to 5 design probes that have hi gh B&EUSR4E16860s t hi n t he
pat hogen genonme, as long as the probe cpunts in the other genones in the

ti ssue sanple are disproportionately low. VII. EXAMPLES [0121] The

foll ow ng exanpl es are provided by way of illustration only. They 10 are
not intended tmakinmint 18-mer comaf)cartihmétivandanwé hi-men calings; perserd Gi€rcentent, Exanpl e

1- Selection of Aitonucl eotides | enentary ta epresentation [01221
This exanpl e dEHHERRPE ?“B&?éser a@%%éﬁ?ﬂﬁfﬁw W@@Eﬁ%cl eoti de probes that
are conpl ement fyjy4)t OT@dBlindiBE I4REIEPT-BRESudt, Wibr&ife A YORRT HREOME.

Sim | ar approaches may be used to design oligonucl eotides conplenentary to

any 15 popul at pomlapgingibmsiscand soniparptheash of tgiecHcmers againk pdwh ther2 lpresdi ct ed.
Using the published draft asse .0f ¢ n nQ sequence, we

per f or ned Igan TR %gﬁ%%ﬁnf’maing‘l’é%‘%‘?"sfﬁe@%l ?ﬁ’e% ﬁsu‘gngonseg%éaﬁ{g?r‘%ngyni‘%cati ng all
Bal Il restricticuit wad gregtetthdrni, n.el, idselwill 4 2 haee Bauynce\Mat fnas 106% sel ected al |
sequences of BgM fragnents that were_ between 200 to 1,200 basepairs in
length. W t hefPrplemeuay tomoreihanens fd e seqenqer B dhe gepomre hbis Wi8 PHY an

al gorit hm descyibedihet@ider prbBls @l gorithm (al so called "a nmer-engine”) can
be used to determ ne the copy nunber of any given oligonucl eoti de sequence

i n any sequencf8d25je nWiedurthen optiroizpd the (704mize probs setlbygernavihg thoschwith aditd count
"of the oljgonucleotide s ence in.the  genonme., ”5 101231 annot at ed each
gl 11 i A0t ed PHELIFEr BoR T of BE=bPr QB an o1 A& CAREPrRTenc

overl appi ng 15nmafG/C kreaRF thah 4.bases. BlonDBB vhaiihg U@ sneh wetBoskToOEack 1

nucl eoti des) using the ner-engi ne constructed fromthe sane draft assenbly

of the human menthe gng Qorﬂéowﬁ&m&édﬁﬁQﬁTi%?P%?mé%h fragnent
every constityg to%Ya?BfﬁQBbﬂﬂnJQ'aWolep|W99ﬂﬂ5§{%%I\Xizg@ea(cﬁogthe tRus1 00 basepai r

fragment 30 woul d have 31 such 70-ners). The fo ng attributes were
det er mi ned f orclesar iD-mewdl de@rmimimgdle genbme yorheouatfod eabraf ed/Obmbmsy.  maxi num

21-mer ¢ OLigt ( anST\.{f\l\:l)en%p erSeﬁQp%%?gg%-I%gg./ ezc (8848/ %]-'l?lgr%(%hat 112:133 the lowest mean 15-

mer count.

[0126] As a final check for overall uniqueness, the optimal 70-mer probes for
each BglIl fragment were compared to the entire genome using the BLAST
software program. Default parameters were used with the exception of filtration of
20  low complexity sequence, which was not performed. Any 70-mer probe with any
degree of bomology along 50% or more of its length to any sequence other than
) itself was eliminated.
[0127}] The mer-engine algorithm affords rigor, flexibility and simplicity to the
probe design process. The ability to rapidly determine word counts for words of
25  all sizes allows design criteria to be framed quantitatively in a way that is
analogous to real hybridization events. The word counts can be considered as a
quantitative measure of the degree to which sequences belong to two or more sets
of polynucleotides. For instance, the small probe “AGT” can be thought of as a set
containing six distinct words, namely “A”, “G,” “T,” “AG,” “GT,” and “AGT.” If
30  this probe were annotated with word counts for all words of all sizes, it would be

discovered that the number of times each word appears in the first set, that being



maxi mum 18-nmer count), arithnetic nmean of 15-mer counts, percent G C
content, and quantity of each base, and the |ongest run of any single base.
[0124] To determ ne the nmaxi mum 21-ner count, we broke each 70-mer into
over | appi ng 21-nmers and conpared each of these 21- ners agai nst all of the
21-mer SVQ2HEEHIEs in the genone. We discarded all 'Hgﬁg‘WHg?g maxi mum
21-mer count was greater than 1, i.e., _kpose with a 21 mer sequence that was
100% conplenentary to nore than one 217 mer sequence in the genone. This was
our initial set of 70-ner probes. [0125] W further optim zed the 70-ner

probe set by resmobmih&ho @@Mhewa@tlmemmcﬁ%ﬁbémequgﬁ»@f?mmcssb% or greater
than 70% a run of G C greater than
4 bases. From®PR egpg]r%se%{)%ﬁge 613&%%&&% ggne de%tldé%‘%#dﬁlggl Il fragnment the
one (or nore) [Gﬂslrerrhjsmladmdshﬂ can b éxpTespadap aritioddal, Mthyre)éﬁsahestm vH that of
the genone as a whol e rther anal yzed each of.the t osen 70-ners
by deterni ni nQOW%f%é%8¥\€PWE? 8 censtifventy S%rggﬂv%p spidpros q‘ﬁ’gsy? &sum
constitueny, oy Mngsof?f ﬂgof eﬁﬁ{e%or&?wﬁﬁﬁstﬁe gegoxﬂ@ r%%ﬂ@éle&ﬁg al70Gndrovest mean
15- nmer count. [0126 I nal check for overall uniqueness, the optima
70-ner probes pioheﬂlaéhmbnmld afaragmmncwférmomém@as ‘hypridivatiemobe e genone
using the BLAST _soft faul t [ re th the
exception of fﬂ%@%%%?%ﬁggf{bvnv}l%gﬁlpl W@Iiﬁls%{géﬁ%&%mw%é?g%%%mt
performed. Anyrofdthegencdicaguentd 13 1aThe tadﬁngaeofaélehmguinggtyvoab@ﬁge@m or nore
of its length to any sequence other than itself m@i§elln1nated [0127] The
ner - engi ne al GOt Whith terpaotate 1Srff5§f6'F‘a % ousqf grany possib FhEpisitewsrd this ¢ he ~ probe
desi gn pregges iﬂ The ability to rapidly determ ne word counts for words of

0

25 aj | sizes ws design criteria to be framed quantitatively in a way
that is anal ogfm@]tcInﬂ:eairenlhﬂiatmdumauqmcbeevanbasfouﬂmgﬁhwracgenmtrwman be

consi dered as g t%ﬁﬁ? Jtat lb sure ffo theu 1%:33 éatot? whi @hmsequences
bel ong to two - g S RPEING e%ﬁ% TROTHUHEE PR} p%‘flg% & the small
pr obe "AGT" Catﬁbabﬁeﬁléiﬁsl@h'éla’@\fe Py AuBbir differeoas dihsilgpl§'lﬂ>!e gliagtityndt wor ds,

nanely "A", "G" " "AG " "GI," and "AGT." |f this probe were annot at ed
with word coumagtelf Ehe aliomewotbefge’ﬁ?ndafqagq%gsoqttet‘v&fmﬂateﬁéets i ¥¥d%er ed t hat
the nunbeys &6&3 agsﬁgjﬁg@ﬁ%fmreé@ema tHeHen&BE.» LitBlepREng VO

2005/ 035792 PCT/ us20 04101 60
the sum of all probe word counts relative to the encompassing region. Assume that

X and Y still represent the sums of all probe word counts relative to the probe and
the genome respectively. The goal is then to maximize the value of the expression,
XY)(X/Z), or simply, Z/Y. In other words, one can find probes that are region-
20  specific regardless of the overall copy number. This special case can be
generalized to include any circumstance in which one is selecting probes to
) - recognize one particular entity out of many through hybridization. A farther
| example is the recognition of the DNA of one organism when exposed to the DNA
of many other organisms.

25  [0130] Yet another application of this paradigm is that of minimization of set
membership. We have designed probes that acted as hybridization controls in
microarray experiments. These probes were controls in the sense that they were
intended to hybridize to only those fragments of DNA that any other probe had an
equal chance of recognizing. The goal in this case was simply to design a probe

30  where Y was as close to zero as possible. Such a probe will also be useful, e.g., as
hybridization-readable umque identifiers or as additions to other nucleic acid

sequences for enhancing hybridization signal through networking.



-38 the probe "AGI," would be vastly overshadowed by the nunber of tines
they appear in the second set, nanely the three billion nucleotide genone.
[01281 This relationship can be expressed as a ratio X' Y, where X is the sum
of counts for all of a probe's constituent words relative to said probe and
Y is the %0@905835392 counts for all of the same words WEHPRM4MEYRNone. When
selecting a 70-mer probe that hybridizegto a target sequence with m ni nal
cross-hybridi zation, one can maximze the ratio XY, where the maxi num

val ue of X'Y forbjr:)r obes derived fromthe genone sequence is 1. The

t echni que of KHBELt Inrgdisien o sums apéd pdthmetigmBans ofimord gtshmary etherot ate i s
essentially one,.of | shor tgﬂ?? i al. [0129] In
t he event tha%}gtrllsglc g&%eﬁg‘ﬁ%@ﬁgaﬁrg’ém&%%& W (%n&gpg%bﬁis%v%firegi on of
interest, it tsunpofosivbide of dpartititariéire. This Marendatapiet py DRl prescizeniirde cl ear
measurenents Qf relative copy nunber di ffer.er]ces or Si rrplft(1 t he, quantity of
matter. The pHssrlesHoRERTobsY Aldaust exigt e B RPHFHEFIPBSETHBEN PRMEEIRER s of
words: 15 4 heggrplGnt g %P&Hﬁﬂﬁﬁ&bi?@ca{n%'t%n%aﬁﬂfdﬁfaﬁéﬂ of tRdWofs1€ genone.
Let Z represent the sumof all probe word counts relative to the
enconpassi ng pesgibbmhybridizetinn autrame fof aarmtheywise initfjug probe sElrese quastivtive of al |

b d t | ative to.th b th . tively. Th
ool i 5t hen Tesiessar e Frsthidl) Seirinie PR S A BRRAFIRRES 1y Vo
simply, ZI'Y. fdltivt hesthuysandidates) ahe afer-bhdife flgstheg ih Baendrcan fedgéedtie 20

specific regardl ess of the aqverall copy nunmber. This specjal case can be
general i zed t Brocefsofipoba seleclpn fo ingigpass $qn gFsrde sABencs oflieEsst.i ng probes to

recogni zeypne dasi | Bl BF mEplobl ikl adtidh SALOHARE BY B0 Al 4G on. A Tur t her

exanple is the recognition o of “one organi smwhen exposed to the
DNA ' of nany poessessedoa gearn Bamer @Bnt[rélad@] to Yethuamo igheomeppl .2 wthiaon of this

paradigmis that,of .mnim i of set rshi.p. designed probes
that acted as L}ﬂ%ﬁ ‘?ﬁviagf’fl 8’%1&%'0@?7 BV caﬁﬁfé{ége?ﬁra@e @%f%g %?K%ﬂ’te’és OfThes e
probes were calilprobbsconibiidde Compared With thetphidy attih particlilaes pelishied sBydtr i di ze to

only those fragnents of DNA that any other probe had an __equal chance of
recogni zi ng. FFREoRBAtely 33,000i78-reet sEpTGRIONATAY Prpbes, thegreag pihed89BE 30 where Y

was as ol @se LAnkobPuPSoBATSIBLEl LD ini RhfatideliafhoOr i, USEf Ul L e g, as

hybri di zati on e unique identifiers or as additions to other nucleic
aci d sequenc&bertiore, dnhsehof probdswas thdilargeriod thegivg bala fadtoefghamievasor ki ng.

more consistently unique by a factor of 18. The set of 85,000 probes in this

example were selected by us based on the combination of a unique 21-mer
constraint and a minimized aggregate 15-mer count constraint as previously

20  described. The advantages included a large increase in confidence that probes that
proved to perform well empirically were not simply hybridizing to a large

) heterogeneous population of DNA fragments and thereby increasing their signal.

This further illustrates the precision with which probe sets can be designed to
satisfy rigorously defined criteria, such as an extremely small standard deviation

25  about a target mean word count.

Example 2 — Preparation of Arrays

[0133] We used two formats for constructing microarrays containing
oligonucleotide probes designed according to Example 1. In the first of these, the
“print” format, we purchased about 10,000 oligonucleotides made with solid phase
30  chemistry, and printed them with quills on a glass surface. Speéiﬁcally, we used
the Cartesian PixSys 5500 (Genetic Microsystems) to array our probe collection

onto the slides using a 4 X 4 pin configuration. The dimensions of each printed



WO 2005/ 035792 PCT/ US2004/ 016060 -39 [0131] In addition to suns and
arithnetic neans of word counts, many other statistics can be used,

i ncluding, for exanple, the variance of a probe's word counts for words of
a particular size. This variance can act as a rapid prescreen for the

sel ect i onWOR20¥0858% t hat nust exist in a particul ar c®SFUSHNYBI060The maxi mum
5 word count for a particular word size,gan be taken as an indication of the
wor st possi bl e hybridi zati on outcone for an ot herw se uni que probe. These
gquantitative measures are ideal for rapidly determning the fitness of a
hybri di zat i on apmpes roughlyiong. Qur atriysweraprititelberemuiidrcialpprepargd ne al gorit hm
i n essence can_reduce e pracess of fprobe _selectiogn to a single pass scan

th
over the sequeHemtegsides(Cpming WerGaRSo #1408 d)- Jfing Yred fr SFATEYELVeRat we

desi gned consisted. of ;85,000 70-ners, possessed a nmean 18-ner count
relative to t OHH&%CF\PB%%%E of 1.2 with a standard deviation of 0.8. The

mean was cal cybm4pd hoihe sedoné f&hiat, tHe “Bhotopriht rivimatpbligoalitleqiidebagrec onbi ned.
Compared with the prior art, inyparticular a published set of approxinately
23, 000 70-¥er synthesized by iNimbleGgn p Sysierss, Inh direaslapn gfsilich surfa®e weing 1ercount s f or

all probes conpined was.1.9 wth a stand evi.atign of ..14. 8, ..Therefore,
t hi sps et of p%%tggv%f’é%hﬁ@ﬁ é@?roépﬂ?ﬂ%%(g%%cﬁw:‘@ﬁ%Pllg?n‘lﬁkogd: was nore
consistently WRrirélHRt QYcefed 8 tSdrfophants” by iieaysifpl théth ofi. P cHpORfIS 1 n this

exanpl e were sel ected by us based on the conbination of a unique 21-nmer

constrai nt andwhrdizing Hemewith §gilcand tfeoR bderieted Begllk represpatatianaef ggBompicevi ousl y
20 d i bed. I . L l [ h
escribed. pig eﬁ%ﬂ%’fx‘?&ﬂﬂfxﬁaﬂe ﬁ?ﬂ){)’ﬁq E\gﬁg]lci(&f tﬂ? ?%,ﬁg\de @%%ﬁ%(‘[lgbsnfﬁg% dence t hat

probes that prov 0 performwe rirca y hybri di zi ng
to aylarged hejeneratgethe sttongestsignal indnrmayedihéin bn agingletchipand t her eby i ncreasi ng

their signal. This furither illustrates the eci,si.on wiith which probe sets
can be dgsi gndB135 I%ﬁqtfl gqrglalis-r i F%%Vﬁi@le&@lﬂpwgieoe#ﬁ%a?%{{dowﬂeré% gn
extrenmely smalgdinstisdfiapsssiaimy ¥at 9 geo(ﬁe%fmga Rurknp bH8Y hmﬂza’ﬁ&g @ograunt .

Exanple 2 - Preparation of Arrays [0133] We used two formats for
constructing rhedrcomesthistemsetedasd grgomis lesyam Ja Isehsequent gremples. Wesi gned

2Co0T 10 L R B A b RSO e
and print&dl t Exampld 31— fueparstionarad Dalelisg of Tésd Represpeatiénscal | y, we used the
Cartesian Pl g o B0 o bt SIS BB, §2 ek BynPl Bl 3Re col fection
representations. Bg/II has characteristics useful for these particular experiments:
It is a robust enzyme; its cleavage site is not affected by CpG methylation; it leaves
a four base overhang; and its cleavage sites have a reasonably uniform distribution
20  inthe buman genome. Bg/ll representations are made up of short fragments,
generally smaller than 1,200 bps. We estimated that there are about 200,000 of
them, comprising about 2.5% of the human genome, with an average spacing of 17
kb.
[0137] Im all of the experiments described herein, we used comparative
25  hybridization of representations prepared in parallel. The DNA from two samples
being compared were prepared at the same time, and representations prepared from
the same concentration of template, using the same protocols, reagents and thermal
cycler. This would diminish the possible “noise” created by variable yield upon
PCR amplification.
30  [0138] We prepared Bglll representations of human genomic DNA as previously
described by Lucito et al., 1998, supra. Briefly, we digested 3-10 ng of human
genomic DNA with Bg/IT under conditions suggested by the supplier. We purified



onto the slides using a 4 X 4 pin configuration. The di nensi ons of each
printed WD 20051035792 PCT/ US20041016060 -40 array was roughly 2 cn2. CQur
arrays were printed on conmercially prepared silanated slides (Com ng

ui traGAPSTh #40015). Pins used for the arrayer were from Mjer Precision.
[0134] | WORMSEEI¥nd format, the "photoprint” fornat, PST’PEﬁ?PfMEF@Bt i des were
5 synt hesi zed by N nbl eGentm Systens, Igc- directly on a silica surface

usi ng laser- directed photochem stry. Approximately 700,000 uni que 70-rmer

ol i gonucl eotides were first screened for "performance” by arraying them
onto ei ght chihsdligesiby rheeeliegtracting anda@hang] RIECIRIALION i the PrGseace of dBgt ed Byl | |

tati i X wal a7 i cked th
represent a |og§?§)f%_?§;eggg%uﬂ)en%ggamﬁ3@ ltgﬁixrfqmghsg%ggug\égyghc e e

85, 000 ol i gonuc at 10 generate e stronge and arrayed

t hem on a si ngh4pmbl qf eadhQdlizfidr (RBgits dnd RBigitRt EucitegR.aand 3.8 gleh 2003. ~
ol i gonucl eotigdes in.a rando rde O mnim t he ssi.bility that a
geonetric art i EREAARAE @Igﬁﬁ)ﬁ@ h{’fﬂ\bﬁcﬂﬁg@f’*’ﬁﬁé%ﬂfﬁ’n&%@?%ﬂﬁyﬁé@& ly

i nterpreted a@l@\@@;&@‘mﬁ' bér&dsOD: Béwie BOE SAHBIObKE PR BE6S93. WBld Speme! | be
results with the 10K pri ntrgd sarrays eand t he 85K)eg%ot oprint arrayg. 15

Exanpl e 3 - PHepher Breps foldnypring FlarhondVhr WeplacqddBe eselifnapixgHe i 9136] For some
experinments described.herei h I t I ent ati ons.
Bgl Il has chaP?f@?a ?(ﬁs%t ??gﬁllggdé:%(\éﬁd 3?8%1?%65%34 %3%@?%% gorr aggrﬁ)élrnlﬁa?n% s: It is a

robust enzynmehoktustiChe ypeRnsé hal disppe@to BeCeavetheh ¥ddeg@ovahiydfatd on; it
| eaves a four base overhang; and |]€_s cl eavage sites have a reasonably
uni f or m di st r Dbl ligase aRingubated ¢herreantion geteneat 138§ 12-1& kpwresent ati ons are made

up of shart f nts, .ge | y,smaller th 2 | mat ed t hat
there ar3Oabo@gg€0%@69%4]ﬁ£@8ﬁhe@g%f?g?ﬂ%%%bﬁgmgﬁ?ﬁg énumam genone,
W th an aver ageM SE8EIONDHDE.8;100 mkMgCR;18DhM INER)SOf 5atheL @xperi ment s

descri bed herein, we used conparat i¥‘§§102’5 ybridi zatiop of rg}%gr esentations
prepared i n pHemapigpthanph and-fpmefralB sdifignxmuclepsids g -tahesAhates it e pr epar ed

at the same t{iR.coRddtrdtRR0E8 3D 1l RS PLERRE 8fa fihQWndelfatRATE 0&MGENt rat i on
of tenplate, using the sane protocols, reagents and thermal cycler. This

woul d di mi ni sh.26 heofiieg pohmeraspandeaterio a2b@ dl tohestabriapthe vplumedodfdn PCR
Al o o 30 Q3T SRELE o B e SRS AL Q" Puen genor ¢
preheated at 72°C. We then conducted the amplification as follows: one cycle at
72°C for 5 minutes, and then 20 cycles of 1 minute at 95°C and 3 minutes at 72°C
followed by a 10 minute extension time at 72°C. We cleaned the representations
(i.e., the PCR products) by phenol:chloroform extraction and ethanol precipitation
20  before resuspending in TE (pH 8) and determining the DNA concentration.
[0140]) For certain experiments, we prepared depleted representations by
digestion with an additional restriction endonuclease to cleave those fragments that
contained its restriction site. In these cases, we digested the ligation mixture with
the second restriction endonuclease just before the amplification step. In the
25  experiments described below, the depleted Bg/IlI representation was produced
using HindIIL
[0141] We labeled fragments in the representations by placing the DNA ina 0.2
ml PCR tube. We added 10 pl of primers from the Amersham-Pharmacia

Megaprimem labeling kit and mixed them well with the DNA. We brought the
30  volume up to 100 pl with water. We placed the tubes in an MJ Research
TETRAD " machine at 100°C for 5 minutes, placed on ice for 5 minutes and added



described by Lucito et al., 1998, supra. Briefly, we digested 3-10 ng of
human genomc DNA with Bglll under conditions suggested by the supplier. W
purified WD 2005/ 035792 PCT/ US2004/ 016060 -41 the digest by phenol
extraction and ethanol precipitation in the presence of 10 g of tRNA W
resuspendd 20p#03g®2| et in 30 pl of 1X T4 DNA |igase bUGTErRS2006060444 pnol  of
each adaptor (RBgl24 and RBI gl2; Lucito,R and MWgler. 2003. "Preparation
of Target DNA." In Mcroarray-based Représentational Analysis of 5 DNA Copy
Nunber (eds. D. Bowtell & J. Sanbrook), pp. 386-393. Cold Spring Harbor

Press, Cold Spjj a%fibehe bufd rom\fe RindRRLN PhATI8RAMERPrifeX Uabefing Kitd
preheat ed 55C heat bl ock and placed the heat block on ice for approxi mately

1 hour until 10ya dremeEEakde: 03 Nait T engysd-dQTE) 6 1 Y of Rew Bagladl 400 units of
T4 DNA |igase and incubated the reaction mxture at 15C 12-18 hours. 10
[0139] We addeBioLéHL@tKlenﬁwfrk@nérﬁt.g%énbuhﬁbéthb&ib;esﬂ@?ﬂc fof twoXolsR buf fer [335
mM TrisHCI, pH 8.8; 20 nM Myl 2; 80 M (NH4),2SO4; 50 nmM 3-_ mer capt oet hanol
and 0.5 ng/n ®@8Minedzhe Wbelabsaymples (Eyksi ael Gy5> t)rimtphosﬁhmderﬁ tubg, anfli nal
concentration of | 24 adaptor _to a final concentration of 0.6 pM

0.32 MM RB
1.25 U of Tagq fb@!%dﬁeﬁoaﬂé’férh‘ﬁ/g‘%\ﬁﬂl@ﬁnp@t hDDiag L0 gl @) mg/ml sstosky veasetRMbume t o

100 TM 15 p. 1. T t LNt h . TETRAD th I
oreheat eq ai 798 Vo i 1 L PG 12 2 Bhentbadd’ 37 Rdaceie el o oyl o
at  72C for 5 m§§§@00fgﬁtémc&%ﬁg&! 851 00hinhteS hi X G008k IEaRBHAIH M nut es

at 72C foll owed mnute extension time at 72C. W cl eaned t he

represent at i onge flow.through 4 vk dahe e tvith 459 pp bEDeOV TENIWe fpedied it r act i on
and et hanol precipitation 20 before resuspendi ng%%ien TE (pH 8) and
det er mi ni ng t heentorpeationarh i Feshotice. We ondiected the dabeledisample by iiveeings, we

pr epar ed pl et ed repr@sent ations di gest.i.on.wt h,an di. t I

restricti gﬁ e p%%g:ﬁ%tpgoans e %?%a%%%ﬁ%%@f%%@w&ﬁéof%éﬁ?&gsoaﬁ?gﬁgﬁd its
restriction sife. wkihi63Q (GERESed Winpll 98206 POR rhildRk8fstld Meure Wi th the
second restriction endonucl ease just before the anplification step. In the

25 experi nent svoliescwith&dwtIH tol0 1d.he depl eted Bgl 1| representation was
produced usi i.ndl 11...]0141] We | abel ed fr.agne i.n the_representations
by placing t hgl%l’ﬁ‘/l ﬂﬂaédlggxzjf'or e, S¥PerIsats, ‘V@‘E’&gﬁé“@g&%@ ipolgges oM @der s from t he

Amer sham Phar nihaly ovarian cancer cell and from normal reference with McrBC and ligated
15  linkers and amplified as described above.

Example 4 — Hybridization of Test Representations to Arrays
[0143] We UV-crosslinked the oligonucleotide probes to the slide using a

Stratagene® Stratalinker® set at 300 mJ , rotated the slide 180 degrees, keeping the
slide in the same spot in the crosslinker, and repeated the treatment. We washed

20  the slides for 2 minutes in 0.1% SDS, 2 mmutes in Milli-Q® water, 5 minutes in

boiled Mjlli—Q® water, and finally in ice cold 95% benzene-free ethanol. We dried

the slides by placing them in a metal rack and spinning them for 5 minutes at 75

rcf. We prehybridized the printed microarrays by placing them in a coplin jar or

other slide processing chamber, adding prehybridization buffer (25 % deionized
25  formamide, 5X SSC and 0.1% SDS) and preheating the chamber to 61°C for two

hours and then washed them in Milli-Q® water for 10 seconds. We again dried the
slides by placing them in a metal slide rack and spinning for 5 minutes at 75 rcf.
NimbleGen photoprinted arrays did not require UV-crosslinking or
prehybridization.



TM Megaprine | abeling kit and m xed themwell with the DNA. W brought the
30 volunme up to 100 pl with water. W placed the tubes in an M} Research TM
TETRAD machi ne at 100C for 5 m nutes, placed on ice for 5 mnutes and added
WD 2005/ 035792 PCT/ 1382004/ 016060 -42 20 | of |abeling buffer fromthe

Arer shamWbanesmei7ez Megaprime | abeling kit, 10 | of | B6®USF084/Q16e50 Cy3Th- dCTP
or Cy5TMdCTP) and 1 | of New Engl and %oLabs(r) Kl enow fragnment. W

i ncubated the tubes at 37C for two hours, conbined the |abel ed sanpl es
(Cy3TM and CySTM into one Eppendorf tube and 5 then add 50 | of 1 pg/ul
Human Cot 1 Dif§i44] 0 We fifded 25 pgdﬂﬁybﬁdlmionyelaﬁcbntbRMI of hbele@farhplof Low TE (3nM
Tris pH 7.4, 0.2 nM EDTA). | oaded the s on a Centricon(r) Filter

and centrif ug®@EPRGA 23 EﬁamM%alﬁltmﬁd GEIEPPEWI Swsd%élétfr@é@“o‘? FRIUiqTow t hr ough
d hed the f d f
ond TE vash 1 eees ATttt SARNSG Rt PaBTES, K NIRBRELTT olfrfiEto hew "

Centricon(r) Qﬁhwfﬂwaﬂts@%%ﬁ%ﬁlé”%t%@aﬁﬁmwmlWGdEﬂa{nn%dEHe%%ﬁﬁsat 12, 600
ref. W transferred the | gpel ed sg,nple to a 200 | PCR tube and adj usted t he

vol une wi th Lemal M Resehfthpl TETRAR?Z Jat 957 Cafbdl§ tribmries dnd themdneanbetepet 37€Nt s, we
digested DNA isolates froma rimary ovarian, cancer cell and from nor nmal
reference wit HonddpeutssdW Ielsa‘é&&d’vn thesammigseand pipsiedthgmiontosslide descri bed

above. Examl & focelitiflc? Oy 80 ihdeok sCPRRRRANG] bRAaLR abikaYS [0143] Ve

UV-crossl i nke ol'l gonu probes tot e using a
Stratagene(r) Bokken@HABIORE | byer 0ét a58°B0r prihted Biagt B4 UGosNintitedB0 degr ees,

keeping the slide in the same spot in the crosslinker, and repeated the
treat ment . V\ephatghmdecnﬂrayhéorslrl|t@ié@h¢lm$ 2 minutes in 0.1% SDS, 2 mnutes in

MITi-Qr 5 . bnally inice
col d! 95% Oenz H"S réAeIReIe %banoﬁapor\@% ‘l( ﬂd’e% % %ib%ﬁﬂg@‘??\fg’-/{]hem in a
met al (r]I ack anGIISp'I(l]ZKSSCtdlml’ﬂofvé)thﬁiomrmpt eaumiteiZH)Z%(SDﬂé/mz)éﬁsﬁrw! éed t he
printe mcroarra emin er i de
processi ng ch&fA9BHs mﬁé&fé@%ﬂ-’@ﬁ@ﬁ?@&@ﬁ 103%0%[] @F%(‘Q‘gm%g Sé‘ﬁlbi%ﬁ’ 25

for mam de, 5Xb§§ﬂcﬁ1 ‘i‘héﬁ:ﬁ%é&%nd%?ﬁlmﬂl eeeht BG5S ehANRe'WE el C for two

hours and then shed themin MI wat er for 10 seconds. W again
dried the scanned the slides immediately.

15 [0146] We scanned the slides using an Axon GenePix® 4000B scanner set to a
pixel size of 10 microns for printed arrays and 5 microns for photoprinted arrays.

We quantified the intensity of the arrays using GenePix . Pro 4.0 software and
imported the data into S-PLUS® for further analysis. We calculated the ratios

between two signals in an experiment using measured intensities without
20  background subtraction. We normalized the data using an intensity based lowess
) curve fitting algorithm similar to that described in Yang et al., Nucl. Acids Res. 30:
el15-15 (2002). We averaged the data obtained from color reversal experiments
and displayed it as presented in the figures.
Example 5 — Performance and Validation of Arrays
25 [0147] As discussed above in Example 1, we should be able to predict based on

the published human genome sequence which oligonucleotide probes could

hybnidize with which representations. To confirm this, we tested our 10K printed
arrays by hybridizing them to Bglll representations of normal human genomic
DNA labeled with one fluorescent dye and to HindIlI-depleted Bg/Il

30  representations of the same DNA labeled with another fluorescent dye.



slides by placing themin a netal slide rack and spinning for 5 m nutes at
75 ref. 7 N nbleGen photoprinted arrays did not require UV-crosslinking or
prehybri di zati on. WD 2005/ 035792 PCT/ US2004/ 016060 -43 [01441 W added 25 |
of hybridization solution to 10 | of |abeled sanple prepared as in Exanple
3 and mi x¥@2068578 i nted slides, the hybridization solPGEUSROVII6NEs 25%
formam de, 5X SSC, and 0. 1% SDS. For N il eGen photoprinted arrays, it was
50% f or mam de, 5X SSC, and 0. 1% SDS. W denatured the sanples FP1 TM5 in
anM] Research TETRAD at 95C for 5 m nutes and then incubated at 37C for 30
m nutes. W s{08}oling. tl iBustratep ressltsobthimrdpyath Zglll répreseniationsalepleledédy pr epar ed

ith lift L ) ' ted it i hybr.i di zat i h th
Boekel 1051 i dd i i EenR b8 Eroah tisufs Y R TaARop B RSBl Brtof o, | "°
N bl eGen  phaldgrihd Ty eslisaFadty éxpefinedtdvas Perfdinded i Solork@vekénl 4ad thf t er

hybri di zati on, we washed the slides as follows: briefly in 0.2% SDS / 0.2X
SSC t o renpve gepraetsiemeas pf patios from g ssparate oxpeogusnds iy plottgds Regees 30 seconds in

02X SSC. 81 ;305 SELAONR Ao B0t Bl SRl ol or e DY

pl acing them i'n a rack an nni ng them at mnutes. W then
scanned t he slhybedizé torbeti @iglln; 1eB). Theteletre\dboweGz0d0ed tHebepobésd®sobgsi ng an

Axon GenePi xO0 4000B scanner set to a _pjxel size aof 10 mc¢rons for printed
arrays and 5 rﬂr‘?ﬂ“ﬁ‘?psn@é?d%?%?@bﬁ Wt%%ﬂeaiefeﬁgg?rese#ﬁw%&!g&ah&w@qéa t he
intensity of t t)2Thérd SverS et 806 tHesPpRbE. Orreed feVifs& aRifk thhtTPOhleed t he
data into S-PLUS’S for further analysis. W calculated the rati 0s between

two signal s i nesirction profilerefrepigsintagional fregments was earesictly predigtedh@)the20

backgr ound, subt.r act i ' ' . |ty based
ovens o ve ieiklsBe e GrERlY AEHe Vg Btk BRI AR e 222
Nucl . Aci ds Regedicdéd probdswiflbaccetitdbly signabintensityadadig. N8, thatagreodtmwti ned from

col or reversal experinents _and displayed it as. presepnted in the figures.
Exanpl e 5- PelebysTathedaunspiihe qoalaf?‘gﬁgﬁ(pmms araphed. These data

confirm the reproducibility of our array.
[0149] A very small number of oligonucleotide probes failed to hybridize to

15  target fragments in the representations as predicted. For instance, of the 8000
probes predicted to hybridize to fragments not cleaved by HindIII, about 16
appeared to hybridize Bg/lI fragments that were in fact cleaved. This could be due
to a divergence between our sample and the published human sequence, which
could result from polymorphism or sequencing errors. However, the data here

20  show that the public human sequence is sufficiently reliable for the design of
probes for representational oligonucleotide microarrays.

) Example 6 — Global Analysis of Tumor Genomes

[0150] The oligonucleotide arrays of the invention readily detect large-scale
genomic lesions, whether they are deletions or amplifications. Figs. 2A1-A3, 2B1-
25 B3, and 3C1-3C3 show the array hybridization data for three genomic
comparisons: Figs. 2A1-A3 compare aneuploid breast cancer cells to normal,
diploid cells from the same biopsy (CHTN159) (the two sample representations
were prepared from about 100 ng of DNA, each isolated from nuclei from aneuplid
and diploid fractions separated by flow cytometry); Figs. 2B1-B3 compare a breast
30  cancer cell line (SK-BR-3) derived from a patient of unknown ethnicity to an
unrelated normal male J. Doe (of mixed European and African parentage; see

Example 2); and Figs. 2C1-C3 compare cells from another normal male (African



25 [01471 As di scussed above in Exanple 1, we should be able to predict
based on the published human genone sequence whi ch oligonucl eoti de probes
could hybridize with which representations. To confirmthis, we tested our

| OK printed arrays by hybridizing themto Bglll representations of nornal
human gendY® 05/0382]_ abel ed wi-th one fluorescent dye arRCHES2p44M984060 - depl et ed
Bgl Il 30 representations of the sane M | abel ed with another fluorescent
dye. WD 2005/ 035792 PCT/ US2004/ 016060 - A§4 [0148] Fig. 1 illustrates results
obtained with Bgill representations depleted by Hndlll. In Fig. 1A we
graph the rat iwgbvﬁmdadiejabb@ﬂniemhamé ﬂ}esaﬂlpEQquifybﬁdizechﬁ“QCHJWHﬂhe Y- axi s.

Each experi nent vvas per f din color rev t he onetric nean of
ratios from t hel¥dp é&g@f“?‘ﬁ@ﬁ? mepragp ?Dcae gs?fﬁ% g’t%&é%ﬂlﬁsctg& to
det ect fragms% hﬁo?&&@ﬁ&@@hédﬁh&le@d&@g%@é ema@asreerew}sﬁﬂﬁwlons di d

hybridize to b A, re were about” '8, 000 of these probes.
Probes predi c(tampllﬁmtlonblsmcatesi bpira(mmsahone i,w@dde?sbmvzbny@n@%nt ation did
not (Fig. LA . r Ther.e We a robhes. These results
val i dat e that :(dfdfﬁ )h’é{ a1phe l?fil‘?v?': Rﬁgﬁﬁ%‘?’? ng%ﬁ’ 9{S‘é’pr esaéldgcﬁl‘%eﬁal fragment s
was correctly ghtgdbdwiblthe 18K prifitaris.ODatg Slivial R AigsU2 A2 \¥B2and QCR6eed Y arrayed,
and (3) the ol |130nucl eotides detected the predicted probes wth acceptable

si gnal i nt ensi e8faingdwith the 8318 photgprintgrra¥saent  bet ween the ratios of the col or

reversal exper gy, Sricke GEARNEhroTRERG ok LAGRLY ik RAGREGHIGLDL | 1Y of

our array. [01 Avery snma eotide probes failed to
hybri di ze to Hx‘éastamathxf:swgnmﬁiﬁtinctibuttemshewecblsafgetragwmnﬁamphﬁcamdnct ed For

I nst ance, f t he 0 . probes predigted, to r i, qli et

cl eayed by H| nﬂﬁdlq%%%% °§%‘°“§6€‘5§%@§‘4‘%“%'§2)zé“ ﬁ’gé’é‘%‘ﬁf’ t hat

were in fact cCiheay@ehl-ndithad wadsssht ﬂmemdkmnﬁgxmlx@egwp@m@ﬂicm oRur sanple

and t he published human sequence, | C coul d result fromtg tb‘i;m)rphl sm or
&

sequenci ng er rédslations hetwoey these genamses AFige 26 148) s Kbssedatacontia ¢c human
sequence i s sufy fg ﬁ{xﬁ&ﬁ:ﬂd@( Oo@ e%\feﬂﬁox{&ﬁdgéét'lgég-%ﬁl% ggf_ﬁ% gﬁ%ﬁs. Analysi s of

representati ona | gonuc e mcroarrays
Tunmor Genones [OmSEO]T‘HEhesudtk algm)nndxchtamhat ttereaweraymnp bligduaclestiderproten r eadi | y

detect | ar enonm ¢ | esi ans. et her the e del etions or
ol 111 catoneSeietige H fosses ans gt inaliec EppimbeanSbi s epianes dy

hybri di zati on aiFiémmdids SsofRY OTheSe losses and gains are shown as stand-alone dots
in Figs. 2A1-A2, 2B1-B2 and 3C1-C2, and are manifest in Fig. 2C2 (the normal-

normal comparison) as a “shell” or zone of probes that approach the ratios of 0.5

and 2.0 throughout the genome. These losses and gains were likely the result of

20  heterozygous Bg/Il polymorphism between the individuals sampled.
[0153] Further, comparison beiween the 10K print format and the 85K photoprint
format clearly demonstrates that, although they bad different resolutions, both
captured a similar view of the large-scale genomic features. We call probes
“brothers” if they share complementarity to the same Bg/lI fragment. Brothers do

25  not necessarily have overlapping sequences, although they may overlap by up to
half of their length, or may be complementary across their entire length. In Figs.
2A3, 2B3 and 2C3, we plot the ratios of brother oligonucleotides from the 10K
format (Y-axis) to ratios of their brother oligonucleotides from the 85K format (X-
axis). There were in excess of 7,000 brother probes. There was remarkable

30 agreement between the ratios of brother probes in the two formats for all three
experiments, in spite of the facts that the probe sequences differed between
formats, that their patterns of arraying were different, that the hybridization



conparisons: Figs. 2Al-A3 conpare aneupl oid breast cancer cells to normal,
diploid cells fromthe sane biopsy (CHTN159) (the two sanple representations
were prepared fromabout 100 ng of DNA, each isolated fromnuclei from .
aneuplid and diploid fractions separated by flow cytorretr%?v&; Figs. 2B 1-B3
conpare avOR®a®ISTBO cancer cell line (SK-BR-3) derivebCHP %olﬁ%gi ent of
unknown ethnicity to an unrelated norngl male J. Doe (of m xed European and
African parentage; see Exanple 2); and Figs. 2Cl-C3 conpare cells from
anot her normal male (African WD 2005/03792_ - PCT/ US2004/ 016060 -45 pygny)
vs. the sane donddims differeiaai theswfactsnd thecampy exravbifferchiy bfhiedé datal t wi ce, with
col or reversal nd. t he gea ]%ri an ratjo.(on a lo cale) was plotted
agai nst the § %FB@%“%EF %%fcrﬁqlﬁﬁgmﬁg? eOt e 23F BPBR™S e cr eased copy
nunber  (anmpl bfipsnatie®ites btht Rfef@ined by a ratio above 1, and decreased copy
nunber 5 (deletron) by a ratio below 1. Data shown in Fi gs. 2A1, 2Bl and 2C1
were obt ai ned0Xl hin ddditongualysis of MOV A yepreseptetions psoduceh by plgavage A2, 2B2 and
2C2 were bt gj. I~ rj ¥-1 ] re were clear
profiles tsg tﬁ‘é{ﬂg\g%rggﬁﬂ%&e’%%ﬁgggs%gégr8#?%@%?%?%&}%%%@“8@%& cancer |ines
wer e di stinct betvgtn thacincen@iiadd hammge calleghans. Noraalitativh ¢atdipymuiddeand
deletion in the_genone (Figs, 2Al- ng 2B1-B2). In contrast, the profile
of the nornaldlﬁ?é?nﬁ%ﬁmme’é’%@ﬁ?‘f%ﬁl%?%ﬁ prep t‘@&??ﬁﬁé‘“ﬁét\‘%ﬂ&e scal e

anmpl i ficati ongpQtved dFlncd BSmBRL JPeRRe §il6 $/8s ARNS ARSH&EAQSn méthylatieg) - These
data confirmthat the oligonucleotide arrays of the invention can detect

| ar ge- scal e getatwyiand i dmeppy number1 521 The results al so indicate that there

wer e many, ol i gonu it [ iAor 10 .and gains in all

t hr e e ge nlooﬁ‘es%of!?%@giep Aqg)n?a{tap §§gn}e§lt£ﬁﬁl§@h Qﬁol‘éngl:‘?mnle &l?iﬁisnfls genone). These
| osses and gaijeisspr Wedlwvinalgsedshadda fbiar@alia régionsiofMggenoRdio Adp theBl- B2 and
3C1-C2, and are_manifest_in Fi g 2C2 (the norpal - normal conparison) as a

"shel | " or zoN&iaionseegppExample agﬂr%é@ﬁlet‘ﬁ‘_’eal}aé}lee‘é)gle@ﬁtaof?@n °BHd 2.0
t hroughout t hepgen at AiERfustRSSRis@ils bﬁl_ﬁti(‘fi@ﬂﬁoﬁ%ﬁhé’tg‘%ﬂ@s fhegsul t of 20

het erozygous Bgl Il pol ynor phi sm between the individuals sanpled. [01531
Further, conparabs mtiolsetavirte segrhenty of Giknifar meen 4fter takingavadian¢esn®Siccqimbt opr i nt

format clgarly,_denpnst,.at.e h t | ff nt resol utions,
both captur eéterénesicrlﬁc gfb%ﬁ%vgﬁm%aﬁéﬁ Ff;r%és-egclgg%ﬁeegggdng%m{ca%%g? ures. We call
probes " br ot @hmsge-Roint tAnalysis b Aerag-Bajedeivaiphativé Gehamit HeybsidivatidgDhth, f r agnent .
Brothers do Alexandria, VA, American Statistical Association, 2002). The algorithm

recursively identifies the best possible segmentation from each chromosome,
rejecting or accepting each proposed split based on the probability that the

20  difference in mean could have arisen by chance. This probability is determined by

I a randomization method. Due to its nonparametric nature, the algorithm prevented
) us from identifying aberrations recognized by fewer than three probes.

[0156] Figs. 3A-D illustrate the output for this analysis on four chromosomes
(chromosomes 5, 8, 17 and X in Figs. 3A-D, respectively) of the cancer cell line

25  SK-BR-3 using the 85K array. We observed similar segmentation profiles and
segment means when we used the data from the 10K array. Further analysis of the
data enabled us to determine the ploidy level of the cells.
[0157] Once segmented, we assigned to each oligonucleotide the mean-ratio of
the segment to which it belonged and plotted the mean-ratios in sorted order.

30  These data are plotted for the cancer genomes of CHTN159 (Fig. 4A) and SK-BR-
3 (Fig. 4C). The figures demonstrate that the segment mean-ratios within each

genome were quantized, with major and minor plateaus of similar value. We



25 not necessarily have overl appi ng sequences, although they may overl ap by
up to half of their length, or may be conplenentary across their entire
length. In Figs. 2A3, 2B3 and 2C3, we plot the ratios of brother

ol i gonucl eotides fromthe 10K format (Y-axis) to ratios of their brother

ol i gonuc| e8I om t he 85K format (X- axis). Ther ePGEPERWIERess of
7,000 brother probes. There was renar kg?,’_e 30 agreenent between the ratios
of brother probes in the two formats for" all three experinents, in spite of
- the facts that the probe sequences differed between formats, that their
patterns of adedugedihe oeryanudibef eff tbese regidmabated onlogimtingiandithedmoWedg) 051035792
PCT/ US2004/ 016060 -46 .conditions differed,..an urfaces. o he array
were di fferengy ‘?Wé‘géyﬂ% téﬁt???%?ﬁ“tsﬁ y éﬂﬁd(?ﬁgékgﬁﬁ \Va ftra,pggéﬂ s obt ai ned
using arrays egfRhnplc s réich SRt RAAI MESthe twé RRjdr préahi ReHTNIss] I n

addi tion, analysis of MOMA'répresentations produced by cleavage 5 with

Mcr BC showed weglddwedwo fnd thesegepiesiperweli,land theanaier plateavy SK:BB13 wowddbes  bet ween
t he cancer Cehzl: aaglg nornailsceerlcgngenones. Normal i zati on to copy nunber

di fferences | Byl doF PSR Gellng the Byl 1| representation confirmed that
the observed[ol58f ewrniged tht copyMunttier éd@tdtedsiot the nvder plat€aut & hdithd er ence in
nmet hyl ati on - status and not. in copy nunber. 10 Exanple 7 -Autonmated

Segment at i on BIHINARE Sy fesAeihexPaREFYs e ysod B5¢99AHO%| so anal yzed the data from
smal l er regions of the genone to map the variation seen in Exanple 6. For
exanpl e, we analyzed the data fromone chronosone at a tine using a
statistical segnentati dva§ox Sxhn)i($rat 1parses the probe ratio data into
segnents of simlar nmean after taking variance into account 15 (terned
circular Binary segmentation (CBS); see Oshen and Venkatraman,

Change- Poi nt  Ahale)Rs| Wasthe Mestiicdsared datloD Rip Hadihe e CRIDOIAECSWaandi zat i on Dat a,
Al exandria, VA, Anerican Statistical Association, 2002). The algorithm
recursivel y | eawrimepialy derved gharagieraagagrpessngaiisia ppwspecHis nieist Wehr onosone,

rejecting o gaGRRIk NG FRC-RURRRIFoR b he BARRAIA e iuBkORBRL! v that the

20 difference i n nmean coul d have arisen by chance. Thi's probability is
det er mi ned byto Gnv/PamroeCr was the trwe copycnunibgeknown frem therplateanatd® wanat ure, the

than t hr el pr LSt afffi hpp bR, Th o BV G a RS S anal ysi s
on four chronmagiaid®as, P and Sy. For the CHTN159 experiment (Fig. 4A), we calculated the

ploidy P to be 2.60, and Sy to be 1.13. For the SK-BR-3 experiment (Fig. 4C), we

calculated that P was 3.93, and Sy was 1.21.

[0159] We also used the equation to calculate what mean-ratios would be

20  predicted for higher and lower copy numbers. We marked these predicted values
on the respective graphs, from zero to a copy number of 12, with horizontal lines
) forming a “copy number lattice.” The assigned mean-segment values for probes
are displayed in genome order, embedded with the expected copy number lattice,
in Figs. 4B and 4D. The copy number lattice fits remarkably well the minor
25  plateaus of the data, especially for the higher copy numbers.
Example 8 — Analysis of Fine-Scale Genomic Lesions

[0160] We also analyzed the data to determine precise breakpoints in individual
chromosomes that had amplifications or deletions. Our analysis demonstrated that
the arrays of the invention can be used to identify genomics lesions at the

30  resolution of individual genes. Accordingly, data obtained from the arrays may be
used to predict the impact of aberrations in particular genes on conversion of a

normal cell to a cancerous one.



(chrompsones 5, 8, 17 and X in Figs. 3A-D, respectively) of the cancer cell
line 25 SK-BR-3 using the 85K array. W observed sim | ar segnentation
profiles and segnent nmeans when we used the data fromthe 10K array. Further
anal ysis of the data enabled us to determ ne the ploi d]y | evel of the cells.
[0157] Owe208803589t ed, we assigned to each ol i gonucl St HRNWRan-rati o of
the segnent to which it belonged and plgtted the nmean-ratios in sorted
order. 30 These data are plotted for the cancer genones of CHIN159 (Fig. 4A
and SK-BR- 3 (Fig. 4C). The figures denonstrate that the segnent nean-ratios
wi t hin each @a6HnmeWesdirg agalyattiiazegion off 4 breakep the X pldfomiopame, seeantiedis of sim | ar
val ue. W WO 200 92 PCTIl US2004/ 016060 -47. deduced the co unber of

t hese regi onsﬁgaggg&g% cc?]é%?%};f“‘hjdveé%‘a"r’tvﬁ RW&/&e@ﬁlﬁewerﬁﬁo?lpﬁﬁéon%ﬁ%gf s that
CHTNL59 was sybardréihel flath. A0E expéctBiiat Wobesti® biraRbaintb X WoulE@sA sanpl e was
roughly nonocl onal, then the two major plateaus in CHTNL59 would be two and
three copi es ¢levatesiafatios. Fhis wasdheaseoibroisa maigh of tBr1m@R-28m\0f gltgmigeoms t hr ee and

four copies per || u e g!ﬁ ed for the
maj or pl alseau .P%?g&%%@c%ﬁ%ﬁ%ﬁﬁ&ﬁ%&a‘%% %Béf&ggﬁgpﬁper?@?fg W used an
equati on: RM reglolEpatnbiy 27kb jid falibsinedy) oneMErybissereRidr hsreiamdeesithereasur ed
rati o, RT was the true ratio, _and SN was_an rimentally derived

character neadBPPawmeER:PA) Thus thyps RIsEblefs @géﬁ’g}l%@e%fg@émect ed RM as the

average of thegBRORES 2Rhy ERELPREARMAESON. Wd e BbRhRA A iR Inslcest 0 CN P,
where CN was the true copy nunber known fromthe plateau, and P was 15 the

pl oi dy of t heofishamprcogynaner trahrations tat neastibosakgenesi ded two equati ons and two
unknowns,, P a N .Eor the CHTNLS9 exper.i t (Fig.448), cal cul ated the
ol o1 dy P05 b2, T hOE AT RS Rl abhe b il Bhoit *\

40), "we cal cedchtottaibhh@ttwdorReeBgdds, amofly Shich@greltradidmembrkhdlechiftor] so used

the equation to cal cul ate what nean-rati os would be 20 predjcted for higher
and | ower coplf1f3inp¥eshenapalyzadithedatsiem chroawpemed) (Kig) IRsWhish hadyan r espect i ve

gr aphs, from &g 8adce ofa%ﬁ?ﬂoﬂg,qwﬁ(ﬁin bro2d didthi e Ok &Qﬂ%ﬁhcz{tioﬂ?ﬁi formng a
copy nunmber lattice."” The assigned nean-segnent values for probes are
di spl ayed i n ¥Bndihe rightieqst paakiiwas! appdoximaielyt dnneangpabase dtretolp womprigsdrof| at ti ce,
15  thirty-seven probes (probe coordinates 45099-45138, June genome coordinates
126815070-128207342). Yet it contained a single well characterized gene, c-myc.
[0164] There was a second broad peak in SK-BR-3, ascending to the left of the c-
myc peak, and off the graph (Fig. 5B). This broad peak had a broad shoulder on its
right (probe coordinates 44994-45051, June genome coordinates 123976563-
20  125564705), with a very narrow peak in its midst. We overlaid on this the

segmentation data from the tumor genome, CHTN159, which had an even broader

) peak encompassing c-myc (probe coordinates 44996-45131, June genomic
coordinates 124073565-127828283). The peak in CHTN159 also encompassed the
shoulder of the second SK-BR-3 peak (Fig. 5B). Thus the shoulder may contain

25  candidate oncogenes that merit attention. Within that region, at the narrow peak,
we found TRCS, the target of a iranslocation implicated in hereditary renal
carcinoma (Gemmill et al. Proc. Natl. Acad. Sci. USA 95:9572-7 (1998)). These
results illustrate the value of coordinating data from multiple genomes, and the
need for automated methods for analyzing multiple data sets.

30  [0165] We also analyzed a narrow deletion on chromosome 5. Fig. 5C shows the
results of a combined 10K (empty circles) and 85K (filled circles) analysis overlaid
on a copy number lattice. A deletion was evident at both the 10K and 85K



in Figs. 4B and 4D. The copy nunber lattice fits remarkably well the m nor
25 pl ateaus of the data, especially for the higher copy nunbers. Exanple 8
- Anal ysi s of Fine-Scale Genom c Lesions (0160] W al so anal yzed the data to
determ ne precise breakpoints in individual chronosones that had

anpl i fi cavoaos/oss7odel et i ons. Qur anal ysi s denonst r at eBCT/HS004/Q18@0ar r ays of
the invention can be used to identify gggonics | esions at the 30 resolution
of individual genes. Accordingly, data ¢btained fromthe arrays may be used
to predict the inpact of aberrations in particular genes on conversion of a

normal cell teesaluﬁaﬁbqgfdbeso@amatey@@easﬁﬂﬁm%emU&s&aﬁﬁfeelﬁmam 48 [0161]
We first analyzed a region of a break in the X chronosone, seen in Fig. 3D
SK- BR- 3 cel | s, 15%Hi2é6). hittrthe haupdapiss WereapHch mcgﬁﬁlpgly ireqleed B fpKy ddtist 0 cel I's of

an unrel at ed Ve t have

el evat ed ratlg%'eﬂﬁ? I'S \%gs ?gg%rg%gl hrﬁg??ﬁ?rr(lijbc d?H@ﬁqu%ong ‘ar mgof
chronmosone 5 Xenlﬁuhreomnéhﬂasmddenc(me&:B}r&,nberg,e@dl H238-2h@0@0)khr eak i n copy
nunber ove i on spa nlng 27k 0 erved for

t he remi erAé\&&? c%te’PEN %rﬂ) alTE{?%%einf’t agéy%ﬁ%@ﬁ e to draw
boundari es of aﬂ@PEXLCacohﬁféh&ﬂ%fﬂméﬁﬁqﬁhﬁﬁgaﬁﬁeﬂmﬁdp?&gﬂm Utk Ve have
observed many ot her 1nstances 57[}&);87 g(isbnunber transitions that nust

break genes. p@thpvenémnthérﬁem@sﬁ narrow anplifications in the

SK- BR- 3 geno a \ wer e

t ransmenbr ane regg ?%?gy%e[a%?%g%é\/%@t %ﬁoana %‘g%g&gon%gp)?& %%(rfngchrormsorre 8
(Fig. 3B), whiafféctingd chiter abzincifimpeeprofeim{Bigl 5IDj proise coordihatel 77g4b7oEd, di stinct
one- nogabise Juredieanmiccompitsd BROISHIRNY: SEveh Brometa BroBEotbor di nat os
4509- 45138, LR BRRCEBAORR S RBkEsh mal}zﬁﬁng] hRB2RIR42) WeXetkervka cont ai ned

a single well characteri zed gene, c-nyc. 0164] There was a second broad
peak in SK- BRa@ab@ﬂm@fngTqvohmygow @nddiontomg@s lesipas.semR of whithof f t he graph

F 5B t ht b
Coordi nat es 47981 apuia WHbeil altn: SEHRERIED, 0020565720 155504705

with a very n@xasiplegeakxaminibs“Norhetl” Géomniccidrbitidnon t hi s the segnentation

dat a fro the 159,. whj ch had .an even roader eak
encorrpas &&#’% M%’ragﬁ?élsﬁ%gérrpw&]@tﬁfggﬁsﬁfﬁe thofls 98 p° '

analyze copy number variation between two normal genomes and observed

differences resulting from polymorphic variation. This analysis is important, e.g.,
in situations where a tumor DNA sample cannot be matched against normal DNA
and an unrelated normal DNA is used as a reference because differences observed

20  may be the result of polymorphic variation. This variation can be of two sorts,
point sequence variation of the sort that creates or destroys a Bg/lI fragment, e.g.,

) SNPs, or actual copy number fluctuation present in the human gene pool. The
former has limited impact on analysis using the arrays of the invention as it will
produce scattered “noise” that can largely be filtered by statistical means.

25 [0168] In Fig. 6A (combined data from the 10K and 85K datasets), we
demonstrate that a mild filiration algorithm (if a ratio was the most deviant of the
surrounding four, we replaced it with the closer ratio of its two neighbors) can
minimize the impact of point sequence variation and detect instances where there
is actual copy number variation. The cloud of scattered polymorphisms present in

30  anunfiltered sample (e.g., Fig. C2) is lifted in this presentation of the data
revealing non-random clusters of deviant probe ratios, indicating large-scale

genomic differences between normal individuals.



coordi nates 124073565-127828283). The peak in CHIN159 al so enconpassed the
shoul der of the second SK-BR-3 peak (Fig. 5B). Thus the shoul der may contain
25 candi date oncogenes that nerit attention. Wthin that region, at the
narrow peak, we found TRC8, the target of a translocation |mi)l i cated in

her edi t amwo zweseds7o2car ci noma (Genmi |l et al. Proc. NatPCT/URaY/016860 — ysa
95:9572-7 (1998)). These results illusf{yate the value of coordinating data
frommultiple genomes, and the need for autonated nmethods for anal yzing

mul tiple data sets. 30 [0165] We al so anal yzed a narrow del eti on on
chronosone 5. [H69 Badymbrpiss viahationrof shelscattersid varictyrehi slselbe iker¢dbpt y ci r cl es)

and 85K (filled. circles nal overlaid er i ce.

del etion was %‘?ﬂagcé(ﬁ? a5f3%° ét{-% Efoie ?Kﬁ%gﬁéﬁgyﬁf%% SkCBR!

PCT/ US2004/ 018@6paredd roffidlldohérON) DoePthORSK ediok displajeisn Z94@birad&b4d June
genom ¢ coor di nat es 14231414- 15591226), but the boundaries were nuch nore

clearly resol thed0Ktin gmpty cirgles; Oﬁgﬁlsﬁﬁe%ﬂlﬁ&’ieﬁ@@ aypreatios ¢fd OP@‘Fn havi ng a GEF
domain, ar S g%gg& qug]g iw.and
Greenber gta H?? tQ%&E% ?%%SI%JR chﬁf)#%ﬂ?%ﬁ%r ane I‘%t\gl n

(Eur ngerg et ae:ethreé\prtobes(cjéﬁ”mﬁreméﬂhemm&gmﬁ)r)oma]drydnﬁ?(mptﬁt:cmﬂ]monentlof
the ubiquitin ]igase nediat rotei n de i.on. pat hway yin et a
Genomi cs 67: 451331‘% ﬁﬁﬁwmﬂiﬂg CPWH%HSPg %Vg’ BYMh of
honobzygous | OfgmANindhiRARS Q‘H@sﬁlrl%lesﬁmegﬁéthﬁtﬁl of t}fejsélﬁit@i’s tﬁ’it J ZD&%S fHnger

proteins (Fig 77 1 98, 10 June genomic

SD; probe coordi nates
coor di nat es 2@@@5@6&)/—@%@@@4@4@@9@@ Wmﬂoﬁﬁﬂ transcrl pt| on
fact , t
actors. 14019 R 5L hARIORY o SRS AGKS ) (WIRELICDARISe cfpalBRRYSS, on

abundance "of na ygous an ons
be attribut abﬂﬂeetgknmsrmlbw\lﬁtﬂpﬁtabldﬂcaHSeﬂalEkeﬂth Thus, ke hinds 8f datd&Exam ni ng

"Normal " Genom c Var I 01 We al so used the oligonuc|leotide arrays
and ret hods o?reteﬂfeg‘ @ﬁﬂ"éﬁ 12'6“ é@FW@“‘EGW"ﬁgW \}%1?813{05541 bet ween two
nor mal genonegesif obser ved differences resulting from pol ynorphic

variation. This analysis is inportant, e.g., in situations where a tunor
DNA sanpl e cald@]l bRolymemhisa lagmmrmbnnhmweomse@tﬁadeffcr@ms@mﬁ ed nornmal DNA

5 vocd 35, BSHGEIRE RS gL DR BRaEUES A PRoB e [oou (o
vari ati on of hdrmabndrinal doaipatis@atWe agplied ssphieotatomarBfyistd tb fegmdand ande. g. ,
identified multiple regions that display altered copy number between the two
normal individuals. We observed about a dozen variant regions in any normal-
normal comparison. They stretch from one hundred kilobases to greater than a
20  megabase in length, can occur anywhere but are more frequently observed near
telemeres and centromeres, and often encompass known genes.
) [0171] Close ispections of two such regions are displayed in Fig. 6C and Fig.
6D, with ratios as connected circles and segmentation values as lattice. In Fig. 6C,
the abnormal region is 135kb on chromosome 6p21 (probe coordinates 32518-
25 32524, June genomic coordinates 35669083-35804705), and encompasses three
known genes. In Fig. 6D, the region 1s a 620kb region from chromosome 2p11 '
(pi'obe coordinates 9927-9952, June genomic coordinates 88787694-89385815)
that contains a number of heavy chain variable regions.
[0172] We analyzed the impact of the normal-normal variation on the
30  interpretation of cancer-normal data. In Fig. 6C and Fig. 6D we have overlain the
segmentation values from the analysis of SK-BR-3 in diagonal and vertical hatch,

respectively. The copy number lattice for SK-BR-3 is ploited as lattice. Fig. 6C



SNPs, or actual copy nunber fluctuation present in the human gene pool. The
former has |imted i npact on anal ysis using the arrays of the invention as
it will produce scattered "noise" that can largely be filtered by
statistical neans. 25 [0168] In Fig. 6A (conbined data fromthe | OK and 85K
dat aset s)wooms/0zsa9eonstrate that a mld filtration al gBeTUPRPYIE068 1 atio was
t he nost deviant of the surrounding fog£ we replaced it with the closer
ratio of its two neighbors) can mnmininmze the inpact of point sequence
variation and detect instances where there is actual copy nunber variation.
The cloud of ggretrites £etgioaliy SRIBI3 3k wouRberRhllddn dbletivn it edrhparigsetd thanpl e
(e.g., Fig. C) is lifted in this presentation of the data revealing

non-r andom c| aeRal sISK-BR3 thedl apkiBB EeSHORACES 21 4 1PPy FTher thalpdudgedoe
di ff
I%?J'rll'? [Jg|2804} Olgégyg&g&é%?’%\%gﬁda lel]rrgfrag% C va?*g??%%?&?iggdg%gﬁoered vari ety

can al so be f bhé¢ &ﬁdhdmmes@émippensrpathesmmam&ommmgmydDNAto Bat exanple, Fig.
6B shows dtafra?a&B 3 conpared tlo normadé Gﬁ { 85K rati os
di spl ayed 3 n PPaLqn g GLwe obsyiye apanalogars cop %ﬁf?revsggle BhltHe sane

graph we di SDF@%D%Ka%hI%{)Bﬁed]se ﬁtaéorp&mrﬁ@lettan@ﬂomﬁfegiwml DNA from
an African pygnmy, in green trian W see three probes of extreme ratio

in the SK-BR- swdmmbnMMezaameBn that can be identified as pol ynorphi sms
by conparisongto h b 0| dj 51”%} i ndi vidual s. The
si npl est i nt eFpfetattorr—c poe—t+s +1+, pygny +1- and

(SK- BR-3 | k | | WipE78] +Tﬂ@ﬁ,|11gw&igewarhb1e§ a*ea&eﬁtaeﬂmttrﬁe asaslthe SBarch bnglﬂe f ragm@n]E
nost |ike a SNP at _a site era pairw se conparisons o
three genlfﬂms H’Itﬂbéﬁ/\inpﬁlfﬁé%twpﬁ@tﬂdépté%‘?"ﬁ §f daﬁcrlg%cwgtoag andyREAmetefese ki nds

of data are ﬁéﬂ’?ﬁg%&&ﬁnmflﬂ'the%%uéh%bb@&%%ﬂ%é‘@lﬂﬁe&ﬁﬁﬁpénQ-@ paired to a

mat ched nor nal 170] Pol ymorphismin copy nunmber, however, presents a
di fferent sorvvxtbfnthqampmldlsmeoﬁ@pr@mtmm rates |arge regional

di fferences i ngﬁﬁm SéJ%rggreC he%“éé%ﬁ{’c&%r mgmv Qr ]angé)lq})ean(é?g V& appl i ed

segnent ati on en oé-ml' egi ons t hat

di spl ay al t er esinp@jons uivh genddes v RubseR oifwgenolﬁﬁf(ﬂlgl alcnﬂmws&ue)l dn W observed
about a dozen variant regions iin any nornal - normal conparison. They stretch
from one mndp@@m&fb%égmwa@%aﬁeémrﬁ&ﬂn%lazwgmjﬂam@éowﬁs pEdend ~ can

occur anywher gty Sid dBREED by SANENEAY sueh 8ERYRS: ME@ler. Tt has been shown

that the database of repeats used by Repeat Masker does not include region specific
or chromosome specific repeats. Using the search engine described above in
section VII, such repeats are easily found because exact match counting can form

20  the basis for set algebra of the genome. In particular, a subset of the genome can
be made inio transform strings, which are examined to find chromosome specific

) repeats.

[0175] A transform string from chromosome 1 was annotated with the word
counts within itself and within the entire genome. A search was performed to look

25  for contiguous regions of chromosome 1, at least 100 bp in length, with high 18-
mer counts in which the exact matches were found to derive mainly from
chromosome 1. Such regions were readily found, ranging in length from 100 bp to
35 kb. Focusing on one such region, it was observed that its mer terrain was nearly
a step function, composed of shorter sequences each with a signature modal

30  frequency and length. The chromosome-specific regions containing one of these
signature regions were collected and a family of chromosome 1 specific sequences

was quickly identified. The chromosome 1 specific region was selected by



tel eneres and centroneres, and often enconpass known genes. 101711 C ose

I nspections of two such regions are displayed in Fig. 6C and Fig. 6D, wth
rati os as connected circles and segnentation values as lattice. In Fig. 6C,
the abnormal region is 135kb on chronosone 6p21 (probe coordi nates 32518 25
32524, Jum® We3RI1% coor di nat es 35669083- 35804705), ak@TaeWiftidees t hree
known genes. In Fig. 6D, the region is a 620kb region from chronosonme 2pl 1
(probe coordi nates 9927-9952, June geno‘rﬁzc' coordi nates 88787694- 89385815)
that contains a nurrber of heavy chain variable regions. [01721 W anal yzed
the inpact of {dbRifpa F’TB'IHMB&E cMdfrofmdNccdmtsteREeedel 90% Of ek twdbieon of
cancer-nornmal data. I'n Fig. 6C and Fi 6D we have overlain the

segnent ati on vEEnO@s cwmﬁmﬂnqqél%mallsm%%@mg%@ms crqatqfhag@ﬁalpsm verti cal

"attiee, Fio. Beib et SR MERHe b B E Be R L el LEPRAEL S TSy on

i n SK-BR- 3 t haitot ahlew¢ll toexcezll 1 @0bae gaitse tli was foundcad hqasironse that thistrsgeat Iasr mal . 1 n
SK- BR- 3 the f I anki ng re(igl on ccurs at_a co nunber tg gggg to be two
copi es per cel peen gppptate ?‘ﬁ‘?Ye’E f%erﬂgee CostIAp B "é&@ﬁ: ced to

one. But the SﬁE%E{aggéﬁﬁs %Pﬁ)@étﬁer'eﬁcdd@%1&@9191%&1b§9‘i5r(9£m@¥ cehinpo that 5

normal. In Fi observe~an anal ogous condition on chronosonme 2p 11. In
Fig. 6D we havbwdiosmlqudomdsmegnent ation data fromthe tunor. This region

i id | | h . | e Al CGe f
L port 1 on o BRI Thie shoh nEocBS by Sihich s R Re Pesifs TRt Brtiogs, ot o usos

the search engiaide aﬁﬂ]eaub Fiadihgropaiitivie DA ieO\zhamdhe gédhR] indNging thdske
descri bed conditions and paraneters nornally encountered in the art which

are gbvi od8 t othetriseotsrgoppiged R sl Maskergr othenprogramst he spirit and scope of

the present inyait i1001- PObEDesith UsieheMeERAbiie Of the present invention can
be used to per%‘r#‘—mnmm'%’s—m%‘gmﬂmvhor on subsets of a genone

(e.g., a chroni®ddie)Thelabodsmprioned searel) engivseandemerd iatprahresiesigevRobts r egi ons
havi ng hi gh word cou und ar.e not..d cted by search tools
such as Repeat R/ﬁ%‘?é"?fyqs?aﬂlﬁtgg%ﬁ’ééwhg%mn%a?e?ﬁﬁﬁﬁi? SHIRIEnEREY e neat s used
by Repeat MaskpNAdageBtheefort ol ofde Jfrﬁmrpmémes ihipgobeQesigh it RsEiREERzeS PEC fi C
repeats. Using the search engi ne descri bed above in section VII, such

repeats arfé eadpss\aybidinstione Frayioss asohes desighiag aprligations davapsed spest

masking to exclude repeat regions from consideration. This type of solution is

problematic, in that it does not provide protection from regions that are repetitive
such as chromosome specific repeats, and it excludes "repetitive" regions that are
unique.

20  [0178] While rules for hybridization between imperfectly matched sequences are
not well understood, it is known in the art that probes that have exact "small"

) matches to multiple regions of the genome should preferably be avoided. Previous
probe applications have chosen probes that minimize aggregate exact 12-mer
match counts, but for genomic probes, these methods are inadequate. First, it is

25  unclear that exact matches of 12-mers have any effect on hybridization under
normally stringent annealing conditions. Nor do 12-mer counts predict homology,
let alone umiqueness in the genome. In fact, a comparison of 15-mer counts to the
geometric mean of counts from their constituent 12-mers yielded a poor correlation
between two sequences that are essentially unique.

30 [0179] A general protocol for probe design using the mer-engine is described as
follows. First, the genome is annotated according to a particular length mer such

that sufficiently long stretches of uniqueness are found (i.e., candidate probes).



20 the basis for set algebra of the genone. In particular, a subset of the
genone can be made into transformstrings, which are examned to find
chronmosone specific repeats. [0175] A transformstring from chronosone 1
was annotated with the word counts within itself and within the entire
genone. Aveeewsoss7eas perfornmed to | ook 25 for conti gbOUES20e4116088 of
chronosone 1, at least 100 bp in length, with high 18 nmer counts in which
t he exact nmatches were found to derive‘éﬁi‘nly from chronosonme 1. Such
regions were readily found, ranging in length from 100 bp to 35 kb.

Focusi ng on onrg.SHiCthefca@h@Bate plob¥Pite %%é(ﬁﬂh{grh@kaéttoﬁe?ﬁﬂeﬁ&ﬂrlﬁigfh was nearly
a step function, conposed of shorter sequences each with a signature nodal

30 frequency amd, preferpbhy, of BHengtihshortersbanethe past lehith usesgp dind theorandidateng one of

these signature regions.were.collected and.a fam of .chr.onmosone 1
specific sequé’ﬁ%@% %&gistaﬁfac“g‘](@%ip g"ﬁf }stlegﬁt.edﬁ egrr?:b%%sggﬁ%ﬂf specific region
was sel ected hyinidee QRREAEIME2 okt biihe BRALAHA B ter Idngthsdent i fyi ng 18 ners
whose chronmosone 1 counts exceeded 90% of their whol e (genome counts, these

18 ners wete dJ0180hg Fobeneing dic abgvecmentioncd potaspls APrshpandidalsquphas Werepeat . | n
addition, the t t 10t _al | owed to
exceed 100 bassgl&%g(??gﬁ %ﬂ%ﬁ? 8%%?%@ %%géguégﬁ%?a%hog#ﬂ% ﬁ:@g&l} %gg{g{ has 5
been annot at e@ousts. OWethirethgse eandidalRerGiesy, gBhmerl wacsekesied withuhdlewestiguh15383) ,

wi th many exons_ that together encqode a r redicte ratei n sequence
having |ow hd’iﬁ)?‘&ﬁ? P !ar‘f.“t quﬁmogﬂ%@@é?ﬁeigﬁmﬁggwa%ch_ chronosone
speci fic repegimidid e sidgleathclesiddts B SRBlb8E dompbiineh Bigs WeR&Ist | ve DNA

t hroughout the genone, including those 10 that are not recogni zed by Repeat

Mas kgr or 1&t heppliddg rssis in dejcamping which @ndisletepeahicde cluoss Saldetedysobeengi ne
[0177] The ab - tL: ' . |0 _prob esi gn. Probes
are generall ywueg%%ﬂw%lg%he d}?@{egg)}lgp%ﬂﬁ %S? ﬁ‘%gﬁ)?g#@rgaggép%éﬁ% r%c%fal y to

conpl ement ar y hybiitizatisn dohiditsrsf ftrveas dnmdaiiat biitstaptiallyedthopiobest peyfegmed pr obe
design is to mnimze 15 cross hybridization. Preyious probes designing

appl i cations RaYAbQ¥REPerEsd RFIOTRAEICHIFTR o MOTEPHHRUF BB SICCPEGHERS from

consi der at i on.gpdifti7aod s RBorR D8 KA A4 abIaBy i SwitH¥hOPlobERHekiEned RidghAd atidvedO€S not
provide protection fromregions that are repetitive such as chronosone
speci fi ¢ tepementionadprotocad wheneipscess splefined agdaving gisuhstantisie.gatazge)

signal/noise ratio.

[0181] BLAST was used to test whether the selected probes were unique within a
particular published genome sequence. 30,000 such probes were tested using the
default parameters for MegaBLAST (filtration of simple sequence was turned off).

20 It was found that greater than 99% of the selected probes were unique within the
genome.

) Example 12 — Pseudo Code Representation of Algorithm

[0182] To further illustrate how the algorithm can be implemented to perform a
word counting function, refer to FIGS. 12A and 12B. FIG. 12A graphically

25  defines variables and data structures used by the algorithm and FIG. 12B shows a
pseudo code representation of the algorithm. As indicated above in section VEH,
the transform can be used as a navigational tool for a "virtual" Genome Dictionary
or suffix array. In the simplest case, assume that it is desired to determine whether
a substring occurs in the genome, and if so, in how many copies. In this case,

30  assume that the substring is the single character, "X." All occurrences of X can be
viewed in the dictionary as a block (e.g., search region) where Fx and Lx are the

indices of the first and last occurrence of X. Fx and Lx can be derived from the



uni que. 20 [0178] While rules for hybridization between inperfectly matched
sequences are not well understood, it is known in the art that probes that
have exact "small" natches to nultiple regions of the genonme shoul d
preferably be avoided. Previous probe applications have chosen probes that
m ni mi ze vaggoeomate exact 12-nmer  match counts, but f ARCTHENR60#02606¢ obes, t hese
nmet hods are inadequate. First, it is 25 unclear t hat exact natches of
12-mers have any effect on hybridlzatlé% ‘under normally stringent annealing
conditions. Nor do 12-mer counts predict honology, |et alone uniqueness in

the genone. | QiphaeindsdataQii@ideS The Sike dSthiBIock Q¢IP] Seatoh refien) igROFERI ¢ nean of
counts fromthelr constituent 12-ners yiel ded a poor correlation between

two sequencesFx fiktis alﬁ‘étbé%@h?lioiloPWﬂ?eﬁﬁéx Botq thattbys numbendpRE prot ocol for
probe design i agggj First, the
genone is anng %ﬁ Il’glcor gﬂi@ﬁ%ﬂ"%ﬁa{f ?g?engt%lgrrer\f%ﬁnch that
sufficiently [0183) shrae:hm’edﬁﬁmﬂt mé qunmﬂ&eheat\m bromoe charaeter, wards aiiedat e
probes). WO 2005/ 0357@ /US 0 6060 3 ﬁ@cond these candi dat e
probes are anPptosnied. %Fﬁg t""i1 e BPRGRIFd B preferably
of a length saﬁ Erhfthedt h@&m&%ﬂ?&héMM%@&CE%&MM%&@M@@e pr obes.

One of the candidate probes is selected as the probe based on the m ninmum
aggr egat e nerdmmcsuotﬂb&elpbﬂmdeda Kage ﬁl@@mhebounéﬂgathstm@@ 31801 Fol | owi ng

t he above-nmentio ot 70 ner Drobes..wer e el,ected from
smal | Bgll | iﬁﬁ’é&?‘gﬁl g i cPﬁ%Cr?eiocguﬂq SBFAPALG IS APIHUE,  count s.
Wt hin these waiig Zdadchrs i th @8nonge. Z&smﬁémas&mxaﬁtzadwmthlﬂﬂhe | owest sum of
15-mer counts, with a cut off value of about 900. Add| tional criteria that

el i nj nat d@ r uBenoBr, ydithe Aphabeymds (- %}egwé%LE’é‘\?'éﬁ“E”‘b@sFé cHHEW ABn bi as were
2 501 10 20Dl | kD 5 Skicindh EiANA il ocal 9 cRbghea Lo choose.

Sel ected probes were ’synt pr| nt e l'ass to test their
per f or mance i submrmg,owm}iys thbylmraqﬂermcedmg &\brmdl tIncaddmoh,tthmm amdiend t hat

substanti al | y above fied performance

criteria. Mor® b’ﬁ? lgC’ ﬂ“?hg’?ggﬁl&g@g oﬁf‘BefiﬁtO%SQS 5‘1’ % t o about 98% was

achi eved W t hyg184 prrehesnld X o6tk i HettnkfBan BEX¢en B 0B N, 4iegXwr ot ocol |

where success is defined as having a_substantial (e.g Iarg %% Si gnal/n0| se
D

ratio. (0$g1]epiasn shsripgwdhe genoast Fupkarmeare, ﬂ‘ﬁ@“@é?fé&)@ﬁln S were uni que

within a block” of the transform, indicated as kxw, is the word count of the substring XW in

the genome. The start and end indices of XW can be completed using: 1) Fxw =
Fx + bxw; and 2) Lxw =Fxw + kxw —1, where bxw is the number of words
beginning with X in the Genome Dictionary that occur before XW. bxw can be

20  determined by counting the number of Xs that occur before the W block of the
transform.

) [0185)} This procedure is reiterated, lengthening the suffix one character at a

time, stopping if the suffix does not exist in the Genome Dictionary. If the suffix
W encompasses the entire word, Z, kw is the number of occurrences of Z in the

25  genomic string. An outline of this procedure is outline in pseudo code, as shown in
FIG. 12B. With respect to FIG. 12B, Z is a string of length N, composed of
characters from the genome alphabet, and the alphabounds data structure contains
the indices of the first and last occurrences in the genome dictionary for each
character in the genome alphabet.

30  [0186] Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art

to which this invention belongs. All publications and other references mentioned



particul ar published genone sequence. 30,000 such probes were tested using
the default paraneters for MegaBLAST (filtration of sinple sequence was
turned off). 20 It was found that greater than 99% of the sel ected probes
were unique within the genone. Exanple 12 - Pseudo Code Representation of
Al gori t hiw¢ ib&a57980 further illustrate how the al goriRGHVRAM/BE6) npl enent ed
to performa word counting function, fer to FIGS. 12A and 12B. FIG 12A
graphically 25 defines variabl es and dé a structures used by the al gorithm
and FIG 12B shows a pseudo code representation of the algorithm As

i ndi cat ed abcmeezh areﬁﬁ!btﬂMechyl r,eferédaeutthaﬂ&ftﬂétm Gacusbef comdlitt,ake @ navi gati onal

tool for a "virtual NOone or,_suffix _arra In the_sinplest

case, assune RIR%Rt W‘f?e t‘ﬂ%é?? gefg’éﬂ"é‘? iHeonEdt ﬂgf' mag?“éﬁb%‘?‘rhp occurs in
t he genone, ﬁnﬁﬁggTﬁ%ﬁgi that the
substring isaﬁge SI gﬁa‘bn %g@?&ﬁ@ﬁbﬁ%e?dégéégérenc S 0 can be viewed
in the dicti cpecificaiondhdivorlk cérepge,” @ aanations sghas f'comprises”’fex and Lx are the

i ndi ces of the first ,and .l as rr.en x can be derived from
Lhe Vo 2005/ 0 S8TEBSRE IS SRl TG le0mP g P high St ALt M ESRE ot Botior o The
size of this dHimekerd ut@ot thé ORIEIonIFdhPdtheriifitefiof of glotip of Iiegtds, 1S al so the
nunmber of occurrences of X. Note that this nunber can be determ ned by

counting the nunber of occurrences of X in the transform [0183] In a nore
difficult case, such as when two or nore character words are to 5 be
counted, the Fx, Lx, and kx of each character X in the genone need to be
determ ned. In other words, the Fx and Lx for each character X is stored in
the data structure called al phabounds. Once the al phabounds data structure
is constructed, the algorithmcan proceed to count the number of tines a
particular word, Z, occurs in the genone. Assune Wis a suffix of Z, W
exists in the 10 genone, and the al phabounds (e.g., Fw and Lw as shown in
FIG 12A) of Ware known. Next, a determ nation needs to be nade as to

whet her XWexists as a substring, where X is the character preceding Win
Z. In addition, the start and end indices (e.g., Fxw and Lxw) of the XW

bl ock need to be determ ned. [0184] If and only if X occurs in the transform
between Fw and Lw, then XW 15 exists as a substring in the genone.
Furthernore, the nunber of X's in the "W bl ock™ of the transform indicated
as kxw, is the word count of the substring XWin



t he genone. The start and end indices of XWcan be conpleted using: 1) Fxw =
Fx + bxw, and 2) Lxw = Fxw + law -1, where bxw is the nunber of words
beginning with X in the Genone Dictionary that occur before XW bxw can be
20 determ ned by counting the nunber of Xs that occur before the Wbl ock of
the trangHeimds7®l85) This procedure is reiterated, penygshemisgot he suffi x
one character at a tine, stopping if the suffix does not exist in the
Cenone Dictionary. If the suffix Wenedhpasses the entire word, Z, kwis

t he nunber of occurrences of Z in the 25 genomic string. An outline of this
procedure is outline in pseudo code, as shown in FIG 12B. Wth respect to

FIG 12B, Z i t Stdbhinga@d 1ength N, conposed of characters fromthe genone
al phabet, and € al phabounds data structure contains the indices of the

first and | ast occurrenpe§fhg?ﬁfﬁ?ggﬁgngkg£&$&ga@ry for each character in
86] Un i se

t he genone al phabet. 30 [0 ess otherw se defined, all technical and
scientific temhsreised herein have the sane nmeaning as comonly under st ood

by one of ordinary, skill in the art . to which this.invention belongs. All
publ i cations and got P%‘F%‘%??B%‘%SH@Nﬁ“&lﬁ%&c‘{g\ﬁ“gﬁfdﬁ%smgz PCTI US2004/ 016060
-55 herein are 'ncw)BéﬁhQifﬁﬂﬁPuuﬂi@)f@f’rﬁﬂE& dcfdl théledulestab b m@él¥otiden case of
conflict, the preséent specification, including definitions, will control.

The materi al sseavendgdhps is hyhridizessaemfieadly 30 @sqqnengs in agenpamenflZbasgpdirtiot i nt ended
to be limting,  Throughout this specification, the word "conprise,” or

vari ations such as "conprises” or 5 "conprising” wll be understood to inply
t he inclusion of a(ctideastPlonif egjé plusalityofnmpleicafeid molegdeshdyat not t he

PCT/ 1820041 016050 - 56-ONgteeh e endRMiRs. ' 1 A bl ural ity of nucleic acid
mol ecul es,  wherein: (&) Bybridizel sedificlly 16 QNEAsE b Micldt Belg hicpuici d
nmol ecul es; (b) each of said plurality of nucleic acid nolecules has a
nucl eoti de s prescnh deoripmedictedstofpg prasent Zeareprseenitationleriyed: fom sydgenomee in a
genone of Z b ihg pe%iefs@ﬁtaﬁo%rhqving no more than R% of the complexity of said genome; and
(iii) no more than X exact matches of L; nucleotides to said genome
and no fewer than Y exact matches of L; nucleotides to said genome; and
wherein:
(AN =500,
®)Z =1x10%
(C) 300 =K =30;
®»)70 = R =0.001;
(E)P =(NxR+( x sigma)yN;
) (F) sigma is the squareroot of (N x R x (1-R))
(G) the integer closest to (logs(Z) +2) =1, = the integer closest to
log«(Z);
(H) X is the integer closest to D; x (K — Li+1);
(DY is the imteger closest to D, x (K —L;+1);
(N15=D; =1;and
)1 =D, 205.

2. The plurality of nucleic acid molecules of claim 1, wherein N is
selected from the group consisting of at least 500; at least 1,000; at least 2,500; at
least 5,000; at least 10,000; at least 25,000 at least 50,000 at least 85,000; at least
190,000; at least 350,000; and at least 550,000 nucleic acid molecules.



(c) at least P%of said plurality of nucleic acid nolecules have (i) a

| ength of K nucleotides; (ii) hybridizes specifically to at | east one
nucleic acid nolecule present in or predicted to be present in a
representation derived fromsaid genonme, said representation having no nore
t han R% owoubns/ogospl exity of said genone; and (iii) nBCHUBIO4/¢18060 X exact

mat ches of LI nucleotides to said genone. and no fewer than Y exact matches
of LI nucleotides to said genone; and WheT ei n: (AN > 500; (B)zZ _ 1x108;
(©) 3007?K?30; (D) 70 ? R? 0.001; (E) P=(Nx R+ (3 x sigma))/N, (F) sigm
is the squareroot of (N x R X (1I%) ((3 the i nteger closest to (log4(2) +
2) > L, ? the integer closest to HI?XIS the i nteger closest to Dl
X (K- LI+1); (1) Y |s3t1‘lr@nhﬁ@1@y@fn@qlme@dmo cps of qlagm 1, weherejn Z is

(J)1.5> D, >: ngt i f I cjid nol ecul es
o ci a1, wAERA e e onisirof BRI s el L s AT et
500; at Ieastloweﬂﬂmlaktlﬁas¥,2,500 at Ieast 5,000; at |east 10,000; at

| east 25,000; at |east 50,000; at |east 85,000; at |east 190,000; at | east
350, 000; and at |east 550,000 nucleic acid nolecules. WO 2005/ 035792

PCT/ US2004/ 016060 57 £ ryHisubliyorhididlc Rid iéRkRbordlith okl @g of claim
1, wherein Zis selected fromthe group consisting of | east 3 x 108, at
| east 1 x 109 gemime ipagiaminalian g@oMheand at | east 1 x 10". 4. The plurality of
nucl eic acid nol ecules of claim1, wherein the genone is a mammualian
genone. 5. The plurality of nucleic acid nolecules of claim4, wherein the
genone i s a human genone.The plurality of nucleic acid molecules of claim 4, wherein the

N genome is a human genome.
6. The plurality of nucleic acid molecules of claim 1, wherein R is
selected from the group consisting 0f 0.001, 1, 2, 4, 10, 15, 20, 30, 40, 50 and 70.

7. The plurality of nucleic acid molecules of claim 1, wherein P is
selected from the group consisting of at least 70, at least 80, at least 90, at least 95,
at least 97 and at least 99.

8. The plurality of nucleic acid molecules of claim 1, wherein D is

9. The plurality of nucleic acid molecules of claim 1, wherein D; is

10. The plurality of nucleic acid molecules of claim 1, wherein L;
1s selected from the group consisting of 15, 16, 17, 18,.19, 20, 21, 22, 23 and 24.

11. The plurality of nucleic acid molecules of claim 1,
wherein
each of said P% of said plurality of nucleic acid molecules further have no
more than A exact matches of L, nucleotides to said genome and no fewer than B

exact matches of L, nucleotides to said genome; and



6. The plurality of nucleic acid nolecules of claim1, wherein Ris

sel ected fromthe group consisting of 0.001, 1, 2, 4, 10, 15, 20, 30, 40, 50
and 70. 7. The plurality of nucleic acid nolecules of claiml1l, wherein Pis
selected fromthe group consisting of at |least 70, at |east 80, at |east 90,
at | east WO2005m85792ast 97 and at | east 99. 8. The pl uPETlUE2p04416¢60cC| ei c aci d
nol ecul es of claim1, wherein D, is 1. ﬁ The plurality of nucleic acid

nol ecul es of claim1l, wherein D2 is 129%0. The plurality of nucleic acid
nol ecul es of claim11, wherein L, is selected fromthe group consisting of
15, 16, 17, 1&h&Rin 20, 21, 22, 23 and 24. 11. The plurality of nucleic acid
nol ecul es of claiml, wherein_ each of said P%of said plurality of nucleic
aci d nol ecul es f ur (3hér>havethpintegep plesesHadegaZdxaét nat ches of L2 nucl eoti des

to said genone and . it ILR. nucl eotides to said
genone; and WO 2Oog’?%gg%gﬁtﬁg#?%é%%@%g%ggbwg’g(Z){Afwé ein (a) L> > L2 ? the
i nteger cl osest t o(d) Bidhe)nteged clogds) toM, xs((K kL it e(fer46))psest to D3 x ( (K-

L2+1) x (Z / 4L2)); '

(c), Bjs the integer closest to D4 x ((K- L2+1) x (Z /
4L2)); (d) 4 _ m@;“a%%?s(?eg’f%b_o.s 12. The plurality of nucleic acid

nol ecul es of clai mejls pher@sn D3 3, 2, or 1.5. 13. The plurality of
nucl eic acid nolecules of claim1l, wherein said P%of said plurality of
nucl ei ¢ acid nol ecul es have at |east 91, 92, 93, 94, 95, 96, 97, 98, 99 or

100% sequence identity 1tzo .ﬁ% :luggl?(g09&%16?ua%ideﬁlgle@t%s.do%%ﬁglil $h Efly nt or

predicted to be present™in present ation. I"ural %of nucleic
acid nol eculex®f2, 6dlB5.m 1, wherein Kis selected fromthe group consisting
of 40, 50, 60, 70, 80, 90, 100, 110, 120, 140, 160, 180, 200 and 250.

)
13. The plurality of nucleic acid molecules of claim 1, wherein said

P% of said plurality of nucleic acid molecules have at least 91, 92, 93, 94, 95, 96,
97, 98, 99 or 100% sequence identity to at least one nucleic acid molecule present

or predicted to be present in said representation.

14. The plurality of nucleic acid molecules of claim 1, wherein K is
selected from the group consisting of 40, 50, 60, 70, 80, 90, 100, 110, 120, 140,
160, 180, 200 and 250.

15. A plurality of mucleic acid molecules,
whereimn:

) (a) said plurahity consists of at least 100 nucleic acid molecules;

(b) each of said plurality of nucleic acid molecules has a nucleotide
sequence that is at least 90% identical to a sequence in a genome of at least Z
basepairs; and

(c) at least P% of said plurality of nucleic acid molecules have

(i) a length of K nucleotides;

(ii) at least 90% sequence identity to at least one nucleic acid
molecule present in or predicted to be present in a representation derived from said
genome, said representation having no more than R% of the complexity of said
genome; and

(ii1) no more than X exact matches of L; nucleotides to said



15. A plurality of nucleic acid nolecules, wherein: (a) said plurality
consists of at least 100 nucleic acid nolecules; (b) each of said plurality
of nucleic acid nol ecules has a nucleotide sequence that is at |east 90%
identical to a sequence in a genonme of at |least Z basepairs; and (c) at

| east PY%wd 28033792l ural ity of nucleic acid nol ecul es MENVES2004/0§6040 | engt h of K
nucl eotides; (ii) at |east 90% sequenceq9i dentity to at |east one nucleic
acid nolecule present in or predictedto be present in a representation
derived fromsaid genone, said representation having no nore than R% of the

conpl exity oOf reprkséhtativRAAdES fotitlihan i ckadi enaliheSot Datuckotdaaed sai@t ches of LI
nucl eotides to said WO 2005/ 035792 PCT/ US2004/ 016060 -59 representati on and

no fewer thantepressm@ionn@dches of L, nucleotides to said representation; and
wherein:  (A)gp 1x108; (B) 300 > K > 30; (§70>_R>_0.001; (D) P>_ 90-R
(E) the integer closest to (log4((Z x R/100) + 2) ? Lj the integer closest

to log4((Z x R/10@Q),Z £f)x W's the integer closest to D, x (K- LI+1l); (Q Y

is the integer clo t X (K- LI+1); (H1..5 _! D _>1; and
(1) 1>D2>0. 5. 16. éﬁé%?ﬁ?%@y of nucleic acid nol ecul es of claim 15,
conprising at |eagh76Q0R p.0deast 1,000; at |east 2,500; at |east 5,000; at

| east 10, 000; at |east 25,000; at |east 50,000; at |east 85,000; at | east
190, 000; at | east ®B® BOOR;or at | east 550,000 nucleic acid nol ecules. 17.

The plurality of negshRiiGeRf blsPlofoghZ x¥)nbbt B 20, LR e fer Closest
to logs((Z x R)/100);
(F) X is the integer closest to Dy x (K — L;+1);
(G) Y i1s the integer closest to D, x (K — Li+1);
) 1.5 =D; =1; and
M 1> D; =05.

16. The plurality of nucleic acid molecules of claim 15, comprising
at least 500; at least 1,000, at least 2,500; at least 5,000; at least 10,000; at least
25,000; at least 50,000; at least 85,000; at least 190,000; at least 350,000; or at
least 550,000 nucleic acid molecules.

17. The plurality of nucleic acid molecules of claim 15, wherein Z
is selected from the group consisting of at least 3 x 10%, at least 1 x 10°, at least 1 x
) 10" and at least 1 x 10"

18. The plurality of nucleic acid molecules of claim 15, wherein the

genome is a mammalian genome.

19. The plurality of nucleic acid molecules of claim 18, wherein the

genome is a human genome.

20. The plurality of nucleic acid molecules of claim 15, wherein R
1s selected from the group comsisting of 0.001, 1, 2, 4, 10, 15, 20, 30, 40, 50 and
70.



is selected fromthe group consisting of at least 3 x 108, at least 1 x 109,
at least 1 x 1010 and at least |Ix 10". 18. The plurality of nucleic acid

nol ecul es of claim 15, wherein the genone is a nmanmalian genone. 19. The
plurality of nucleic acid nolecules of claim18, wherein the genone is a
hunan gemormoes/@3792The plurality of nucleic acid nol ecROITEES2H/084069 m 15,
wherein R is selected fromthe group consisting of 0.001, 1, 2, 4, 10, 15,
20, 30, 40, 50 and 70. WD 2005/03579Z *PCTI U52004/ 016060 -60 21. The
plurality of nucleic acid nolecules of claim15, wherein P is selected from
the group consisting of at |least 70, at |east 80, at |east 90, at |east 95,

at least 97 and at |east 99. 22. The pl urallt){ of nucl ei c aci d _nol ecul es of
claim 15, wherein D1 R4 IheﬁlgrallwnﬁPlﬁeré‘Flid erules QEplaim 15 cvhered®Pecul es of
claim15, wh I é%st%' ecul es of

cl aim 15, Wn§$ g‘%lénbt%zﬁm#lﬁlelgr?%ct e%&ﬁgg}rﬂd{ Jleét Z?(gg%aﬁgggsa?g“ ng gtf gé%t‘ 16, 17,
18, 19, 20, Xb,atA@ast YBamiwed1<24t99. 25. The plurality of nucleic acid nol ecul es
of claim 15, wherein each of said P%of said plurality of nucleic acid

nol ecul es further have no nore than A exact matches of L2 nucleotides to
said genome and no fewsp, m@ﬂuﬁmﬁﬁﬁaeﬁ%ﬁmﬁec@ksb?aml%&ue&%mo sai d
genome; and wherein (a) L1 > Lz ? the integer closest to |og4(Z) 3; (b) A
is the integaslclosest to D3 x ((K - L2+1) x (Z/ 4 z)); (c) Bis the
integer closest to D4 x ((K - Lz+l) x (Z/ 4L2)); (d)4 D3> 1;and (e) 1>
D4> 0.5. 26. The plurality of nucleic acid nolecules of claim 15 wherein

sai d P% of said plural 28y Thé platatityed fameleicAcidmadenules sf tlaiwe 1 HiwHemsasD, 91, 92,

93, 94, 95,

N
1
!

isl.

24. The plurality of nucleic acid molecules of claim 15, wherein L;
is selected from the group consisting of 15, 16, 17, 18, 19, 20, 21, 22, 23 and 24.

25. The plurality of nucleic acid molecules of claim 15,

wherein

each of said P% of said plurality of nucleic acid molecules further have no
more than A exact matches of L, nucleotides to said genome and no fewer than B
exact matches of L, nucleotides to said genome; and
wherein

(a) L, > L, > the integer closest to loga(Z) —3;

) (b) A is the integer closest to D3 x (K~ L+1) x (Z / 4%));

(c) B is the integer closest to Dy x (K — L;+1) x (Z / 4%));

(d)4 =D; =1; and

(e)1> Dy =0.5.

26. The plurality of nucleic acid molecules of claim 15, wherein
said P% of said plurality of nucleic acid molecules have at least 91, 92, 93, 94, 95,
96, 97, 98, 99 or 100% sequence identity to at least one nucleic acid molecule

present or predicted to be present in said representation.



96, 97, 98, 99 or 100% sequence identity to at |east one nucleic acid

nol ecul e present or predicted to be present in said representation. WO
2005/ 035792 PCT/ US20041016060 -61 27. The plurality of nucleic acid

nol ecul es of claim 15, wherein K is selected fromthe group consisting of
40, 50, 6WQ206/38% 90, 100, 110, 120, 140, 160, 180PCPUNEHU®80. 28. The
plurality of nucleic acid nol ecul es of La|n11 wherein said representation
i s produced by sequence-specific cIeavaé of said genone. 29. The plurality
of nucleic acid nolecules of claim28, wherein sequence-specific cleavage

is acconplished with a ZﬁSFHelpﬂ)lIrhlﬁ?oEﬁld:Wé‘d@ﬂﬁEculB@ochéi@ 1Bl Whédeintyy Of
nucleic acid nolecules of claim1, wherein said representation is a

conpound repreese}wadi&@mthegrourrﬁelsymgﬁﬁw@o&@ Hu8P.10e 1805 i140.030e k40 es of

claim1l, wher%@ 1%3'iii)OaB yral ity of nucleic acid nolecules are inmobilized
on the surface of sol'rd phase. 32. The plurality of nucleic acid
nol ecul es of claim 31 wherein said solid phase is selected fromthe group

consisting of a nonn an ocel, S r.ane, Iass sl i de,
and a nicrosphere. PS?%‘WP%}“‘J&;G‘%F& ’é‘f’@ @ﬁ% mhgge 5% | ai m 31,
wherein the ésEhtﬁ\ﬂﬁl 1@gr03ﬁéele9lséﬂ'u%ﬁdet e@fic B¥Sa ?é 6f safd gbnbRkecul es on said
solid phase are known. 4. The plurality of nucleic acid nolecules of claim

33, wherein said plurality of nucleic aC|d nol ecul es is on a mcroarray 35.

The plurality of nuclei i d ec aid plurality
of nucleic acid nol ecul Saﬁ‘f h@b%ofl &%Ofec‘ggsﬁerag 2 B%Iherﬁnrret hod of
anal yzi ng a ng&uehde-spédific aadva%ee;,s a&o@mﬂ,hmhﬁm axeaﬂmdnSdnagrmclA&e?OOS/ 035792

PCT/ US20041 016060 -62 (a) hybridizing the sanple to the plurality of
nucl eic acid nol ecules of claim11; and (b) determi ning to which of said

plurality of nucleic acig THRIphrk it?%fﬁﬁle% achPiBleBul Yl diih A6 Wherdt sail"€® BT hOd

of claim 36, wherein salid sarrp els a
representation is a compound representation.

31. The plurality of nucleic acid molecules of claim 1, wherein said

plurality of nucleic acid molecules are immobilized on the surface of a solid phase.

32. The plurality of nucleic acid molecules of claim 31, wherein
said solid phase is selected from the group consisting of a nylon membrane, a

nitrocellulose membrane, a glass slide, and a microsphere.

33. The plurality of nucleic acid molecules of claim 31, wherein the
) positions of said plurality of nucleic acid molecules on said solid phase are known.

34. The plurality of nucleic acid molecules of claim 33, wherein

said plurality of nucleic acid molecules is on a microarray.

35. The plurality of nucleic acid molecules of claim 33, wherein

said plurality of nucleic acid molecules is immobilized on microspheres.

36. A method of analyzing a nucleic acid sample, said method

comprising:



representation. 38. The nethod of claim36, wherein said plurality of
nucleic acid nolecules is imobilized on the surface of a solid phase. 39.
The net hod of claim 38, wherein said solid phase is selected fromthe group
consi sting of a nylon nenbrane, a nitrocellul ose nmenbrane, a glass slide,
and a nm cWO00f038792 40. The net hod of cl aim 38, wherei RCTRB2(948160600Nns of said
plurality of nucleic acid nolecules on said solid phase are known. 41. The
met hod of cl aim 40, wherein said pIurarﬁ?y of nucleic acid nolecules is on
a mcroarray. 42. The nethod of claim 38, wherein said plurality of nucleic
acid nol ecul es is (d)ynybriditihg 8@ sdfpliteihe pRIAITESE mitfic AidRioledleobs anal yzi ng
copy nunber variation of a genom c sequence between two genones, said

met hod conpri Slag:l; a2 providing a first genome and a second genone; (b)
prepari ng detect abl : R?ﬂ%r 3 i at | east
one identical rest |é%?bn e §§§§?$?§%£ggn a t@%ﬁﬁgggﬁgﬁggggggﬁ%ggions W th

t he plurality saipledgbsdizesaci d nolecules of claim1l or 31 to allow
hybri di zati on between the representations and said plurality of nucleic
acid nol ecul es; and WD 2005/ 035792 PCTI US2004/ 016060 -63 (d) comparing
level s of the hybridi zagj ofheQhetfiét &F dBRBESHMrahisHTamptRgs £i n a difference
in said levels indicates a copy nunber variation between the two genones
with regard toemesgetabon.c sequence targeted by said nenber. 44. The net hod of
claim43, wherein the two representations are distinguishably |abeled. 45.
The nethod of claim44, wherein said representations are simnultaneously
contacted with said pl ussl THeymethodeflin G6pwhadeinshid plirality ofttucléic agd hod of
conparing nethylation status of genom seguence between two genones,

sai d, et hod cdﬂﬁ?‘i"é‘?%‘g‘?m’%%%%&%%@isﬁﬂac& ?P%l%de@ﬁ%rre and a second genone;
(b) preparing detectably | abel ed representati ons of each genone using at

39. The method of claim 38, wherein said solid phase is selected
from the group consisting of a nylon membrane, a nitrocellulose membrane, a glass

slide, and a microsphere.

40. The method of claim 38, wherein the positions of said plurality

of nucleic acid molecules on said solid phase are known.

41. The method of claim 40, wherein said plurality of nucleic acid

molecules 1s on a microarray.

) 42. The method of claim 38, wherein said plurality of nucleic acid

molecules is immobilized on microspheres.

43. A method of analyzing copy number variation of a genomic
sequence between two genomes, said method comprising:
(a) providing a first genome and a second genome;
(b) preparing detectably labeled representations of each genome using at
least one identical restriction enzyme;
(c) contacting said representations with the plurality of nucleic acid
molecules of claim 1 or 31 to allow hybridization between the representations and

said plurality of nucleic acid molecules; and



| east one identical enzyne, wherein said representations are prepared by a
nmet hyl ati on-sensitive nethod; (c) contacting said representations with the
plurality of nucleic acid nolecules of claiml1l or 31 to allow hybridization
between the representations and said plurality of nucleic acid nol ecul es;
and (d) ovopmsn3isg2l evel s of the hybridizati on of sai dPCEP28&&680| ons,
wherein a difference.in said |evels i ngjécates a difference in nmethylation
status between the two genones with régard to a genom c sequence targeted
by said nenber. 47. The method of claim 46, wherein said nethylation

sensitive method {d)¢eip@gévenadtitiohydrifiizdtion of el egpefemulian, whirsig aa fir st
restriction efrlﬁ%(rre and a second representation using a second restriction
enzyne, wher efiffesance if sapdlevelpindicates o pepyTEPRS afiaken ksiwsamdhe Mz ogni ze t he

sane restrictigp S el ' bty d the other is

not. 48. The f& O%%@quég?%%%@o%ﬁ%e@éﬁl@%ﬂ%f@? %é/lpéli{e?%b%p'sensitive met hod

i nvol ves chem cal cl eavage of nethyl-C sequences after naking a

representation with a nop-jeth tion.sensitive restriction.enzyme, such

ot Ca VD 2005/ 035799 PEkT TSIRMRLENED Lo e BV dE A od {1 om a

met hyl at ed geppfRalishably3ive@ui shable froma representation derived froma
A

non- nmet hyl at ed genone. “49. nmet hod of i1dentifying an oligonucl eotide that
has: (a) a length of K nucleotides; (b) at |east 90% sequence identity to

at | east one nucleic acj |.ecul K N, i n or.predicted to be present in
a representation deri ve%gfﬁ%rﬁmgkl%dgor{g%éﬁ%?’&%?ewgﬁggwfsség%oﬁgia?es, and (c) no
nore than X exi@ﬁﬁtaﬂaﬁlgl?esmafted.witmmdpmfdﬁ@aﬁfnhaeﬁabﬂ meleane. and no fewer

L

than Y exact matches o , hucleotides to said genone; wherein: (i) Z> 1 x
108; (ii) 300 >_ K >_30; (iii) the integer closest to (log4(2z) + 2) >_ L,

>t Q’e_ integer closest tg &ﬁﬁﬂfo@ofcc(ﬂq’{&in%h&tﬁy%%oh BlaRRFa pbRRASt tO D x (K -
,+1); (v) Y is the integer closest to D2 x - LI+ ),
sequence between two genomes, said method comprising:

(a) providing a first genome and a second genome;

(b) preparing detectably labeled representations of each genome using at
least one identical enzyme, wherein said representations are prepared by a
methylation-sensitive method;

(c) contacting said representations with the plurality of nucleic acid
molecules of claim 1 or 31 to allow hybridization between the representations and
said plurality of nucleic acid molecules; and

(d) comparing levels of the hybridization of said representations, wherein a

difference 1n said levels indicates a difference in methylation status between the

) two genomes with regard to a genomic sequence targeted by said member.

47. The method of claim 46, wherein said methylation sensitive
" method involves preparing a first representation using a first restriction enzyme
and a second representation using a second restriction enzyme, wherein said first
and second restriction enzymes recognize the same restriction site but one is

methylation-sensitive and the other is not.

48. The method of claim 46, wherein said methylation sensitive
method involves chemical cleavage of methyl-C sequences after making a

representation with a non-methylation sensitive restriction enzyme, such that a



(vi) 1.5 > DI > |; and (vii) 1 > D2 ? 0.5; the nethod conprising: (A
cleaving said genone in silico with a restriction enzyne to generate a
plurality of predicted nucleic acid nolecules, (B) generating a virtual
representation of said genone by identifying predicted nucleic acid

mol ecul eswezohodsaei ng a | ength of 200-1, 200 basepai r LCT/YRBM494400%; (O

sel ecting an oligonucl eotide having a length of 30-300 nucl eoti des,
inclusive, and at |east 90% sequence identity to a predicted nucleic acid
nmolecule in (B); (D) identifying all of the stretches of L, nucleotides
occurring in gpiesentatibh gaived frentd dethylared gédomecie dfstingvishgble fidin 4 he nunber of
times each of said stretch occurs i sai d genone satisfies the

requi renents T@P”E%‘}‘?“WS%%P@W?F‘Q?W@EW@%16060 -65 50. The nethod of
claim49, wherein step (E) conprises: providing a conpressed transform of
sai d genone; providing an auxiliary data structure that includes information
rel ated to sai d genomnes9.aAdoatlideofndentifyinganedigdnadeotitle fhethashe Li nucl eoti des
usi ng the corrpress)e transfor d the auxiliary data structure. 51. The
met hod of cl ai m 492 P §P‘in)°%]@ﬁ§’ conprises: providing a conpressed
transform of sai d (EEARAR;90v4 REFNCE Hehtity WigtheRE6 R mibkicReid Hsledlle sai d stretch
of Li nucleotides, starting with the [ast nucl eotide and advancing to the
first nucl eotiressnbiner pledicigd fxbe prpsspt inpgerrescpiationfrived frompessmomeobt | de
correspondin i r iteration is stored as an index nucl eoti de,
said iterati %H%ﬁﬁﬁé}aﬁ’%@l sing: defining a search region that delineates
a conti guous rangdc)mfmore tHaed éxdetanatctiesiofil smictbotidesris faid genoneeuamtlineg t he
number of tings tEe ucl eotige prece ir%lr‘:(y1 sai d.. i ndex nucl.eotide occurs in
said search r }a@r& anaﬂgxactmatc es of L; nucleotides to said genome; wherein:

/ (H)Z=1x10%

(i) 300 =K =30;
(i1i) the integer closest to (logs(Z) +2) =L, > the integer closest to

loga(Z);
(iv) X is the integer closest to Dy x (K — Li+1);
(v) Y is the integer closest to Dy x (K — L;+1);
(vi) 1.5 =D; =1; and
(vi) 1> Dy =20.5;

the method comprising:

(A) cleaving said genome in silico with a restriction enzyme to generate a
phurality of predicted nucleic acid molecules,

) (B) generating a virtual representation of said genome by identifying
predicted nucleic acid molecules each having a length of 200-1,200 basepairs,
inclusive;

(C) selecting an oligonucleotide having a length of 30-300 nucleotides,
inclusive, and at least 90% sequence identity to a predicted nucleic acid molecule
in (B);

(D) identifying all of the stretches of L; nucleotides occurring in said
oligonucleotide; and

(E) confirming that the number of times each of said stretches occurs in

satd genome satisfies the requirements of (c).



wherein said iterating ceases if no occurrences of the nucleotide preceding
sai d i ndex nucl eotide occurs in said search range; and outputting the
nunber of tinmes the first nucleotide of said stretch of Lu nucleotides is
counted, this nunber being equivalent to the nunber tines said stretch of
Lr nucl eovodess/ospgears in said genone. 52. The net hodPCT/UB1084/h6®e, furt her
conprising: providing an auxiliary data structure, said auxiliary data
structure conprising: a K-intervals data structure that mmintains a running
total of each nucl eotide that has appeared in said transformup to and
including a parti cul arsoprrae atetfodioff €dinh 99, athetsin dtép @ icompaisgr essed transform
and a dictionary-counts data structure that provides fast |ook-up access to
the conpressed transf orRigVidiag 2 pemproesse trassfum qbeqid gepwee; 1016060 - 66 wherein

e compressed tr ansf oriiyidg 2 pen: AESIAL016060 - 66 whe
Ctructure and oai d comtt Soudh BFRifiyl B QELRAS Bl AR erlil] |53 Chnerei n

sai d transf or plste@imisaid geoamgyepbsed whil e said counting is being performed.

54. The nethod of claimb52, wherein said conpressed transformis conpressed
such that every three FEFRERE WY Wﬁ‘é?ﬂﬁ%‘gﬁlﬁ}“&@%@f’st“ﬂ%éheorm are

conpressed tog rg%rggsgd{gﬁsﬁ,maaﬁgﬂygﬁ;{%@gisqu%nti ng unconpresses at nost
one such byte ring one of said iterations. 55. The nethod according to
claim51, wherein said genone conprises at |least three billion characters.

56. The nethod accordi cl ai . Wherein.sai d.conpressed transformis
a Burrows- Weel er trangﬁoﬁﬁfBFﬁFﬁEEé%H%ﬁiYﬁﬁﬁwl#ﬁ% P¥BH*8ccording to claim
51, further conprising previdig dicoEpdatea ol dfSaib@sesm@n sai d transform
wherein said defining conprises _using said data and said index nucl eotide

to define said search ritsiitias threweh epplenyeinoridriofsaidsiraich gf Lonwdlegitifes 1, furt her
conpr i si ng: B&?Mg%ﬂﬂ%ﬁ%ét%u btfdd ahd a&b%ﬁ&gg faflhéﬁfsfjn&c?&ﬁﬁé dBhaftid

determ ning a prior nucleotide count, said prior nucleotlde coun
per iteration, wherein the nucleotide corresponding to a particular iteration is

stored as an index pucleotide, said iterating further comprising:

defining a search region that delineates a contiguous range
of nucleotides within said transform;

counting the number of times the nucleotide preceding said
index nucleotide occurs in said search range; and

wherein said iterating ceases if no occurrences of the
nucleotide preceding said index nucleotide occurs in said search range; and

outputting the number of times the first nucleotide of said stretch of

L; nucleotides is counted, this number being equivalent to the number times said

} stretch of L; nucleotides appears in said genome.

52. The method of claim 51, further comprising:
providing an auxiliary data structure, said auxiliary data
struchure comprising:
a K-intervals data structure that maintains a running
total of each nucleotide that has appeared in said transform up to and including a
particular predetermined location in said compressed transform; and
a dictionary-counts data structure that provides fast

look-up access to the compressed transform; and



bei ng the nunber of times the nucl eotide preceding the index nucl eotide
occurs in said transform before the begi nning of said search region;
wherein said defining conprises using said data, said index nucleotide, and
said prior nucleotide count to define said search region. 59. The nethod
accor di ngwoaowsioas?z 58, wherein said prior nucl eotide eocwws200¢0w®i0ai ned usi ng
K-intervals, said K-intervals being stored at predeterm ned |ocations along
said transformand maintain a running t&fal of each WD 2005/ 035792

PCT/ US2004/ 016060 -67 nucl eoti de that has appeared in said transformup to
and including a part'CULVﬁérem%fa%ﬁrﬁﬁlg\aﬂ@ga&@%sﬂg%e &fornfiaRbinpadigty of

ol i gonucl eotides each of which produ y the od of clarm49, said
plurality conpukxisipryglattstihetastang 80d odmpyessedirasforges. 61. A plurality of

ol i gonucl eoti des each of which produced by the nethod of claim49, said
plurality conprising at |east 1,000; at |east 2,500; at |east 5,000; at

| east 10, 000; at |east 2%, ﬁ%netﬁédéf%mhsiowmansﬁatﬂaﬁﬁsﬁn&‘iamo at | east

190, 000; at |east 350,000; or at |east 550, 000 ol | gonucl eot i des.
compressed while said counting is being performe

54. The method of claim 52, wherein said compressed transform is
compressed such that every three characters in the uncompressed transform are
compressed to form a byte, and wherein said counting uncompresses at most one

such byte during one of said iterations.

55. The method according to claim 51, wherein said genome

comprises at least three billion characters.

56. The method according to claim 51, wherein said compressed

transform is a Burrows-Wheeler transform of the genome.

57. The method according to claim 51, further comprising
providing data which is based on said transform, wherein said defining comprises

using said data and said index nucleotide to define said search region.

58. The method according to claim 51, further comprising:

providing data which is based on said transform; and

determining a prior nucleotide count, said prior nucleotide count
being the number of times the nucleotide preceding the index nucleotide occurs in
said transform before the beginning of said search region;

wherein said defining comprises using said data, said index

nucleotide, and said prior nucleotide count to define said search region.

59. The method according to claim 58, wherein said prior
nucleotide count is obtained using K-intervals, said K-intervals being stored at

predetermined locations along said transform and maintain a running total of each



WO 2005/035792 PCT/US2004/016060

-67 -

nucleotide that has appeared in said transform up to and including a particular
predetermined location.

60. A plurality of oligonucleotides each of which produced by the
method of claim 49, said plurality comprising at least 500 oligonucleotides.

61. A plurality of oligonucleotides each of which produced by the
method of claim 49, said plurality comprising at least 1,000; at least 2,500; at least
5,000; at least 10,000; at least 25,000; at least 50,000; at least 85,000; at least
190,000; at least 350,000; or at least 550,000 oligonucleotides.





