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REPRESENTATI ONS OF NUCLEOTI DE SEQUENCES FI ELD OF THE
wO DMERTI7EN [ 0001] This invention rel ates generCT/¥S1004/016060
nol ecul ar bi ol ogy. Mdre specifically, this invention
relates to materials and nethods for generating
nucl eoti de sequences 5 that are representative of a
gi ven source DNA (e.g., a genone). BACKGROUND CF THE
I NVENTI ON [ 0002] d obal nethods for genom c anal ysis
have provi ded useful insights into the
pat hophysi ol ogy of cancer and ot her di seases or
conditions with a genetic conponent. Such nethods
i ncl ude karyotypi ng, determ nation of ploidy, 10
conparative genom ¢ hybridi zaton (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 My
14, 1999). Cenerally, these nethods involve either
usi ng probes to interrogate the expression of
particul ar genes or exam ning changes in the genone
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representations (W0 99/23256, published May 14, 1999). Generally, these

methods involve either using probes to interrogate the expression of particular
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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.
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specifically to at | east one nucleic 10 acid nol ecul e
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250. In some embodiments, a nucleic acid molecule that hybridizes specifically to

another nucleic acid molecule has at least 90% 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 least 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



endonucl ease. It can al so be derived from anot her
representation. That is, the resultant representation
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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  ofnucleic 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)
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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] In accordance with certain embodiments of the invention, an algorithm is
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



particular word occurs in the genone. A "word" refers
to a nucl eotide sequence of a defined length. 5

w(Q 0@34357dn general, the engine searches for a PCT/US2004/016060

particular word by first findi IrJLg the |ast character
of the word. Then it proceeds to | ook for the
character imediately preceding the |ast character.
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o oo e S RGN E T Stk Sekues is s yyord count
1A @ﬂ}ﬁw:pa}th@dgrwﬁts where the sanpl es hybridi zed are

a Bqglll resentation_ and a Bglll representation

dep Qi%ld 76 smﬂﬁ@ﬁbﬁﬂlgomlmhls&tdwquous bqac@awg earshe used to
The RYerﬁékc%B I}/%%?a %Eﬂ ) h a%m h? 6 1%g %epr BiL gtglfhreglasﬁlstcgssed

from i za i on
norhmbwr epresentation pl otted | n Iog scale. The X— axi s
Indexbrl s a fal se index constructed such th

81615 ePther #@W?wdf%da@%&ﬁsg thfelfw%@nézgﬂlrbg@pnge@trﬁom the
t d Fi I B
[T e

experiments used to generate the average ratio in

Fig. 1A The YBRXEE DESEROPENPNOF FHEDRAEWINGS ratio

fromexperinent 1 and the X-axis (Ratio Exp2) is the
mea{@ﬂl 'Hd Figs.ilA-0D (Elmmsﬁrate tite [ediBabititpaeia famatied amtitaedlracy of
30'n|o scale. Fig.. aphs the normalj Oi{rat

0 on thRaT S mereriens TR THARIEHS CPRPENGEN]. (5P Ligghicleotides.

sanpbel A RRdwavas r&fits %@e@ﬁ@ganﬁﬂestl%n)&z%ﬁ'a?e a %ﬁf‘refn%@entatlon

ratio and intensity were plotted og scal
1D MW@’HWNGMt@Iogdnplﬁwd@d fﬂang!Ds 2\@064 o389 Zleavage site. The

PCT‘{(' g%lzsqg/f'e/arol 1?621%9) 1s the mean measured ratio from two hybridizations of

depleted representation to normal representation plotted in log scale. The X-axis
(Index) is a false index constructed such that probes deriving from fragments
defined as having an internal HindIlI 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 Exp1) is the measured ratio from experiment 1 and the
X-axis (Ratio Exp2) is the measured ratio of experiment 2. Both axes are plotted
in log scale. 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

intensity were plotted in log scale. Fig. 1D represents data generated by



simulation. The X-axis (Index) is a fal se index.
Probes, in groups of 600, detect increasing copy
woeoosess79irom left to right. 600 flanking probRST/U81084016060
normal copy nunber. The Y-axis (Mean Ratio) is nmean
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1015 @ichhes (Pie LAt Figh2BheFig0C hndl Fige2 8% Figi XB &ig. 4¢8) the Y-
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BB in'BeRSAR 6, cdRQekRhtinke e ﬁ%lgﬁroéﬁlégj M §8KGILE the

th

chronoso varying cop uctuations

f r oviswatiahtysi of thé entive geuoroe froml dhrémomnskt BRY 3Fes 2A3, Fig. 2B3,

co red t.he .20 normal, reference. The Y-axes.. an,

Rt T et b2t e RBoRBRTES £f BRGR GBSy TS sU B
151 N h8BesSHBdcAt inlthe 10K a8 $hd SXOnhdid@xdys] ThalY-hilsl@xh@measured

the genomc coordinates. Fig. 3A represents cc_)pIyT

nuntagip ffonutheJ&Ki mivsodroherani thed-4xisis thetnensared reticiromjthe 85K
3B for chronmosonme 8, Fig. 3C for chronosone 17 and

Fi g™ %or the X chrompsone. 25 [0020] Figs. 4A-4D

ShOWOl!_ﬂ]e '8 80 @dhadcvenl fabukahadvith B&opy number
analysis o SK-BR- 3 conpared to the normal reference
( Fi Guctupiions dom galysp)ofdhrituaiqr el dine PR BR-34as comwparsddgo the
204 D) norhﬂl Féf&‘?n Sy h%l%”-ag(&qu%éaﬁ?ﬂa% o%?ep}égaftll e ea"ilf rafil gf two
mean  segien $or each probe il g scale. I'n Fig. 4A
anchybrigizaitns infeg ¥ealx | Bhe Xans (Geadnéey) id mdimdyx bSthe gedomic
listed in ascending val ue of th%iGr assi gne

d nmean
s egffoRiinateg oign] irepresenis 408y BREDoulyHREioRs %@?P‘%g?d for
( CefbRdSthe 5Srig. BERIThioniRdE%s, MY. 68 fofchr888 SrhdEFand Fig.

above, places tHe entire genone S&Ed to end. Plotted on
t op3Dffortthe Xndmomoseggrent data is a copy nunber lattice

256)(t [rO%%)]l fgg AL&-%B SFhI'(])% t 2 rﬁlaeyan gggrr?en a%{orﬂ%alculated 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 a 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 lattice extrapolated from the array data using
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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
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cer B¥PH1%hodi nents of the invention. [0027] Fig. 11
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certain enbodinent of the invention. [0029] Fig. 12B

shdmefﬁmﬁseudo code representation of the al gorlthm

e £ Bl B A TR PRt e o sicoRs

i nV@ﬂlteisprndfrfg&b Wiceshoedihgensitthe gtndhee P Rb&dahd@with certain
anal yzi ng Er esentations of a DNA popul ation (e.qg.,
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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,
Annu. 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
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wW@b005/083192 . Opin. Chem Biol. 6:31-38 (2001); IDKS2004/016060
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Annu. Rev. Genomics Human Genet. 2:235-58 (2001);
Aebersold et al., Nature 422:-#98-207 (2003); and

United States Patents 6, 355,431 and 6, 429, 027). A WO
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e BFIOE. 0SS RS OO 8, s

nuc biegiifideson of itshenpépritys it abmptexiiy of heepresentation corresponds
to the 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
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
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5robust restricti

30

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
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
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through the use of a nethyl a}'; n-sensitive
restriction enzynme or other en ]:/)'rre such as McrBC,
whi ch recogni zes nethyl ated cytosines in DNA [0035]
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[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
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.
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900npBviosmay, twooodifed by.che smccprnogtm@ pepmiydi btrmeatures anchanalog
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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
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.
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WO poosi085792 r ays nmay be singl e-stranded or PCT/US2004/016060
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to Rro a e
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th e‘% \és1s éé{gﬂ%} cgb%:cp }nnlglslgﬁﬁ ?ga §01 cg b?@ggé 51
1511 n@e%}amadm;ttdcﬂtat@é P:g@fﬁySMBGthaﬁd 5'5b03964frﬂar’ygiéﬁl§éc$to remove

are then anplified by ynmerase chain 10

r e lewwe p@ﬂﬂl}te‘éﬁewwg groehtgp FerressBtafion, inglyfing repetitive

prl&ﬁeélg onplenentary to the adaptors. The anplified
nts represent a subset of the starter DNA

pop[ﬂOé;B]l Ofihe Barert DNApepalatibn tarciad lacge BNApmolecules such as the

represen&geyons can be made from ver smal | anount
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25 isolated nuclei, isolated chromosomes or regions of chromosomes, and fractionated
cell or tissue 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



genone of an organism or a part thereof (e.g., a
chronbsone or region thereof). 20 W refer to

WO ese3Ent at i ons of such a DNA popul ation as PCT/US2004/016060
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cutter Ives rise to a nore conplex representatlon
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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
subset of the fragments after ligation of the adaptors, thus depleting the resulting

representation of those fragments. Any restriction enzyme, including methylation



the fragnents are between 200 - 1,200 basepairs. For
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15 r epredlenfragments, réshling inh denfav edlg efdanpiler BCRragnplificgédreproducts
to b %h ends of the cl eaged f aq%lrrent,s, panhandl e
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[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



and therefore, a representation of altered conplexity.
I V. HYBRI DI ZATI ON OF NUCLEI C ACI D SAMPLES TO ARRAYS
WO 0@48357The microarrays of this invention are PgPUSZNNI/16060
hybri di zed to sanples of single-stranded nucleic
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2005/ 035792 PCT/ US2004/ 016060 -16 some embodi nents
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such that the nucleic acid 5 nolecules in the sanple
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ollgonu eodti des ar € gener su Ject
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known to, t.ho of sKi

be detected by _an t hod
e RIEee] f AE B SRS R P2 Bty ofDNA
f1 Qarpseand hybrldakale thesame ol RakE BRsbeb, She Rl AR ttensity of
by | aser scanner. In sone
hybridization between the two samples to a particular probe is indicative of the
25 relative copy number 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 predisposition, progression or staging of specific diseases including, for
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[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.
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[0059] In general, the engine searches for a particular word by first finding the

e

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
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.
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10 st r 1986 Ur eProbe dosign istanethauproeticabapnlicatten thapisradvaudgeously

wor cuns i t he.,genone..A "word" refers to a

nucr LRSI STl M ERG SRR E and Frrinidhefoup the
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pr ' € : r f flrst jmmediately
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15 sedoghbedizatiend ahéleymipingieatibyngqaitimcagirebe fotbel ddgngrizsd of
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[ 0060421 ThY st quatlter applimaticnl afdhé $darohi ngachisnt daed differences

because it can be ed to . inplepent several practical

PR SR PRDEH i G Rl FUhE D SSneas prolie it
20 abQ¥R: scEhRnBRIKACENLAR aRf mi}RISBATAL AN #L #uﬁlié.h@%]ingghe

can be used to annotate a nqcl eot | de sequence suc
a @eehengipeapnd pigbes thyt werh degjgmims amtheb eemivnotfdhednts

b [ f. i cul I h '
5 8IS Ohif R ) St et 5Bl e

t herersivrbefthekeridnies a particul ar |ength substring
occurs in_the genonme. These counts provide an

i ndPeoH i oﬁﬁet@filltaﬁ@thgrrﬁp@u@qﬁ@ggn Fthich tha peareugrgine can be used is to

05 SURSELEI : S I ent hi gher .
degh fen? ggetgm%ﬁ%@ﬁ%gﬁgﬁs ng él?é)ée%%me. 18 may B8 GEsirable 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 in the 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.



counts. 10 [0061] Probe design is another practica

application that is advantageously enhanced by using
wo b@sssaprh engi ne. The engine's ability to rapfTiUg2004/016060

count the nunber of tines a pgéticular word appears
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9eNHThirte n’lzlﬁ{iplg 3@1%12{11%1‘8 AP ahﬁ%sgqﬁiéﬁfggeg%ﬁt 95 S,ﬁ&aué Bléla/ one of

progr esses, w segnents of are
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t heslgﬂawosb@éﬁsﬂf‘é,tedi R e L KT HRiftReb 740 via

t hogem PR RRESuCHMmPBeappl i ed to the new version of the
genonme. [0063] Yet still another application in which

10t he[®68} c Roampyien&1¢ amy hecludeadirciigrit smch 25 a percedsgr Wik tdhbase

i cul d ists | h .t
eoT Al SR fishidy v Rule o Rl ais i oy hand
gengimovablelh@tia HReS 219 @.d, I dAdpydidnaf el haD-RO® WRYE or a DVD

wi |l hybridize to a section of "the genone. These words
may diee)gdhisrcacaidryrean dombsd tadtaosmitdgtatto, &ompr andéfribetdeen user

set. of ~cri I a, en d i opwnd, It conpl.enent
o Pt bR P30 R HShe b0 el S T TR RER
15whetebRiiquds ofifiReiayéntiod Byirespbhding e oseR ingut foel ket Meerimee d

and its congl enent do_not appear in the genone, it is
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Theseasrenbinengi ne and applications thereof can be

perforped in accordance with the present inventigon .

usi {@631‘3 | Qé‘taP%ﬁeﬂ\}g stoyesy ifarmaes thabwroyisies thegeargh erging wigh

20 7004 4FRYMoRE iREIuHO e |
TGRSR, B or
( noparqrdawporti@yef therg@®@arabhe inventiod enayuist ithel genome information

ggr@g%ﬁ rg% g;égas%nﬂ4l%§ ggnsitrﬁct:tear sfu?ﬁ)? ar?%lfj ixﬁa’f&”&aﬁa s%’ bebslflcgred 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 Internet 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



each is illustrated in Fig. 7 to avoid conplicating

the drawi ng. Conputer 710 is shown to be connected to
wais@s/083Ter f ace equi prent 730, and | nternet 74BCTUS2004/016060

comuni cation paths 790. 10 [Og§5] Comput er 710 may

include circuitry such as a précéssor 712, database

714 (e.g., a hard-drive), nenory 716 (e.qg.
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Dat ébvase?32lnay; tfarexamipid, enatds & oser tdwaitemromnm td Perform a word
sear ch egl neﬁl\é\l{lth 20 dat? More particul arly
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ocf e At P‘%?%%ﬁ%%ﬁﬁ%'&?‘o o R Eagia R 1

10 con@tspbxytdealcs (7B4 may drerazpmpnter afoniten aablsusioﬁ sflatreaebdisplay, a
d t b 7 Th ffi dat t
o RSl PG LR A8 Sl

tragsfigy m of a genone or a portion thereof. Data
representative 25 of a genone nay be obtained, for
exalffpll Cowmuaicationnahe 79 tiay e fey spitable doropyications path such

iy Sl s T i s e B g GBR Y bbon-wire

15 genidike addicatobtybek, kil Secbrih ifidgtionk MR N@kitf4Bmmunications
V\,here the data is transmtted froma server | ocated,

f orlmx Sheconghingioney suste kst fopmmuynycatiengpaths R0 are configured
Nat
e b YRS Py ol B oy PSR Rl 750

genoteeneldé@ as it becones avai l abI e. [0067] Cenerally,

th ntjty of data repres ntlng the suffix array is
ﬁﬂﬂ‘,”@ "}b%r%tﬂré(r?qflﬂ?é“ %Wr%’f‘ cddn gysiap o9 enthay @esults

th ; [
20 SLASTE Rt BRR R TSR At By g i

st ofersag t he suffix array than nenory 712 because

dat re .data th menor 0068]
Lo dPBTHIE cap A t@&% Ehﬁf Fashgngipa by {5 Gepiay fpﬁmmtmg
co m&adﬁorﬁ@nat@lﬁ%bﬂ ke pR0e %ﬁtﬁel‘yﬁﬁﬂﬁn deMh&ERork R g, by 716)
device 732 may be any Suitab devi ce
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 aneed can substantially hamper search engine performance.
The techniques 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



5 such as a conventional keyboard, a wreless

keyboard, a nouse, a touch pad, a trackball, a voice
w@edoswairezrl consol e, or any conbi nati on of suchrPdBEUSE$016060
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place entirely within the nenory (e.g., nenory 71

of singleewshtpd et mulfhédleg otganiess, ﬁmhldmgtyeesteplpnf asd alamdls such

e S R R R

15a  [ow7dp At éRp-S28UBE genddReid s6i Bctécll’@ﬁd @asfdla¥ioh @F&‘c@ﬁs which
search engi ne perfornance The techni ques used fo

c oufRor iz Hernugtpotidher aigeenlred thogamomengeendag B2

UF EELE FORM.

SRR B L T AR 1Ry o ame

i | | eatstifiieht/Iettéds @avg ¢ Aa) Cs, BRDarsiDY)Shas bppsr iMthe PeBOAE, B1@ these
genone for use. in the search_engine according to the

p ri 1@6?@ gz arggngef @ a difsh prdepy Byfricsmbodimagnt of ia ingggion, the
20USege o igl V\ﬂﬁj@ﬁe& 1% aplﬂi Iﬁfbfnfn' 11@(; {hgﬁtgﬁ)tv@s Whealer transform.

strUcture provi des e basi's Tor gener at
t r afibé Bonpwk- Véhgedar tiansfban ckae?ﬁlﬁ5m%ﬁ%ﬁl2a suffix array. According to

PCT US2004/ 01606 -22 Thi.s transfor rovide
nvenijon, ﬁé“fgiééffé}ﬁ 1%%3.3 @ SPRUTHCRTSSFRIEE 3 'ﬁle yclical

permutatlons of the genome, where the permutations are arranged according to

i

predetermined criteria (e.g., alphabetical, numerical, etc.). Advantageously, the
25 Burrows-Wheeler transform represents the sorted N x N matrix of the cyclical
permutations. 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.



where the search engine can rapidly count the nunber
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whaoosnss7a2 | engt h of 15, 21, 70 or 80 char act er BT/U$£004/016060
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Acc n this_invention, a suffix array is an N x
n@’P?Jﬂx g}‘}é’ﬂféléf‘ew ffix grray is nopecessery foxperforanipg twrd sppsches
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20S eade@tﬂen@@ gF&eex%np‘lé" TaBleeSiBRbtrdt MBS Ejfcqﬁalsﬁs%ﬁﬁﬁﬁéns of the genome

the Burrows-Weeler transform it,
ext &&A@AGT@‘&T&H adieren|8 isgprovided tesmirfk the and agn;he \ghiarhe string.

by further extension, sea&&ﬂgi gh the origina
string representing the %ggggé %@ [ 0075] Genone
sequeggetasse{rbllAfesC:c:agi|éﬁ G$CAFﬁﬁénb|?uogs ch?Lacter
in addition to ext endi ng e

25 genome al phabet to five chAFREAEFAGAWD 2005/ 035792

PCT/ US2004/ 016060 -23  AGTCATSAGAC
GTCATS$AGACA

TCATSAGACAG
CAT$SAGACGTC
30 ATSAGACAGTC
TSAGACAGTCA
SAGACAGTCAT

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

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



Thi s anbi guous character, commonly referred to as N,

is typically used when the nucleotide at a particul ar
w@omsosm of a nucleic acid sequence i s unknowCT/PSDBE)16060

Because the Burrows-Weeler trgnsformrepresents a

sorted suffix array, there is A6 need to access the

suffix array when searching for a particular string of

5 chiphaisdtienldlexiCogbptiiabtder). tHye ekdraglsfTubie 2 Ahstraleean hiphabetical

nennrgﬁ wher e searching functions can be executed h
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array may have to be steredcharaainard-di sk driver as
Sopposed to faster oper ACAGYUCRESREY (e-g>, random
access menoryzof a conmpptetieTERrs10 exapple, thg size
of a suffix agray for therbufBAcgenone_i s on thecorder

of twelve gigabytes. |frspehcaRT@rray_were to bg
stored in nengry, the c &Ee£ L, @Rchi ne _having Rmelve

1091 gabytes of mory woubg EGT Tnnre_costly th%n a
machi ne havipng, for ex g@ ﬁ %gge gi gabyt es of
menory. Theregore, one % i g% f the “search %ngine
is that it dogs not reqdirer fBive and A
menory-i ntensfve machi neSAGECHETGse the>t ransf ofm
represents a t®ndensed VEREFHPRAGACGthe sorted suf€ix

15array. [0077] Wile the suffix array is not necessary
for perform ng word searchesTABKCEGrding this

T o e o D B Bnomo o

betyeshiaihb@by tADRES (AE MstRbterl iRadd FRY of thBSoed drtay. Bcb@Metters
can be constructed by first obtaining the cyclica

per#branPdissd gnder thuedlwonihdeding“Brensfeme 8 indicatingstbathe,

20 oo bl SR hRGR AGACKE Ry BE RIS PR ARG,
t he[0680] Ofn drRenfiRdiBerf] the BEFfix af¥) b sohGAGRGRATIRA
ACAGTCATS$AG 25 CAGICAT$SAGA AGICATSAGAC GICAT$SAGACA

TCAPBABECALDe butigmmecaralid ralins rancier 1 6 ToAcAoser Absing this
$A%%§Iﬁ:ﬁﬂe 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 to one of 57 "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



TABLE 1 [0078] After the cyclic pernutations are
obt ai ned, the rows are sorted according 35 to

w@e@deseplri ned criteria to obtain a parti cul arPCT/US2004/016060

W

| exi cographic order (e.g., an 2005/ 035792
PCT/ US2004/ 016060 -24 al phabétical | exi cographic
order). For exanple, Table 2 illustrates an

al phabef tiauffi-aatangersgats with AeReférahs @1Sasib oW shdws that rows
Tabl e 1, under the headin Sorted Array Row Sort ed
Ar r Ay qirtha §%¢dﬁr@mmm@%cx&ﬁhus fhe-foursows POTGSPORTT AL -

BRI AR el BT gt s

CATSHCAPAM to the alphaBoun8CAempnEd for-C. >L1&ew&eGﬁ€GF$lé&CA
- >A 9 gg,?GACAGTCA > A 10 TCAT$AGACAG- > 15
TABE@T%SPPB fg)rowsn d @ngl Reandythe Tblogktauews P 6Ad 1808 the transform.

sor

o ka5 SROSLP Bl BIOOR, 6703 Ak s
ar r aytheﬁmsfénhewh@'e Kis arpeedeﬁqmmmhdamdahmdmintdnmlxm?wba used to
healn Transf o ndi_cat that the 20 transfo

R B WAt sheh BAYEo e (B ARRES argot These K-

I n [
h eﬁﬁﬁrx&%@ﬂ%}eﬁﬁgd gg%% s%h’tfcfl eﬁ%lﬁﬁ g?%lg%gesgggig%tﬁloﬁ% gﬁ)e%a up the

10s or tourginggroces§ wineheis cdlisasssed belowiingotricion apihriige B and 4.

15

20

25

30

th ig divided into nunbe e. g, , 100

cqu SPERRTR, et PREE X-Muched! BYERT s sFieh pydtBeinupppertorm and
nucheolebdgace thah BonveRBbiY \x@rcpécﬁﬂlﬁhg kdehifded) UsiRfally hen

The offsets into the genone (i.e., the "genoneg'

coopeitlitdite puoketida seauriressaipaer ﬁhh@ foug mllwﬁhgwe@rw lenggh.

o AP o 03 R A ey LG B

pr efising [I[—ﬁlt@‘ﬁlﬁs.s Akduetk thashel tramsfoieh safe tRGharacters
ACGTCAGTCA, and the K-intervals are stored every five characters. At the first
interval, the K-interval 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 transform thus far. The second K-interval
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
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
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.



following the 7-mer prefix, thereby creating the

suffix array. [0081] At step 830, various statistics
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ar r ayerahidis ¢l e tanvbinh while Refiesdrmessed sthablleis 2ptddl however,
shows that rows 1-4 of the sorted array start with A,

Thudhat g hatermaay havs g be é?qoé‘%ﬁﬁﬁﬁd trborfiﬁléfor eSRAPR GRgAC to finish
COW@ rﬁ?lgftﬂé nitnberP i Ictjl Pd’&ci dr IT&L v@uﬁmbﬁ%gﬁp%égn On
C, correspon oun S conpute
1OC Iavéregm, $tehas bhen fSubd tiraka b'ytteauf nmqmmnpisssemﬁatmfﬁnﬁsai&dompressed
, andth(gTbIocktor 9 and 10 .of thgtran rH
[00@’3‘]" lugf wfélwﬂﬁagu%% ege%ré?ts’f goURIInG Figp Yeing Prgprmed by the
evetLyardh 2r of characters in the transform where
Kis a predeterm ned nunber. K-intervals may be used
to [0088p Oncatim mapsfosnak cofipreassd, 1t icicadyt fod eseain thehefytrch engine

cee i by Psren OB e AR T B TRy S P gmsform

15speesh bPqidiRd td DcaRURE cheht BRI S Siretdd T éﬂaﬁlcﬂlaﬁr%&& @6ntained
bel ow i n connection with Figs. 3 and 4 pecifically,

t he Wilkén e gepeme- i nt erval enabl es the search engine to

out rfo%wcdﬁg §ESA f‘& }mlgnconven_tional wor d

counting I"'ques, espeC|a applied to

nuc[6088] d&is Ohens aslxgﬂﬁ&ﬂ&rovstdhaﬂ off fllisstraive stepa for countmg the
characters 1n length. [0084] The follow ng, exanp

f ur PHEPeTOLAImgSRP AW Word FEtSrifaisvanasneae éﬁacysrdag?wglth the
K- i a

20 o PAEGHR: Bt (RS RREhR™ bk R0 OF 01 Bk ded fbsform of the
eve gmcﬁma/amd(}imammdtaey data éﬂructtllue afé pmtvlded nThe vahpretded transform
K-interval jncludes one A two 0 n
AL FHEDESESHETY Ja14 SripLite pin be Obtf“ﬁléd» AR @P)ﬂowchart
t hejiiirbg iy Bls, BNk UdE9142 4 (?Qg} FittePR o] pzﬁjtllsulsﬂ%n%th is provided

nucl eoti des that have occur In the transform
f ar (e.FhACSecortd. Khepatemas p2rably hsttey dfmueleotides thadt rtlwsearch

25 Cs, eﬁé’%ﬁe ooks ?or}qn %h%qra-lqgform of the genome.

N

[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,
it 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



[0085] At step 840, the Burrows-Weeler string is
conpressed according to a predetenni ned conpression

WO 20050357Pr ef erably the string is conpressed usPemUS2004/016060
3-to- 1 conpression ratio. That _is, for every three
characters, the string is conp@gssed to one character
(e.g., 3000 characters is condensed down to 1000
ch aro@@dr%%és of thO&Eers Padm S hé beakdh febRNas defMelihising predefined
appreci ate that other conpression rati os can be used.
For crigxiarsptless apdrtiolat dhavaveer of the qmpxyaaatttgnn ﬁh@habounds and other

niﬁiaess' %%E&n?%@‘%g e&g@{lﬁ edf}f)}l-gg"g@gééalg ,gbOglsll gﬁﬁned is discussed

S C hemBonjuieios Vﬂ’fh‘i‘th@ﬁesoiq%ﬁoﬁj h&bh}%ﬁﬁylﬁg P eobyte codes
represents one of each he 53 possible three-letter

55 ub40090h g At(stepP20, Mrog@p@etenmnesirpm mapptimes the next preceding
S pe%hzxja %} J)P/t e tq{lleera@ ﬁ@ﬁ?lf gé tﬂé ag&Seglt nY %t s{ég)@m if the

three c aracter s eac sub

Conpraeeditlg amsmeh ctwmt i%e:erod t}etquerWaytebﬂkEd nommsrtaaé itlgenprocess
schene. For_ exanp i a three character substrin

oAbk (siop SRy et bagions FBsRctpgS By 0GR g @lmited fange, the

di C})b%%gsr di’f?t%e%ggg &éﬂ g%b Z&P& r%é{,/@ 1$$9ct%@ﬁ§c? %%%tpfrnthe receding

1OTTT,chﬁ1’a¢:tsr mﬂye fhest elgpuacialietite dquersbyditerrdl 24 safth¢ pwcess proceeds to

dictio ressi on sch . 86] The
di CE1BaPy v Mo SDERPL ey %?P[eg% oglpufed@rdihg grqcgss ends.
assifffhe R &g %ﬁﬁact@f‘ﬂ'n‘&?th‘e qir&tt&ﬁa&%f‘éf thg qﬁér‘?%&e?mbﬁle process

providing a fast access | ookup table for quick 5

i dehedps pacigtot shep QﬂL&’ﬁﬁ@ﬂUS@ﬁt hais nmesyea bpfar ddtenmiingd if éhet @fery pattern
occurs in.a co vant eou

poc AT ARREE i R elae ALk hE B BRIAIRRSR s redefined

15cou51glhg%redé%ﬁ{eugﬁ$ergn the transf orm V\,hl I einits
conpressed state, It is noted, however, that a byte

may [01e NMolswatisabarys Bwsedrch reginnde redefiped heng éwélﬁns 1 and 2
engi gL o finish counting the nunber of tines a

partlcul ar letter occurs within a search region. On 10
average, it hasarbPesitidioddtZhat a byte of tlig)

conpressed transformis deconpressed two- thlrds of

the tinme duri kgddositionar e EpsiEgR At ng st ep Bei ng

20PEr tﬁ{e{"@eﬂ iPMe SRS porffn t}?en&ls&ﬁmg[ (glgﬁd} er %?dﬁlg ?c% hlg

tra ormis conpresse I'sr use |

S eaal;ﬁnabmg]idm,@ repfestine tlmmmdfet of mnemthle@mece&iagtchanabiar bgeurs in
the co ssed, Burroms Wheel e aran orm 15

queilt MSEPIMGREIGE €0 H ORISR IGE, ST énfbﬁla %?Presents the

par hh&%k@&ftﬁﬁéﬁhmf&émﬁg eharm&fuceuﬂs n@ﬂﬁ%ﬂ%ﬁﬂ}( GefindGRBurch
COUNTI NG ALGORI' T shows a sinplified

f1 oweghar.t of |Ilustrat|ve steps for counting the

25 [0092] The redefined search region also potentially contains all occurrences of
the query pattern, but the newly defined search region further limits the character
positions that need to be searched in step 920. After 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



nunber of times a particular word exists in a given

genone in accordance with the 20 principles of the
worerosesgypne. Begi nning at step 910, a conpr essBAI/US2004/016060

transform of the genone and an.guxiliary data

structure are provided. The cdn‘?‘gressed transform and

the auxiliary data structure can be obtained, for

exachdrectefsriomithend incvsshmhtregioh, litwill bd @dhclude& tlgt nd sudtpattern

step .9é4, a ery pattern of a particular length is

pr ovided C]f'ﬁomeACG : The pattern is preferably
a s{6093 LG '
ook g q‘.flgné“?@e ttl%;%?%g%?n%%?ﬁ F o7 RSl e g

t he a@etlyn pahisexampls ysesoth dédirati veegenenred A GAGAGECATS), suffix

Swhatee HtoRager i irare: (RS QST EAAGT aidiabhotnds

It dedcpibkby ﬁ@ﬂ) HE@&?&CMOI?M‘[H%EIGE @%nﬂ@nﬁﬁ"thlg’gxe{rﬁ *Sissume
it appears At s the iterative process begins

by dwt Bmsmqurmwr@tb@frmm hery) many tmes thervegid SEAGlhippbars in the
dellgr}ts 30 a range of character positions within the
trafSiOrth The search regi on delineates a block of

chafeosuer $n FigaﬂOAnﬂhe @&odé%bdgir@fby)ﬂeﬂﬁﬂtu@g]ﬂﬂe@bl@tzk because G is
position_ Y of the ressedtransform Thi s search

10 egihsragtdettes Ffb@ﬁ)w%é PERG., alAAsyillewrates e lelocmegms at posmon 7
200%@%&1@%@})5 (Hélrh%a; 81%/ ét%r%gp%lheel%z trglgsgﬁ%ﬁ e{‘ﬁesg Ipﬁsmons are

query pattefrn e seéarc ined

pr edethineé drontthietafghiaBowide h Oase thef@block id @dhnﬁ)ll?bﬂ[ ﬁt@teﬁgmefsearches
the_query pattern, al phabounds, and gther data

mor ©T 3B gpvnts theymbenef A5 the n%wqcﬁ%il%alt%ﬁf?t‘tféﬁ ."SAG S existing
def sgigd N
oo P 04 S BP0 Ryl PO Bl ths
15 920indidating ot egedete contaias t\h@mcammeycdsldfﬁAG he next
h f.ot h
P R8s ShF doBGr 0 Hhor¥its iy Bs Sed Bt BB g gotmtng the

chap@fb& or¢@atta Jadti Al Qettel B éawtfh ﬁfat L&k t
exi st and0 t he gtﬁgclessr eendsﬁp( step 9 24 Hré’%?&?(eel‘g) counting

onethgmamber ef As i the Gheloeli)tani wan hlgo l;le llsenll tt) e:dumtah@m;mbdr@f

ot G A B EREL Rur wibs R patekn RgrTuSBiod oot g counting

20 i rabpss ivrRed@laricRaraber Buslnted doftRicTrorh b pP&ictdrM@ned position
process proceeds to step 928, where the count

o bt @ Sie plartosiionpand tgoar@t%jatthwaaﬁﬁﬁp@morpﬂw@@e ggnultiple of K.
déne acll\tanlt & OE ﬁﬁﬁ% ﬁ{erlg—lﬁ?%rgﬁ(tﬁ %%1 |2t Wltilt%ﬁe ?e(%é engine is that

haracter o process

bacﬂhe timnesit mkegmebmmtmw mahAsmeoh pmicub@ &drd appears in a
determined .if the query pattern does qor does not

exi 7O/ 1t Haeaan espes todpef-igtegvaly, fee Semplcthe ekl bring s
25| SUBLALES e 4 USRI e 08 s
usi nzg efithagérmmse & naha fa@tor in determtmng 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.



bel ow. Start Position = A+ Z (1) End Position =

Start Position + M- 1 (2) 20 where Ais the start
w@omsosm of the precedi ng character accor di ngp€DUB1964/016060

al phabounds, Z represents the ngﬁber of tines the

precedi ng character occurs in e transformprior to

the currently defined search region, and M represents

t he IfidLs oK id jimRsed tdise @gﬁtﬁ&dg%@o@&% & fen YeCeHusitsi Br each

the currently defined search region. EOOQ The

r edeleitered egéra(rléﬁntm@gl e belrseprgest wng %ﬂsmgrle Sspramdes for

occurren t

def i A8 age adre(rzlﬁltx e{}lg% g&fr{t%tg c;exl Y4 3%@&% P}f ﬁﬁ%ar g’i& creasmg the

posi stpaw&:qhhamemﬁd thoKbigtes@ac6iasby b fatamb a0, [(NK/@M] Such
the new search region is defined, the process
eont Uit vels agd sisc gorstrajjiehayetbgen ﬁ@;&oy?ff by thgiayyiliary data
char r n : .
ey 5485 g s BRAEBORSH SR ARER " Beb R e croie
querof I{)and KI"[]a tlﬁeesmLfMeﬁﬂdmdrdsusB it peernexdeyticiefperétias been
searc g}f This. | oop may repeat as nﬁjtl nes, as
nec ¥8igvgd poflsmRatRiRiNE Rymemer feAuterRen o iase thap twp gigabytes for
quermeh%taﬁggﬁbm@nd consequently the nunber of word
counts ne of the precedi ng WO 2005/ 035792
1CT/ 1082710410 ﬁﬁﬂﬁl@ SpGeQSh@ctmmang pregessstheaictionanydtounts aata structure
search r%gﬁ? L, be concl uged t hat. n%.][such . h
pat tc&p# s g € ha t %cwsﬁons[c @gg]\ls -1@& CQipprgssion scheme,

i1 ushdraboted 0 tBoaBRN1 24 8écotiReds @6 emm%mgm "EPPNtkBtively.
algorithm This exanple uses the illustrative genone

( AGATIRGIRCHOrBY y-couifts stuctige &y & @gp -diBgnsional-aviaz hag can be thought of

transfar esc
or oV IRy FECEAT R e A e il B 3S5 SR i e o e
18X am@h@re@ﬁﬁmeuo ntﬂesﬂﬁﬁ{ edbBRbRinirOc SHE SIS A6 edt@Metter of the
many tines the wor G' appears_in the genone

[ 00FPOg amh@betm/xhromﬁb Tp rﬁ@égﬂow@gueﬁﬁlaw by etayrafieramgple how

h

e {6 ROl 80 it ad R HR Pl bR b HPeouning
posidpematiods. and ends at p05|t| on 8 of the
R B R e Sord B vy o
a6lel Id&ér&%mg ’&}?e RN Bf AS A B@c}r bERE elegeaqewégﬁog, fg;\sgg the K-

nunber of AS, the next preceedi ng char act er
exi ghiemgl cauittth structire d&chibed kboviej e efigi@dcahGumpt awithinat least

As as%q%%és c;thé Igl?ﬂec]f;lt Etlagt%%smon o? 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.



15 indicating that the genonme contains two occurrences
of "AG " [0095] If desired, K-intervals could be used

_Wo oos@si7hi t ate the step of counting the nunbePCDUS2004/016060

tinmes a particular letter appears within a search
region (e.g., counting the nunber of As in the G
bl ock) and can al so be used to count the nunber of

t i Mpa09a] partiuks cwiher the dictiehiarg RP@as ath efradtereds 6QabiEbA with the K-
region. To carry out such counting 20 steps, the

par ffitE’iYP]e?rdaﬁarWﬁW% the @%@ﬁﬁ%@rl&wmm@rﬁh@rﬁﬂars requires only
pr egesef ﬁbféelgﬂlg QE é?rh%r}wo(cﬁalg ter E&?}F‘aﬁ‘tsgﬁg mﬁﬁg‘% & Q%SGand

progress to t est positlon I's a nul
K. [(!]ﬂ@] ad%ezﬁﬂsrhal badf toddg, nl@, theaeitch Bhginy e dlelilm1ts the AG block

the search engine is that the tine it

conn e
St ak&vg fgf‘ﬁéo RN tkRAYS thhrEssio gegygh fqrdhy Rext wercading

10y anther Gddaskss pblamiey)

app @H'e[r§cté1n PhedSNAAE 1dsDf :pﬂen&@rblwk aa!l]% gol%ﬁg %ggadgﬁeigttﬁfmgnber of

K-intervals, the size of the wor
andtimise A pmeedeedfm G bibckan tegeasfonarto dedimtpsition that the A block

dd S.., Thus,. t he ize of. th n

oPERRTR e PRI BiESaspls Doy e A fessotie s Golock.
of ThéefsreRifsERatisl RSS! Whatd\ fsheads-Z ite 5\@% SRR of 2 for
structure are too Iargre to fit in menory

he ﬂncbn&p@&mmfrbhﬁ AG mroétaquaml@

ig:‘r‘p @gggg bgpgr\ﬂ{: ! e@ls gﬂ EUI Z{% :fﬁ nglnt#g 9_‘31610?198 Equation 2

FTBXyll&ldmaﬁufKGﬂO&H erRiopBttdn oA 3L asrbgedmtlﬂF 1per f or med
does not exceed K/ 2. [0096] If desire subi nterval s

of HIPE] kOnge the AGdledk ixfqundethy searegngins et thenumber of

R D

15 PCT£duS200sbc@ieAB B the Akt biiaradi@ fitzewofd "ICAG."| This, 8d skarch

be | ess th for é)?Earrpl e, then the counts for each

n
| et ‘?r@‘nea}’le@@ér"\ﬂorﬁcpﬂli‘t VBf- can be recorded using a
sin i .

s eﬂiggﬁgtyliwf;gg 113@@5@»{1&@% enorhfEARS b IRAR! JokitBhs and a
i ncsoatedisntfix dreny thwehae cmﬁdma‘req:mihioas tarespbdiig tonthe pe@dme's
count s ctor.of .o

sub"ror?tf%i%t&@@ﬂas TR i, g’r‘?sflrL b /ﬂ%acgé%w oz.t&ﬂ Wiy array

20Dy édrespohdsltd Bhy ok dhardtbid Gl erenggﬂn@ gFHlségtrﬂpne the second row

30

connection with this algorithm pendi ng on
chovidhe array has senprdinate @0$1h91e ef 2,ovlitly wrmspomdsdo @asaom two of

Skt R A AREEH NG 2R SRS ¥ o

gi gcai@yd1ﬁ5teﬁ9651tloﬁ§1@fthblgafbng5enorre 10 [0097] To further
speed the_counting process, the dictionary counts data

st rlQd03r elf depireds Ehe sulix ampst eantased todoeiprieasstdirate position of
[‘fﬁ% Hﬂ%dx% il d Zr“cog e%alﬁe}glgp? AR Ix%\%n’?a?%? %n EMF%&GW@ belng

r esspaglnﬂ, thelsyffix 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 consuming process because it requires hard-disk drive access. Therefore, it is
desirable to obtain word coordinates by only accessing memory. This can be
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.



The dictionary-counts structure is a two-di nensi onal
array that can be thought of as a matrix with 125

w0 oas/08d79h five col ums. Each row corresponds POT/OR®00616060

the 15 conpression dictionary entries, and each
col um corresponds to each letter of the genone
al phabet, A through T. The foll ow ng expl ai ns by way

of qeeeq]l esitdW cdobEinglt tchABRAIgoGBH s BxPlafréd by iy @xample.
K-intervals can be used to perform counting

oper/sshmedhat tlypgeyedpostion of the sulixaamslyds themp@ﬁé of the genome
ﬁﬁ?&?@? t%#%ﬂgfeci%ﬁ%l 1%[8% g rgnfg‘} 1a¥ Seteﬁfé:aélggg)%tﬁre trorﬂé nfr I%fgrpnefrom the

USI ngffoherds. Hurther ¥3hme o itSs désinea telfigd &m&dﬂ%ﬂes of TC. (Note
bove, .the engine_ can " to wthin at | east

5oyt dhat ¥ theyfngiopm bad cgqrﬁmnPeﬁ assogiated voith the&s ﬂ)@taxs@ﬁﬁhated with

reg '1@ th@ c@or&fng&k 6f E?%Lﬂn@ b? lélll:(k{’kﬁ Q/?th ﬁ‘gﬁlﬁ[ﬁ% th Pe%torttt(!;] ﬁsmg the

start ‘position Is

co mmoeﬂhm:lle lotAfan' algalﬂhm.)elt inknein it theel @B;tassdaﬁt&i with the last

the jinterval. For _each of the 4 2 preceedi ng bytes,
t he Gt Leittaagforme SRriRe Wb us s ﬁw& SR letsaRmeR Tpwahany

di cggkeeaafnxgevgmaaedm@éa@ﬁ%&e o@meééa rgl@tter of

i nt est A, " represents the CO um “nunb Usi ng

LG hi 4010#] or Pheet alpilabasnctsabtachtlmattmaﬂdmhe aumbssa)medehémg G's are

di ctiopary counts. a . the i.Ccti nts da

St r Jied PGB R ek aietes hiku R 6b g€ e flrhabounds,

t hafit is mm&m ek OWlRk sThRReh&Niton 1. OSﬁil@& Bfefd B8nd Bi/é‘cedmg G, the
many appear before the start of 30 the search

reg |alﬁ‘91‘1ﬂﬂ1héld@ﬁ s omahrey te dimelyaists: dlatumtée Aetbdiscorrssipmds to the
?gc Eiéﬁi ‘e"ag%ayps% s%tha{] star%l xlélép%n 8 tléegl ?éa tméce%s?ﬁ% apolr%entloned

15l et 1&rBhis Admphiestone 1teﬁ_ﬁ_<5n oPHe@ooMkh RO Woh 3P Ockithm. Generally

PCT/ US2004/ 016060 -30 [0099] Thus, when the
d| c EPeRkngy thip ieretonyisrrapentad il p 60rdinaisisighekPril) on thegansform
f
B S, OfiEaRoSldAE W Ehbd i 2h Bt of RHRbLER 8 o e
pI usoéndinachardahe essultingzanmiis dra:sactlml ttheingeosidit@sgosition of the
[Olﬁo% ef erring ck to Fig. 10, the search engine
B g

t he ¢8hd “AG bl ock 5vvithinthetransformso
20t hafoids kr@% Whera Be SEAHGE pfdbsst
chagactcler o bgun arlees o? Fﬁe SAS\GH? oc are %&gcedethe

25

30

add |An@sso¢1@ted1 lwrtlneihe eiffixtaimag striagpegnathesvith & TG [Islmg:ﬂhe in

th the fi that the A _ bl ock
pegPREAPaHEh 8bd e nebien RCR A St e tERAGIBH S te C
occ ugs%ciaﬁa’d%ﬂq ﬂﬁ%ufﬁxbirpa@% émﬁlii%r\f?fﬂQAQ}T USih POthERUAL h@@ s

1 above, where Ais , a start position of
2 f preceding Wais A@tlbulétﬁ ihg atgm‘l&me@t.tlesr pretherdl nysgcipted wtithahe suffix

of Eut}gy 'satg'nig%ta%ﬁga\izvﬂﬁ %AL@.i 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.

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



equati on 2 above, where Mis 2 (nunber of As found in

the G block). Equation 2 vyields an AG Bl ock end
w@oemsosm of 3, as shown in Fig. 10B. [0101] COCEUS19E4/016060

AG bl ock is found, the search epngi ne counts the nunber

of times C occurs therein. ThisZtount yi el ds the

nunmber of CAGs that occur in the 15 genone because C

I's tdheidd ik lat Ghan 86 Ledd BfanhbBteWPEAomEASE any Dbk t%ehﬁ‘ nucleotide

search engine yields a word count of one. [0102] Fig.

11 stequencah Pdrtieantathe gengareors b aviaigied veing isuhstrengs of a

position nd orted.suffix array-.that has.
Coorti e o il RESESPE AaPhl b Re] g c2p then count
coor e RakBePOtirhésoNsartidat lehgh stitt@ifd dc3tirsGh &edgdn6mel Mhese
each row of the suffix array 20 corresponds to one of

f he whaisarewde an indigesion ef theamiquspess R4 Appridiculap substign where
r ow th - ' It
B TR
t he [©0008]di ITalesirip sy iepitH ¢ffthé Benomief drithe whalagesane alagtbe
to the coordinate positions of the genone. [0Q103] If
desi ¥@gtatedRasedon jtx CRsHENPIE AReth deguedgics oY 'SRt & auReher term for
coor dj [ ] : Ity :
e3¢t ARk 8T, fhrricphir R LG WRen KbfbmE B portion
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o A RAT 00 GRS ULt e P RaF oy AP e g ps the
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wor ci 1 3nmep.ohayagess7d thregty Wsxoeiiupieotder 13-pier, ghenagipys 3 through
S . . fan W
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t he wutinkt % aRsip@d 4 wotd@uht, 306 Bathe votdheo@e repigenta itk number
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2SRkt AL 400 000 2158 e
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gwth this G the algorithm
det erodsAgdridozationsnan 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



preceding Gs there are. In this case, there is one

preceding G 10 [0105] The al phabounds data structure
war@ssgonunber of preceeding Gs are wused t oOPCT/US2004/016060
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and t he nunber of preceding A's, the algorithmsettles

1n toffeer probesapdidatesd This, b relhdonshiof axistagmens the gritaianged in

par G S TR A et et Bral EREANRSE L) 8 which cach

asseahditigd igwiiGué With $edpkitto e @hbay) Sid isbf" sddtrhin®d(e.g., in
with CAG  Because this A has a coordinate position
(e. gvhicigthe copgiiuent mes|copys pxeiBBIZedhe word TC can be

det i{Re ' ; ' i I :

thi QORI ORru AR ko8 hd ManGRURIrRR T (AL Blifes based on
15exatipd silss &, a rpgsvibiisln gc;]rf(brmed agﬁ@tﬁﬁid)m aUsing osird b?.mt diformation,

6. Thus, TC begi ns at e coordi hate position of 6 in

t he SRR Geiriared g g5 L Itesaeaneres haping v spagesfyations

ENGNE; o 2k ﬁg%}’,eft E&?refepa%l% kl):»zettdih X&dﬁfﬁésﬂ{a%ﬁgoef midfium mean

search engi ne en descri practica

appivebtof wrosd oburtth ef @ pgideternsiand lméﬂhi, 8 gawsetdc n@aa value of word

application of, the.search WO 2005/ 035792 .

P D0 SRS Sy PR AL U cath @f ggetermined
200 0 36HpRH, ALBInPM BRA W irh @ VAR AERE cdtR€o 0 prRdGERRTnEdRNgth, a

sequence). Particularly, the genome can be annot at ed

usi sgmsotabvaliagEword epunjsanftai pred edormiimnddength rraprodwgtyalue of word
within.th A sear ch endi ne n. then count
e i 8F » B Fhnint] Torkf o e S D R Yl R uter

occuslebtidd, BEa gembitiod iRERLS counts provide an
indication of the uni gg’eness of a particular

subd@¥iZhg Tagassty the cepiiiin, thesprdidaies caniegiaptated according
25deg rr(?ﬁreﬂgﬁfr@l' HHERL SR NG qg-xﬁérgzgﬁﬁts,%&scounts, 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.



[0108] If desired, any region of the genone or the
whol e genie may be annotated based on its constituent
wO p@s/03§7p2quenci es. A "nmer" i s another term f oPCT/ES2004/0l16060
or substring of a particular Ie_fng_t h. Thus when a
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anotlftk4] 15Y eteti]l annidhes applioatidn. in Wiiish dwesoarels engding camerysed is to
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par twdrd Bt dSndRippeAGH e defoinB o et iHeBe BN EBNandOthat the word
[0109'1_4 Probe design is facilitated by using the search
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Py b TR R L1 AP i P BRI

hy bicbshipfeendn@isaalspedifiited toabé s8ardf enghNAo \defehniie WH¥Ber it appears
cross-hybridi zation. By using the search engine,
pot dhthezgenome.odishatly Bie ierd apd 8 somplensat A RetAPRear ibihe genome,

sel ahl RS AifANCLAALS ol AR8SRAALS BRI LiPfySldize to the

sma mers that are unique an
15st r igagene ySwbnointhybnglizisgiplobescandei usgd Inohybeidizatiomes dadable
counts within the . entire genone.. A unique word may, be,
a partPee B 8 LY PrHGZRionY SepTelesngiran bR added loguckicaid
a p . . Q .
ChapRges BT OBt Ehalind Qfide A0 Sish B trou iidhvori
abséromtioh. word counts (e.g., zero word counts) within

ag portion. 30.thereof. 110],. Mar e. .

par ﬁ?@gf aﬁrﬁ?, W&l:yatr?_cff”&’éf?@e E]?eo“g’égcea&glyéﬁ’{d%aﬂ%?sﬁ_ﬁgé’am%e the
20set flefuenky @ ahariPuedord's E&stifieti®Brsa Thaeg ik [sgﬂgfeHBfe to obtain

candi dates to have a length, L1, and WO 2005/ 035792

PCTP1b2e iyt basosonany3dnsiitsent meayénsthsghatiaye mioed counts of zero.

g gﬂg#g%{%ﬁ%‘?’ %%%mﬁea@l%ﬁ %%ér%\{/\g@-gl%g Sﬁgénqlgfe%ﬁﬁet’és) a_(rg ig%ieratgd with the

addhinh efnottHyBrigizéetoeRdiniesh gnbiree IMhanCRARMS! S Saui &Rh 20-
that the reverse conplenent of a candidate to have a

pr eBISE & aARREPASF Gacknfdts corstiguent gralappgcd-mpws, 18-mers, 17-mers,
25c¢an @'6-%?, %OWne[opJ%tr @kﬁﬁ&e, é-Hl%ys afh%oretically, 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



5 subjected to additional predetermned criteria to

determ ne whi ch candi dates are suitable for use as
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val ue of word counts of a predetermned length, a

pr odBesausgghewonds (ons") pisalls caty adgedelde aratariae p-g., a fluorescent
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155at ithd Yerdon®: aga@ist backefning alybiidizAthe. Cibne] tat&fhwrididaeion of the
annotated according 25 to tJor edefined criteria such-as
15- 8RS ggrlieg b9, anqpiifyraisitiBbyinfdhe mobe thehis hyhridizehtothp ggnome.

fro t4.0n: 4 3 ' ther .
candV T o SRR A0 2 B0 HE s 45h S8R o Aniquely
candd«haife a pasticor sejueatecsnass avyst pipailatfon dfothee xequehess. The
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c an@PH&Y@@@IZ@%}%O@W?%@J@& ca phatias e%wﬂlﬁlﬁown sequence, thereby
cc 51-1&0{?1{}@' j las (e.g., long strings of
202 pg%gl%g%ﬁlﬁgsb nuc e%‘%léﬁgfi&ggﬁ be applied to
det ¢0Hi9% e nhict ngtharlesanplehsstral diffegent DA sequeecdsaambe
candi date, the one or candi dat e

PP B e S o R IS bestoie B o R e R S8 IS, b Slep 810 of
PCT @E@%}O%&%@Q@&atenafkd[g@%gé is\tﬁéﬁmhrfei HeIMARRT it &addsREd to

of the Search engine is to detect c a_mgies fromone
gencieeigne puebe Hwt detpess thequashes ofzsparheultnpadingge fogea virus)

25P" ojwelﬁ{in N AR i sapn% e. A concatenated genome is needed because the
DNA extracted 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



segnents of the genonme are mapped and rel eased to the

public. Using the search engine and probes that were
waleasysegd2 on anot her version of the same genonkCT/U82084/016060

can be determ ned how many of those probes can be

applied to the new version of -34re genone. [0114] Yet
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formati on. [0115] One way to mninmze the chance of

hy bri:XAmMBPXe| snSelaction of QligenucleotidesGomplementary tora Representation
part ar A t
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16-ners, for e | e, 6- rrer Theor et

e g {egetetlpisss5n FER RiGan derpesor By dl A8 gfgrcton
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that has mnimal chance for hybridization preferably

has feagnmats/thaeweredatvesngi00 te 280 hasepairs idareth nW‘h@en analyzed

20 dhe sEPaneRS T E REERPEs WFuf on afhoiEh B BoPhGER, Tk
16, alforithéh (aRO@allad)‘a rﬂi&uﬁngma’ ) catebeABefd Itcoﬂkﬁerhmse tzherOOpy number

counts of its constituent 15 and 14-ners, is |
| i kedfyany givRpslizanycdeotids SenengRmany SeRiERoed %ﬁ‘"SB’& t 5copy

1o FAESEARL Sl GRS U, R e n
t he deponer probe has | ess of WO 2005/ 035792

25PCT/ [8%219]046\96121%919’8’(656%& Bglll-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., a 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



an opportunity to hybridize than the [atter probe
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or labeling a particular sequence. [0119] In yet

anom%rcoemtanpl e, several dlfferent DNA sequences can
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ConeadteRAIER: e d:cﬁn%hii@f tdlthe éfdire Q¥R Bsing hel BLAST
desired to esi 8@qa probe that detects the presence

of gofapiecirtegranm. gaefhgdypaameter. werg uwdrwl} thesxggntianpfiltration of
20 RS BRSBTS PR R Pl AP v oy

conidagres oflisracloNalonlg B0 Yabis0oioNAits Tengh t@t MOTseGAMEE 8ther than
such a t he pat hogen. Therefore, in order for the
probtée Wasélﬂmg‘@ﬁdvely det ect the pathogen in human

gle(n) ms. Y c’)ﬁ—{égi{éég?& %dgﬁ%{}g%?fc%sgiag[%? f%é?ﬂﬁlﬁ@hagg&nﬂﬁghm to the

is pmbecbm';gh eraeys. UPhepbdlityitd tapiddy fetetmint ovord eowntthfor words of

»59€ng | ti ssue sa the atl ent's genone
25317 3 SHERALOVET e heiiy @ﬁ’&%@&gﬁ‘? ‘et it
pat hegb éous't& rEB Ry R DRCRIIBNY, The ﬁ/@fmﬁfuﬁtstéaﬁ be considered as a

quantitative measure of the degree to which sequences belong to two or more sets

-IMGBF Whoserm@mmum 2 1 ~mer

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



WD 2005/ 035792 PCT/ US2004/ 016060 -36 word count for
the probe in the pathogen genone with the word counts

WO 0005085592 probe in the other genones. This appPORUR200%§16060

require two search engines -- gge for the pathogen of
interest, and the other for a“c6ribi nati on of the other
genoines. Note that in applying this dual search
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intended to limt the scope of the invention disclosed
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oo IR e o el R e ges g B MRS A getaieegion
as s gfhidrest W isfposdibRIto Bilke GbLsk @inlurd B5&%0 BfovBY dikar
fragnments that were between 200 to 00 basepairs in
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15det eterproiss, tHeeeneompasihEiesion 6f indétystind@Re genome. Let Z represent

ol i gonucl eot i de sequence in any sequenced genone. This
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0 L 89 KRRRCHE 6 L e SRRy SRl E R e
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21- i.e., .oli ucl eoti des having 15 or_ 21 )
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we generated in silico h fragnent every
congdrietakigpd fo invksdé appéingnidtnee in whichone s sebctinigplobegto,
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eVe&xdample is the recognition of the DNA of one organism when exposed to the DNA
of many other organisms.
[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
where Y was as close to zero as possible. Such a probe will also be useful, e.g., as
hybridization-readable unique identifiers or as additions to other nucleic acid

sequences for enhancing hybridization signal through networking.
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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
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These probes were controls in the sense that they were
i nt Ehded to hybridize to only those fragnents of DNA

t hatOl‘%e]’/ o Q?Bf RE %QEerHﬁQltsa&scﬂbed 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/II under conditions suggested by the supplier. We purified
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25 experiments described below, the depleted Bg/II representation was produced

using HindIIL.
[0141] We labeled fragments in the representations by placing the DNA in a 0.2
ml PCR tube. We added 10 pl of primers from the Amersham-Pharmacia
MegaprimeTM 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
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genonme. Bglll representations are nade up %f short

20f r athesshitlss fog@meinaleb yn &bl 3128, 2 nantes, 12 001lAS . wikér, 5 minutes in
estimated that there are about 200,000 of them )
conpeilssi Majlis® o inater, Bublomally eich gaklPS§e henrene-fiice lsthapol. We dried

average .spacing of 17. kb. [0137].In all of the .
ex p@ee%ﬁé?ﬁp & Bladipg fisBrinongte ’Eaché‘]l% SERIE ot b yinutes 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.
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fr aﬂg%rﬁ% e gb i]'terformance and Validation of Arrays

[0147] As discussed above in Example 1, we should be able to predict based on
the published human genome sequence which oligonucleotide probes could
hybridize 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

representations of the same DNA labeled with another fluorescent dye.
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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
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i o SRR lrek St B T RN RRET DAG, 268 BUE2C2 were

VO 20Q5{a3501PRe REX/JUcRPuiat 816060 -43 [0144] W added
25 1 of hybridization solution to 10 | of |

bel e
sam@151] pridises were gkear proflesrip the canemi geReRey. T Stles of the two

pri L i di.zati ' . 0 .
B
10photapdéletiedin the penosne (Figswaa 1 HWafdiIBiaBRY eln GXtr88Ghe profile of

and 0. 1% SDS. denat ured t he S,arrpl es . TMTM 5 i Laan.
M) Ressrosm@hn S §§5€ yffiﬂt, RGNS %Iaag?oscgl\{lﬁ P ifications or

I ncybRESAs AtwahGhedeWendRedTHMYE 8681-(M8. SREER S@VEblRG that the

sanpl es and pipetted themonto a slide prepared with
| i f blgomsicileotide drrayscuftilat imslenitioni oan deteytinigstszaleigomomigehanges.

(SUThPT, oS spl SRb indike 5 e ey BbntieotE probes
15/%\h OWeREMY BithoR ﬂés@%nﬁ%&in%‘in EI‘P thk8e Hlenfes (the tivo @ér@lkr genomes and

fter hybridization, washed the slides as follows:
bri éfd Adricanmale/s gSDEY). These leses ansl gambare shoyen as stand-alone dots

coverslip, ' I n % /.0, 2 0
Cecaniies b HkB? B Z R AR P2 (fhgnommat-
dri @drrhil&ofiphAesh) asa beiellr €r zdi dfipashics that Approadh the FADK of 0.5
and Sgl nning themat 75 rcf for 5 mnutes. W _t

_then
scannéd.-O theoughowdhe geppri dheselosses apdgaing wogs ldehithe gesult of
t he i i . i . set
2 e S AR AP SRR s Can oo
5 m[exs3ns FL?ﬂhelﬁ bompamisontbetvean iy OK pilt fonaatanfl itedd Ik ghotoprint
intensity of the arrays, usin nepPi x ro 4.0 .
Sof {9 clsaty df%%%tliaé% Uk Bveh Ry Ba%y{rﬁge{%ﬂ TagoRiPns, both
fur ChehrnAlidihSvieWor 8 1548 868 gbltinitdtdt%s. We call probes

“brothers” if they share complementarity to the same Bg/II 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



between two signals in an experinment using neasured

intensities wthout 20 background subtraction. W
wosabi7’ged the data using an intensity based POIESH04/016060

curve fitting algorithmsimlar to that described in

Yang et al., Nucl. Acids Res. 40" e15-15 (2002). W

averaged the data obtained from col or reversal

expesidibiissiffand, Mdsné aiaded if tRSales St Gereht. t’f}%se data

figures. Exanple 5 - Performance and Validation of

Ar r 89TrpEthe peprgducrbilivy af gesuife dbtained esing apRphgsineprisingle

Shongoﬁ@le@%e%otf?h@uﬁg ct based on the published

one seq V\hornch ol i gonucl eoti de probes

cou [0:1 54]1y I adlﬂl’[Z@l \Mlilbsm\fﬁf MOV aRERSeMtAlond Bodudi by cleavage
confirmthis, we tested our 1 OK printed arrays b

Sh y bPiHMeRG theaied regioes ofithe &qsxoa@émlaalt%%n@fhymmm{atus
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an d et ﬁ{]&g} ?cep%'éﬁl LH?&’%&I’E]%} %lf %618?128 rfgggﬁ %?18% %/ﬁpy number

t hediffenancBNA theb eb@dnsmsﬁﬂg the BtgHEfepfésHﬁtﬁ&‘GlC edtifirhed thatkhe
2005/ 035792 PCT/ US2004/ Q16060 -44 [0148] Fig. 1
il aéﬁerwé%f 518045 4t L1 04 Msesisits s BYF fq a difference in methylation

repgt@ﬁl@aﬁ@h&qﬁ%oﬁﬁﬂ&lﬁﬁ%d by Hndlll. InFig IA we
graph the ratios of hybridization intensity of each

10pr oﬂgamgleom AmltemytedS gmeﬁ&ﬂhneamlewmimt}emae paraiyisted

| f [
B TR T
Pr e¢irfatief st ifl xambld 6. amﬁlﬁplenwg %(h yida&ht Hhia fﬁﬂﬁjone

depl eted representations did ~hyb |ze to both (Fig.
1A; clirefapyomendiey tEmovasiag alsatistica) @a@meofatlph elgorifno e parses the
0 .det. N the deple

P 1 ed {
s e R O g S R SR e R
15 abo@érnibd 80ulef binhesR ghkaatsn (CHIBS Sool ISkt shdWadkdBh@an,
that: (1) the restriction profi [e of representati onal

f r dghange P ot AnabrsiseaitAgapBased Goatarativy GenemiHybridization Data,
I d
O | ARAUGLEOY A ARER SPAIER WsdocRli Ry Sba) 23l (iRbyifie

ol i'gonucl ebt i des tecte pro €

ac cepiraivkly idérgifiek thaliesnsdstiple sepmEitgtionl Bomtdach akrogRIBIAE,
bet ween the ratlos of the col gr. reversal experinents

i s GIesmeer 2 g@ <@k aropegsdrspHhhasekon ermseerbiliy|thatyhef
20 OUrdiftbicA¥e inlif NR HAHLD eF
ol i g1 onli3 cl eelcl)lt i de pr obes e%égl ‘%ﬁg&&} % oﬁi%)brﬁlgf)mba?lgty lfg ctermined by
t argendémaghennsthod. Dve to ﬁpnmmrmdtm@nm ﬂ;&re&gﬁr(thﬁdarevented
For st a of the 8000 redi
ny B BN o P s o B @A P B i s Brobbut
16 [O@S’d]eaFng 3tAeDNYIREHHE t?h% o@ﬁ:‘u{ forftlﬁ@gﬁ‘cﬁ%@oﬁ B WRInfosbihes
fact cleaved. This could due to a divergence
b e_t(ﬁ}é@ﬁm@@mess%rﬁp 1@ and&X thegqo BAHD skemctivelmnofdbe newergell line
25 whi SCIE-BR—B 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



could result from pol ynorphi smor sequencing errors.

However, the data here 20 show that the public human
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probes for representational oligonucleotide

m croarrays. Exanple 6 - Q obaf#’Anal ysis of Tunor

CGenones [0150] The oligonucl eotide arrays of the

i nv = [

whor Focel tetBgl iR kst MR Con ATRORE ind AR1ABMecge

2 A1bpgow2amalysiashaBSH BN Bis 3i63riplodiantd§K BR-8ywas tetraploid. If

i ge A Bble ey Piavolone oh RS ARG BB PCHENIS?
nor wahid betind! Al dhreebbpied Fe RbI, G S Bafdk ?&%ééué gﬁ%ﬁ?%—%gx)/ould be

(the two sanpl e representations were prepare
5abothrec1ow fayr eopiedmar cadhch i sol ated from nuclei from

ane ' i.pl oid fracti ons separated. by fl ow

oyt HASBE PROALR Sl bt 0 RS REIEL o fiateniy i sotve the

cel ploidymd(SRoBEcB)expl@irhat d We et anRahdtRypt of unknown
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m xed European and African parentage; see Exanple 2);

and Figs. 2Clp,C3 r I rom anot her nor nal

mal e (Africans %g@%gég@“j@m US2004/ 016060 - 45
10pygny) vs. the sane J. Doe. In each case, the sanples

wer e hry ridized twice, with color reversal, and the

geoWBEF R Wasihe mpap snagped ratiogRs ik ge tigesratip.codeu was an

agalistimichfily 8RR A LRE ﬁ‘%fas&fﬂ? “géﬁcg@@% o%gsﬁl 48c” noise. We

probes. | ncreased copy nunber anpliticatio f 'S

| ndickatedldRipys the ratrnge afftbw probes afitle demnaas frthe pRyeau and set Ry

Fi g8 CofoV e i to o pded g5 kot Hprine Aieprand b was
15 P 1A pRAidPYSthe RMGE SRHOME. The Edlﬂlﬁnat%ﬁﬁqrogﬁ%d and eﬁglﬁ and two

were obtained with the 85K photopri arrays.
Themkngwns Peandsin. gioothd GITNG59 bepeciarene (Figehbyres.calEhited the

i f t cancer _Lines. were .
G 0P B D, eHE S BLEAT 3 B FE gloBE Pperiment (Fig. 40), we
analdultéd tharP #s 3199, -l Kiwan .on the genome (Figs.

2A1- A2 and ZBl-Bég. In contrast, the profile of the
norlAEPnoWerisoised thesanation tp palenlate whatdiesatrptios wonld be

20 (BRI 18R pd o R S Rl R R e BT s Vs

ol iogpahe edsperttivel @raphs, ditsn aérotibie copy@ithb&bfdanwHR h8kEontal lines
| arge-scal e genom c changes. [0152] The results al so

i ndPERE 2 (oY HHBYeE 13w fheisBenegahereamiedevabies hersprobes
15 HelRhh L Qbin' el 5 i
o0 b A0t LAEE S AT BpBldg LIS i,
malieFegsgéBehdél. Theespy haabedattodfigatmarkabl wébie néifor

25 St %Tegéa%ls %?ﬁ)edcﬁlttas, especially for the higher copy numbers.

Example 8 — Analysis of Fine-Scale Genomic Iesions

[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.



in Figs. 2Al1-A2, 2B1-B2 and 3Cl-C2, and are manifest
in Fig. 2C2 (the normal - normal conparison) as a
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S al t Ko Ryt in theynidehplotad B13ahets wapa starp hrehk irogopyhwimber over a

e . ntary. across their. entir

| enaeion ol SAIREGTEAL By S R5E i B teihizipgr he
of dhrembermeo(HigENCITRaL,ithas péseibld toeirdd KoulddakieBbf genetic
(Y-axis)_ to ratios of their braother oligonucleotides

f r oRSIPPeramiartay dat by sgemantpton. Webee ahseiwed magy othes instances
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t he fﬁcts i hat thelfgrobe sequences . di ffered between
f or &t SONPHRE PRI WS 48P $T9PS Ahich) ¥ 71 tiggsraembrane receptors.

di foesant wethat adaie YR da Zohi %nﬁ@gﬁ%&i@@g gnég,z\%v]ﬁigh had an

PCT/ US2004/ 016060 -46 condi ti ons
s urdbyndance of ebrragionsynobetieg tichf atigict regioas ef daphfication (Fig.

Cont bt amstiE R ot deril ool et el

15 [ Okbitly-deRe@pbbbs @Robeaddtdigidtss £500dIIHaE gRREsERhAL cjogﬂfﬁnates

produced by cl eava 5 with McrBC showed Fegions o

t hé%&hﬂ?@%%ﬂ%ﬂﬁ-g@@ Geatdindda single steltcharacloazedegme, c-myc.

th C l, cell s. Noyma]igzati.o

t o 105801 incilvas AR ROBIR PR n HERACR Cise R lG Fidlaeid the o

Bglrylc peak el tb igtaphqBipf EBNEThik Badadtpesk ha&P$BFou&houlder on its
of these sites was due to a

di fference at man
di f1eB Geee ?%f#@@%%‘é%%o%%éi fng gengaer erordipates b3P76563-

20 e e AR e G PR B aEE "RPbURA s s

25

30

f r oegeemhtier datefomthe ofmdrizeng@sETNOSIBfhithBad an even broader

variation seen in Ex e 6. For exanple, we analyzed

th gea%?r&ompgﬁﬁl%gmygﬁp%hs gg,q]rgmafes é49£?¥@5 b figregenomic

st abblirladl 1230W5BL PR O 83) IPhd %&E‘iﬁ @TW%%% é{é}?m assed the

probe ratio data into segnents of simlar nean a er

t akhowderaxfithegeeonch$6-BR-Sqenk (Fig. SB). Thus the shoulder may contain
candidate oncogenes that merit attention. Within that region, at the narrow peak,
we found TRCS, the target of a translocation 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.
[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
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A shen and Venkatranman, Change-Poi nt Anal ysis of
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[0156] Figs. 3A-Dillustrate the output for this
Sanatl{y&irs adransipgmbedne oraiein N smbergat shoSgnBsndg, 2837-47 (2001));
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RT former has limited impact on analysis using the arrays of the invention as it will
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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 filtration 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 an unfiltered 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.



to CNP, where CN was the true copy nunmber known from
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ea norma region 1s 135kb on chromosome 6p21 (probe coordinates 32518-

32524, June genomic coordinates 35669083-358047 05), and encompasses three
known genes. In Fig. 6D, the region is a 620kb region from chromosome 2p11
(pfobe coordinates 9927-9952, June genomic coordinates 88787694-89385 815)
that contains a number of heavy chain variable regions.

[0172] We analyzed the impact of the normal-normal variation on the
interpretation of cancer-normal data. In Fig. 6C and F ig. 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 plotted as lattice. Fig. 6C
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95 Weakerthe 6FiBPSd scoﬁ@@ﬁﬁe p?&%ﬁ’tl 1h§en'tll)ﬁ ustrate the val ue

coordinating data fromnultiple genones, and the
neeﬂ)lﬂ #F  dbie orecleehgins dfdbispriesent arvahtyon ceg brewised fl jeerfhmna

t 0165] W al del et
chr SRR Ot o Be AR RET aeint Bt < sebivgr ARy I

15 10KpdrRyFRNiYe &b§e¢do@f§9utﬁﬁﬂs %%rﬁlfﬂeélbﬁghaﬁh ﬂn%ﬁ b8 8bYRs Sre found

overlaid on a copy number |attrlce. el eti on was
evi Which age ndidletectel by searh tands %kamm@M@BGY gphas been shown

-49 ut i r.obe coordi nates
20408 J0RH00RS R Sengall S EBLRYAP Niot® BaSui 35004 BER i
1558 ch2dihosdmt spebiic b@pea@a Usasg the E@rm@iglﬂa&eecrmee%bw in
resol ved_at 85K. This %’l on conta TRIO a

pr ote&ien Maly Furd rspeatsarg samlyfounrdb %%E%ﬁ%mﬁtcla@mmang can form

20357 LR K ATt O, R e con

pr dieemmde( iNtenparsfaymedtriags, whihtare &emnehed td&imdllchddmosome specific
(2001 and FBXL, a conponent of the ubiquitin

| i 5B redi at ed protein degradation pathway (I1yin et

al . [I{)lﬁﬂn omt%sﬁﬂn@%n‘é;fr&rﬁgﬂgﬁﬂoso#glws ah JceIdXVltﬁAﬁe rd
anal yzed a regi on of "honbzygous [ 0ss on c fonosone 16

af fesunisrvgithin ctBQlﬁare}wﬁhmzthmmtfre gg®meroteircswaspefortidd to look

5 Pr of%rcon ordi nat es 7

30

1guous regions o omosome 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
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



10 June genom c coordi nates 21893948-24955961). Sone

of these genes may encode transcription factors, whose
waledossom may have role in tunorigenesis. W OPGEUSEA4/016060

an abundance of narrow hem zygous and honbzygous

| esi ons, some of which might-8@-attributable to

normal variation. See Exanple 9. Exanple 9 - Exam ning

" Nor M ' i ati [0 S .

ol i oSS ks WA Ahi o el hRA s LA SR I Bhote

t o gamahy zeuntypyesa U¥ners watkisatih®toghhbneancdtewhervhirombsome

genones_.and observed djfferences resylting from
pol 9?&9&%6@_@%@3&58% the g beiivpel G918 RS gt e sirung was
€. Onot alLdgvdé:d' th léﬁ&éeaﬁ%ow&&{ I%III)IEIA HUPRT folNPa ISP bfoSRANBES repeat has

be matc agal nst norna and an unrel ated norna
SDNAbean arsethtabasovedfgmense RefBeqause(adedstieonamnodsr NM_015383),

obser.yed 20 may be the resul.t of pol rphi c. .
var PABRLY e H fqestien Fegds e Bseprefini drup ein scapeopaving
seqwﬁgmgﬁyéiy%ilmsigf the sort that creates or

destroys a Bglll fragnent, e.g., SNPs, or actual copy

numb@&k761 | Udresamic progsssebsewhich ahronwsomaspecyanesppds are idendified

fornmer, has .l i.m t.ed. i npact. o nal ysis using the.arrays

of " ERbbT ATy Rk Ry P DR B R Sut B B R QY8 mose

10t hathat are R rGRENiZBEbY Repeat Bihskdt of betel pidgeahs.neans. 25
[0168] In Fig. 6A (conbi ned data fromthe 10K and 85K

i ¥ B¢ filtration
e

xample 11-PrabeBosion Usipe :
al gogd-t-hm-gi f at | Vi - .
sur :f(?)ljr? Ei rFi[g(;h efagg}’% ﬁl&/ielgorn\ggﬁg%ed @&%\A%?'h et]%g& g?%rgé? 8?% |'0Pr0bes
of hieSgehwmlipaisgibivt sheircbility 10 hibridie spbeificaipawt copiplementary
poi nt _sequence vari atjon and detect inst ancgs,vvh,ere .
t he A ahdgRergare enpot the RBBATY/h $o4 PO Protedest s ig igminimize
sca r e -
153238 G ROLARRL PRGSR, 2438 gl S RRAY b B
of nhekidgt@exaedeaapéan gegmon -froam domidelaimhe (ihiotypel ef sadution is
probe ratios, indigating |arge-scale enomi ¢ i
Gi 1 PEPLTREE Bt A0S g etV Rar o e & 0\ OROBA e TRpstitive
PCTABZRAA SRR spedfic EYLER] anBa! HERIRE Mep¥ived i BthsQhat are
the scattered variety can also be filtered by serial
conpaigieson of experinents. For exanple, Fig. 6B shows

20, e TgREy TR o BFRRTFhop Br BT B RR8Y maigpedBRpences are

10Knbtw el Dhderetbs & 1S kné¥in e SAARAt PrHRE e haeSdXasd" s R"
ratios of J. Doe 5 conpared to another nornal,

DNA
f r oFRatahenta mukplgiegiops of e gerane shoulthprietesablyzbe ageided. Previous

thr r - r ratd Qi h the -SK- BR- 3-
nyProyP 2R B I RIRMR e il R a e i LA e
by enmhasouatsnbitdfohydnbimid giebes) thebeinest@ds tlkdnideguate. 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 uniqueness 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).



normal individuals. The sinplest interpretation of
these data is that J. Doe is pygny +/- and SK-BR-3

‘WO 20058992 + desi gnates the presence of a smal PCBY31004/016060
10 fragnent (nost likely a SNP at a Bglll site). In
general , pairw se conparisons -68 - three genomes al | ow
interpretable calls of allele status. Thus, these
ki n
| el 8k BoqBh B EBOEE!Bb W AE] Ul YRR A GO gt
Pol ymamy prefesahly of e togthrboiier thah theewerlgngts esdrid $ind the candidate

di fferent sort,  of r ol em i ., 6A denpn
[ ar é’éC’bFég OB 15 oo Bt 1 SeIRsSE 8 GROp D4SRE o the
nor Rl gt 48 eﬁ&%icéﬁrﬁs o%e clfiggk %Qt'é‘ri‘l%h@ﬂlb on

anal ysis to These data and entified nmultiple
5r eg i[GHRO] t rfévﬂlomlwﬂhaybwetmmwmd pyoteeolk mbetandsiatet rebes were

nor i ndi observed aboyt, a,doz
var sl Bgpben REREs e ghire s fiia PPEB Hoa g -mer
st r @bgits.f WAL ARshendidRet febbRPRAFOIdrva8k618¢t8H withaRe Bowest sum
20 megabase in length, can occur anywhere but are nore

fr eqbdhmngy comriarvislha Aetentl valet efshous 90 dAddinenad netcais that
?22 gg%ﬁ?ag%ﬁm%? nfggglg 6121%1”‘% e b e§ se\[ gel‘tgas c?my%sgtl n bl&s a/ere also

106C applidd tg.assiéibn dwﬂehﬂmﬁ%twmsh aﬁn&dliwp@bed) ¢Hoosd. ESelédiel probes
segnent ati on values as lattice. In Fig. 6C, the

abndtermsyItksgizen and prinisd B glpst oy ertibeRer Bpmangs ngpigro-array
35665535 aRnmhione Hachountinn AE0aN:Ry SAIRE A8k erformed

genasor dbovekgeciftdd, perfoemaregicarerias Mo Dakirutaglyi @ sudcesmate of
chro robe caqordi nat es 9927 9952, June
genagﬁ?le%%bmjbﬁm@ s‘@?s%%‘dg@%s%m es (Rsgnedgising the above-
152 NWEAREnQS piBRRYY WHBR | is%hﬁedi ) Al a a subkiagtial (€ . large)
anal yzed the | mpact of e nornmal -normal” variation
thesrgﬁall/rrmwrptlet ation of cancer-normal data. In Fig.

h e tati
oo OB, By AL Vs B S Pl e SR PR R i e within a
ver bm‘l@hlahgﬁ Silthed b@pRRCEYRICY. 30,080 g%xpraswatm teBict iuSRg the
for SK-BR-3 is plotted as lattice. Fig.

20088k parznpETs (iB2depBd retis(iltratin of] snmghe rsaq@gcgwas turned off).
reg I al. | deI etlon '

ZOC orrl‘p[)tgpaslsfén cfth%fzﬁr%attept% W?‘% ciqF ﬁﬁ%féieé;ﬁf HEquS \WAthin the
regigeibr@&curs at a copy nunber that we J udge to be

two cop| es_per ceII and W|th| n thatf reg| on, copy

nunie [P iy d ROYHRAAE 1 egi on
T T T TR ——

on efordomsoing f@qﬂ:tﬂn’i refanto 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 VII,
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



Fig. 6D we have also plotted segnentati on data from

the tunor. This region is evidently abnormal there as
wowdos/o3Esanpl e 10 - Annotation of a Genone of BCPRUS10040616060

Thereof [0173] The follow ng exanples are neant to

illustrate uses the search eng?ﬂe. 10 Suitable

nodi fi cati ons and adaptations of the described

condiphhlsuisdaasta B! Ghs s ool 1 —Ix—

art &%ich are obvi%ﬁ% toéfﬁg§£ﬂ§i$¥92§%?h§%ﬁ%ﬁg FHE§%§ Lx

wi t Al Belsoghe pemberdf oeoprenoss afie Notesbatrthismuerbei cam be

[01 | . i ne .of the present..jnvention can
be - dStbrliAga B BOGAE WU R of A PiSRecs St BBe i
subfa83] ofin 8 ngeeGifkeulcade, suéh S WRIDSABmorkthdfcter words are to
perform ng these_conputations, several regions having

Shi ghe FR3HEPd et Ly endrlauefcrachvehagteterrie imidie genome nead thype

sea 004 St.S e r.. it -has been sho
oy ARG PRt e TRROR! DKo S R Sl h e
doedatastrudtmel catlel alpigibotndsp €Bickitlge alpliabeUh @ @EH BRucture is
specifjc rep ats.,%@ing the search engi ne described
ab o%“sfrﬂ"te‘iég? plgprithm cangyieqeed apeopnt themambss pf (imppuparticular
bec tA : h i qQr
e PR Zpvash AL G B an 4 SATHED L O 9

10t heggenwnendttn alpheberade (6. 411 Bwtand hsf @ shosiarih IS, 1200 HHW are

are_exam.ned to find chronpso specific. repeats..

O TR Pt RS RGoRS OrPe aho b SomBemenady sxists os a
anngibalBeg, whékd 3 ﬁ@hé"ﬂfa?acté?%%%éing”w By 2 i ‘ﬁgélitioffi‘,gﬁi start and end
within the entire genone. search was perfornge i)

| oolkdices(ef g Fxvp And Gxwlief the &V hiocifmeed toomdaerenifed. at

| 00, hp,in l.eggth. with high 1 ts_ |
o000 S b e RS LSRR g o
15 f r csxiste iy DEMBOINR il theeBEME CHUARFMORY, e RAMINGF KAUATe "W

ra qi ng in length from 100 bp to 35 kb. Focusing on
onz13 QGle 1ot sy angtormy ingépatedins dxwets thevaord ecaympref thesnbstiimg XW in

wa S t.] on sed of shorter
coqnoRaite, Pl EPuld Biih A, FARATP S0 g 1aR -
| erfyt -hbxWhandc2iriorwos e~ Rew i1l | Whére k@ el bPFoRRRE

of these sjgpature regions were collected and a

f arReBnEIE WY &b demEenomapRictipnary dex gests dsforadeV g bicwicay be

20 SO A ARSONG OSBRI BB Phckore

i déransfoynng 18 mers whose chronpbsonme 1 counts exceeded
9049 t hei.r whol e . genone _counts, these 18 ners were

st rfﬁﬁggﬂt ogét B@fe‘{“&se isteereieq enshiring e e s rscapragter at o

e R, stopPin@dfifhk is@ffix doREnSRAER iPHE\REBENSicAShdIT" & the suffix

that were strung was
W encompasses the entire word, Z, kw is the number of occurrences of Z in the

25 genomiic 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



not allowed to exceed 100 base pairs. It was found at

| east once that this repeat has 5 been annotated as
wo@siappi ng a Ref Seq gene (accessi on nunber NMCT/US2004/016060

015383), wth many exons that together encode a | arge

predi cted protein sequence havﬁ%g | ow honol ogy to

myosin. [0176] The sane process by which chronosone

S pekdréinGird RBEPbEatey %@e@éﬁdeﬁh afdir eﬁ‘qﬂﬂaﬂD eLARRE bR, the

finding repetitive hr oughout t he” genone,

i ncPIgeinh gpecHipgdon, incleding deﬁmtlm wnlé cayril z &tle atdRape atethods,

e 5 Rl R AR RRNA Ty e e B oavague i

engipaéificaion) ﬁleliﬁ@d “comprisdyeordRsinlohs JAER Qfsconﬁfr%es” or
general ly useful for their ability to hybridize

S speEPppEigingy wilh be gagsr @ﬁ%todﬂwly riclusion Oﬁ%ﬂ@ﬂed iegarer group
f
o SRS AL SRRy PR b

desi gni ng appllcatlons have used repeat masking to
excl ude repeat regions fromconsideration. This type
of solution is problematic, in that it does not
provide protection fromregions that are repetitive
such as chronosone specific repeats, and it excl udes
"repetitive" regions that are unique. 20 [0178] Wile
~rules for hybridization between inperfectly matched
sequences are not well understood, it is known in the
art that probes that have exact "small" matches to
mul tiple regions of the genone should preferably be
avoi ded. Previous probe applications have chosen
probes that mnimze aggregate exact 12-ner rmatch
counts, but for genom c probes, these nethods are
i nadequate. First, it is 25 unclear that exact matches
of 12-mers have any effect on hybridization under
normal Iy stringent annealing conditions. Nor do 12-ner
counts predict honology, |et alone uniqueness in the
genone. In fact, a conparison of 15-nmer counts to the
geonetric nean of counts fromtheir constituent
12-mers yielded a poor correlation between two
sequences that are essentially unique. 30 [0179] A
general protocol for probe design using the ner-engine
is described as follows. First, the genone is
annotated according to a particular |ength nmer such
that sufficiently long stretches of uni queness are
found (i.e., candidate probes). WO 2005/ 035792
PCT/ US2004/ 016060 -53 Second, these candi date probes
are annotated using at |east one predefined |ength



mer, preferably of a length shorter than the ner
| ength used to find the candi date probes. One of the

we andioskrde probes is sel ected as the probe basedr/os2004&16060
m ni mum aggregate ner-counts of the predefined shorter
| engths. 5 [0180] Fol | owi ng t hébéabove- nenti oned
prot ocol, 70-ner candi date probes were selected from
small Bglll fragnments, using uniqueness data obtai ned
frofglid@him&Peydnts. Wthin these candi date probes, a
70-mer was sefected with the | owest sum of 15-nmer
counts, with : . of 0. Additional
criteria that ql'e?? lu%glfyedﬁugﬁé@%c%@%@%P%Q,nUCl eoti des
andwhenegre base conposition bias were also 10 applied
to assist .in determnin |.ch candi dat obe to
choose. IS%‘@tPZ aétﬁ’(?%%g[sag'\lél%fﬂﬁ?? W@&B d printed
on gl ass {ifal; ' ' 5 .
ybr1 dr 200 A SN RS HRITRORRL OIS ah hidlootide
s ubsgqaemdedhatyis bjbridizes specofiedly pe p Sequeeck inat geappmelad\Zebasepairs;
speciii ed performance criteria. Mire particularly, a
suc¥ss rate of about 70%to about 98% was achi eved
Wi th thenokes rdest @ﬁwﬂpﬁgywsﬁmi@b@& Snol&uldHavened
protocol, where success is defined as having a
substantial (&) @&lengthegfdepucleqtifigsl / noi se ratio. [0181]
BLAST was used.\,Q. t. e h sel ect ed, probes
wer e uni que \Nlﬂ %)ﬁlslﬁﬁ%%éspsggﬁihg%? yattroh‘lg llfﬁftl < eé‘éwlé:gcn%c molecule
seqpiebae in SOpre@i0ted te be Presdie $n ¥BIpeest@iati Gtldetdieddrdni €aid genome,
default paraneters for MegaBLAST (filtration of sinple
seqtiehEeprengatation yingng morathan R%yweisthe somplexitnof spié gengme; and
than 99% of t r [ i £ N :
genor.  Examptd) 15EEREH RARSTIRIE AT, BHOMIR (PsdiBenome
Al gard idfem(eD IBA]Y dact matcheyrofill; nuslevddes thoavdtgegome; and
al gorithmcan be inplenented to performa word
couWL?rﬁ@'functi on, refer to FIGS. 12A and 12B. FIG
12A gr apfi faklg9025 defines variables and data
structures used by the algorithmand FIG 12B shows a
pseudo c@e eebxdfbntation of the algorithm As
i ndi cate Ve ection VI, the transfonn can be
used as g»ﬁ@@fﬁ %gﬁal tool for a "virtual" Genone
Diction 700 RUE biograrray. In the sinplest case,
assune that it is desired to determ ne whether a
subst ri n@)dceudMNsx Rt BhesigemoMb, and if so, in how many

copi es. |5 GAS that ~t.he substring is
t he si ng¢P2 S%rlgc esﬁyarg%o%w(l}c}& r%’{ nces of X can be
vi ewed i (G)ttheiméget closat i (B, @) Bl Dck 1( €= the,in®gar dbsest to

re ion)é_vvhere Fx and Lx are the indices of the first
andoB#4) occurrence of X. Fx and Lx can be derived

from t he & ffe1RaRs diosdstl Y52 @4/ 1016060
(I) Y is the integer closest to D, x (K — Li+1);
(J)1.5 =Dy =1; and
X)1 =D, =0.5.

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.



-54 al phabounds data structure. The size of this block

(e.g., search region) is kx = Lx - Fx +1, is also the
woeoososs70f occurrences of X. Note that this nuPQEUSaH016060

be determ ned by counting the nunber of occurrences

of Xin the transform [0183]-fha 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

genonme need to be determned. In other words, the Fx

and Lx for eaghTbbahaditeof Xidlsc stidmeaeduiestdfelaialt, avherein Z is

it BEIEH TP RS PO BORGTROR ALion et 1 gBrI R Ry 2 least 1 x

progeednd ot e Nty tdie number of tines a particul ar
word, Z, occurs in the genome. Assume Wis a suffix of
Z, WeX| sts in the 10 genoi ne, and the al phabounds

.g., F d,L ELG f . ,
novn. Noxt, 4 diae BIRRLPT Bk dhig bl ol By ppereim e
V\hetgaﬁﬁné%vaeﬂarﬁlhﬁhaaﬁ cdomsubstring, where X is the

character preceding in Z In addition, the start and
end indices (e.g., Fxw and Lxw) of the XW bl ock need

: ﬁebf r gﬁgf (r):nmgggtp mé@‘%ﬁﬁ% {19 adid :%XOIE%K?\]I% %%?alilﬁls‘l l“nlerem the

a Sgbiinid 9@ huthahpeéng@aone. Furtherrmre, the nunber of

X's in the "W block" of the transform indicated as

kxw, is the word count of the substring XWin the

g g ETCJ) Imeet egh 33 IS E §ﬁ61@%11w$ ﬂugl%ﬁ&fc?(;l( @vfolgaé%g g;‘clgﬁl\}v 1, Wher\c/avm Ris
+ kxelectdd frofehegloxpcossidting off Gréldéy 1,8, 4nwil, ds, 20 E6i 40)i50qnd 70.
with X in the Genonme Dictionary that occur before XW

bxw can be 20 determ ned by counting the nunber of Xs

that occur befonge hRgaMy BF Rdfei®hciliholeddl &VHcRAM 1, wherein P is
[0185] This procedure is reiterated, |engthening’the

suf kélectehfromibe grovp comsstistimg of ahbastgﬂogﬂcas‘gw fat telast 90, at least 95,
suffjx S_not. ex in the Genone Dictionary. If the

suf ?%]fasqg\?é‘ﬂ‘g%tnlﬁaﬁgés the entire word, Z, kwis the

nunber of occurrences of Z in the 25 genomic string.

An outline of this procedure is outline in pseudo

code. a5 Shovd ithe plreity obBicleir e mealpaits afs ARG, wimgin D is
Zis astring of length N, conposed of characters

from the genone al phabet, and the al phabounds data
structure contains the indices of the first and | ast
occurrences in the ome dictionary for e

character in 9h3haéﬁ’6‘ﬁﬁ¥°§¥l‘%§6éﬁd %@emﬁ]dalﬁ%@élerem D, is
ot herwi se defined, all technical and scientific terns

used herein have the sane neani ng as conmonly

understood by one of ordinary skill in the art

10. The plurality of nucleic acid molecules of claim 1, wherein L;
is 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



to which this invention belongs. Al publications and
ot her references nenti oned WO 2005/ 035792

wEAnss2004/ 016060 -55 herein are incorpor at erChys2004/016060
reference in their entirety. In case of conflict, the
present specification, includrﬁé“definitions, Wil |
control. The materials, nethods, and exanples are
i1 ystfative only and not intended to be limting.
Throughout this specification, the word "conprise,"
or vari afd)dn$ suzthamtégeoniordiss®dbgle) 53;' conpri si ng”

i1l b d to jnply the j ' t at ed

Mhteger OSSR NP elobule bR AL DRAAARIS! on o

any ot hegciiB"isQE@fntéyer Slo844P o, ;’g (KegEsHs) xV2 /?439§>,/A 035792
| .

PCT/ US2004/ 016060 -56- What Cained is:
pl ural it Y =duckdi endici d nol ecul es, wherein: (a)

said plu&ghkg co§§§sts of N nucleic acid nol ecul es;

(b) each Yo ffurality of nucleic acid nol ecul es

has a nucl eotide sequence that is hybridizes

specifically to a sequence in a genone of Z basepairs; .
and (c) at | ed3t Thopkraliyplinyslce agid piplesulesipdickiin lde derein D;
nolggyl - pave (i) a length of K nucleotides; (ii)
hybridizes Specifically to at | east one nucleic acid

nol ecul e present in or predicted to be present in a

representation derived fromsaid genone, . said, o
repr esent at i oh3-habs AGTAHBY pbrucleinagid malesulesipd claim 1, wherein said

oMot exi . ) )
cxcant® Sy AleaB) o ERATRA) AlRcblel iy 15REG 92708, B4, 95, 6,
f ewB?, a8h a9 oyl @astquentcidestitgto dtlleastiohemidlele acitiansedude present
genone;dan% mgerein:. AN 500; &E Z1x108; (C) 300 >_
K ~Onpyedicegto hp preseris ipy g fSpreseptation. (N x R + (3 x
sigm))/N, (F) sigma is the squareroot of (N x R X
(1-R))

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 nucleic acid molecules,
wherein:

(a) said plurality 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

(1) 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



(G the integer closest to (log4(Z) + 2) >_ LI the
i nteger closest to log4(2z); (H X is the integer
_W@bk@s®3i79t0 DL x (K - LI+l); (I) Y i s the i ntBQERDS2004/016060
closest to D2 X (K - L1+l); (J D1 1; and (K)
1> D2 >0.5 2. The pl urallt§ of nucl ei c acid
nmol ecul es of claiml1l, wherein Nis selected fromthe
gr okpreyematio afindfewdt thaf ¥SéxaefBatchés éﬁﬂﬂucﬂeoﬁ@& to 8id
| east 2,500; at |east 5,000; at |east 10, 000;
| eaBSPreEEntaten; 2B | east 50, 000; at | east 85, 000; at
l e hereiln% 000; at |east 350,000; and at |east 550, 000
nuclerc acid nol ecul es. WO 2005/ 035792
PCT/ US2004y D1608Q0%-57 3. The plurality of nucleic
acid nolecules of claim1, wherein Zis selected from
the grouP)sE& P> of at least 3 x 108, at least 1 x
109, at t >k %0410 and at least 1 x 1011 4. The
plurality ‘of nucleic dcid nolecules of claimi,
wherei n (P =¥RRe i s a mammal i an genone. 5 The
pluralit L nucl ei c aci d mol ecul es of cla

(Hdhe

wher ei n o§e§t o (gdd¥ HRHEWY. T B) >-|'£he2 the integer closest

pl utroqbgg(%gj{)pg@)l eic acid nolecules of claiml1,
wherein selected fromthe group consisting of

0.001, 1(F)X is4he mtb,geﬂ.ﬂpseﬁﬂto I310’§ (Mo L;3D;and 70. 7. The

pluralit f. clic of claim 1,

wher ei n %})'o%lsncg BEE&ESG© F?f’ltnt gllﬁ f:Ip *d¥nsi sting of at
| east 70¢H)ats e@st B@ngat | east 90, at least 95, at

| east 97 and at |east 99. 8. The plurality of nucleic
acid nol@lPeB2 0.8 aim 1, wherein DL is 1. 9. The
plurality of nucleic acid nolecules of claim1,
wherein D2 is 1. 10. The plurality of nucleic acid

mol ecul es of . aTHélpluralmﬁi’lehlBleie]amd ﬁlo&@hl%ﬁbﬁéiaﬁﬁ ‘PSnchfpnsmg
grou conS|st|n of 15, 16, 17, 18,19,

andht Jepst 5001 at kepsk 10005 ailpast2.500;rat ddess 530% |atzllemi|1@d19me@ least
of ﬁ,@d{hﬁea%@b@bﬁt 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 108, 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
is selected from the group consisting of 0.001, 1, 2, 4, 10, 15, 20, 30, 40, 50 and
70.



each of said P%of said plurality of nucleic acid

nol ecul es further have no nore than A exact matches
wo@RoosA3319z| eoti des to said genone and no fewerPCTYER20B4/016060

exact matches of L2 nucleotides to said genonme; and WO

2005/ 035792 PCT/ US2004/ 016060~ 9958- wher ei n (a) LI >

L2 > the integer closest to log4(Z) - 3; (b) Ais the

integer closest to D3 x ((K - L2+1) x (Z/ 4L2)); (c)

Bis the integer closest to D4 x ((K - L2+1) x (Z/

412)): (d) 425 Tiggplyraliihelf fusieid acid mwl@uBs of plainTA 8, wherein P

o 45 3blt o510 L RLER At O EhSF Aeg aea

aci 95, moleastfi7emdof least®dom 1, wherein said P% of said
plurality of nucleic acid nolecul es have at |east 91,
92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence

identity to ai, | i ' . present .
or predicted %% g@ﬁ%F%2§H9H§%E%§?%§#@ggg%g%Fgﬁ%@%g‘X‘#ﬂnfh
Theisglurality of nucleic acid nolecules of claiml,
wherein Kis selected fromthe group consisting of

40, 50, 60, 70, 80, 90, 100, 110, 120, 140, 160, 180,

200 and 250. 35.7ifs fhidlid) dftihicRc MAEMBILuRE beclai i
mol ecul es, mhereiAQ (aé}séyﬁ ﬁiura#ﬁtyuconsfgggl%ﬂmg?mnIb
| eastl. 100 nucl eic acid nol ecules; (b) each of said
plurality of nucleic acid nol ecul es has a nucl eotide
sequence that is at |least 90%identical to a sequence

in a genome of4 athd Aaslity%r REREPRI R0l@Rds bFah 15 8Adrein L,
P% of said plurality of "nucleic acid nol ecul es have

(i )is selpetpgfrhmohe Bronpeprustinged’;15( 16,)17at8,118a20, 29098, 23 and 24.
sequence identity to at |east one nucleic acid
nol ecul e present in or predicted to be present in a

represent at i o15. ditfel pledlifyroTusRicchei DIROREBes §R416im 15,
representation having no nore than R% of the

corplE%Pty of said genome; and

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 logy(Z) — 3;

(b) A is the integer closest to D3 x (K — Ly+1) x (Z / 4%));

(c) B is the integer closest to Dy x (K — Ly+1) x (Z / 4%));

(4 =D; =1; and

() 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.



(iii1) no nore than X exact matches of Ll nucl eotides
to said WD 2005/ 035792 PCT/ US2004/ 016060 -59
WO e@sm3Ent ati on and no fewer than Y exact mat ch€BUSI004/016060
nucl eotides to said representation; and wherein:
(A)Z _ 1x108; (B) 300 > K >-680: (C) 70 > R >_
0.001; (D P ~t 90-R, (E) the integer closest to
(log4((Z x R) Ah30 t
l0gd((Z X R)/ %‘o? ?le Flu?ahié’“?’gﬁ% éggfénl?g%gé:dhé e 19! Rherein K
x (I selected Hom tHe@ronp cansisting ofh4(la§é;6(l; 17658351001 HOMD2 1K 1(21@, 140,
- D1> 1;and (1)1>D2> 0.5. 16. The
pluﬂghﬂﬁg {§3%ﬂ§§59|0 acid nol ecul es of claim 15,
conprising at |least 500; at least 1,000; at |east
2,500; at least 5,000; at |east 10,000; at |east
25,000; at | e38t Thoplodity af nuCéeisaciemQD@mlesmf clagmslt, wherein said
190, 000 east , 350, 000: or e
nuclereenilion freriraLy et Berirs BBl D rsrere
acid nol ecul es of claim15, wherein Z is selected
fromthe groug consisting of at least 3 x 108, at
| east 1 x 1092%afh¢ élalgatllmois‘dlucmq@méﬁwlwlqs@égialrm 28, wherein
10 Ser%‘]l% s&%mﬁc %[e%ln%%e%s gécoﬁ'%g gl?ed‘%vfﬁ% b ges Ctl%ﬁ léilgg'nu%iease.
cla manmmal 1an “genone.
19. The plurallty of nuclelc aC|d nnlecules of cIaim
18, wherein the enone i s_a human_genone. 20,

plurality of Abcl ?Eluaaéitﬁdom%@%én@fl%@ie@i.%dfsn1 wherein said
whe roup consi sting of

0. o%e?k&iﬁa%ééﬁ’%%fg%ﬁg(} Feggé,%‘%t%ﬁor%o 50 and 70. WO

2005/ 035792 PCT/ US2004/ 016060 - 60

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:



21. The plurality of nucleic acid nolecules of claim

15, wherein P is selected fromthe group consisting
wotooan3i7zeast 70, at | east 80, at |east 90, at PEEEB2004/016060

95, at least 97 and at least 99. 22. The plurality of

nucl ei ¢ aci d nol ecul es of claff?15, wherein DI is 1.

23. The plurality of nucleic acid nolecules of claim

15, wher @] [ I

aci d ol Soupadisle the sefble e BLIRY bl Wl icBR B s of

f r ondaithd ; gmbup consi sting of 15, 16, 17, 18, 19, 20,

21, 22, d 24. 25. Th al.it of nucl.ei c .a

nol ecul eib%dgp@ing}"ﬁg TSW}”\ﬁBQE %40‘51 %%E%XBIP“%%{F &Clg%l‘g?cules said

salgmﬁ$@q?%ﬁ&yﬁpf nucl ei ¢ acid nol ecul es further have

no nore than A exact matches of L2 nucleotides to

sai d genone and no fewer than B exact matches of L2

| eotides t e ; wh in . 1.> L2
oot | o gu s PoCaBARRTR DA URG S e Bndi
i nt E@REschfafsest to D3 x ((K - L2+1) x (Z / 4L2)); (c)
Bisthe integer closest to D4 x ((K - L2+1) x (Z/

4L2)); (d) 4 >_ D3 1; and (e)1> D40.5. 26. The
pl ur a! Ity Of %Cll“ﬁéf\ ﬁwﬁl% %fgpa 1%%%' @ﬁe ?jn 4 (ﬂ)elﬂ}a%lgy of CPuclelc acid

wherein said” P%o pl'ura

ol ewmldcttes hﬁﬁlﬁnﬂilhi@l&ﬁi th9 &urf&% ,of 93011(9141;1&159.5, 96, 97,
98, 99 or 100% sequence identity to at |east one
nucleic acid nolecule present or predicted to be

present in Saggi_ Eﬁ@{l%%%ggﬁtclﬁﬁg 38%&9&%@ {b?lai)hfise is selected

PCT/ US2004/ 01606 plurality o eic

aci fromothe <gtd®s:onﬁsthigadfm 1iybon mbmabeing, Knitroselbddsechaabrane, a glass
fro ‘{ﬁ (9 nS|st|ng of 40, 50, 60, 70, 80, 90,

1005 roﬁP 160, 180, 200 and 250. 28. The

pl ural i ty of nucI e| c acid nol ecules of claim1l,

wherein said representation is produced by

sequence- s p ec i4@ i Eh@m@‘émdgé claim 88; whereimghe posidonsTegaid plurality

| ur C aci ul es of claim 28,
p P€ tlylc a01d mo eculles on sat Srgﬁ ase are Known.

41. The method of claim 40, wherein said plurality of nucleic acid

molecules is 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



sequence-specific cl eavage is acconplished with a

restriction endonucl ease. 30. The plurality of nucleic
wa@edod/osbecul es of claim 1, wherein said PCT/US2004/016060

representation is a conpound rgﬁresentation. 31. The

plurality of nucleic acid nol ecdl"'es of claim1,

wherein said plurality of nucleic acid nolecules are

| mobi | %@}jco%ﬁ)ahﬂg lé}é[sfc?fgcﬁe 93( rﬁlziﬁbh ef m%‘reseﬁﬁnoﬂg‘ Sherein a

plurality ‘of nucleéic acid ecules of claims3

whe défiferersciid S&dllwxdalsphdsetes 8 cep.sr wonlzd vhriatmnt bﬁéwgfmlhp two

consi stin on nenbra itrocel.lul o

ron it el o erlo i, et S BURh B Sei0 e

plurality of nucleic acid nol ecul es of claim 31,

wherein the positions of said plurality of nucleic
aci d nol ecul ed4orfhsanathaesonf cdai whaiein toa dwa reprgsentatines are

plu c acid nol ecul es of claim 33,
mheﬁ%%ﬁéxg %ﬂ%ﬁﬁ%g ity of nucleic acid nolecules is on

a mcroarray. 35. The plurality of nucleic acid
nol ecul es of claim 33, wherein said plurality of

nucl ei ¢ aci d A6l ddgmesshqdsofi g4 PRSI LRI PF S pRdpRSsAre

ot ARETERARL AR B DAL iR Bl

-62 (a) hybridizing the sanple to the plurality of
nucl ei ¢ aci d nol ecul claim1;

s nd (b) .
det er mi ni ng t GOwh} @ﬁﬁ’efi of swpgmrra?tb%m StAtys 0 p @enRInig
ol %%Heﬁée BbvBen n%nféé’ l%%iddrh@tﬁc?d coprislie et hod of

cl ai ereln said sanple I's a repreSentati on.
38. The i®tiroddof acfirai gandtie anﬂarseaqmd@noinp;l ural i ty of

| d | th
of & sol 10 reE ke BR R RS Bl sriaors i sakh GiheRE rine o
sai @eamﬂeqdﬁﬁﬁ§ﬁeriz?m e\k/ﬁ&%ﬁdsaldr e Yot Qﬂﬂnrepared by a

consi sting of a ny mbr ane, a nitrocell
nenbﬁﬁnéﬂuab@maﬁgengﬂxde and a nlcrosphere 40 The
met hod of, .c| aj

ere
o urali £ $0 g PR PR AR B ot 3B Pig coic
phag®ledueskofalaim 14k.31 b allsw thiybtdiedtionl trtwiehGhe Yépessehtations and
said plurality of nucleic acid
said plurality of nucleic acid molecules; and
(d) comparing levels of the hybridization of said representations, wherein a
difference in 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



nol ecules is on a mcroarray. 42. The nethod of claim
38, wherein said plurality of nucleic acid nolecules
WO 2005408082 | i zed on_microspheres. 43. A net hod PET/US2004/016060
anal yzi ng copy nunber variation of a genom c sequence
bet ween two genones, said neth@%‘conprising: (a)
providing a first genone and a second genone; (b)
Pr epprdsBgtaiie! @eival ivnd ARRIShideRneRRNE afstiRfsHab1aRE o
genonme using at.  |least one’identical restriction
enzipReesentatoncdsrivad fiomp seri-thethaatessgamoatei ons with the
plurality of nucleic acid nolecules of claim1l or 31
to all ow hybridi zati on between the representati ons and
sai d pluralit49.0A nitledded fad@gifgingah @ﬁgbﬁ&leoﬁaéith\éﬂlas:
2005/ 035792 PCT/ US2004/ 016060 -63 (d) conparing
| evel s of®) & iBgHAfr arcleatidss; of sai d representations,
wher ei n ' ' ' Vi i ndi cates a co
number o Pt B0BE iR FRb B 6 B st g R
t 0 @egmhomirpraticednce frasegeintrrepsessahbr@mied frofda gdddene of
netq?d o%‘clain143 wherein the two representations
ar 1 IGBSEL PAORShAR y | abel ed. 45. The method of claim
44, wher@gi ' ' a i ol I
cont act o 1y FRRCEERTGAAINALAAT LAEp1cBhdRb BEHTnte and no
ol fewet ten Ya&actanarehdsad Lo huclootpdes itespidngtdorha twherein:
status of a gjg gquence between two genones,
sai d met hod Egr1 Fﬂé? (a) providing a first genonme
and a second @pBEUTEK (P3o;pr epari ng detectably | abel ed
representations of each genone using at |east one
i denti cal enZAyibdhe intagerslnsestiiodlage(@?) esBntdt i oths iateger closest to
prqgg@ by a nethylation-sensitive nethod; (c)
con ’ng said representations with the plurality of
nucl ei ¢ aci d (ivyn{ Bekd @Eedf cl6dcdi 113, (K 3L, 4-9);al | ow
hybri di zati on between the representations and said
plurality of (Ru¥isthe izfegad claspeduPes:(Kanbit1d) conpari ng
| evel s of the hyhridizati of said representations,
wherein a dﬁ¥$é?§%§% %%’%%%d | evel s indicates a
di fference i rviljelt hyiDbati(ofy st atus between the two
ge%gges Wi, t h regard to a genom c sequence targeted by
[

 saitf Hefhpd comprising:

(A) cleaving said genome in silico with a restriction enzyme to generate a
plurality of predicted nucleic acid molecules,

(B) generating a virtual representation of said genome by 1identifying
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

said genome satisfies the requirements of (c).



47. The nethod of claim 46, wherein said nethylation
sensitive nethod involves preparing a first

. WO e@se3Ent ati on using a first restriction enzyP@r/Us2vd4/e16060
second representation using a second restriction
enzynme, wherein said first anf® second restriction
enzynes recogni ze the sane restriction site but one is
net hyl ati on- semsthd MethdRdf tRfn A Neherbit sfb?_t(E) #8mprag:
met hod of claim 46, wherein said nethylation sensitive
met hod i nvol vRoVishiegd eethpresssd vaggfont ohssidhgénote;
sequences after ki ng a..representati W.th a .
non- net hyl at | %rr?wg@r}%ar W larr%gﬁais e t@%&%&es%@ﬁmatmn
t hatelaedO sa0&hOme,/2d PCT/ US2004/ 016060 - 64
representation derived froma nethyl ated genone is
di sti ngui shabfidenipinga word speridar the Lonudegtideeysing dhn a

non: I 1 identifying an
ol i%%rg%{sggltr?%e igglgﬁsﬁlgéamh@g{%g]ﬁ%ﬁ%{rﬁ of K
nucl eoti des; (b) at |east 90% sequence identity to at

| east one nucleic acid nolecule present in or
predi cted to be Preasthed phclaim AR waesein stepdF) s@nprsss:

froma genome,Qf: i; %gﬁ% ' - no

nore than X e Iggltdn%taat %:ﬁn S Sés%d ﬁﬁﬁ{;}%{l é%%afcgg%ogrg sai d
genone and noiterﬁmmrctdghma&l eudaitidenf eidstraith bill; nucleotides,
?iuicalte?rgéléde&l t&{g Q%ta Iég:’le%?i g r?.rlj?d # Vél.?lfr)iﬁlg g(b‘@p gggt%@{iggéne character
(| o84 Gédatibn Aherdinlthe nit1diRlcicBE8GPBRAIRL RS LPArtiblar iteration is
log4(Z); (iv) Xis the integer closest to DI x (K -

LI +dtgred ag ¢1) indek suelpesidensaedgerating Sether canmsing: (K -

L1+1); (vi) 1.5 > 1 > 1:.and (wii) .l > D2 > .0.5;

the method conpris ‘é‘.mg(aﬁﬁeagqher%lfnaéi%é?lﬂle@@ﬁSr‘FBmilg}lous range
si | dfaRicWotiflesavitis k4il Glah&BrifNZyMe to generate a

plurality of predicted nucleic acid nolecules, (B) _
generating a virt wauntiegpihesenbat oidimes the aireleofedeqmeceding said

navig PGP REEbEAGsE Tt S, = o =

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
structure 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



inclusive; (C) selecting an oligonucl eotide having a

| ength of 30-300 nucleotides, inclusive, and at | east
wOMsmesIaEnce identity to a predicted nucl ei c BCT/US2004/016060

nolecule in (B); (D) identifying all of the stretches

of L1 nucleotides occurring in%8aid oligonucleotide;

and (E) confirmng that the nunber of tines each of

said stretche

requirenents g?ﬁ%ﬁygﬁ &58®gfg%g§ HE%T?%E%% 160%8gSMd
- 65 atfiliarfhiatangtuctnle aid slidcomplidssedtrendom.st ep (E)
conprises:. providing a conpressed transformof said
genome; providing an auxiliary data structure that

i ncl udes i nf OrSQHtI‘h@ etiddl B (52, FAbEinkANPERIsfetremains
determning a word count for the LI nucleotides using

t he compressedsgeth sercenshtingnsdathgtgeeforusd.| i ary dat a
structure. 51. The nethod of claim49, wherein step

(E) conprises: providing a conpressed transform of

sai d genome; isyermat nfighddurenah seawherginCda@DEdrtlsreed $ahsform is
stretch of LI nucleotides, starting with the |ast

nuc p@mptea%edan@lh haveveey Hgea dharagiers inrtbe ungeennsetspd draniferm are
char | of wh

cor © es Igeﬁscf‘dqg m{ £ {)g%,r :&Cvn ere%ﬁ% g rcé@rﬁ @L{ﬁmgﬁ’% e%ges Gat most one
an bMﬁjytaﬂlﬁh@dﬂedﬁ’ saﬂateehtiohﬁr at ing further

conprising: defining a search region that delineates a
contiguous range of nucleotides within said

transform cougt it

pr ecedi ng saigg |n%g§ﬁﬁggp 3&@258%%ﬂ§2 %ﬂ&g@ﬁ%«?éargﬁ

r angempased aneastehree dillion chaeacadrs.ng ceases if no
occurrences of the nucleotide preceding said index

nucl eoti de occurs in said search range; and

out putting t hesnyRB& el debdFBmgth Slalt 5$! whEIEAd gﬁnﬁ‘@ssed
said stretch of L1 nucleotides is counted, this nunb

bei hgnsfoumi iszd Bwrrows Wieelen tradedornt ofithe gezine. st ret ch of

LI nucl eoti des appears in said genone. 52. The nethod

of claim51, further conprising:

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



providing an auxiliary data structure, said auxiliary
data structure conprising: a K-intervals data

W@ Re0gosaTee t hat maintains a running total of PENS2004/016060
nucl eoti de that has appeared in said transformup to
and including a particular prédetermned |ocation in
said conpressed transform and a dictionary-counts

o BT e A 3 B8R

PCTp1d821efiined 6id6flon.- 66 wherein sai d counting and said
defining are perforned using said auxiliary data
structure and said conpressed transform 53. The

met hod of cl a §

conpressed whi Wegﬁj lulgtl@{)ﬁir??ﬁgﬁlglc?esotugg?%ﬁggﬂﬂh%%med by the
Thenmétodad cimcidasand pRyalith esrepusisgatdeasd AP ekgmaicleotides.
transformis conpressed such that every three

characters in the unconpressed transform are

conpressed togf %m@alhytoeohg&ﬂcm@ﬁde@e@cl@@fahﬁﬁ%duegdb the
uncorrpresses at nbst ohe such te durln%aone of sali

i t emethiodred cladis 49T$eéd pharaioy Cmnmﬂlm aigeasd 1 08 ahl@mst 2,500; at least

et SR L BT SO RARS ey A LT o

whel 0,006 at asG3DI006561ht 1dakITHI0D0MBligSnicleotides.
Bur r ows- Weel er transform of the genome. 57. The

met hod accor di ng to claimb51, further conprisin
provi di ng dat 82whiteshed fos aaeefaidng %&Meqquﬁgwpﬁe said nucleotide

whe and

o e Bt el i EOTRIARES oM RO b

58. The net hoﬁamuomng isaid niiclectiddl seydence fintp tafpdurality of words of a

©r APSHBieTn s et R HINGInS AP L e 8 TS L aaence

sai ei ng the nunber of tines

t hegﬁﬁ% g%(ti P%gla%?{éigg%l&h%ﬂ{“ﬁ%&)l ndex nucl eoti de occurs

| n said tr andétcmumbgfm@dtohemtfegca‘vhlwrgd@w countthgstba ngiber of
erei.n sai d. de rises using said

(ot HEHBS g3t RSt i B POt B pr o

nucl eotide count to define said search region. 59.

The nmethod according to claimb58, wherein said prior
63. The method according to claim 62, wherein said words overlap.

64. The method according to claim 62, wherein said determining
comprises using a word counting algorithm that utilizes a compressed transform of
said nucleotide sequence to count how many times each word occurs in said

nucleotide sequence.

65. The method according to claim 64, wherein said word counting
algorithm comprises:

iterating through each character of one of said words, starting with
the last character and advancing to the first character one character per iteration,
wherein the character corresponding to a particular iteration is stored as an index

character, said iterating further comprising:



nucl eoti de count is obtained using K-intervals, said

K-intervals being stored at predeterm ned |ocations
wabk@sg3zat d transform and nmaintain a runni ng tRCHUSHN/016060

each WD 2005/ 035792 PCT/ US2004/ 016060 -67 nucl eoti de

that has appeared in said tran8formup to and

including a particular predeterm ned |ocation. 60. A

plurality of oligo : [ ' 3

by the nethod of g#@%ﬁ?%&gﬁgél R%ﬁﬁ%é%@?§ﬂﬁgﬁggﬁgﬁﬂgrm”*

at béestradd@s vohigenlirhesdtringes. 61. A plurality of

ol i gonucl eoti des each of whic raduced by th net hod .
of CPaim 49, satd prH et MEEHER Bifes ey PEEBg said
at  |RRR thAaBPoccdts ih @& seareh PAQe; AH | east 10, 000; at

| east 25,000; at |east 50,000; at |east 85,000; at -

| east 190, 000; at whetein s (e@00g casesal nd eesiurehEEs, dflhe
oliﬁgnu%leoti es. 62. A gethgd for anno ath%%_a . and
nucPEBES afeprg%%ukaqs@ inde GhaRARisT Ot E! S HFEanes; an
conpri sing a stfpuftthg@he BRABRGY Ghies tfetfirdt dREARRH is counted, this
conprising: partitioning said nucleotide sequence into

a phumher hejnoequissians tothe aumberidnesthai predculanyem, appegshin said

Wor ' egi on of said nucl eotide sequence
havﬁﬁgggggﬁgg%%géternined | ength; and determ ning a

word count for each word by counting the nunber of

ti mes each word agpears in said nucl eoti de sequence.
63. The net ho&badteruihngd acerrdingitorriaim SdnaFtBpicosprising

m regérf&ﬁ‘rﬁﬁé thgtist%l anbid G MO oA CAMH M%ihgd \%;%aéﬂ Q6rd.

ein sa etermni'ng conprises usin
counting algorithmthat utilizes a conpressed

t ransf orm of al d nucl eoti de, sequence_t ount how
many tines eabh b Bhethoteest fredapigm ﬁacﬁgﬁ?ﬁ GRRUPTISING:
sequence. 65. pa—llﬁﬁofﬁ‘ﬁg Red ReEeefidl RgudiRe Gt aBe&shd plurality of

wherein said word counting algorithmconprises:
i t ewatdsny atsaeandghredsteriningddenghmacih bt sndseasbnd aludalitp pfwords

stayt.in i th the .l.ast, character and advancing t he.

71+ Biing atredion of Sud RepSRRRisEbe fifap it REconq tflgiepined

t helegb@r agd er corresponding to a particular iteration

Is stored as an index character, said iteratin )

further conpr defergninge wows08EPogachof sudzeandplwaly of words

) 68by counting the number of times each of said second plurality of words appears in

said nucleotide sequence.

68. The method according to claim 62, wherein said nucleotide

sequence isa genome.

69. A system for annotating a nucleotide sequence, said nucleotide
sequence comprising a string of characters, said system comprising user equipment
configured to:

partition said nucleotide sequence into a plurality of words of a
predetermined length, each word being a subregion of said nucleotide sequence

having said predetermined length; and



defining a search region that delineates a conti guous
range of characters within said transform counting

wo b@snsather of tines the character precedi ng seETIUS2004/016060
i ndex character occurs in said search range; and
wherein said iterating ceases-i% -no occurrences of the
character preceding said index character occurs in
said search r " td i - 0f g
Che firat charoerapeidra@itbi bt fh sRRe Y THRILR bl hiffiber of
equitimadsenth tvord dppears irtbsnid hudi@gide kafuepea.t i cul ar wor d
appears in said nucleotide sequence. 66. The net hod
according to claim62, further conprising perform ng
a statistical 78nghygisterRAcdRGndDS Haf?d9whREhdhid&Horti®bverlap.
each word. 67. The hethod according to claim62,
further conprising: partitioning said nucleotide

sequence into con lurality of . ds,of .a second
predeternined7ﬁe e éﬁc%ﬂu¥398L@§g%ngh8FH}%Nf?%”of

Wor @guipRRhE cBnBHREEHI B aQford @b@tﬁ#@h@@%ﬁ&h&%‘m{@&cﬁ
havi ng said second predeterm ned [ength; and o

det epmipraseryl tranaivrm of suid muelgptidershueice Sapeing Bewngany times each
pluralitg of.moﬁpﬁllbﬁdcou%t&gg the nunber of tines
eacﬁv%?’ R R RN Ta e|8 Gf 374 Fy of words appears in

sai d nucl eoti de sequence. 68. The nethod according to

claim 62, wherein said nucleotide sequence is a i
genome. 69. A73ydbesysdn ageoadinate elging 7 hukheaeinisaid user equipment
sequy Hﬁ&F ' eotide sequence conprising a

str%ﬁg 0 r%ﬁ%&%@?gés, sai d system conpri sing user

equi prent  coriferatgsheshgh@aclpetiaractéraf oaabfisaidieloedst staiking with the
sequence into lurality of waords of a redet erm ned

| engtshohaaer ﬁ@@v%m&o st gyt ope SACIALRT d5TA 0
Seqyeifsm tﬁ@:‘ﬁ'aﬁ?te? Bdrfks 51?(1%18%@; %%&Aéﬁ%ﬁtmn id @Qré@g an index
2005/ 035792 PCIT/ US20047 016060 *-69 determ ne a wor
couwrharhcter, saidiseveqdipment duther capfigheedriontbsite by reptatmgshe steps
each word appears in said nucl eotide sequence. 70. The

sys? according to claim®69, wherein said words

over| ap. define a search region that delineates a contiguous range of

characters within said transform,;
count the number of times the character preceding said index
character occurs in said search range; and
ceases iteration if no occurrences of the character preceding
said index character occurs in said search range; and
output the number of times the first character is counted, this
number being equivalent to the number times that particular word appears in said

nucleotide sequence.

73. The system according to claim 69, wherein said user equipment
is configured to perform a statistical analysis on the word counts obtained for each

word.



71. The nethod according to claim69, wherein said

user equipnment is configured to use a word counting
w@bk@ssihan t hat utilizes a conpressed transf or@T/082004/016060

sai d nucl eoti de sequence to count how many tines each

word occurs in said nucl eoti de78equence. 72. The

system according to claim71, wherein said user

equi pnent i sy nf i .

egchpchar acteraoﬁl@ eSto accoggﬁgg) (ggm g% %@&ﬁa%%ﬁ%ég{ﬁ%lpmem

| asis whipaet es: and advanci ng to the first character

one character per iteration, wherein the c

c o rrespondi ng Peigitign saif mugigptide seqRAngE (M aj SEC‘%“gdﬁ?‘ér&hTé’sOf words
f'g ?8&05& P:?erd_@fé}rﬁfned :ﬁ%;f%f USB of 4! seﬁfgﬂl sl%lﬁlléﬁwﬁvg?r:ds being a

con I gure o lterate epeating t eps
def suteegos efisaidnudentuie stiahcdiedvinpessidsccand predetgunined length;
range. of characters within said transform count the

nu of times the character preceding said index

charact er O0CCHEgrrhile 88k¢td 6@ %} dadiy gﬁsau@ BeboRE BRLSlity of words
iteration if no occurrences of the character pr ecedi ng

s a| tly coweingdhaneubarof diowseachi of ssidi sdcasiaplutalityaeigeordamppears in
Elé uata tq;Jeseer of tinmes the first character is

coua( JUEPHIE SCAUAEEr bei ng equival ent to the number

times that particular word appears in said nucleotide

sequence. 73. The system according to claim 69,

wher ei n sal d #8elThesynqreerording tacadpim o veerein spidmuglepide

a sta ysis on the word counts obtained for

eac eq&‘ g%\%ﬁ?‘gﬁ 5/ 035792 PCT/ US2004/ 016060 -70 74.

The syst em according to claim69, wherein said user

equi pnent i s_confi gur ed to: partition_ said nucleotide
sequence into’% 4cvsthad ﬁrfd‘ﬁlﬁﬁﬁt%ﬁ WIYW%ldeéhatQa%@é@W&

pr eﬂ@tregﬁdpf&e&oés 'ﬁlam h*nﬁgsn%g II%J&IFSZ X | éﬂ)'ﬁﬁle 'séc%leﬂée said

elrng a regl sai e sequen
havirethedaiochpsismgnd pr edet erm ned | ength; and
gFL?ram tn 5 gf m\?\ég é%uanptlurfaﬁtry 0 Pynuoleotl(ies osfa pred%termmed length
that exist within said nucleotide sequence;
generating statistical data on each polynucleotide; and
determining which one of said polynucleotides has statistical data

that best satisfies predetermined criteria.

77. The method according to claim 76, wherein said generating
comprises:

partitioning each polynucleotide into a plurality of words of a
predetermined length, each word being a subregion of the polynucleotide having
said predetermined length; and

determining a word count for each word by counting the number of

times each word appears in said nucleotide sequence.



by counting the nunber of tinmes each of said second
plurality of words appears in said nucleotide

wee@amsre2 75. The system according to cl ai m 6BCT/US2004/016060
wherei n said nucl eoti de sequence is a genone. 76. A
met hod for selecting a pol ynuellketi de that has m ni nal
potential for cross-hybridizing to undesired regions

of a nucleoti gue . Sakd C 1S g
AR A T L S
pr eggi@kts fethuneied bhtimbhednseiest wodds bif Bachglothnucleotide appear in
nucl eoti de sequence; generating statistical data on

eachriporsieeitdesequeaec. and det erni ni ng whi ch one of

sai d pol ynucl eotides has statistical data that best
satisfies predetermned criteria. 77. The met hod

accordi ng to g9.alhe methodhecriingsackimfteviadreingaid predetermined
conpri ses: partitiqning each_polynucl eotide into a

pl uFHleria GOgPriSHcy MEIHHTENCH) i RIS A predgteppgined

wor g i 9B br Has: RAINbIC) ioldrelgniRaicRg, o mod
sai %ng%égg?@%{ggﬁpgﬁ%t r?;fwaand eterm Iﬁri@ng a word gth, a mode
coumalué of wealdounisrod alpyedetammineddengie, amuirbmized maximmwesalue of
each word appears,in said nucl eoti sequence. . WO

2008 EbEPoS Be PR EHG & SR o VAt R Hgns of
acCgrdbifnihed EhihM pR UG &F waddoshid b 8 bicdelerflRta length, a
represents the nunber of tines constituent words of

eac masohyn lanigdottiiagosppaticulrnucketidemiel combingéion thereof.
sequence. 79. The nmethod according to cl aim 76,
wherein said predetermned criteria conprise a

M ni mum nean 3@ Uke AktheRkEcEMpYs clafm 36 pregeinetill sRdting
| ength, a geonetric nean value of word counts of a

pr efemplsePned | ength, a node value of word counts of

a predetermn i ni mi ; e of
vord count 5. oo B ihra L) BEA-HR SR et ticutar
val Lgghfthavaicehrs dusiié nadledidepeqiatgranined | ength, a

product val ue of word counts of a predeternjned .
length, a nafbtAgHgRobGusleatidss o regiopspispidiuglectide sequence

nuc E\ﬁ:@tthaq &he \QBHdz(ioﬁ]ﬁﬂ;g&n% 'sﬁ’&tﬁﬁé% rei8fin s48 regT(l;}g doEid @€ceed a

accor di ng to c ereln sal sel ectin
predetermined word count.

81. A system for selecting a polynucleotide that has minimal
potential for cross-hybridizing to undesired regions of a nucleotide sequence, said
method comprising user equipment configured to:

select a plurality of polynucleotides of a predetermined length that
exist within said nucleotide sequence;

generate statistical data on each polynucleotide; and

determine which one of said polynucleotides has statistical data that

best satisfies predetermined criteria.

82. The system according to claim 81 wherein said user equipment

is configured to:



conprises: generating word counts of a particular word

having a particular |ength that occurs in said
woe@sesipzie sequence; and obtai ni ng pol ynucl eoP¢TES2004/016060

fromregions of said nucleotide sequence such that

the word counts for the substri/hgs within said regions

do not exceed a predeterm ned word count. 81. A

system for se | ynuc]. ' i Niqmal

notential 1 or PEiel SRR EPEh R phibl 4P o

of predetetiati tgte qadneerd behgth subBigivacofthepslysudieptidedrving

equi pnent. confi 8ur ed to; select a plurality of

pol §deredgiermmed dgngth; ﬁF@det ermned length that exist

within said n &%&ﬂﬁ, |

data on each g&{§ﬁ%%?§%?? %%1aggg§%%Pge |§ﬁﬁ%§5&ber0f

of timleslcqudl wardclppedrs dmmdm&l@hde bsuenad. dat a t hat

best satisfies predetermned criteria. 82. The system

according to claima8l wherein said user equipnment is

configured togs V@h@%@#n@%&&%?@él&fﬁ@@?%&%&%&ld stafidtical data

partition each polynucleotid nto a plurality of

wor thpresénta thqcmenlw of tinge doﬂsahlgnhwmeiaoiﬁ eyubrblyrvickegtide appear in

subreg ﬁ?ﬁ: t he pol ynucl eoti de having said

pr etfet 8 4% CANFCR: and deternine a word count for

each word by counting the nunber of tinmes each word

appears, in said nucleotide sequence. 83. The system

accor di ng to 814aiTh¢ sszstemmpéhmg gaql@im.—,%htvy}mrqn@gald@md@termmed

represents nunher DSY

cachiBOr et RS el T SORGU ol HRhdicthined
sequpptca g8dmethid end) ShRICAGSET Ebungs 61 Breddtein8hed length, a mode
wherelin said predetermned _criterjia conprise a

ni nV#bePhwarl ceantsof gpregstaminsdlengtiya ral%mz@&émwwalue of
! engfo o e%%e?%rﬁﬁﬁéa lglzéeh'ed fm Wz{lqraﬁfélﬁg%r&’ fcmﬁlts ?f a

predet erm ne ue of word count

a ppredetanined&ahgthen gtdﬂlucavaﬂnemfrwmdatoumx iofia medateumlmﬂ length, a
word count of a re etermnedlen a symtot I

val HeXt H1ipg of yparfcu E)Trfé@éﬁoé‘ ?n%é’d’o jgn thereof.

product val ue of word counts of a predeterm ned
| ength, a
85. The system according to claim 81, wherein said user equipment

is configured to:

generate word counts of a particular word having a particular length
that occurs in said nucleotide sequence; and

obtain polynucleotides from regions of said nucleotide sequence
such that the word counts for the substrings within said regions do not exceed a

predetermined word count.

86. A method for counting the number of times a word occurs in a
genome, wherein said word comprises a string of characters, said method
comprising:

providing a compressed transform of said genome;

iterating through each character of said word, starting with the last

character and advancing to the first character one character per iteration, wherein



maxi mum |l ength string of a particular nucleotide, or a
conbi nation thereof. 85. The system according to claim
W@105mB9pEi N sai d user equi pnent is confi gur eRCT/US2004/016060

generate word counts of a particular word having a

particular length that occurs7Pn said nucl eotide

sequence; and obtain pol ynucl eotides from regl ons of

sal Gl B0k belCoBBAMAD fifa paiEdal ltae?auénns IO GRURES character,
he su rin sal exceed a

pr edﬁﬁﬁemlﬁgcﬁlmwompmhg 86. A rret hod for counti ng
the nunber of tinmes a word occurs in a
wherein said word E8lippg aseargh gqgmmbat@plle%%q@;guous range

salgfgg&gﬁg Sald§ﬁ§ﬁ&%ﬂnH{OV|dlng a conpressed

transform of enoe; I'terating through each
character of said mmﬂmgsh@numm ofititries theechhwster preceding said
and advancing to the first character one

char
C hafalet charagrr Sebrdn FON SCHRLFEEH W 2005/ 035702

PCT/ U82004/ 016060 whéid 8d ﬁ&%ﬁgg&@agesqpﬁé BSARRALAD fiRe
a partl cular iteration iIs store as an i ndex

charleraaer, preceding saideindex elgrdotertoeenrs aosapt $®rq1ngange and

defining a search, reqion t

range of chan@Pgwgq | THT ﬁ'g%ﬁwfqgﬂ%?% zw ﬁ%?ﬁ@mnim
t he cOHIRE thi® hurhbéfrRidd@uedna el e nﬁh@@x&ﬁhéﬁ%aﬁﬁward appears in
i ndex character occurs In said search range; and

whep@d geran@l iterating ceases if no occurrences of the
character preceding said index character occurs in
said search range; and outputting the nunber of tines

the first chagactThs nethodairdlavarsd, fistheodonieibing: hi s
nunber being equival ent to the number times said word
appears in said gBIRYHENE gy auxrhay datsiuctyre, sqigiapxigery data

farggg%ngggyéhghgg providing an auxiliary data

structure uxiliary data structure conprising:
a K-intervals data struaiimerthlatatasirndtaterthatanainfaiisragunning

| of h h
: ?ta?pézf ?ﬂfﬁg quac & ghqt rasr %Hm%tﬁzﬁ Zr?sau? ggl?srfoergl lllIg] tosaellldqncludmg 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
wherein said counting is performed using at least said K-interval

data structure and said dictionary-counts data structure.

88. The method of claim 87, wherein said transform remains

compressed while said counting is being performed.

89. The method of claim 87, 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.



particul ar predeterm ned |ocation in said conpressed
transfornm and a dictionary-counts data structure that
w@e@siostss2 f ast | ook-up access to the conpressPdI/US2004/016060
transform and wherein said counting is perforned
using at |east said K-intervat74data structure and
said dictionary-counts data structure. 88. The nethod
of claim 87, erel [ [
conpressed whi éngﬁﬁﬁ%ggﬁ%%%g%Fg&gg%ﬁgﬁggéngﬁggqﬁ%%#bnnOf
Thesai ghoshofs detiaedudig a ehapressiorsmiid of 3rprlessed
transformis conpressed such that every three
characters in the unconpressed transform are
conpressed toof Oy ﬁ‘leﬁibh%cccﬁ'ﬂlﬁlg‘w 8fafth R6SHhétemAUR dAbme
unconpresses at nost one such byte during one of said
i t ecanpuses at Wit 20081 @CFARERCT/ US2004/ 016060 - 74 90.
The nethod of claim 86, wherein said conpressed
transformof said genoine is derived using a
conpr essi on T 85 Ph@heBrolGudordHik to HAn ¥8! RRGHAGART Elhblic
to claim86, wherein said genone conprises at |east a
m | Poroprisssat westdew midldon dtaractasshod according to clai m
86, wherein said genone conprises at |east four
mllion characters. 93. The nmethod according to claim

86, wherein sgBdTHenei®d a6EUTRINEIE Sladth SbeRBérctn saldgthethe

mllion characters. 94. The nmethod according to claim
86, ceippiwEs At last@ hyededmillimmbarastess. at | east t hree
billion characters. 95. The nethod according to claim

86, wherein said word conprises at |east 15
characters. 964. Themetiodadcadimgned clhgn 86, whaicim 36 genome
wherei n said conpressed transformis a
BurPHR%UVWQEF@FﬂPF%Ei?Qﬁ?H%W“?%e genome. 97. The
nmet hod according to claima86, further conprising
provi di ng data which is based on said transform
wher ei n sai d 8&f Thé mgthodrmpedrdiag to okim§6saheteuiannl word

r to define said search region. 98.

sai d i ndex charact
The MEPHHS a&@&%ﬁgicﬁga{:tsrsd aim 86, further conprising:
provi di ng data which is based on said transform and

96. The method according to claim 86, wherein said compressed

transform is a Burrows-Wheeler transform of the genome.

97. The method according to claim 86, further comprising
providing data which is based on said transform, wherein said defining comprises

using said data and said index character to define said search region.

98. The method according to claim 86, further comprising:

providing data which is based on said transform; and

determining a prior character count, said prior character count being
the number of times the character preceding the index character occurs in said
transform before the beginning of said search region;

wherein said defining comprises using said data, said index

character, and said prior character count to define said search region.



determining a prior character count, said prior
character count being the nunber of tines the
w@eb@sasi’er precedi ng the i ndex character occurBCT/HSEa4/16060
transform before the begi nning_of said search region;
wherei n said defining conprise§5using said data, said
i ndex character, and said prior character count to
define said search region. WO 2005/ 035792
PCT/ US2004/ 016060 -75 99. The nethod according to
cl ai m 98, whe?%i Bhemethop rc@rdiop & ceine8, vdeweit saig prior character

obt ai ned i.ng, K-intervals, said K-intervals bein )

ot o oS E BRIk AR, i Kolnlerily e soerda Dedetermined
t r apsitndafng sERl tiin8foRmant WHMtRG atrfh@ihg @ftal@FeAch character that
character - that has appeared in said transformup to

ancdhaspperdpdi saidyasnsiam vy togne deslusding mpatticiletpredetarmined
100y, . Ay st em conpri sing user equipnent that is
confrguréd to performa nethod of clains 86-99.

100. A system comprising user equipment that is configured to

perform a method of claims 86-99.



