METHODS FOR DETECTI NG GENOVE- W DE SEQUENCE. VARI ATI ONS ASSCCI ATED W TH A
PHENOTYPE 1. FIELD OF THE | NVENTI ON The present invention relates to

nmet hods for detecting in a popul ation ot organi sns of a species
genone-w de sequence variations associated with a phenotype in a

hypot hesi s-free manner, The present invention also relates to nethods for
generating genone-w de restriction sequence tags for an organism 10 2.
BACKGROUND OF THE | NVENTI ON Mol ecul ar approaches for geneti al yses trace
t he nucl eot | HEEIQDSIHIR L GEN{2 bl NCE Va O8N y

t he genones of organi sns. g@%lﬂiﬁpggi@rﬁi snms anong i ndi vi dual s
and between popul ations i i g the conplex |inks
bet ween genotypi ¢ and phenotypic variations. In the 15 absence of conplete
dat a about seguen‘ce variati on; one relies on the ability to identify

" near by' H o infer the location of certain rel evant

| oci org ca > Lat T i tiv . . mar kers
depends on Theresa iR KRS Ao iof oL DL APIERSn R oledFis TR 88 b
used in | i akggiesgenahesvidoscgaatoetvatiationscandided @itgapdenape Ina associ at i on
studies to, identj ffy t he fun%i onal allelic variations 20 of candi date genes
that infl JBROESSIiEemamer: dhaPpresent intentior alse relafey i medods fir saperating

response t O i by L o diseases to the genonic
makeups ofg?dgi’di Vi fgﬁg@ﬁ&%ﬁ%@gg@g%&%%ﬂg%ﬁﬁ or the differences in the
genone anong individuals. The current approach includes nonitoring a | arge
set of, 25 genet.i = & ds of Single Nucleotide

ol y phi &8 FSy - eveT Yy St eat oV
moni t or ed Maldcrt ¥pHoalhes trydhaiCantysed trad%QHé'hﬁ’élbcﬁfHe%Bguén@e'v fongdual s in
an affected popul ation, or nore genérally, a population wth a given
phenot ype. thef escatyeataially qud Fandpimlyringbe wesnmaeshd o ganisnpo ghawledgsofIONAgi ven

SNPs is then used.as an indi.c(ﬁl' ro on 30 the

L i on fd%r t he %hﬁéhcal. pr oxi m't%
genome bet REERCPRETEGBLONE R YENA 1 3¢ PERY TALOPRYBPISES ROEHL Wy ug response
or di seasgdettmea the bohilex BHRS batv@eh BondMRsE ak®PRENI RO ParifRondleRahE C

15 absence of complete data about sequence variation, one relies on the ability to identify

t he genone. These SNPs are

‘nearby’ markers that allow one to infer the location of certain relevant loci or causal
sequence variations. The informativeness of the markers depends on the magnitude

- of the linkage disequilibrium. Markers can be used in linkage studies to search for
candidate genes and in association studies to identify the functional allelic variations

20 of candidate genes that influence inter-individual variations.

In order to link adverse response to drug treatment and susceptibility to diseases to the
genomic makeups of individuals, it is necessary to monitor the differences in the
genome among individuals. The current approach includes monitoring a large set of
25  genetic markers, e.g., thousands of Single Nucleotide Polymorphisms (SNPs) evenly
spread over the genome. These SNPs are monitored in individuals from a control
population and in individuals in an affected population, or more generally, a
population with a given phenotype. Linkage disequilibrium between the two
populations for given SNPs is then used as an indication for the physical proximity on
- 30 the genome between the SNPs and genomic regions involved in the drug response or

disease susceptibility.



potential as functional variants, has produced a great deal of interest in
SNPs both as pharnmacogenetic indicatoys arid as markers for mapping genes
for mapping genes for conplex diseases (Risch et al., 1996. Science
273:1516-7-1 Kruglyak, 1997, Nat. 5 Genet. 1.7:21-4; Masood, 1999, Nature
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expensive and the result is dependent on the choice of the control population.

20 Once the SNPs are identified, methods have to be developed that allow for the fast
and cost effective scoring of a large number of SNPs in an individual. In the present
state of the art, most methods used to score an SNP rely on the amplification by PCR
(or alternative DNA amplification methods) of a small region surrounding the SNP.
This amplification step requires the knowledge of the sequence surrounding the SNP

25  and the use of specific and custom made nucleic acid primers for each SNP.
Simultaneous amplification of a large number of different DNA sequences is a tedious
and expensive process, requiring sophisticated and expensive robotics and a large

amount of expensive reactants.

30  The ability to genotype this abundant source of variation rapidly and accurately is
becoming an ever more important goal in the genetics community (Bonn, D., 1999,

Lancet, 353:1684). A variety of technologies available have the potential to transfer



8:769-776). These include 5 exon uclcase assays, such as Tagvan ( Ly'v-ak
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In the present state of the art, existing methods do not satisfy the needs of the

30

pharmaceutical industry. Besides the pharmaceutical industry, many other fields such
as medical research, healthcare management, veterinary, agricultural, food, cosmetics
and many other industries and fields are interested using the same approach based on
20  different contexts and/or different organisms. A new method is thus needed for
gaining full access to the abundant genetic variation of organisms at low cost, very

high throughput and high accuracy.

Thus, there is a need for more efficient methods for analysis of large numbers of

25  sequence variants in many patient samples to identify subtle genetic risk factors that
go undetected in current genome scans by use of fewer markers, limited sample sizes,
and/or pooled samples. It is therefore an object of the present invention to provide a
more efficient method of detection of nucleic acid variation. It is also an object of the
present invention to provide a more efficient method of sequencing.

30
Discussion or citation of a reference herein shall not be construed as an admission that

such reference is prior art to the present invention.



such reference is prior art to the present invention. 3. SUWARY OF THE

I N\VENTI ON The invention provides nethodg for determning gcnone-w de
sequence variations associated with a phenotype of a species, preferably
in a hypothesis-free manner. In 5 one enbodinent, the genone-w de
variations are detenni_ncd froma sub-popul ation of individuals oC a
particul ar phenotype. In the nethods of the invention, a set of
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for a sub-popul ation can be used to identify sequence vari ations
associated wth the phenotype. In a preferred enbodinent, the restriction
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set of restriction sequence tags for an individual in the sub-population having the
particular phenotype is preferably determined by generating a set of restriction
fragments from, e.g., the genomic DNA, of the individual followed by sequencing a

20  portion of each of the restriction fragments using a method comprising generation of
DNA colonies (describe infra).

The sets of restriction sequence tags obtained for different individuals in the sub-
population are then preferably compared and grouped into one or more groups, each
25  of which comprising restriction sequence tags that comprise homologous sequences.
The comparison preferably permits determination of the number or frequency of cach
group of restriction sequence tag. The collection of the groups of homologous
restriction tags for a sub-population can be used to identify sequence variations
associated with the phenotype. In a preferred embodiment, the restriction sequence
30  tags are compared with the genomic sequence of the organism to identify the genomic

Jocations of the restriction sequence tags. In another preferred embodiment, the



restriction sequence tags flanking both sides of the recognition sites are
also identified fromthe genomc sequence of the organism 4. BRIEF
DESCRI PTION OF FIGURES FIG 1 illustrat®s a nethod for identification of
restriction sequence tags associated wth a phenotype. FIGS. 2A and 2B
illustrate an enbodi ment of the invention for the determ nation of
restriction sequence tags. 10 FIGS. 3A and 3B illustrate an enbodi nent for
the determ nation of restriction sequence tags by generating restriction
f ragment s festowgtiomn eeqyemtegi)ﬁaréﬂing)bcghﬂidemf ths renggaitionsites aeiatso idetified t hat
cuts on bg@h sd?des of. 1ts ition.site. 15 FIGS. 4A and 4B illustrate
an enbodi nefP %%e%%BC&%‘%“&P?ﬁ f8%¥BF Y estriction sequence tags by
generating restriction fragnents fromthe genonme of an organi sm using a.
type Its endonucl easc. FIGS. 5A and 5B illustrate an enbodi nent for the
det er m nat4:di PRECRIFHIOMOFFICARIENce tags by generatlng restriction
fragment s n usi.n arare
cutter%foI]IE htl)s(?rage(T%LL neletll}gnff “d %al ?%‘es%ﬁg%lh%faqél@lﬁel flgssqs?%‘?%egnot her
enbodi rrentwftlﬁ)ﬁphélﬁ)tﬂﬁt erm nat i on of restrl ction sequence tags by
generating restriction fragnents fromthe genone of an organi sm 25 using
doubl e digestion: a first restriction enzyne and a plurality of second
restricti Y. t for the
ot er m nath S5 SRAREZE e 46 ARG bLUE AR BEEIRBRIORA 1 7Ce o
fragnents réstﬂnmcirhﬁ:qge:mrmgsof an 0 or gani sm usi ng doubl e digestion: a first
restriction enzynme and a plurality of second restriction enzynes. FIGS.
J8A. ar@ 8B illustrate another enbodi ment for the determ nation of

restricti quGfSS%LéSH%% fiA6Patd 54 BALOY: ﬁf‘ﬁ{ Hid Met il BRrldgomENt S rom
t he genone o or gani sm usi ng dou él gestion: A firSt Festriction
enzyme andegugnketags by \gendraSiegesuictine Stapmetts dronetizygeasme of an organism

using a restriction enzyme that cuts on both sides of its recognition site.

15  FIGS. 4A and 4B illustrate an embodiment for the determination of restriction
sequence tags by generating restriction fragments from the genome of an organism

using a type IIs endonuclease.

FIGS. 5A and 5B illustrate an embodiment for the determination of restriction
20  sequence tags by generating restriction fragments from the genome of an organism

using double digestion: a rare cutter followed by a frequent cutter.

FIGS. 6A and 6B illustrate another embodiment for the determination of restriction
sequence tags by generating restriction fragments from the genome of an organism
25  using double digestion: a first restriction enzyme and a plurality of second restriction

enzymes.

FIGS. 7A and 7B illustrate another embodiment for the determination of restriction
sequence tags using by generating restriction fragments from the genome of an
30  organism using double digestion: a first restriction enzyme and a plurality of second

restriction enzymes.



FIG 9A Illustrates the generation of short DNA tags from cl oned DNA
fragments. Long DNA fragments are clongd into circular vectors between two
BsnFl sites. BsmFl digestion | eaves only short DNA tags attached to the
vector. After the self ligation the circular vector contains an insert
which is formed by the pair of tags 10 regardl ess of the length of the
original DNA fragnent insert. FIG 9B shows the results of an anal ysis of
products a ) g L i . | i ed | antbda . .phage L) NA
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the second ERYSEU5HE doph é?Fé‘oga?réTséEeSE{@‘PH eprygng endepurglity of sggppdessed to
noni ~al i zerektRtibn ShagnddY BsnFl digestion and self Ligation to generate the
circular vector. For analysis, this product was anplified by PCR The
expectei:l peak of 132 bp is observed. FIG 9D shows the results of an
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resulted i i L b . tricti ssequence tags. The
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ver e anal yoedunal@ib,the pedbetndere hmplifie by PEIRZEsiM@priRBS BANKESk thElifaertidC Shows
the results o%(?n agal sis of products of a first ligation when 4lul and
Sphl  di gestiedFIF-ghs8aWBRIE Retsiof & epalysis af progugts jafiel the sprondpigitiot. gest ed
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results of nal ysis.of. t S sanples as_in
product was mpl?ﬁedf by pSR %ﬂgexpec ed peak of 132 bp is observed. FIG. 9D

shows the results of an analysis of the second ligation products obtained in a

simplified reaction. A plasmid containing a single insert was treated with BsmFT and
20 self-ligated after Klenow enzyme treatment to generate blunt ends. For analysis, the

products were amplified by PCR. No bands corresponding to fragments of a size

smaller than the correct size were observed.

FIG. 10A shows several possibilities of cloning of DNA generated by digestion using

25  two different enzymes into a 2" generation vector. FIG. 10B shows the results of an
analysis of in-vitro cloning into the 2" generation vector. Mspl and Sphl digested
lambda DNA was inserted into a vector digested with Sphl and Accl. After digestion
with BsmFI, the second ligation resulted in normalized size inserts, the restriction
sequence tags. The PCR products obtained by amplification of the final ligation

30  reaction were analyzed. Only the band of correct size was observed. FIG. 10C shows
the results of an analysis of products of a first ligation when A/ul and Sp#I digested
lambda DNA was inserted into a Hincll and Sphl digested vector. Afier PCR



FI G 10C after the second ligation. After PCR anplification for analysis,
only a single fragnent of the expected size was observed using Agilent
2100 bi oanal yzer DNA 1000 chip. Peaks Féorrespondi ng to size nmarkers are
indicated in the figure. FIGS. 11A-13 illustrate the tenplate preparation
for Hndlll and Rsul digested DNA wusing the single restriction sequence
tag procedure illustrated on Figure 4A. FIG | 1 C 10 shows aliquots
collected after the various steps of the process and anal ysed by
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Restriction Sequence Tags. 20 FTG 12 shows the generation of blunt ends
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of ' 5' overfghy i k t di | layner ase
'n presencetel TSR EReine BB BTGB b R FRREA R C

i nvent i on yming/thd emghekstodsor saqudatedagiprocedyrg dhsiraed wndégieeduneids. VA€ at i ons
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acquiring and conparing a sufficiently large 30 nunbér of sequence’tags

from t he denoidoelapilagenedidAINAS andraie/7-d0 Ahmanigendmicdd NAhEnpRemdt?ype. For

exanmpl e, t enoi ne-w de vari ations .can be determ neg froma
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al so é di@ﬁ t@ b)mgthus generating the DNAcolny vector with xpeted size.
FIG. 11D shows DNA colonies of Lambda DNA. FIG. 11E shows DNA colonies of
Lambda DNA (left column) or Human DNA (first 3 images of right column). These
DNA colonies are then sequenced in situ using the method of WO 98/44152 to
identify the Restriction Sequence Tags.

20

FIG. 12 shows the generation of blunt ends from 3' overhangs (illustrated for a Ps¢I
digest) and partial filling of 5' overhangs (illustrated for MspI digest) by the Klenow
polymerase in presence of dCTP,

25 5.DETAILED DESCRIPTION OF THE INVENTION

The invention provides methods for determining genome-wide sequence variations
associated with a phenotype of a species (see, e.g., FIG. 1). The invention is based at
least in part on the discovery that sequence variations associated with a phenotype can
be determined hypothesis-free by acquiring and comparing a sufficiently large

30  number of sequence tags from the genomic DNA or cDNAs of individuals who have
the phenotype. For example, the genome-wide variations can be determined from a

sub-population of individuals of a particular phenotype, e.g. individuals belonging to



popul ations of e.g., healthy individuals, individuals having or susceptible
to a particular disease, or individualg at a particular stage of

devel opnment. I n the methods ofthe invention, a set of restriction fragnments
for each nenber of a sub-population of individuals having the phenotype
are generated by digesting nucleic acid fromthe individual using one or
nore different restriction enzynes. As used herein, a set of restriction

fragments @@anﬁemfdcg,eva%%%recma,r gﬁh@%ﬁ%@?}t&mﬁﬁ ﬁ%ﬂ@ﬁﬁfgﬁme&&x@ﬁ t of

restriction sequence tags t he™i ndi vi st erm romthe
set of resharictenstins.f Thggaons-wilkoarietSdnsicah alsn beelgteamuedtfags siler t he

sub- popul ag i on  .of rgani s are .conpar ed. and_ grouped i ntQ one or nore
groups, eaé u&?tlo\%f)gﬁ‘ : Yg%vdg?aggﬂ? 131@}1815 hé}élﬁﬁé?ﬁﬁ‘é“c?l%{&e tnat conpri se
honol ogouspataugndisse, lop iREdeAD aci ﬁﬁﬂkula@stgge%fme%lbﬁﬁgﬁﬂ ction tags

consists of restriction tags that are at least -1-5 6014' ; 70 o, ~gV
y(?",',5, or 99 o honol ogous. In -another inent, a group of restriction

t i gt LGt . hat 100% h | . Th bt ai ned
one”or _rmor 5 e Bletl oA bF bE ibARibRIEse BitrsficBion Baehieo Tooekel Biemi ofant | 1y t he
sequence subrpodlla6iDs of HEI Hdd eRavihd bletﬂhencﬂg‘w%}gﬁﬁergﬂeﬂ _b? ﬁi@%e@fiﬁ%ﬁt?&ieic

enbodi nent,  the phenotype wunder study is associated w roportions or
combi nat i Gisid Bpmdheindaddua) asingone as mopgdifiseent restrttionenayrses. phowiedes net hods

for deterngni: = W n vari.ations anmong a plurality of
phenot y pegH SE%/IH’%‘O%S g?fgﬁgl‘%‘ﬁlg ﬁ?‘g@ fg' I(r)?tls %? T SRR TR g §%Ub°fd%8itﬁ%%‘? _
phenotlPpesA sdthd resttidtivtiseqienich eags fretht iratividid i90Rh deRBhRiel GrodMheSBESH €S Of
organi sm The metgods of the invention are particularly useful for higher

cukar yot i CCOREEAT Lgments. chherssiEcompraugnesdngmios thesubipopulatipgh8r ani mal's, 25
i ncl udi ng RPpLi A arkicBi : Sarahl RALLICUl.ar, the nmethods
of the invgegnntli onmgrc e h?eé? :a%i Ewﬁgghnatﬁegf ﬁggﬁgﬁe P%%Sng £?cfhy(?fﬁvéugl?equence

vari at i ongompsisingatstrctivn sequatics s ¢ha WsaRfitd Rbthblogoy sciR&ERENSE di
treatnments iin.a human. T nef hods of the present. invention can be used to

h
i dentify °BUOGHBTSH EREP Pheshistiop fags senusts pl restistion &ags fhas areratdeast ct i on
%WWO@@@O?@??‘%@&%%%%I B

exi sting nethods: I's not neceéSsary to di Scover 201% 0 %Set of
pol ynor phirestmeiongagsoronsistssif acstrictipnaagsathatedrat 0@ oinetygous.i Thé bbiamerdot

necessary to select a limted.set of CpoI rmr%hisms prior to starting a
correl ati SRS 8f 161893 81]“}‘?5 ofl-nr]testpgtl%ﬁequen e tags can be used to identify the sequence

variations associated with the phenotype. In a preferred embodiment, the phenotype
under study is associated with proportions or combinations of sequence variations.

20  The invention also provides methods for determining genome-wide sequence
variations among a plurality of phenotypes by comparing the restriction sequence tags
of different phenotypes. The methods of the invention are applicable to any species
of organism. The methods of the invention are particularly useful for higher
cukaryotic organisms which have complex genomes, such as higher animals,

25 including but not limited to humans, and plants. In particular, the methods of the
mvention are useful for analyzing and identifying sequence variations associated with

disease susceptibility or response to treatments in a human.

The methods of the present invention can be used to identify polymorphisms in the
30  genome of a species from restriction sequence tags. The methods present several
advantages as compared to existing methods: i) it is not necessary to discover a large

set of polymorphisms prior to starting a correlation study; 1i) it is not necessary to



necessary to use a priori know edge of any sequence; iv) it is not
necessary to synthesize a |arge set of_different oligonucleotides; v) it
is not necessary to performa large n er of specific anplification
steps; vi) the nunber of polymorphisills used 5 in the study can be easily
i ncreased by using a |large nunber of different restriction enzynes; vii)

t he whol e procedure i s conducted by mani pulating a single physical sanple
whereas in qther,. nethods.there is at |east one step, the anplification
step, whe?f‘geﬁt Rd! FO%?OqHH%%h&grS_ RSP H4TNE AFOBFHIOR SHAY: 11 itiR@chunber

of pol yr nonhghkaptd Qe AGrRPAkNAREge\dflahy sddueht; fbgtit i@%ﬁ?@&:@és)ér R pool the
sanpl es of the 710 popul ation, as each” i1 ndividual can be anal yzed; ix)
sequence vsymtlasizeadargzisst dfidgfferent olmopudlentides;equeis apt hevesdaey pqufoaiiaon can
be identifjed; x), the cost of al.ysis is. orders of ni t yde cheaper than
current gehﬁgwl%tberﬁgfmﬁf {© aﬂ“?.‘%?“ﬁ&xﬂé@e%i"&tﬁ% AYRREF @@%@?ﬁﬁﬁ‘&t‘lwbl low, a
nunber of {fEheStuay @aﬂ{ﬁ@@ash? Rifdréased By 28infhd8Ge thBéH?f‘di‘ffex%nHe?@i{cti d
consi stent under st andi ng of the specification and clains, including the
scope to benzymesrvip shewbaletpsegediretip eoriduicted iymgardieflatmg 4 singlephgsipalovi ded.

The t " ' i Qn" to. i f whi ch t ai
one o a GG MhbrchE Qi habaEgRR R pREE RedRRE RSP camp! os
from a popwhetitemehbetOf phidéal sattples isybpatidbRe t5ileiRdihepbr t he invention, 25

The term "nucleic acid" refers to at least two nucl eotides covalcntly
li nked t ogealyBprphismsigdeanalyaed; giibfit isimet pecessar toi peed theisempteawf tent ai n

Jphosp i hongds - I id.of th resent inventi.on can al so be
Inucl ep?da |@%%ﬁlgﬁb%sea%Whgé\}%alégggc%%%e elx%g%fl?esY%,tm?%?mg%l e,
phosphor anietie 1dvs Gequeticy in thBg@paiagen ein & identRAZx) Eﬁkbﬁhﬁ“@ﬁﬂgsié%l%& whi ch
is incorporated _by reference herein inits entirety), phosphorothioate
(see, e.g.ordwEE! Blagaitude chgeper thanquateat gemph@irametheds. 1437 and U.S.  Pat ent
No 5, 644,048, each of which is incorporated by reference hereininits
entirety), phosphorodithioate (see, Briu et a]. (1989) J. Am Chem Soc.

111: 2321) ,In(he desthytigrhamdpdxampdesi thiittfeliow | atkagies of selis at: hed hERKSt BRI N,
' 0 3- and Anal-ogyes- D I (D aVlln Ni a I

>~ aridFdp PrYade tlean dfonsisteptimdstiadingf the seatfieationend claims, | Eghol m
(1992) J. iAkI0dinEMeRcop®fo beldiden B%Rich terms, the following definitions are provided.

The term “genomic region” refers to a portion of a genome which contains one or a
plurality of sequence variations identified by comparing samples from a population of

20 individuals using the methods of the invention.

The term “nucleic acid” refers to at least two nucleotides covalently linked together.
A nucleic acid of the present invention can contain phosphodiester bonds. A nucleic
acid of the present invention can also be nucleic acid analogs which have a backbone
25 comprising, for example, phosphoramide (see, e.g., Beaucage et al., 1993,
Tetrahedron 491925, which is incorporated by reference herein in its entirety),
phosphorothioate (see, e.g., Mag et al., 1991, Nucleic Acids Res. 19:1437 and U.S.
Patent No 5,644,048, each of which is incorporated by reference herein in its
entirety), phosphorodithioate (see, Briu et al. (1989) J. Am. Chem. Soc. 111:2321), O-
30  methylphophoroamidite linkages (see, €.g., Eckstein, Oligonucleotides and
Analogues: A Practical Approach, Oxford University Press), and peptide nucleic acid
backbones and linkages (see, e.g., Egholm (1992) J. Am. Chem. Soc. 114:1895;



10 Ni el sen (1993) Nature 365:566, all of which are incorporated by
reference herein in their entirety). Qher anal og nucl eic acids include
those ~N-ith positive backbones (see, e.g. Denpcy et al (1995) Proc Natl.
Acad. Sci. USA 92:6097,which is incorporated by reference hereininits
entirety), non ionic backbones (,U S. Patent Nos 5,386,023; 5 5,637, 684;
5,602, 240; 5,216, 141; and 4, 469, 863, each of which is incorporated by

ref erence Nad®ir(1998)Nasure 365:566,01 @Mehitlo BreihbRpsraRavyhienecicB Gl pg t hose
described in U.S Patent Nos 5, 235,033 and 5, 034,506, each of which is

i ncor por at B8 EYLEeEN e (BhEanaleg narlgicagidstinclady thoes yith Rositise backbipdes Gemt ai ni ng

r i e o [ i thin the defjnition of

ol of o ac BT RELEFL (oY A0G NEEARL SR (5L 87305 bl ol by
ppl169- 176, refinench hiercin hﬁwmlray)edobjﬂalniebagjkem l)(tﬂaﬂ.giathgg \T,{Ob 53 CSJG%ﬁét rNgt y).
S I | el i I re also described in Raw s, WS,
June 25 16565 GBS A5 AT4 T el S0 eioa deash of sitston desomearated v s

tirety. | f: i f el - y be done
o faoi 11t aaots SERELINIRSRRAD & foidsp SaSP BN, RAC PR P, %, §
i ncrease the. Betaht Nog 3,223mE3 Haldf 5,034, 806 actusihwhitb is incorporated by reference
nol . eeul es-in-plrysiologica-l..-environnents-In-additjon _,
m xt ur es- ﬁed?ﬁ}’é%‘vlrﬁ C Ulci%a‘“ EALRING OPE ST BIER cARRe gk S rbEemade.
Al ter nat i i@doVinclilied Wites B dlififi6r SMtudue 5§a§gseé}céyc§.’%ﬁﬂﬁls e Q%@; m xture of

nmay” be nade. péf son

natural Iy occurring nucleic acids and anal og _
ski | 188 i rChene SectRew.| ppikAdRchehich ¢s medmpotatediey mppemprticatie imhal og to use in

20 with r SRR SR RhByTae P ot ME AreAicnbRbs Retbp & BrVRUS. The |-

nucl ei ¢ aqgufs2, 897, RizeS| AaldR-is incaRRede®by Agtihes RdrERANHAd enfRtyS PRGET ed, or
contain portions of both double-stranded or single-stranded 'sequence. The

nucl ei c adneflifieajigas pRile riboge-phosghste rackbomimay dbiane RNAcitata teydsiditibri n whi ch
Che 11 Sl 030105, 0 RO 1L B BT RS ol v,

nucl eoti des, an combdi hatl

———thym &, - eydlasildadn phyhsiopRal dnvRehiments X & ARftich, tixhy QBRI Securring

| socyt osi ne, |soguanine, etc. The term "oligonucleotide" as ‘used herein
i ncl udes MPeigrackisiand saslagosanbgimadst Aligmativshy, tmisaressd differentorucldinkages,

i ncluding agﬁgﬁeﬁ&&?Qr%ﬂn%&ﬁiedo%%atuﬂlBp&léﬁll-nen%sﬁu%?e% acids and analogs may be
made. A person skilled in the art will know how to select the appropriate analog to
use in various embodiments of the present invention. For example, when digesting

20 with restriction enzymes, natural nucleic acids are preferred. The nucleic acids may
be single-stranded or double-stranded, as specified, or contain portions of both
double-stranded or single-stranded sequence. The nucleic acid may be DNA, e.g.,
genomic DNA, cDNA, RNA or a hybrid in which the nucleic acid contains any
combination of deoxyribo- and ribo- nucleotides, and any combination of bases,

25  including uracil, adenine, thymine, cytosine, guanine, inosine, xathanine

hypoxathanine, isocytosine, isoguanine, etc.

The term “oligonucleotide” as used herein includes linear oligomers of natural or

modified monomers or linkages, including deoxyribonucleosides, ribonucleosides,
30  and the like, capable of specifically binding to a target polynucleotide by way of a

regular pattern of monomer to monomer interactions, such as Watson-Crick type of

base pairing, base stacking, Hoogsteen or reverse Hoogsteen types of base pairing, or



30 and the like, capable of specifically binding to a target pol ynucl eotide
by way of a regular pattern of nononmer to nononer interactions, such as
Wat son-Crick type of base pairing, badé stacking, Hoogsteen or reverse
Hoogst een types of base pairing, or | the |like. Preferably, nononers are

| i nked by ph. osphodi ester bonds or anal ogs thereof to fern

ol i gonucl eotides ranging in size froma few nononeric units, e.g., 3-4, to
several tens of nmononeric units, e.g., 40-60. Wenever an oligonucleotide
is repres@atika BieferaBlygmenemerstare bakedrhy, phogphiodigster APBBCT@ENalogs ther¢df be
under st ood, t he,nucleotides are.in S.to 3" order fromleft: to right
and that -0 eRebRIBNAEEARERE T B8 ol P rdpe R il R E bt

guanosi ne, sevdral RAHOF ABnbRYAE Hhifke e.2a0-60.)" WHeRGeLen okigdriitRetideyl ess
otherwi se noted. The term "nucl eotide" refer to "a deoxyribonucl eoside" or
"a ri bonucleBsssied by a seapenepgifcttergsueh as GEFECCTE Titpvill be undgrstapd it

repr esent ' t rivatd f ot i ndi vi.gual nucl eoti.des. 10
Usual | ? ol tﬁggﬁﬁéﬁ)tg%? |§’lpdf’re]fs§ll Sgtoogrqrs‘% f%10a 3erf§° "t qlg e%ﬁlla}(;e‘g; Q%M?Osflﬁeey may

al so  conpfi sdenotes citaling, 4G AeadteotimesianaiToginotel thyimilinecar@ ‘@ar ddndtdshose
skilled in the ar t hat ,. although ol i gonucl eoti des having natural or
non- nat ur 24k LalsEs aibsvisgneied. Thpiespeguclgpiede” refegto “apr ocessi ng by enzymes

is to be gy jﬁlﬂ]n‘ﬁu QLo : i » 8\ n R Al beoti des
are preferre%. 15T 8mterﬁggﬂggﬁ§#%g%%%s%ﬁp é?£$gQ¥§ﬁ}h@&Z§ps€2E§g of two
or nore alandl“dUT&R(’ represenethepnphosphate deriVdizet of e Tadib@usl nuckbedss.t o one of

L ific locus. Polynorphi sm at

sever al.terpati.ve sequence variants at _a.spe
la si ngbe c%’“@ Q!ﬂﬁ%ﬁucf%@g?q WWWWﬂt%leatﬁ%éﬁ%‘f’f"@r#ﬁ?kgﬁy aj§9e term " SNP"
refers to ég{ﬁgﬂs@ n!glkl\lt%hﬁ?élln%leg’f?&é’é}m@a! Wﬂlﬁ% ﬁé&ﬁ&pﬁﬁé ¥ici118d Hﬂﬂ%%‘:i ]

vari ation, e. , 1S connnon i n-a popul ation oforganisms a
i nheri t ed that, lthuwghleligamicleatideolmvirgucitural daiansnatayl ouclemidenotaytbave

associ at ed henotypes. The term, "heterozygotc", as used herein, refers to
T GO B oy e By e mes 51 hé pargel o pligomis HoNHsS
honol ogoug ARSI Tl ekRbide gt Yrefb&l.t €rm "het erozygous”, as used

15

The term “polymorphism” refers to the existence of two or more alleles at in the
population. The term “allele” refers to one of several alternative sequence variants at
a specific locus. Polymorphism at a single chromosomal location constitutes a
genetic marker. The term “SNP” refers to Single Nucleotide Polymorphism.

20 Preferably, a genetic variation, e.g., SNP, is common in a population of organisms
and 1s inherited in a Mendelian fashion. Such alleles may or may not have associated

phenotypes.

The term “heterozygote”, as used herein, refers to an individual with different alleles
25  at corresponding loci on homologous chromosomes. Accordingly, the term
“heterozygous”, as used herein, describes an individual or strain having different

allelic genes at one or more paired loci on homologous chromosomes.

The term “homozygote™, as used herein, refers to an individual with the same allele at
30 corresponding loci on homologous chromosomes. Accordingly, the term
“homozygous”, as used herein, describes an individual or a strain having identical

allelic genes at one or more paired loci on homologous chromosomes.



allelic genes at one or nore paired |oci on honol ogous chronosones. The
term "hornozygote", as used herein, refigrs to an individual with the sane
allele at 30 corresponding |oci. on honol ogous chronosones. Accordi ngly,
the term "honozygous'", as used herein, describes an individual or a strain
having identical allelic. genes at one or nore paired | oci on honol ogous
chronmosones. 12 The term "nutation"” nmeans a heritable alteration in the DNA
sequence of an organism The term "genotype" is comonly known to nmean. (i)
t he genetlc constitution of an individual, or (ii) the types of allele
found at a The tam “inpntairon” mogans d hatitabEredtetatiomitl tesDNAGkejwsmcendanucl ease” or
"restriction en " refers to an enzyne that recognizes a specific base
sequence (8&?3?6%t or recognition site) in a double-stranded 10 DNA
nol ecul e and cl eaves the DNA nol ecule at or near, e.g., within a specific
di stance fron1 a target or recognition site. The term"restriction site"
refers X o Bhe Egnosenmived |y CanmelsﬁgnolMutto madan|(i)rthe gehetio corbtiantibn & an

nucl eot i de an 20 e within a . nu ic acid, preferably
a doubl e 1§§P@%ﬁgﬁé H}ﬁ' 8Pu@ﬂﬁ gﬁ%?ﬁ§?ﬁ51@hgmpgﬁﬁgnition site an /oie
cl eavage site of a restriction endonucl ease. A recognition site

corresponds to a sequence within a nucleic acid which a restriction
endonucl eakle s gresiijstion endenueleasd” on “eastimtion Ieeasem@” refirntdsant amzyechaavage

site or ¢ th articul ar e cut, by the
restrlctlg%mgﬁﬁﬁﬁ Pégggﬂ%%%ﬁéﬁa Eg %ﬁﬁéﬂbnﬁﬂgP %P?l f??@hﬁﬂﬁsgﬂﬁgﬂuclease
20 t hdOcutDNiAtmoleeylehad vichtdsithé DAVA gR@NIddt @R n&ir! &g., HONBY £Epss it C
restrictio endonucl eases, e.g., a type-ITS endonuclease have cl eavage
sites whi c‘ﬁs taes TRy @eget E’W@C?@EB@hﬁtq on sites. The term"restriction
fragnent” refers to a DNA nol ecul e produced by digestion of 25 DNA

nol ecul es with a restriction cndon. ucl ease. The term "engi neered nucl eic

aci d" or 'E’rrctamm?‘fbsmﬁmn sitd”aefersstoar regidaublAlySicteede ut ANniTRIdas Ul gngthi ch
has a pre ed nucl eqt sequence. Preferably, i neered nucleic
acid or a% %s’ r Bloff%'%%gg S Isotidesy Withigrpguuciae @lé:rlﬁﬁf@ff&)&’ g dowlple-

lﬁéh*stranded nucletc acid, comprising the fecognition site and/or the cleavage siie of a

restriction endonuclease. A recognition site corresponds to a sequence within a
nucleic acid which a restriction endonuclease or group of restriction endonucleases
binds to. A cleavage site or cut site corresponds to the particular sequence where cut
by the restriction endonuclease occurs. Depending on the restriction endonuclease,
20 the cut site may be within the recognition site. However some restriction
endonucleases, e.g., a type-IIS endonuclease, have cleavage sites which are outside

the recognition sites.

The term “restriction fragment” refers to a DNA molecule produced by digestion of

25 DNA molecules with a restriction endonuclease.

The term “engineered nucleic acid” or “adaptor” refers to a short double-stranded
DNA molecule which has a predetermined nucleotide sequence. Preferably, an
engineered nucleic acid or adaptor is 10 to 500 base pairs long. More preferably, an
30  engineered nucleic acid or adaptor is 10 to 150 base pairs long. Preferably, it is
designated in such a way that it can be ligated to the ends of restriction fragments.

Such nucleic acids can be designed by anyone skilled in the art once the sequence of



30 engineered nucleic acid or adaptor is 10 to 150 base pairs Iong.
Preferably, it is designated in such a way that it can be ligated to the
ends of restriction fragments. Such nddleic acids can he designed by
anyone skilled in the art once the sequence of 13 the ends of restriction
fragnents is given. Preferably, an engineered nucleic acid conprises
sequences of one or nore anplification prinmers, each oi'which is
preferably close to an end of the engineered nucleic acid and oriented to
permt pritheendesfresiticidon fragmends i gieas |Rmfetﬂbly,@mname@rhé nu¢ldicacid he

nol ecul e. The ang ificati he sa ol di.fferent.

Pr ef er abl ycong?{lsg %?%18%?'658 ﬁﬂ%?lptfngre anilpc}l gﬁg%n p%%“ﬁ{s“’r P éﬂﬂbﬁces of one or

mor e sequepefoidblp tiobBfoSan GRAT the enpividered icRieisad ahd Mnexﬁbd)ﬁ)q:emlt%n%}d of
the engineered nucleic acid and oriented to pernmt prinmer extension in the

di rect i on @fensipendle dirction@f trvardsethasndefithe. mqiﬁ@lgeﬁ%ﬁﬁplm@caﬁpnrrer s can be
the sange Cllgmgéxfs 68 500he shihed? @ﬁ&%oﬂéﬁﬁhﬁf al Ql?%lﬁ%&%d Iu!lc(igg L8 o | mers and

10 sequencing primefs can be the saire art engi neer ed

nucl ei c acnnﬁbrmasnsalhsmeeeﬂana SEMORGeQlicnoiNgepringat, dack bﬂﬁhﬁ:htleprefe%bly
engi neered nucleic acid is ,alsqo referred to as a DNA. colony vector in
this di scldessrie antpgof @cﬁngxrﬁe@rﬁfl nBpleicagidang qrigntad ta Rexmp BIIMET PEEREHN

catal yzed s are
covalentlf9¥%%%£ %?%gghﬁgﬁﬁé%ﬁgﬁ%@f%%gﬁ&%ﬁ&? 2% %ﬁ@ @%F%e %gggantly

j oi . n. ~. edht sget bediffetent.i $n ad:maembs&ih%& the apipdifieationt fiémedsgatli on of  one of

the tﬁﬁ strands, t hr ough cheni cal ang_‘ enzg% ¢ nodificati on ?f one of

J?t he ds SFB“%}%R“IP?{F ﬁF‘hBe gﬁlsﬁmﬁn Mg Frabodimepigaars eneasted misleite tern
"solid supR@dan Ji&f &J‘hﬁ)ﬂsg oﬁQ}Sr ffdkd Qstﬁéﬁ&ﬁlgﬁest %beﬂaépgq&gext rug!eq(i)gﬁggss can be

attached, such as, but not [imted [ at ex n

poIystyrenéﬁnmﬁmk@noapyE@h&cshmyac@prmnhwammymanade gel, gold surface,
gl ass surfaces and silicon wafers. Preferably, the sol i d support is a
gl ass surface. 25 The teen "nucleic acid colony” or "colony"” refers to a

di screte anpaceiligdn” fofdlth th cisnlakcactiofRilalyZ00 bW!fsufd i WIEH R0 Of 2

be prdée ntdwhletﬂﬁ@néqi@NébmquleEh@ qwﬂ]ﬁlf{b}’ ,@mngpg@herofOnerm h@ﬂtDéUc aci d
strand maksltrta] éaantb%eco%a ent )If _]eo?ne rtgggﬁer}.e rItais a}go prcr)gglgfe to preventr}he hgatlondof

one of the two strands through chemical and/or enzymatic modification of one of the

ends to permit joining only one of the two DNA strands.

20 The tem “solid support” refers to any solid surface to which nucleic acids can be
attached, such as, but not limited to, latex beads, dextran beads, polystyrene,
polypropylene surface, polyacrylamide gel, gold surface, glass surfaces and silicon

wafers. Preferably, the solid support is a glass surface.

25  The term “nucleic acid colony” or “colony” refers to a discrete area on, e.g, a solid
surface, comprising multiple copies of a nucleic acid strand. Multiple copies of the
complementary strand may also be present in the same colony. The multiple copies
of the nucleic acid strand making up the colonies are generally immobilized on a solid
support and may be in a single or double stranded form.

30
The term “colony primer” as used herein refers to a nucleic acid molecule which

comprises an oligonucleotide sequence which is capable of hybridizing to a



support and nmay he in a single or double stranded form 30 The term "col ony
priner” as used herein refers to a nuclgjc acid nolecul e which conprises
an ol i gonucl eoti de sequence which is capable of hybridizing to a 14

conpl ementary sequence and initiate a specific polyserase reaction.. The
sequence conprising the colony prinmer is chosen such that it has maxi mal
hybridi zing activity wth its conplenentary sequence and vEry |FW

non- speci f c6mBBicntire | At driihis . ol any _
printgr can bg¥%E?gﬁ%%gﬂgasé?ﬁﬂﬁmfgﬁﬁ?ﬁghﬁ3%H§@%%§?§§ﬁ§ﬁ'E@ %gﬁfgc%ases in
| engt h. NatmAN$Hg decmotenymyingr inchwspatunhahtyit basanaxiinabhyhligag iadesty my be

' . ' , h di ff t col, i be
sed to genhIsBoRFRrarmaH sPipeBer G V1o bRk R HomprBRbRdctprisent |
i nvent i on. afy dthei¥GLEGE! NG ANBn B NG %m—@%cfmétNWt Bv%@gl a10 A

PARTI CULAR PHENOTYPE Genomi ¢ or cDNAs of Individual'sof a'p r r
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variety, species, genus, family etc., with the same phenotypic characteristics, or

15— individuals having a particular condition; €.g;, hiealthy, having a particular disease, or
at a particular stage of development, are identified. Samples from such a sub-
population of individuals are collected with detailed documentation of the phenotypic
characteristics associated with the sub-population. Such careful documentation
facilitates the assignment of sequences variations to one or more phenotypes.

20
5.2. METHOD FOR GENERATION OF RESTRICTION FRAGMENTS BY
RESTRICTION DIGESTION

The methods of the invention involve generating a set of restriction fragments from
genomic DNA or ¢cDNAs from an organism, e.g., genomic DNA extracted from a cell
25  derived from the organism or cDNAs prepared from mRNAs extracted from a cell
derived from the organism. In the invention, DNA, e.g., genomic DNA, can be
obtained from an individual, e.g. from different cells, parts, tissues or organs. In
various embodiments of the invention, one or more different restriction enzymes are
employed concurrently or separately to generate the set of restriction fragments from,
30  e.g., genomic DNA. Preferably, the set of restriction fragments comprises a
sufficiently large number of different restriction fragments to permit identifying

sequence variations in the genome of the organism. More preferably, the set of
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5
Any restriction enzymes known in the art can be used in conjunction with the present
invention. In some embodiments of the invention Type-IIS endonucleases are used in
one or more steps. Type-IIS endonucleases are generally commercially available and
are well known in the art. A Type-IIS endonuclease recognizes a specific sequence of
20 base pairs within a double stranded polynucleotide sequence. Upon recognizing that
) sequence, the endonuclease will cleave the polynucleotide sequence, generally
leaving an overhang of one strand of the sequence, or “sticky end.” Type-IIS
endonucleases do not require that the specific recognition site be palindromic like
those of the type-II endonucleases, i.e., when reading in the 5° to 3’ direction, the base
25 pair sequence being the same for both strands of the recognition site. Additionally,
Type-11S endonucleases also generally cleave outside of their recognition sites.
Because the cleavage occurs in a location of any polynucleotide sequence a certain
base pairs away from the recognition site, a Type-IIS permits the capturing of the
intervene sequence up to the cleavage site in some embodiments of the present
30 invention. Specific Type-IIs endonucleases which are usefiil in the present invention
include, but are not limited to, Earl, Mnll, Plel, Alwl, Bbsl, BeeAl, Bsal, BsmAl,
BspML, Eco571, Esp31, Hgal, Sapl, §faNI, Bbvl, BsmFI1, Fokl, BseRl, Hphl, Mmel and
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to thensel \?4s at the di gestion sites. Typically, restriction enzynes

strands are base
In some embodiments of the invention, restriction fragments are linked to other

nucleic acids or to themselves at the digestion sites. Typically, restriction enzymes
produce either blunt ends, in which the terminal nucleotides of both strands are base
paired, or staggered ends, in which one of the two strands protrudes to give a short
20  single stranded extension. In some embodiments of the invention, when the
restriction enzyme is a Type-IIS, a step which comprises the modification of the ends

by converting protruding ends into blunt ends with a polymerase is preferably added.

3.3. METHODS FOR DETERMINATION OF RESTRICTION SEQUENCE TAGS

25 Any method known in the art can be used to determine a set of restriction sequence

tags for the restriction fragments generated by a method of Section 5.2, Preferably,
the restriction fragments are amplified before sequencing. However, sequencing
methods that do not require amplification, such as single-molecule sequencing, can
also be used without an additional amplification step. Preferably, the lengths of the
30  restriction sequence tags generated are at least 5 nucleotides. More preferably, the
restriction sequence tags generated are at in the range of 10 to 20 nucleotides. Still

more preferably, the lengths of the restriction sequence tags are up to 50 nucleotides.



pai red, or staggered ends, in which one of the two strands protrudes to
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i nvention, when the restriction enzymél is a Type-11S, a step which
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si mul taneous production of a nunber of such nucleic acid colonies, each of
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generated Tro
generation. In one embodiment, DNA colonies are generated from a sample of DNA

molecules, e.g, a pool of restriction fragments, by a method comprising the steps of:
i) providing a solid surface comprising a plurality of colony primers immobilized on
20 said solid surface at 5' end, wherein each colony primer comprises a sequence that is
} hybridizable to a sequence at the 3' end of the DNA molecules in the sample;
i1) denaturing the DNA molecules to generate single stranded fragments;
iii) annealing the single stranded fragments to the immobilized colony primers;
iv) carrying out primer extension reaction using the annealed single stranded
25  fragments as templates to generate immobilized double stranded nucleic acid
fragments;
v) denaturing the immobilized double stranded nucleic acid fragments to generate
immobilized single stranded fragments;
vi) annealing the immobilized single stranded fragments to immeobilized colony
30  primers;
vii) repeating the steps iv) through vi) such that the colonies are generated, each at a

particular location on the sohd surface.



nol ecul es, e.g, a pool of restriction fragnents, by a nethod conprising the
steps of. i) providing a solid surfacggonprising a plurality of col ony
prinmers inmobilized on 20 said solid surface at 5 end, wherein each col ony
prinmer conprises a sequence that is hybridizable to a sequence at the 3

end of the DNA nolecules in the sanple; ii) denaturing the DNA nol ecules to
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DNA colonies can also be generated by a method as described in PCT Publication
WO 00/18957. In embodiments of the invention in which DNA fragments to be

20  amplified are circular, a step of linearizing the circular DNA fragments using a
restriction enzyme is preferably performed before colony generation. In one
embodiment, DNA colonies are generated from a sample of DNA molecules, e. g a
pool of restriction fragments, by a method comprising the steps of:
1) mixing the DNA molecules in the sample with colony primers, wherein each colony

25  primer co.mprises a sequence that is hybridizable to a sequence at the 3' end of the
DNA molecules;
1i) grafting the DNA molecules and colony primers on a solid surface at the 5' ends of
both the DNA molecules and colony primers to generate immobilized DNA
molecules and immobilized colony primers;

30  iii) denaturing said immobilized DNA molecules to generate immobilized single-

stranded fragments;
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gener at ed, pae@diflardbecadionRarthé salld@durfaggat i on on the solid surface. Preferably
the proportion of colony priners in the mxture is higher than the

Preferably the proportion of colony primers in the mixture is higher than the

proportion of colony templates. Preferably the ratio of colony primers to colony

15  templates is such that when the colony primers and nucleic acid templates are
immobilised to the solid support a “lawn” of colony primers is formed comprising a
plurality of colony primers being located at an approximately uniform density over
the whole or a defined area of the solid support, with one or more colony templates
being immobilized individually at intervals within the lawn of colony primers.

20 Primers for use in the present invention are preferably at least five bases long. More

) preferably, the primers are less than 100 or less than 50 bases long. The present
invention uses repeated steps of annealing of templates to immobilized primers,
primer extension and separation of extended primers from templates. It will be
appreciated by those skilled in the art that these steps can be performed using reagents

25  and conditions in PCR (or reverse transcriptase plus PCR) techniques. PCR
techniques are disclosed, for example, in “PCR: Clinical Diagnostics and Research”,

published in 1992 by Springer-Verlag.

Isothermal amplification of nucleic acids on a solid support can also be used to
30  generated DNA colonies (see, e.g., PCT publication WO 02/46456). In embodiments
of the invention in which DNA fragments to be amplified are circular, a step of

linearizing the circular DNA fragments using a restriction enzyme is preferably
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concentrations of the DNA molecules to be immobilized are preferably between 1

nanoMolar and 0.01 nanoMolar for the colony templates, and between 50 and 1000
nanoMolar for the colony primers. In a preferred embodiment, the temperature of the
reaction is chosen to be the optimal temperature for the polymerase activity. In

20 preferred embodiments, the DNA molecules in the sample have sizes in the range of

about 50-5000 base pairs.

In the methods described in this section, colonies are generated on discrete locations
on the surface. Densities of colonies on a surface can be controlled by, e.g., adjusting
25  the density of primers immobilized on the surface. In preferred embodiments, colony
densities are 10*° colonies/cm?, more preferably 107 colonies/cm” or more. The size
of colonies can also be controlled by adjusting the experimental conditions. Preferably
colonies measure from 10nm to 100um across their longest dimension, more
preferably from 100nm to 10um across their longest dimension.
30
DNA colonies can be sequenced to determine at least a portion of their sequences. In

one embodiment, sequencing is carried out by hybridizing an appropriate primer,



solid surface such that the colonies are generated isothermally, each at a
particularly 1location on the solid surface. The quantity of immobilized
nucleic acids in step ii) deternmines tBd average nunber 1.5 of

DN- A- col oni es-ersurfacemitwhich-dais iie created- |'ire ranges of prefenTed
concentrations of the DNA nol ecules to be immobilized are preferably
between | nanoMdl ar and 0.01. nan.o-iolar for the colony tenplates, and

bet ween 50 and 1000 nanoMl ar for the colony priners. In a preferred
enmbodi ment sonpdianesgnpfseicd to hercisf astah sequengivg ipoimer's voHovgemucloicrsid he opt i nal
tenperature r.the | yi;nerase, activity. Ln 20 preferred di nents, the
o ot ecurgleist BDRRLIIPELR 35 R Himt B S FRRIEHIRELS pace
pairs. In fohetdmdtthogamee Seictdpaly it tudicotide adddan ex@all @ [Bime if eg@ner ated on
discrete locations on the surface. Densities of colonies on a surface can
be cont r ol $d@mbis detectpd befrp thamergnudeatide itedds i thergrowingarusleinanidbi | i zed on
t he surd acs, . r.ef er i , 0 sk.ties are | Oa col onies
em, m)Sre %?a‘e @%bﬁﬁyﬁﬁ@e%@ggfﬁg%%g@%S@rc ;{r%t};drseeﬂﬁ%ﬁén%i ze of colonies can
al so be controlled by adjusting the experinmental conditions. Preferably

colonies nmeasure from1l Omto 100 mm across their | ongest dinension,
nor e pr ef ekhgsisieation o incompsated nuelpotiles éskacilitated by Mislelins enerasmoten. 30 DNA

colonies ¢ - ] -east ' Lr
cequences. o EnadEURRE et iRt BEEMIE Mech GRS AR BRI AN Breddl b 21 ng an
appropri dakelpidyterysed,lfos oxeepleeslubefphiore d ridiodvgive labeb&tc aPref@abignci ng
primer”, wth the nucleic acid _nolecules jn DNA col onies, extending the
Jori mert%n ‘ﬁ’é?séelftilfrﬁllbe(if%%seﬂu&né(&qoﬁé;§‘?rﬁs}§{f_l i‘f“b‘”’é%’t ﬁ&“tcﬁ%b_EPPffijerThePr ef erably
the nucl e%rahféeortm&eﬁtqa@ef% 3139 bk *ﬁg%d%&r BRh diffel%ﬁpﬁge B?hﬁ’cﬂ%otid% %ﬁ&sg@gsbef ore

the next nucleotide is added”to the grow ng nucleic aci chal n,
al | owi ng Halsa 19y flberophéme apd the sancd lebals arcivded fogwecicdifigrenThype dét ect i on of
i ncor por at ed i.s, facilitated by, includj ngﬁone or, mgre | abel ed

| t.id \
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15 detected at different appropriate wavelengths. In a preferred embodiment, a mixture
of labelled and unlabelled nucleotides of the same type are used for each primer

extension step.

In order to allow the hybridization of an appropriate sequencing primer to the nucleic

20  acid template to be sequenced the nucleic acid template should normally be in a single

) stranded form. If the nucleic acid templates making up the nucleic acid colonies are

present in a double stranded form, they can be processed to provide single stranded
nucleic acid templates using methods well known in the art, for example, but not
limited to, by denaturation, cleavage etc.

25
The sequencing primers which are hybridized to the nucleic acid template and used
for primer extension are preferably short oligonucleotides, for example of 15 to 25
nucleotides in length. The sequence of the primers can be designed so that they
hybridize to part of the nucleic acid template to be sequenced, preferably under

30  stringent conditions. The sequence of the primers used for sequencing may have the
same or similar sequences to that of the colony primers used to generate the nucleic

acid colonies.



10 fluorescent | abel is used. Any fluorescent |abel known. in the art can
be used. The sane or different |abel sypay be used for each different type
of nucleotide. Where the label is a fluorophore and the sane | abels are
used for each different type of nucleotide, each nucl eotide incorporation
provi des a cumul ative increase in signal detected at a particular

wavel ength. If different |abels are used, these signals nmay be 15 detected
at different appropriate wavelengths. In a preferred enbodi nent, a m xture
of labelled and unl abel | ed nucl eoti des of the sane type are used for each
primer ex®eeesthe gegienging primer basbeen anhdadnd to e tmydisic deid a¢rmplatead ban

appropri at (o] rimer tq.the nuclejic 20 acid tenplate to be
sequenced S{%ﬁg&%‘gﬁ% F@%‘é%n&qﬁ%%cﬁ%{f éc’gﬁﬁq}?g{eﬁd’flr’?ﬁﬂ??c% A 1 ngl e stranded
form If tdppropuiatedondaivns deammimdes HakbMOwsPkdien HGE 8HCp@gbd col onies are
present. in a double stranded form they can be processed %o provi de single
stranded RsONds sarriad punfrexewplsgismg amichueecidpblymenzssrania supplyaft , f or

exanpl e, i 1 at ur at.i.on, .cl.eavage etc. 25 The
sequenci ntgéjm1 %%e?ﬁéc;s&%s&%&g% §f}¥%¥‘ %g%]%éi“{%@ B ﬂéabﬁh%(fér&" 3’&‘5 ﬁor’t‘é Sate and
used for spfthmuforqxtxm&msiaﬁefaaglﬂtfaereaﬁueoﬁﬂ@rstpr@hh@cpnDNiAelsm%n%ﬁasesf or
exanmple of 15 to 25 nucleotides in length. The sequence of the priners can
be desi gné@ddyclepiidespruch mﬁyb?ﬂlmdz@ewllgwwnd@ ongskiHed inethe aeici d tenpl ate to
be sequenced, preferably under 30 stringent conditions. The sequence of the
prinmers used for sequencing may have the same or simlar sequences to that
of t hé0colPoefgrabiy afier sactsEiimecexyannatep 4 weshicitep & indlalléell ®Arggites. 22 Once
t he sequencin rimer has been annealed to the nucleic acid tenplate to be
sequenced r%‘?og‘h IRCArPOTgtef muclsatides vehigl may itpalers vattasipsemignlesiensn Aot mer t o
appr opri abgy R dichGbs steﬂ%%?f)g@nrb%ﬂ'i ol Rl GRR N5 y&?loo\@rhe'ct]&tédlhi% Rlidy Primer
extension i's carried out, tor exanple using a nucl’eic acli d polyrnerase and
a supply ¢o detehieetihdtisr a bellebsiclaoide has bedniintorporatedrinti slagtdnded | abel | ed
form and _condi suitabl e for r extension if a suitable

| ons r.i ,
nucl eoti d gnp;fr.pﬁ'hqlpla@alj ewlwtw gl@g%e repeated in order to determine the

15— next and subsequent nucleotides incorporated iito an extended primer.

Any device allowing detection the presence or absence, and preferably the amount, of

the appropriate label incorporated into an extended primer, for example fluorescence

or radioactivity, may be used for sequence determination. In an embodiment in which
20 the label is a fluorescence label, a CCD camera attached to a magnifying device (such

as a microscope), may be used.

The detection system is preferably used in combination with an analysis system in

order to determine the number and identity of the nucleotides incorporated at each
25 colony after each step of primer extension. This analysis, which may be carried out

immediately after each primer extension step, or later using recorded data, allows the

sequence of the nucleic acid template within a given colony to be determined.

In a further embodiment of the present invention, the full or partial sequence of more
30  than one nucleic acid can be determined by determining the full or partial sequence of
the nucleic acid templates present in more than one nucleic acid colony. Preferably a

plurality of sequences are determined simultaneously and the nucleotides applied to



and nucl eoti des which may be used are well known to one skilled in the art,
10 Preferably after each prinmer extension. step a washing step is included
in order to renove unincorporated nucPéoti des which may interfere with
subsequent steps. After a priner extension step has been carried out the
DNA col ony can be detected in order to determ ne whether a |abelled
nucl eoti de has been incorporated into an extended priner. The priner
extension step may then be repeated in order to determ ne the 1-5--next-ana
subs equentmmim editl icdlegias mmq@@}lﬁtﬂmdlednn@ chpsemarderdduiph mthen mpgateidvi ce
allowng d tec the ence. o n ably the amount, of
t he approp é tgg%fmall Sé% o‘?‘é{i’é’lﬂﬁlﬁ?g ‘gﬁr A&’d%pélgiﬁl mer, for exarrpl e
fluorescence or radioactivi ty, may be used for sequence determnation. In
an enbodi ment in which O the label is a fluorescence | abel, a CCD canera
attached tBhug iheagrierspemiiag8 erepaptial spquensesplithe nedelo peifl, terﬁﬁlﬁtﬁ’éé‘lﬂéﬁ% The
det ect izon 4, tion wwth an anal ysis system
or der lﬁyog @é#%ll%éﬁ?%%&l&gg% %é?%ﬁ&{é%?% e?/l of the nucl eoti des
|ncor porated at each 25 colony after each step of priner extension. This
anal ysis, which may be carried out _imedi ately after each priner extension
step, or |Hiegrimasapd phiggruglegtidesused in thepetheds of dhepresrad iyeEntigeatgucl ei ¢
acid tenpl i t her
enbodi rrentlﬁ&%m;y# B%%ggtcgﬁﬁsgﬂtﬁéﬁr%ea%ﬁﬁgfs Qﬁﬁﬁfd%&ﬁ ueé @e“é]ﬁéénce of nore
30 than Or@pmpﬁaﬁﬂ, detactah{lyddfelehmm ﬂaﬂdarmedaeﬂwdd@kﬁubel eﬂlahgsdplﬂ@) full or
_\partlzi guen | ates present in nore than one
il0

C nucl ei ¢
Inucl e %ie%eﬁsfﬁb Sﬁﬁ@f@éme i tgme qdgsyofghe piegu frvsation mckideeti ned
si nul t ane e are
usual |y a‘;“é‘ﬁ%ﬂﬁ?ﬂe‘fﬁcﬂ%ﬁ%ﬁ&%ﬁ A R G U T S
anal ysi s, ifite exthopd ef HATRentdT e WETRd wWiEEAtaribhubmethodan be seen that full
or partial sequences of the nucleic acid tenplates making up particular
nucleic acid colonies nay be determ ned. The priners and ol i gonucl eoti des

us ed int "!%e'lﬁétﬁ&%soﬁﬁe {d%%ntﬁ)drﬁéﬁrﬁlsd Hl‘-)’i%&th'taﬁéﬂ 8 fhe 16 %f" Eﬁ@@hi&h%alrﬁ”d can

| abel 48 usPaRsnsTaqEddonTArhoUs OWiAhS atseys ehealtltscas@pnfa)n redgenDooect abl 6

lbﬁ? els t ha%rr)cn%% 0% thuesa%glysm otfa smn?e resﬁi‘lc%on fragmen tag ff%r useI 1?1Vent ton include,

diagnostic methods) or multiple restriction fragment tags (for use in, e.g., genomic
mapping). When multiple samples are analyzed, multiple sets of the appropriate
primers and oligonucleotides are provided in the kit. In addition, to the primers and
20  oligonucleotides required for carrying out the various methods, the kit may contain
;i the enzymes used in the methods, and the reagents for detecting the labels, etc. The
kits can also contain solid substrates for used in carrying out the method of the
invention. For example, the kits can contain solid substrates, such as glass plates or
silicon or glass microchips.
25
5.4, METHODS FOR IDENTIFYING RESTRICTION SEQUENCE TAGS
ASSQCIATED WITH A PHENOTYPE

The restriction sequence tags obtained for each individual are then compared among

the sub-population of a given phenotype to identify all the homologous tags and
30  determine the number of homologous restriction sequence tag. In a preferred
embodiment, the two restriction sequence tags obtained within a DNA colony

represent the ends of the corresponding restriction fragment in the set of restriction



are not limted to, fluorescent |abels (e.g. fluorescein and rhodam n). The
| abel s used in the nmethods of the invegtion are detected using standard
nmet hods. The nethods of the invention can also be facilitated by the use of
kits which contain 15 reagents required for carrying out the assays. The
kits can contain reagents for carrying out the analysis of a single
restriction fragment tag (for use in, e.g., diagnostic nethods) or

mul tiple resihédsi Phe H@&@Bﬁigﬁ)%& flonPlocktidhs 'ph si@algr clo%%%ﬂélfom@?g i ng).
When multiple sanples are analyzed, multiple sgts f the appropriate
primers an@eapmgaﬁu&céldagd@salam be perobindé svithrthe kagjuknde. oflthe agdictionRitet 0 t he

et hods, -t 40 re BN 4GRS hEaTE Sdiionas i eoric DG Frthivag loaeer 1 ne
reagents faquertetlonidodds thebed Srouféd - InUAe entboliinGAMh #bs oFfHaEr?&ingf' id

substrates for used in carrying out the nmethod of the “invention.
exanpl e, t1ALS ansistsofgestidetian tassibng are stilsast 68Ye I0%s 86%, 98%gbno9%p| at es or

silicon or i i ps. 5.4 NETHODS FOR | DENTI FYI NG RESTRI CTI ON
SEquence RS2 T QAT el BlRRR oF Fhg PN b s SBviaB e |t ags
obt ai ned frestrieiarhtagthiav i@ UalYalicns1685usC THRRBREERARMthe SDBpSsI=RARYSAL | On Of

a given phenotype to identify all the honpl ogous tags and 30 determ ne the
number of tﬁ%%%r%g@ueomégtﬂqn @A beriised tpidpriifytsaguent qivariatioss esspeidtedenittodi nent |

the two r ol | nped,w. thin a colony . represent
the ends o PrechBR; SEAURIGEd ARARER, BRI PhimRR P Rien P Ry didges
restril@ti ovitiegroportigmeof ssqudtve vaviatiérags a@obaiatiad etwith @BmbazEbhOPSS physical |y
cl ose to each other on he genone. Each tag can al so be conbined with the

sequence GPIYRHE® YEQAONE Ingonecsmodingent; e preportionsat one enmpreparticelar or
di gesti on s@dychb& iﬂ%&%h %g, g?ge}kéleﬁteé B?ﬂ%rela%i@g H&%Bgrs o'fl%;s?xlé%ﬁaous tags

are grouped. In one en oup of restrictron tag L sts of
restricti tagstiagys respeetivg encatr themgiarttOr gf@fs of BRUHictIA beuenoé 1229, Ueh

honol ogous n,anqther enbodi nent roup of_ unique restriction tags
consi sts &f Wlh}cclé'slf a1tj_€et"?lﬁ‘rel?ytn&%r§r{ﬁ%’a1toog’rﬁ)% aﬂ@%?%%@@??tWE t¥el | ection of
—_Ph%g}waiﬂa‘reﬂt@fébﬁhﬁéﬁ@ﬁreﬂ&ﬁﬁeﬁ%@%@ﬁ%&ﬁhﬁ%ﬁﬁ%ﬁﬁﬁw"'*
identify sequence variations associated wth
between the two populations. In another preferred embodiment, the phenotype is

associated with particular combinations of sequence variations found in individuals
from the population. In one embodiment, the combination of proportions of a
plurality of particular sequences in the population, e.g., as represented by a

20 combination of the numbers of restriction tags in a plurality of particular groups of
restriction sequence tags, i.e., the total number of restrictions tags in the plurality of
groups, are identified as being associated with the phenotypic difference between the
two populations, if such combination of proportions are different by more than 10%,
20%, 50%, 70% or 90% between the two different populations. In another

25  embodiment, a plurality of such combinations are used to identify the phenotypic
difference. In the embodiment where a plurality of combinations is used, each
combination in the plurality of combinations can include one or more particular
sequences which also included in a different combination in the plurality of the
combinations. These embodiments are illustrated in Example 6.3., infra.

30
In one embodiment, the restriction sequence tags can be compared with the genomic

sequence of the organism to identify the genomic locations of the restriction sequence



the phenotype. In a preferred enmbodinent, the phenotype under study is
associated 10 with proportions of sequence variations in a popul ation or

wi th combi nations of sequence variati@s. |In one enbodi nent, the
proportions of one or nore particular sequences in the population, e.g.,
as represented by the relative nunbers of restriction tags in the
respective one or nore particular groups of restriction sequence tags, each
of which is different by nore than 10% 20% 50% 70% or 90% bet ween two 15
different- m@uhaano@m epbodivgant, ithe trediction bejueygcawgo farktinglthe\denbme th
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sequence V@l maﬁ;mons found in individuals fromthe population. In. one
enbodi nent the conmbi nation of proportions of a plurality of particular
sequences in the population, e.g., as represented by a 20 conbination of
the number&sXpkERAEIRIMRIAITNBOBIRIACRS Kok BBRAINIER B RIHeR Of
restrictio gs in
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di fferenc edes¢mbddha SendtmﬂiSnbmrowgheT &f@ md:mrfgtlh}gtsquefnc@omunﬂﬁ& h€xBGiated USEd,
each onbi atl \%ﬁ pL]LJJrallty of conbi nations can include one or nore
Jparti d8i arvit %a ik be, pRIsTGTY &9 ootk 1 theyprt that any repstiiehat i on i n

t he plural r@% fr at ed in
Exanpl e 6. dgh%r?%m?gﬁmﬁgﬁﬁﬁé;%temgﬁoéﬂ ét'r]rﬁéglfﬁ rdgg rt?g?gcgﬁédsiélgﬁence t ags
can be corspeticcanialdo hchwsedenomi ¢ sequence of the organismto identify the
genom ¢ |l ocations of the restriction sequence 25 tags. |n another

enbodi ment, the restriction sequence tags flanking the genome on both

si des of therifesad mgérggb(ﬁﬂngﬁt are [ dent| fied fromthe genom c sequence of

RESTRIE&ETI dnja preferred embodlment the mventlon prov1des a method for generatmg restrlctlon

sequence tags of a biological sample (FIGS. 2A and 2B). In the method, one or more

first restriction enzymes are used to digest the nucleic acids extracted from the

biological sample to generate a set of restriction fragments. A set of restriction

sequence tags is then determined from the set of resiriction fragments by a method
20  comprising the steps of:

) 1} linking restriction fragments in the set of restriction fragments with a first
engineered nucleic acid which comprises a predetermined sequence comprising one or
more recognition sites of a second restriction enzyme to obtain a set of first circular
nucleic acid fragments, the recognition sites being located and oriented such that the

25  second restriction enzyme cuts in the restriction fragments;
2) digesting the first circular nucleic acid fragments with the second restriction
enzyme;
3) modifying the ends generated by the second restriction enzyme to permit ligation;
4) linking the ends generated by the second restriction enzyme to produce a set of
30  second circular nucleic acid fragments; and
5) sequencing at least a portion of each of said restriction fragments in the second

circular nucleic acids to determine a set of restriction sequence tags.



SEQUENCE TAGS Several preferred enbodi nents for obtaining restriction
sequence tags are described in this segtion. These nethods can be used in
conjunction with any nethods described in Sections 5.1 through 5.4 for

i dentifying sequence variations associated 10 with. a phenotype. It will be
apparent to one skilled in the art that any repetition and/or conbination
of one or nore of the specific enbodi nents described in this section can
al so be used. (lI) First specific enbodinment 15 In a preferred enbodi nent,
the invention. provides a nethod for generating restriction. sequence tags
of a bi ol ofic&atblyzaaph of (EIr@SgniRidn sitasloRiBE sedond tréstrictvmiendyme frether firgor e

first restriction enzynes, ar.e us t o di gest .t he nucl eic acids extracted
fromthe b?l{%“beﬁfe@a{]luc crﬁfll%lst%cag%(ﬁa%ﬁt@ aﬁgeélat(’fme frsbangineereducieig it s. A
set of reshldnetpréBrreSaabaNARnt, 38 dSht RRBHRLE &M @ﬁﬂegé&ﬁﬂ%}?ﬁ&ﬁ# of
restriction fragnents by a nmethod 20 conprising the steps of. 1) |inking
restri &t i omzymggmthetlisst engineeredeaticlsic acad islpetédless thay 2@ nucleotides feonfi im st

engi neer ed i i d which conpr.i,s a_predeternmn sequence conpri sing
one or nnerng %r%glgéo%rﬁ?ﬁgélheegef(f%%&ed?gcéd‘s @i"dﬁ Bperfggﬁyi %3(%}‘82%@?29?%“?%? Yhtain a

set of firglth€sdeond Ritiriclivh eRzindi tHe firASNBREGed hilGeit 86RADIdLRA £t S bei ng
| ocated and oriented such that the 25 second restriction enzyne cuts in the

restricti ontyolephidanfram amendiofd firshensiecetddryclei¢ acidd Breferablyethe sacind

fragment s iihidd G 9E908 (B TH didhl QasENEVIBrerlea DAL G LRGeS
generat ed By The 26CoRd ¢ 9L SPUSRIART il § Brefidiod Tqodfaetitote 0 115 i nki ng
the edfls gademricade bys hvee GaAGNU0,I05 50, 1T0] ONMBRZUAR20ObRESBYEEIIR Set of 30
second ci rrgcgjlgg}r{_ nuctl eiic acid frag, remptti; anng) slequeél{%i ng_deg Ieagst a
ortion of 10§1s1tg o {ryanadlagr embod spertty the seaend cirpuleneucieie aeid fraginrentsl ar

|F'1)ucl ei ¢ aGhfge ﬁiﬁeﬁﬁh%rg”j: ge u@inﬁ%tthl?%rgsﬁ%ti%h%ﬁﬁﬂ @%ﬁ?ﬁ%gﬁﬁf&gﬁﬁi‘on? %f erably,
each of the recognitioh §i'tes”of e second Festriction enzyne itnthe first

engi neer edirstunt ¢hecseacndiressiction ahaane tosktain @b ofihirdabstiibgod frigheggi neer ed

nucleic agid. JIn one preferred enbodi ment, each of the recognition site of
t Ee second®pf ngf?qrgf «?Igplgc{lment, the method further comprises a step of amphfyi%g the

15— third restriction fragments using primers found in the first engineered nucleic acid. In
another preferred embodiment, the step of digesting with a third restriction enzyme
and subsequent amplification can be replaced by a step of amplification of the second

circular nucleic fragments.

20 In preferred embodiments, a step of fixing and amplifying the second circular nucleic
acid fragments is carried out before step 5). In more preferred embodiments, the
fixing and amplifying is carried out by any one of the DNA colony methods described
in Section 5.3, In still more preferred embodiments, the sequencing is carried out by

one of the base by base primer extension methods described Section 5.3.

25
In still other preferred embodiments of the invention, the step of modifying said ends
of satd second restriction fragments is done by filling-in the ends or removing the
overhanging nucleotides of said second restriction fragments with a DNA polymerase
such that the ends are blunt in order to be linked.

30

In another preferred embodiment, the method of the invention comprises a

purification step and/or DNA isolation step after each step.



5 enzyne in the first engineered nucleic acid is |ocated | ess than 20

nucl eotides froman end of the first engi neered nucleic acid. Mre
preferably, each of the recognition sit of the second restriction enzyne
in the first engineered nucleic acid is |located zero to 5 nucleotides from
an end of'the first engineered nucleic acid. Preferably, the second
restriction enzyne is a type Its endonuclease. In a preferred enbodi nent,
the type Its 10 endonucl ease cuts nore than 5, 10, 20, 50, 100, or nore
than 200 bases fromits recognition site. In another enbodi nent, the second
circular n i i . j I LS ] hird
restri ot o el bRAlRRb B AN A AFRL RN sdihnces 713352
restricti oresgittigndraginensialinked togithafupttbiarcdrtaigsktene tihented igaphismid, I n a
preferred enbodj nent, the method further conprises a step of anplifying the
1-5 third $o8edingQ ¢ Becteiia dhrbcteradisegd pr pragdoscplpteiand iheplpsmidiofeaeli ne ei ¢

acid. -fq- : : i i i ] athird
restri cjtqi oﬁlﬁ%%&g%t%%&ggg}éggﬁgﬂf qut?r%) P%Ifl.bgg't%% (ﬁ}ﬁ S%gﬁggg&?égﬁ{h%cw E&‘/ a step
of anpl i fi a#binetedchpillaey sequandr. Cihecappascachucthat do hotageehnt isacte2ial tlonjnpef er r ed

enbodi nents, a step of fixjin d_amlifyi .the second circul ar nucl eic
aci d fragn¥fR & Oﬁgmneia lagre SE@’PBH@W@% Fgg.mﬁtfﬁw & i gpeprad
enbodi Ment g,.14iBGciafrhay SR 220Rbidard g séq?e%@é {ag%gct;lfﬁﬁt ¥ tlﬂ?d’mﬁel?éic of the

DNA col ony net hods déescribed in Section nore preferred
enbodi ment axid fiagmseigeambé ngpdi for matecilad cloningon beadeamt sejhendsd esdlyy base

priner, extensi on nethods described Section 5.3. 25 In still other preferred
,ErrbodilrQentléaSBT the invention, the step of nodifying said ends of said
second restriction fragments is done by filling-in the ends or renpving the

over hangi ng nucl eotides of said second restriction fragments with a DNA
pol yrer asc{iDseeond spe : Hre blunt in order to be linked. 30 In

retificrrmbodiine
th f d di . the. neth of the . jnhvention conprises a
puri 11 cat | iR Epo AR e gy SB R BROet & pelep e Qe RS,
anot her pr&heédcedagrdtadiioepical sahplsmraGs. Elﬁ%ﬁﬂbB).%@ﬂe_ﬂ@&iktn t he et

of

into d3pl §ﬁﬁﬁi‘pn enzymeis used to diest the nucleic acids extracted from the biological
sample to generate a set of restriction fragments. The first restriction enzyme cuts at
both sides of its recognition site in such a manner that the cutting sites enclose a part
of sequence that is not part of the recognition site. Restriction enzymes can be used
for this purpose include, but not limited to, Bael, Bcgl, BsaXl. A set of restriction
20  sequence tags is then determined from the set of restriction fragments by a method
3 comprising the step of:
1) modifying the ends generated by the first restriction enzyme to permit ligation;
2) linking the restriction fragments in the set of restriction fragments with a first
engineered nucleic acid to obtain a set of first circular nucleic acid fragments, the first
25  engineered nucleic acid comprising a predetermined nucleotide sequence; and
3) sequencing at least a portion of each of the restriction fragments in the first circular

nucleic acids to determine the set of restriction sequence tags.

In preferred embodiments, a step of fixing and amplifying the first circular nucleic
30  acid fragments is carried out before step 3). In more preferred embodiments, the

fixing and amplifying is carried out by any one of the DNA colony methods described



cloned into a bacteria, the bacteria plated on an agarose plate and the
plasm d of each 5 individual bacteria og ony isolated, and sequenced using
Sanger sequencing with an autonmated capillary sequencer. O her approaches
that do not use the bacterial cloning step are also known to those skilled
in the art. For instance, the first engineered nucleic acid may conprise a
conbi natori al sequence tag such that the third nucleic acid fragnents can
be used f ogedInecy! @mrsti®l AHK : S . se. (TI)
Second specific em%dﬁtlﬁlerﬁ?ﬂeﬁﬂéﬁgﬁ%tgﬁgédle gaﬁﬁn&%ﬂfe%? w@q?ﬁ%}ﬁﬁ? ?jggb"g?ovi des a
met hod f or baseberbase primerstersom wethod depeeibed Seatipn 503. a bi ol ogi cal sanpl e
(FIGS. 3A and 3B). In the nethod, a first 15 restriction enzyne is used to
di gest the nucleic acids extracted fromthe biological sanple to generate
a set of rBRsdtill ahérgieftrradBRBb&imehti ithé Bivehtts fHeChdOSF BOFYIR: SHISn@ POt h
si des g its recognition site in such a manner that the cutt%ng Sites

encl os@ a Paiatd segondsisgimstien fragments gradanebarfill-of the leads oo inigahe si t e.

Restrictio . for,this,.purpose .inclu but, not limted
to el yePEEIRIERRHS HRBH schfld 1PiiR B FBER Gy DA N AR sk
det er m nedsuch ¢t thecensde breluritd lokdeg td BOliAKaAgMENt S by a method conpri sing

the step of. 1) nodifying the ends generated by the first restriction
enzyme to permt ligation; 2) linking the restriction fragnents in the set

of restricgti 00 WAl fi ineered nucleic ackd to obtain
a set of fl?lragg thfgf @%E%&?%r%@éﬁdglhgmg@? 56 e?é%g‘?rfer}% ovepion (fqt?%‘?seﬁgu%h%ar“r‘?é‘er ed
nucl el acitep adhprDNAnsplatiqr eestafereapdtapuc! eoti de sequence; and 3)

sequencing at |east a portion of each of the restriction fragnents in the
first circular nucleic acids to determne the set of restriction sequence

tags. In qrgﬁif@iegﬁﬁ%@%&t a step of fixing and anplifying the first
circul ar. nuclerc acl ra nts is carried out before step 3). |. nore
pr ef er r ed lesblddnothat snbddimerit] therigvantidn arpliddsyi method SorgRhéragifg out by any one
of the DNA %OlngP/ nmet hods dc}asi)r.ibe_d 28 Sfﬁc(tion 5.3. In still nore preferred
enbodi ment&IEHAL CAERSA He §T LIlggirrlsgmpln (FEGS oA A Bad 4By Inths engthodrer
——extenghon-ofe bP R 8REFsRRGRRALYINEY ae dsed to digest the muclsic acids extracted

from the biological sample to generate a set of restriction fragments. A set of

restriction sequence tags is then determined from the set of restriction fragments by a
method comprising the step of:
1) linking said restriction fragments in the set of restriction fragments with a first

20 engineered nuclejc acid to obtain a set of first nucleic acid fragments, the first
enginecred nucleic acid comprising a predetermined nucleotide sequence comprising
a recognition site of a second restriction enzyme, the recognition site being located
and oriented such that the second restriction enzyme cuts in the restriction fragments;
2) digesting the first nucleic acid fragments with the second restriction enzyme;

25 3) modifying the ends generated by the second restriction enzyme to permit ligation
4) linking the ends generated by the second restriction enzyme with a second
engineered nucleic acid to produce second nucleic acid fragments, the second
engineered nucleic acid comprising a predetermined nucleotide sequence; and
5) sequencing at least a portion of cach of the restriction fragments in the second

30 nucleic acid fragments to determine the set of restriction sequence tags.



In still other preferred enbodi nents of the invention, the step of
niodifyiirg said ends of said second restriction fragnents are done by
fill-in the ends or removing the overhhgi ng nucl eotides of said second
restriction fragnents with a DNA pol ynerase such that the ends are bl unt
in order to be linked. In another preferred enbodi nent, the nethod of the

i nvention conprises purification 10 step and/or- DNA isolation steps after
each step. (Ilgé Third specific enmbodinment In still another enbodi ment, the
i nventi on prdoiabias the reeasnitprfsic of dresteqendugstrictien enzymcn thefjst augineeags of a
bi ol ogi cal | e. {.Fl and _4B t met hod 5. one, gr-nrorefrrst
restr?ctioﬁﬁgﬁﬁfﬁrf$é§§§?3ﬁﬁfgga?Sﬂ%Pg@gﬁﬂﬁﬁQgﬁﬁ@FdPﬂ&ﬁ%fﬁgiBQPPSCted from
t he bi ol ogprdérrabemb@linent) tiReedigfitbnSet oPthd R6érd ebtriefior 6B9MRThhe A Set  Of
restriction sequence_tags is then detennined fromthe set Of restriction

fragments Byt anginesradaueieispeidds ingateddess2Bmugleotidgs framin and ebihe firsist ri ct i on

fragnend s Ln: Qstr | Cl] f Sp:with.a first. 20 engineered
nucl ei 25 acF@l{i%?%%%lﬁg g&g'eih; (%?A c%’r?prsetf t!;rﬁuc gli% Ocdnggriltdﬂ]rerrg%)%ﬁiog,sn{:ﬁ I rst
engi neer edsevoad edstricdiondnenPin thi Migstanpinested auskiedidiy ekl AR geyuence

conpri sing recognition site of a second restriction enzyne, the
recogni t i oRUEseticles Brpyan edaidhe fisshangineesed werleigepidi Raferahly, Swceprnd
restrictio : o LeLdonr. fr , . jgesting the
first nucl o Seasgnaheisdlybd s ERRILRLE Tn o PARERL Sybodiinglh SEMDOHs )
modi fyi ng tiienecldasegatsanarieablrby, 10020,56¢c OO of @sire tehi200 bagz\yen it per m t
|igati ok %) Ii.gki n%et he ends generated by the second restriction enzyne
With a%ecBREEN BNy Feer ed nucl eic acid to produce second nucleic acid
fragnents, the second engineered nucleic acid conprising a predeterm ned
nucl eoti de sequence; and 5) sequencing at |east a portion of each of the
restricti o rfreferped embodments astpaddixiB@danderhdifgingthelsdcondynmiiéis atid det er mi ne

the set of_.restriction sequepnce tags.. 29 Preferably, the recognition site
of the sec%?\%n?rﬁ%’tsrciagﬁd&]l‘%ﬁg’ﬁrge? g)'tlﬁén‘?rlﬂrpﬁfg’é' F‘HE%‘_&@&M%&‘S%WS acid is
| ocat ed cl gy fifPmee9ehratd blioyf drySine T MNBRIACIBHENEINE @G Hribed) One

Section 5.3. In still more preerred ebodiments, the sequencing is carried out by a

base by base primer extension method described Section 5.3.

In still other preferred embodiments of the invention, the step of modifying said ends
of said second restriction fragments are done by fill-in the ends or removing the
20 overhanging nucleotides of said second restriction fragments with a DNA polymerase

) such that the ends are blunt in order to be linked.

In another preferred embodiment, the method of the invention comprises purification
step and/or DNA isolation steps after each step.
25

(IV) Fourth specific embodiment

In still another preferred embodiment, the invention provides a method for generating
restriction sequence tags of a biological sample (FIGS. 5A and 5B). In the method,
one or more rare cutters are used to digest the nucleic acids extracted from the

30  biological sample to generate a set of restriction fragments. Preferably, a rare cutter

that recognizes a 6-base, 8-base, or more than-8-base recognition sequence is used. A



first engineered nucleic acid is |located | ess 20 nucl eotides froman end of
the first 5 engineered nucleic acid. Iggpa nore preferred enbodi nent, the
recognition site of the second restriction enzyne in the first engi neered
nucleic acid is located zero to 5 nucleotides froman end of the first

engi neered nucleic acid. Preferably, the second restriction enzyne is a
type Its endonucl ease. In a preferred enbodinent, the type Ifs

endonucl eaggofiebtici®Y Sequbd? tRgs i T - es from
its 10 recognition si té_l.. In ggrsel%g%eﬁ%teﬂggi nen{gseggglt%%t%bg& ?‘?g?]%géand

anpl i fyi nnamcthed saaprisiol dhecstereo  fragnents is carried out before step

oui by any) gt fEuERAE HagaHG mindrstlSeR e o ba e apdhidhess 57 [
still norenpinetred hetleRMRTIONIVNLS a sbUT FQAGHRRSI N9 Fagmant Bdrgyt by a base

by base priner extension nethod described Section 5°3. I'n still other
pr ef er Ped cBgHedEhBREISIcHrid ¢anprisingy predotemhisced nePeasidevoglichyé;ng sai d ends  of

said seco FEFAY] one by fill-in the ends or renoving
The 20° ove) AU BE Ry RRTEN Ba@hi 808 o of bicrs 1l fesfkiGmont s wi i h o
DNA pol yrmenagres t6 wbluii bdbnd Fatrenids fagmehtsuihereih E 98ont @eddgctldnnked. 1 n.
anot her preferred enbodirti.ent, the nethod of the invention conprises

puri fi cat CBAYMesass diffrapns fropnphic fysl rastrishonsensyme and dp nebewt is thepfissps (1V)
Fourth Sp%ﬁ%ﬁ%&-fﬂ&ﬁ%k%? t In still another preferred enbodi nent, the
invention p ovi des a method for generating restriction sequence tags of a
bi ol ob0 cal3) kakipk ¢he( dndEDS tHzAcesd refl)ictidbmirhfifernt®ivitdd, secdiditen@inceRyde rare
cutters are used, to digest the nucleic acids extracted fromthe 30

bi ol ogi calUegiFcld P @refice parkolseeand mrclsipasd fiagmenissthe geaond sngineeredr abl y, a
rare cutt BhE Eﬁfgr = 5 t han- 8- base
recogniti g%CIS%ggfgn%)e I Sﬁi S€e ?&&%ﬁgcg?u%?&gggﬁh%@fﬁgsequence taus is then
det er m ned) $aquendimeatdedst eportemtaficath oftht ragimiohSraghena indidwedosdnpri si ng

the step of, 1) linking the restriction fragnents in the set of restriction
fr agrrenf Snw‘lﬁlﬁ)agldf arggqe%ts to determine tﬁe set of restr?cql%n sequence tags.

15
In a preferred embodiment, the digestion with the first and second restriction enzymes
is performed simultaneously before ligation with first and second engineered

fragments.

20 In preferred embodiments, a step of fixing and amplifying the second nucleic acid
fragments is carried out before step 4). In more preferred embodiments, the fixing
and amplifying is carried out by any one of the DNA colony methods described
Section 5.3. In still more preferred embodiments, the sequencing is carried out by a
base by base primer extension method described Section 5.3.

25
In another preferred embodiment, the method of the invention comprises purification

step and/or DNA isolation steps after each step.

(V) Other specific embodiments

30  The invention also provides methods for generating restriction sequence tags of a
biological sample. In such methods, one or more first restriction enzymes are used to

digest the nucleic acids extracted from the biological sample to generate a set of



engi neered nucleic acid to obtain a set of first nucleic acid fragnents,
the first 5 engineered nucleic acid conprising a predeterm ned nucl eoti de
sequence; 2) digesting the first nuclePé acid fragnents with one or nore
second restriction enzynmes to obtain second restriction fragnents, wherein
the second restriction enzynes are different fromthe first restriction
enzynme and do not cut in the first engineered nucleic acid: 10 3) I|inking
the ends of the second restriction fragments with a second engi neered

nucl ei ¢ achedricgop figgiertsa Aslrality el Bagnhiesbed tesaistign enzignesrare thenhe second

engi neere ' i isin redet erm ned nucl.eptj,de sequence,
and 4) segﬁljseeﬁg(?hg‘[h%f afgeegai[stﬁgggg%grﬁ ?%ﬁ&rggntgagﬁabpeﬁ%’gs P%nglﬁgugﬁe]bn fragnents

i n the secinbgasing Heghent@e bbrdstrR@or Béquche: ©ed RichiedCldsb & ®etre@gnitRat ri ction
sequence tags. .1-5 1n a preferred enbodi ment, the digestion with the first
and seconoﬁﬂ%é@fFhecﬂrﬁfdﬁs@ﬁtzwme% per formed sinul taneously before
ligatiaen. with first and second engi neered fragnents. 20 In preferred
enbodi ments, a step of fixing and anplifying the second nucleic acid
fragnent s Insneaprefered abodiafenr F1GEePA dhd 6B, afier 8igpstednasy £flrseraditizant s, the
fixing and anplifying is carried out by any_one of the DNA col ony nethods
descri bed SPB¥RE; Hift B estricion spquenchyiags jrdetesmingd feom dhn sebaf sstriclien sequenci ng

s carried; nﬁé’b ot L L .ext ensi on net hod descri bed Section
5.3. 25 Inr%ﬁ%et er)aiaore er r%%&?n@%?ﬁt he nmet hod of the invention

conpri ses lpumkirigsatd wsiriciomw fragmdnte in BXlAei fabatiction Bigpmtadvithn fisich st ep.
(V) er specific embodipents .30 The, i nvention al so provides nethods for
_)gene?abi nge“g%f”ieflé‘f‘f’ If & @éﬁ’é@nféﬁt_s‘)f&l rsra‘mciﬁl%ﬁ% {iagmentsibe St - such

met hods,  QRginRErciMuBleld dcid chﬁltﬁisriﬁ%;i bfede@hf g&ﬁuﬁ@@ti&bss%guérﬁe; di gest the
nucleic acids extracted fromthe Dbiological sanple to generate a set of 31
restricti o digeagmg thatfiarst miclicacad fragmorits oiiifhf ;eseeond sstrhidn erstme widbomnenzymes
are then second restriction fragments, wherein the second restriction enzyme is different from

the first restriction enzyme and does not cut in the first engineered nucleic acid;

15  3)linking the ends of the second restriction fragments with a second engineered
nucleic acid to produce a set of second nucleic acid fragments, the second engineered
nucleic acid comprising a predetermined nucleotide sequence; and
4) sequencing at least a portion of each of the restriction fragments in the second
nucleic acid fragments to determine the set of restriction sequence tags.

20 _

) In another preferred embodiment (FIGS. 7A and 7B), after digestion by a first
restriction enzyme, a set of restriction sequence tags is determined from the set of
restriction fragments by a method comprising the step of:

1) linking the restriction fragments in the set of restriction fragments with a first

25  engineered nucleic acid to obtain a set of first circular nucleic acid fragments, the first
engineered nucleic acid comprising a predetermined nucleotide sequence comprising
a recognition site of a second restriction enzyme and two recognition sites of a third
restriction enzyme, the recognition site of the second restriction enzyme being located
between the recognition sites of the third restriction enzyme, the recognition sites of

30 the third restriction enzyme being located and oriented such that the third restriction
enzyme cut in the restriction fragments, wherein the second restriction enzyme and

the third restriction enzyme are different from each other;



used to further digest the restriction fragnments. Such nmethods permt
further increasing the nunber of restmpction sequence tags |ocated close
to the recognition sites of the first restriction enzynmes. In one
preferred enbodi nent (FIGS. 6A and 6B), after digestion by a first
restriction enzyne, a set of restriction sequence tags is determ ned from
the set of restriction fragnments by a nethod conprising the step of: 1)

li nking sappdipesingitls fiRbndd@e AEAE phitnts\Gits Bl s%orfcﬁ%&picgéﬂ %y{ﬁeatg”?“ts Wi th
a first 10 engineered nucleic acid to obtain a set of first nucleic acid
fragnent s, ORtAR sef of scepryl mrcdeie dcid feagaicntsaci d conpri sing a predet er i ned

nucl eot i de ; : i ti he. first nucleic, acid fragnents with a
second res%)rsll ctl nggﬁé%/%ﬁ{h?g&gﬁg?sﬁfj&?@m gsstprﬂr‘éqq%ﬁsﬁr%{gﬁ?g?ﬂ , wherein
t he secondciraaddrmicleicoiicfizghents;andi f ferent from the first restriction

enzyne and does not cut in. the first engineered nucleic acid; 15 3)

li nki ng t h®) SEARICHE Al frasiapestian pEeichiof thassitictionméngments iththe thisd ond

engi neer ed,; 16: 3G u .Se cond.nucleic acid fag cents,
t he second 1red%h|9 hgéelglézgﬁlﬁﬁu&cﬁgﬁ{épgﬁ%@éﬁ%r Fg{ﬂnﬁ%ssq'a? éodles[eg}wrﬂcﬁg Snucl eot i de
sequence; and 4) sequencing at |least a portion of each of the restriction

fragnments in_t secon ucleic acid fragments to determ ne the set of
restricti J&ﬁe@é%ﬁ\éﬁ]&%mﬁgﬁgf}uﬁhﬁrlcﬁn@ﬁé@mfgﬁe‘ﬁ‘%ﬂ ?)ebe stepool pdigestgsBe 7A and
7B), afterggi ' a i LGt | set of restriction
sequence tsggsrmfczgcgfeé?ggérqnﬁﬁeagi%?éﬁ%{nﬁ%&gggﬁéo@ﬂd?%%&?dc ‘%CZ)WII%B %py a

nmet hod Oc orspt ofthing ntitleicscebiradments; 3hi) mddifyingthe 0dt denitatedbyf thagient s i n t he
set of restri.ction fragnents, ]rvl.vith a fjrst 25 engineered nucleic acid to
obtain a SEMYfONTIEETCL PEANLIEHIOR) ¥k a5 PuDflinkgneethe sndsiaidhe thix

engi neer equBked RicEraGhshts RGN e oPIEASHS LK Bﬁ%f&%iﬁ%ﬁ&téeq“ence
conprisin a recognition site of a second restriction enzyne and t%o
recogni t i dhelerablys thefreeogniifiondsites of thei third cestrémioyroazyrh&n the dogrenglrictiedn site
of the se onld en the recognition

sites of t 8 e{c_Fﬁ%S(%irs :J‘gctf%e%ln“éi?ﬁr%ﬁ Q‘Eﬁg‘g hggjeltf%gta%“%g’ﬁﬁgﬁ%{q\ﬁgﬁi%ﬂq% singne3o t he
e B i R (i IS
restricti &t dmkgnginegrad nucleic acid is located less than 20 nucleotides from an end of the

first engineered nucleic acid. In a more preferred embodiment, each of the

' recognition sites of the third restriction enzyme in the first engineered nucleic acid is
located zero to 5 nucleotides from an end of the first engineered nucleic acid.
20  Preferably, the third restriction enzyme is a type IIs endonuclease. In a preferred
embodiment, the type Ils endonuclease cuts more than 5, 10, 20, 50, 100, or more

than 200 bases from its recognition site.

In still another preferred embodiment (FIGS. 8A and 8B), after digestion by a first
25  restriction enzyme, a set of restriction sequence tags is determined from the set of

restriction fragments by a method comprising the step of:

1) linking the restriction fragments in the set of restriction fragments with a first

engineered nucleic acid to obtain a set of first nucleic acid fragments, the first

engineered nucleic acid comprising a predetermined nucleotide sequence comprising

30  arecognition site of a second restriction enzyme different from the first restriction

CNZyme,



the third restriction enzyne are different fromeach other; 2) digesting
the first nucleic acid fragnments with the second restriction enzyne to
obtain a set of second nucleic acid fréﬁhents; 3) linking the ends of the
second restriction fragnents to produce a set of second circular nucleic
acid fragnments; and 4) sequencing at |east a portion of each of the
restriction fragnments in the third circular nucleic acid fragnents to

determ ne the set of restriction sequence tags. Preferably, the nethod
furt her co?rggiﬁﬁgigéh? Brst nHgleisiagisl fgerpents with bhe sseom] tesigicel eR7Ya e  second
circular n | ' ' .third restriction enzyne to
produce a %géagie‘%seg%?t c}ia?%ﬁﬁﬁ%ﬂ%ci?% SI’agments; iii) nmodifying the ends
gener at ed Bylibkieg the ends oégierseaindanstactigymiagmemeroprodudegadet offirsacigsu]and
diii) linking the. ends of the third nucleic acid fragnents to produce a
set of thi P@W@E@i%gmﬁ?&;ép‘i acid fragments. Preferably, the recognition

sites of ! pedfibrichd A3kt & bbARNUIENTFof o i HcRc &R RABRERY Nucl el c acid

is located close to an en I rst engi neer nuc acid. In one
preferred thehabyideteaminingtlerscadfrastrit@acsegnedcedags. Frtfembby, thidwethbii r d

re-st-ne ign.,enzyne.in .the fjr engi neered..nucleic acid is |ocated |ess

t han 20 nuﬁir@(?’ff ﬁ‘ePBﬁ?ratﬁeé#ﬁH%éfhetsg@s °?i35541$eéﬁﬁgﬂ§ Frébcq’ﬁ.‘}iqfé'iu&le%@pi d. In a
mor & Pr ef Cidig dagiond WIRM ini@3ehrilorl HfyiRI0 BRI séldr ParPhudifie oLl 1
restriction enzyme in the first engineéred nucleic acid is located zero to
5 nucl eot i Hragmentywkaneinghaithod restectidrazymags diderat frouctheificstand decada
Preferaply, the third restricti.on enz S e .|l s endonucl ease. In a
r ef erlﬁéd feé‘%?&ﬁa? Snesy ) IP%}%‘@“W @ee%ggﬁﬂﬁrﬂﬁéggéﬂ%}“@?@mﬁﬂ% 5, 10, 20,
50, 100. ognzyBieqo pbﬂﬂﬂliﬁ&ﬂm@ﬁﬁ&&%’liﬁﬁmg&l@e EREQEM thBd ntleR acld still
another preferred enbodinent (FIGS. 8A and 8B), after digestion by a first
25 restri cEp@nenoypreducs assst objecprdeirqudariminleieanid fregmenigs i s det er ni ned
fromthe set of restriction fragments by a nethod conprising the step of:

1) linking the restriction fragnents in. the set of restriction fragnents
w th a firBdrsucinghbedifeeisPi1Gs pleferalile that theqBi &f rastiico@t fr@fménts Séndpated ei ¢ aci d

alala a¥a¥a " a alaas afa

| edbi debs fevicestaeiransymg asolustheedigetied scomrasdly witbrcagh ke phiality
restricti off &fAzABsclbid REERioh E%ﬁége l\fl&'réﬁ‘eflér%ﬁf){ lch%tﬂll?l'ra]llity of different

second restriction enzymes comprises at least 3, 5, 10 or 20 different restriction

enzymes.

20  Inpreferred embodiments, a step of fixing and amplifying the first circular nucleic
acid fragments is carried out before the step of sequencing. In more preferred
embodiments, the fixing and amplifying is carried out by any one of the DNA colony
methods described Section 5.3. In still more preferred embodiments, the sequencing

is carried out by a base by base primer extension method described Section 5.3.

25
In still other preferred embodiments of the invention, the step of modifying the ends
of the second restriction fragments are done by fill-in the ends or removing the
overhanging nucleotides of the second restriction fragments with a DNA polymerase
such that the ends are blunt and can be linked.

30

In another preferred embodiment, the method of the invention comprises purification

step and/or DNA isolation steps after each step.



enzynme; 2) digesting the first nucleic acid fragnents with the second
restriction enzyne to obtain a set of 3gecond nucleic acid fragnents; 3)

i nking the ends of the second restriction fragments to produce a set of
first circular nucleic acid fragnents; and 5 4) sequencing at |east a
portion of each of the fourth nucleic acid fragments, thereby determ ning
the set of restriction sequence tags. Preferably, the nethod further
conprises after the step 3) the steps of 3i) digesting the first circular
nucleic acgid fragnents with a third restriction enzyme to produce a set of
third nucl epeh epbagiments et en(ifyinastha tyeestiigtion seeence tags oomerizgdia i s

di fferent ! restriction enzynes; 311) nodifying
t he ends gée%g;ﬁé%tggstégﬁ@a%}%ﬁ%ﬁﬁgggg‘élfegqlréﬁf%ﬁesgg?%ﬁﬁ@g f%leﬁﬁpnfgﬁsgl i gation;
and 3iii) tesmiciiogetdymnearedsgnifiorn si dnlivwlidréit eé®@ing r@éﬁii@’cionftﬁ%%%m% to produce
a set second cjircular nucleic acid fragments. For such enbodinents, it

i s prefer af§rend 1SiichAR eREHeCoERGY Hic @)‘Hg ftoragg thetinlogapidemthetithesiryy t he
first restyiqcdel : i ol : r wi t.h_each of a
bl Ural § £y Ol SAAKIE HoBeldo his i o SHE ol SRRl HdiPuEf) . e
plurality foémdhd fagree first restrdativn frapgient.ct i on enzynes conprises at |least 3, 5,
10 or 20 different restriction enzynes. 20 In preferred enbodi nents, a
step of fixing and anplifying the first circular nucleic acid fragnents is

carried o i hbodi nent s,
The. f1xi ng g onsri s LEp oAl o B ERE R by R enll FL AR LB 8 ony

net hod§ depsssiblsefirtBecgiooping the pdiredsestittioneequétce tagsroedtatithg thersanies, t he
sequenci n is.carried out by a base by.base priner extension nethod
_degcr i bedq'ggcr?f’%ﬁt“g? ?fﬂu%e_lt?ggfq ?t%?m& ﬂnfg%?@w@at BRBEINAEIRIECE { he

i nventi ontadshfeor tgﬁﬁlg}@/ﬂ Flﬂi:i’éh te¥trdfoh S&ueAdSagOire &)Bﬁ%é@ﬁ@@gatéféﬁ)gé fof on

fragnents are done ) | -in the ends or Tenovi over hangi ng
nucl eot i degd oh thehgameesidmef raegiven dirstopstfictimgnenymewetdgnitioditepdh yrer ase  such

that the %?&grrgc{ 1%681'039 E)f ﬁl@qn&e%%or?ﬁf {ﬂengléggmic?’se%ence is available, an additional

15———step-of clustering-restrictionsequence tags by means of mapping to identify flanking

restriction sequence tags that are located on the genome on both sides of the

recognition site of the first restriction enzyme is provided.

6. EXAMPLES

20 The following examples are presented by way of illustration of the present invention,

and are not intended to limit the present invention in any way.

6.1. EXAMPLE 1 PREPARATION OF DNA COLONIES TEMPLATES: DOUBLE
RESTRICTION SEQUENCE TAG

25  This example illustrates the engineering a vector for in vitro generation of DNA tags.

An embodiment of generation of restriction sequence tags from genomic DNA is
shown in FIG. 9A. This example utilized a plasmid vector carrying DNA cloning
sites situated between two BsmF1 sites. The vector is based on pUC19 plasmid,
which was chosen due to its small size.

30

1) 1% generation of cloning vectors




I n anot her preferred enbodi nrent, the nethod of the invention conprises
purification step and/or DNA isolation steps after each step. 4 Such
enbodi ments pernmit identifying the two3destriction sequence tags conprised
in each first restriction fragnent parts. wherein first restriction tag is
next to first restriction enzyne recognition site and wherein second
restriction tag is next to second restriction enzyne recognition site, and
storing the information that the first and second restriction sequence
tags are pail¥egtnemsion oftlooimgsequenverctdasignal fogusatal gefiomimDNA digeseed i r st

restriction.fragnent. Restriction sequence, t can be uped by neans of
sequence hi Fﬁ%&ﬁ%ﬁﬁ?uﬁPneT@mﬁﬁggﬂﬁgéﬁmpﬂktﬁgiﬂ gﬁ%?ﬁ%&ﬁﬁgﬂﬁﬁp%ed
restricti oODNFEGENER th ABMoRAHAIHRI goferhfién SBREEISS bedubdelthgd | ON sequence
tag and storing the information that the second restriction tags from
grouped paired restriction sequence tags are physically located close to -
and on g hewsane..si.de.of - a given first. restriction enzynme gni Lion
e BPaER PG S finselr ST Reds W bR RE RS R AP E T8 Ruice | s
avai | abl e, figbvatsh, tth©BedtorldonslineRringrt
tustering-restriction-sequence-tags-by-neans cf nra pier to identify
flai-kiug restriction sequence tags that are | ocated on the genone on

bot h Sides%ﬁﬁg&%ﬁﬁfﬂg%%%ﬂ;tion site of the first restriction enzyne is
provi ded. ©. he foll ow ng exanpl es are presented by way of

i Il ustratiGGCAC CEAPCEENCCCNEEW IPNO:1)and are not intended to limt the
preseg# in éébion in ané way. 6.1. EXAMPLE 1 PREPARATION OF I)NA COLONIES
TEMPLAYES: UL ECTAEST f@ﬁ%@NSEQQQEN@EDTAG 25 This exanple illustrates the
engi neering a vector for in vitro generation of DNA tags. An enbodi nent of
generation of restriction sequence tags fromgenornic DNAis shown in FIG
9. A. Thi s Exsaiddves theicldniiero BSqp3AS di gtstee dAribd aaNAYinfothDNA#E [aBétHEt 0B t €S
situated betweep two BsnFl_ sites, The_vector is based on UC19 pl asm d,
whi ch was S&tﬁgﬁﬂeﬁe@@éw{%ﬁf’@ Ligal 1 he pggHIgite of pUC1Y was previously removed

from the vector.

15
In the second variant, the vector contains an insert having an AarIl restriction site

(underlined) formed by two adjacent BsmFI sites:

BsmF] BsmFI
20  GGGAC GTCCC (SEQ ID NO:3)
CCCTG CAGGG (SEQ ID NO:4)

Aatll

This allows the cloning of 7ail digested Lambda DNA into the vector. The AarII site

25  of pUC19 was previously removed from the vector.

Both 1* generation vectors were dephosphorylated prior to use in order to prevent
self-ligation of the empty vector. After the ligation of lambda DNA fragments, DNA
Polymerase I and ligase were used to restore the integrity of both DNA strands.

30

The following summarizes the steps (common also for further generations of vectors)

used:



1) 1" generation of cloning vectors 15 A 1" generation of cloning vectors
were designed for use with genom ¢ DNA3jgigested with a single restriction
enzyme. In this exanple, bacteriophage | anbda genomic DNA was used to
denonstrate the generation of restriction sequence tags. Two variants of
the vector were made by cloning synthetic linkers into pUC 19. In the
first variant, the vector contains an insert Bsm "1 BanHH BsnFf GGGAC.
GGATCC GTGPEikSEtib NO'1 1.0 CCCTG CCTAGG CAGSG (SEQ ID NO 2 This al | ows
the cloning of Sau3Al digested | anbda DNA into the Bam -11 restriction
site fl ankiednsstivaiion BETHRINA iligass. bytestiBar nHI site of pUC 19 was previously
renoved f.r.g .th{a VE“Pt O:F 15 In the second variant, the vector contains an
i nsert hav ?l%eﬁ WUAB™ st riction site (underlined) formed by two

adj acent _BonFlis] eoN ARk by BB oRAnRAMGNAIRCC (SEQ ID NOLS)  OOCTG
CAGGG (SSEQ ID NO4) AatlT ¥hi s allows the cloning of Tail digested Lanbda
DNA i nPo tHdnagiveisen offenildryilieaing e 25 of pUCL9 was previously renpved
fromthe v h 1 eration vectors were dephosphoryl ated prior to
use in or d‘gfg%(r?n%fﬁg%ﬁ;on lrezil&Frﬁf-l igation of the enpty vector. After the

| i gation of |anbda DNA fragnents, DNA Polynmerase | and |igase were used to
restore the integrity of both DNA strands. 30 The follow ng sunmari zes the
steps ( comfsHolp¥memsetoselaf i vitgdhestrigtionfisquence diege generaiipadvaid@ed in

the example:
10
1* ligation
0.1 ug bacteriopahge lambda genomic DNA cleaved by appropriate enzymes
0.05 pg linear vector (purified by agarose gel)

I'mM ATP

1-x buffer NEB4

1 4l T4 DNA Ligase (New England Biolabs, 400 u/ul)
Total volume 10 pl, incubate 2 hours at room temperature

Inactivate T4 DNA ligase by heating 65°C for 20 min

i
Lh

20

BsmFl1 digest

Add 5 pl of solution containing:

1-x buffer NEB4

0.5 pl BsmF1 (New England Biolabs, 2 u/ul)
25  Incubate 2 hours at 65°C

Klenow treatment

Add 5 pl of solution containing:

1-x buffer for T4 DNA Ligase (New England Biolabs)
30 100 uM dNTPs

0.5 pl Klenow fragment (New England Biolabs, 5 u/ul)

Incubate 5 min at room temperature



1) First ligation ii) hlactivation of T4 DNA |igase by heating iii)
Digest with BsnFl iv) Filling-in DNA e% by Kl enow enzynme and dNTPs V)

I nactivation of BsfnFl by heating vi) cond ligation reaction The
followi ng protocol of in vitro Restriction Sequence Tags generation was
used in the exanple: 10 11" ligation 0.1 pg bacteriopahge | anbda genom c
DNA cl eaved by appropriate enzynes 0.05 J.tg linear vector (puri(fied by
agar ose ge -5 1 niM: I P.l - ffer NEB4 1 | T4 DNA Ligase (New

E%gl and %i Haﬁﬂ‘é?te%@mﬁslwheﬂ%@gfoﬁﬁmnﬁ@ Ed., incubate 2 hours at room
tenperature |Inactivate T4 DNA |igase by heating 65C for 20 m n 20 BsnFl

di gest Add [d of solution containing: 1-x buffer NEB4 0.5 p.1 BsrnFl
(New Engl a.%%_lﬂ'@bf}!abs, 2 u./l) Incubate 2 hours at 65C Kl enow treatment Add

S U1, S S DAL AUl St for T T Ligsse (o Sl
u/ pl) 4 ncukavisl. Huich at room tenperature

2 mM ATP

20% PEG6000

10% (v/v) T4 DNA Ligase (New England Biolabs, 400u/ul)

Incubate over night at 16°C

10
In the protocol above, a Minimal Salt Ligation (MSL) Buffer were used because

intramolecular ligation is more efficient in low salt. The composition of MSL buffer

is shown below:

5-x MSL 1-x MSL

50 mM Tris-HCl pH 7.5 10 mM Tris-HCI pH 7.5
50 mM MgCl; 10 mM MgCl,

10 mM DTT 1 mM DTT

15 The analysis of in-vitro ligation products was performed by PCR. An amplification
product of 134 bp is formed if the two Lambda DNA restriction sequence tags of the
correct size are present in the vector. Amplification products of smaller sizes can be
formed by, €.g., insertion of only one tag into the vector, empty vector without any
tag, or the BsmFI digest of empty vector followed by self-ligation.

20
The analysis of the length of PCR products was performed using Agilent DNAS500 or
DNA1000 chip. Another way of investigation of the in-vitro ligation products to
transform them into competent E.coli cells followed by analysis of plasmids isolated
from the individual colonies. When the products of first ligation of lambda DNA into

25 the vector were analyzed, the multiple peaks were observed (FIG. 9B) as a result of

insertion of DNA fragments of different lengths into the vector.



37 Inactivate enzynes by heating 80C for 20 mn 2"" ligation Add the equal
vol ume of solution containing |-x MSL3Butler 2 rn MATP 20% PEG5000 10%
(v/v) T4 DNA Ligase (New Engl and Biol abs, 400u.,'ftl) Incubate overnight
at 1.6C 10 In the protocol above, a Mnimal Salt Ligation (MsSL) Buffer were
used because intramolecular ligation is nmore efficient in lowsalt. The
conposition of MSL buffer is shown below 5-x MSL I-x MSL. 50 mM Tris-HCL
pH 7.5 10 WiefipraducSfiht scbnd Bativhiverd/bfd]zcO thaldatdnt o A& pRAMRLE 1 rnM
DIT 15 The analysis of in-vitro ligation products was perfornmed by PCR An
anpl i fi cat VBHPTeRFS Rectheppvithgmaler fragmentanfldeOC)t he two Lambda DNA
restriction sequence tags of the correct size are present in the vector.
Amplification products of smaller sizes can be fornmed by, e.g., insertion

of only onalthaughith¢ b géreratmntvector pegiils stacstAidamiizhioutof &iybdat %ﬁonﬁ)@ the
The anal ysis of

| ) foll db | f-1igation.. 20
sort] 4 ses el et ot ol vpe et getton A e el
000 cl.ii PorodAOHBRIdNRYedOThé PUAESHE foP &tk beb?ii)llytslgﬁ"-lgifﬂl bF 9%&61'9(&}4 OQP roducts
t | cell's f owed by “ﬁs

to transformtheminto conpeten E.co ana of

pl asmi ds i sl lagagidn réaction.t Whisicadiovéwl g h resnltefivasompibeed debl@osph@@ﬂml {os o?i)f fir i t
| igation of | anbda ' 5 the vector were analyzed, the nultiple peaks
were obser$/8 efﬁu@%ﬁ]@g %Q?W%egﬂﬁetI tf?ﬁtm?lﬁs‘é“@hé%a%? IDORMOVE agrent s of
di fferent depRaiphsryldédPbdsBeiYRChONector ends. The problem can be overcome by

10 partial filing of the genomic DNA fragment as illustrated in the example with a single

Restriction Sequence Tag. For instance, the BamHI site can be partially filled with
dGTP.

Alternatively, the vector can be designed by replacing the BamHI site with a Bg/II
}5—site- Ligation-of the BamHI genomic fragments into the Bg/I digested vector in the

presence of Bg/II restriction enzyme will prevent self-ligation of the vector. Only the

expected vector-insert ligation product will suppress the Bg/1 site and therefore resist

digestion.

20  The BsmFI enzyme was evaluated in a simple construct. A circular plasmid which
contains a 2000 bp DNA insert in the BamHI site of the 1* generation vector was
digested using BsmFI (no sites within the insert) and the 3000 bp band of the vector
containing the attached DNA tags was isolated from agarose gel. This DNA was
treated with Klenow enzyme + dNTPs to generate blunt ends and with T4 ligase for

25  the 2" ligation. The results presented on FIG. 9D indicate the absence of bands of
fragments smaller than the expected size of 133 bp. The extra bands of fragments of a
larger size are likely to be PCR artifacts, because they were not observed in

subsequent experiments.

30  This experiment indicates that BsmFI enzyme cleaves precisely at the correct distance

and the generation of tags can be performed successfully. An alternative to the



8 When products of the second ligation were analyzed, the fi-agnment of
expected size was present together with smaller fragnents (Fig.9C).

Al t hough the 1" generation vector perm'39s si ze standardi zati on of | anbda
genomic 5 DNA into two Restriction Sequence Tags of the expected size,
sonme undesired products were detected. The reason for it is probably self
Ligation of vector during the first ligation reaction. This can occur as a
result of unconpl eted dephosphoryl ation or can be induced by DNA

Pol yr ner as &peratisheiwit endpiopermy ligstian phthe divp Restrigbph Sepiency tags idobases
fromthe v r r - b vercome by 10 partial filing of
t he genom ?%1@1& lﬁ{&gg%ﬂa&a@eﬁﬁkEéé%tlﬁcg[bgcfgﬂﬁenﬁﬁgagé'xarrpl e wth a single
Restriction Sequence Tag. For instance, the BanH site can he partially
filled wt GIP. _Alternatively, the vector can he designed by replacing
the BanmH AIPHheT Qplon ig tgpyverse thg yestorinspat- liner systemeliBclinsHigagiondimks the
fragntng s ; = I i meﬂi]%é .presence .of |

restri g%i oﬁa{e(ﬁ?% @z\/&m S Pg{\?/vgﬁt%ﬁ se -?f(itosg)lgﬁn%ﬂgﬁméf l(ﬁuee C\}lgtg}%s}lt.e tkﬁﬁvhghﬁe
expect ed vestfdrfor iserizatioraf the DN oclonies whd perstipgeesiindef RGH drarkisog and

t herefore resi di tion. 20 The BstnFl enzynme was evaluated in a sinple
construct. {lﬁﬁéﬁé‘cﬁﬂlﬁgﬁalnﬁ?ﬁhﬁm %ﬁonysoﬁtﬂgr ngé ooty Bmaymeete in the
BamHl si t e«qfotdi@mls ﬁe‘li)ggtgggé f}ﬁieﬂﬂs Mﬁ%ﬁ%ﬁﬁg Hosfér%ﬁﬁfe.ed using Bs nFl (no

sites within the insert e 3000 e vector containing the
attached DNA tags was isolated fromagarose gel. This DNA was treated

W th. 1Iﬂzen enzyne +tdl\rI'Ps to generate blunt ends and with T4 |igase for

25 the 2" @&‘?@%ﬁ%ﬁfﬁﬂe‘@ﬁ%| ts presented on FIG 9D indicate the absence

of bands oA 2" saFRRhLYeSERWaSHed HRA ih BRIGHPESIGE &ffé@moé&}é% 'ﬁg The extra
e P ar?l

bands of fragments of a larger Size are likely to acts,
because t hd9nipg: &g.rfePembis &irthsd rdductigubthg aentgesipest the germmidONAI S

experi ment.j ndi e hat ni-l zyne cl eaves_ _precisely at the caqrrect
di stance %%‘%’q%‘ﬁ%&b@%‘;é’%‘gi‘eﬂgﬁg%‘r‘mt"ig';ey?fawywsc Er T‘gff’r‘?@&fﬁ@d}\éj‘?ﬁ’é’ﬁaﬁlpp)?. aAn
al ternati viallyyeldabel Pldsmid from the partially digested one on agarose gel, a 1000 bp DNA

15 fragment (derived from BlueScript plasmid pBSK) was included between the
restriction sites of the raw vector. Dephosphorylation and DNA polymerase 1

treatment are not required for the 2™ generation vector.

The raw vector contains an insert as shown in FIG. 10A, which allows to use Sphl

20 and Accl restriction sites for cloning. The self Spil and Accl sites of pUC19 plasmid
were removed. Due to the 3' protruding end formed by SphI digestion, the empty
vector cannot autoligate unless the Klenow enzyme completely removes the
overhang. The DNA digested by two different enzymes can be inserted into 2"
generation vector. FIG. 10A shows several possibilities of cloning.

25
The in vitro ligation of Lambda DNA digested with Mspl and Sp4] into Sphl -Accl
opened vector was performed. The analysis of 2™ ligation products indicated the
presence of a single band of correct size, as shown in FIG. 10B.  The products of
the second ligation were transformed into E. coli cells. Thirty (30) colonies were

30 inoculated into liquid cultures. Twelve (12) plasmids from bacterial cultures with
highest density were analyzed. No plasmids corresponding to the empty vector were

observed. No plasmids with insert size variation more than two bases were observed,



generation of blunt ends to permt ligation of the two Restriction Sequence
tags is to insert a. linker between thyg two restriction sequence tags.
Anot her option is to reverse the vector-insert-linker system The first
ligation links the genomc DNA fragment with the |inker (containing the
uni que cutting site that will be wuseful for linearization of the DNA
colonies and permt sequencing ol'both strands of the DNA anplified in
each DNA colony). After digest with a type I1S enzyne, the ' vector"” arnms
are ligated to the ends cut by the type IS enzyme. 10 2) The 2""

gener at i onAvsiniler expariggniyeaesaatiedoutwatt okl amd Sphdsii m&d lasbda DANA tiat use two

di ff t furt reduction of the
cver age si SR BRERed RlpriireordiAl a Beast bt s R0 Gllae BPISREGIEItON of t he
enpty vect eids). FaGE 20C khdvd ﬁetrmn§spﬁm§sh.:,06fﬂéd&t§ wthé(ﬁ?étgig}{ﬁ&l plasmd from

the partially digested one on agarose ge a agnent (derived
f r om BlueSEvagpenis|of diffatens BIy fmaslamdamm Mrlvedrte' anabsismsntg on sites

ot ' requr r A4k 100 BRBRASARBNA B0bA BBl Do bO e Bdie et e it ai ns- an
insert as sibomarkers. FIG. 1ammw@u@he@ﬂﬂs@w@n&fsmﬁpéeu%s oPfhedBbrficc!

restriction sites for cloning. The sel and Accl sites of pUC19

pl asnni d wigalope Ay singledragment of the epp@fchlmmgaseclzrw;eﬂ@d Hrbﬁdmlblysﬁptsing

di gestion, 4 toligate unless the Kl enow enzyne
co?rpl etely égﬁégg@ Fﬁ?al\{aqgéveg%ﬁﬁ%a&fﬁﬁgm di gested by two different enzymes
can hdlinserted into 2"d generation vector. FIG | OA shows several
possibilitjes )?f cloning.  The in vitro |igation of Lanbda DNA di gested with
Mspl and S EXA ASA TICM EHEANACOSONE APbATED: SINETdhal ysi s

of 2d |i gapy i 1Al t he presence‘of a single band of correct
size, as ?Eovm n SE ﬁ%oducts of the second ligation were

t r ansf or mekhis examite ilhstrates ﬂiel;:ﬁepa’fitldhtqf INA)cotmlyaampRiteseach SdhthinheW at ed
|ntoI|qU|d ultures. Ive pl asm ds from bacterial cultures with

hi ghest de%% ‘E eStEF O, aaﬂéroar a S A samplerte bp SerntiReds as donictedin v
——VeCL O SWeIM G- 4A T The size standardization step of this protocol ensiires an efficiont aid

comparable amplification of all DNA colonies, as the variable fragment, the
Restriction Sequence Tag, represents less than 6% of the size of the DNA colony
template. The insertion into the DNA colony vector permits the addition of universal
sequences to generate DNA colony templates.

20
The general strategy of in vitro cloning used in this example is shown in FIGS. 11A-
B. Briefly, the short double stranded adaptor (called “short arm™) consist of
amplification primer Px followed by hexanucleotide TCCGAC forming the
recognition site of the type IIs restriction enzyme Mmel. The 5' end of the

25  oligonucleotide contains a biotin moiety bound through a cleavable disulfide bond.
The complementary strand is 5'-phosphorylated and contains extended nucleotides
that are compatible with the sticky ends of DNA digested by the initial restriction
enzyme. The short arm is ligated with DNA cleaved with a corresponding
endonuclease and further treated with a type IIS enzyme Mmel. This leaves a 20 bp

30  fragment of DNA attached to the short arm. The conjugate is then purified from other
DNA fragments using streptavidin beads and ligated to the “long arm” containing

another amplification primer Py.



observed. No plasmds with insert size variation nore than two bases were
observed, 40 A sim |l ar experinent was c%rried out with rilul and Sph

di gested | anbda DNA that was i nserted 4lnto Hincll and Sphl di gested vector
(Alul and Ilinell generate blunt ends). FIG 10C shows the results of

anal ysis of products of the first ligation. Fragments of different sizes
from| anbda DNA were observed by analysis using Agilent 2100 bi oanal yzer
DNA 1000 chip, as expected. The hi ghest peaks are the size markers. FIG |
OD shows the results of analysis of products of the second ligation. Only

a single f f ' r nalysi s ysing
Agi 1 ont - 2160 by o e Al EXRAGHGS v TeOSN SHelt PITHBRIBIEN o
DNA COLONI feBo AR ABHS sl i@l AR, Rhd Ji 63 oR PUNCE ifhAGsetbh & fred@milye
illustrates the prepa 3}&:{% of .DNA col ony tenpl ates each containing a
si ngl e RestHieg F’Eﬂ')"@e@ EEOSNAN Fitcofial) iSuacistabl 8 arderie refisetheped, as

depi ct i P < ie size standardi zation step | "this protocol
£‘ve]{ %n size.

ensures an of 1 cief nt” and conparable anplification of all DNA col onies, as
the variable fragnent, the Restriction Sequence Tag, represents |ess than

6% of the size of DNA colony tenplate. T insertion into the DNA
col ony vecf]ﬂﬁ* prﬁg?ﬁf’isgfe”f tenplgie BEF(H%W‘BH% ﬂ’i’?il%‘égg@aﬂ’h?% Mﬁ@teﬂ& iffener at e
DNA. col onyidemah@kes: a,nth%r B(Efeg%ﬁ%%@r%@g E@Fi?ﬁé fﬁ%%izé%Béle?l oning used in

this exanple is shown in FIGS ort doubl e stranded
adapt or ( caDigestivs bblambalatgendmixondiAst of anplification primer Px foll owed

by hexanucleotide T C fhbrmng the recognition site of the type Its

Ir est ri)i@ti dﬁeﬁﬁimwgg%ﬁfh?’héﬂ%- end of the 25 ol .igonucl eotide contains a
biotin rmiigpmi ooy stgh a cl eavabl e disul fide bond. The conplenentary
strand is 5 -phosphorylatcd and contains extended nucl eotides that are
conpat i bl dviPethfigation of PslaymengisonifgdNA di gested by the initial restriction
enzynmne. Thﬁ ﬁt%%fl}neg{é?ﬂfarlrﬂ gated with DNA cleaved with a correspondi ng

vi) Final DNA colony template purification

15

Protocol for each individual step used in this example is described in detailed below.
1) Digestion of bacteriophage lambda genomic DNA

20  Lambda genomic DNA is digested with both HindIIl and Rsal.
Mix 10 yl of lambda bacteriophage DNA (New England Biolabs, 0.5 pg/ul) with 5 ul

of buffer Y+/Tango (Fermentas); 32.5 pl H,O; 1.25 ul HindIll (New England
Biolabs); 1.25 ul Rsal (New England Biolabs).

25
Incubate at 37°C for 2 to 16 hours.
This gives 100 ng/ul solution of lambda phage DNA which contains 42 fmol/ul of
HindlIll ends.

30

Partial filling of the HindIII overhangs with dATP



endonucl eas e and further treated with a type 11S enzyne t 1nel. This

| eaves a 20 bp 30 fragnent of DNA attaghed to the short arm The conjugate
is then purified fromother DNA fragments using streptavidin beads and
ligated to the "long arm containing another anplification primer Py. 41
Even when the cloning strategy is based upon the DNA cl eavage by an
endonucl ease recognising a 6 bp sequence (Hndlll), the digestion of' DNA

with a SeC@iﬁeﬁeﬁ?ﬂﬁﬁﬁblsBﬁan%Hh&éd‘!ﬂ RDEAIR thelifHRioh @F AW hiibaR géﬁ&rﬁm rﬁ%ﬂ'[) s
er .

preferable in or to reduce the average fragment siz e protocols
for tenpl atengilegnds atithdhe shaghareectarmddle nrereéinDbiif-tigatemt efthedadibdal | i ndl | |

and Rsal a i 1ferent nerat ed. st eps. are sununari zed bel ow 1)
Di gesti on g%ﬂ%ﬁb@ﬁnﬁgﬁfﬁflé j atl%oﬁt%g%rbwson to the short Px armiii)
Di gestion by Mnel iv) Purification of Px armtag conjugate v) Attachnent

of Py armvi) Final D" A colony tenplate purification 15 Protocol for each
i ndi Vi d{JaI Itgyaslissouered that hesbesianpihpd to prevens selfigatiomotide Alinaldl relsona i)

Di ti : i I ' 0 Lanbda nom ¢ DNA i s

di gest ed v PR paP R BTN ABPERTR TR orth, Fam iR MR G D
(New Engl atecheBionipakible Witlbttg, padtialiwi filfed Hind Of erlidfofeite dbnomla@Dnom. GEemeR®L as) ;
32.5 1 H20; 1.25 1 HindllIl (New England Biolabs); 1.25 | Rsal (New Engl and

Bi ol abs). 25 Incubate at 37C for 2 to 16 hours. This gives 100 n-%I
sol ution oﬁﬂﬁﬁfmg@ﬁﬁhﬁQ%dQNA whi ch contains 42 finollpl of Hincllll ends.

30
10 Mix 20 ul of HindITI-Rsal digested lambda genomic DNA with 2 ul 10 mM dATP; 1
pl Klenow enzyme (New England Biolabs, 5 u/ul).

Incubate 30 min at 25°C and 20 min at 70°C.

15—ty Ligation to the short arm moiety
Care should be taken to prevent the formation of short arm dimers (or to eliminate
them from solution) during this ligation reaction. Such dimers, formed after partial
Mmel digestion, may give rise to templates of correct size containing the cloned
fragments of short arm.

20
As indicate above, the use of short arms containing non-palindromic overhangs
complementary to partially filled DNA end is the preferred method. Alternatively,
short arms containing a dideoxy base on its 3’ end may be used. Mmel can cleave the
DNA if a nick is present right after the recognition site. The use of unphosphorylated

25  short arm is another option.

This cloning step is performed by using 10 times molar excess of short arms over
HindIII ends filled with dATP.

30 Preparation of the short arm:
Mix 10 pl of 10 uM solution of biotinylated oligo Short-A 5'-GAGGAAAGGG
AAGGGAAAGG AAGGTCCGAC-3' (SEQ ID NO:9) in 10 mM Tris-HCl pH 8.0



Partial filling of the Hincllll overhangs wth dATP 42 Different protocols
can be used to maxim se the ligation of the | anbda genom c DNA Hi ndll|
ends with the short armvector while pAdventing self-ligation of the |anbda
genom c fragnents and self |ibation of the short arms. It was discovered
that the best nmethod to prevent self ligation of the HindlIl ends is a
step of single base filling with dATP. The short arm fragnents nust al so be
designed to be conpatible with the partially filled .H ndlll ends of the
genomi ¢ DNwithrl@gieht & uMesalitiomol dlgotshodtB 5’-5@8@%@%& QrECTEICC

Hndlll-Rs I I DI\IA?'t 2 1 ATE, Il

K: gnow enzémgmﬁgmqggﬁg&@)@é V#Mmksffgg %ﬁé%&m)ﬁg%gh%é and 20
mn at 70Ceontaifs a Bledwddd diolfiHo bHEgShwEerbihBthidi Lidtits Lan@ shoul d be taken
to prevent the formation. of short armdieters (or to elimnate themfrom

solution) during this ligation reaction. Such dieters, forned after partial
1 hnel igﬁ,s‘“ , i { | ates. of .corregt .si ze containing the
cl oned Sdfragneﬁlﬁsstoo s%%&rlgoébﬁrﬁ:eooigjIf&g)ﬁftﬁa}pgﬁa%ueregggl\}%?g {€ use of short arns
cont ai ni ng non-palindrornic overhangs conplenentary to partially filled
DNA end is the preferred nethod. Alternatively, short arns containing a

di deoxy basi@l®ilits 3' end may be used. :'tlrnel can cleave the DNAif a
nick is pr g t FORNL L } . f
unphosphor??gg{%?gmag]giﬁsl%gr}%%gfg&%ﬁss%anot%ﬁtélr()ﬁg% |6ﬁml$hrh|%g%s 01(r¢inr111g\:1/I step is
per f or med dityo ABR;rigulldd 5t pvehomatmy 1 ekT4 PN Lighe (New Biglaad Biolabs, @001 | ends
filleq wth TP.. 30 Preparation of the short arm Mx 10 ul of 10 pM

ysol ut i'8n df/ﬂﬂﬁmmﬁ%aé‘i g’ﬁ&ﬂ“@@ Khori- A 5 - GAGGAMGGG  AAGGGAAAGG
AAGGTCCGAC-3' (SEQ ID NO9) in 10 MM Tris-HC] pH 8.0 43

Proceed with DNA purification according to Qiagen MiniElute Reaction Clean Up
protocol. Elute with 12 pl of buffer EB and repeat the elution without changing the
tube using 5 pl fresh buffer EB.

15
Under these ligation conditions, there is no significant polymerisation of the genomic

DNA fragments due to the ligation of the blunt Rsal-generated ends.

The purification of samples using Qiagen Mini Elute column instead of thermal
20  inactivation of the T4 ligase is preferred in order to remove the majority of unligated

j arms. Double elution may increase the recovery of reaction products.

iii) Mmel digestion

The effective digestion by Mmel is a critical step determining the template yield. The
25  enzyme should be used with a ratio not more than 1-2 units per ug of DNA.

According to New England Biolabs, excess of enzyme blocks the endonuclease

cleavage.

To the sample mix, add 2 ul buffer Y+/Tango (Fermentas); 2 ul 1 mM SAM; 1 ul (2
30  u.) Mmel (New England Biolabs).

Incubate 37°C for 1 hour.



with 10 I of 10 JLM solution ofoligo Short-B 5 - GCTGICGGAC CTTCCTTTTC
CTTCCCTTTC CTCG-3' (SEQ ID NO 10) in 1049qM Tris-HCl pH S. O digo Short-A
contains a el eavablc disulfide bridge between the biotin and its 5 end.
Warmtip to 80C and slowy cool to roost tenperature during 30 mn.
Ligation: To the partially filled Hncllll ends of the genom c DNA m X,
add 3 ul 10 MM riboATP; 4 rl of 5 pMshort arm 1 i T4 DNA Ligase (New
Engl and Bi ol abs, 400 10 a/L) and incubate for | hour at 16C. Proceed with
DNA purification according to Q agen Mni El ute Reaction Clean Up protocol.
El ute wit hiviBinding /relehsecto tERSmerdavidipdmbds he el uti on wit hout changing the

t ube usi ng b fresh buffer E.B. 15 Under these |jgation conditions, there
is no si gnF?‘f%@ﬂ’tlgfb@FWfascmrFro’ﬁfWa{lﬂ%lr@%‘i%?ﬁ at a[ﬁ@%nm%ﬁﬁﬁ@ﬁﬁﬂ’ét to the
li gation oforbhilikd SAONBSSIbes@)6véthBlt BREGti ok EoRY ifidCALS | es
using Q agen M ni_ Elute colum inslt%gad of 1toﬁer r?a#"ryé% r?%g%:ﬁ%\?g%lfig)%%gef the T4
| i gase 3 s prdpds Fegdipwfide Hend eloavagerby 800 M Daid welehe ufiDiNgatsed  ai ns.
Doubl e el ut | hhcr.e the recover f reaction products. iii) M nel

di gesti on (t‘lo%%n %@&W\%‘éﬂ @%&F‘FS{% lﬁ\’bﬁ%@ﬁ to anajysethe yigld ofdhe desdeder ni ni ng
the tenpl agredydt ¢50ibp)Tana the2SrRBAYYEF Mgl diedd§ o IR Wstdd Roducid 4,2 nor e
than 1-2 units Eﬁ\rl of DNA. chggrdi ngd'?% New Ené gnd p%?ol{cgébs, Sg(%f:ess of
enzyne bl Aslarse fégﬁ’@ﬁlﬁ’msease cl eavage. To the sanple mx, add 2 jd
buffer Y/'Tango (Fernentas); 2 lit I mMSAM 1 lit (2 30 u.) ,Ifinel (New
Engl and Bi ol abs). Incubate 37C for 1 hour. 44 iv) Binding /release to the

St r eptlévi dBindingdrbeasEioahe SAOM@Hs:t he manuf acturer informati on indicates that

a 30 nmin ‘i.‘”@ js.sufficient for binding of DNA to beads, ovenai ght
i ncubat i orf* HingfW%SHEﬁl e4s%Y bepds (@b refuspenged in 20 ul of 2x B&W Buffer

(made according to Dynal protocol).

Incubate overnight at room temperature with agitation. Wash the beads 2 times with
1540 pl of 1X B&W buffer. Wash the beads 2 tifes with 40 il T00 mM Tris-HCl pH
8.0. Add to the beads 11 pl of 200 mM DTT in 80 mM Tris-HC] pH 8.0.

Incubate 30 min at RT with agitation.

20 Separate the supernatant from beads and discard the beads. If necessary, analyse 1 ul

of supernatant on Agilent 2100 bioanalyzer DNA 1000 chip.

v) Ligation of the long arm moiety

This ligation is based on the recognition of the random two bases present in the a 3'-
25  overhang generated in the genomic DNA by the Mmel ligation. As these two bases

are degenerated, such ligation is a slow reaction and requires increased concentration

of enzyme (New England Biolabs, information note about Mmel).

Preparation of the long arm:

30 To atube with ready-to-use PCR beads (Amersham) add 19 ul of H,0; 1 pl of 1 ng/ul
pUC19 plasmid DNA (region 571-870 will be amplified); 2.5 pul of 10 uM oligo
Long-A 5-CTCACATTAA TTGCGTTGCG NNCACTGCCC GCTTTCCAG-3'



product. The disulfide bond cl eavage by 200 rnM DTT and rel ease of DNA is
conpleted In 30 mn. After this step, it is useful to analyse the yield of
the desired product (50 bp) and the ef¥i ci ency of WMl digestion.

Undi gested products are seen as |large DNA fragnents. 10 Binding /rel ease
to the SA beads: Add 10 yl of washed SA 280 beads (Dynal) resuspended in 20
1 of 2x B&WBuUffer (nmade according to Dynal protocol). |ncubate overnight

roomte%ature wth a]%;ltatlon Wash the beads 2 tinmes with 1-540 vl
oVI X B IPNQ1T Y13 ukofel yedpdige Ito;nﬁ&StGACCAPQL\EO@Mo 100 r1.1-Tri

S HC Ilnglljbgﬁ%c\i‘lgﬂ@d(’% %@8%@&{:' on. @%c&@" E%t(%ﬂﬁ\g)g%p%%gﬁglf Irogm
beads and ainﬁnﬁmdlohhlemg@a@amhﬁ mma&mo@aﬁme Rkkear€f): S4P0E7 fad 30t on
Agi | ent 2100 b| oanal yzer_ ion of the |ong arm noiety

at
This |igat¥$6n ?%YCB%%@C(%IC %Q@Crsééo%ﬁpts?% ’}?op ﬁﬁ@c)r Hllpsradtbio’ Hesidsmipr esent
inthesa 3'- 25 overhang generated in the genonmc DNA by the 1.1rnet
ligation. As these two bases are degenerated, such ligation is a slow
reacti on afioe cmcﬂied éengittnof anplifitation pamlubtalts i3@B bpofThe peagtien pidedncthglirind
Bi ol abs, infor nte about Mn . Preparation of the long arm 30 To
a tube witPFp hrough Qipasm o9 ar{ mwyw& CoRfgnation eimpedin0; 11 of

. ng/l pyG sQJrf"ﬁ &hi PN 610504195 | be anplified); 2.5 I'tl of
10 it'MoIig(i))%1 Long% 5' CTCXCAT AATT‘&'%@ NNCACTGCCC GCTTTCCAG 3' 45

(SEQ ID NGO 111); 2.5 pl of 10 Moligo Long-B 5 - CACCAACCCA AACCAACCCA

Jor ogr A48 | nTBTEBRPRLIHOCY B SRR i mouner ATl 1 iGgeions cyl os

of (94C 3Q11§@ﬁepena§&q 3{9: HRGunf 3@&1%@’@1@ E?oduf:lOIT h@\éﬁﬁlé?%)f%?@llg%gldﬂ dhouttn®

expected | ength of anplification product is eact1on product
shoul d b@qﬁﬁtlmteéwﬁwm@mrq\a@m 2t hlmnzdmrﬁ&Aﬂﬂﬁﬁ) thipafiok clemgeit r at i on

estimat ed 2/6 from 323 to 301 bp is expected. If digestion is complete, purification through

Qiagen columns (PCR products purification protocol) is sufficient to remove the

15  small 22 bp product from the reaction. Otherwise the 301 bp fragment should be
purified through a 2% agarose gel.

Ligation of long arm moiety:

To the supematant released from the beads, add 2 gl of 100 mM MgCl,; 2 ul of 10
20 mMTrATP; 5 pl of long arm; 1 pul of concentrated T4 DNA Ligase (New England

Biolabs, 2000 u/ul).

Incubate at 16°C over night.

25  Ifnecessary, analyse 1 ul of reaction on Agilent 2100 bioanalyzer DNA 1000 chip.

vi) Final template purification

For the final purification step, the desired ligated template is separated from free long

arms and eventual long arm dimers or unreacted 50 bp products. The heating of the
30  template in denaturing conditions should be avoided in order to minimize dissociation

of the template strands.



anal ysis on Agilent 2100 hioanal yzer DNA 1000 chip. 10 The PCR product nust
then be digested Btsl. The anount of engyne and incubation tinme depends on
t he amount of the PCR product. The efficiency of digestion should he
estimated by analysis on Agilent 2100 bi oanal yzer DNA 1000 chi p. The change
in size from 323 to 301 by is expected. If digestion is conplete, _
purification through agen colums (PCR products purification protocol) is
suf fi ci ent Fifal Woﬁr@@t&,ﬁ)lgg}all 22 hp product fromthe reaction.

Gt herw se the 301 hp fragnent should be purified through a 2% agarose gel.
Li gati on of-otdbiig eatira sapipde 9n 2%mgatvee gelp Rumadsdong aegmdseparbtianbétheeheads,

U1 of contBhihseil (a BRCTPCSD Ralmed Bedons wi amisploliados /1)

| ncubat e ahchléedo ek theitahl frodPadarosdecessary, anal yse P of reaction on
Agi | ent_ 2100 bi oanal yzer DNA 1000 chip. vi) Final tenplate purification For

the firal purification step, the desired ligated tenplate is separated from

free | ong : | on rmdinu. ers or,unreacted 50 bp products.
The heati n%ﬁglgﬁ?lﬁg‘db}é%ﬁg {ee%rr%M?n_gaﬁ%r{g%f‘éﬂsgtlﬂE?rn(g‘ag%rh%ﬁ?’ﬁ;ﬁ% AZAIASF d he avoi ded
in order tBxtdcnibnikie [HQRpeE Katis Qfed, 86 nbhWake (PLiRlEbsirANdss 46 Final
purification of t@[ ate: Load the entire sanple on 20' o agarose gel. Run

as | ong astegyBmeadysh itayilldy dissolysd at rooneiemperajurgrfon 1 Bmin. Eﬁbebﬁma;ﬂredwt( 350
b d I i I i . LCut._the ban rom
oot one. | RnitP e th Welcl: 20 pRlpliS e AU AR P it BisEn M i i ut e

Agarod® Extraction Kit. If Qagen Kit is used, do not warmup the tube at

50C as regonmen e&l, it will be dissolved at roomtenperature for 15 nuin.
The final YFosiapdardization was then verified. The same experiment was carried out in

parallei starting from bacteriophage lambda genomic DNA or human genomic DNA
that was labelled with **P-dATP.

ek
wh

FI1G.-11C shows-aliquots collected after the various steps of the process and analysed
by autoradiography. Lane 1: PCR product of complete DNA colony vector size, 350
bp; lane 2-6: lambda genomic DNA and lane 7-10 human genomic DNA; lane 3 and 7
after ligation to the short arm; lane 4 and 8 after digest with Mmel, the size
standardization is observed; lane 5, 6, 9 and 10: after ligation with the long arm thus

20  generating the DNA colony vector with expected size.

DNA colonies were then generated as follows: the DNA colony vectors, containing
lambda or human genomic DNA fragments digested with HindIl and size
standardized with Mmel, constructed as indicated in this example were used to

25 generate DNA colonies using the method of WO 00/18957. FIG. 11D shows DNA
colonies of Lambda DNA. FIG. 11E shows DNA colonies of Lambda DNA (left
column) or Human DNA (first 3 images of right column). These DNA colonics are
then sequenced in situ using the method of WO 98/44152 to identify the Restriction
Sequence Tags.

30
The size of the DNA colony vector was also verified by PCR amplification. The PCR

products were then cloned into the pUC19 plasmid and transformed in E. Coli



can be anal yzed on Agi]ent 2100 bi oanal yzer DNA 1000 chip if necessary. 10
Si ze standardi zati on was then verified.,_The sane experinent was carried out
in parallel starting from bacteri ophagg | anbda genonmi ¢ DNA or human

genom c DNA that was |labelled with 33P-dATP. 1-5---DG 1-1-C; -shows
aliquots collected after the various steps of "the process an anal ysed by
aut or adi ography. Lane 1: PCR product of conplete DNA col ony vector size,
350 bp; lane 2-6: | anbda genom c DNA and .l ane_7-10 _ human genomc DNA; | ane
3 and 7 aF‘t’@PetP‘i“g“ShFQﬁ RgeSteatpgeane h Miniprgp famandiviluas ¢lapesdvgest with 11
1nmel, the t /| MESh ter

| i gation W§%cﬁ1%n%e§1 qgﬁgggénn th tﬁ% t%%RggﬁgtE at i r%gf?%er%im c%fg[g%y v%%’?c?r W th
expect ed soﬁmbmwmmnawﬁmrt&lseﬁeng genercadwtedfor kaht oluaes. tNe t4gNA col ony
vect ors, | anbd human genom ¢ DNA fragnents di gested

wi t h. H nd| qssﬁ'ﬁ Zggofées“é‘?rﬁﬁ di zed with Mne!, constructed as indicated in
this exanple were used to 25 generate DNA col oni es using the nmethod of WO
00118957. FIG 11D shows DNA colonies of Lanbda DNA. FIG | | E shows DNA
col oni es ofA ﬁ_lmmialtmxp«tréﬁcnt devlopstnitedthat-ilhthe emtéd 14 Hindillirdiga}@l of right

I DNA th t hod of
VO 581 4416 BTG HER P LI e C e et oy e gt %%h%ﬂamﬁz?of “the
DNA col onyjj :ﬁfthfftH@ﬁm?'aﬁﬁ t‘ﬁsﬁagm@ﬂtswer&?%ﬁémﬁb&ﬂaﬁ géﬁ Eﬁ%erproduct s
were then clToned into the pUC19 | asni.i d and transforne 47

conpet ent @dkpsion Was carged eyt lasmmpweqfé) dX'Wp ﬁncbo@q;@dﬁcr)@muc}mtlde Gugl cl ones

Ve exfiEc SATEGE®. ol ddaid, IPehuoas SRSt bbbt G APRE O e oo

for some ciampeamitiy faiagsﬁcaheﬁ@femrbxgectbcaﬁegmmre found. A fl ngerprinting
experinment denonstrated that all the expected 14 H ndlll- digested |anbda
were present in the DNA Col ony vectors. After the Ml treatnent and

If a 6 base cutter that generates 4 base overhangs is used for cloning, information

about 21 consecutive bases can be obtained from the prepared templates. Out of 21,

15  six are the known bases forming recognition site of endonuclease and 15 can be used
for genetic variation detection. For some enzymes, this number can be increased if
the “sticky” end of the short arm overlaps with the Mmel site, for example, TCCGA
ligated to Ncol end CATGG forms Mmel site.

20  Two variations of the standard protocols described above were also used to increase
J the power of the cloning. In one variation, a blunt end-generating enzyme was used.
If the enzyme used for DNA cleavage has a 6 base recognition sequence and leaves
blunt ends, information about 23 consecutive bases (6 known and 17 for SNP
detection) can be obtained. As the efficiency of blunt ended ligation is lower,

25  extended ligation times are required. Nevertheless, sufficient ligation efficiency was
achieved when ligation was performed overnight. The yield of the template obtained
using Mscl-digested lambda DNA was similar to the yield with HindIII digested
lambda DNA.

30  The analysis of plasmids obtained by insertion of the amplified template into the
pUC19 plasmid revealed the following: (1) the absence of “templates” containing

short arm dimers; (2) low amount of undesired products (only 1-2 of 18 clones); (3) a



—-abl-e--pf

ligation of the long arm the fragnents were purified froman agarose gel
and prinmer extension was carried out 48 presence of 3 dXTP and one di deoxy
nucl eotide (e.g. 10 dATP, dTTP, dCTP and ddGIP). The products were then
anal yzed on an acrylam de gel permtting identification of each expected
fragnent. If a 6 base cutter that generates 4 base overhangs is used for
cloning, information about 21 consecutive bases can be obtained fromthe
prepar ed t gogl repesentélitn dffth@differch 1:8hbdadicRomEDKAOMLRASER tfefﬂ?mtébg o
recogniti 0{1 f)lf-l’gr of endonucl ease, and 15 can be used " for genetic variation
det ecti on. (%8 gEmeRis vers frvad tyige dn pdnipleal I8dpmplatdsher eased @ f the
"sticky" end of the short armoverlaps with the Mrel site, for exanple,
TCCGA ligated to Ncol end CATGG forns, khnel site. 20 Two variations of the
standard pincinotiet sarimarartifdaladeavativebeblahseds sed chpldyear ERHE 4 Yahe power of
t he cl gni ng. I n o&% vari.atjion, a.blunt end-generating enzyme was used. |[f
t he enZyne?YFLianes that repaie plenthgmital ODNAgligestien pscemgared. die derjognce and

| eaves bl RimaNe inchAE QL8B3 MbwA Ind I TN UELRGT S Beiioum, and 17

for SNP detection) can be obtal ned. iciency o
li gation ispkoments, 3% exymosisble bf gatdving sveremganerd Reitigettd. MeveBdag! ess,

sufficient_ljgatjion efficien S, .achi eved en |igation was perforned
over ni ght .nu'fk: S @gqvﬁﬁ%m’f“iwg"ﬁwaé?g lyRensr3ed u“&§‘i‘¢$§%f%‘€mt1)diT@§st ed | anbda
DNA was sirginb@sl dre° bhahhgltd e kKierddhnd ; .30 The
anal ysis of plasm ds obt ag?rlljg,d by 1 nsertzﬁnﬁ%ggﬁ%qg%@%%gg%npl ate into
the ~pOC1LMptegyer th the pecsbrat afmecdssiry dedxgucieddidd, e laberencemetad algpl at es”
cont ai ni ngr hart am di.et w_amount of undesifed products (only

(2), 1
00 o 16 raRAL prRTh o iR pethet BY SSERE it B pRCSHRE RO | anbda
genoni ¢ DiWafis@ JHe Bk £mp18, if REDRIASS diée@t_@ﬂ%yg’sflraﬁgﬁ‘;?s?ygﬁn‘fﬁg efdpdrtwice in a

total of 15 tenplates). In another variation arti ial generation of blunt
ends was dfdiFdfiedlenaw envame widlgewlish Poil endh andysortvierttMpd end mtaittaetive he i niti al

DNA di gest | r ved, | oning information increases to 25 bases (6
known and%lf%%%;sgghﬁ%g%%géﬁ(g%ﬁ_ I'n prelimnar experinments, two enzynes

6.3. EXAMPLE 3 DETECTION OF GENOME-WIDE SEQUENCE VARIATIONS

This example illustrates an embodiment of the invention which is used for generation

of a high number of restriction sequence tags from a complex genome in a
reproducible manner. These restriction sequence tags are useful for identifying

20  genetic variants between genomes without prior knowledge of these variants and for
identifying in a comprehensive manner and without hypothesis based on prior
knowledge the variants associated with a phenotype specific to a population of
individuals, and for correlating such variants, due to the high density of the restriction
sequence tags obtained, to genomic regions of minimal sizes.

25
The method disclosed in this example is based on the use of the same restriction
endonuclease to generate identical restriction fragments from different genomic DNA
samples. After amplification, the ends of these restriction fragments are sequenced
and the sequences are processed to identify restriction sequence tags, which are short

30  sequence of nucleotides immediately next to the recognition site of the restriction

enzyme used for digestion of the genomic DNA.



nucl ease (New Engl and Bi ol abs) failed to generate blunt ends efficiently.
The renoval of 3' overhangs by the Klggow enzyne yi el ded satisfactory
results. 10 Moreover, in the presence necessary deoxynucl eoti de, the

| atter enzynme can also efficiently prevent the ends generated by frequent
cutter fromparticipating to the |ligation. For exanple, if the DNA is

di gested by Pstl and Mspl, in the presence of dCTP the Kl enow enzyne w | |
polish P,stl end and convertlllspl end into inactive single base 5

over hang (Fpiach mdividualefthe popajatior updesrstxtyt ilistrered GendneraienE ocSEQUENCE
VARI ATl ONS ;.. Fhi i I i of . the invention which
is used f o(r:h];glg;gﬁr% gtrugﬁtggsl lﬁgéjbgﬁﬁéeéﬁhﬁg%g%r&@g ?%Q??%’%?ng Sgeé) a'uence tags from
a conpl ex genone in a reproduci bl e manner. These restriction sequence tags

are useful for identifying 20_genetic variants between genornes w thout
prior knom@@@ﬂ%@@%@&gts and for identifying in a conprehensive
manner @andeowug I i : A

FNdcuhd %%Nﬁﬁ?@i@&?&éﬂ&ﬂ%@o@ﬁaﬁ%& fes fi@%ﬁ‘i’i&ﬁe‘?«%ﬁ nﬁélﬂﬁlgﬁﬂis. ﬁig{sg and

associated wth a phenotype specific to a popu rvid
f or cor r el biblogirab sevtplesare aithear, budcd stvabs ieblbod) barmiges i The gdnotlie DNty i cti on

sequence tags ohtajned, to genom c_regions of mniml sizes. 25 The nethod
di sl osed § faﬁ‘ﬁaémélﬁé‘iﬁﬁlﬂ%f_di Igm’i?a%]éd T&H‘“ﬁﬁl_é %gt@ bmiRE e geapia b pon
endonucl e%%%xﬁ&t&?ﬁ%@lﬁ*chﬂ%a‘b%%ﬂp[eeﬁfdr 4 &8 a&%%gg%o%ﬁtcfﬁl@ﬂ]igl fferent

genomi c DNA sanples. After anp Ication, the e hese restriction
f ragment s exteckddwenteédmianbtetshe ssebele bbed samplqprinessediiploid kien f y

restricti tags, which 30 f_nucl eot i
§ el Zh o/ R G RERPLE G 9GS Pt DNy TR GoREEPRUL ) A SLFayAg used

for di gestio@ePbod dpigoTatdipleid RontIwhrh i€ adhicieltiot bdtghp8de. t he popul ation
under study, illustrated here by patients of a clinical study, this nethod

is performed according to the followi ng steps: 1) Extraction of g enonjic

DNA 5 Genoyi is.extracted from bi ol ogi cal sanples fromdifferent
Dhdi vi duniaICesggh BigdHl

The restriction endonuclease to be used is chosen according to the density of the

15  restriction sequence tags in the genome that is to be obtained, which depends directly
on the average distance between two restriction enzyme recognition sites (which is
equivalent to the average length of genomic restriction fragments that will be
obtained). Therefore, since the objective is to obtain on average at least one cut per
every 5000 bases, a restriction enzyme with a 6 bases recognition site is used, as it is

20 expected to generate fragments of average size of 4096 bases. Thus over 1,400,000

] genomic restriction fragments for each diploid human genome which has
approximately 6 billion bases are generated. Since for each genomic restriction
fragment two restriction sequence tags are generated, an estimated total of over 2.8
million different restriction sequence tags are generated for a diploid human genome.

25  Asdiscussed below, restriction sequence tags generated in these examples are 15
bases long and that polymorphisms are found every 500 bases in the human genome,
2.8 million tags are estimated to generate over 80,000 polymorphisms per patient or

one polymorphism every 35,000 bases of the human genome sequence.

30  The number of restriction sequence tags obtained per individual can be modulated by
using different restriction enzymes or combinations of enzymes. For instance to

increase the number of restriction sequence tags, a plurality of restriction enzymes can



bi ol ogi cal sanpl es are either buccal swabs or bl ood sanples. The genom c
DNA is extracted using standard protoggls. Typically, 0.5 to 3 mcrograns
of genornic DNA is extracted froma buccal swab sanple and 4 m crograns of
genomic DNA is extracted fi-om 100 mcroliters of a whole bl ood sanple.
Since one diploid human 10 genone has approximately 6 picograns of DNA,
this corresponds to fromat |east 80 to over 600 copies of a diploid
genone, whblsell $n Sothbingdi@Nér hRMAHEd PAH RO Beatdd se'aﬁéﬁ&{a'l@twiﬁpdiﬁfeﬁﬁﬁt . The
restriction endonucl ease to be used is chosen according to the density of
the 15 res®eyeesoflte@giierirdodagsaderihe membenrdmestiittam segudnoe baspbrizahresd,

whi ch depepghs g " : ayverage di stance hetween two restriction
enzyne recognllqt %ﬁl%é‘#%’nétsl&?%elggﬁn ¥§US 4B PRI COMPIRUORay o age | ength of
genom c restriction fragnents that will he obtained). Therefore, since the
objective is to obtain on average at |east one cut per every 5000 bases, a
restricti onnehhprrethpd is rapetesprathe sane ghiificemt samples, dt issemgntiadghatt i s 20
expect ed t; =y f ge.size of 4096. bases. Thus over
500, 000 T RRARLAHE iG] RIBRAS o BB R0N R o A i Bnors

whi ch has chamges éx theageabyidscgiidrce Gotvara eamplee, PanarauRdlenSiReR LA €ach
genonmic restriction .fragment two restriction sequence tags are generated,
an est i matsBWenet es sill b ebtaed. Indheprys diffrentapenetioneanzyings with ideniisehce t ags

are gener af&dnfidh sfed is%f?&ﬁs@dﬂﬁﬂn%ﬁ{lﬁﬁfhe ased™n ﬂleﬁg %?a?‘x?pqesgglo&\évv

restriction Sequence tags generate ese exanpl es are ales | ong
and t bt pddnfindrephjmes oagmatiog fidmethe symb 6fzanasesnd forh s hmpedpgHaom™e, 2.8
mllion tages are estimted to generate over 80, 000 pol ynorphisns per

pati ent of? %ﬁ@ pol ynor phi sm every 35,000 bases of the Truman genone
sequence. 30 The nunber of restriction sequence tags obtai ned per

i ndi vidual can be nodul ated by wusing different restriction enzynes or
conbi nat i dhs restrictienydigsst iskarriddnait asiog at pastil@do €8 sepieh of the riydoidof

restrictiqgn sequence tags,, a,plurali f restrjction enzynes can 50 be
used in comsTRapTaRugRt ¢ ruiienarednfedle TEpbi r iR PRRFGIREE h

%If%ampr@%ﬁ@wmke{mm%—
sequence tags, en y9'es wth Ionger recognition sites can be used, al one
or in conbination.

3) Insertion of genomic restriction fragments into amplification and sequencin
vectors
In this example, DNA colonies are used for amplification of the genomic restriction

20 fragments and for sequencing.

The genomic restriction fragments are linked to a DNA colony vector, i.e., an
engineered nucleic acid having a predetermined sequence, by performing a ligation
reaction resulting in circular molecules. The DNA colony vector contains the

25 following characteristics: two ends that are compatible with the ends of the digested
genomic DNA fragments and preferably cohesive, which ends are dephosphorylated
to prevent self-ligation of the vector; two recognition sites for a type IIS restriction
enzyme, such as BsmFI, BceAl, Eco571 or Mmel, each of which is located
immediately at an end and oriented to direct cut within the genomic restriction

30  fragments to be linked with the vector; a recognition site for two sequencing primers,
each of which is also close to an end of the vector and oriented to permit primer

extension in the direction of the genomic restriction fragment to be linked with the



5 When the nethod is repeated on the sane or different sanples, it is
essential that identical restriction fragnents are generated, wth the
exception of variations due to changes’in the genom c sequence between
sanpl es, so that equivalent restriction sequence tags will be obtained. In
theory, different restriction enzynes with identical recognition sites,
such as isoschizorners may he used. In these exanples, however, 10

i denti cal enzynes, orh inating fi-ain the same orqantsnl and fromthe sane
supplier ¥PEOd¥E aMP Betiomitegs eﬂerar%&&e%t aopliicaton ot Parseifge yectPeast 10
to 20 copi fo 1 i L ; y oduced to
nsur e £ hat o B e e kb

| nsertion pfimerspaid; optignaliych ramoghitiag sitadsa ran¢ cuttinp késtrictimhicomyraaticingquenci ng
vectors In,thig examle colagnies ate used for applification of the
genom ¢ r e&cﬁéeatopgff{mgﬁfefgf%hWﬁné$ﬂn@b&ds% EPWQHH%?@W% c

restricyi ogegueRTENHd@tiHaE fdahFKESF the DN ABI0A PN EMYr MERIUL hdditioRal restiction

engi neered nucl eic acid having a predetermned sequence, by performng a

| i gation sitesorithom thecplified gegian,cd. g dot BN Anedlenyulinssarizatien, Di¥pacet ony vect or
contains the 25 followi ng characteristics: two ends that are conpatible
with the eWd&% ™t he di gested genom c DNA fragnents and preferably
cohesive, which ends are dephosphorylated to prevent self-ligation of the

vector; two recognition sites for a type IIS restriction enzyne, such as
RsnFl, Bcelp prevepmrprcaempmgdtionad ehe gsnomng eiiricion deaments; INédécdomst y at an

~end a orj J : it hy.n .t L.c restriction 30 fragnents
‘1o ben]l(bl nk%%%qgﬂgtﬁﬁ% a\[/rggg%(fl;ﬂtr%w?}e%lggsrﬁ {5?1100%%3?13? éﬁ‘? %?m%resgktfﬁlgﬁci ng
pruners, faghen§, Wwhich is also close to an end of the vector and oriented
to permt prinmer extension in the direction of the genomc restriction
fragnment to he lurked wth the 51 vector; two anplification priners
oriented tp Resdidi- R bRt Pg,0f part of the vector and the inserted
fragnment, g%r%%“way—vverfap—mrrﬁ—ghe sequence of the sequencing prinmers;
and, opti oflad disculaa DA ageiedulescaniditing thesDNar @lenyt ddctgs Liglsdd tbpleh®nicenzy me

—

heai-na
Y15  restriction fragments are then digested with the type-IIs restriction enzyme. For

instance if BceAl is used, it will cut 14 bases within the inserted genomic fragment.
After a fill-in reaction with a DNA polymerase such as Klenow fragment of DNA
polymerase I or T4 DNA polymerase, the resulting blunt ends are ligated resulting in
circular molecules containing a 28 bases portion of a linked genomic restriction

20  fragment, i.e., one 14 bases portion from each end of a genomic restriction fragment.

Longer inserts is generated using enzymes such as Mmel that cut 20 bases outside of

its recognition sequence. However, due to the fact that a 2-base 3'overhang is

generated, the reaction with a DNA polymerase such as Klenow fragment of DNA
25  polymerase I or T4 DNA polymerase will remove 2 bases. In this case, the resulting

linked genomic restriction fragments are 36 bases long.

5} Generation of DNA Colony templates

The DNA colony templates are generated using one or more cycles of PCR
30  amplification in the presence of the amplification primers. A DNA template molecule
sequence contains, from 5' to 3" end the following: a sequence of the first

amplification primer in forward orientation; a sequence of the first sequencing primer



| ocated outside the region that will be anplified using the anplification
primer sequence. Additional features &2 the DNA col ony vector include
additional restriction sites within the anplified region, e.g. for DNA
colony linearization, or spacer sequences. To prevent concatenen. zation of
the genomic restriction fragnents, DNA colony 10 vector nol ecul es are used
i n nolar excess conpared to the genomc restriction fragnments. 4)

St andar di zan forwaef oridneation g @hichad @ vdis ¢hd &dhaice DN MsesHpBScARAL ai Ni ng

t he DNA col an \_/ec%tors |'i nked, to _genom c 15 restriction fragnents are then
di gest ed wipflﬁ’yef)né 1§f pecosniiopsie of a tynsnlle pesyrintioneozyme;ibe 2hore36 ba®se Al is

used, it wg : Wit D i enom c, fr.agnent. After a
FTEL ' ¢ onnkedbinotie RARRRQH fabtnt M ISR SR T B St v
pol yrer ase (which infiudehihalf dhomogsition difes of #substiiagoidnspinceBEB10ali gedt kigat ed

resultipng in ci ar nol ecul es containing a 28 bases portion of a |inked
genomi c§| r e STHUE 533}%)2@ SerQIylesREnitiongsite of e tyre-BiSesirigion ¢ngpnic em each end

of a genony tdied & . (. - S usi ng
nzymos. Sust oas AT deOnd EEHERThe plr ARl b I RRK A 3
sequence. Withdhesequehee of the deeorfdanplifivation pAneaseudhay eimdangqiiénce@gner at ed,
t he reactiﬁ]g Wt W@olﬁ%ﬁ%rase such as K| enow fragnment of DNA 25

pol ymer ase"F S8F1F AHNACHOPR PRIPESIE TRr9rse (EmAHON2 bases. In this case, the
resulting linked genomc restriction fragnents are 36 bases |ong, 5)

CGeneration of DNA Col ony tenplates The DNA col ony tenplates are generated
usi ng 1bhe AhemaiieelyRNAsobinyRERp BEsaap bt gewasted by isimplb ecspicivantigesobf t he
anplificatjon.priers. t | ate nol ecul e  sequence contains, fromb5'
fora  end URETUTBRRAye: sblis aheBvin B P de RO HS GROTGHIS | ner | n
fonvard orduenthaiDION coRnSSeBRERRAE thdRefon!ts be 9BHUERED %e%ﬁ}ﬂfﬁ in
forward orientation (Wn?ch can overl apg t he s?é%ence gf th |craglt8n
anplificatRtBRCISprimer); a first recognition site of a type-1TS restriction
enzynne; the 28 or 36 bases |inked genomc restriction fragients resulting
fromthe size standardi zation step

15——6)-Generation-of- DNA-Colonies

The first step for generation of DNA colonies is to attach the DNA colony template

molecules and the amplification primers on a solid surface, such as a surface of a
functionalized glass or plastic such as NucleoLink tubes (Nunc, Roskilde, DK). The
concentrations of the DNA colony templates and the amplification primer molecules
20 are chosen such that after attachment, the surface is covered by a high density of
amplification primer molecules and a relatively low density of DNA colony template
molecules to permit localized amplification of the DNA colony template molecules
into DNA colonies using the attached amplification primers and to achieve a desired
spacing between different DNA colonies. The total number of DNA colonies after
25  amplification should be at least 10 to 20 fold the number of different restriction
fragments obtained from the genomic DNA to ensure appropriate redundancy. In the
example in which 1.4 million genomic restriction fragments are generated, about 30

million DNA colonies are generated on a 3 square centimeters surface.

30  The amplification is carried out using the isothermal procedure (as described in
Section 5.3 and PCT publication WO 02/46456).



(which includes half the recognition sites of the restriction enzyne used
to digest the genomc DNA); a second recognition site of the type-ITS
restriction enzyme; a sequence of the3decond sequencing primer in reverse
orientation (which can overlap wth the sequence of the second
anplification prinmer sequence); and a sequence of the second anplification
primer in reverse orientation. 10 Alternatively, DNA colony tenpl ates can.
be generated by sinple restriction digest of the circular nolecul es
obt ai ned af) Peguencing thetloNAcsilonges he rare cutting enzyme that cuts the DNA

| tar_out side. th ion to b Lified by t Lificati
et ot s, - enReribiRticitigh. e TRA SBio it lares gl b B RgAERA | on of
DNA col oni gigestFoli®wai bpgéhate:idANAT 1606886 qh & TR o3 18n 80Tk @ IR BridDdd td e

anplification prinmers on a solid surface, such as a surface of a
f1incti onaPNFeeolgnrnyecters. dhasenfcegudignaeculiated agth amixturedfdZNA( Nunc,

Aol 1 o PO Syt ENAC G Gl G B0 SRR SRR B et
t he surf ac®h¢ minomnaiodthilyboth fugRsctansildhel dafand ampbeNécatdl&utide ol FRY safi! ecul es

and a relatively low density of ' DNA_ colony tenplate nolecules to permt
| ocal i zed kingisp that apprexingttely ipae pN&n degosparated mprlaptidasns Buenesesntlynt o DNA

col oni es ugj t t L f i ' ' a chi eve desired
spaci ng be@k@%%_gﬁ?%é@%% cgk%%ggékﬁgﬁ§£?gf%%3nu %@hgpnﬁﬁﬁlgﬁ?gnies
after 25 aaplcbinpteaidnty shitilseqirdcadf the asdlecklestia adONAQotbryheAfiatiler of
different restriction fragnents obtained fromthe genom ¢ DNA to ensure
lappr opﬁ at RPERRIRNEHE\Sten 3 age intakem Py flporesgenesmicraseepy ((ASIOVE 280 ¢
restricti : : oRced. q%*ﬁ' 'Pwéf nies are
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15  incorporation and the resulting signal is measured for each DNA colony on the
surface. The fluorescence intensity of a DNA colony that has incorporated one or
more the bases in the step‘become proportionately more intense, whereas that of a
colony that does not incorporate the base remains unchanged. By comparing the
fluorescence intensity after the step of incorporation to the intensity before the step,

20  the amount of bases that have been incorporated in a DNA colony is determined. By

) following the sequential changes in fluorescence intensity for each DNA Colony and

correlating the intensity with the identity of the base used for the extension step, the

sequence of the DNA contained in each DNA colony is determined.

25  The sequencing steps are repeated until the 28 or 36 bases from the genomic fragment
are read. The number of bases to be sequenced can be reduced by using a sequencing
primer that extends to the half recognition site of the restriction enzyme used for the

digestion of the genomic DNA.

30  Ifnecessary, the extended first sequencing primer can be removed by denaturation
and washing and sequencing of the complementary strand can be carried out using the

second sequencing primer.



DNA. col ony vectors. The surface is then incubated with a m xture of DNA 5
pol }anerase such as T7 DNA pol ynerase aad only one of the 4 possible

nucl eoti des. The m xture contains both fluorescently |abeled and

unl abel I ed nucl eotide of the same kind so that approximtely one in ten

i ncorporated nucleotides is fluorescently |abeled. These | abel ed

nucl eotides are incorporated at the 3' end of the priner, if they are
conpl enment of the nolecules in. a DNA colony. After the
10 primer gﬁggﬁgﬁgﬁ%gﬁgggggﬁgnage is taken by fluorescence m croscopy

(Axi overt Zb@sequimies sbtaEedriemy semehgiag tivi DNAQRGALERr ceSRB i@l iddngppmat su,
Japan) to hﬁ&ﬁséhe.the osition and intensity of the fluorescence of each
DNA col ony"STHPRNCloheghence thes fruip sagheeriginal gonominfiesisicion firgmenty Fospeat edl y
cycling t Mgk, dron the eHohRITALL ISP baRiGleRlofGAne IS, RE IR yARg! her - At
each step, a given base 15 used for 15 1 ncorporation an Fhe Tell i ng

si gnal 3 s Iestastiorfagoentetbe radhiivtioolsequencataghare 18hasésloag, riimes fhd®r escence

et ep’ BASRER BGH AP Erg AbF L AP EREE OB AEnOTR DOA-a Wibol ony |

that does ReiAT theosMMtRnGeliicbasR FETBHRSs Aghanged. By conparing the
fluorescence intensity aftér the step of incorporation to the intensity

before the step, 20 the anobunt of bases that have been incorporated in a

DNA col onypl rmned. By follow ng.the seguential. changes in ,
f1 uor escexlcnzﬂeé? g? ‘Lésﬁ%‘?ﬂ"? Slegﬁlené% Sﬁ@@%&?%f“%ﬂﬂﬂe SHERPLEGINEIE FRStGto8nsi t y
with tibe ifeeidnt.yTh 2 1418 obaskedusieshch INA RE108Y LARNSH R a8 Blsc biifhe S€Quence of

the DNA contained in each DNA colony is determ ned. 25 The sequenci ng steps
are repeatSHOMALS-E- Aavepagedh096 bases aperty andrare oragdnofiirthef weegihet  are read.

The nunber - ne an_be.reduced by using.a sequencing
pri ner thé?&fggpgzgzaé% @%é%ﬁ%ﬁg lsr(geg%réﬂli] B} geq}pn%lﬁéopggqqg ‘&ﬁﬂﬁ)ﬁgenzyrre
used for tondl besegedis tha 6dhasdshe teRamictoie oXfe kstri@ieR LB e uidiepext ended
first sequencing prinmer can he renoved béhdenaturati on and washing and

sequenci n§'&FHhe! B8 spreRERAy e # dhar éAhasse seqtented out using the second
—sequepgi-ng—pri-rer—564-8)—-Rest-ri-¢cti-on-sequence-tags—mmm——oo—————————

9) Ordening the restriction sequence tags and identifying sequence variations
assoctated with a phenotype
The restriction sequence tags are then compared using computer programs to identify

the different tags and determine the number of each restriction sequence tag for each
20 individual. These tags are then compared between individuals to identify groups of
homologous tags and the sequence variations associated with a particular phenotype
in the population. The comparisons can be carried out by statistical analysis known in
the art, such as hidden Markov chains or a clustering method. The tags can also be
compared with tags previously obtained or with sequences from databases.
25
Comparisons of restriction sequence tags between two populations can lead to
different results. For a given sequence variation, the proportion of two types of

genetic variants in population 1 can be different from the proportion in population 2.

30  In other instances the proportion of various types of sequence variations may be
similar or identical in the two populations, but analysis of particular combinations of

different genetic variants in individuals from each population can reveal that some



The sequences obtai ned from sequencing the DNA col onies are processed to
identify the 2 restriction. sequence tags fromeach original genomc
restriction fragment. For instance, wiHen t he enzyme Mrel is used for
standardi zation of the size of the linked restriction fragnents, the
restriction sequence tags are 18 bases long, mnus the 3 bases from half
of the restriction site used for digestion of the genomc. DNA. Wth
BceAl, the restriction sequence tags are 1 1 bases |ong. These 2
restricti opombigader ef Yagetsrasprapsesanted fredidigrit groppreonsin fierdate genomi ¢
restrictiogo]ﬁghL{agnent. The 2 tags obtained on each DNA col ony are
physi cal |y H'0se8h t he genone (e.g. on average 4096 bases apart) and are
stored for further use. The location of a tag on the genone is determ ned
usi ng the sequences consisting of the 15 or 11 bases plus the 6 bases of
the restri EXpmples pf grogps phiags Bat ¢qudd boablamed by thewmgthpd of the igeentiosn of t he
genom cs DNA, i.e., a 21 or 17 bases sequence. 1-5 9) Ordering the
restriction sequence tags and identifying sequence variations associated
wi t h a phehoindpedubhé irie gktetrainedn sequence tags are then conpared using
conputer prograns to identify the different tags and determ ne the nunber
of each restriction sequence tag for each 20 individual. These tags are

t hen conpafed.. [ Ta VA qlfﬁn H-¥2\0 onol ogous tags and
t he sequenigggvg?%tgﬁggtﬁgggg%ggﬂ#gﬁ%é%}gt aNgéﬁ)f {(;:081?{2?33 n’éér%otype in the
popul at i onT1Tregtaptgpmastggpstapamtpie (SECQrIDeENOol4d), foyndtldttingdsi cal anal ysi s
-known j e art, such as hidden i.ns_or clustering method. The
t ags c]ad: aJFE‘b—ﬁé%gg&ﬁ%%%@%gﬁwﬂggﬁéﬁ@ﬁ@&éﬁfom gi“l‘?éfd or with sequences
from dat ab@ﬁ@écce?aég%afaggatgﬁqggm@tfgt (G50 TODNOI8), FEHHENFEERIS bet ween two

popul ations can | €ad to rent results. For a given sequence variation,
t he proporTliohcolaggigatczygagtatggtatige (H1Q dDWDi1AptfeundnS pogerl ati on 1 can be di
f'ferent fromthe proportion in population 2. 30 Tn other instances the
proportion of various types of sequence variations nay be simlar or

i dentical gndiRentiwitRoRetbatineds, but anal ysis of particul ar conbi nations

0 0 gene V-ar1-a N—-hdivi-dual-¢ om-each-population-can—7F" —
r eveall5t hat2apaegtgtegatggctgatgggtaggtagt (SEQ ID NO:13), found 18 times
T2b = ggtggtgpgaatgggattgeaaatgtit (SEQ ID NO:14), found 22 times

T2c¢ = ccaaggtgatcggatgtaatggtatigt (SEQ ID NO:16), found 15 times

In individual 3 it is determined
20 T3a=acgtgtegatggetgatgggtaggtagt (SEQ ID NO:13), found 20 times
} T3b = ggtggtepgaatcggattggaaatgttt (SEQ ID NO:15), found 24 times
T3c = ccaaggtgatcggaagtaatggtattgt (SEQ ID NO:17), found 17 times

It can be determined that

25  Tags Tla, T2a and T3a are identical, and form group gl of group-sequence Sgl =Tla
Tags T1b and T2b are identical, and form group g2 of group-sequence Sg2 = T2b
Tags T1c and T3b are identical and form group g3 of group-sequence Sg3 = Tlc
Tags Tle and T2c are identical and form group g4 of group-sequence Sg4 = Tle
Tags T1f and T3¢ are identical and form group g5 of group-sequence Sg5 = T1f

30

It can be seen that

Sg2 = ggtggtggpaat g ggatiggaaatgttt (SEQ ID NO:14)



ti5 conbination of variants are represented in different proportions in the
two popul ati ons. Exanpl es of groups ofsgags that coul d he obtained by the
met hod of the invention: In individual 1 it is determned Tla=

acgt gt cgat ggct gat gggt aggtagt (SEQ ID NO 13), found 23 tinmes T1 h =

ggt bgt gggaat gggat t ggaaat gttt (SEQ ID NO 14), found 1 1 tinmes 10 T 1 ¢ =
got ggt gggaat cggatt ggaaat gttt (SEQ ID NO 15), found 8 tines T 1 ¢ =
ccaaggt gat gggpa . qJkound 13 tinmes T | f

ccaaggt gat c%gataggﬁgg%%g{lﬁ%%yg%%ggt# @%I%%qlfsgund 5 tinmes In individual 2
it is detemidendicallipe one amgtegiasgdtug gathgsfitygg iogey diTeréBEImM BeNGg4l3) ,
found 18 t| 5 T2h = ggt ggt gggaat gggattggaaatgttt (SEQ ID NO 14). found
22 tinmes C g—"ccaaggt gatcggatgtaatggtattgt (SEQ ID NO 16), found 15 tines
Inindividgal 3 it is determ ned 20 T3a = acgt gt cgat ggct gat gggt aggt agt ( SEQ
ID NO 13). found 20 tunes T3b = ggtggtgggaat cggattggaaatgttt (SEQ I D NO
15), fundSg4- eeangatgatigea tetediaaigtiglgaE AN Y Gat ggt at t gt (SEQ | D NO 17),

found 17 t¢ s )t n,_be determne . Jags Tla, T2a and T3a arc

i denti cal ,g ndC#ﬁglggrt%aﬁcg%aéfaa aﬁg@@mﬁéé Sgl = Tla Tags Tl.h and T2b
are identigaidentitdl ubab BhOEAHR Hade, Blit EHcAWR URANNRELIPReert ibAPSeTags T! ¢ and
T 3b are identical and form group g3 of group-sequence Sg3 = %’ | "c Tags Tie

and T2c ar@di%8ntical and form group g4 of group sequence Sg4 = T | ¢ Tags
Ti f and T3c are identical and formgroup g5 of group-sequence Sg5 = TIf 30
It can be seen that Sg2 = ggtggtgggaat g ggattggaaatgttt (SEQ I D NO 14) 56

Sg3 =109t garogpGHafored BRSEYeA@BLY idrbu SE@ed¥s $8) and Sg5, and group G3
formed by group Sgl can then be created.

Because each individual carries two different sets of chromosomes, it can be seen that

(1) individual 1 carries 2 copies of Sgl, one copy of Sg2, one copy of Sg3, one copy

ey
wh

of Sg4 and oiie Topy of Sg5
(2) individual 2 carries two copies of Sgl, two copies of Sg2 and two copies of Sg4

(3) individual 3 carries two copies of Sgl, two copies of Sg3 and two copies of Sg5

Typical result 1
20
In population 1 it is found
1000 copies of sequence tags Sgl
327 copies of sequence tags Sg2
673 copies of sequence tags Sg3
25 521 copies of sequence tags Sg4
479 copies of sequence tags Sg5

In population 2 it is found

1000 copies of sequence tags Sgl
30 345 copies of sequence tags Sg2

665 copies of sequence tags Sg3

502 copies of sequence tags Sg4



are identical up to one single base, but each of themis very different
fromSgl, Sg4 and Sgb5, and Sg4 = ccaaqgtgatcgga t gtaatggtattgt (SEQ ID
NO 16) Sg5 = ccaaggtgatcgga a gtaatggtdttgt (SEQ i D NO 17) are identical
up to one single base, but each of themis very different from Sgl, and
Sg3. 10 Goup Gl fornmed by Sg2 and SL--3, group & forned by Sg4 and Sg5,
and group G3 forned by group Sgt can then be created. Because each

i ndividual carries two different sets of'cbronosones, it can be seen that
(1) indivi d8&ropiecelseieance lagsHigds of Sgl, one copy of Sgt, one copy of Sg3,
one copy of Sg4 aiid one copy of S5 -ga (2) individual 2 carries two
copies of Sgl., two copies of Sgt and two copies of'Sg4 (3) individual 3
carries twsireephesisafo stgificartt diff@apedstvaden BaSreapettitvoomppdition of grdghs Typi cal
result 1. 20 In population 1 it is found 1000 copi es of sequence tags Sg

327 copi esdf Gdagd Sncketyagispapyetion Aandgipulation 2 sk guebe eonchigied Sis these 521
i f . A7 i .Ofy- | ati
5ot 5 <t R A Grol AstDeimd itk b ARSI i RARERE Ry IR bR U5 O"

tags Sgt 665 copies of sequence tags SP _,3 502 copies of sequence tags

Sg4 498 copi es of sequence tags Sg5 Since there is no significant
di fferenceﬁl%f:@\'ééwitgne respective conposition of groups

In population 1 it is found
) 10 1000 copies of sequence tags Sgl
993 copies of sequence tags Sg2
7 copies of sequence tags Sg3
521 copies of sequence tags Sg4
479 copies of sequence tags Sg5

15
In population 2 it is found
1000 copies of sequence tags Sgl
946 copies of sequence tags Sg2
54 copies of sequence tags Sg3
20 502 copies of sequence tags Sg4
) 498 copies of sequence tags Sg5

Since there is no significant difference between the respective composition of groups
G1 and G3 between population 1 and population 2, it can be concluded that these

25  groups are not associated with the phenotypic difference between the populations.
Since there is a significant difference in the composition of group G2 between
population 1 and population 2, it can be concluded that this group is associated with
the phenotypic difference between the populations. Further, it can be concluded that
the probability of belonging to population 2 is higher for individuals who carry

30  sequence Sg3 than for individuals who carry Sg2

Typical result 3



Gl, & and G3 between population 1 and population 2, it can be concl uded
that these groups are not associated #8t h the phenotypic di fference

bet ween the popul ations Typical result 2 In population 1 it is found 10
1000 copi es of sequence tags Sgl 99-3) copies of sequence tags Sg2 7
copi es of sequence tags Sg3 521 copies of sequence tags Sg4 479 copies of
sequence tags Sg5 15 In population 2 it Is found 1000 copi es of'seqguence
tags Sg 946 copies of sequence tags Sg2 54 copies of sequence tags 20 502
copi es ol 'sequence tags Sg4 498 copies of sequence tags Sg5 Since there is
no si gni f i Bdvputatip dikisdeunset ween the respective conposition of groups Gl

and G3 betmrbonggkgééugﬂce]ta%r%lpopul ation 2, it can he concl uded that

these 25 groups are n asso ed with the phenotypic difference between
t he popul ailidampies obseuenddrageSss a significant difference in the
conpositiqgﬁpf'grogp & between population | and population 2, it can be
concl uded 4940Pies 0 SeRUSTGS tgs 3% oci ated with the phenotypic difference

bet ween t higghQ i , it can be concluded that the probability
of bel ongi ng tg%ggﬁﬁﬁ?‘%ﬂﬁ%&?@ hi gher for individuals who carry 30

sequence Sg3 cohes of exquemetituga®gl s who carry Sg2 Typical result 3 58 In
popul ation 1 it is found 1000 copi es of sequence tags Sgl 314 copies of

sequence tags Sgt
- Inpopulation 2 it is found

10 1000 copies of sequence tags Sgl
289 copies of sequence tags Sg2
711 copies of sequence tags Sg3
511 copies of sequence tags Sg4
489 copies of sequence tags Sg5

—_
Ch

There is no significant difference between the respective composition of groups Gi,
G2 and G3 between population 1 and population 2. However, further analysis of the
data can be carried out by counting how many individuals carry the combinations of

sequence tags:

20
population 1 population 2

Sg2,5¢3,Sg4,Sg5 109 143
Sg2,5g3,5g4 44 26
5g3,5g3,Sg5 59 62

25  Sg2,8g4,Sg5 26 8
Sg3,5g4,5g5 115 104
Sg2,5g4 11 1
Sg2,5g5 14 20
Sg3,Sg4 63 101

30 Sg3,Sg5 59 35



686 copi es of sequence tags Sg3 486 copies of sequence tags Sg4 0 514
copi es of sequence tags Sg5 -In populatipon 2 it is found 1000 copi es of
sequence tags Sgt. 289 copies of sequentce tags Sg2 711 copies of sequence
tags Sg3 51.1 copies of sequence tags Sg4 489 copies of sequence tags Sg5
There is no significant difference between the respective conmposition of
groups G, 1 & and G3 between popul ation 1dand pgpul ation 2. hHovvever,
further an sis of the 5data_can he carri out. by counting how many

i ndi vi dual S5 S{Sﬁb‘)}%ﬁﬁi q%h@?fgfeng%&h@ﬁéémﬂ%@ﬂ of gombinations of

S92, Sg3, Sg4eRBRRORYS BLiveBn hoRRimAL é:ﬂféo LORBA43 1504 9
Sg3, Sg3, 59565 62 25_%92_, Sg4,g%%ges Sg3, g‘ﬁ’,u_Sg511_5104 é[gﬁgs,%g% ﬁ#@gﬁtswmzo
Sg3, Sg46310Es808yBinsiGHIEscHenThiags arcadsysiaed withsheplsingtypid diffatenck f f er ence

in the di Sg(ret'w%léﬁ'th%npo%iﬂa%%rqgl nati ons of

5
7. REFERENCES CITED

All references cited herein are incorporated herein by reference in their entirety and
for all purposes to the same extent as if each individual publication or patent or patent
application was specifically and individually indicated to be incorporated by reference

) 10  in its entirety for all purposes.

Many modifications and variations of the present invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The

specific embodiments described herein are offered by way of example only, and the

15 invention is to be limited only by the terms of the appended claims along with the fuil

scope of equivalents to which such claims are entitled.



sequence tags between population 1. and population 2. It can thus be
concluded that these conbinations of $@quence tags are associated with the
phenotypic difference between the populations. 7. R El TER-ENCES Cl TED Al |
references cited herein are incorporated herein by reference in their
entirety and for all purposes to the same extent as if each individual
publication or patent or patent application was specifically and
individually indicated to be incorpor@hgss by reference 10 in its entirety
for all purposes. Many nodifications and variations of the present
invention can be made w thout departing fton-i its spirit and scope., as
wll be apparent to " L ecific enbodlrrlerlts
descri bed herel% are nﬁ?ﬁei(r)(z def'egmm%é E%)?gﬁe édet(}%ﬂ?e%ggﬁgth}?él 15 invention
is to be Iassmtladdmihya fhenbdiype béommr rﬁéretlh@vﬁnﬁbcﬂ@@[ﬂsmb aloffpridingng Wi th the
full 3: ]S |vaI nts.to which such clains are entitled. 60 Clains 1.
A nethod f rgea‘%rﬁté‘il BRLA fﬁ@ﬁ%&@ﬁéeqwa%tagé&qi@ﬁelelmwd%ﬂ pegagismreEend at ed with
a phenotyp&leq;rrg(g}@ng{mqggleorgqgéﬂg ?}l,lglneﬁ{ éuonprl sing I') generating a
(o] I VI

set of restriction sequence tags r eac organi smof said one

or nore indivi dupdigedtiggmiuelek atmydsafrcsrﬁteaaﬂsaecoﬁﬁm@udpgrg%hlsﬁiﬁ&ﬁgbﬂaoﬁucl eic
acids fromeach said individual organi smusing one or nore first

restriction enz@ﬁ@ﬁfﬁﬁeﬂéﬁ%‘?fﬁ@m%& 8@Terﬁ‘¢%§§¢tlctftl‘¢&§lﬁ0tfqﬁefgﬂr&irﬁtn§8, anfid B)

determning a e f sa i vidual 10
organi sm wher e| n sal éﬁﬁg Sgédﬁgsst{i |c%§é§§e&scgg€%r{§lée aldéB%ﬁ ggs one or
more 10estrict mrgamm'qmlmemtsagEsef of restiictiofeq@andd tﬁ@ddiﬁpﬁsb@ﬂné‘ s@breent s,
each said one .nor e restrlctlon sequence taqs conp r|5|ng a sequence in

the corres pondFﬁﬂﬂCﬁl%ﬁeﬂP%@F&fr‘gSf P’é@?@ﬁ’f saig sestiiqtiongfragipntiy cachstard ead on
sequence tags fp %&@k&tx%r%n%&aﬁ%ﬁ@tag@ gbﬂllbgéeig% ﬁ%cgﬁ%gbéﬁlrtﬁe L& oflld]% one or

nore groups of res ricion uence “t ags group co r| SR
restricti on seqgesncter faggndntaindar e honol ogous;

1T} grouping restriction sequence tags for said one or more individual organisms into

IS5 one of miore groups of restriction sequence tags, each said group comprising
restriction sequence tags that are homologous;
wherein said one or more groups of restriction sequence tags identify sequence
variations associated with said phenotype.

20 2. The method of claim 1, wherein said step of determining said set of

restriction sequence tags is carried out by a method comprising
B1) linking restriction fragments in said set of restriction fragments with a first
engineered nucleic acid to obtain a set of first circular nucleic acid fragments, said
first engineered nucleic acid comprising a predetermined nucleotide sequence
25  comprising one or more recognition sites of a second restriction enzyme, said
recognition sites being located and oriented such that said second restriction enzyme
cut in said restriction fragments;
B2) digesting said first circular nucleic acid fragments with said second
restriction enzyme;
30 B3) modifying the ends generated by said second restriction enzyme to permit

ligation;



wherein said one or nore groups of restriction sequence tags identify
sequence variations associated with said phenotype. 20 2. The nethod of
claim1l1, wherein said step of determ niﬁﬂg said set of restriction sequence
tags is carried out by a nmethod conprising Bl) linking restriction
fragnents in said set of restriction fragnents with a first engineered
nucleic acid to obtain a set of first circular nucleic acid fragnents, said
first engineered nucleic acid conprising a predetern ned nucleotide
sequence 25 conPr Bnsigg stid eads grperrtediospid scond sistristionfengymetroprdduce
restrictio | ni.ticon sites being | ocated and oriented such
that said ggﬁgﬁ%gg?ﬁ#@ﬂ%ﬁ&%%%?m SN %‘(Psai d restriction fragnents;

B2) digesting sBbysdquemdingatrieast ahonioal Fiesclpst sdid fca@TEs Srapynkhts dé#ld second
restriction enzyne; 30 B3) nodifying the ends generated by said second
restricti offCeRE GERilargugieigaqids qoicémaw;sagllsengﬁx)eswﬁw pRfveaGetaghds gener at ed
by sai ¢ second restriction enzyme to produce a set of second circular
nucleic acid fragnments; and B5) sequencing at |east a portion of each of
said restrictioh fraghenicthodnfehind 2, seerndeshrsaid @i onusdrer&oasitids t o
determ ne said set %L restriction sequence tags. 3. The nethod of claim 2,
wher ei n eatiss 55 lacaierbelge tegnend of syditirsiomeingered sugleie acbat ed cl ose to an
end of said first engineered nucleic acid. 4. The nmethod of claim2 or 3,
wherein each of said one of nore 10 recognition sites is |ocated | ess than
25 nucl eot i des 4par t The methad of nbirnf2 adi, dhereistacherfgaideac efinuel ei ¢ aci d. 5.
The hod of any one.of clajns 2 4, wherein each of sajd one or nore
't ecog :bti orﬁc%gn?té‘é‘ sties jsfoggte ief%}h@nizg I’B“’W%&é@ﬂ’?’a nhﬁ‘é?‘i‘ds?}rséfﬁ Btend of

sai d firstephmegrdimeRicegiqucl eic acid. 6. The method of any one of clainms 2
to 5, wherei'n said second restriction enzyne is a. type I1S endonucl ease.

5. The method of any one of claims 2 to 4, wherein each of said one or

more recognition sites is located zero to 5 nucleotides apart from an end of said first

15  engineered nucleic acid.

6. The method of any one of claims 2 to 5, wherein said second

restriction enzyme is a type IIS endonuclease.

20 7. The method of any one of claims 2 to 6, further comprising before said
step B5) a step of fixing and amplifying nucleic acid fragments comprised in said

second circular nucleic acid fragments on a solid surface.

8. The method of claim 7, wherein said step of fixing and amplifying is
25  carried out by generating colonies of said nucleic acid fragments in said second
circular nucleic acid fragments on said solid surface, wherein each of said colonies
comprises a plurality of immobilized single stranded DNA molecules comprising one

of said nucleic acid fragments in said second circular nucleic acid fragments.

30 9. The method of claim 8, wherein said colonies are generated by a

method comprising



20 7. The nethod of any one of clainms 2 to 6, further conprising before
said step B5) a step of Fixing and anghi fying nucleic acid fragnments
conprised in said second circular nucleic acid fragnents on a solid
surface. 8. The method of claim7, wherein said step of fixing and
anplifying is 25 carried out by generating colonies of said nucleic acid
fragnments in said second circular nucleic acid fragnments on said solid
surface, wher ei f) |pRGHZIAE ssﬁ@'s@l:oﬁ@lcﬁsﬁlﬁls u&&gg&ﬂslﬁ%nﬁengltg @Illér%l% [fearized
i mmobi |i zed singl e stranded nol ecu es conpri Sing on& d il ei c.
aci d fragn&agments said second circular nucleic acid fragnents. 30 9. The
met hod of clalnh ner ted by .a nethod

|d colonies are
conprising 62 i fprf)v@e%ﬁ?iql FUDAF GO WRIERE %PP‘%@}%P ﬁ?}EF?éP’émﬁfﬁ d fragments
t o gener at @uthobitigéd geshid §dlﬁ@ﬁ?ﬂﬂ&§at 3'knd, W&Yélﬂ'eﬂ& ﬁl@éﬂlb}?y plEAce conprising
a M|{Jg|ty of _colony primers inunobilized on said solid surface at 5'
end er efPUBHEH2 Seugnesihatis hbridigable toapadusecs a4 theed|gad obsdit fincirized
hybri di zabf sequence at the 3' end of said linearized fragnents;
iii) denaturing said |inearized fragments to generate single stranded

fragments; i V)11131ﬂ&wﬂmmaﬁlllﬁkaﬁlkﬁgfrﬁgﬁéﬁt@&d@iﬁéﬁéﬁﬁﬁ@tsﬁ‘aﬁ&dsf?égiinents
|nnDb|I|zed colony prinmers; 10 v) carrying out a priner extension reaction

using sai d anne¥} é@leéll%ﬁé‘éd singlgrstrendodr apmeavtstoassid ismpetities] coborgener at e
|nnDb|I|z§ﬁn%9 gybl e stranded nucleic acid fragments; vi) denaturing said
i mmobi liz ubl e stranded nucleic acid fragnents to generate i mobilized

si ngl é0st r andedv)fcaamnms a pilimer SxthnAsnFRStdr ihsiinS$Hidl ahBARAI sirl T € Stratided! e
stranded - Ients to immoilizec, colony primers; viii) repeating said

steps v) t F apitpypiatrs i Bﬁzﬁrat@arlawéalze@arielsblaﬁeargieden@lpmcld each at a
parti cul argdeagatsd on on said solid surface.

vi) denaturing said immobilized double stranded nucleic acid fragments to

generate immobilized single stranded fragments;

FS———vii)y annealing said immobilized single stranded fragments to immobilized
colony primers;
viii) repeating said steps v) through vii) such that said colonies are generated,

each at a particular location on said solid surface.

20 10.  The method of claim 8, wherein said colonies are generated by a
method comprising

1) linearizing said second circular nucleic acid fragments to generate linearized
fragments;

ii) mixing said linearized fragments with colony primers, wherein each said

25 colony primer comprises a sequence that is hybridizable to a sequence at the 3" end of
said linerarized fragments;

iii) grafting said linearized fragments and colony primers on a solid surface at
the 5' end to generate immobilized linearized fragments and immobilized colony
primers;

30 1v) denaturing said immobilized linearized fragments to generate immobilized

single-stranded fragments;



20 10. The method of claim8, wherein said colonies are generated by a
met hod conprising i) linearizing said second circular nucleic acid
fragments to generate |inearized frag®énts; ii) mixing said |linearized
fragnents with colony primers, ",herein each said 25 colony priner
conprises a sequence that is hybridizable to a sequence at the 3" end of
said linerarized fragnents; iii) grafting said |linearized fragnents and
colony priners on a solid surface at the 5 end to generate inmobilized
| i neari zed fragmpannsabmgisaidrinubpbilizedisiogle strgndedriragarents tovinmbdilitedr i ng sai d
i mobi | i zed Iinearizgd-Lﬁﬁ ment s ,to eqera%f i mobi | i zed single-stranded
fragnent s; CHIYHIRREAS 0 SggﬁpaepﬁW§ fanded BPEYPYSst r anded fragnents to
| mmobi | zed  Coly@irPnp Rt sriter Sédidh RRIRA RSOk Akl SAURLLhAgeNt S;
vi) carrying out prinmer extension reaction using salid annealed single
stranded fagmemnestegplatesiol genersictipmg@nkizedtdoublerstisnddédzedldoabie st randed
nuclei% ach fragnments; vii) denaturing said i mobilized doubl e stranded

nucl ei ¢ aci ?nésdmnts to generate i mmobilized single stranded fragnents;

viii) anneal i ngvispdetaiuffpRhildiimabbslisgldeubleaasRd futRERM SabfehdPbi | i zed
colony priners; and 10 iXx) repeating said steps v) trough viii) such that
sai d col ong@sraty sgebidized gingle swarded feagmentsar ti cul ar | ocation on said solid

surface. 11. Thg.. ¢l aj ; rein said.coloni es _are.generated by
a nethod corer‘?1 é‘? ng %gné) %alﬁrfrjélg]r) ﬁfzzf%wéﬁggeisg‘ag e(%%%)gn&fmtscrﬁ’l 15?“%&@?% c acid
fragment s doborgeprénaseardd neari zed fragments; ii) mixi.au.g said linearized

- fragmi%ts wi th colony, prinpers, wherein each said )
} ix) repeating said steps v) through viir) such that said colonies are generated,

each at a particular location on said solid surface.

11.  The method of claim 8, wherein said colonies are generated by a

method comprising

15 1) linearizing said second circular nucleic acid fragments to generate linearized
fragments;

ii) mixing said linearized fragments with colony primers, wherein each said
colony primers comprises a sequence that is hybridizable to a sequence at the 3' end
of said linerarized fragments, and wherein the concentration of said colony primers is

20 adjusted such that amplification of grafted linearized fragments can occur;

iit) grafing said linearized fragments and colony primers on a solid surface at
the 5' end to generate immobilized linearized fragments and immobilized colony
primers;

iv) applying an amplification solution containing a polymerase and

25  nucleotides to said solid surface such that said colonies are generated isothermally,

each at a particularly location on said solid surface,

12. The method of any one of claims 9-11, wherein said sequencing is
carried out by a method comprising
30 1) hybridizing sequencing primers to said colonies;

ii) carrying out primer extension with one labeled nucleotide;



colony prinmers conprises a sequence that is hybridizable to a sequence at
the 3' end of said linerarized fragmegys, and wherein the concentration of
said colony prinmers is 20 adjusted such that anplification of grafted

| i neari zed fragnments can occur; iii) grafting said linearized fragnents and
colony priners on a solid surface at the 5 end to generate inmobilized

| ineari zed fragnents and i mobilized colony priners; applying an
anplification s i Pl r and. 25. nucl eqti des to said
solid surface sgggk%ﬁggggg%'c@%ﬂ%ﬁgggﬂg#%I@%ﬁ%ﬁ%%gﬁmpé%yﬁggﬁﬁﬁ?@US%ach at a
parti cul ar éxtentded primens fon esci shidhkatibigsund ace, 12. The nmethod of any one of
clainms 9-11, wherein said sequencing is carried out by a method conprising
30 i) hyba.-idi ‘2’5 FPPCaing AIFRS 1 gjmgr”il)r@r‘@twlfseaﬁ rpraen ehthegnucleptide sequgnery out
primer extgnskebr Wid Foiekigs | abel ed nucl eotide; 64 iii) detecting the anount
of the | abeled nucleotide which is incorporatcd into extended prinmers for
each s@ d location; and iv) repeating steps ii) and iii) to detenninc a
portion of the cleqtide,s ence ,of each of said cqolonies. 13. The

met hod of cIainﬂ#Z,eikﬁﬁ¥§hﬂgggF “PéBéWEﬁEHU%FQ%PﬁﬁgnF@e%PdeﬂﬁﬂorecentIy

- | abel ed rmcdr@&hilpl@@bele@r}ﬂmm_ﬁa@,:aﬂd%ﬁieiﬂei%&iﬁ%ie&gneg ﬁ%gﬁ%iﬁaﬁﬁg&i@%ng the

fluorescence intensity of said | abel ed nucleoti hod of
claim1, Jhwrescencsani@nsityoftsaiddabalednicdentelezyne cuts at both sides of its
recognition site in such a manner that the cutting sites enclose a part of
sequence that is not part of the recognition site, and wherein said step of

det er rhni ng saiid, setTI méBsd b Shin®D, $REAUBNGR! £ROS kS ﬁé?e y a
met hod conprising 15 BT) inodifying e ends genergt e;[jl&gg}ﬁi al da#%?tg

restricti ORMeHISHAY itsgeqanition siteiigauchanmane fhat thelduttingssiies cndedera part on
fragments geleqhlk hilis bt PP thé edBnitloh 390 HRG WAl G s@d step of
determining said set of restriction sequence tags is carried out by a method

comprising

5 Bl)ymodifying the ends generated by said first restriction enzyme to permit
ligation;

B2) linking said restriction fragments in said set of restriction fragments with a
first engineered nucleic acid to obtain a set of first circular nucleic acid fragments,
said first engineered nucleic acid comprising a predetermined nucleotide sequence;

20  and
B3) sequencing at least a portion of each of said restriction fragments in said

first circular nucleic acids to determine said set of restriction sequence tags.

15. The method of claim 14, further comprising before said step B3) a step
25  offixing and amplifying nucleic acid fragments comprised in said second circular

nucleic acid fragments on a solid surface.

16.  The method of claim 15, wherein said step of fixing and amplifying is

carried out by generating colonies of said nucleic acid fragments in said first circular

30 nucleic acid fragments on said solid surface, wherein each of said colonies comprises
a plurality of immobilized single stranded DNA molecules of one of said nucleic acid

fragments in said first circular nucleic acid fragments.



first engineered nucleic acid to obtain a set of first circular nucleic
acid fragnents, said first engineered nucleic acid conprising a
predet erm ned nucl eoti de sequence; 20 &%d B3) sequencing at |east a portion
of each of said restriction fragnents in said first circular nucleic acids
to determine said set of restriction sequence tags. 15. The nmethod of claim
14, further conprising before said step B3) a step 25 of fixing and
anplifying nucleic acid fragnments conprised in said second circular nucleic
acid fragments on a solid surface. 1. The nethod of claimm 15, wherein

6.
said step of fixing d anplifying i carrie ut. by generating col oni es
of said nucl ei c)f?i'ci d ?gbemgc:laﬁl%slé’f H’ther‘ré?a“gF&Sﬁ‘leégre?ﬁ?n?f&%déﬁyca aci d
fragnments gRieaicdmpeking surface, wherein each of said colonies conprises a
plurality of inmmobilized single stranded DNA nol ecul es of one of said
nucl ei ¢ acid fpdgsering paid Siastgirtilasnucldic et dragmevtsdd geraratd lineaipednt s. 65
17. Th% nEE’rQ denqg_ claim 16, wherein said colonies are generated by a
met hod “conpr¥'sing i) linearizing said first circular nucleic acid fragnents
to generate |ingppiowiihg Hsdlida@pbs Somprisingds pmirait? 9f dolofy pAmeHy f ace
conprising a plurality of colony primers imobilized at the 5 end on said
solid sur f%@?blmféit%e 81 onapid sebdl swrfagsy Whenein esehpridsebony psistpience t hat

10 111) deeaiiieng s QuRer BRES Shalioindio E e e ) HAETBE A faei G0

f ragment s; fragmgnt@gnneal i ng sai d single stranded fragnents to said
Jdmobi |lized col g primers; v) carrying out prinmer extension reaction

'usi ng_@ai d anne‘é}SéﬁlW %‘i‘HiF%@ﬁJ&E@IﬁaW%Frﬁhg@eé?ée singpsistierdedtinameantsat e
| bl 1 zed doubh guibliAR AR shUR dlafia @ fribrtehd {AAMEMhfoniltkda g} uri ng sai d

i mmobi |i zed do e str cleirc acrd fragmne
primers;

v) carrying out primer extension reaction using said annealed single stranded

fragments as templates to generate immobilized double stranded nucleic acid

15  fragments;
vi) denaturing said immobilized double stranded nucleic acid fragments to
generate immobilized single stranded fragments;
vii) annealing said immobilized single stranded fragments to immobilized
colony primers;
20 viil) repeating said steps v) through vii) such that said colonies are generated

>

each at a particular location on said solid surface.

18.  The method of claim 16, wherein said colonies are generated by a

method comprising
25 1} linearizing said first circular nucleic acid fragments to generate linearized
fragments;

ii) mixing said linearized fragments with colony primers, wherein each said
colony primer comprises a sequence that is hybridizable to a sequence at the 3' end of
said linerarized fragments;

30 iii) grafting said linearized fragments and colony primers on a solid surface at
the 5' end to generate immobilized linearized fragments and immobilized colony

primers;



generate inmobilized single stranded fragments; vii) annealing said

i mmobi i zed single stranded fragments tgg i nmmbilized colony priners; 20
viii) repeating said steps v) through vii) such that said colonies are
generated, each at a particular location on said solid surface. 18. The
met hod of claim 16, wherein said colonies are generated by a nethod
conprising 25 i) linearizing said first circular nucleic acid fragnents Lo
generate |inear i3eRnathfiR@ B iimobilzedi% ! s wt
col ony priners, ﬁ%e?zinﬁ%ach sg?d So‘oﬁggﬁgﬁﬁngggﬁgééégge%ﬁggﬁﬁgﬁae t hat

i . s hybri dbinglststrandedafragropndsice at the 3' end of said linerarized
fragnments; 30 iij rafting. said |ipearijized fragnments and col ony priners on
a solid surface" %“n%f‘]ﬁég Sﬁﬂ?mo'%&}z Sﬁgglatsgaq Biemeztsdo immeRHizeed £ ragment s
and i mobi té1zREpSRALRNY obRid Miedied %glevs)traﬂg&iaﬁh'%rhé}ﬂf;sa' d immbilized
linearized fragnents to generate imobilized single-stranded fragnments; v)
anneal i*hg sai d Vimeying petprihegsdensionamateidniusmgrrenit smealed sinpleistiandell  col ony

rinmers to i eal ed singl e-.stranded fragnments; 5 vi) carrying out
Bri mer ext%rg .%{ﬁy?%;é@ip?%?éd‘ﬁs%cﬂ%a?érﬁ@ﬁwg|d8& isﬁélll%dg’t“f’ %3 fragments as
tenpl ates fragrg@ngrate i mobilized doubl e stranded nucleic acid fragnents;

vii) denaturing said inmobilized double stranded nucleic acid fragments to
gener at e i nobi YiDAsgatyring sad immebilwgd dowljretremted hockeididcjd frageatts by sai d .
i mmobi i ze i x- fr t.s to jmrmobilized colony priners; an
i X) repeat ﬁ%h@%#§n§@é%59§§g¥ﬁ?%ﬁ§ﬁfU%PF?&3uch that said colonies are
generdtled, eactiiipinrRaley §di€ thRbbiliR6dkingIR s&Bn&Rl fhedithntoSHint BEBzed
colony primers; and
ix) repeating said steps v) through viii) such that said colonies are generated,

each at a particular location on said solid surface.

15197 The method of claini 16, Wherein said colonics are generated by a
method comprising
1) linearizing said first circular nucleic acid fragments to generate linearized
fragments;
i1) mixing said linearized fragments with colony primers, wherein each said
20 colony primers comprises a sequence that is hybridizable to a sequence at the 3' end
of said linerarized fragments, and wherein the concentration of said colony primers is
adjusted such that amplification of grafted linearized fragments can occur;
i) grafting said linearized fragments and colony primers on a solid surface at
the 5' end to generate immobilized linearized fragments and immobilized colony
25  primers;
iv) applying an amplification solution containing a polymerase and
nucleotides to said solid surface such that said colonies are generated isothermally,

each at a particularly location on said solid surface.

30 20.  The method of any one of claims 17-19, wherein said sequencing is
carried out by a method comprising

1) hybridizing sequencing primers to said colonies;



19. The method of clarfin 1.6 lerein saii3~oilies are generated b~ a

met hod conprising i) linearizing said first circular nucleic acid fragnents
to generate linearized fragnents; ii) & xi ng said linearized fragnments
with colony priners, wherein each said 20 colony priners conprises a
sequence that is hybridizable to a sequence at the 3' end of said
linerarized fragnments, and wherein the concentration of said colony priners
is adjusted such that anplification of grafted |inearized fragnments can
occur; iii.) grHledrnanganiprimerextdnsiod Withaepeeabdedineclesideny primers on a.

solid surface at. the..5 .end to erate i bi.l,i zed,l.i neari zed fragnents
and i mobi | i zedhleéile %ﬁ?gé@epqm%} gfe L Sﬁﬁﬁe&d@ggﬂhﬁwﬁcﬁIE&FPBW%F H? on

cont ai ni ngexaemiedpricas foraach suid lRatfieadt o said solid surface such that
said colonies are generated jsothermally, each at a particularly |ocation
on said solid siyfeReatinggepwi) apddiihistdetrtmite apyrtionef sfquencs ofsadivofl 9,

wherei nx sal 4 58 ncing is carried out by a nethod conprising i)

hybri di'zi ng sequencing priners to said colonies: 67 ii) carrying out primer
extension with one | abel ed nucleotide; iii) detecting the anount of the

| abel ed nucl eotjde which is incorporated into extended priners for each
sai d | ocation: 4hd i:\l;i)"e meodiof glpig28pwhenein spithlabeledl nuejeoléideds #i ne a portion
of sequen {| ir.d..col T - of cl,aim 20, wherein
sai d Iabelqzucf9 %ctfg gg%@deed rligz'léa%u(d ’Iaglg?(%%%%l{llsijl}? Ieaae ebggﬂjr‘{ﬁg‘%g?‘ieﬁtg}g tgﬁd wherein
sai d det ecfluarescemoeahteasitylef @it labegled hacledtideor escence intensity of said

}I abel nucl eotide. 10 The nethod of claiml., wherein said step of
‘determ’ning said set of restriction sequence tags is carried out by a

met hod conprisiz)y  The method of claim 1, wherein said step of determining said set of
restriction sequence tags is carried out by a method comprising
B1) linking said restriction fragments in said set of restriction fragments with a

first engineered nucleic acid to obtain a set of first nucleic acid fragments, said first

15  engineered nucleic acid comprising a predetermined nucleotide sequence comprising
a recognition site of a second restriction enzyme, said recognition site being located
and oriented such that said second restriction enzyme cut in said restriction fragments;

B2) digesting said first nucleic acid fragments with said second restriction
enzyme,

20 B3) modifying the ends generated by said second restriction enzyme to permit
ligation

B4) linking said ends generated by said second restriction enzyme with a
second engineered nucleic acid to produce second nucleic acid fragments, said second
engineered nucleic acid comprising a predetermined nucleotide sequence; and

25 BS5) sequencing at least a portion of each of said restriction fragments in said

second nucleic acid fragments to determine said set of restriction sequence tags.

23. The method of claim 22, wherein said recognition site of said second
restriction enzyme is located close to an end of said first engineered nucleic acid.
30
24, The method of claim 22 or 23, wherein said recognition site is located

less than 25 nucleotides apart from said end of said first engineered nucleic acid.



Bl) linking said restriction fragnents in said set of restriction fragnents
with. a first engineered nucleic acidggo obtain a set of first nucleic
acid fragnments, said first 15 engineered nucleic acid conprising a

pr edet enni ned nucl eoti de sequence conprising a recognition site of a
second restriction enzyne, said recognition site being | ocated and
oriented such that said second restriction enzyne cut in said restriction
fragnents; B2) digesting said first nucleic acid fragnents with said second
restriction enzynme; 20 B3) nodifying the ends generated by said second
restriction enzhe tdhperthad oflangahe oficlBi)s 22 tokidnghemidsadhesogeinenat ed by
said second, restriction Z wWth a second engineered nucleic acid to
produce se@gﬂﬁiﬁﬁ é?g”ggﬂﬁxﬁgﬁﬁ%%ﬁF§fﬁ@HP@g§@g8%&“ dryicReweagd mueles ¢ aci d
conpri si ngad@d.predet erm ned nucl eoti de sequence; and 25 B5) sequenci ng at

| east a portion of each of said restriction fragnents in said second
nucl ei @ acid fragments to deternmine said set of restriction sequence tags.

Y_ ). The net hogl, of ai 2. Wherein said.regqnition site of said second
restriction enzgl?‘re iﬁ’ff%‘gg’f)éd’fﬁ%%e ?‘I(;Cl%fﬁ‘scel)r?cfo ,‘gg?raqua} secghdi neer ed
nucl ei ¢ acdestricB6n efbymbe a i OHerMonGe1ads® 22 or 23, wherein said recognition
site is located |ess than 25 nucleotides apart fromsaid end of said first
engi neered nucleic acid. 68 25. The nethod of any one of clainms 22 to 24,
wherein said r gni 44 on Lte is | ocated ro,to.5.nucl eotide art from
said end of said fi rﬁergﬁ%llgglgg?%‘%%%ﬁac ?1818722393.%’ %‘é‘h%‘f?énm%ﬁefg any one
of cl d0ns 24 dtep BS) a befiRingand GeAg nh@Sik bt YEBid ype Its
endonucl ease, e23p7 )Thgeﬁet hodgof' gﬁ? gﬁegof cl ai ns %@%Zlgg?ldf%?%%r
conpri si ngskiored fragments gn grselid BHYacg- st ep of fixing and anplifying nucleic
acid fragments in said second nucleic acid fragnents on a solid surface.
28. The nmethod of claim 27, wherein said step of fixing and anplifying is
28.  The method of claim 27, wherein said step of {ixing and amplifying is

carried out by generating colonies of said nucleic acid fragments in said second

—
Uiy

nucleic acid fragments on said solid siirface, wherein each 6f said colonies compriscs
a plurality of immobilized single stranded DNA molecules of one of said nucleic acid

fragments in said second nucleic acid fragments.

29.  The method of claim 28, wherein said colonies are generated by a
20  method comprising
1) providing a solid surface comprising a plurality of colony primers
immobilized on said solid surface at 5' end, wherein each said colony primer
comprises a sequence that is hybridizable to a sequence at the 3' end of said second
nucleic acid fragments;
25 ii) denaturing said second nucleic acid fragments to generate single stranded
fragments;
111) annealing said single stranded fragments to said immobilized colony
primers;
1v) carrying out primer extension reaction using said annealed single stranded
30  fragments as templates to generate immobilized double stranded nucleic acid

fragments,



carried out by generating colonies of said nucleic acid fragnents in said
second -5 nucleic acid- raf gnen soi) i solii sur acf e.~iereinl of said
colonies conprises a plurality of im®9ilized single stranded DNA

nol ecul es of one of said nucleic acid fragnments in said second nucleic
acid fragnments. 29. The nethod of claim 28, wherein said colonies are
generated by a 20 nethod conprising i) providing a solid surface
conprising a plurality of colony priners inmmobilized on said solid surface
at 5' end, wher &) denaticingsaiddnuodts igedaloubierstrapdedomickés add $egmenseo t hat i s
hybridi zable to a seguence. he,3' . end of said second nucleic acid
fragnents;g§§mﬁFynﬁ@ﬁﬁFﬁgﬁﬂgﬁ§%?ﬂp%%%%ﬁﬁm%ﬁcIeic acid fragnents to generate
singl e strandedvyi)bfifeaNAg B4 imindbili ¥R shgldtARALd Hemaitdcshiabsiisdd anded
fragments to said i nmobilized col ony |5% carrying out priner extension
reacti on ueHegy Bamgrsanneal ed single stranded 3() fragnents as tenplates to
gener atge i mmobi | ized doubl tra d nucl.ei cid. fragnments; 69 v

denat urﬁsng sai dJ“il)rZ’rEr%rB%a?]lnﬁzs &l sge(g%ﬁgtﬁgo[ulg Hﬁe“ag%ﬁ’éi g 0%183’&5 F’Feaﬁfﬂﬁ‘ﬁf%d) to

, gener at e ¢aeiabh binziedlas idegliéh ot sA0668d furageents; vi) anneal ing said

i rmobi |i zed single stranded fragnents to immobilized colony priners; vii)
repeating said steps iv) through vi) such that said col onies are generated,
each at a partigyl ar i . Sajod i d surface. 30. The .nethod

of ' cl ai m 28, mh%?einTégﬁgﬁgggggﬁggﬁgrg£§%ﬂﬁ?§f%ﬂ°%§sQegﬁg?ﬁﬁﬂbgﬁnprising 10
i) m Xxing methdd semprisingucl ei c acid fragnents with colony prinmers, wherein
each id colony printers conprises a_sequence that is hybridizable to a

) sequer®e at 1) mixing said second nucleic acid fragments with colony primers, wherein
each said colony primers comprises a sequence that is hybridizable to a sequence at
the 3' end of said second nucleic acid fragments;

i1) grafting said second nucleic acid fragments and colony primers on a solid

surface at the 5' end to generate immobilized nucleic acid fragments and immobilized

15  colony primers;
iii) denaturing said immobilized nucleic acid fragments to generate
immobilized single-stranded fragments;
iv) annealing said immobilized single stranded fragments to immobilized
colony primers to obtain annealed single-stranded fragments;
20 v) carrying out primer extension reaction using said annealed single stranded
) fragments as templates to generate immobilized double stranded nucleic acid
fragments;
vi) denaturing said immobilized double stranded nucleic acid fragments to
generate immobilized single stranded fragments;
25 vil) annealing said immobilized single stranded fragments to immobilized
colony primers; and
viii) repeating said steps iv) through vii) such that said colonies are generated

3

each at a particular location on said solid surface.

30 31. The method of claim 28, wherein said colonies are generated by a

method comprising



the 3" end of said second nucleic acid fragnents; ii) grafting said second
nucleic acid fragnments and colony prinmgps on a solid surface at the 5 end
to generate i mmbilized nucleic acid fragnents and i nmobilized 15 col ony
primers; iii) denaturing said i mobilized nucleic acid fragnents to
generate immobilized single- stranded fragnents; annealing said

i mmobi li zed single stranded fragnments to i mobilized colony priners to

obt ai n anneal edjs}iRfCmsf gé}gﬁq, : rﬁtagn'] - LE i mer

ext ensi on react})on1 ué?sgg Sgeal ar??néelg?éelg S ng evé%%gog@{%bﬁkg?éaggﬁrgg “d as

tenpl at es tashgedehmy primmwbtompess deapleacs thanizdadridizableits a 36 udncé kagment s;
vi) denatuging said imobilized douhl e stranded nucleic acid fragnents to
generate i b?rfqa‘}fgaldsﬁeﬁ@ée”@?%ﬁ‘aa%W@WWh@QHJh? FoneRMERIAMRS sai d

| Mobi | | zeghigbdlohEpiheansdsdulicaamanhs 1@35‘@ ' LieLg and
viii) repeating égPd step%gyv) througﬁﬁ%% Eﬁﬁ#ﬁ%@@h&gﬁl %olgﬁﬁﬁgiare
generat%d,ﬁam@ﬁsmnfwcwarti cular location on said solid surface. 0 31. The
met hod of claim.28., .wherein said colonies are generated by a nethad
conprising O i.l}gﬁf 'l%saéife&og‘i%ﬁﬁcﬁﬁ@ R Y ‘iogcﬁ‘ﬂé’rﬂ@er\?\noflﬁ $©8fony
primers, vﬁmefaeéﬁtth@grdmd&@'g@h&ﬂb@fﬂmomnz@%&oﬁa@@Elbﬁ%i@ﬁ%ﬂé&ﬁ@&ﬁdt hat is
hybridi able to a sequence at the 3' end of said second huclelic acid
fragnents,lnﬁﬁﬁblmr@iwymﬁén@ﬁincentrati on of said colony prinmers is

adj ust ed such t. iLfi .on. of grafted second nucleic acid 5
fragments can 692%¥§ﬁﬁé5§a%&%??%ﬁﬁ”?gpﬁn§gggﬂﬂn%ﬁB?QF@“?E@Hgfragnents and
col onyl Opr inmelestidds ta ssidlsblid serfickateh that §li@ célonied frelnBARAN RBerhiMQDI | i zed

second nucleic acid .fragnments and_ inmnobilized colony priners;
each at a particularly location on said solid surface.

32. The method of any one of claims 29-31, wherein said sequencing is

carried out by a method comprising

—
Lh

iy hybridizifig sequencing primers fo said colonies;

1i) carrying out primer extension with one labeled nucleotide;

iii) detecting the amount of the labeled nucleotide which is incorporated into
extended primers for each said location; and

iv) repeating steps ii) and iii) to determine a portion of sequence of each of

20  said colony.

33. The method of claim 32, wherein said labeled nucleotide is a
fluorecently-Iabeled nucleotide, and wherein said detecting involves detecting the
fluorescence intensity of said labeled nucleotide.

25

34.  The method of claim 1, wherein said first restriction enzyme is a rare
cutter and wherein said step of determining said set of restriction sequence tags is
carried out by a method comprising

B1) linking said restriction fragments in said set of restriction fragments with a

30  first engineered nucleic acid to obtain a set of first nucleic acid fragments, said first

engineered nucleic acid comprising a predetermined nucleotide sequence;



iv) applying an. anplification solution. containing a polymerase and 10
nucl eotides to said solid surface such_that said col onies are generated
isothermally, each at a particularly 7dcation on said solid surface. 32.
The net hod of any one of clainms 29-31, wherein said sequencing is carried
out by a method conprising i)-hybndi ing sequencing primers said col oi es;
ii) carrying out prinmer extension with one | abeled nucleotide; iii)
detecting the ampunt of the | abel ed nucl eotide which is incorporated into
ext ended pri ner82f Geedingaiifirat nusiae paa fragmentiswyitly efpetrnorg seeoads ii) and

iii) tod
met hod of

. f ] h of . 20. 7 | ') ane
B BB SRR 8] SRR Ry dniielesgiony- o3 The

f | uor ecentiieytricitrebregmmed atediffertnt frantsanhfifsetdatriotiofl eABRCind@es MYOEM 8S
detecting tgf fluqgrescence intensity of said |abel ed nucl eotide. 25 34.

The met hod4

fist grgipegre AfAcidaid first restriction enzyme is a rare

Cutter sand nhergiyuadguslend, of cfPLeb R iR SR lenEhis gl FRLEREL 0T

sequence tags 1s” carr

out by a ne COnpri

restricti omgheagdemtkid avid @i prodwde aofet oBstcond hideic heiddragntents\kdid sécond0 first
engi neer ed_nucl ei.c ?@%gﬁt 1:obtai.n a set of first nucleic. acid .fragnents,

sai d firstPBEGEeloy

Anprising g pesdRtsrnied guelepideseaasneen@d nucl eoti de

sequence; 71 BR4)deqfscindtht 3@kCa hodish oP HsheifSaG %Etﬁ&ﬂ%@ﬁé"in}é&i&”e or

nore second restr[ct[on enzynmes to obtaln second restri ragrnents,
wher ei n saeepndagnisleic agié fiaginents om detauyime saidrset afi rbdteicint sehnamesagsd i r st

)restri

B3) |

ction enzyne and does not cut in said first engi neered nucleic acid,
king the ends of said second restriction fragnents with a second

engi neered nuclsic aficdnéBo®bPSHES 34 @Eérei%fsa_ﬁﬁﬁ%tt@yfécg%rﬁz&g ég&geagﬁent&

sai d second engineered nucleic acid conprising a. prede

er m ned nucl eoti de

sequence; regagnition sequence.

36.  The method of claim 34, wherein said rare cutter recognizes an 8-base

15

20

25

30

or a more than 8-base recognition sequence.

37.  The method of any one of claims 34 to 36, further comprising before
said step B4) a step of fixing and amplifying nucleic acid fragments in said second

nucleic acid fragments on a solid surface.

38.  The method of claim 37, wherein said step of fixing and amplifying is
carried out by generating colonies of said nucleic acid fragments in said second
nucleic acid fragments on said solid surface, wherein each of said colonies comprises
a plurality of immobilized single stranded DNA molecules of one of said nucleic acid

fragments in said second nucleic acid fragments.

39.  The method of claim 38, wherein said colonies are generated by a
method comprising

1) providing a solid surface comprising a plurality of colony primers
immobilized on said solid surface at 5' end, wherein each said colony primer
comprises a sequence that is hybridizable to a sequence at the 3' end of said second

nucleic acid fragments;



B4) sequencing at |east a portion of each of said restriction fragnents in
said second nucleic acid fragnents to Zeterm ne said set of restriction
sequence tags. 10 35. The nmethod of claim 34, wherein said rare cutter
recogni zes a 6-base recognition sequence. 36. The nethod of claim 34,
wherein said rare cutter recogni zes an 8-base 15 or a nore than. 8-base
recogni ti on sequence. 37. The nethod of any one of clainms 34 to 36, further
conpri si ng bef oli@ desainthSiaePsdddnd aucséie@ciqffmfghi@n&qo%@Herﬁﬁ&kﬂgléf&t?%d@aC' eic
acid fragments in said second nucleic acid fragnents on a solid surface.
20 3$. The #EM8BE: of clai m 37, wherein said step of fixing and anplifying

is carried out i i f sald nucleic,acid fragnents in
said second nuc: e@@%ﬁ{g@%ﬁ%ﬁg%@@ﬁ ﬁ%ﬁ%“&‘%ég? F%gwgﬁgfgﬁﬂlgpgi n each of
sai d col onpemegspnpri ses a plurality of immobilized single stranded DNA
nol ecul gs of one of said nucleic acid 25 fragnents in said second nucleic
acid f rfggrrent s. TG OVEPHBAT SFicRIQl gD using aidansgalgd shiglasteaded e
gener at ed rd.si | -0V di i r.f ace conprising a
lurari ty GrERSySES CRMIAETRIhAR bl A R B ace o o
end, wher eiragmeank; sai d col ony priner conprises a sequence that is
hybri di zabl e to a,seguence. at the 3' end of said second nucleic acid
fragments: 22 iV)dga Spidgmengbalized donblesirandsdaugleiciagid fgemants te o gener at e
singl e stragede idf86RA Single'siin@a iag.said single stranded fragnments
to said infobilized colony “priners; | Carrying out priner extension
reactiléh using wiuneatingsiiddmsiobgized singkertiadded fragnand ® iasndlelipdat es to
generate inqnbilized_double stranded nucleic acid
colony primers;
vii) repeating said steps iv) through vi) such that said colonies are generated,

each at a particular location on said solid surface.

Cn

40:~—The-method-of claim 38; wherein said colonies are generated by a

ek

method comprising

1) mixing said second nucleic acid fragments with colony primers, wherein
each said colony primers comprises a sequence that is hybridizable to a sequence at
the 3' end of said second nucleic acid fragments;

20 11) grafting said second nucleic acid fragments and colony primers on a solid
surface at the 5' end to generate immobilized second nucleic acid fragments and
immobilized colony primers;

1ii} denaturing said immobilized second nucleic acid fragments to generate
immobilized single-stranded fragments;

25 iv) annealing said immobilized single stranded fragments to immobilized
colony primers to obtain annealed single-stranded fragments;

v) carrying out primer extension reaction using said annealed single stranded
fragments as templates to generate immobilized double stranded nucleic acid
fragments;

30 vi) denaturing said immobilized double stranded nucleic acid fragments to

generate immobilized single stranded fragments;



fragments; v) denaturing said i mobilized double stranded nucleic acid
fragnments to generate imobilized sing}e stranded fragnents; 10 vi)

anneal ing said i nmobilized single st r antfed fragnents to imobilized colony
primers; vii) repeating said steps iv) through vi) such that said col onies
are generated, each. at a particular location on said solid surface. 40.

7' he- et hod- of -cl ai m 3-8Twh-crcin said-colotia-es are gencratecl ley a

met hod conprising nm xing said second nucleic acid fragnents wi.th col ony
priners, wherei N12aualag sud gnmebilized mels tendad Sagmenisodoernbilizadat i s
hybridizabkgk%$ meggugace at  the 3' end of said second nucleic acid
fragnents; 20 P? grafting said second nucleic acid fragnents and col ony
primers on a solviif repaatihgesdateps b thiougindii} sucheine saideclomeshird farehtsgcond
nucl ei ¢ aci d, fragnent nd . inmobilized colony priners; iii) denaturing
sai d innDbF%%%ﬁ&%?ggﬁiﬁiﬁﬁgpﬁpﬁSﬁéﬁaﬁgﬁﬁﬁﬁﬁnts to generate immobilized
si ngl e-sgtranded fragnments; 25 iv) annealing said i mobilized single
stranded fragnments to i nmobilized colony priners to obtain anneal ed

si ngl e- st randed#1 r aghbntssthod) ofe:daimy3 & gvherdin paid welonizx hengdnertddeaecd | on usi ng
sai d annealegﬁﬁin | e. stranded fragnments as tenplates to generate

i nunobi | i zZEF BB S Eanded nucleic acid fragnents; 30 vi) denaturing
sai d i mobi | i zegd fHeu Qicidcand A j : te

i nmobi | zed si n_‘3| e g’%ér anded frg'gcrfréelﬁt% lél;% f%dfﬂv&i&’i%)‘t’%l%ﬁggﬁﬁﬁﬁ'ggf AR U1 zed
singl e st reashiedidfaokyyanimers goinpriedsial seqeance tlult cnlyybpidizabledp azaghenct i

~repeatjg i steps.iv) throygh vi.i) such that said, colonies. are
gener A0q, HEGEgH GRid ekobd AR ot RaeftiRBomnC b oEiF Godgr et of
said colony primers is adjusted such that amplification of grafted second nucleic acid
fragments can occur;
iif) grafting said second nucleic acid fragments and colony primers on a solid

surface at the 5' end to generate immobilized second nucleic acid fragments and

15  immobilized colony primers;
iv) applying an amplification solution containing a polymerase and
nucleotides to said solid surface such that said colonies are generated isothermally,

each at a particularly location on said solid surface.

20 42.  The method of any one of claims 39-41, wherein said sequencing is
) carried out by a method comprising
1) hybridizing sequencing primers to said colonies;
1i) carrying out primer extension with one labeled nucleotide;
iii) detecting the amount of the labeled nucleotide which is incorporated into
25  extended primers for each said location; and
iv) repeating steps ii) and iii) to determine a portion of sequence of each of

said colony.

43, The method of claim 42, wherein said labeled nucleotide is a
30 fluorecently-labeled nucleotide, and wherein said detecting involves detecting the

fluorescence intensity of said labeled nucleotide.



41. The nethod of claim 38, wherein said colonies are generated by a

nmet hod conprising i) mxing said second4nucleic acid fragnents with col ony
pruners, wherein each said colony priners conprises a sequence that is
hybridi zable to a sequence at 10 the 3' end of said second nucleic acid
fragnents, and wherein the concentration of said colony priners is adjusted
such that anplification of grafted second nucleic acid fragnments can
occur; iii) gra#tj ngThainttisRCaMtaimUc haicteiashid sfep%%eﬂehﬁm%ysa@@ga primers
on. a solid surface at the 5 end to generate inmobilized second nucleic
aci d fragnEiiEctqngequsneeizenis qarad Qb byaymegthodeamsprising appl yi ng an
anplification saluii Mc) :ncrase d,.nucleotides to said
solid surface s%ﬁ%‘%ﬁ%gggi&%‘g%nﬁa@ éél}r“%n53@@?&1@8“%@?%&%?% Wé'i‘& at a
parti cul ar fiyst bngia¢drehmareis acid t6 obfath S8t bagest ndéleid Acid gt et agfrs@ny one
of cl ai 39-41, wherein said sequencing is carried out by a nethod

conpri s ngSHSMIEH UG A semuBHEE Agrysiefarminedmycleatide seabhondees: i) canyi ng
out primer extepsi i -ed . Qe qld et ect.i ng the anount
of the Iabeled ﬁ%}cﬁgg%ﬂlngga%m EL@EAI?%%QE%E& g{lﬂé fhn4 %3602)5‘9511'65%0@88% priners
for each seizgmedeabiaonsecamilrestrictioe fiaginentg, whapis said)scadl debtriktib® determne a

portion of sequence.of each 0% sai d.col ony. 43. The nethod of claim 42,
wher ei n sa?"&yﬂlﬁﬂ%ﬁ‘gﬁf%gqoébﬁl frst gesfictignepigre srchdoey npheidlie said fiasteot i de,
and wher ei ghopletbddfRicREd 3@ | Nvol ves detecting the fluorescence intensity
of said |abel ed nucleotide. 74 44. The nmethod of claim1, wherein said step
of detlér ni ni ng B3 lihksry thefends efstard sscomhreseigtion Gaghags with £acond®d out by a
net hod conprisin sai d refstric ion fragnents in said set of

B | i. nki n
restrictio glr“eflé?gr"%#ﬁ%m %H{g%ucef% 5 pT wigihRi e aid dagrenticsdd seosdt ai n a
set of TfirgbindefeldusleRCdci ESAMERY £ predtfetninkd Shicleotide sequence; and

B4) sequencing at least a portion of each of said restriction fragments in said

second nucleic acid fragments to determine said set of restriction sequence tags.

o
Ch

45.  The method of claim 44, further comprising repeating said steps B2)
through B4) for each of a plurality of different second restriction enzymes.

46.  The method of claim 45, further comprising before said step B4) a step
20  of fixing and amplifying nucleic acid fragments in said second nucleic acid fragments

on a solid surface.

47.  The method of claim 46, wherein said step of fixing and amplifying is

carried out by generating colonies of said nucleic acid fragments in said second
25 nucleic acid fragments on said solid surface, wherein each of said colonies comprises
a plurality of immobilized single stranded DNA molecules of one of said nucleic acid

fragments in said second nucleic acid fragments.

48.  The method of claim 47, wherein said colonies are generated by a
30  method comprising
1) providing a solid surface comprising a plurality of colony primers

immobilized on said solid surface at 5' end, wherein each said colony primer



5 engi neered nucleic acid conprising a predeterm ned nucl eoti de sequence;
B2) digesting said first nucleic acid fragnents with a second restriction
enzyme to obtain second restriction frdgnnents, wherein said second
restriction enzynme is different fromsaid first restriction enzyne and
does not cut in said first engineered nucleic acid; 10 B3) linking the
ends of said second restriction fragnents with a second engineered nucleic
acid to produce a set of second nucleic acid fragnents, said second

engi neer edcopiisss e sequctcebapisinybndizablp te s e¢@renia@dhadichd of sad ssegdence; and
B4) sequenci rI\% at. If{e?ast % portion of each of said restriction fragnents in
said secoh? ﬁé?lgi SER *fragnents to determ ne said set of restriction
sequence tags. #pdenkhindRhiIadead MicRidndd frabehiIqs CRIRE skt 8R&AL | NY
said steps B2) through B4) for each of a plurality of dlffgerent second
restrictioia@neisies. 46. The method of claim45, further conprising before

said step B4) a.step. ,.20 of fixi nd.anmplifying, nucleic acid fragnments in
sai d stesgond nucllnifu(]:ﬁ)%igln 8?19551 en%%’%“g%fﬁsgqg%‘}tf’ﬁo?34%8‘3111&%&0#%8’ net hod of
claim 46, phaeei n said step of fixing and anplifying is carried out by

generating colonies of said nucleic acid fragnents in said second nucleic
aci d fragnents WhCHEYIAE e¥ nTENe pxfensien regrsioniusing seid anhealed singlelstrandssl

cor.npris ral i i i) . si,ngl £ _St.randed DNA nol ecul es of
one of sa%a%ﬁeé? 4ei'%ct aklia)éesq;’rgglgjg;ngtﬁtulélhﬁ%%ézaefi@%g@c?ghamﬂeéﬂugi%}'&%ﬁ d fragnents.
48. The nefdpmiened; cl ai m 47, wherein said colonies are generated by a 30
met hod .conprising, i) providing a _solid surface conprising a plurality of
Jeol onaopri mer s V)idsR#IBING said igmobizgd devblg S@Wé@é&gtc &id Bpgmenthtr ei n each

said colo [T eTeTcal ﬁﬁ? at is hybridizable to a sequence
at the 3 r@eéﬁ aof snél seco eglt?fluc g?lrca%glg%l >fragnents; .r denaturing said
second nucl ei ¢ varamhehlimgsaxhirsmbbiligehsngleatrandedl feagsionaddthnigbaigngant s;

colony primers;

vii) repeating said steps iv) through vi) such that said colonies are generated,

15  each at a particular location on said solid surface.

49.  The method of claim 47, wherein said colonies are generated by a
method comprising

1) mixing said second nucleic acid fragments with colony primers, wherein

20  each said colony primers comprises a sequence that is hybridizable to a sequence at
) the 3' end of said second nucleic acid fragments;

ii) grafting said second nucleic acid fragments and colony primers on a solid
surface at the 5' end to generate immobilized second nucleic acid fragments and
immobilized colony primers;

25 iii) denaturing said immobilized second nucleic acid fragments to generate
immobilized single-stranded fragments;

iv) annealing said immobilized single stranded fragments to immobilized
colony primers to obtain annealed single-stranded fragments;

V) carrying out primer extension reaction using said annealed single stranded

30  fragments as templates to generate immobilized double stranded nucleic acid

fragments;



iii) pr. imers; annealing said single stranded fragnents to said

i obi |'i zed colony iv) carrying out prisger extension reaction using said
anneal ed single stranded fragnents as tenplates to generate inmobilized
doubl e stranded nucleic acid fragnents; 10 v) denaturing said i mobilized
doubl e stranded nucleic acid fragnents to generate imobilized single
stranded fragnents; vi) annealing said i mobilized single stranded
fragments to i ggﬁﬁgﬁﬁ% =9} Tl e ¥l ting said steps iv)

t hrough vi) sugﬂgthat sa ﬁﬁcéﬁ@%?@%bgﬁéﬁﬁ%ﬁ%@@?@ggﬁg%*%éﬁﬁ?%&mi? articul ar
| ocati on ogersstelimmbbilizedisihgleatradded ffapenamest, hod of cl ai m 47, wherein said
colonies are generated. b . methad conprising. i) mxing, said_second
nucl ei ¢ acid fr%@ﬁgﬁFg“ﬁﬁ?ﬁi@%P@ﬂﬁzﬁf$ﬁ@?§?mﬁﬁéﬁ@gﬁmn§60éa@ﬁbﬂﬁﬁé col ony
primers cogéhssdmerssgguence that is hybridizable to a sequence at the 3
end of said second nucleic acid fragnents; ii) grafting said second nucleic
aci d fragnent s wififirepettorgsapt stomyiy) dmowghsal)isdch that daid eolahie e geherared, t 0
generate i bjlized second nucl eic id fragnents and immobilized col ony
primers; 2%EFF|3P ﬁ%?ﬁ@?ﬂﬂ”ﬁﬂ}ﬁ“ ﬂﬂgﬁﬂqﬁﬁ%d second nucleic acid fragnments
to generate immobilized single-stranded fragnents; iv) annealing said

i mobi | i zed single stranded fragments to i nmobilized colony priners to
obt ai n anneal ed%i nglke mgthod pd eldirh ddgwherein; said) cadaries/arn gemarate biyraer

ext ensi on L.on using said anneal ed single stranded 30 fragments as
tenplateslﬁgﬁé%ﬁ%Pgﬁ%ngrnnnbiIized doubl e stranded nucleic acid fragnents;

76 vi)lodenat ur iinghigiag Gaitl ¥EEdIueRE: slo8 Rk emskts ABed I Ikh&s ahd el agnent s
to each said colony primers comprises a sequence that is hybridizable to a sequence at

the 3' end of said second nucleic acid fragments, and wherein the concentration of

said colony primers is adjusted such that amplification of grafted second nucleic acid

fragments can occur;

-y
Cn

iti) grafting said §econd nucleic acid fragments and colony primers on a solid
surface at the 5' end to generate immobilized second nucleic acid fragments and
immobilized colony primers;

iv) applying an amplification solution containing a polymerase and
nucleotides to said solid surface such that said colonies are generated isothermally,

20 each at a particularly location on said solid surface.

51. The method of any one of claims 48-50, wherein said sequencing is
carried out by a method comprising
i) hybridizing sequencing primers to said colonies;
25 ii) carrying out primer extension with one labeled nucleotide;
1ii) detecting the amount of the labeled nucleotide which is incorporated into
extended primers for each said location; and
iv) repeating steps ii) and iii) to determine a portion of sequence of each of
said colony.
30



generate inmobilized single stranded fragments; vii) annealing said

i mobi li zed single stranded fragnments to i mobilized colony priners; and
viii) repeating said steps iv) through % i) such that said colonies are
generated, each at a particular |location on said solid surface. 50. The
met hod of claim47, wherein said colonies are generated by a nethod
conprising 10 i) mxing said second nucleic acid fragnments with col ony
priners, wherein each said colony prinmers conprises a sequence that is
hybri di zabl e t 0353 sedilemesthed of dlaia 31, véhrereinfaid ditelslovchdtideis i ¢ aci d

fragments, san r el he .concentration of aid col gn rimers is

adj ust ed Slﬁ@ ngtc \Fln\‘lgt y”%hﬁqﬁﬁflfl‘élg?tf n? 4‘”5?1'31‘11[%&1 ‘é@?ﬁ%ﬁ& IﬂYng%‘i‘@teéEFa the ragment s
can occur; ﬂiubfe)sc@E:aMtéhs&gioﬂfsﬁ&Q%%dmle@iiﬁe.?‘Ci d fragments and coo riners on
a solid surface at the 5' end to generate imobilized second nucleic acid
fragnents and immobilized colony priners; iv) applying an Ft_rrpl i fi ](Eatl on ]
sol uti cont ai ghng - ucl.eqt.i.des t aid.so |.(g urface suc
t hat sg?d col onlg%'s a?clzlggljleéfnlg% et lﬁlggtvﬂleerr%ls?lg,sgep%%g%gﬁmﬂg t ﬁé_ﬁfcul arly

| ocati on oresghitidnsedueficstagt &cRridilout Bhe mehb®eompriany one ol ' cl ai ms 48- 50,
wherein said seqguencing is carried out by a method conprising i) _
hybri di zi ng seq%é}lblﬂﬁ‘@g geid restdction fagmenioinsaidsst obmstriction fragminty m?lta EI’I mer
ext ensi on W ’ pde: e etecting.the. amunt of the

| abel ed nug%srégltl agerm&?él&#ﬁlégg%g%feetg!f?i%ﬁtgm_el_ﬁ%lf%%geé‘ﬁa%fli _ DS each
sai d | ocat saih firstefginegred apeeitiatid cohgpising 3 pradiédeiihgd nelsb@idesed@c&@ portion
.of sequence of .each of said colony. 0 77 52, The nmethod of claim 51,

Mher ei iV s af U PEHRS & EECAFAf1RR fit¢al ¢ s€cgnd restriction enzyme and two recognition sites

of a third restriction enzyme, said recognition site of said second restriction enzyme
being located between said two recognition sites of said third restriction enzyme, said
recognition sites of said third restriction enzyme being located and oriented such that

said third restriction enzyme cut in said restriction fragments, wherein said second

15 restriction enzyme and said third restriction enzyme are different from each other;
B2) digesting said first nucleic acid fragments with said second restriction
enzyme to obtain a set of second nucleic acid fragments;
B3) linking the ends of said second restriction fragments to produce a set of
second circular nucleic acid fragments; and
20 B4) sequencing at least a portion of each of said restriction fragments in said

third circular nucleic acid fragments to determine said set of restriction sequence tags.

54.  The method of claim 53, further comprising afier said step B3) the
steps of
25 B5) digesting said second circular nucleic acid fragments with said third
restriction enzyme to produce a set of third nucleic acid fragments;
B6) modifying the ends generated by said third restriction enzyme to permit
ligation; and
B7) linking the ends of said third nucleic acid fragments to produce a set of

30  third circular nucleic acid fragments.



fluorecently-Iabel ed nucleotide, and wherein said detecting involves
detecting the fluorescence intensity ofg said | abeled nucleotide. 5 53. The
met hod of claim 1, wherein said step of determ ning said set of

restriction sequence tags is carried out by a nethod conprising Bl) |inking
said restriction fragnents in said set of restriction fragnments with a
first engineered nucleic acid to obtain a set of first circular nucleic
acid fragnents ai d r

pr edet er m ned na‘?:l eo??lgg%&s}éogtr}gﬁzhgﬁl%dfmk?élﬁﬂgﬁhgrg)%%éﬁ %ai“g%e%? ?9 of a
second r esthrowghi B4) feneachefanpdurtlity ofeliffgont seoshdsicteistioénAniesi rd restriction
enzyne, said recognition site of said second restriction enzyne being

| ocat ed between said two recognition sites of said third restriction
enzyne, said regogn t r{s bei ng

| ocat ed and ori gﬁt edﬁsl%g%ﬂtﬁ;ﬁao?%ngg?%g{ﬂwsrr’%gts;gf gvthlle%%d %%9?%%@& in said
restricti orecogrigoresitesis lovatadailosesann esdobhsuid fifst eegtedred nieienzidre and sai d
third restriction enzyne are different fromeach other; B2) digesting said
first nucleic acid fragnents with said second restriction enzynme to obtain
a set of secondsmucl?h@m%ﬁiodoffaﬁgeﬁ@éﬁclalﬁ?s)ssltb%' Rilelelif a%H@%seﬁP said second
restriction fragments to produce a set of second crreul nucleic acid

f ragment s; reamlw Bir)is #@qt@édmsm@naﬁ nedstides ot from anfend af baid firstai d
restricti o‘gn nrllltl?31 L aid third circular nucleic acid fragments to
determ ne S 5 Cr*éé ‘riction sequence tags. The nethod of claim 53,
furthdag corrprl SI ng after said step B3) the steps of 25 B5) digesting said
second circular nucleic acid fragments with said third restriction enzyne
to produce a seid of Tllfﬁm@thﬁé@fémcomfi)foblélméﬁﬁﬂﬁé’%memmadhbf/smg t he ends

d d
ki ng. t Retosach SHaE b B h el BOGH Bl MRk oL iR Ce 2 et ot

30 third (Hngﬁuhmﬂnnule{owcﬁd,am d fragnments. 78 55. The nethod of claim53,
further conprising repeating said steps Bl)

IS 59. T'he method of any one of claims 53 to 58, wherein said second

restriction enzyme is a type IIs endonuclease.

60.  The method of claim 59, further comprising before said step B4) a step
of fixing and amplifying nucleic acid fragments in said second circular nucleic acid

20  fragments on a solid surface.

61.  The method of claim 60, wherein said step of fixing and amplifying is
carried out by generating colonies of said nucleic acid fragments in said second
circular nucleic acid fragments on said solid surface, wherein each of said colonies

25  comprises a plurality of immobilized single stranded DNA molecules of one of said

nucleic acid fragments in said second circular nucleic acid fragments.

62.  The method of claim 61, wherein said colonics are generated by a
method comprising
30 i) linearizing said second circular nucleic acid fragments to generate linearized

fragments;



through B4) for each of a plurality of different second restriction
enzynes. 56. The nethod of any one of ims 53 to 55, wherein each of said
recognition site is located close to an“end of said first engi neered
nucleic acid. 57. The nethod of any one of clainms 53 to 56, wherein each of
said recognition site is |located |ess than 25 nucl eotides apart from an
end of said first engineered nucleic acid. 10 58. The nethod of any one of

clainms 53 to 57, vvher in ealc(g of said recognitjon site is |located zero to
5 nucl eoti des aH&PF“? 1B&R A ﬁﬂﬁﬁfC@&PﬂﬂﬂgFé%mﬂbﬁﬁﬁﬁékméwﬂﬁu@$elc acid. 15
59. The nethey I ond
restriction eggf;{ﬁg@% ségd?%%g{rﬁ%gagﬁ gﬁu‘}:’ ggseaw%%lhi?ﬂl%ﬂkgpﬁjog of claimb59,
further contim‘lplsmﬂg SbeﬁampeﬂEalsdlybndxzaﬂé)toaseqtmpce atfthé B xand@famd lmamtizedyi ng
nucl ei c ac d fr% nents in said second circular nucleic acid 20 fragments
on a solid %@P? g The nethod of claim60, wherein said step of
fixing s&and anpl llf))deﬂﬁuhﬁg sﬁéhhé&f?ze@%gﬁ%n@?@?&?&r&t@g ngﬂel s?ﬁh&%i J?L%ﬁé’ﬁtg‘
nucl eic acid fragnments in said second™ circu nuc Ic acl nents on
sald solid surf &t @nn%ﬁ@gémdSeathﬂnmdshﬁdgnaﬁsnjEndﬁﬁmobMQmi&ﬁSnﬁ plurality
|nnDb|I#%%gfs|ngle stranded DNA nol ecul es of one of said nucleic acid
fragrrents €31 d second circular nucleic acid fragnments. 61 The net hod of
claim 61, V\heregbas@mqg &ﬁlp@mee%xt%ﬁﬁoﬂ%%&{ @Qn%’k@anﬂ@kﬂ%é?@g@e{dd%&ng 30 1)
| i neari zing said second circular nucleic acid fragments to generate
l i neari ze 3%%%@@*}’@@ igengraievmanabdlizedsiohbld sgamdwlamchawmdm ng a
)pl uraljigty £ Qny primers immobilized on said solid surface at 5' end,
mhereln eac sald colony priner conprises a sequence that is hybridizable

to a sequence ati) Haeatd@ingesaitl dimeotsiliged dovdds dtva@ded MRITE AR fragments to

generate immobilized single stranded fragments;

vii) annealing said immobilized single stranded fragments to immobilized

colony primers;

—

15 viii) repeating said steps v) through vii) such that said colonies are generated,

each at a particular location on said solid surface.

63.  The method of claim 61, wherein said colonies are generated by a
method comprising

20 1) linearizing said second circular nucleic acid fragments to generate linearized
fragments;

11) mixing said linearized fragments with colony primers, wherein each said
colony primers comprises a sequence that is hybridizable to a sequence at the 3' end
of said linerarized fragments;

25 iii) grafting said linearized fragments and colony primers on a solid surface at
the 5' end to generate immobilized linearized fragments and immobilized colony
primers;

iv) denaturing said immobilized linearized fragments to generate immobilized
single-stranded fragments;

30 v) annealing said immobilized single stranded fragments to immobilized

colony primers to obtain annealed single-stranded fragments;



iii) denaturing said linearized fragnents to generate single stranded
fragments; iv) aruicaling said single8&tranded fragnents to said

i mmobi li zed colony priners; v) carrying out prinmer extension reaction
usi ng said anneal ed single stranded fragnents as tenplates to generate

i mmobi |i zed doubl e stranded nucleic acid 10 fragnents; vi.) denaturing said
i mobi | i zed doubl e stranded nucleic acid fragnents to generate immbilized
si ngl e strandedvif cagyiRg 06 prithér) exddiRRAl reMGios alsthgisaiiRh bl &L el ngle Reagd &t r anded
fragnents ﬁo innnbiliz?d colony prinmers; 1.5 viii) repeating said steps v)
t hrough vi F38agiihas lKaplades ta geptralsiimsnapilized doublgstandedamelsicaacid parti cul ar

| ocati on of,Sadfs.solid surface. 63. The nmethod of claim#6l, wherein said
colonies are” genérated by a nethod conprising 20 i) linearizing said
second ci r cul arvijuleh&inngsaid imnebitized dotlde geneicdnacleicneal fragdents tagnent s;

ii1) mxing said linearized fragnents wth colony priners, wherein each said
col)ony prig?E‘P’??ec’Bﬁzﬁgt?léé%d %ngéatg@?ﬁ’gg?ﬁaﬁ%nis's hybri di zabl e to a sequence at
the 3' end of ' b I : ; Jq1 ] IANE k. inearized
fragments and 6@?%%§k%@§%§ﬁ%ﬁ@ﬁogﬂ%%fﬁgégﬁyégggfg% t éﬁéﬂgg%@ﬁ 8 generate
i mobi | i zewlduymeBmérg;eudf r agment s and i nmobi | i zed colony priners; iv)

denaturing said_jmmobhilized |linearized fra ts enerate i nmobilized

si ngl e- st randedxi ’fegﬁzﬁjé’igtsgl,dd%@’s\); tBrRH V’i“ﬁégg’gtgat RIS A 88nsigieE: st r anded
fragments dagh b el £8ecati?! NMidddiaBLsfaio obtai n anneal ed singl e-stranded
fragnents; 80 vi) carrying out primer extension reaction using said

anneall@d single stranded fragments as tenplates to generate i mobilized

double str ande%fuc lﬁl'ecm%ﬁlog of claim 61, wherein said colonies are generated by a

method comprising
1) linearizing said second circular nucleic acid fragments to generate linearized

fragments;

15---er——ii)-mixing-said-linearized-fragments-with-colony primers; wherein-each said
colony primers comprises a sequence that is hybridizable to a sequence at the 3' end
of said linerarized fragments, and wherein the concentration of said colony primers is
adjusted such that amplification of grafted linearized fragments can occur;
iil) grafting said linearized fragments and colony primers on a solid surface at
20 the 5' end to generate immobilized linearized fragments and immobilized colony
primers;
iv) applying an amplification solution containing a polymerase and
nucleotides to said solid surface such that said colonies are generated isothermally,

each at a particularly location on said solid surface.

25
65.  The method of any one of claims 62-64, wherein said sequencing is
carried out by a method comprising
1) hybridizing sequencing primers to said colonies;
11) carrying out primer extension with one labeled nucleotide;
30 1ii) detecting the amount of the labeled nucleotide which is incorporated into

extended primers for each said location; and



.nucl e

}

fragments; vii) ' denaturing said i mobilized double stranded nucleic acid
fragnments to generate imobilized sinahe stranded fragnents; viii)

anneal ing said immobilized single stra

ed fragnments to itnrnobilized

colony priners; and ix) repeating said steps v) through viii) such that
said colonies are generated, each at a particular location on said solid
surface. 10 64. The nethod of claim61l, wherein said col onies are generated
by a nmethod conprising i) linearizing said second circular nucleic acid
fragments to geh‘@,rgge@tlpgﬁ BY Lyay 111 foy ige a portion of sequence of each of
i)-niixi-ngsai.grbinearized-fragments-w th-col ony-priners-whcrein-each-said
colony priners conprises a sequence that is hybridizable to a sequence at
the 3
of said colony primers is  adjusted such that anplification of grafted
linearized fraghent s TBameadiitfclaim 65, yihgrein sad belednugleatideis® f ragni . ents

and Colﬁnygﬂﬁeﬂﬁg@rlgﬁb&@c} ﬁ@l&ﬁ!idéye{ﬁ‘d%dﬁeréih s%% cfafee%tialg ir%‘i’vets%e%%{?ﬁg g’;;[eei "

i mmobilize

end of said l|inerarized fragnments, and wherein the concentration

ragments and i nunobilized®col ony pri ne

appl yi ng afluamplents mgnisoy ofsdiditabeled macleaiidd. ng a pol ynrerase and
nucl eotides to said solid surface such that said col onies are generated
isothermally, each at a particularly location on said solid surface. 25

65. The nethod gf any Flpii = IoR aS@ ke 'ﬁf‘gﬁdé j is
carried out by a net hg‘gﬁggfr?r)gri g%@lfﬂﬁ%féﬁg{e ofd h il e 02

g sequencihg priners to

sai d col oniesigictipi jequangeytegeyis eatricgounby aexdtlbobéamprisingy one | abel ed

i ncor

:

jde; 30 Lii,) ,detecting.the amount .of the | abel.ed nycl eotide which is
ot ed i e Al G IS8 s of PorElor HeEe With 3

first engineered nucleic acid to obtain a set of first nucleic acid fragments, said first

engineered nucleic acid comprising a predetermined nucleotide sequence comprising

a recognition site of a second restriction enzyme different from said first restriction

cnzyme,

15

20

25

30

B2) digesting said first nucleic acid fragments with said second restriction
enzyme to obtain a set of second nucleic acid fragments;

B3) linking the ends of said second restriction fragments to produce a set of
first circular nucleic acid fragments;

B4) sequencing at least a portion of each of said fourth nucleic acid fragments,

thereby determining said set of restriction sequence tags.

68.  The method of claim 67, further comprising after said step B3) the
steps of

B5) digesting said first circular nucleic acid fragments with a third restriction
enzyme to produce a set of third nucleic acid fragments, wherein said third restriction
enzyme is different from said first and second restriction enzyms;

B6) modifying the ends generated by said third restriction enzyme to permit
ligation; and

B7) linking the ends of said third nucleic acid fragments to produce a set of

second circular nucleic acid fragments.



81 iv) repeating steps ii) and iii) to determ ne a portion of sequence of
each of said colony. 66. The nethod off2cl ai m 65, wherein said | abel ed
nucleotide is a fluorcccntly-1ahel ed nucl eotide, and wherein said
detecting involves detecting the fluorescence intensity of said |abel ed
nucl eotide. 67. The nethod of claim 1, wherein said step of determ ning
said set of restriction sequence tags is carried out by a nethod
conprising 10 Bed) | ThkinehoddfQlai@HT! iihePBorhpAGHE : ' f
restriction fragnents with a_ first engineere% nuc#%??hgg%giggﬁﬁ%%gin a set
of first nih&e Adpreach o pphrality odidiffqrentsecondrrgitrieteoreehzyoeb.ei ¢ aci d
conprising a predeterm ned nucl eoti de sequence conprising a recognition
site of a second restriction enzyne different fromsaid first restriction
enzyne; 15 B2) T.gesThagesaddftlaimconfiether cordsrishd berormaldsty BR) sgied second
restrigtion _enzyne to obtain a set of second nucleic acid fragnents; B3)
i nki n§ t hef T anst angplifymganisiric #eid fiapmentsin said Gre sireulponysicidacid a set of

first ci rc&uﬁer@y gisgﬁqasq’&gwgragnents; B4) sequencing at |east a portion of

each of sal ourth nuclerc acid fragnents, 20 thereby determ ning said
set of restriction sequence tags. 68. The nethod of claim®67, further
conprising after, saigd ste 3). the__steps of B5) digesting said first
circul ar nucl ei{cl'aciﬂ“efmﬁéﬁgﬁ%glawgﬂs ‘ah%rﬁmrsaldr%@wﬁfg&mmnf?@spbﬁzm to
produce a diitedfut bligbAlriifl &1niBCheald ARTED R AUBATAISn SR b ik
restriction ¢n£§nggﬁsrdif er ent ?f%%qsal @%ﬁgs aﬁgkggggﬁ H%B%?ﬁ#%tion
enzyr d§; Buorlenpatiid fingrgenth en saidsolie sefatcethérginsaichl of kdid doloaiet chebliss enzyne

i AP R Pl ot oL

S2 fragments in said first circular nucleic acid fragments.

72.  The method of claim 71, wherein said colonies are generated by a

wn

method comprising

[y

i) linearizing said first circular nucleic acid fragments to generate lincarized
fragments;

i1) providing a solid surface comprising a plurality of colony primers
immobilized on said solid surface at 5' end, wherein each said colony primer

20 comprises a sequence that is hybridizable to a sequence at the 3' end of said linearized
fragments;

1ii) denaturing said linearized fragments to generate single stranded fragments;
1v) annealing said single stranded fragments to said immobilized colony
primers;

25 v) carrying out primer extension reaction using said annealed single stranded
fragments as templates to generate immobilized double stranded nucleic acid
fragments;

vi) denaturing said immobilized double stranded nucleic acid fragments to
generate immobilized single stranded fragments;

30 vii) annealing said immobilized single stranded fragments to immobilized

colony primers;



69. The nethod of claim67, further conprising repeating said steps B 1)
t hrough B4) for each of a plurality of different second restriction
enzynmes. 70. The nethod of claim 69, f &3 her conprising before said step
B4) a step of fixing and anplifying nucleic acid fragnents in said first
circular nucleic acid fragnents on a solid surface. 71. The nethod of
claim 70, wherein said step of fixing and anplifying is carried out by
generating colonies of said nucleic acid fragnments in said first circular
10 nucl ei ¢ aci d ViiHdgpPREHNE sid steps §) Botugh Vi) shcictbat sshbeddomiceareigenérated) d
colonies ¢ rl . Lurality of i bi.l i zed single stranded DNA

nol ecul es g%odﬁé%éplc@ﬁ%é& ﬁS?Sf{éa‘SéP sqr,fa(,ga]- ents in said first circular
nucleic acid fragnments. 72. The method of claim 71, wherein said col onies
are generated by _a nethod-conpri sin i) linearizing said first circular
nucl ei ¢ acid fréémn@@eﬂ]@t regim 11, whigrein eadd colonigaeretgeneiated yrovi di ng a
solid rf i.5jAg a plurality of colony prinmers immobilized on said
solid irfgggloa%g{p&%in%, wherein each said colony priner 20 conprises a
sequence that i § Iehritidg z4iblfiesttcircalasealdoasidataghttatso genstaeilineadifkd

|l inearized, fragtncnts; iii) denaturing said linearized fragnents to
gener at e sTAGPENSt r anded fragnents: annealing said single stranded
fragnents to sajd kmmpbi: )i W oYe]! i : - carryin ut. primer
ext ensi on react!lgrrllﬁﬂg? %hglgg%zggr%% gggsyﬁﬁg‘fsdelo@tzg%lﬁ gd‘%‘? lgnréﬁggal S

t enpl at es talogeprematseomprists 4 sezjeehcdabdilieh sHrfdndedonueedne acind 3' Esagnment s;
vi) d rbat u#ﬁr%%fai d.i gqpbi |ized doubl e stranded nucleic acid fragments to
)gener e i ISFALECIRAGMENtS;  anded fragments; 30 vii) annealing said

i mobi i zed si ngh) grsHin@Bd8 dnbdrBRARAERehR ahdWBRhY bAfrs &GP S5 RILEAELS: 83

the 5' end to generate immobilized linearized fragments and immobilized colony

primers;

iv) denaturing said immobilized linearized fragments to generate immobilized

15  single-stranded fragments;
v) annealing said immobilized single stranded fragments to immobilized
colony primers to obtain annealed single-stranded fragments;
vi) carrying out primer extension reaction using said annealed single stranded
fragments as templates to generate immobilized double stranded nucleic acid
20  fragments;
j vii) denaturing said immobilized double stranded nucleic acid fragments to
generate immobilized single stranded fragments;
viii) annealing said immobilized single stranded fragments to immobilized
colony primers; and
25 ix) repeating said steps v) through viii) such that said colonies are generatéd,

each at a particular location on said solid surface.

74.  The method of claim 71, wherein said colonies are generated by a
method comprising
30 1) linearizing said first circular nucleic acid fragments to generate linearized

fragments;



viii) repeating said steps v) through vii) such that said colonies are
Cenerated, each at a particular |ocatiggn on said solid surface. 73. The
met hod of claim 71, wherein said colonies are generated by a 5 nethod
conprising i) linearizing said first circular nucleic acid fragnents to
generate linearized fratrrnents; ii) mxing said linearized fragnents with
colony priners, wherein each said colony priners conprises a sequence that

i s hybridizabl e;:¢0: : ' d f said linerarized
Fraguents: i1 ans SAUERGRA calfels \ARoI 0l PinER Onee B hefer s on a
SOLII d surb f facgimyapnmfﬂseoﬁipnem smuggeem?hehymﬂmiub_ Ejd t_beickegi}?’i@alhtj ﬂliep_k'érﬁ@grregt S
and i mobi | i zed.col ony . priners; denaturing said i mpbjlized |inearize
fragnents ?é)sa Zéﬁif’f?ﬁﬁ’ﬁﬂsi %Wﬁ@egﬁtE@P@l@ﬂ?gmsﬂ}d@%}i@?mvlﬁés I
anneal i N &fhded SRR LESALSHNG : ' ilized colony
primers toég%t ain anr_léal Z)d ls?tggﬁ(g-gzéééggg%gn%{dg% ntss‘?a?lvc%c)gméar rying out

pri mer Sext ensi o) gedidng sad lis¢aniged agments hed baldng prinlees @t 4 soldedirfate agnent s

t | at te.i ili,zed doyb t d lei.c acid 20
T agmont o 551 e Rar G AR bR SHERHAH ROl SETBHiGd cASUel o aci o

fragments gifineigenerate i mobilized single stranded fragnments; viii)
anneal i ng said | mobilized single stranded fragnents to i mobilized colony
priners; and 25v)aplyispeanmpljfisatict sslwjon contaitingaghlynidrase asdch t hat sai d

colonies ar erated, ..each at articular. location on said solid
surf ace. %&%le%ﬁgesr}"gtsﬁlgcfog Y %ﬁeﬁ*@i?‘a&ﬁé& &plRnigs pig %?BF@Fﬁdé?tﬁ?méﬁ]@ener at ed
by a 10et hath sIRIHiGAYy BRafion b H8@EIIA A8rsai d first circular nucleic acid
fragnents to generate linearized fragrnents;

75.  The method of any one of claims 72-74, wherein said sequencing is

carried out by a method comprising

1) hybridizing sequencing primers to said colonies;

—
n

11) carrying out primer extension with one labeled nucleotide;

iii) detecting the amount of the labeled nucleotide which is incorporated into
extended primers for each said location; and

iv) repeating steps ii) and iii} to determine a portion of sequence of each of
said colony.
20

76. The method of claim 75, wherein said labeled nucleotide is a
fluorecently-labeled nucleotide, and wherein said detecting involves detecting the

fluorescence intensity of said labeled nucleotide.

23 77.  The method of any one of the preceding claims, further comprising in
said step A) digesting said set of restriction fragments with a plurality of different first

restriction enzymes.

78. The method of any one of the preceding claims, wherein each said

30  group consists of restriction sequence tags that are at least 60% homologous.



84 1i) mxing said linearized fragnents wth colony priners, wherein each
said colony priners conprises a sequence that is hybridizable to a
sequence at the 3' end of said | i neaar®zed fragnents, and wherein the
concentration of said colony priners is adjusted such that anplification
of grafted linearized fragnents can occur; 5 iii) grafting said linearized
fragnments and colony prinmers on a solid surface at the 5 end to generate
i mobi lized linearized fragments and i mobilized colony priners; iv)

appl yi ng an anpl?fi caht orethog aftclam e mtharam eaghsaidgroumermssts efnd

nucl eoti de o.,sald solid surface such that said col onies are generated

i sot her nal e};%ncu% Sgaélgﬁc%&ag%%; iaé%ﬁgﬁoygﬁ%gﬁ’ig%s‘on said solid surface.
75. The nmethod of any one of clains 72-74, wherein said sequencing is
carried out by a method conprising hybridizing sequencing priners to said
col oni es; carryfg odhe prethedrofslaimyd vhergin epchsaid sapen eansisticdfeot i de; iii)

det ectisng . I I b i whi ch. is incorporated into
extendesg p#c?%?@?%&ueg%c%gigﬁﬁﬁ?gﬁ%@ﬁéﬁ@ﬁfé&r}%gﬁg uSr'epeati ng steps ii) and
iii) to determne a portion of sequence of each of said colony. 20 76. The

met hod of claim75, wherein said | abeled nucleotide is a o
f1 uorecent|y- | abkl edThemcdwdicdd 80, whererraek pd geoup wasisof itigties| ves

detecti ngdéegﬁemfe't&%ﬁgaf??@?‘ﬁew58%51{5’9%0919%?@?“ d | abel ed nucl eotide. 25 77.

The net ho any e precedi ainms, further conprising in said
step A) digesting said set of restriction fragnents with a plurality of
. 78.. The nethod of any one of the

different first__restrictio YNES.
iprecedPng cl ai n V\hﬂeemﬁthé‘g@ggia‘ggem@(ﬁa@h% SERRSioBpists of rgstrigtionet i on
sequence tRgferdcBgsdha oA afl IERSHoRIURAIRQI0US. L

83. A method for determining genome-wide sequence variations among a

plurality of different phenotypes, comprising

15 A) determining for each of a population of organisms a set of restriction
sequence tags by the method of any one of the preceding claims, said population of
organisms comprising for each of said plurality of different phenotypes one or more
organisms;

B) comparing said sets of restriction sequence tags among organisms of
20  different phenotypes so as to determine one or more sequence variations that associate

) with different phenotypes.

84.  The method of claim 83, further comprising after said step B) a step of
mapping said one or more restriction sequence tags to the genomic sequence of said
25  organism so as to identify genomic locations of said one or more restriction sequence

tags.

85. The method of any one of claims 45 to 52, 55 to 66, and 69 to 76,
wherein said plurality of different second restriction enzymes comprises at least 3

30  different restriction enzymes.



79. The nethod o f' claim 78, wherein each said group consists o
restriction sequence tags that are at Iggmst 70% honol ogous. 80. The net hod
of claim 79, wherein. each said group consists o restriction sequence tags
that are at | east 80% honol ogous. 81. The nethod of 80, wherein each said
group consists of restriction sequence tags that are at |east 90'0

honol ogous. 10 82. The nethod of 81, wherein each said group consists of
restriction seggence\ idhodiibAdeidtinidk gle&ﬁﬁé-uﬁ@elé@qu&%‘vaﬁgf? ‘a ?Qﬂ £ method
for determ ning genone-w side sequence variations anong a plura |g[y of

di fferent pherldyppedlerens pbenatypry, aBnpijsinget er mi ni ng for each of a popul ation

of organi sns a set restricti,o seguence .tags. by th t hod of any one
of the precedi p%Sé’F% n&ln%gﬁrﬁa%&ﬂ %(fpl% IOBPfOEﬁaﬂgﬁ%g%?Eg%ﬁﬂch%g for each
of said pl wqkhdeytagd bylihbhestrid oPNERPES RBY RPSI1at6n Bpél%ani%g‘?}@hﬁ%ihg?éyrz 0

conpar ie-ﬂg sald sets of restriction sequence tags anong organi Sns
di ffereht pAfémSEgidadurglitypf difergntphenptvpesoms asmorooegassgsence vari ati ons

t hat associ ate i | es. 84. .The net hod of claim 83,
further conpri SPXAE](SIQP%{EJFQ S%gc?%ttss&e}gﬂ%g% TR S rsS AmE Ry B ELsEs Bﬁe or nore
restricti odiffeeati phantinmgso botd dBer§RMOMCorSREBGRNEE vEMBnS haPhE8H_M SO as
to identify . gengmc | ocations of said one or nore restriction seqguence

tans. 85. WHB JHSTEHPhEROtYPEE. one of clainms 45 to 52, 55 to 66, and 69 to 76,
wherein said plurality of different second restriction enzynes conprises at
least 3 O different restriction enzynes. 86 86, A nethod for determ ning
gcnometdwi de  seqsienceThamiettiod aislaanBegiidtheptdiipisitig/afedr salidfsi€y Bd stepenot ypes,
conprising A) .determning for each of a populatjon of organisns_ a set of

restricti off2PRIBE ST CBC PLIBSTRFsIRHOMERINBR eI dheegmmie ssqrepesefi said on of

organi sns &aiMkh$h e td Mentify genomic locations of said one or more restriction sequence

tags.

88— The method of any one of tlaims 456 52,755 16 66, and 69 to 76,

wherein said plurality of different second restriction enzymes comprises at least 10

different restriction enzymes.

89. A method for determining genome-wide sequence variations among a
20 plurality of different phenotypes, comprising
A) determining for each of a population of organisms a set of restriction
sequence tags by the method of claim 88, said population of organisms comprising for
each of said plurality of different phenotypes one or more organisms;
B) comparing said sets of restriction sequence tags among organisms of
25  different phenotypes so as to determine one or more sequence variations that associate

with different phenotypes.

90.  The method of claim 89, further comprising after said step B) a step of
mapping said one or more restriction sequence tags to the genomic sequence of said
30  organism so as to identify genomic locations of said one or more restriction sequence

tags.



each of said plurality of different phenotypes one or nore organisns; B)
conparing said sets of restriction seq ce tags anong organi sns of di
fferent phenotypes so as to determ ne e or nore sequence variations that
associate wth different phenotypes, 10 87. The nethod of claim 86,
further conprising after said step B) a step of mapping said one or nore
restriction sequence tags to the genom c sequence of said organismso as
to identify genaomc |ocations of said one or nore restriction sequence
tags. | 5 88. To% nxdibpmsghastofpnypngpf elagps tfafhevinsein saig 2ne gsmore-6, an(i
69 fo 76 8 ai.clnl j of different second restriction enzynes
conpri ses at 122@{9% |#?2P%%¥srestriction enzynes. 89. A nethod for
determ ni ng genone-w de sequence variations anong a 20 plurality of
di fferent pheno% pes,. conprising A detet-nil.iining for each of a
popul ati on of o ganigﬁﬁn§l§@ﬂ’@Pypégprkﬂﬁ%h“3%%dﬂ@ﬁﬁ%eW§g§KHFtPﬁe net hod
of cl ain BRstriabfl HABRRILABIOL RGN CHTFAPRIDI HidhepRach of said
plurality of different phenotypes one or nore organi sns, conparing said
sets of restriction sequence tags anong organi sns of 25 different

henot ypes so as,to detern ne one or re sequence variations that
gssoci ate wit hg%ii ffgﬁ%me%éﬁawﬁa%?%m&rhg %et trippacdysaidaeol furt her
CONpr [ S NGrcairicfibn $alMeis eBmBlisct o8 16kt Rlo GilTERAI AR EaBGeRL MO e
restriction sequence tags to the genom c sequence of sa organi sm so as
. to identify genomc |ocations of said one or nore restriction sequence

tags. 87 91. Thg, nethod ol.' any. one of .¢l ai to 82, whereji sajd one or
‘nor e '%ndi vi dual *or giﬁ? Wbogroiaﬂﬂ%%gfaws%é%ﬂ@ﬁ{?&l 6‘?"%&?&1 $Khet of cl ai ms

1 to 82, whetRiibn @aghents dbMpfisds Dicast BRI GéreA el fieGNERSNEREPr | Ses at
| east 10 different restriction fragnents. 93. The nethod of ' any one of

clains 1 to 82, wherein each said set of

d
NIST

95.  The method of any one of claims 1 to 82, wherein each said set of

restriction fragments comprises at least 10,000 different restriction fragments.

15
96.  The method of any one of claims 1 to 82, wherein each said set of

restriction fragments comprises at least 100,000 different restriction fragments.

97. The method of any one of claims 1 to 82, wherein each said set of

20  restriction fragments comprises at least 10° different restriction fragments.

98. The method of any one of claims 1 to 82, wherein each said set of

restriction fragments comprises at least 107 different restriction fragments.

25 99.  The method of any one of claims 1 to 82, wherein each said set of

restriction fragments comprises at least 10® different restriction fragments.

100.  The method of any one of the preceding claims, wherein said step I} is

carried out for one individual.

30



restriction fragnents conprises at |east 100 different restriction
fragnments. 10 94. The nethod of any onggof clains 1 to 82, wherein each
said set o restriction fragments conprises at |east 1000 different
restriction fragnents. 95. The nmethod of any one of clains 1 to 82, wherein
each said set of restriction fragnents conprises at |east 10,000 different
restriction fragnents. 15 96. The nethod of any one of clains | to 82,
wher ei n each sal@l.seTh®hmetHdR@dah6 b ; fa?fﬁ?r. . at.: 4 100, 000
di fferent restri_ction_f_ragmsnt3.981%?8%{11%%%951:%%%%% a’n‘;%ﬁ%ﬁlgas%%dsgﬁgﬁ | to
82, wher ei #f ZaBping sstriction sequenpdtage Surtliee toroprias agmpatisg sndpestrietionat | east
106 differ i.ction fragments. 98. The nethod of any one of clains 1
to 82, méf"@?‘%‘{‘%z& stgééfgregg?s “NG%striction fragnents conprises at | east
10 different restriction fragnents. 25 99. The nethod of any one of clains
1 to 82, wherein each said set of restriction fragnents conprises at | east
108 di Pferent r&%% rithe wathed of elaimd 01, 10keremiseidmefonerte stquenyesmrenmiset he

pr ecedi ng i . i i 1) is carried out for one individual.
30 88 101,ﬁ%’%gﬁan%lf\gg@egwgﬁgkgﬁ%hgs&’t he preceding clains, wherein said step
11) of grouping restriction sequence tags further conprises conparing said
restriction sequence tags to reference sequences. 102. The nethod of claim
101, wherein said reference sequences conprise the genom c sequence of the
or gani sm




