WD 03/ 074734 PCT/ GB03/00941 METHODS FOR DETECTI NG GENOVE- W DE  SEQUENCE
VARI ATI ONS ASSOCI ATED W TH A PHENOTYPE 1. FIELD OF THE | NVENTION 5 The
present iwoasbran4rel ates to nmethods for detecting in a peeaiGrosom4of
organi snms of a species genone-w de sequence variations associated with a
phenotype in a hypothesis-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
genetic anal yses trace the nucl eoti de sequence variations that occur
natural |y and MEHIQ g1 Ig(e RN e GENOMIF WTDENSEQURENIGE VAR IATTIONS

pol ynor phi snms anong i ndi vi du <l popul at i is inportant in
under st andi ng the conpl ex | i?grggoauw arephenot ypi c
variations. In the 15 absence of conplete data about sequence vari ation,
one relies on the ability to identify “nearby' nmarkers that allow one to
infer the | odakl ] INVENTHOB/ant | oci or causal sequence variations.
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current approach includes nonitoring a |large set of 25 genetic markers,

e.g., th? sangé %f ﬁ; SEI ﬁ N%Qeoti de Pol énprp_hi snms (SNPs) evenly spread
over thetgen - in individuals froma control
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Pivol vad | n_ PHEHRIGPS SPORE EAGHOU, GORSEY SsEwBRBN RO, 074734
PCT/ GB03/ 0094derdtanding the complex links between genotypic and phenotypic variations. In the

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



SNPs are the nost common form of genetic polynorphism This coupled with
their potential as functional variants, has produced a great deal of

i nt erest wo (SNRg3bot h as pharmacogeneti c indicators and ®€TraBos@ost1f or
mappi ng genes for mapping genes for eonplex diseases (Risch et al., 1996,
Sci ence 273:1516-7; Kruglyak, 1997, Nat. 5 Cenet. 17:21-4; Masood, 1999,
Nat ure 398:545-6). A | arge nunber of SNPs have already been identified
with > 2,500,000 entries on the NCBI's SNP dat abase al one
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differences found are candidates for SNPs. This approach is very time consuming and

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



to hi gh-throughput genotyping | aboratories (Landegren et al., 1998, Cenone
Research 8:769-776). These include 5 exonucleas e assays, such as TagMWan
(Lyvak etwal03/01095, Nature Genet. 9:341-342), nol ecul ar IreacaBIS/0(9Hyagi et
al, 1998, Nat. Biotechnol. 16:49-53)3 oligonucleotide-ligation assays
(OLAs) (Tobe et al., 1996, Nucleic Acids 5 Res. 24:3728-3732), dye-|abel ed
ol i gonucl eotide ligation (DOL) (Chen et al., 1998, Genone Res.,

8: 549-556), m nisequencing (Chen et al., 1997, Nucleic Acids res.,
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cost, veré hi gh t hroughput and hi gh accuracy. Thus, there is a need for
nor e effl_ ient nethods for analysis of |arge nunbers of 25 sequence
variants in oy, Qs WS AiIRLES wh@ulPfhnecty Bld B8 REL SNPsIrabe (A8 OF S
that go und ECtBG 1R curren géenone scans By use o ewer markers,
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the present invention to provide_a re efficient neghod etection of
nucl ei ¢ aci d™eppLefdifferept DN& EP%“%[HEWP&?C@F%WWB“‘%‘F @'%‘Bﬁ{'lc‘g}‘i’% Son to

provide a Mokghid desfilla HEROPhaP Lot AHAAY GlaEs tmél MoXdisicers. or i tation of

a reference herein s e construed as an adm ssion that such
referenckéSis prior art to the present invention.

In the present state of the art, existing methods do not satisfy the needs of the
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.



WO 03/ 074734 PCT/ GB03/00941 4 3. SUMVARY OF THE | NVENTI ON The i nvention
provi des nethods for determ ning genone-w de sequence vari ations

associ at ewowistohd7a4 phenot ype of a species, preferably in apoymrobiesds-free
manner. In 5 one enbodi nent, the gendne-w de variations are determ ned
from a sub-popul ati on of individuals of a particul ar phenotype. In the

nmet hods of the invention, a set of restriction fragnments for each

i ndi vidual in the sub-popul ation of individuals having the phenotype are
generated by digesting nucleic acids fromthe individual using one or nore
di fferent restrlctlon enzymes. Preferably, the set of restriction fragments
10 conprlsessaS Ry ferent restriction fragnents to
permt |dent.ry.uu Seguencevarrattons in the genonme of the organism Mre
preferably, theisehtid providss mefol® For dcRUMBIIHS o MR- WiRSsegudrRa Fhriakidns 100,
1000, 104, 105, 106, 107 or 10$ different restrlctlon ragnents. 15 A set
of restricti WO%@d@ﬁﬁ@ﬂ&Q@t}’Pg of hepecist prefiraldy in @h}’ﬂ@tb@ﬁl%ﬁe@ mennedilyi dual s
f oM ymes S hnOlmb &Rl e bHEMELL it ook B {eBinthdlt lon o Sy bBBERBCTS O

t he |nven nh sequence or-an in in the

sub- popul atl eNindBNd AL 6ﬂaq»artmaﬂirlmuh@tpp@hmrtﬁé #iREhods op RS ifivetition, zdﬁt@fm ned by
generating a set of restriction ragnents from eagp t he_genoni c _.DNA, of
n
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different indt nioﬁhxﬁfferehnretsﬂmnem bnzynegsu Pa¢fenablya the sehefweptrietien fbgpentonpar ed
and grouped into_one of_nore ou each 25 .0of which co i.si.ng...
Festriot Ion SORNEFSE SHISeT AU OEHf %F&‘FB@%&%%@%&%E%?“ idpditying
conpari son pﬁ&fu%ﬁ@ebs}a)‘la{?&{ﬁhttﬁe ﬁ{erﬂfﬁﬁé b%ﬁm tl\h@reﬂ#@i%%h%hé deggpiency of

each group of restriction sequence tag e coIIectlon of the groups of
honol ogous  rastridtiop fiagmentagompoisesea baﬁb-lﬁomﬂ 400G 0%ak0” b ¥ dont 10°i dent i fy
sequence vari ated, with the phenotype. In a preferred

embodi nent , fl’?ft 'gﬁﬁn?ci} Eﬁ‘f‘ ff’ence 30 tags are conmpared with the genomic
sequence of the organismto i dent| fy the genomc |ocations of the

restriction sequence tags. In another preferred enbodi nent, the WO
03/ 0747345 PCHY seBoByesimigtian sequence tags is then determined for each of the md1v1duals from

Q

the set of restriction fragments of the individual. In the methods of the invention, a
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 each
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

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



5 restriction sequence tags flanking both sides of the recognition sites
are also identified fromthe genom c sequence of the organism 4. BRI EF
DESCRI PTIWN 0QB745B45URES 5 FIG 1 illustrates a nethod for ipderdBoBiocsti on of
restriction sequence tags associated swith 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
fragnents fromthe genonme of an organism using a restriction enzyne that
cuts on bot hregiridien slquérice tigc@ikirg toth sideseof the réebo@tition Aitesrmte 4180 idebtified at e
an enbodi ment for the determnation of restriction sequence tags by
generat i ng riemtheginemic pegygnssof the OFgARISE: genone of an organism using a
type Its endonucl ease. FIGS. 5A and 5B illustrate an enbodi nent for the
determ nation of restriction 20 sequence tags by generating restriction
fragments fré mRMEE&@RMI@hOBrﬂGMMS usi ng doubl e digestion: a rare
thm*foImmdb ut. mrMe t her
embod medt | THO- e bes S ieifsalivn ol Frehon Soumme kiR
generating r@&ﬁg ggﬂﬁyggragnents fromthe genone of an organism 25 using
doubl e di gesti on: f restriction enzyne and a plurality of second
restriction enzymes. FIGS. 7A and 7B illustrate another enbodi nent for the

determnatio rest n u5|n | iction
fragment s fr&‘ﬁ ﬂ@:é#rgi‘ﬁgatﬁﬁnga%8ﬁ‘d%%%gﬁ1 P tlgéf(%etﬂgg §es ?tgoﬁlséf; first
restricti on RE#¥ABn eAcdagd.al ity of second restriction enzyrres. WO

03/ 074734 PCT/ GB03/00941 6 FIGS. 8A and 8B il lustrate anot her enbodi nent

for the Metermination of restriction sequence tags usi ng by generating

restriction ﬁc?:???? d%ﬁﬂﬁs{rgt% A DRiRn é%&th? |ty %&fbmsﬁ%&{e

di gesti on: rictron enzyne an secon _
sequence tags by generating restriction ﬁ'agments from the genome 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.



restriction enzynes. 5 FIG 9A illustrates the generation of short DNA tags
fromcloned DNA fragnents. Long DNA fragnents are cloned into circul ar
vectors bwowsem7Bwo Bsnil sites. BsnFl digestion | eaves @aryGEBood41 DNA
tags attached to the vector. After the self- ligation the circular vector
contains an insert which is fornmed by the pair of tags 10 regardl ess of the
| ength of the original DNA fragnment insert. FIG 9B shows the results of
an anal ysis of products after the first ligation. The Sau3Al digested

| anbda phage DNA was |igated with BanH di gest ed/ dephophoryl ated 1St
generati on ¥AGE WA and 9B ilkbaiesinthet Brebadingurfor e detamihationed résyridiOR usi ng
primer flanking the insertion site. FIG 9C shows_the results of an

anal ysi s of spustesctags afingby gﬁ@f%?@ééﬁﬁﬁﬂ‘l’tl‘&aﬁ' aggments formthe genAmeol AN es as in
Fig 9B weref.,lr her "y Qﬁyg stion
and sel f-1i 8 T qut\s %gﬁg’?igg %‘ﬁ’e %ﬁ%&? sﬁt@@%ﬁééﬁ@éﬁ I ySi gs‘gtbﬁi&s
product was rgfidtiohiedyys. PCR. The expected peak of 132 bp is observed. FIG
9D shows the results of an analysis of the second |igation products
obtainedSin a sinplified reaction. A plasnid containing a single insert was
treated wit ROMOSSIZYNR frdegddnfRnt to
generate bl Ih? glh?sﬁ‘ées%lpe éarléhggiﬂt]%frq})&e%%tgggmre anplified by PCR No
bands correslmgdbmgﬂagtrfenagmedbnedxmcaclmumvesmb@wemﬂwﬁwléﬁ@i’r ect size

wer e observed. FI.G | sho ev i.es. of cI
generat ed byPsuifgdigestipn %Y‘ﬁg?ﬁ ft\e/l@{il ithgs eaﬂ?ﬁi? de ?T%%Ct? (fflf
generation gatioH the'd h@ﬂaﬁvé@bﬁaﬁ%stalﬂ%ée@@wh{bﬁ iPformad b?ﬂﬁdpéﬁﬂcﬁ’t@és in-vitro

cloning into e 2n generation vector and_ Sphl gaested | anbda DNA
was i nsdpt edegandleswoﬁth&levgthobfgbfswmnwl?m%@me@ﬁtllSPk’EcFIG B ghowgithest i on

th BsnFl, th d.| | %53 deld I at h
\rMest ri it i on g,ﬁtaeg%ﬁgna(lgs'dga% gu eﬁ&%ﬁuc IIQ%E)(HP Tléﬁﬁ?}\f%&?‘ﬂa%%don gf
the f Lna| 'Jﬂﬁ%l 4 DN A3 as Bagbd Gth\BamEIatigdsystiedbphbpiorylated ﬁ@&deraﬁomwatmt si ze
was observe

G 10C shows the results_of an analysjs,of products of a
first |ligat .Emanﬁms,ﬁhmroén@rmﬁpmah Hed b gC Ri‘éﬁ%%@%féﬁ g‘ﬁ él?‘ﬁ nto a
Hincll and Sphl pdsges aﬁth%gfs\ﬁ?é:lte%ts d%fah%%ﬁgﬁag QL4 e he BCPHERIMAN4L 7

anpllflcatlon “tor~an ysSi's, as expecte nts of different sizes were
observeds5 The same samples as in Fig 9B were further processed to normalize their size by

BsmFI digestion and self-ligation to generate the circular vector. For analysis, this
product was amplified by PCR. The expected 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 BsmFI 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 BsmFl, 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 4/uI and Sphl digested
lambda DNA was inserted into a HincIl and SphI digested vector. After PCR



usi ng Agilent 2100 bi oanal yzer DNA 1000 chip for analysis. The highest
peaks are the size markers. FIG 10D shows the results of an anal ysis of
t he sane waples3as in FI G 10C after the second |igati onPCAGEIGE/0RER
anplification for analysis, only a sifigle 5 fragnent of the expected size
was observed using Agilent 2100 bi oanal yzer DNA 1000 chi p. Peaks
corresponding to size markers are indicated in the figure. FIGS 11A-B
illustrate the tenplate preparation for Hindlll and Rsal digested DNA
using the single restriction sequence tag procedure illustrated on Figure
4A. FIG 1 hmplifiCationoios adlysi)at exmotddedgntbnal dfelifferont sizs inaus olsdeeyed of t he

process and anal ysed by autoradi ography. Lane 1: PCR product of conplete
DNA col ony m&g@n&%{o%m&zerﬁ%@%@mgﬂmaalyaénﬁﬁgl PSRk #8ne 7- 10

human geno DNA e loadi ' : r tiple
fragments ?rtﬁ%rrear allé(r%%' c?éggr@ggé?oﬁ%grzédéﬁgkgggg%lﬁégrgﬁ}lgg%?&\S;\nﬁ{]ﬂh?\#?eﬁlh, t he
si ze st andamRiG48Ci afer tixe sebaet gation] Afier PCRGamslifivatiod Qi aadlysts, diBly hisgrgie on

with the_long armthus generating the DNA col gny ve .Wth e ted size.
FIG 11D s e BPWC@S&G‘%%P%GWW?m%%l@@?%@m{}m oni es of
Lambda DNA (1lo6h Enif O 'PaY oo g?]ﬂ'(‘lsﬁeq t%g(lﬁérk&%a?eihﬁﬁ%ﬁ ipfhe'fighs. col umm).

These DNA col oni g's are t enced in situ using the nmethod of WO
98/ 44152 to identify the Restriction Sequence Tags. 20 FIG 12 shows the

and part i al T8 FHEE RS 0 Amp B prepRa et bl isleli Py 1 Do
Kl enow pol \RRisitREsihPleRERS R cherdb 4L présedure Hiaditdtbd-bh PlobedA KTIFINL (FC THE

| NVENTI ON The invention provides nethods for determ ning genome-w de
sequencdOvarshaws @lﬁwlotsa@dgctedtaﬁgr the vArieusstienso fieprogess anpadlsed byee, e. g.
FIG 1). The_invention iS S i | SG a
cequente vartitiingefly fand LRIl BE Lo leRTNARBIGY oot GONDL ot

hypot hesi s- fla@e-bylagbdbigendigicDNA cadpate Y0 Bumsih fémingio DNA] lang® aBd 7nunber

of sequence tags fromthe genom ¢ DNA qor cDNAs of individuals whg haye the
phenot ype. et Bgation te the shortyems raltiple &ragments o SHearEssopservedi @Pﬁgﬁéa\éf rom a

e
15  ligation with the long arm thus generating the DNA colony vector with expected 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 Pstl
digest) and partial filling of 5' overhangs (illustrated for Mspl 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



a particular race, variety, species, genus, famly etc., with the sane
phenotypi cal characteristics. The genonme-w de variations can al so be

det er m newofsom7sub- popul ati ons of, e.g., healthy indivi cgalegosiondivi dual s
havi ng or susceptible to a particulas disease, or individuals at a
particul ar stage of developnent. 5 In the nethods of the invention, a set
of restriction fragnents for each nenber of a sub-popul ation of

i ndi vi dual s having the phenotype are generated by digesting nucleic acid
fromthe individual using one or nore different restriction enzynes. As
used her ei napatiagir rate, vaséty) speties denay family etcalwntdtrpsmephnmet}qucaﬂmr e
restriction fragnments. 10 A set of restri ctlori g Hence t‘ﬁ t he
i ndi vi dual i ehagasteristies é'?h@lgﬁ’éﬂmﬁ"ﬂﬁ‘?f’wt@éﬁ cyp alsp e flpterpIpg ents. The

restricti on SHIRAGEoL 39S neBfn REnIHAILRRH LU Ohe opglﬁ@éiﬂnﬁféﬁo%r e conpar ed
and grouped one or roups of which “conprising restriction
sequence t aggartitvddr diseagps, bsmdﬁmdmmgmmmmmfdbmlopmemnbodl ment, a
group of restriction tags consists of restriction tags that are at | east

15 60% 70% 80% 90% or 99% honol ogous. In another enbodi nent, a group of
restriction {agseRiddk3F ﬁle%vernﬁﬁﬁ,rdﬁb%sﬁﬁﬁ&n%@heﬁ‘t@%ﬂ&@f@rﬁﬁ@f gpaus. The

obt ai ned one or nore groups of restriction sequence tags can be used to
i dentify thesubeuppalation oﬁmdmadu&lmha\asgﬁmlmbwym g genheratg éﬁ@@gﬂp%ng WPI@!C

f d enbo d d
B; gngleong %Fﬂgtfg?%’&ilﬁ&}({]ﬂﬁ&lg‘gl%%y é’ﬁgg’r?e/rgﬂifeﬁ? QX‘F%HC@B ‘“‘?‘%’Iggl ﬁ\fé‘%l on al so

provides netfgdg 4 Qi o@?és&idﬁbﬁlﬁh@n&ﬁfmﬁcmgﬁs@@mxmﬁm rmﬁmaﬁnmnmng a
plurality of phenotypes by npar |Sdg the restriction sequence tags
pr

di f f er enktO pharset questncumseqn@m@d@g thedndimidual is Shengleteraed;frogp the Steb"%ny
cpecies of oLgd m%?agngﬁts T5h RRidon sQﬁxehQé/&gé r@%@gﬁﬁgﬁﬁa&aﬁ logr |y usef ul

for higher rganlsns such as hi gher
animal's, 25 j Bﬂbﬁ&&lﬁﬁpaﬁﬁaﬂdlgi‘bﬁ]ﬁﬂ iho dmrmlmnre grtﬂlpgleaoh ef whichparti cul ar,
the methods o i nvention are useful for ag}g and |den:&é i ng
sequence varP%PW%%E‘P&F‘@H‘eWQWgS tateonarise Hﬁ% R Ao 8%%nse to
treatnents ipg, ! DshsRELSTe Rt tiakd BBt £88: Restused to
i dentify pol ym)rp I Sis #ﬁﬁt%&ggﬁ%@ﬁg S? a species f%om restriction

sequencel ¥ ag60%J7esnea%hoRie mrd9e¢hhommelogoar. nadothar agb@lmsn’fe agpaped to
exi sting net hods

pol ynor phi sn’EESBHuBP)t?% Cg?i?t? g ffrslg‘cg ?a@% élﬁ?(?gfg g@J 5"“‘0 o)goll1 € ng%lgéd

necessary tOgpe or more groups of restriction sequence 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
eukaryotic organisms which have complex genomes, such as higher animals,

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

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; ii) it is not necessary to



WO 03/ 074734 PCT/ GB03/00941 9 select a limted set of pol ynorphisns prior
to starting a correlation study; iii) it is not necessary to use a priori
know edgewofosamyr3sequence; iv) it is not necessary to symcheBm@eosill arge
set of different oligonucleotides; v)9it is not necessary to performa

| ar ge nunber of specific anplification steps; vi) the nunber of

pol ynor phi snms used 5 in the study can be easily increased by using a | arge
nunber of different restriction enzynes; vii) the whole procedure is
conducted by mani pul ating a single physical sanple whereas in_other

met hods t hekglebts 1nhitdas bf polgmsiphismd fréoraastartingratirmiatimetydy; dhdt is nohe
nunber of physical sanples is proportjonal to t.he).nunbogr of E@)gh#/m)rphism;
to be anal yZeerssafyite yse a priogi kuawl PEUSDRS AY) 1 L RRESS the 10
popul ati on, HaloTYA dy) #t %9 nct DELEBEES to/périfsrid HnS

exi sting at 596/%%3&1}]%% rs\éggg‘%??‘%?‘ﬂ°t§°éﬁ§%%ﬁii§f?')oirt]kzz%n be i&glgnt‘??i ed; x) the
cost of anallygk suinder affspecific afplificationustipsrvid Hsambeanf pelymembigasetedpi ng
nmet hods. I n the description, and exg | es that fall.ow,

used her &i n.in the study cspdecatily 1BFrsTed SYPSLgA rae HmRs, of K ﬁqﬂg‘%sggérﬁso SLS}; ngr ©
of the specidlGatd. o) gxgqvlﬁ)!lﬁ)ﬁﬁeduré dondicied byhadfRting shepl@phyical 0 such

terms, the fol1ow'ng finittons are provided. The term"genonc region"
refers to a spmipld whereds in othen orethodh thire et deashenedtien, dhe amplificatian SiED, of

sequence variatigns identfied conparin e opul ati on of 20
i ndi vi dual s REIR e Ph%‘&’&“&@wgé?ﬁ%?ﬁqﬁ“i‘ﬁ‘m%%eﬁ‘gﬁ%"r’mﬂam eic acid"
refers to at, GaAshhisHR t5Y6 keiedesiil 948 henidoysshiyndsguaol thgaainples of thenucl ei ¢
acid of the "present invention can contain phosphodi ester bonds.. A nucleic

L1 on pN

acid of 10he popekation, dseacthindbndush ambe anabzediix) FRCRES YRHINLHGLWSAE N have a
backbone 25 copprising fo &1 A0S L de$68 ofBnBlysis Beaucage et
at, 1993, TeY%W%bSﬂu%ﬁX&%?%vﬁé L| c‘lﬁ&l“s: |ncgr&%({)f?éaa}f egt by feference herein in
i ts entir et yordersRiFafighididy dhicgir ehansmerenegapotypifiggmethods.. , 1991, Nucleic
Acids Res. 19:1437 and U.S. Patent No 5, 644,048, each of which is

i ncorporated by reference herein in its entirety), phosphorodithioate (see,
Briu et at (49§29 he&ﬁp@!ﬁka@&%ﬂp Ghatidflow 32 timbé of $ni¥akdidcabepier iam dit e
| i nkages (see, e.Q., Ecksteln, I gonucl eoti des and Anal o%ues. A Practi cal
Appr oachs Oxdrdestolprovide sictepr Mdemmpistenhundsepiaidies ofthe specifigatign apd eRBBhes and

linkages (s e blu%ingg' the ISE 0?3% 'tm,é %?vgﬁ ):o éjuch'%g]ms%%r?ollc)%gﬁl’g dbfiftitih38 Bre 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, e.g., Eckstein, Oligonucleotides and
Analogues: A Practical Approach, Oxford University Press), and peptide nuclejc acid
backbones and linkages (see, e.g., Egholm (1992) J. Am. Chem. Soc. 114:1895;



WO 03/ 074734 PCT/ GB03/00941 10 Ni el sen (1993) Nature 365:566, all of which
are incorporated by reference herein in their entirety). O her anal og

nucl ei ¢ awiods/ 074164 ude t hose with positive backbones (see, PCa/GBO3Denpcy et
al (1995) Proc. Natl. Acad. Sci. USA 82:6097,which is incorporated by
reference herein inits 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 reference herein inits entirety) and non-ribose
backbone including those described in U S. Patent Nos 5,235,033 and

5,034, 506, enieke{1998) Natirs3651564, [aﬁroﬁtv&ﬁb}tate iebepoeated by beference hereintis

entirety. Nucl eic acids containi n one, or. e car boc cl.ic sugﬁ re also
i ncl uded wi ttheinentisetydePther anyag guc ﬁ’t‘}@P@Fém‘é %snbve ba 56t al .
(1995) 10 6 | sy g{t&{ ce
herein in ﬂ]esgnDe ?&F eé%%wgggvera}\ﬂaa %‘Hl]gegg 92%291332&2?61&; 1;;% des§§r1| bed

in Raw s, C réfeteneherein ihlitsentiretd) 8dn iquageacBbonesi(UlS. iPetenhNos f3864083; by
f h inin.t ti .. Thes fi iong .of th

1 bose. pRosphaTHIHASIBBAI ey bid tigHE Baporht eech G atishS insoiorind by

addi tional %fe?édﬁgilgl%ﬂqﬁegs?ﬁ i n'<§1d Iﬁfn-ﬁﬁbsb Bﬁék%%ﬁ@nfchﬁlnﬁé hbkd ddsyriveddn

hal f-1ife of suc hysi ol ogi cal environnments. In addition,
m xtures of Wat Ratahi Nows,285,08hend 51,034 606, cachi efswhigh 1@na¢mg@t@d?y gEcrencge.

Al ternati vel .m.xtures of re ycleic acids an ”nd xture of
at ur ai |y ochaR i FIRFS: ARl el ot msgne Ae s SRt s )
skilled in thig Athud¥ Withk@w dBaMitoR of BhE6ik abids (RBS.QPYénkine staR(IDYS) 0  use
in various enbodi nents of the %aesent i nvention. For exanple, when

di gest i i@ 20ChémBaceBey. ppiadnl s wpirksis ineamaraipd hlﬁ&féﬁeécea'éqr% B8 preferred.
The nucleic %ﬁr%% é(llcrag%%lﬁlleﬁgig? s%ﬁﬁggﬁg B déQéH”ﬂeﬁ %ﬂ«%gj‘ﬁeﬁpec' fied,

or contain p I"e-'str an or sing e stfa sequence.

The nucl ei ¢ pmED, 197, b@gmmehgmcommmwr%ncemmﬁmam:ureay h¥hesed i n
whi ch the nuclejc acid contains any

t f d bo-
nucl eot i des, madﬁicamnsafﬁlm ﬂ]a‘?ﬁed}liméﬁha%‘%agg{mn‘%ﬁ’%h Omeﬁg)%%/ﬁﬂlét@ thgg%gﬁﬁ!’rhg
thyni ne. oyt g6, SHARIdEs sfA0R 1Rts $RIIANLRS mOXRGKY RNiIETTass osi ne,

I soguani ne, I gon as used herein includes |inear
ol i gonerks of mokiculeain physmh))giceﬂleadlrmnncmerhl addltionnm@zqws of n@mmﬂlb'mgcumng

d bonucl egsi d bonuc| eosi d
Speot 11 cal | ymiRE ARG i SASEAGan DE AN hu A EBRL e bRy of SRR fudlbc

acids analogs, and mixture of naturally occurring nucleic 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



regul ar pattern of nononer to nononer interactions, such as Watson-Crick
type of base pairing, base stacking, Hoogsteen or reverse Hoogsteen types
of base paorosngy73or WO 03/ 074734 PCT/ GB03/00941 11 the | ipka/GBdsebeEmably,
nononers are |inked by phosphodi esteriibonds or anal ogs thereof to form

ol i gonucl eotides ranging in size froma few nononeric units, e.g., 3-4, to
several tens of nononeric units, e.g., 40-60. Wenever an oligonucl eotide
is represented by a sequence of letters, such as "ATGCCTIG', it will be
understood that 5 the nucleotides are in 5 to 3 order fromleft to right
and that "A"tigddike! Psefodbhofionomers 4e lidlesddiyeshogpliddikste bonds orck@ialvie shereof
guanosi ne, "T" denotes thym dine, and "U' denotes wuridine, unless

ot herwi se not®frmpligonysleqtidss rangmeiip gize fromps fowymogomgee Upits, g dctd8si de” or

" a r i bonucl e H " " " P " d ' e " 1 . n ' r epr esent
the triphosp %’Itegﬁtélrs'?’\?gﬁn\ggsg of t%e'gi”rﬁgi vi dual n%-éggrégltlgﬁgg%eo%g&ual |y
ol i gonucl eot rapesentodpyiasequeateiofletteracdueh hs HATGACTER; ér will beeyndessyocal that

conpri se pon-natural, nucl eotide anal ogs. It will clegr, to those skilled
T The ard " itacleRligRtgH 519 Sonue Ban efbly He pad ki G2 detcies ssRORDur o
nucl eoti des AgY 18R teCRAIRY.2E” dWAERs gRarfdsinePFCRTSIER ShyRYidRIAZ YRS derlofesP®

carried out, oligonucleotides consisting of natural nhuclebtides are
preferred. 18rdine, udesnotheoWisawoteli Tht teref ‘Gwslevtded refee 1o €4 ence of two or
nore alleles.,at in th pul ati.on. The term.’. (= fg 0. ane, of
several al t eflFR% BHECS%ﬂﬁgﬁpgr v%?ﬁ%gﬁoﬁffl > éngpg‘!éllrﬁ cdq]éﬁug&sr oi yhtorphi sm at
a single chr ghPSQUEP” tepfeRbrt@he GpRSiphhtélREivaived P Bl i diVRIUAPAuclddtes.€r M " SNP”
refers to Si %gl e Nucl eoti de Pol ymorphism 20 Preferably, a genetic

vari ati o0 eUguallyspigonpeleetiienspmpriseanaberplmusigatidess howieyer thergnayaled i s

i nherited in i hon. 51 el I t: -have
associ at ed Bﬂgﬁ% ﬁ?&é@ﬁ;@%@%@ﬁg@g nglggélf Eﬁ Tg%%rst%l}lslg%y efr%gilﬂnfheragf ers to
an i ndi vi duathatialthouigt dligonnélestides heving dhtusdl of -8 tutigotidssimmbe

horol ogous chroposones. Accordingly, the term "heterozygous", .as.used
herein, desc P@B@%Wh% F-3i» BEROCSHRE BY suzyEes &5/ torhg cartadequdyfligonpgleqtides genes

at one or mE&Mgg,gnhﬁglngaeéﬁggla &n%ﬁromsoms. The term

"honozygote", as u erein, rs to an individual with the same allele
at 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 is 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.



30 correspondi ng | oci on honol ogous chronobsones. Accordingly, the term
"honozygous", as used herein, describes an individual or a strain having

i dent i calwoaBloeii3s€ genes at one or nore paired | oci on homoTaERIGH0941
chronosones. WO 03/074734 PCT/ GB03/00@41 12 The term "nutation” neans a
heritable alteration in the DNA sequence of an organism 5 The term
"genotype" is commonly known to nean (i) the genetic constitution of an

i ndividual, or (ii) the types of allele found at a | ocus in an individual.
The term "restriction endonucl ease” or "restriction enzyne" refers to an
enzynme that: recogni zes a specific base sequence (a target or recognition
site) in a double-stranded 10 DNA npl ecul e and gb ves the mol ecul e at
or near, e. dhe tegm fnyation Jaggusiachegiable,piteratiqn g the, SR ¥ &Bogni ti on
site. The tQ%%ﬁﬁ striction site" refers to a region usually between, but
not limted , ‘and 8 nucl eotides, or nore than 20 nucl eotides, within a
nucl eic acid, preferably a double- 15 stranded nucleic acid, conprising the

recognition site and/or the cleav site of a.restriction endonuglease. A
recogni t Pon Hiefiemt FREYRE nl:?é’oflﬁmgﬂggﬂ%‘gﬂg%mﬁ 95 ﬁ‘eegenﬁtﬁf’c(foélft&tugglil & %I\J}‘Ii ch a
restriction iﬁ&dﬁﬁﬂcbﬁ@%@&gwme&f%ﬁémIékusoﬁia;ﬂriﬁ@imhﬁases binds to. A
cl eavage site or cut Srte corresponds to the particul ar sequence where cut

by the restriction endonucl ease occurs. Depending on the restriction

endonucl eas 20 the .cut site he withi he | Ll I wever
some restri ctiedfk rfﬁ?fﬁﬁ‘&‘i’%ﬁ%‘t’?,“&gixsﬁ Lo aretswggrﬁ F%yﬁeﬁ%%%ﬂgggg : )ha?/teﬂap

cl eavage si tiggonresh sﬁé&ﬁ@bﬁséisét@enw%\lti@@omewmi@i $ied in T eutlestranded
"restriction fragment® 'refers to a nol ecul e produced. by di@&gsti on of

25 DNA 16l eddNAgneleewle and elsayssdhe BN Amolasule at a5 Bear e &, WAL 2 $15610Geer ed

nucl eic acidy. or " pt.orL. 1 hort doubl e-stranded DNA nol ecul e
whi ch has a (B§tgrggt%)?1?ﬁant§f§eﬁé§{e§%§}1 g“%é%uence. Preferably, an engineered

nucleic acid or adaptor is 10 to 500 base pairs long. Mre preferably, an
30 engineered nucleic acid or, adaptor is 10 t

e s 150 base i,rs. l.ong
Preferably, ThetPan “wekichaneie feHr Wcarlreﬁlqwu‘t‘lr?’a}_?e poib Bt 3 l’lni“_begtc%g’ol4 ™ t he
ends of restg]chi el LAABE I 203HeRoBH& RithiPs hitdeic aBidDSre eI P A adubly-
anyone skilled in the art once the sequence of .
15  stranded nucleic acid, comprising the recognition site and/or the cleavage site 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 producéd 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



WO 03/ 074734 PCT/ GB03/00941 13 the ends of restriction fragnments is given.
Preferably, an engineered nucleic acid conprises sequences of one or nore
anpl i fi cawoaa/optB4rers, each of which is preferably cl osepca/GBoseodiof the
engi neered nucleic acid and oriented 130 permt prinmer extension in the
direction of towards the end of the nolecule. The anplification 5 priners
can be the sane or different. Preferably, an engi neered nucleic acid al so
conpri ses sequences of one or nore sequencing primers, each of which is
preferably close to an end of the engineered nucleic acid and oriented to
pernit pri methesadepéiestriction fiagments iegivew nPeferabijpadenginvered nuicloic dcid

nmol ecul e. The _sequencin rifmers can be .ﬁh . Sane or differ % I n sonme
enbodi ment s, “PHR ﬁﬁ?ﬁleﬂ‘f%f%t?cﬁ?eﬁfm%? aplf c%@“é’é’d’&%ﬁ@?%“g‘?’& s can be the
same. | n sonprelbHi GRS an 8 6MAE BREHES A HE¢ISGeiddld SrieAld ¥ fEnROFRhES e

one or nore restriction sites. An engineered nucleic acid is "also referred
to as a DNA eslepsign ieteglireptipn ofitewards dheosndraf thermelecalemThe gplificationr ef ers to

an enz ic. r.e ' . l4.9ase.in which t 15 .
doubl e}/st ang@g%#ﬁ%ﬁ%%}%%&ﬁdﬁg&g %a]lklgﬁetr%}yj%Wgﬁwfgéoﬁlﬂgw%&‘gsoor bot h
DNA st rands cemprifss sequticeddfl onejo hiveélsdo@emding primbets, bachdf shidtOis prdit@bl

prevent the Ijgation of one of the twy strands through chem cal and/or

enzymati ¢ no@lope Enam e offthe preiegeradyancleis acid mpd paented tq Rermityings eytension of

t he two DNA : iy ' . f ) | d surface

to which nuc%ﬁ%@%m@%@tﬁ% edg%éﬁ %@c%ﬁ%?H@E%hieas]fh%bsgg‘?eﬁ%@gﬁ?%ﬁe? %Jédn[%oe, | at ex

beads, dext r tie daareds, diffedeyist Jir sone, emtpdinpitaiié emplificatioapeimepoindacr yl ami de

gel, gol g%surface,, gl ass surfaCEs and silicon fers. Preferably, the
€

sol i d_supPor FequenEing prEters inbe e sayue. Rsome smbadiraenisansegideest Bigleicor
"col ony” ref gy bf afodoRfphist 6nPbr§Aordestletibn lﬁte§.°:Ahd:n u&é@ﬁgeltmﬁgmrig sing

mul tiple copies of a nucleic acid strand. Multiple cOpies o

conpl enent ar plsetrefarrdd tngs aDdG\ ¢rdomy esvéontin ithis diselosemse col ony. The nultiple
copies of the nucleic acid strand nmaking up the colonies are generally

I mobilized on a solid support and may be in a single or double stranded

form 30 The Thekéin ARla66H” RIFHRS an GEyhSae rdiefich BathlSEaT Sy § n%la%p MehRhawaci d
nol ecul e which conprises an ol igonucl eoti de sequence which is capabl e of
hybri di zi%g deuble-stranded DNA molecules are covalently joined together. One or both DNA
strands can be covalently joined together. It is also possible to prevent the ligation of
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



WO 03/ 074734 PCT/ GB03/00941 14 conplenmentary sequence and initiate a

speci fic polynerase reaction. The sequence conprising the colony prinmer is
chosen suwb oBlati734t has maxi mal hybridi zing activity w tPCTIGB03/00941

conpl ement ary sequence and very | ow nBn-specific hybridizing activity to
any ot her sequence. The colony priner can be 5 to 100 bases in | ength, but
preferably 5 15 to 25 bases in length. Naturally occurring or non-naturally
occurring nucleotides nay be present in the prinmer. One or nore than one
different colony primers nay be wused to generate nucleic acid colonies in
t he net hods e@mplasepngseqience umhinitinte a SpebifimliBERistiEasii. DUCIVENTIRG

SAMPLES FROM I ND| VI DUALS OF .10 A PARTI CULAR, PHENOTYP DNAs
of indivi dua?%nHTSI%%SF‘PIPE&PEW%ﬁégﬁWC ﬁﬁ‘ Hé’aaé‘ﬁ’%ﬂ%%’glﬁg]#ﬂ%?ﬁ?’@ :
collected fr h@ﬂieﬂtagﬁr@ endd28f SeAPlo¥s néh-§eLifRARMLAIZM hehility to

I ndi vi dual s V|ng t henotype, e.g. individuals belonging to a
particul ar rageothensaquaan Thpedomsprigencas, bef Siei 100 tases. in lengthh buthpresuntly

phenot yp| c eristics nd| VI dual s hav ng, arti cuI
condi t i o Pgt a%] Rasps jen %v&ﬁé“aé offihé "cgéy ‘gt“mnag(nuc eogdle cul ar
stage of deVﬁhg’B Plsent3h thel (BRG] fOrf%d)r nﬁﬁsﬂ{mﬁer@m&mcdu@yspmner@ﬁmﬁw i on

of individuals are collected with detail ed docunentation of the phenotypic
char act eri st ised tagewrratanucleigiacid colaniesib thopgtheds ofithe prrsantdayation.
docunentation facilitates the assignnent of sequences variations to one or
nmore phenotypes. 20 5.2. METHOD FOR GENERATI ON OF RESTRI CTI ON FRAGVENTS BY
RESTRI CTI ON Bh GESTIL B TING ANDDOCUNENTENGYAMBIBS FROM IDIMMAJALEIQF a set
of restriction fragnents from ;[%Pnomc DNA or cDNAs from an organism e.g.,
genoni ¢ INA ARAREIGIILARIHENOINPE 25 derived fromthe organi smor cDNAs
repared fro t I In the
P Ton, DQKHE%%SDM AFheAs m&?v?duﬁﬁ df afiettdl pHepSlybiCm YRR e
e.g. fromdi ﬁ‘bﬁrsaﬁtplese:lollsctecpﬁommh nﬁlsndsalmerfgabig, a $ub-popaitation of

enmbodi nents of .t ention, one or nore .qdi fferent. S i,0n_enzynmes are
enpl oyed conBlWYlg Eav(ypg %@9%‘1@%6&1"&&‘%}8 Eelf’ﬂ%%gqam]% prlas 1Al Yon
fragments from tgoo‘g@mgs geBRDRMify BV witRiRE SnddbienotyBR dfetacRiistiess bf | ction

fragnents conpri
15 1nd1v1duals having a particular condltlon e.g., healthy, 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



sufficiently |arge nunber of different restriction fragnents to permt

I dentifying sequence variations in the genone of the organism MNbre

pr ef er ablwo osloes7set of WO 03/ 074734 PCT/ GB03/ 00941 15 r ePCTIGRIBOM041
fragnents conprises a |east 10, 100, ®000, 104, 105, 106, 107, or 101
different restriction fragnments. The nucleic acid nolecules to be analyzed,
e.g., genom c DNA, can be obtained from 5 any source, e.g., tissue
honogenat e, blood, amiotic fluid, chorionic villus sanples, and bacteri al
cul ture. The nucleic acid nol ecul es can be obtained fromthese sources
using st andarestriokérhBaismémovemprises deast 10, 100210ab0Y 10540% 187, wr d0t e quantity
of nucleic acid is required, which can be DNA or RNA (in the case of RNA a
reverse tr aiEerentiestsigtion #38mentsequi red before the PCR step). The nol ecul ar
bi ol ogy nethods, 10 if used in a nethod of the present invention, are
carried out using standard nethods (e.g., Ausubel et al., Current Protocols
i n Ml ecul arTiRi micteiyacid afuledtldsdy beavalBeads e.g., HevenyicrINA989: beSshttinedbfomt al . |
Mol ecul ar_ d oni ng, Labor.atory Manual , . 3r Edi.tions, . Cold Sprin rbor New
York. 2061, FimGcece g tssuphmSstie A ameini RiE shyBis Tl AgmbRE

Appl i cat i ons,n ACRART GilfarE SPhe fRldc 200 nifleddddsRah bbRBtakRdron] Bf8d sourdds Any
restriction enzynes known in the art can be used in conjunction with the
present i nvesmg ssamdatchmethods kntyod imbeag. Srefetably, aukyra mbwieTgysatityies

endonucl eases .are.ysed in .one,or r t RSy -] uc S are
general |y co?HFé‘?“&?%lH FVGQ%?(}’X@?@ %\ar?(r]{’% QNZ‘ %gﬁﬂAlﬁ]g C?SE (}%@Ra’raf l%e%%%gype- 1S
endonucl easeyfR6HBINNZRS B réqffedbefors GHIETR etepf. P sReulpRbioiogyindthodsa

doubl e stranded pol ynucl eoti de sequence, Upon recogni zi ng that sequence,

t he endoiucl wéals@p inja methp@ af theirresepbiny eritome e cadicd ait AisBIg stapdaw,methgds

| eavi ng an oyerh f e JRI o) ’
Type-I11S enge&ihgﬁ%ggle%%gbcﬁ%%&?gaﬁhlé t a'? &P e.%ch’)lggi’fj |0(ﬁ:ltl lr“glc gaglla?logﬁ’ site
be pal i ndr oniNew!Ydsk 1989yBeentabolt &tealt, Mstedular€iioningdlabessery Mamual, 3then r eadi ng

in the 5 to _3'. direction, the base 25 ' equence i th for
bot h strandsE@:‘F‘(’P"n@qiig%ﬁi{?fg’f‘?rgfef"’e?"%gwli;i‘?ﬁfP ,"_P%%J%%Fchsé WAE| eases
al so general {&’M%fh%ﬁé’&r&)}lgfﬁ&ﬁoﬂg AdI8bhic 690 RRinS HABor NER TR S 98D
cl eavage occurs in a |ocation of any polynucleotide sequence a certain

base paits away fromthe recognition site, a Type-]I1S pernmits the capturing
of the

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-1IS 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-IS
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-IIS 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 useful in the present invention
include, but are not limited to, Earl, Mnll, Plel, Alwl, Bbsl, BceAl, Bsal, BsmAl,
BspMI, Eco571, Esp31, Hgal, Sapl, SfaNI, Bbvl, BsmFl, Fokl, BseR1, Hphl, Mmel and



I nt ervene sequence up to the cleavage site in sonme enbodi nents of the
present 30 invention. Specific Type-lIs endonucl eases which are useful in

t he presewD wmvesdi on include, but are not limted to, Eadr/cBdilobg41Pl el ,
Alw , Bbsl, BceAl, Bsal, BsmAl, BspMsé Eco571, Esp3l, Hgal, Sapl, SfaN,
Bbvl, BsnFl, Fokl, BseRl, Hphl, Ml and WO 03/074734 PCT/ GB03/00941 16
Mool L. Currently discovered enzynmes cut a nmaxi mum of 20-25 bases fromtheir
recognition site. Enzynes cutting further away, for instance at nore than
50, 100 or nore than 200 bases fromtheir recognition site would be useful

for the invenbbln.ClrrdnflySkiyreveasd enliyisltcat oinakineurh 09 2006 Gasesfeure thesit t er and
frequent cutter conbinations are used to generate the restriction

fragments. AeceegnitiongiteeEnzysnes quiting fetherghvaye foy nstance ab@orgthay S8,a00pr
recognition gij {SL f . ot i des,
preferably 6‘ﬁ ééqu&%@ %%%l %‘g‘.‘hﬁgﬁgg@g@? fe%:vggrr?r@?’glt‘lgﬁ%fog\%ﬂ ggﬁa&lr' are
cutters are Pstl, Hpall, Mpl, dal, Hhal, EcoRIl, BstBI, H nPl, Maell,
Bovl, Pvull, 10 Xmal, Smal, il, Aval, Haell, |, Xhol and Pvull, of
whi ch Pstl, Jpsame emgdimentyphine inyeghion, gaigmepufter @ﬁfflsqq}w BT COmRIOARANS|  ar e
prefered. Al (EAHEMonbo Y rdsftichion HEBAch! | AtaRNAABNE!GRSRCHE Ch has a
four-base or [ess-tlfan-1our-base nucl €otide recognition site. Exanples of
sui t abl e fr egpdemiclease twéichehms pmeso gnitidnusie chvbsistingrod a sEqupnce 6 miore thandour
enbodi nents of the inventjon, restriction_fragnents are |inked ot her
nucl ei ¢ aci qauclgotides, PFF&?\‘EE&@%" i’ﬁm"tl ldtﬁ?'g@ﬁm}gr ‘_%‘]'tctoggf‘er? P’@‘éﬁ“i%p?f_’ Tare
restriction SREWRS PsAl ST ML OB, MhNECSRUSBsBT) AP CAAIIE BHOT, Pl
nucl eoti des of both strands are base aired, or staggered ends, in which
one of e tKuab Srahdeibrivak HreE, Selglird aad Eelliof wiocls ol féoalL Aamiod

extension. | e } foihe inv Lon n S Lon
enzyne is a @%@Eﬁ%ﬁ%%ﬁﬁﬁﬁﬁggé@ﬁﬁ%ﬂtégﬁﬁgﬁggéf?ﬁ%@¥%§r%?%ﬁ?%oﬁh%?%% e ends
by converti ngstpicAbs bticrgclensdswiioh Rasy fouk-basds lvdsttharbfauelbysemrsedtids
preferably added. A 5.3. METHODS FOR DETERM NATI ON OF RESTRI. CTlI ON SEQUENCE
TAGS 25 Any ieeegionsitsvixampleseol spitabe freguent swter enzymssdpsipideMieland of
restriction ﬁ%ﬁuence tags for the restriction fragnents generated by a

met hod of Section 5.2. Preferably, the restriction fragnents are anplified
bef ore skEquenci ng. However, sequencing

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.

5.3. 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.



met hods that do not require anplification, such as single-nolecule
sequenci ng, can also be used without an additional anplification step.

Pr ef er abl wp wBhes7Be€ngt hs of the 30 restriction sequence ta@geTgeBnaddsed are
at least 5 nucleotides. Mre preferabl?y, the restriction sequence tags
generated are at in the range of 10 to 20 nucleotides. Still nore
preferably, the lengths of the restriction sequence tags are up to 50

nucl eoti des. WD 03/074734 PCT/ GB03/00941 17 Preferably, a method which

i nvol ves generation and sequencing of DNA colonies is used to determ ne
the restriction sequence tags of the restriction fragnents. Any one of the

PCT5. publ | CLITSRAReRPA M il s5e heiolon b Seiiepags 7t DIVCUBRGS %6450,

all of  whi chsedh® dbtBERING BceGFichidn SRheiRNES cﬁ@h@fe@trlcﬁoﬁ %giheﬁtﬁt iAngton. One
nucleic acid colony can be generated froma single inmobilized nucleic

aci d t enpl at ef the mgthodg knowh éi thezeti can bearsed i the QmSEMeﬂVEﬂﬁIQM@BJQ}St PC&ti on

o B TEARA Rl o BRI A L PO P LGB RLRRE o
di fferent inwakhlarsRdompotdt@i By AfdrénceDifeif & BRirRatifsly). ThedfRRiGiRE colyny
met hod conprising capturing and anpl i flxl ng " DNA fragnents, e.g.

restriction ‘Pqﬂﬂ{ﬁﬂfﬁ?@t‘?d@m@ sghelgnmgol qlez@amérﬁeraplgwt ¢.8., agueleissid see,

bl
|P E\:-vreﬁ? [ olnC?# ?at%\@ﬁ%dfﬁd' g#'gc%/t(\gef?g r ?&Fﬁle meﬂlﬁgg?ﬂ{fe%earl lzk}‘g tltlJt]he

circul ar Dmrxfuﬂtagamspﬁocmenmoﬁa mﬁﬁberriotftsuﬂmmmcy atﬁdlcslonfeej @mbfwhﬁﬁr f or med

before cgol ony generation. .Qne e odl DNA col oni es are generated
from a skhpl €omHn erﬁgﬁl@gﬁq) lésedémﬁelcaa restriction fragnents, by a
met hod conprising the steps of: i) provi d| ng a solid surface conprising a

plurality of colony prinmers immobilized on 20 said solid surface at 5 end,
wher ei n eachDdGA colgnips bambe gaeptédslnsa meﬁmqtmmpeismlga:apﬁusing Ia;zdb amglimtg etoa

sequence at ‘e Ies inthe s turing
The DA ol e BoeBoe T e mep iy FaE e sy pute DGR TR b 7R ph aRFBaI | ng ¢ he
si ngl e stranggehct (@ETPOT pubBcatidfs WUYDQMHHPE&@W@QS’M@ISZ}E[ﬁembd)d&)neﬁﬁronyl ng
out primer extension reaction using the anneal ed single stranded 25

fragment B asthednysingips én wichdphiAdragnantrote ciroder, astepiod lisearigiegide sirevlal ¢ aci d
fragnents;

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) 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;
1) denaturing the DNA molecules to generate single stranded fragments;
iti) 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 immobilized colony
30 primers;
vii) repeating the steps iv) through vi) such that the colonies are generated, each at a

particular location on the solid surface.



v) denaturing the i mobilized double stranded nucleic acid fragnents to
generate immobilized single stranded fragnents; vi) annealing the

i mobi | i ze0 esiongBe stranded fragnments to i mmobilized col orgT/(33p094meEr S;
vii) repeating the steps iv) through 88 ) such that the colonies are
generated, each at a particular location on the solid surface. WO

03/ 074734 PCT/ GB03/00941 18 In a preferred enbodi nent, the i mobilized
colony priners conprise a sequence that 1is hybridizable to a sequence in
t he DNA nol ecul es. For exanple, the DNA nolecules in the sanple can be
restriction fragments linked to a nucleic acid having a 5 predeterm ned
sequence. such_a case, jmmobjljzed I mers can have a sequence that is
hybri di zabl el%prafe's:réa&mbeélmqm,tth%we@i@ ?ﬁlﬁ@dp%@awﬁ@@nw # sequsacedhpler
enbodi nent s /D % )Qhﬁ Naeduences can
be wused. Prflg Bﬁ@l %Hrlggggeg%en‘%% res%@%\?gﬁ% 1g)‘%gear e pl’e y at | east
five bases Imntq:culeMmhe pmplercmh)bg/restrimmrﬂalgnreﬂtsdnﬁeﬂ essmidleia adﬁ(hamnglaess

t han 50 ses |.an e 10 pr sen i nventio S repeated steps of

anneal i n ofp‘ie@ﬁf)‘%gflggsetq&el? ﬁ?ﬁ“ﬂ%‘ %WHPFE? canhay F|§|SS‘RPC§F|‘E1
separation ?QQﬁ aﬁ“ﬂ ated by
t hose skill g{élatleiﬁh he g{ﬁ}é %ﬁ%ﬂu%%cge%gﬁ;ﬂgé@%an ods %‘%Fm%gsﬁg?&r’)\g& reagents

and condi ti ocmbodlméﬂﬁeof the 1n‘eanelpa,ecoﬂowmnerpﬂ:amagpiiﬁﬁareﬂ@mumee§mndwes. PCR
techni ques are d sclos for, exa ost cs and

a
Research", 1%%¢ PF\ %%P%%?%b‘?"eﬁﬁ%? aq;&r?r%albi]wquﬁgg HEDIPSr at ed
herein by remi@ﬁeﬁ:ram ) the prififsl dr&le¥s tHahldog oF Rk BRn38baddsInd e TaENer at ed by
a method as described in PCT Publication WO 00/18957. In enbodinments of
t he i nvelék i opresemt iYEBUOIDRIRS Fepgaine Ateps cﬁan@@ahmﬁmplamsé@l immebidizedul ar, a
step of lineakizing. I tri zyme
I's preferabl péllrs’f mggexgéﬂrs%)‘gﬁea%g 8%@“@3&2&%@0&;5 Ilnin% emr%gtgs 2@?{? i
col oni es ar eb@@woadtaﬂbyﬂmauﬂedﬁnltheaﬂtﬂﬂﬁlegehtepybmqﬁrﬁmad ugig®l of
restriction fragnents, a met hod conprising t ) mXxin the

h t
DNA ol ecul eagshts e @&ﬁﬁmsm‘i’@éﬁq @M?S%Fﬁlhséﬂﬁtag%\;@gg’ﬁﬁ)é%?@ﬁl% dify

ggh”g][ fﬁ”préeéﬁﬁq@es%?élli!i%&ﬁé‘edt Rtexhriplly B PORE Ak ficdl DiderdSHGNE ReBlardi?e 3

15  published in 1992 by Springer-Verlag, which is incorporated herein by reference in its

entirety.

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:
i) mixing the DNA molecules in the sample with colony primers, wherein each colony

25  primer comprises a sequence that is hybridizable to a sequence at the 3' end of the
DNA molecules;
ii) 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;



DNA nol ecules; ii) grafting the DNA nol ecul es and colony priners on a solid
surface at the 5 ends of both the DNA nol ecul es and colony priners to
gener at e wombrd7s£ed DNA nol ecul es and i nmobi | i zed col onycpraBmneg4130 iii)
denaturing said i mmobilized DNA nol eciyl es to generate i mmobilized single-
stranded fragnents; WO 03/074734 PCT/ GB03/00941 19 iv) annealing said

I rmobi |'i zed single stranded fragnments to i nmobilized colony priners to
obtai n anneal ed singl e-stranded fragnents; v) carrying out priner extension
reactions using said anneal ed single stranded fragnents as tenplates to
gener at e i nMppidneziach Salhifosilizaldede Bvaldel Eragfieflis 16 ithhRBIRBE s6lodY)
denaturing the imobilized double stranded nucleic acid fragnments to
generate i rByoBeE fodtaigiappealedssinglengwended dtagaients; vii) annealing the

i mobi | i zed Si . I gl ners; and
10 viii) rep a‘f?‘?’klggt% ﬁ\l{e S §€%£t§x§%r$ﬁ%%lﬁéﬁu%‘ﬁg?£§ﬁéﬁga?%(g%@ Eétr%ngi{egm es are
gener at ed, -effdpments & terpplatestol kederdto damobilized dbiitsle spdriddd aucitiraeid Pref er ably
the propartion of colony prinmers in the mxture is higher than the
proportien oFAE¥Hy tenpl ates. Preferably the ratio of colony primers to
colony 15t [ 4 riﬂ%ﬂq?e ilc acid
t enpl at es ar\gyi@énqr%%u DI itg%gllﬁtﬁgb%l?g& %dﬁaf%%ﬂg%%ﬁﬁéamaﬁgm mp %(r:}g (g)llr!]%b%ri ner s
is formed cammuotshized singlpstranded frggméntssol ony priners being | ocated at an

approxi mat el y..uni form density over _the l.e or a defined. areg of the

Sol i d supporti AApealing e W?%P@dém%ﬁw@g]ﬁ% If‘ég’é@ntslﬁ%Pﬂﬁwﬁﬂ%‘iﬁ‘ﬁP%d

i ndi vi dual | yyfferkin@rval s within the lawn of colony primers. 20 Priners for
use in the present invention are preferably at |least five bases long. Mre

pr ef er adOy, vihkrepeitingribe sieps ivpthsoughani) sach that the solonfesardgenisratess ehdraj.a The

present invention.us r epeat steps of annealing of tenplates to
I mobi | i zed W%&r&?calﬁpio © @?iesﬁg?‘gen and separation of extended priners

fromtenplates. It will be appreciated by those skilled in the art that

t hese steps can be B}erfor med using reagents . o
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) teéhniques. 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



25 and conditions in PCR (or reverse transcriptase plus PCR) techniques.
PCR techniques are disclosed, for exanple, in "PCR dinical D agnhostics
and Reseawolu3jo747publ i shed in 1992 by Springer-Verl ag. | sotPlaarami3/00941
anplification of nucleic acids on a s®Wid support can also be used to 30
generated DNA colonies (see, e.g., PCT publication WD 02/46456). In

enbodi nents of the invention in which DNA fragnents to be anplified are
circular, a step of linearizing the circular DNA fragnents using a
restriction enzyne is preferably WO 03/074734 PCT/ GB03/ 00941 20 perforned
bef or e col onyefemeddtcifarn colony gaeeratidro dinnmmetembolllnent| IDNAas @€ argener at ed
froma sanpl e of DNA nol ecul.es , ol of restrictjaon fragnents, by a
met hod conpr PEISHCE foms? %%@lanDﬁgmﬂiﬁﬁﬂgesm& moieﬁ;eé‘glcpﬁn {f138MEBlE %2 wi t h
col ony pri rremhdmhﬁjr@h%qﬁgs emy 5 prinmer conprises a sequence that is
hybridi zabl e to a sequence at the 3' end of the DNA nolecules, and wherein
t he concent r &hixingp olsotlesin the isampls with calpuyspritiesywhereinraath colony

Lifi ' .of fted DNA nol | e fting.t DNA
ol ecul o0 andiBsT EMPAES aepegRe Balitiaiaipiis s etiehe s he i ot fiener ot o
i mobi | i zed DNEA F1@IEs SsndRBerbiitRO LorceRatiodl shide &ﬂ&g%r%her%(?s é(gﬁéte@ﬁﬁthyi ng

an anplification solution containing a polynerase and nucl eotides to the
sol i d surf ac#has gaplifiepiiontf grafisl SN Agneleeulgeerragcwr i sot hermal |y, each at a

particularly.. | 2N |J.dsurface. The gquantity of I bilized
nucl ei ¢ aci d& F%@%DGWAE%?%CEJ%S”&%? ctoLoély Mgﬁgn%ﬁﬁlﬁi§m¥af% a%‘#‘%dct& oni es
per surface gendratefimmiobilzed DNA hedécdes ahdemabaesd eblopy pliflef$d

concent rg&i ons of the DNA nmolecules to be inmobilized are preferably

bet ween n¥hseBlyane Arampliiteation selten contamngaplyneisye anshmpicigotides torthe
bet ween 50 agglidlQRE, il ; oIt :

enbodi nent th%a tenﬁ%%‘gc?luretg%célﬁgeg?% t%%%ﬁilg&iéﬂﬁég% e{aghgteﬁ)%[elg@p mal

t enper at ur e lagatiothen thelsphidsadaeacti vity. In 20 preferred enbodi ments, the
DNA nol ecul es in the sanple have sizes in the range of about 50-5000 base
pairs. In the nethods described in this section, colonies are generated on
di screte | ocahe ghsntitpBf IBoBiMEEPRRIIPAERAS I 86 BY dhQhRMstRe MrikeSithiRce can

be controlled by, e.g., adjusting_ )
of DNA colonies per surface unit which can be created. The ranges of preferred

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 10" colonies/cm? or more. The size
of colonies can also be controlled by adjusting the experimental conditions. Preferably
colonies measure from 10nm to 100pm 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,



25 the density of prinmers immobilized on the surface. In preferred

enbodi nents, colony densities are 104"6 col onies/cn2, nore preferably 107-8
col oni es/wo3or47apre. The size of colonies can al so be ceataraBo3e4by

adj usting the experinmental conditions2t Preferably col onies nmeasure from
10nmto 100m across their | ongest dinension, nore preferably from 100nmto
10m across their | ongest dinension. 30 DNA col oni es can be sequenced to
determ ne at |least a portion of their sequences. In one enbodi nent,
sequencing is carried out by hybridizing an appropriate prinmer, WO

03/ 074734 PCIzBiRés1eR4red 1@ herRidld TBGudnBing piishrt, villethe nicRR: aid Sequenci ng
primer”, with the nucleic acid nolecules in DNA colonies, extending the

primer and d8todeopesdn DA selenissiaxtradingdbeiprimer and detesting sheyruciastidepusstler abl y

t he nucl eoti - ' L i et ect.ed before
t he next nucﬂg% I ehlégnggggg;%%gkﬁﬂéﬁ{ ég‘?%\i/ﬁohgeﬁgec 8iec%§§ﬁ¥f@%%%aﬁhﬁ?é hus

al | owi ng baseolbyy Ixadeeectsd tiifdry thuiedxe haclestidd is ediedne trGrowlig MiRl@cadion of
incorporg%ed ucl eotides is facilitated by including one or nore |abeled
nucl eot i des FramtBusationang basedwdasen syapclsiracihssiuenii®pr i at e det ect abl e

| abel may be used, for exanple a fluorophore, a radioactive |abel etc.
Preferably a 10 fluorescent |abel is used. Any fluorescent |abel known in
the art can Mhe dstedionldfancaporated mudiebfidasdmfacilitived by imcjudieg oisesk thote each

different t f. nucl eoti.de. Where the, |abel is a fluorophaore and the
sane | abel sygq%gpeﬂéj@ epiigesdn i RmeTaXERpIop FrActigRs. m?%wr&g? defggtpble

nucl eoti de i nHEIRAGY BE LAY, RIrQYASR @M@aﬂo@é,ia\flsdibwv%ml bR, gir&@ﬁbly gletect ed

at a particul ar wavel eng.fh. If different |abels are used, these si‘gnals may
be 15 del@ct 8dorgscent fabekie nsedaplorofiudrescentlalye kaown firs thelant Ginfbeaked. r Bk

enbodi nent , m xt |.abel l.ed a unl,ahel |l ed, nucl.eot, de t he, same
type are usedforr chgfg engiaibﬁﬁfnaye@&‘gﬁgg%ﬁaﬁ Q‘S%e“i tpesd pu?lgotéch. %@?rﬁghe

hybri di zat i ombef isafludedhore indl the Saal¢/RB6L AL el i eabR difftferl¥@ieadfc 20 acid
tenplate to be sequenced the nucleic acid tenplate should normally be in a

single st raRudeptidsy eachmuclepiids igeoppratign providass erudativglinergasepn sighalnucl ei ¢

acid colonie i I rocessed
to provide s ??1 gftgd gﬁ g%gg%\af ‘ﬂ%‘gﬁl‘g‘ggp algidgif‘{rglﬁg?%t] Jeegg ﬁéﬁ’l g’eegn%gi%{})%}g%\ﬁ& Ilﬂ% known
in the aty, flewcted angdifferenbagiproyriate 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.



limted to, by denaturation, cleavage etc. 25 The sequencing priners which
are hybridized to the nucleic acid tenplate and used for priner extension
are prefewaBprabort ol i gonucl eotides, for exanple of 15 traTAESBo3m0xEteot i des
in length. The sequence of the priner® can be designed so that they
hybridi ze to part of the nucleic acid tenplate to be sequenced, preferably
under 30 stringent conditions. The sequence of the primers used for
sequenci ng may have the sane or simlar sequences to that of the col ony
primers used to generate the nucleic acid colonies. WO 03/074734

PCT/ GB03/ 00941 22 Once the sequencing priner has been annealed to the

nucleic acid_te ate ta be. nced cti th nuc aci d
t enpl at e andog'én@@ﬁ?ﬂ“r%mﬁg Pﬂﬁlrer ﬁ%seb %}?ﬁ%ﬁ%ﬂ“ﬂ%ﬁ Jemy etPrh ned by
net hods wel | sdgpendadi 'b?s biectiglthe ﬁﬁélaieracﬁ t@fﬁbﬁmﬂkeqaerﬁ:ﬁ{grprﬁﬂeﬁat for
exanpl e using a nucleic acid polynerase and a supply of ~nucl eotides, at

| east sone o#pprbpriste mféltpmé,vdmmfrd by mgtheds ‘éfdll keeym imthe aafbpum@r ons

sui tabl e rimer. exte if a suitable nucleoti

ol yrer ashe. R PRGRH 2ut Torerafelelfce fudd s nelint sl 4 BBt
skilled in thgcledtides, bOleRstebriedhihia 4r6 praddd ipral la@elleex&mnsme RogdifiPnsl
washing step is included in order to _renmove unincorporated nucleotides

whi ch may i newtablerfer piimpr exiension e suisabipauclagtide s prvisledBINA RPRE#SS st ep
has been car %}“ﬁ% nucﬁr@h@?&ﬁ%ﬁﬁéd%%%mg slikﬂ} ﬂrﬂﬂ{e 0 det erm ne

whether a la een 1 ncorporate nto an extended
priner. The primer extension step may then be repeated in order to
determ ne the 15 next and subsequent, nucl eoti des i ncot g‘{@tged into an

ext endedlr i Festerably\attgreach arimer gHiengor seR @Washing siep s 13,prdehtoance, and
preferably t g, AGMiHco Q}B fated &&1@&%@%&%@ ﬁk&fere QR saRiah&d s’ceBE O ARRr

extended priner, for | uor escence radi oactivity, nmaybe used for
sequence det eprimeaextemsion stemhasehebm dammed out the\DNAWOMytdaa bE dbtetted én erder

fl | ahel tt f h
2 or oscopefo SepinEviEhy < HhutdameRptonnt Aol hiaar sbutdl T n
combi nati on thnlef . AhApah¥SdxEenSiohiseiP thily theh 86 refeatedgh Ofdek ﬁedataﬁuﬂeuﬂﬁer and

identit y of he nucl eoti des i ncorporated at_each
next and subsequent nucleotides incorporated into 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



25 colony after each step of prinmer extension. This analysis, which maybe
carried out imedi ately after each priner extension step, or later using
recor ded wWatoma/ 07484 ows the sequence of the nucleic acid tecpiGros/omstthin a
given colony to be determned. In a farther enbodi nent of the present
invention, the full or partial sequence of nore 30 than one nucleic acid
can be determ ned by determning the full or partial sequence of the
nucleic acid tenplates present in nore than one nucleic acid col ony.
Preferably a plurality of sequences are determ ned sinultaneously and the
nucl eoti des agldit 8¢ld coloesAs aa4ily dpgiied/if-BeR60 Yider widcliMsthei epéaed
colonies are usually applied in a chosen order which is then repeated

t hr oughout t Heoughaytthe analyys, faserapple ATH dEFACIRCEETPeGTP. Thus it can be
seen that full or partial sequences of the nucleic acid tenplates making 5
up particular nucleic acid colonies may be determ ned. The priners and

ol i gonucl eot Th@sit carelsk seen thne futbdiyeisal séqucheesufabenicléin weid ttempilates enaking
preferably DNA, and can_he s_yntpeti zed ,usj ng st%dard t echni ques and, when
appr opr i at e, URiBATEEYlaHMFlFic pEifl &g Wﬁ@ysheé#a%mn thods (Ausubel et al.,
supra). 10 Detectable |labels that can be used in the nmethod s of the
present invention include, but are not |imted to, fluorescent | abels

(e.g. fl uoreFThepumerscnd vdigemicidotiddheset] abthesnetbeds ofithe piesentitvention afe t he

i nvention are detec usi t andar d t hods. .The nethods of .the invention
can also be P& ”ﬁ_}'ﬁ\g‘ﬁ’ ‘H&flnq%ﬂ °§ ?ﬂzegie“tq”?gﬁf‘ﬁ“éﬁr}a%%{%é‘i _saﬁ‘gwagents
required foraGa5dikd deRidtably BbaSS Adifg stAhdird hicthdBTAGRINePEhL! Spagnts for
carrying out the analysis of a single restriction fragnent tag (for use in,

e.g., diGgnBstertebledabaisithnt ean heuised pi the methad wof the presenyievention ipslydeobutyse
in, e.g., genomc,. 0 i . lLip I r I L.tiple
sets of the %ﬁlro g%wwgggo’r}%?ro er%%n?l]aé)ﬁg}'& (%1gi gﬁ qu%g%ﬁd eggﬁ@ipﬁg\;ﬁgglg“ﬁ énd t he
Kit. In addiinthemetiodsdE thyinv@ition arskdetétiad nsignstahdaed hdawds.equi red for
carrying out the various nethods, the kit may contain the enzynes used in
the nethods, and the reagents for detecting the |labels, etc. The kits can
al so contain j : i [ é)‘k% of the

i nvention. Fgﬁ@g&%@?g?ﬂ%ﬁ%@%&%@E%ﬁ‘aﬁl&gg%fagﬁﬂﬁ%%:b?ghSu sotflri}g['? gzﬁ&g{}g as

gl ass pl K esreapentsrdquired farcagymgouhtherasslys.p$he RBs can contain reagents for

carrying out the analysis of a single restriction fragment tag (for use in, e.g.,
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
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
ASSOCIATED 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 resiriction sequence tags obtained within a DNA colony

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



5.4. METHODS FOR | DENTI FYI NG RESTRI CTlI ON SEQUENCE TAGS ASSCCI ATED W TH A
PHENOTYPE The restriction sequence tags obtained for each individual are
t hen conpaoaed/oamag the sub-popul ati on of a gi ven phenot yoea/¢Ry3iockmt i fy
all the honol ogous tags and 30 determ4ne the nunber of honol ogous
restriction sequence tag. In a preferred enbodinment, the two restriction
sequence tags obtained within a DNA colony represent the ends of the
corresponding restriction fragnment in the set of restriction WO 03/074734
PCT/ GB03/ 00941 24 fragnents. The two tags originated froml ocations

physi cal |y chfentsd Hratvoaigiairighnted fremdecutionrs pliaidally alpse tmeah othepon
conbined with the sequence of the restriction site of gﬁgd% strictjon

enzyme used thegenfmge sEachlageanalto Rresogphtpe _ the ssARSHCR © ?tl?nssé_ uence.
Horol ogous G4 RLGicHbR H%\e dddd ?&%Hgémeﬂ oFilgendnf IINA @fobtfSh lodpet ON 5

tags consists of restric tags that are at 1east 60% 70% 80% 90% or
99% honol ogaigquenice. Hoatoheous tpsdiegmtpeda Iyooe pmbbdiment; aerowsoftegiricton t ags

consists of restrjction tags that are 100% g ) e col,l ection of
the groups dPeY ‘é&‘ﬁstscocfir%ﬁm"t%oé‘égg%%?t ae %éﬁ@sﬁ%gﬁ?nzb%ogb%a%&%eo’i@e)& to
i denti fy S ERAGEHR! RbAGARS ARRREhEk e bub Bf wiilie RZSIAbN RS cbhisids BEef er r ed

enbodi nment , enotype under study iS associated 10 with proportions of
sequence variestictiostaigs that pei00% hanologowsi (The solitsitivatof theseronps efagsidsiien

variations. In gne epbodinent, the pr rtions of one.or Parnti-cul ar
sequences i ntag"ng’rﬁéﬁ PgPYigtion ¢anbe usgg ?‘fﬁﬁ?télg@ﬁ‘ﬂ%e&c%ya?%@nggésg?@%guﬁ@ynber s
of restricti@gphémfypd. ﬁntaﬁﬁef%ﬁé@@ﬁbbdiﬁ;eﬁﬂﬂ;@heﬁet?ge paddrisaidyds agociuted of
restriction sequence tags, each of which is different by nore than 10%
20% 5090 7094th praestidnsofsequenepvarritigns ingy ropulatiop or withsembingtiens gbnt i f i ed
as being associated with t | ' Al &

popul ati ons. squerécr?artaH%gong.r e 8??%%8%&&@3&’ gieérérsﬁﬁgﬁsp%eno%g%br% E%tﬁgié‘fsagci at ed
with parti culcuesephi mepbpulatiod, exeouseqmesentditgtthe ndatfveumdntiers ofirestuicidoml s
fromthe population. In one enbodi nent, the corrbé nat.i on of g{gcogortlo‘rjbﬁ of a
plural ity of tagain the sespectteHne QE BY0re Rartiplan,grops,of T§Fricon,sequence 1ags, 8ac o

by 2 20 comby g Rl AlretdPoyHiERe ihn 104, 264 564 IMulA0BY etde tiaal [ LY of

particul ar groups restriction sequence tags, I.e., the total nunber of
restri cti%onsdiffegst populaons| areadéntified bis bejng aporiated avithiba phenadypie diffuenng
associ ated W{)étgveglg] ﬁxe%%%%%gg 'gnsq | ﬁlfagg LS 1()3’re e%eg%ren%ohggent, 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



two popul ations, if such conmbination of proportions are different by nore
than 10% 20% 50% 70% or 90% between the two different populations. In
anot her 26oasbodsent, a plurality of such conbi nati ons amreTiGENd/ 0091
identify the phenotypic difference. In the enbodi mrent where a plurality of
conmbi nations is used, each conbination in the plurality of conbinations
can include one or nore particular sequences which also included in a

di fferent conbination in the plurality of the conbinations. These

enbodi ments are illustrated in Exanple 6.3., infra. 30 In one enbodi nent,
the restri CligQn 1f ARG GMmPoARert e Bestiniopaequbnue tags flaekige tiergenomseguence of
the organismto identify the genomc_|ocations of the restricti fl Sequence
WO 03/ 0747 3bothGidespd thgoagnitionssite45e !depﬂﬁ%g? © BEHOFIF Feence pithe
restriction sequence tags flanking the genonme on both sides of the
recognition® ¥ehre identified fromthe genom ¢ sequence of the organism
5 5.5. SPECI FI C PREFERRED EMBODI MENTS FOR OBTAI NI NG RESTRI CTI ON  SEQUENCE
TAGS Several preferred enbodi nents, f t ai.ni o3 ) t ags
are deschi bdeb. SPEGIRIGPRE D £Re §$@l§m.ﬁﬁsiﬁ?§f§ﬁ on

w th any ne&&gﬁi%Ngggﬁ&bged in Sections 5.1 through 5.4 for identifying
sequence va iated 10 with a phenotype. It will be apparent to
one ski | | ed Semeahgrefurtedtenaiodimsnts febiaining restristion sequsns 1#ags pigrlcsgribee or

nore of the specific epbodi nents described in.thj.s Cti al so be
used. (1) Filp&Hs sssliops &BGS&&B ?‘?Fe‘i‘i‘f‘%féls?‘ﬁmam&“é‘f’%é?l? @Eésr%%tﬁr??%t , the

i nvention prgyi i 1 e firiidatifag Eduiehevartiguensecidted)s of a
bi ol ogi cal S%%%rﬁ%ﬁ(%ﬁ@(%ﬁﬂ%% 1a%0 B). | nlt hg@m%.hg, one or nore, 1fi rst
restri ctlidon veittzy phenotype. Jbwill boanpiatant to eneskilled)inthe #t thatawiiepeiiald from t he
bi ol ogi cal sanple to.generate a s I CL 1 OR: : : t of
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fragments bysegtidiEdadnGlso ¥use@npri sing the steps of: 1) linking restriction
fragments in the set of restriction fragnments with a first

O

(D First specific embodiment

15 In apreferred embodiment, the invention provides a method for generating restriction
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 restriction 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 io 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.



engi neered nucleic acid which conprises a predeterm ned sequence conpri sing
one or nore recognition sites of a second restriction enzyne to obtain a
set of fiwstosor47eul ar nucleic acid fragnents, the recogniPCTarBSINVES bei ng
| ocated and oriented such that the 2526second restriction enzyne cuts in the
restriction fragnents; 2) digesting the first circular nucleic acid
fragnents with the second restriction enzyne; 3) nodifying the ends
generated by the second restriction enzynme to permt ligation; 4) |inking
the ends generated by the second restriction enzynme to produce a set of 30
second circular nucleic acid fragnents; and 5) sequericing at |east a
portion of each of said restriction fragnents in the second <c¢ircular
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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  Inpreferred 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 said 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.



acid fragnments is carried out before step 5). In nore preferred

enbodi nents, the fixing and anplifying is carried out by any one of the
DNA col omwormtohrds described in Section 5.3. In still noreTmmEBoryed
enbodi nents, the sequencing is carriex out by one of the base by base
primer extension nmethods described Section 5.3. 25 In still other preferred
enbodi nents of the invention, the step of nodifying said ends of said
second restriction fragnents is done by filling-in the ends or renoving the
over hangi ng nucl eoti des of said second restriction fragnents with a DNA

pol ymerase such that the ends are blunt in order to be linked. 30 In

th f d enbodi t, he. hod of .the i i i
BUr 11 cat | orlStignathay B oA gt i 0E Bl SPPQpIcdu SRUTo D BT #6734
PCT/ GB03/ Oo%guicagrhiérg%rg%dt% %re%&&'ﬁ{geﬁ{e?ﬁﬁfw Ege@iﬁ?gﬂeﬁ@ﬁ{lscﬂémtosmlaémﬂﬁnom c

DNA sequences 1nt restricction fragnents aré |inked together up
to a cert ai nclexddanto,a havtarial thel bactexa plapddamariagaresepidatel andhthe plashiad vbfedch, t he
bacteria plated.on an agarose .pl.ate and the plasm d of each 5 indjvidual
bacteria 52 ol ’G‘ﬁﬂ}’“ﬁ?&ﬁ%ﬁte@& COZ lg@%ﬁg’rﬁ’g@eﬂ@%g‘ﬁ gﬁﬂégﬁn%eéa‘?@ﬁﬂ?lﬂ%“ﬂﬁlht% an
aut omat ed Cagjibhaed cRRAMSIEGTencdt @Be%?f&h@ﬁé'ﬁﬁaﬁd@ﬁot@@e ﬂ@%a&%ﬁaltdl'&]jnlzg
bacterial cloning step are also known to those skilled in the art. For

i nst ance, t hsef anesdsodmgivnde thege skilled & the agi Fommptanoenthe Sest engiagerechat or i al
sequence tag_such t.hat the third nucleic, acid fra s, f£an-be used for

ol ocul ar ol BTG My Cominbi adliste E3MHbR Gttt

speci fi c enbagd faphettd caled fird ferraoRtMantloning®ni buenirdxeqinerd B by net hod
for generating restriction sequence tags of a biological sanple (FIGS. 3A
and 3B).10 n bdse nethod, a first 15 restriction enzyme is used to digest the
nucl eic acids extracted fromthe biological sanple to generate a set of
restriction fragnments. The first restriction enzynme cuts at both sides of
its recognit{IDrSesoiidespetifiswpdbodim@nner that the cutting sites enclose a part
of sequence fhat is n tgﬁﬁ?t of . the . recognition_site. Restriction.enzynes

can be used Iraotherpwbpdinisat dhq iuentipn pravidenymefiod PegrieRingeiTIctsly) |
BsaXl. A set ffief@%hds dtlalthSlogical sample (FIGS. 3A and 3B). In the method, a first

15  restriction enzyme is used to digest 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, BsaXI. A set of restriction
20  sequence tags is then determined from the set of restriction fragments by a method
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



20 sequence tags is then determned fromthe set of restriction fragnments
by a nethod conprising the step of. 1) nodifying the ends generated by the
first reswoiosrans enzyme to permt ligation; 2) |linking trloa/Grstnddet i on
fragnents in the set of restriction f28agnents with a first engineered
nucleic acid to obtain a set of first circular nucleic acid fragnents, the
first 25 engineered nucleic acid conprising a predeterm ned nucl eoti de
sequence; and 3) sequencing at |east a portion of each of the restriction
fragments in the first circular nucleic acids to determ ne the set of
restriction Segioarsck awidl mdne ppefefred emblodiments thestquencing is@maéd ditbiyrag and
anplifying the first circular nucleic. .30 .acid fra nts is carried out
before step %ehyr?aﬁ%%ms?%?%ﬁw@hs%é?%&ﬁ?igeﬂ?e ~Fi xi ng and anplifying
is carried out by any one of the DNA col ony nethods described WD 03/ 074734
PCT/ GB03/ 00941 28 Section 5.3. In still nore preferred enbodi nents, the
sequenci ng i i stilt sthexprefetred pmbodinzents dfjthdmyenton, therstepofanedifmngrsait eatls

described_Section 5.3, In.still other preferred.epbodi.nents of the

i nventi o tR Saé‘?éeﬁoﬂ‘i‘l r‘?’?ﬁ}ﬁ?ﬂ} iﬁ"i‘é’%ﬁ%&“‘gﬂ%&\byﬁ@@ E’gie dss%rchW(?wrn@g{f?i ction
fragments ar gydangikynidiédtidbdlof g1 KRERd RistricHBR YiaBhehts SvithQD {Mgrase

nucl eoti des of said second restriction fragnents with a DNA pol ynerase
such that t heudhribist the endslasmblunhingrdenitobe ligked.i nked. | n another preferred
enbodi ment, the nethod of the invention conprises purification 10 step
and/or DNA isolation steps after each step. (W Third specific enbodi nent
In still anomhgiotierpesteffedémbddiment) vighettod pf teiinkeshition s&hpisks parifigivar at i ng
restriction sequence_tags of a biological sanple (FIGS. 4A and 4B). In the
met hod, 145 &ise apd/orBNA fsplation pleps aftertseehhstePzymes are used to digest the
nucl eic acids extracted fromthe biol ogical sanple to generate a set of
restriction fragnments. A set of restriction sequence tags is then

det er mi ned f (BnThivd spedifiobmbeditrentt i on fragnments by a nethod conpri sing

the step of: _1)._.linkin ai.d resfriction fra nts | he set . of
restri clto i on @%Lﬁ#@“&ﬂﬁwd‘éﬂ?‘ﬁ ’rtg‘? 1“"?8“%%%?@@%?2‘1 ff?f B e 0 obtain a
set of first QuediRhGedfnde faggemmofodgiémalﬁﬁreﬁﬁe&mﬂm T4 Bbkodci d

conprising a predeterm ned nucl eotide sequence, cor{ﬁrl sing
15  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 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 nucleic acid to obtain a set of first nucleic acid fragments, the first
engineered 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 each of the restriction fragments in the second

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



a recognition site of a second restriction enzyne, the recognition site
being |l ocated and oriented such that the second restriction enzynme cuts in
t he restrwotisom7Bs agnents; 2) digesting the first nucl ei @cagigb3foomgment s
with the second restriction enzynme; 28 3) nodifying the ends generated by
the second restriction enzyne to permt ligation 4) linking the ends
generated by the second restriction enzyne with a second engineered
nucleic acid to produce second nucleic acid fragnments, the second

engi neered nucl eic acid conprising a predeterm ned nucl eoti de sequence; and
5) sequenci nPrefitrablyatic recogaitionGite of theaedondfrestictionesizyinetin die fisbgiginteged n

t he second 30 nucleic ,acid fragnents_t d%}ern‘i,ne the set of restriction
sequence t aglUcléipagid/iplofate Cbéq‘?me'}%@fgha sh ongpested Bilsic ace IR @RS GNI t i on

site of the SREGRAM &dSIdhel B8 r&lbpitonisile bifhe kbdobl reRabAGH fleei ¢ acid
is |located c?ose to an end © tr e Il‘gts %ngﬁlﬁgere rnuc{;el c&%gfngﬁﬂl n one
pref erred enficdienginecred hecleie acigns tacated $ast 80 aficledtales dionnan emdof the firsin enzyne

in the first engi neered .nucleic acid i s | gcated.| ess. 20 nucl eotides . from an
end of thb 1 PRETCBSEHGIFIE TG I BiosT Brebred Ui & SRR R8I E AR nont
t he recognit §QQng késﬁi&fontehﬁ)rn§ BCAR Hirdt @Ak k&b AL1GB AY MG IdtaldiSeld fof

engi neered nucleic acidis Tocated zeroto 5 nucleotides froman end of
the first engilesidsd fronrine¢ns ofdhelfirsPeadineenty yuclditacid e Poafdrablyp tersecaridon
enzynme is a type.lds endonucl ease. |n referred. enbodj nent he t Its
endonucl easere}blS céloﬂfpm%gﬁ%?eﬁﬁfn%u%@%e' fBGP’-’%P“%P‘B{’{’T‘ﬁE}?hEES‘EF*BB@g from
its 10 recogshddn@blesdeldits thoreRh&f £r10890,8500 000, B8 Riote t1ANS0OMads fdX ity and
anplifying the second nucleic acid fragnents is carried out before step
5). In e preegafipBdlienbodi ments, the fixing and anplifying is carried
out by any one of the DNA col ony nmethods described 15 Section 5.3. In still
nore preferred enbodi nents, the sequencing is carried out by a base by
base primer axpefstodrenibeidimehts]asstep didtkiGeaid mipliyidg theisbhd hueltieeakid
preferred enmhodi nents of fhe inventi 051, t he stetg di fying said ends of

of,
sai d second PRSTERISHY eied AYhefare sigp @)-gBraorspretered Pﬁ?ﬁ@%@e&xm%mvi ng
the 20 overh ! Rk i | e L 1 s wth a
aa&mggggd%ﬁ %Mawf% Ay SIneE(fictH@ﬁNrA S16h ¢ heffddk ﬁ?él‘ﬁg% a

DNA pol ynerase ‘hat the en e unt 1 n order to be :
anot her Py ef Sectisar BHbbustienore préferme embddiofentshiheisequencingris campd pedyy a
purification

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 anid/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



step and/or DNA isolation steps after each step. 25 (1V) Fourth specific
enbodi nent In still another preferred enbodi nent, the invention provides a
met hod f owogemes7ating restriction sequence tags of a bi olrogicm/osampl e
(FIGS. 5A and 5B). In the nmethod, on® or nore rare cutters are used to

di gest the nucleic acids extracted fromthe 30 biological sanple to
generate a set of restriction fragnents. Preferably, a rare cutter that
recogni zes a 6-base, 8-base, or nore than-8-base recognition sequence is
used. A WO 03/074734 PCT/ GB03/00941 30 set of restriction sequence tags is
then det er m seedf festoictibh eeqiehcethgd ©3hen dtdraiindd Rgneid set oDpestictivh fiagments
conprising the step of. 1) lipking the restriction fragnents in the set of
restriction Py amshedcompriging the step of:engi neered nucleic acid to obtain a set

of first nuclgifkiaS 553&2 fd k: Y id
conpri sing abpr eﬁ%fgfésﬁggﬁﬁ%%{e%tl g%i%ﬁgﬁgegﬁg?ﬁgagggﬁ#%ﬂtﬁgﬁ irst
nucl ei ¢ aci derfgiregredniusiend 4did anebtain arset ef Sstmndeic ecit fiagicnts, thefizstmes t o

obt ai n second r.estriction f.ragment.s, wherei n.tge second restriction

enzynes are THEHFEFETUCIFOIAE RAMPTIHRE 2 PEictrRineg AUElFoydsedhencfo not cut in
the first eibgdige%ngﬁg%ermi Rldeieadid é&ag&eﬁas vbiugugaer&,ﬁ sBaa redritdism second

restriction fra nts wmth a secon ngi neer nucleic acid to produce a

set of seconehzymes &i ebtaivisdcdndagstaction fragneess cdedein tigi sceandastrintion ei ¢ aci d

conprising a predeterpjned pucleotide sequence; and. 4) sequenci at | east
2 br 5 o of BN e AHECRLERR EF hish FeshigiB o me 3 s EHhEER ARG ¢ e o
fragments t ogfigicefdimRldidgiget of restriction sequence tags. 15 In a

preferred enbodi nent, the digestion with the first and second restriction

enzymes 10 s pdivkinghe eadnef the aecond rgstiigtionfeagmegtstwitlha dgcond engiseeradhd second
engi neer ed j e [ Xl nd
arml 1yt ng (PTICEM S ptduby'a RSN S0l nEERRACIP RS Gnors B Robi bR o
4). In nore fickdieadia domphisticiprtdeteriniged nucidogde seglendepbnd ying is carried

out by any one of the DNA col ony mft hods. descrj bed )
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.

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  Inpreferred 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



Section 5.3. In still nore preferred enbodi nents, the sequencing is carried
out by a base by base priner extension nethod described Section 5.3. 25 In
anot her pwefoanr4ds enbodi nent, the nethod of the inventi onPCargBI3OHes
purification step and/or DNA isolatidin steps after each step. (V) Qher
specific enbodi nents 30 The invention also provides nethods for generating
restriction sequence tags of a biological sanple. In such nethods, one or
nore first restriction enzymes are used to digest the nucleic acids
extracted fromthe biol ogical sanple to generate a set of WD 03/074734

PCT/ GB03/ 009¢itricBdn fragmentst Aoplufatiggafadifferent’sepburt mesiriciion tnajinies @resthen second
restriction enzynes are. the used taq furthe Il gegt .the restriction
fragments. Sheed tohsgdiggss ’Eesmlf’ﬂg'iagmfeﬂtér E'Hgl? &’ﬁa’t"ﬂ?—:p?ﬂﬂ%@# i
restriction =Ta =R SeQ9st tPMe r&lobaitioal t he
first restri glt%lfggﬁﬂgﬁ?yrres.elrg??ér?ﬁ%rt\%hg%egﬁ% ﬁeoﬁbodi ment (FI GS.E;&%A and 6B),
af t er di gest sites off thecdfirbt restricties enzyoteson  enzyne, a set of restriction
sequence tags is determned fromthe set of restriction fragnents by a

met hod co{rprising the step of: 1) linking said restriction fragnents in the
set of restrLiieqReferad BRBbEinnt (FIGSE bAShd 6B), Anedneeidtbywalseidtatiod to
obtain a set of first nucleic acid fragnments, the first engineered nucleic
acid conpri semgyne, psgddrenndtivaceguance tags iedetemirekomihe st geresinicliorhe fir st
nucleic acid_.fra ts wih, a second,restri.cti on enzyne to obtain second
restriction ﬁ?%%ﬁggﬁlﬂﬂ%?de?‘ﬁnmﬁén%@%ﬁgo estriction enzyme is different

from the fiphnkigstdid edstrivtion TgiRneid tiaRsoN@biriction fraghbiets Withst fisngi neer ed
nucleic acid; 15 3) linking the ends of the second restricti orc}_gf ragments

with a sHonenginegredbaycieic agidde ebteingsey of Brshrerieic acid fEagmegts, fiedBrd nucl ei ¢

acid fragnents,. -angi el ekt Bl hiSi a

predet er m negﬁ%ﬁ%ﬁ?gdo [ ggggggﬁgﬁ@g;ghg(%&r%?sequgﬁfgilc%gﬁgt qgg%({ega portion of
each of the ppgigestidigithafifst ageteiotasidi fragnieatsseitio adecond céstiictioncindyrhe sgobtains t o

determne the set of .restriction sequence tags.  20. .
second restriction fragments, wher ynt € second réstriction 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;



In anot her preferred enbodi nent (FIGS. 7A and 7B), after digestion by a
first restriction enzyne, a set of restriction sequence tags is determ ned
fromthe wetosof4734 estriction fragnments by a nmethod conpri PICMEGRBAISIHep Of :
1) linking the restriction fragnments 32n the set of restriction fragnents
with a first 25 engineered nucleic acid to obtain a set of first circular
nucl eic acid fragnents, the first engineered nucleic acid conprising a
predet er mi ned nucl eoti de sequence conprising a recognition site of a
second restriction enzyne and two recognition sites of a third restriction

enzyne, the 2)eigRgting ihedirstirueletf acidifagaenndvithahé sdcond ptrivhioy eBzymes tog | ocat ed
between the recognition sites of the third restriction enzyne, the

recogni t i on @bfaing sgirofsecandaugleic agid Bagmentss on enzyme being | ocated and
oriented suclii,R@ ' Gl i kction
fragnents, \f\ﬂér el %tbggn%ggg%d{ergéi fre%ﬂcﬁg%ﬁggégﬁgtcgﬁlﬁdhﬁée&?ﬁf%%%st riction
enzyne are difchiar rodleikraoia fespmbentst ed ; WO 03/ 074734 PCT/ GB03/ 00941 32 2)

digesting the first, nucleic acid fragments with the second restrjction
enzyme tg o‘ﬁtSS‘il‘Wnﬁmgéf 13_8?“ %%oﬁﬁ?egg?glear&?tﬂ“ﬂ MRS Indhe ing the
ends of the GROAPHulIER!EC nisrm%%%ettﬁe B R Heiction SbaRhesEoNd

circular nucleic acid frag ts; and 5 sequenci ng at ast a portion of

each of the restriction fragnents in the third circular nucleic acid
fragments taq determne the set. of restrictign se ce tags,., ,.Preferably,
the et hod (RIFEH- B peio8 S eptrpres-atish Ty stead 1Bt o Ao iging Ry | ny
the second Gleksnd @fcultldahiflele RBfd Fadni @@ With $hoVhird rédMctiddl dndyh6 & pro@hiderd
enzyme to produce a 10 set of third nucleic acid fragnents; 3ii) nodifying

t he” endd Ogersst of thitd mycleiecacidhfragments Sii) madilyingdhe gids geperstedibiyithe thiggh i on;
and; and 3iii), .lj.nking t -of.. the third... i i d o nts to
produce a sertegtgfﬁ?wr%z%mce’lqgggﬂq%?h al'}%: élg%&’ra;&agup?g%&ﬁlén ggﬁdsgprfgge(aa‘fgg%l y, the
recogni tion micledSadill filap@ehtdits prodesd 4 s« of tHirdsizyile nucleicheid frigientslgi neer ed
nucleic acid is lLocated close to an end, of the first engineered nucleic

aci d. I n onePrefrahlistae reeasiition sifenoh the i estrctionenzyns dhibeifbtt Saewesreds t he
third restrighig a&??ydl'ggaﬂfa@clog% ! e&ﬁtgfﬂékﬂféﬁ?ﬁg?geem&l&c 4G4 dd ghel OCat ed

| ess than 20 nucl eo roman en st engi neered nucleic acid.
I n a norlé pretfermed dmbotimkintpeath ofthe heconition sitescfthea ititdoestsicti@senzimehs t hird

restriction t%g %¥srtr%n£girllleérg§ naélgi%taci 1 io%g%&?gss q}llja%l 2% r(l:uc?ecoitigesi 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 IIs 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

enzyme;



| ocated zero to 5 nucleotides froman end of the first engineered nucleic
acid. 20 Preferably, the third restriction enzyne is a type Its

endonucl eaoas/or413@ preferred enbodi nent, the type Us endecasimaseddeut s
nore than 5, 10, 20, 50, 100, or nore33 than 200 bases fromits recognition
site. In still another preferred enbodi mrent (FIGS. 8A and 8B), after
digestion by a first 25 restriction enzyne, a set of restriction sequence
tags is determned fromthe set of restriction fragnents by a net hod
conprising the step of: 1) linking the restriction fragnents in the set of
restriction 2)digesimgshevitshnacléicasid fragmpniewitie thersacdred restaictich emzyoteitai n a set

of first nuclejc acid.fragnents, the first engineered nucleic acid
conprising a® W%f%Pﬁ?W@ggﬁﬂfé?lﬁ&F’{aoféa%nce conprising 30 a recognition

site of a Se@?ﬁﬂdﬁ%&{é drdlk bPthe QBT edibd ! ﬁ?ﬂéﬁt%ﬁr&ﬁl&iarsﬁ of B3t &itcaldron
enzyme; WO 037074734 PCT/ GB03/00941 33 2) digesting the first nucleic acid

fragment s w nhcleicackklragmentssndi cti on enzynme to obtain a set of second

nucleic agid fragnents:, 3) ., linking.the ends_.of .t he seco restriction

' agnent <5 o 4hreaRang st ppOrionRe eart 6LRE P RIS AGE Frab Rt hent o and 5
4) sequenci Nehepdby RASHNiMng el SePOF @&trieAsM scuenideQagdsO WrbfRrdble el mehol d
fragments, thereby determ ning the set of restriction sequence tags.
Preferably, firéhergemptisesfafier thestepSnphe seps ofBi)atigeshing shechirsbyirquilas nyelelss of

3i) digesting.t first ci | nugl ei id f t i 1 hird
restriction gﬁ‘?{/ﬁ i 33§Sp"¥%%g}§rdg{e§%? ﬁ%‘? C%Pfegog’ﬂ%quglgg% %coﬁémrﬁi ?‘%ger%é ﬁlflg ,

wher ei n the tiapimdnts ewhéretithe thiyestrietioserthyhieds @ifferdnt diont the firktrid sadwsdsecond
10 restriction enzymes; 3ii). nodjfyi t he ends aenerat ed by said third

restricti®n TeHISHB %ﬁmlimﬂﬁﬁégﬁee%&emrﬁe byispid; thigd r4s81¢98s of t he

third nucl ei ng&kgt .S i8AH&S 1 -ar nucl ei c
acid fragmen%s. orol;sucﬁqgr%?)%}aﬁngﬁ?gﬂ It %atgégé%ﬁrtgﬁi et uglteﬁctc é@set of
restriction firagoeristts prpelnes asadf sddond girtiler fuclai¢ acid ftaginehison enzyne are

further digested separately with each of a plurality of different second
restriction enzynes. Mire preferably, the plurality of different second

restriction ¢ozMBRenHYARhERE St Birifedble Hat tBe sot Of RistrRBiofl abRicARlgeh&iteri Ct i ON
enzynes.

by the first restriction enzyme are further digested separately with each of a plurality
of different second restriction enzymes. More preferably, the plurality 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 othef 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 1isolation steps after each step.



20 In preferred enbodi nents, a step of fixing and anplifying the first
circular nucleic acid fragnents is carried out before the step of

sequenci ngo 744 e preferred enbodi ments, the fixing andecargBosfoysmg i s
carried out by any one of the DNA col¥®ny nethods described Section 5.3. In

still nore preferred enbodi nents, the sequencing is carried out by a base
by base prinmer extension nethod described Section 5.3. 25 In still other
preferred enbodi nents of the invention, the step of nodifying the ends of
the second restriction fragnents are done by fill-in the ends or renoving

the overhanging nucleotides of the second restriction fragnents with a DNA

pol ymerase such that the ends_ are bl ﬁ%t and can be Iinkgd. 30 In (gnot her
preferred erfvelembpdimentserrait pdratisying Hie tMATESTIFLM SCGRICe LS BIPIFFEHY i on

step and/ or .50l ai i : f;

T 803/ QoS gk a0 SAEERT Bl B ek RRrickE) %% 1?%%&?& W0 Testriction
sequence t agestdeiny énsatle revogaitioh site aist whest secondorestiichomtagtis petite, wherein
first restriction tag.is next to fjrst. restriction.enzyne r. nktion site
and wher 8i n SSEUHTESIAEA GIEYIG ﬁe‘io%l_t’iog sﬁwﬁts&r@gg%gﬁﬁ%@pﬁagtﬁ% o#lllts]gnzyrre
recogni ti 0N 3iiEonNthS i sAucle ot L PHlel ekttt deljferio s origidiciecond

restriction sequence tags are paired restriction sequence tags originated
from t he sanfeorh ithestameefitst restriction firaggyeniat . Restricti on sequence tags can be
grouped by nmeans of sequence honol ogy and, if 10 possible, further
grouping the paired restriction sequence tags containing the same first

restriction R&ANSRAqiRbcSAYs Sdrdbd graglbém)y mtaisoiseqrntdaémology ard,dfid
restriction tags fromgrouped paired restriction sequence . tags are

physi calllly |mssibledfuthesgrouping theppite reRECEQIMIEIUTEE (385 contupng, WG SAMP ¢
restriction gnzyne recognit i ' - F=To NN dndfresti&i

i nventi on, igrsf%émgﬁé% “e‘é‘:eegg %l(l:‘%aént?rslJl glgﬁfl% Eéﬁ an%glgti onal 15 st ep of
clustering r@sd frbmidroiped paltenastriction séyuenestags a physipalhglocaed dest fof-y
flanking restriction sequence tags.that are |ocated on.the.genome on both

sides of theandranciberame gde of t 2etyen tffst Festristion eYReIEPRFRItigR ) s provi ded.

6. EXAMPLES preferred methods of the invention, if the genomic sequence is available, an additional
15  step of clustering restriction sequence 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 BsmFI sites. The vector is based on pUC19 plasmid,
which was chosen due to its small size.

30

1) 1 generation of cloning vectors




20 The followi ng exanples are presented by way of illustration of the
present invention, and are not intended to limt the present invention in
any way. WoOb3/0EXAMPLE 1 PREPARATI ON OF DNA COLONI ES TEMPLATESBBROWRLE
RESTRI CTlI ON SEQUENCE TAG 25 This exangd e illustrates the engineering a
vector for in vitro generation of DNA tags. An enbodi nent of generation of
restriction sequence tags fromgenomc DNAis shown in FIG 9A This
exanple utilized a plasm d vector carrying DNA cloning sites situated

bet ween two BsnFl sites. The vector is based on pUCL9 plasmd, which was
chosen due t @ 1*t&né&ation oS¢16RingIRctbls Were desipasdafor 05t With géumhie DNA @i gysted VO
03/ 074734 PCT/ GB03/00941 35 A 1St generation of cloning vectors were

desi gned f or Wilhd sigelaregiaistnn enzne- h@teéanplm bastexiophagy glémbé%g?n%mpon
enzynme. Int S used to
denonstrate e genergﬁ?8%@%§&%%§@@%%mﬁgﬁggequenc &agﬁggué 0 variants of
the vector were made by cloning synthetic |inkers |nto pUC19 In the first

variant, the_vectar contains an insert BsnFl Bant GGGAC _GGATCC Grecc
(SEQ | D No 1ffwogrienteeEshevesierweramans @E@onmgﬁ@téyhcrmﬂser%mmcmemhsm ng

of Sau3Al di g@&p&%&q@@ﬂﬁt%dﬁéoaﬁ%grﬁaml restriction site flanked by
I fp

two Bsnfl sites site o 9 was previously renoved fromthe
vector. 15 In the second variant, the vector contains an insert having an

Aatll restricti Si erlined) forned by two adjacent BsnFl sites:
Bsntl BsnFl %@‘I‘%ﬂ&‘h&lﬁ%iSEQIDNQS) CCCTG CAGGG (SEQ I D NG 4) Aatll
GGGAC GGATCC GTCCC (SEQ ID NO:1)
10 CCCTG CCTAGG CAGGG (SEQ ID NO:2)

This allows the cloning of Sau3Al digested lambda DNA into the BamHI restriction
site flanked by two BsmFI sites. The BamHI site of pUC19 was previously removed
from the vector.

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

(underlined) formed by two adjacent BsmFI sites:

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

This allows the cloning of Tail digested Lambda DNA into the vector. The 4al 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:



This allows the cloning of Tail digested Lanbda DNA into the vector. The
Aatll site 25 of pUCL9 was previously renoved fromthe vector. Both 1St
gener at i owowsoross were dephosphorylated prior to use in @®@CdssBBOOg event
self-ligation of the enpty vector. Afiéer the ligation of |anmbda DNA
fragnents, DNA Polynerase | and |ligase were used to restore the integrity
of both DNA strands. 30 The follow ng summari zes the steps (common al so for
further generations of vectors) used: WO 03/074734 PCT/ GB03/00941 36 i)
First ligation ii) Inactivation of T4 DNA |igase by heating iii) D gest

wi th BsnFl i y)Fifstligatiog-i n DNA ends by Kl enow enzyne and dNTPs 5 v)

| nactivation.o snt) vi) Second ligation reaction The foll ow ng
prot ocol of P}\{‘\?f’?Ya&o é’%ﬂﬁ#‘ﬁg&a W@E 8Tags generation was used in the
exanpl e: 10 ;llﬁt])1 ég%ﬂ%,,pﬂl g bacteri opahge | anbda genoni ¢ DNA cl eaved by
appropriate enzynes 0.05 g linear vector (purified by agarose gel) 15 1 nM
ATP 1 -x buf i\érFllﬂiﬁBinDNAwdsm}MKng\asazmmﬁﬁTﬁﬁd Bi ol abs, 400 u/1)

Tot al ncu h urs at room tenperature Inactivate T4 DNA
i gase byyheé{%gﬁ@ﬁ B o B ae 1 o gest Add 51 of solution

cont ai ni ng: vﬁ'@éc&i&ﬁ@hoﬁ'?&@tmn

The following protocol of in vitro Restriction Sequence Tags generation was used in
the example:
10
1% ligation
0.1 pg bacteriopahge lambda genomic DNA cleaved by appropriate enzymes
0.05 pg linear vector (purified by agarose gel)

15 1mMATP
1-x buffer NEB4
1 1 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
20
BsmFI digest
Add 5 ul 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 ul Klenow fragment (New England Biolabs, 5 u/pl)

Incubate 5 min at room temperature



0.5 | BsnFl (New England Biolabs, 2 u/1) 25 Incubate 2 hours at 65C Kl enow
treatnent Add 5 Al of solution containing: 1-x buffer for T4 DNA Li gase
(New EnglwodsBraBabs) 30 100 M dNTPs 0.5 (err)l Kl enow f ragrasus/ofddew

Engl and Biolabs, 5 u/l) Incubate 5 Md7n at roomtenperature WO 03/ 074734
PCT/ GB03/ 00941 37 lInactivate enzynes by heating 80C for 20 mn 2nd

| igation Add the equal volune of solution containing 5 1-x MSL buffer 2nM
ATP 20% PEGS000 10% (v/v) T4 DNA Ligase (New Engl and Bi ol abs, 400u/1)

| ncubat e overnight at 16C 10 In the protocol above, a Mninmal Salt Ligation
(MBL) Buf f er Insetivateisrenynies by heating 3°Cdam2®nuh ar |1igation is nore efficient
in |lowsalt. The conposition of MSL buffer is shown below 5-x MSL 1-x MSL
50 MM Tris-HO pH 7.5 10 "M Tris-HO pH 7.5 50 MM MyCl2 10 WM MB02 10 nM
DTT 1 nmM DTT %6, anal ysis of in-vitro ligation products was perfornmed by
PCR. An arrpITT‘l“(:gaf‘l—on product of 134 bp is fornmed if the two Lanbda DNA
restricti on Adddenmmal ejsmedf sdlutiorcenmtainingsi ze are present in the vector.
Amplificatio r C of smaller sizes can be forned by, e.g.,. insertion
of only g’fi1e ?3‘8‘@% cﬁftseﬁe vector, enpty vector w thout any tag, or the
BsnFl digestoedmeampy vector followed by self-1igation.

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) Buiffer 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-HCl1 pH 7.5 10 mM Tris-HCl 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, e.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 DNA500 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.



20 The analysis of the length of PCR products was perfornmed using Agilent
DNA500 or DNA10OOO chip. Another way of investigation of the in-vitro

| i gati on woadwed7s4to transformtheminto conpetent E. col ipcaaiBos/ obwmh| owed
by anal ysis of plasmds isolated fro¥the individual colonies. Wen the
products of first ligation of |lanbda DNA into 25 the vector were anal yzed,
the multiple peaks were observed (FIG 9B) as a result of insertion of DNA
fragnents of different lengths into the vector. WD 03/074734 PCT/ GB03/ 00941
38 When products of the second ligation were anal yzed, the fragnment of
expect ed si Mhenvmedyptesftht sécogéd ligationvwele aanlgréd; thd fragnen bs eXgecd SiZe.

Al t hough the 1st generation vector permts_size standardi zati on of | anbda
genomic 5 WPF%FWt?%ﬁﬁh?’éé?fhfﬁﬁ%lfeéﬁrasg’&ﬁtérﬁg’ég@gs 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 resul t Adthougictheyll " ecaeratiephasphmemitstize standardizatiorbef lamblde gehomic DNA

Pol yner ase eat men whi.ch_is able to renove ephosphory] at ed bases
From thes ve VA THAES ReRIePR SPaIFTEe hagd S PSR SO B RIod || ng of
the genom c pPMclhAGEREELCERS. THe Madoh35EH i flobdbly SIRRRAR U VeC®Br hidd the

Restriction Sequence Tag. For instance, the BanH srte can be partially
filled w thfirgt@grtiondenetnomt Thietan oacheasarssyt ofercopleted dephesphoyylatiqn erci ng

the BanH site, with a Bgj 5 site, Ligatjon.qgf. the BanH i
fragnents | fESbt e prDNARIImErEL sspHhh ot 5 BB R EE e B 1 11
restrictiondepospRoryiatdd sV Rth thevdctdrictiad. | Pie pobleifcantfelRercodd by t he

expected vector-insert ligation product will suppress the Bglll site and

t her ef ol @ r paitis} filing gibeigenomizpPNAdrammant axilpyiratedinthe gsamplesdth asiaglsi npl e

construct. | ] | i : } ﬁﬁﬂ in the
BanmHl site g‘egﬁggﬁgéq%égiﬁag i%h%%c%ﬁﬂ%ggﬂﬁ%%%g%gbf Iﬁs”!i n§ @2 ]ilno sites
within the dagg® t) and the 3000 bp band of the vector containing the
attached DNA tags was isolated fromagarose gel. This DNA was treated with
Kl enow enzyne + dNTPs to generate blunt ends and with T4 ligase for 25 the
ggﬁd[sl gatio NitehiifivERStelvicior BAPHE &kigidd by Feplaihg Bl Al difdsviaPs BRAE Of

15  site. Ligation of the BamHI genomic fragments into the Bg/Il digested vector in the

presence of Bg/ll restriction enzyme will prevent self-ligation of the vector. Only the
expected vector-insert ligation product will suppress the Bg/ll 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 preéented 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



fragnents smaller than the expected size of 133 bp. The extra bands of
fragnments of a larger size are likely to be PCR artifacts, because they
wer e not wbsnvgdsin  subsequent experinents. 30 This expecirasus/oogdi cat es
that BsnFl enzyne cl eaves precisely a9 the correct distance and the
generation of tags can be perfornmed successfully. An alternative to the WO
03/ 074734 PCT/ GB03/00941 39 generation of blunt ends to permt |igation of
the two Restriction Sequence tags is to insert a |inker between the two
restriction sequence_tags. Another option is to_reverse the .

vect or - i nsergen¢rptigeel Wiyakcads torpremit ligation phtheitya Reptaieton Requegcetagsifite DNA
fragnent wit. 1 | nj e ' utting site that will be
useful for Ilﬁsﬁg%ﬁfllzﬁgpﬁ‘%ﬁveé%ﬁ{é@o%k&q%%ﬁosﬁﬁgés&gﬁ%gberm't sequenci ng of both
strands of the DNA anplified in each DNA colony). After digest with a type
1S enzyne, the "vector"” arns are ligated to the ends cut_ by the type IS

enzyne. 10 2Zynothgr opHen isdpspversedie vesteronserinlinkey systerar T Bist Ugation links dhe

desi gnedgi n i thE il . - N o ermt
further ?ed&%%ll onc %I?Atuﬁ aé\?fg?g%letﬁgl ze é&%ﬁ@gé&%gﬁ&ﬁh@?g%@nﬁp%eﬁd
avoi d sel f - lusgfal foarhinedriatien efifii\DN A cblumies bad bammiit sdgatwcihg of bethatraddsaf of a
fully cleave smd.fromthe rtially digested gne on arose gel, a
1000 bp DNA'%&‘&&@‘H%@“?W%Q%F@H?@ b st pitha me BReRsyR hel uded
bet ween t he «yE &SPk iaQ i Shdd®S R erddd@ul MEGIONS ¢ osphoryl ation and DNA
polynerase 1 treatment are not required for the 2nd generation vector. The

raw vector contains an insert as shown in FIG 10A, which allows to use
Sphl  2Q.,an clnd€stri.ction sites for cloning. The self Sphl and Accl
sites ogopugg-ﬁg—qé’rﬂ%%gém%ﬁégﬁemved. Due to the 3' protruding end forned
by Sphl di gegbigRneratien fombwasREIzAEd BsAE! todé Bld Siffeferti BhAASestibe Kl enow
enzyne conpletely renoves the overhang. The DNA digested by two different

enzynes can Sening s tepermit brtherredydioarod theverage sige of thagenomic BRws sever al

possi biliti Walop e It \ ' 15 -di t ed
W th Nepl  andrese AR B8 EiEion Br el VAR O BLukAT R gFF
anal ysi s of falidcleagslplaginigrfaa tHepattindiychgascbdidne 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 SpilI and Accl sites of pUC19 plasmid
were removed. Due to the 3' protruding end formed by Sp#l 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 SpAl 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.



presence of a single band of correct size, as shown in FIG 10B. The
products of the second ligation were transforned into E. coli cells.
Thirty (39D olaoss es were 30 inoculated into |iquid cultures/GBmbue (12)

pl asm ds from bacterial cultures w th0 highest density were anal yzed. No

pl asm ds corresponding to the enpty vector were observed. No plasmds with
I nsert size variation nore than two bases were observed. WO 03/074734

PCT/ GB03/ 00941 40 A simlar experinent was carried out with Alul and Sphl
di gested | anbda DNA that was inserted into Hincll and Sphl digested vector
(Alul and Hi ncll generate blunt ends). FIG 10C shows the results of

| ysi f oduct f the first ligation. 5 t f djf t Si
T om | anba. DA <aPOHaEH et Byt gL il SR aosed Vonsly TORAHE y ror
DNA 1000 chi grg ﬁﬁtfrtf_%lﬁgffét}%qc{[m& Sphgﬂg?gte gosr é I ahd @Iindl #SefREBREE: FIG 1

OD shows the resu analysis o oduct t he secon l'1gation. Only
a singl e fraemBhFIGS 1aCshesvsbe resdltsozamalyws alpseductdofithe firstliggion. usi ng

Agi | ent 2100_bi | DNA. 10Q0 chi p. . 2. EXAMP 2 PREPARATI ON CF
DRA OOLON ESFRERBUIA PE & Tosrieizes MDAV St PSR R PSS B3 Bhp o
illustrates eﬂ@?@@ﬁﬁ%ﬂ&&bﬂ&o@@hﬂi@% Sa&t@&.eﬁ‘h@ﬁﬂghe&%@ék%ia%ﬂﬂ a

single Restriction Sequence Tags froma nple to be ?enotyped, as
depicted in sizémaikars. HG. TOR showsthstresvdiaof aralysis af prodpcte o1 thRisecopdot ocol

ensures an ef.ficie and. ¢ arable.amplificat.ion of., all l.onies, as
the vari abl eilg?tb?ﬁnmS,'af‘Wg e ot of @Sﬁxg%c&?fgﬂ%eewﬁﬁt’sewgs r%g@ag%lg'gg Iuglsg t han
6% of the si Agjlaft 2108 bidialgRrPNA 1000Rhipt €. The insertion into the DNA

col ony vector permts the addition of universal sequences to generate DNA

col ony tHimpl ates. 20 The general strategy of in vitro cloning used in this

exanpl e is shong, DRA éﬁ%ﬁ% oved

adapt or (cal red 0 ar 1 ) ~CO s
by hexanucl| eRESIRICTOUIMSEOIENGE BAG® recognition site of the type Its

restriction enzyne . The 5' end of t 5 ql i gonucl eoti de contains a
bi otin noi et yossEA@PeRH ség%p@g%ragp%ogﬁgé} ?qqa%sgt‘}&wé%’fes eacﬁl contamning a
single Restriction Sequence Tags from a DNA sample to be genotyped, as depicted in

15 FIG. 4A. The size standardization step of this protocol ensures an efficient and
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 Ils 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.



The conpl enentary strand is 5' -phosphoryl ated and contai ns extended

nucl eotides that are conpatible with the sticky ends of DNA di gested by
the initiwbo@siss cti on enzyne. The short armis |i gatedpeTi¢BoBNY4e! eaved
wi th a correspondi ng endonucl ease an#ifurther treated with a type IS
enzyme Mrel. This | eaves a 20 bp 30 fragnent of DNA attached to the short
arm The conjugate is then purified fromother DNA fragnents using
streptavidin beads and ligated to the "long arm' containing another
anplification primer Py. WD 03/074734 PCT/ GB03/00941 41 Even when the
cloning strategy is based upon the DNA cl eavage by an endonucl ease

recogni si ng 6 bp sequence (H ndu he d] ti,on of w th a.second
frequent | v_ Bty vhe Ghs pRoEraia abisgh ool de edars by el idnluiiee ' &
order to redigsedidife 8 6BpReGERCHONANIRY MR i gSckisR of DREA WitBlaOkebii f&juch@yp! at e
preparation frggrrnﬁt hge | anbda phage DNA di e%t ed with Hndlll and%sa?ﬁgnd
the differ en@utgmm@ﬂa(m@d%pép@gart@nwm&m%z@@mfenaan pydeDiqredueathieof | anbda
genom ¢ 10 i igation .to the short Px armiii) Digestion by Mel iv)
Puri fi catl ona%efaﬁgplgbrﬁ%%bengglﬁf'ugate v): Attachnment of Py armvi) Final DNA
colony tenplate purification 15 Protocol for each individual step used in
this exanple is described in detailed below _ i) D gestion of bacteriophage

| ambda genonihe pRcols fprieptpate prepatatiomiiam thedagada phasaDIVA digestedivdt | | and

Rsal. M x 104 } ' bs, 0.5 g/1
wth 51 of%"ﬂé‘?@gyﬁ*’é‘%@é S?er@% aesf%% §%§§¥¥&'§ng§%§1&3@§% "M ndu (ﬁlew)
Engl and Bi oi)diggstion of lanftelargehomizdDNANew Engl and Bi ol abs). 25 | ncubate at

37C for 2 to.16 hours. This gives 100 ng/l solution of |anbda phage DNA
whi ch co‘rzﬂ ai HsLiggtiqrig the Qfeﬁﬂ Px am

iii) Digestion by Mmel

iv) Purification of Px arm-tag conjugate

v) Attachment of Py arm

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 HindIII and Rsal.

Mix 10 ul 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 Hindlll (New England
Biolabs); 1.25 pl Rsal (New England Biolabs).

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

30

Partial filling of the HindIll overhangs with dATP



H ndi ends. 30 Partial filling of the Hndlll overhangs with dATP WO

03/ 074734 PCT/ GB03/00941 42 Different protocols can be used to naxi m se

t he |i gatworn3of478he | anbda genomic DNA Hindlll ends w thPcheGEBO441ar m
vector while preventing self-ligatiom2f the |anbda genom c fragnents and
self-ligation of the short arns. 5 It was discovered that the best nethod
to prevent self-ligation of the Hndlll 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 Hindlll ends of the genom c DNA
fragments. Biiftrenigprbtoeolsican be bseeintd snaxifisbiihe [Zhtibh oftheHambda peridadt DNAest ed

| ambda geno th 2 Al 10 nM dATP; (err) NOW enz
Engl and Bi orlﬁﬁ%% 1 Yjth the,shastarm wt%whlétpmz@eﬁa&aé gﬁ‘i%%ﬁgq@@(bﬁgw i)
Ligation to tggﬁion%%a f@aﬁﬁ's@l?xllg&‘&&?o ﬁé’bﬂdii’(a'ﬁmst aken to prevent the

formation of ort a I mers Imnate themfrom sol utlon) during
this ligation reaction. Such diners, fornmed after parti al di gesti on,

o shor ¢ ar it SR r S e ist welbad feuSHretumaia phibe %mﬂifmdfﬁr sgent S
non- pal i ndr ogep oP¥R AFB%Q&ﬁllﬁl%Wih?&R@P aTHe SirPaht Fabh¥ntk kﬂdsﬁﬂs%é&%eﬂs the

preferred nethod. ternativély, short arns containing a dideoxy base on
its 3' end miybbeongsible with thepantiallycfilled Hindlll oMa dfithegeriotic DN Ao frageentsr i ght
after the recognition site. The use of unphosphorylated 25 short armis
anot her option. This cloning step is perforned by using 10 tinmes nol ar
excess of sh@iftin@tHEi@MHEI enddt Ndi ends fill ed vm'th dATP 30 Preparation of
the short arm Mx 10 1 of 10 M sol utlon of biotinylated oligo Short-A

5' - GAGGANA GG ZRabof HaeHlAsattaesiadanbdageopmiy RisAoyithd Wd OmM-AERHO  pH

8.0 pl Klenow enzyme (New England Biolabs, 5 u/pl).

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

15 i) 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
HindIll ends filled with dATP.

30  Preparation of the short arm:
Mix 10 pl of 10 pM solution of biotinylated oligo Short-A 5-GAGGAAAGGG
AAGGGAAAGG AAGGTCCGAC-3' (SEQ ID NO:9) in 10 mM Tris-HCI1 pH 8.0



WO 03/ 074734 PCT/ GB03/00941 43 with 10 Al of 10 AMsolution of oligo
Short-B 5'- GCTGICGGAC CTTCCTTTCC CTITCCCTTTC CTC-3" (SEQ ID NG 10) in 10
nmM Tri s- HED piel7€30. A igo Short-A contains a cleavabl e dipsatdBodmodani dge
between the biotin and its 5 end. 5 4Armup to 80C and slowy cool to room
tenperature during 30 mn. Ligation: To the partially filled H ndlll ends
of the genomic DNA mx, add 3 Al 10 mM ri boATP; 4 Al of 5 (err)Mshort

arm 1 Al T4 DNA Ligase (New Engl and Bi ol abs, 400 10 u/(err)L) and

i ncubate for 1 hour at 16C. Proceed with DNA purification according to

Q agen M ni Ewithd Ofpd a0 g Sleton efoligorSiooeB 5'- GLTGECEGAC CITACTITOUS f er EB

8. 15" tnder CIACCETT FR B3 drBE Bp oo et R coes Shoh ' <1
pol yner i sati géhtsths 4 BR2GRNOHsGIHAPDAdEE BENREN thebidtin #hd'ikS' bagiat i on of the

bl unt Rsal -generated ends. The purification of sanples using Q agen M ni
Elute colum instead of thermal 20 inactivation of the T4 ligase is -

preferred.in.order tq.t8NM t he jority of unligated,.ar.ns. Doubl e
Bl Gt on' iy MR R0RE AR BgbAF oo S st e Pinr s SRR 30 BB el gest i on
The effective digestion by Ml is a critical step determning the tenplate

yield. The 25 enzyne should be used with a ratio not nore than 1-2 units
per jig of DNEgatioliccordi ng to New Engl and Biol abs, excess of enzynme bl ocks

t he endonucl |. 10 e ; ffer Y&/ Tango
(Fernentas); %g'%ﬁeﬁﬂ ﬁﬁﬁmg%\ﬁmfrgpg?i‘%@%gﬁwlﬁf@?g(%@%dg%la@ I ol abs) .
| ncubat e 37GCriboATR; hpliof 5 WKI hidttthirhy B4l PETINEBAISA0YHEw Ehgland Bibliabs]i400
/release to the Streptavidin beads. Even though the manufact urer

i nfor mat 1&n P and weubsgdoryl hepraf B6°Gome is suffici ent

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

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 pg of DNA.

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

cleavage.

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

Incubate 37°C for 1 hour.



for binding of DNA to beads, overnight incubation strongly increases the
yield of the 5 product. The disulfide bond cleavage by 200 mM DTT and

rel ease owoDBWM74734 conpl eted in 30 mn. After this step, itPCOIsGRISEOML toO
anal yse the yield of the desired prothuct (50 bp) and the efficiency of
Mrel digestion. Undigested products are seen as |large DNA fragnents. 10
Binding /rel ease to the SA beads: Add 10 | of washed SA 280 beads (Dynal)
resuspended in 20 1 of 2x B&W Buffer (made according to Dynal protocol).

| ncubat e overnight at roomtenperature with agitation. Wash the beads 2
times with 15 40 | of 1X B&Whbuffer. Wash the beads 2 tinmes with 40 | 100

nmv Tri s- HCl .8,.0. Add to t bead 1 Al of 200 MM DTT in 80 nmM Tri s-HC
pH 8. 0. Incu&g‘pé‘?dé’ég/ﬁ?ﬁasgttoFbF%ePW"&gﬂl’%qson. 20 Separate the. supernatant
from beads apgndhsed e H&ﬁuﬁ@ﬁ?&mﬁoﬁnﬁ'@&@i&%%s g?z{g%:%ﬁﬁ\?)jmﬁ 145 asl%lfﬁcient

supernatant on Agil'ent 2100 bi oanal yzer Ion of the
| ong ar m noi fer hindingofiDNAttd beadssoveasight inculiation stonglp indreigesthe yivhd 62thdom t wo

b t in.t =y 2D h inth ic. DNA by th
vt 1 Poat i chrouike P Beilre bendeiivagy B AB0ENE IS e ot wian STBNA B 15 4 ol ow
reaction andcongslsted #5630 ffs. 2RI %his @t@?,) PisnAkh? B a&flys%reﬁe/@g(%ﬂ# &agtand

Bi ol abs, information note about Mrel). Preparation of g arm 30 To a
tube with reraguat §5Qbe) mdrhereffidienyoiVored djgeationh. 1hdigesfed g2educts are sfenl ng/ |

pUC19 pl asmi region 571-870 will be anmplified); 2.5 1 of 10Moligo
Long-A 5' - CI%&%#M PGE0G NNCACTGOCC GCTTTCCAG 3' WO 03/ 074734

PCT/ GB03/00941 45 (SEQ ID NGO 11); 2.5 1 of 10Moligo Long-B 5' - CACCAACCCA
AACCAACCCA AACCGAAAAA CGCCAGCAAC G 3" (SEQ ID NO 12). Perform
anpl i fi d& i oBmdEeErlenss it theSAbeate- 200 t her nocycl er (M Research): 94C 2

by 72 10 m AR EHERERaed SRS kel e ool i 20 AL AR oy 0

The react i onnpde doairdimigae Dynal protocol).

Incubate overnight at room temperature with agitation. Wash the beads 2 times with
15 40 pl of 1X B&W buffer. Wash the beads 2 times with 40 ul 100 mM Tris-HC1 pH
8.0. Add to the beads 11 pl of 200 mM DTT in 80 mM Tris-HCl1 pH 8.0.

Incubate 30 min at RT with agitation.

20  Separate the supernatant from beads and discard the beads. If necessary, analyse 1 pl
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 pl of H,0; 1 pl of 1 ng/ul
pUC19 plasmid DNA (region 571-870 will be amplified); 2.5 pl of 10 M oligo
Long-A 5-CTCACATTAA TTGCGTTGCG NNCACTGCCC GCTTTCCAG-3'



be purified through Q agen columm and its purity and concentration
estimated by analysis on Agilent 2100 bi oanal yzer DNA 1000 chip. 10 The
PCR pr oduwD 31034734 hen be digested Btsl. The ampount of enzyes/GBid/odaacubati on
ti me depends on the anount of the PCR#sproduct. The efficiency of digestion
should be estimated by analysis on Agilent 2100 bi oanal yzer DNA 1000 chi p.
The change in size from323 to 301 bp is expected. If digestionis

conpl ete, purification through Q agen colums (PCR products purification
protocol) is sufficient to renove the 15 snall 22 g product fromthe -

reaction. OEERAIRNO:HS: 26 118h1¢ uMelise LengBIStOACCHAMCGGAd t hr ough a 2%

the beade. ANCERACCCRANLEAARMICCEOCAGEAAE PHRSEOIDND-{5, Pefigm | L0
11 of conce rHtmlﬂifmdtﬁﬂuslﬁhgﬂpﬂolg@mm RT@WOEm]@rﬂmdycIEii (MLBRés.ear%ﬁP ®4e¢ i)mmkmc ubat e
at 16C overni | f. necessary,_anal reacti on on Agilent 2100

ht
bi oanal yzer 1‘6’6??58“9& 30ispe ﬁﬁ%’%3Q§§ﬁp|7at%3%¢q),fﬁo&,law%hy E31C {Gmini nal
purificakion step, the desired ligated tenplate is separated fromfree |ong
arns and eventual long armdinmers or unreacted 50 bp products. The heating
of the 30 tBrepxpeded bngkhmmpﬂlﬁgatﬁmrpioﬂm@m@:mﬂmlmmamﬁedhdt sheuldler to

m nim ze di §soc t he t strands., WO 03/ 074734 PCT/ GB03/ 00941
46 Fi nal Sti “F%Fflgtﬁ B@‘ gBmLag dtstﬂl\‘é‘%?ﬂq?oé‘c%%ffﬁﬂpée 3ted Byar ose

gel . Run as AnBR A&ﬂféﬂt@ﬁiﬁﬁ@éﬂaﬁ&eﬁaﬁwmo hgge I ong arm (301 bp)
tenpl ate (350 bp) and the long arm di ner (600 is achieved. Cut the

band from agarose. 5 Purify DNA by C ontech Mntage Agarose kit or Q agen
M ni El ut Extr ctl it Ki t sed, do, not rmup

the tubdOar “AEEERPRA aipe qigsslgd 80 A hgiasienhl o e G5 PRIy u e
for 15 mi n tifﬂ@dépeﬁ&d orpﬂﬁdmzﬁmt éfahe PERANBUYGA CTheO¢THiARBNEEHE digdtidn Bh@aaal yzer

DNA 1000 chip if necessarly
be estimated by analysis on Agilent 2100 bioanalyzer DNA 1000 chip. The change in

size 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 supernatant released from the beads, add 2 pl of 100 mM MgCl,; 2 1 of 10

20 mMrATP; 5 pl of long arm; 1 pl of concentrated T4 DNA Ligase (New England
Biolabs, 2000 v/pul).

Incubate at 16°C over night.

25  Ifnecessary, analyse 1 ul of reactiqn 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.



10 Size standardi zation was then verified. The sanme experinent was carried
out in parallel starting from bacteriophage | anbda genomi ¢ DNA or human
genom ¢ DNao3toheB4 was | abel l ed with 33P-dATP. 15 FIG 11 @cghesus/oed4i quot s
collected after the various steps of 46he process and anal ysed by

aut or adi ogr aphy. Lane 1: PCR product of conplete DNA col ony vector size,
350 bp; lane 2-6: | anbda genom c DNA and | ane 7-10 human genom c¢ DNA; | ane
3 and 7 after ligation to the short arm lane 4 and 8 after digest with
Mrel, the size standardi zation is observed; lane 5, 6, 9 and 10: after
l'igati on w thinhRrifileagor@6Niefplise: 20 generating the DNA col ony vector with
expected size. DNA colonies were then generated as follows: the DNA col ony
vectors, conkeadthegntinesamale ow2% aaaasysioRue aplgngras g9ae separatiogdstverenyi t h

H ndl Il and gj rdi i [ inpdi.cated in this
exanpl e wer eﬁ’a‘i@ﬂg tagﬁ 3%%@33?‘2?‘@“62&\% acglr(llﬁgé;ﬁ%l %%gls@t@ %gg%of WO
00/18957. Fl4shichtd €hoths behfrondgaroses of Lanbda DNA. FIG 11E shows DNA

col oni es of Lanbda DNA (left columm) or Human DNA (first 3 images of right
col um) . SThese DNA col onies are then sequenced in situ using the nethod of

WO 98/ 44152 f’lﬂifgqﬁqjﬁigyy(FltOHf%ClBR'ﬁjﬁE%t%%@?%nTmElég %ﬁg‘%ﬁéi ze of the

DNA col ony vector was “"al so verl cat1on. CR products
wer e then cl Bxeattion#aot. THQiageiCK ip hsesinila natrwlary e thfedubeeat SOPCEs Col i WO

03/ 074734 PCT/ GB03/ 00941 . 47 conpetent cells (XL-2 BJue, rat agene) .

Vi pr eps. SRR dapiL RO AErooB famtEere Tof Ly D RRLENE ¢ he
Restriction GRenaRzd@8f A8t 10D BRoaB¥RSSIRNASI008 chipfif A0RRBsarfoVever, tags
of 21 bases |ong were recovered for song clones. No tags |ess than 20

bases welle found. 5 A fingerprinting experinment denonstrated that all the
expected 14 Hiondl|L-di gested .| anbd e present .in_ the DNA Col ony
Vebtore. Aft SR pianoaraRic] i mof PO BB oV R e B e
fragment s wepsalislsiaktigdfrbmdacRioptepe ¢atbdaienamit PNIAG human genomic DNA

that was labelled with **P-dATP.

15 FIG. 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 HindIII 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 colonies are
then sequenced in situ using the method of WO 98/44152 to identify the Restriction
Sequenée 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



extension was carried out in presence of 3 dXTP and one di deoxy nucl eoti de
(e.g. 10 dATP, dTTP, dCTP and ddGIP). The products were then anal yzed on an
acryl am dwoogeb47permtting identification of each expect e®cCirGapemn4lr | f a 6
base cutter that generates 4 base ovetthangs is used for cloning,
information about 21 consecutive bases can be obtained fromthe prepared
tenpl ates. Qut of 21, 15 six are the known bases form ng recognition site
of endonucl ease and 15 can be used for genetic variation detection. For
sone enzynes, this nunber can be increased if the "sticky" end of the
short ar m oveomppientdetll (Xhe Bhe) Steitagene). Aviipeppirom ildicidhal Llbaitvedet 0 Ncol
end CATGG fornms Mrel site. 20 Two vari ations_of the standard protocols
descri bed ab§f®eResde Ihyay m%dl th the,Resteetion Sequenss fags gre qfifhe exnsaiedgizel n
one variatio I 7 ' used
for DNA cl ea@gégolﬁag&ge\%?%g e%?odé%lf ?%ﬁ*@&%é?@gémf‘%g‘\?%gg Iﬂ?ﬁaryg{;eends,

i nformati on ddzethan2® basesseeratfowmel. bases (6 known and 17 for SNP detection)
can be obtained. As the efficiency of blunt ended ligation is |ower, 25
extended Figation times are required. Nevertheless, sufficient |igation
efficiency g&%ﬁ,ﬁﬁ@ds 13@1% | RalonSit r B eidi ield
of the terrp}lvgfgnob ai nedX usi ﬁ%ﬂdl%/scl -ditégaagﬁif%rﬁg%t%ms Si ﬁg‘#gerdyto t he
yi el d w th Hilambda wete gresentdn thealNdaColy vaorshd fien teyMirel tkatpleatmidds

bt ai ned by inserti f th i fi t I Lnto th 19 pl id
Ceveal od t he B i Yig Pne i, A aptisieot 6F Pufhif i skt vl P grinetor
arm di mers; ERjendiowasatibd oht inmeashdsF PARTP GAS oh OidYoxl rhicRiotid8 (&5 0nes) ;

(3) a WD,03/074734 PCT/ GB03/ 00941 48 good representation of the different
| ambda géRondATBNATTP «dfrbh erd d¢GTRRFhe prostucts gvsirg then fanalyresnisanwer damaden d

gencratfon of o ieideRlReA R coo @Rl Raed B 50 O3 OLor nange ¢ hat

remain after the initial DNA digestion are renoved, the cloning

i nformation ilgcrgases to 25 bases (6 known and 19 for SNP detection). In
prelininary Te&Papiefuipithat gacmissdhase quirhangs 1t BisdviPhgompe: nirgstioRr e

i nvesti gat ed ,phing BRARuLILIEIESH e SDPhifROk: ' | nerate
bl unt ends efafi ciently. uThe rsem)val o?ﬁ 3' o@ggﬁ%{g%éﬁg@?é@h%g%%ﬁ?%iym
yi el ded $at i sixcase theknownbases 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
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



10 Moreover, in the presence of necessary deoxynucleotide, the latter
enzynme can also efficiently prevent the ends generated by frequent cutter
from partwoijpari?ag to the ligation. For exanple, if the PuANdGE3wIgested by
Pstl and Mspl, in the presence of dG@BP the Kl enow enzyne will polish Pstl
end and convert Mspl end into inactive single base 5 overhang (FIG 12).
15 6. 3. EXAMPLE 3 DETECTI ON OF GENOVE- W DE SEQUENCE VARI ATIONS Thi s
exanple illustrates an enbodi mrent of the invention which is used for
generation of a high nunber of restriction sequence tags froma conpl ex
genone in a goedppresentatidreofthe diferentilasbda gapmic DN frs gmemis detenmpdpesar e
useful for identifying 20 netic.varignt wee nomes W t hout prior
know edge oﬂ°'§ﬁé§@§wafsa%?fg?%{w&%‘ie miaﬁgﬁf?’gﬁ%ﬁﬂgﬁ conpr ehensi ve manner
and wi thout hypot hesis based on prior know edge the variants associ at ed
w th a phenotype specific to a population of individuals, and for

correl at i ng s eettheraeriatesartifoel generatwoniofpinnd endd wgs eshployes. rI€der4 baseon
sequencectags_obt ai.ped, to gengm.c. regi . of. minimal sizes.. 25 The net hod
i scl osed | AVEREE A spalh atep s DN digestioy fRlovsthaie slopfi i on
endonucl easénfbnARMEhEERek BETE basas (6 Bsdvwi &id BNfok SAP®RMctioh). diplifdigargnt
genomi c DNA sanples. After anplification, the ends of these restriction
fragments aCEPEERAIETEWe enwsggb of gguiering o verhangy wereduvastigaed. ddwng Bgan
restriction t i 0, - c tides

| mredl at ofy TROSERK ey B and I8 NafleFiOicherill SRAERS BORINILRE s
for digesti e¢emoxfal bhg’ @eficigs bidiik KMao W 2hovidd 3iklded BaasiiadonGedlis. 49 For each

i ndi vidyal of the popul ati on under study, illustrated here by patients of a
l'i ni calOst 36'3;?0% ig theprrerner of pererBrnecPxyredrefidsgthedatien E02380e A HP st eps:
1) Extracti nEtHNAG o ' %,' I : ' gi cal
sanpl es f ro%mﬁ%t%ﬁgﬁgn?tndi Vi gﬁg“’g&%ﬁ%se éﬁgﬁ%ﬁ@ﬁﬁ%&%ﬁ@?@ﬂg@ei t her
buccal swabdigationbFooekampipliEthe DINA igdigested bR iand Mapl, ia ttequessacagf st andar d

protocol s. Typical 0.5 to 3 .m crogra f genom Is extracted from
B Buccal - sudb1edfbflenaN e el sPUREr B Sab s EAPL end o HEch
single base 5' overhang (FIG. 12).
15 :
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.



extracted from 100 mcroliters of a whole blood sanple. Since one diploid
human 10 genone has approxi mately 6 picograns of DNA, this corresponds to
fromat |waaBHndr34to over 600 copies of a diploid genone, PaTIGHI3i08941
sufficient for our purpose. 2) Restri#tion digest. The restriction
endonucl ease to be used is chosen according to the density of the 15
restriction sequence tags in the genone that is to be obtained, which
depends directly on the average di stance between two restriction enzyne
recognition sites (which is equivalent to the average | ength of genomc
restriction hrAGREMdvibRAlrid ﬂoslﬂﬁatioﬁ% Vel iITRA(EE BER byTlalles b
objective is to obtain on average at |east oné cut per every 5000 bases, a
restriction elxgahstudy; thisanéthbd sqeerfoaned acdording & the followisgdtepss it is 20
expected to generate fragnents of average size of 4096 bases. Thus over
1,400,000 genomc restriction fragnents for each diploid human genone

which has apprexdciiBh 8F Yeforllt IDNAN bases are generated. Since for each
genom c restrrction fragnent tTwo restriction sequence tags are generated,

an est i mad edGeoemic BINAGy extravtel fromlbiglogical samplesfrom differént tndividealsyilhese t ags
t ed. g di pl oi d i di d bel .
o e el oS MR BETRB CBoRT s B SERRENA S on

and that pol yrmichidi il dilafdOptotbcBle MypRally,ms 653 hﬁcrb?ﬁnh EndiRid WA 2.8
mllion tags_are estinmated to generate over 80,000 polynorphi snms per
patient or BRXiBYEY ferphbuerksrerbsagmlounl Haswegiemsof genramig PN Adbne
sequence. 30 I . | CF ?@H e | . Per
i ndi vi dual c&h %teeﬁno ullggte% ?erréugén‘glﬂgrl%f e?i;%mprrleg???égéll%o&ni&ghdg@%%n or
conbi nat 10ns gadonsizagrapproxhnitelyrtpiaogramt of DINK rth cerrédpendsaolfiom af least 80
restriction sequence tags,.a_plurality of restriction enzynes can WO

03/ 074734 PCH €4sH8PGeeRIes O%dlsbl%g@mwé%wﬁ ficlst 8 OPRPYPASS hod can be
repeated sequentially with different enzynes. Alternatively, to decrease
t he nunber of restriction sequence tags, enzymes wth |onger recognition
sites can be2)Bedfrictaingdigesbr i n conbi nati on. 5 When the nethod is repeated

on the sane different ,sanples, ,it is.essential that ,identic
estriction fPaGRaHTEn S TERErSIPAE wshf ISFIPRE ARUdiNE B tIUR FElPons due
to c _hangszs tddtridien gedifet&tag S HIAO ‘g@n&ﬁé HREI3 t6 ngbﬁﬁmed,s\ﬂhfbh Abpendy HM@thﬂt
restriction sequence ta%s will be obtained. In theory, different

restriction enfhieaveragedistange hetwegh 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



recognition sites, such as isoschizoners may be used. In these exanpl es,
however, 10 identical enzynes, originating fromthe sane organi smand from
t he sane wopplores4 are used. The restriction digest is camrcrssBoewiqusi ng at
| east 10 to 20 copies of the diploid Sigenone per patient, a redundancy
introduced to ensure that each restriction sequence 15 tag will be
represented. 3) Insertion of genomc restriction fragnents into
anplification and sequencing vectors In this exanple, DNA col onies are
used for anplification of the genomic restriction 20 fragnents and for
sequenci ng. Béigsedémoctbine 86 bit thisiBdthéd mﬁeaﬂécﬁs&qﬁaﬂﬁm tvaediEtRne ol ony
vector, i.e., an engineered nucleic acid having a predeternlned sequence,
by perf or i nepzames-ghlteawiivelydedeensasedbenumher ofesitietan sequense tags) @wymPie DNA

I d h
Compati bl o wlh et fRqlilEof Pk tah BELOR OB ARSI R P, renc s and

pref erably cohesi ve, mhlch ends are dephosphorylated to prevent

self-lig |o of the tor; two r cognltlon sites for a type
restricti Eﬁ%?e‘“e'glﬂ‘gllﬁrége eB@:‘@RPrd’é@é@fﬁalBPleM@S eSFé&EH thet which is

| ocated | rnrn‘v‘ﬂi’e & YestHotigh f&%ga {%ég%&&&ﬁ V\Hﬁx i bitce uSﬁ'Bf%ﬂbHs {ﬂket genom ¢

restriction 30 ragnents t vec , a recognitlon site

for two sequehwgmnmhe gaos)ic smeﬁneth‘ehvd:uncslmnpﬁesahﬁhacécpmaldnor@mmd of the
vector and orient eg rmbt rdmrﬁ exzﬁ Si on in the direction of .the
genoni ¢ r est T9UEICE5A2gSVE t3ifed, dnjth TERt TepfEiclen ergyoes with identical

PCT/ GBO3/ 0091%@0 1Y §i6cs Oduch b¥R o onldr £ Akl BB ubtd. rﬁrtﬁes@ rek 1@§I htoQ/eI?@[ m t
amplification o art of the vector and the inserted whi ¢h may

over | ap 1R t hidenéca el@pymgeor@gmatmg feoow thersemerganismmend ﬁounhs: saum suppdilet y, a
recognition ix“u?d)f a rare cutting restriction enzynme being |ocated

outside the region that will be anplified using the anplification prinmer 5
sequence. Additional features of the DNA col ony vector i ncl ude additi onal
restriction _sites within the anplified regio for DNA col ony

| i neari zat i ohhe Eetrishar é?geStslééi%@ﬁ@ gyt usmg *}Srl%f\ﬂem t%%ﬂmwﬁéuthez@ployh of the
genom c rest gl Qe %5@&1@%&1111% £%080¥%d to ensure that each restriction sequence

15 tag will be represented.

3) Insertion of genomic restriction fragments into amplification and sequencing

vectors

In this example, DNA colonies are used for amplification of the genomic restriction

20  fragments and for seqilencing.

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



10 vector nolecules are used in nolar excess conpared to the genomc
restriction fragnments. 4) Standardi zation of the insert size The circul ar
DNA nol ecwlbas/oe4rsd ai ni ng the DNA col ony vectors |inked toPgearGBmm09415
restriction fragnents are then digest®d with the type-Us restriction
enzyne. For instance if BceAl is used, it will cut 14 bases wthin the
inserted genomc fragnent. After a fill-in reaction with a DNA pol ynerase
such as Kl enow fragnent of DNA polynerase | or T4 DNA pol ynerase, the
resulting blunt ends are ligated resulting in circular nolecules

cont ai ni Ng ayafoDanean; mﬁéahg R pAfneds dridk&togRARM amplifisdtincdfipahn oféhd vergrent ,
i.e., one 14 asés portion gm each end of a genomc restriction fragrrent
Longer i nser sl the ug;ertexi fragmentswhighemayyoveslap with the Smmcetdféhe sequermingases

tsid f t. Ll L h
(Z)Ub:t!seeSOovei’ﬂ%ﬁ%e 9 ‘?ﬂ?ﬂé( i%’%encgm? sg%?ﬁ/*’o‘}?*wu O ?9%?@’? h%én% uch as
Kl enow frag Wﬁiaate&’imﬁ}i‘é tRSrRRINMAR D an%hfi@ﬂ velNg tﬁ@hﬁiﬁﬁﬁ@ﬁﬁn\m&ﬂeﬁ enove 2

bases. In this case, the resulting |inked genomc restriction fragnents
are 36 bds essequnvgse Pddiaomat featuaes qﬁtthﬁgmlngqcéwpn@lpé@ addiBorplprestiittiony
tenpl at es are, gengr.a one _or c 0 ication in
t he presence 6 g’r?pﬁ@%%f?%ﬂn’prg :@%@Nﬁ{%@‘?‘{%ﬁ%"% R é‘%}{ e
seqguence congeyugﬁcesfrom 5" to 3" end the follow ng: a sequence of the first
anplification primer in forward orientation; a sequence of the first
sequenci ng prinmer WO 03/074734 PCT/ GB03/00941 52 in forward orientation
(which can o I ); a
first recogn?‘q |p(|r)e§’%§ﬁ éﬁgﬂgﬂﬁ%ﬁ?@% %?%F%ﬁgé% @%lﬂsqlqug%dl‘gi?j 36 bases
| i nked gBMOnMvectéranbdletuies ﬂrﬂuﬁd&digﬂﬁmlhse)toessﬂcﬂmpmgedﬂodhe gdrensi restriction

standar di zat i on step (which includes half the recognition sites of the
restriction gﬁ%@ Sused to digest the 5 genonic DNA); a second recognition
site of the type-1TS restriction enzyme; a sequence of the second

sequenci ng pri rrer in reverse ori ent ation (which can overlap wth the
sequence of dardizd : g primer sequence); and a sequence of

DNA ool ony © k%% e %@eg@wfew BEPRA b RL s it

15  restriction fragments are then digested with the type-IIs restriction enzyme. For

instance if BeceAl 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



the circular nol ecul es obtained at previous step using the rare cutting
enzynme that cuts the DNA col ony vector outside the region to be anplified
by the anwbioBiocer84 on priners. 15 6) Generation of DNA ColpamiGm3Dbesifir st
step for generation of DNA colonies i® to attach the DNA col ony tenpl ate
nmol ecul es and the anplification priners on a solid surface, such as a
surface of a functionalized glass or plastic such as Nucl eoLi nk tubes
(Nunc, Roskilde, DK). The concentrations of the DNA col ony tenpl ates and
the anplification prinmer nolecules 20 are chosen such that after

attachment, §dfrwhd cHetatidn ¢RURHREN BYerfapb kit ked@dhet bY theffirsedmmlifidatiod | ON
primer nolecules and a relatively | ow density of DNA col on

tenpl ate
mol ecul es t oppatens & fird sedogaibionsitp f & typsgtliSrestiction entyee; dlag Shor 32%?& e

nol ecul es i nt | onj i.n he e | i fl.cati.on. priners and
to achi eve a ‘Hg%l %eé‘a&?%lﬁ?g{é}%ﬁaﬂgrggg\/\lgétﬁ r?jgﬁﬁn%rc%ﬁgt Zec%ﬁ%%%&@ﬁ’éeg?ot al
number of DNfwhieh divli@kes Ahlf €ie Rbo@itidd dites af tiResAictidntenBgmatustERigekDte0 20
fold the nunber of different restrictigon fragnents obtained fromthe

genomi ¢ DNA ©enamis BNAY gseemd rgeegnition sitgod éhe typerliSHestrighemenzamenawhi ch 1. 4
mllion genon) i CL 1 . . - 30 1 LLi.on DNA
Col oni o5 ar o eishEEHEhicRRa LERRRER el IEpBL b Hny Ei i g Buetih”

anpl i fi cati orvithsthe &¢quesst afithe sexbnd ainphification peitrer sequene daridea {egaertes€r i bed
in Section 5.3 and PCT. puhblication WO 02/ 46456). WO 03/ 074734

PCT/ GB03/ 0094he segadzam AR PHEICE HEtCFRIEC ORFFIWs After anplification, the
DNA col oni es are rendered single-stranded by restriction digest foll owed
by denaturation. The first sequencing prinmer is then hybridized to the DNA
col ony vé@t ordteriBhizelyDINAC eolomy tehgriatescanidet gederated fbysimpletresteactivn dipest 61

pol ynerase such .as. T7 olynerase and only one.of the 4 possible
el ot 1 des. Therseular Fralr e B AR e i s TRahg Fiye PBe B A et
unl abel | ed niglseRd DA &flofifeecidButsidd e r&on e ARNITRAIGTRLE hiipRfidatiod t en
i ncorporated nucleotides is fluorescently |abeled. These | abel ed

nucl eoti des ®FS%Hhcorporated at the 3' end of the priner, if they are
conplenentary to the sequence of the nolecules in a DNA col ony. After the
10 primer extension step an image is taken by fluorescence nicroscopy

( Axi over 1520@) 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 fo 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).



Zei ss, Germany equi ped with ORCA-ER CCD canera, Hamamatsu, Japan) to
nmeasure the position and intensity of the fluorescence of each DNA col ony.
This prowedanes’ds repeated in a stepwi se fashion by repeacadiBozoyeii ng
through all 4 different kinds of nuci3otides one after another. At each
step, a given base is used for 15 incorporation and the resulting signal is
nmeasured for each DNA colony on the surface. The fluorescence intensity of
a DNA colony that has incorporated one or nore the bases in the step
beconme proportionately nore intense, whereas that of a colony that does

not i ncor por 2} Sequbkitiaihe DARbIsaiggnchanged. By conparing the fluorescence
intensity after the step of Incorporation to the intensity befaore the step,

20 t he ampunf\isr amplificatiomihe BA/ccelanigs precsnissechsiaglerstrandadiy resishsn i s

et ned. . ) . 5 : . .
doterm ned.  Blen L MU BAGIGRER Tl SANAIED b I lU BRRORIEA QRS 1Y
base used f oDNAevlenyt eesoranThé apfact iethes agubiated widh & MxthRISTDNA ai ned i n

each DNA colony is deltyﬁ]rm' ned. 25 The sequenci ng steps are repeated until
the 28 or 36PY¥MEss sushap Hd RN ARalmerasgaadAnly gpeof thg 4 possiblepuslsetidsss bases

to be seque ”Tﬁgm‘ﬁﬁﬂreggn{aﬁg%ﬁ{jgﬁ&eéb%hﬁg 1dbeRAAME ﬂﬁiaﬂgllecﬂ{dc([a&gﬁg% ?ﬂ{hﬁ gérhg nds

to the half recognition site of the restriction enzyne us
di gesti on of kinleo e approxibidéely 8fie irf ten dwesmaatygd ntdleotides ésfhestedcentdy

[ ' d. denat ti ' .and.
Sequenci ng ol TR leselFotdts a ratpatied B e dreRt erHgo Hehekecond
sequenci ng_piEBipl i3 & i 3 RETL GEASHAN0Aes 174 INARBRME alfispsequence

tags The sequences obtained from sequencing the DNA col oni és are processed
to identi(Gy primer xtensimrsian dnomage iftiekereby Hyeresaenes maarbscopy (hxiaverty20® i ¢
restriction Lra nt. For. ins e _enz | i,s used for

St andar di 2at FERS S Srinsd i REGA-MIEE D GutPS i Tr A, IR (e
restriction geaenthe positon andintdhshpsethe Mivgescoddwt chdlEDRA &ases THiom hal f
of the restriction site used for digestion of the gengmic DNA. Wth BceAl,
the restri ct Prosedisyisdapsatadin e stgpaviseriaphion by repsatediyreysting threughralld i on
sequence tags; Lgi 1 C- I:C1 1 10
fragnent.  Tharyres COEhrhedRs ot adcl o)) APRac SRR BB Bkl bydior O

t he 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.



genone (e.g. on average 4096 bases apart) and are stored for further use.
The | ocation of a tag on the genone is determ ned using the sequences
consi sti ngoaB/otd4re4 15 or 11 bases plus the 6 bases of thepcagiBiBOI4ON Site
of the restriction enzyne used for didgestion of the genomc DNA i.e., a
21 or 17 bases sequence. 15 9) Ordering the restriction sequence tags and
I denti fyi ng sequence variations associated wth a phenotype The
restriction sequence tags are then conpared using conputer progranms to
identify the different tags and determ ne the nunber of each restriction
sequence t aggy Réstaton sedfdnbd@byi dual . These tags are then conpared between
individuals to identify groups of honol ogous tags and the sequence

vari ati ons aSbotaquencgs abtained figar sequencing fghéﬁéfxwpb)rﬁdsrﬁrq procgssgitioadéndfy The

conpari sons ga -carri out by. stathkstical analysis.kno in . the art,
such as hi dd%‘ﬁ %sﬁg%t@o%ﬁgﬁ e&ﬁg%&oé? 7Y eng%al ﬁg?‘?]%%.ressm@@;%@"begﬁ g?rso be
conpar ed W t fhstaAgs wiheR Hetsns e a0kl iB askddor Vhhdhréie SR siake §irosf Haliakapes. 25
Conparisons of restriction sequence tags between two popul ati ons can | ead

to differentestiston flagmentp, the Erstrichon sefvenesstagnared8iboses lomg minestbe Bi on of

two types of [ | | O . L ffer f t he
proportion i?\asgﬁgﬁiﬁla}%l %Og*tg%%%lc*lﬁng? er ﬁgﬁfhrscg%%sg g’ggf ﬁ% g%?%’ﬂgcr]?ﬁ%‘h \gﬁﬁnvari ous
types of seqBesdetheaestddtionsequenye ks atd 11 bases kgl dentical in the two

popul ati ons, but analysis of particular conbinations of different genetic
variants in individuals fromeach popul ati on can reveal that sone WO

03/ 074734 P ' ' ' . in

di fferent pﬁ):{[])‘%rg? %%%Eaﬁl{l s,[eﬁwgerf[é%gﬁs g%gh%g% flﬁfg r? isﬂag @Engpg@g%é&gﬁngﬁ%g&% ﬁoﬁl ags
that couldl bfagiendi Tbd2ibggstdbtaimet droehch DN Aeolony ard physicall close omthievi dual |

it det ' d Ti = t gt t gat t t EQ | D 13), f d
05 e TIEOMS (P on B R GG R DR O HPst o RePemyee, Mga 1171 s
10 Tic = g0t pghaosalegeaticgensmbs ddteddréd ddhNBe s8uent QUdsiidd d¥RBe 15

or 11 bases plus the 6 bases of the restriction site of the restriction enzyme used for

digestion of the genomic DNA, i.e., a 21 or 17 bases sequence.
15

9) Ordering the restriction sequence tags and identifying sequence variations

associated 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



Tle = ccaaggtgatcggatgtaatggtattgt (SEQ I D NO 16), found 13 tinmes Tif =
ccaaggt gat cggaagtaatggtattgt (SEQ ID NO 17), found 5 tinmes |In individual 2
it is detwomsoed3d5 T2a = acgt gt cgat ggct gat gggt aggt agt  ( SEQTIEBOSI@IL3I) ,
found 18 tinmes T2b = ggtggtgggaat gggtt ggaaatgttt (SEQ I D NO 14), found 22
times T2c = ccaaggtgatcggatgtaatggtattgt (SEQ I D NO 16), found 15 tines

In individual 3 it is determ ned 20 T3a = acgt gt cgat ggct gat gggt aggt agt ( SEQ
ID NO 13), found 20 times T3b = ggtggtgggaat cggattggaaatgttt (SEQ ID

NG 15), found 24 times T3c = ccaaggtgat cggaagtaatggtattgt (SEQ ID NO 17),

found 17 ti ks, Tnlxattloﬁ%?v%n%ﬁﬁ?éﬂr@s%ﬂteﬁhﬁhxfﬁeﬁ?ﬁg)oﬂl&s infe QM T3a are

i dentical, an orm group gl group- sequence"S Tia Tags Tlb and T2b
are identi cgopubatidnd. or m group g2 of group-sequence Sgt = T2b Tags T 1 c
and T3b are identical and form group g3 of group-sequence Sg3 = T 1 c¢ Tags
T 1 e and T2c are identical and formgroup g4 of group-sequence Sg4 = T 1 e

Tags Tif andm&ﬁ@@& aigﬁ %m%ﬁeww&&%eh&sm&&m:% =
Tif 30 It can be seen that 2 = ggtggtgggaat g ggattggaaatgttt (SEQ ID
NO 14) WO 03/074734 PCT/ GBOB/ 00941 56 Sg3 = ggtggtgggaat c

ggatt ggaaat gt t.t e identical up to one single base, but
each of the d‘\%@?"gld{?ﬁ'\g}?ﬁ%m% om Sgl, Sg4 and Sg5, and 5 Sg4 =
ccaaggtgatcgga t gtaatggtattgt (SEQ ID NO 16) Sg5 = ccaaggtgatcgga a

gtaatggtattgt (SEQ 1D NO 17) are identical %8 to one single base, but each
of themis vEla~ dégistegaiggctiatagatagptagt 6EQ IBMNOLG). fouwl 23 WS GL f or ned by Sgt

and Sg3, gr & formed d by group Sgl
can then b eo‘gﬁ)e atgété gggaatgé[gaﬁggaa%&qtt @1;5(? IB'N]OQM? lfgunci\igll Iu%@ém
10 Tlc = ggtggtgggaatcggattggaaatgttt (SEQ ID NO:15), found 8 times
T1le = ccaaggtgatcggatgtaatggtattgt (SEQ ID NO:16), found 13 times

T1f = ccaaggtgatcggaagtaatggtattgt (SEQ ID NO:17), found 5 times

In individual 2 it is determined

15 T2a=acgtgtcgatggctgatgggtaggtagt (SEQ ID NO:13), found 18 times
T2b = ggtgstgggaatgggattggaaatgtit (SEQ ID NO:14), found 22 times
T2c = ccaaggigatcggatgtaatggtattgt (SEQ ID NO:16), found 15 times

In individual 3 it is determined

20 T3a=acgigtcgatggctgatgggtaggtagt (SEQ ID NO:13), found 20 times
T3b = ggtggtgggaatcggattggaaatgttt (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 Tlc 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 T3c are identical and form group g5 of group-sequence Sg5 = T1f

30

It can be seen that

Sg2 = gatggteggaat g ggattggaaatgttt (SEQ ID NO:14)



Because each individual carries two different sets of chronosones, it can
be seen that (1) individual 1 carries 2 copies of Sgt, one copy of Sgt,
one copy wbD0S®34730ne copy 15 of Sg4 and one copy of Sg5 @EEr/éBudiovd4dual 2
carries two copies of Sgl, two copiesSof Sg2 and two copies of Sg4 (3)

i ndi vidual 3 carries two copies of Sgl, two copies of Sg3 and two copi es of
Sg5 Typical result 1 20 In population 1 it is found 1000 copi es of
sequence tags Sgl 327 copies of sequence tags Sg2 673 copies of seguence
tags Sg3 25 521 copies of sequence tags Sg4 479 copies of sequence tags

Sg5 In popu L Ldonl | fisgequence tags Sgl 30 345
copi es of seé;lsg%n%@%@%@%%ga%g%ﬁégﬂ%@sﬂgﬁe ce tags Sg3 502 copies of
sequence t agareSdéntidfl WiBloid sipldhakeRA 30 hem 55 v 9 Slifferpntefsorn Sgd gipdence
tags Sg5 Since,fhere is no significant difference between the respective
conposition a?dégiups Gl, & and G3 between popul ation 1 and popul ation 2,
it can be cogﬁuded that these 5 groups are not associated with the

phenotypi c difference between the popul ations Typical result 2 In

popul ati of 1 Sg# =icsadggtgatcgbd t goaRatutet SEQADNGUEhce tags Sgl 993 copies of
sequence tag g2 7 copies of sequ 521 copi es of sequence
tags Sg4 47§g§6ﬁc%asgggga %&&é‘iﬁgﬁa‘g@%gﬁ@%mgg‘% '

are identical up to one single base, but each of them is very different from Sgl1, Sg2

and Sg3.

10  Group G1 formed by Sg2 and Sg3, group G2 formed by Sg4 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
15 of Sg4 and one copy of SgS

(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



15 In population 2 it is found 1000 copi es of sequence tags Sgl 946 copies
of sequence tags Sg2 54 copies of sequence tags Sg3 20 502 copi es of
sequence wags/0sgd4 498 copi es of sequence tags Sg5 Since tPErGBIZHINID
significant difference between the re¥pective conposition of groups Gl and
G3 between popul ation 1 and population 2, it can be concluded that these 25
groups are not associated with the phenotypic difference between the

popul ations. Since there is a significant difference in the conposition of
group & between population 1 and population 2, it can be concl uded t hat

this group i i L4 phenotypi c di fference between the
popul at i ons.égléﬁ’?)?ﬁero?gl eié\éa%] %sés oncluded that the probability of

bel onging to population 2 is higher for individuals who carry 30 sequence
Sg3 than for_jndjvidual s, car. Sg2, Typigal result 3 W0,.03/ Q74734

PCT/ GB03/ 093¢ BATq 13 nﬂéﬁ}%‘oﬁ%@{% PR i AL S%‘P“Sgé’[?é‘i?ée t ags
Sgl 314 COpG?,%?Bn@G@%%ﬂ&%n%?ﬁla@ﬁ?l and PSSl £S5t G bRRUHENER thatdhes3y3 486
copi es of sequence tags Sg4 514 copies of " sequence tags Sg5 |n popul ation

2 it is fooungrols 400t asspdiated whithdhephenotypicdiffesye betgger tsipepulationsequence
tags Sg2 711 copies of sequence tags Sg3 511 copies of sequence tags Sg4
489 copi es of sequence tags Sg5 15

Typical result 2

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



There is no significant difference between the respective conposition of
groups G, & and G3 between population 1 and popul ation 2. However,
further awelogere3of the data can be carried out by count iPag/¢Bpa/00EmYy

i ndi vidual s carry the conbi nati ons ofs8 sequence tags: 20 population 1

popul ation 2 Sg2, Sg3, Sg4, Sg5 109 143 Sg2, Sg3, Sg4 44 26 Sg3, Sg3, Sg5 59 62
25 Sg2, Sg4, Sg5 26 8 Sg3, Sg4, Sg5 115 104 Sg2,Sg4 11 1 Sg2, Sg5 14 20

Sg3, Sg4 63 101 30 Sg3, Sg5 59 35 WO 03/074734 PCT/ GB03/00941 59 This

anal ysis shows a significant difference in the distribution of conbinations
of sequence tags between population 1 and population 2. It can thus be
concluded that these conbinati ons of sequence tags are associated with the
phenot ypi ¢ dixf peputation 1 ibistfeeeh t he popul ations. 5 7. REFERENCES Cl TED Al |

ref erences ci6 d herein are incorporated herein by reference in their
entirety andlO§0gopigsiof seusaeetest B8k he sane extent as if each individual

ubl i cation : |ication was specifically and
p 94 &&ﬁ&{ﬁef ggt‘iiueﬂ@é £igh sgz;lpp p y

i ndi vidual ly I ndi'ca 0 be i'ncorporated by reference 10 in its entirety
for all purp68eeapiddnfisequmice tagabgdns and vari ati ons of the present
i nvention can arting fromits spirit and scope, as wll

ge nad%.mﬁthou£ ggg
be apparent o IRISPISRIYIOERA8RSBhe art. The specific embodi ments
descri bed heggq &ﬁé&f@%&ﬁnggta?yswy of exanple only, and the 15 invention
istobelimtedonly by the terns of the appended clains along with the
full ‘

In population 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

15
There is no significant difference between the respective composition of groups G1,
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,Sg3,5g4,Sg5 109 143
Sg2.Sg3,5g4 44 26
Sg3,523,5g5 59 62
25 Sg2,5g4,Sg5 26 8
Sg3,5g4,Sg5 115 104
Sg2,Sg4 11 1
Sg2,Sg5 14 20
Sg3,5g4 63 101

30 - Sg3,Sg5 59 35



scope of equivalents to which such clains are entitled. WO 03/074734

PCT/ (B03/00941 60 Cains 1. A nethod for determ ning genone-w de sequence
vari ati onwo 8934764 ated with a phenotype of one or nore i n@CTiGRBI00941

organi snms, conprising 5 1) generating% set of restriction sequence tags
for each individual organismof said one or nore individual organisns by a
nmet hod conprising A) digesting nucleic acids fromeach said individual
organismusing one or nore first restriction enzynes to generate a set of
restriction fragnents; and B) determning a set of restriction sequence
tags for eacithgahslybi dhowsd sloniHeaft GABleA8 inthe BRtHbusish 8f &hbifktidRYKT | ction
sequence tags conprises one or nore restriction sequence tags for each of
sai d rest ri cesquendertaghsivsen papiationiloandmepulationdr & qan shusibetdoneludeshibehice

tags conprisjng a ence n the corresponding .festriction fragnent; and
1) gr oupi ng e FPRERRITSSL stimwie PR e AR brtivish B ey RS oo

or gani sms i nbeweddtiRiRpalatioy.€ groups of restriction sequence tags, each
said group conprising restriction sequence tags that are honol ogous;

wherein said one or nore groups of restriction sequence tags identify
sequence va5i§%F€§E éi I?d wi th said phenotype. 20 2. The nethod of
claim1l1, wherermn sal determ ning said set of restriction sequence
tags is carr Afidefouénchy citedtiréindreciaogpotitedthdbdin blyireficicnge inathéik ettireBand
fragnents in _said set of restriction fragnents with a first engi neered

nucl ei ¢ aci dfergllawresss tp theparps exteRtas iksachandividuplanblication;al Prien @t said
first engine ! { |15 . ] i

equence 25 SSeTF Wab g QR e, IRGEAE S 60 AEpBEAR foonce
restrictl@®n snitsyerdiretydodall pwposgsi ti on sites being | ocated and oriented such
that said second restriction enzyne cut in said restriction fragnents; B2)
digesting said first circular nucleic acid fragments with said second
restriction Riay RodiROatiBAb an®dirdationdof the pedidst iHeRRA RS LY ksthsgcond

restriction enzyme to permt )
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 full

scope of equivalents to which such claims are entitled.



ligation; WO 03/074734 PCT/ GB03/00941 61 B4) |inking said ends generated
by said second restriction enzyne to produce a set of second circular
nucl ei ¢ awod3foregaent s; and B5) sequencing at | east a por tPicarGrRiB/oesch of
said restriction fragments in said s@cond circular nucleic acids to
determ ne said set of restriction sequence tags. 5 3. The nethod of claim
2, wherein each said one or nore recognition sites are located close 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 eoti des apart froman end of sakﬁ'ézrst engi neered nucleic acid. 5.
The nmet hod of any one of clains to 4 ein each of said one or nore
recognition sites is |located zero to 5 nucl eotides apart froman end of
said first 15 engineered nucleic acid. 6. The nmethod of any one of clains
2 to 5, wherein s&id sééBﬁBO for deterpiniag saneomsiwideseguengp gariatigne ndonuc| ease.
20 7. The ne bef ore
said step B %%88m% ep é} Bﬁaﬁgﬁﬁ ?%@9@?5ﬁﬁﬁ%1§?%ﬁ§gp§hﬁ ment s
conpri sed i n)y@helatisga eetdf cesmnﬂiloarsequmtetags fori edcH indipiduail srganism sfdaidd
surface. 8. The nmethad. of claim.7, wherein said step of fixing and

ampl i fyi ng |%ne9??“?59?¢Qﬂ9“@d¥gﬁyﬂﬁ%hﬁFéﬁq MRS of said nucleic acid

fragments in sai dasacanghs ok sﬂ&ﬁ'eﬁmsﬁ&tﬁ&a@aﬁ%‘uﬂ% @yﬁ@&&ﬁ“d

surface, wherein e onles nprises a plura
i mobi 1§ zed si ngl mosd ﬁﬁﬂfb@ﬁc@bbﬁemhﬁs@ud) gSnamarﬁrseﬁoﬂigstﬁdstﬁm fedgnsemits] andicl ei c
acid fragments in_said second circular nucleic aC|d fr gnjents 30. 9. The
met hod of clai m 8B) drerennesetoboPpRTen SequgnesdARY 18T Fhispidandiyidugh d
conprisifyy WO 03/ g%&%@@r RhdlctROR Q0 3f festiReioh ke deﬁé‘@{agg&d?ﬂpﬁs%b S 6CRBRL

circul ar nuclelc agnents to generate Iihearized
restriction sequence tags for each of said restriction fragments, each said one

or more restriction sequence tags comprising a sequence in the corresponding
restriction fragment; and
II) grouping restriction sequence tags for said one or more individual organisms into
15  one or more 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;



fragnents; ii) providing a solid surface conprising a plurality of col ony
primers immobilized on said solid surface at 5 end, wherein each said

col ony prwomas/034760npri ses a sequence that is hybridi zabl e Pca/GBs@OIENCe at
the 3' end of said linearized fragnefits; iii) denaturing said |linearized
fragnents to generate single stranded fragnents; iv) annealing said single
stranded fragnents to said imobilized colony priners; 10 v) carrying out
a prinmer extension reaction using said anneal ed single stranded fragnents
as tenplates to generate i nmobilized doubl e stranded nucleic acid
fragnents; vi) dedbdinking ssish ands genssated beaaldcsemné retiviehinneenziimelte prodses d

fragnents to i randed fragnents; 15 vii)
anneal i ng saiads%gﬂ g&?l z;eEgpsinlﬁ&fz’%d'm{3 arrae (]Iﬁ% raglgments to i mmobilized colony

primers; viii) re@3tseq@nsiagdt &taarmpdrﬁoﬁ 6f ¢l lof ¥aitl restrikgiontthginedtd id saidl oni es
are generated each at a particular |ocatign on said solid surface. 20 10.
The net hod ofseeq%qﬁcgarm&ﬂe.aﬁ 5t deteranine paid sefrf repbriciion: segquange fagsnet hod
conpr|3|n? | i neari zing said second circular nucleic acid fragnments to
generate linearized fragnents; ii) mxing said linearized fragnents with
col ony priners, wserei riiean¢thahofllaib2 cohaein qach sad onoopmbsascegmfalience
that is hybri d| zable to sequen t.the 3 end of _said linerarized
fragments; ||Si‘)33@fPé?‘iafqﬁlg° fealPngafwigmﬁea@ﬁeﬂegn%eceeﬂony priners on a
solid surface at the 5 end to generate imobilized |inearized fragnments
and i mobi lized colony priners; 30 iv) denaturing said i nmobilized

li neari zed fragnmemts tdFt@enﬁh@defdlamestzwherehiwghefmid enclefinbreagnent s; WO

03/ 07473410PC1;/e<%Bg9u {o(r)los?té's:.L 18 located less than 25 nucleotides apart from an end of said first

engineered nucleic acid.

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



v) annealing said i mobilized single stranded fragnents to i nmobilized
colony priners to obtain anneal ed single-stranded fragnents; vi) carrying
out pri mewOastoet134 on reacti on using said anneal ed singl e PCTARLB®I41
fragnents as tenplates to generate inébilized double stranded nucleic acid
5 fragnents; vii) denaturing said i mobilized doubl e stranded nucleic acid
fragnments to generate imobilized single stranded fragnents; viii)

anneal ing said inmobilized single stranded fragnents to i mobilized col ony
primers; and 10 ix) repeating said steps v) through viii) such that said
col oni es are geneiiRerizingasid sdéond dtlat Gukdléic abidfedgntmts gasdtedinebrzed
surface. 11. The nethod of claim8, wherein said colonies are generated by
a method colgementsy 15 i) |inearizing said second circular nucleic acid

fragnents to genet; | 1 I [ Se k) X ig | inearized
fragments with coﬂlghgovbdrlﬁgrgrs éﬁ&\%m“ggrcgi%gﬁgg%ag%?:l%d%f%glfigpgl#@eérrg conpri ses
a sequence t hiinobHizby bh ssidzalid eutfaveat Sendewhearcinteatieaid colng priafersai d
linerarized fragnments, and wherein the concentration of said cglony. priners
is 20 adj dst EAWBLINE AKaAvCnsAHNALLS aridzablsrto gsaquenge pl th%érqn?ég spidd can
occur; i) QL Ente}n{gg said linearized fragnments and colony prinmers on a
solid surfacé at he 5' end to generate imobilized |inearized fragnents
and i mobi | i zed cdifi)odepaturipg isaidrlimeatize) feqpplentsig gameratesinglé steemided fragrinents;on
contai ning a polynerase and 25 .nucl eotjdes to said.solid, surface such that
said col oni es ar qumP%kn&éa}i%%ﬁaﬁm(ﬂeg, aguapt t%Fa@“BB’PPﬁ&‘iflﬁ?lP?yl ocation
on said solidgshrface. 12. The nmethod of any one of claims 9-11, wherein
said sequencing 1$ carried out by a nethod conprising 30 i) hybridizing
sequenci h@ pri ner &) tardng ducopomeesstension reagtiopiusipgeaid pmealed sisglestranded wi t h

one | abe li ed r%r%%{n%gttsiag ?émp\all\geg % ggn%Za é in?r%g{)i%gg (licg)u%?él éltrangéd nucleic acid

fragments;

vi) denaturing éaid immobilized double stranded nucleic acid fragments to
generate immobilized single stranded fragments;
15 vii) annealing said immobilized single stranded fragments to immobilized
colony primers;
viil) 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 iv) denaturing said immobilized linearized fragments to generate immobilized

single-stranded fragments;



iii) detecting the ambunt of the | abel ed nucleotide which is incorporated
into extended priners for each said |ocation; and iv) repeating steps ii)
and iii) woodetgs4i ne a portion of the nucl eoti de sequencecTraiBmsacdiiof said
colonies. 5 13. The nethod of claim 16, wherein said | abel ed nucleotide is
a fluorecently-I|abel ed nucl eotide, and wherein said detecting involves
detecting the fluorescence intensity of said | abel ed nucl eotide. 10 14.
The nethod of claim1, wherein said first restriction enzyne cuts at both
sides of its recognition site in such a manner that the cutting sites
enclose a part of) a@fpdBNE 6aid haiobize@bingRIstrafded! fispnie@eOlinnobiliidt e, and
wherein said step of determning said set of restriction sequence tags is
carried out [59loBY REmEEHo abirip prugaled siplestyandsd fipgmenist he ends generated by

said first restri i . 10 i.0at i an: | L nki sl
restriction fragrrgir?tcs 'Pnésa?gnggfg’gfﬁgrl%nsﬁe%{xg?‘l%n Srag(ggr%lr?‘t’%ﬁﬂg’%he Sg{.aqfl?c}st
engi neer ed ndickmentsas tenplated i gendrate Hwholsitizéd dablestrandédnudieic heidc aci d
fragnents said first engineered nucleic acid conprising a predeterm ned
nucl eot i de sd38WRE; 20 and B3) sequencing at |east a portion of each of
said restriction Rlrind Riditddobilil i h q;’ﬂiﬁ L1 64 G

determ ne said seIV 1(’;l?‘gfrﬁlest Igl%%l on sbelfé%etradrséoélﬁ%e;gs.&% . %gh%?%g{éﬁgﬁsqgl aim
14, further gomgratesmnpbilefed smgkastnddédefpagidntg step 25 of fixing and
anplifying nucleic.acid fragnents coppr,ised in said second circul ar

nucl eic acid frag Nﬂﬁtaémﬁﬂmﬁ%é’(ﬁll g 6&@@?5%?&1%@&%@%& toymugpbilized 5

wher ei n sai dc§fofppAetd; %h@9 and anplifying is carried out by generating
colonies of said nucleic acid fragnents in said first circular 30 nucleic

acid fralrents onidacpeatiogisaidsteps sk throwgheriié) such dluht saifl cobnibsaiod geriessed,

conprises a plurality.of | bilized sj.ngl e stranded DNA nol ecul es of one
of said nucl gfw aggip&)(thzﬁqé?r}‘gﬁpg opﬁalggph&?tiu?ascg. circular nucleic acid
fragments. WO 03/ 074734 PCT/ GB03/00941 65

11.  The method of claim 8, wherein said colonies are generated by a
" method comprising
15 i) 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;
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) 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 i) hybridizing sequencing primers to said colonies;

ii) carrying out primer extension with one labeled nucleotide;



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

met hod conprising i) linearizing said first circular nucleic acid fragnents
to generawe Biomzasi zed 5 fragnents; ii) providing a soli @CIGEBO41
conprising a plurality of colony prings immbilized at the 5° end on said
solid surface, wherein each said colony priner conprises a sequence that
is hybridizable to a sequence at the 3 end of said |linearized fragnents;
10 iii) denaturing said |inearized fragnents to generate single stranded
fragments; iv) annealing said single stranded fragnents to said

i mobi | i zed col onyii) qet¢atimgshe amowndof {lierlgbaled nysi¢oiide vaieheis dnepmparaigd dnten
using said anngaled single stranded fra nts as tenplates to generate

i mobi | i zed fégﬁﬂ%fqumﬁlﬁggﬂeaﬁh@?lgﬁffca&?}i fragments; vi) denaturing said
i mobi | i zed doubl gy)sepeinedtopy & 8hEiiDes detbimfig 8B PbRionf thehedl@tileisoiace | zed
single stranded fragnents; vii) annealing said imobilized single stranded
fragment s t o of peablsifiseideaglondes. ony primers; 20 viii) repeating said steps V)
t hr ough v'gi) such that said colonies are generated, each at a particular

| ocation dn said solid surface. 18. The nethod of claim 16, wherein said
col oni es are genernat ed The metho@bheldint ORWhed¢in gaidJabieled nutstideisy sai d first
circular nucleic acid fragments to generate linearized ments;. 1i)

f
mi xi ng sai d Iflugeesenthelebele @#ﬂ%@dwa@w&lﬂe%wﬂ)ﬁﬂﬁ%ﬂ@,inmé ¥ gecdingihe i d

col ony pri ma}[ﬂu%?égp%lcﬁ%e&i@%ﬁﬂﬁ?%%%%cgﬁ%ﬁg%bri di zabl e to a sequence at

the 3' end of " sal i nera iii) grafting said |linearized
fragments and colony primers on a solid surface at the 5 end to generate
b%?h;gisg&} ?58 é%égg iﬂ{earget (r)] gf glggn |1,rT\;[vTIIl)et-)rIe1JnI sglfé‘ldﬁrg’? rle(s)trr]%étiog glllznylrar{esduts\/\a(,%

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
determining said set of restriction sequence tags is carried out by a method
comprising

15 B1) modifying 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  of fixing 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.



66 iv) denaturing said imobilized |inearized fragnents to generate

i mobi lized single-stranded fragnents; v) annealing said i mobilized

si ngl e stweardedi7B4 agnments to i mmobilized colony prinmers teTalRiom4anneal ed
singl e-stranded fragnments; 5 vi) carr6s ng out prinmer extension reaction
usi ng said anneal ed single stranded fragnments as tenplates to generate

i mobi |i zed doubl e stranded nucleic acid fragnents; vii) denaturing said

i mmobi |i zed doubl e stranded nucleic acid fragnents to generate i mmbilized
single stranded fragnents; 10 viii) annealing said i mobilized single
stranded fragnents to i mobilized colony priners; and ix) repeating said

steps v) through vi-i) ch that.sal d.col.oni.es .are. generated ch at a
particul ar |ocati olr?‘on @%‘8“@8‘??@?8” JHeriR sqig colgnies frg ﬁ?ﬂ?f%‘f’éa 4im 16,
wher ei n sai d m@hédhédtpraige generated by a method conprising i) linearizing
said first circular nucleic acid fragnents to generate |inearized
fragnents; ii) i) Heeasizing seidifast g mnglgmﬁtcgfrmww gsmprags lingariged

wherei n each qs%ﬂmszo colony priners conprises a sequence that is

hybri di zabl e a séquence at the 3' end of said linerarized fragnents,
and wherein the cadi)peotidiagiaaolidfugaietonprieny aplimatitysof ®longdirsdred such t hat
anplification of grafted |inearized fragnents can occur; iii) grafting said

linearized frBgRbHizedahtecoprhon sd prlidssilace, vésrera cadl yaiteolaty Prmer 5' end
b ot a: i v) Rt £ AulcR I i Bbr S ABIER ool SR oA SRR g
nucl eoti des tfmgemnt$; sol i d sur face such that said colonies are generated
301 10Tl 1 oS Bl ARG AL S o0 2. 28 0, SoLid Byl ace, .50
g:ir {j' gg | gﬁit . gy a 1P) HREalG9d Sh§le stranddd PagHiehlsE sHif FHBRBIRRARbIHE S tO
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 viii) 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 i) 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;



WO 03/ 074734 PCT/ GB03/00941 67 ii) carrying out priner extension with one

| abel ed nucl eotide; iii) detecting the amount of the | abel ed nucl eotide
whi ch i s womsnpasat ed i nto extended prinmers for each sai edracmBioon and
iv) repeating steps ii) and iii) to determne a portion of sequence of each

of 5 said colony. 21. The nethod of claim 20, wherein said | abel ed

nucl eotide is a fluorecently-I|abeled nucleotide, and wherein said
detecting involves detecting the fluorescence intensity of said |abel ed
nucl eoti de. 10 22. The nethod of claim1, wherein said step of determ ning
said set of rest . i: § 418 irh@dbilized
conprising B 1) {Q%%gﬂna%e%%esp?l?lgtg?%lnﬁ?a?%éémﬁﬁ sellhtﬁtds)%?% set of
restriction Elhggrmlahéed/\frﬁgm@ts first engineered nucleic acid to obtain a set

of first nuclerc acid fragnents, id first 15 i neered.n aci d
conprising a pred& WWS%WB?'fH"ed %‘E&lﬁéﬁﬁ%d @%&“f §1§Sre1t nolb (I:Z%Sm tion
site of a seconfl AR @b R Srdr@e@8AEmLAL; Site bel ng Iocat ed
and oriented suc

sa| second restriction eRzyme cut_in_ said
restricti®n fragmebtcarryiiloutiprimst éxtensiari wagtionsusing seidinnealer ginglesisaded with

d d db
331 d second fesmevee RS EeerarrRo e Bl ST RAEABRT, 2 P

generated by gs; gh_ Second restriction enzyne with a second englneered
nucleic acid t produce second nucleic acid fragnments, .said second

engi neered nucl ej ml)adercatwmg:aaldslrmgolallmdmbkﬂr&ﬁaﬁé%ﬁ wirleie acid fRemegisdAce: and
25 B5) sequencin st a of said restriction fragnents

in said sec@ﬁ’é?r%ﬁé’lnérfo Uized §t %a%%&@?é)ﬁ%%%igfn%erm ne said set of restriction
sequencejpags. 23.iiensRidpasiddnedbaizediinglviedrdied fiaginents ée agmobdiliaed si t e of

said second restriction enzynme is |located close to an end of said first
engi neer ed ngoloayrimsirsi an80 24. The nethod of claim 22 or 23, wherein said

recognition site Iu%) repea%tn%%ald steps v) through viii) such that said colonies are generated,

each at a particular location on said solid surface.

15 19.  The method of claim 16, wherein said colonies are generated by a
method comprising
i) linearizing said first circular nucleic acid fragments to generate linearized
fragments;
i) mixing said linearized fragments with colony primers, wherein each said
20  colony primers cdmprises 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;
iii) 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

i) hybridizing sequencing primers to said colonies;



| ess than 25 nucl eotides apart fromsaid end of said first engi neered

nucl eic acid. WO 03/074734 PCT/ GB03/00941 68 25. The nethod of any one of
cl ai s 22woDe3@4730nherein said recognition site is |ocate®CTERI30045

nucl eoti des apart fromsaid end of saé7d first engineered nucleic acid. 5
26. The nethod of any one of. clainms 22 to 25, wherein said second
restriction enzyne is a type Us endonucl ease. 27. The nethod of any one of
claims 22 to 26, further conprising before 10 said step B5) a step of
fixing and anplifying nucleic acid fragments in said second nucleic acid
fragments on a soli) cargying euteprind8 ex®Ensionwiithoshedbad¢dunupledtidewher ei n sai d step
of fixing and anpl.ifying i carrjed.o ener.ati col oni es ,of . sai d
nucleic acid f ragﬁgﬁ%tecﬁﬂg ﬁ]&iagl%tgtgtge T%’e%a%{é {@%Wﬁgﬁhrl%a%w&at%% % d
sol i d surf acgy e Riner® Bitad sa¥didkatsl;apges conmprises a plurality of

i mmobi |ized single stranded DNA nol ecul'es of one of said nucleic acid
fragments in sai dideersating stepsii)anddii)itof deteyming asportion of esuenecraitaelf okl ai m
28, wherein said colonies are generated by a 20 nethod conprising i)
provi di ngg a §adﬁ1f’81%§¥rrface conprising a plurality of colony priners

i mmobi lized on said solid surface at 5 end, wherein each said col ony
primer conprises a seﬂyence that is hybridizable to a sequence at the 3

end of said secondlnuclérsmehadpiiclaigradsherepssaid jabgled Mugleptide 848 d second
o e ; . s d
nneal i ng. safHORPRER: R0 AGAGH e R DR T AR ne LANE Uchoubd

primers; iv) flagdesddnbiretisitp of sad labsledmmiciedtideeact i on usi ng sai d anneal ed
single stranded 30 fragnments as tenplates to generate inmobilized double
strandedltucl eic acid fragnents; WO 03/ 074734 PCT/ GB03/ 00941

22.  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 B5) 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.



69 v) denaturing said i nmobilized double stranded nucleic acid fragnents to
generate i mobilized single stranded fragnents; vi) annealing said

i mmobi | i ze0 iomgBe stranded fragnments to inmmobilized col eay/gBoBmeY4s; 5
vii) repeating said steps iv) through6dvi) such that said colonies are
generated, each at a particular location on said solid surface. 30. The
nmet hod of claim 28, wherein said colonies are generated by a nethod
conprising 10 i) mxing said second nucleic acid fragnments with col ony
prinmers, wherein each said colony priners conprises a sequence that is
hybridi zable to a sequence at the 3 end of said second nucleic acid
fragments; ii) grafting said second nucleic acid fragnments and col ony
priners on a soligh. suric@ethad of hsy Gie afitthits 28¢n d4.avhereimsaldi retogmatioiuc| ei ¢

acid fragnents and immobilized 15 colo ri.oers; il enat ur i i.d
i nmobi | i zed $iteds icated gp1g tp Saieatidesapag) éaclggn %%4 ﬁsg?&gng?eﬁ%cpg‘fcg?lr’anded
fragnments; iyv),annealing said imopbilized single stranded fragnents to

i mmobi |i zed o6l ony primers to obtain anneal ed single-stranded fragnents;
20 v) caryying out prinmer extension reaction using said anneal ed single

stranded fragnents as_tenplates to generate ., ilized I t randed
nucleic acid fra¢ftrent 52¢ methodg %ﬂ?&%@fe‘égpﬁ @r%gl Y’b?’gﬁ‘ Sg’gdju gnéét r anded
nucl ei ¢ aci gﬁpﬂ@éﬁoh{{ag@ej i zed single stranded fragnents;
25 vii) anngg%ﬁﬁgggal |éﬁ%§b I zed single stranded fragnents to i nmobilized

colony priners; and viii) repeating said steps iv) through vii) such that
sai d col onies are_generated each at a.partiful ar i 1 olid
surface. 30 31. T%g ne{rﬁ?)ﬁ‘eg’f"dcﬂ%gf%oﬁ%?faﬁlggrse%o?gf c%%ﬁﬁ%@% géigreerslerat ed
by a nejhods506Rp BSh BSiepEr Fik/haIdn N Eih@BUCRAR M fragments in said second

nucleic acid fragments on a solid surface.

28.  The method of claim 27, wherein said step of fixing and amplifying is
carried out by generating colonies of said nucleic acid fragments in said second
15 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.

29.  The method of claim 28, wherein said colonies are generated by a
20 method comprising
i) 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;
iii) annealing said single stranded fragments to said immobilized colony
primers;
iv) carrying out primer extension reaction using said annealed single stranded
30 fragments as templates to generate immobilized double stranded nucleic acid

fragments;



70 i) mxing said second nucleic acid fragnents with col ony priners,
wherein each said colony prinmers conprises a sequence that is hybridizable
to a sequwpas/nat734t he 3' end of said second nucleic acid fecagsmatag41and
wherein the concentration of said codony prinmers is adjusted such that
anplification of grafted second nucleic acid 5 fragnents can occur; iii)
grafting said second nucleic acid fragnents and colony prinmers on a solid
surface at the 5° end to generate i mobilized second nucleic acid fragnments
and inmmobilized colony priners; iyg applying an anplification solution
cont ai ni ng a pol yiAerasurngsakbinmebi sz &é%lqssra@dechn@émacldtﬁagmets§gch t hat

said col onie 95ne i Sot ch at a particularly location
on said soli ?“"Z‘;ﬁg‘?ace. %g%g‘f{r@%n{eﬂﬁhg%i%%{g%ﬁﬁéone of clainms 29-3 1, wherein
sai d sequenci ng i i) andedlingGaidUinnibiizedBinpiel stemdpd fagment fo immbyidzedi zi ng

sequencing pripers to said colonies; ii) carrying out primer extension with
one | abel ed GOONEBIMEE; iii) detecting the amount of the |abel ed nucl eotide

whi ch i s kncorpor at: i i . I . ie | i.on.and
iv) r epea%i ng st egisl?fglp ;"&gr%of alﬁ?(%t%gﬁ gﬂggédﬁlise&g t}bag‘r@%:?é:ﬁ?oo Ssag‘% eﬂﬁg%e%f each
of 20 said eadhoaty paBBulaftiecatioh bodaidfsolid surfacd2, wherein sai d | abel ed

nucl eotide is a fluorecently-I|abeled nucleotide, and wherein said

detecting involves detecting the fluorescence intensity of said |abel ed

nucl eotide. 25 3430Them%\,\dﬁ§eﬁcﬁiﬁjﬁ ;{,Vé.,ey\gggﬁh?(,%g%egﬁré %&grartéasg};gcti on

enzyme is a rare cutter a said step o I'ng sai'd set of

restricti on swtheshooprisge is carried out by a nmethod conprising Bl)
d restrjyction f ts.i.n s set of . restriction fragnents

wth ol 3B Frer DlGBEsud ST b apl Sagtttvich S5lbby D MeERRCI o o
aci d fragmentsch sadi éblddy Srimerd @Gﬁ@ﬁ@és%egﬁﬁ{c%itﬁat @é:he?li_)rﬁﬁ’iémé ®iaNBqfence at
predeter m ned nucl eoti de sequence; WD 03/074734 PCT/ GB03/ 00941
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 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 vii) annealing said immobilized single stranded fragments to immobilized
colony primers; and

viii) repeating said steps iv) through vii) such that said colonies are generated,

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



71 B2) digesting said first nucleic acid fragnents with one or nore second
restriction enzynes to obtain second restriction fragnents, wherein said
second rwetmiociBon enzynmes are different fromsaid first pCaFstBo3Ob4ON
enzynme and does not cut in said first70engi neered nucleic acid; 5 B3)

i nking the ends of said second restriction fragnents with a second

engi neered nucleic acid to produce a set of second nucleic acid fragnents,
said second engineered nucleic acid conprising a predeterm ned nucl eoti de
sequence; and B4) sequencing at |east a portion of each of said restriction

fragnments in said. second. | ¢ acld.fr ; &5@5 L dinset of
restriction sequeﬂgz&fn gl&%g&%&aﬁ%g%étfﬂ%gﬁg#ﬁ@lg?% ,Hﬂ\}vﬁ{g’rg&%\r&sai drare
cutter recogsichesiddoforyafifiners e6ffidsiaGoqieaae dat & hybfidizible toreséypencd atcl ai m
34, wherein said rare cutter_recqgni zes an 8-base r a m)r.e.tha}n 8- base

) 15
recogni ti on Seqliertef sagisccqubnyalein aeiddragaiapisopd W’Peréllnatﬁ?rﬁo%zﬁmfﬂm\%’, further
comprising DefigkSlong BhifheRl i€ Aafidiba Suct Rt BfollAcslitd oPRARBIRILY hikdeiB ueide! ©
acid fragments rn's secon nucl el ¢ aci ragments on a solid surface.
20 38. The mahh@entotarcdbaium 37, wherein said step of fixing and anplifying
is carried out by, generating colonies of said nucleig acid fragnent.g in
sai d second nucl a;)ggr%@na Sﬁ“&é@‘ﬁ’é‘ﬁj{néwlﬁﬁ’ %céq ga%?ﬁﬂa’é‘ﬁ?‘ﬁ%@“mrogiarﬁoi‘ ch of
sai d col oni egy BATRE RSP enPionlcbdld i i1t ATRBbd FRMiShATHARLRBAE] DNA
nol ecul es of one of sai dnnu elc acid 25 fragnents 1 n said second nucleic
aci d fragnenimmoBlized balompptvmerspf cl ai m 38, wherein said colonies are

generated by a nethod conpri si [. roovi di ng .a. solid surface conprising a
plurality of col of aﬁﬂymagr %%%F‘I’l}‘?%_w ““s"éﬁgd’psogvf‘%fa%% ace at 5'

end, whe{@i n,RAeLiRS t¢lsH@ AW suPfab&Bich (RATRIA cofthid #6erRiaed Isbierrhally,
hybri di zable to a sequence at the 3' end of said second nucleic acid

fragnents; Weaditeparalaplyiocsos/onegilsolid surface.

32.  The method of any one of claims 29-31, wherein said sequencing is
carried out by a method comprising
15 i) hybridizing sequencing primers to said colonies;
ii) 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-labeled 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;



72 ii) denaturing said second nucleic acid fragnents to generate single
stranded fragnents; iii) annealing said single stranded fragnents to said
i mmobi | i ze@0 4By prinmers; 5 iv) carrying out priner extremsgiRyd/ooBacti on
usi ng said anneal ed single stranded Tiragnents as tenplates to generate

i mmobi |i zed doubl e stranded nucleic acid fragments; v) denaturing said

i mobi | i zed doubl e stranded nucleic acid fragnents to generate immbilized
single stranded fragnments; 10 vi) annealing said i mobilized single
stranded fragnents to i mobilized colony prinmers; vii) repeating said
steps iv) throughBY)digstiap shiddirstsmcidiccamidfingments witemeoamads sccoaeh at a
particular location on said solid surface. 15 40. The nethod of (‘dl ai m 38,
wher ei n saj dregtoiction eazyaes i ablainseenddesty cHoR RGeS LR 33957 %i ng sai d
second nucl elc 364 fe GittbehP 60l QYGRS te8Riclion WiAMR dhd RRS Robaith
colony priners conprises a sequence that 1s hybridizable to a sequence at
the 3' end ofaidfistesginemed muddieacidaci d fragnents; 20 ii) grafting said

5 end 16 gener at B9 HAHGBE MesadS SErebharontiFelretiag fdepPaf dufifasgfd °ce = 11
5' end t@ generat i nts"an

| mmobi |1 2ed GakaRyedHlclBRE Sid bd brbdfRNAleN b fof@hutIETEI tiguesits esideeamdc| of C
acid fragnmen to generate i bilized single-stranded fragnents; 25 iv)
anneal i ng saéupincenahidcleedcid comprsing p aradetermined muplegtidesadnessi #ided  col ony

primers to obtain_anneal ed singl e-stranded fr o arryi /

pri mer extension Pgﬁﬁqiuﬁ)?f’“ﬂ%f‘tﬁgasgﬁpamgﬁr?gg?%}fa%?l%]{eéng %%ﬁ?’%%&t??régﬂn%nts as
tenpl at es t 0;BAEHALSICIaBRIRIdnichf o detehhmeshidartlefiepiiction seqaendt tags. agnent s;
30 vi) denaturing said i mobilized double stranded nucleic acid fragnments

to genelhte i mobilized single stranded fragnents;
35.  The method of claim 34, wherein said rare cuiter recognizes a 6-base

recognition sequence.

36.  The method of claim 34, wherein said rare cutter recognizes an 8-base

15 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.

20

38.  The method of claim 37, wherein said step of fixing and amplifying is
carried 6ut 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

25 fragments in said second nucleic acid fragments.

39.  The method of claim 38, wherein said colonies are generated by a
method comprising
i) providing a solid surface comprising a plurality of colony primers
30 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;



WO 03/ 074734 PCT/ GB03/00941 73 vii) annealing said imobilized single
stranded fragnents to imobilized colony priners; and viii) repeating said
steps iv)wDlBoaghs vii) such that said col oni es are gener atred/GBBaci1at a
particular | ocation on said solid surf2ace. 5 41. The nethod of claim 38,
wherein said colonies are generated by a nethod conprising i) mxing said
second nucleic acid fragnents with colony priners, wherein each said
colony priners conprises a sequence that is hybridizable to a sequence at
10 the 3" end of said second nucleic acid fragnents, and wherein the

concentration of sai,d colony.priners Ls | L i on of
grafted second nuB?g?r@&HE\gtf%“fsreg i celgg?d{hgagﬁgnﬁﬂ?%ﬁ%?gfs ?]glr?ggufsag?%f second
nucl ei ¢ aci dghhaeEnts and col ony prinmers on a solid surface at the 5 end
to generate inmobilized second nucleic acid fragnents and 15 i mobilized
col ony prinmers: i) aapealipgsgidsinglepiranded Sepmants & sald samebilized FolABY a

pol ynerase and_ nucleotides to said solid surface such that said col onies
are generat eB"P6t hermal Iy, each at a particularly |ocation on said solid
surface. 20 42. Thg caibigduoprimey exassial reattin i saillannehled singlesshiadded
sequencing is carried out by a nethod cqnpr'$in? i) Q%EH%ngin sequenci ng
primers to saia@ne@s@ﬁt@mlaqe$§3&eaﬁmwanem 1265 dapbfe epdemusieiG et one

| abel ed nucl %r%gfngﬁ:tﬁ iii) detecting the anbunt of the | abel ed nucl eotide
which is incorporated into 25 extended primers for each said |ocation; and
iv) repeating stepydénaturaigkaid igmolilisket doublawtraadgbmicieie acifl fingmenisde of each
of said colony. 43. The, method of c¢laim 42, wherein said |abeled

nucl eoti de i §e%r§9mmil%q§ﬁﬁg -qt’iilﬂg?‘g AW Eot i de, and wherein said

det ecti ngyi nvol ves;deheatisngid itfnotilise SSaeneAded hapsbat 10 fmasbiize@bel ed

nucl eoti de.

colony primers;
vii) repeating said steps iv) through vi) such that said colonies are generated,

each at a particular location on said solid surface.

15 40.  The method of claim 38, wherein said colonies are generated by a
method comprising

i) 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 nucléic acid fragments;

20 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;

iii) 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;



WO 03/ 074734 PCT/ GB03/00941 74 44. The method of claim1l, wherein said
step of determning said set of restriction sequence tags is carried out
by a net hwo somisi sing Bl) |inking said restriction fragmparsGBod/ossiid set
of restriction fragnents with a firs® engineered nucleic acid to obtain a
set of first nucleic acid fragments, said first 5 engineered nucleic acid
conprising a predeterm ned nucl eotide sequence; B2) digesting said first
nucleic acid fragments with a second restriction enzynme to obtain second
restriction fragnents, wherein said second restriction enzyne is different

fromsaid first restriction v4 . | | bbidized
engi neer ed nucl ei%‘f)a?gpﬁ?lmfosa%f&?n&ﬁ@%%gs%%sﬁgg&g%g?g?%@%gg%ggﬁr%%st riction

fragnents V\A&J}o@},ﬁ%&@gan@ngi neered nucleic acid to produce a set of second

nucleic acid fragnents, said second engineg re&bnucl ejc.acid conpri fi ng a
predet er i ned nucViédrépgatingenid seps IvhHEoS vip 54 W&WQA&@C’P&%‘F%& Fakt on of

each of said r %baig%tfcﬁﬁrwc%ﬁf;?@%§ai&gol§c?§lﬂfacéecond nucl eic acid fragnents

to determ ne®®di restr I on sequence tags. 15 45. The net hod of
claim44,5further conprising repeating said steps B2) through B4) for each

of a plurality of different second.restriction.enzynes. 46. The,.nethod of

cl ai m 45, furt her 4bonpihe msthadest slaams3s, Whgegbsa@?éémﬁ%tﬁgeﬁﬁra%‘ﬁ% %ing and

anpl i fying nuch1 idi:?ﬁﬁx%:%irfgr agnments in said second nucleic acid fragnents on
) : €

a solid surfac met hod of claim 46, wherein said step of fixing
and anpl i fying i si)mixing @id ssconbyudeo ecidtfragments| with eloy paaiers, whered ¢ aci d
fragments in said second 25 nuclei.c acid fra nt,S , 0Nn. Sai i ace,
wher ei n eachewh s3ig eplony FFHPES cemﬂﬁissaﬁq“?cﬁlgﬁéﬁ Wbyla&aaem%%%?ggasi ngl e
st r anded; (NAGLO) eo l)fs%i@éeceﬁ& nffleis abid FULEARIS s iverefd thg TBRdeRtritiorsal d
second nucleic acird fragnents. 48. The method of claim 47, wherejn sajd

col oni es ar e sgidreloay dnipys & adiBtedsuttodatanplificaiian of prafied veeomd gugleicAc
surface conpr si ng \%ﬁ‘gl urality of colony prinmers imobilized on said solid
surface at 5TTagMENISEARPEIN: each said col ony pri ner

iii) 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
i) hybridizing sequencing primers to said colonies;
ii) 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.



WO 03/ 074734 PCT/ GB03/00941 75 conprises a sequence that is hybridizable

to a sequence at the 3' end of said second nucleic acid fragnents; ii)
denat ur i ngogaiods73€cond nucleic acid fragnments to gener at e PETIER08/08441 anded
fragnents; 5 iii) annealing said singl4e stranded fragnents to said

I mobi lized colony priners; iv) carrying out priner extension reaction
using said anneal ed single stranded fragnents as tenplates to generate

i obi | i zed doubl e stranded nucleic acid fragnents; 10 v) denaturing said
i rmobi | i.zed doubl e stranded nucleic acid fragnents to generate i mobilized
singl e stranded f4agneniismethiol ofioiaimlli whereii shid stap bf fétemdniigsgidesesel anded
fragnments to inmmbilized colony priners; vi icggtrg‘?eati ng said steps iv)
through vi) ESEKeHsaquengedagsis saried oub Y yairthad @PTISIE oach at a parti cul ar
| ocation on said g llhﬁgilg%:é:afi@féitricﬁg fehDHRiA G Qb OBl i Wihal d
col oni es are generat ed a net hog conprising i) mxing said second

nucl ei ¢ aci dfifst exggimserai micldic acid tngbtpini et of fissheudein aciddragasntss sgid fissh| ony

prinmers conprises sequence that .is hybrjdizahle to.a sequence at the 3
end of saﬁo d %%’?EFM%& et S?IBP’??%HB%/&%GWHGQ@P&%PP&%SG g?‘ife’a‘econd nucl ei c
acid fragments a_”ﬁZf&ngs@ﬂ‘l RETRESRRIGad® flaBmeftd Wit £sedbnd Ritrfetiognd {0
generate i mobilized eco%d nucl eic acid fragnents and immuobilized col ony

primers; 25 enzdymedeohtair seagndmsitictiomiaginentedwbeeimrdidsccond testgietion f r agnent s

to generate immvhil,ized singlesstranded. fragnents; iV nneal ]. ai d
| mobi |§ zed SPAERGS diffe ‘?’Eﬁi@“??%ﬁé%f?%%@*ﬁﬂ%&f‘? F“%%SOGSE:HE)’?S‘E\*;}ESAH?%%% to
obt ai n anneatgfn&iddihRicid scikded fragnments; v) carrying out primer extension

reaction using sai d anneal ed sin |l e stranded, 30 fragnents as tenplates to
gener at elQ nmobi | | B3dlielongihs ends Qa‘twﬂs%e@ql eastriction dragments with a second

engineered nucleic acid to produce a set of second nucleic acid fragments, said second

engineered nucleic acid comprising a predetermined nucleotide 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.
15
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
i) providing a solid surface comprising a plurality of colony primers

immobilized on said solid surface at 5' end, wherein each said colony primer



fragnents; WO 03/074734 PCT/ GB03/00941 76 vi) denaturing said i mobilized
doubl e stranded nucleic acid fragnents to generate imobilized single

st randed Woagmet8s; vii) annealing said i mobilized singl ec3tcrmdes
fragnents to imobilized colony pringrs; and 5 viii) repeating said steps
iv) through vii) such that said colonies are generated, each at a
particular location on said solid surface. 50. The nmethod of claimA47,
wherein said colonies are generated by a nethod conprising 10 i) m xing
said second nucleic acid fragments with colony priners, wherein each said
col ony pri NerenfiRidey 4 SRBemeIBAUSAFRidifible o fRYiXrc aZfbl3eetdofbaRRRbaRTe at
the 3' end of said second nucleic acid fragnents, and wherein the

concent r at i oriugteic agid Gagwe@ay prinmers is adjusted such that anplification

of grafted second . i i fr nt s cur. 15 iii) grafting said
second nucl ei c acilgqﬁlggﬁnﬁgg aégg%c(? n@%fqglre\{? aﬁfﬁ engsntoageg‘gﬁalkedgméﬁ?‘?%‘:dggat t he
5' end to gendgademts; mobilized second nucleic acid fragments and

i mmobi li zed col ony,__i)ri nmers; iv). agpl ying an anplification solution

contai ni nd a pol yrith) #walipgsaid sieg @trﬁ@@%frwwsdowdilanmhﬂmé@omh t hat
sai d colonieznﬂégggenerated isothermally, 20 each at a particularly -

| ocati on on sali ol id surface. 51. The nethod of any one of clains 48-50,
wher ei n sai d sequénytaryingoutqainiéredtension byactonrasihg shid anpralesl sirgzlé 3tranded
hybri di zi ng sequencing prjners to said colonies; 25 ii) carrying out prinmner
ext ensi on wi tIFREGHEY %gﬁmakt%es@%ﬁrﬁﬁagpmo Hlizedi douhle stmpded suglis #std of t he

| abel ed nucl %&?@mi ch is incorporated into extended prinmers for each
said | ocation; and v) repeating steps ii) and iii) to determne a portion
of sequedfe of eaoh dehatusng shid ahmobyiliz8@®double stranded nucleic acid fragments to

generate immobilized single stranded fragments;

vi) annealing said immobilized single stranded fragments to immobilized
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;



WD 03/074734 PCT/ GB03/00941 77 52. The nethod of claim51, wherein said

| abel ed nucl eotide is a fluorecently-I|abel ed nucleotide, and wherein said
det ect i ngwormsmlares detecting the fluorescence intensity @cCTraasod/obabel ed
nucl eotide. 5 53. The met hod of claini6l, wherein said step of determ ning
said set of restriction sequence tags is carried out by a nethod
conprising B 1) linking said restriction fragnents in said set of
restriction fragments with a first engineered nucleic acid to obtain a set
of first circular nucleic acid fragnents, said first engineered nucleic
acid conprising a iy edahRiE ARCIHYIBA E@EbRYYAMELEIEC AT Fiafineftsdo
recognition site of”a second restriction enzynme and two recognition sites
of athird regﬂmmm&mmndﬁhmyhnmﬂsamdxbéﬁQQmwn$on site of said second

restriction enzyne .. .being. |ocat.ed t ai.d t re tion Si of
said third restri C‘{I})&Hn%?ﬂ % og,eh%"é@ ?W%ﬂ@#ﬁ%‘ﬁg@ FSETa° @#&g
restriction e&@&{ﬁ)rﬁﬁéﬁ%ﬂdocat ed and oriented such that said third

restriction enzyrme cut in said restriction fragments, wherein said second
15 restri étion enzviiprepeatingsaiil stenisriv) theaghivél) sech thptSpifcolomeATE RERYAEdS r om

each ot her i d flrs o acid fragments with said
second restn?ﬁ#‘&ﬁ 8@291&810?%10&?%?% %?Iﬂéspﬁlog ‘second nucl eic acid
fragnents; B3) linking the ends of said second restriction fragnents to
produce a set of second circular nucleic acid fragnents; and ég

sequencing at | eas$0-a pbhemetogiof ekatn 48+ Whetr saiseqlpmies BF SPREIY tl?i@ in said
third circul ar I 8 fnﬁ %ﬁkd fragnments to determ ne said set of restriction
seqguence tags W SAPHEEE et hod of claim 53, further conprising after said
step B3) tthe stepd nﬁfcm%&aﬁ@ec@ﬂcgﬁﬁ:ldlm@lé filagmsnis avith cm'lasrmprimerswh@'bin acid
fragments with said third restriction enzyne to. pr ce a set of third

nucl ei ¢ acid vacagwérvpkonymm%mmwﬁ?a aﬁﬁ@‘%ﬁ%@%@ﬁé’ﬁﬂ#’éﬁ“ﬁ&" 2 SPCpFS 7y

restriction eﬂé%ﬁ%ﬂ%& sAfd é&f)nd inlcgd LQa fra@fﬁgnt@?e)ndl \’Vﬂéﬁ‘bl'ﬁghé béhcefidfidafofsai d

third nucleic ragnents to produce set of O third circul ar
nucl ei ¢ aci d $aidgoteny primers is adjusted such that amphﬁcatlon of grafced second nucleic acid

fragments can occur;

15 iii) grafting said second nucleic acid frégments 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;
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.
30



WO 03/ 074734 PCT/ GB03/00941 78 55. The nethod of claimb53, further
conprising repeating said steps Bl) through B4) for each of a plurality of
di f f erentweoasond3s estricti on enzynmes. 56. The nethod of amgTEBE3H94¢] ai N6
53 to 55, wherein each of said 5 rectignition site is |located close to an
end of said first engineered nucleic acid. 57. The nethod of any one of
clains 53 to 56, wherein each of said recognition site is |ocated |ess than
25 nucl eotides apart froman end of said first engineered nucleic acid. 10
58. The nethod of any one of clains 53 to 57, wherein each of said
recognition site $& | oTat etthioelof dlamS 1 whkemd saﬂcéhbaladmuclfeoﬁdniala end of said
first engineered nucleic_acid 5 59. The d .of .an e of. clains 53
to 58, wher eﬂH°r§%ﬁU61YsléE@Fféln“"rl%‘§%‘¢r ad ‘Bher@ﬁzg? 9 gctlgg Wﬁ @ﬁé%ﬁ’@l ease.
60. The ”Ethgﬂm£§e£+@ﬁﬂ&éﬂ FHﬁ&ﬂﬁklgqufb&&ﬁg before said step B4) a step
of fixing an yirng nucl el c aci ragnents in said second circular

nucl eic acid 20 fragnments on a solid surface 61. The nethod of cl ai m 60,

ol oni 65 bf sai 4 Fbcl ollbe A 9B SHEFFiL g érkﬁ%te%%if“eﬁa?fé?g

acid f ragrren{.ﬁ'gt&aoﬁgécﬂl ?lgé %g%wa%utwg&ﬁétﬁo@ aid colonies 25

conprises a plurality o l'1zed single stran nol ecul es of one
of said nucleic Bt) anlnggandnestnctmrsﬁiagnmmrsdld(ﬂet @fﬂeanchmﬁég@@éiéimtha

f ragnent The net hod .of cl d ted
by " et hod REb FERRETHY sl poid th s ¢ i Ly BRUERIAR e et ¢ ach o
fragnents toggengk @hgmleé@sﬁﬁmﬁcamd SRR pré@terdhiRdd hiadedtdb/seRacO094 1

79 ii) providing a solid surface conprisi a plurality of colony priners
i mobi | | ¥&d eempsinlg 8 s¢dognitignisite ef asecwndé?&ctm@ﬂéme Rt i ErcagB o pides
pri mer

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 after 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.



conprises a sequence that is hybridizable to a sequence at the 3" end of
said linearized fragnents; 5 iii) denaturing said linearized fragnents to
gener at e worigloes734 r anded fragnments; iv) annealing said sipagiGBsoamnded
fragments to said i mMmobilized colony 78riners; v) carrying out priner
extension reaction using said anneal ed single stranded fragnments as

tenpl ates to generate i mmobilized doubl e stranded nucleic acid 10 .
fragnents; vi) denaturing said i nmobilized double stranded nucleic acid
fragnents to generate i mmbilized single stranded fragnents; vii)

anneal i ng sai d | m$Sbi | iEhednethothdfeclaitr 5 dedhdrcagpeising repsaiingrsaid stepeB1) col ony

i ;15 v i i.d . ). h th id
Gol oni o5 ar e engh BIERT codth iR LS R PiSHOR A sol | o
surface. 63. The nethod of claim 61, wherein said colonies are generated by

a method conprising 20 i) linearizing said second circular nucleic acid
fragnments to genersét e |Theawethodef anfyromgofatasms 53 Jo 58, xhereis aaah dfispisar i zed

fragments_wi th colony.prinmers, wherein eacgh .sai col on [l Ter s, conpri ses
a sequence tﬁ%ﬁ"@gloﬁﬂ}g' wosald %lof%toé‘nseélaﬁgﬁ%@%&% epﬁléxeg,rzaéfgﬁ CICHid Ai d

i nerarized fragnents; 25 iii) grafting said |inearized fragnents and
colony prinmers on a solid surface at the 5 end to generate i nmpbilized

linearized fragmed’s arkheimethed of anydne@if lajms B3 tandh, avhersiy eppdradtsgid ng sai d
ISR E S ! . . S . od
fragment o aceoEniehate i SRS il AP BRI ohf Bfend ottt f 2NT0

i mmobi | i zed caehe#¥d putleRrasid. 0 obt ai n anneal ed si ngl e-stranded fragnents;
WO 03/074734 PCT/ GB03/00941 80 vi) carrying out priner extension reaction
usi ng sailll anneal ed single stranded

58.  The method of any one of claims 53 to 57, wherein each of said
recognition site is located zero to 5 nucleotides apart from an end of said first

engineered nucleic acid.

15 59.  The 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 génerating 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 colonies are generated by a
method comprising
30 i) linearizing said second circular nucleic acid fragments to generate linearized

fragments;



fragnents as tenplates to generate imobilized double stranded nucleic acid
fragnments; vii) denaturing said i mobilized double stranded nucleic acid

f ragnment swom3/o347gener at e i mobi | i zed singl e stranded fragmemtGB030D4il )

anneal ing said i nmobilized single str#nded fragnents to i mobilized 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. 10 64. The method of claim61, wherein said col onies are generated
by a nethod conprising i) linearizing said second circular nucleic acid
fragments to generiftpeovidingarsolié durffceagmpnismng alBuiali)y oficolony mamets| i neari zed

e RSB B S B SRR LB RS SO >
linerarized fd,agmeed §seqﬁ&%e%ﬁ'&ﬁ§ﬁﬁrﬁﬁbf&8%§@ﬁﬁé{|ck anhe ' &Rl §F el BRdripdd Mer s

is adjusted such that anplification of grafted linearized fragnents can
occur; iii) dragmentsg said |inearized fragnents and colony priners on a

solid surface at .20.the 5' end.to.generate immobiljzed.linearized i
Fragnent s5and | bl ATRORTESRERoar T CHaIenS B EPY SHES RGN FREREon
sol uti on contai ni Ng) MRAiNgRiPSHAgISBetanded Ha@aichfias shid imaidbilgRUicdlonyr f ace
such that said colonies are generated isothermally, each at a particularly

| ocati on on duingerssol i d surface. 25 65. The nmethod of any one of clains

ybr 0 21 mo- Sequerd RGO HECRs PR exefign S nsit i gl ROTR et o)

ext ensi on Wi tffagaients a3hehplies Y6 bartdte dhmdBilized Jowdé sdnded nhidleicagunt of the
| abel ed nucl eotide which is incorporated into extended priners for each

sai d | ocaPi orfragaeatsnp 03/ 074734 PCT/ GB03/ 00941
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; ‘
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 i) 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;

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;



81 iv) repeating steps ii) and iii) to determ ne a portion of sequence of
each of said colony. 66. The nethod of claim®65, wherein said |abeled

nucl eot i dwoios/0a4734 f | uor ecent | y-1| abel ed nucl eoti de, and wheCaiGBISAITH
detecting involves detecting the flukrescence intensity of said |abeled
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 Bl) linking said restriction fragnents in said set of
restriction fragnents with a first engineered nucleic acid to obtain a set
of first nucleic af)ddriinduepiifmer Sabibidr feattionangigwit athealed lsitgle shanded
conprising a predeterm ned nucl eoti de sequence conprising -.a regognition
site of a sedwgmenisss tennlpiontogengrate immelabiast dqublisteded Aglele a¢idst i cti on
enzyne; 15 B%)@%glieﬁésti ng said first nucleic acid fragnments with said second
restriction Zzyme’to obtain a set of second nucleic acid fragnents; B3)
l'i nking the ends afi)ged tintrestilizet doubld stagdahmsldio agd dohgments teet  of
first circular nucleic _acid fragments; B4) sequencing at |east a portion of
each of s d geeeraicimmebilized sweiestpnded&agments;no t her eby det erni ni ng sai d

set of restriction,; : dc® LS fmmbbiliLaer
conprising after %@?ggggiﬁgﬁqm&ﬁg%eggﬁ%?g% edlhag‘lgti ng said first
circul ar nuclcelonyagintbrd;raagments with a third restriction 25 enzyme to
produce a set of third nucleic acid fragnents, rein sai.d third
restriction enzyrib ieBeaingsaidsipsy Hm"ééﬁ Y}uf ?ch\tmaiﬁﬁldscé’i%ﬁ e8¢t on
enzyns, B6) | fovd Sk lpﬁlgg)ﬁg ganRsidabed sifacgai d third restriction enzyne
to permt | irégg[%%tod ; ééné B7 IflnE‘i ng thesen%s of said third nucleic acid
fragment $0t o produce a set of 30 second circular nucleic acid fragnments.

VO 03/074734 PCT/ GHO3/ Qod 59 69, ThP IRk B ol A TS Jenchld 5%

conprising repeatifig s
method comprising

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

15 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; ‘

iii) 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
i) hybridizing sequencing primers to said colonies;
ii) carrying out primer extension with one labeled nucleotide;
30 iii) detecting the amount of the labeled nucleotide which is incorporated into

extended primers for each said location; and



through B4) for each of a plurality of different second restriction
enzynes. 70. The nethod of claim69, further conprising before said step
B4) a stewo 0/00f7341 xi ng and anplifying nucleic acid fragnmearscBod/osmiid first
circular nucleic acid fragnents on a8isolid surface. 71. The nethod of
claim 70, wherein said step of fixing and anplifying is carried out by
generating colonies of said nucleic acid fragnents in said first circular
10 nucleic acid fragnents on said solid surface, wherein each of said
colonies conprises a plurality of imuobilized single stranded DNA nol ecul es
of one of said nugl\ei I ?g{gaﬁ} i i } { @fFc acid
fragnments. 72. Th@ﬁéﬁfﬁ%@@ég@%flm m ’?oli %r?g%lﬂa gxi’t%héfgls% iggé%frr%%generat ed
by a 15 netheadcoaprising i) linearizing said first circular nucleic acid
fragnents to generate linearized fragments; ii) providing a solid surface
conprising a plurality of colony prinmers inmobilized on said solid surface
at 5 end wherel geeac g dnsPdQlinP6s, ierdf s WYl emucofiggance that is
hybridi zable to a sequence at the 3 end of said |linearized fragnments;
iii) denaburiffigresaitty-labaled nizleotide;, andrehemin widdotestingdnvolve detepting e d
fragments; iVv) annealing.said si e, stranded fragnents to said

i mmobi | i zed (,58!0%9‘3“"5P‘Ftﬁ%lfé’;Ofﬁgla\}é&hefr?‘Vﬁer? g'E’)‘ut primer extension reaction
usi ng said anneal ed single stranded fragnments as tenplates to generate

i mmobi | i zed doubl e stranded nucleic acid fragnments; vi) denaturing said

i mobi | i zed doubl é7st r diieadethod bE¢laimati whereingaidrtep Qﬁﬂet‘?jmﬂ&f?@disﬁﬁﬁfbi i zed

i ngl e stranded.f ts: 30.vii) | j id ilized singl
ot randed 1 adrurionsgannb sieeis eamed AR A BondR e BmbiRE) 070753 "' ©
PCT/ GB03490941 83 Milinking BRPREtkioH0S AbgmEite iBsatd sdt I essgictioniffagsients witiab

said colonies are génerated, each at a particular |ocation on sa('i solid
sur f ace. 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
enzyme;
15 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,

20 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

25  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

30  second circular nucleic acid fragments.



73. The nethod of claim 71, wherein said colonies are generated by a 5

met hod conprising i) linearizing said first circular nucleic acid fragnents
to generawe Biomzasi zed fragnents; i) mxing said |inearipeatGBEmBAGIRNT S
with colony priners, wherein each sai& colony priners conprises a seguence
that is hybridizable to a sequence at the 3' end 10 of said linerarized
fragnments; iii) grafting said linearized fragnents and colony priners on a
solid surface at the 5 end to generate imuobilized linearized fragnments
and i mobilized colony priners; iv) denaturing said i mobilized |inearized
fragments to generédt e iThenhéthod eficlaitb6%,ifagher-compaisthgdepaatingsaid stepyP1)

anneal ing said i {Lized single. str dfra nts.to i mobilized colony
primers to oﬁﬁ@f‘ghngﬁigﬁleé&‘%é lidy Pg‘ﬂ‘gfgﬁmr F%?%H&ﬁ‘?sg}“\?}’)e“@é{?ﬁ/i ng out
prinmer extension reaction using said anneal ed single stranded fragnments as
tenpl ates to generate immobilized double stranded nucleic acid 20
fragments; vii) défat urThegnethodiof clainb69,i fudberdouiprisingtheford ezidsiep| B4 @ step d
fragments _to nerate i mpobilized single stranded.fragnments; . viili.

anneal i ng55aiﬁ%‘mﬁ?&diat@gﬂry@gﬁﬁﬂ@wﬁq‘gﬁ%em? g’g%‘ﬂﬁ’?{ £ é{ﬁ?ﬁ%‘ﬁleﬁ Y8 col ony
priners; and f@niehls JneP&Md ifFad@i d steps v) through viii) such that said
colonies are generated, each at a particular location on said solid
surface. 74. The nethod of claim 71, wherein said colonies are generated by

g Fo Do 2 TR At A o 5
84 i) m Xi nGafrfddtbuk b @aridrit@th doleePel saidmclei€ 8dia Magehi¥eh said e icirbulagach

said colaony primers conprises a sequence that is hybridizable to a.
sequence 18t ~ thelen acidhfragments 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.

72.  The method of claim 71, wherein said colonies are generated by a

15 method comprising

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

ii) 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;
iv) 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;



of said linerarized fragnents, and wherein the concentration of said col ony
primers is adjusted such that anplification of grafted linearized

fragnment swoam/ooweur; 5 iii) grafting said linearized fragmemtGBoanaddeol ony
primers on a solid surface at the 5'8%nd to generate i nmobilized

|'i neari zed fragnments and i nmobilized colony priners; iv) applying an
anplification solution containing a polynerase and nucleotides to said
solid surface such that said col onies are generated isothermally, 10 each
at a particularly location on said solid surface. 75. The nethod of any one
of claims 72-74, wher8hRinsahil S6RUGAGbgh Vi) sucitinat exd oelbnisy a geaciated,
conprising i) hybridizing sequencing priners to said colonies; 15 ii)

carryi ng outeaph anepartizulenraiongdn $2idbsadid supateed nucl eotide; iii) detecting
t he amount of the |abeled nucleotide which is incorporated into extended
prinmers for each said |ocation; and iv) repeating steps ii) and iii) to

deternine a portign of TRemERBERS elaitd¢ whéreinsaidoiadiessre g@@erated byke net hod
of claim 75, wherein said |abeled nucleotide is a fluorecently-I|abeled

nucl eot i de, mnthodicempiismgai d det ecti ng i nvol ves detecting the fluorescence
intensity of said.,l.abeled nu ' : 1398 cleralin@iRec@f the
precedi ng cl ai m;,‘)b]HF?rﬁé?g%aéﬁg%?éilr%gaﬁ@%g?%a??g%%& dfggesti ng said set of
restriection fihagemats with a plurality of different first restriction
enzynes. 78. e nethod of any one of the preceding.cl ai e .WQ3 rﬁ%gﬂdeach
said 30 group cohkinétisg éﬁldlllé%qzieétf‘ia&?egtédﬁgh ORYJFLURFIRY ISP SRR PAIGSt 60%
honol ogous. 03/ 07473 fat i8RybiflizablioBchshco bt the 31 endr 8,
wherein eachgggﬁ%p r%%ﬁégp%ésg?%%%%ﬁestlr?%ti (l)n sequence tags that are at
| east 7080 hoppiabd G ariRd. fragneentet hod of claim 79, wherein each said group

. arize . :
consists of 5 e%})rglrgfttilng I’s]ai%I eatized f}aa Sen%sha%td c%fo%y%%xﬁe?@gﬁ 2 89% QepRkL goous.

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;

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 generated,

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 i) linearizing said first circular nucleic acid fragments to generate linearized

fragments,



81. The nethod of 80, wherein each said group consists of restriction
sequence tags that are at | east 90% honol ogous. 10 82. The nethod of 81,
wher ei n ewohn3mai7ds gr oup consists of restriction sequencePCcagsBmBad4iare at
| east 99% honol ogous. 83. A nethod fo% determ ni ng genone-w de sequence
variations anong a plurality of different phenotypes, conprising 15 A)
determ ning for each of a population of organisns a set of restriction
sequence tags by the nethod of any one of the preceding clains, said

popul ati on of organisns conprising for each of said plurality of different

phenot ypes one or iijmigingerigdineanizy fBeneotsprith oglosppdmses; whefein egshrspigh i on
sequence tags anong organi sps of 20 differ .pheno es so_as .t o,,determ ne
one or nore §@GH%H1%E‘G§§?QI%WFSS%§ S?Wﬁ?cee{ggtd_é f‘g‘{’%&}zsﬂq‘f f?yzgf’e"_qulﬁl?c&# t}bei%e r%fﬁypes.
84. The net hgdspf 1ifbaliRBRaghstid, AR whers itdicodcdiafibn 8Pda 8d16Ry Rimarsisep of
mappi ng said one or nore restriction sequence tags to the genom c sequence
of said 25 edjysiedsuelsthabanplificatiomof grafiedlinefrized fiogmenis sawmpcaydi d one or
nore restpiction sequepce tags. .85.. The method,of any one _of..cl aj 5to
52, 55 tog 66, and“%?ﬁ ?ldqa}?g?@%r#asgg}eﬁ?ﬁpaﬂ?rc&myf erﬁp?iaéf)lelétq"%gée%oa d
restriction eqzyQRg & edmREdts ﬁﬁm@ﬁiﬁh&ﬁﬁﬁeaﬁze@ﬁa%h&ﬁt@Elﬁilhmhssillilz&diédl@ﬂy enzynes.
0

WO 03/ 074734 PCT/ GB03700941 86 86. A nethod r determ ning genone-w de
sequence var pamconds anong a plurality of different phenotypes, conprising

A) determ ning for_.each.of a | at i f ﬂlr? estriction
sequence tags by fWeapﬁgp%ﬁngggﬁﬁ%ﬁﬁ?ggyﬁg%%&%% a}?‘?}@g%afggé?%ani sns
conpri si ng f QicleStidkRe saifl s6kd shirflce s@dhi that safd eblbdiey s igemdraed isotiesmalip, or
nore organi sns; B) conparing said sets of restriction sequence tags anong

or gani sm0of cali gifacpasiigulyhelosationan sail sodidisyriaed. er ni ne one or nore sequence
variations that associate wth different phenotypes. 10 87. The nethod of
claim86, further conprising after said step B) a step of

75.  The method of any one of claims 72-74, wherein said sequencing is

carried out by a method comprising
i) hybridizing sequencing primers to said colonies;
15 ii) 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.
25 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.



mappi ng said one or nore restriction sequence tags to the genom c sequence
of said organismso as to identify genom c |ocations of said one or nore
restrictiwomegrence tags. 15 88. The nmethod of any one @CTamRBMBY45 tO
52, 55 to 66, and 69 to 76, wherein &aid plurality of different second
restriction enzynes conprises at least 10 different restriction enzynes.
89. A nethod for determ ning genone-w de sequence variations anong a 20
plurality of different phenotypes, conprising A) determ ning for each of a
popul ati on of organisnms a set of restriction sequence tags by the nethod

of claim88, saidgopulmleiRihe oSATS RhesifiRidSialDgriofp comiadopf said
plurality of different phenotypes one or nore organisns; B) conparing said

sets of rest réstti¢tinm ssqupnen tags tleag srecatdengt BYgdemsolagoys. 25 different
phenotypes so as to determ ne one or nore sequence variations that
associate wth different phenotypes. 90. The nethod of claim89, further

conprising after gpid stiRAnéthodoBlgin P9, wheriRicath Sitd groapeondistsof e
restriction sequence tags to the genonm c sequence of said 30 organi smso
as to idehti frestrietipmrcquénse sags diat atst atdedstiBdoBI0leEUE restricti on sequence
tags. WO 03/074734 PCT/ GB03/00941 87 91. The nethod of any one of clains 1
to 82, wherein said one or nore individual organisns are hunmans. 92. The

met hod of any one gif clHieThethod 6f &5, whitieh ehch aikEfroapiconsists obiestribtion
restriction fragnents conprises at |east 10 different restriction
fragnments. 93equemee (g Hisd axsrat dgast Yo hgmolaganss 1 to 82, wherein each said
set of restriction fragnents conprises at |east 100 different restriction
fragnents. 10 94. The nmethod of any one of clains 1 to 82, wherein each

sai d set 10f restr82ct i drhefmethoidaf 81,0vimgpein sach sid greap toddds ofiichtirictiont
restriction fragnents. 95. Th? rrg%#ggpof any one of clainms 1 to 82, wherein
each said setse@fencs kg that preg lgas q10 ¥ises at |east 10,000 different

restriction fragnents. 15

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.



96. The method of any one of clains 1 to 82, wherein each said set of
restriction fragnments conprises at | east 100,000 different restriction

f ragnment swo /07473he net hod of any one of clains 1 to 82, \wearesm/oeseh said
set of 20 restriction fragments conpr3ses at |east 106 different
restriction fragments. 98. The nethod of any one of clainms 1 to 82, wherein
each said set of restriction fragments conprises at |east 107 different
restriction fragnments. 25 99. The nmethod of any one of clains 1 to 82,
wherein each said set of restriction fragnments conprises at |east 108

different restri ct8i60n fx ﬁgﬁ%ﬂg&sc%%%g}@g%eﬁ&hg%d@geqa%eQ,aﬁamnstmnga

precedi ng cl ai ns, Wwheréin sai 'S carried out for one individual.
30 WO 03/ 074 phtaligof GbaAMGhddoty B8, didprisiie net hod of anyone of the

precedi ng clains, wherein said step.|1 f grouping restricti equence
t a]gs further comrA@e@%&fqrﬁ@C}égf %p$@§?%?qngff%6§am St eeﬁ‘u 82&{3%%9 ° oq
reference sequUeNGEStasobyfte mdthSd BBE1ARS 89 safd fdpilation of vianishis chaipiisingffor ence
sequences conp&"l[ése afgﬁe}genrgm C sequence gf klligl or ggni sm plisi
5  each of said plurality of different phenotypes one or more organisms;
B) comparing said sets of restriction sequence tags among organisms of
different phenotypes so as to determine one or more sequence variations that associate

with different phenotypes.

10 87.  The method of claim 86, further comprising after said step B) a step of
mapping said one or more restriction sequence tags to the genomic sequence of said
organism so as to identify genomic locations of said one or more restriction sequence

tags.

15 88. 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 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 mote 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.
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91. The method of any one of claims 1 to 82, wherein said one or more

individual organisms are humans.

92.  The method of any one of claims 1 to 82, wherein each said set of

restriction fragments comprises at least 10 different restriction fragments.

93.  The method of any one of claims 1 to 82, wherein each said set of

restriction fragments comprises at least 100 different restriction fragments.

94.  The method of any one of claims 1 to 82, wherein each said set of

restriction fragments comprises at least 1000 different restriction fragments.

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.

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

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.

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.

PCT/GB03/00941
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101. The method of any one of the preceding claims, wherein said step IT)
of grouping restriction sequence tags further comprises comparing said restriction

sequence tags to reference sequences.

5 102. The method of claim 101, wherein said reference sequences comprise

the genomic sequence of the organism.



