WO 01/ 64948 PCT/ NL0O1/00177 1 Title: UN VERSAL VAR ABLE FRAGVENTS The
invention relates generally to nethods and materials for the genetic

anal ysi swa 01263948ndi vi dual organi sm For some species, rel irdli/NLO18DITDI €
technol ogi es are available for genetiq analysis of individuals. However,
for nost animal and bird species genetic 5 information is insufficient for

appl i ed genetics. Devel opi ng i st C I f species to
obtain genetic data V\fllqe:be ﬁﬁ%@Lé@%ﬁﬂggg% E%@M@@gnsum ng.
Progress to date has been slow. The situation is particularly problematic
in the area of wildlife managenent. For exanple, building DNA-patterns of

hawks is currenThy i@emsdn rélpassidiceallfttothetivdaeinkDnidtoriald fverthehevetibeen
reports of people illegall aEl acing eggs fromw ld mating hawk couples in
tamed br eetialysisanflamestividual orgamigar.ent |y nearly inpossible to prove

fraud using -data in species. where net hc var.i ation has, not been .
previously des C}IE 110 puid ﬁ)ﬁ‘gf’?”aﬁﬁi %élﬁn%?%&ec@ﬂmg?%ew? P&%ﬁ‘ﬂn% ft@ﬁlgfgﬁtlgf
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For instance, "animals arriving through the veterinary control can be

i denti f5i edinfyrmatiphiingnduféimenotfbr appliedganttice Daselowhls exsstangarri val .

Using the animal's inpdividual DNA to identify _it, [mals ca e, tracked,
and proof Echpplsgiesoor gaah #PReips tpSEH| genoglidater vl ,eefsélieéﬂglagébomus

verificati gxgd nd ?&?suxgﬁ%'ﬁjo\é?ess%i J@clesnnzgsn(geergﬁoﬁrt. st @8R4 id cation of
pl ants can”De perrtorne r "aRy gi ven conbi natlon or  species. Reports have
been nade pirtsRilAHRGrobROATIS DI L adda of onElife biBetidigenty H@dxdingsle] he

hi ghest possible quality animals. Another problemis the determ nation of
sex. For nlewiydieed?NA-ppiieres of hawks is currently almost impossible. At the same
10 time, there have been reports of people illegally placing eggs from wild mating
hawk couples in tamed breeding hawk nests. It is currently nearly impossible

to prove fraud using DNA-data in species where genetic variation has not been

previously described.

Other areas of interest are DNA-identification of exotic species (e.g.,
15 animals, plants, organisms) for various reasons. For instance, animals arriving
through the veterinary control can be identified by sampling them both at
departure, as well as at arrival. Using the animal’s individual DNA to identify

it, animals can be tracked, and proof of their origin always possible.

Furthermore, parentage verification in rare, expensive, animals and
20 strain identification of plants can be performed for any given combination or
species. Reports have been made of selling the offspring of ‘lower’ breeding

parents as the highest possible quality animals.

Another problem is the determination of sex. For many exotic species,

genetic markers are not available to perform sex determination.

25 A need exists for a method of quickly genetically analysing a species to

determine, among other things, its lineage, sex, and origin.

The invention provides a new technology which has been developed for

the quick genetic analysis of a species and individuals thereof. The method



genetic markers are not available to performsex determ nation. 25 A need
exists for a nmethod of quickly genetically analysing a species to

det er m nguo @R ot her things, its lineage, sex, and ori gipgq/Ndg0dAyeENti oNn
provi des a new technol ogy which has been devel oped for the quick genetic

anal ysis of a species and individuals thereof. The nmethod WO 01/ 64948

PCT/ NLOL1/ 00177 2 includes the use of first and second ol i gonucl eoti de
prinmers for performance of a PCR anplification on the genom c DNA. The
first ol i gonhulesshedsemfifinst and sacorﬁ oligpnuglpondeerenexsotor Henfiratinng
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conduct ed micleotidéd.dFhes sdgpnidoligomme kot it prempernabud' dragnagt gboetatohe fir st

and second oli.gonucl eotide priners under conditions such that essentially
nei t heP t HEAFRE WA $H& 3 @eBAEC éllfitéﬁﬁ%uéh%??’d’élff?@it}?é‘rOfa‘]&’Sr&ef{%‘HCﬁ&\m
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sequences dy@maticdINANG RREastddeaLadehitiidlie 1@e nemealilAe mifat @fdhiéingg PCR
products can then be analysed for the |ength of a repeat_ sequence found in
the genorwthahsedinshanBGreprd plighpnelspiide prtersetnder cordigiongtsagh port

product s of 15,415 itk |ECTPUED 8 SECan PEE unll dube, concet g0y o
o) ool skl BT mA0, shenaaladmiel iy sy sstpesecond
rel ativel yodsedhar repraeabingndéesnmpesiad andof thagdnenabli¥g, andelthet i on of a
sub-set Ofsetq?lgnEeNsA b;ge%ggr? rt]}tle'zs ogggsli’icg jer?g oif Ec]hé régnomic DNA. The resulting PCR
products can then be analysed for the length of a repeat sequence found in the
genome. A second PCR is preferably conducted on the diluted PCR products of
15 the first PCR. Such a second PCR would be conducted using third and fourth
oligonucleotide primers. The third and fourth oligonucleotide primers are
elongated versions of the first and second oligonucleotide primers, respectively,
thus enabling PCR amplification at relatively higher annealing temperatures,
and enabling a selection of a sub-set of the DNA fragments amplified in the
20 first PCR. At any point, an optional but preferred restriction digestion may be
conducted. The technology has been developed for the quick genetic analysis of
a species which is reliable, reproducible, simple, and useful for all
species/organisms (e.g., animal, avian, bacterial, viral, and plant). The
invention particularly relates to samples obtainable from non-human species
25  but is applicable to samples obtained from humans as well. Neither variation
in genome length nor genome composition appears to influence or limit the
characteristics of the technology. The new technology is generally reliable,

reproducible, simple, and useful for all species/organisms (e.g., animal, avian,

bacterial, viral, and plant). Furthermore, any material containing DNA (e.g.,



20 first PCR At any point, an optional but preferred restriction digestion
may be conducted. The technol ogy has been devel oped for the quick genetic
anal ysi s wib 01/@&9480eci es which is reliable, reproducible, siRgINL18F7usef ul
for all species/organisns (e.g., animal, avian, bacterial, viral, and
plant). The invention particularly relaBes to sanples obtai nable from

non- human species 25 but is applicable to sanpl es obtained from hunmans as
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t echnol ogyp;;tsteﬂf\srjer ally reliable, reproducible, sinple, and useful for all
speci es/organisns (e.g., animal, avian, bacterial, viral, and plant).

Furthernore, any, fRd g6, ARMRIARG i%de%-agmetmwaﬁﬁgﬂs@ngghma/ 00177

3 blood, hair follicles, etc.) can be used as a source for the generation
of DNA- pabiNek nsa samplee Taspeethod eclidee prowdingfirstdesd aesmtdhod of
anal ysi ng %enon‘i | e. This nethod incl.udes. provi di“Bg first

and seéond ¥%W%%A%%?qe§és%ggﬁ%mst ey%er'é’ithﬁopﬁélept PIJORGELEBt Pde pri nmer
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onée non-repea I'de on Irst oli1gonucleotide

Meanwhi | e, nhdleotide ondhedlrsgoligehadebtderrs' end. MeanwBile fthagyseshd gener at or "
starting within such a genetic distance that anplification of the genomc
DNA can beoligarfusiensifle primerrigdl ‘&' fragmentagenarptertstartingarthin sugkod yner ase

chain reaction. (5.PCR" anplifij.gation I.s, conducte th eneni ¢ in
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nucl ei;¢ achgclaildid aedflifthtich seAN AN Gl SslyHRIgEe ERAG fdRBISNSEPER’hat nei t her
the first nor the second oligonucleotide priner alone anplifies DNA, thus
pr oduci ng ONplificagioens sonducted on the genomic DNA in the sample using both the

first and second oligonucleotide primers. The nucleic acid amplification is

conducted under conditions such that neither the first nor the second

oligonucleotide primer alone amplifies DNA, thus producing DNA fragments

15 based on repeat sequences on one end of the genomic DNA and other
sequences based on the opposite end of the genomic DNA. The amplified
products are then analysed to determine the length of a repeat sequence found

in said genomic DNA, which can be compared with the DNA putatively of the

same individual or the DNA of the individual’s putative ancestors or relatives.

20 Alternatively, and as more thoroughly described hereinafter, multiple
amplifications and/or restriction digestion might also be used with the

technique.

As described, the first primer, the “5' variation generator”, includes a
complementary repeat sequence and at least one non-repeat nucleotide so as to

25  start the amplification at a repeat sequence of the genomic DNA.

By localising the 5' variation generator at the 5' site of repeat sequences,
the repeat length variation is enclosed in the amplification rounds. Primers
are thus bound to hybridise at the 5' ends of repeat sequences by addition of

one or more nucleotides at the end of the primer.



15 based on repeat sequences on one end of the genom c DNA and ot her
sequences based on the opposite end of the genomic DNA. The anplified

product s vah 6144880 anal ysed to determine the length of a regreggLfREENCe
found in said genomc DNA, which can be conpared with the DNA putatively

of the sane individual or the DNA of the individual's putative ancestors
or relatives. 20 Alternatively, and as nore thoroughly descri bed
hereinafter, nultiple anplifications and/or restriction digestion m ght

al so be used wWhile hbe oligehw¢lgofade psirderscati tspgat sheuengestprovideedeteetiien 5
variation generator”, includes.a conplenentary repeat s ence and a
et one PERITUHEATIME: HAR Pubagmeqt ReeIalsT df HpPd {n anZy FEERi L a
repeat segy b8 148 (98NAVODIRDailYtd PGRb) ST S HEagmeNBEbALIRr
generator at the 5 site of repeat sequences, the repeat [ength variation
i s encl osethrts witleinasqaih 4 igeattiodistancs shaPuinndificatareof AvantpdaMNA@an

hybri di se_at the 5 _ends of repeat sequences by ad%iéri on of . one or nore
nucl ect i d88 Periarmed madopredferably ippndesymasmesadagoper aeelecge Prse 4 Wi l e

ucl eot i dbS REFIRE TIAEOEEHDL PRec 4 \
genet i c vARPRERGI0 SRR S oty Bahe SRR Rk b R AL LA et

of reasonadhén®@ @edhd Stringenk9bns nirialih gt @ atBiokbThe Méragméinagnent
generator starts within such a genetic distance, that anplification of a

sanpl e DNgeueratsr bedpsgned tednnaalbtopvhe PBNYbmjithimch ghert distatiage av  anot her
a-sel ective hase | | ow to, I nfluence annealing tenperatures wthout
coi ol dentret G eLor ] L Catiohhs RTGe HGBIy s CHE AR Ky Tidhot i on.
The 3o 1 agieimbge RUSLAL the aﬁﬁéhﬂﬁg%ﬁn cARARR istiﬁﬂhaﬁc%v% hitiBes ofhor t
di stance - as nmentione efore. To do this, the nunber of Selective
nucl eot i dasniseldeepte micleotides, such as inosines, universal bases, and any
combination of A,C,G or T (e.g. R,Y,N). By providing the use of such a 3’
fragment generator the invention provides optimal reaction conditions in the
reaction, generally well suited to the reaction conditions required for the 5’
15 generator. In short, the number of selective nucleotides of this primer is
maintained at a relatively low number, whereby the annealing temperature 1s

raised to enable reliable and reproducible amplification, using a-selective

bases such as inosines in the fragment generator oligonucleotide.

Some of the genetic markers identified using the technology will be
20 located on the male and female sex-chromosomes. After the identification of
such markers, these markers can be used to determine the sex of species,
which are difficult to establish through phenotypic characteristics (e.g.,
porcupine or crocodile).
The invention also includes a kit of parts for performing the genetic
25 analysis, and a method of manufacturing such kit for use in genetic analysis.
The invention is further described in the detailed description without limiting

the invention thereto

Detailed description



10 | ow nunber, whereas the annealing tenperature is influenced by a nunber
of non-selective nucl eotides, such as inosines, universal bases, and any
conbi nat worn1sk948, C, G or T (e.g. R Y,N). By providing the BEENSPI/BUCH a 3
fragnent generator the invention provides optiml reaction conditions in
the reaction, generally well suited to $he reaction conditions required
for the 5° 15 generator. In short, the nunber of selective nucl eotides of
this prinmer is maintained at a relatively | ow nunber, whereby the

anneal ing tenperature is raised to enable reliable and reproducible

ealing temperature is Taise t
gencrator ol | ot Bfieaie hplop APRE ANEY TR SREbRRE, Wi} I RATRE e
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After the identification of such markers, these narkers can be used to

det er ni ne whishsig)based opetovesubsegivieah PR amplifieatians & (R inpne shmamough
henot ypi teristi.cs. (e.q. in i l.e).  The,inventi
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met hod of grapf.agddring such kit for use in genetic analysis. The
invention is further described in the detailed description without limting

the invention tiheg 9lr@fe9%td84n|e91%cﬁeg°e%hﬁtciI@NAVﬁDoHM}%%RféC‘{E/A‘JhQMi@QlWa > To

conmbi ne the anplification of many DNA-fragments with the selection of a
speci fi ¢ detst CR at oelwiviele IdNanmealmetes)perapurese Thed' yaviadtwnl géerased
whi ch is basgc og,%mo subseguent PCR anHIificatiOQ§. PCR isf%gg gf many 5
vel | knowf¥hitg £iEAETEHT #EPAGHST RABWICH A0 BRECERT, agReRi | Ol ibpiche:
descri ged seié&%&'ﬁﬁrpfasrt%'be used in a second PCR. The first PCR is usually run under
conditions wherein neither the 5' variation generator nor the 3' fragment
generator alone amplify DNA. Thus, when DNA amplification is performed
using both the 5' variation generator and the 3' fragment generator, many
resulting fragments are based on repeat sequences on one end of the genomic

15 DNA, and, at the same time, many sequences based on an opposite end of an

genomic DNA result.

After possible dilution of the PCR products of the first PCR, a second
PCR is preferably performed. This second PCR is conducted using third and
fourth oligonucleotide primers. The third and fourth oligonucleotide primers
20 are commonly elongated versions of the first and second oligonucleotide
primers, respectively, thus enabling PCR amplification at relatively higher
annealing temperatures, and enabling a selection of a sub-set of the DNA
fragments amplified in the first PCR. The fourth oligonucleotide primer

preferably includes inosine residues.

25 At any point during this procedure, a preferred, but optional, restriction
digestion may take place. Another source of genetic variation in amplified
fragments is the presence or absence of restriction sites. Addition of a
restriction digest after the second PCR increases the number of genetic
polymorphisms detected. Furthermore, the sizes of the DNA fragments to be

30 analysed for their length are decreased as well.



In a preferred nethod, genomc DNA fromthe sanple is anplified in a first
PCR at relatively | ow annealing tenperatures. The 5' variation generator
and the o flqaggent generator are used to generate fragnmepcgyNn@ionrch a 10
selected part 1s to be used in a second PCR. The first PCRis usually run
under conditions wherein neither the 5 .variation generator nor the 3
fragment generator alone anplify DNA. Thus, when DNA anplification is
performed using both the 5" variation generator and the 3' fragnent
generat or, manyhe amplifieddP CRagoudntss crretlras bel analysedesting equanetssofon one
end of the genomc éS DNA, and, at the sanme tine, many sequences based on
an opposi EISHE BrethAds.genoni ¢ DNA result. After possible dilution of the

PCR products of, the first PCR .a.second i s _pr.eferabl e med. This
second PCR i s ¢bndth %ée%&qwefihm Hhe fast Eggr%wp&f}caﬁﬂacr%aa& @i\?‘%ri mers.
The third L C Lde: by 3 ¥n€
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tenperatures, and enabling_a selection of a sub-set of the DNA fragrrents
anpl i fi ed styingpat eenditiopsRPrimpersiungdi iR die RO RSB NERCHR VABY 10 /I8 abl y
i ncl udes itnQsipe.residues. At . oI nt.duri i rocadu 85
preferred,LeﬁlLﬁtH%B |v8‘%1%1 ,%arnecg (r)iné]tcliieo%\rél(% iogelggisﬁgﬁggva%/&t%ie[ea%’lg%eé nglteksl'er
source of genetic variation in anplified fragnments is the presence or
absence of restriction sites. Addition of a restriction digest after the

second PCRJ: he nunber of genetic pol ynorphi sns det ect ed.
Furthermcﬁz%lﬁéllgaglgg%é of the DNA fragnents to be 30 anal ysed for their

l'engt hyare decrgasediAs1PeidntiEy AHebA348iHCEe MefloP @drds 8 a repeat

sequence, while the fragment generator starts within such a genetic distance,
that amplification of the DNA can be performed.

For the 5 variation generator, repeat sequences exist throughout any
genome in many variations, such as mononucleotide (A, G, C or T) repeat,

15 dinucleotide (CT, CA, CG, AT, AC, AG, GT, GC, GA, TA, TG and TC) repeat,
trinucleotide (e.g., TGA, CTG, etc.) repeat, tetranucleotide (e.g., TGCA, CTGT)
repeat, and so forth. For instance, an AC repeat can have the structure:
CACACACACACA (SEQ. I.D. NO. 1) (“6-repeat”), or CACACA (SEQ. I.D.
NO.2) (3-repeat).

20 Repeat sequences of course also exist in the as yet unanalysed genomes of
species. Repeat sequences exhibit different lengths due to the number of
repeats present. For different individuals, differences exist in the numbers of
repeats in each lorcus (“microsatellite”). Thus, genetic variation in repeat
sequences can be determined based upon length variation caused by the

25 number of nucleotide repeats in a locus. The number of repeats in a
microsatellite can vary enormously with different individuals of the species.
Many sequences contain a few repeats (e.g., 2 or 3), whereas some repeats are

known to include thousands of base pairs (“bp”).



The anplified PCR products can then be anal ysed using a variety of

exi sting nethods. As can be determned, in the first PCR anplification,
many DNAWG (lago8nt s are anplified, whereas in the second PCRMN®pPINT cati on
a subset of 5 these DNA-fragnments are nmultiplied. Both reactions are
preferably run under stringent conditions. Primers used in the PCR
procedure can vary in length. Lengths between 4 and 50 nucl eoti des or

i nosi nes vver edlnt Pri.mer eig 10 reyi ou
dentified  the ﬂaswaﬂff@i%%f%?%qﬂ%% RFiEer fj’ergp%%e[‘ffs@g’ gﬁ%%“e’%ﬁﬁ e the
fragment %rkfés%h%dq{e%hﬁ thb tr@bé‘atsléﬁ%tﬁ vaeneldCisdiRg¥aasn tHehat
anplification of the DNA can be perforned. For the 5' variation generator,
repeat sequephfisatéon sounts eltioare anyt oﬁgE@Bn@nmemaal;e fmcethtm bybridswecit as

mononucl eatide (A, G Cor T) repeaf, 15 dinucleot CG, AT, AC
AG GT, rﬁe ofePeRESaMIPTIEES Dy eEtng Ane HRPED gleo hf%@&i OROfG etc.

repeat o t I t ) I r

i nst ance ectoml rtgl%ella?' §a£ ae\l;ré-g[%e s‘frgﬁgtolf rt felg%%%&%ﬁ&&&( EE&e tI8. D. NO.
1) ("6- reﬁ;‘h@tna)tur@bf QP@&%I{@E@ enhzyihe, WRich) eloBghtREBNA-fri@gnRepsatarting
sequences of course also exist in the as yet unanal ysed genones of

speci es. HepodhesEguenefedigonhiclsiotiddiffimesnt | engths due to the nunber of
repeats present. For different individuals, differences exist in the
nunmbers of rWhdlatthejohoieecH dligonacleomidermamess amrepe)at Wncg%nmw1des

variation _in repe equences,.can b ed as ed upo

vari at i on BB ER Bee Rt e RS RRE P e RTIRC B BECRE e R R S viathe
hunbef oof RR&BISnpRfAfraBhfer@s 8F 8dddon@biABiz¥& (YO®BRtBOWSkY) W t h di f ferent

i ndi vidual s of the species. Many sequences contain a few repeats (e.g., 2

or 3), whereaphsAThbe2RERERCAME oligonucleotides of the primer is maintained at a
low number. The annealing temperature at the same time, is raised to enable
reliable and reproducible amplification. This is done using inosine
substitutions in the fragment generator. Inosines are used to increase

15 annealing temperatures without affecting the binding conditions of
oligonucleotides. Inosines match to any of the four nucleotides in the DNA.
When inosine 1s substituted for a nucleic acid, it contributes to the sensitivity

of the technique.

20 PCR

To combine the amplification of many DNA-fragments with the selection of
a specific set of informative DNA-fragments, a protocol is used which is based
on two subsequent PCR-amplifications. In the first PCR amplification, many
DNA-fragments are amplified, whereas in the second PCR amplification, a
25  subset of these DNA-fragments are multiplied. Both reactions are run under

stringent conditions.

After the PCR (or PCRs) have been conducted, the resulting amplified

fragments are preferably subjected to restriction digestion to determine the



known to include thousands of base pairs ("bp"). WO 01/64948 PCT/ NLOLl/ 00177
7 By localising the oligonucleotide prinmer at the 5 site of repeat
sequenceWO @m4gsscri bed herein, the repeat |ength variati ®ETNLAI7dsed i n
the anplification rounds which are part of PCR Priners are forced to
hybri di se at 5'ends of repeat sequencess8 by addi ng one or nore nucl eoti des
whi ch do not 5 continue the repeat pattern at the 5 end of the priner.

whi ch el ongat es
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the detection of genetic variation, fragnment generator is

essentially i ¢sefbrhBly2iiekfen) fPragiBssheh seqasapabLsiny #RAntARR bp to 10
kb). The nunber of selective oligonucleotides of the primer is maintained

at a | owkmowbem thhertatindetermgne ¢hppraticnlar genehie pdbarnisiaremarkensai sed to
enable reliable and repraducible anplification. This is done using inosine
subst i ?ut PR WIS 9 %?%E‘?Ff generator. Inosines are used to increase 15
anneal i ng tenperatures w thout affecting the binding conditions of

ol i gonucl eoti des. Inosines match to any of the four nucleotides in the DNA.
VWhen i nosi ii?aﬁﬁﬁ%it“t ed for a nucleic acid, it contributes to the
sensitivit of the technique. 20 PCR To conbine the anplification of many
DNA-fragnments with the selection of a specific set of informative
DNA-fragnments, a protocol is used which is based on two subsequent

PCR- anpl i fiheanatans of wiyensad vagiablcfragmants (B Dgombingy flenllity agdent s are
anpl i ﬂ) ed ’reg\lboef‘iru%lab%hitg;' VJ1P§ h?gl? ‘I)MIS %&%dr&)mﬁlé%he Y ariation Generator
(based on the microsatellite sequence) mostly corresponds with genetic
variation typically found in microsatellites, whereas the Fragment Generator
is mainly linked to presence/absence polymorphisms. This strategy is typically
based on the use of two different fluorescent labels — one associated with the
15  Variation Generator, the other corresponding to the Fragment Generator. This
concept enables the optimal use of high throughput analysis systems based on
multiple fluorescent dyes.
In comparison with other technologies, e.g. AFLP, UVF has an
increased power to generate polymorphisms in search for high marker density.
20  One distinct advantage of the UVF system 1s found in the possibility to
increase the marker density in regions of chromosomes of specific interest by
choosing the order of the bases of the Fragment Generator— instead of random
- in the flanking region of a known genetic marker. As a result, a number of
genetic markers can be identified within a short distance from e.g. QTL-
25  markers. This prospect is not possible with other technologies such as AFLP
(and SAMPL), or ISSR (Inter Simple Sequence Repeat).

Compared to several technologies UVF is different:
a) The power to generate polymorphisms is much larger compared to RAPD

30 (random amplified polymorphism detection). Due to it’s concept of a three



25 subset of these DNA-fragnents are multiplied. Both reactions are run
under stringent conditions. After the PCR (or PCRs) have been conduct ed,

the resulid byl i fied fragnments are preferably subject g QLgiRsi#i ction
di gestion to determ ne the WO 01/64948 PCT/NLOLl/ 00177 8 presence or

absence of restriction sites. Use of thegrestriction enzynes increases the
nunber of genetic pol ynor phi sns detected. The (preferably digested) product
i s then sequenced using _techniques known in the art to determ ne_the
particul ar géeestratess (L&Y Hshay ingngacedspoviepioegenmratenelysorpdasinseBAPD

licati Th t f i I i f .UVF). i
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corresponds wth genetic variation typically found in mcrosatellites,
wher eas t g SnatifreatiotentnaidsR (Isterdimple [Senedce Repeas)eis delsal anos:

pol ynor phi sms. This strategy is typically ased on. the use of two
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Gener at or, e r i erator. This concept
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mul tiple fch vonphiciedtFrdygasent! eriRélyairphidhs QAREP)tiebhsed 64itBs use -
AFLP, UVF has an increased power to %enerate pol ynor phi sms in search for
hi gh mar ker adensoxn jgation tomertiite Rt Thnprvcadereofs typecaliyrcaypletelyi s f ound
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of specifi cia?’ﬁ?léﬁ é&@ﬁfbﬁ} ascﬁg%’fior%lg?ﬁ]é’notroo%?rg?h% ﬁeeacﬁ’e?éle@“ a@?‘%‘as%roﬁgﬁﬁnt
Cener ahor - ispst@AGe OfridtAHOMymes.
d) SAMPL is completely based on AFLP, but 1s directed to the detection of
microsatellites using the AFLP technology.

Furthermore, compared to RAPD and microsatellite analysis the power
15 to generate large amounts of polymorphisms from a small amount of genomic

DNA is clear.
Several areas for applications based on UVF include:

20 1. Gene hunting
The detection and identification of genetic markers for diseases or
beneficial genetic characteristics is possible using UVF. Due to its
effectiveness, even in species with a relatively well-developed genetic map
UVF is useful. In other species where the number of available genetic markers

25 1is low, UVF will be the technology of choice.

2. Marker density
In situations where QTL-analysis has revealed a genetic marker (e.g.
RFLP or microsatellite) with known sequence, the number of markers in a

30 defined region can be increased using the UVF technology. This can be



- in the flanking region of a known genetic marker. As a result, a nunber
of genetic markers can be identified within a short distance frome.g. QIL
25 mar kew®.01/6948 prospect i s not possible with other technoTdgoEe01Zlch as
AFLP (and SAMPL), or ISSR (Inter Sinple Sequence Repeat). Conpared to
several technologies UVF is different: ap The power to generate

pol ynor phisnms is nmuch | arger conpared to RAPD 30 (random anplified

pol ynor phi sm det ectj on). e to it's concept of a ree WO .01/64948 .

DT N0/ oo ievedghs lagn i thetipe Hoghs RBLNS Rer@mneBl (e qRgdisepanne

pol ynor phi i | i NP eas
OV T 's Lyt ER § R nd PR Bl AR I el o e R B T s by
di gest i on jatsppcifle)arBaplof fheabsto Usisk thisl FRoAtNt e Bingel i WhitkeQTE.sRepeat )
is based on one S5 prinmer in one " _'"Rreaction. UVF is conpletely

di f f er ent thagd¢ loeatedsianahe decreapedamdbesst ichndidate gengripnrpacysandse g

di gestion step..cC nplified Fragment Length Pol ynorphi sns (AFLP) is based
on the5usén8’fépd’§8%\t6 or ligation to initiate PCR This procedure is

typically conplgliglsyrai@Bseah HefubMier @sed & ddiBcORéndad VoAatiBnShahe the
reaction with a digestion of 10 several restriction enzynes. d) SAVPL is

conpl et el ywenased rogioABLdRsebiot priosnatier etteedodaded hiwsddb genesrilbé design of
m crosatel |lites using.the AFLP technol 8gy. FurtEerm)re, conpared to RAPD
and ni cr odhednagmentriappeyator ﬁ%ngﬁ ed{m geRneIanRFUPRLG IS AhOaRES OBf

pol yrmor phisnig fEQ fgggﬁg)ﬁhﬁg@@g%ggﬁrfgg@q&;. @1@ gﬁﬁt}felrﬁﬁgsm%%ﬂ}?é ar eas

for applications untin
10 power of UVF over other available technologies.

3. Forensic analysts
Due to the nature of UVF, small quantities of DNA can be used to
generate DNA-profiles. This enables the use of UVF in situations where only

15 limited amounts of DNA are available for genetic analysis - e.g. forensics.

4. Biodiversity
UVF enables the search for breed- and species-specific markers.
Amongst other issues, (sub)-species identification of for example birds will

20  solve many enduring discussions.



The detection and identification of genetic markers for di seases or
beneficial genetic characteristics is possible using UVF. Due to its

ef fecti venesized98ven in species with a relatively well -dev@capadigerigti c map
UVF is useful. In other species where the nunber of avail able genetic
markers 25 is low, UVF wll be the technal ogy of choice. 2. Marker density
In situations where QIL-anal ysis has reveal ed a genetic marker (e.g. RFLP
or mcrosatellite) with known sequence, the nunber of markers in a 30
defined region can be increased using the UVF technol ogy. This can be WO

01/ 64948 PCT/ Nligglés%?%ﬂ% qu%x;e%tgon %se e Qf’rsﬂi%?tg?f.v?%r&.hﬁ?@ir%nl@ﬁﬁeﬁro%déshe

Fragment Genera n regi o e pol ynorphic marker. This

enabl es geagidhhantefigheoewhed ibditeficatidmob@ediigaredranmadé andtdantt . Usi ng
this approach, the range in which QILs nmay be | ocated can_be decreased,
and e.g. Manyi wadéifgepecieppbetdcaninals and Blanise agp peetesged JPPfiil@""spr“tegy

can be further ,used, to tect.,gepeti c ,variation.in,t om '
cl ose Po ﬂ%ﬁﬁ@é}m&?%@s&ﬁl}@ﬁlggagﬁ Bae ]?eoﬁ%})gtn%l - tee'gﬁ%‘?]%&ogﬂ e%t?}fg Ira;mant
Gener at or 9@119&&@&@&9%9 HERSH 8h1sRUIR B heShrloRen tleflasedlyoprotsatkences

recogni zed%l y transcription factors. This further illustrates the |o power
of UVF ovdawoflherinaeatibahirevidesithelmgaesto aBswEppensjuestinalipsvddidiee to t he

nature of UVF, snal|l quantities of DNA can be used ta at )
DNA- pr of i |1@@I.laa?m§nbﬁg18pé’§ "t%ge%’éy of 1W|ﬁan§Js°'Pt éPF%‘ﬁé%mgﬁal gﬂ?%}ﬁc 15

|4' mBlt ggi 3%?§p%§ce%f ard i Bnd¥al raRliGvERfioHeIRh ifro PR ns tic Rafs of 2T ensi cs.

10 species. In some species genetic information, and certainly genetic maps are
underdeveloped. Usually, identification of genetic markers is time and labour
consuming using the existing methodologies (e.g. microsatellites).
Furthermore, testing of these markers is inefficient due to the low number of
genetic markers amplified in one, single, reaction.

15  With the new technology genetic markers are developed at low costs with high
speed and efficiency. Thus, ‘classical’ laborious methods are no longer needed,
and no individual primer sets for each marker is needed. Furthermore, using
the invention, many genetic markers can be identified, and analysed in a short
period of time. Further analysis of the segregation of these markers in families

20 where diseases, resistance genes, or other genes of interest are segregating as
well will enable the identification of genetic markers related to the genes of
interest.

In the case where lineage is in question, once the genetic markers of the
individual have been determined, they can likewise be determined for the

25 putative parents. The sets of markers (e.g., the number of repeats in a locus
the length variation of the set of amplified fragments, and so on) from an
individual can then be compared with the markers of the putative parent or
parents, and a determination of lineage made. In the case of the
aforementioned hawk, for instance, if the number of repeats in a particular

30 locus of the hawk’s DNA do not match that of the tamed breeding putative



UVF enabl es the search for breed- and species-specific markers. Anobngst

ot her issues, (sub)-species identification of for exanple birds wll 20
sol ve mawy ®rdusi ng di scussi ons. WO 01/ 64948 PCT/ NLO1/ O01PZT/NLD1DH7Use, the
invention is quite straightforward. The invention provides rapid and
straightforward identification of endangered animals and plants. Many
wldlife species - both aninmals and plants - are protected by law Only 5

limted nunbers of individuals y. be pt {n_ private. .However

dont £ 11 CATBRLS 2ha cPRABAGE tm Phbsavnary the aRe e Y Bt s ths
effecti Ve'ﬂérgﬁ% ect the Ilaw The invention provides the neans to answer
any question tn wildlife nmanagenent relating to identity or |lineage, also

of speci es OfTH@Eé;xﬂe%?ﬁf&tidrP?rig@éj%@ﬁ%eac{lfesHohtdff‘péﬂigi'%; ariB&s. Mient i on

al so provides genetic maps o O species. In sonme species genetic

i nf or mat i Genetivdnaridraiofitie gedividwealrpscomparedrrdet daviehsipeldwitbisthaise pf
identification of genetic markers is tine agnpd | abour consum ng using the
exi sti hg PBERBHBI ogid@sestory or yelatiyest eSNactady) Parentdt her nore, testing of

these markers is inefficient que ta the |ow,nunber qf etic mparkers
amplified inlodbe caspef g?na%%g??%mmﬁémw AHittREY Piﬁé(%)ﬁflé"blﬁﬁg’?c?gwwﬁ&%({ of
mar kers ar. I . o) A i : fi cl Thus,
“cl assi caltﬁeﬁ)z%(;ﬁf ?ga%%p%%%eﬁggsgc ’ac?ééondéﬂﬁt)g}lllglé?ﬁrﬁggggﬁjelﬁgﬂggﬁoﬁ ‘?en‘ﬁ?%%gm
primer setchrb@osemehOmRe kohséivetegthedic thurkdierpresent osithg Y tfnidnoend i on,
many genetic markers can be identified, and analysed in a short eriod of
tinme. Furtaveridemtafigdifer @fe spreiese he ANAGH the infagduphikaprestion £amibei es 20
wher e_di seasagsé restlihst ance, genes ﬁr ot her genes of interest are

segr egt i rgredEsed with (e SERAHIYePfion; dent i fi cation of genetic markers

related to t *Wh%ﬁ’{ﬁ% chestiloﬁtc%gl Sfs around whether or not an individual of a

species is the same individual previously tested (e.g., by a nation’s health,
agricultural, or racing authorities), the individual is tested at a different time,

and the results are compared with those of the earlier analysis.

15 A kit of parts for use with the invention includes first and second
oligonucleotide primers for performance of the first polymerase chain reaction
amplification on the genomic DNA of the individual. The first oligonucleotide
primer is a 5' variation generator, starting at a repeat sequence. The second
oligonucleotide primer is a 3' fragment generator starting within such a

20 genetic distance that amplification of the genomic DNA can be performed. The
kit will also preferably include components for performing the second PCR.
Such components include third and fourth oligonucleotide primers, wherein
the third oligonucleotide primers is an elongated version of the 5' variation
generator, and the fourth oligonucleotide primers is an elongated version of

25 the 3' fragment generator. The kit of parts further also preferably includes

appropriate restriction enzymes.

The invention is further explained by use of the following illustrative
examples. In the examples, only a limited number of primers are shown.
However, any combination of primers based on the information presented

30 herein is considered to be using the same principles of this technology.



In the case where lineage is in question, once the genetic markers of the

i ndi vi dual have been determ ned, they can |ikew se be determ ned for the

25 put atweer/pmagnts. The sets of markers (e.g., the nunbefCUNLIEPEAL s in a
| ocus the length variation of the set of anplified fragnents, and so on)
froman individual can then be conparextBwi th the markers of the putative
parent or parents, and a determ nation of |ineage nmade. In the case of the

af orenenti oned hawk, for instance, . er of repeats in a particular
30 |l ocus of the hawk's DNA do not ﬂ%%éhﬂﬁﬁgﬁggf the tanmed breeding putative
WO 01/ 64948 PCT/ NLO1/00177 12 parents, the conclusion can be drawn that
the tanmed breeding pair are not the parents. The sane situation arises
when t he uestlo of pedigree arises. The genetic markers of the

i ndi vi dua Xapﬁ)ﬁgnpared and contrasted with those of 5 the putaf ancestors
or relatives, especially parents. In the case of gender determ nation, a
library would first be constructed of the particular species (e.g.,

crocodil e Wlth @a cul ar enphasis put on the Y chronosone. Once
consef@ed | %@#kers present on the Y chronosone are identified for

t he speci es ) nv %%W{]&y cﬁb%ylbgl{%htbﬁa%?ztét%ﬂﬁg berdlaanghyss@d W th

t he i nstant uestion cenfers aroun whét her or not an

i ndi vi dUahn@flo@hhsﬁﬁ)@@h@S'akﬁtidﬁegﬁmﬂ‘atdmﬂlgﬁrﬂiﬂ?éotﬂieepnmﬂlayt thesd’ Esate(af g., by
a nation's health, agricultural, or racing authorltlesé the individual is
tRe

tested atrepeditfseanences; amd, staatnagméhme%@wgtlﬁrdés hgremafissse of the

earlier a Ki t rts faor use o] I des
first and‘q%%%g?‘?(sﬁl e’iﬂ’?é}&ﬁl&flfgﬁl PR 8 per %%?ﬁ%e%\égwgb fr&ﬁec Qﬁ B
pol yngy asg, £hahb 5 eREd @A of the Var1ation generator includes a nucleotide which is

not consistent with the existing repeat pattern of the repeat sequence.

PCR 1. Variation generator.
TTGTGTGTG (SEQ. 1.D. NO. 3)

ATGTGTGTG (SEQ. I.D. NO. 4)

15 CTGTGTGTG (SEQ. L.D. NO. 5)
CCACACACA (SEQ. 1.D. NO. 6)
GCACACACA (SEQ.I1.D. NO. 7)

TCACACACA (SEQ. I.D. NO. 8)
TTTGTGTGTG (SEQ. I.D. NO. 9)
20 ATTGTGTGTG (SEQ. I.D. NO. 10)

Fragment generator.

ATGTIIIIT (SEQ. 1.D. NO. 11)
ATGTCIIIIT (SEQ. LD. NO. 12)
ATGTCTIIIT (SEQ. LD. NO. 13)
25 TIIITGTCAG (SEQ. LD. NO. 14)
TIIIACGTCG (SEQ. 1D. NO. 15)



anplification on the genom c DNA of the individual. The first
oligonucleotide priner is a5 variation generator, starting at a repeat
sequencewolh@sssecond ol i gonucl eotide prinmer is a 3' fragRERNIGHA7At or
starting within such a 20 genetic distance that anplification of the
genom c DNA can be perforned. The kit w4 | also preferably include
conponents for perform ng the second PCR  Such conponents include third

and fourt i go i i in ird oligonucl eotide
prinmers |§3(§h &@@&ﬁﬁi%@%ﬁh@?@ﬁ%(éﬂﬁﬂ generator, and the
fourth oligonucleotid jmers i.s _an el ongated versiop. of 25 3!

f r agment genera‘%‘%‘f“?m*l%egmggjﬁn it & S3mP e"?’a%llagﬂ)lbtﬁ%cfg}aﬁrﬁtm%&w
appropri at AR [ ntgl I§;4f i fied, by use
R B e R LA e
nunber of tphipE@asuRsaisedatmn oplvaxksecoadyroaadtifriahpbficafiopy.iTher s based on

the information presented 30 herein is considered to, be usin he sane
pri nci pl ePreViqusls desaHifsl @agonusts Bide eI By generage E@&mrﬁs

Exanpl e | ep%iirerelege\%iag Quysdﬁ&rtcggﬁgtégx?{é,%é% %&%ﬁéf a?edfr%%&ﬁeq{t;%?e%%gaﬂ)r’

starting at a repeal sequence an i’'si’ng the variatiof gen r

ol i gonucl ga§inde rﬁ&“!th’@rva@Iatidlﬁﬁ&'le@itbﬁp@fmeﬁ gloaatcostduaiplefy, DNd starting
within a genetic distance), the hereinafter described exanples of feasible

primer sequences were determned. As can be 10 seen, the 5 (left) end of
the variation generator includes a nucleotide which is not consistent with

t he exi st iPORrE2pePIIFICATION 0he\ SefBSEBOueR1. PCR 1. Variation
gener at or .
10 After dilution of the PCR products of the first PCR, a second PCR was

conducted using the resulting fragments. This second PCR was based on the

hereinafter described fragment and variation generators, which, as can be

seen, were elongated to enable PCR amplification at higher annealing

temperatures (40 - 70 °C). This enabling the selection of a sub-set of the DNA-
15 fragments amplified in PCR 1.

Examples of the elongated primer sequences

PCR 2. Variation generator.
TTGTGTGTGTGTGTGTG (SEQ. 1.D. NO. 16)

ATGTGTGTGTGTGTGTG (SEQ. I.D. NO. 17)
20 CTGTGTGTGTGTGTGTG (SEQ. 1.D. NO. 18)

CCACACACACACACACA (SEQ.I1.D. NO. 19)
GCACACACACACACACA (SEQ. I.D. NO. 20)

TCACACACACACACACA (SEQ. I.D. NO. 21)

Fragment generator. Six examples are shown:

25 ATGTIIIITIIIIT (SEQ. I.D. NO. 22)
ATGTCIIITIIIITA (SEQ. I.D. NO. 23)

THITGTCAGIIIA (SEQ. I.D. NO. 24)
TIIITGTCAGIIIAA (SEQ. I.D. NO. 25)



TTGTGIGIG (SEQ |.D. NO 3) ATGIGIGIG (SEQ . D. NO 4) 15 CIGIGIGIG
(SEQ 1.D. NO 5) CCACACACA (SEQ I.D. NO 6) GCACACACA (SEQ I.D. NO. 7)
TCACACACWQ @48l . D. NO. 8) TTTGIGIGIG (SEQ 1.D. NO 9) PZO/NLPVGNGET GTG
(SEQ I.D. NO 10) Fragnment generator. ATGIIIINIIT (SEQ I.D. NO 11)
ATGTCI I IIT (SEQ [.D. NO 12) ATGICTIIAOE (SEQ 1.D. NO 13) 25 TIIITGICAG
(SEQ 1.D. NO. 14) TIIIACGICG (SEQ |.D. NO 15) WD 01/64948

PCT/ NLO1/ 00177 14 PCR 1. AW F CGenomni ¢ DNA taken
froma sanple was anplified i Iﬁ'fﬁ&gﬁgﬁbﬁ‘g@ﬁ@mﬁ%g t enper at ur es
(for exanple 30 - 65 C bpfiiRCEIRCEIIMAA BEG. TIRNNO ©7peratures used at an

opti onal second round of anplification). The 5 previously descri bed
ol i gonucl eotide priners were used to generate fragnents. The first PCR was
run under conditions, where neither the fragnment generator prinmer nor the

variation generphothed h@ﬂi@@p@md@cﬁmbké i d R&th ZestAlohFl CATI ON OF
A SUB-SET OF PCR 1. 10 After dilution of the PCR products of the first PCR,

a second RORywaes swhnaiuBaeddlst fnflhiemcresuihg ithg nfunalercef senetii s second PCR
was based poo y}nrg)gphisms detected and reducing the sizes of the DNA fragments to be

analysed.

ANALYSIS

10 Analysis of the digested product was conducted on a ABI 377 sequencer
(Perkin Elmer, CA, USA). The detection on this sequencer was made possible
through the use of fluorescently labelled primers (both the 5' variation
generator and the 3' fragment generator were labelled with different dyes

(such as FAM, HEX).

15 Analysis of the various fragment sizes was performed using the software

GENESCANT™ and GENOTYPER™ (both from Perkin Elmer, CA, USA).



herei nafter described fragnent and variation generators, which, as can be
seen, were elongated to enable PCR anplification at higher annealing

t enper at Weg/idaddd - 70 C). This enabling the selection of FcgweiRb179f the
DNA- 15 fragnents anplified in PCR 1. Exanples of the el ongated priner

sequences PCR 2. Variation generator. TIEGTGTGTGIGIGIGIG (SEQ |1.D. NO 16)
ATGIGIGTGTGIGTGIG (SEQ |.D. NO. 17) 20 CITGIGIGIGIGIGIGIG (SEQ I.D. NO
18) CCACACACACACACACA (SEQ 1.D. NO. 19) GCACACACACACACACA (SEQ 1.D. No
20) TCACACACACACACACA (SEQ |.D. NOguzg)egemdsgment generator. Six exanpl es
are shown: 25 ATGTIIIIITIIIIT (SEQ 1.D. NO 22) ATGICIIITIIIITA (SEQ
I.D. NO 23) TIIITGTCAGIIA (SEQ I|.D. NO 24) TIIITGTCAGIIAA(SEQ . D.
NO. 25) WD 01/64948 PCT/ NLOL/ 00177 15 TIIIACGICA. Il A (SEQ D._. NO 26)

Tl | 1 ACGTCG he Aampdesused m th@llhzsﬁramﬁes eredagehrrhigs m@RCBI@JdBNtAs ver e

nunber o st T boBE bR seiRBlE R AR catci ng the i zes of the. DNA
fragments to be analysed. ANALYSIS

I. Illustration of analyses of five species. Clear differences are present.

Different lanes present 1 horse, 2 parrot,  cattle, 4 ostrich and % pig. The

illustration shows DNA-fragments ranging from sizes between 100 and 1200

bp.

10
II. Illustration of analyses of five species. Clear differences are present.
Different lanes present 1 horse, 2 parrot, 3 cattle, 4 ostrich and % pig. The

illustration shows DNA-fragments ranging from sizes between 250 and 300 bp.

15  III. Illustration of variation within species. Two samples of the same species

(ostrich) are presented. At least three loct are presented.



10 Analysis of the digested product was conducted on a ABI 377 sequencer
(Perkin Elmer, CA, USA). The detection on this sequencer was nade possible

t hrough th@ope@Of fluorescently | abelled priners (both thgHnLoibiAti on
generator and the 3' fragnent generator were |abelled with different dyes

(such as FAM HEX). 15 Analysis of the various fragnent sizes was perfornmed
using the software GENESCANTM and GENOTYPERTM (both from Perkin El mer, CA,
USA). WO 01/64948 PCT/ NL0O1/00177__ 16 _Figure | egends. The sanples used in
the illustrations are based on tﬁ%ﬁ% B LkS G obt ai ned from bl ood
sanmples fromeach animal. 5 1. Illustration of analyses of five species.
Clear differences are present. Different |anes present 1) horse, 2)

B 11 g AEAEAG LTS ER, T 80,307 100 and 1500 “bp. 10 11"

pi forent CAHGACHBHRTTIT W0 EE °5) “parror, ) catile, 4y ostrith and 5

Bnd 300 bp TGO TGSHEE DD D Vari ai i on i thi n Speci eo. Two campl es

ot esont od. W 1SRRG KPbaH?7 17 SEquRncE LisTiNg
CTGTGTGTG (SEQ. I.D. NO. 5)

CCACACACA (SEQ. I.D. NO. 6)
GCACACACA (SEQ. I.D. NO. 7)

TCACACACA (SEQ. I.D. NO. 8)
TTTGTGTGTG (SEQ. I.D. NO. 9)
ATTGTGTGTG (SEQ. I.D. NO. 10)
ATGTIIIIIT (SEQ. I.D. NO. 11)
ATGTCIIIIT (SEQ. I.D. NO. 12)

ATGTCTIIIT (SEQ. I.D. NO. 13)
TIIITGTCAG (SEQ. I.D. NO. 14)

TIIACGTCG (SEQ. LD. NO. 15)
TTGTGTGTGTGTGTGTG (SEQ. LD. NO. 16)
ATGTGTGTGTGTGTGTG (SEQ. LD. NO. 17)
CTGTGTGTGTGTGTGTG (SEQ. I.D. NO. 18)

CCACACACACACACACA (SEQ. I.D. NO. 19)
GCACACACACACACACA (SEQ. 1.D. NO. 20)

TCACACACACACACACA (SEQ. I.D. NO. 21)
ATGTIIIIITIIIIT (SEQ. I.D. NO. 22)
ATGTCIIITIIITA (SEQ. I.D. NO. 23)



CACACACACACA (SEQ |.D. NO. 1) CACACA (SEQ I.D. NO. 2) TTGIGIGIG ( SEQ

|.D. NO. 3) ATGIGIGIG (SEQ |.D. NO. 4) CTGIGIGIG (SEQ |.D. NO. 5)
CCACACACWG GF@948 . D. NO. 6) GCACACACA (SEQ I|.D. NO. 7) PITAGAGACKT( SEQ
|.D. NO 8) TTTGIGTGTG (SEQ |.D. NO 9) ATTGTGTGTG (SEQ |.D. NO 10)
ATGTIITIIT (SEQ |.D. NO. 11) ATGTCII11T8(SEQ I|.D. NO. 12) ATGICTIIIT
(SEQ |.D. NO. 13) TIIITGICAG (SEQ I|.D. NO. 14) TIIIACGTCG (SEQ |I.D.
15) T S . NO. 16) ATGTGTGIGTGTGTGTG (SEQ | .
o 17) OGHACAGIGEITERED. NB20G 18)  CCACACACACACAGACA (SEQ |
NO. 19)  GRAGARMEARAGACARAS @g DI N@), 849 20) TCACACACACACACACA (SEQ |.
NO. 21) ATGIHITITTIIIIT (SEQ I.D. NO '22) ATGTCIIIITIIIITA (SEQ 1.D.
NO. 23) \Ammnﬂm@mammmﬁmadimo DB)TI || TGTCAG | |A (SEQ |.D. NO. 24)

TIITACGTCGIIIAA (SEQ. I.D. NO. 27)

D.
. D.
D



11 TGTCAG I 1 AA (SEQ |.D. NO 25) TIIIACGICAIIA (SEQ |.D. NO 26)
TITIACGTCA I | AA (SEQ |.D. NO 27) WO 01/64948 PCT/ NLO1/00177 19 CLAI MS
1. A net Geflp@le@nal ysing genomic DNA in a sanple, said nephediGeewnt si ng:
providing first and second oligonucleotide prinmers, said first 5
ol igonucl eotide priner being a 5 variafd on generator, conprising a repeat
sequence and at | east one nucl eotide inconsistent with the repeat pattern,
said first oligonucleotide primer having at |east one nucl eotide
positioned on the first oligonucleot IME' end, and said second
ol i gonucl eotide priner being a 3' fragnent generator starting w thin such
a genetic distance that anplification |0 of the genom c DNA can be
per f or med,; condutln a nucleic acid lification on, sai enom'c.DNAin
the sanpll A§ei§o Wntallﬁésmg@fm%e Rdt %ﬁ“in@g%f@l”éé‘i‘? &OWF%Ing't hus
produci ng DNA frag nts based on repeat equ nces on at ast one end of
t he genonic DI\WOV&{;E‘ fi‘"s Cﬂ’@dQ gﬁﬂ‘BFePV ﬂpﬁilBﬁﬁ%tsa’E#ugé"Stproduced to

e e

conpr|S|ng, a secon on t'he f the

nucl ei ¢ acdeduanpé nhicatleast omhdcbeadadnc@mémht eaith ahe hepogt pattdiigtsadd
using third and fourth oligonucleotide prinmers, 20 said third and fourth

ol i gonucl gatsit gdigpnhpkeptidpairiges lb@ﬁgeg atilapst onemucheotady positiongd oarfdies econd

ollgonucle t|d pegti v enabI| of sub.set
of the hidBhhe s B5Y pifinteg PP Al RERRld, Ryt Reingh
accor di ng f&"é?gﬂlleﬁ't Behetof stk wﬁlh%rucﬁcu@éﬁ&wals(daﬁ@sthangamphﬁcatmn

10 of the genomic DNA can be performed;

conducting a nucleic acid amplification on said genomic DNA in the
sample using both the first and second oligonucleotide primers, thus producing
DNA fragments based on repeat sequences on at least one end of the genomic

DNA; and

15 analysing an amplified product thus produced to determine its length.

2. The method according to claim 1 further comprising, conducting a second
amplification on the products of the nucleic acid amplification, said second
amplification being conducted using third and fourth oligonucleotide primers,
20 said third and fourth oligonucleotide primers being elongated versions of said
first and second oligonucleotide primers, respectively, enabling a selection of a

sub-set of the DNA fragments amplified in the first amplification.

3. The method according to claim 1 or claim 2 further comprising digesting
25 said amplified products with a restriction enzyme thus increasing the number
of genetic polymorphisms detected in said genomic DNA and decreasing the

sizes of the DNA fragments to be analysed for their length.



25 said anplified products with a restriction enzynme thus increasing the
nunber of genetic pol ynorphi sns detected in said genonm c DNA and

decr easi Rgp bi)gyeasi zes of the DNA fragnents to be anal ysed d@ayntdioi77! engt h.
WO 01/ 64948 PCT/ NLOL/ 00177 20 4. The method according to claim1, 2, or 3
wherein the second ol igonucl eotide prlng conprises an a-sel ective base
such as inosine. 5. The method according to claim2, 3 or 4 wherein the
fourth oligonucleotide 5 primer conprises an a- sel ective base such as

i nosi ne. 64. ’Bham&trbddcﬁccdnﬁagrtp elaig £h8, o1 fedprent thas¢qemidoligpiucigptide

anal ysing genomic DNA in a biological | e. of .t he individual, said

net hod corrg’rllné‘?rr&j’mpréﬁeaﬁ 31 iArRplect B%ﬁ?o?ﬁcgpﬁ\quﬁn%al d biol ogi cal sanple to
determ ne the 10 presence of a repeat sequence; determ ning the repeat
sequence's Iength i n nunber of nucleic acids; and conparing t he repeat

sequence' s.| tth a ¢ g 8 ength o

putative ah ﬁ@? \g‘ﬂlodsaé’cﬁr Hgl VI Q §§r74 W%lﬁrel qt 3@ %’c@?%?’hud‘f&ld‘? ai'm 6
wher ei 5 t hgrida! dphSrisds §ﬁladseg@&m6a%cmsﬁads@ln@anpl e conprises using a
first oligonucleotide prinmer for performng a first anplification on said

genomi ¢ DNA, said first oligonucleotide priner being a 5 variation
generator and conprising a repeat sequence and at | east 20 one non-repeat

nucl eot i degOA 1hBshdd sfsdetel m@wimgcthedindigzesofan Bllvidhial Aykitalghinegdisorhier
anal ysing genomic DNA in a sanple, said kit of parts conprising: first and
second ol i ¢h edhiplhgigalismrplefo the endividale saisk method gemprising:
analysing said genomic DNA in said biological sample to determine the
10 presence of a repeat sequence;
determining the repeat sequence’s length in number of nucleic acids;
and

comparing the repeat sequence’s length with a corresponding repeat

sequence length of a putative ancestor of said individual.

15
7. The method according to claim 6 wherein the analysis of said genomic DNA
in said sample comprises using a first oligonucleotide primer for performing a
first amplification on said genomic DNA, said first oligonucleotide primer
being a 5' variation generator and comprising a repeat sequence and at least

20 one non-repeat nucleotide on the first oligonucleotide’s 5' end.

8. A kit of parts for analysing genomic DNA in a sample, said kit of parts
comprising:
first and second oligonucleotide primers for performance of a first
25 nucleic acid amplification on said genomic DNA, said first oligonucleotide
primer being a 5' variation generator, and comprising a repeat sequence and at
least one non-repeat nucleotide on the first oligonucleotide’s 5' end, and said

second oligonucleotide primer being a 3' fragment generator.



25 nucleic acid anplification on said genom c DNA, said first
oligonucleotide primer being a 5 variation generator, and conprising a
repeat segyl gand at | east one non-repeat nucl eotide on gdyentdifodizr

ol i gonucl eot | e s 5' end, and said second oligonucleotide prinmer being a
3" fragment generator. WO 01/64948 PCT/NLOL/ 00177 21 9. The kit of parts
of claim8 further conprising: third and' fourth ol i gonucl eoti de primners,
said third oligonucleotide primer conprising the oligonucl eotide seqguence
of said first oligonucleotide 5 priner together with further nucleotides,
and said fo h oligonucleotide priner conprising the oligonucleotide
sequence df. B Kitsdaunts of ¢lgontfwshereompristig's together with further

nucl eotides. 10. The kit of parts of claim8 further conprising at |east
one restrictiorthinbagdAgueth @EOW%&Wﬂb@%w%}dﬁélﬁ%dég(&Nﬁl@)@e cl ai m 10
wherein at_l.east one ucl eot i des

o benuct uiias cofitfisthg she otlgdblidRbyReSeagbh iesr Slia ey bi¥bhlceatida . 15

12. A get Nadmet (85ah%s ivigh FaRE: N tidbs@afangai® fo sah%lfg%hh@}éo@ﬁ@prl si ng:
providing first and second ol i gonucl eotide primers for perfornmance of a

first pol ymemes ceonimsmgethetoilxgnnaniebtlﬂecsaquenceouf sl degamd nligoDiAcotsde d

first oligonucleoti g rrg gel ng varl ation generator, and
conpri si ngTAMEEDERCLDET & E]}Eu Witben pclootidesst one non-repeat nucl eoti de on

the first oligonucleotide's 5 end, and sai d second ol i gonucl eotide primer
being a 3' fragment generator conprising at | east one a-sel ective base

Zu;:g' Zts i i,g]ﬁi o kﬁor%%léll% S opclfsiiiﬂl%f rl}:lsler co {){'ifs{r?gaéé ﬁe%sg]:)nesa%legtr?c%?o%m ¢ DNA at

10 enzyme.

11. The method according to claim 9 or claim 10 wherein at least one of the
further nucleotides of the fourth oligonucleotide primer comprises an a-

selective base such as inosine.
15
12. A method of analysing genomic DNA in a sample, said method comprising:

providing first and second oligonucleotide primers for performance of a
first polymerase chain reaction amplification on said genomic DNA, said first
oligonucleotide primer being a 5' variation generator, and comprising a repeat

20 sequence and at least one non-repeat nucleotide on the first oligonucleotide’s 5'
end, and said second oligonucleotide primer being a 3' fragment generator

comprising at least one a-selective base such as inosine;

conducting said first amplification of said genomic DNA at a relatively
low annealing temperature using both the first and second oligonucleotide
25  primers, said first amplification being conducted under conditions such that
neither the first nor the second oligonucleotide primer alone can amplify DNA,
thus producing DNA fragments based on repeat sequences on one end of the
genomic DNA, and other sequences based on the opposite end of the genomic

DNA;



| ow anneal i ng tenperature using both the first and second ol i gonucl eoti de
25 primers, said first anplification being conducted under conditions such
that nei We01/64b48 first nor the second ol i gonucl eoti de pri ReA/NIOBAGITEan
anplify DNA, thus producing DNA fragnents based on repeat sequences on one
end of the genom c DNA, and other sequences based on the opposite end of
the genom c DNA, WO 01/ 64948 PCT/ NLO1/ 00177 22 optionally diluting the
reaction products, . of lificati

he.first X ducti ) d
anmplification oﬂpttl%aﬁ%gblf;?’%’tsg t&,%%aepgn&rogﬁgtschfﬁsgxg%rgh%?xma];fi%?cgﬁ, sai d
d lificati bei t e g third d f t
second s |11 CoLLR S D COEU R s € e BN, o e e,
bei ng el 0“?@1 Hic\éb"b.ﬁ', QAR Qco?@'a%ﬁlﬁﬁ&ti&i‘ﬁeﬁfgc&ﬂﬁlﬂké&QQH&' @atd dgqpri mers,

respectively, enabling anmplification at relatively higher "anneal i ng
t enper at ur fesirtlaotigenadleotide araetes shnhtlokd andufousti obgordndediie priageent s
anplified in the first anplification; and anal ysing the sub-set of

anpl i fi%d Peogiriengatedyersionsiod st Rt aRe sp@nie g GHAL DY Rer
conpri si ”%Qﬁgﬁ%&g ehggltlggcrﬁ?ﬂk%l%ﬁcea%oq{ Qgi’(slehflvgiy h efr!arxﬁ{[e 1rngs econd

anplificatio are enzynmne us ‘I'’ncreasi ng the nunber of

geneti c polemipsiituses athell &cdiathd A seRictiog&Tant eh-BV o T DBIA eagnivhtshe sizes
of the DNA fragnments to be analgsed 15 for their |ength.
amplified in the first amplification; and

analysing the sub-set of amplified products.

10

13. The method according to claim 12 further comprising digesting the

amplified products of the first or second amplification with a restriction

enzyme thus increasing the number of genetic polymorphisms detected in said

genomic DNA and decreasing the sizes of the DNA fragments to be analysed
15  for their length.



