v eBeL@H6 Tfpt~1 . 20 FEB 2004 1 f -. \_, DNA MARKER PROFI LE DATA
‘ANALYSI S BACKGROUND OF THE | NVENTION Field of the Invention The present
invention relates generally to DNA marker 5 analysis and nore p ﬂl@EBaQMM
to methods for processing raw DNA nmarker profile data into a format that
facilitates analysis of the raw data. Background and Rel ated Art DNA
mar kers are nol ecul ar genetic nmarkers identified 10 by studyi ng genom ¢ DNA
sanpl es. The genone of higher v organisnms is contained in rod-Iike
structures of tightly coiled DNA (deoxyribonucleic acid) found in the cel
"1 nucleus of plants and aninmals, called chronbsones. Every strand of DNA
has pi eces or sequences of nucl eotides or 15 bases (consisting of adenine,
guani ne, cytosine and thym ne) that contain genetic information which
contribute to the function of a gene (exons) and sequences that apparently
supply no rel evant genetic information at all (introns, mnisatellites or
mcrosatellites). Intron, 20 minisatellite or nmicrosatellite sequences are
repeated within the gene and in other genes of a DNA sanple. Each organi sm
has a uni que pattern of these mnisatellites (the only exception being
multiple individuals froma single zygote, i.e., identical tw ns), which
can be anal yzed. 2 0 FEB 2004 z DNA nmarkars are used for mapping and
taggi ng physical traits of interest, and as inTicators of genetic
di versity. DNA pol ynor phi sm can be used for investigating the organization
of genomes and for the construction of 5 genetic maps, which can provide
detailed blueprints for strategies of gene isolation by map-based cl oning,

Crhi (o Conet i o mappi ng of 1672 WRRRPR Bretff Sl BERYRER.Cs o power ful

array of tools for analyzing t%ﬁ%ﬁgﬁddﬁﬁa Ei%ﬂ%eIﬁiE#gggrtant physi ol ogi cal
traits in animals and plants. omc units at the
speci es | evel i honof the uniqueness of a'species are
Studi es. Knowl edge. oF oRReEERT S REIEeR Fo Srtha TandryRe Lol Rl SREKr
br eedi ng p$ograﬂmakxﬂﬁﬁt&nd:W@r@rgaptzaul@nlpfbgemaqhqﬂﬂnfqrnpkudpagiagite
i nes, and providesoiom et gthiehenkaparenials S@éﬁﬁiﬂ%tt azo HtL irares
gernplasns are I nportant sources of genes exertlng esirable
qualltatlve $ff%nﬂk¥&§§tﬂﬁaﬁg§ rsucHabs.- bIFtLC agd ablotlc stress )

resi stance r agsd gy SUGR B8RS eliNaFEO reedi ng prograns can be
enhanced t hroug naffegla35|s e sg ecrlon wi th backcrossing. DNA markers

al so can help DNA markers are molecular genetic markers identified

10 by studying genomic DNA samples. The genome of higher -
organisms is contained in rod-like structures of tightly
colled DNA (deoxyribonucleic acid) found in the cell

‘Fi ‘nucleus of plants and animals, called chromosomes. Every
- strand of DNA has pieces or sequences of nucleotides or

15 bases (consisting of adenine, guanine, cytosine and
thymine) that contain genetic information which contribute
to the function of a gene (exons} and sequences that
apparently supply no relevant genetic information at all
{(introns, minisatellites or microsatellites). Intron,

20 minisatellite or microsatellite sequences are repeated
within the gene and in other genes of a DNA sample. Each
organism has a unique pattern of theée minisatellites (the
only exception being multiple individuals from a single

zygote, i.e., identical twins}, which can be analyzed.




. deternine, regarding diversity questions, how popul ations 25 of given
'species are distributed, how genetically distinct different popul ations are
with respect to each other, and how nuch genetic variation is present in
and anong popul ations. Mny different techniques for obtainingoDNA-FRRBY s
30 have been devel oped in recent years, which include: 20 FEB 2004 3 RFLP
(Restriction-Fragnment Length Pol ynorphisn): The RFLP techni que is based on
the fact that base substitution in a restrjction endonucl ease site or base
insertions or deletions between sites can fesult in 5 detectable
differences in the length of DNA fragnents when a DNA sanple is digested
with restriction enzynes. DNA froman organismis isol ated and di gested
with suitable restrlagﬁ<ﬂ?r§ﬁf§n§§eaH8e§|g QT fRERYNchaned thygdep physical

el ect rophor esi sgralites [NYA ifftegeRRl Safieat heratdan LIdedenecd 10 to a
menbr ane before, bei ng hybridi zed to radioi sotope | abel ed probes. The RFhP

met hod was t he TSt nodP RPAXPGTREEE nAhRE iUseShERrniRyegahert &ng
mar kers and pr oshielesraeatiyz at@phodic pbheme €sand Stod tHBRGnSReGESonherever,

such pol ynorphi sm occurs at a,l.ow freque d 15 t RFLP et hod
requires Fgr ge EHUNS "GP pnght |8ﬁnlﬂr?Y%¢F é&ﬁﬁ#i§§P?H§FP£lP§Fg§°5nDunt
of the sanpl e b@tmﬂégagdsedaf I@ABB @Bamdeﬂbﬁrmjrnﬁagedaal%dymbﬂhhg DiNAY ke PCR
(Pol ynerase Chaln acti enoni ¢ a single random
pri mer of about ?eﬁs é%es &OPheaBﬁp???F%%r%ﬁ%Hﬂbﬁgmgf%S§85§} Pel@fpy
aggr?setgfl elemmmmﬁﬁuntrar;s ItGhastuhemaﬂyﬁm@emﬁfdﬁslmmd@gn?beaa?essnple
and fas 0 per s_n regu ri or. sequence i nformation

ber éﬁ%ffg%¥f¥¥% %%wegg nof- r%%rOf%:q% 94 §3LYZ1IRP BRfds,

However, this ne can result oduci bl%e Ban

=Q§)spur|om3 bantishe itarcanrdt ipeostentdpbynioegidal AR tEDNA Amphifiscat i on
FincLerprinting),q Tk fh d£chnique is simlar to RAPD, except that very short
(eg five to eig t cleotide) randompriners are 30 used for the
anplification of gertim clLrIRALigadiohe cPCRafoagmENtw idre atmiged sppcies

pol yacryl am de gel.el a6l rﬂ@@e%%*ﬁl%ﬁ'th&?ﬂ’eg b’é’hé'dﬁ/ ue% sn'o'}ga ]s-g{eﬁ et hod

provi des nore 20 FEB 2004 4 variation, |ng it SSI e todi |nQU|sh
bet ween cIoselya¥%l%ﬁ$§ﬁﬁﬂﬁh|ﬁﬂ§r§0nHQWEvé$0n@hlsSYﬁﬂdﬂﬂt:ab@@lgaﬁteﬁsahdon1
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Sequence Repeats):
among genotypes in plant breeding programs permits the

organization of germplasm, including elite lines, and
provides for more efficient parental selection. Exotic
germplasms are important sources of genes exerting highly
20 desirable qualitative effects on traits, s=h as biotic
and abiotic stress resistance. Transfer of such genes in
f“u ' breeding programs can be enhanced through marker-assisted
i selection with backcrossing. DNA markers also can help
determine, regarding diversity questions, how populations
25 of given species are distributed, how genetically distinct
different populations are with respect to each other, and
how much genetic variation is present in and among
populations.
Many different techniques for obtaining DNA markers

30 have been developed in recent years, which include:



. I'n animal and plant genones, mcrosatellite regions are rich in tandem
repeats of two or five nucleotides. Such sequences are nanmed sinple
sequence repeats. Such repeats are associated with high | evel s of

pol ynor phism 10 and are well suited for generating genetic markeris: ?
Primers are used to anplify the SSR regions and the resulting p f?ﬁgggmts
are resol ved by pol yacryl am de gel el ectrophoresis. This nmethod provides

t he hi gh pol ynorphi sm of genetic origin,3requires very little DNA 15 and
gi ve reproduci ble and repetitive results.” However, prior sequence
information is needed on nultiple mcrosatellite loci for a particul ar
organismin order to utilize this nmethod of obtaining DNA markers. VNIR

(Vari abl e Nunberrilangess fenasic) FridmRapet.bhive £y -10- 100 base
pairs occurring in tandemarrays of up.to 1,000 units distributed
t hr oughout the genonel@rRFinhdvirhasdaeniisabPapedter. thmrfiagt ¢hati Raske nunmber

of tandem repeatabetifibisatal |d e sINACEE8hoBsdbAYE KRN 43ed 3S parkecul ar
25 markers to detect hiﬁh | evel.s of pogynnrghisnl even between cl osely

rel ated indi vi dU8FE-5hORG Th CZSi GRCEESR §1HYyT CHpSESIEE Nt at i on

rates at msni satdetbttebleocdi e rkesniasthanledgt® e M Holymest3x83nper
nmei osis. VNTR is @% | ed. in,.for nsic,igvesti?atipns. 30 AFLP %Anplified

ely u
Fragment Lengt h®P n%%%%f%rﬁ% Hgestes BA5BITBRT Fhet Wit &4Ye SpCRDNA
anplification ofrpmi apret¢agyated ireedtsoilatiednahdagh®adtsed M siakable 20 FEB
2004 5 digestio enomi c_ DNA. |t _requires_on a smul | amgunt of genom c
DNA, does not rgagifgcg%?%re%ﬁﬁﬂﬁﬁuggq %ﬁ%?ngf?8#¥°%ﬂﬁgﬁ§§’ﬁ%§'ability to
gﬁglify sequencedefttoophotasige niiee DNAf freghents i are futagnentas.s feterpovi des
Qi

h 5 pol,ynor phi,s ic origin.and, gives.reproducihle results. In
any of thé)babovlgbrrg]tﬁ%%%?&g# tbeerfo%ll;‘/%rh}%&%?a ?%ﬁl(g%z T &4t Jiodﬁéﬁgﬁ’&
el ect rophor esi slabtaladi proi=i néthebRFAPvaetbog ofs netd atis sth@rddimog t
aut or adi ogr aphy,,; i, dj r r.qm i.pi jlv taining, and
fl uorescence de?ég%?gn#y réﬁﬁéﬁ?PgﬁEégﬁgﬁégéglQ%?%f%éiéﬁréiﬁ%|%a%gd from DNA
si ze standards pyavéfieheyert orepiathicifid esarphéssor i xexhwispgedike, sanpl es.
A typical resul ,6RpREI SES Is [,BOLNQ ttern of
fragments of 15 different %}?%%lﬁ%%#%@rgﬁfh?%t%ﬁs?ﬁoeﬁ%?e %’él{(&g,’ ggpﬁed a
DNA " fi ngéfpri nfthe REEP uheHuehesuwfresny abiiA fnagetprohtDNAs ddpehdent on
many factors, rrau%yr&a&ié@yr%w1%&@_ep5ﬁgﬁneroﬁftﬁ@rsa§ﬁgg fation, but

e

al so on reaction conditions. Wen reaction conditions ar
.- standar.di zed, cPhéePNAdf i ngerprint becones specific to the source DNA and

probe or primer Rﬁ@ﬁbi(ﬁéﬁé&{?-Aﬁ@rﬂm&&%gb&ghﬁﬁhﬂﬂﬂgy have greatly
i ncreased the speed at I ch raw marker data can be generated. In
conpari son data col | BERi éhohyeezan ydiadn epessodevahpbell &5 gamdriis DHa

mai n bot t gneck yiRnr §SEEh&Td Narddisn Ttlilnes*BlEOLLAL] Oee&fbésrbes,p%%ﬁ%g'
associated with DNA.f[nggéprlntlng met hods. Manual 1 nterpretation of the
ray data is tedPBRifiprereotatin mye sepagabpecbyvegared tded results from
dif f erent bat chesee¥eBpMbidi s  NESHM® the advantage of being cheap,
simple and fast to perform, and does not require prior
sequence information. However, this method can result in
25 non-repreoducible bands, faint bands, or spurious bands

that cannot be scored confidently.
DAF (DNA Amplification Fingerprinting):
This technique is similar to RAPD, except that very
short (e.g., five to eight nucleotide) random primers are
30 used for the amplification of genomic DNA, and the PCR
fragments are imaged by polyacrylamide gel electrophoresis

followed by silver staining. This method provides more



. 30 laboratory are difficult to conpare. Consequently, it is al npbst

i npossi bl e to exchange and conpare quantitative results fronldifferent

| aboratories. There thus exists in 2 0 FEB 2004 Repl acenent. Sheet :

Sept enber 2002 the art a need for a sinple, standardized forngt{fEFd ﬂmh
expressing DNA fingerprint data that will greatly facilitate he

devel opnent of the entire field. 5SUMVARY OF THE | NVENTI ONThe present

i nvention provides a solution to theshortcom ngs of the prior art as

di scussed above.In particular, the presen# i nvention provides anet hod for
obtaining DNA fingerprint profile data, 10f ncl udi ng the steps of measuring
peak intensity and sizes,|of each DNA fragnent in a sanple of genomc

DNA, cl assi fyi ngvaie peak Wﬁﬁéngiﬁtesoe$ibb¢ctdrdﬂﬁhﬂMguashobdtngeho a
predetermi ned diperele JdVRRY Lk LeyelsCal oy Ald ANiAg o R il eslof said
fragnents |nt01500rrespon ing ones of discrete Si'ze bins, enteri

t hecl assi fi ed peakiers efim i eﬁp§aﬁﬁcib%ﬁﬁﬁynapdlmmm—aedatapeoomdlmn a
sequence det er mAgch Hys s Gadly.gned sizes, andstoring the record’' wherein
the step of entering conprlses the step of20creat|ng a data record having
an informa®i on $5% : PEdilE gtccordi ng to anot her aspect of the
i nvention, as conp r r p t Vi g
aconputer-readable E&gﬁﬁﬁfﬁgv?ﬁg %g%%gt %@%ﬁéguﬁﬂgﬁbsanéggkecg?ae% "% her eon
f or obtai ni ng [%@?f#%@bﬂﬁ?ﬁ@@dﬁmoﬁﬁpeéb§a9f§aﬂdCebdeEemuekeounabbe code

i ncl uding code gmel Rsfidn RASHE ﬂgmggaglmﬁi@rb%&%r@edr% 25c9f eaghy, DNA

fragmentin a sanple of genomic DNA, for classif eaklnten3|t~ es of
sai.d fragments %ﬁﬁﬁﬁ?ﬁrﬁfq(§%§°ﬁﬂé6§?eWh¥he@%ﬁﬁl %aqfnpéﬁympyphevml

&cdl e; forpal i gékh@gaﬁ@egemzem%aaeerf 5ESEA tnd YRS RERRAGENG ones of
dlscrete si ze 0 FEB 2004 6a Repl acenent Sheet™ 10 Septenber 2002 bi ns;

for entering t%lrﬁ?%%séllfq SFsedR PRPERSY tHR] iR % onFaghentheinto a data
record in a seq_tl@jm&iiﬁj &0R Tedgh¥ntai dral t@serthed 285 pARdcsl2aihide t BS1

record in a co ter Igbfdable storage nedi um wherein the neans for enhtering .

conpri ses a meansSForCRIERT Ty aTdafamrelof PHNARF 4fs RE6Pmation fiel d

and a sequence poEjbrphhismriof g2n@tEEBo20§4n, BRIKR fESCRFTHONOE FHik,
DRAW NGS Ige invention wll be d%icrlbgd in detall with reference to the

fol | owi ng™Ar awi A3 Ih i THOMCGPLE PRILTePRW Tt Wy risivdft Sa  mHPHBYSBf
processing 5 E»ﬁrnmrkEEquhﬂam amE@&dhngoholenwe@mﬁieﬁf@dﬂﬁﬂb@dlnEnt of the

pr esent |nvent|on . t abl.e _show ng,.a format fqr expressing peak
intensity of defed ?O%éﬁﬁéi ragﬁﬁﬁtgoﬁc80?3?%&f?%??ﬂﬁ§95ﬁ6§55ﬁg PTEETt e
i nvention; 10 FagsliB3A @nid 3 tdvoel diagbaaSnimw BYpIred deng .a nmet hod of

binni ng DNA T agpht by A6C00d b, BERLINCALL Ok .

20 Repetitive sequences of 10-100 base pairs occurring
in tandem arrays of up to 1,000 units distributed
)
95 throughout the genome are known as minisatellites.

Variations in the number of tandem repeats of
minisatellite DNA regions have been used as molecular

25 markers to detect high levels of polymorphism, even
between closely related individuals among the population
of a single species. Mutation rates at minisatellite loci
have been estimated to be as high as 2x10° per meiosis.
VNTR is widely used in forensic investigations.

30 AFLP (Amplified Fragment Length Polvmorphism):

AFLP is based on the selective PCR amplification of

primer-ligated restriction fragments from a total



. Fig: 4 is a flow diagramof a nethod of binning DNA fragnents according to
the invention; Fig. 5 is an exanple of an Anplified-type signhature 15
record of a DNA fingerprint according to the present invention; Figs. 6A
and 6B are tables providing values for carrying out scoring of )CFgs 2004
fingerprints according to the signature records obtained by the present
invention; and 20 Fig. 7 is a flow diagram of the scoring process according
to one preferred enbodi nent of the presentsjl invention. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Referring to Fig. |, one preferred
met hod for DNA 25 marker data anal ysis according to the present invention
is illustrated. The analysis according to the invention preferably is

carried out on digamwrenf( geabmas BNPC, 1 NiaAMpEsebnlfRENELRATE, aMOk Kt
station, server fE“éh ﬁu%%@p q softhre gacka%g,perfornin t he functions
of the 30 inventioh ¢ribed FREGetar I “HEi o Pri5F EEBVSBBE 8 At step 100,
the | abel ed DNArffragreriics:,ofind DAA shaphlei it dvasmpeedypsegassedst oxreht ai n
DNA mar kers acgggﬂ% g&mggx Q ergf thetabov nent i ogned t hods, .are

resol ved, such as F A ChetSARDteT T MENJ & 51&| BEPY OPRDr REFR.

For exanpl®, usolyndmphAEnPotfeghnigie, onbnin siral lgisiezedePERAgenpI at ed
fragnents (typh%%dﬁkgn the range of 50-500 base pairs) are obtained, which
conprise a DNAfingerprint. Depending upon whet her radi oi sotope | abel ed
prinmers or fluorescdm dnabeifedihpr khevs metheded,aftkd diybiédénttiesobyi ng
processes are i Far, 4r adial el pr.i_me .th anpl es
are electrophoﬁggg oﬁggkgglggﬁdé?hgtgg¢ﬁ$%%%§%b§§%at5SX9%§§1??$n$¥g$
gﬁéeral days. THE b sdd Meithedss 1phdnd g el i oriditcamapeyede th 5dFan

Lor escepg | abel ik ¥ 19N nghes330BL e 22 (N 0 39, 8legtLpboresi s gel
and fluorescent em ssion signals are detecte nreal "tinme by a

f | uorescence sé#ﬁﬁ%ﬂﬁéﬁbh dgagrenb edreraer adleculisker oThessiyaned are
digitized and imnmuf teach 19 -2 ROSLAGRHBUESH &OMdY QBES: s38e ResukLgog0sare
provided in tabular form The use of fluorescent |abeled priners Ps % hus
much faster thdi¥ MHdiSs $6topéhsr FABPAeANd DricRided mesulteppodussesethe
results. An exadgd & tGforalb@UkBERhyCo8CIUSHEES, S W BIMRe fh-afnaes! DeObt ai ni ng
DNA marker _data_ js_ the commercially available 25 ABI 377 Sequences.

Sui t abl e BNA sefeifdG™E Sieesvalt| dbfEererm MtRnddriest ogi ppakent called
manuf act urers. Atpngt efr iHydrpiiatpeakrhat @nsdidRssOfoeagh biyagnent and the
size of the fragment (given in bps or base pair_|ength) are_ neasured (such
as by the fluor §¥H§€%§§h§§rd§@e888BFeﬂ“tT?%¥f§%ﬁt95ﬁoc@ééBFYth@onputer).

The obtai ned NeaSUFE@TENIS advde p3bbeedri PrandEMnbisi-atiaac Badi Hms6sygh

reaction conditions. When reaction conditions are

20 . -standardized, the DNA fingerprint becomes specific to the
. source DNA and prcbe or primer combination.
P Improvements in technology have greatly increased the

speed at which raw DNA marker data can be generated. In
comparison data collection and analysis is less developed

25 and is the main bottleneck in restricting the full
exploitation of the potential associated with DNA
fingerprinting methods. Manual interpretation of the raw
data is tedious, time-consuming, and subjectivé, and the
results from different batches even within the same

30 laboratory are difficult to compare. Consequently, it is
almost impossible to exchange and compare quantitative

results from different laboratories. There thus exists in



20 FEB 2004 9 as a solid state nenory, hard drive, magnetic tape drive,
etc.) at step 109. Raw peak data can be obtained by inputting appropriate
.commands to the software running the DNA 5 sequencer. For ex :

"Export Lane-to-Raw' command in the software interfacing with the ABl 377
exports to nenory a raw |l ane text file containing suReplazetepeahedata in
columar form as illustrated below !’ G 1 35.29 50. S8pti&dber 2442683)
10G 235. 6553. 222962046690G, 336. 1255. 992991839699G, 436. 3256. 923781529703G, 53
6. 7358..387656140711G, 637. 3561. 3115696372315G 737. 7263. 01171 979730G, 838. 0364
. 465192982736 The six colums represent, respectively, peak, tine, size,

hei ght (intensit  nt .. The _present i.nventi on_makes use of only
the size (ie., R%) é%ﬁggiggggpa%ﬂbgi}gmpﬁefhgg?Pgaﬁgﬁ??gaﬂﬂrWﬁE ¥ ght
(i.e., the intersinygssimg MM fidGerphdnpedktbntrasi ¥ies @fedtipy stored

fragnents are n J 4 R4 h.S . r r the . intensities, nay be normalized
by average anp|??ﬂ%%FL§ﬂé?£?ﬁa3%%?&%%§e%8ng Fé%r%gﬁﬁ¥etﬁbe%%erage hei ght

of the peaks over the entire size range of. the waveform At step 108, the

nornal i zed peak intensities are ¢ G ﬁEtEﬁeéﬁ d into one of five
di screte peak levels, as shown in FI'g. 2 ranges shown in 30
Fig. 2 were chosen afths nogr@titrdmvagntddpuptoEhtiss ansblution to the

_ shortcomings of the prior art as discussed above.
In particular, the present invention provides a
method for obtaining DNA fingerprint profile data,

{f;? 10 including the steps of measuring peak intensity and size
i of each DNA fragment in a sample of genomic DNA,
classifying the peak intensities of said fragments
according to a predetermined discrete intensity level
scale, aligning the sizes of said fragments into
15 correspondiné ones of discrete size bins, entering the
classified peak intensities of séid fragments into a data
record in a sequence determined by said aligned sizes, and
storing the record, )
Wherein the step of entering comprises the step of
20 creating a data record having an information field and a
;“i sequence field. |

According to another aspect of the invenﬁion, a
computer program product is provided, including a

computer-readable medium having computer-executable code

25 recorded thereon for obtaining DNA fingerprint profile
data, said computer-executable code including code modules
for measuring peak intensity and size of each DNA fragment
in a sample of genomic DNA; for classifying the peak

36 intensities of said fragments according to a predetermined

discrete intensity level scale; for aligning the sizes of

said fragments into corresponding ones of discrete size



2-0 FEB 2004 to were found by the inventors to work very well at producing
consi stent, reproduci ble signatures. According to one preferred enbodi nent
.of the invention, peaks are classified based on five discreteglp@@ﬁ&ﬂHThis
woul d 5 all ow adaptation to existing nucleotide sequence an;1y3|s sof t war e.
However, peak intensities may be classi®®ed into anyRepibesnaft sueeabl e

| evel s wi thout departing fromthe spirit of the inventlbofeptidmbearhavazt er
set 'ABCD.' was chosen to represent the 10 peak |evels. The one-to-one -.
cor r espondenc®iB&t ween ehterthardoe erlsedi Al the wninkensakl L uged,  ATCON
characters fok hgREREEN:|LPY g»@hie ueani enabl es adaptati an of "nunerous
sequence conparison sof tware packages” Présehtd yPegrencapetsmmihednapket to
the DNA fingefpifinglivpedt sizeds ated astofrihip qHee SRR ANYENL] ggm P re
particular, syggdgggthE%pg youl d. i nvol ve sinple adjustment o R's6ftvar e
programis weight matrix to %roper*@mhnafyze t he sequence as DNA nar ker peak

data instead of DNhSgawengs d , ep 110, the stored DNA marker
data are 20 cl assifie Itbans 96 £y 13563 3 means for

y oo

Theor et cal | FEea%1Ag| @ geeta ) rredeng dhaviicst en poafermanliynat fidlileganl S zes
(i-e., base priducheBgENs)q, because DNA fragments consist sinply of multiple
connected base pairs. er, because different base types are slightly 25
different in size, peaks frequently are detected at fractional |ength
sizes. In order to formthe Anplifiedtype DNA nmarker signatures according
to the invention, the detected peaks nust be correlated to base pair
positions, thus it is necessary to fit the experinental data into 30
Jiscrete sizes or "bins" each representing a base pair position or |ocation
gé@rting fromthe beginning of a DNA fragnent. 2. 0 FEB 2004 11 A typica
met hod of binning is to forma |adder of the entire gel run, by lining up
the gel lanes fromthe sane run side-by-side so as to average out

i ndi vidual lane errors and to obtain a set of clear consensus rungs on the
5 |l adder into which the peaks are binned. However, this approach requires
data fromall lanes in the sane gel run to be collected before the binning
can be perforned. This collective dependency exhibits an unacceptabl e
deviation fromthe consistency and reproducibility requirenents of 10 the
present invention, and thus a different nmethod is used according to the

i nvention, which allows an accurate and unbi ased bi nning of peaks froma
single lane, without the need to reference all other |lanes in the run.
Consequently, raw |l ane files of 2-3 Kb can be stored 15 together with the
generated DNA marker signature files according to the invention, which
allows the signatures to be recal cul ated using | ater-devel oped al gorithns.
A bi nning al gorithm based on the borrowed concepts from physics of "spring"
and "rubberband" energies is used 20 according to the invention, since
sinpl e numeric roundi ng was found not to produce satisfactory results in
binning a sequence of real-val ued peaks. For exanple, as shown in Fig. 3A
for an experinentally obtained fragnent sequence of sizes 67.3, 68.5, 69.9,
70.2 and 71.9, sinple rounding 25 would bin the sequence into 67, 69, 69,
70 and 72, obviously problematic since two peaks (68.5 and 69.4) would be
bi nned into the sane position although they are al nost one whol e position
apart. In order to arrive at a good fit, the relative




30 distance between 'the peaks as well as their real positions is

consi dered according to the invention. These two considerations can be
conbi ned mathenmatically into a 2 0 FEB 2004 12 single potential energy
function, based on the physical nodels of a spring and a rubbequnEEglﬂane
end of a conpressible spring is fixed and the other end displ ace y a

di stance x, the spring exerts a 5 force acting in the direction against the
di spl acenent, and is expressed as F = -kx, where k is the spring constant,
and the mnus sign indicates that the force is opposite to the direction of
the displacenent x. Integrating the force faunction gives the potentia
energy 10 of the spring; which is expressed as '~ kx2, and which indicates
that the potential energy i 8RAEE ECRNE T HEQ
di spl acenent. The b0, dj nee het n i ng and r.ubber band i s that
a rubberband can 02F§H%ei%ifﬁgﬂﬁ?é@g&ﬁggdfgsgg%ﬁig H%ﬁm%ﬁE ed”ﬁghk
(conpressed) asredaranspriagthduirdtlioondalgl Yrawhings neanshidiet a rubberband is
equi valent to a spri of 2z I " SpEi ng- - and nmodel is
applied to the peak E?%hi% P%?%gﬁgﬁfE?agggﬂn?%g?qggggﬁgxﬁp%%p|%fs%§§, 20
that a sprifng nBNAt BRAKET héa 't sacareipet weeanewpr &k moehteneakisiendnd fa
rubberband pul | $nthg-£eahe valpad Repks toward ~, _b~ integral size points. A
corollary of this nodel is that the binning should be |ocalized within a
close cluster of conS&But?ves pediddlessheying al fornalegiehcxfrepimuts to 25

nove together ageaxWhetenéand diuft®RicRHaDAAL ReLEnshEePe @S HHY 8% one
possible), and to reflect the fact that relative di stances between peaks

becone |ess si gRTPPEARENBsOt WP WSt iPRit her apart. Thus, according to a
Brdf er r ed 1@mbodi ment Fofs t hea bkt Ty H0CESY rAKSOF &F NG Oa {6, B inRMGRI ON,

as shown in Fig. 4 at step 1101, fragment sSequences are grouped into
clusters of snaPFePlP?é@ﬁERWAs%ﬁﬂ@%%&? EGHQFg%Pﬂgt%ft%%fﬁ@éﬁﬁ”ﬁéﬁks no

farther than 2.5  20i§EB12084 18 qosiitig@as apaktme Opdd ¢ HOfMHASNROT
representing the_ener of the springs. and rubberbands for purposes of

bi nni ng were ex%§?9ﬁ§ﬁ¥§l?§c?ﬁﬂ Fitedgs 1RERALPR step 1102 of Fig. 9,
where E~ is the rubbetbantl enefgyexdngplies oF thersplinge@nefwly s @ifhthres the
conbi ned q%tentkal ener gy 05 Bgiforces f the agrings‘@_lrllf?e r ubber bands each
acting on the péakS IR tfe %% TP R §CREURE ptacE e RETietthe peaks
and k~ and ks arneveheipnpportionality constants. Since the system works

Rest ahen kel k= =3 KioG2NoR%ie ed At chodld (2o600: 08 SEfudS A Such that

carrying out scoring of DNA fingerprints according to the

signature records obtained by the present invention; and
20 Fig. 7 is a flow diagram of the scoring process

according to one preferred embodiment of the present

) invention.

DETAILED DESCRIPTION OF THE PREFERRED FMBODIMENTS

Referring to Fig. 1, one preferred method for DNA
25 marker data analysis according to the present invention is
illustrated. The analysis according to the invention
preferably is carried out on a computer (such as a PC,
minicomputer, mainframe, work station, server, etc.),
using a software package performing the functions of the

30 invention described in detail below.



At step 1103, the displacenents xs and xz are varied in a nethodical
fashion to achieve the | owest conbined potential energy E, and thus the
best fit to the discrete bin sizes. Once the | owest or mninmum potenti al
energy E 15 is obtained, the peaks are binned according to the’g@d[‘Eatm
di spl acenents at step 1109. For exanple, as shown in Fig. 3B, the first
"spring" is conpressed from1.2 units to one unit, while the second
"spring"” is stretched from0.9 units to one unit (in contrast with the 20
result of rounding as shown in Fig. 3A, where the first spring is stretched
from1l.2 to 2 units, and the second springgis conpressed from0.9 to zero
units). Simlarly, the second and third "rubberbands" have respective

di spl acenents of 0. RRwunitep drid,0theunbbsledsDiizn fragyrdhts2fOacenhhe

normal i zed peak o hfie ndthefra ment blnn into discrete
sizes, at step %L@é%: 41%%%) atshg) Phar E?esﬂb?ta? 2 M@ kErfatted into
a standardi zed datareing )ﬁ:q@aryr@naso§hbm amﬁr@ntﬁtonﬁmmﬁm@ﬁd haget hr ee
di stinct sectio el e fj ue. accessi on code
that functions g§ (ag?tirl‘f%dél’en%§ f eaE fbyr rgkngg |J(C:ﬁ “gpl% e & 5083§si on code
cont ai ns i Af or nat¢ehrprrergisng tfort heampbeceum ttthae AFL?EO tEEBn2604, 14
type of DNA marjker. g ﬁlg% ni et

conbi nati on. For exa Y c$1own |%H§i’raegg %‘gfg“ﬁ%s. gna s‘u%lt lPeFF%r
organi sm type ((R}Q%n@ff%ELQ:%étaé@t @lalalsﬁ)henﬂn@bta:lrmcyammhl PompPA§&) ai n
this case an5or ghi dr £ikd i Viam+ Refrrenagnu &ql }5@&1

1-character DNA mar kglt‘&te%hnnl que, %uc nB HB w ég%ag%%?%%t%?ﬁP

for RAPD, 'S fbRPsER Rigneng Orrorflvmese.eﬂthbaleqleﬁﬁﬂmrlmspamsugged to

geterate tbe nmaakers)eMnBIA1E03 oaeéseé gr@réml&ﬁ'crutwd%@ probe
code inl0the form of an al phabetic Ietter | owed by a digit. Inthe case

of primer conbi FatioheOteRF aiFhedisst Pééﬂ@ifﬁdl Ela% eFPBPIAS M€ in the 3

directi On and @lgtﬂt&pmﬂ%&ﬂ'&ﬁ'fae%ei BhEMBke el Nes %xﬁgge%ptt'ooﬂhrggt the
exanpl e, 9 atf redeterm ned priner conbination for
5581 o cas

AFLP15sel ectl ve YOhe e YSecoRtiSf PEPASH He® rishddepr mapually
si gnat ur eaccor diRgeterétheii nventi on consists of other information,such as

unit size_(spacing),_sta t and endj ngpasitions, and a description of the
sequence. 1Ig—tence 20nUuhet a "o‘b‘%ﬁq’?d’itcgf‘bﬁ ﬁa?rtrﬁ%r%eqttfe?tcsé‘% RGSi up

bp, numer al 505 bndasatkscthgihdhe ist geti BfdStzeof&d cdrite anfdsN@er RhilgRh1kS
50, nuneral 506 |nd| cates 4hat th nd| ngsi ze jss 101, and 507 and 508

i ndi cates an AFLESpPofiTe"t ob'b.m%dn &meT & Fi FSECFTFenste (1SSt arsPe,

cont ai ni ng t he258i a stCanchsacond fﬂh@l ds kebegi msemicjhal:swﬁmldls;tmhzaa
aright brace (});42 bsequent .l ines not startin ' are interpreted
as the si gnaturénse% éyteg‘clkhus o5 TataFE S &g UERE ﬁshlrﬁ g. ﬁ\t}és the

peak val u@§ foreaehpfoaghentid r’uahtﬂﬁxrbfotrm 10Thépyse nof etflﬁBJr@fsc:ent

t he30di screte | d ala reg ord sof.or.med accordi ng
to.the inventi o%gtﬂ??ﬁ%%‘ore L théltseglfpg ?n gea IR EG lo&ﬁogtoéjt For age
m%c’jl um such aspaimersdand pProviEEB Z@:(M Iépsbauelhxiserm*e/sulnngnemm or
optlcal recor di u appy. k t he many
advant ages. of tﬁ?gﬁﬁg%v orgnxltlatﬁgcroe"gt Wi r%%gg ?L'? Sul ?C)k?lror%?ﬁ\%fe Y¥at dfe” of the
format, providi AgSRRRORAERNDMITker Podie’ 5| bbat cmlm@ndlaJthy avallable

rel ativei pgensi gy é@$U£éc§]1ér?éexd' RELE etg 18281 % gﬁ%@éfﬁ%er% andlfug,gasily
conpar ed; exchange of results anDng erentl aboratories 1's sinp 18 and
strai ghtforwar df(falnl awirwgke ppble diddereysi nghuiatchgeepsi nts can be easily
put.into - ~ ~~"' 10gpdsf¢ ri@é’edcﬁ(erg@ %E?@?ﬁ§§t1§§]dof‘aéaﬂﬁt Sf:raag%tent

dat aanal ysi s becones possible. ‘Thous 35 0 I'ngerprints ornore “can
conpared and anaR§{zE8e ahee naf Kdrs fnagres tt dgevemmm:emo:t:yriasearpabe found
through the use u t n

analyals. 1570 ¢ ARaS PP A e FL LI A8 TR0y TER: POy Sl ol Bensgs

si ghat ur e3Rust &PPBWedoRe AdyR e WIoEHHEAr p§oﬁt>@P’dt¢lf‘br erﬂh%t@tmenmien
simlar and unr gbatadeSPRES ESre ASCHINY nSYShERbE i@%ﬁg‘?p‘ Juhe
rewar d- penal tyconcept used in BLAST sequence co arl son

a20positive score is awarded for each matching character, anda negative
score is given as a penalty for each m smatch. 1) Fig. 6A i | lustrates the
peak reward scale, and Fig.6B illustrates the peak penalty scal e according
to theinvention. The score awarded for matchi ng peaks is25determ ned by
their intensity. If both have positivepeaks at a |ocation, two sequences
are said to match atthat position. If the intensities are different (i-
an" A matched with a '"C), the lower of the peaks is used toobtain the
score value. Alternatively, for every peak30that exists on one sequence but
i s absent (ie., zero ) onthe other a penalty |s subtracted fromthe t ot al

o, e D



.2 0.FEB 2004 16 Thus . scoring AB..C. D against AB..C.D gives a total score
of 22 (10+6+4+2), while scoring CB..A D against CB....D, a -4 penalty is
incurred for the mssing "A, giving a total score of 8 (4+6-9+2). 5 Fig. 7
illustrates a scoring method according to one enbodi ment of the%i hvier iZi6t
First, at step 701, two signature strings are conpared with each other by
searching for exact matches. Scoring is performed within a predeterm ned
wi ndow, i.e., within a predeterm ned size 10 range (such as from position
50 to position 350, for exanple). In the event that either of the sequences
falls outside the boundaries of the wi ndowg the window is shortened to
i nclude only the range where both sequences have values. 15 As exactly
mat chi ng peaks aaaa fam]mdi satitet epmdo?, therdedihid)g meliakactetspar 8rL¢9) aced
inthe string w %um@é FSQOl to prevent peaks from being mat ched
mul tiple ti rres H ditonal’ " sear chi ng is performed using nodified search
paraneters (as descricbegeodl dara Abtebe 26btadinexast linpmteAgng peaks are
found, at step J rc rformed on the reminin aks to find
peaks of the y s%gro%rﬁ%gnspfﬁﬁﬁsa %%rs?rtl? osnm%trﬁ?erc‘ﬁ 5tuélwngd}g§8eﬂltmto t he
posi tion of thesgBEcaawer F@@nsxdspael om "HHrordt daneonpeRsat e§om@dind
possibly m sali t.r ha hi n ak
intensities butjgg?%ecsjgs\%%%%‘gﬁf %}gﬁﬂgéﬁ%ﬁ&{?h& ?/:hgn\éé\%plggieﬁi Sﬁ,gog%. J,CO
'AB.CD.' with MeAREDE ray thacevent fhke emttchiniggpeaksaareefiopeak
devi ating by o i nt ., of r els one half the
Q?aeﬁps_l.r% 'QNurble 2BPHNT a0F; A MAIL 13581

poi nts shown i ring agai nst '.AB.CD
C,QI’]SI dering thene posi Itg@rggjew Akh oRgwoulld gresul t i AH';\ scorecgf 11
3+2+1), whi l[fe—nterpreti-ng—thelst+hrgs—gs—havi-pg=giiteringipositive 2

0 FEB 20040 17 i|§@nsi t | eis3at6posi { BER822 an@ %, Wt h meatchezltapeaks at

positions 1 and and a eagK at SiTion EVi atTng_ Y0 a Bfpeak—=at
position 3; thef&uﬁ@&&%&ggdd e reirbt? ed to 5%(343+6+2 1999
Mat chi ng peaks |af,e@ agai nf 3¢ rgpl acedgwhph dymgng characieys at $hgp 702, |and.

processi ng advemtert—e—si—eﬁ—me,—‘me%-&—s& } Lor peaks |of
differing inten&i.ty at thecsbire ppSPLBBNn, grib5 hen sitépi¥05 whene a sedrch

is perforned fgr aks 0 erifi | ensities at adf acent ppsSitiorns:
Since all 10 mrr‘%«id nmr%ﬂigoea gl e b roqre% Yely r bridved frdm

the two sigings g ng conpared, 1g3p@@ks ra_n;ql ni ng ah3er ste)7§E
represent m smrt—c!fed—pe‘at%m-eh—‘m H—cortH-Put-e—to—secer-ng—p At
step 706 the aW& @ poi ntjs3%r@3 adde@4t 66 all Sirdevi ous mzhes and at stlep

707 IS the (negative) penalty points are added for all m smatchés, toO
arrive at a final s i ve scores are taken into_account because

re.
sequences with ni smatéhéd>p g&éé"“ﬂ?er%%ﬁ%?%‘éti'ed:eeipgﬁtﬁ'b’reéydl PEaKentif®an
sequences with mq)eaie&ghﬁow&meenslhg) US&€rea and point. The present

N _ invention makes use of only the size (i.e., number of base
i}T 20 pairs in the fragment) and the height (i.e., the
intensity).

At step 106, the peak intensities of the stored
fragments are normalized. In this regard, the intensities
may be normalized by average amplitude, wherein unity

25 would represent the average height of the peaks over the
entire size range of the waveform.

At step 108, the normalized peak intensities are
classified or transformed into one of five discrete peak
levels, as shown in Fig. 2. The empirical ranges shown in

30 Fig. 2 were chosen after experimental adjustments, and



. 20 of negative scores makes the final score sonewhat dependent upon the
w dth of the scoring w ndow, as the |onger the sequences, the higher the
probability of generating a higher overall score. Because of this, a second
scoring result is 25 introduced which is expressed as a percenta egﬁaléiﬂﬂlt
wi th a maxi num of 100% Wthin a designated scoring w ndow, the gercent age
score of sequence B agai nst sequence A is defined as the ratio of the score
-of B against A, to the highest possible scbde against A for the designated
range 30 (which would be attained if two identical A sequences were
conpar ed agai nst each other). 20 FEB 2Q04 is Wiile the score is a
symmetric function in that score (A B) = score (B, A, the percentage is
an asymretric fyded i Qudd dyhahePs B rge( e
(A, A. The additional per cygnta eh?rg{i??fc.ét%%sw?%];(&%ng@?g gti ﬁalgég?ggﬁow
good a mat ch tvioPREildiites T&PEORICAPRE as IR MR hdowcePadiagahpl ene
consi dering a sggsfehaidraibodiBeRt. ofaplle " ARGR o, SERA&s=a¢d) conpared
with the same score for sequences in a w der w ndow, “such as
' ACD. A. CAB. CDC Shirfifigs Basgacpnctivecetecee®)levads i Fodspapnlef

sequences 40 i saTl®arddapraaliesetongkebt i hgmidreaeNdeqiBihed LasE vL$s
reflected in the percent agl?J scores when the second sequence of eac% pair is

scored agai nst TRE-fAT%t SPVEIER ' pRPRX (PRI HFS May3dheyehagsifoef. The
i nvention havi ngnteemyt huisbdeseifi badtable W dte e vk hapRauephrt 9nhhessm
skilled in the art that. thg g%rre.rrag jF)e varied in many ways w t hout
departing from the pirit “And"ScdPESBEIPRe i nventions. ALl such
ifications are i mMendéddrsctee esconpasSBeU Wis tdiR skl kewiragrekahfBthe

R e ve | o T TRl JPeoBraT R r I T RePTe GPErPRS tata
conpri sing the chaprdc sesasod hgepeakvensaliby tuseand ATICHE 'otharabt NG S
ai d Tragment s Sondries TR Lt PiRer st RCH: dEH A TRECALIED Phvel scal e:
.S, aligning theusgress cle@aindef cagpeni son ndof thik o maeskpordi pgeebnsl of
discrete size b&&ﬁﬁlable on the market to the DNA fingerprint signature
15 data of the present invention. In particular, such

adaptation would involve simple adjustment of a software

program's weight matrix to properly analyze the sequence

as DNA marker peak data instead of DNA sequence data.

Next, at step 110, the stored DNA marker data are

20 classified into discrete size (i.e., length) bins.

Theoretically, an AFLP gel run should register peaks only

L at integral sizes (i.e., base pair lengths), because DNA

fragments consist simply of multiple connected base pairs.
However, because different base types are slightly

25 different in size, peaks frequently are detected at
fractional length sizes. 1In order to form the Amplified-
type DNA marker signatures according to the invention, the
detected peaks must be correlated to base pair positions,
thus it is necessary to fit the experimental data into

30 discrete sizes or "bins” each representing a base pair

| position or location starting from the beginning of a DNA

fragment.



enfering the classified peak intensities of said fragnents into a data
record in a sequence determ ned by said aligned sizes; and storing the

record.. wherein the step of entering conprises the step of creatingm
record having an information field and a sequence field. 2: The HZR%&%E%?N“

claim1l1, wherein said sanple is obtained by AFLP. 3. The nethod of claim1,
wherein said sanple is obtained by RFLP. 9. The nethod of claim1, wherein
said sanple is obtained by SSR PCR. S. The nethod of claim1, wherein said
sanple is obtained by VNTR PCR. 6. The netihod of claim 1, further
conprising the step of normalizing the neasured peak intensities of said
fragnments before classifying said peak intensities according to said

discrete intensity levebiseal Retifod THe wBidod afs ebaieBLf, aWsagLp Sai d
discrete intensity level scale conprises at least five_discrete peak

level s. 20 FEBQG0F1T§ d°RepPBcehntiSHEtP fHesgfteBBES 2602 gtherhe

met hod of cl ai akhe Wher eiidetho-5169 96 & 11gNidVEeQEPLLUEESnHDe1 L8PS He
groupi ng fragnment sequences OL said fragngpts into clusters, wherein
adj acent peaks TFFHECRT (6t BPLArB 73RV -9L Glean consensyspppngsonpothe

Repl acenend SheriddekO ibept efben 2AO2p&ald are binned. However, this
approach requires data from all lanes in the same gel run
to be collected before the binning can be performed. This
collective dependency exhibits an unacceptable deviation
o from the consistency and reproducibility requirements of
ﬁ ' 10 the present invention, and thus a different method is used
according to the invention, which allows an accurate and
unbiased binning of peaks from a single lane, without the
need to reference all other lanes in the run.
Consequently, raw lane files of 2-3 Kb can be stored

15 together with the generéted DNA marker signature files
according to the invention, which allows the signatures to
be recalculated using later-developed algorithms.

A binning algorithm based on the borrowed concepts

from physics of "spring" and "rubberband" energies is used

20 according to the invention, since simple numeric rounding

was found not to produce satisfactory results in binning a

SJE sequence of real-valued peaks. For example, as shown in

Fig. 3B, for an experimentally obtained fragment sequence
of sizes 67.3, 68.5, 69.4, 70.2 and 71.9, simple rounding
25 would bin the sequence into 67, 69, 69, 70 and 72,
obviously problematic since two peaks (68.5 and 69.4)
would be binned into the same position although they are
almost one whole position apart.
In order to arrive at a good fit, the relative
30 distance between the peaks as well as their real positions
is considered according to the invention. These two

considerations can be combined mathematically into a



15 5i ..:;~: 10 ~i than or equal to a predeterm ned nunber of discrete
positions apart; assigning a potential energy value to each cluster, said
potential energy val ue being proportional to the spacing bet vveel;i @d%@%e‘@gl‘
peaks of the cluster and to the anmount of displacenent required:=tt T he
peaks into discrete size bins; varying the displacenent of said peaks so
that said potential energy value is mnimzed; and aligning said peaks into
di screte size bins according to the displagenment values that result in a

m nimzed potential energy value. 9. The nethod of claim1, wherein said
information field include an identification of the source of the genomc
DNA, the nmethod of producing DNA fragnments from said source, .t he spacing
bet ween successsiegl¢ ggmanitsiall keestgr Eungr sode WiseBidh fhagpepkscaand said
t he ending sizes of. fragnents;, and -a-sequence field a sequencé of said
classified pealé"?‘ﬁ?]e%s‘?afiaess.pffﬁlgTﬁE‘dnﬁt hBRPRFPH%i m 9, further conprising
the step of scoring Bf conpandel hetwRphelwbat spriarprids fikkke udbngnhthe

st eps of assignj rewar d,.poi.nts to matghes of peak .intensities and penalty.
points to nisna %ﬁ%‘% o d SERPAE ng)iyt Feé‘}sfﬁ%%% ’meCt}}?e SPERG FEeRE§nPt ude
of said peék infenseta@singdimpahiengisaictibmoagatsst ety d shokdedenti cal

mat ches at corr ondi i tions, conpari sai,d two data records
gﬁcﬁ) %&%dazseedog% = =kx ere

for identical natches acent Size positions, *cohpalt f§T4A% two data
records for nonconRIREB PG4 hRepliacemengn Shedt cat@ds thaSepheniterc2002

i dentical match . LCOr I Iy S|t L ons nd _conparing said two
data records fo?ﬁ%%%]%?%_e%fi c%nQfﬁg'%gﬁééﬁagga%%%cglrﬁp%czeéneﬁlggixt'i ons, and
totaling said r&wesdryoind §hendoperalfuypcpbint givesdrid ptentiaundnertehes
and.remai phng g 8B CNES, 4Ry OREAIR 84S T 2hod_of claim 10,
further conprising the stlerg'J of ol:c):t a?rsli %gﬁge%;é%%ean%gﬁgg@nét g?(g ‘f’%%c Wo
conpar ed data r&eerertep it 4ihei pgtantael oeotrgwni b sompentdonaictpethe

obtai ned by matghifig ane Qe sAiIf1LWRdaLa records to ;- itself. 12. A
conput er program product, conprising: a conputer-readabl e nedi um havi ng

conput er - execut abl e ERiddigt sHfd@ rerepebAtFORN obt W hintg ADNA of irngbepband
profile data, saidcwdmuteReEWERLE 6RUG KOMPEI Bdd%iexpanded), and
15 not pushed back (compressed) as can a spring.
Functionally, this means that a rubberband is equivalent
to a spring of zero length.
The Spring-and-Rubberband model is applied to the
peak binning problem by assuming, as shown in Fig. 33,
20 that a spring maintains the distance between two adjacent
peaks, and a rubberband pulls the real-valued peaks toward
P integral size points. A corollary of this model is that
the binning should be localized within a close cluster of
conéecutive peaks, so as to allow sequence fragments to
25 move together as a whole (and thus maintain their shape as
much as possible), and to reflect the fact that relative
distances between peaks become less significant as they
become farther apart. Thus, accordiﬁg to a preferred
embodiment of the binning process according to the
30 invention, as shown in Fig. 4 at step 1101, fragment
sequences are grouped into clusters of smaller fragment

sequences consisting of adjacent peaks no farther than 2.5



5 nmeans for measuring peak intensity and size of each DNA fragment in a
sanpl e of genom ¢ DNA; neans for classifying the peak intensities of said
fragments according to a predetermned discrete intensity level scale; 10
means for aligning the sizes of said fragnments into corresponding epgs?iik
discrete size bins; nmeans for entering the classified peak intensities of
,,y said fragnents into a data record in a sequence determ ned by said

al i gned 'si zes; and 15 nmeans storing the %ecord in a conputer-readable
storage nedium wherein the neans for en ering conprises a neans for
creating a data record having an information field and a sequence field.
20 FEB 2D04 Repl acenent Sheet: 10 Septenber 2002 13. The conputer program

product of cl aipmsiziocher bpert cONEst SAY ForRansel 8brnpepaligitithd he dreasur ed
peak intensities of said éra ment s beforeb%Ia S|Ey|?g said peak intensities
according to s&§ dYs8FetBSi PREHTT Pk FaPPeL FBAS 195 PEPORRM 22 19. The
conput er prograﬂmpdnduwérefeﬁﬁé&fméﬁta3Myeﬁ&kﬁr&@Fdddi§C§ﬁ$fh|1Heg€a§3/I evel
scal e conpri se | east fiye discrete,pe evel s. . e comput er

progr am pr oduc'?”“g% 8?61?%912),{’ WheT e %’-‘sé?d ahPirang &ﬁ’ier’fgycgﬁprlr%es:
means for 5gr ouiheg sbragpeate sgouercke E dfs $&bdcbmagﬁﬁﬁt§otéﬁﬁﬁé%léﬁéﬂgy
wher ei n adj ace k f eac clust.er are |ess. than or eqya to a

pr edet er ni ned %Lfn{rgg% EPQ ?Ec?gt%%ossﬁlijin@r’?sa SaFP,BbﬁE%%g? TR AGHNY a
potenti al ener gy Yakupetbseachn cthsteanatsand, pat ént thé @hgspcamadnte drei ng

Phe amount of a0 SprSebehrtr B Fod* (5 b At K CBSRke Yo" b STt i ze
?%ns; Since the system works best when k,/k, =3, k, can be set to
i)}’ ‘‘‘‘‘ 10 1 and k, can be set to 3, such that B = x? + 3x.2.

At step 1103, the displacements x, and x, are varied
in a methodical fashion to achieve the lowest combined
potential energy E, and thus the best fit to the discrete
bin sizes. Once the lowest or minimum potential energy E

15 is obtained, the peaks are binned according to the
indicated displacements at step 1104. For example, as
shown in Fig. 3B, the first "spring" is compressed from
1.2 units to one unit, while the second "spring” is
stretched from 0.9 units to one unit (in contrast with the

20 result of rounding as shown in Fig. 3A, where the first
spring is stretched from 1.2 to 2 units, and the second

{}) spring is compressed from 0.9 to zero units). Similarly,
' the second and third "rubberbands" have respective
displaéements of 0.5 units and 0.4 units, as in Fig. . 3A.

25 Once the normalized peaks are classified and the
fragments binned into discrete sizes, at step 112 (Fig. 1)

" the DNA marker signature data is formatted into a
standardized data entry record as shown in Fig. 5. The
record has three distinct sections or fields: the first

30 field is a unique accession code that functions as an
identifier for a particular sample. The accession code

contains information pertaining to the source DNA, the
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29 FEB 2004 241 form of an alphabetic letter followed by a digit. 1In
the case of primer combinations, an alphabet code
indicates a primer in the 3' direction, and a digit code
indicates a primer in the 5' direction. 1In the example,
'Bl' indicates a predetermined primer combination for AFLP
15 selective amplification. |
The second field of the fingerprint signature
according to the invention consists of other information,
such as unit size (spacing), starting and ending
positions, and a description of the sequence. Hence,
20 numeral 504 indicates that the sequence spacing is 1 bp,
) numeral 505 indicates that the starting size for the
ﬁ:}.' fingerprint is 50, numeral 506 indicates that the ending
size is 101, and 507 and 508 indicates an AFLP profile for
D. sonia. The first line of the signature, containing the
25 first and second fields, begins with a symbol such as a
right brace (}); all subsequent lines not starting with
'}' are interpreted as the signature sequence. Thus,
signature sequence 509 in Fig. 5 gives the peak values for
each fragment from 50 bp to 101 bp, in terms of the
30 discrete levels A,B,C,D, and '".'. The data record so
formed according to the invention is then stored at step

114 into a suitable data storage medium, such as a solid-
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Among the many advantages of this new format are the
immediately informative nature of the format, providing
information on a peak's location and its relative
intensity; results for different samples are aligned and
thus easily compared; exchange of results among different
laboratories is simple and straightforward (allowing
simple text typing); fingerprints can be easily put into
and retrieved from databases; and large-scale data ‘
analysis becomes possible. Thousands of fingerprints or
more can be compared and analyzed, and markers linked to
certain phenotype can be found through the use of
computers, eliminating many man-hours of manual analysis.

To take full advantage of thé novel data marker
format, the signature must allow some degree of comparison
to differentiate between similar and unrelated species. A
scoring system is used which adapts the reward-penalty
concept used in BLAST sequence comparisons, wherein a
positive score is awarded for each matching character, and
a negative score is given as a penalty for each mismatch.

Fig. 6A illustrates the peak reward scale, and Fig.
6B illustrates the peak penalty scale according to the
invention. The score awarded for matching peaks is
determined by their intensity. If both have positive
peaks at a location, two sequences are said to match at

that-position. If the intensities are different (i.e., an

'A'" matched with a 'C'"), the lower of the peaks is used to
obtain the score value. Alternatively, for every peak
that exists on one sequence but is absent (i.e., zero } on
the other, a penalty is subtracted from the total score,

according to the value of the missing peak's intensity.
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matching characters are replaced in the string with a
dummy symbol, to prevent peaks from being matched multiple
times when additional searching is performed using
modified search parameters (as described below). After

20 all exactly matching peaks are found, at step 703 a search

is performed on the remaining peaks to find peaks of the
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R

same intensity in a position immediately adjacent to the
position of the peak under consideration. This step
compensates for possibly misaligned sequences, where

25 strings have matching peak intensities but are deviated
from each other by one position, e.g., 'AB.CD.' with
'.AB.Cﬁ'. In the event that matching peaks are found
deviating by one position, the amount of the reward score
is one half the points shown in Fig. 6A. Thus, scoring

30 'AB.CD.' against '.AB.CD' considering the one position
deviation would result in a score of 11 (5+342+41), while

interpreting the strings as having differing positive
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Eg) 10 matched pairs of peaks have been progressively removed

from the two strings being compared, the peaks remaining

after step 705 represent mismatched peaks which will

contribute to scoring penalties. At step 706 the award

points are added for all previous matches, and at step 707
15 the (negative) penalty points are added for all

mismatches, to arrive at a final score.

Negative scores are taken into account because
sequences with mismatched peaks are considered even more
different than sequences with no peaks. However, the use

20 of negative scores makes the final score somewhat
dependent upon the width of the scoring window, as the
é:ﬁ longer the sequences, the higher the probability of
generating a higher overall score.
Because ofAthis, a second scoring result is
25 introduced which is expressed as a percentage value with a
maximum of 100%. Within a designated scoring window, the
percentage score of sequence B against seguence A is
defined as the ratio of the score of B against A, to the
highest possible score against A for the designated range
30 (which would be attained if two identical A sequences were

compared against each other).
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'.AB.C..BACD.C' (score = 22), the first pair of sequences
3
L

10 is clearly a closer match than the second, which fact is
reflected in the percentage scores when the second
sequence of each pair is scored against the first of each
pair (percentage = 93% versus 39%).

The invention having been thus described, it will be

15 apparent to those skilied in the art that the same may be
varied in many ways without departing from the spirit and
scope of the inventions. All such modifications are

intended to be encompassed by the following claims.
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WHAT IS CIAIMED IS:

1. A method for obtaining DNA fingerprint profile data,
comprising the steps of:
measuring peak intensity and size of each DNA
5 fragment in a sample of genomic DNA; _
classifying the peak intensities of said fragments

according to a predetermined discrete intensity level

scale; _
o raligning the sizes of said fragments into
7 0 .
_;ﬁ)f 10 corresponding ones of discrete size bins;

entering the classified peak intensities of said
fragments into a data record in a sequence determined by
said aligned sizes; and

storing the recoxd.,

wherein the step of entering comprises the step of

creating a data record having an information field and a .
sequence field.

2. The method of claim 1, wherein said samplé is obtained
by AFLP.

3. The method of claim 1, wherein said sample is obtained
by RFLP.

4’ : 'k'
s TN,

4. The method of claim 1, wherein said sample is obtained
by SSR PCR.

5. The method of claim 1, wherein said sample is obtained
by VNTR PCR.

6. The method of claim 1, further comprising the step of
normalizing the measﬁred peak intensities of said
fragments before'classifying said peak intensities
according to said discrete intensity level scale.

7. The method ‘of claim 6, wherein said discrete intensity

level scale comprises at least five discrete peak levels.
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8. The method of claim 1, wherein the step of aligning

comprises the steps of:

grouping fragment sequences of said fragments into

clusters, wherein adjacent peaks of each cluster are less

LR
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10 ~amount of displacement required to bin the peaks into
discrete size bins;
varying the displacement of said peaks so that said
e potential energy value is minimized; and
,fj)f- aligning said peaks into discrete size bins according -
15 to the displacement values that result in a minimized

potential energy value.

9. The method of claim 1, wherein said Step—of-entering
. . l e L4 o L havirre
an information field imeluding- includes:
an identification of the source of the genomic DNA,
5 . the method of producing DNA fragments from said
source,
the spacing between successive fragments,
the starting size of said fragments, and
o &ma the ending sigﬁwgf said fragments; and
' 10 -a- sedquence field eea%a*ﬁ&ag a sequence of said classified
""" peak intensities.
1¢. The methdd of claim 9, further comprising the step of
scoring a comparison between two data records, including
the steps of assigning reward points to matches of peak
intensities and penalty points to mismatches of peak
intensities, based on the relative magnitude of said peak
intensities, comparing said two data records for identical
matches at corresponding size positions, comparing said
two data records for identical matches at adjacent size

positions, comparing said two data records for non-
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14. The computer program product of claim 13, wherein
said discrete intensity level scale comprises at least
five discrete peak levels.
15. The computer program product of claim 12, wherein
said means for aligning comprises:
means for grouping fragment sequences of said
fragments into clusters, wherein adjacent peaks of each
5 cluster are less than or equal to a predetermined number
of discrete positions apart;
<ﬁ§- means for assigning a potential energy value to each
cluster, said potential energy value being proportional to
the spacing between adjacent peaks of the cluster and to
10 the amount of displacement required to bin the peaks into
discrete size bins;
means for varying the displacement of said peaks 50
that said potential energy value is minimized; and
means for aligning said peaks into discrete size bins
15 according to the displacement values that result in a
minimized potential energy value.
16. The computer progfam product of claim 12, wherein
said means for entering comprises means for creating a

¥ data record having:
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an information field including
5 an identification of the source of the genomic DNA,
the method of producing DNA fragments from said
source,
the spacing between successive fragments,
the starting size of said fragments, and
10 the ending size of said fragments; and

a sequence field containing a sequence of said classified

peak intensities.
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sample obtained from a source of genomic DNA, said data record
comprising:
an information field including
an identification of said source of genomic DNA,
the method of producing DNA fragments from said source,
the spacing between successive fragments,
the starting size of said fragments, and
the ending size of said fragments; and
a sequence field containing a sequence of classified peak
intensity symbols, wherein when said storage medium is coupled to
~a computer and said date record is read from said storage medium
by said computer, said computer converts said sequence of
classified peak intensity symbols into a unique DNA fingerprint
identifying a specific trait of said source of genomic DNA

identified in said information field.



0109®' 9&' () - 109 & ()- 1099)9& () - 1099) 9&' () - $109)9& ()-=||[: NA41O

'10%5' a& ()- 0109%9'9&' ()- )#10% & ()- cl099)9& ()- u' 10%: & ()-

>' 10%0) 0& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Headi ng

43] c" "Heading 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading

93] c"A "Defaul t Paragraph Font 6@%&, 3z8??<FMIK[ bG osyzl ad*>; 9 § FEB 2004

Ur | f ghij kl mor 6AL1. " " U##$] $RBB&E ' 1(}()*, ./ 36777778/ 8D8Y8u8888>; <[ ?(BF;

I IMPRUN WHXXSYYZXZ[ [\\ %4 ] GM”_- F*~ *aabbcuggdee2gj U or swwyz| } D} ~

Whpgr st uvwxyz{| } ~6Ti nes New RomanAri al Courier New'h Root EntryWrdDocunent

I"#B9& ()*+,-./0123456789: ; i X

<=>? @ABCDEFCGHI JKLM\OCP Zitlaeisuiosialheiabistuia)a:a LK ~
@ QQSTU\RNQLP%%H wxyz{| }

A method for converting raw DNA marker profile data
into an easily understood, standardized format in which
the location and relative intehsity of every marker is

5 sufficiently represénted. Raw DNA marker profile data is
analyzed to classify peak intensities into discrete
intensity levels, and a binning algorithm is used to align

the sizes or positions of sequence fragments into discrete

{j@T integer sizes. A reward-penalty system is used to score
10 comparisons of DNA fingerprint records.
Figure 1
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