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for the Reduction of Stutter in Mcrosatellite Anplification Field of the Q‘."’/;’
| nvent i owd €@dsep The invention relates to nethods, conmpoBCTAUSMI4208d kits . 7
for reducing stutter in polynerise chain reaction anplification of

m crosatellites. In certain enbodinents, the invention relates to the use

of sorbitol in polynerise chain reactions in an anount effective to reduce
stutter in the anplification of nononucl eotide, dinucleotide,

trinucl eotide, tetranucl eotide and pentanucl eotide mcrosatellites. .
Background of the Related Art [0002] Mcrosatellites, or short tandem
repeats (STRs), consist of tandenl w sequence notifs of 1 to 6
nucl eotides in length. They are wﬁmmmmmmm“ d and abundant in the
eukaryotic genone, and are often highly.Hglynmorphic due to variation in the
nunber of repeat units. This pol ynorphismrenders mcrosatellites

attractive DNA markers for genetic mapping, nedical diagnostics and

forensic investigation. The conbina nd gel or capillary

el ectrophoresis under denaturing co mﬂmmﬂmmﬂ@m greatly inproved the
genotyping of mcrosatellite DNA sequenge wever, PCR artifacts

exhi bi ted by non-proofreading enzynes ant 0|9eferred to as stutter and the
term nal transferase side-reaction can conplicate analysis of closely

spaced i crosat el Mathods for thesRequssivg] of Stuiitercin Mpt‘gﬁsﬂtglhgq Amplification t he PCR
product representing the genomc allele by multiples of repeat unit size.

For di nucl eoti de repeat | oci, the prevalent stutter signal is generally two
bases short efjdid dmvesGaic allele signal, with additional side -1 WO
02/ 090563 PCT} USOZ/ 14203 products that are 4 and 6 bases shorter. The

mul ti pl g080nal pHicieventivhgelates tb methods chmabsitibns mmufm nesiumnmtutt@ranes

interpretation when t alleles froman individ eclose size (e.g.,
medi cal and gemqﬁtsef?ﬁ%ﬁlr??gﬂ%ﬁmpﬁﬁ oRof ngprow{éﬁt eertay) g %WF%S

m xtures frogd 1‘6’9en?{on el {%s 'tcpﬁil'e\ﬁ's?w%cﬁ bitdt nggolg\tngfag hdin fARlidifsah 2 AhbuptSuch

confusion is nax fononudl eotr d ate |te genot ypi ng, when

bot h genoni c effegtiveltt réduke Stuaegiaticaraplifivation ofmonemmlwtidgiditielayide, ng.

[0004] There is a need in the art to devel op PCR reaction conditions that
mnimze or diinudqeside tetranvckeptidoandpantagusleetide micEsytelliesay be nore accurate
and reliable. This invention is directed to these, as well as other,

i nportant ends.

Background of the Related Art

[0002] Microsatellites, or short tandem repeats (STRs), consist of tandemly repeated
DNA sequence motifs of 1 to 6 nucleotides in length. They are widely dispersed and
abundant in the eukaryotic genome, and are often highly polymorphic due to variation
in the number of repeat units. This polymorphism renders microsatellites attractive
DNA markers for genetic mapping, medical diagnostics and forensic investigation.
The combination of PCR and gel or capillary electrophoresis under denaturing
conditions has greatly improved the genotyping of microsatellite DNA sequences.
However, PCR artifacts exhibited by non-proofreading enzymes and referred to as
stutter and the terminal transferase side-reaction can complicate analysis of closely
spaced microsatellite alleles.

[0003] Stutter signals differ from the PCR product representing the genomic allele by
multiples of repeat unit size. For dinucleotide repeat loci, the prevalent stutter signal is

generally two bases shorter than the genomic allele signal, with additional side-
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Summary [0005] In accordance with sone enbodi nents of the nethods of the

I nvention, nmethods for reducing stutter in the anplification of a

m cr osat w0 d2mossBe provi ded conprising the steps of: (a) PEBVUPRIHEP3a sanpl e
conprising a mcrosatellite of interest, in which the mcrosatellite has a
G+C content of greater than 50% (b) contacting the sanple with at | east:
one enzyne having nucleic acid polynerise activity; and (c) incubating the

sanple with the enzyne for a tinme and der condi.tions suffici to
anplify the Prodpeis Hiabare;4 and G prseaarien  the mulbB Lk ?pgtteﬁgp%néﬁg{ fbhe
presence of - Dl =t : s lve to
Phe-ampunt - ofoif EPEEapborph bdsThiefirh @ W g ANt h WP ale ¢
“invention al gesdin@ydedes., mddiealiand genetie thapping applidations)ion whes DN karfipleat i on
of a nononucl eotide mcrosatellite conprising the steps pf_(ﬁ%ﬂgroviding a
sanpl e conpr teitaig mixtviresrfeeratwp or tr@r%mdwm@}s\e(g@;,fpwn%ﬁiaewwen i ehglsatel lite

has a G+C content. of great t han 50%.. ( b). 1 | : W th at

| east one enZ§HE Platfi 'ﬁﬂ‘_“ﬁ‘ﬁﬁ% Pbonggnrcge@&g%y#gr?o?%éﬁl%%%%p%p@fg, g‘ﬁlgn k’ gsh

i ncubati ng tg&oﬁﬁ%&smi&még?@n@gmaﬁqfc@ronétnhcleai atifigler conditi ons
sufficient to anplify the mcrosatellite; -2 WO 021 090563 PCT/ OS02/ 14203

wher ei n [00@4]i nculikterois aireedar theartda develofhBCRreastinn eonditiens thatpuinimige or
sorbitol, wherein the sorbitol is effectiv% to reduce st ttl.e{, reilhative to
t he armount oflimingte stuttesise fhay genetic applysis may be more accurate and reliable. This

invention is directed to these, as well as other, important ends.

Summary

[0005] In accordance with some embodiments of the methods of the invention,
methods for reducing stutter in the amplification of a microsatellite are provided
comprising the steps of:

(a) providing a sample comprising a microsatellite of interest, in which the
microsatellite has a G+C content of greater than 50%,

(b) contacting the sample with at least one enzyme having nucleic acid
polymerase activity; and

(c) incubating the sample with the enzyme for a time and under conditions
sufficient to amplify the microsatellite;
wherein said incubation is performed in the presence of an amount of sorbitol effective
to reduce stutter relative to the amount of stutter observed in the absence of sorbitol.

[0006] The invention also provides methods for reducing stutter in the amplification of
a mononucleotide microsatellite comprising the steps of:

(a) providing a sample comprising a microsatellite of interest, in which the
microsatellite has a G+C content of greater than 50%;

(b) contacting the sample with at least one enzyme having nucleic acid
polymerase activity; and

(c) incubating the sample with the enzyme for a time and under conditions

sufficient to amplify the microsatellite;
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absence of sorbitol. [0007] The invention al so provides nethods for

reduci ng stutter in the anplification of a dinucleotide mcrosatellite
conpri si wg @2weosseps of : (a) providing a sanple conprisi RCHUM2HYSatel lite
of interest, in which the mcrosatellite has a G-C content of greater than
50% (b) contacting the sanple with at | east one enzynme having nucleic acid
pol ynerase activity; and (c) incubating the sanple with the enzyne for a
tinme and under conditions, sufficient tq anpl ifg/%tl he mcrosatellite; wherein
t he i ncubat i Sherei® the icubation 15 per Crrewsr"ég@rnfn%ee? ADARANRE O f‘%‘&ﬁ‘b‘ﬂﬁwm

effective tour ggx%‘ft l%%ﬁ%&tﬁ;&}ég%cﬁl%.%]étﬁttéﬂefaﬁ% mgrt O%t éf{smt{e?f)bs%mri}{

in
t he absence tg? SOr DI I'nvention er provides net ho?ge for
" reduci ng st uyseiceldT sbiboprNP! i fication of a trinucleotide mcrosatellite
conprising the steps of: (a) providing a sanple conprising a nmcrosatellite
of intef@07] in whhehventionmlsy povides metheds fos reduging stuster émthe gmpljfigatianoft han
50% (b) cont&cti n & he. sa lllet w th.at tea t one enzyne having nucleic acid
pol ynerase at 11"9?1?8“ earﬁa:r?sg?e 1R COMBHSIAG MEFePS 9ol e with the enzyne for a
time and under Poagg}dv@d}ﬁ 3 WhhbieicoRipribifle ATcidsktefliiorRiatdh diidti e wherein
the incubation is rforrr% I n the pres%nce of an amount of sorbitol
ef fective tomiczosatetlitethas b €++C edmidnt v€greatet thmnd0byynt of stutter observed in

t he absence of sorbitol. [0009] The .invention further provides t hods for
reduci ng stutter (b cppactifigihe siaplewith abdeagt qr@tqnameﬁéﬂggaaclweﬁ atellite

of 't or oot . PSSR BT Gont el 1116 has a GiC content of greater than
50% (b) contacti g indubaterdtht eaplie with tht easimofoe a einmkyand under cogditioa ei ¢ aci d
pol ynmerase activity; and ) .
sufficient to amplify the microsatellite; wherein the incubation is performed in the
presence of an amount of sorbitol effective to reduce stutter relative to the amount of
stutter observed in the absence of sorbitol.
[0008] The invention further provides methods for reducing stutter in the amplification
of a trinucleotide microsatellite comprising the steps of:
(a) providing a sample comprising a microsatellite of interest, in which the
microsatellite has a G+C content of greater than 50%;
(b) contacting the sample with at least one enzyme having nucleic acid
polymerase activity; and
(c) incubating the sample with the enzyme for a time and under conditions
sufficient to amplify the microsatellite; wherein the incubation is performed in the
presence of an amount of sorbitol effective to reduce stutter relative to the amount of
stutter observed in the absence of sorbitol.
[0009] The invention further provides methods for reducing stutter in the amplification
of a tetranucleotide microsatellite comprising the steps of:
(a) providing a sample comprising a microsatellite of interest, in which the
microsatellite has a G+C content of greater than 50%);

(b) contacting the sample with at least one enzyme having nucleic acid

polymerase activity; and



-3 WO 02/ 09063 PCTI USO02/ 1. ~203 {c) incubating the sanple with the enzyne
for a tinme and under conditions sufficient to anplify the mcrosatellite;
wher ei n Wuoeo2/ovoss3ati on is perfornmed in the presence of anPE@RUSX 14263
sorbitol effective to reduce stutter relative to the anount of stutter
observed in the absence of sorbitol. (0010] The invention further provides
nmet hods for reducing stutter in the anplification of a pentanucleotide
mcrosatellite conprising the steps of: (a) providing a sanple conprising a
mcrosatel lite of i r(cpineshatingthemample witk the enzywe for 4 time ardhunder comiibonst ent

of greater tha 50% tactln the sanpl.e w th .at t 0 nzyme
havi ng nucl ef#t 8’61‘@0;5"&9?‘{}\% JBICKISE }t‘? )yvhergy t}(ec‘?‘“fbﬁ‘(t}ﬂ'bétstl?eﬁér?‘ﬁg%tgﬁpl e with
“the enzyne f@teséh ckloFGn SRGuHNISERBIEIi00f [R5 SRR Telb AT dnfoiriof

m crosatel li erelnt I ncubation is performed in the presence of an
amount of SOEtbttétOdbsetfvEeotth\zabsenceeﬁhmlatalt utter reI ative to the armunt of
*stutter observed in the absence of sorbitol 011) In furt{f‘e‘3 odi. nent s

of the MBOHdds of Thaavieaemfurther Pfﬁt‘éldﬁi)%th&ﬂ%foﬁlr CHSS IS} lifigaiol} eps

f t hat t
or o m of osabbt PrauRRERUE FiGORh LRl RubriNE R BB, | 0 oot coti de

mcrosatel lites, di n(‘d?bt%@iduﬁ%?a Sdreple SamhBriding 8 microsdtellicd ¢fihteetst, in which the
m crosatellites, tetranucleotide mcrosatellites and pent anucl eot i de

m crosatel i tmerpsaanldite(tta)s aif(C contempfgreatesslm e nucl eobase sequence of
i Crosatel 1 tos: sai @) SISTE STEbSAnAY [HeH TR SURTES OB aTie B of
greater than %ﬂﬂd anplification is perfornmed in the presence
of sorbitol. ?%gﬂ%so provi ded i n accordance with the present invention
are net hods for (c) incubating the sample with the enzyme for a time and under conditions

sufficient to amplify the microsatellite; wherein the incubation is performed in the

presence of an amount of sorbitol effective to reduce stutter relative to the amount of

stutter observed in the absence of sorbitol.

[0011] In further embodiments of the methods of the invention, methods are provided

comprising the steps of:

(a) providing a sample comprising a nucleic acid that contains one or more
microsatellites selected from the group consisting of mononucleotide microsatellites,
dinucleotide microsatellites, trinucleotide microsatellites, tetranucleotide
microsatellites and pentanucleotide microsatellites; and

(b) amplifying at least one nucleobase sequence of said nucleic acid, said
nucleobase sequence comprising at least one of said microsatellites; said amplified
microsatellite having a G+C content of greater than 50%; wherein said amplification is
performed in the presence of sorbitol.

[0012] Also provided in accordance with the present invention are methods for
performing polymerase chain reaction amplification of a microsatellite selected from
the group consisting of mononucleotide microsatellites, dinucleotide microsatellites,
trinucleotide microsatellites, tetranucleotide microsatellites and pentanucleotide
microsatellites, said microsatellite having a G+C content of greater than 50%; said

method comprising the step of contacting said microsatellite with a polymerase in the
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perform ng polynerise chain reaction anplification of a mcrosatellite

sel ected fromthe group consisting of nononucl eotide mcrosatellites,

di nucl eowicd®@/mdsssosat el lites, trinucleotide mcrosatellitBS/US02/14203
tetranucl eotide mcrosatellites and pentanucl eotide mcrosatellites, said
m crosatellite having a G-C content of greater than 50% said nethod
conprising the step of contacting said mcrosatellite with a polynerise in
the -4 WO 02/ 090563 PCT/ USQ2/ 14203 presence of an anount of sorbitol

ef fective t cpressmoeef atameunt of sorbitolaffectivs togeduse fhe Aoyt ohstytterARsIng fami on

relative to the ampunt. of .suc tutter v LN th f, gorbitol.
[0013] Al so PHEURRLREAlgRes/ati odht iy 8FBiEh s let Spiet g R UGt g
rcancer or a gygidiancerous condition and genetic disorders, in a subject
conprising anplifying a region of DNA froma subject, wherein said region
conpri s¢6013] m cr oAbbairdvitled bethe prasentfinventivh erqgmethpdcofidetesting ganskr or a
nononucl eoti de repeat, a djnucleotide repeat, a trinucleotide Qﬁaeat , a

t et r anucl eot PigcanessRus CoRAtion and genstic disordersydn p spRisst copEsag AmpLifying a

anpl i ficatiog %%Wﬁﬁgsfr&@ssﬁﬁ-@aswﬁére&%g%gl\sh%& rifesSARIRa pma@a@& a
K H hav

. . Ie
nucl ei ¢ aC|dr§ at contalns a nuclelc acl I Ng m crosatellite

i nst abi | i ty, froM)thé@ubicshdigingt oflaansionatieotideepedsasdinsaeptideaepeaf, at he nucl eic
acid, in which the nucl eobase sequence conprises at |east one of the
ni crosat el | i triswicleatide (epgatgeteanyclaptide repeat: angd apeptanueleotidedeppahvdiersin gaids

conpared to corresponding.mcrosatellites anplified fromcontrol tissue;
the anplifi e?}“ﬂ#ﬁ%@‘&ﬁf&“ﬁf‘?? th%%f‘?ﬁgo a G+C content of greater than 50%

wherein the anpl i fd’)@f&dimg lnSamplelcBhiPRiding A HudRiP4ES MAECordinga futhéic atiant
anount of sorbito fective to reduce Stutter fromthat observed in the
absence of shaving @imicroS4idlije instalititle enbodi nents, the cancer or cancerous

condition is chronic |ynphocytic | eukem,a. In further enpodi nents,.the
mcrosatellite an{h)imlﬁg?(p‘%ﬁy@éﬂﬁf‘? §B‘§°%has? %‘;Sg?ncﬁr?gwq“baqﬁdﬁé‘fm&br
exanpl e, CAS}]%S!:}(&?%%%‘&% & ed Sieast SRt thb %ia%gﬁelgféa%dﬁem s, the

genetic dis ngton I'sease or a spinocerebellar ataxia. In

further embodi men{®.deicdtingrhlesrationt oF tHetrrictozplellité astdnparabooiregondingl east
one genetic |ocus, for exanple, CAG CTG [0016] |l n other enbodi nents, the
di sorder is migregatellitesamplified Somesontohtigsyeitthe amplified microsatellite having a

G+C content of greater than 50%; wherein the amplification is performed in the
presence of a sufficient amount of sorbitol effective to reduce stutter from that
observed in the absence of sorbitol.

[0014] In some embodiments, the cancer or cancerous condition is chronic
lymphocytic leukemia. In further embodiments, the microsatellite amplification
comprises at least one genetic locus, for example, CAG/CTG, CCG/CGG, and
CGA/TCG.

[0015] In some embodiments, the genetic disorder is Huntington’s disease or a
spinocerebellar ataxia. In further embodiments, the microsatellite amplification
comprises at least one genetic locus, for example, CAG/CTG.

[0016] In other embodiments, the disorder is a psychiatric disorder. In further |
embodiments, the microsatellite amplification comprises at least one genetic locus, for

example, CCCCT/AGGGG.
[0017] In some embodiments, the present invention also provides methods of genetic

mapping comprising amplifying a plurality of regions of DNA from a sample
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enbodi ments, the mcrosatellite anplification conprises at |east one
genetic |locus, for exanple, CCCCT/AGEEG (0017] In sone enbodi nents, the
present wuowenss al so provi des net hods of genetic mappi NnBCTHURY14203ng
anplifying a plurality of regions of DNA froma sanple -5 WD 02/ 090563
PCT/ US02/ 1: 1203 containing DNA from a subject, wherein the regions conprise
at least one mcrosatellite selected fromthe group consisting of a
mononucl eoti de repeat, a dinucleotide repeat, a trinucleotide repeat, a

t et r anucl eot ¢abainmgANAfroan a S\@Hmtawh@ﬁ'@dﬁ‘F teaians semprisegtdeast ona he

anplification.conprj.ses the steps of: (a). contacting said.DNA with a enzyne
at | east one%?%i‘%ﬁﬁeﬁﬁgm& @F@T%H?l C%n%igﬁl%&t?aarggmggxﬂ%{;ﬁq?{epgﬁf (b)
“incubating S&ihdcléﬁﬁqsl% Gt L i@ e QTN BFeal, Altefariu IRBtiddpeidRd acondi ti ons
sufficient to anplify ?he regions; and (c) separating anplified regions,
form ng a m pemamickotide eeppatt wherain thé emplification compribestthostepsofper f or med i n

"the presence of an_anount of ito] effective to reduce stutter relative
to the anount of Q"c)l‘}f”ﬁ“é?t‘%sé‘}éf]sg ‘P’HLPHEZ%"S@ﬁ??ét gie %Y'B‘Ft*‘ﬁ?”."gf'ﬁ@lf'g]acﬁ

further enbogj ent invention also provides nethods of
per sonal gengélgg%%gﬁétp&lyga lon conprising anplifying a plurality of

regi ons of DNA fr gshifcubatiin aid sunipie Withghdlkytuedbr atimeland ahderwbrditions sai d
regions conprise at |east one microsatellite selected fromthe group
consi sti ng osufficienhioramplidpthedegipay@dd, a di nucl eotide repeat, a

trinucleotide repeat, a tetra l,eot.i de .r epeat and nt anucl i d
repeat; wherein tﬁé Sﬁga(g?tmr]#fegéeg*ggs, gor@.ixég %gmrgﬁﬁelg% p@ﬁg gﬁgéeﬁ’aﬁww%
wherein the ﬁi@%&tfdn‘i@?&n‘?&hw%ﬁmﬂeﬁﬁéseh&@oﬁn%%xﬁi of dxbitRFBEvVend rédiicdl DNA
with a enzyne at | east one enzyne having nucleic acid polynerase activity;

and (b) i ncub@tterglative tethepinouni afistuttee obseryeddn ther abaence v serbdoinder
conditions sufficient to appl.ify the regions; .(c), sepatatin l.ified

r egi ons, 0P8l ng An%rth%e'a ‘T“F’{té’ tBSPfeég‘H;m 38’355908 i h‘%f

m crosatel | i - Whi b q Dglm ' | o erived
fromthe a Dkl%sglg&r%%ﬁ é& \r,i%érﬁngﬁgtg(g{oén so#c%‘?pl%%%%ﬁﬂﬁlﬁhg C%fﬁg ast (th?llNgs
perforned i nflohea PAmsled6adingEDNANBH G sabjestpwhere] saif fegivhi vempriser at dease

stutter relative .
one microsatellite selected from the group consisting of a mononucleotide repeat, a
dinucleotide repeat, a trinucleotide repeat, a tetranucleotide repeat and a
pentanucleotide repeat; wherein the microsatellite has a G+C content of greater than
50%; wherein the amplification comprises the steps of:
(a) contacting said DNA with a enzyme at least one enzyme having nucleic acid
polymerase activity; and
(b) incubating the sample with the enzyme for a time and under conditions
sufficient to amplify the regions;
(c) separating amplified regions, forming a microsatellite pattern; and
(d) comparing the microsatellite pattern with a corresponding microsatellite
pattern derived from the a DNA sample from a second source; wherein the incubation
is performed in the presence of an amount of sorbitol effective to reduce stutter relative
to the amount of stutter observed in the absence of sorbitol.
[0019] In some embodiments, the subject is a forensic sample and a said second source
comprises at least one selected from the group consisting of the presumed matching

source, a family member of the presumed matching source, and a database of sources.
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to the anount of stutter observed in the absence of sorbitol. [0019] In
sone enbodi nents, the subject is a forensic sanple and a said second source
conpri sewpddieskdt one sel ected fromthe group consi sti ngpof/Ustea4pi3esuned
mat chi ng source, a famly nenber of the presunmed matchi ng source, and a

dat abase of sources. -6 WO 02/ 090563 PCT1US02/1~1203 [0020] In sone
enbodi nents of the nethods of the invention, where the mcrosatellite is a
di nucl eotide mcrosatellite, the mcrosatellite conprises a dlnucleotlde

repeat i[8028 G Inrsomeremhadiraenss el the methags of theringention, where diq micgosatellte

trinucl eoti de tellite

repeat sel ec'tsé‘?fl"f“f'cgerﬂ%flﬁén l&%ﬁﬁﬁl ‘§&°?rs§§‘t°ﬁ t‘!’ %‘%‘%g%rd@eegé Fég%%ci eot ' de

“In further ee@@cmhmﬂw%sodmnmv@fe%mé%bfo&aenﬁe 18 altfihiiclestideeot i de
mcrosatellite, the mcrosatellite conprises a tetranucl eotide repeat

consi sting omﬁmmme nticrokatellibeecongprisesia tramickeotiderepeatiselented froputhel 1 ite i s
pent anucl cot PP cepmEa s GGy CROERERAKENTGG0 B v Sahliments
enbodi ments of . Lhee ﬁ&mgedﬁ’}fel QFeft urt éUtidQ E%lc ReMek fec%éaletllﬁe @&%Pfls&"" C

content of greater er e ITEI’]tS mcrosatellite has

a GrC cont enj tedfangeledtiderepdatconsiting bflTG(IO/(BGICAe rﬂncﬁirtl'mrrﬁnﬂmdimmts where
mcrosatellite has a G+C content of 75% or nore. In further enbodi nents,
the ni crosat BleimiceospigHiteis@mentasrelestidegnicagsatellite, dhopicrpspteliteorpHseh drent s of

the invention, .the, a nt of 0 90% or |less than the
am)ulntvof IstB‘%”tt%‘}uclfﬁpg%ﬁe@&gcﬂn?l#g‘ga(gs %@f&*@@é ditol. In other enbodi nents
the a”m[pb 20f St Ul &md SmbSHMERE of heGRAMAT of tBE fnvehfiorp tirhicessanditenas 8, the

anmount stutter i1s reduced to 70%or |ess. In other enbodinents, the
anount of st GHOsgontent pEgneatedthian 56%0olo furthes smbpdimentse theantsrasatelite bas & he
anmount of stutter is r duced to 50%or.|ess. | er, enbodi s, the
amunt o st GrRonitp Eiririneg 680, By oy BeembirGemle, RSO RINE dios P
amount  of St A onteht bEG4HEGH nid. S %ufRfier Rodith@R2 Fhe mftrsQFEIRHOM GRNT S Of
t he met hods o e 1 nvention, Fie anplification conprises contacting said
nucl eobase segntetef 100%0 an enzyrre havi ng a pol ynerise activity. For

exanpl e, the enzyne havi n ol ynerise activity may be sel ected from (We
group cd@922k i ng &1 samemp| @gwmﬁf@ww@wm@? Ameuntpfshutier is redused fR,207

t her mophi | us, @ﬁ“l}beg%’i‘n%@t Egﬁgh%fbtalfe%' ih ltﬁ?ab%@n?c%‘o?%grbﬁ@? rlﬂ%ﬂfé?cu

speci es, ThePfr rococcus's sui tabl e

pol ymeri ses ipgbidfenftRt brhdnt@TschiteNS reRickdey 8696 or P mTcaaer%oBﬁhmr i se;
Anpl i Taq DNA Pol ynerise, Stoffel fragment; rTth DNA Pol ynerise; rTth DNA

Pol ymeri se Xthe Murmblﬂstptbérymdue@ tio 080t lcssg faothet ewhodigsnts) the amount of

st ear ot her nophi | us; Vent a | 090563 PCT/ U t 203 Exo-

from Ther nocéE’étG’s‘SIrF‘%‘UPéqu Q&A?H&S? ?Bmh?ﬁ%fpv%‘%ﬂﬁﬁts iBmopgt o Sfoljg%é T{¥ent and

Deep Vent Ex@:q3 ong["/ gg%?l PYh QfiRe EHlﬁodlg{Eﬂtaneadmo%nt YR iSrediickd to
t%er eot° 18

derivatives Al'so provided in certain enbodi nents of the
i nvention ar @0eosrlessl t i[ma&xecemmdlmemg, thé a:)momtmfcsttmecnsaeduted 3% oe less.
i Si a mcrosatellite icht m crosatellite ha G+C cont ent

of great W028han shromaeniedimsailiis i e EeRie e BRIGHAIR oup
f ' ,
i mucl eoti dcoMPEPOREEPne Sih iR bER yi MR A FnEaolicied o

pent anucl eot ix@@vif), CF &%ﬁﬁtﬁbiel, {heeihzyme having polymerase activity may be selected from

the group consisting of a DNA polymerase from Thermus aquaticus, Thermus
thermophilus, other Thermus species, Bacillus species, Thermococcus species,
Thermotoga species, and Pyrococcus species. For example, suitable polymerases
include AmpliTaq Gold® DNA polymerase; AmpliTaq® DNA Polymerase; AmpliTaq®
DNA Polymerase, Stoffel fragment; rTth DNA Polymerase; r7th DNA Polymerase XL;
Bst DNA polymerase large fragment from Bacillus stearothermophilus; Vent and Vent
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{b) at least two priners, each of said priners having a sequence that is
substantially conplenentary to a portion of the nucleic acid sequence that
i s adj acey od®@otade microsatellite; (c) at | east one enzyneCHEHSI2Z208uc| ei
acid polymerise activity; and (d) sorbitol. [0025] In sone enbodi nents of
t he met hods and conpositions of the invention, sorbitol is present in an
ampunt of from1.5to 3.5 M In other enbodinents, sorbitol is present in
an amount of 2.0 to 3.0 M In other enbqdi nents, sorbitol is present, in an

anount of 2. Bxey fremJhermaaecasiiorshisoirtERTs hsrmetoga megitima: Hsep Yent agkt 0. 5
mM each of dNIPs.ar S n [ Ps are
used. [0027] HE?P nggE’ébﬁb%g% f%ﬁ?@ﬂrﬁ@%%%@hﬁeikﬁ%ﬁé%dﬁ g%tg\%gdes Kits
“for anplificgfeted of a target nucleic acid sequence, the target nucleic
aci d sequence conprising a mcrosatellite having a G+tC content of greater
t han 50%0024| ect edlformravidedingestain echediments gf e inkention atecompgsitions
‘mcrosatellites, .dinucleotide mcrosatellites, trinucleotide

m crosatel | i F¥8PIYBE T anucl eotide nmicrosatellites, and pentanucleotide
mcrosatellites c IuietFacid SeoBERRIcH riSRB ahidfdstielife, B WHER'the e, 2
plurality of deoxynucleotide triphosphates; and sorbitol. In sone

enbodi nent s fficrobateltierpe 21G+O oentamtdf lgidater dtiant 5086, ithemidrosatellite beingsklentedi se
is selected fromthe group, consisting of .a DNA pol ynerjse, from Thernus
aquati cus, THemnths srouprqeppisiing of meaanucleqtids missosatelitep dinupleetide ys g wo
02/ 090563 PCT/.US02/.1.=420 cies. T [ Jof.q9a

speci es, and"WPS%%lii&eﬁén B‘Zlg:&gdse.rﬁ B?S%Qggn%?egﬁgﬂ?@%lngéﬁog%@/%ri sgs i ncl ude,

but are not bigthiRgedtide nheidkitdiiesCol d DNA pol ynerise; AnpliTagq DNA
Pol yrnerase; Anpli Tag DNA Pol ynerise, Stoffel fragment; rTth DNA

Pol ymeri se; rTth (bt ksstmwerprinerylcactBef saihpripelsyaeing gsequangethpt sgnent from
Baci | | us stearot her hi |l us; Vent and.Vent . Exo-, from Thernococcus,.
litoralis; Tﬁ‘ébsﬁ%‘?rﬂgl)' %WH#}F{?BM*} Rqrien 05@86“?}8%*‘%%8‘1‘&%‘858\9@}&“’%?8‘-“ and
Pfu from Pyr S, fliggut ants, variants and derivatives thereof. [0028]
In sone furtﬁcg?l%gﬁ%gé?t@rrelnt’s of the invention, nmethods are provided in which
a sanpl e cont ai ni 1ig) avlekkone eazyrde hindhg hecleio agid pobdneriseaonvigy; and¢dlone or
nore mcrosatellites having a G+C content of greater than 50%is contacted
with an enzyserbiteht pol yneri zes nucl eotides in the presence of an effective
anount o bitol_to e ] s ﬂﬁ&l‘mt of
stutter @QZ&E ved ilﬂg?rﬁégg'ggglr#g&o@@%glg{hp g% ;ﬁ{daér?g{p?rsrfpt#?? %f‘r‘m‘[éngf edst one

nucl eobase SQgEFIACR présehBininfehoaht dffesth 1057 315 M. Omaitiesrlehibediafents) sorbitol i8i C
acid contained in the sanple. Such mcrosatellites may include

nononucl eot i gegsenli inanlaswuntief 2.0 td HQM.eb other emhadiments sedtoljis present in an
m crosatellites angtlfé entanucl eotide mcrosatellites. Brief Description
of the Fi gur &MoyFbefe il\@ure 1 shows GeneScan traces from PCR anplifications

of a_ et [@AKE! ©Ot ok Chmbaakd ¢ ST AGLs b SN @R ENTPORR || ons

(upper and with added sorbitol (lower panel). Detail ed Description

[ 0030] Most afsed.hin othercenboslarderits) at least 1gpbtdINTEasreosechave t he neani ng t hat

woul d be : o S e

[0027] In some embodiments, the present invention also provides kits for amplification

of a target nucleic acid sequence, the target nucleic acid sequence comprising a
microsatellite having a G+C content of greater than 50%, selected from the group
consisting of mononucleotide microsatellites, dinucleotide microsatellites, trinucleotide
microsatellites, tetranucleotide microsatellites, and pentanucleotide microsatellites
comprising, in separate containers: a polymerase, a plurality of deoxynucleotide
triphosphates; and sorbitol. In some embodiments of the compositions and Kits of the
invention, the polymerase is selected from the group consisting of a DNA polymerase

from Thermus aquaticus, Thermus thermophilus, other Thermus species, Bacillus

-8-



attributed to those words by one skilled in the art. Wrds specifically
defined in the Specification have the neaning provided in the context of
the presegodowwpti on as a whole, and as are typically unPer/sse@ad23y t hose
skilled in the art. In the event that a conflict arises between an
art-understood definition of a word or phrase and a definition of the word
or phrase as specifically taught in this specification, the -9 WO
021090563 PCT/ US02/ 14203 specification shall control. Headings used herein
are nerely fspecicsnifenmetoceys spaciesr Bhamyotoga speciesomnd Prredoceys pesiesi Agri n any

way. (0031 St andard .ref erence wor etting. f.orth.the eral \Aci pl es
of yr e((:onbi n!a?ﬁa spiahleBe rﬁ??ﬁ)\ﬂﬁ@%ﬁ“&uﬁ%ﬁéi‘“’éﬁ?a 19> Mgﬁﬂaél Q?lpaﬁ@ghge
- Ausubel et QH'Q’@ @m g@g%ﬁ g0 { & Sons,
New Yor kK, 18@%‘% ec’%?l ni ng:q)ol%}abor’at ory 2’ﬁanual )S?%é}é&gy?éogﬂaé}rbr ook,
J. & D. Russfrhgmelt(&IADNA BplyniegaseirZioDNABolyatepasy X1, Bss DN2opalyhierdsag
"Harbor, NY (2001 ); Kaufinan et al., Eds., HANDBOOK OF MOLECULAR AND
CELLULAR METlomsSragment fomataciils sveanpitheriophding; Yord 88d VigptBx{fom  1995;
McPherson, E DI RECT [ - A PRACTI L ARP d ,
Octor 1001 Trpgsase el Rl TrefubiBel Mot DG Ot snt BrcpE

geneti c | OCUBx§OAHAI PR iffdth By@b6dcus;(#dInutarkts,vafidfis @Ad dekevativesmerest.y repeat ed
sequence notif. As Used herein "nononucl eotide microsatellite" refers to a

geneti c [0028]s confn samefirther embadiments of thednyantion,anethodsgreprovidedrin sthigh a de
"mcrosatellite" refers.to neti.(g I gcus co%ri sing.a motif of two
nucl eoti des S3@Rlecantain i¢ aeid that |§ spgpegte W@"?ng'wq{%qrgoti de
m crosatellite:- i | Gy Hfo i af
el cott des DicrpSREIifel bhfing adPACEioH OF feald Wy STRG cBpllcl it ar liffte,
" Tet r anucl eothatlpolyneriessaiueleotities'inntied presence ofargefiietive amountofsartytol © ng a

notif of four nucleotides that is tandenly repeated (e.gqg., TGCC/ GGCA).

" Pent anucl eofgdyee abserisd stuster relativete theramquat gf ﬂéﬁﬁ‘é'tqbéerl"ﬁfgﬁlsth% ahssnsesting a
notif of five nucleoti - ' Q- GCE0) .
M crosatel | i ts%rg Hﬂjﬁﬁné:%ﬁ&z{y&\n%a&éééea% (Elfreor}ﬂlﬁPo?g%‘{eé?@;?)ege]?gf%n%g?mgra% fi cal | y
si npl e sequepgerosdtdifits of thnudéic atid cor@itRd iNticwhmpi? Hueh Bliothitifdatiay Such
repeat-notif interspersions include sinple repeat-notif interspersions
wher ei n t he mcudssnomsinutleetide dinsiclestidm trimiclepbide teianuelcpbde mirresaprdlites wi t h
t he sane Ien%éh as the an%entél r«a&eat ed sequence notif, but a different
repeat sequeRBYOp petucleotige micragalelites. 1994y Nat. Genet. 8:88-94; Eichler,
E.E et al. (1996) Hum Mol . Genet. 5:319-330). For exanple, if the
tandem y repeated sequence notif is TGCC, a sinple repeat-notif

i nt er spesi on Brief Despxdptiomsf fhelFiguwee: TCCC( TCTG) Z( TGCC),, wherein the

interspersed repeat "TCTG' interrupts the repeat of the TGCC tandem,a
r epeat edl0988LenceFigyre 1 showsaaneSean traces diogp B@Br%%@a%wd)fiaﬁetr%éleﬁﬂ %

whorein tho. ugaapelig AETTIPERRCANTor chrol KA FRE el ol R VAl o

t andem y repgg@@]ggﬂgqmﬁe])notif. For exanple, if the tandemy repeated
sequence notif is TGCC, a conplex repeat-notif interspersion may appear as

follows: (TGCC) 3TE TGCC), TGC(TACC) 2, wherein the tandenmy repeated sequence

notif is inte[rupt by. TG and TGC. O her nore conplex repeat notif
i nt er sper si oﬁieq’ﬂ‘?ffﬁﬁsé%'tp;{'@“conbi nati on of the sinple repeat-notif

|t er SPefgushy andpidifotRERoRds Js@d?ﬁ%is@%&iﬁcaﬂﬂn@fa%@ﬁfe%h@d?niﬁ%’kh&t'\?oxﬂa%
m cr osat Ite. For exanple, such a conplex sequence repeatnotif

i nt er sper si ontteibyted po dmse wordsdlyl anaskilled GOMe"aftT W Qds specifically defined in the
TGCO), TH TGCC) , TAC( TGCC) ZTACCC( TACO) p,, wherein both forns of interspersed
repeat s i nt eryPGpHIcARN Q%ﬁ&@ﬂ‘?@%@'&f’@&dé‘éaﬁé’%@xmth pregegignvention as a

‘M crosatellit i j ; i ShEth by
the term™"m c@gogga%lpla??%s%%@%neg%ﬁdel n. 8%%6(51%%22&@%?“&@?%9&?% term
"stutter" or coaflitt hesesbe@reeh an aethundersicddaleRfiionaof afwatd onplirass and a
‘mcrosatellites are incorrectly anplified such that a diverse popul ati on of
fragnents of definjtiongpfitasyerd ‘&rpéf?}:’rP asisrestficply taughtinghis specifigptiondhgenoni ¢
source DNA. A typical "stutter signal” results fromone or nore PCR
products that differ fromthe appropriate I ength of the

m crosatel lite-containing fragment by one or nore repeat-unit |engths of
the microsatellite. As used herein "apptropriate length of the

m crosatellitecontaining fragnment” refers to the length predicted fromthe
primer sequences and the genom c target sequence, with or wthout one added
nucl eoti de, dependi ng on whether the PCR conditions pronote or suppress the
pol ynerase term nal transferase side reaction. A stutter signal may be
perceived with the naked eye, such as by exam ning a band on an agarose or
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[0034] As used herein "sorbitol" refers to the polyol (polyhydric alcohol)
corresponding to glucose, represented by the follow ng structural formula:
CHZOH HOW@h2#@e%68l | HC- OH HC- OH CHzOH [ 0035] As used her eP@T/USIA42G68r m
"isolated nucleic acid nolecule” refers to a nucleic acid nolecule (DNA or
RNA) that has been renoved fromits native environment. (0036] As used
herein, "DNA" refers to deoxyribonucleic acid in its various forns as
understood in the art, such as genonic DNA cDNA isolated nucleic acid
nol ecul es, vmtﬁcamhaﬂwmmlsdgmﬂlwsedhmn arecmerglydfor eqspvenisnee; amharcor  RNA
in any form (?iaggl es of ispl ted nucleic acid nol ecul es include, but are

s A 14

not |imted 88%“%3 . g_n‘BIaBXg‘ﬂaXs contained in a vector, .

" reconbi nae1]ONA it &?ere%emcﬁ:kmﬁnggﬁfoahhs& géxﬁmgﬂyﬁptag%he@sﬂnbinaﬂar tially
or substantially purified nucleic acid nolecules, and synthetic

mol ecul es. TDPNA techryplogynkridventoshesst of skidll iritle axtingdluds Ausuleel ef als € R®EFES Whi ch

"naturally flank the nucleic acid (i.e., seguences Iocat?j at bhe 5' zind 3
ends of the R&@T%%Satmwpﬁwq%mé@ﬁwo@n ek Y908 NeworsrhoPs delarilan t he
-12 WO 02| 2 P ~ Y g i j . .

"i sol at ed" ngiq%zr?é Aa]gg_tg)%ﬁgﬁle%lﬁa? (%%HSL%@P% ’S‘grcmqlﬁgi(y\é%gl,’ Epgégg\r/\ r“ﬁ%a ;

subst ant i al | Yaftor abdraiyBress, €dld B prind Haor, Y 2001 ) K atifidairecd/yBdshen
produced by reconbi nant techni ques, or of chem cal precursors or other

cheni cal s whBANDRE@K OB MGLESYhAR ANP LEHLULARIYETHORS IyFHALGRY ANP MERIGINEobase
sequence" refers,to seguenc f secutd v 038] As used
herein, "an nggéPﬁeﬁsP gpga géﬁ)gpg%dl%f P’Eﬂﬁ?8?§c‘¥ﬁ%‘ﬁ‘g§tﬁq€@@i§§'ﬁ¥%%d§ of

nucl eoti des PREFAEAL ABRGUCIEIRE PRisBOLBrM99pNOt her substantial 'y based on
conplenmentarity between the strands as determ ned by Watson-Crick base

pai ri ng.[0032]i s noAs wed deeedn, the fean “oderpsatetiiet’ sefetsyto b gedddofuscompnisimigiang t o
occur. [0039] As used _herein, "anplifying" refers to . enzymatically

i ncreasi ng t BROTE(EdE-3 &pclgog(}féct@r?qmlﬁﬁqgcg@gpweg%@gﬂgeﬁgﬂseg hSERIR rer ase
chain reactia 'on& %ﬂ%%lidé‘ﬁl'%ggelm%"%fﬁrs tb Qfg%’&fc' lgg.ls dof ?irsﬁlgtaC}e @ ntaining
a state of coftrolled conartions such as enperat ure Sver ea rrod of tine.
[0041] As usggclbgiidei(B g, tYGRt Wididletide heitosatellits troferstio penetid 1ocus@omprisingot i de

strands from an annealed state. Denaturation may be induced by a number of
factors incl adnatif of oMo pucleotides thet isrtandeanly gepeated (¢.enfily/ @) ETrmcleokidei cal s

hat di h L b ' ' . 1 0042 herein . "
ofers o [nanrRraiys iR e nein AR niiie 5ol e bRt TG Vo

nucl ei ¢ aci d gl fepited 58 SOAGIORE, CEATCONEHFECG)S YbrattcRotide
m crosatellite. THe "G+C content” of a given nucl eobase sequence, expressed

in percent, aacrobatellitd”aefest toch genctin lobes dommprising aDO(ifa feurnB)cleptitdeswhatis #G i s
t he nunber of gquani ne nucl eob Ln the nucl eqbase sequence,,, #C is the
nunber of cyl“ﬁ%ﬂ%y Wﬂﬁté‘g@a%ergaéﬁ:/gt;ﬁgﬁ)u caiipuceo dﬁ’é‘f%ﬁét,eﬁﬁ?ldr $193 the
total nunber -i ed

nor ai n, st ER BB SRS ) AR RS e T T Rlger Wi ie S

anpl i fi cat i oCEECTWAG@GG)aMidrosatelliedssndyoconkuin tepest-mbiitinterdpersivns) dre enzyne

used to conplete the pol ynerization of deoxynucleotide tréilghos hates into
the anplifyi rigryntieally simpleisgquense”’ EptznD. efralt (LRBO ) Nfure 22 (Q8P)-622-§80endi ng

i ' e el | -k .qrdi na ill inth
ort S Goner al SiFf FebeHMogtte PlegentFalys 10N BippRIFE Fuclir e RbaROKs Wbln fd 1
found in suchnitfxitsllidScoritslhs 6XSHIhGre iMtefp@sdd Rpeats with tHedsameMen AR AOEHR563

PCT/ US02/ 14203 .
tandemly repeated sequence motif, but a different repeat sequence (Eichler, E.E. et al.

(1994) Nat. Genet. 8:88-94; Eichler, E.E. et al. (1996) Hum. Mol. Genet. 5:319-330).

For example, if the tandemly repeated sequence motif is TGCC, a simple repeat-motif
interspesion may appear as follows: TGCC(TCTG),(TGCC),, wherein the interspersed
repeat “TCTG” interrupts the repeat of the TGCC tandemly repeated sequence motif.

Repeat-motif interspersions also include more complex repeat-motif interspersions

-10-



CURRENT PROTOCOLS I N MOLECULAR BI OLOGY, John WIley & Sons, New York, 2001
and Tl-1E POLYMERASE CHAI N REACTION, Millis, K B., F. Ferre, and R A

G bbs, Ev® 02/080568hauser, Boston, 1994; AND MOLECULAR CLONPCIAUSQR/IABORATORY
MANUAL (3rd ed.) Sanbrook, J. & D. Russell, Eds. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY (2001 ). [0001] As used herein
"conditions sufficient to anplify mcrosatellites"” refers to reaction

conditions for the PCR reactions. The reaction conditi ogsxﬂiﬁ@cl de the
chemical conpberein the sepephBot LIRtTSNSFIQE nohitiesamg length astbe tandemiyfgpeated

tenperatures_used in t act i ok 5“1;9 f . he
reaction, anttkf cecm?tgtt."?g{]% 0 Ilet’ h%etﬁggggglgl%%s%ﬂe rgg%r&eggl&?)}g?ggc’ 0002]
" Typical |y, bpdhigleg dephai-giotif MtdtsResiasmah apsat ¥efilllogsr the reaction. The
ot her chem cal gl(r)rrponents of standard CRl%ragacti ons include a DNA

pol yneri se, (BGLE)TEERGEGAIGAT ACChukeeiatthstapdemiyrepeatedsieleraemiotisis de
“prinmers, divalent al. i on, d DNA sanpl.e expected.to contain the PCR
Parget - ooomermymuehy b6 mamd plherpas FoBpEx FpaChRtefoidhifiiands,

agent such ag,Wohitddondt e”s%pi&%;%e%f—hﬁﬁifﬁﬁéﬂsﬁerﬁklﬁ Bndfhe!tomplekepdiini®ifi ng
agent may be any known bufters' in the art, and nay be vari éd to optim ze
PCR resul ts interspersionén thepeme macrpsdteliite. Feersamplepfucbadiomplex ssudrnice repeatie

art will readily be able to determne optimal buffering conditions. Some
PCR buffers mojiliRtcrspersion say apesaf8idelPWs t he enzyne used. As an exanpl e,

but not by (pyae i I i h i mum
KO concent mﬁﬁk)réw?@m 6&%@#9@@%%‘??&6@??@%@ P %egéglrlrgg%h has

an opti mum K@mxrsaeisparsedrpaits ilerip tinandehily régbtelPetquencd metif TGCAL h DNA
Pol ymeri se XL, have an optinmum KC concentration of 75-100 nM [0004]

Di val ent net Miciasatslldesewih amhwithoutinterspersed tepeats arg\enedrapasesd yethe semy o
function efficiently. For ex | e, but not by way of limtation, nmagnesium
ion all ows cefHdPFft Sp?ﬁVﬁ& 8% to function effectively. Typically,

Md z Pf[r%'iﬁ%‘io‘h | &s AEASHrLiR, theRfhiQurBH dr@&idittbOsi StiPPleYer$ ftfa PORIafifaLt

magnesi um I on concentration. The magnesi umion concentration required for
opti mal PCR ahetéif nfiebsaelliten predapemattly mantphified pachi thata div¢rsopopilatiomred and
tenpl ate used. Thus, the anmpunt of magnesj um 1§ath added to achi evm timal
anpl i fi cat i ofragmentsiof yaganglength ate repnged oy gagh allelg in the gepemic; squres N ce i n

mgnesi um | of BRI ot Bk el PRl drmdRPEEiotys Uy ARFRONAY 27 O

of magnesi umgheropriaRRa&pth 8f the MitidsalelRtd-etiining Sraghehethy ek ormére agstattubit "M
varying around a mdpoint of 2.5 mM g‘£12044] Deoxynucl eoti de triphosphates

("dNTPs"), whengthsefahe micrbsatélliien g\shised kereisf “approprints(l¢rgih afthe inicrepatellitd-d

Concent r at i orfoBiatties Bueeny Beh W hedeti Braivid TO i B e Ralefs i)
g . e : o) o L l ; )
aﬁgxzﬁ;?ﬁngfh? {1 Ern?l%)hospﬁgbtag&%c%b#%% ?m& her gﬂl\l'ar%d;ﬁl&getﬁlﬁé’?g@ decl)xyﬁ? ?VgigﬁgP )

t ri phosphat e thé BORRonditiansipeohile ansippress thapolymerpsedenmivaldidnsferasegidal so be
used, and are enconpassed by ‘the erm " dNJPs" ﬁ@es?Pz‘tseﬁd here}; n.. Wile use of
dNTPs at sucHeRRBed: uitsToHEal may he Rerseived yith 54 SBFD $hY SXGTRRPE 8,
concentrations,_ gf ' b : us, in
T8y i A DI LR B

sone enbodi nent's o e the concentration of each

dNTP i s generigsthiméitationa A stofdé sigvabsetnony gehnypicallp appears a8\ blurry sehagovr ur t her
enbodi ments, concentration of each dNTP may range fromO0.5 mMto 1 nM

[0045] The erhepdwue kamiqesaeiites whichiane ingoreelyanaplificdispelohahadiversent o t he

anplified fragnepts of..the P nay. I I I i

heat - resi sta pﬂ@’l"?ﬂé’% frgg@e%%?fmﬁmngﬁﬁ%%%%@%ﬁﬁgﬁ ‘Ls'tgfs?":rtgflélt%i %‘;&%éedus ed
‘in the inventdPHGeRsdcl Gracdbiiotiéreldtabphdrogramtnipagpdr 26l qaBifietsighdlosicEuch
organi snms as Thernus aquaticus, Thernus thernophilus, Thernobcoccus

litoralis, Baasidpeak ontacgrapit. HenttassignalssnayTberepteserged bmanyt magnsasughry. g setus
'ssp. The enzypne, be.isolated.fromthe.sour.ce hacteria roduced b

r econbi nant M‘tgﬁmhgws’d?te%‘fyégﬁsmq‘% 'B@Hﬂg'ﬁtrf’%“‘@ggf’§%§'.gngo°ru¥put
exanpl e, DNA pol ik hsight, MieraticH bERE Greh 0P TR bbAGwidth at half peak height), and
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Bi osystens and include Anpli Tag Gol d DNA pol ynerise; Anpli Tagq DNA

Pol ynmeri se; Anpli Tag DNA Pol ynerise, Stoffel fragnment; rTth DNA Pol yneri se;
and r Tt hwiONf2/P@oseper i se XL. Ot her suitabl e polynerises i nBCT/H802/H23 ar e not
limted to Tne, Bst DNA polynerise |arge fragnent from Bacill us

st ear ot her nophi | us, Vent and Vent Exo- from Thernococcus litoralis, Tna
from Thernotoga maritima, Deep Vent and Deep Vent Exo- and Pfu from
Pyrococcus, and nmutants, variants and derivatives of the,fore%Qi ng. -15

WD 02/ 090563thedikeusopeaammls ip 66RFES e sk fon adsramsloghfaBigosielica g BRITO t he
R oal 0s pREERSERL s SfiRaly «@fids fpeAlfndk HNPRATRILL difldoARRER .o 11

ol i gonucl eot Y € sense (+ stra h enat'uréd,
“tenpl ate DNAgt Afadaddicorietsonditg 18 aueHadtdpieenD) on'the clettieilefogrdim ot tat | sense
(- strand) of the denatured, tenplate ;I,\'g;l cally, oligonucleotide

en

primers are f@jcrealyovhich repeaseitn theatigten Otherieseprominesy stitr signaltioay be or

"I onger dependi ng on the.specific tenplat egyence to be anplified,.and the
| ength of th_go"&%iaﬁ_granii gz r‘?ﬁiﬁe @é&ﬁ?ﬁ?ﬂra%“r‘ﬂfﬁ%“ @'ﬁéﬁm"gﬁgﬁ‘ ! e“sieﬂsgﬁﬂ’on.

0§ gonuc eot wlgeht I HMBLSnIBBL (EFPURE T hlarPhE BRldufiorP BEG et mBilih bpns of
DNA that flank a mcrosatellite of interest to specifically anmplify the
portion of Diplifitdwstatiert predynt, asseeflectodtyemdattanse insthe sembéanraigahl ntensity of

ol i gonucl eotide priners are chem cally synthesized. One of ordinary skill
in the art natpttenSagnendesi gn specific primers to anplify a target

m cr osat ite of .intenest. «EuLthe | :
sequence@b{, arrpl'ﬁ i}ée 'h%?%r%a%%gwcpt éé}?%g? gltr?rs}’%i@rll@ o&ﬂ{{aﬁégg:% ﬁ%@cﬁ%&s@?@c&ngand
are within thegreeRerepfesthted by irbilowing[sBléibtal Térmutd:i gonucl eoti de priners
may be corrpose% of adenosi ne, thym di ne, guanosi ne, cytidine, uracil,

nucl eosi de anal ogs (e.g., locked nucleic acids (LNA), peptide nucleic acid
(PNA), phosporam dites) and nucl eosi d€H,€¥ht ai ni ng or conjugated to

chem cal noieties such as radionuclides (e.g.,'zP,"'sS), fluorescent

nmol ecul es, minor groove binders, or ggyLopf her nucl eoside conjugate known in
the art. [0048] In sonme enbodi ments ofl the invention, a fluorophore is used
to tag at | east one priner of the %éﬁaction. In sone enbodi nents priners
for different target fragments can ‘be tagged with different fl uorophores
(that produce differently col ored prodlucts) and may be used in the sane

mul tipl ex PCR reaction and subsequentiGOhal yzed together. Typically, the
forward prinmer is tagged, but the reverse prinmer may al so be tagged.

Exanpl es of fluorophores include, bug@oH not |limted to, fluorescein
(which absorbs maximally at 492 nmandyemts maxinmally at 520 nm; TAMRA,

N, N, N, N -tetranet hyl - 6- car boxyr hodam %/ni ch absorbs maximally at 555 nm
and emits maximally at 580 nn); FAM 5-carboxyfl uorescein (which absorbs
maxi mal ly at 495 nmand emts maximally at 525

nm,; J ..
2", 7" -di fbxy- 4Asmsedipereinoihs teey isplatyd P%?‘E%‘g{gﬁdfﬁcqqfeéﬁ)@&%l%%l%l ly
at 525 nm and_em i - 2/ 1~1203
nm, ROX, 6- é%&ﬁ%"h?/g@?‘hmxhgﬁ% l\?\%sog ﬁ&g né%'\ré\gs(a oﬁﬁtlp%g I %’ ngltg- nm and
emts mmmr |y ainsGR&d Retkin, DRACwWeito dboxiibonureit aeilliy itavark®i? formsasd
emts maximally at 570 nnm), CYS (which absorbs nmaximally at 643 nm and
em ts maxi malunderstooddr the ar, suchess genemicdd N FBNG, igglated-mickeie agifd apleqydsss bs

maxi mal |y at 52 nd emts i ralg;y qat. 536 ; H :

hexachl or o- f I‘(YS&’éiﬁ%‘gnc %Pwmgskﬁ%}%cﬁﬁ I§£1§{St%?éﬂbr‘lr%%ﬁlé\ lenm_ Jorm.

maxi mal |y at %?a%;ﬂé@ofi&cﬁ%@hu&mﬁidm\emsgmaa@,rmsmefnomﬁitwaﬁ,tl ons may be
es

used within t cope of the invention. Such conponents include, but are

not |imted tegombinentd2@NAgnglecues contdinednin X vector, réepmbdrant PN molgeulss) |

Tween- 20) and agents that disrupt m spatchi of .nucleptide pairs, such as
-di met hyl sul f d%ﬁ@@ll{@%@)?zet%%g?@@ah@iﬁmﬂlﬁgﬁﬁ %‘Hf‘&'i‘ﬂag& %@Wéﬂ" %8501
PCR reactl on 1&1{)@3\?1{:5 AT tﬂétWﬁﬁIAalﬂgleEM‘ésl.qyﬁ#&@ﬁaﬂ“’i@a&@ nieleiEsbid R free
optim ze a particuldr reaction as a matter routi ne experinentation.
Those of or di ¢faseyudiickd Which natuealBr flankithé nucdeiogeit £ ice.§ dfequénvks lovatad) atthe Glii dance
in determning the various parangters for PCR reactions, .and also w |l
recogni ze t haanddrends pithe srclgisackh e genypigi PN pf thesorganism fromy whichdpe of
the invention. [0051] PCR reaction tenperature and tine are determned in

t hree stages: denaturation, annealing algg extensi on. One round of
denaturation, annealing and extension i'§ referred to as a "cycle."
Denaturation is generally conducted at a tenperature that permts the
strands of DNA to separate, yet not destroy polynerase activity. Generally,
t her noresi stant pol ynerases are used. However, heat-|abile pol yrnerases nay
be used if they are replenished after each denaturation step of the PCR
Ther nor esi stant pol ynerases can withstand high tenperatures and naintain

Y . O 1



WO 02/ 090563 PCT/ US02/1:1203 allow the first step of PCR (denaturation) to
be | onger than subsequent denaturation steps when these enzynes are used.
[ 0052] Dwo segovse® anneal i ng phase, oligonucl eotide pri mer BCHHR®AM2430 t he
target DNA in their regions of conplenentarity and are substantially
extended by the DNA pol ynerase once the latter has bound to the
primer-tenplate duplex. [0005] In a conventional PCR, the annealing

tenperature typically is at or below the nmelting,point (T of the | east
stabl e pri neriqleipgeidiiederinsde Morgpyer.anyiisolat %Peé‘g?‘i“ﬂﬁloi‘if“ S“&h)f”&f sever al
t heoreti cal 0, LI, oy oY %Qﬁ{ f - FQr npl e,
the T, may %@%@é‘%@ﬁb‘a l@g@é@@%ﬂ#bg{aﬁﬁuz?lyfr , oihe?zfeﬁlggrxﬁ%{&rnl%ledr? C(l)l and C
"bases) + (2 fedivitiWhed pRidudediitredonibiaag techyifjueg ok ¥f cliemicdlphstarsdriRahert he
anneal ing tenperature is 5 Cto 10C bel ow the estimated Tm of the |east

st abl e pri necheneingls athen ghgrhisally symehesiiadal i ng tine i s between about 30
"seconds 2 mnutes.  Howeyer, in certain, epbodi mnents of ods of
the 1 nvdBSEn, "t ths iR eRER CBleresrie gEER ) ¢ e or otpellBhet

Vi scosity anﬂu chﬁﬁgéss to slow certain steps of the reaction (e.g., priner
anneal i ng and polynerase binding to the priner-tenplate duplex). Thus, in
certai n [0038]di menAsusetl hiehein, feeall'sefefs totspedifiv mttraction betveeanrstrands ofg step i s

performed for a | onger period of ti t han uld be u caé?ién standard PCR

protocol s, t peleetides whereiythe sgraagds bindgopneago ﬁ’as‘@éta%‘ﬁg’ €00 o 6 i nut es.
(0053] Sorbitol nat only,l & [ eqcli i i 0Bk 1l | S 11 d

DNA denat ur aSP™PFHTE an:t%b%t@%%rgﬁl% e Ooﬁ%ggﬁpgfng?ﬂ?'&%?%{)ﬁgglgﬁ%s pt§ ﬁg@' T

i nvention, iisﬁo‘inﬁ&és&ﬁtl@éﬂ\t&ﬂ RERAAEI e 100 forlaanedling eopesuat ur e for
annealing primers to the te ate than woul d be used by one of ordinary

skill in003Y art Asnsedtherain: @mplifying Fefarvieenzymatically ingreasingthe pmeunte! af ower
than 10C below the Tm (estimated in the absence . additive) may be

enpl oyed in 53‘?‘71"_2‘? ﬂucé??gigiﬁis Pec 192 qoa?'e‘“?r_ﬁ/eecﬁ?ﬁ)orﬁfgét'[%054] The anneal i ng
phase ty@p&@ﬂ Ly i & [19d HRAGH “B¥uBHing™ teFers k@8 maltASifing AFKdte BStddirolled conduct ed
for a sufficient anount of tinme to allow the enzyne to conpl ete priner

ext ensi on i niconditienssqueh aptengpesityre oiversipdriodgftimtes. As di scussed above, the
addi tion of high concentrations of sqrbjtol increases I;he vi.acos%{i%/ of the
react i on[00Akki ng ARussdherein odenaruyation, gefstsiia the sRarafig.ef ohrleotis SEys fom
certain enbodi nen he, - . : t he
i nvention; i 'ag'a,tm%aﬁeecps{%té. @fe n%tﬁliagﬂx\s(\gg yf?ﬁ@%@ﬁgtgyg}r@gﬁz%ﬂfgérgéégﬁ%%?gZortg{:)

ext ensi on ti EREnARSS He LAERE, R@heratsid, br thientibals that dismupt base phizingadnterdctions.
standard PCR reactions. Furthernore, as noted above for the annealin

phase, sH042} ol | Asased hegein&fClaontent” refrusto thereldile amavstiohguanesing andie

thods of the. i t] i £ d |
Cempor at ur e StosBeaRiRentn adivdl Histie g SLRGHR el ot Bl ssa | |
the art for %#,ﬁﬂﬁet"eﬁit&@ﬂlé@@#@ic@.'itém”xhu%ivehcﬁhcﬁme esquefédyexpressed in

tenperatures for extension are bel ow the tenperature reported for optinal
activity of tpeecenplcymbe ealesated fum the Gasjula OHGRHHEE) Bt vdyere G inthemamber

d t tion, eal i d .ext d will. det i he desired
mount “of - anpifERRRE PUFISOIReSE iF ISR BR RIS o e RATRPRE A BYIOBRR, |
,:nﬁlaec ul es.  ThyR1eob R0 ik tbib¥basf bdREn@mtl THGE theQbtaliinbdrRe hitcl@btsésinC e

the nucleobase sequence.

[0043] As used herein, “sufficient amount of time” when referring to time for the
amplification of nucleic acid, refers to the time which allows the enzyme used to
complete the polymerization of deoxynucleotide tn'pi\osphates into the amplifying
nucleic acid. The amount of time required varies depending on several factors which
are well-known by persons of ordinary skill in the art. General principles of PCR and

strategies for amplification may be found in such texts as, for example, Ausubel et al,,
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nunber of fragnments that were present in the previous cycle. Typically,
20-30 cycles of PCR are perfornmed. Mre typically, 25-30 cycles are

per f or meghio @dobssagh cycl e nunber is not particularly |imPeEHUSI2BEB] For
sone enbodi nents, it is advantageous to incubate the reactions at a certain
tenperature follow ng the | ast phase of the last cycle of PCR In sone
enbodi nents, a prol onged extension phase is selected. In other enbodi nents,
an incubation at a |low tenperature (e.g., 4C) is_select ed.@’OOS?] I n one
enbodi ment oEURRENT RROSIOCOBHIN M@Lmaw«a&gl@wﬁwpmwlm& SeaudNeNgYerk,20@k i n

i cr osat el 11414 DR Popo s KRN BoA o Vb Blsckb. R, FRCR AL KPR B

$GrC content glial Boslbharboa0iin TAYLECBIR ELOSNEOR BRI TSRY MaNuAaar  one

)

enzynme having nucle’c acid polyrnerase activity, and the sanple is

i ncubat ed wi ¢d)) S$aabookyIT& DoRusselidsi CoklrSprimgdiarbordabbratery dvessp@oldr

‘conditions sufficient to anplify said mcrosatellite. The incubation is

per f or med i nSptirg HadbosN¥ (H01dn" arount of sorbitol that is effective to

reduce er relati Lhe .ad f I bsence of
IS[B&SIJIEI ﬁ,lésgéﬁxexte?n .co%fh ggggﬁfﬁ&enﬁ%%gi?y Hxl?&ggaYsﬁgtce% grgtf({}g tc?lrrpl ify

sorbito e P ron inclru primers are se
the target nigegsRédiditidng f6f thé PCRI@adtions dTHéeatticll conditionofieludy thegged,
dNTPs, buffer, the sanple containing the tenplate nucleic acid to be_ .
anplified, schdpicallcompanerite ofibicyenastion and theiy conapmiratiqnsoths danparaturesesed 8203
[ 0058] In angqther .enbogirre t of the inventjon, priner. extension actions
may be per f oFIFEB2GHORISY F%éﬂ%ﬁ‘“ t&%lﬂ’?ﬁ%ﬁ%ﬁ%he F?Bﬁtg‘ﬁlc?%‘{it erﬁlumlgnf)%@gﬁﬁa Cof
sorbitol. | N, {hie iy edsd on reactions, an oligonucleotide priner is
permtted to bin 0 a specific target sequence on a nucleic acid nolecule
in the poeernce ofyddliysbuticedwatet jsmed aethe Folventefarthe oeaction.i Tieudibered and

t he pol ynerase pol ynerizes the dNTPs and extenpds the_qligonucl eotide prinmner
in the 5 tochemigakeomponants of standard RERIBRAMOBSINGludg R Qlﬁé P%g)f‘geé'?senucl eic acid

Contain a defeopapeadBhifeRpRBpRe ChRTPEY, Biddifeou prhfts ARy nan M
i ncl uding, sy&h aa¢a DNA sixiplelekpédi@iotcontalti tle ®CRagdesot | de tri phosphat es.

[ 0059] The mcrosatellites a ified in the methods of the invention may be
nononucl [8003lde r t Thesodwent vsddi forBCRAypioalveesntains sbuffesingragentisuehsas Tris-HCl

trinucleotide mcrosatellites, .tet | eotide mcrosatellites n .
pent anucl eot 28 nﬂ’i“gf“g&l%%‘fgeﬁt“? such asaﬁfg{' ?‘ﬁ‘ﬁ%’%%% Apcyt PW@’S aﬂﬁifn?‘% l%ﬂﬁ”grs Mepeat
notif inters ' ' ' Iy hReRatiGpeat of C.
The conpl ems%%%%gg%Ww%?géﬂggﬁfﬁgkg?ﬂw&ﬁ%&gg%t aienarlepeats of G
To denot e t hePerdons ofaidalary sldll i the arttvsillreadilydresablestoydetrminechptitriad buffering on

C/ Gis used. In sonme enbodinments, the mcrqosatellife is_ a dinucleaqtide
ni cr osat el | i wcenditignsySioms RER byters maythepptimt pending ?‘ég‘eieHEYIHﬂESECdCGS’éG I'n

ot her enbodi nment s h ] e g oty ' Li.te,
i ncl udi ng butanr%flmpiem&t‘t(rag(?% gé‘%&é&% “%‘@%ﬁ%b@e&’gﬁ&%@%‘f‘% 21}cl)t her
enbodi ment s, dpkigum KiRSak@htratich ¢£50ambE AnaliTakg® DN Al Polyntrasep$tefifel fragment

including, but not limted to TGCC GGECA. Exanpl es of loci that cgntain such
t et ranucl eot e amoptimyen BCI ¢ansgntration @f 40 mivit angdr e/th SINA Pelynestaseandp B33

TGCO) (TTCO) ; 7 S809 A . il h i , th
gri cr O)Sgit el | ?t]%ﬁfu‘gp oiyrﬂgxﬁfea% (czﬁg)&t (%ﬁﬂug} gg%@%?&%tfo hﬁ??ﬁ@ﬁalﬁgﬁn;zt ;o'?
limted L(ﬂ)ﬂ ! SRt MG atD BB sdvanfkedusitd 8Fova iR polyretatd ot figctigat hod

of the invention generally have a G+C content of greater than 50% In sone
enbodi nment s, dfficiently.r Baratxemple; butires by way Of tiontation, nudgnegemdon aldews cartaiot her

enmbodi nents, the mcrosatellite has. a G-C _content. of. 75% or, nore, ot her
enbodi ments, PN& palymesgsdp funcgion &gfe%ﬁlvelwc ﬁ)ﬁ’l‘ﬁ"@%t MBbZﬁ&Sé‘?@ ?f@ffleéfﬂ)e
-amount of sorhi Lol ?sdtotsgp he ¢ &B%rﬁtﬂ'ﬁ‘ﬁ{ Bk iGHERE A thaYioh) TRE nAER M

. 12
effective to re&uce stutter é [ative to taﬁg anount o% stutter obsérved in

t he absence ofntdfcentri¥dRGOREDMS oPEMAIUECR Afplifiedionandyi depend bm thempecific
‘enbodi nents, the anount of sorbitol added is 1.5 to 3.

5M In nme ..
embodi nent s, sebphprimersiagd serarlateiused Thysydhsameynt of magpesiun salt 344??86? Aehieve
enmbodi nents, sQqQrbi.tol .i a. i L The,.: Wi - be
added from a Bﬂz}lzﬂr@hﬁ%@% lggﬂlﬁggaggﬁgg%%p%a%%% algﬁngl ﬁé&ﬁ%nﬁ%gent .

For exanple, in one enbodi nent of the invention, the sorbitol is included
in the DNA pol ynerase preparation and il4- added when the enzynme is added to
the reaction. In another enbodi nent of the invention, the sorbitol is
included with a preparation of nagnesiumion containing reagent (e.g.,
MyCl z or MyS04) so that the sorbitol is added with the Mgy 2 or MyS04.

[ 0062] Sorbitol has chemi cal properties that may be exploited for various
pur poses. For exanple, sorbitol is rather hydrolytically inert, which may

o o b o o v oy o [



W O 02/ 090563 PCT/ US02/ 14203 of stutter is measured by determ ning the
percent stutter in the presence of sorbitol (+S), and in the absence of
sor bi t ol wio@)o9essad perform ng the foll owi ng cal cul ati on (RGE/U$0284203 100.
Percent stutter is determ ned, for exanple, by the peak height of the
stutter signal over the peak height of the allele signal tinmes 100.
Alternatively, percent stutter is determ ned by peak width at half peak

hei ght of the stutter signal over the peak width at_ half peak height of the
al | el e si gnadrt.t Genesallyo the concentiatipn efiagnesivm on pew,teml Pﬁlﬁme\rary hetween

determned b he st.utt.er of the peak
of the all el Lat] il AvebiGanEtelmimpuiigt rotRPeeR B P ot g Tpe L an
Tstutter in tORwPLEEE3RE 4O mBONRIyIHY arb@Bd inYdpoi? of RS WKL, Cent stutter in the
absence of sorbitol may be used, and the percent reduction deternined.

[0064] I[6044)r t he Deerprostievtide mpﬂosphaeesr(‘i‘ﬂléﬂ?s”hrwhwieaﬂmbhtsbml@g)blovksctzfdher n

whi ch a sarrple contaln ic acid thai IS g{%&f&% ont aj ni ng one
or more mi cr¥eRiixmEnYS K(%ng srBledie Peke 13@“%’(‘? 6% ard PER regqtioni PEot i de
merosate |14 g ﬁtfdtﬂﬂ%fﬁgggé?M%&Jhoﬁfs:?dd@ﬁ&meqﬁgﬂ&?g%}gt(“cﬁ(’ﬂ“ eot i de

m crosatel li avrn ontent o reater t is contacted with

an enzyne t hgdoxp@hanoEine ishospltte@IGTRY), deoxybptidinesiphosphate “OCEPyemti ve
anount of sorbitol to reduce observed stutter relative to the anmnount of

stutter obsethymiding trithespiote(VdETBT). SHheridNIEs, érmhaaﬁmxwﬂmg tgiphosphate one
| eob t |.east ih |
aci d cont ai nbdOTR F Cﬁ”ém HonedsmaoRhe e oLt BRBaBoe el apd pe ™ ©' ©

i nvention, PCRoppAEE ?%@t%nﬂ e§NTPYes UIe) RérBind! wrﬂemk@ufe&mps arméu fy
fragments from at Ieas one mcrosatellite region. In certain enbodi nents,

t he fragnent eormestrativps isfaneshablettd the rdethedstafitheinventione cancentsations of ANTPs
quorophoretag ed, pr or t bridization enh nor
groove bi ndef®§ el\Aher 6&6&5’“?% %acg'ﬁgtaﬁg PE I FQrRe F'@S?‘ﬁﬁwf‘é o[fghed@ethod
anplified, d re
R £ T R E‘Ufﬁ&h 1P ey pOpRTs0R e e

di fferent cora@g@dgid peiMp harsemermyhdaembsemdncs aonventratioti dffeactediN TP may

m crosatel lites urthernore, the sane col or fluorophore may be used to
anmpl i fy fragraage ooudd aMitad 'mMer osat el | | tes that generate fragnents of

di ff ch d
slepa(ra;'ta %ﬂ%]'zl'ﬁz %ﬁ??%gg{agpg%ﬂ%ﬂééssﬁgwg 1qeﬁn%}ﬂ)sgha§¥e\#o tét %&%E (?ts: gvr ng
medi um I n 5%@&?9@&%@@1@ bk ARy DRA poly¥aefdt AROIB&Rg Redi riesibtaatl : L203

i nvention, for exanple, the PCR pr oducts are anal yzed by capillary
el ectr ophor epolyrrasasdelamwrbmdhc art\\Bolymerisessthatainay be udd) thegnvensiordnclude,

or oducts ar c oM poRiHSA BINNAGAIraks Foph BB ore i B er it farg i,
Chri st ensen, ﬁ/%)e anﬁ%rmoééﬁrgsg )Thﬁ?gﬁgccug 1zto(;hh.@ BdeBis steBVdRdrmo ?ﬁﬁz?s 167-177.

Fragnments ma mat ogr a e.g., Slze exclusion

chromat ogr ap mier(nﬂf@a m[zﬁﬁﬁﬁ]andi Fyeeotads Bspe rrﬂmhmmb maythedsotated fiom the t he
i nventi on decrease the nunber or intensity of stutter bands, or shadow
bands, on st aoites uacg@rasprorin@@i b}tweorﬁbmhmdiNéfteqhﬂelqgwéaWB?ﬁesm de for

lified and
el 5, i th i seragiad ugef o Auiple BRERSAER £t aRRRl R AbARLC 07

ccor or 8oy odi nents
of the i nventgigRstel3anPHRIRMmpRTEg GBY® m\mrp’alyyxzeesbeommaa@%em
pol yacryl am de ¢gels using standard technique 0067] In accordance with
t he enbodi nePolynxiraseh Aniphileq? DINA Polymerase, f’ff aﬁme@t, {th PNA %913!19@5@5 of

Capabi 11 1 es %8 11 ONA P eresseXEy, O esbf Ol vipreses ipdlufe Bubyf Ao EiniEa
‘pent anucl eot iyde, é%?%ﬂ&l@ﬁgg&eh&%b? ERGRA BLAIRPBaBIRAHbARR SV erthe

i nvention provi dés kits ments, the kits of the invention
contai n a conaéMveheEesH fﬁdmdlhemﬁcumwmtmzhsdmm froin Tﬂwrmetdgla viaoitintapDeep  PCR
reactions such that_sorhitaql is (ijlluted to be present in an anount of 1.5
to 3.5 Min tVrat prRDedn Kertdinoy an R Bp Bhrasocens, and mptents; yariggtsandsent in an
anount of 2t to the sorbitol solution, the kits may
contain at Ieég?g?atbl\or?(saog 1 e%#n?rg] oW ng reagents: dNTPs (either separately or
as a mxture), DNA pol yrrerlse buffer, and primers to anplify

m crosatellites. The kits may al so coﬁlgi n conventional kit conponents,
such as instructions for use. [0069] Mcrosatellite markers that exhibit a
hi gh degree of pol ynorphismare exploited in many inportant applications.
Recently, the A-repeat BAT loci have been used in studying microsatellite
instability (MSI) which correlates with certain cancers (Chen et al. (1995)
Cancer Res 55: 174 180 Ionov et al . (1993) Nature 363 558 561 De La

~l o Vs A NN\ L, - Y o I B |




WO 02/ 0905G3 PCT/ US02/ 1~1203 determ ne whet her the DNA sanples are
honozygous or heterozygous. Additionally, polynorphic variations at these

| oci in iwlemiooksdl s of different ethnic origins supports PéiFURE&E2030 defi ne
the different allelic profiles and frequencies (Pyatt et al. (1999) Am J.
Pat hol . 155:349-353). [0070] Detection of genetic disorders associated with
aberrant mcrosatellites is an application of the nethods of the invention.
Sanpl es may be taken fromtissues or individuals suspected of harboring
aberrant[odﬁlr osat(éllgqntl@lﬁowﬁ privesrs argnaddedhte the eeactign %ﬁ&ﬁd%@f%? herS apfl By PCR

in the presen

sufficient t%“cgé" . Zar']gl? z{g%ge]tn&fﬁo %&f%c’%hﬁ%gtil‘?ﬁ:aéf%? %“?‘g"r‘ ?%tﬁgﬁ%“sggsence of

"sorbitol forqpng) QF@E %lebastafea bt EDRAC af® Hether ligBmRMotide bHaHer 2R%alsThe
resul ting PCR products nay be conmpared to PCR products fromnormal tissue,

or tissue frnthaantsehse (Rdirand) obitls, deaatdredatenmﬂatmm\hdss'@medly, Abgmmmlﬂotlde
‘mcrosatellites may indicate a, pro i to d vel op, a geneti - based
Bfﬁs@ Rw QPF lcﬂng

di sorder, or PARTS;ang|i 246 Autigetidss da %Veéé Bt ;g ase. Such
di sor der n t dition
03000 i BSOS L AR | 72

limted to tbﬁm&msm@c&fseﬂuﬁl kathe aperatios of ﬂﬂam\:engbmnOligmBaende)pnhmmhaawngeal
muscul ar dystrophy, nyotonic dystrophy, and Fragi I e X Syndrone. As an
exanpl e, but badesignedupgnrsal o speeifie perions AEDNAxGAY Rank amiraessiabliteef inserest

br esence of 15 SerreREHERIbPGeh SEPRA %%*w%%frh@@%'ﬂ*@éé&%ﬁﬁeﬁepef\%é‘w%ﬁ%m an
unst abl e andGQﬁérQﬁ%. ntcR3t e printerd4te LRGhicaiey §ﬁﬂ%@ized[@9313}"oﬂdﬁha?y siaci fic

enbodi ment, PCR a i cation reactl ons may be set up to anplif
trinucl eotidi uhe[aﬂanaymsﬂgdesh@ mecllfsmnmms woraoiplify aﬁugbﬂmlcmseteﬂm | ocus.
The sense priners of each of the |oci be. ta%ged with a fl uorophore. The

PCR react i on¥Iergst part E‘imcﬁﬁ tﬁ?"ﬁfﬂ‘?‘ﬂ%’s‘m quepgestREY o (pH =
9.0), 0.1%T ARk Pmayt b0yt SREDe WithHATR s8R mglCTP, and
dTTP, 2.5 U I&BMII lr?é?'ase and e71K1/Ia%or %gtmo T elreact |S% may t hen
proceed as fcﬂvlemwn 94C for 1 mnutes, and 28 cycl es of 94C for 15 seconds,
40C for 3 mnutes and 65C for 5 mnutes. [0072] PCR reacti ons are then

anal yzed0847ldenat The eligosusipptids wrswabappmeowéu% enosis; thymidinge|

| h d ABI
V0 021 050563 ERerRUSoSinsh Jrgth i kols ARogTe gy OISR GEATENASCT (%1 ¢
acryl am de, F? Midy rﬁﬁle&eﬁcuﬂ)[ﬁ@ﬁ)’ %ﬁoip@fanﬁ&té’ﬁ'an@KJcl@dﬁdbﬁ%&ﬁﬁmﬁ{g{W escence DNA

Sequencer . agnent anal ysis nay be analyzéd with GeneScan Sotftware from
Appl i ed Bi osyetjapated Al ¢hematadl orieties st 8|rz<bomiclltlhsa(e@ﬁfﬁ fiSyofldoresgrmint as

conpared to normal, control tissues or sa | d he ingdicativ of
Fragile X Syﬁml%’ées PR 830Nk ST B G ROt st KLt Gediu | o
such appjgoggl | Onsyy n?:eéﬁ%dd?m pefagg ifVehfibR 381 hY)?é RBhisec-oe ARy S1 S
may be a Ilshe or exanple y using a pan prinmers to anplify a
set of IOCI cpﬁniealoﬂtm@(m egaotiai. e]lnlsntnesentbbdirndmsfm’lmer@fﬁ diffeteattarget gr eat er

than 50%in the presence of a sufficient amunt of sorbi tqoj_l to reduce the
observat i on dragmentstcan be tageed Wath different leronhorasdthabproduce @fferepily polgred

Genet I 23 0 fied f
a Slevia(r:] sgfrit)l 5%&@5%@&) #%ggecfﬁﬁgl V|a§§erﬁultﬁi’ﬁe§ }gﬁf‘f-’g&k {i?%na suB?ec@@@(j dloﬁe i gr
the same reaghhi9ped fogéther. mrypmn?lmé ortiafd primeis vdggyd |b®bﬂie&éve(r§d~l€ﬁmeﬁnw

usi ng fluorophofe tags) that w al l ow ready identification of PCR
products f ol latseitegaggeg! iBxamptes of flupopirarks ingludn.cout iaee npt difmited tevrfluoesaeint v,

tet | tid tellit f
ot abl | shientBichaBRPE rETARH 29 pAE somtsqREGEALY 7 THRF TAMBAY ct i m
i dentificati Wﬁ'(ﬁ I §-B83theflyl- @lcartfo;(%%axﬁlngt(@ﬁﬂﬂ'a%{ﬁﬁs ﬂa§x1 ?'a1935 nm and

Furt her nore, ey have proved useful 1n forensics to identify human remains
(Hagel ber g etemits. méxxﬁﬁﬂgz a) SSMm):@mzs-dﬂﬁemorddaﬂnﬁwmcbtabsdrbs hnagigadllyam J.

‘Hum Genet. 55:175-189), In th e peci El | egren et
A (T051)  NeASAED BEHCTRSTRIRID 353 BV AGLE. Be L T OREYr BB e

m crosatel lit t

mul i pl e i cr By FRERIL LR Bt ool o 255 %BPW?’??%‘?% 5%2? in
several billion individuals are nOMlan | abl e. Exanples of mcrosatellite
containing alleles which can be used f paternity, forensic and ot her
personal identification are D251338 ((TGCC)~(TTCC)~}, and D75809. [0075]
Al so of special value in the identification of individuals is the PCR
anal ysi s of




the highly polynorphic D |l oop of mtochondrial DNA, which contains a

pol ynor phi ¢ G G nononucl eoti de repeat; this analysis typically includes
Sanger seque@moossg of the PCR product. -25 WD 02/ 090563 RUTURBOEARBA203

[ 0076] Personal identification tests nay be perfornmed on any speci nen that
contains nucleic acid such as bone, hair, blood, tissue and the |ike. DNA
may be extracted fromthe speci nen and a panel of prinmers to anplify a set

of mcrosatellites used to anplify DNA in the presence of an effective
anount of som)RPX; Gearberic&-dodarhive (Whishabspsbsaximally af 683 eMandedity set of

anplified fragnents. X j . i i : ) j
ol 11 cat | ORAPERLY At SPLARETELS Bub R oo hiinaBFal FR ol ERE RF M
"victim (the freveympdCYBL(GMidhhbs6rYE BRXinddlly £ 649 ARvdndEniits thiddmaHy 4e667 of
anplified microsatellites derived fromthe presunptive victims family
menbers ( e. gnm);{TET, testachlore-fidoreagdire¢whiohaserbs maxémglyrat 32dinmp and emits

mcrosatellites is amplified.| resence of an effective anmpunt. of
Cor bi tol to TEURAYE 306 B HER meRadeoduoRispen (Fhisk ahodEs Fagan s
m crosatel i AR SR 8 BBeYsHd to confirmor rule out the
identity of §%e Vi C ic%%%‘lﬁﬁpam%i tylﬁt%?sti ng, the specinen is generally
from t hqoedy]l d ar@thétimovangeaiponents b PGRdeactiont imay bt asaiswitkin/thd opadf then

fromthe presunptive father, and may include matching with the )
mi crosat el | i twentian: Sushcpmprrents weludey byt awmet hmited fo. detergents (812, Triton X-

m crosatel | i L i Lcafj t I m.@& : he
identity of iﬁ%%#ﬁ?’ e'ﬁ@%ﬁg%?éf%‘&a%&@gn%g?os tgfl%ijln?tglgﬂgﬁo?h a G+C
content of gﬁﬁ‘élécﬁfde?ﬁﬁﬂ saOfasdialetingsulforide E(RMAD )R and i rarhéh§lantidodMdin809. PCR
conditions include 5-10 ng genom c DNA, 10 pnol es each fl uorophore-tagged
primer, 2.5 bhlendb(EMAC)1 nM each dNTPs, 5 nM MgCl 2, 50 nM KCl, 10 nM

Tris-HCO 5 U DNA pol . PCR cycl diti 1.mn 94C, .
Fol 1 oved0B§0I50 o R asHGRon s dERAH G S gAR Yol R B e  FRRDPEs at

60C, followe i Y ' e THoRElBESRimFF sl &M ned
by capillar ygBg%cg{gg{:et%%é)lﬁ%s?i?%ger?g%{lhg% e\?\nb? h gg%teScan 310 analysis. [0077]
Di nucl eot i de i #t wilhicedgdrizecthe followihg as giddahce in determiningythd earious gafametarat t | e,
dogs, horses and other animals (Primrer. et al., (1995) Mdl. Ecol, . .

4: 493-498) . far BCR reagtions audsalsq Wil reGpgniesthaloyariation pEoneraners copditigasdy + o

nmoni tor the degree of do ftment in bone marrow transplants. In
hospital s, mwdﬁ&g?éf?qetogq{lreaﬁggé@nare useful in specinmen matching tracking.

More recgpsly. M BCRSGcHbN tdnfpefRiteaing titvae dbteniasd B tarbeGtdges: dehaturisionf
sci ence such as popul ation biol ogy studi es on human racial and ethnic group
-26 W O 02A080%68 amiteigdon. 101908nd of denapmaiion, pmsaling andexéensign is ( 1995)

Proc. Natl. Acad., Sci. USA 92-6723-6727) and.on varjation in aninal, and

pl ant taxa (EFiERES P a5 zfp'ée( 95‘5@“&? s geprrafly c?@'ﬁ{ﬁ-g@h%??mﬁ%%%qﬁﬁeducti on
in stutter b +d PIEA Y SddataliS vEY % BBdtro drade defivieeeful in all
of the above?’gg%ltgi t@%??%ﬁ%?ﬁv\hi ch aériseai I P'ust rati \?grﬁab%gﬁ r{ot Ici ‘rlnﬁfl ng,

because, i nt €enatalls, theimeoresistentypobinadrases arf usedeHdweeer beat-labile pobtnsatadey t he

net hod of the invention, The nethaods qf thg i nvent.i on ma}( b?) sed in
conj unct i on wRabaysed Hehex s repienished adier each denatwaipnsier thedR-herein, the

di scl osure ofeach ' LS cd : ] r inh el
entirery 1 n oarnpearalt bt R Bk ahS HianTEhailics sEREHER sofhe 167l
anal yses of fognemdiyc Tpiaallgsdenatidationds edraueted abover0°Ciand lbatowu100°Ct yini n t he
forensic field. [0079] The invention will be further described using the
fol | owi ng actsamle embadiments, dgpatenation is cepduated atja) teraperaturs ef W-9X6ne

mbodi ' ion. Th | h i
way o m t enaREuighet IR s e RRucSy e atefe ddp 203eSh0E. iihe 0 G0y
¢l ai ms.  Exammiy@is, dit &R dendtuf2888 N coR@RtEEREF 11tONS s¥snds. Usesthéreniidirhénts,t he

DNA tetranucl eotide mcrosatellite, D2S1338 ((TGCC) (TTCC)) in the presence
or absence ofdenatuhitibnlis ¢dfidgcted far)up toHenmdtedr magac In afditiavtetths dematurationof

Tris, 20 mM anmonium sul fate, 4.5 nesi u fate .1 each or dATP,
dGTP, dCTP arfdNAties soms Pﬁﬁ?ﬂ?"é%seé’l su%ﬁ@ﬁ@ﬁff P%l@ﬁﬁ %P?“%%e?ﬂ%ﬁﬁﬂraé‘é’ﬁom c
DNA t enpl at e, i i 1 i AN
whi ch ggrbi totFélyg@H}zg%%%g,get etqra%t?glﬁs Cont'i{%ﬁ%@’?ﬁ%@?%ﬁ?ﬁ%_g%rhﬁéb

reaction conditions were as foll ows: 9i§ for 11 mnutes, followed by 28
cycles of 94C for 30 seconds, 55C for 4'm

m nutes and 69C for 6 m nutes,
foll owed by incubation at 60C for 45 m nutes. Follow ng PCR, sanples were
m xed wth ROX fluorescent size marker (Applied Biosystens). Sanples were
denatured and separated using a protocol for capillary el ectrophoresis
prepared for an ABI 310 Automated Cenetic Anal yzer according to the

manuf acturer's specifications. Fragnent analysis data was anal yzed with

~ o~ ~ £+ r - ~ . g o s o o



-27 W O 021 090563 PCT/ US02/ 1~t 203 stranded DNA nol ecul e. The position of
the peak on the x axis corresponds to the length of the DNA nol ecul e. The
hei ght ovoe@aleogseak corresponds to the relative anount of PPUBRSE@YPddct for
this length, as determ ned by relative fluorescence intensity neasured in
arbitrary units. A stutter peak for the tetranucl eotide repeat is found
four peaks to the left of the main peak (where the "main peak"” is the

allele). Areduction in the heic%ht of, the stutter peag relative tag the main
peak is indi®low the fisst stepraf PSR (dsnaturation) jorhelonggy thansuseqpent deagtytafign

reduction, the hei f r peak over the height of the main peak
x 100 provi dsggpstvﬁtéeggé?sgeeﬁ%}t}g?%%?g%@-lf there are multiple stutter peaks,
"they ar oy takmrﬁ\%hh@sﬁdeumhyph&tdn@bnadl@tihebghiemémfemetom&i target DN in peak
over the height of the allele peak x 100 gives the percent stutter. The
results for thei regionstofeomplimentarisy pnd ate subsizntiadlhiextendedbpthe PNAe shown in
"Figure 1 and gre sunmarized. in Table, 1: -28 D 02/ 090563 PCT/ US02/ 1a203
Tabl e 1: ResQﬂaIY@e@Fe g’bcrct}ﬁ? g:'tte ng’r‘?ﬁf‘ﬁl ﬂq t(t,‘ﬁPPB}‘Fr'X%fm@g(erdgmﬁél eoti de

i or 0SalGde) €S i REbARMioRIHCHE thearRaing einlaneé HASHIAS a BRI BiRak

hei ght Jﬁédaglll el eiirsllagna xmlOO; I-”ere(;ent ageﬂ?irrlﬁparentt}?\%selg I s percent
reduction of meltingtpeint ¢T,, hofthe least stabieiptimemsmplate duplex, where T, can be
StutterMcrosatel liteControl + Sgrbi t ol Tetl{ganuc otide8.35,.1 (-39%4 control.
[0081 ] The estimatedeanypfissverpdheqretical pisthogs wg S‘P‘P}Yatt? Brrctitionegs QLeAtt £ ¢
literature, and other .ord | | i nelwdi ng accessi on nunbers to
GenBank dat ag‘&rs%‘aglggeﬂg%c%%%ggﬁgp Qggﬁlgﬁ%%?‘zmee%&t@uherei n are hereby

i ncorporated by refergre rutnbeR8f G MA1C baks) + (200820uniberiofdsadSKbhdeed i n the
art will appreciate, nunerous changes and nodifications nmay be made to the

enmbodi ment s Tfpichlty, imstendard BCRist the atnedtipgtemipegatireasd t G éo §Q1C belowfthe he
i nvention. It js intended that gll such variagtions_fall w.thi.n the scope of
the inventi opstimagel T, vﬁhei?aé%s@me-tﬁ@iﬁtP g"‘ﬂlﬁﬁ iTg? _ W)‘ ‘Z’Fiﬁ%ﬁ'e 'P A
met hod for 1 aglf s dedtiiid bt 2 hfindtbe HEWbIeH!ifi Bk cftbodinbh S1SAE Rleltloliof
conprising the steps o

the invention, the high concentration of sorbitol increases reagent viscosity and appears

[=3

to slow certain steps of the reaction (e.g., primer annealing and polymerase binding to
the primer-template duplex). Thus, in certain embodiments of the methods of the
invention, the annealing step is performed for a longer period of time than would be
used in standard PCR protocols, typically for at least 3 minutes and as long as 5 to 6
minutes.

[0053] Sorbitol not only increase reaction viscosity, but is also a mild DNA denaturant.
Thus, in certain embodiments of the methods of the invention, it is may be
advantageous to use a lower temperature for annealing primers to the template than
would be used by one of ordinary skill in the art for standard PCR reactions. In
general, temperatures lower than 10°C below the T, (estimated in the absence of
additive) may be employed in certain embodiments of the invention.

[0054] The annealing phase typically is followed by an extension phase. “Extension” is
conducted for a sufficient amount of time to allow the enzyme to complete primer
extension into the appropriately sized fragments. As discussed above, the addition of
high' concentrations of sorbitol increases the viscosity of the reaction, making

unconventionally long extension times advantageous in certain embodiments of the

-18-



(a) providing a sanple conprising a mcrosatellite of interest, said

m crosatellite having a G+C content of greater than 50% (b) contacting
sai d samplceodovdszat | east one enzyne having nucleic aci d POTHREYEHIE
activity; and (c) incubating said sanple with said enzynme for a tinme and
under conditions sufficient to anplify said mcrosatellite; wherein .said

I ncubation is perfornmed in the presence of an anount sorbitol effective to
reduce said stutter relative to the amount of stutter observed in the
absence of smethiotebf the inventienHed theuseraf guiensign §imes that arejonges camparedte at i on

of a nononucl eotide.m crosatellite L Sin e.s 0 viding a
sanpl e conpr PELPRPHINER PSS oéFlPPEyeSk@PH\Hh? 8?@&“?$%aéﬁug£§1%cgrsg%ng? & P!FEF][Qe havi ng
"a GrC cont enfe,gford ¢RBEmid?a ks PO abble fof Memink Al Thask, SEBROEs Wirkid at | east
one enzynme having nucleic acid polynerase activity; and (c) incubating said
sanpl e with gerathrawtz yithms,finsome embediaredtsofdee methods of the invenfién,di may be o
"anplify said mcrosatellite; wherein said ipcubat l.on i S eli(Lorme in the

presence of advaatagacHs oplsgdeeAlYerdemprratugior sxteption thaa ayldbq ¥sed by 0Bk at i ve
to th £ . Of: SLULLAT | B | ve
e o BRSPSy PERAERIRG, e 1 1

I'S reduce r’'[ess the anpunt of

stutter obtaidpgstritires 6t cxBRmeidaQrebeclow iR teMperature Tdported fdr@ptintal adtvitinof
wherein said sorbitol is present in an anmount of 1.5 to 3.5 M -30 WO

02/ 090563 PCiey®lymdrasd3s@l. The nethod of claim 2 wherein said sorbitol is
PO Bl oM o e BB P s GALURRIPIO), 1
(), B2 PRcBATRA GEDRSUAB USSR, FOR g iRt o of

DNA molecules. Thus, theoretically, after each cycle of PCR, there are twice the

number of fragments that were present in the previous cycle. Typically, 20-30 cycles

of PCR are performed. More typically, 25-30 cycles are performed, although cycle

number is not particularly limited.

[0056] For some embodiments, it is advantageous to incubate the reactions at a certain
temperature following the last phase of the last cycle of PCR. In some embodiments, a
prolonged extension phase is selected. In other embodiments, an incubation at a low
temperature (e.g., 4°C) is selected.

[0057] In one embodiment of the invention, methods are provided for reducing stutter
in the amplification of a microsatellite wherein a sample containing a microsatellite of
interest is provided, wherein the microsatellite has a G+C content of greater than 50%.

The sample is contacted with at least one enzyme having nucleic acid polymerase
activity, and the sample is incubated with the enzyme for a sufficient amount of time
and under conditions sufficient to amplify said microsatellite. The incubation is
performed in the presence of an amount of sorbitol that is effective to reduce stutter
relative to the amount of stutter observed in the absence of sorbitol. The PCR reaction
includes primers that are selected to amplify the target microsatellite of interest and
which are optionally tagged, dNTPs, buffer, the sample containing the template nucleic

acid to be amplified, sorbitol and the polymerase.

-19.-



(b) contacting said sanple with at | east one enzyne having nucleic acid

pol ynerase activity; and (c) incubating said sanple with said enzyne for a
ti me andwosmwowendi tions sufficient to anplify said m crPGHUSI2I14208;
wherein said incubation is perforned in the presence of an anount of
sorbitol effective to reduce said stutter relative to the anount of stutter
observed in the absence of sorbitol. 7. The nethod of claim®6 wherein said
stutter is reduced to 60% or |ess the anmount of stutter obtained in the
absence [8058or bi tlajanother emiodimentad ths inyention BrimpReXiensioNIEartions May §€ | s

present in an amount .of 1.5 to 3 5 9....Ih haod_of clai m. erein said
Borbi ol 15 BrEuad ifl ek tuiod phsn Bond e g jnéerthad oEieife 1 B Pnth,c g
‘stutter in tBaeRneH tehétigis] SolHonacibstideyinRetié plmimd 0 b Elol d dpecitie wEétSi Ng
the steps of (a) providing a sanple conprising a nmcrosatellite of

i nterest, sasajuancerapsanusidic agid moléauls ia tignesene eHdNEPs gneapelymeraser They (b)

‘contacting said,saml e wth | east one enzyme havi nucl ei c ,aci d

pol yner ase aF@fien g?;m%&'?atedéﬁgih%?W?BW&Hé&Ff MM@ 945 Meubat i ng
sai d sanmpl e w: | - f tq id fiGhent to
i Ty Sar o i 5 o e O o A e

presence of gircléicasidtimelecider The plimerf ey tontaintaaleteethbleclabel] of the INTPS usedd at i ve
to the amount of stutter observed in the absence of sorbitol. 11. The

met hod of cl miamcentaihedaegiable jadeli kurbsn tha INTRs mayhe modified iNHisat sel ect ed
1oL 9LOUREARS Sl Ao BT T R, 25

[0059]) The microsatellites amplified in the methods of the invention may be
mononucleotide microsatellites, dinucleotide microsatellites, trinucleotide
microsatellites, tetranucleotide microsatellites, and pentanucleotide microsatellites, and
the microsatellites may include repeat motif interspersions. Mononucleotide
microsatellites can be a repeat of C. The complementary strand of this portion of DNA
would contain repeats of G. To denote the microsatellite with its complementary
strand, the notation C/G is used. In some embodiments, the microsatellite is a
dinucleotide microsatellite. Examples of dinucleotide microsatellites include, CG/CG.
In other embodiments, the microsatellite is a trinucleotide microsatellite, including but
not limited to CAG/CTG, CGA/TCG and CGG/CCG. In still other embodiments, the
microsatellite is a tetranucleotide microsatellite, including, but not limited to
TGCC/GGCA. Examples of loci that contain such tetranucleotide microsatellites
include, but are not limited to D2S1338 (TGCC)TTCC); and D7S809
(AGGA)(AGGC). In still other embodiments, the microsatellite is a pentanucleotide
microsatellite, including, but not limited to CCCCT/AGGGG.

[0060] The microsatellites amplified in the method of the invention generally have a
G+C content of greater than 50%. In some embodiments, the microsatellite has a G+C
content of 66% or more. In other embodiments, the microsatellite has a G+C content
of 75% or more. In other embodiments, the microsatellite has a G+C content of 100%.

[0061] The amount of sorbitol added to the PCR reaction is generally in an amount

effective to reduce stutter relative to the amount of stutter observed in the absence of
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or nore. 13. The nethod of claim 10 wherein said stutter is reduced to 60%
or less the anobunt of stutter obtained in the absence of sorbitol. 14. The
met hod ofyé2aion’e30 wherein said sorbitol is present in anPERONAI4A 1.5 to
3.5 M 1S The nethod of claim 10 wherein said sorbitol is present in an
amount of 2.0 to 3.0 M 16. A nmethod for reducing stutter in the
anplification of a tetranucleotide mcrosatellite conprising the steps of:
(a) providing a sanple conprising a microsatellite of interest, said

ni crosat el | i sogbitely iimgorae anbpdimentsnthe amoyntafiserbitohaddeddsd .5 o - 5Mnilasemag

said sanple with at |east. gne havi | ei e | | .'
activity: anﬁn?ﬂlmf:ﬂ&ﬁ?.é}?‘fﬁés %‘E{éé¥€e§hﬁaf‘é%%f ﬁ%ggﬁm%%wﬁgﬁggéﬁeﬁg and
tunder condi ti0ns58hddediif Bh afnBuBT12.0 M. SEHeGoBifol R b8lalideromhakpiritesai d

i ncubation is perforned in the presence of an anount of sorbitol effective

-32 WD 02/ §861665mpCh¢ hifiled/at pai? 08 anaher PAIR reagait.d Fer example, imbue i ve to t he

“anount of stutter observed in the absence of sorbito 17.. The net hod of
cl ai m 16 wheembedimgntofithe mysniien, rthetseﬂnmiﬁmgléée n YPEESt . 18. The

method of - cl alm, FRof Rl §'aladh e e LRAME alih& B3fe Raliidn. GRNGHE: OF 66% or

nor e.
embodiment of the invention, the sorbitol is included with a preparation of magnesium

ion containing reagent (e.g., MgCl, or MgSO,) so that the sorbitol is added with the
MgCl, or MgSO,.

[0062] Sorbitol has chemical properties that may be exploited for various purposes. For
example, sorbitol is rather hydrolytically inert, which may impart a longer shelf-life to
the PCR reagents. As another example, sorbitol possesses no acid-base properties, so it
does not affect the pH of the PCR reaction when added in high concentrations.

[0063] In accordance with the embodiments of the methods of the invention, the
addition of sorbitol to the reactions is effective in reducing stutter to between 90% and
20% of the amount of stutter obtained in the absence of sorbitol. In some
embodiments, the amount of stutter observed with the addition of sorbitol is reduced to
90% or less than the amount observed in the absence of sorbitol. In some
embodiments, the amount of stutter observed with the addition of sorbitol is reduced to
80% or less than the amount observed without the addition of sorbitol. In other
embodiments, the amount of stutter observed with the addition of sorbitol is reduced to
70% or less than the amount observed without the addition of sorbitol. In other
embodiments, the amount of stutter observed with the addition of sorbitol is reduced to
60% or less than the amount observed without the addition of sorbitol. In other
embodiments, the amount of stutter observed with the addition of sorbitol is reduced to
50% or less than the amount observed without the addition of sorbitol. In other
embodiments, the amount of stutter observed with the addition of sorbitol is reduced to
40% or less than the amount observed without the addition of sorbitol. In other
embodiments, the amount of stutter observed with the addition of sorbitol is reduced to

30% or less than the amount observed without the addition of sorbitol. The reduction
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19. The method of claim 16 wherein said stutter is reduced to 60% or |ess

t he anbunt of stutter obtained in the absence of sorbitol. 20. The nethod
of cl ai mpdpoaddesedi N said sorbitol is present in an anount POT/US0Z42@8 3.5 M
21. The nmethod of claim 16 wherein said sorbitol is present in an anount of
2.0to 3.0 M 22. A nethod for reducing stutter in the anplification of a
pent anucl eotide mcrosatellite conprising the steps of: (a) providing a
sanple conprising a mcrosatellite of interest, said mcrosatellite having
a G+C cont enof shitteyiemeasurediyndetaomininp theqpanecat stiiter is shepresanpe of sorbitolat | east

sampl 6w th CRDcBfhategitest st S ARt AR e TlokbkerBith, o ' ©
“anplify sai dg@g{;@%@fﬂ 'Ije}&hb%@wfr% BetSidtifled, 1o akipR by teiak REIFREOS et he

presence of unt of sorbitol effective to reduce said stutter relative

to t he anpunitutér signal beer thdpeak\neighi of thaellelb signaldiroés K bAlterhativeB3 percond

"021 090563 PCT/ Us02/ 14203 23. The net hod, of ck]ai 2f2 wherei n s?i
blot

d
mi crosat el |  stEterdfPetcanined b alfgisak pei e, guttersignd! oyerdhey m 22

wherein said mcr | 1d t : : 0 tmente €
met hod of cl Bf %@ﬁ%gira Eipr?glég?gh&@@%??%gﬁguceggggoﬂg%%éﬁn? esselgi%’e
amount of st géket sRftfepistRermincdby adddssmBepéak of tidxtiitedr sighl oveh area®if kied of

claim 22 wherein said sorbitol is present in an amobunt of 1.5 to 3.5 M 27.

The net hod opeak cfithe gielewignaitimesd08. doy othesmathpdofdstemnining percentstutier 8 2. 0

O 0 M 2 e e Sl G B it SR B OSRLS Hol iy 8eC

m crosatel | i {,&dNasd fheFfcehGRlicition Abtermited!

[0064] In further embodiments of the invention, methods are provided in which a

sample containing nucleic acid that is suspected of containing one or more
microsatellites (e.g., mononucleotide microsatellites, dinucleotide microsatellites,
trinucleotide microsatellites, and/or tetranucleotide microsatellites having a G+C
content of greater than 50%) is contacted with an enzyme that polymerizes nucleotides
in the presence of an effective amount of sorbitol to reduce observed stutter relative to
the amount of stutter observed in the absence of sorbitol, and amplifying at least one
nucleobase sequence containing at least one microsatellite of the nucleic acid contained
in the sample. |

[0065] In further embodiments of the invention, PCR reactions as described herein are
employed to amplify fragments from at least one microsatellite region. In certain
embodiments, the fragments are amplified with a detectable tag (e.g., a fluorophore-
tagged primer) or with a hybridization enhancer (e.g., a minor groove binder). Where
more than one microsatellite region is to be amplified, detectable tags are selected such
that different products are easily distinguished. As an example, but not by way of
limitation, different colored fluorophores may be used to amplify different
microsatellites. Furthermore, the same color fluorophore may be used to amplify
fragments containing microsatellites that generate fragments of different sizes which
are readily discernable, e.g., by electrophoretic separation. The PCR products can be

analyzed in on a sieving or non-sieving medium. In some embodiments of the
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nmore. 30. The nethod of claim1l wherein said mcrosatellite has a G+C
content of 100% 31. The nethod of claim1l wherein said stutter is reduced
to 90% owd e&s®™odeban t he anount of stutter obtained in thePEbE&8iES2a3f
sorbitol. 32. The nethod of claim1l wherein said stutter is reduced to 80%
or less than the anbunt of stutter obtained in the absence of sorbitol. 33.
The method of claim1l wherein said stutter is reduced to 70% or | ess than
the -34 WO 02/ 090563 PCT/ US02/ 14203 anount of%f]t utteli obtained in the
absence of stavpatian, forgxampleetheGRyprogucts pre apalyzeghby eamillary elecrpphoresis asg
reduced to 6Q%.0 e | ' C

§86:3bed BRI B B N908] GBRIIAS REs BROHIH olfer ERBoARRGRGH e

sorbitol. 359 er ei n sai stutter Is reduced to 50%

ror | ess thanidybicH Botdkamibles tHetHCR pRiduéts afchnalyzédBy s1Bb gelctestiopheresis kol . 36.
The nmethod of claim1l wherein said stutter is reduced to 40% or | ess than

t he amount oflesstibed arCluistenisers dM.ian al. L9 Searvle . oElin dabi Inpest. ¥(3): HiTel Het hod
of claiml erein said stutter. is, reduced.to 30% or_ l.ess than the anount
of stutter obf3gMeBaL My %@%‘éh}féh{?f“"g‘lﬁrﬁ?}v@f-&é’@ ex¢lusion. ehrga %H%Xi m 1
wherein said gg@ybation is perforned in the presence of a set of dNTPs,
said set conprising an anount of dNTP conplenentary to adenosi ne, an anount
of dNTP [0066] enerhaestaih@nmpodingants) ¢he raethadwofithe miventidiRlecmmapd Grmnimberor o

cytidine and an anmount of dNTP conpl enmentary tqQ thym ne, erei.n each of
sai d amount s imensHNPBSRe bands, g Shaday basds, opsandaihEsLs. gﬁwémp meihq;éﬁ@?@ren
said incubation j.s rfar | N I, d set
conpri si ng angﬂ%?fh&%&d%5%0%3&#%?@%%8@58@52%?)lgtre g%tatgér}qrgfrsr%aﬂﬂ?@of dNTP

conpl ement ar yakQnHond BAS, i wWieh indfeasddrestlutin dﬁfﬁi?dscw@o&ﬂﬁgla@foy sére Cyt i di ne and
an anmount of "dNTP conpl enmentary to thym ne, wherein each of said anmounts of

dNTP i s | easembodinmentsof thithinvemtiong thediCR reactions maycheanalyzad an agarpsaddl i s
present in an ‘am)upt _gf ]1.5 to %ﬁ@ w 41. The nethod of claim 1 wherein
sai d sor bi t olPolyacrylanidegels Hsing sSERdHH BRIy 1o -35 WD 021090563 3.0 M
PCT/ USO 3(98@03 42 a%cam&g&%aptﬁe lehiboBBndnoftheRvemion| fe udk QY idtbitél i tikanpl e

conpris nucl'eic acid contalning one or nore _ . _
analysis of microsatellites by PCR provides a marked enhancement in the diagnostic

capabilities of microsatellites in mono-, di-, tri-, tetra- and pentanucleotide repeat
microsatellites.

[0068] In some embodiments, the invention provides kits. In some embodiments, the
kits of the invention contain a concentrated stock solution of sorbitol for addition to the
PCR reactions such that sorbitol is diluted to be present in an amount of 1.5 to 3.5 M in
the PCR. Typically, the sorbitol is diluted to be present in an amount of 2 to 3 M. In
addition to the sorbitol solution, the kits may contain at least one of the following
reagents: dNTPs (either separately or as a mixture), DNA polymerase, buffer, and
primers to amplify microsatellites. The kits may also contain conventional kit
components, such as instructions for use.

[0069] Microsatellite markers that exhibit a high degree of polymorphism are exploited
in many important applications. Recently, the A-repeat BAT loci have been used in
studying microsatellite instability (MSI) which correlates with certain cancers (Chen et
al. (1995) Cancer Res. 55:174-180; Ionov et al. (1993) Nature 363:558-561 De La
Chapelle (1999) Eur. J. Hum. Genet. 7:407-408). However, due to the small allelic

size differences in these markers and stutter during PCR, it has been difficult to
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m crosatellites selected fromthe group consisting of nononucl eoti de

m crosatellites, dinucleotide mcrosatellites, trinucleotide

m cr osat @lg é200®8563t et r anucl eoti de microsatel lites, and penkGRUSI28d203de

m crosatellites; and (b) anplifying at | east one nucl eobase sequence of
said nucleic acid, said nucl eobase sequence conprising at | east one of said
mcrosatellites; said anplified mcrosatellite having a G+tC content of

greater than 50% wherein said anplification is performed in the presence
of sorbi t ol . det@miftwhetiehibd DIVA samples arg hpmozygeustos detenagygois diiditignally, | east

one of said anplified mcrosatellites is.66% or re. .. The. met hod. of

Cl ai m 42 whePQVFROBIE vaRations daireedre i AR e B Rutctnie SEirF Shpons
‘mcrosatelli b $to/ R ¥ thd @ kfBrentMlelil pPofiBS ARL ﬁé‘@é@yﬁz Whe(1809) e G+C
content of a{h%_l%gggo%%% of sal lglmarrpelli ied mcr ogélteellli és ies 1%0%)46. The
met hod of cl AiRatkal. Wte349-35Hai d anplification conprises contacting said

nucl eobase sequence wth an enzyne having a,paqlynerise activjty.. 47. The
met hod dPO0Wlai m 4eeteghionsf geretis fﬁ?ﬁ%aqﬁa%?ﬁe eﬁg’l i\ﬁﬁ?‘i“é’é“’%?‘iebﬁt%/vs 28
selected from the,. PN . | oJa | SE;

Aol 1 Taq DuAnSicotiel PiBe SRR LE R, enfig, ShapleEiial redhefUtoBtaFor
DNA Pol yner i fflividddlds tEDb S drig albrrantmeicrosatel1#¥An ity DA & tha DA

fragment -36 WO 02/090563 PCT/ US02/1~203 from Bacil | us :
st ear ot her noptay beamplified by RERAnthe presence ohan Tuflicieptasaeunst of sarbiteljungder Thy

from Ther not oga,.mari t jma; ep Vent. an e ent Q-_and Pftu fro
Pyrococcus; & ‘Wﬁséﬂt@ér\’g& T@H?essr}gﬁe& ‘géﬁ%ﬁtﬂ\é&%eﬁm@%‘d’ﬁ ?txe@genfﬁngt hod
of claim 42 wWhp(i6l far fftérdsadRies Withth (4CcoRRhEHH dréfler tRarPs (VR PRebAftht PER
m crosatellite. 49. The nethod of claim42 wherein said anplified
m crosat el | i pedustsanayi bexoingarddde PGR-prodadte fioint morm@Dtisstieeor mssuedtoronoonali m 42
wherein said anplified mcrosatellife . is a trinucleotide,njcrosatell i.%ye.
51. The net hindraduals.anghvanatgnasessseds ARerapmiqrosatel e Mgy RAiFats f BrQREDS]
tetranucl eotid \ Cr.0 it . : l.al L id
o el e AR B  ce BL O st

based disease. Such disorders include, but are not limited to cancer, pre-cancerous

conditions (e.g., chronic lymphocytic leukemia) and genetic disorders such as, but not
limited to the spinocerebellar ataxias, Huntington disease, oculopharyngeal muscular
dystrophy, myotonic dystrophy, and Fragile X Syndrome. As an example, but not by
way of limitation, the fragile X syndrome may be diagnosed using the method of the
invention by amplification, in the presence of a sufficient amount of sorbitol, the
FRAXA locus, which has an unstable and pathogenic CGG/CCG trinucleotide repeat.

[0071] In a specific embodiment, PCR amplification reactions may be set up to amplify
a trinucleotide repeat using the primers to amplify within the FRAXA locus. The sense
primers of each of the loci may be tagged with a fluorophore. The PCR reactions may
be set up as follows: 50 mM KCl, 10 mM Tris-HCI (pH = 9.0), 0.1% Triton X-100, 4.5
mM MgCl,, 1.0 mM each of dATP, dGTP, dCTP, and dTTP, 2.5 U Taqg DNA
polymerase and 2 M sorbitol. The reaction may then proceed as follows: 94°C for 1
minutes, and 28 cycles of 94°C for 15 seconds, 40°C for 3 minutes and 65°C for 5
minutes.

[0072] PCR reactions are then analyzed by denaturing samples and separating using a

capillary gel electrophoresis protocol and using an ABI PRISM® 310 genetic analyzer,
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53. The nethod of claim42 wherein said incubation is perforned in the
presence of a set of dNTPs, said set conprising an anount of dNTP

conpl enentgagyoovsszadenosi ne, an anount of dNTP conpl ement aP@T/USN2H42030Si ne,
an amount of dNTP conpl enentary to cytidine and an anount of dNTP
conplenmentary to thym ne, wherein each of said amounts of dNTP is least 0.5
nmV 54. The nethod of claim42 wherein said incubation is perfornmed in the
presence of a set of dNTPs, said set conprising an_amunt of

. dNTP
conpl enent aror hycseparehug:oma 4.55n 28HoaeRylamideis pory bmde Y uaea 2el gregasdder ne,

an anount of d emenfary to ol an. A :

corpl enent argh ABL ) Autegrcy ubienctal PG} SEufieer Brafifindigeigoe o
™M -3 7 BEall $680¢drd 4réfR3A pptied TBiBsyERINID JA Kdratidrpinthe dlzber ei n
sai d sor bi t%%@%%%@gﬁ%ei n an amgunt ofﬁ??.wS to 3.5 M 56. The nethod of

cl ai m 42 whetheiatptified fragmbnttasicoinparsd és pormal rcoatrobtissuesorghmples ceyddeo M 57.
"A nmet hod conprising the steps 8f (a) providing a sanple conprising a

nucl ei ¢ aci dindicativeehiragie X8dMepre i crosatel lites sel ected fromthe
group cQpsisting ~of | Wol=Tllny I st R bt Héneti

m cr osaﬁ@‘ﬁ:ﬁ tes, ﬁ’reir%@(?%;b? iﬂgpglh&ngglro?sag% %ﬁ?lhféefgl,lhg g%hr%r?ucl eot i dg ee

m crosat el | i §@pping (EnKALS idlykid)e Dlinkchge ahalysis aiag bk atemplishet, for)exampld, byi ng at
| east one nucl eobase sequence of said nucleic acid, said nﬁclegb se
sequence conpsingipanelof pamers to amphify & 8gt @f et FANINIE MICKsatedess %Pﬁﬁi"?f‘i ed

m crosatel lite havin G+C con t. of greater o L .S al

anpl i ficat i oﬁ*@cﬂ%ﬁ‘fﬂ? F et fidn ﬁ@y"d}‘gléee‘%ég‘*“é%&fs%g@ﬂf‘gﬁt ‘?"r’mg@’gsgﬁgﬂ‘?m 8 15
to 3.5 M ang.qi\Be {HASHMEHINGT skitteP frRLtha obdDVESin thebkefied ofdrHiol.S Gefetitn
anount of d conpl enmentary to adenosi ne, an anount of dNTP conpl enentary

t o guanosi nelochsuchras RS 1638 adTD7580% faresainpley may be pmiptifind ferragsieen amplat  of
[ cast 0.5 v BBIA RonempuvRisaL. pEie S gt B e BHEF ripCizatie b
anpl 1 11 cat ! O flerrlufifeddiaRl 1dbbRa TRIAG 89 (S MuoRbHBFAES) AR BIIGE O

nmononucl eot i B8 CT6S I nucl eot i crosatellTtes, trinucleotide

rni crosat el | da@y iddngificAtonCfPUR produtts felkating kinpRficaiod. pent anucl eot i de
mcrosatellites, said anplified mcrosatellite having a G+C content of,

great er [0A] 50% Inghe¢ Heldemfhuman ideptitys tatignueieotideanicesatelitesare nseg 18 sprgnsic

' tellit i t.h | in. t f ] . bi t ol
ot fect ve t ocassyorRePBEsrahaRsniicd s/ daon%s, Sl P RIMhn et ™ 1 ©
stutter ari ska&ghmm,ﬁﬁ@%@m il | @853)MorebRlighdsM8: 100- 1105 Biehephor theych

stutter observed 1n the absence of sorbitol.
have proved useful in forensics to identify human remains (Hagelberg ez al. (1991)

Nature 352:427-429; Hammond et al. (1994) Am. J. Hum. Genet. 55:175-189). In the

analysis of museum specimens (Ellegren et al. (1991) Nature 354:113) and in
parentage testing. Tetranucleotide microsatellites are specifically powerful in these
applications, since multiple microsatellite tests that have matching probabilities of one
in several billion individuals are now available. Examples of microsatellite containing
alleles which can be used for paternity, forensic and other personal identification are
D2S1338 ((TGCC),(TTCC),), and D7S809.

[0075] Also of special value in the identification of individuals is the PCR analysis of
the highly polymorphic D loop of mitochondrial DNA, which contains a polymorphic
C/G mononucleotide repeat; this analysis typically includes Sanger sequencing of the

PCR product.
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59. The nethod of claim58 wherein said polynerase is selected fromthe
group consisting of AnpliTag Gold DNA pol ynerase; Anpli Tag DNA Pol yner ase;
Anpl i TaqgwioNf/d80seger ase, Stoffel fragnment; rTth DNA Pol ynREBE802/xTa3h DNA
Pol ymerase XL; Tne, Bst DNA pol ynerase | arge fragnent from Bacill us

st ear ot her nophi | us; Vent and Vent Exo- from Thernococcus litoralis; Tnma
from Thernotoga maritima; Deep Vent and Deep Vent Exo- and Pfu from

Pyrococcus; and nutants, variants and derivatives thereof. 60. The, method
of cl ai 1907] wher &ersonaliidentification testh May bsPerformgdon My ecigicadbat canBins, set

of dNTPs, said,set .conprising .ar . NARA si ne,
an anmount of“W%gﬁ‘bnﬁﬁ?‘equg’rvﬁf §g§§’g?153§% ﬁ@ﬁgﬁﬁgﬁu nt o%%gﬁﬁ%&t&pﬁ&?

" conpl enent arﬂﬁe%ﬂecﬁﬂ&ﬁ ghh N2 p ATt o APriABR 46 hmpli fyHNEP o £ Miigrbsaneitifes usedtto atriplify ne,
wher ei n each of " said anounts of dNTP is least 0.5 nM 61. The net hod of

cl ai m 58 wheDdiAninshé gresencelvdan effestivepaouot ofisarbitel thredpcestuttes dropt thg set  of
"dNTPs, said set_ conprising an apount. qf. dNTP, c | enent ar. 0. adenosine, an
amount of dNPBCERARIP SFRFERASCH B{%{!}g}ﬂ? ifFagments- gﬂg?fﬁ?s‘%ﬁes%%&b\ecsgﬁfﬁlfneeﬁesnt ary
to cytidine and %ﬁ f@!@mf 5“\9 o 1 ¥idh 4 Rndwily $9nfifte t s@hiptioach of
sai d amount sT6F° I'S hefgéttl 1 eﬁwrrp%%b&% me}%hhod of ¢ ai?n 5 V\hgirbei n said
sorbitol is picamAte prosumiedanaioling @burde)ortivcdingaréd todBe patteen ofahplfisk cl ai m
58 wherein said sorbitol is present in an appunt of. 2.0 to

. ) . . , 3.0 n% 64. A
conposi ti on wigrpsatellites deriwg! fromtles prosumpitye yigtoy’s faspdy menbsss (e.8), the mother ¢

m T oY . 1 PO . . GrC
content of oftb et HheabE R SRR Finicrb el B MIHREH Roptenirut &0 T
group consi stirfgiveaniRACeeHRRL tdiRditecdhiier usin ithiesamedirithers eThe piattern of

mcrosatellites, trinucleotide mcrosatellites, tetranucleotide
m crosat el | i frdarpsateititepemplifivatidreniay Be usddcto sonfimn pi rubeoutthy idgatityoddhe t wo

prinmers, each of said priners having.a sequence that .is bstantially
conpl enent ar YcHB: énwﬁ"ﬁ“%teﬁtfn%gﬁfp ?]E\egil%g%faglyslﬁ’cﬁ'ﬁgﬁ&gﬁ#ﬁg@ ﬂ]es adj acent
to said mecr : 'gmﬂyc i hd

pol ymer ase a%‘?‘b%gymi}?&&%gtﬂécr;{rlﬁtla?%ﬁlﬂ&g%aﬁ T fg&nrreraﬁ%rg of g‘}legliu?helg%h \leng?lei n
sai d i ncubat ifudesm#itetiihg withdhé midrosatglliegattera fodm shesehildtsf mothdiPsThesmittdrns et

conprising an _anmount of dNTP conpl ementary to adenosine, an anmpunt of dNTP
conpl enent ar Pf micrgspselbtsi amplificatiomman be yseddrrepn i putahs deRiy pf he ne and

an anmount of P.conpl nt.ar . ] i I ts of
dNTP is | easlfgggs %’H)agéﬁaprh@c%g% ﬁ"écfg%af%gﬁ%% 4@'+ g?@‘%ﬁt é’éﬁr %ﬁ%ﬁgu ation is
performed in g leasPiResnnpleoD291 338 and DHIOPS PCRAddRdhs irfeluaieiSs] (gg aenoamiount
of dNTP conpl enentary to adenosi ne, an anmount of dNTP conpl enment ar 505
m S9

guanosi ne, aDNAplLhpmoles dadhflupogiosertagged primer, 2y5tMdiorhitohJomiheas

dNTP | t hym ne, . wh i. i t f dNTP i

GNTP "coml ey ot ELDS: G RGL faChy SN ATBU s ATD s
an amount of 1, Kb, xﬁaf b%/lfl ngiﬁ 84%‘3,%[18&/@&9;: 96 cHd1ad 3P rkedbifsal 94°EaRdnHAteRI t Ol

IS present in an anoun to 3.0 M 9. Akit for the anplification of
a target nuclaep6°GGiMinaegue6e, feliowedityrapetcyclecif @D minutes at 60°C. The

products are examined by capillary gel electrophoresis coupled with GeneScan 310
analysis.

[0077] Dinucleotide microsatellites are also used in paternity testing for cattle, dogs,
horses and other animals (Primmer et al. (1995) Mol. Ecol. 4:493-498). In a clinical
setting, microsatellite markers can be used to monitor the degree of donor engraftment
in bone marrow transplants. In hospitals, microsatellite markers are useful in specimen
matching tracking. More recently, microsatellite markers have also entered other fields

of science such as population biology studies on human racial and ethnic group
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-40 W O 02/ 090563 PCT/ US02/ 14203 aci d sequence conprising a

m crosatellite selected fromthe group consisting of nononucl eoti de

m cr osat elg oX®@se563di nucl eoti de m crosatel lites, tetranucl eBE€T/H802/14203

m crosatellites, and pentanucl eotide mcrosatellites, said mcrosatellite
having a G+tC content of greater than 50% conprising, in separate
containers: a polynerase, a plurality of deoxynucleotide triphosphates; and

sorbitol. 70. The kit of claim69 wherein said polynmerase,_j hleﬁi ed from
the group codiffersniesyGoldsteines alad 982) BroonXath AcapdedcisEsA R%Viing on

Pol yrmer ase; Anpl.i Tag DNA Po] yner.ase, i ) ol ymer ase;
rTt % DNA Pol 198 é‘g %Efnall'ﬁré‘i, M&‘ttg’%@r%%%drla@g%a@%' Bio ?8?3%%? Fo my

"Bacil | Uggatsgar ot RESITPRH in'hitteVBAHds 3 BecwedlineEwith the retehb ivemtuacis seful in
litorali's; Trma from Thernotoga nmaritima;, Deep Vent and Deep Vent Exo- and

Pfu from iDyrﬂq‘,oﬁthaabo‘aernppﬂiuatmms,svyhivbnﬂeaiﬂusraaiﬁd ankbpotlimitingdecrisedgfer aig, A
"met hod of detecting cance rre-cancerpous conditi or _genetd ' er
in a subj ect theantsmreianen %é‘b? ﬁ?@i‘%&cﬂitaﬁ%‘gg%ﬁled?&%(’ﬁﬂfﬁmvzggté?}bj 'gl%trg&%ﬁéérjei n

sai d region §§t§?:i ﬁﬁox?rr{é}'cbre?%{ ﬁllclo}‘n}uﬁcﬁ &th @ik rhéRbAs dicribedR tigoNsi sti ng

of a nononuc e repe I nucl’eoti de repeat, a trinucleotide repeat,
a tetranucl epifidfices eRe@herem thealigioshmrvfehetodf wiich épiaedrponatedrherain bxi d
anplification conprises the steps of (a) providing a sanple conprising a
nucl ei ¢ aci dreferancediontsgntissty, Inpartiquiarothe anathads of the ‘HYW‘Bgél‘flgﬂmnﬁgjy

instability, anplifving at |le e I '

nucl oi ¢ act aaatsed of et RoRies, A he@Rs i aRRE MR RiftoRhspald.

m cr osal fhig)f e; AMin{EnrioHifWel fihnd|deBideli A8ing Ge RAOHinY RnABaIIgls € as
conpared to corresponding mcrosatellites anplified fromcontrol tissue,

sai d anpl i f i echich are exatle illistretiveof sopezntdedinents efthe dfvegtiemt Bie examplesoyy
wherein said anplification is performeg I.h. the presence of ahsu%f.i ien
amount of soshaulépot ks qonstrycsidn@gy wWay rrgtatpascg{pgto? IP‘éei"g‘PP’v"% 'f lstcﬁeﬁ ahount

of stutter observ AN -41 WD 021 090563 absence of sorbitol.
PCT/ US02/ 1423%%&%%%@??36 of claim71 wherein said cancer or cancerous

condition is sel ected

Examples
Example 1

[0080] PCR reactions were used to amplify the DNA tetranucleotide microsatellite,
D2S1338 ((TGCC)(TTCC)) in the presence or absence of sorbitol (Figure 1). The 50 ul
reactions contained 20 mM Tris, 20 mM ammonium sulfate, 4.5 mM magnesium
sulfate 1 mM each or dATP, dGTP, dCTP and dTTP, 12 pmoles oligonucleotide
primers, 2 ng human genomic DNA template, SU AmpliTaq Gold® DNA polymerase
in water. In reactions in which sorbitol was added, the reactions contained 2.0 M
sorbitol. The reaction conditions were as follows: 95°C for 11 minutes, followed by 28
cycles of 94°C for 30 seconds, 55°C for 4 minutes and 69°C for 6 minutes, followed by
incubation at 60°C for 45 minutes. Following PCR, samples were mixed with ROX
fluorescent size marker (Applied Biosystems). Samples were denatured and separated
using a protocol for capillary electrophoresis prepared for an ABI 310 Automated
Genetic Analyzer according to the manufacturer’s specifications. Fragment analysis
data was analyzed with GeneScan Software from Applied Biosystems. For each set of

peaks observed (see Figure 1), each peak corresponds to a fluorescence labeled, single
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fromthe group consisting of chronic |ynphocytic |eukem a. 73. The net hod
of claim71 wherein said genetic disorder is selected fromthe group

consi sti W@ @fo9ossdl ophar yngeal nuscul ar dystrophy, mnyot oni BCHYS@/8pI3y, and
Fragile X Syndronme. 74. The method of claim 72 wherein said region
conprises a genetic |locus conprising a repeat selected fromthe group
consisting of CAG CTG CCEH CGG and CGA/ TCG 75. The nethod of claim 73
wherein said region conprises a genetic |ocus conprising a repeat  sel ected

from the grourandeshBNé inalecule. Thepemtion afide pealy ahe xAxis corespAndp st ¢l ai m

71 wherein said incu ion is perforned i r -f dNTPs,
sai d set conlﬁPthioﬁghegﬁﬁMfi#’?Fulgf %hmg%oﬁﬁéﬁer# gggg{b%ﬁ%%%r{g% ?‘%gf&an anount
~of dNTP conp| eaBRbaprR! oA RGShid Gengit] a8 dBtmhined byl NIAteuoresoite dntyndity
cytidi ne and an anmount of dNTP conplenentary to thym ne; wherein each of
sai d ampunt smefsudddTiR arlsitrhyasiits 0 ASstutter peak foy thetpizanwstentide wpeatiinfownd fouther ei n
‘said incubation is performed in the resgnge of NTRs idiﬁet

,set, of S
conpri sing apeakainike left ofthy mainpeakdwbeaehs %‘6‘“&’83‘&&&%‘%“@ ot %ﬂwﬁlo& dNTP
conpl enment ar Q. QUANOSI 3 14 Qu&bniifi ne and
an anount of%&kfﬂg%ggﬂﬁfi’g{r?rlgtﬁ %?@gﬂﬁvﬁnﬂ%@%%?@@ggc @%%/a[tsealild arlmunts of
dNTP i s | easyded™WhdiPmedsaeingefuterrediictionaihehéizhnbithe stttespeaik svertthe beight
present in an anmount of 1.5 to 3.5 M -42 WO 02/ 090563 PCT/ USU2/ 1=t 203
79. The net hofitheimain peak 7100 previdenths percesiostuiaroft there greauliipls S{UET PEkSunt of

2.0 to 3.0 M, 80. A nethod,of. gen i,ng ¢ hal Tagal ' lurality
of regions offeHRIE HLRKeL cgg?ﬁﬁvgﬁcmlﬁgﬁ}f%g?%ﬂ@olﬁﬁg“su3 é%gbg\?\ﬁg?ei n said
regions conp Péigﬁ't GHthd SIR3E pOR& 100°gi06ahe hbrcéift stutlef CTIROrebults ot he rexctions
consisting o nononucl eoti de repeat, a dinucleotide repeat, a_

trinucl eot i devithepthito], aad tcentralsampkes ieckhowe pe Higure h dndanesnmaanized b Tapde
repeat, said mcrosatellite having a G+tC content of greater than 50%
wherein saidlanplification conprises the steps of: (a) contacting said DNA
with a enzyne at | east one enzynme having nucleic acid polynerase activity;
(b) incubating said sanple with said enzyne for a tinme and under conditions
sufficient to anplify said regions; and (c) separating anplified regions,
formng a mcrosatellite pattern;
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wherein said incubation is perforned in the presence of an anount of
sorbitol effective to reduce said stutter relative to the anount of stutter
obser vedwigy2ideseabsence of sorbitol. 81. The nethod of clRBECHUSG/MEBr ei n
said incubation is perforned in the presence of a set of dNIPs, said set
conprising an anmount of dNTP conpl enentary to adenosi ne, an anount of dNTP
conpl enentary to guanosi ne, an anount of dNTP conplenentary to cytidi ne and
an anmount of dNTP conplenmentary to thym ne;, wherein each of said anmounts of
dNTP i s | easFable 5: Rrsul82f stthitaken aaplificatipn phtetranpeleotide migrogatelitehat i on i s
performed in the presence of a set of dNTPs, said set conprising an anount
of dNTP conp Iitfery (0 adenosine, an anmount of dNTP conplenmentary to
‘guanosi ne, a et NP —coppten Tytidi ne and an anmount of
dNTP conpl em ! |q9a|eéli.teh5 't';"};ﬁ%l et-e gsgﬁmﬁﬁf sai d anounts of dNTP is

| east 1 mv |ZAgran igo] 08 63 PCT/ ﬁ%gﬁ?ﬁﬁonq 83. ¥h met hod clai m 80
‘wherei n sai d* parcditsoitter s Pealokeight of stuigr sigralipealoheights @ﬁelg sgnghx KI5 The

net hod of clRdreenbdge\ih parenthesesiisipercant redortionsofptustes of modified copditians @YeT2. 0 to
3.0 M 85. Agmabhod of personal genetic identification conprising
anplifying a plurality of regions of DNA froma sanple containing DNA from
a subject, wherein said regions conprise at |east one mcrosatellite

sel ect eqoGg19m t hahgrefaencowsiks] patgnts fpatennapplications canidcseientifie literature, and

di nucl eoti de repeat, a trinucleotide repeat, a tetr?{;gﬁlﬁ@géit e repeat, and
a pent anucl eethergaintedspuhlicatignsy Weliding 4gcassiop HJUmbgss to 2 cont ent of
greater than 50% i I i.f 4 alsF i & (a)
contacti ng s%qqaewgm&t%&g?%legiﬁemaew ggéﬁegghﬁgﬁgﬁﬁﬁ%g%ﬁﬁﬁgﬁ eic acid
pol ymer ase agdtirdyt y; and (b) incubating said sanple with said enzyne for a

time and under conditions sufficient to anplify said regions; () ..
separ at i[0082Inp| i fAsthoseskilladsin th%&ﬁﬁvﬂba@f‘?ﬁ@?’d%l&teé‘l’qsiW&?ﬁ@f“if’h’g“%ﬂo’@%)

conparing said mcrosatellite . pattern, with C i ] ite
At Cor n der ; WM OF FeiE e dhe e RReE Py iy porE R AR e Sl he SR ol

| ncubation 1 §eRFTdBOHES 15 Mtddied B8 51 86ch VakiafidhsHaR Withidihe 8Bopestithé Ol
effective to reduce said stutter relative to the amount of stutter observed
in the absengmentiorsor bitol. 86. The nethod of claim85 wherein said
incubation is perfornmed in the presence of a set of dNTPs, said set
conprising an amount of dNTP conpl enentary to adenosi ne, an anount of dNTP
conpl enentary to guanosi ne, an anount of dNTP conplenentary to cytidi ne and
an armount of dNTP conpl enentary to thym ne; wherein each of said amounts of
dNTP is least 0.5 nM
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-44 WD 02/ 090563 PCT/ US02/1:1203 87. The nethod of claim 85 wherein said
i ncubation is perfornmed in the presence of a set of dNTPs, said set

conpri si w® @mwssssunt of dNTP conpl ementary to adenosi ne, RCT/HSIA2030f dNTP
conpl ementary to guanosi ne, an anount of dNTP conplenentary to cytidi ne and
an amount of dNTP conpl enentary to thym ne; wherein each of said amounts of
dNTP is least 1 mM 88. The nethod of claim85 wherein said sorbitol is
present in an amount of 1.5 to 3.5 M 89. The nethod of claim 85 wherein
sai d sorbi t oWhia¢ isxlsismedtisi n an amount of 2.0 to 3.0 M -45 . A&

_&Ai%AAAf‘&Ah& S AR e AR e Ao G BERe 50 e
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B. kr " 89! Xqy| | M1c] X]111]1cal ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calc
a]J ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! dQ Ox+. 7| wnmhc”Y]]]]]]ca
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| QUbj M{vgl ga\W]]]ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cal]ca]c
aU] ca] cajvarj20@bsma] ca] ca] ca] ca] ca] ca] ca] ca] ca! AS@UXbi x/ RTRCT/URIFT4pA3] V] ca] ca
V] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca]ca]ca]c
aljcalcalcalcalcalcalcal 9Q nmr Q-1 """ ""ogt ##{vpkfa\ VW [ U] V]]ca] ca] ca]ca] cal]
ca]U]ca] i:a] i:a] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] caV] ca] caV] ca] ca] ca]
caU] ca]ca] ca
HHHSYE@S 996" §.) 1) 2Thg mpthod-of elaim 2cvhergin said serbito] isgresentipranfamountef 289 ca] cav
] ca] caV] ca] cg}{h\ga] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] cal] ca] ca] ca]ca]ca]c
aljcalcalcalc - .7 >N dinh e/ 70%0 1111MB45
5] 5d555557$7V7" 78#8zupkf a\ V] W] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]c
aJ ca] ca] ca] ca] ca] ca] ca] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! #83888K8P8w888888
9999@0: *; T, 6. A method for reducing stutter in the amplification of a dinucleotide
"1 B<t <<<\ =d=g=q====">{ vpkf a\ VKf a\ ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca
ca] ca] g%cgl}t{@%]&%%‘%%%}“@mgﬁéwtﬁ \%/]a\/] ca] caV] ca} ca% ca} ca]\/] c}a] c}a Jealcal
" >p>>>?nPv?7 < 8 0 . J A4l cal] ca] ca
cal] ca] ca] ca] ca] ca}aﬁ] c%éggﬁéi caiicgi.éésnggg gaﬁi 8a§%gﬁilclt:%\?ggﬁ%§}’§gﬁmca] (l:J]a] c!at] c!at
] ca] ca] ca] ca] ca! 0J @ JJ hitEMINMENNINIGORORBRER dTgrbaiRRbarg$ o rhe] X] W] ] cal] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal caUl ca] ng caj] ca] ca] ca] ca]ca] ca] cal.ca]ca] ca
] ca] ca] ca] ca] ca] cfca3rertactinggid sample witigf least ope enzyme having nucleic acid
104" {"& ()-910% & ()-& 10% & ()-L910%.& ();x+l MUE@f 10% & ()-L$
"10% & () - ) s10% & 8 -f@ 1098 @S&'a‘i‘b‘ﬁ‘ﬁ’&g‘%‘i - @ 0
109% & () - MRVWKYT X idyCL O 30 dtirlg) smidl¥impléOiwith Qai@eADIb & a 18AOMRirlder 7
10% & ()-sf5"10% & ()- ful t
TaBmbC&nt' 10% & () - ' ! ~&ebddidots&uffjciert 0amplify-sautmpdssatellite; 10% & () -
F10% & () - ?2GdEMCL0% & () -91Q% & (‘g 9@ : .
10% & () - 1094verein sd ppRation 15 perdgrmegyin the presencgef anamogy of sorbifol sfective _

SML0% & () - 00 d ki bR ind 0 oo BRRSUAA a8 10% & -

sorbitol.

7. The method of claim 6 wherein said stutter is reduced to 60% or less the

amount of stutter obtained in the absence of sorbitol.

8. The method of claim 6 wherein said sorbitol is present in an amount of 1.5 to

35M

9. The method of claim 6 wherein said sorbitol is present in an amount of 2.0 to

3.0M.

10. A method for reducing stutter in the amplification of a trinucleotide
microsatellite comprising the steps of:
(a) providing a sample comprising a microsatellite of interest, said
microsatellite having a G+C content of greater than 50%;
(b) contacting said sample with at least one enzyme having nucleic acid

polymerase activity; and
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azdYNC 10" 10" 10"@ 10% & ()-810%W & ()-610% & ()-S5 10% & ()-310% & ()-
g2dEYNC f #10%4&' ()- yGLO%H& ()-fL! 10%4& ()-ff 10%&' ()-
I 109448 (WPRUO6448 () - 2i 3LAEYNC f 10%4& () - yL' 10%4& () - f 109BEI/USONIGB%E. () - f
10%4& () -yy10%4&' () - CoPdEYNC y! 10%4& ()- Y10%4&' ()- &SH10%4& ()- 10%4& ()- @
10944&' () - 10%4& ()- POAEYNC + 10%4& ()- y)10%& ()- ' 10%4& () -
&MLOYHE () - $10%4& ()-"S10%4& ()- b"i dEYNC 3 S510%#&' ()- 3@0%& ()-3 1
1094& () - LOL10%H& ()-L. g#10%4& ()- , 10%4& ()-i DbCLO% & ()- 1098 & ()-
L'110% & ()- 10H GDH 1oFpbatingspid samplenritvsas! enzyns for a Bme andamnder ) -
- oA &' - oA &' - (7 A _
10% & ()- 10% & () Yc?’oln ﬁo%s(szlfﬁcient to amplify said microsatellite;
wherein said incubation is performed in the presence of an amount of sorbitol effective
to reduce said stutter relative to the amount of stutter observed in the absence of

sorbitol.

11.  The method of claim 10 wherein said microsatellite comprises a repeat selected

from the group consisting of CAG/CTG, CCG/CGG, and CGA/TCG.

12. The method of claim 10 wherein said microsatellite has a G+C content of 66%

or more.

13. The method of claim 10 wherein said stutter is reduced to 60% or less the

amount of stutter obtained in the absence of sorbitol.

14.  The method of claim 10 wherein said sorbitol is present in an amount of 1.5 to

35M.

15.  The method of claim 10 wherein said sorbitol is present in an amount of 2.0 to

3.0 M.

16. A method for reducing stutter in the amplification of a tetranucleotide
microsatellite comprising the steps of:
(a) providing a sample comprising a microsatellite of interest, said
microsatellite having a G+C content of greater than 50%;
(b) contacting said sample with at least one enzyme having nucleic acid
polymerase activity; and
©) incubating said sample with said enzyme for a time and under
conditions sufficient to amplify said microsatellite;

wherein said incubation is performed in the presence of an amount of sorbitol effective
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&@H10% & ()- 1! ~&@#H#109%X X & ()-1 (A8edEbCL"10% & ()-310% & ()- 10% & ()-
y10% & ()- 10% & ()- ,MO% & ()- sDJEbC)s10% & ()- (10% & ()-
SEMLOYS &0 02b0sB & ()- " 10% & ()- ~110% & ()-Ddb | dEbCABCT/USOHIE2Q) - &

710% & ()- 210% & ()-ZsO@10% & ()- .10% & ()- Y+ 109& ()-!!1!111 [/111bCy
109448 ()-f 109%4& ()- !&10%& ()-LL10%4& ()- 10" 10" 10"f @ -
109 & ()-11: "#$9Bs$SAELCYY10%4& () - 10%4& ()- f10%& ()- vy

1094 ()-!10%4& ()- yS 10%4& () - s$$%R&0&L" dELC) z109%4&' () - ' &10%&. () -
9581098 () -toredade spif-sjuttepoglaive)io thejagagyet pf stutter obseryedyiniihe gbsence o
10%&'()-‘210%%&'()- s0- 10%H&' ()- .10%4& ()- L-- 109%& ()-

+HTLO%! O - (% k) L) M 2) xbCL910%& ()- 10H 10H

17.  The method of claim 16 wherein said microsatellite comprises a TGCC/GGCA

repeat.

18. The method of claim 16 wherein said microsatellite has a G+C content of 66%

or more.

19, The method of claim 16 wherein said stutter is reduced to 60% or less the

amount of stutter obtained in the absence of sorbitol.

20.  The method of claim 16 wherein said sorbitol is present in an amount of 1.5 to
3.5M.

21.  The method of claim 16 wherein said sorbitol is present in an amount of 2.0 to

3.0 M.

22. A method for reducing stutter in the amplification of a pentanucleotide
microsatellite comprising the steps of:
(a) providing a sample comprising a microsatellite of interest, said
microsatellite having a G+C content of greater than 50%;
(b)  contacting said sample with at least one enzyme having nucleic acid
polymerase activity; and
(©) incubating said sample with said enzyme for a time and under
conditions sufficient to amplify said microsatellite;
wherein said incubation is performed in the presence of an amount of sorbitol effective
to reduce said stutter relative to the amount of stutter observed in the absence of

sorbitol.
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10H, ,; 10%H&' ()-810%& ()- s 7"10%H& ()-5 10%H&' ()-2)j)**+K+r +dEnbC

109%&' ()-yGLOY&' ()- YMLOY&' ()-y1l0%& () -

1098 () - Wol@9Bbgep- r ++, f, , . . AEMbC@L0%&' ()- S 10%&' () - sOf @ADUEH(14203

109&' () - Y109%& ()- 10%& ()-..8/[/// COJENMDC 0@ 10%& ()- .Z10%& ()-

-109%&' () -1 +MLO%&' ()-)109&' ()- (MLO%& ()-C0002111111dE:/ 10 10,,; 10%& ()-8,
109%&' ()-37109%& ()- sy5S#109%&' ()- 34109 ()-2 109%& ()- 11R245! 6v6g8r S1/

It L& "10%5a5& () - - 9#10%6&' ‘(X&:! 9#109% 3f 3& () - &@10% ,

& ()-!y&@a¥1024.5f SBhg ethen 06 “('3122 whstrie said microsaiclltq comprises a

It L& " 1098 10%& L), x ~210% & ()- 105 105 105;

1096& ()--! 1@@?&“%‘3‘@’?‘%%@ ()--L;;;;?<K<<dEbC !t L& "10%

"10% & ()-10% & ()-& 10% & ()-10% & ()-Lt 10% & ()- 10% & () - <==H>_>>>dEbC
1t L& "109810% & ()-109% & ()- 10% & ()-@ 10% & ()-T10% & ()-

1109 & () - : >>2@?? dR@ibetbot tof glaim APvileyein syisl micros&@lw@ha@)w@mwm of po¥s

10% & ()- "1109% & ()- L! 10% & ()-
Or more.

25. The method of claim 22 wherein said stutter is reduced to 60% or less the

amount of stutter obtained in the absence of sorbitol.

26.  The method of claim 22 wherein said sorbitol is present in an amount of 1.5 to

35M.

27.  The method of claim 22 wherein said sorbitol is present in an amount of 2.0 to

3.0M.

28. The method of claim 1 wherein said microsatellite has a G+C content of 66% or

more.

29. The method of claim 1 wherein said microsatellite has a G+C content of 75% or

more.
30. The method of claim 1 wherein said microsatellite has a G+C content of 100%.

31.  The method of claim 1 wherein said stutter is reduced to 90% or less than the

amount of stutter obtained in the absence of sorbitol.

32. The method of claim 1 wherein said stutter is reduced to 80% or less than the

amount of stutter obtained in the absence of sorbitol.

33, The method of claim 1 wherein said stutter is reduced to 70% or less than the

-34-



H@@®C=C>C?C@mM’] CbC !t L& "109% &10%& ()-LL10%& ()- 10" 10" 10" @

109% & ()-,!110% & ()-s3+f #10% & ()- ] CUEEGHVHHHIEbC

It L& " 1090l@%as6p - LS&" 109&' () - SMLOY&' () - 10%& () - 9S#10%BCT/YS02/14203
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34. The method of claim 1 wherein said stutter is reduced to 60% or less the

amount of stutter obtained in the absence of sorbitol.

3s. The method of claim 1 wherein said stutter 1s reduced to 50% or less than the

amount of stutter obtained in the absence of sorbitol.

36. The method of claim 1 wherein said stutter is reduced to 40% or less than the

amount of stutter obtained in the absence of sorbitol.

37. The method of claim 1 wherein said stutter is reduced to 30% or less than the

amount of stutter obtained in the absence of sorbitol.

38.  The method of claim 1 wherein said incubation is performed in the presence of
a set of dNTPs, said set comprising an amount of INTP complementary to adenosine,
an amount of ANTP complementary to guanosine, an amount of dNTP complementary
to cytidine and an amount of INTP complementary to thymine, wherein each of said

amounts of ANTP is least 0.5 mM.,

39.  The method of claim 1 wherein said incubation is performed in the presence of
a set of dNTPs, said set comprising an amount of ANTP complementary to adenosine,
an amount of ANTP complementary to guanosine, an amount of INTP complementary
to cytidine and an amount of NTP complementary to thymine, wherein each of said
amounts of ANTP is least 1 mM.

40.  The method of claim 1 wherein said sorbitol is present in an amount of 1.5 to

35M.

41.  The method of claim 1 wherein said sorbitol is present in an amount of 2.0 to
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microsatellites selected from the group consisting of mononucleotide
microsatellites, dinucleotide microsatellites, trinucleotide
microsatellites, tetranucleotide microsatellites, and pentanucleotide
microsatellites; and

(b)  amplifying at least one nucleobase sequence of said
nucleic acid, said nucleobase sequence comprising at
least one of said microsatellites;

said amplified microsatellite having a G+C content of greater than 50%;

wherein said amplification is performed in the presence of sorbitol.

43. The method of claim 42 wherein the G+C content of at least one of said

amplified microsatellites is 66% or more.

44. The method of claim 42 wherein the G+C content of at least one of said

amplified microsatellites is 75% or more.

45, The method of claim 42 wherein the G+C content of at least one of said

amplified microsatellites is 100%.

46.  The method of claim 42 wherein said amplification comprises contacting said

nucleobase sequence with an enzyme having a polymerase activity.

47.  The method of claim 46 wherein the enzyme having polymerase activity is
selected from the group consisting of AmpliTaq Gold® DNA polymerase; AmpliTaq®
DNA Polymerase; AmpliTaq® DNA Polymerase, Stoffel fragment; rTth DNA
Polymerase; r7th DNA Polymerase XL; Tne, Bst DNA polymerase large fragment
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Pyrococcus; and mutants, variants and derivatives thereof.

48.  The method of claim 42 wherein said amplified microsatellite is a

mononucleotide microsatellite.

49.  The method of claim 42 wherein said amplified microsatellite is a dinucleotide

microsatellite.

50. The method of claim 42 wherein said amplified microsatellite is a trinucleotide

microsatellite.

51,  The method of claim 42 wherein said amplified microsatellite is a

tetranucleotide microsatellite.

52.  The method of claim 42 wherein said amplified microsatellite is a

pentanucleotide microsatellite.

53.  The method of claim 42 wherein said incubation is performed in the presence of

a set of ANTPs, said set comprising an amount of dNTP complementary to adenosine,

an amount of ANTP complementary to guanosine, an amount of INTP complementary

to cytidine and an amount of NTP complementary to thymine, wherein each of said

amounts of ANTP is least 0.5 mM.

54,  The method of claim 42 wherein said incubation is performed in the presence of

a set of dNTPs, said set comprising an amount of AINTP complementary to adenosine,

an amount of dNTP complementary to guanosine, an amount of ANTP complementary

to cytidine and an amount of dNTP complementary to thymine, wherein each of said

amounts of ANTP is least 1 mM.
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56.  The method of claim 42 wherein said sorbitol is present in an amount of 2.0 to

3.0M.

57. A method comprising the steps of:

(a) providing a sample comprising a nucleic acid that contains one or more
microsatellites selected from the group consisting of mononucleotide
microsatellites, dinucleotide micfosatellites, trinucleotide
microsatellites, tetranucleotide microsatellites, and pentanucleotide
microsatellites; and

(b)  amplifying at least one nucleobase sequence of said
nucleic acid, said nucleobase sequence comprising at
least one of said microsatellites; said amplified
microsatellite having a G+C content of greater than 50%;

wherein said amplification is performed in the presence of sorbitol in an
amount of 1.5 to 3.5 M, and in the presence of a set of dNTPs, said set
comprising an amount of dNTP complementary to adenosine, an
amount of ANTP complementary to guanosine, an amount of INTP
complementary to cytidine and an amount of ANTP complementary to

thymine, wherein each of said amounts of dNTP is least 0.5 mM.

58. A method for performing polymerase chain reaction amplification of a
microsatellite selected from the group consisting of mononucleotide microsatellites,
dinucleotide microsatellites, trinucleotide microsatellites, tetranucleotide
microsatellites and pentanucleotide microsatellites, said amplified microsatellite having
a G+C content of greater than 50%, said method comprising the step of contacting said

microsatellite with a polymerase in the presence of an amount of sorbitol effective to
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59.  The method of claim 58 wherein said polymerase is selected from the group
consisting of AmpliTaq Gold® DNA polymerase; AmpliTag® DNA Polymerase;
AmpliTag® DNA Polymerase, Stoffel fragment; r7th DNA Polymerase; r7th DNA
Polymerase XL; Tne, Bst DNA polymerase large fragment from Bacillus
stearothermophilus; Vent and Vent Exo- from Thermococcus litoralis; Tma from
Thermotoga maritima; Deep Vent and Deep Vent Exo- and Pfu from Pyrococcus; and

mutants, variants and derivatives thereof.

60.  The method of claim 58 wherein said incubation is performed in the presence of
a set of ANTPs, said set comprising an amount of INTP complementary to adenosine,
an amount of ANTP complementary to guanosine, an amount of ANTP complementary
to cytidine and an amount of AINTP complementary to thymine, wherein each of said

amounts of ANTP is least 0.5 mM.

61.  The method of claim 58 wherein said incubation is performed in the presence of
a set of dNTPs, said set comprising an amount of INTP complementary to adenosine,
an amount of ANTP complementary to guanosine, an amount of ANTP complementary
to cytidine and an amount of NTP complementary to thymine, wherein each of said
amounts of ANTP is least 1 mM.

62.  The method of claim 58 wherein said sorbitol is present in an amount of 1.5 to
3.5M.

63.  The method of claim 58 wherein said sorbitol is present in an amount of 2.0 to
3.0M.

64. A composition comprising:
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selected from the group consisting of mononucleotide microsatellites,
dinucleotide microsatellites, trinucleotide microsatellites,
tetranucleotide microsatellites, and pentanucleotide microsatellites;

(b)  atleast two primers, each of said primers having a sequence that is
substantially complementary to a portion of said nucleic acid sequence
that is adjacent to said microsatellite;

(c) at least one enzyme having nucleic acid polymerase activity; and

(d) sorbitol.

65.  The method of claim 64 wherein said incubation is performed in the presence of
a set of dNTPs, said set comprising an amount of INTP complementary to adenosine,
an amount of INTP complementary to guanosine, an amount of ANTP complementary
to cytidine and an amount of INTP complementary to thymine, wherein each of said

amounts of ANTP is least 0.5 mM.

66.  The method of claim 64 wherein said incubation is performed in the presence of
a set of dNTPs, said set comprising an amount of INTP complementary to adenosine,
an amount of dNTP complementary to guanosine, an amount of ANTP complementary
to cytidine and an amount of dNTP complementary to thymine, wherein each of said

amounts of dNTP is least 1| mM.

67. The method of claim 64 wherein said sorbitol is present in an amount of 1.5 to
3.5M.

68.  The method of claim 64 wherein said sorbitol is present in an amount of 2.0 to

3.0 M.

69. A kit for the amplification of a target nucleic acid sequence, said target nucleic
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70.  The kit of claim 69 wherein said polymerase is selected from the group
consisting of AmpliTaq Gold® DNA polymerase; AmpliTag® DNA Polymerase;
AmpliTaq® DNA Polymerase, Stoffel fragment; r7th DNA Polymerase; r7th DNA
Polymerase XL; Tne, Bst DNA polymerase large fragment from Bacillus
stearothermophilus; Vent and Vent Exo- from Thermococcus litoralis; Tma from
Thermotoga maritima; Deep Vent and Deep Vent Exo- and Pfu from Pyrococcus; and

mutants, variants and derivatives thereof.

71. A method of detecting cancer, a pre-cancerous condition or genetic disorder in
a subject comprising amplifying a region of DNA from a subject, wherein said region
comprises a microsatellite selected from the group consisting of a mononucleotide
repeat, a dinucleotide repeat, a trinucleotide repeat, a tetranucleotide repeat, and a
pentanucleotide repeat, wherein said amplification comprises the steps of:
(a) providing a sample comprising a nucleic acid that contains a nucleic
acid having a microsatellite instability,
(b)  amplifying at least one nucleobase sequence of said nucleic.acid, said
nucleobase sequence comprising at least one of said microsatellites; and
(c) detecting alterations of said microsatellite as compared to corresponding
microsatellites amplified from control tissue; said amplified
microsatellite having a G+C content of greater than 50%;
wherein said amplification is performed in the presence of a sufficient amount of

sorbitol, effective to reduce said stutter relative to the amount of stutter observed in the
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) 6& () ﬂ/;} .0 & ‘%hg %e&l}{)%f claim 71 wherein said genetic disorder is selected from the
group consisting of oculopharyngeal muscular dystrophy, myotonic dystrophy, and

Fragile X Syndrome.

74.  The method of claim 72 wherein said region comprises a genetic locus
comprising a repeat selected from the group consisting of CAG/CTG, CCG/CGG, and
CGA/TCG.

75.  The method of claim 73 wherein said region comprises a genetic locus

comprising a repeat selected from the group consisting of CAG/CTG, and GCG/CGC.

76.  The method of claim 71 wherein said incubation is performed in the presence of
a set of dNTPs, said set comprising an amount of dNTP complementary to adenosine,
an amount of dNTP complementary to guanosine, an amount of INTP complementary
to cytidine and an amount of dNTP complementary to thymine; wherein each of said

amounts of dNTP is least 0.5 mM.

77.  The method of claim 71 wherein said incubation is performed in the presence of
a set of ANTPs, said set comprising an amount of dNTP complementary to adenosine,
an amount of dNTP complementary to guanosine, an amount of dNTP complementary
to cytidine and an amount of dNTP complementary to thymine; wherein each of said

amounts of ANTP is least 1 mM.

78.  The method of claim 71 wherein said sorbitol is present in an amount of 1.5 to

35M.
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pentanucleotide repeat, said microsatellite having a G+C content of greater than 50%,
wherein said amplification comprises the steps of:
(a) contacting said DNA with a enzyme at least one enzyme having nucleic
acid polymerase activity;
(b)  incubating said sample with said enzyme for a time and under
conditions sufficient to amplify said regions; and
(c) separating amplified regions, forming a microsatellite pattern;
wherein said incubation is performed in the presence of an amount of sorbitol effective
to reduce said stutter relative to the amount of stutter observed in the absence of

sorbitol.

81. The method of claim 80 wherein said incubation is performed in the presence of
a set of ANTPs, said set comprising an amount of INTP complementary to adenosine,
an amount of ANTP complementary to guanosine, an amount of ANTP complementary
to cytidine and an amount of dNTP complementary to thymine; wherein each of said

amounts of ANTP is least 0.5 mM.

82.  The method of claim 80 wherein said incubation is performed in the presence of
a set of ANTPs, said set comprising an amount of ANTP complementary to adenosine,
an amount of dANTP complementary to guanosine, an amount of dNTP complementary
to cytidine and an amount of dNTP complementary to thymine; wherein each of said
amounts of ANTP is least 1 mM.
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(a) contacting said DNA with a enzyme at least one enzyme having
nucleic acid polymerase activity; and
(b)  incubating said sample with said enzyme for a time and under
conditions sufficient to amplify said regions;
(c) separating amplified regions, forming a microsatellite pattern; and
(d)  comparing said microsatellite pattern with a corresponding
microsatellite pattern derived from the a DNA sample from a
second source;
wherein said incubation is performed in the presence of an amount of an sorbitol
effective to reduce said stutter relative to the amount of stutter observed in the absence

of sorbitol.

86.  The method of claim 85 wherein said incubation is performed in the presence of
a set of ANTPs, said set comprising an amount of INTP complementary to adenosine,
an amount of ANTP complementary to guanosine, an amount of ANTP complementary
to cytidine and an amount of NTP complementary to thymine; wherein each of said
amounts of ANTP is least 0.5 mM.
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87.  The method of claim 85 wherein said incubation is performed in the presence of
a set of ANTPs, said set comprising an amount of ANTP complementary to adenosine,
an amount of ANTP complementary to guanosine, an amount of INTP complementary
to cytidine and an amount of dNTP complementary to thymine; wherein each of said

amounts of dNTP is least 1 mM.

88.  The method of claim 85 wherein said sorbitol is present in an amount of 1.5 to

35M.

89.  The method of claim 85 wherein said sorbitol is present in an amount of 2.0 to

3.0M.
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