WO 2011/ 046518PCT/ SG2010/ 000396 Screeni ng Met hod for Trinucl eoti de Repeat
Sequences Technical Field The present disclosure relates to nethods for 5
screeni ngwbant@4bsignucl eot i de repeat sequence, and in paciriscabdroodoe
screening of trinucleotide repeat sequence disorders. Mre specifically,
the present disclosure relates to prinmers for use in polynerase chain

reacti on based Scesieninga Methodif ar Mrdmun]l datide iRepmd 0t Satpusepeat 10
sequence disorders. Kits of primers are-also provided, together with the
use of the priners in nmethods of screening. Background 15Many inherited

di seases are the result of a sinaeniiidAr aead n the genetic code for a
particular protein. As a result of that difference, either a protein is not
made at all, madds n Phadeqbat ¢limwprure or rehdeesn & adefwethoedsf orfmr The

di sease:-i s theref.or result _of er.son_either not making a protein or
not nak?ngséﬁgﬁgﬁggf goﬁro ei%?lgrcﬁgegﬁaga aefetri vEETOr T of i??é) n the
early 1990'pertriesdanchetis bsdesthfihgd cf nemihypeeofideit abpentcaldgtrdnanm c

or expansion nutations. Researchers had noted that in a variety of

di seases, CHEPFIPT Sras aMOTfcr SRSELTH Svieri t yh§F RTGiSSedse s Faurs

onset of a,dilgease OYehSauaIAl rIENRIA | OAS polgdRY 0 uBgel 5t and Lhese
di seases to be trinucl eotide repeat sequence disorders. A trinucleotide

repeat seqb@ses dissdruercapilsle knbwacasesina ferirntclisocildetriceeatepdiagor der ,
atri | eQtl repe xpapsi on disord or.a triplet repeat expansjon
nP& %te %%nc%p g‘}.sgrggr% lés O%; %ﬁllln%]é? eggg I%f?%epﬁﬁﬁéd,m

di sorder, is genetic disordéer caused
2011/ 046518BGELEE2010/i@003%heof usd NuE eathiede prapeatss iih amegenreisexegedi ng

a normal, stable, threshol d.
screenlng .

Background

15 Many inherited diseases are the result of a single
difference in the genetic code for a particular protein.
As a result of that difference, either a protein is not
made at all, made in inadequate amounts, or made in a
defective form. The disease is therefore a result of a

20 person either not making a protein:or not making enough of

a protein, or having a defective form of it.

In the early 1990's, researchers identified a new typé
of mutation called dynamic or expansion mutations.
Researchers had noted that in a variety of diseases, there

25 was an increase in severity of a disease or earlier onset
of a disease ©over several  generations. Today we
understand these diseases to be trinucleotide repeat

sequence disorders.

A trinucleotide repeat sequence disorder, also known as
30 a trinucleotide repeat disorder, a trinucleotide repeat
expansion disorder or a triplet repeat expansion disorder,

is a genetic disorder caused by an increase in the number



Trinucl eoti de repeat sequence disorders are divided into two categories
determ ned by the type of repeat. The 5 nbst common repeat is a repeat of
the tri pl¥0 20udl4e08i de sequence CAG whi ch, when present PCH/SGRe1000e896g
regi on of gene, codes for the amno acid glutamne (Q. Therefore, these
di sorders are referred to as polyglutam ne (polyQ disorders. D sorders
that not i fol E1RUFEBRAEIBF AIRFIAT 10 tRi PSS nBEFEEELAE s2qiF®@l/or in
whi ch a CAGt iR et ucheatd de sequence is not in the coding region of the
gene are referred to as non-pol ygl utam ne disorders. Fragile X syndrone
(FXS) is the nost comon inherited 15 nental retardation disorder, which
results in a SPEAYURITLFhydiaRgatand I I%ectaC1948H% atditGhs Fivd ded

emot | onal %@&obecfa%vwartaégéﬁa%gr&étmﬁbe& %getﬁéogyﬁsvs&ergge@tl.d ihe
mani festation. FXS is also the nost common known cause of autism or
"autistdc- mded’ dmirewi orspehichscan kapkate dft stix9 thapaetemustlicotpliesi ca

d behavigral feat . wel | del in, h _and_| ' .
devel oprient TSR, 1Ak wgi 145K RERTST* ReY ar it FON-19( FRL} Tg&ife 3 s
responsi bl gy, FtRledbsér FMRE ganeomiditd ofisuZamimyolge. exgarsearsf a

pol ynorphic stretch of CGG repeats in its 5 wuntranslated region.
Unaf f ect ed Ghedievi dbeesdesas r f 18l 1k FethglAg 3 ofP bYFbulami BpedP I Wi ch

are stably diransiid e {IOMBRNCELE OROLO 199ASNAL N o bagh vidughs il XS

carry full mutation alleles wth > 30 200 repeats which i s acconpani ed by

hyper nkd hy ltatiipdre tof nthée&VRAe prammpiearce egioan and vJeiredh skl eP&G ng.ridllled] es

with 45 to 54 repeats are classified as gray,zone alleles. .Athoug ray
zone aIIeI@E@&FﬁR: ocPafea" Wt i Sohe dég}e%hﬁk)cogang' Fgi0n St

2011/ 046518R6H S@20LQ/RE0G36 tof =& zor-Nsdah) lutamitdeys sdaidmy e stabl e than
prenutation alleles, which range from55 to -200 repeats. Prenutation

alleles are neiotically unstable and nay expand from one generation to the

next. These alleles have al so been . , ,
Fragile X syndrome (FXS) is the most common inherited

15 mental retardation disorder, which results in a spectrum
of physical and intellectual limitations and emotional and
behavioral features which range from severe to mild in
manifestation. FXS is also the most common known cause of
autism or "autistic-like" behaviors which can include its

20 characteristic physical and behavibral features as well as

delays in speech and language developmeht.

The X-linked Fragile X Mental Retardation 1 (FMRI)
gene 1is responsible for FXS. Most FMRI gene mutations
25 involve expansions of a polymorphic stretch of CGG repeats
in its 5’ untranslated region. Unaffected 1individuals
carry. alleles ranging from 6 to 44 repeats, which are
stably transmitted from genération to generationfi-
Individuals with FXS carry full ﬁutation alleles;Wiﬁh >
30 200 repeats which is accompanied by hypeimethylatioh ofg_
the FMR1 promoter region and gene silencing. Alleles with
45 to 54 repeats are classified as gray =zone alleles.

Although gray zone alleles are associated with some degree



5 associated with high transcript but | ow peptide |evels and may be |inked
to disorders that are clinically distinct fromFXS, such as fragile
X-associ avedotwmsng at axi a syndrome (FXTAS) in nal es angcpsensiowogoevari an
failure (POF) in females. 10 The FMR1 CGG repeat is normally
interspersed by AGG trinucleotide interruptions after every 9 or 10 CGGs,
wWith nost 3T rédlzeal ingteabidontai nirey t fvoe ABSrEnBERPUSt toas BITEmIgtion
premutatio | I.el_es i pi o] (o] 154N r ion_at t 5' end
of the rep%éieierlgeg‘l’on&g?&goﬁéegg? gﬁéfn [I}DﬁseAtl%o;ss?% %%Ei%gsi‘ n?} ervi d%t%?colr?n
especi al | y adfl eflfes 3arendeabtacaepeatunragiidie arSUlhY idkmaddngrsir eieh of
uni nterrupted CGG repeats that has been associated with CGG repeat -

i nst abi | i t PEREFECiOA | O ntAFI eM8¥twi t h$524 dblekeht 131t &l aGHEFeat s
at the 3§ endRfidthe) eR8Athigh tradfier MRILgenes|,spkbpeatied 1@RtiRe 2Xa
chronosone. Therefore, since a fenale has two X chronbsones, a female with
a prenut at imgry opef dlinkeag at$ onlilses der50% khtinee cof cRbnpasting disttimetX with
the WUtati%QJﬂj- h PreEpancy. %Easq eh —%s%%%q%E%}.o%Te%st G %xbe
passed ont o her offspring where it c¢an eitherremain as a prgrruta o or it
can expand syadadmd | (FNTAS) orin Uikl ke many etbentdrkl nkesr Landifaiang avher e
only nmal es who inherit the 30 abnormal gene are affected (since they only
have one X (EWFOndSof®™ ESdo not have another normal copy to conpensate),
femal epgcan al so be affected by FXS. WO 2011/ 046518PCT/ SG2010/ 000396

At this tinme, there is no cure for FXS. Currently, the syndrone is treated
t hrough a conbi Fats ofidi BEeRaviepealt t her apymadpeciialt it seah, bandGehen

necessary, .tr.eatment .of physi cal .abnor ities. Persons wit rel atives
St oy O e A S e A, T (e v tnd o Eng Dt boResedd e
| i kel i hood mefsthavdfigla Thieh deeaswhrrad£irafiected, Muw hove sevgt on8n¥nd

i npai rments may be in affected descendants. This is especially inportant
because i ndiofitduaPse&aéarry t Atlptefut afPhr il es &Y . nGie 10AGG

synpt opat i q @Rd ifo i, Nt he readily appapent.tbat §ggﬁoano&n@iow dugl is
h FXS, Th c d

at risk of having offspring wt e nost monly used net hod

of di agnosiad lof TEXS licssDNX tastA®g bytPCRiphpbnfi eabeohnadtyoss the t3ri pl et

t 15 stretch, | ted by Southern bl ot lysis. \hile PCR
el ysi s | S 01 oF SILAFCAT ROFRAT antt G By 2ot | 6788, LS URHT 4 smal

prenut at i omndnlelresiptedr getG exparsitaNstaae nefd apkeny 4 s R aap! kWiitgat i on
due to their |arge anplicon _sizes and high GC caontents. Conventional PCR 20
based appr &%6heseReet alldstaRdBlié Yo IR HR I Vif dfmed 1 bRl oh MHéMnet hyl4at i on

states; Of 16 fheRealted coc o ‘éecrss%'tyth%o‘ét'h%rrgjl ?&ﬁ%ﬁ%ﬁé@s can det ect

| ar ge expansi on nutations but cannot accurately ‘arge nor mal
or gray zone alleles fromsmall prenutation-alleles, requires |arge anounts

of DNA and is also hi y | abour-jntensive. Curren , @ conbi nation of
both methods is &es@%ly (S Ehsure acti@ate EvRL %:%%% rgpeﬁ romosome..

cl assi fi catrheme fRied, NG iMeecall aemgl @gRAST TWANK SEK LS HGmes, a female
with a premutation or full mutation has a 50% chéncé of
25 passing on the X with the mutation in each pregnancy. If

she has a premutation, this can be passed oﬁto her :

offspring where it can either remain as a premutaﬁion or -

it can expand to a full mutatioﬁ. Unlike many dfher X~

linked conditions where only males who _inhefit the -

30 abnormal gene afe affected (since they only havé one X;
chromosome and do not have another normal copy to

compensate), females can also be affected by FXS.



30 of suspected FXS patients time-consum ng and costly. To get around
this problem several nethylationspecific PCR nethods have been devel oped

t o det ectwBlvRilI/@EBsr epeat expansi ons, taki ng advant age etTsequ®noess WO
2011/ 046518PCT/ SG2010/ 000396 vari ati ons between net hyl at ed and unnet hyl at ed
DNA after treatnment wth sodiumbisulfite to assist in discrimnation

bet ween nor mal &td Expanténeal Itdlees Bodhamavirsul for eFKBeat eliDNRt sy al so

| ess GC ri%%.and easier to 5 anglif However, these assg%s often i nvol ve
o i

mul tiple PCR% ealti'ong “or can EF§¥88 uselr 147" andl yste &%sarpi es.

Al so, sincedidRlidresi dese by hespeehd DnogesEL 1 b} eBBHEWdieN0 h Qe ASEAY,
results of fenales are often conplicated by the presence of two X

chr onpsomedTEGIESEHE 10 Akhi cPRMSICHe | REROCGRRIET 5y X- IBsfi&N yene'iddsage
conpensati Q1 at5y ng@§§ £y %Q% aQﬁéﬁcgrgfa%VQ.kﬁﬁ @@dségku erfifNgl 1 C
screen for FXS and its related syndrones 1s one of the 15 main1imting
factors t o dchesedplngment ats o of tlae r blikeé hehgedetdif c hasriagn abfi lidye rFMRIo

| ocus. Henc%, th?ﬁ% %sdan ur eBt need for. inproved nethods for. screening
for FXS. °2T® STTRGEedr s 31'helit o Provi d87Y rHRAHENTAbF e et hBA 20 t hat

OVer CONmes, a@feaitdatds rRldral eBhi HNes O sPBERa0l yt hepdirsaditaMaghtse
descri bed above. Summary 25 According to a first aspect, there is provided

a method fdmEHERELy VBP aCRFFriudiiéot Paempégédrnseqléféssi mEe bitsitoyi cal
sanpl e; g whes g itd Jret hed; conpri ses: tpe step;af (éﬁ# Lhg ucl.gihc acid
seqguence ob%ﬁ#ﬁé or def?gea‘frogiﬁﬁe b?ologigglyga %féngeFﬁggpﬁ$§#gation
condi t i ons a30 iwidilvidual a o iatstripgk ner hamviereiar Sepdidg rnettlpriX®r has a:
target sequence in a region 3 or 5 of a trinucleotide repeat sequence in
the nucleic acid sequence; ii) a second prinmer, wherein said second priner

has a 35 target SRquee ¥bhhbnl §haskhl heeheet idte dEepeabs 580YENERsdS i D
2011/ 046518PCT/ SG2010/ 000396 in the nucleic acid sequence and a unique 5

tail sequei®® t@fFing ity RCR namel pFieetliomharephst ket &rdetl Sdedqirnfed of
the sajd second H0rvard, RdHled oM SOLhE RE HILAUEART yEAL. RngaauenRee of
t he second priner
analysis is able to size all normal and gray zone alleles,
as well as small premutation alleles, larger expansions
are refractory to PCR amplification due to their large
amplicon sizes and high GC- contents. Conventional PCR

20 based approaches are also unable to provide information  on

the methylation states of the repeats.

Conversely, Southern blot analysis can_detedﬁblargé
expansion mutations but cannot accurately distinguish :
25 large-normal or gray zone alleles from small premutation 5’
alleles, requires large amounts of DNA and is also highly
labour-intensive. Currently, a combination Qf both
methods is necessary to ensure aécurate FMR1 CGG repeat
classification, making molecular diagnosis and screening

30 of suspected FXS patients time-consuming and costlyQ

To get around this problem, several methylation-
specific PCR methods have been developed to detect FMRI

CGG repeat expansions, taking advantage of sequence

4



t ogener at eananpl i fi edproduct conprisinga trinucl eoti de repeat sequence.
According to a second aspect there is provided a 10 nethod for screening
for a triwochaaussde repeat sequence in a biological sampcesce®reszossai d
met hod conprises the step of contacting a nucleic acid sequence obtai ned or
derived fromthe biological sanple under anplification conditions with: 15
i) a first verimgdonshebetwmesai deftimdtatmd nendhasime ttharlgate s eQNRNGE idy a
region 3" or 5' of a trinucleotide repeat.sequence in the nucleic acid
sequence; reﬁﬁfegtsecd%ﬂg%rinﬁ%?hﬁﬂbrei l§5'§1§%condxbrin§?sﬁé§ a tidr get

sequence widiRict ibh@altliiohudaaldde 1opeal $84UBREEndAdi R1tRe UCIRIL AEi d
sequence; togener at eananplifiedproductconprising trinucleotide repeat
sequence; &KAGUaRdltyzitiipazad BNPI ifsi el 97 obiees GSi my dDNeme| easdervea .
anal ysis. - i.ng t hir spect, there.is provi.ded a Irethod
for scr%en%ﬁglﬁg 'aéggﬁﬁgi boﬁ?%%ergﬁgag%séﬁﬁﬁﬁkel?%o%y%i%Pgéﬁggﬁ-ggggre,
wher ei n sairéanitibad ,conpr i sea tberlst epeofusont atdt NGarta NuEl €1 G ACIHhle
sequence obtai ned or go derived from.the bjol ogical sanple under ¥
anplificat?Snggﬁdit% e e n PRl FRRtere &4 dthEs Pes&hioresqeat e

Wi th a reagemrkrpicedtsehectirvelysmdi fieas 14ametdpy| alad 10\ 0sine rgsigues in
the nucl eoti de sequence, with: WO 2011/046518PCT/ SG2010/000396 i)a fir'st
primer, whE€PEPAisatedf instthei preskasea afar oo Keqrlerweosomes r eghen &

and/ orq 5' atri | eof | de. uence in,the nucleic _acid sequence;
5ii) a}iecgﬁéégri%giiv;ééeiﬁﬁggﬁg%ggggnd%%ﬁlék #%%k%ﬁtagﬁg? séﬁﬁfﬁ%@

wi t hi n t hecobmperuckedbinde repeat -sequence ih the nucleic acid sequence and
said priner is conplenentary to a nethylated trinucl eotide repeat sequence;

_ 10 iii) a further second prinmer, wherein said further second priner has
a target sequeneecwehhing, thed ridiic)£ot Lde o epealy seayepss, tp ag syl eic
aci d sequence and said priner is conplenentary to an unnetﬁylated ,
trinucl eot B@&epaperr FXS and its related syndromes is one of the
15 main limiting factors to the implementation of a routine
genetic screen of the FMRI locus. Hence, there is an

urgent need for improved methods for screening for FXS.

There is a need to provide a fast reliable method
20 that overcomes, or at least ameliorates, one or more of

the disadvantages described above.

Summary
25 According to a first aspect, there is provided a method
for screening for a trinucleotide repeat sequenée in a
biological sample, wherein said method comprises the step
of contacting a nucleic acid sequence obtained or derived
from the bioclogical sample under amplification conditions
30 with: |
i) a first primer, wherein said first primer. has gztargef
sequence in a region 3’ or 5’ of a trinucleotidé repeat
sequence in the nucléic acid sequence; -
ii) a second primer, wherein said second primer has a
35 target sequence within the trinucleotide repeat sequence

5



15sequence togener at eananplifi edproductconprisinga trinucl eotide repeat
sequence; and anal yzing said anplified product using DNA nelt curve

anal ysi s.WPQ@011/046518 Accordi ng to a fourth aspect there i PCHISGHIOHAIL6 pri mer
selected fromthe group conprising or consisting of the nucleotide sequence
of any of SEQID NO. 1 to SEQ ID NG 27 or conpl enents thereof. 25

Accor di ng tl@ a e t Musheet, agkde Peapeoofdednd phi menigueprissi ngaorl

consi sting Q u% léC| td de sequence in which the nucleotide sequence

conpri ses: (n%) ITst sequence selected fromthe group consisting of
30 any one idfi )SEQ h:lBlhsI@ 13rinsEf) | BhNGeis atite SEQrgPtNQckhjerand ofi ithea
uni que sequence sel ected fromthe group, conS| St ng of any, one -of SEQ ID.
NO 16, SEQPBNO SELorsEt Pﬁwﬁlﬁjlg’rlgﬁ& SED VBtREN19. thepnique 57 tail

2011/ 04651 8ReT/8E20 Y Q3% cond pAGKHF ding to a sixth aspect, there is
provi ded a set of priners for screenl ng for a trinucleotide repeat

sequence, it® V\,hlflﬂﬂ@h@tfhucl eot i d@HEDelq{fem&es asrediectpr i nepsptdAPRgse @r

consi st of nces .conpl enments thereof: SEQ ID NO 1,
SEQ | D NG 5tﬂ%u (%q (1% secluenA:ccor ding to a seventh aspect, .there

is provided a set of priners for screening for a trinucleotide repeat 10
sequence, in which the nucl eoti de sequences of the prinmers conprise or

consi st of the POIFHIRY sé&GueRceecRd c@rﬁﬂe&ﬁanFQQFﬁereﬁf PEPEG I NG 4,
SEQ | D (NO R +BERQ IQ)NOs@r@@g1§EQ #8 NQ 2Q.5 ARAGCA {HNIr LR 2P %'&{E\%@l(%spec'[

there is provided a set of priners for screening for a trinucleotide repeat
sequence, im whikholdelieat| sempde, seduearedes fid heephodersmponpeisséher

g(énQSil %t NOOf §%f gf_lgeg;z%lc%r%%equencesle?é an@cJ ersneaa%%ntcger&)talneg | D NG 7,
derived from the biological ‘sample under amplification
‘cenditions with:

15 1) a first primer, wherein said first primer has a target
sequence in a region 3’ or 5’ of a trinucleotide repeat
sequence in the nucleic acid sequence;

ii) a second primer, wherein said second primer has a
target sequence within the trinucleotide repeat sequence

20 in the nucleic acid sequence; '
to generate an amplified product -comprieing a
trinucleotide repeat sequence; andz |
analeing said amplified product; using DNA .melt.iCurve;
analysis. |

25

According to a third aspect, there is proﬁided a
method for screeningbfor a trinucleotide repeat eequence
in a biological sample, wherein seid method compILSes the
step of contacting a nucleic acid sequence obtained or

30 derived from the biological sample under amplification_
conditions, wherein said‘nucleic acid has been pre;treated’
with a reagent which selectively. modifies unmefhyleted:' 

cytosine residues in the nucleotide sequence, with:



According to a ninth aspect, there is provided a set of priners for
screening for a trinucleotide repeat sequence, in which the nucleotide
sequenceswof20tigeyBi mers 25 conpri se or consi st of the POISGAIPOEBEGUences,
or conplenments thereof: SEQ ID NGO 10, SEQ ID NO 11, and SEQ I D NO 12.
According to a tenth aspect, there is provided a set 30 of primers for
screening for a trihucl @ofildétr @FeMmeseqiiecsln | prifi ERrEhe PAdBEEOtHate

sequences of the priner IS Si. f . ok} ow egue S, or
conpl enents thereof: SE% IG%%%Z%&EE%%%D%B(Z)Z%Q%%;I S'IEQ %8%8%% Q\Cﬁ) .
2011/ 046518PCT/ SG2010/ 080886nucleoctAdeordprgtt secamerlcevdamt thaspectleitcher e
is provided a set of priners for screening for a trinucleotide repeat
sequence, in which the RAGEPedEAdE SEquences of the primers 5 conprise or
consi stsof the foliow ng sRGUSNCEpriRErGONIERRM S shiier egdcoEQIR MR 3,
SEQ I D NO 24, and SEQ ID NO 25. According to a twelfth aspect, there is
provi ded a 10 set of pri@Br3 £ardsér éeArRfCLoMifhin fhel datiinge Legdate
sequence, in which the ti ences t ol . conprj r
consi st of the follomjnggé%%geﬁbeu;%%% E%ﬁng%eﬁﬁgﬂfﬁéggé?%asg%qqgaéé(i
SEQ I D NO 26, and SEQ | &n8llO ZAidl5 primerAccis di ngmbdecachhiartyeentd aspect
there is provided a kit when useg_in,the nethgd accordin% to the disclosure
[

e
conprising: one or nor e™priHeR5Sdi REWAPEhSPheRUEFRERFISCIEGHEREes 20
conprigg@ or consist;j of 5h@uwhlegwis%os@g§%qﬁéﬁ, ogh&P8PhesrALS themnea!
SEQ ID NO. 1, SEQ ID NO 2, SEQ ID NO 3 and SEQ I D NO. 4, SEQ‘I[_) NQ5, SEQ ID
NO 6 and SEQ | D NO 20; ®fcené Brimerehppi Aefgdroel wWeidsiencee witdlicottinge

sequences 25 conprise Oﬁgﬁﬁék%%%etng%g%%lf{ og\%@g@ﬁggu%@g%heornu%qréglcenents

thereof: SEQID NO 7, 'S a D Or ‘one OfF noré prinmers,
in which the nucl eoti deastqueagesncenpnidseatt petsiest ief cohe lealdnawirmg
sequences, or 30 conplenents thereof SEQ ID NO 10, SEQ ID NO 11 and SEQ I D
NO 12: or to an unmethylated trinucleotide repeat
15 sequence
to generate an amplified product comprising a
trinucleotide repeat sequence; and

analyzing said amplified product using DNA melt curve

analysis.
20
. According to a fourth aspect there is provided a
primer selected from the group chprising or Consi#tiné of |
the nucleotide seqﬁence of any Of SEQ ID NO:1 tdeEQ‘iD:
NO:27 or complements thereof.
25

According to a fifth aspecﬁ, there 1is provided a
primer comprising or consisting of a nucleotide sequence
in which the nucleotide sequence cdmprises: |
(1) a first sequence selected from the group consisting of

30 any one of SEQ ID NO:13, SEQ ID NO:14 and SEQ IDjNO;lS;. 
and | | i. o L
(ii) a unique éequence sélected from the groﬁp coﬂsisting
of any one of SEQ ID NO:16, SEQID NO:17, SEQ ID NO:18; and
SEQ ID NO:19.



one or nore priners,

in which the nucl eoti de sequences conprise or consi st

of the foll ow ng sequences, or WD 2011/046518PCT/ SG2010/ 000396 conpl enent s

t her eof :
priners,

foll owi ng sequences, or 5 conplenments thereof: SEQ ID NO 3, SEQ ID NO 24

WoQoi11d4bkDs21, SEQ I D NO. 22, and SEQ | D NO. 23; @CTSG2010000896 €

in which the nucl eoti de sequences conprise or consist of the

and SEQ I D NO 2BcCerding dro nbreipthmeppecitn Whiegle tife poey bded de seduences
COprI’I se or

| D NO 6,

SBO TBIESE artd s TR0, 7L opt| ofl T LBBERET WS

i nstructi osegliehcese.in whicH tthe rancbeviaidegeeghichidies poesent @irigleasur e

SEQ

that reliable results can be obtained within 24 hours and only requires one

PCR react i GARMB&LSEp. 51 tSPRSESF ur Pher taGvantUge®

g t RRINBPRBE’ of Ofhe

di scl osgir e .6aR 1 elgdrlsy tdie%tédﬂu' ﬁdg Vfrbbeange SRR 6}&@ on akj gl §§%f rem ful |

mutation alleles in both males

femal es. - i's a furt

advant age tRaB-the nethod according 20 to the dlsclosure does not require

val i dati on by southern bl ot analysis. It is a further advantage of

the present disclosure that pernutation fermales that are nosaic for

permutati on andakublrdiigat t ®naal dev@sticaashbecitmmethatel ¥ si dendvided. a25
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set of primers for screening for a trinucleotide repeat

sequence, 1in which the nucleotide sequences of the primers

comprise or consist. of the following sequences, or

complements thereof: SEQ ID NOﬁ4, SEQ ID NO:5, SEQ ID NO:6
and SEQ ID NO:20.

According to an eighth aspect, there is provided a
set of primers for screening for a trinucleotide repeat

sequence, in which the nucleotide sequences of the primers

comprise or consist of of the following sequences, or

complements thereof: SEQ ID NoO:7, SEQ ID NO:8, and SEQ ID

NO: 9.

According to a ninth aspect;_there is provided a set

of primers for screening for a trlnucleotlde repeat

sequence, in which the nucleotlde seguences.. of the prlmers

comprise or consist of the follow1ng sequences, or
complements thereof: SEQ ID NO:10, SEQ ID NO:11, end SEQ
ID NO:12.

According to a tenth aspect} there 1is provided a set

of primers for screening for a trinucleotide repeat

sequence, in which the nucleotide sequences of the3primers

comprise or «consist of the following sequences, or
complements thereof: SEQ ID NO:21, SEQ ID NO:22, and SEQ
ID NO:23.



Fi gures The acconpanying drawings illustrate a disclosed 30 enbodi nent and
serve to explain the principles of the disclosed enbodinent. It is to be
under st oosto 20ovEvEB, that the drawi ngs are desi gned for ppusEesesnoahe
illustration only, and not as a definition of the limts of the invention.
WO 2011/ 046518PCT/ SG2010/ 000396 Figure 1 is a schematic illustration of the
principle of the FMRL dupl ex nethyl ation-specific triplet-prinmed PCR

(msTP- PCR) proc e, . fect qf _sodium bi sul fi 5 treat nent, of
unmet hyl at ed an érjr(%?lf]%rgqeegéa%lelegs?v&fnqt & SPEVRL %ﬁ%t?eﬁéatpré’nv edti de

sequences dfetsense mnidherd | $6BS s INASIHANESri S8 SheWAuCchegYh8e2 FSpdat
schematic illustration of how the presence 10 or absence of AGG

i nterrupti oIRAEEISt st prRerh ahhgaPPR§eRELArn sereences &f ridpeRTimewes t he
resul tapt R oduct gl e ro m te I t P- PCR
prOcedure.égﬁﬁyf%%geogri%%Pgegﬁatggﬁnégﬁécoﬁg?égzk§gmd%%#?%5%837 or

uni nt er r uptednsteng s ofherepf et SE@peRAt NOsadl i dEQr Towa)0: PR ,widrld BE@Extended
successful L y,. while those that anneal over an AGG interruption or the

uni que flanking 'sequences (dotted arrows) will fail to extend successfully.
Consequently, triplet repeats wth AGG interruptions should generate PCR
products which differ in size by -30 20 bp if the allele is unngethylated
(A) . If the all &¥IIRE hyPatedtys) fthaigsPrastt PCRhpEEdUET pEaKsdsdpat at ed
by gapsgof <27 e seyved, Wt hephe .qac i

separ a?gd bs'yech %g ﬁ}g%ae%sgl Fglpe%{:ont artlll\r%qng af%)gr & &Eﬁggzsg?lgﬁ %%%%

| adder of PERymronuctipedikiscini the bpu@beobsdevedauketker ofthetal Iretiamdss
unnethylat%gn&gy or nethyl ated QE», with a cgaLicteristic cascadi ng pattern
of decr easitgpeak hetght SHThSFncPdasi iy prbAtteWiNe. SEGHERCHSi fi¢at i on,
the 5' tailcongfldnteer sl Retfe wawk NTdRdE pHiN@F 6, aseoneb wbewe i Binldhiskdigyr e.
Nunber ed boxes 30 represent CGG repeats, while black boxes in repeat
seqguence ré%%é@bnt AGG interruptions. Nunbers in grey background indicate
the tofal nunber of triplet repeats present in the successfully anplified
PCR products. WD 2011/ 046518PCT/ SG2010/ 000396 Figure 3 is a schematic
illustration of Acepresiert ato ve thiotesaeht aspectt opherogt anppatvtielrs af t er
dupl ex met hyl ation-specific triplet-priped PCR of the FMRL CGG repeat from
ar chet ypal (ﬁrﬁﬁ?npggﬁﬁtdF?oﬁhgrﬂf#ﬁ?¥EﬁﬁF8F96HgnéFbstQﬁdq%ﬁﬁ%%§9r¢ﬁgure
4 shows FAMdmpirue)yingnd NED (bl ack) fluorescent GeneScan traces of uTP-PCR
and nrP- PCR products after 10 duplex FMRL nmsTP- PCR of genotype-known DNA
sanpl es of 9R6r naF, TREUPALMEH Sandli® uMhiflt athen Mt ksoihde f eeduegicekhe uTP
and mliy, P : are sh ar atel i ng.: t he NED and FAM
channéﬁ%,cﬁgé g%%%vef%f f§§H%§§£ o?%vi§ﬁ§¥ig§?¥%ﬁglé£d SggﬁsnaFS’fréﬁﬁa
ROX- | abel edomptlemealts thereof : SEQ ID NO.1, SEQ ID NO.2, SEQ 1ID

NO.3 and SEQ ID NO.4, SEQ ID NO:5, SEQ ID NO:6 and SEQ ID .

NO:20; or | . - ’

one oOr more primers, in which the nucleotide séquences
25 comprise or consist of the following sequenéés, of'

complements thereof: SEQ ID NO.7, SEQ ID NO.S8, and:SEQ ID.;

NO.9; or

one or more primers, in which the nucleotide sequences

comprise or consist of the following sequences, or
30 complements thereof SEQ ID NO.10, SEQ ID NO:11 and SEQ 1ID

NO:12; or ' | ‘ .

one or more primers, in which the nucleotide séquences

comprise or consist of the following sequences, or



15 size calibrator.rpts: total nunber of CGG repeats including AGG

i nterruptions. Figure 5 shows the determ nation of repeat |engths and

st ruct ur esof2oomaediect r opher ogram 20 usi ng nsTP- PCR pr oc eduwrse2018/v0ow6 ar e t he
el ectropherogramtraces of (Ai) a 29 repeat 9+9+9 interspersion structure,
(Ali) a 30 wth a 10+9+49 structure, and (Alii) a 30 FAMuUTP-PCR) allele
W th a repesmahldmgng s epeareaft eFEQ WD hNQ. 24D+ BBOstTRICNQAF 22, Detnelr B ng
the AGG int rl\}bot2i3qns. 25 in large normal and gray zone alleles is also
possi bl e as shovn 71'n Yhe fol I owi ng sanples (Aiii) a 41 repeat’' nornal
allele withr 9¢9+2orsd r petiees,( ALN) whidh r epeatn@cdyozone aldflenadd h a
9+9+13+12 structure, and (Av) a 46 repeat gray_zone allele with a 9+36
structure. A SKowPB0 aPBRSLAE NEB ( fifF: PCRyL £PBERE opFEASGI&ERSr ac¥s of

(Bi) a 29 repgaterdldiel eyiddb A 9483918t Rechur &sed Bih)nd. 39 Lepearpli@l e
wth a 10+9+9 structure, and (Biii) a 41 repeat allele wth a 10+9+20
structure. Nth&5rurebered grey boxes _ ' : -

one or more primers, in which the nucleotide sequences.

comprise or consist of the following sequences, or
complements thereof: SEQ ID NO:6, SEQ ID NO:26 and'SEQ ID

10 NO:27, optionally together with instructions for use.

It is an advantage of the present disclosure that
reliable results can be obtained within 24 hours and only
.requires one PCR reaction set up.

‘15 It is a further advantage that the method of the
disclosure can clearly distinguish very large premutation
alleles from full mutation alleles in both males and
females.

It is a further advantage that the method according

20 to the disclosure does not require validation by southern
blot analysis. V

It is a further advantage of the present disclosure
that permutation females that are mosaic for per@utationj,
and full mutation alleles can be immediately identifiéd.il

25 |
BRIEF DESCRIPTION OF FIGURES, TABLES AND SEQUENCES

Figures
The accompanying drawings illustrate a disclosed
30 embodiment and serve to explain the principles,%of ﬁhe
disclosed embodiment. It is to- be undérstood, ﬁowever(
that the drawings are designed  for purpoSes of
illustration only, and not asva definition of the limits

of the invention.

10



WO 2011/ 046518PCT/ SG2010/ 000396 i ndi cate PCR products containing the

i ndi cat ed nunber of bisulfite-nodified CGG repeats, including any

i nt er veniWg@ 200046¥peat s. The gaps bet ween product peaksPaTS8Gea9eeBI®HY t he
presence of an AGG interruption within the CGG repeat 5 stretch, which
destabilizes any uTP-F or mlP-F prinmer that anneals to it, thus preventing
extensi on products fromformng. Only annealing to uninterrupted stretches
of 9 or 8 CGG repeats results in robust extension and uTP- PCR and mrIP- PCR
anpl i fi cat Faguneodlicts, ar esphenavityilloskirgtiiens afhowee f budnedpanmt of
GeneScan traces FMR1 | ex TP- PCR products fromthree female I es
W odiTt el BURter NEPOF X R BhER e P RAC L L L1 OrESTs P ey ol
CeneScan FAMsard-BNED t paeesdfresanpl ehAA20288¢+t cofisi d@iiiurd 5 M dul & teandom
XCl state. Mddle row, GeneScan traces of sanp suggestive of

| e. NA20236,
skewed XC bHSE @R ta A SIS DL ATRA ngPfal Mg By tapeat 2l ESesCar &%h t he
[ nactive XpgfOmeenne, oBebiomyhow, P085¢80 {£agasn0lsSaTP! & MED230
suggestive of skewed XCI whereby a 20 nmjority of the premutation -
(200- r epeatntdlsegises e Hrrartks imcthomn X chronosonme. Figure 7 shows
GeneScan el ectropherogram traces of nale sanpl es obtai ned using nmsTP- PCR
procedure. Repeat sizes 25 are in accordance to information provided by
Coriell cell repository, where applicable. Figure 8 shows GeneScan
el ectr opherdgyuars 2f ikermnl ecisampt bs uilngtratRPoRCR Privceduhe. Repeatcesi zes

are in 30 accordance to information provided by Coriell cell repository,
wher e aPpl ClafRSene® 281 Y1 Ha6528PEFIBE2016/ FVOETE Fi BEiBSY SR 1T i ng

peaks of UTR (l;ef t‘ahé‘n@r%_ﬁeg Y da tPCRaREOQUE! SrOfu 1Bl 2 aBeR! ¢RI & sanpl es

usi ng nsTP- PCR procedure axi s: negative derivative of fluorescence with
respect toetliepgropheticgrafenpatderns i nstngs Fhgurmes TR- RIFBDwW Biasahedeyzer

eLectTOPMOLRLS iglId 25y ipdTE (LELL), BnRofP CLRILLEGR wisduet= 3f
uninterrupted stretch of triplet repeat (solid arrows)
15 will be extended successfully, while those that anneal
over an AGG interruption or the unique flanking sequences
(dotted arrows) will fail to extend successfully.
Consequently, triplet repeats with AGG interruptions
should generate PCR products which differ in size by ~30
20 bp if the allele is unmethylatéd (A). If the allele is
methylated (B), pairs of PCR product peaks‘separated by
gaps of ~27 bp should be observed, with the twb peaks of
each pair separated by 3 bp. If;ﬁn allele cqhtainéia‘pufé‘
CGG repeat, an allelic ladder of:PCR product-peakstili be
25 observed whether the allele 1is unmethylated E(C)v or
methylated (D), with a characteristic cascading pattern of
decreasing peak height with incfeasing product siie. For
simplification, the 5’ tails of the uTP-F and mTP-F
primers are not shown in this Figure. Numbéred boxes
30 represent CGG repeats, while black boxes in - repeat
sequence represent - AGG interruptions. Numberé ih grey
background indicate the total nuﬁber. of triplet repeats

present in the successfully amplified PCR products.

11



10 Figure 11 shows the principle of the direct triplet-prinmed PCR (dTP-PCR)
assay. Figure 12 is a schematic illustration of how the presence or absence
of AGG i 'wenpupHbdfs af fects priner annealing 15 w t hi nPCRSGRIT0PDE6 r epeat ,
and the resultant PCR product el ectropherogram patterns obtained using
dTP-PCR procedure. Only those prinmers that anneal conpletely within an
uninterrupted stretch of triplet repeat (solid arrows) will be extended
successfully, while those that anneal over an 20 AGG interruption or the
uni que fl afkigwFeseduehtesd (dehemdtacrowb}usktratianl ab eereedesiedasst ul ly.

(A) Consequent| triplet re eat W|th AGG i nt rutlons hould erate
clusters o#ﬁ Srcg thCt peelaégc %anﬁ)eak%af%e]é‘g%h cF1 faér 5@%’ ated by

3bp. O ust el hofl apaaks splee iSERAr at:egllasi byime€l eBCRZ@Te @he- 18vRP Wd no
peaks. (B) If an aIIeIe contains a pure CGG repeat, an allelic |adder of
FOR producttep&alts wilam bt Hwr Xrat vﬁl?ﬁ“%lchaPééﬁéFPEﬂpérca§é‘51d| g ldat tern

of decreasigReak heiight M4 Fdgreasi ng product size. For sinplification,
the 5 tails of the uTP-F 30 and mIP-F prinmers are not shown in this

Fi gure. Numbered boxes represent CGG repeats, while black boxes in repeat
sequence represent AGG interruptions. Nunbers in grey background indicate

PR pr oduct ot o 3011 Bits FHRET Bb10) D003TR R olie e | € HoSEHEAL ¢

iI'lustrati cenefScaepr eseptat i y€ fLDP+PSReNdin®| eClF-RIFEr Qfcaadqal t %I‘fﬁ:%rﬂf ter
di rect (ﬁrlpl et-prined PCR of the FMRL CGG repeat from archetypal nornal,

premut =Y i ofUPAEE f ngerm’E‘ﬁTFoﬁcﬁ‘al e a‘i’ﬁfl?%? 2Enown FilNf e SEARFGIS CEAM

(bl'ue) fluoreseant ;S‘#é}ﬁ?@@eléﬂaeﬁe oy TP PER: PHAdYER 2f L 86 E%Eﬁélel rect
TP- PCR of genotype known DNA sanples of normal, prenutation and ful

mut ati on mi‘lhes vdivd nehal’es . PAR) Fragee dbe shloown GeapScahedlebur mﬁéq:@gr am
traces of - Ies obtﬁhned usi ng dTP- PCR ep S|zes are in
accordance o |§I1%ormapl on provi (}1188 gy Scor &P egell%lé/pos%?)(%r SAwver & %
appl i cabl evikiugurieat6 cshovise £epeSean ptectropher ogran dbaces ahthemmlie 15
sanpl es_obt ai ned using dTP-PCR assay. Repeat sizes are in accordance to

i nf or net i of 13Fovic@edPBRtedri el | TOESI r &96Silt oy RKer @ fapFGtcaBE®eats

Figure 17 ggg%d%@egg@n lellt%gtrru%q%rn%gramtraces of dTP PCR 20
anplification products fromIOng (left) and I ng (right) of genom c DNA

Figure 18 shows nelting peak patterns from.normal, prenutation and full
nmut ati on nmal es and fenal es obtai ned 25 using dTP- PCR assay. Figure 19 shows

o L YEEEASHES! 9PILE) CHLOULRS Rl JOLIR) o ENLAL! LA Vi
structures from electropherogram trace patterns obtained

20 using msTP-PCR procedure. Shown are the FAM (uTP-PCR)
electropherogram traces of (Al) a 29 repeat allele with a

9+9+9 interspersion structure, (Rii) a 30 repeatf)allele'
with a 10+9+9 structure, and (Aiii) a 30 repeatfgelielee
with a 9+9+10 structure. Determiﬁihg the AGG:intercuptiohé

25 in large normal and gray zone alleles is also poséible éS 
shown in the following samples (Aiii) a 41 repeac normal
allele with a 9+9+21 structure, (Aiv) a 46 repeet gray
zone allele with a 9+9+13+12 structure, and (Av) a 46
repeat gray zone allele with a 9+36 structure. Alec showﬁ

30 are the NED (mTP-PCR) electropherogram traces of (Bi) a 29,
repeat allele with a 9+9+9 structure, (Bii) a 30 repeat
allele with a 104949 structure, and (Biii) a 41 repeat

allele with a 10+9+20 structure. The numbered grey boxes
12



Figure 20 Shows the design of priners against the CGG repeat region of the
FMRL allele. The dTP-R priner is WD 2011/ 046518PCT/ SG2010/ 000396 "tai |l ed"
with a nowospawisiie . sequence in its 5 half, while itspg8sicabfooomesi sts of
5 CGG triplets, which enable annealing within the triplet repeats. The

Tai | R primer anneal s only to pre-anplified DNA containing the tail 5
sequence. TAeifcatgar¥CHr PreAuEtss el igul v t AhFarhndifas st hewmber of

il lustrat e%l@%f&%-a{ CEYNCR %G@bﬁsga g af A%ltﬂ%]ff{% 9@,&9&% {REL§ PN 1 Mer

anneal i ng wi thinthe pl'et” repea §°t he T1es duct’s
fol |l owi ng &gel irfepeattisan. m ywdpwosiee préamr srodatt apaeik a@arplceheleﬁ Y
wi thin an un| nterrupted siretch of trlpl et repeat, w |l be extended

successf ul e BT Ffoset t ARt AGHn AT GFP R TAGE Finter Fpt F6R SPPeRE

uni que £ ankiag $EAUANRCES Mddadail-do & emPSpcsgsl%&prypr&ﬁeEl gung 21
shows FAN (bl ue) f1 uorescent GeneScan traces of 5 dTP-PCR products after

EMRL 5' dTRNPER1sf génolfy'petlhm@mpDRMegénrerse@ten@lml pIpTCbmjltsat ifeemand
full nmutati | es e enl arged. vie ea dders of
prenut at i or?ggﬁng%fgul I&nﬁlt at :}%naqsangplhte% %Arleﬁtg%rﬁnpl A tﬁ ﬁgChgse pto§ '
total nunbér afc G¥peepeatssubtiudnngodGESt nixerdriiptdronsnd Fugap‘ecﬁz asldows
FAN (bl ue) and _NED (bl ack) fluorescent GeneScan traces of 5" uTP-PCR and

5' nTP- PCR PHOaicEs aPrlert 155 tdopy & EWRE 5" LTASHSPER Y -genot ype- known DNA
sanples. of normal, prenutation and full nmutation males and fenmal es. The
uTP ant® nTP PCR traces are shown separately by-masking the NED and FAN
channel s, respectively, for ease of visualization. rpts: total nunber of
CGG r epeat ?%(ﬁ N3OS ABBIPREBERDBt RS S CRINg e B sABWEMRANAEBILE®) and

NED. (bl ac u a [ R2--P

product s aﬁ er g%%m%ﬁ%w#%%feo?&g%%%t %/-%351%50 ng)ﬁlAgllffe%gs of WO
2011/ 04651&8%36%016f000&%rm3mﬁe fremttiata tdrorand xtal . rrutTaip omomal es
and femal es. The uTP_and niTP _PCR traces are shown segar atel maski ng t he

NED and FARCERZGRE AN e3P CIEIFQeItﬁacleSr FastP1%i Lhabezati Gﬁnsllﬁlt§ntt ot al
nunbery of GEenr epeat sabmckbdi RG st e. Middle row, GeneScan traces of

sample NA20236, suggestive of skewed XCI whereby a
majority of the normal (3l1-repeat) alleles .are on the
inactive X chromosomé. Bottom row, GeneScan traces of
sample NA20239, suggestive ‘of skewed XCI whereby a
20 majority of the premutation (200-repeat) alleles are on

the inactive X chromosome.

Figure 7 shows GeneScan electropherogranl traces fbf malé‘
samples obtained using msTP—PCRf:procedure. fRepeaﬁf:éizés
25 are in accordance to information provided by Coriell Celi

repository, where applicable.

Figure 8 shows GeneScan electropherograms of . female
samples using msTP-PCR procedure. Repeat sizes are in
30 accordance to .information provided by Coriell cell

repository, where applicable.
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5 AGG interruptions. Figures 24a-d show 5 and 3' direct and

nmet hyl ati o

nspecific uTP-PCRs perfornmed w thout the Tail prinmers. 10 F

gur es

25a-d showmo201126518' direct and net hyl ati onspeci fi c uTPPECRG20@M0b6306Ed Wit h
repeat-annealing prinmers without tail sequences. Figure 26 is a
illustration of multiplexing both 15 5 and 3' duplex nmsTP- PCRs
in one Si n@llgurr@ac%ﬁdeSTAB?_ESL%m%a]is @fl %Psmééﬁt naadpMTH ceright)

schemati c

of sodi um 2

h d I el
2. Male ge%(g’irﬂﬁ iglf){{é\ﬁgtyleoggs ﬁ‘r omy I<r’il(itie?fla r;elrretﬁg ategolr:;\/@rlngesmes ded For

Tabl e

assay opti mirsajeidure afndalefs vatégtat i on. ddabl gt Bve FeﬂHEQuQQ@@@e@c@\WIlS:&ﬂm es

fromi Cori
val i dati on

ell Cell Repository lines used for assay optim zation and
respefiplte £1Msr deresiifsed SPSEANYYS ddt i dn of sodi um

bisulfite-treated methyl ated and unnethyl ated FMRL all el es for screening

usi ng
Pri mers us
sanpl es fr
5 validati

DNA nelt curve anal ysis. WD 2011/046518PCT/ SG2010/ 000396 Tabl e

of F Table.6. Ml enom.c

5

i f t
%ﬁﬂ'&%ﬁagﬂ' T B ePray FineS | SCbHOPDE TaC48y DRt TSt 1t and

rp Taklm)7.aikermte gen@m r PR §988h@§sf6@”E€%Hﬂ@|sa Tles.

Repository Ilnes used for assay optim zation and validation. 10 Table
Primers folN-&Xigi:r ddfuoIRpRERCEe units; X-axis: size in base palrs

10

Figure 11 shows the principle of the direct triplet-primed
PCR (dTP—PCR) assay.

Figure 12 is a schematic illustration of how the presence

15

20

25

30

or absence of AGG interruptions affects primer annealing
within the triplet repeat, and the resultant PCR product
electropherogram patterns obtained using dTP-PCR procedure.
Only those primers that anneal completely within an
uninterrupted stretch of triplet repeat (solid arrows) will
be extended successfully, while those that anneal over an
AGG interruption or the unique flanking sequences (dotted
arrows) will fail to extend successfully. (A) Consequently,
triplet repeats with AGG interruptions should generate
clusters of PCR product peaks, with the peaks 'in each
cluster separated by 3bp. Clusters of peaks are separated
by a elear zone of ~18 bp with no»peaks. (B). If an allele
contains a pure CGG repeat, ahﬁ allelic ladderl:of PCR
product peaks will be observed, with a characteristic
cascading pattern of decreasing peak height with inereasing
product size. For simplification, the 5' tails of the uTP-F
and mTP-F primers are not shown in this Figure. Numbered
boxes represent CGG repeats, while Dblack boxes in:repeat
sequence represent AGG interruptions. Numbers in grey
background indicate the total number of triplet Jrepeats
present in the successfully amplified PCR products. |
14
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Table 9. Priners for 5 duplex msTP-PCR 15 SEQUENCES Sequences SEQ ID
NG 1: First Forward Prinmer for anplification of bi sul phitetreated DNA
havi ng a wargsir@eitience 20 correspondi ng to unnet hyl at e@#CDNG20100893¢6l Wi t hi n

the trinucl eotide repeat sequence. SEQ ID _
NO: 2: ReversePrinmerforanplificationof bi sul phite treated DNA having a

t ar get sequeiiaTs &8 riks p@ndsﬂQGM@tyﬂmlﬂwgﬂmi?ﬂA b@ca%@grﬁéemaﬁhge
trinucl eoti t .sequence. .SEQ | D_NQO _3: Secon orward Priner, having a
sequence mﬂghg%%%feenstpo% scr{troO 58 9T L R tceemogf_ 15NGTE B0 1D
NO: 4: Fi r st promwat de@Ri o€r ther = i ¢tcakikpaaefl fhiosulaiHea igzaatash-fNA
havi ng a targetseqguence corresponding to nmethylated DNA | ocated with the
trinucl eot i%%“i”é&gétonse&@@néé.ll WotadieronssesPard SEPNabeEe00396 SEQ | D

NO 5: ReyersePrimerforanplificationof bi sul phite treated DNA having a
t arget sequence corresponding to nethylated DNA | ocated 3" of the 5

trinUC|90“ﬂ¥§d¥a“¥ﬁ SROYEN¥BM (blue) fluorescent GeneScan traces of
dTP-PCR products after FMRI direct;TP—PCR of genotypefknoWn
DNA samples of normal, premutation and full mutati@n males

and females.

10 Figure 15 shows GeneScan eleqtropherogranl traces of male
samples ‘obtained using dTP-PCR assay. Repeat sizes are in
accordance to information provided by Coriell cell

repository, where applicable.

Figure 16 shows GeneScan electropherogram traces of female
15 samples obtained using dTP—PCR'assay. Repeat sizes are in
accordance to information provided by Coriell cell

repository, where applicable. .

Figure 17 shows GeneScan electropherogram traces of dTP PCR
20 amplification products from 10ng (left) and lIng (right) of

genomic DNA.

Figure 18 shows melting peak; patterns . from ﬂnOrmal}
premutation and full mutation males and females obtained

25 using dTP-PCR assay.

Figure 19 shows Bioanalyzer electrophoretic profiles of
normal, premutation and full mutation samples obtained
using dTP-PCR assay. '

30
Figure 20 Shows the design of ,primérs against the CGG
repeat region of the FMRI allele. The dTP-R primer is

15



SEQ I D NO 6: Second Forward- Priner having a sequence which corresponds to
the 5 sequence of SEQID NGO 4. 10 SEQ ID

NO 7: ReveweebriigresiBor anpl i fi cati onof untreated DNA havi rgTaGRemn@ed3ssequence
| ocated 3' of the trinucleotide repeat sequence. SEQ ID NO 8: First Forward
Primer for anplification of 15 untreated DNA having a target seguence

| ocat ed wi {'Itien lehl& twﬁ.hth@otﬂQie-Smaﬁicse(ﬁmm@EQihD NS 9: Bec drad firor war d

i h h the.5' f S
NGB 20 SEBB NOLL0, AV BB HErd Of bl T PP oatBAGE ot T4t o DR havi ng

a target Seﬂu%ﬁQe_nlgOCﬁfLEHlB e t rte_ltpmetuclr@@bed% repepat SEOQUENER-imey SEQ
ID NO 11: First _Forward Prinmer for anplification of untreated DNA having a
target seq@@R€élPocaféd wrPhiPrenamptihbefedtie Fe¥PeRtnRGudhee. tail ~sEQ

| D NG or h egue C es to
oS 12, SERRACEONY RO BRSS9 eR 0 Nl o CprieoRans

forward prsmbemedigr |Js]1]ngsiaram©$ ehowamhcé spreeanes complaebmﬂc&r yofo A&G

| o d h | eotid t
2011/ 046518PCT SBIGTOTGOGITE U ch WAy o8 T ornad i Th Ay blie 4F et

sequences ebp8EQ,| D ARB: 16tH8 t ors@Titce: a f}m'pwar bryduRis i nf@qq%ﬁal@ce
with the disclosure described herein.
amplification. Only those prlmers that anneal completely
10 within an uninterrupted stretch of triplet repeat will be
extended successfully, while those that anneal over an AGG
interruption or the unique flanking sequences will fail to

extend successfully.

15 Figure 21 shows FAM (blue) fluorescent GeneScan traces of
5’ dTP-PCR products after FMR1 5’ dTP-PCR of genotype-known
DNA samples of normal, premutation and full mutation males
and females. The enlarged views of the peaki'ladders of
premutation and full mutation samples. are shown in the
20 1inset. rpts: total number of CGG repeats including AGG

interruptions.

Figure 22 shows FAM (blue) and NED (black) fluorescent
GeneScan traces of 5’uTP-PCR and 5'mTP-PCR producﬁs after
25 duplex FMR1 5’ msTP-PCR of genotype-known DNA samples.of
normal, premutation and full mufation males - and femélé§:
The uTP and mTP PCR traces are shown separately by’ masklng
the - NED and FAM channels, respectlvely, for ease of
visualization. rpts: total number of CGG repeats including

30 AGG interruptions.

Figure 23 shows FAM (blue) and NED (black) fluorescent
GeneScan traces of 5'uTP-PCR and 5'mTP-PCR products after

duplex FMR1 5’ msTP-PCR of genotype-known DNA samples of
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5 SEQ ID NO 16 -18: A portion of a forward prinmer that may be joined with
any of SEQ ID NOS: 13-15 to forma forward prinmer in accordance wth the

di scl osurwoaeswussfaed herein. SEQ | D NO 20: Rever sePri nertosanaploiobésoat i onof
10 bisul phite treated DNA having a target sequence corresponding to

met hyl ated DNA | ocated 3' of the trinucleotide repeat sequence. SEQ ID
NO 21: For wardRdi, mpfematpgt 1 61 candonofl 1 smuhatéanedads harnd ndg ematlesget

sequence | t ‘.0 i nucl eotide repeat sequence. SEQ | D NO 22:
Rever sopr | HUET S i 1 ibr e 888 | 2 SPGB BRSO e Ry v aDTarga ihuence
| ocated W thien tNE® 2@ndri masl eechiat@enepeatrespaente 1SEQ If3rNOe23e Segond
Reverse Priner having a sequence which corresponds to the 5 sequence of
SEQ | D NO ¥15u2318BE1rD NG Bt viddr dPHTRRT f of afpfi FEESRIESndRHivsHNshi t e
treat eds DNAGRaviRQ & 1298l sequence |ocated 5 of the trinucleotide repeat
sequence. SEQ ID NO 25: First Reverse Priner for anplification of 30

bi sul phite treated DNA having a target sequence corresponding to

unmet hyl at DNA _| oggted within the trinugleot.ide. .repeat sequence. WO
2011/ 04651§gé’|’/”§(§20%8?0g03§ ¥ |D‘N&i‘2g’? Fo@'.tlv\l/éercdcpr i%?ei;f“&%ﬁ(pﬁ%flio@ati onof
bi sul phit espeedtred DNA-FaRsN@ea foam@el wsegquenceHoortiad & imfrd he

trinucl eotide repeat sequence. 5 SEQ ID NO 27: First Reverse Primer for
anplification of bisulphite treated DNA having a target sequence

cor respondigdgutasTebBylat ednONA bocaled Wt hi Ahe t Hiucheehidg ciepeat
sequence 10Définitions '
specific uTP-PCRs performed with repeat-annealing primers

without tail sequences.

Figure 26 is a schematic illustration of multiplexing both

15 5’ and 3’ duplex msTP-PCRs in one single reaction.
TABLES

Table 1. Primers used in - amplification of sodium
20 Dbisulfite-treated methylated  and unmethylated FMR1

alleles.

Table 2. Male genomic DNA samples from Coriell Cell
Repository lines used for assay optimization and

25 validation.

Table 3. Female genomic DNA samples from ;Coriell' Cell -
Repository lines used for = assay optimizatién‘ .and' 
validation. '

30
Table 4. Primers used  in amplification of ;‘sodium
bisulfite-treated methylated and unmethylated FMRI alleles

for screening using DNA melt curve analysis.
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The follow ng words and terns used herein shall have the neaning indicated:
The term "trinucl eotide repeat sequence disorder” refers to a genetic

di sorder weusad4bsrsan i ncrease in the 15 nunber of trinecirsctigmosmepeats in
certain genes exceeding a normal, stable, threshold, which differs per
gene. This termis intended to include all disorders of this nature,

whet her reffébded &t-0 & imErfucisEst iide aupddti ef siorar’s  FMRY raklebt$ de repeat
expansi on disorders or triplet repeat 20 expansion di sorders. As used
herein the term"region 5 of the repeat region” refers to a nucl eotide
sequence 5Tabflet [6e t Maluc| epdrichel ¢ epedd  seguehes. Thos r egiraelmmy ded 1

| ocated i nmedi ately adjacent to the trinucleotide repeat region or 25 may
be | ocat ed REPSSHE Fom tRAESSr i nHEPEOt | HRT r ep2R2Y egitt1Mizatiofhe B4

"under anpkifi;catd;p conditions” refers' to an anplification reaction, for
exanpl e an enzynme-nedi ated reaction used to anplify a specific target

nucl eoti de 30 sequence in a tenplate nucl eotide sequence. By anplifying the
target nucheghide sequenae | netfig; LeTBAL e f0FL eaction draduces Jmny mor e
copi es of the target nucleoti"de 'séquence to" oduce an anplicon, anplified
product or Remplsiftioegt i onipeeductisedhi sfés usedsdy whespbtimiation  and

2011/ 046518PCT/ SG2010/ 000396 bi ol ogi cal sanple contains only small anounts
of a tenpl Y 1HGEHE8i de sequence. One exanple of an anplification reaction
is a "pgl ynerase chain reaction (PCR)". PCRis carried out with the aid of
thermal cycler 5 in a mxture containing a polynerase enzyne, a set of
primers, f&abdea®pl e Paigwtrsoff frorMardd raet (TR&HEe priners and any
additional priners that may be required and four deoxynucl eotide

tri phosphates (dNTPs). As used herein, the term"anplicon", "anplified 10
product or TabXjel iof.i c#tdiee i3y GAUCS” IRfdres: s TPqariluct of an anplification
reaction. ‘An exanple of an anplicon is a nucl eotide sequence produced as a
result of PCR, real-tine PCR, RT-PCR, conpetitive RT-PCR, |igase chain
reactipf (lsgBuengdy LCR strand di splacement anplification (SDA), 15

nucl ei ¢ aci d sequence based anplificati on(NASBA), transcription-nedi ated
anpl i ficat Sequen®s, or the |ike. The term "conpl enentary", as used herein,
refers to a nucleic acid sequence that is conplenentary to a specified

nucl eic acid sequence. It is well known-in the art that 20 each nucl eoti de
of the priwen ap moehe camwifreim arbydsegemrharRd Wdh ahslcounherpar bt ar get
nucl eoti de. For exanple, the conplenmentarity of priner or probe with the
target seqtdftePidt&ssedI€@ ey t h&Ngegr 88 VANIA: Taand tergehase SEAUENS§, such

that %ﬂ)ad%BEQ%s%é%dﬁ%%leridguﬁﬂgﬁnyGJHEiDNA located within the

trinucleotide repeat sequence.

SEQ ID NO:2: Reverse Primer for amplification of
bisulphite treated DNA having a target sequence
25 corresponding to unmethylated DNA located 3’ iOf the

trinucleotide repeat sequence.

SEQ ID NO:3: Second Forward Primer having a ééquencé
which corresponds to the 5' sequenée of SEQ ID NO:1:

30
SEQ ID NO:4: First Forward Primer for iamplification of
bisulphite treated DNA having a target sequence
corresponding to methylated DNA located with the

trinucleotide repeat sequence.
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25 thymne (T), and such that a guanine (G nucleotide pairs with a
cytosine (C, or vice versa. In the RNA form T may be replaced by U
(uracil).wonoomassaganpl e, inosine may be included in a peysencw/oaasi der ed
conpl ementary to-another sequence, in view of its ability to

indiscrimnately pair 30 with adenine, thym ne, or cytosine. The term
“primer” is used herein to nean any single-stranded oligonucleotide
sequence c bl ei ng.used as a Jr.iner |n for exa CR tech Iogy
Thus, a "p%gﬁel% g@cgrdlngeverﬁhe di“scl"osur e re?ersa?g Agra&™ st nded

WO 2011/ 046518RPCHi5620104-00Q3Y6 olDNgonuakeahigde eequea@@etthat segueapabl e of
acting as a point of initiation for sgnthe5|s of _a priner extension product
that is suE@FéﬁﬁP&Pﬂ%nﬁdeﬂﬁPcaWeFBYQH SRucIW%e atpaesefand’t o Be cépiced

(for a dorward RRLERE 0L ?e%%b %%@gn%kly the reverse conpl ement of the
nucleic acid strand to be opi e or a reverse primer). A primer may be

suitable for use in, for exanple PCR technol ogy. By single-stranded.

i ncl udes, h t I t ded
nucl oot 1 de SBqInNRe 0710 SCEOncn ESRUEREn o7 Hepr i eV For “ex ARDIEoFs

| engt h andwspeei f i b@r&e@peﬁ@e,, t@em@% o e nirt Wre sme tire Naarget
nucl eoti de sequence and on the conditions at which the priner is used, for

exanpl e, tenperature and ionic 15 strength. - The prinmers may consi st
of the nuckeet irdeyseqguences deseri bad. may Re; 0 %§ 20 5, 30,
35, 40, 45, 50, 75, 100 or nore nuclec#lﬁg ?%h conprise or f %

W thin theuseqeeMedsHE%CMahedghermargqnose@edntheﬂoaa&a@ﬂRabbé fraue
specificall .bin tar et sequence, under stringent conditions. In one
enbodi ment © H@CgFPﬂég sé& &fike SPEYSESE t han 35 nucleotides in length, for
exanpl e the primer sequence is less than 34, 33, 32, 31, 2530, 29, 28, 27,
26, 25, 24, 23, 22 or 21 nucleotides in |ength. Sl i ght nDdlflcatlons
of the. priSEEr$DoNOpBsebe §irish I%ﬁ@V%r@rEﬁﬁﬂ§éQU§ﬁéeaﬂ@%ﬂﬁkﬁ%%#@@e@fout to

Mmai Nt 8§ tﬂﬁt%@a%@é“dﬂé“ﬁé& ?%&Eb%‘%% R e d &P@h@ VeHe

ci rcunst ances. In one enbodi nent o present disclosure, pro es and/ or
prinmers descrhinbedebérneien repyalie sextuemded i n | engt h by 1 2, 3, 4dor 5

nucl eoti des or WD 2011/ 046518PCT/ SGR010/ 000396 reduced in length by 1, 2,
3, 4 or 5 nucleotides, for exanple, in either direction.

SEQ ID NO:9: Second Forward Primer having a seguence
which corresponds to the 5' sequence of SEQ ID NO:8.

20
SEQ ID NO:10: Reverse Primer for amplification of .
untreated DNA having a target sequence located 3’ of the

trinucleotide repeat sequence.

25 SEQ ID NO:1l: First Forward Primer for amplificafion of -
untreated DNA having a target sequence located w1th1n the-

trinucleotide repeat sequence

SEQ ID NO:12: Second Forward Primer haVing a sequence

30 which corresponds to the 5' sequence of SEQ ID NO:8;

SEQ ID NO:13 -15: A portion of a first forwardﬁ'primer
comprising a nucleic acid sequence complementary to a

sequence located within the trinucleotide repeat seqguence
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Primer sequences can be synthesised using any nethods 5 well known in the
art. As used herein, the term"nultiplexed" refers to a multiplex PCR
anpl i fi cavpapivgedsi on. A nmultiplex PCR reaction perm t $CTISG200108¢396 on of
nore than one tenplate in a mxture of tenplates by the addition of nore
than one 10 set of oligonucleotide prinmers to the anplification reaction.
As used her&i¥th tiy t BEmictiaegetwisdyueny ebneefody sth® aegeghorsofofa SEQ

nucl eot i de ce -t i C rimer. specifically hybridises, that is, a
regi on Wtﬁ%ﬁmqlﬁgﬁ'?ﬁe?%\gq& irbn%?&ﬁ%% par ?Ié‘fa]fcﬁ. g.r)ig\he h soffe aodecd)rre%arbcfe

m smat ch) oritttottdle idderdilidyiralddmigibddendevaise primer is the reverse
conpl enent (or, as above, has sone degree of m smatch) of the sequence it
recogni ses. 20l n one aspect, the term"conprising” in relation to the
priner sequerces .Cll'd .her gy ; nsi o..naclud q es
that are extendedqﬁqldegg{éh byqlfbcgzg,atylé?%fgrég%ggggt Pég&e%f gtrhsagtxa e, in
ei ther dir&stibninebA8ibtsednercdi nSEQ@ h&Dt &lO®:'li3sdlbateul” foeans tiatwaard

| eotid f | e . | i l eotid
ot her sequEtceT's ‘SUBSTRRTIAITY “or- Tbodtntl 1917 186 5 1 e hder of

t he human , genone and associated cellular or other inpurities. This does 30
not mean that the nucleotide sequence has to have been _extracted fromthe
human genome? & A& 2G:he RsdGidtce OUIREDe af8ynt hempé i6icertdrad sexfuence.

VO 20144 046518REH:9@0104Q003%6 pua  ApiSed herei n,. the term, - nycleoti de
sequence" rreansgg/ny si ngl e or doubl e- st réilﬁe% RNA or ﬁrﬁ%%r%l e(r:gtﬁqe, Llllséuech as
MRNA, cDNACcang sponoiting DNfe  Asetibgdaliedei MNA helbernedt ridfucl et i dée epeat
5 sequence’ r.eferse tQ A %ee%i on of a gene that includes repeats of a

a

trinucl eot irda "SEGTETEES FSESFAr v S Mifver from i ndi vidual allele to

i ndi vidual allele, and which can range in nunber from2 to >200 or nore.
10As used ‘herein, "hybridi zes" or "anneal s" nmeans that the primer or
ol i gonucl e6tRde X 8 la ndrew@dident Fmitaract i Barwi t Amphéfigpgéennuclod ¢

acid ec I d : ringceé]% ondj. 1] . rijner
ol i gonnﬁtjlzl egth{%&%%%%f %@h@%gégét gi n no e-iﬁyg?{q %fz??%gl %%ﬁc%é]‘l Q%ti §gs tthheat do
not i nterf&rénwiclieoftddel mgprelé seauevaeent interaction, e.g., a 5 unique
tail sequence or a restriction enzynme recognition site to facilitate
cloning. By "unique tail sequence"” is neant a sequence that

SEQ ID NO:22: Reverse Primer for ‘amplification of
untreated DNA having a target seguence located within the

20 trinucleotide repeat sequence

SEQ ID NO:23: Second Reverse Primer having a sequence

which corresponds to the 5' sequence of SEQ ID NO:21.

25 SEQ ID NO:24: Forward Primer for amplification . of
bisulphite treated DNA having a taiget sequence loéated 57

of the trinucleotide repeat sequence.

SEQ ID NO:25: First Reverse Primer for amplification of
30 bisulphite treated DNA having a target éequence
corresponding to unmethylated DNA located within the

trinucleotide repeat sequence

20



20 does not hybridi se under stringent conditions to any region in a

nucl eoti de sequence to be screened for the presence of a trinucleotide
repeat seW0enti046ABl Tail priners were designed to fit PRE/SGI106VI3G
criteria: Less than 65% conplenentarity to human genom ¢ 25sequences,
determ ned by NCBI Bl astn search on the human genom c and transcri pt

dat abase. SFRe IDaiNO :S&uerfcarwivet notr ogtai nfarseqaewde fofcamdoa t harf 4
nucl eot i deg. .t .8 C t o the other priners in the sane, .,
reaction. %(}Sﬁgtp&slec? ﬁgeg)éeaf\{r?d]a%%'ﬁ?ﬁ?%i%a ?Sﬁ’gti § 58P 6 &’cﬁc?éjr >
stringent edndihe ansnubiedterds "rsigdatgesdqueansd f i ons” means any

hybri di sation conditions which allow the prinmers to bind specifically to a
target nucl eoti de sequence. For WO 2011/ 046518PCT/ SG2010/ 000396 exanpl e,
hybri di satises gfp JCRRAEr fi0-& t AEGEL sBUG Ol de $3equeRSe; HdEr 1 Rt rdMgent
hybri di sati on conditions, is specific hybridisation, and I ncludes

condi t i ons bdise pds tX SICead.eho SDSA at BEnNdgThe aski IHaetygger s@edurowse how

to 5 vary the _paranet.ers of te rat.ur.e, .-pr | ength anpd salif. :
concentr at icgﬁr%%gﬁrﬁiﬁg sp%%i fiqr%%ﬁ]%}r’ait(ﬁdsat &gﬁ c;?%ﬁ}e]aeaoghi ‘é%g}?n the
Hybri di sat iten nand ewashiec argiddtonsequenaeel | known and exenplified in, for

exanpl e, Sanbrook, et al., Ml ecular Coning:. A Laboratory Minual, Second
Edition, 10 Cold Spring Harbor, N. Y., (1989), particularly Chapter 11
t herei g "Specific binding" @erifNfGiddsL hybridisation” of a priner

to a target sequence neans that the priner forns a 15 dupl ex

(doubl e- st r ande@heuci ®lotdviens equreasepnvi tte qper tusdd t heré angehaséquence
regi on or '%hmt he .%nti.re A art%?% sequence as required, under the

exper i ment & ScBRG I G e " 5%Gr exanpl e under stringent hybridisation

condi tions, andThkat terger “thase caerdiideons ehe tpr isRfuaik does satddor m a
duplex with other regions of the nucleotide sequence present in the sanple
to be anal y§€8rs to 2 gepethacPésPrderscqisicePprakehnedchsreiln ahe

conti us 5 3 i e aer W d i . The
term %%Pgin%%ferdgutoéoﬁggdo%%l %gﬁc oef\}f%%e ifl?l %Egg%ggt yg?%fso%gg?ae?%qlg t he
f OUr nat ur al nproedur istgpldeox yrh testucl @otwilesh dATPerdCHPr gdGEP armthidT TP,

22;;Pe?r?89%% gﬁké%ggﬁgﬁﬁg%?t ?gég@ﬁgge;fi[gig%¥§%£§wb§0§¥i;bhg€%¥é¥“v
whether referred to as trinucleotide repeat disorders,
trinucleotide repeat expansion disorders or triplet repeat
20 expansion disorders. '

As used herein the term “region 5' of the repeat
region” refers to a nucleotide sequence 5’ of the
trinucleotide repeat sequence. This region may be located
immediately adjacent to the trinucleotide repeat region or

25 may be ‘located' distal from the trinucleotide ‘repeat
region. | | |

The term “under amplificatiohzconditionsﬁ refeféﬁtOn
an amplification reaction, for example an eﬁzYme—meaiéted
reaction used to amplify a specifié target nucleotide

30 sequence in a template nucleotide sequence. By amplifying
the target nucleotide sequence in the template, the
reaction produces mahy more copies of the target
nucleotide sequence to produce an amplicon, amplified

product or amplification product. This is useful when a
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cells froma patient that has been obtained from renoved or isolated from
the patient. The term "obtai ned or derived from as used herein is
meant to WO 208éd6318cl usi vely. That is, it is intended t®CTX802010/000396

2011/ 046518PCT/ SG2010/ 000396 enconpass any nucl eoti de sequence directly

i solated from_a biological sanple or any nucl eoti de sequence derived from

t he sanpl e PIPHORBCELs F5EPA iCAN bR Idve st E@lalde BOWHIXt d y" e.g. a
conposi tion waihch s ., t.ant i Jd£e’ ' ﬁ(q]ﬂaé/ npletely free
fromY. V\heree n%rgeessg@té%?hl?év\os?é u'Yesu egt é)ﬁ{e{ z%r%ay may e&(;m'tted fromthe
def i ni ti onaopltife catmient ireactddresis spepdlivec mdeeralisie) tdwctt srns

"conpri sing" ,2and _"conprise",. and grammatical variants thereof, are

| nt ended 1 PEBMT eseRE™ dere g o8 RtuA e §knqude U TR TIRLFT nel ude
recitedsel epent sikitirdl $OrReriMitng RCldesiae fscaddidynenala 48y agf t ed

el enents. As used herein, the term"about", in the context of 15

concent r at PEASCEE  c RPoREHY 16T a et erimficaiwasits and/ giced 1Se mERe sy - 5% of

the stated I re.typigally +/-_ 4% _qf t \, ypically
W oo (R S aqe iRl s s R )P B R S e
even nore tgpixyallcy evitd dEY%tafi thvesdiadteed (BITRs) .and even 20 nore typically
+/- 0.5% of the stated value. Throughout this disclosure, certain:

enbodi ments nayAse disscl odetkéima ramge fermat “amplshoul’d beampderfstaod
and sHOll dPROFTBE st PHOHE LA ah 38 PRPROREL) €SFAL did oh BROERE scipe of
the di scl og@d dnNAES cAGEH! ik dgEYioh headeskbinplicon 0fad sAPYec-sA0HL Jbe
considered to have specifically disclosed all the possible
nucleotide sequence produced as a result of PCR, real-time
PCR, RT-PCR, competitive RT-PCR, ligase chain reaction
(LCR), gap LCR, strand displacement amplification (SDA),
15 nucleic acid  sequence based amplificétion (NASBA),
transcription-mediated amplification (TMA}), or the like.
The term "complementary", as used herein, refers to a
nucleic acid sequence that is complementary to é specified
nucleic acid sequence. It is well known in the art that
20 each nucleotide of the primer or probe can form a hydrogen
| bond with its counterpart target nucleotide. For example,
the complementarity of primer or probe with the target
sequence 1is assessed by the degree of A:T and C:G base
pairing, such that an adenine (A) nucleotide pairs with a
25 thymine (T), and such that a guanine (G) nucleoti@e_pairs
with a cytosine (C), or vice versa. In the RNA forﬁ,'T'may
be replaced by U (uracil). 1In oné example,:inosiné:may béi‘
included in a sequence considered:complementafy to;ahofhér"
sequence, in view of its ability to indiscriminatély paif
30 with adenine, thymine, or cytosine.
The term "primer" is used herein to mean anyjsingle—
stranded oligonucleotide sequence capable of being used as
a primer in, for example, PCR technology. Thus, a “primer”

according to the disclosure refers to a single- stranded
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sub-ranges as well as individual nunerical values within that range. For
exanpl e, description of a range such as 30 from1 to 6 should be considered
t o have swecvfiiaadiky di scl osed sub-ranges such as from pcrsG3otofooesss 1 to 4,
fromlto5 from2to 4, from2 to 6, from3 to 6 etc., as well as

i ndi vi dual nunmbers within that range, for W) 2011/ 046518PCT/ SG2010/ 000396
exanpl e, 1ol2gogucieosidgndssuamie &halti ess r cgaadllessobf achdnigr easlt i of

t he range. : rtain. i S | so be.described broadly.and
genericall?oﬁgFef%E Egéﬁlggggﬁenﬁ%%r8&§¥h%5é%ié%fa%dlg:gﬁ%@eﬁéggg éPSUpings
falling w phoduche geaeriis dissblsestmta adliso fdeacpastl ofot Rehali aClcosure.
This includes the generic description of the enbodi nents with a proviso or
negative | Pfitfat S&haPEmFPngPENy COBRREECt (KRt eP f FOMMERE gBRGESIYegQFdl ess

of whetder sﬁ%s’ﬁ%httiﬁ@l1?X%}§@Eg£8§‘éﬁéiea'co%%ﬂe?neﬁp@%%i ¢ald ynfecdiedheyei n.

Det ai | ed description nplary, non-limting enbodi nents of a nethod

for screenstigahdr tan k= | @bpie@xphnsi on rievea ssampy ignenf) .a 15 pugheircmagi d

will now be disclo . | n one odi nent . of present. di scl qsure
there s pPovi SIS et AGH 615 stheentig THITRLEY | RO STt a1 epdat Y
sequence | Biaghielstgiagaledsamd idaer ebn $adathpTe!, hogh LopDh | sesutcharskep of
contacting a nucleic acid sequence 20 obtained or derived, fromthe

bi ol ogi cal £8&EPePinderIAdRpPi-FPRaetoR IS FRtidGh SagusRces. i) a.reverse
primer,gwherein said reverse prinmer has a target sequence in a region 3" of
a trinucl eotide repeat sequence.in the nucleic acid sequence; 25ii) a first
forward priner, Thiser@gsigai dff i sprimer, for example its length and

specific sequence, depends on the nature of the target
nucleotide sequence and on the conditions at which the
primer is used, for example, temperature and ionic

15 strength.

The primers may consist of the nucleotide sequences
described herein, or may be 10, 15, 20, 25, 30, 35, 40,

45, 50, 75, 100 or more nucleotides whiéh comprise or fall

20 within the sequences described herein, provided they are

suitable for specifically binding a target sequence, under

stringent conditions. In one embodiment; the primer

sequence 1is less than 35 nucleotides in length, for
example the primer sequence is less than 34, 33, 32, 31,

25 30, 29, 28, 27, 26, 25, 24, 23, 22 or 21 nucleotides in
length. ‘ '

Slight modifications of theg primers or proﬁés,: iﬁ

length or in sequence, can be caiiied out to:mainﬁainﬁthé

30 specificity and sensitivity reqﬁired under thé given
circumstances. In ohe embodiment of the zpresent
disclosure, probes and/ or primers described herein may be

extended in 1length by 1, 2, 3, 4 or 5 nucleotides or
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forward prinmer has a target sequence within the trinucl eotide repeat
sequence in the nucleic acid sequence and a unique 5 tail sequence; and
iii) a sewondiffasserd prinmer, wherein the target 30 seqeemnse:2efi/ohésessai d
second forward prinmer is a sequence conplenmentary to the unique 5 tai
sequence of the first forward priner to generate an anplified product
conpri si ng redudeducieotlicdgytitepeat lseqdenck. 4 or 5 Ahelewcides, adicd for
use in the presqpt dISC| ure e any nucleic acid, for exanple, in one
embodi nent , ﬁhcléﬁ@ d i %éé% %fie DNA may be genomic DNA. In one
enbodi nent the trinucleotide repeat expansion is 5selected from (CAQn,
(CE&n, (GCOnNn, (GAA)N or (CTGn wherein nis from1l - >200, for exanple,
from1lto 250 ﬁ@ﬂ“@%aﬁﬁQ¥QQQﬁﬁf¥QQ)Qﬂ SY%Fh%ﬁaﬁﬁﬁeu§F8ﬁ1QQYt@Q§@OQﬁ for
exanpl egfr w%lqn I ogﬁ‘enbodlnent the trinucleotide repeat is
(C&n. 10 e trlnuc eot| e repeat expansion may be associated with a
trlnucleotlde ré@Eamsdds@@maln|ntbaeUaﬂnxﬁmehtlphexedfnu@ﬁaﬁsdEOrepeat

di sor der t ed mgro consjstin of ponqu am ( Pol

i seases aftiroReRyPhfantHel of Seacken 101 b At i SRy be
sel ected fﬁr‘é@cttll%rﬁrp"é‘ﬂnﬁ@élstﬁbl R tQfc R Ao £ Daidlrat ofid oopal ldegd@l1upsd an
atrophy), HD (Huntington's disease), SBMA (Spinobul bar nmuscul ar atrophy or

Kennedy d|§éﬁ§@¥mD§W¥ﬂ?(Qﬁn?ﬁﬁﬁ#%ﬁﬁ#l%& draxerddiypenipf seag than one
( Spi noggr ehel l ar 120 8&?66%&%8?%@&9 Sgﬁ‘?t (SR nacgr ebgll a%n@é)ﬁxf'%é%&% 3 or

Machado- Joseph I sease I noc bel'lar ataxia T
( Spi nocer elrelalcarioat.axi a Type 7) -and SCA17 (Spinocerebellar ataxia Type 17).

The non- pol ygl utam ne di sease may, be sel egted from 25 the group consistin
of FXa (Br ] 5% SRR OREs STRxTREE EEIG | & S ORS I EHCE e rBe S kBt

syndrone), ;FRAXE: RN agicl ea XEnnentat i A8t asslghdpnd . FRDAH i edr el r
‘specifically hybridises, that is, a region with which the

15 primer has partial (i.e. with some degree of mismatch) or
total identity; although the reverse primer is the reverse
complement (or, as above, has some degree of mismatch) of

the sequence it recognises.

20 In one aspect, the term “comprising” in relation to
the primer sequences described herein may be considered to
include sequences that are extended in length by 1, 2, 3,

4 or 5 nucleotides, for example, in either direction.

25 As used herein, the term "isolated" means jthat a
nucleotide sequénce, for example a gene, primer, or
oligonucleotidev or other sequence is substantiélly or
essentially ffee from the remainder of the}humanfgehoﬁé
and associated cellular or other:impurities; This doe$

30 not mean that the nucleotide sequence has to have been
extracted from the humén genome; rathef, the sequence

could be a synthetic or cloned sequence.
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ataxia), DM (Myotonic dystrophy), SCA8 (Spinocerebellar ataxi a Type
8), SCAl 2 (Spinocerebellar ataxia Type 12) and 30 premature ovarian failure
(POF).  wo20im4en1e enbodi nent the trinucl eotide repeat pics/SCEEANEEY S
associated wth FXS, FXTAS and POF. The nucleic acid may conpri se
DNA, cDNA, single stranded DNA, double stranded DNA, plasmd DNA, RNA, WO
2011/ 046518PCT/ 32042 D0OBBHE1i M xttiee st cafm DNAu R &bt Db ek cifleted"esne HDNA or

RNA from human or at her quﬂggs. I n one_enbodi nent, the nucleic acid is
sel ected f oM F%%Algg're NA. 9P e T T HRIC @ rBdi RENPNEhBOHGEdiCe &I &S

genom ¢ DNARNA,N cig  enbrdig®idnif oixe, present disclosure there is provided
a nethod for screening for a trinucleotide repeat sequence in a biol ogical

sanpl e, wher ei n®$ai R4 holleEBAPF i sédiet hetetrep BErtontaebindea megesitc aci d
sequence o i or Lyed om t he bi gl ogi.cal sanple under .10

arrplifi%at il%tggfuc%g%&tig%%gt hj?g A reu%loa“f%rfcma?d %%? rtfh%e%%%%
reverse primspeatas aft ar getisequestedé n saqiegicen bhadf vary in number
trinucleotide, re egaﬁge ence in the pucleic acid_sequence; ii) a

first reverrd®pr IS dEF i _ETIEARRY er s ke pET rréfefdha@ia:ht :ai?lra)g'ét

sequence Wirbhige the nhiibRUClreQh 3 depeaty $8AYRNGe i n the nucleic acid
sequence and a unique 5 tail sequence; and iii) a second reverse
prinmer, wherein the target sequence of the said second reversse primer

is a seguence 2Q_cC g te.the.unique 5 tail sequence of the first
revers@gpriner As %gmggﬁgiﬁte ngéﬁé “Fed Pr odtit eonpr PSARG 47at
trinucl eot ithe r epeamesequenceoltigoanetker ie@bodisens Ofa t heodiceslaasite
described 25 herein, there is provided a nethod for screening for. a

trinucl eot FA&ESFEFEIC sgtiehcd Nen BABIBF ogludicicanpréd iketeF Bl Saiidmdeet hod
conprises thanskeR Of GOALAEHNY a JUHd &1 G ACT d sequepge Og%h@?d Ofr
derived fromthe biol ogi cal” sanpl e under anplification condifions wth:
' oligonucleotide may further contain non-hybridizing
15 nucleotides that do not interfere with forming the
noncovalent interaction, e.g., a 5’ unique tail seguence
or a restriction enzyme recognition site to facilitate
cloning. |
By “unique tail sequence” 1is meant a sequence that
20 does not hybridise wunder stringent conditions to any
region in a nucleotide seguence to be screened fbr the

presence of a trinucleotide repeat sequence. All Tail

primers were designed to fit the following criteria:

e Less than 65% complementarity to human genomic
25 sequences, determined by NCBI Blastn search on the
human genomic and transcript database.

e The tail sequence does not contain a sequence éf'more,
than 4 nucleotides that is cbmplementary'to'théiéthéfJ»
primers in the same reactionLE

30 '
As used herein, any “hybridisation” is performed under
stringent conditions. The term "stringent conditions”
means any hybridisation conditions which allow the primers

to bind specifically to a target nucleotide sequence. For
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30 i) a first priner, wherein said first primer has a target, sequence in a
region 3" or 5 of a trinucleotider tepeat sequence in the nucleic acid
sequence; WOWMI234318046518PCT/ SG2010/ 000396 i) a secon®CpiSiGaen0/008der ei n
said second prinmer has a target sequence within the trinucl eotide repeat
sequence in the nucleic acid sequence;

t ogener at e&¥@HFILcHi oIl i 8f nga B ime MUt eat itde Jegpantc lsmpuiate e;

and i i ampLifi aduct ing pEA melt curve analysis.
In another%%%%%%#%%n?ﬂggrtheggggggggéreuﬁ%ggiéggﬁ 8Peirﬁn§#Eﬁ%P?s ﬁ%%vided
a net hod f epexdrideninypfiati setlibd riaugl eotldeesepeatiisegueneachn a& 3X

bi ol ogi cal wherei n sai d et hod conprises the step of contacting a

sanpl e, _ ) .
nucl ei c acisé%seq%'e]n?:_esBﬁt a?ﬁecpoprc'der?{?@d Sf]?ld"r%et%_epe’fﬁ%cl’rbgk’éawssgﬁ;‘)’l éQunder
anpl i fisat ivalrCKl 1 hoRsme WOLE LR SR &IE asishdas-heen RhLer td£at ed
with a reagent 15 which selectively nodifies unmethyl ated cytosine residues
i n the nuclcesciedd redgipencesuali t tthat) spfeaisti qr ihwrriddteatasion saiah fikrest
pri mer has .ar. seq 2 bn_a.region. 3 and/or 5. 0of
a trinucleggﬁ'%vgg%eat gggﬁgﬁééagﬁo he“Hicl &F 2" 2022 & saiend feiiﬂeﬁg
second pr.i eowiwhet@i axeapdiseedndmr i fer h&&m@l@argﬁhm&ﬁqwgng@twkghun t he
trinucl eoti de repeat sequence in the nucleic acid sequence and said priner
is conmple §F$396‘ac%gﬁéPﬁﬁld%e&ﬁ*ﬁﬁﬁ@%ﬁ?1aMéHPP#nuc$%%@W@eE¥Eﬁ€é¥h

sequence; teaenaipt sanagplb edrr educt Gaygy)i Si ﬁgatié&ﬂngOEhgfgte%pqaﬂ
sequence; and anal yzing said anplified product” using DNA nelt
curve 30 (&hgresing. S :

“Specific binding” or “specific hybridisation” of a

‘pfimer to a target seguence means that the primer forms a

15 duplex (double-stranded nucleotide sequence) with part of
the target sequence region or with the entire target
sequence as required, under the experimental conditions
used, for example under stringent hybridisation
conditions, and that under those conditions the primer

20 does not form a duplex with other regions of the

nucleotide sequence present in thé'sample to be analysed.

The nucleotide sequences presented herein are
contiguous, 57 to 3 nucleotide sequences, unless

25 otherwise described.

The term “dNTPs” refers to deoxyribonucleotide‘
triphosphates, for example the four naturally occuring
deoxyribonucleotides: dATP, dCTP, dGTP and dTTP, whi@h'are

| polymerized by DNA polymerase to pfoduce DNA

30 By “biological sample” is meant a sample of tiésué or
cells from a patient that has been obtained from, removed
or isolated from the patient.

The term "obtained or derived from" as used herein is

meant to be used inclusively. That is, it is intended to
26



I n one enbodi nent of the disclosure described herein the first prinmer has a
target sequence in a region 3' and 5 of a trinucleotide repeat sequence in
t he nucl ewo 2aciidemequence. WO 2011/ 046518PCT/ SG2010/ 0098%6G2010/000396

anot her enbodi ment of the disclosure, the second priner conprises a unique
5' tail sequence. I n anot her enbodi nent, the nethod further conprises
cont act i ngenrkempasiseia yadiut lsarjuet esaiiudnee t @i reicpty nésplateadefaion ehe

target sequen f.the third priner is withi.n the uniqgue ' tail uence
of the sec%g 3%9.“0%?8%. Sanbple Iﬁra%gf/hélruceﬁbogd’l%r?en%e,q%%rgg?i ?S: lg?ijms%r% as a
target sequanceampla.region 3' and 5 of a trinucleotide repeat sequence in

the nucleic acid sequence. 10lt w Il be appreciated by those of skill in
the art that thélScreef®Fq of ¥t RLlahd 5 deRds of"he t FXFde ot i de

repeat 4y “E%mB%ft%erd separal eb¥mPbsiif idnSi g én Muld i pexed aneachhon.
Screening both the 3"and 5 "ends of the 15 trinucl eotide repeat renovés the
possi bi | i t yref”f alfgemedat imay r e3al teomp hetdby cafecof themCGE.t r Wingcleeot i de

it has_b f d by th N iy ” i I f
[he 3 SeqtlentaoRranki Rt HECh| nORBBERALT bpeat T uRExpUEL RS a6CB cd.

Accor di ngl ¥hei Aetthese i20 o&sese Whivesicimrpati ent may have a trinucl eotide
repeat, due to the deletion of at |east part of the 3' flankingsequence the
result of the nEPREESW PPEShohCEhattheryepeat GRe préddift . "FRIBTAZLNAOt been

reportefl poayi oushys bkkew senqt hgrenpay 1Pe10ccai SLARS WRgke Al | easl part
of 25 the 5" sequence is.deleted. "Thus, it 1s an advantage of the nethod

that both 3nhtandef' tanatgsissame Pepfofnmed t'biretiusitat’t lahgeagegatiche

results in_patients that have a deletian of at |l east, part of the.3' .and or
5 " sequencERFantiiey t HE T i9Rial BRETHBST e FasTemse TiRbe ARBI 02STmiT  The
nmet hod as descushed Ber aiddiis osuilt, aking fcarcds e lighemtsanpl e of fresh tissue,

frozen tissue, paraffin- WO 2011/046518PCT/ SG2010/ 000396 preserved tissue
and/ or ethanol PPesErred’eT8sle. The term "about", in the context of

15 concentrations of components of the formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the statéd value, and even

20 moré typically +/- 0.5% of the stated wvalue.

Throughout this disClosure,_Ecertain embodiments may_
be disclosed in a range format. It should be understood'
that the description in range format is merely for
convenience and brevity and should not be construed aé an

25 inflexible limitation on the scope of the disclosed
'ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible -
sub-ranges as well as individual numerical valuesfwithin
that range. For example, descripﬁion of a ﬁange ﬁdch 53.

30 from 1 to 6 should be consideréd to have. specifiéélly:L
disclosed sub-ranges suéh as from 1 to 3, from iltd 4; 
from 1 to 5, from 2 to 4, from 2 to 6, from.3 to 6 etc.,

as well as individual numbers within that range, for
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sanple may be a biological sanple. Non-limting exanpl es of biol ogical
sanpl es include whol e bl ood or a conponent thereof (e.g. plasma, serum,
bl ood spowe,2ocienes18l ood, 5 single cells, whol e genone awplrisiG2e/ onesob ei c
acid, prenatal tissue (e.g., amiocytes, chorionic villus, cells in
maternal circulation) urine, saliva lynph, bile fluid, sputum tears,

cer ebr ospi aapmPLEi d, 1 .brdonchi o4l veel and dragehis vreplighoveaprrfilasd, ofenen,

ascitic tu r.fluid, a i | k and pus. In one enbodi nent, the sanple
of nucleicqggiagfédggté&ngg%fiéﬁggrood, ammiotic fluid or a buccal snear.

I n one enbodi nedertbie saipldrsta wiol ea i @atke saapteibédbbebadilgalansianpl e
as contenpl ated herein incluydes 15 cultured biological materials, including

a sanpl e dEFPFEACRLIM cOPEGrEd cE&PCE, Sbchthe cOPEEPYSRedPRACLES e@PEd from

cul tureg cehbgeflrad CedoRaldfl - £ AL ot is n ac BE obegbeak 8%@Eh%s%§¥ refer
to a |lysate, honbgenat'e orf extract prepared froma whole organismor a
subset of Rilso20foirgsupgrtceblfs shecorpsdnsupart sThés aihcdgdiesn ¢he

portion thereof.. A biological sapple nma 0 be di.fied prior. se, for
RS LTt S e B Pl e A e R LA R
centri f ugahegative!l | :ionovet 2xi r aeinbotingndhrpur stibgatt omaprtegedfires ahe 25

avai lable for the isolation of nucleic acid froma sanple. The nucleic acid

may be usedSAPfectiSAF T I ngf et A orP¥ r BRTt &S aFpFESeH, MRvegial

prefergpl y; sakhbekid1RahyRucleqti-de ramlif.i cation reaction (e.g. PCR
reaction). The anplified pol ynucleotide is then 'derived fromthe 30
bi ol ogi cal sanpl e. | n- one -enbodi ment, the nucleic acid may be .a

"whol e genone anplified nuclei,c aci bt ai ned froma single cell.
Whol e genone anplification is%%ﬁ%ﬁ%&;eéﬁ%gféﬁﬁilg}n screening for

trinucleotide repealpldirsQr demns limiptierg WD kbHA46 %18 RCHSE (00396
i npl antati-on sanpl es. The use _of whol e genaone anplification can therefore be
used to obB&FrReR1GENEOTC 28 PR3 &¥PrEiSHantatsi SR PRI 2

Advantageoysl-yeithgsesultis 10f SUER dischegrL£an be used to determ ne
whet her 5 to proceeg wi'th i npl antation. I n one enbodi ment, whol e genone
anplification i $npenftoembddigienmg mil ttihgl @ rdisspltacEmenitosams ithiegat ilon. -1 n
another embodi ment, whol @ 1 A8"eTE AW AN IS REL ARG Rl ng BGR
sequence in a biological sample, wherein said method
comprises the step of contacting a nucleic acid sequence
20 obtained or derived from the biological sample under
amplification conditions with: - » '
i) a reverse primer, wherein said reverse primer has
a target sequence in a region 3’ of a trinucleotide repeat
sequence in the nucleic acid sequence;
25 ii) a first forward primer, wherein said first
forward primer has a target sequence within the
trinucleotide repeat sequence in the nucleic acid sééuence
and a unique 5’ tail sequence; and '
iii) a second forward primer, wherein the targét
30 sequence of the said second forward primer iéia éeq&ehcé
complementary to the unique 5/ tail sequence of thetfifst
forward primer ‘ |
to generate an amplified product comprising a

trinucleotide repeat sequence.
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10 Anmplification Reactions The anplification conditions for use in the

nmet hods of the present disclosure may conprise an anplification reaction,
for exanpke 2a11mab3yger ase chain reaction. I n one enbodi mpol/seRo®dM00396
anplification reaction, the nucleic acid 15 sequence is denatured prior to
anplification, for exanple by heat treatnent. Preferably, the heat
treatment i s caffhiceguodeist agicerfiver atag e theherearge sbl schedife om t he
group consi % o%fr%@l%t%out 70 1 C about. 75-. 105% %e}r}t’)?ou 80-t1000 and
about 85- 988Y BrefErabiiy ! e %50 HerddturA i St ¢ ep’ i€ cartied But-at 95C.

I n one enbediemeni-ledk @[@hk:Dﬁ.&' matMIm HBP bes fatdnied . for a
period selected fromthe group consisting of from about 5 seconds to 30

m nut es; aBBuPNS0 SEOCGREE O TBE HdEs CoMisiR IRPRR trisiRES 1 bokt  10- 25 25

m nut ess and .3Reukal 320 Mohes. (RIR)ealicec e LHUrAt i QResep i's
carried out for at least 15 m n es. I n one odi nen t'he
denat ur atl oheseep conpr ifsem tflr eati2ig ,a fmmleeéiamml&“l,d fwidrh la uterm&(url ng

agent . ne enbodi, ment th en turl ent el ec fr bet ai ne, 30
DVS0 or %(?Irutelxgﬁnpllet fa+ glpr’ectjlq%t S a&plten Onbfhg%q I5Ol{nn Yhe art
that ot her folui b&bh@l@ermw |5r59 tagenis may kedlsetbddinaor daikce wWith the

met hod of the present disclosure. W) 2011/ 046518PCT/ SG010/ 000396 I n
one enbodi MERTCLRETAERaEPeAG dFerlCGRY -be used in a concentration

sel ectgl from { il 80600 A Gl idkdd gl n[qu;é Uiy | N One
enbodi nent, the anplification step conprisés a 5 polynerase chain reactlon

(PCR). In wneheab(bammmleotthelerpre@actdmr@impr| des ottﬁa ydaekindnto9 00 for

2 mnutes, ?‘ Q l m. utes an 00 for .3 ut daflnal
ext ensi on $£&p 5tlmilf 66 f-6F 165 ut ssorlqe]ﬂmﬁ% S‘r? OE i FIRFR hose of
skill in thenaikttihat otrthese y3Q ut-ermaerat Lproqugraxalbs%a\@rs ethdyot/~ 5C. I n one

enbodi nent:, 'the nethod according to the
polyglutamlne diseases.

15 The polyglutamine disease may be selected from the
group consisting of DRPLA (Dentatorubro-pallidoluysian
atrophy), HD (Huntington's disease), SBMA (Spinobulbar
muscular atrophyior Kennedy disease), SCAl
(Spinocerebellar ataxia Type 1), SCA2 (Spinocerebellar

20 ataxia Type 2), SCA3 (Spinocerebellar ataxia Type 3 or
Machado-Joseph disease), SCAG6 (Spinocerebella: ataxia Type
6), SCA7 (Spinocerebellar ataxia Type 7) and SCA17 |
(Spinocerebellar ataxia Type 17). '

The non-polyglutamine disease may be selected from

25 the group consisting of FXS (Fragile X syndrome), FXTAS
(Fragile X-associlated tremor ataxia syndrome), FRAXE
(Fragile XE mental retardation), FRDA (Friedreich's‘
ataxia), DM (Myotonic dystrophy), SCA8 (Spinocerebellar
ataxia Type 8), SCAl2 (Spinocerebellar ataxia Type 12):and_

30 premature ovarian failure (POF). | “ o |

In one embodiment the trlnucleotlde repeat is CGG and-
is associated with FXS, FXTAS and POF. '
The nucleic acid may comprise DNA, cDNA, single

stranded DNA, double stranded DNA, plasmid DNA, RNA,
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di sclosure is perforned in a single-tube PCR reaction. I n accordance

with the anplification reaction of the present disclosure, it wll be
appr eci atwo 2vhatediBe 15 anplification/ PCR reacti ons nay pog/seabiojopdexed.
Screeni ng net hods . I n one enbodi nent, the methods described herein

further conprise the step 'of analysing an anplified 20 product to
det er mi ne thtuatage off nDNAndviddnpatheg theleeslés, ofDNFaI dranRNySi Sr@gai nst
a standard.to determ ne whether the anplified product corresponds to that

of a normel"HA%I 87 LR PRABIIOn alt2l 8MCa FIREFRSHT onthRl ¥ 1Ria gray
zone all el ediky a STed &l ¥t S@ MBS SRIPA €6+ - DRR. | NTANG %%%@é@@mb&d’i@né}% hods

described herein further conprise the step of analysing an anplifie
product to tde& erifilee g mecidbtiey ationi @ H&¥ % unber of anplified products

having any partigular, vale; For, .e | e, .determ ning, the number of
amplified pr oducI?ls cﬁ%vi ng gjnlqrfnergjo Oof’? t_Thrgc()%%Saénncic éﬁscf%%s%%%‘o%}?eﬁ? Bl i fi ed
product s . lmendivigiean an neft Hadbmot5 sarehitdhef owinberriofucrgd i {dedropegtict s.
having an n of frord 55 bo. 00,, andl the .number of aMplified products

havi ng an 7 gF&at’er & S50.C2 WS FPLE 0 ABPEEPET/ D IR Ove396 - In
one enbodi mRiprafsdhaHY ezl i sdlsWngengidide J4ipuclgatide repeat

is (CE&n, the value of n from5 to 44 corresponds to that of “a nornal
all el e; n PR§RIIRBLH 1 Sarasvehds am thsatbisfl ey igrady seomelelumeder n from

55- 200§ cq gsigqrg:% e} t%g)qltg#&q%sprw%-tt@t ation allele and n of nore than

200 corresponds to that o mitati'on allele. In one enbodi ment of the
present disclosunea tthewatched ifrernt, hemeeenpr issas sereenidpaimanmad i ed
product 10 for the presence of an interrupting sequence in the -

trinucl eot iadgarrgﬁéatserqéﬁn&r? dfd 2 GF9eRal’y Otc Ghpadriniy kart ids uePett sai d

screeni ng agauRslcea 15 andand 1@ iasgelitaide Jheiher said anplified product
corresponds to that of a normal allele. Anornmal allele nay have at | east

two 15 interruptilng aséguerc esvemscope imehodivientein maiaghplifited product is
bk I LR CIE e S S U
trinucleotide repeat sequence in the nucleic acid sequence
and a unique 5’ tail sequence; and
iii) a second reverse primer, wherein the target
sequence of the said second reverse primer is a sequence
20 complementary to the unique 5’ tail sequence of the first
reverse primer ' '
to generate an émplified :product compriéing a .
trinucleotide repeat sequence. |
In another embodiment of the disclosure described
25 herein, there is provided a method for screening for a
trinucleotide repeat sequence in a biological sample,
wherein said method éomprises the step of contacting a
nucleic acid sequence obtained or derived from the
biological sample under amplification conditions with:
30 i) a first primer, wherein said first primer "has aita;gét;
sequence in a region 3"or 57 Qf;a trinﬁéléotidéfﬁepeét

sequence in the nucleic acid sequénce;.
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20l n one enbodi nent, the nucleic acid is treated, for exanple pre-treated,
with a reagent which nodifies or selectively nodifies unnethyl ated cytosine
resi dues.w@ueh/@éeyi@agent is useful for distinguishing MPCHBIGAOWOAIIOEM

unmet hyl at ed cytosine residues. This reagent is capable of 25 converting
unnet hyl ated cytosine residues to uracil, whereas nethylated cytosines
remai n uncdrVer Bedseqind difimapncehereiasi saed mesedendit priged tbas a

di stinguis e a nd t.hyl ated nucleic acid residues in a
downst r eamr{ﬁg?f\ggsgeggégééanpdceﬂ}n gfr}rpg‘lai%}}%/lcnéjﬁ oenoq:zldier eé%??%g SUch 95 PCR,
usi ng pri memrs bde cluddiesitd ngtiics hsdxpiavess; cyt osi ne and uracil (cytosine pairs
wi th guani ne, whereas uracil pairs with adenine). In one enbodinent, the
reagent corpti se3CHFEUEPhi t 87 f orP™BXAdISE sodPERFUBE sul FRMPE 1 SiiRYone 2

embodi ment e UERIIGAG G SBIUENGEAS tr&afed with sodi um bi sul phite
prior to denaturation. .- Thus, "in one enbodi nent, treatnent of the
nucl ei ¢ aci d w tmad wzdage rmaicdnpnp ki hedi snbphct euenall SNAS medtthydwatwesd and
non- net hyl at eqd .Aycl ei ¢ acids to be distinguished. I n one enbodi nent,

t he method conpri'ses pre-treating the nucl eoti de sequence with a reagent
whi ch sel ectivelly madothes usfebbyhahed 6yt oshee diasd i@srd N dde-miusdeot i de
10 sequence to produce detectable nodified residues but which does not

modi fy met PAEEEEd chRBEENne S eBFaUesedrdt BRARP e, PR & SEMI6d nERE, & he

reagenioi s t$a@iNRitsWPhitg and theysagent; odj fi et
(CCGnN sequencéllto (TTG)nItae‘riljd a rresj’téﬁlyl at ed (lCCG%!n tbgl%(l'?%é) n. Inryall lteﬁcwj’i S
enbodi ment Whisged ni sspidvintedhed f icospriicewar ther i sterp cofpl eoehéat yngo a he

treated me l.at.ed and/or unnet hyl ated . tr.i nucl eoti de sequence. I n
one enbodi Er?lrgl)rétl,%ltche TUCT eof T de~s aueﬁg’é?atl@eﬁie tcf%atcgﬁr\]l\}g?ﬁ t%éoF“egeWte has
not been suhjo@oiggdallo SadlPr avideus adpilification reagtt@BnsCapiHd@ih

el ectrophoresis, nelt curve analysi's and DNA chip analysis 25l n one
enmbodi ment S6£% hBUBLBiEnt2FHTerdtd®n DEfE aRprIrtredtsfoduethmey Feamanised by

capillagy %%%%H“ggﬁgéﬁﬁéélﬁehbd§¥5¥§iﬂﬁﬂé@ﬂ§ié¥e&nc9tgg@ngmﬂ%é¥dues
in the nucleotide sequence, with:

i) a first primer, wherein said first primer has
a target sequence in a region 3’ and/or 5" of
a trinucleotide repeat sequence in the nucleic

20 acid sequence;

ii) a second primer, wherein said second Eprimer
has a target sequence within the trinuéleotidé
repeat sequence in the nucleic acid sequence
and said primer is complementary to a

25 methylated or unmethylated trinucleotide
repeat sequence;
to generate an émplified - product comprising a
trinucleotide repeat sequence; and
analyzing said amplified prOduct using DNA melf curvé
30 analysis. |
In one embodiment of the diéélosure.deSCribed.heréiﬂ
the first primer has a target seqﬁence in a region‘3"and
5’ of a trinucleotide repeat sequence in the nucleic acid

sequence.
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anyot her el ectrophoreticgel . Usi ngcapillary el ectrophoresis of a product
anplified using priners 30 described herein, dTP-PCR peak patterns nay be
observed wbabi1waesidi sti ngui sh sanpl es carryi ng only nor wrelrsGA66i004386 r upt ed
all eles fromsanples carrying expanded alleles w thout AGG interruptions.
WO 2011/ 046518PCT/ SG2010/ 000396 Accordi ng to nethods descri bed herein,
al l el es with intarranrileis papodemght i9f atbescomdlnsnrs sekhes seicomdoduct
peaks, whi ._al |l el i.thout interruypti resylt in a continuous
series of ?%5%&—} %ﬁglglfgsegl\/é] éléﬂgglrer;/éporﬁ%yqsio@%'({ec éréo'm)sorre, hence al |

mal es are expectied drottiar y caboyimeetFVRihal nelttéodA hortied r unakiedised nal e
is expected to have only one FMRL allele of normal, | ength, According to

| | eng .
met hods deSOPITBESIRGr &N N SESuAFRE FEAEESOMIAGS F ntBEFdpPIrdHEL ra

di scontd nuQug r1Q pSerHees: K& SeL&henddPoPCR Y adiicty pﬁ@ﬁﬁeffa)(sb%i@:%%r ved.
I n both prenutation and fu?l mut ati on mal es, a continuous series of dTP

peaks may béeobsdaued >’ dteitlo selmiemasserfcahsf seqrantbadr IMRL: al leles with
loss of the 3 AGGnLerrupllons, exceptons to these oredicted patierns
may 15 occur in ral O AP hosal Cs, wher &t Here are &l [61'és with
two or noreediukherenin | €ngetBsonn I’heas@nd’ saifpl2. trinuckesalias eapentt wo X
chronosones, hence all females are expected to carry two FVRL alleles. In a
normal 20 FEREEESE fiReldesROFHE e A4S PARISN9%l es Wit h repeat l-engths in

the nofgral rangg+ Kence,pdi §5P%E&"&l%§1 RRAKc et L eprs iimil afn tenkhat-cof a
normal mal e may be observed. Tn both prenmutation and fulll nutation
femal es, attefrbi hlati rusfercart i pdousolind tdisscdht i adus ‘peakdpateler he25 may

be observed, .due.to.the presence of both nornal and expanded alleles.
'h one. enbodi AR R G E & TEY pdH e By Do Rer e v ankl v & 5.

anaiysls 1's

Advant ageogshyl eusiung i DNA xRl tre@tvi®ranal ysi s, the method according to the
di scl osure can be 30 performed in a one tube cl osed honpbgenous system WO
2011/ 046518PCT/ SCX6£0AD60398°th  thee abpli @&C on®of n@RES curlfe” afdifysi s

o= 092 FEANSR eoanr dapeg ot ket o e TGS 08 Dt on
i s advant agegasiive Sremwbos n scireehhag.case of the CGG trinucleotide
repeat it has been found by the applicant that on occasion
at least part of the 3’ sequence flanking the trinuceotide
repeat 1s unexpectedly deleted. Accardingly, in these
20. cases, whilst a patient may have a trinucleotide repeat,
due to the deletidn of at least part of the 3’ flanking
sequence the result of the method Will show that na‘repeat'-
is present. This has not been reported pre?ibualy;_ﬁ
Likewise, there may be occaisions where at least part of
25 the 5’ sequence 1is deleted. Thus, it is an advantage of
the method that both 3’ and 5’ analysis are performed to
eliminate false negative results in patients that have a
deletion of at least part of the 3’ and or 5’ sequence -
flanking the trinucleotide repeat. o
30

Tissue samples

The method as described herein is suitable for use in

a sample of fresh tissue, frozen tissue, paraffin-
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Label s The prinmers according to the disclosure may additionally
conprise a detectable |abel, enabling_ the 10 probe to be detected. In one
enbodi nenvotba/dsbsaer escent | abel s may be active in the kcuscy®lobesss green
and far red areas of the spectrum In a preferred enbodi nent, non-limting
exanpl es of fluorescent |abels that may be used in the nethod of the

di scl osur epngsierded ftuoseecamd/PF nakkensloprnegsortast dyesuefor exXld®pl e,

6- carboxyfl uorescej FA , . ( era Cgrpo i O H ar. VI CTm
(Appl i ed BrobpaEerisy b AT g R GRS gﬁS@y%@%‘%@%&A,@%%)l,esRox.
It will beocdppsasl@dechbysthpiesofirgkidde i whdbhe @lbodhair odhefom@dnent

alternative fluorescent |abels nmay al so be used in the nethod according to
the presentP§T&Qfosifed: Plasnay afHEY renbd@PfentPeheni |R% hedd&rd:

mar kers; My A usede1{0r exanple @&ﬂéU”bB%QH%%@d?”Qnﬁ@ﬂéP@Ft%%ﬁciabe|51
for exanple tritiumin the formof tritiated 25 t hym di ne. 32-Phosphor us
may al so berésedads ta g olabe!,. amniocyteer nghtvébypicheilldbel, eyl Use

sel ected fr.om_the group_consisting, of _electrolunm_nescent t netic

t ags, affiﬁqu%ne |%%i%br?%%%%lﬁﬁél oti dé §E€ﬁ€ﬁ%ef¥%§%2 %gzﬁtggﬁlgéecific
tags, and eputags W tbagpeci feerdhysscaha B0 prlopel t i e romelh ias ladiddierent
size, mass, gyration, ionic strength, dielectric properties, polarisation
O i npedand@Vage dndlichbotiintal thieltét e8¢EBle PaBeFiRafUBRUdi fddtiYy or

ndi T eg |V atlached: 10 Lhe POREEI. 1 GG U,2014L0A551HRCTL $2040/000396
enbodi ment,  the | abeled priner is the reverse prinmer. In one enbodi nent,

t he det ect alcé dligbeicitdnpei Sbgagnedf | presbénbdnpiagy cdtitcachibdi &t ca &  end
of the progf. Iq_a nost prg{erred enbo Lnen%, tH? | abel i s .sel ected.from 6-
5 FAN and NESS%n & terndti ¥8%e 8|ﬁ§ﬁ¥{’th% %uéﬁgpéeaefﬁ fs™ ggéhted
W th a nuchkgicedasiaghgirt.er cal ating fluorophore. Preferably, the

intercal ating fluorophore is SYBR. G een or EvaG.een and the like. It wll
be appreci ated By PhokeIbFalo seRPle | &S t ROTALMPLRAE ot HeFeint éRCAVEEiSng

red areas o The epcetrunt 11 v TTobe T ort ner Seproeiay sd tha: Sraee
intercalatﬁm@mﬂqniinﬁmﬁesHmetﬁu@@eQSiouhtooeggadéumdChlﬂhetpde§€wm
diSC|Osurebultured cells or a cell pellet. Accordingly, a
biological sample may refer to a lysate, homogenate or
extract prepared from a whole organism br é subset of its
20 tissues, «cells or component parts, or a fraction or
portion thereof. A biological sample may also be modified
prior to use, for example, by purification of one{or more
components, dilution, and/or céntrifugation.
Well-known extraction and purification procedures'are
25 available for the isolation of nucleic acid from a sample.
The nucleic acid may be used directly following extraction
from the sample or, more preferably, after a
polynucleotide amplification reaction (e.g. PCR reéction).
The amplified polynucleotide is then 'derived' from the
30 biological sample.
In one embodiment,vthe nucleic acid may bejajwholé
genome amplified nucleic acid obtained_from a singlé:béll}
Whole genome amplification is particularly uséful in

screening for trinucleotide repeat disorders in pre-
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15 PRI MERS, SETS OF PRI MERS AND KI TS In one enbodi nent of the disclosure
descri bed herein there is provided a first primer, a second prinmer and a
third priwenon2@ssnisanot her enbodi nent of the di scl osurepdescritomdosoer ei n
the first primer is SEQ ID NGO 10, the second priner is SEQID NO 11 and the
third prinmer is SEQ ID NG 12. I n anot her enbodi nent of the disclosure
descri bed Rapdentafdoni r seappilesr is SEQMBD NGQ1, athe s\écdm:l priemenme2s i s

SEQ I D NGO 22 thlrd i | D.NO 23 n anot her
enbodi nent oP%tl%lC&. &CosUte éeée&:relfsboe Qére.“ﬁet et?l rogttalrnl ner c8rrpr1| ses or

consi sts okcaeeucl®f Caa@ird isgquencs isel ested1é&( OmAdﬂ@a@t@@@o@@Dﬁj stheg of
SEQ ID NGO 2, SEQ ID NO 20, SEQ ID NO 24 and SEQ I D NG 26. 30 In_:another
embodi ment LEFULAE dﬁfscﬁ‘%%}hr"e HEEBPNhEA hEeiYP et ?i F8ECHILRBI YESHHEITses or

consi sts of.,a SERMENCE, cte r t hgn198 ns iing of
SEQ I D rij\lo f2t EQ | D NO 5 ﬂSEQ | D NO 7PérgEQ IOII|:5fl N%Wfo SE <'%H:l)eIlcr‘\lt.(@‘ﬁ lg%%l%EQ | D

NO 21; SEQgIenome 24 aa@d@@al‘didﬂo 26is V\DQ@&MM@@lSP@EMS@ZOl@MO@@@Q@

I n anot her g di_nment _of thﬁjcfl stICosure dj.grzcri bet\g1 her e he seconld pri mer
conpri ses 8111 PORSFEFRSr APt 67228 d setflieRRe Slrec? Jr%‘arﬁlY h&"§tSup
consi sti nggehobEQalhP1iriSERibR 4.s Pe@floRm¥a &sSEHQ IHENO 11 SEQ I D NO 22 SEQ
I D NO 25 and SEQ I D NG 27.. . I'n anot her enbodi ment of the disclosure
described herein the third prinmer conprises or consists of a nucleic acid

sequengg sg{ngg_g_@chqﬂght ReaFtqRsconsi sting of SEQ ID NO 3, SEQ ID NO 6,
SEQ ID NO 9, "SEQ I D NG 12 and SEQ I D 10NO 23. I n anot her enbodi nent

of the discl osuﬁ‘eedewrllll;ﬁe@aheloeu eotnige tseoend qpr iuser igorrd sestordconsi st s

of a nucl ei id se uenc sel.ected fromthe group consi st of SEQ I D
N0 5, St PB ROFAPIERE D GGy SR PaNaS r ShE T giikiNian

enbodi ment rekcthend $G>|r0%btlaﬁ1p(1%5%1r e dmieiagicn drke it hidadHardrer mra}ré ses or
consists of '‘a nucleic acid sequence selected fromthe group consisting of
SEQ I D h[)gmgﬁglgggt|BfNemGampllflcatlon reaction, the nucleic¢ acid

15 sequence is denatured prior to amplification, for example
by heat treatment. Preferably, the heat treatment is
carried out at a temperature in the range selected from
the group consisting of from about 70-110°C; about 75-
105°C; about 80-100°C and about 85-95°C. Preferably, the

20 denaturation step is carried out at 95°C.

In one embodiment, an optional denaturation step is
carried out for a period selected from the group
consisting of from abcut 5 secondsfto 30 minutes; ap.o‘,uti?:_Oij
seconds to 30 minutes; about 5-30 minutes; about 10;25 .

25 minutes and about 15-20 minutes. Preferably, the
denaturation step is carried out for at least 15 minutes.

In one embodiment, the denaturation step comprises
treating a nucleic acid with a denaturing agent. In one
embodiment the denaturing agent is selected from betaine,

30 DMSO or Q solution. It will be appreciated by those of
skill in the art that other sultable denaturing agents mayf
be used in accordance with the method of the present

disclosure.
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201 n one enbodi nent of the disclosure described herein, there is provided a
primer selected fromthe group conprising or consisting of the nucleotide
sequence WD 20ny04651ISSEQ I D NO 1 to SEQ I D NO 27 or conpl @6ESG3010060386f . | n
one enbodi nent of the disclosure described herein 25 there is provided a
primer conprising or consisting of a nucleotide sequence in which the

nucl eot i de sequéﬁb@n@r@éh%fé@ent (tihe dematgiriged)pgare smasedm@dlsﬁeecd)m t he
group consi.sti ( ) 9, ( LD NG _13 NO 14)
30and (OGG)E1 %8%]%%% ch)%n e %I fg%u%mt[%uee rsaenc%en%% et eccilb m t he
group consumtmnglmhlampamﬁadﬁ vBE%@EGTTTGACCCTACCTTA (SEQ I D NG 16)
ATTCCATCCCAGITTGICAGC('SEQ DNO: 17) ; WD 2011/046518PCT/862010/000396
TACCGATACGCAT CORAGPTFGTERESAEIED NG ER )2 d: TRASEATPIAGHSERT XN TET T TA
(SEQ I Dy NOpb)ymerase dHaidngamadigrericof. the s digil§dascrihed herein
there is provided a set of primers for screening for a trlnucleotlde r epeat
sequence, |P|¢R\M¥|e@l¢ttll¢él peoipadtsiete 4equaricss adf 3% e Qriiamerd wionprése or

consi st of t:he f | | ences,, Ofo nts t her eof 1
SEQ I D NO §t5 and% I‘:rQ I %gﬂﬁec%% Iarrlld(s)r?e e%%g})msnt ] 1 cﬁr%%laoggr%agescri bed
herein 10 therasisnpraepded g2setc dorpriorerisidteys . scrreeniing fuy a

trinucl eoti de repeat sequence, in which the nucl eoti de sequences of the

primers coRPPESSIGEecokyi Shose e Skdililovitng e idnddigt drhasshpl ement s
t her eof S%@mb@rlé!@uéessglgyl BeNGa2i e Ry B MNOsH@and SEQ I D NG 20. 151 n one

enbodi ment of the disclosure described herein there is provided a set of
prinmers for scréaniong E@bOQHmammuﬂu&ﬂu@%ﬁxeb@amQ§&wmde>UHEVWHch t he

nucl eoti de nces of the priners conprl n t of t he foll ow ng
sequences, %%%ggrrp Smert SEREFESE “8e6 Isﬁ tu%(? ssdlg% lé) and SEQ | D
NO 9. | n ane aexbediamert wafht Iteledla&@lqmrc%td%iﬁrﬂewlw m dere is

provided a set of prinmers for screening for a trinucleotide repeat
sequence, PRSRRPEh HEEIRTEEot ide Wdeduitc éPPETeAlind st itherts tpri se or

consi sig of l; et reof: SEQID
oS 158 EQa;n @l%§fgfelbawp&@Q§%g%%q%%% @y %%"m#qongl%r%agl eof: SEQIC

di scl osure described herein there is provided a set of prinmers for

screening for astrlnucleotl repeat sequence, in which the nucleotide
creening methods

In one embodiment, the methods‘ described herein

further comprise the step 'of analysing an amplified

20 product to determine the value of n, and comparing the
result of said analysis against a standard to determine
whether the amplified product corresponds to that of a
normal allele, a full mutation allele, a pre—ﬁutation
allele or a gray zone allele in a.male or female subject.

25 In one embodiment, the methods described herein further
comprise the step of analysing an amplified product to
determine the determining the number of amplified products
having any particular value of n. For example,
determining, the number of amplified products havir.ig an n

30 of from 3 and'44} the number of 'amplified products;,havingi
an n of from 45 to 54, Athe number of amplified pjrodli.lc'ts,v
having an n of from 55 to 200, andz the number of alr-lzpiifiéd

products having an n of greater than 200.
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30 sequences of the priners conprise or consist of the foll ow ng sequences,
or conplenents thereof: SEQ ID NO 21, SEQ ID NO 22, and SEQ | D NO 23.

I n one eryOANT6518f t he di scl osure descri bed herei n t h@C#/SG2019r000396ed a
set of priners for screening for a WD 2011/ 046518PCT/ SG2010/ 000396
trinucl eotide repeat sequence, in which the nucl eotide sequences of the
primers conpri sénoro%ngm%@dbﬁlefl’heoffol'qf‘(ﬁm PECseeddes s ree myE s

t hereof : SE ﬁ%'-:tq 4 D

enbodi nment g‘?fe Ehmcﬁs ure %c%s%arl? bg hgl‘égl lrrll th%éregsxfa}sl%er o?/llfdﬂd%g%met5 of
priners forosdréeemmpesmmds trd nuicdteodf de nepmafl sédeéecen |frro\rmutfh341e

nucl eoti de se uences, of the rs conprise or nsi st of the f

sequences, < % ESRNNEFeritS F]H%Fe(? EFTD KOs, a%&%@q k5) I’?IE)OE‘G VXISEQ | D
NO 27. 5 corlr@s%d%wwlm o he ;Qféﬂiﬁuﬁaf:%npgiﬁ@i@ Bda3n & %treTF’- PCR
are selected from Tabl e 5. I n one enbodi nent, the priners for

per f or m ng thandiZ08c cormepERNgse tse|tddted rorf Wab | reutga t 181 na bkl @nbodi nent |
the primers for performng 3 nethylation-specific Triplet-Primed PCR
(msTP-PCR) assay are selected from Table 1 or Table 4. I n one
enbodi nent, the Ipr iomner erbodipemftorofi ngheb'preetdnd aii sotspecs f itthe
Triplet-Prined P TP- PCR) assay 20 are selected from Tabl e 9. I n
one enbodi W@ﬁ?‘ogfc%’% I's GOTR S SFe SGHATEY M rdl Pier el 53 %Wﬂ%d a kit

when usged iyt hemeirhed recoeding it dhe s %%—e??erd&sclm begk herein,
nuc

conprising: one or nmore priners, in which the eoti de sequences 25
conpri se ortrédmnsilertsdet repkslt mm@rs@qmbn@é:sthsralchmplceqmﬁ@mmeﬂe@f

SEQ 1D NO 1. 5EQ 1D N0 SEQLRNOS AN SERURND 4 SEQID NS, SEQ 1D

NO 6 and S or one or ners he nucl eot i de
sequences 3Betoryr iske dommpAnsiistd @frotdme:ﬁ ald v Y reRg U CEsat a5 £ conpl enent s
thereof: SEQ ID NO. 7, SEQ | D NO 8, and SEQ I D NO 9; or one or nore primers,
in which t ROTAG Edticdé - seéuélﬁéé?lc@r%&rei]see Y dEHS @t ofeaHe THP | owi ng

Sequentes, i@kerrupting sequences. In one embodiment, the amplified
product is screened for the presence or absence of at

least two interrupting sequences.

Modification of unmethylated nucleic acid sequences

20 In one embodiment, the nucleic acid is treated, for
example pre-treated, with a reagent which modifies or
selectively modifies unmethylated cytosine residues. Such
a reagent is useful for distinguiéhing methylated from._
unmethylated cytdsine'residues{ This reagent is capablé of

25 converting unmethylated cytosine residues té uracil,
whereas methylated cytosines remain unconverted. This
difference in residue may be utilised to distinguish
between methylated and unmethylated nucleic acid residues
in a downstream process, for example an amplificatibn

30 reaction such as PCR, using primers which distinguish
between cytosine and uraéil (cytoSine pairs with guénine,
whereas uracil pairs with adenine). 1In one embodimént,

the reagent comprises bisulphite,.for example . sodium
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WO 2011/ 046518PCT/ SG2010/ 000396 conpl ements thereof SEQ ID NO 10, SEQ ID
NG 11 and SEQ I D NO 12; or one or nore priners, in which the nucleotide
sequenceswoQuprdssasor consi st of the foll ow ng sequencepCTSG2810®00896 eNeNt S
thereof: SEQ ID NO 21, SEQ ID NO. 22, and SEQ I D NO 23; or one or nore
prinmers, in which the nucl eotide sequences conprise or consist of the

fol | owi ng béguépbése-or In coepleavpeaiserntiertdef NUBE@ UMD aNGd FeBEQID MO 24
and SEQ I D, 10NQ 25; or .one or,.nore .pri.ner.s, in.which the nucleotide
sequences &8nprres Sr w&g sSSP %ﬁésuflgjl%llgﬁ r?&lsoerq&eonc eﬁar]courragcolr%}'errent s
t hereof: SEQ | DTN@s6, i8EQnkDeNBodd mamd , SEQdBriNat2 6f ajid anadlas d oget her
wWith instructions for use. 15Preferably, the kit further conprises a DNA
pol yner ase3CEA YaENeRHEGRFERT CREPDNG PG Pividad iite enatdiafost abl e DNA

pol ymer@sep .k nether ngmbedirent, ;he LNA Ralynerased s cted fromthe
group consfngt .HXS‘ o% TSS%DN%\- pgll‘%mg ra}@e and Pfu DNA po yrre;%aege. In one 20
enbodi ment dishenbNAspekymer ase is Taq DNA pol ynerase. It will be

iated by th f skill in the art that other, th tabl e DNA'
b0l yiror ases y BeCUSed S et 08 AECOA (G0 (e d1Se] e 1

anot her enkadi ABBL ot iHbe sdighiehesUkea tde SCHRe@ndb WHalei e ltdie: ikidl f urt her
conpri ses sodium bisul phite. In.a one enbodi ment of the disclosure

descri bed Refeéf#Sst HETRGPYHET SCoRtOseRca T@SHaURS B ddentucleotide
gg% :‘iel;oegng%%gﬁ% 6 bReadiachkReuce HaSCHIRAG Y §ldl: A Kide THtder
does not modify methylated cytosine residues. For
example, in one embodiment, thé reagent is sodium
bisulphite and the reagent modifies an unmethylated (CCG)n
‘séquence to (TTG)n and a methylated (CCG)n to (TCG)n. In
15 this embodiment there is provided a first forward pﬁimer
complementary to the treated methylated and/or
unmethylated trinucleotide sequence.
In one embodiment, the nucleotide sequence to be

treated with the regent has not been subjected to a

20 previous amplification reaction.

Capillary electrophoresis, melt curve analysis and DNA

chip analysis

25 In one embodiment of the present inventibn the |
amplified product may be analysed by capillary
electrophoresis, melt curve analysis or on a DNA chip or
any  other electrophoretic gel. Using capillary
electrophoresis of a product amplified wusing primers

30 described herein, dTP-PCR peak patterns may be observed
that can distinguish samples carrying only normal, AGG-
interrupted alleles from samples carrying expanded'éiléles

without AGG interruptions.
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30 Exanpl es Non-limting exanples of the disclosure, including the
best node, and a conparative exanple will be further described in greater
detai |l bywoebermasae to the following WO 2011/ 046518PCTPEGERG2ON0M063886
Exanpl es, which shoul d not be construed as in any way limting the scope of
the disclosure. Exanple 1 - Methylation-specific Triplet-Prinmed PCR (nsTP-
5 PCR) for detedcicorddnaAG i meghogisr seéelsantbedi meaciapt eall BEZs epddts in
normal , per.nut at : full tathon FVRL_al leles Naterials and Methods 10
DNA sanpl esl%eaitﬂu%&%g% C%B%nggr%rlplpgs E%r T ni llgéqo%ts%sna%/ouospt i zat | or?r%\a/ere
extracted fgrsacd ypehtdsl, astni dsteldllldlres ebtabned ib:effopm idres Caivel |
Cell Repositories (Canden, NJ) - (GW4738, GW6891, GW6852, GW4479,
G\WD6907, arkfEMI7537)2 RS Hg B AR aF o et -RIAV+ST Gkt ract i on and

et hanol precipitation. The EMRL genotypes of these DNAs were previously

determ ped by Southern bl ot and/or PCR., An 20 additional 19 sanmpl es,
T uti Do 15 soPRCRE FT5RY a Shidol OB7 & SO ETRFS e SEPSR ZBh 1 FAGECe X
mut ati on refey erc A SaRpl esanty h drepeabnleengMRs r£PTE€B€Nt iNg nidhigad Mai n

fragile X phenotypes and critical diagnostic cutoffs, were also analyzed.
25 Assay oVEI/&Fihdiate Dh\A waRetredtied] Rt Fuldl iRl idld e landfa 30

i 11 o ont 1 a1 0ol Ty e BGPEat et ry S ar Snd Sret Ty ar St 2T ores usi ng
fl uor escentdssdmaiyed edopr Loess ¢Fi WG inteAmpbifitvati on plicauoits nveus
10 series of discreté dTP-PCR product .peaks may be observed.
In both premutation and full mutafion males, a continuous
series of dTP peaké may be observed, due to the presence
‘of expanded FMRI alleles with 1loss of the 3' AGG
interruptions. Exceptions to these predicted patterns may
15 occur 1in males that are size mdsaics, where there are

alleles with two or more different lengths in the same

sample.

Females carry two X chfomosomes, hence all females

_ are expected to carry two FMRI alleles. In a normal
20 females, there should be two FMRI alleleS"with.‘repeéf
lengths in the normal range. Hence, discontinuous peak
patterns similar to that of a normal male may be observed.

In Dboth premutation and full mutation - females; a
combination of continuous and disbontinuous peak ﬁatterns

25 may be observed, due to the presence of both normal'and

expanded alleles.

In one embodiment, the analysis is performed by DNA
melt curve analysis. Advantageously, using DNA melt curve
analysis, the method according to the disclosure can be

30 performed in a one tube closed homogenous system.
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WO 2011/ 046518PCT/ SG2010/ 000396 resol ved by capillary el ectrophoresis to
determ ne peak patterns. Normal, non-expanded alleles will produce an

i nterruptwo 2pe@akena8ttern, while prenutation and ful |l nupatrisonowopesased
alleles will produce an uninterrupted 5 peak pattern (Figure 2). The
unnet hyl ated and nethyl ated allele PCR peak patterns together enable
accur at e genot yfJéecl| appilficedtioon pA boeht medesvancriemdies (USigw e t3e.

Sodi um bi Sul f.ite conversion 10Sodi umbisylfite .treatment of DNA

di fferentialdy Woditi esacr?ecﬁ%lﬂnacieed h: t% ulrlhleeet h)?lla?tcéc?s SosiPFELLLy  the
particul ar,dtomnmverdidy Wumided atad M OSideR it iHACid S & rwhiueh eafte dehen
anplified as thym nes during PCR In contrast, nethylated cytosines, such
as those foRREd 15 Mty &P lddd el n@ddotSides 1sar @ dvaditagamust o in
bisulfite conyessionand, itys remain as cytosines during PCR As a result,

i dentical target sequences th different nethylation statesareconverted to
non-i denti cal sequences following sodiumbisulfite treatnent - antisense 20
unnethylatgp repeats will be anplified as TTGs and anti sense nethyl at ed
COG repeat £33 be anplified as TCGs. Genomic DNA sanpl es were subj ect ed

to H sodium 25 hihsul f bremeRdi fi gakbeniHgi Ngtdhe dde DNA M IEAtd onpf@l d ki t
(Zymo Research) with nodifications. Briefly, the CT conversion reagent

sol uti on wa§dirtepacdd Yoy CRBBFA§S668 gficePCchRP i skiPwht erenadblgngl. éihe
s E e
m nut es at labemhst emper beuraest iSeparat ehy, Hlyg, offelMlow, green and far
red areas of the spectrum. In a preferred embodiment,
non-limiting examples of fluorescent 1labels that may be
.uéed in the method of the disclosure include: fluorescent
15 markers or reporter dyes, for example, 66—
carboxyfluorescein (6FAM™), NED™ (Applera Corporation),
HEX™ or vVIC™ (Applied Biosystems); TAMRA™ markers
(Applied Biosystems, CA, USA), ROX. It will  Dbe
appreciated by those of skill in thé art that other
20 alternative fluorescent labels may also be used in the
method according to the present disclosure.

In another embodiment chemiiuminescent markers‘may be
used, for example Ruthenium - probes; and radioactive
labels, for example tritium iﬁ ~the form of tritiated

25 thymidine. 32—Phoéphorus may also be used as a:radidiabel.:

Alternatively the label may be selected from the
group consisting of electroluminescent tags, magnetic
tags, affinity or binding tags, nucleotide sequence tags,
position specific tags, and or tags with specific physical

30 properties such as different size, mass, gyration} ionic
strength, dielectric | properties, polarisation or
impedance. | ' N

In one embodiment, the detectéble label may be-

directly or indirectly attached tO:the primer. 1In bné_
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dilution buffer was added to 1 gg of DNA, and the volune WO
2011/ 046518PCT/ SG2010/ 000396 Table 1.Priners used in anplification of

sodi um biw0I2bifg6iiBeat ed net hyl at ed and unmet hyl at ed FMRCT&IGRe106080396 Pr i nmer
sequence GenBank I D: nucl eoti des uTP-PCR uTP-F (SEQ I D NO 1)

5 4 3

uTP-R (SEQ I D No.2) Fam uTP-Tail F (SEQ I D NO.3) niP- PCR nilP-F

10

15

20

25

30

embodiment, the labeled primer is the reverse primer. 1In
one embodiment, the detectable label ¢omprises a
fluorescent moiety attached at a 5' end of the probe. . In
a most preferred embodiment, the label is selected from 6-
FAM and NED. .
- In an alternative embodiment, the nucleic acid is
detécted with a ﬁucleic acid-intercalating fluorophore.
Preferably, the interéalating fluorophore is SYBR Green or
EvaGreen and the like. it will be appreciated by those of
skill in the art that other intercalating fluorophores may
be used that are active in the blue, yellow, green and far
red areas of the spectrum. It will be further appreciated

that other intercalating fluorophores may be used in

accordance with the present disclosure.

PRIMERS, SETS OF PRIMERS AND KITS »

In one embodiment of the disclosure described herein
there is provided a first primer, a second primer and a
third primer.

In another embodiment of the disclosure described
herein the first primer is SEQ ID NO:10, the second primer
is SEQ ID NO:11 and the third primer is SEQ ID NO:12.

In another embodiment of the disclosure described
herein the first primer is SEQ ID NO:21, the second primer“j»
is SEQ ID NO:22 and the third primer is SEQ ID NO:23 _

In another ' embodiment of the disclosure déscribed'
herein the first primer comprises br consists of a nucleic
acid sequence selected from the group consisting of SEQ ID
NO:2, SEQ ID NO:20, SEQ ID NO:24 and SEQ ID NO:26.

In another embodiment of the disclosure described
herein the first primer Comprises or consists of a‘nucleic
acid sequence selected from the groupAconsisting of'SEQ 1D
NO:?, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:10, SEQEID NO:
20, SEQ ID NO:21; SEQ ID NO:24 and:SEQ ID NO:26 |
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(SEQ ID NO. 4) niTP-R (SEQ I D NO.5) Ned-nirP-Tai | F (SEQ | D NO. 6)
CGACTGTTTGACCCTACCTTA( CAA)9 TGITTTTGAGAGGTGGGITGIG GGTGITT
FanCGACTGYORPGACAGTACCTTA ATTCCATCCCAGITTGTCAGC( CGA) 8  PCT/SG2010/000396 »
CGTTTTCGAGAGGTGGGTTGCG GGCGTITC NedATTCCATCCCAGITTGTCAGC was adjusted to 50
gl with deionised water. A 100 gl aliquot of the CT conversion reagent

sol ution was them ad@edhes t RebDNAmSafpl efanthé nolisst besate 55166 dorbe3

hours. Thelreated Vgae%o[?l ' i S0heys! r%m&%é&%n?hosrgbncqln%fst%%l gu f& (10

according to- manufa urer ctions,

mM Tri s- HChucl enid EDTAG [slelq&e@z)cearmblsé@tr@di drom2C:H2 Ulji:bhpf Wdrheirs tisey

Nhthylatlon S%%%f&% %gRSEQ_ID 4, SEQ ID NO:8 SEQ ID NO:11 SEQ ID
5 NO:22 SEQ ID NO:25 and SEQ ID NO:27.

In another embodiment of the disclosure described
herein the third primer comprises or consists of a nucleic .
acid sequence selected from the grbup consisting of SEQ ID-
NO:3, SEQ ID NO:6, SEQ ID NO:9, SEQ ID NO:12 and SEQ ID

10 NO:23.

In another embodiment of the disclosure described
herein the second primer cdmprises or consisfs of a
nucleic acid sequence selected from the group consisting
of SEQ ID NO:1, SEQ ID NO:4, SEQ ID NO:25 and SEQ 1ID

15 NO:27.

In another embodiment of the disclosure described
herein the third primer comprises or consists of a nuéleic
acid sequence selected from the group consisting of SEQ ID
NO:3 and SEQ ID NO:6.

20 In one embodiment of the disclosure described herein,
there 1is provided a primer selected from the group
comprising or consisting of the nucleotide sequence of any
of SEQ ID NO:1 to SEQ ID NO:27 or complements thereof. _

In one embodiment of the disclosure described : ‘herein

25 there is provided a primer comprlslng or con51st1ng of a
nucleotide sequence in which the nucleotide sequence 
comprises:

(i) a first sequence selected from the group consisting of
any one of (CAA)9 (SEQ ID NO:13), (CGA)8 (SEQ ID NO:14)

30 and (CGG)5 (SEQ ID NO:15); and
(ii) a unique sequence sélected from the group consisting
of any one of CGACTGTTTGACCCTACCTTA (SEQ 1ID NO:16);
ATTCCATCCCAGTTTGTCAGC (SEQ 1D NO:17);
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10 Two sets of priners were designed to anplify the antisense strand of

bi sulfite-nodified FMRL, one set specific to the unnethylated allele

(uTP- PCR)\wenditidaesiet her specific to the nmethyl ated al | elpeT(owEir0f6RYs ( Fi gur e
1, Table 2). The forward prinmers uTP-F and nifP-F are conplenentary to the
15 antisense strand bisulfite nodified unmethylated (TTG and net hyl at ed
(TCG repedPSCCAERPECATEEICACTIAGTERER car r(iSE9 a udilgue AGN-18dnmpl ememicdary 5'

tail seque@gﬁF%\jTﬁ?k?E%Fﬁ@C%%%TG\%T%%l1(5% G%P T/ 010/ 000396 The forward

prinmers anned € repeat "sequence itselt. "Therefore, the presence

or absence of AGm idHeLréempdsdmentM biii RHehed {£E s epeat deBEkiBaaesnrfan
annealing ability of these priners and thus the resultant 5 anplification
products. THESE at® PEPVeEEEd 3 nSee @f ePTABSAST off amSFEeeeing of°¥hé PCR

products. Eigy(e124itkkist rabesthowpreseace of ahsence qfe i RLEALURLIQNS
wi thin the repeat influences priner annealing and resultant
el ect rophesegremcpat t efnsthe0 PanelegsA aotpBisk Fiogur eo2sdissunefa 2%er epeat

allele containing two _evenly spaced AGG.i.nterruptions in +9+9
conf 1 qur at F R PHAEPe 2 G d R Cat ce. FRECHENBEF “oft Saae Tind P4’ LPniCédres an
AGG i nt errggbi am) NOPRI, mahduEROF T@anmealss to 9 repeats of bisulfite-nodified

unmet hyl ated DNA on the 15 antisense strand, i.e. (TTG9. In Figure 2A
anneal i ng of uTPRF BlSosTEroLTenP- REgéher dAesctPishofeestiper hegqdet

cont aijy ngfeirePead s r%.ﬁagdi Syt %Eltecéfdp_aﬁmteli f%:gr_st s&%lé ?fngt hleor a
el ectr opher ogram Dug to the presence of "the A now bi suln i te-converted
to TTT) i nteinupfleotideherapgat20sagachabl e UTP-whiarinedlhengnsicfleoits diehe

i ddl e’ (TTGLY stretch, which 15 in a POR broduct containing 1 t
and 1 < rof PEGEBICRS (R SGEONACHLNACt FOTE7a0tbp ey TFOMT hatt i PLE -

Simlarly, fbheothingd sathdride, UJP- Eoapneakhig Hea do¥ :t heed utbhast: 4chG) 9
stretch frompriner 25 uTP-R_ which generates a PCR product wth 29 repeats
and is ref PERt é8 ¥8:OheSpLak DpNOdécn@ HQ H® N:gést size. Hence, the

U5 CER Peak PaLLerR pdlurencat S8 na i o gitcemlioneayen |
nMIP- PCR | stbemel ars t proVPdBEGR a beetwdh prioerdi ffer escesefkngur£o2Bgr. The
TP PriMeL; 60093t iAY OLoBeUD deSnt@ ! BRIUSISE A0SR FuctLieugh of 8
repeat s , :
sequences of the primers comprise or consist of of the
following sequences, or complements thefeof: SEQ ID NO:7,
20 SEQ ID NO:8, and SEQ ID NO:9.
In one embodiment of the disclosure described herein
there is provided a set of primers for screenincj for a
trinucleotide repeat sequence, in which the nuCieotide
sequences of - the primers comprise or consist Eof . the
25 following sequences, or complements thereof: SEQ ID NO:10,.
SEQ ID NO:11, and SEQ ID NO:12. ‘
In one embodiment of the disclosure described herein
there is provided a set of prime'rs for screening for a
trinucleotide repeat sequence, 1in which the nucleotide
30 sequences of the primers comprise or cohsist of the
following seqguences, or éomplements thereof: SEQ ID NO:21,
SEQ ID NO:22, and SEQ ID NO:23.

In one embodiment of the disclosure described herein

there 1is provided a set of primers for screening for a
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WD 2011/ 046518PCT/ SG2010/ 000396 anneals within the repeat region of the
anti-sense strand of bisulfite-nodified nethylated DNA. Hence, on an allele
with a 9+9eocwnatsigurati on, nirP-F wi |l be abl e to annealpceomRb®ioedsgs at two
positions within the 5° npbst segnent of 5 the repeat region, giving rise to
the 2 shortest PCR products with 8 and 9 repeats (first and second peaks,

Fi gure 2B) trémysdqoedritdey irepgiltl aetiubaceabl eiino wWnheal thwd extcdmptide
successfullS Acr 0SS t% ir% errurt.i an an% vlyl1 | 1. on-Iyxanri ne t.he ne %ir?r of
anpl i fi caticon product s fromt h& 16 $Ecofd " Eédent O (18 -27bp gagC et ween
the two paifed 1efvipeakseqidtidsk andrf evmbh cpeaks, s 2830 Thbs Neattern i s
repeated for the | ast segnment at the 3" end of the repeat region, with a

pair of peak® 3DoPCgdrt FomEad® NHer -and consisting of 28 and 29
repeat ss r espect ipyel ynd fLhibhaineAPd o8 e REAKS: o & rﬁeg@}ibgen%%meg gWP

PCR peak pattern for a normal allele wth 9+9+9 configuration shoul
simlar totheae ofs uPRoPCRedexzepett haf phemershofibtd Iser@epdings Hbrdisscret e

peaks, separated.b s of -27 bp with no anplificati roducts. .More-
Deaks i n baci o0 GEISEE: APPFohe SRELCTEH: whibe THedb ShS nore Leardses
bef ore t he spgueRicegNCANt @he apriiflelsr UpbIPT ide, WH quenapeat i arkieng

sequences. Panels C and D of Figure 2 assume an FMRL allele with 27
uni nt er r upt&d LPEEESt STIERGH ai AF nGORBLATSNES ithasrgpt i D8R EBnde§dent |y,

bot h tf@‘ugggFI@)ng]Orp'glg—,Faplr& f@gLQs & §Able to anneal anywhere within the

uni nterrupted 27-repeat stre generating el ectropherograns with 19 and
20 consecutive BGR pneduenbedimspect i Vieéy, pofménsr easi ngpesifzemandgy 37

decreasi ng peak 30 _hejght, with each oduct .differing in size by 3 bp.
Lar ger uni HﬁéFF&p&EJ%F @&tes,segﬁé:%egs%ﬁ&?afbgfnd's'i n prenutation and full
nmutation allel egn wohk bemexypemtad, t ot hAO 2Oildd £4 656 SPCHSE2RHA/P0396

generate a correspondi ngly greater nunber of product peaks. Each 50
gl nsTP- PCRiresdt L& PESnEdiens¢ et egvieadh Tofo sy iSvers uTP-R niTP- R,

Fam | apel ed uTP~Tai LFE a Iqliglgngﬁn I abﬁjggd P-dall R St0 M ofs,
primers uTP-F an§ mrPE, % %ﬁﬁps, ur'h%%rsmeo]fag Hotota?)%aq 5%% ol ynmer ase
(Q agen), hXtQydaltubnemspe@iddjen) TrixlstpprinddPORChuf fresTP(FJRgerksayd 2 gl
of bisulfite-m)difi%dd : Ar%&:brlitilal d tur%{]i on at 95 C for 15 m nutes
was folloy\Baebﬁe&@c 6 “cy s §8 “C¥or 5 fute, 60 Cfor 1 mnute and 72
C for 2 mnutesinCaphkl aexMbekeaEhOPhOFRS| ok enelcan RBdMsinFash 1 gl
of anplification product was mxed with 0.3 15 gl of GeneScan(r) 500 Rox
si ze standBeghyAdtaog-spechifdic ToirARTdBringgl | BeR Bi 0BRGN, Teeay
m xt urgs Le %‘égje%%te%d ftr%mc%g%)lllear el ectrophoresis on a 3130XL Cenetic
Anal yzer \(N%\ppl e i osystens) for 50 minutes, and the el ectropherograns
wer e anal yzed udnngprEenaibppendmt) o6f tthar elisclosure described herein .

there is provided a kit when used in the method according

to the disclosure described herein, comprising:

one or more primers, in which the nucleotide sequences R

25 comprise or consist of the following ‘sequenqés, or

complements thereof : SEQ ID .NO.1, SEQ ID NO.2, :SEQ ID

NO.3 and SEQ ID NO.4, SEQ ID NO:5, SEQ ID NO:6 and?SEQ ID -

NO:20; or

one or more primers, in which the nucleotide sequences

30 comprise or consist of the following sequences, or
complements thereof: SEQ'ID NO.7, SEQ ID NO.8, and'SEQ ID
NO.9; or

one or more primers, 1in which the nucleotide sequences

comprise or consist of the lelowing sequences, . or
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20( Appl i ed Bi osystens, version 4.0). Figure 3 provides a schematic
illustration of GeneScan el ectropherogramresults that can be expected from
normal , pwermimatxae and full nutation nmal es and fenal espcivSeasmbo39e
unaffected nmale is expected to generate. 25 only a uTP-PCR product with a
normal allele el ectropherogram pattern, wi th absent mrP- PCR product.
Sinmlarly, complemenagtsi sgrhargal WwEQ ABt Npr dQucSEdh TATAPCRL padduSEQ

i nst ead gener.ate aruTP- PCR el ectropherogram pattern characteristic of a

| ong uninter r'upt’eéD CCG repeat. 30 In marked contrast, an affected male's

full nutatiopre MO 2Bk 046548PET/ S0 LHi0030he expadidest fdié else duences
net hyl ated and i nactive. Therefore, there should be absent a uTP-PCR
product buCCHRIHPE- PR el €2RF bpher 8dr arhfiFat t &P hL €HHRY st EREVGRERSa | Gg

uni nt er £ UpleeYRneRe aln Shoy d QEPPFI%S%.-zﬁ,' NREr rf%Jl lﬁ@.”?é ,eSﬁHQt TP

and mlP- PCR products show ng normal AGG interrupted allele peak patterns

are expect é® N& 23:;result of random X chronpbsone inactivation (XCl)

nmedi at ed net %yl ation of both alleles. Ih%.:r?{]eghjt at i orH[ f etma%es with random
XCl, an ove&lfap®bf "RES i RE&FFaPt ed™and ni AT ertUpt € T8pe s PEACS
patterns awemgxiee! edi r ogohet Bt UTBf anthaMTREFPORSyikgai Beduentesl andam XCl
of the normal and prenutation alleles. In full nutation females, however,
the ful |l mFCEPLERCALSeItd A | SEQelRyNatdd @ iTRA? 2! 2BgardRedd of
the inggtiyat.iban state of the X 15 chronobsone on which it resides.
Therefore, uTP-PCR W || only generate the chromatogram pattern of the
normal AGG nt er oupet ed aldrel @riwsidss miPwWPCRhwitlHe prwdiess: iade over |l ap of

AGG- i nterrupted _and uninterrupted repe tg&e%qp%%;ns” Extremel\%/ skewed
XCl can be Sf&EFER SR Priémitati f 10 £erhi e THi'ough

di fferencesr rope eiehifRCRhelteerat egrcamp egltld,s sryEy e 1206 tded rsgg@ndom
XCl femal e counterparts. For exanple, in premutation or full nutation

femal es wi tHR PPeddmi PR ANFddt FRIBAI>05%D dMttHaIot oo S ar ryi ng
the predqutati on/PfrtéICEI&r%tlg?ti CE'?lezzciacl | 2] 1hetxhe‘colﬂn-9?:'ias%% nrR5PCRs pr edom nant |y

anpl i fy only the AGGintérrupted normal and uninterrupted expanded all el es,
respecti velpply@emasesel yn ichea epioemitrestritort Hee iiN2e shows: prsedaim reant

i nactivati of the X ¢ nDsQne carrying the rmal allele, t uTP- and
o bore W s et s N B S oo, S st e A el
al l el es, respegbilvaleyask Nal syl ddredt fildm MHaldramRfdaned frefrale shows

predom nant inactivation of the X WD 2011/ 046518PCT/ SG2010/ 000396
chr onmosone Té&r PPPn§othdergstalard 14 te PNh@ o vmemeR sy | 111yid1’l absent PCR

o paclo tLpcUeRLE- OO Wi (it o e g et
peak 5 pattwelddsbe appreciated by those of skill in the art that
other thermostable DNA polymerases may be used in the
method according to the disclosure
In another embodiment of the disclosure described
25 herein, the kit further comprises sodium bisﬁlphite;
In a one embodiment of the disclosure described
herein, the further comprises a denaturing agent.
In another embodiment of the disclosure described
herein, the kit further comprises dNTPs.
30
.Examples
Non-limiting examples of the disclosure, including
the best mode, and a comparative example will be further

described in greater detail by reference to the following
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HUMARA assay The HUMARA assay was carried out as described (23), but
with mnor nodifications. Briefly, 500 ng of genom c DNA was digested with
5 units ovoRpuld46giBer nentas) in a 10 reaction vol ume of PRU/SGROWBHEN038GChH

di gested sanple, a parallel reaction containing only genonic DNA and
reaction buffer but without restriction enzynme was perfornmed. Reactions
wer e i ncubdrErRie37 Bbifsr ApoubRd ey nPRat ednatr9sd 0@ oAN102RY n.WRY gl

al i quot of quﬁr{irnegacgﬂé)rg%eorép%esgi%%% ed in a 25 gl PCR reaction

containing 0.2 nMdNTPs,” 1 unit pol ynerase (Q agen), IX
supplied PCR buffer (Q agen), and 0.2 gM each of forward priner

(5" - GCCTGTGAAGGTTGCTGIT T-3') and Fam..| apel.ed reverse priner

(5' - TCCA @%%&13"3;@‘58‘*%#%& F&P98§HEF&P§Fi SrRat (meFRD £ or
15 m nuses per) f ebkowRAdutidh C¥El aBEinteAbdr¥ed0atd R iHEHPuptes and
72 00 for 30 s. PCR products were anal yzed using GeneMapper(r) software
(Appl i ed BiYEys¥Tep@atgeisni sprmad) Rermytadtioncand hEught pushtdiogeIMRL and
undi gested gJiguats of 25 each sanple were conpared to obtain X-chronosone
i nactivation ]l(.XCI E ratios (Figure 6) Sequencing All nmale genomic DNA
sanpl es used for optim zation and validation of the assay were sequenced to

det er m ne actual re l.engt hs and structures of the FMRL alleles. PCR
acr 0ss the%ﬁf‘eﬁ‘ta segﬁ"gcﬁ%%fsh fornmed using 100 ng of DNA, 0.4 gM each of
prinmersoc and f (4), 0.5 nM _dNTPs, 2.5 WO 2011/ 046518PCT/ SG2010/ 000396

DNA samples

Genomic DNA samples for initial assay optimization

‘were extracted from 6 lymphoblastoid cell lines obtained

15 from the Coriell Cell Repositories (Camden, NJ) (GM04738,
GM06891, GMO6852, GM04479, GM06907, and GM07537) wusing
staﬁdard phenol-chloroform extraction and ethanol
precipitation. The FMRI genotypes of these DNAs were
previously determined by Southern blot and/or PCR. An

20 additional 19 DNA samples, including 15 selected from a
panel of previously characterized fragile X mutation
reference DNA samples with repeat lengths representing the

4 main fragile X phenotypes and critical diagnostic

cutoffs, were also analyzed.

25
Assay overview
Genomic DNA was treated with sodium bisulfite, and a
30 methylation-specific tfiplet—primed PCR (msTP-PCR)

strategy was employed to differentially amplify and detect
methylated and unmethylated alleles using fluorescently

labeled primers (Figure 1). Amplification products were
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units of Hot StarTaqg DNA pol ynerase (Q agen), 2.5X Q solution (Q agen), 1X
supplied PCR buffer (containing 1.5 mM MCl12, Q agen), and an additi onal

0. 75 nM MWyjoO2R11(0FHHFen) in a volune of 25 gL. An ini PCRISGAeADGt i on at
95 Cfor5 15 min was followed by 35 cycles of 98 Cfor 1 mn, 65 Cfor 1
mn and 68 C for 8 mn. A5 gl aliquot of each PCR product was cleaned up
usi ng 10 urﬁqssﬂd’fe%x@Nu&@%glqirfan(ﬁlzqrmqm’l@e%imi e afiebeiménphasgsiat ase

(SAP). Seq i S per 1 i 0, gM_of i mer_c. together
Wi 8 o OF 0 By Nr B e FoRe) P eact TR LR, Ik O BT Bn Hhd 1
gl of puri firedrdrenplet e pernla tpdatereact wonlwol premofa2Qogl . aBeOUenging
products were resolved by capillary el ectrophoresis on a 3130XL Genetic
Anal yzer (API3EPBi §&9ePERE) .alllaeié%ulwtlsu ProdpRe o3R8 aylids St edst ed

on thres myuangdathees f(@nRleDNA samples, iialn & £ kpouwngt Qneccg'{flﬁaﬂ% mal ,
premutation, and full nutation alleles of the F gene, 20 and the
chr onat ogr @hledsu| B&R apealprieseneeds | hoFeghees 4nable adounate nmmalypeml e

(GW4738) , | ). WP P roduct.s form ng -a, nor AGE i nterrypted allele
peak patterc(r)itrzi\/\Sléssll4‘:olbcsaetrci\l/%eng,lna;lﬁ)ciD tfﬁl’lglaﬂﬁf garnoddutg‘?%? ﬁb%‘éﬁ? ‘Jfl Ei gure 4, 25
normal mal e). The uTP peak clusters are separated by clear zones of 30 bp,
characteri %lﬁ&l of an expected normal] uTP-PCR peak pattern. In the

prenut at i o WeIHE S & L EEEYBLS @ y uTP- PCR products forning a

conti nuous | adder of anplification products, 3 bp apart from one 30 anot her
and between 76 bp to >500 bp, were observed. There was no nTP-PCR

anpl i f1@ation, iSediedt i dy aHtL tonet efateniexpafided@Nal | dlidfemeatially

hyper net hy .(Fi g tagon. male). | ul | _mutation mal
(GVD6852) , h@’%%oﬁ%&%%?s% 10)%8‘6%‘6’ lcécnolfnuc 'O E peak | ddder
pattern w tarpriatletrs feamat:hpgt anmé@fybpteas ohseymess as fudalciexpansi on
alleles are hyglgrrrethyl ated. (Figure 4, full mytation male). In this full

mut ati on n&PeTanPBFE, Very 18R 6 cORYMABESs SUGTPIpeRKR- was & so
observed, wainghageyl dubenatbhrbhutes: $9i fwsai osip a3 DNAEEt gt | Qny

states often seen in FXS patients (24) There were no -clear zones observed
i n t hel peakethddaitedofCifot Hinke lpogidest i onrand efsdlsit amit at ¢ ol iisslldg te

indicatingc%%%e&%%%ﬁﬁaé% €§§gi@%%5&%p2k9”8y£8398gg during PCR. As a

result, identical target sequences with different
methylation states are converted to non-identical
sequences following sodium bisulfite treatment - antisense

20 unmethylated CCG repeats will be amplified as TTGs and
antisense methylated CCG repeats will be amplified as

TCGs.

Genomic DNA  samples = were subjected to 1:sodium

.25 bisdlfite modification using the ‘EZ-DNA Methylatiéh Gold
' kit (Zymo Research) with modifications. Briefly,fthé CT
conversion reagent solution was prepared by adding_660 pi

of deionised water, 250 pl of M-dilution buffer and 50 pl
of M-dissolving buffer to the tube containing the CT

30 conversion reagent, with mixing and frequent vortexing for
10 minutes at room temperature. Separately, 5 ul of M-

dilution buffer was added to 1 pg of DNA, and the volume

46



10cases. In a normal fenmal e sanple (GW4479), both uTP- and nTP- PCRs
produced the expected nornmal peak patterns (Figure 4, normal female). The
absence okocontdsssigus peak | adder patterns in both setspofi/SE2is/006896i r s
that this 15 female is of normal genotype. In the prenutation fenmale
(GW6907), 3 uTP peak clusters 30 bp apart from one another, interspersed
with a conffebdeus l.adderPonim¢pww uTPegeaks f romlif ige tieon 34606 bps ewien
observed (PBiguld€ite-preaitcat i omeftérydla)ed Thissmmd s amnmatdigldtad of FleRt r enme
20 skewi ngadfieX€k,. with alnost all of its expanded alleles found on the

I nactive X _chronposones. The expanded prenutation allel egegBanhiagbi:ve X
chronosome$TdB¢E rise to contimiou? RfPSFEERNCAdders from.16.,Pp4ke - 325bp,
maski ng t he presence of Tow tevets of normal peak ctusters arising 25 from
normal al | &T&sF6#K i nactive X chronpbsonmes. Simlarly for the full nutation

femal e (GW7537), absence | usters anongst the
( Jorellie %Gﬂﬁfﬂ%qﬁ;&p}wa k|

conti nuous niTP g%%b H%ngigjan h)10r ma sterapattern al so
uTP-R TGTTTTTGAGAGGTGGGTTGTG X61378:
(SEQ ID No.2) GGTGTTT _ 280522777
Fam-uTP-TailF- Fam-. :
(SEQ ID NO.3) CGACTGTTTGACCCTACCTTA -2

mTP-PCR _ '

mTP-F ATTCCATCCCAGTTTGTCAGC (
(SEQ ID NO.4) CGA)g n-a.
mTP-R CGTTTTCGAGAGGTGGGTTGCG X61378:
(SEQ ID NO.5) GGCGTTC 280522777
Ned-mTP-TailF Ned- n.a

(SEQ ID NO.6) ATTCCATCCCAGTTTGTCAGC
was adjusted to 50 pupl with deionised water. A 100 pul

aliquot of the CT conversion reagent solution was then
added to the DNA sample and incubated at 55 °C for 3
hours. The treated DNA was purified using the Zymo-spin IC

5 column according to manufacturer ihstructions, eluted with

20 pl of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and

stored at -20 °C until further use.
Methylation-specific PCR

10 Two sets of primers were designed to amplify the antisensé
strand of bisulfite—modified FMRi, one set specifiéjto:the;:
unmethylated allele (uTP—PCR)'ahd the other spedific tb ‘
the methylated allele (mTP—PCR)'(Figure l,.Tablevi). The
forward primers uTP-F and mTP-F are complementary'to the

15 antisense strand bisulfite modified unmethylated (TTG) and
methylated (TCG) repeats, respectively, and each carries a

unique non-complementary 5' tail sequence (Table 1; Figure

1.
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i ndi cates the presence of extrenely skewed XCI, with nost 30 of the nornal
all el es found on unnet hyl ated, active X- chronosones (Figure 4, full

mut at i on wermliauesighe results of both GW6907 and GVD753¢TSEREOI0N0396 EVI OUS
observations WD 2011/ 046518PCT/ SG2010/ 000396 nmade in a fl uorescent

met hyl ati on-speci fic PCR assay, where both sanpl es have shown extrene
skew ng of Tkel EeryarfAssayinarpdagiopabFufiheinvdlliciaticmeadt tlkauesssy was

per or Ted. 98 219 saddi i onato PNA sqml s, conslsting ofyhath.Jml geand el e

sanpl es wi thrépeat S spanning 0sS three of our main allelic

genot ypes -intemralptignay zwiehiand ghveenuC@ti orepleiagur esn 7l aendc 8. Ahew t h
the 6 sanpl es 10Q .above, K prenutation sanples were easily djstinguished from

nor mal sanfBRE§ 2y oh i esien et of NESAL PHITRE Spedie | Huder SRRn&FEUHENE i s an

expansion, agitines dat ibH- ProsE: FCR rqml allel e rgave dd sejho digcrete
clusters of peaks separated by clear zones where the uTP-F and mIP-F °
pri mers 15 efl@dt nophemegalamandagkeend sfccébsf (BRI aepdystshe Fhyereupti ons.

In sanpl es.wi.th.2 interr i ere re di scret, | yster.s_aof
peae Separatud By 0. by Bonee g, SEaoabs5 CraobEas HEEGIEE P g &
respectivemikhiwher ehéhersepsatonl ynk liurinefesupt pobmen t henrdh rapgat amegi on,
only two peak clusters separated- by one clear zone were observed (NA20232,
and” uTP- PCRESH 1GRBrFL 5 S FE TR OB LT BTG - peak clusters with three

cl ear zones were observed in the uTP-PCR anplification of NA20234, an
indication that it has three interruptions in 25 the unmethyl ated repeat
regi ont{ Fi §anels) . Apadid pBt tef ndisir s epeadssergyt s ¥R athiredon atld <86 ng

‘r"‘te" e to dist @9%&%8“0&583' e%éﬁi“%eééé‘ﬁggdpﬁ'e' %ﬂnecserzﬁlﬂ’éi@fé of di foferent
peat structureées were al so-observed wthi'n each "genotype anong 't he
sanpl es st wdh€édguthe immst (wtonmonl §' seéadirepeat tdier unimireas af eCGBe and
Ly indicates an AGG interruption). Primer uTP-F anneals
to 9 repeats of bisulfite-modified unmethylated DNA on the
15 antisense strand, i.e. (TTG)g. In Figure 2A, annealing of
uTP-F closest to uTP-R generates the shortest PCR product
containing 9 repeats, which is reflected as the first peak
of the electropherogram. Due: to the pfesence of the AGG
(now bisulfite-converted to TTT) interruption, the next
20 available uTP-F annealing site ‘is the middle = (TTG)9
stretch, which results in a PCR product éontaihing 19
repeats and is reflected as the second product peak 30 bp
away from the first. Similarly, the third and final uTP—F
annealing site is the furthest (TTG)s stretch from;primer
25 uTP-R, which generates a PCR prodhct with-29 repeétS‘and
is reflected as the peak product with the largeS? size;
Hence, the uTP-PCR peak patterﬁ for a 29—repeat"allele
with a 94+49+9 configuration is expected to consist of three
discrete peaks that are 30 bp apart.
30 | |
mTP-PCR is similar to uTP—PCR, but with minor

differences (Figure 2B). The mTP-F primer consisting of a

unique 5’ tail sequence and a 3’ stretch of 8 repeats
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three di scontinuous peak clusters characteristic of normal WO

2011/ 046518PCT/ SG2010/ 000396 al |l el es, where the repeat regions carry two
i nterruptwonsi/mbiiB an interruption after every 9 or 10prcepeat®/oodsogur es
5Ai - iii show uTP-PCR el ectropherogramresults fromunnethylated alleles
wi th the 94949, 10+9+9 and 9+9+10 CGG 5 repeat patterns, while Figures 5Bi
-ii show nERnPERselwsdthrigpher@grarsatr awomerhydfat elge apnelesenpeh stF@ngt9+9

and 1. 0+9+9 repeat tterns...Vayiati ingr at hs_of _ea ment
result in \9§r %plr?éllgﬁ ee_rmoéjfslfﬁeea ﬁﬂnh%gac pe@@gbl ué%ﬁg%' aggs g\/\/l(ﬁélriil%%L i gures
5Aiv - vi andnFigueeoid %Bhifiigudenden,bynTmeki aglat behealel €ct o oplheradr am
peak patterns, it is possible to distinguish between alleles of identical
repeat | enGOARISGE LY frter'eft PepéhioBer Hathies 11§ gur dBOSAI PEIBRELS BA i ).
15Anal ysi n he t ures;pfnal 1.8l SO+ per m t tad, thesdegidgd i on
of repefgt %gtr?gt ﬁéggrggm %%?ﬁ&%‘rég}dﬂr%%- %RS%;egE cFust ers, independent of
the sizes produded byithe 8el @astr dhheepgeam sizer sitar kads. sReprat Peakgt-hs

coul d be deduced fraomt peak tterns bot d l.e | ex
ns- TPPCR el%g@tulrc?pﬁg(ﬁdgrg]é%ssp%ueerrgcalﬁloslﬁ bl & an Ogeége%%gg %él ea‘;jg%%rﬁl é—’ls%{)o
verify theexepeat dengidistardy saeuessr eseohiraiarathptivroughd duplléx omaTP- PCR.
For normal, grey zone and sone prenutation nmales where seqguencin

was
successf ul PHARE skBeMdsly Peddl t:f 28T gadrdd Bur PEPEUFESi oheCDf Yiépeat

structyses ' ugh; dupl ex P- pAthauoghd heyar edieted wsi ze
of NAZ2 2305%;%%3%?%331&%%- %@%%fe?@gf r(%%?tbheg consensus ‘Iﬂength, it

cor r espondecakist W tthhierds o tferr th esed hat eBigengt AB) FOFhNA2@23ternhd ssi ze
obt ai ned from dupl ex ns-_ .30 TPPCR differed, slightly frombo t he _cansensus
and the estrieﬁ&ta&(?di é?grt He byl 3k SREME t§% 17 SARIbEokYe! ARpian

raétpe S Tespectively, and Was one

repeat shortegyidrhanystzed Ruisequeneedds Sanppespairth f:0ng shert ches rof
conti nuous- peak | adders beyond 300 bp could not be sized by dupl ex
ms- TP- PCR @&¢ t eoRfiest iy 2011/ DA65TSPCH? SEEPEG/ILG00398P F b BRIt R of (dtidtter

peakst pyar dyiheendahl hetadder ¢laiie 2ok} Urgdnédl)an Tabte el genon c
DNA sanpl es from Cori e I Repository lines used for assay optim zation
and val i datpagrter@or ifeld kD Normefl C@Gledpeatwstds 9+9+9 configuration
should be similar to that of uTP PCR, except that there
should be 3 pairs of discrete peaks, separated by gaps of
~27 bp with no amplification products. More peaks in each
20 cluster will be expected where there are more repeats

before the primer encounters an interruption or unique

repeat-flanking sequences.

Panels C and D of Figure 2 assume an FMRI allele With.i

27 uninterrupted repeats, i.e. containing no AGG

25 interruption. Consequently, both the uTP-F and mTP-F

primers are able to anneal anywhere within. - the
uninterrupted - 27-repeat stretch, geﬁérating:>
electropherograms with 19 and 20:cbnsecutive PCR pfoducts%_'
respectively, of increasing size and decreasiﬁg peak:’

30 height, with each product differing in size by 3 bp.

Larger uninterrupted repeats, such as those found in

premutation and full mutation alleles, will be expected to
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provided by Coriell 5 4 3 repeat pattern (Total no. of repeats). Dupl ex
nmet hyl ati on specific TP-PCR Direct PCR  uTP- PCRniITP- PCR Sequenci ng GM 06890
GM 04738 W 20111044518IA 20244 NA 20232 NA 20230 CD 00014 NACZB23d10006396892 GV
06891 GM 06852 30 not indicated 30 [30],  41[41J" 46 [46]A

generate a correspondingly ~greater number of product

peaks.

Each 50 pl msTP-PCR reaction contained 0.2 uM each of
primers uTP-R, mTP-R, Fam-labeled uTP-TailF, and Ned-

5 labeled mTP-TailF, 0.02 uM each of primers uTP-F and mTP-
F, 0.2 mM dNTPs, 3  units of HotStarTag DNA polymerase
(Qiagen), 1X Q solution (Qiagen), IX supplied PCR buffer
(Qiagen) and 2 pl of bisulfiteﬂmxﬂfied.DNA. An initial
denaturation at 95 °C for 15 minutes was followed by 40

10 cycles of 98 °C for 1 minute, 60 °C for 1 minute and 72 °C

for 2 minutes.

Capillary electrophofesis and GeneScan analysis

Each 1 pl of amplification product was mixed with 0.3

15 ul of GeneScan® 500 Rox size standard and 9 pl of HiDi
formamide (Applied Biosystems) . The mixtures were
subjected to capillary electrophoresis on a 3130XL Genetic
Analyzer (Applied Biosystems) for 50' minutes, and “the
electropherograms were analyzed using GeneMapper® ébftwaré

20 (Applied Biosystems, version 4.0).

Figure 3 provides a schematic illustration of
GeneScan electropherogram results that can be eXpected
from normal, premutation and full mutétion males -and
females. A normal unaffected malé}is expected to génerate«

25 only a uTP-PCR product with a normal ~ allele h

electropherogram pattern, with ébsent mTP-PCR product;
Similarly, a premutation male will not produce an mTP-PCR
product, but instead generate a uTP-PCR electropherogram
pattern characteristic of a long unintérrupted CGG repeat.

30 In marked contrast, an affected male's full mutation
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54 [531A 56 [56] A 79 [76] A 93 [86] A 118 >200 10+9+9 (30)- 10+9+9 (30)
10+49+9 (30) 9+9+21(41)- 9+36 (46)- 54 uninterrupted repeats 9+9+36 (56)
10+66 (7MWOR0HAR6X1893) >140 uninterrupted repeats >90 uniPRTSIG20I9108¢896 epeat s

expanded allele 1is methylated and inactive. Therefore,
there should be absent a uTP-PCR prbduct.but_an mTP-PCR
electropherogram pattern consistent with a . long

uninterrupted CGG repeat should be'present.

5 In normal females both uTP—l and mTP-PCR products
showing normal AGG-interrupted allele peak patterns are

~ expected, as a resulﬁ of random X chromosome inactivatibn
(XCI) mediated methylation of both alleles. In premutation
females with rande XCT, én overlap of AGG-interrupted and

10 ﬁninterrupted repeat peak patterﬁs are expected from both
uTP- and mTP-PCRs, again due to random XCI of the normal

and premutation alleles. In full mutation females,
however, the full mutation allele is fully methylated and
inactive, regardless of the inactivation state of the X

15 chromosome on which it resides. Therefore, uTP-PCR will
only generate the chromatogram pattern of the normal AGG-
interrupted allele, while mTP-PCR will produce an overlap

of AGG-interrupted and uninterrupted repeat peak patterns.

Extremely skewed XCI can be detected in a premutation
20 or full mutation female through differences in thé msTP-
PCR chromatogram results compared to their random XCI
female counterparts. For example, 1in premutation or full
mutation females with predominant‘inactivation (>95%) of =~
the X chromosome carrying the premutation/full mﬁtation
25 allele, the uTP-and mTP-PCRs predominantly amplify only
the AGG-interrupted normal and “uninterrupted éxpanded
alleles, respectively. Conversely, if - a premutafioﬁ}
female shows predominant inactivation of the-X chfomosomé‘
carrying the normal allele, the uTP- and mTP-PCRs will
30 predominantly amplify only the premutation and normal
alleles, respectively. Finally, if a full mutation

affected female shows predominant inactivation of the X
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10+9+9 (30) 10+9+9 (30) 10+9+9 (30) 9+9+21(41) 9+36 (46) uninterrupted
(-193 rpts);
sequenci ngofailmes1IPCR and sequencing failed A Repeat | eogisczoiomodzoacket s
are consensus data froma consortium study (14). 5Anong fenal e sanpl es,
normal and gray zone alleles that were sized by dupl ex nmsTP- PCR net hod
corr esponded ramosomiee s& zegipg ovitdednbymeCR @k the tbesewEBsPERudE [(121) .

di | I TP- B d_th
Conconsus. SE005 BT e Hor GCT0 RHAMRRL AoNG ot Bt Ao A 1 B B8, AW e ght

be due to EGRhstuhbernagmaite@naee@xp@m@@médfl&&ﬁéiﬁ@ Cﬁo|Qﬁgﬁhkﬁpe@m

repeat (54) 9+9+36 (56) 10+67 (78) 10+82 (93) PCR successful

regions (Table 3, Figure 8).

overlap of AGG- 1nterrupted and unlnterrupted repeat peak

5 patterns.

HUMARA assay

The HUMARA assay was carried out as described (23),

but with minor modifications. Briefly, 500 ng of genomic

DNA was digested with 5 units of Hpall (Fermentas) in a

10 reaction volume of 20 pl. For each digested sample, a

parallel reaction containing only genomic DNA and reaction

buffer but without restriction enzyme was performed.

Reactions were incubated at 37 °C for 4h, and terminated

at 95 °C for 10 min. A 4 pl aliquot of each reaction

15 product was amplified in a 25 pl PCR reaction containing

0.2 mM dNTPs, 1 unit HotStarTag DNA polymerase

IX supplied PCR buffer (Qiagen), and 0.2 puM
forward primer (5'-GCTGTGAAGGTTGCTGTTCCTCAT-3")

(Qiagen),

each of

and Fam-—

labeled reverse primer (5'-TCCAGAATCTCTTCCAGAGCGTGC-3') -

20 An initial denaturation at 95 °C for 15 minutes - was .

followed by 30 cycles of 98 °C for 30 s, 60 °C for 30 s -

and 72 °C for 30 s. PCR products were analyzed using

GeneMapper® software (Applied Biosystems,>version 4.0) and

allele peak heights of digested and undigested aliquots of

25 each sample were compared to obtain - X—chremosome

inactivation (XCI) ratios (Figure 6)

Sequencing

All male genomic DNA samples used for optimizatioh

and validation of the assay were sequenced to determine

30 actual repeat lengths and structures of the FMR1 alleles.

PCR across the repeat region was performed using 100 ng of

DNA, 0.4 uM each of primers c and £ (4), 0.5 mM dNTPs, 2.5

o)V
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57 WD 2011/ 046518PCT/ SG2010/ 000396 Two of the sanples used for
val idation have simlar allele sizes (54 repeats in NA20230 and 56 repeats
f or CDOOORO4)11mutsidi fferent repeat structures (Figure 7PpcT/RGR010006896
stretch of uninterrupted repeats in NA20230 may 5 cause this allele to be

more predi sposedto expansi ons than CDO00014, despite the larger allele size
of CD000014nFabE| ecd. Herdtargasom BI/DNPehYRR €3S¢ r o TogeR) | C8F PX

Repository_|i sed,.f Ss opt i [ and. | dat. - ekl I D No.
of CGG repgé {s:{%gg“pre(ggvlla St Hya%%r%#mé%%l %)%Rne%fﬁéalt i g%l&ggaelcﬁ’){l% q‘P—‘% PCR:
5 4 3' repMaMgpatf epha{dol al and. aaf avefedics)zl 0 WEP-PCRIgATR- PQRaNAn(07538

GM 07175 GM 04479 NA 20238 NA 20243 NA 20235 NA 20234 NA 20236 GM 06907 NA
20240 NA 20242 TWLEBEIGINA 20839 AoV oTE3RRotomrtRurpyen at 95 "C for

5 15 min was followed by 35 cycles of 98 °C for 1 min, 65 °C
for 1 min and 68 °C for 8 min. A 5 pl aliquot of each PCR
product was cleaned up using 10 units of exonuclease I and -

- 2 units of shrimp alkaline phosphatase (SAP). Sequencing was ;
performed using 0.32.uM of primer c, together with 8'ul of
10 Bigbye terminatotbready reaction mix, 1X Q solution and 1 pl

of purified template in a total reaction volume of 20 pl.
Sequencing products were resolved by .capillary
electrophoresis on a 3130XL Genetic Analyzer' (Applied
Biosystems).
15

Results

The assay was first tested on three male. and three
female DNA samples that are known ‘to carry normal,
premutation, and full mutation alleles of the FMRI gene,

20 and the chromatogram results are presented in Figure 4.

In the normal male (GMO4738), only uTP-PCR ﬁroducts%‘
forming a.normal AGG-interrupted allele peak pattern was .-
observed, and mTP-PCR products were absent (Figure 4,

25 normal male). The uTP peak clusters are separéted by
clear zones of 30 bp, characteriétic of an expeCted;normai
uTP-PCR peak pattern. In the premutation male sample
(GM06891), only uTP-PCR products forming a coﬁtinuous
ladder of amplification products, 3 Dbp apart f#om “one

30 another and between 76 bp to >500 bp, were observed; Theré
was no mTP-PCR- amplification, indicating that none of the
expanded alleles are hypermethylated (Figure 4,

premutation male). In a full mutation male (GM06852), a
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23/ 30 not indicated 29/30 [29/30]" 29/41 [29/41]" 29/ 45 [29/45]" 31/ 46
31/55 [31/53]~ 29/85 30/85 [30/80)”~ 30/100 [30/73]~ 23/95-120-140 23/200

[ 20/ no coneensua}i1s28- 29/ >200 9+9+9 (29) 13+9 (23) 10+9+0T/(583)1090@9d 0 ( 30)
9+9+9 (29) 9+9+9 (29) /45 uninterrupted repeats 9+9+13+12 (46)

uni nterrupted repeat (54)
continuous mTP peak ladder pattern with products from 76

bp to ~400 bp was observed, as full expansion alleles are
hypermethylated: (Figure 4, full mutation male). In. this
full mutation male sample, very low levels ef coﬁtihﬁous
5 uTP peaks was also observed, whichvcould be attributed £¢
mosaicisms in DNA methylation states often seen in FXS
patients (24). There were no clear zones observed in the
peak ladders of both the premutation and full mutatien
males, indicating the loes of 3' AGG interruptions in both

10 cases.

In a normal female sample (GM04479), both uTP- and
mTP-PCRs produced the expected normal peak. patterns
'(Figure 4, normal female). The absence of continuous peak
ladder patterns in both sets of PCRs confirms that this

15 female is of normal genotype. In the premutation female
(GM06S07), 3 uTP peak clusters 30 bp apart from one
another, interspersed with a continuous ladder of low uTP
peaks from 76 bp to ~340 bp were observed (Figure 14,
premutation female). This is an indication of extreme

20 skewing of XCI, with almost all of its expanded-elleles
found on the inactive X chromosomes. The expanded:'
premutation alleles on inactive X chromosomes gave:rise to
continuous mTP peak ladders from 76 bp to ~ 325bp,imasking
the presence of low levels of normal peak clusters:arising

25 from normal alleles on inactive X chromosomes. Siﬁilarly
for the full mutation female (GM07537), the absence of
discrete mTP peak clusters amongst'the continuous mTP peak
ladders and a  normal uTP peek_ cluster pattern also
indicates the presence of extremely skewed:XCI, wrﬁh mosrﬁ'

30 of the normal alleles found on unmethylated, active Xe‘il
chromosomes (Figure 4, full mutation female). The results

of both GM06907 and GMO7537 support previous observations
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9+9+9 and 11+81 (29 and 93) uninterrupted repeat (94) 10+9+9 (30) 13+9 (23)

1049 (20) 9+9+9 (29) 9+9+9 (29) 10+9+9 (30) 9+9+9 (29) 9+9+9 (29) 10+9+20

(41) 9+9-#90(0BR)0465145 uni nterrupted repeats 10+9+10 (31) pt@kG2d0/00@2¢ 10+80

(91) 9+9+10 (30) uninterrupted repeat (73-74) uninterrupted repeat (>75)
uni nterrupted repeat (>90) uninterrupted repeat (>90) "Repeat lengths in
[ br acket s] made cdnseasu§ldatastEDM1ameahsdatﬁ@mrep@@yf@r4)PCR Ercepty,f or

20235, results o st sampl.es are estive of nost co skewed
S inact] vabPere See a B fi s b S St 5 RS o1 500356

10

15

20

25

30

Assay validation

Further validation of the assay was performed on 19
additional DNA samples, consisting of both male and female
samples with repeat iengths spanning across three of the
four main allelic genetypes - normal, gray zone _ and
premutation (Figures 7 and 8). As with the 6 samples
ebove, premutation samples were easily distinguished from
normal samples by fhe presence of continuous peak ladders

where there is an expansion, either in uTP- or mTP-PCR.

Normal alleles gave rise to discrete clusters of peaks

separated by clear zones where the uTP-F and mTP-F primers
fail to anneal and extend successfully across the
interruptions. In samples with 2 interruptions, there were
three discrete clusters of peaks separated by‘two clear
zones (eg, GM06890, NAQ7538, Figures 7 and 8
respectively). Where there is only 1 interruption in the

repeat region, only two peak clusters separated ‘by one

clear zone were observed (NA20232, and uTP-PCR of GMO7175

Figures 7 and 8). Four peak clusters with three clear
zones were observed in the uTP-PCR .amplification of
NA20234, an indication that it has three interruptions in

the unmethylated repeat region (Figure 8).
Peak patterns and repeat lengths

In addition to being able to distinguish normal from

expanded alleles, a number of different repeat etfuctures

were also observed within each genotype among the samples
studied. The most commonly seen repeat structures are the

three discontinuous peak clusters characteristic of normal
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Wth the ability to anal yse unnethylated and nethyl ated all el es separately,
the results of this duplex nms-TPPCR assay can be used to informon the
skewi ng paEoOerigedB fermal e EMRL al |l el es. I n NA20235, ea®bTEG201080089%6 wo FVRL
alleles of different sizes are distributed al nost equally on both the
active and inactive X chronosones, as can be seen fromthe simlar peak
patterns fRACETEP- AN LATEIECREREYUrRIBONS | FITTYoRYC 1OERER UPEROSIToWS

three di sconihnuous Glaysh @S Of a]%géis e%é%”@ bEomt ?@pégté?pe%ﬁgﬂﬂe@ es

with 2 AGGinterruptions, "as wel S conti‘nuous | adder” patterns sing
fromthe 45Ahiepeat idlil ebbsw | nTe6BCRast l eskewptieXChraer e relssdtsed finom

NAZ0236,  HEMERBFRGEoS1 Hapdae AT st bt Lokl haR?l 5 Rodhd ol LS
i nactive X eBeaRDsemRern@sul tiHia d N ghenos mabgpat tern gholhr g&p-per

di sconti nuous peak clusters from nrP-PCR, which are absent from uTP-PCR
The | ar ger e35cteppheradiranss brem 20eshedefriesant} yefosndish thlee adthiné X

chronosone nd, Ar e d in.t or - ti;nuo der TP
ponks ¢ hat 280 Y ES CHRESRE S adihe L BBl R YOS BT T Er e risT
m ddl e rowpf Haeh exemsmt srsgeht f EomvhARZA2A39 mogieofof heesher tiar 23 hr epeat

alleles are f qugon the 25 active X chronosonme while nost of the | arger

200 repeat P&FIel USHRE £ offd TP he TPndctIVeSX chrdnosones, 2hi ERIFESUI t s
in predom Banthy di sEeRid,nugys Wk Reaks tandn g ondi dWotso AR Peaks pewid h the

mrP peak | adders masking the presence of discontinuous nT5 peak clusters
(Fi gure 6, P30ltgsnsyowW)t. 1s possHdrl s aimpl @bs NARY23sh aRd tNA20236 1eHERARA assay

results wereg inforpative d.indicative of,. | _an d
D011/ 04651 8 ETFAEa01 o o0s LPaghas: (S y e En R s plles
un-i nf or mat(iri guat st Be iHUMARAulsoGRd.1iiet er m ni ng FVRL repeat | engths 5

Di screpanci es between the expected and observed the anplicons were
observed, with the uTP and products m grating about 10 bp (3 repeats) and

repeatsy faster ahRagsexpected resRRCdd velyrustdess of o TP PER1 65bP 212 due
to enhanced el ectrophoretic nobility of fragnents containing
permitted the deduction of repeat lengths from both uTP-

and mTP-PCR peak clusters, independent of the sizes
provided by the electropherogram size markers. Repeat
lengths could be deduced from the peak patterns of both
20 male and female duplex ms-TPPCR electropherograms where
possible and sequenced male samplés to verify the repeat
lengths and structures obtainedﬁﬁhrough dupiex‘méTP;PCR;_J
For normal, grey zone and some premutation males where
sequencing was successful, the sequencing results
25 supported our predictions of repeat structures ana sizes
through duplex msTP-PCR. Although the predicted size of
NA20230 by duplex msTP-PCR differed from the consensus
length, it corresponded with the submitter's estimated
length. For NA20231, the size obtained from dupléx ms-
30 TPPCR differed slightly from both the consensus énd the:
estimated lengthé by one and tWoﬁrépeats réspéctivély,;and 
was one repeat shorter than sized bylsequencing. Samples'
with long stretches of continuous peak ladders beyond 300

bp could not be sized by duplex ms-TP-PCR due to the
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10 triplet repeats (24). Thus, sizing of the anplicons to determ ne repeat

| engths will result in under-sizing of both the unnethyl ated and net hyl at ed
al I el es. BQ208/4g518he nunber of peaks and repeat struct REESGROLOMNESHES Cct
allele I engths, we have successfully overcone the problem of 15 inherent
enhanced nobi I|ty of triplet repeat-rich fragnents over the size standards
used durin@iEHsNdqr 9T elsdattiteghopesks. tRyaant yehagenspeat $heuctadast al |
all el es exc ry lar r-emu on and full nutation alleles were
accurately @Pﬂtze fz?/on%qgﬁseoa’gsagg('ﬁabl es 2 20 and 3). The largest allele
that could be sized was a 93 repeat allele (GW6892, Table 2 and Figure 7).
Unl i ke assays, t hat t|||ze rimers flankln the repeat region for FVRL
expansi on de?'&tz. B’Fi' gF'H’é}"eD aﬁB'espff‘E‘l' %‘?”élhf &FF’Q&W Ft&séf'f%ﬁssﬁi‘f°pﬁ6fz?ﬁﬂ‘

al | el es overexpaHd v avoi di ng
appar ent hormzy905| ty |ssues V\/nere a g‘esngalr@eagmne(maa,b dfgeppmy‘ozygous for
nornmal alleles nay be NR;o5¢ Yken for a female sanple with one normal allele
and a secondcofigllib nut é‘f‘i% al | el e tdag;gxmﬁh,r@m@%ﬁyﬁ pt@ PCR 30 Deternining

FMRL repeat nethyl ati® s W.ih the ability to analyse anpPifeFiPEBt i on
products from unnet hyl a and met hytbaged al | el es §ﬁpﬁJRat el y, Sf@eddEe al so
able to tell—ki—ptpe—CGG_Lerpeaps_meLe_nef hyl ated. The presence of 2a
continuous niNPogre@k pattsern in a rngiggg@m)l e is a clear indi CabioRsyspf a
full mutation affected individual. Analyses of anplification pr oducts from
femal e sanpl@soese covphdi@aked by 1¥digophi | e the absence 5 ofpegipnUOUS
NP peak patterns indicates that the individual is not affected wnth FXS,

t he reverse Nmgyrirean tmgo]she i s ebidiepopffected with FXS, or 1phadzghe
carries a large prenutation allele and has extrenely skewed XCl, such t hat
most of her rexgpasaded psigmp ati on akdeh@3) are-on 10 the inacti ‘g:ag+§<1(41)
chrompsones. Together with CGG repeat |engths and patterns, XCl ratio may
al so play a nadogs2i n dedegquept Ni ng sugesdel bility or severity of pmemfure
ovarian failures (POF) in prenutation fermales. In |light of these studies,

it is interastiory to nwtss]4 hatss@uintedsayreddatscoul d al so det ectUNEREEHRIgd XCl
ratios of FMRL alleles in female sanples. Among the female saffAedd>Phat we
anal ysed, tmroeomer e 7sebdlch have sengs@k) el e in the normal, | ew:se@eat size
range (less than 40 repeats) and the other allele in the msdi um repeat size
range (| argena202310r mal 79 (gpiay zone mmeb (prienut ation al l el es gr eafbady (idpan 40
repeats) (Table 2). O these 7 sanples, 3 (NA20242, NA20243 and GW6907)
carried nostGnofesphei r d43gse@r repeatiosgzes)al | el es on the active +ghgspnosone
and were not detectable by miP PCR 2 (NA20235 and NA20234) had 25
approxi mately equal distribution of their [ower repeat size all &R
inactive ang,aghkiye X chronpsonesoanidtemenel det ected in both ufﬁc%g )mTP
PCR, and the rest (NA20236 and NA202#@% carried nost of their 13k P repeat
size alleles on the inactive X chronosone and were only 30 dete4 '% by mrP
PCR (Figure 8). Wile several studies on the nmanifestation of kN
premrut ati on desgrtLs hawggghown that it nay not B uaistegented ed c% |-
ratios, the conclusions were based on the eval uati tmsitof the anmpfdyfIcation
of the human _androgen receptor |ocus pbefore WO

2011/ 046518 PETFFBERY P H/P GO0 T catstr e &pm gifogestr vy B§- a met hyl ati on-sensitive
enzyne (28,29). Hence, re-evaluation of subjects using the duplex nms-PCR
assay may be able to provide a nore accurate representation of how the

di stributions ofmpnenutfamades  samples, all normal and gray zone

alleles that were sized by duplex msTP-PCR :method

corresponded with the sizes provided by CCR and the
consensus study (21). However, discrepancies among sizes
by duplex msTP-PCR, CCR and the consensus study were more
10 common among premutétion alleles, which might be due to
PCR stuttering often seen in amplifications of large

repeat regions (Table 3, Figure 8).
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5 alleles on inactive and active X chronosones influence POF manifestation

in prenutation females. Summary The dupl ex nms- PCR approach descri bed herein
i s techniwel2by/oisisi nple with reliable results that canpog/schimionesdsw thin

a day. It has significant advantages over our previous triple nms-PCR assay

and ot her existing assays as the current assay requires only one PCR setup

and i s robust eRgaglPh otldet sempiesy wsedefpremalatdagniaindhave| spmtidiron 15

alleles in e ngd .f,e nd di st,i IS t wee

premnut at i oﬁﬁrggreﬁ fut e%uﬁé:)tzli g‘ﬁég%flté egml nﬁ%pg?ban@ﬁfe‘é@l &é%%ﬁs ecft?éfl XCl
rati os. Cogpondeoindg auhyphiffeircs] sapgdte stzecohirdd, 0BDgurEed) .w tTheknown
FXS frequency of 1 in 4000 nal es,, using the dupl ex ns-PCR approach as a 20
screen wi | FOPE&H tSHREbARY QA3 YrdiNtShfttRtissh FaP&assnptRs toP EhAiel ed

for size copgfikemhiian Ay Jtherde bhote apabysiposbQEcacgpahkabnsamplae si ze
of 50,000 fenales, wth known FXS frequency of-1 in 6000 ferales and
prenut at i oADAPPELE , pdevplidrc & hef l_ﬁrig@rzaglfeém&ISeisze(E(ﬁ 30000014

Table 3. Female genomic DNA samples from Coriell Cell Repository lines used for assay
optimization and validation.

Duplex methylation specific TP-PCR:

No. of CGG.repeats as 5’ > 3’ repeat pattern (Total no. of repeats)*

Corielt ID provided by Coriell
k uTP-PCR _mTP—PCR
NA 07538 29/29 [29/29]7 9+9+9 (29) . 9+9+9 (29)
GM 07175 23/30 13+9 (23) 10+9+9 (30)
GM 04479 not indicated 10+9+9 (30) 9+9+9 (29)
NA 20238 29/30 [29/30]» 9+9+10 (30) 9+49+9 (29)
NA 20243 29/41 [29/41]» 9+9+9 (29) 10+9+20 (41)
. . . 9+9+49 (29) / 45
NA 20235 29/45 [29/45]A 94949 (29) / 45 uninterrupted uninterrupted
repeats
repeats
NA 20234 31/46 9+9+13+12 (46) 10+9+10 (31)
NA 20236 31/55 [31/53]» uninterrupted repeat (54) : .10+§+10 _(31) '
GM 06907 29/85 9+9+9 and 11+81 (29 and 93) 10f80 (91)
NA 20240 30/85 [30/80)7 uninterrupted repeat (94) 9+9+10 (30)
R uninterrupted
NA 20242 30/ 190 [3Q/ 73] 10+9+9 (30) repeat (73-74).
_ uninterrupted
GM 06896 23/95-120-140 13_+9 (23) repeat (>75)
23/200 uninterrupted
NA 20239 [20/no consensus}” 10+9(20) repeat (>90)
GM 07537 28-29/>200 9+9+9 (29) uninterrupted

A Repeat lengths in [brackets] are consensus data from a consortium study (14). ) : _
* Except for NA 20235, results of most samples are suggestive of almost completely skewed X-inactivation.

Skewed X-inactivation

10
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25 and taking into consideration that nost noderate expansions in the
premutati on range can be sized, in reality, less than 200 of 50,000 (<
0.4% wi Iwohkeillmsne premutati on and full nutation fenal ecssopbBadat
require follow up analysis by Southern blot if exact repeat sizes 30 have
to be reported. This drastically reduces the cost and effort of FXS

di agnosi s. Unli e tdhost tRER a@lehyi:tyt here i gnadysssueumhetipphaeed and

honozygosi f .nar es _in -.and full_mutation_f | es

Prenut at i orrllfyeft(?l % réFh‘%\jtali fees rrﬁ?gi"‘g ES}ypr &t aﬁ%‘hﬂa%doful%g?ﬁutdéﬁlﬁ‘

al l el es cams—M@PZQallla&éé@wE@]i/ S6201058Q0306 alspobe isaredir elgkeAatret ed
by the presence of continuous series of peaks in both uTP and mIP- PCR This

assay is aBladtednevehl feBRLsudMitoprl ¢35 of 18n NAMRE Ieped@ch egfotha hat |
uhen taken LROGhA! o fAEdd tat ) f@é%ﬂed&za .20 iale 5 t%'dC%F;&E%sacg“OS' s

and counsel i ng. Exarrp at1on-speci riplet r| med
(nsTPPCR) &S&@)Llfyorordlls@thngtmehlangllvetmeﬂn taaelivand ekpandedmeEbR]l aa | el es

by mel ting curve anal si.s 10Genom ¢ was nodified b odlu blsulf'te as
descri bed i A ExXA % LFRE %55??%%§ P?ag)rﬁaltgrerirbgé pt
that uTP _aﬂﬁPmEIERBCR&“l\gef& GHI riiettOWow)n two separate reactl ons “with
non-fl uorescent | abeled priners, and SYBR green nucleic acid dye is added

to the 15 reaction before PCR anplification. The SYBR green dye-bound PCR
producis were sw;%lc%ct@tghee ! -G EUIIE AR AR, N 106 LLINDEY e dB0 ' ng

instrunent. In general, one shou expect to see two categories
peak pattelans'si(mrge afrsmng them & hor nelpearton- eXpanded repeat 20 WAGE t wo

or nmore AGG interruptions, and another arising froma panded repeat with
one AGG i ntlélrtrel]fﬁﬁp%r}oé]ts't héS' Wi of 2 hec?%BgﬁPoPégi gﬁ‘déﬁrnoﬁé‘t&teré‘lsl .

arlslng from the 45 repeat alleles. In contrast, skewed
.XCI were observed in samples NA20236 and NA20239 (Figure
15 6, middle and last rows). In NA20236, the shorter 31
repeat alleles are predominantly found on the inactive X
chromosomes, resulting in the normal pattern of three
discontinuocus peak clusters from mTP-PCR, which are absent
from uTP-PCR. The larger 55 repeat alleles are
20 predominantly found on the active X cmromoseme, and are
reflected in the form of a continuous ladder of uTP peaks
that are higher than the continuous mTP peak patterns
(Figure 6, middle row). The reve:se is seen from NA20239 +
most of the shorter 23 repeat alleles are fodndibn;the
25 active X chromosome while most of the larger 200frepeat
alleles are found on the inacti&e X chromosomes; which
results in predominantly discontinuous uTP peaks and
continuous mTP peaks, with the mTP peak ladders masklng
the presence of discontinuous mTP peak clusters (Flgure 6,

30 last row).

For samples NA20235 and NA20236, HUMARA assay'resﬁlts

were informative and indicative of equal and skewed XCI
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Met hyl ati on-specific PCR 25 Two sets of prinmers were designed to anplify
the antisense strand of bisulfite-nodified DNA as in Exanple 1, but with
m nor noAWOI20HT46718 to the primer sequences, the additi @ATHG2EYBR3Y6 een
nucl eic acid dye and separate 30 setup of uTP and mIP reactions. Al
primers were not fluorescent-I|abeled and Bositions of prinmers in relation
to the rep&&Shesdiisielver evhilaesemrded Fa2Ekafpmas), upcRnigpnative at

2011/ 046518PCT/B&E0/1QQ0396 and thernocycling conditions were also as
descri bed. $he priners are set forth in Table 4, with the exception of

mMrP-R, which is replaced by nTP-R2. Thus, the priners used in this exanple
are uTP-F, uTP-R and u%P— aiIF'forefhe unnet hyl ated al |l el e-specific PCR
mTP- F, nmrPH& S 1P FAIN F 58154 he’ SHEHYT ated al | el e-specific PCR Both

PCRs are perifsermtrearar abelyedn thies Sxsumied Iabl eubdiridmer 51888d dim
amplification of sodiumbisulfite-treated nethylated and unnet hyl ated EVRL
al | el es. Prohger aBPlacgnsseiriencebcaiBEekl Dvihbcl deg | ¢dF and mTP  PCR

products migrating about 10 bp (3 repeats) and. 6 bp (2
repeats) faster }than' expected respectively, due ﬁo
enhanced electrophoretic mobility of fragments containing
10 triplet repeats (24). Thus, sizing of the amplicons to
determine repeat 1lengths will result in under-sizing of
both the unmethylated and methylated alleles. By using. the
number of peaks and repeat structures to predict allele
'léngths, we haVe successfully overcome the problem of
15 inherent enhanced mobility of triplet repeat-rich
fragments over the size standards used during capillary
electrophoresis. By analyzing repeat structures, all
alleles except very large premutation and full mutation
alleles were accurately sized from this assay (Tables 2
20 and 3). The largest allele that could be sized was a 93
repeat allele (GM06892, Table 2 and Figure 7). Unlike
assays that utilize primers flanking the repeat‘region for
FMR1 expansion detection, there is nd fpreféréntiai
amplification of normal alleles over expanded‘alleies with
25 this current approach, thus avoiding apparentfhomoZygosity
issues where a female sample that is homozygous fof normal
alleles may be mistaken for a female sample with one
normal allele and a second full mutation allele that is
refractory to PCR.
30 |
Determining FMR1 repeat methylation states .
With the ability to analyée amplification products from
unmethylated and methylated alleles separately, we were

also able to tell if the CGG repeats were methylated. The

60



uTP- PCR uTP-F (SEQ ID NO 1) uTP-R (SEQ ID No.2) Fam uTP-Tail F (SEQ I D NO. 3)
MTP- PCR nTP- F (SEQ I D NO. 4) CGACTGTTTGACCCTACCTTA( CAA) 9
TGTTTTTGARRCENGISTFGTG GGTGTTT FanCGACTGTTTGACCCTACCTTAPCT/SG2010/000396
ATTCCATCCCAGTTTGTCAGC( CGA)8 n . a . X61378: 280542777 n . a . n . a .

presence of a cohtinuous mTP peak pattern in a male sample
is a clear indicétion of a full mutation affected
individual. Analyses of amplification products from
female samples afe complicated by XCI - while the absence
5 of continuous mTP peak patterns indicates that the _
individual is not affected with FXS/ the reverse may meén
that she is either affected with FXS, or that:she.carries
. a large premutation allele and has extremely skewed XCI,
such that most of her expanded premutation alleles are. on

10 the inactive X chromosomes. Together with CGG repeat
lengths and patterns, XCI ratio may also play a role in
determining susceptibility or éeverity of premature
ovarian failures (POF) in premutation females. In light
‘of these studies, it is interesting to note that our assay

15 could also detect skewed XCI ratios of FMR1 alleles in
female samples. Among the female samples that we
analysed, there were 7 which have one allele in the
normal, low repeat size range (less than 40 repeats) and
the other allele in the medium repeat size range (large

20 normal, gray zone and premutation alleles greater than 40
repeats) (Table 2). Of these 7 samples, 3 (NA20242,.
NA20243 and GM06907) carried most of their lower repeat
size alleles on fhe active X chromdsome and were noﬁ:
detectable by mTP PCR, 2 (NA20235 and NA20234) had .

25 approximately equal distribution bf their léwér,repéét:‘
size alleles on inactive and active X chromosomes and were
detected in both uTP ahd mTP PCR, and the rest (NA20236
and NA20240) carried most of their‘lower repeat size'
alleles on the inactive X chromosome and were only :

30 detected by mTP PCR (Figure 8). While several studies on
the manifestatidn of FOFkin premutation females havé:shown
that it may not be associated with‘XCI'ratios, the
conclusions were based on the evaluations of the

amplification of the human androgen receptor locus before
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MTP- R2RGGTTGCGGGCGTTCGAGGTTTA X61378:  (SEQ I D NO. 20) 279042768 Ned- niTP- Tai | F
Ned- (SEQ I D NO 6) ATTCCATCCCAGITTGICAGC uTP-Tail F and nirP-Tai |l F have the
sanme sequeoeeliaaesiam uTP- 10 Tai |l F and Ned- nifP-Tai | F, r espschinsbyss The
only difference between these two sets is uTP-TailF and nmlP-Tail F are

unl abel ed, while Fam uTP-Tail F and Ned-mIP-TailF are | abeled with 5

f 1 uor escentandagsftelrs diWwe 0N (046 51 8RATH YSGE01O -000396E Med t emgyreair ve

anal ysi s pl .of either uTlR or nilP P roducts were subjected to a
mel ting pr o(g2r86{2?9 "co selnsct%’ngreofevcféﬁbattpﬁoaﬁiooér?RsaLﬁ’b%cisf‘b?lrig Nt a _
t enper at ur exupdlek SLPGR £ My bdrdblant thedy SIOW tRIPET At &h fafaNPI Ng
from 60 Cto 95 C, with 50 readings of fluorescence intensity per

degree dur G IEEHE AR e AlamFihd:ReTiE 15 G /dns 480 RottukRelols used to
col I'ectsfl ugnescencs, ]i%a'»d’cti‘%:és'atd %caﬂqfec. VS L orf dorfiad %ﬁﬁmﬁ@ﬁ%&etitﬁﬁ (i:_:urve

and nelting peak plots. Results 1 ear differences In a

patterns amémglesitrg itcenper gnemes dietareefermedreml and expanded al l el es for
both uTP and mIP PCR were observed (Figure 9). uTP PCR products of normnal
alleles gave melting profiles with one or two peaks, with the highest
melting tempamatyre at 20 - 76 C (uTP nelting curves of normal nmale, nornal
female and full mutation female). In contrast, uTP PCR products of :

unret hyl at & exanided 1A RpRRA A | dengrpPedi hesedongiss ttiargirgicadily
peak W h the Righast, paint At 'r%?hfﬁéugﬁgge n%ﬁ?%ﬁ%éingﬁ RhgRYL ALl on
e) ImTlarly, miP P pr f

mal e and prenutation 25 female). oduct's of norma
,all el es gawy.a fel t hag psobnli€ichntwo apraks aetove@ved0 oud5 @remiilduweur ves

of normal fenale), while those of t hyl at ed expanded al |l el es gave nel ting
profiles c&RePIe nﬂlsc#cgnl §° 52 Beak"Hi t%tl?;\e@r a%’ﬁg?t{fb‘ﬁvar%s%‘?ﬁb%e But Bt eep

downward current assay requires only one PCR setup and '‘is robust
‘eﬁough to detect very large premutation and full mutation
15 alleles in both males and females, and distinguish between
large premutation from full mutation alleles in males and
females with equal XCI ratios. Considering a hypothetical
sample size of 50,000 males, with known_FXS frequency of 1
in 4000 males, using the duplex ms-PCR approach as a
20 screen will result in only ~13 full mutation male samples
being channeled for size confirmation by Southern blot
analysis. For a similar sample size of 50,000 females,
with known FXS frequency of 1 in 6000 -femaLés “and
premutation allele prevalence of.lgin 259 females 630;31);N
25 and taking into consideration. that mdst mOderaté.‘
expansions in the premutation range can be siZéd,' iﬁ
reality, less than 200 of 50,000 (< 0.4%) will be large
premutation and full mutation femaie samples that iequire
follow up analysis by Southern blot if exact repeaf sizes
30 have to be reported. This drastically reduces the cost and
effort of FXS diagnosis..Unlike most PCR assays, there is
no issue of apparent homozygosity of normal alleles in
pre- and full mutation females; Premutation females that

are mosaic for premutation and full mutation alleles can
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30 slope, with the highest point of the peak at > 85 C (nmlP nelting curves
of prenutation female and full nmutation nmale and fermal e). Hence, we woul d
be abl e twodetwatsishe presence of both unnet hyl at ed and poetsioydmioeeoexpanded
alleles, and distinguish themfromnormal alleles, by WO

2011/ 046518PCT/ S&010/ 000396 anal yzi ng the shapes and nelting tenperatures
of both uTRlged RATA WS di e heatteteEkedpPe. 8he pEelgnae of- sppadiifiupus

Triplet-Pri P PRCR) ; as for i st hi n m expanded
FMRL al | el ersé%gn egaéﬁw%gbag;dlﬁn c%r ui rgilgc % grﬁmb saolrhoq\elger%lggwyldﬁenom C
DNA was nodidflieed thy sediaah biveidifaudse @ﬁro@&ﬁ.{ﬂjd}fd dier edmh. FYRl PGRsdatat egy
is simlar to Exanple 2 in that the uTP and mIP were carried out in

two separ at&I et | BH§ wi t AP ¢on HakeSy eEEgﬁFhﬁébeI%ﬂCH}% S POAEPHict s
vere resol ved R aNA chipidyit he Agidend g Bioanad yzgy . 2100. In general,

one shoul d expect to see two categories of electrophoretic profiles, one
arising froma normal, non-expanded repeat with two or nore AGG
i nterruptions, and anot her arising froman expanded repeat with one AGG

| nterrupti G 5 i pfa {iin [8RGALE 20 ££990+ 00,1008 serlhore. |

Met hyl ation-specific PCR TWo sets of prinmers were designed to a
25 anti sen®ERIt r&sﬂiaxoffdarsdhfstu.agnmdhﬁ.ngd beltiveges | mormainghé éxplantiedl th

separate s nd mPreact|ons rimers were not -
f1 uor escen%ﬁ‘b@ﬁ‘&& LIS GRS STF cﬂféﬂt‘@% Bf prinmers in relation to
t he repeat region were as described in Exanple 1. FCR and thernocycling 30

conditions were also as described. Resolution of PCR products on the
Bi oanatYzer WOCEOPIYig46DNEPCTRSG2OPO/iFEEED6 bihe safiilvant MEONALEGO® cliss

ver s PePALEACHS,BET, 1S SBMISE! Y ortn PLEROCBLaWLAD 3 Bliia: oo
m n. After Exhepdll Ol hasxbeph [hiatediT tand heT@elpdRe wexe S5Cproviededutn
kKit), 31 g% e%%gersggg}g£enﬂgggg%g égdqgft non-fluorescent labeled
primers, and SYBR green nucleic acid dye is added to the
15 reaction before PCR amplification. The SYBR green dye-
bound PCR products . were subjected to melting curve
analysis on the Lightcycler480 instrument. In general, one
should expect to see two éategories of melting peak
patterns, one arising from a normal, non-expanded repeat
20 with two or more AGG interruptions, and another arising

from an expanded repeat with one AGG interruptiongat the

5’ end of the repeat region or none at all.

Methylation-specific PCR
25
Two sets of primers were designed to amplify the
antisense strand of bisulfite-modified DNA as in Example
1, but with minor modifications»to the primer sequences,
the addition of SYBR green nucleic acid dye and separate
30 setup of uTP and mTP reactions. All primers were -not. '
fluorescent-labeled and positionéﬁof'primers in relatioﬁ

to the repeat region were as described in Example 1. PCR -
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and 3 |
sanple wells. 1 | of DNA | adder
wer e addesloi2nii46si gnat ed wel | .

of DNA marker (provided in kit) were added into each of the 12
(provided in kit) and 5 gl
The chip is then | oadegcirscaotoneosde

of DNA nmar ker

Bi oanal yzer after hrief vortexing. The Bioanal yzer software then collects

the fluorescence data from each wel |

and generates the el ectrophoretic

profil es fendeddie ryamlc igwyuerndatigns 18ResuktlsoClasardels¢fepedces The t he

rofil es

electrophoregkg 8
(Figure xxRy "aTP PCR prBauct™s of tor malr al | el e¥

W th sizesmrRar,r @aagehf iemEplrdd Y mbp-KUTPriPCR, 2Renprimkbriensled) .
eaks,

peaks at -20 bp and 60 bp are non-_ specific

f a9 'iﬁ”QaﬁieaQPedw§

¢ Pogeryed
Scret € peaks

The

Lpelss, cag.

ave ree

In contrast, uTP PCR

products offe

Xgtrtle 8§ 2aMPdres Hav et T deri BEFo

PEtyelTpeard

than the nNAhARLAREAKSDUL W SIS S1d |

prenutati on and nmut ati on femal es).

The miP 25 PCR pro

Lfhatomr éheower

bcRboy@plhe haseline LHdP RER

duct's of nor mal

al | el es gaVeiflhr deseplae atmetpydles eat 8Ol ks - ddeoc bpi @n@CR3I7 bpo ¢ ImMMPCRBCR

normal female). T

K
anplifitatF5ﬁ:pFﬁ?§5hgga§%%%%ﬁg

are._due _to non-specific

-200b§ ] e%ﬁm35?‘ c
it § panded al l el es. gave a

PER DY

series of nerged peaks of decreasing heights, wth the

Table 4. Primers wused in amplification of jsodium
bisulfite-treated methylated and unmethylated: FMRI
alleles. :
. GenBank ID:
14 14 3
Primer 5 - 3’ sequence nucleotides
uTP-PCR
uTpP-F CGACTGTTTGACCCTACCTTA ( n.a
(SEQ ID NO.1) CAA) ¢ U
uTP-R TGTTTTTGAGAGGTGGGTTGTG X61378:
(SEQ ID No.2) GGTGTTT 280522777
Fam-uTP-TailF Fam- n.a
(SEQ ID NO.3) CGACTGTTTGACCCTACCTTA U
mTP-PCR
mTP-F ATTCCATCCCAGTTTGTCAGC( n.a
(SEQ ID NO.4) CGA)sg T
mTP-R2 GGTTGCGGGCGTTCGAGGTTTA X61378:
(SEQ ID NO.20) G 2790->2768
Ned-mTP-TailF  Ned- n.a

(SEQ ID NO.6)

ATTCCATCCCAGTTTGTCAGC

uTP-TailF and mTP-TailF have theiéame seguence as fam—uTP4 

10 TailF and Ned-mTP-TailF, respectively. The bnly differénce:
between these two sets is uTP-TailF and mTP-TailF are
unlabeled, while Fam-uTP-TailF - and Ned—mTP—TaiLF are
labeled with 5’ fluorescent tags.

15
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30 smal l est anplicon at 90 bp (mMIP PCR, prenutation and full nutation

femal es). Although the size resolution of peaks on the Bioanal yzer is | ower
t han on twe 208lo4638eti c Anal yzer, we were still able topdirschoguwosios nor nal
from WD 2011/ 046518PCT/ S&010/ 000396 expanded al |l el es based on the general
el ectrophoretic profiles of the PCR anplicons. Example 4 - Direct

Tripl et - Pr iMedd iPCRQUdTR- ROR) vssisay for 5 detecting expanded FMRL alleles in
mal e and fenal e sanpl es Assay overvi ew The direct fluorescent PCR
(dTP- PCR) assay for FMR/. expansions. in non-nodified DNA sanples uses the
sanme 10 principke featursx ofeiaHet | agdrd ory|r dnpri neCRaNpeabiugg st 0 wane
anplifying fromthe repeat region._. The forward priner dTP-F is

conpl ement &¥PIEGtERe CEE r epeat A RSr r | RECAr &Rgue SONFarkig8querde. the

Tail -F pri [ engnt @&y o0 totail egé,lrﬁﬁ f_ dTP-
rever sesppr ?%%raltf%rlggmls% ggp@l g%el gd %mcg}fhﬁt ﬁltéL?lf'l uagr op o‘%ga?r%f%cﬁ?ngE?ﬂ%gnd
anneal s toatthé0f I’&nifiomy l1seduenead3'thefhn tsHew epagte nedgiren rE@hghirey S rda gur e

11). The fluorescent-| abel PCR prodycts were subj ecte capillar
el ect r ophor esi s%gnd %C%Opr gguct ’ viws]&g\ i §8d f?ﬁ“ih@ St IR F%%ué’ﬁﬁr?ﬁgpf’}ém
Tabl e 5. PriipRessused iperanlddreat iur ofg FMRInpet gt ese Caphhbahy. The

el ectrophoresi s and bi oanal yzer anal ysi s(Examples if & 6) Primer -
5' 3' sequendd IBERBEARTABO- SOHIER Bdt WaSs, UFRBELC. TP N@cty) fluorescence

10 intensities and convert the data into melting curve and

melting peak plots.
Results

15 Clear differences 1in melting peak patterns and
melting témperatures between normal and expanded alleles
for both uTP and mTP PCR were observed (Figure 9).  uTP
PCR products of normal alleles gave melting profiles with
one or two peaks, with the highest melting temperature at

20 ~ 76 °C (uTP melting curves of normal male, normal female
and full mutation female). In contrast, uTP PCR products
of unmethylated expanded alleles gave melting profiles
consisting of only 1 peak with the highest point at ~ 78
°C (uTP melting durves of premutation male and preﬁutation.

25 female). Similarly, mTP PCR prddhcts of normal ;élleles'
gave a melting profile of two peéks between 80 %135>9C.
(mTP curves of normal female), while those of mefhylated
expanded alleles gave melting profiles consisting bf only
1 peak with a gradual upward slope but a steep downward

30 slope, with the highest point of the peak at > 85 °C (mTP
melting curves of premutation female and full mutation
male and femalé). Hence, we would be.able to detect the
presence of both unmethylated and methylated éxpanded

alleles, and distinguish them from normal alleles, by
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dTP-F (SEQ ID NO. 8) TailF (SEQ I D NO. 9) AGCCOMMITCCACCAC=CTCCTCCA
TACCGATACGCATCCCAGI TTGTCAGS( C GG 5 TNaMATACGCATCCCATTTGTCAGC

X613. 78: 286 48BiARensa.

2011/ 046518PCT/ SG2010/ 000396 dTP- R
GCACTTCCACCACCAGCTCCTCCATCTTCTX61378: 2861- . 2832 (SEQ | D NO: 10) dTP- F2
TACCATTACGEATQOOCEATT TERCTINIBSE) 6nd ael(SEQ |tBmykdiures of both uTP

10

15

20

25

30

and mTP melting peaks.

Example 3 - Methylation-specific Triplet-Primed PCR (msTP-
PCR) assay for distinguishing normal from expanded FMR1

alleles on a chip-based microfluidic platform

. Assay overview

Genomic DNA was modified by sodium bisulfite as
described herein. The PCR strategy is similar to Example
2 in that the uTP and mTP PCRs were carried out in two

separate reactions with non-fluorescent labeled primers.

'PCR products were resolved on a DNA chip in the Agilent

Bioanalyzer 2100. In general, one should expect to see two
categories of electrophoretic profiles, one arising from a
normal, non-expanded repeat | with two or more AGG
interruptions, and another arising from an expanded repeat
with one AGG interruption at the 5 énd of the repeat

region or none at all.

Methylation-specific PCR

- Two sets of primers were designed to amplify the.
antisense strand of bisulfite—modified DNA as iniEXample_
1, but with separate setups of uTP and mTP.reactidhé.:All'
primers were not fluorescent—labéled and 'positiéhs aﬁd"

sequences of primers in relation to the repeat region were

as described in Example 1. PCR and thermdcycling

conditions were also as described.

Resolution of PCR products on the Bioanalyzer
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Tai | F2 TACCATTACGCATCCCGATTTGICTTANn. a. (SEQ I D NO: 12) I n general, two
categories of electrophoretic peak patterns should be observed, one arising
from a nowombivmenisexpanded repeat and anot her arising Prcemcamossganded
repeat. Most nornmal, non-expanded alleles consist of 29 5 or 30 CGG repeats
with two AGG interruptions, whilepremutation and full nutation alleles
usual | y corfth@ nAgallygngne DREG LADGr rapipen were heprEpaned ofas heperepedte

or mor's el @RGSR S aniichy Flom Urudi 1 60 180K at TRk TBIRE SKUs,
Each 50 gl Braaqiygn <ot abnred1008 eMip eaeh faipfiders dainpkeandn -~35
FAN- | abel ed f and 0.02 gMof primer dTP-F, 0.2 mM dNTPs, 3 units of

Hot St ar Taq™BRA 75 4R yhe? as81pQhegenysen. BRiegoMittitont 1) _Q@_én}iylelxlix
supplied P f.fer, (.Q d 50 ng of .geno DNA. _An_initia

denat urgti C?Er%&léj%dcJf%o?%%v’m?%u'tliso\%afjft&%rovw&r 4@T€y8F§s POPYEE for 2
mnutes, 63nG fPru? BEnwhes A2 HEohidedl UL 85t )2 2 als

ext ensi on stnep atu72 Cfor 10 m nutg%. %620_11/ 8%6&&%%%8%%&%@/ (}61&?96 _
Capil lary ehett raphtiesis sadpGeneScas.analysisrs 1pdAllaligeach paarliddcat i on
product was mxed with 0.3 ill of GeneScan(r) 500 Rox size standard and 9 |
of Hi Di Formanikdé&)5 @Agpl iSeduBi osyst ONR) . milnéemi X weres \&eimdﬁejamtdnelnat grgd
at 95 00 and r.apidly cooled to 4 00 on a thermpcycler before bei ng | oade
into an ABE%]?@%?%Q né‘ﬁﬁ'AnaT@ezerf:]?ABpl r&d '%st_%ﬁle?‘orl&’éﬁi R

el ect rophoBeshsalbaeh el geteophosesés rubtiakeshp0 MoHYE esSpiWahR 133 er
injection 10 tinme of 18 seconds at 1200V. The ‘electropherograns were

anal yzed uSPA§veEfeMapper CFabfadiet e thappfilearBrospseendatyerian 4a0h
Alternat'V%E%Q (in?%g%kgge¥Ok%%9§i§£c@§8%ﬁ8£egiée%gggﬁjggp ngr%%%hthe

quality of the elect erogram pe
-sample sequentially.

15 Results
Clear différences in the electrophoretic profiles of
normal and expanded alleles can be observed (Figure =xxx).
uTP PCR products of normal alleles gave three discrete
peaks with sizes that range ffom 93 bp to 145 bp (uTP PCR,
20 normal female). The peaks at ~20 bp and 60 bp are non-
specific peaks. In contrast, uTP PCR products of expanded
alleles gave a series of merged peaks that are lower than
the normal peaks but which are still above the baseline
(uTP PCR, premutation and full mﬁﬁation females).;The.mTP-
25 PCR prbducts of normal alleies ga&e three séparaﬁéfpeaks 
at 89 bp, 112 bp and 137 bp (mTP PCR, normal female). ‘The
two peaks at ~200bp are due to ndn—specific aﬁplifiéation;
In contrast, mTP PCR products of expanded allelesigave a -
series of merged peaks of decreasing heights, with the
30 smallest amplicon at 90 bp (mTP PCR, premutation and full
mutation females). Although the size resolution of peaks
on the Bioanalyzer is lower than :On the ABI Genetic

Analyzer, we were still able to distinguish normal from
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15 Principles of assay design The dTP-PCR priners were designed such
that they could anneal and anplify all EMRL alleles, regardl ess of size of
20 the CO®Onepédssig@xpansi on. Designing the forward pri mPCTISG261000¢396 Wi t hi n
the repeat region itself overcones the factors that nake expansions in the

EMR1 | ocus refractory to PCR - its GC-rich nature and the | engths of the
expansi ons?xﬁﬁpéﬁdarélﬁrﬁllgst hRAS860 68G tEfeals&niaful qufgt & Lc

al l el es. Fhgure1l2 showscexaimplggp1afcdiew interruptions in a triplet repeat
region affect jprinmer annealing within the repeat region and influence the

PCR product el ectropherogrampatterns. Figure 12A illustrates a
hypot heti c repgat al .\ _an. i r i t y CGG
repeats (Q%Eé%leepegt pg%%g%ﬁ a\\(%m;g%'re%?}rl?b%?esﬁe}%?i %‘P%np% ?‘%%gir 5%5 ion).

The dTP F pidtextice) sxqisnddd FNRIL (Al &dles ain melhpcand Hafabe 3samplesch of
9 repeats that anneals within the CGG repeat region. The dTP-F primer that
anneals in the repeat WD 2011/ 046518PCT/ SG2010/ 000396 regi on cl osest to
the Famf prdaaer Qicwes &whe shortest PCR product consisting of 5 repeats
(first peak of "el ectropherogram: Figure 12A). Subsequent annealing of dTP-F
further upstreamin the repeats results in larger 5 anplicons, each

i ncreasing by 3 . dTP-F prinmer. is abl - a 1d _extend.succ fully
until it begi nsT?% o<€lerr %tp_ \?MhPﬁrgﬁc fpn(%ée)riagﬁi %%,ﬁpmﬁesrséayi tf%%nr%gﬁ'
anneal , resWdhin?don? aiel eabnzaeliifi eldhe Dalrecishaphesogugmsw theno sBaRB
products. dTP-F can only start to anneal and extend 10 fromthe second

r epeat!GegRERT.CIPGiEy | IR TR br 8d U@ 16shsT Q¥ oPT1BSF epBAFSL1ARE Wi ch
resul ts 1n5hae ddiSte PERK Efoh NenseeRRdaEl Usdion SI ML atbyyathe liieE
pri mer cannot anneal “conpl etely across the next interruption, réesulting in
anot her cl éd@P-Zones bebmpéembatthyr d pebke15GH ustreatst and |cxonieshue to
anneal and e'xtendsi,n t hi.s r%gl%at seq, nLkP ug;t_i i.t._overl aps the 5' reg)/eat

f I anki ng s@&d@ﬁ@e. I—%ﬁl&&, ST AUFBPCR g%a aﬁ‘ ePESF &SnSPRETCEFPEREYwi t h
9+9+9 conf icguriald B8y | saeXpselgente egnsiTt-raf THY ef-wdtisd epsimér Srdiiscrete
peaks separated by two clear zones 20 of -18 b More peaks in each _cluster

will be expectiaPsunrst evi hr éhar f Hipeoripeat g\ogéfsaﬁ-@ T prRdrepnBREENt er s
an interrupty or. ] r 3 Ki egue FLgurg 12Bnshows an
exanpl e of th g?lreetfcll#ﬁo@q%ursg&%?ééa? &EE diFepEa g _ t
Figure 11). The fluorescent-labeled PCR products were
subjected to capillary electrophoresis' and PCR products

visualized through the Fam channel.

20
Table 5. Primers used in amplification of FMRI alleles
Capillary electrophoresis and biocanalyzer . analysis (Examples 4 & 6)
GenBank ID::; -
. 1] ] s Lo
Primer 5' - 3' sequence nucleotides. |
F (SEQ ID NO:7) AGCCCCGCATTCCACCACCAGCTCCTCCA X61378: 2867-2838
dTp-F
TACCGATACGCATCCCAGTTTGTCAGC (C
n.a
GG)s
(SEQ ID NO: 8)
TailF _
TACCGATACGCATCCCATTTGTCAGC . n.a.
(SEQ ID NO:9)
Post~PCR melting curve analysis (Example 5)
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25 repeat- alleles with no AGG interruption. The el ectropherograns shoul d
show aconti nuous cascade of peaks of decreasing heights with increasing

product swoesii/@asaB peak separated fromthe next by a geprsG28imoosdhis is
because the dTP-F prinmer can anneal conpletely and extend 30 successfully

fromanywhere along the uninterrupted retch of CGG repeats, beginning.
fromthe 3 end of the repeat region, which gives rige to the shortest| PCR
products. | dWiBrR2011/ 046518PCT/ SG2010/ 000396 Expected results Usi ng t he

prinmers described herei n| GOMETEACRLCGENPBCRTATICTSee d[TF61IRCR: 1pFak2pErt t er ps
that can ¢i(s80 ngupsite) sanpl es 5 carrying only normal,{ AGGinterrupted
alleles ffomsanples carnfying expanded alleles without AGGinterruptions. A
schenatic|dtd-@gtrati on of the expected CGeneScan el ectropherogramresults of
several afchetypal all el i cadoarmscofrcdedRrTerEpeatss)after.adTP-PCR is sho in
Figure_ 12| (4 10e:1peaks|are detected onl the Fain f]uorescence detectjon
channels. |Alleles with interruptions will result in g discontinuous sefies
of product tpaaks, while @lleles without interruptions will result in a
conti nuou$ series of prodestcapepaksrctiMrresTmarry on}y.sone X chronosong,
hence al | | nedespace1expe¢ted to carry only one FVMRL pllele. A nornmal -
unaffected nmale is expected to have only one FMRL allele of normal |ength.
Assuming that theregbasr-been ng, | 083 Qb AGS | BEErd Ut Q4)5h oA i SCRRLIKNUOUS
series of discrete dTP-PCR 20 product "peaks shoul d be expected (Figure 12,
nor mal nmal ®@rttegnisot theredubet | epseandedul longut ationamlifeom aa covtrimadoeus
series of _pe oul d observed,. .due to.the presence of expanded
FVRL 8l |el SOTRER SRR ke SARAGETE U iSRG (g e¥n0 S BRBRERL | on
and full miepiciaan 25MeBLes)orndl W hdnPekpiedpasailbkeeko dbirsdigtgubsh2a
prenmutation male froma full nutation nmale as the dTP-PCR does not inform
on net Yl aPéh s$tat E§C uASESSTS he' Itemit@t | ¥l 18t e 53PS endligh et o be

si zed fromgthe RUrben %Edf@%f¥}%&%ﬁ%§bnEéff@IéQ“ésEQlEDG%QnEEEHi%BQ& 30
patterns nmay occur in nmales that are size npbsaics, where there are alleles

with two oonepP& Eiifftemanptieongtdts tie t he eaheoSahpterepsit re@ion or
2011/04651%%%@/%%2%£Q/000396 Femal es carry two X chronbsones, hence
all femal es are expected to carry two FMRL alleles. In a nornal female,
there should be two FMR1L alleles with repeat |engths in the normal range.

Hence, di sgqniinu eak 5.patf efs Sifp iz, to that of a normal male
shoul d be expectegg?EPgurg f@, norna“ #ghale . I'n both prenutation and ful
nmut at ildh fenmal es, a Conbi nati on of continuous and di sconti nuous peak

patterns should b xpected, due to the presence qf _both normal and

xpanded af §FGsSErgBramess TT5 ARAATEGh Lond PEImicar GROFETIrEs)

Again, i sNaSSRY LFRNGRR: 0l SklagUisshnd off gTULALIRN b @B ahitl BUbajhon

female as It is not nethylation sensitive and cannot informon the

met hyl ati oBagshates efimbBesexpaiist oasd | rder pied Bdd Of odndenedoanum esil ts
primer dTP-F, 0.2 mM dNTPs, 3 units of HotStarTag DNA

15 polymerase (Qiagen),

2.5X Q solution (Qiagen), 1X supplied PCR buffer (Qiagen)
and 50 ng of genomic DNA. An initiél denaturation é£j95v?C_
for 15 minutes was followed by 40 cycles of 99 °¢“for 2
minutes, 65 °C for 2 minutes and 72 °C for 3 minutes, and a

20 final extension step at 72 °C for 10 minutes.
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15 The dTP-PCR assay was perforned on a panel of genotype-known

sanpl es, and the actual GeneScan el ectropherogramresults are shown in

Fi gure 14MWOAMNH6EB nmal e sanpl e (GW4738) shows only th@&C@isseontopesaeous dTP
peak 20 pattern with gaps of -18 bp between clusters of discrete peaks. Two
gaps here reflect the presence of two AGG interrupions in the repeat

regi on. | n Garl blantetson RN suhIEd GHBEFRN AohtiHitdus dTP peaks of
decreasi ng heights, 3 bp apart from one another and with peak sizes 25
ranging from 136 bp up to -400 bp were observed. In a full nutation male
(GWD6852) , 1a hgordf ndels GhfR iFaalstpahnt erddsichi kas maxtHatwieh Ohe premgt ation
mal e was observed. The peak | adders of both the pre- and full mnutation

mal es wer e Geote Siaatn@r rafift ekbxbysigapssvandantb ampl  cphs pfi HdDdatForgamhiae 30

the 3 interruption has bheen lLost in both sanpl es. In. a
horml o ndies iRt RS Grb2RereS s Ao TIRT cageateged 2t
di sconti nuaiss maakncﬂ)akéﬁwﬁ \M:bblad7%o V0 29 1d4 0%5&8?@@@2@&%@%%86

clusters of discrete peaks (Figure 14, normal female The cl ear zones

bet ween di feidie keaded| LBERr 3NcAHR rih I LERReIEEC ohnplBAGE atPOR L6 ul |
mut ati on al hIS f |l e 8, well resence o
5 |nterrupf%on§%q%*%rmarggggt r%ggalgafﬁsthe lFS%ﬁF ?P%ﬁ gnale F8N32907)
g cl ysé_erste_dfecct'lﬂ%gmﬁlessm erb?e{tdaédasm 6h c;nmutlmmuswdf?hpmak&ngl}ecttlalonﬁoo

p, indjcati.n esence WO of alleles, - e normal allele
win t Ut SREOM SN Aine  LaRinddd 2al FEFat FRRPETOLERET HETE0

| east one %@%uﬁe@"rueahgn @&ndppreendofElvavee Mppm@imtsaus%t%&@al e).
The peak clusters are separated from one another by -18 bp. The continuous
dTP peaks wWELsian et sher sealﬁptfhat:h@eéwst|a@ctlru@ma:1@rUs\f tagghef 6kV
e!ep}rop?er an1resgl£ Rg% th aEUII%ﬁg%éﬁ ilon fe q% 1&5&07%37) ke
simlar tothe prenuation fem e nornma pe ters

i nt er sper sed dwyt roxpitd rouesn peedk d .adders ari sing fromthe expanded all el es.
Again,_ this assay is unable to separate an expansion that is fully
methylated i.e. a full nutation froman expansion that is 20 not nethyl ated
i.e. a premuald Qe AsSRY: IRy datd om Further validation of the assay
was performed on 23 additional DNA sanples, consisting of both nale and
femal e 25 sanples with repeat |engths spanning across the four naln allelic
genotypes -0 il (FER4CRONE rBETILAL! BNl UL ALEOR CTANLeS 6 and
e%pansion aam&b&samﬂ%ampﬁﬂﬂg/aﬁBtFm&unsrmmué$pnre@analesanpfe51b¢ o6 the
presence of _continuous series of geaks where there i s an expansi on, which

is usudl |y BREcdifanteedy ERBR8LS of DREEIPALE! riift i HeWe 5 eBE1REF | &8 of

peaks streteheha beyendn35@nRp iRpkath nalgsnand chkenal egvehethel akhel es
gave r i se

factors that make expansions in the FMRI locus .refractory

to PCR - its GC-rich nature and the lengths -of the

expansions, which are more than 200 CGG repeats in full

25 mutation alleles. Figure' 12 -'shows examples .df - how

interruptions in a triplet repeat region affectigbrimer:

annealing within the repeat regioh and inflﬁence ﬁhé:PCR
product electropherogram patterns.

Figure 12A illustrates a hypothetical 29 repeat allele

30 with an AGG interruption at every 9 CGG repeats (9+9+9

repeat pattern, with '+' representing an AGG interrdption).

The dTP-F primer consists of a unique .5' tail sequence and

a 3' stretch of 9 repeats that anneals within the CGG

repeat region. The dTP-F primer that anneals in the repeat
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74 WD 2011/ 046518PCT/ SG2010/ 000396 to discrete clusters of peaks separated
by clear zones where the dTP-F priner fails to anneal across the

i nt erruptWonsil/Mssi8anpl es with 2 interruptions, there WECESGRIWOEBISCT et e
clusters of peaks separated by two clear 5 zones (eg. GW6890, NA07538,
figures 15 and 16 respectivel %. Where there is only 1 interruption in the
repeat regit6F1o8n|G a3s ek g fsfers fseydmare @ X onehe| 8RPTEBAE WICEh no

anplificat g)%g@%aks %gﬁg saLved eNA2D232) Lpsée.%t%'abl @flarsgval ?legiqpom

sanples fr riell eposi tory fines or assay optim zation and
val i dat i onel€artireiphelridgam,of FEGEreepd2MRs .as Spbeeiathet thy abn®a lriepeat £
pattern (To %@ H]furthrep%%%%reaﬁjigclhgpiepeats results in larger
5 amplicons, each increasing by 3 bp. dTP-F primer is able
to anneal and extend successfully until it begins to
overlap with an AGG interruption, where it cannot anneal,
) resulting in a clear zone in the electropherogram with no
PCR products. dTP-F can only start to anneal and extend
10 from the second repeat segment,, giving a PCR product
consisting of 15 repeats and which results in the first
peak in the second cluster. Similarly, the dTP-F primer
cannot anneal completely across the next interruption,
.resulting in another <clear zone before the third peak
15 cluster. It will continue to anneal and extend in this
repeat segment until it overlaps the 5' repeat flanking
sequence. Hence, a uTP PCR peak pattern for a normal allele
with 94949 configuration is expected to consist of three
clusters of 5 discrete peaks separated by two clear zones
20 of ~18 bp. More peaks in each cluster will be expected

where there are more repeats before the primer encounters

an interruption or unique repeat-flanking sequences.

_ Figure 12B shows an example of a stretch of pure CGG
25 repeat- alleles with no AGG interruption. - The
eleetropherograme should show acentinuous caseade Ofﬂpeaks,

of decreasing heights with increaeing prodﬁct sizee/.eaeh_l"
peak separated from the next by a gap of 3bp. fhis: is
because the dTP-F primer can anneal completely and extend
30 successfully from anywhere along the uninterrupted stretch
of CGG repeats, beginniﬁg from the 3' end of the repeat

region, which gives rise to the shortest PCR products.
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D rect PCR Sequenci ng 10+9+9{ 30} 10+9+9 (30) 10+9+9 (30) 9+9+21 (41)
9+36 (46) 54 uninterrupted repeats 9+9+36(56) 10+67 (78) 93 186] A 10+82
(93) Unable 2vn/mssae preci sely: expanded allele > 128 Unablrsckeio8@®e

preci sely: expanded allele > 128 Unable to size precisely: expanded allele
> 128 Unable to size precisely: expanded allele > 128 A Repeat lengths .in
bracket s afsmsstsshsigswddtsa from a consortium study. 15

Using the primers described‘herein, one should expect
to see dTP-PCR peak patterns that can distinguish samples
5 carrying only normal, AGG-interrupted alleles from samples
carrying expanded alleles withdut‘ AGG interruptions. A
schematic illustration of © the expected  GeneScan .
electropherogram results of several archetypal allelic
forms of FMRI repeats after dTP-PCR is shown in Figure 12.
10 The peaks are detected onE the Fam ?fluofeécenée
detection channels. Alleles.with'ihterruptions will result
in a discontinuous series of product peaks, while alleles
without interruptions will result in a continuous series

'of product peaks.

15 Males carry only one X chromosome, hence all males
are expected to carry only one FMRI allele. A normal
unaffected male is expected to have only one FMRI alléle of
normal length. Assuming that there has been no loss of AGG
interruptions, a discontinuous series of discrete dTP-PCR

20 product peaks should be expected (Figure 12, normal male).
In both premutation and full mutation males, a continuous
series of dTP peaks should be observed, due to the
presence of expanded FMRI alleles with loss of the 3' AGG
interruptions (Figure 12, premutation and full mutation

25 males). It will not be possible to distinguish va'
premutation male from a full mutation male as the%dTPQPCR
does - not inform on nethylation states, - unléssljthéj
premutation allele is small enough to be sized f?om.thé
number of dTP-PCR peaks. Exceptions to these pfedicted

30 patterns may occur in males that are size mosaics; where
there are alleles with two or more different lengths in

the same sample (15).
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WO 2011/ 046518PCT/ SG2010/ 000396 Tabl e 7. Femal e genom ¢ DNA sanpl es from
Coriell Cell Repository lines used for assay optim zation and validation.
Coriell Neoohfi@@apeat sas Size of |argest allele by | Dprovisdediomyos3se
Corielldirect TP-PCR NA 0753829/29 [29/29]729 GM 0717523/ 3030 GM 04479not
I ndi cat ed30 NA 2023829/ 30 [29/30]"30 NA 2024329/41 [29/41]741 NA 2023529/ 45
[ 29/ 45] " 45 NA 202343 HA646r KA 2023631/ &brdiBds &g S 54 @Md%9?)129/1‘&5r93]1d‘$§15 @
2024030/ 85 [ 30/ 80] 789 024230/.100 [ 30/ NT74 689623/ 95-120- 14
2023923/ 20GUrabI% ReoCts‘?'\éer%p?r eCPLENy: eh8” k1" L PO8Y0%% 9% 130l
female, there should be two FMRI alleles with repeat

lengths 1in the normal range. Hence, discontinuous peak
5 patterns similar to that of a normal male should be
expected (Figure 12, normal female). In both premutation
and full mutation females, a combination of continuous and
discontinuous peak patterns should be expected, due .to the
preéence of both normal and expanded alleles (Figure 12,
10 premutation and full mutation females). Agaih, this aSsay
cannoct distinguish a premutation from a full mutation
female as it 1s not methylation sensitive and cannot

inform on the methylation states of the expansions.

Interpretation of GeneScan results
15
The dTP-PCR assay was performed on a panel of
genotype-known samples, and the actual ° GeneScan
electropherogram results are shown in Figure 14. A normal
male sample (GM04738) shows only_the discontinuous dTP peak
20- pattern with gaps of ~18 bp between clusters of discrete
peaks. Two gaps here reflect the presence of two AGG
interrupions in the repeat region. In the premutétion male
sample (GM06891), continuous dTP peaks of decreaéing
heights, 3 bp apart from one another and with peak sizes
25 ranging from 136 bp up to ~400 bp were observed. Ihja full:
mutation male (GMO6852), a contihuous dTPp ﬁpeak Jpatte:n
similar to that of the premutatibn male was bbserﬁed;zThé
peak ladders of both the pre- and full mutation males were
not interrupted by gaps with no amplicons, indicating that
300 the 3' most AGG interruption has been lost ih both

samples.

In a normal female sample (GM04479), the dTP-PCRs

showed the expected discontinuous peak patterns with 3
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[ 20/ no consensus] "expanded allele > 128 GV 07537 GM 05855 GM 07063
28-29/>200 Unable to size precisely: expanded allele > 128 (34/>200)

Unabl e t oweisai/q@saei sel y: expanded allele > 128 (32/ >2@Q)x/sdaeivloeove Size
precisely: expanded allele > 128 uninterrupted 5 Assay sensitivity The
sensitivity of this assay was determ ned by perform ng the assay on snall
anount s of ersdeins DNA dbsareied] Peakst HEigixesadpl esoruedd femaliali-t i%le assay

clear =zones between discrete peak ‘clusters confirm the
absence of premutation or full mutation alleles in this
female sample, as well as the presence of two AGG
5 interruptions  in the repeat region. In the ‘premutation
female (GM06907), 3 clusters of dTP peaks are blended with
continuous dTP peaks up to ~400 bp, indicating the presence .
of. two types of alleles - the normal allele with two AGG
interruptions, and the expanded allele with loss of at
10 least one AGG interruption at the 3' end (Figure>:14,
premutation female). The peak cluéters are separafed from
one another by ~18 bp. The. continuous dTP peaks were
interspersed with the distinct peak clusters. The
‘electropherogram result for the full mutation female
15 (GMO07537) 1is similar to the premuation female, with the
normal peak clusters interspersed by continuous peak
ladders arising from the expanded alleles. Again, this
assay 1is unable to separate an expansion that is fully
methylated i.e. a full mutation from an expansion that is

20 not methylated i.e. a premutation.

Assay validation

Further validation of the assay was performed on 23
additional DNA samples, consisting of both male and female

25 samples with repeat lengths spanning across the four main
allelic genotypes - normal, gray zéne, premutation énd full

mutation (Tables 6 and 7, Figures 15 and 16).

As with the 6 samples above;gpre— and full expansioh

samples were eaéily distinguished'from normal samples by

30 the presence of continuous series of peaks where there is
an expansion, which is usually accompanied by the loss of

AGG interruptions. These series of peaks stretch to beyond

350 bp in both males and females. Normal alleles gave rise
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10 optim zation and validation. The dTP- PCR assay was able to pick out
expanded alleles fromall prenutation and full nutation male and fenal e
sanpl es (WoQur485. | n the premutati on and full nutati eoTienslomosaspl es,
peak | adders WD 2011/ 046518PCT/ SG2010/ 000396 can be detected from as
little as 1 ng of genom c DNA, despite the presence of normal alleles that
are usual | yompdaspreter entustidns appl i peels ( SBRE2DA  Det erheanr ng dAvRL

r epeat Ieng}%}%sr 5 'hscregg.él_%es bet vveenfth expect ed and. observed si zes of
the anmplicons i th'T he PCRT pPGduc S MiSyr atd ng? A 2houf “E°6F f dter
than the expeetrethpaTRInsCoNsiZegH Ve ewDbsepVedteFhuptisndyie the ritheegrthanced
el ectrophoretic nobility of fragnents containing triplet repeats (22). 10
Thus, sizi AGT6R tHESaRPHE coHYSHEICaprf| DR kS e%?P@ﬁﬁg?@sibé’ t Bvde e
repeat 4 englhs ey (EgsUl { clifcynger - SuabAgae! theghieles By usiqg the
nunber of peaks an epeat strucfures to preédict el e l'engths, we have
successf ul lngspesrtcomd yt)he Pprebd etrhefrel nileer enl yedhancesk mudiion yiof the

triplet repeat-rich fragnent j

the sjze standard d_duyri il
el ect r ophoP€4°8° ByCaNATY2I Ty epllt REFbolUnEs, = | 3FES-tpeFo 2118 Fepeat 5

coul d be siczaedr( Taknes wiamd 6 Umdikeiassayh t halast | icd@ PldUBRITSred |
flanking the repeat region for FVMRL expansi on detection, 20 there is no
pref er ent i dNP&@BIS%Ni-cati on of normal alleles over expanded alleles with
this cigrent approach, thus avoiding apparent honobzygosity issues where a
femal e sanple with one normal allele and a second full nutation allele that
is refractory to PCR may be m staken for a 25 female sanple that is
honpzygous Tab¥e for nHdlealskedes: DSQUMmmpyes from Treripkl ed!l desosited Henmein i s

techni cal | Mée§ifgplgss\g@,tgbtrigua@g@ eswlitis.that can be obtained within a
S

day. It requires only one PCR setup and is robust enough to 30 detect very
| arge premugation #id FufFe nut ation’ af Ie| EPFh BT ATl esomndpéanmml es.

Consi deri ng &, fiypot Het 8l %&w#e—a—z—e—é%—@@g—m}!—es—%—(—h—egpﬁem-
esti mates of |Io§lerrut at ipgn and full nut atiirent pirever ences ofszzgﬁg)rtg )gl mately WO

2011/ 04651 8PCETSE20101 000396 300 3 AGO0—ate rect

JC V V

(28), usi nMt#i8OPCR &f8proach as a firstotié3%kcreen fof0t@xpardsions wil |
result in %QI %4)/7-3§0 f uhdt mutation nal e sl%rlBLgs(P)tB?i ng char115|+e€!+%q3£)or si ze

confirmation metihgi @ttiedn- speci fi c ,
NA 07174 30 [30]1% 10+9+9 (30) - 10+9+9 (30)
NA 20244 41 [41]? 9+9+21 (41) 9+9+21 (41)
NA 20232 46 [46]® 9+36 (46) 9+36 (46)
NA 20230 54 [53]% 54 uyninterrupted . 54 uninterrupted
repeats repeats
CD 00014 56 [56]* 9+9+36 (56) 9+9+36 {56}
NA 20231 79 [76]% 10+67 (78) 10467 (78)
GM 06892 93 I86]* 10+82 (93) 10+82 (93)
Unable to size precisely: PCR successful .
GM 06891 118 expanded allele > 128 (~193 rpts);
Unable to size precisely: PCR and sequéhcing.
>
GM 06852 200 expanded allele > 128 failed
GM 07294 5200 Unable to size precisely: Lo :

expanded allele > 128
Unable to size precisely:
expanded allele > 128

GM07862 501-550

% Repeat lengths in brackets are consensus data from a consortium:study.

15
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5 TP-PCR or Southern blot analysis, to separate the prenutations fromthe
full nmutations. For a simlar sanple size of 50,000 fermales, with known FXS
f requencyWwoeh1110465186000 femal es and prenutation all el e PCESGReEN®S0396 1 in
259 femal es (28,29), and taking into consideration that 10 noderate
expansions up to -100 repeats in the prenutati on range can be sized, only
-200 (or -0T39%° dre pr ERTr'&t PORP EAdPYUI T R T%tfirﬁrﬁ, tenateethakercative

fol l ow up afalysi"§e by hetiig 8t 6R: E5éet /° PER B Sout hern bl ot

anal ysis. Used as a rapid first screen for FMRL expansions, this 15 assay
can drasti caltdigl¥ etlace toie c&%t arebeef$ or tasofizEXSofdi agressts. aUmsllpkebrost
PCR assays, 3 here PEOHERAruhfoRhddzygosity ofir8eF FAIFPA leles in mutation
femal es. | ¥733Fso abl e $HP8r RGR°LT the AGG interruptions in the FMRL
repeat 20 nmy useful to c rder for informed clinigal diagnosis and
counseling.réEI 07%SExarrple 5 -q%i?gct Triplet-Prinmed PCR&?dTP—PCR) assay for
25 di stinguvskidg bet weenporimal cand expanded FMRL by sglting curve -

anal ysi s Assay overview The PCR strategy .is simlar to Exanple .4. The 30
princi pal freatoes of the PCRodexi/gnl T emai ned unchanged3zowith a tailed
forward prinmer annealing to the repeat region, a tail prinmer conplenentary
to the tai |Nss@8uehce of tH¥4fLoldfdrd primer, and a revefke priner annealing
to the uni que_segquence 3'_of the repeat region. The pripers are W
2011/04651§BC%§%%5010/000§§%Sn %%%gﬁorescently Iabeledfggnd. anplification
products arg dgigcted using SYBR;green nucleic acid dygg which is added
into the PCR mXx prior to thernocycling. SYBR green dye binds to double

stranded DN& aopdd ficati osu/psodugts;~ _ 54 -
GM 06907 29/85 91
'NA 20240 30/85 [30/80]" 89
NA 20242 30/100 [30/73]% 74
GM 06896 23/95-120-140 . 115
NA 20239 23/200 . Unable to size precisely:
[20/no consensus] expanded allele > 128
GM 07537 28-29/>200

Unable to size precisely:
expanded allele > 128

GM 05855 (34/>200) Unable to size precisely:

expanded allele > 128

GM 07063 (32/>200) Unable to size precisely:

expanded allele > 128
uninterrupted

5 Assay sensitivity

" The sensitivity of this aésay was 'determiﬁedﬁ by;
performing the assay on small . amounts of . geno@i¢ngNA ‘
obtained from the six samples wused for initial assay‘;

10 optimization and validation. The dTP-PCR assay was able to
pick out expanded alleles from all premutation ahd full
mutation male and female samples (Figure 17). 1In the

premutation and full mutation female samples, peak ladders

16



5 Melting curve analysis imediately follows the PCR thernocycling steps.
Both PCR t hernocycling and nelting curve anal ysis are perforMd

consecut iwel2y11emeiiBe Li ght Cycl er480 instrunent, w th nopoesd2iwooadsi ti onal
sanple transfers. Two categories of nelting peak patterns 10 will be seen,
one arising fromnormal repeats and the other arising from expanded
repeats. DigaactbFpPdeCRaVator fremi Riscatittinss t 8st He poi wdr gererhcedNWer e

made 15 but the .pri |plefeatures of  the . P esign t li
condi tions arS Yi'den ﬁca 56 caerrp e Eo(r %l%‘l eC%AJ??féS%Bﬁ%g%ee%%nucI%}egfca&lXc d
dye was adaedd q;ﬁé‘t%rl%@%ﬂamtwra@mm&red o thexoyeaycl i ng. Thernocycl i ng and
nmelting prograns were perfornmed consecutively on the 20Li ght Cycl er 480.

Mel ting curve anal ysis 20 gl of dTP-PCR products were subjected to a

nel ting prdigteaniel tonsi IR hgraredfenttid@t$on at 95 C for 1 nin, a 25
t enper h | .
Tper ol Ur SRl AR A B0 Gelal theMdlpdidd 80 SIRALRET 21 LLe LRI ng

fromo6 r eadi ngs of f escence intensity per degree
during tenpéreat empliawpisng. wThe Liight oLl - R8O mufdurre wagregdmd oatol | ect

fl uorescenc te i n vert the data into ng 30 curve_and
el 11 g peSP ot PHO S 048BT8 ANt BHRaGRT RS s 255 Mo Bar
di fference%}ds@rm@dl ngnpeakipatdes nscAndheel thRgntedpeeatutesphetreeer
normal and expanded alleles were 5 observed (Figure 18).1t was observed

that dTP- PERBirlGdUct §fof TABEMENTAI | @PREa FalRd mer T imkehr dfaneas swi t(R 20 wo
peaks, @Ot mg o84 & SO dﬂ? g‘?‘ i’zré‘oﬁgaﬁ Q& Eligr%h%l@% Tr ol%%f' le at

88 C. CR product’s ‘of “expande mutation an mut ati;on
mal es and ftenedetsermgiane d€peart t Lphethel hlaggrrmids mthnaer{-easingnefpeak

above 89 C. Henc woul d be able to detect the_pres of . expanded

S el es, ool StlRogren PRer it (OfmAUaPrE! (St | At yoithy  ERE *Ehapes
and mel ti ngtrerperatdines edite: nel1d ng P&%@hs 15w£xaapéesﬁcc@|srs@@1u1y
Triplet-Primed PCR (dTP-PCR) assay for distinguishing between nornal and

expanded FWREISIGME eshgsi RgORLEN pobaskehew erlof |UANCes affobrimiAysapt
OverV'ﬁw triplet repeat-rich fragments over the size standards used

during capillary -electrophoresis. By analyzing repeat
structures, alleles up to ~115 repeats could be sized
(Tables 5 and 6). Unlike assays that utilize primers
flanking the repeat region for FMRI expansion detection,
20 there is no preferential amplification of normal alleles
over expanded alleles with this current approach, thus
avoiding apparent homozygosity 1issues where a female
sample with one normal allele and a second full mutation
allele that is refractory to PCR may be Hdstakeﬁ for a

25 female sample that is homozygous for normal alleles.

Summary
The method described herein is technically 51mple
with reliable results that can be obtained w1th1n a day
It requires only one PCR setup ‘and is robust enough to
30 detect véry large premutation and full mutation al;eles in
both males and females. Considering a hypothetical sample
size of 50,000 males, with current estimates of
premutation and full mutation prevalences of approximately
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20 The PCR strategy is simlar to Exanple 5, but w thout the adding
SYBR green dye into the PCR m xture. PCR products were resolved on a DNA
chip in tWwe20gidsens Bi oanal yzer 2100. In general, we shegrdcexpmodssso see
two 25 categories of electrophoretic profiles, one arising from normnal

all el es and another arising fromexpanded alleles. Direct TP-PCR The
principle flatur@®0 ofndht PCR46E8i galand r38pekerivedycl(i28g ,corsdintg drisisar e

i dentical t 4, Priners.used . were the sane as in Example 4, except
that none o ﬁg JrL:Szflr%}rls %Feed t%&rﬁgc ST e%%]éﬁ?glngﬁéfl e%x?%?sfﬁ?§ éfis]sl;y WO
2011/ 04651 8RGM1SG2Gik0/ G396 ~Rer ol fuflilon maft RCRPr et s sempike Bieana] yzer

The Agilent DNA 1000 chi ps were pregar ed as per the , o
manuf act ur ' EHVtBLoE AR t RSFPghEPRET FRREEPBNLY 5 MBitihefliaf L omaepeoNA 1000

chip cag angd Ve 12,5anRls Wb 35,190 Al .he chip h prijyed with
the gel -dye m x (p?ovi dé)d I r? I?I t), 3 gl aoftﬁgls%L ér Bdlgg o?égn%'ggE’%R &[ﬂ%ducts
and 3 | of MNMwstkiemd pfowi deoe i fukl t hutet tonddedoirnto seadhaaf stanrg1E2

sanple wells._1 1.0 | adder, (provided, 10 in kit).and 5 | of Jmar ker
vere added 310 & d%ngﬁgt 3%%%(5.’ 'I”Yfetdr&hi‘ﬁof’g En HSEHE Nt 9 ¢ fe 12
Bi oanal yzer6Gf( eferlied ared texémg: adhen BaDasakypeevs0Ehwar ert henncaoldect s
the fluorescence data_ fromeach well and generates the el ectrophoretic
profiles foreRHEs sahp? e 2bquedbfal [BRKiTY Reif@ s considerahioni f tdednces

in thepgl eqﬁam},ogeeté)@%ﬂgiéﬁgsu f {ROrR)o g, &xpan SFF%: g&@ﬁu%%@%%

observed (Figure 19). The dTP PCR products of norna S gave discrete
peaks 20 (rnmnod campbes)kized,camiast 206 TRRPCR priaducs se obrexpardddn

1 el j f d K f .d Si hej ghts, f '
el ect r ophor Bl ¢ pat tBP R EhGE FETAREE: FCP T rGifl ol © Shitpl BE ERPAMTiAL | on
and frill oyt aidtyIsaieSpe Al though-tde sk zeohesotith iy ofn 2D, Peaks on

the Bioanal yzer is |lower than on the ABl Genetic Analyzer, we were still
abl e to disting¥i§A A6r RalraPiemidxsansedean dloas HRde @ xpansheongensihdls

Tri pl et priTeed CH ( TRoBORS "aeay. Torter 0ot 1550 exPanaes ik 3f [ ErSs in
mal e and f ehmgmosdmpl eé$nlike most PCR assays, there is no issue of
apparent homozygosity ofvnormal alleles in pre- and full
mutation females. It is also able inform on the positions
of the AGG interruptions in the FMRI rebeat region, which
20 may be useful to consider for informed and accurate

clinical diagnosis and counseling.

Example 5 - Direct Triplet-Primed PCR (dTP-PCR) assay for
25 distinguishing between normal and expanded FMR1 by melting

curve analysis

Assay overview o ‘

The PCR strategy 1is similér to Egample 24; ;Thei

30 principal feature of the PCR désign remained ‘unéhéﬁéed}
with a tailed forward .primer annealing td the' repeat
region, a tail primer complementary to the tail sequence of

the forward primer, and a reverse primer annealing to the

unique sequence 3' of the repeat region. The primers are
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WO 2011/ 046518PCT/ SG2010/ 000396 Overview This is a nodification of the
originally described 3" direct TP-PCR (3" dTP-PCR, see Exanple 4) assay.
The prinewe 2bomo4t1e 5° dTP- PCR are desi gned agai nst t hepg'r/sendiombovbhe
repeat region (Figure 20). The 5 dTP-PCR assay shoul d be perforned

al ongside the 3' dTP-PCR to avoid false null or m sdiagnosis of ful
expansionsruwmiﬁhuﬂagsoecu1yiﬂabﬂﬂﬁdonenﬁiIhmw$iﬁbmébiumdptodusaspbes with

rare 10 del t|o n_the s nce adjacent .to th eat iQn.

condi ti ons cé#?#xﬁf%%%dggggn%r%?% Jyc 8%8r?5é§ 3E th? ?éRadf§dexcept
for the cormwtentﬁeofpdmemﬂMBrm i tBeth8cIc1dhb- PEYBISegrac ANER M X
consi sting of 2 MM each of dATP, dGIP, dTTP and dCTP, 5 dTP-PCR required

a dNTP ni x Q:]d}fiﬁ stt‘r%g %@ule)l? rrwté%ﬁe@f BNAP, aapipfaﬁétdgmp Py OB Cil - of

7- deazas dGRR, A ﬁ’l{? g% 4%155/ ﬁnﬁnéﬁﬂ%g ‘311%%‘30”&?%‘”%' RONS

are as descrl e n Tabl e rma cy I ng an cap ary el ectrophoresis

condi ti ons tkermndkeptl i saepsas BoOtW TRARCRt h¢alhbey81iRyi et hen ti'ngdi rect

TP-PCR Priner_ 5 4 3 sequence Genba § | D chleotl des . Concentrati ons

Fam c3 (SEﬂ%fve analysis re perrorme consecutively = on the
LightCycler480 instrument, with no need for additional
sample transfers. Two categories of melting peak patterns

10 will be seen, one arising from normal repeats and the

other arising from expanded repeats;

Direct TP-PCR
Minor modifications to the primer sequences were made
15 but the principle features of the PCR design and

thermocycling conditions are identical to Example 4 (Table

4). SYBR green nucleic acid dye was added to the PCR
mixture prior to thermocycling. Thermocycling and melting
programs were performed consecutively on the

20 LightCycler480.

Melting curve analysis

20 pl of dTP-PCR products were subjected to a melting
programme consisting of denaturation at 95 °C for 1 min, a :
25 temperature—hold step at 60 °C for 1 min, and théh slow
temperature ramping from 60 °C to 95 °C, with 50 réadings'
of fluorescence intensity per degree during temperature
ramping. The Lightcycler480 softQare was used to_gollect‘
fluorescence intensities ‘and conVett the data;into-ﬁélﬁiﬁg  :

30 curve and melting peak plots

79



NO: 21)

Fam TTCGGTTTCACTTCCGGTGGAGGECCAECCT X61378: 26114 2640 0.2 pM

5dTP-R (SEQ D NG 22) ATGGECTATGCGTAGGGTCAAACAGT(COG) 5 - 0.02 pMTail -R
( SEQ D NOVO28)1/0AF3BECTATGCGTAGEGTCAAACAGT - 0.2 pM 25  PCT/SG2010/000396

10

15

20

25

30

Results

Clear differences in melting.peak patterns and melting
temperatures betWeén “normal and} expanded alleles were
observed (Figure 18). It was observed that dTP-PCR
products of normal alleles gave melting profiles with two

peaks, both below 87 °C, followed by a sharp drop in the

- melting profile at 88 °C. PCR products of expanded alleles

of premutation énd full mutation males and females .gave
multiple melting peaks, with at least one peak abové.89 °C.
Hence, .we would be able to detect the presence of expanded
alleles, and distinguish them from normal alleies, by

analyzing the shapes and melting temperatures of the

.melting peaks.

Example 6: Direct Triplet-Primed PCR (dTP-PCR) assay for
distinguishing between normal and expanded FMR1 alleles

using a chip-based microfluidic platform
Assay overview

The PCR strategy is similar to Exahple 5, but without
the adding SYBR green dye into the PCR mixtufe. PCR
products were resolved on a DNA chip in the Agilent
Bioanalyzer 2100. In general, we should expect to see two
categories of electrophoretic profiles, one arising from

normal alleles and another arising from expanded alleles.

Direct TP-PCR

The principle features of. the PCR design':and"f
thermocycling conditions are idéntical to Exaﬁple 4.
Primers used were the same as in Example 4, except that
none of the primers need to be fluorescent-labeled for

this assay.
- 80



WO 2011/ 046518PCT/ SG2010/ 000396 Interpretation of results The 5 dTP-PCR
was performed on a panel of genotype known sanples consisting of nmale and
femal e sawpl2es/086318 repeat 5 | engths covering the rangepofi/sEiRb/ogeseet ypes.
Figure 21 shows el ectropherograns characteristic of the three main FVRL
genotypes. The peak patterns are simlar to those of 3'.dTP-PCR, with

di scont i nuResodedk opatotferAtR ghoctndd ion rdrendliosaddlyeserand conti nuous peak
| adders in prermutation 10 and full nutation sanples. Wile the 3' dTP-PCR
is nore sensitive to AGGinterruptions at the 3' end of the repeats, the 5

dTP-PCR is norersensidiiie tt opRa dg oole detect h8he Obrepahed id8 epedptinens,
being able to pick out 5° AGG interruptions where the 3' dTP-PCR could not.
15 Hence, &angifestegeryisng pwetpeel andvitlhl mslagingn r &pedts omtilensnl y one
AGG i nterr ypti at ' y w [ I t dder pattern
fromt h% 5'%%’?%? ¥CRe%g§luﬁ)thﬁgﬁg(@ %%gﬁi ﬁ%gué‘%’@ I?L%Dalﬁeg %%nQS%dT i%PCR.
The resul t mifr.oMBF edTEaLPCRhSpppard leeeh i primesdultis Hf ridme 3§e26dye mix

dTP- PCR Wher esi zi ngwaspossi bl e, al |l el esize information from5' and 3

dTP- PCRs weP&ogiigieidarin Byl e38Ml 9T ditheratyoh-apeRTPi ECRr PEIoSfLTES ned
PCR 25 TP-P d ti f AGG | d uni nt ted CGG
Fepeats. | o mal L pBF mibo AT s (BFPYRAE: Lon FENr 4 Sl BGEHertan 30
eped ] el v \ : oo e
T po (5 B8 CLlRgPE! e SREIOEPE, (OB gk giaeg L

) “assay. e priners t PCR

are desp gnedh againshdt ke’ ANGNGF e crepRat LeGieen inSioMal destignkhedsd’ WO
2011/ 046518PCT/ S&2010/ 0(_)839_6 dupl ex nmsTP- PCR previously described, there
are two univgde -séltls othppi msr stheyneleadtddf dntohetmpBifapatl voar o fitiee

unmet hyl at ed .and _net hyl.at ed.al | el.es. _Th ' P-P a I
borforved S datarRE ek e BiBRne 0568 ST Thares heh Lol Lare abRosi s
of full expansiressenvhi cliatey ofteoiti | Eaenl y weiltlheranis genéoated f ahe

sanples with rare deletions in the sequence adjatent to the repeat region.
PCR condi t i€dfstrophoretic profiles for each sample sequentially.

15 Results

Clear differences in the.electrophoretic profiles of
normal and expanded alleles can‘be observed (Figure 19).
The dTP PCR products of normal alleles gave discrete:peaks

20 (normal samples). In contrast, dTP PCR products of -
expanded alleles gave a series. of merged peaks of
decreasing heights, forming an electrophoretic pattern
that 1s distinct from normal samples (premutation and
frill mutation samples). Although the size resolution of
25 peaks on the Biocanalyzer is lower than on the ABI Génetic
Analyzer, we were still able to distinguish normai;fiom
expanded alleles based on the general electrophbretic

profiles of the PCR amplicons.

30 Example 7 - 5’ Direct Triplet—Pfimed PCR (dTP-PCR) assay
for detecting expanded FMR1l alleles 'in male and female

samples
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10 5 nmsTP-PCR is performed on sodiumbisulfite treated genom c DNA. The
met hod for sodiumbisulfite treatnent is as described for 3" nmsTP-PCR The
conmponentwot2batossmke up the PCR mixture are al so sim | arcrsc3viowsilBRs PCR,
with the 15 exception of the primers used and their concentrations (Table
9). Thermal cycling and capillary electrophoresis conditions were kept the
same as 3' OQwP~fOR Table 9: Priners for 5 duplex nmsTP-PCR  Genbank

| D Concentrati Primer 5° 4 3' sequence nucleoti des ons 5 uTP-PCR 5uTP-F

This 1is a modification of the originally described 3’
direct TP-PCR (3’ dTP-PCR; see Example 4) assay. The

5 primers for the 5’ dTP-PCR are designed against the 5’ eﬁd
of the repeat region (Figure 20). The 5’ dTP-PCR assay
should be performed alongsidé the 3’ dTP-PCR to avoid
~false null or misdiagnosis of full expansions, which méy
occur if only one PCR was performed for samples with rare

10 deletions in the sequence adjacent to the repeat region.
PCR conditions

‘5’. dTP-PCR conditions are as described for 3’ dTP-PCR,
15 except for the components of the JdNTP mix. While the 3’
dTP-PCR used a dNTP mix consisting of 0.2 mM each of dATP,
dGTP, dTTP and dCTP, 5’ dTP-PCR required a dNTP mix
consisting of 0.2 mM each of dATP, dTTP and dCTP, 0.15 mM
0of 7-deaza-dGTP and 0.05 mM of dGTP. Primer sequences and
20 concentrations are as described in Table 8. Thermal
cycling and capillary electrophoresis conditions were kept

the same as 3’ dTP-PCR.

Table 8: Primers for 5’ direct TP-PCR
Genbank _
Primer 5/ = 3’ sequence D . Concentrati
nucleoti ons
des
Fam-c3 Fam- : X61378: _
(SEQ ID| TTCGGTTTCACTTCCGGTGGAGGGCCGCCT 2611 21{0.2 uM
NO:21) 2640
5dTP-R ATGGCTATGCGTAGGGTCAAACAGT (CCG) 5 - o -
(SEQ 1ID - 0.02 uM.~
NO:22) - o
Tail-R ATGGCTATGCGTAGGGTCAAACAGT. - - : -
(SEQ 1ID S 1 0.2 uM
NO:23) '

25
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X61378:

NO. 24)

10

15

20

25

30

AAACACTCAACTCCATTTCAATTTCAC (SEQ ID 2595 0.3 pM TTCCA

2628
WO 2011/046518 PCT/SG2010/000396

Interpretation of results

The .5’ dTP-PCR was performed on a panel of genotype known
samples consisting 6f_male and female samples with repeat
lengths covering the range of'FMRl genotypes. Figure 21
shows electropherograms charactefistiC'of fhe three main

FMR1 genotypes. The peak patterns are similar to those of

. 3" dTP-PCR, with discontinuous peak patterns observed in

normal samples and continuous peak ladders in premutation
and full mutation samples. While the 3’ dTP-PCR is more
sensitive to AGG interruptions at the 3’ end of the
repeats, the 5’ dTP-PCR is more sensitive towards the
detéction of 5’ AGG interruptionSﬂ being able to pick out
5’. AGG interruptions where the 3’ dTP-PCR could hot.
Hence, alleles carrying the pre- and full mutation repeats
with only one AGG interruption at the 5’ end may show an
interrupted peak ladder pattern from the 5’ dTP-PCR
results but a continuous peak ladder from 3’ dTP-PCR. The
results from 5’ dTP-PCR support earlier results from 3’
dTP-PCR. Where sizing was = possible, allele size

information from 5’ and 3’ dTP-PCRs were similar.

Example 8 - 5’ Methylation-specific Triplet-Primed PCR
(msTP-PCR) for detection of AGG-interspersed and
uninterrupted CGG repeats in normal, permutation and full

mutation FMR1 alleles
Overview

This is a modification of the Eériginally ,describéd' 37
methylation-specific TP-PCR (3’ ﬁsTP—PCR; see Examplé 1)
assay. The primers for the 5’ msTP-PCR are designed
against the 5’ end of the repeat region. Similar to the 3’
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5uTP-R
Fam 5uTP-

10

15

(SEQ I D NO CGACTGTTTGACCCTACCTTA(TTG 9 - 0.03 pM 25)

Tai | F Fam CGACTGTTTGACCCTACCTTA

WO 2011/046518 PCT/SG2010/000396

duplex msTP-PCR previously described, there are two unique
sets of primers, one each for the 'amplification of the
unméthylated and methylated alleles. The 5’ msTP-PCR assay
should be performed alongside the 3’ msTP-PCR to avoid
false null or misdiagnosis of‘full expansions, which msy
occur if only either was performed for samples with rare

deletions in the sequence adjaCent to the repeat region.
PCR conditions

5 msTP-PCR is performed on sodium bisulfite treated
genomic DNA. The method for-ssdium bisulfite treatment is
as described for 3’ msTP-PCR. The components that make up
the PCR mixture are also similar to 3’ msTP-PCR, with the
exception of the primers used and their concentrations
(Table 9). Thermal cycling and capillary electrophoresis

conditions were kept the same as 3’ msTP-PCR.

Table 9: Primers for 5’ duplex msTP-PCR

Genbank
’ ID Concentrati
Primer 5’ 2 3’ sequence ‘ . S
: oo nucleoti ons
des
5’ uTP-PCR
5uTp-F X01378:
] AAACACTCAACTCCATTTCAATTTCAC
(SEQ ID ' 2595 2>10.3 uM -
TTCCA _ ' '
. NO:24) 2628
5uTP-R _
(SEQ ID NO: | CGACTGTTTGACCCTACCTTA (TTG)g | - -1 0.03 uM
A25) ‘ -
Fam-5uTP- _ .
TailF Fam—CGACTGTTTGACCCTACCTTA - 1 0.3 uM -
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- 0.3 pM WD 2011/ 046518PCT/ SG2010/ 000396 5' mniP-PCR 5miP-F (SEQ I D
NO 26) GCCGCTACCAAAAAACGTACGACAACG CG X61378: 2693 2721 H 0.2 pM 5nTP-R
(SEQ | D NU02¥)1/0465I¥ CCATCCCAGI TTGTCAGC( TCG) 8 } PCT/SG2010/000396

5’ mTP-PCR

5mTP-F X61378:
GCCGCTACCAAAAAACGTACGACAACG
(SEQ ID e : 2693 2 (0.2 uM

NO:26) : 2721

5mTP-R _
(SEQ ID | ATTCCATCCCAGTTTGTCAGC (TCG)g | - 0.02 uM;
NO:27) o

Ned-5mTP-
TailF | Ned-ATTCCATCCCAGTTTGTCAGC - 0.2 uM

Interpretation of results

The 5’ duplex msTP—PCR was performed on a panel of

5 genotype-known samples consisting of males and females
with the three main FMR1 genotypes (Figure 22) .
Electropherogram peaks are ‘similar to those of 3’ msTP-

PCR, with discontinuous peak patterns observed in normail
samples and continuous peak ladders in premutation and

10 full mutation samples. The 5’ duplex msTP-PCR is more
» sensitive towards the detection of 5’ AGG interruptions.
Hence, alleles carrying the pre- and full mutation repeats
with only one AGG interruption at the 5’ end will show an
interrupted peak ladder pattérn from the 5’ msTP-PCR

15 results but a continuous peak ladder from 3’ msTP-PCR. The
results from 5’ msTP-PCR support earlier results from 3’
msTP-PCR. In the full mutation male (GM06852), there were

low levels of amplification by both 3’ and 5’ uTP PCRs,
indicating a low level of methylation mosaicism in this

20 sample. In the premutation female (GM06907), the
premutation allele was only weakly detected by both 5’ and

3’ uTP-PCRs, and in the full mutation female (GMO7537),

the normal allele was weakly detebted by both 5" and 3"
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- 0.02 pM, Ned-5nTP- Tail F Ned- ATTCCATCCCAGITTGTCACGC - 0.2 pM
Interpretation of results The 5 duplex nsTP-PCR was perforned on a panel
of 5 genowvppetiknaesyw sanpl es consisting of nales and femecescobtonodsoe t hree
mai n FMRL genotypes (Figure 22). Electropherogram peaks are 'simlar to
those of 3' nsTPPCR, with discontinuous peak patterns observed i n nornal
sanpl es antTEoRCRsUo U Piezkt lattlers ertpearlyats kaverhdX 10htainbsomeatiton
sanples. Th .5'ldu | ex meTP-PCR is nore sensitive towards the detection of
5 AGG intésﬁﬁptpgﬁgf Hence, alleles carrying the pre- and full mutation
repeats with only one AGGinterruption at the 5 end will show an ;
interrupted peak | adder pattern fromthe 5 nmsTP-PCR 15 results but a

cont i nuous Egaapliea®deCapidhaly rdEtRCphobesireddtias df BN HndrsI'P- PCR

support_earl.ier results from3 .nsTP-PCR In _the ful), nmutation male
Doy dirgry TEECRS, P rhoL S BRI ARy B B 5 uTP

PCRs, indi galsbhacemeaw bg%%ﬁfqbaﬁghgyl@md@nénagyyﬂnﬁﬁi n this 20 sanmple. In
the prenmutation fermale ( 6907), the prenutation allele was only weakly
detected by both 5 and 3" "uTP-PCRs, and in the full nutation fenale
(GW7537), the normal allele was weakly detected b% both 5° and 3'
- Multiple displacement amplification (MDA) was performed
on single cells obtained from lymphoblastoid cell
10 cultures. 3’ and 5’ direct TP-PCRs were performed on MDA
products. The amplification and capillary
electrophoresis conditions were identical to those for
genomic DNA referred to in Example 4. 3’ direct TP-PCR
was carried out as in Example 4. 5’ direct TP-PCR was

15 carried out as in Example 7.

As can be seen in Figure 23, both 3’ and 5’ direct TP-PCR

can be used on whole genome amplified single cell DNA.

20+ Example 10: 5’ and 3’ direct and methylation-specific
uTP-PCR reactions performed in the absence of the Tail

primers.

All PCR conditions and capiilary 'eleetrophofeSis
conditions were as described for triplet—primed PCRs with
25 three primers. PCR amplification efficiencies of the
expanded alleles were less robust than the original
triplet-primed PCRs with three primers, especially in
female samples. Amplification with only a tailed, repeat
annealing primer and a flenking sequence-annealing primer
30 can be improved by optimisating PCR conditions for this
combination of primers. Nonetheless, -even with suboptimal
amplification conditions, the assays were in principle ,

still possible to perform without the tail primers, with
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WO 2011/ 046518PCT/ SG2010/ 000396 nirP- PCRs, indications of extrenely skewed X
chronosone at this | ocus. Exanple 9: Capillary el ectrophoresis data of 3
and 5 5 WPreto4FA8PCRs on whol e genone anplified (by nmBCTISGRE10®0&396 acenent
anplification) single Cell DNA Miultiple displacenent anplification (MDA)
was performed on single cells obtained fromlynphoblastoid cell 10

cul tures. 8lighd 5'didifeances papstvieee pé&hfor e B e rgFrivet sofThe
anplificati capii Lar | egtyr oresi.s it were identical to

t hose for Sgﬁg%ﬁng%%dr é?é:%lragd%ﬁ&eﬁ%ga(g%l eEQ‘L%@(%SI %Qlfaec TP- PCR was
carried out as in Exanple 4. 5 direct TP-PCR was 15 carried out as in
Exanple 7. As can be seen in Figure 23, both 3' and 5 direct TP-PCR can be

used on whek gongranmi f had S3ngldirfeid BHA mOtiypPaPiénlfpedisand 3’
direct and nethyl ation-specific uTP-PCR reactions perforned in the absence
of the Tai PTBrEFBr xe3¢tiprR pendrrmeds Whdthapighsance| et ridithofails

condi tions yere as described for triplet-prinmed PCRs with 25 three priners.
PCR anpl i fPcation efficiencies of the expanded all el es were | ess robust
than the original triplet-prined PCRs with three priners, especially in
femal e sanples. Anplification with only a tailed, repeat annealing primner
and a fl ankildg sé&§kencecamtiddlansg pramer 30apahléeyi npedeed riophopeisiissat i ng
PCR condi tion .tcor this combination %1; riners, Nonethel ess, . ev nPgRt h
subopt i mal S&RPIHTHCESL i"6H Tofdi (10N, 156 588ay L were ¥ 1 bri htTpf e "st |
possi bi® t aiper frerdeed phiér$ hePCRI bnpriimarst iwint lef MR iencies of the
2011/ 046518PCT/ SG2010/.000396 slight differences between the o

el ect r ophePSERAREJf 3 Fadfded "aiE norddd afPRrss (&RenFi §hresozdgiap!

e, e 52 p SR TLphr SPErAT, TR LD BOSGLLS SoUfEcRR.yRast ons
female samples. Amplification with only a repeat annealing
primer without a tail sequence and a flanking segquence-

15 annealing primer ©can be optimised by adjusting PCR
conditions. Under these suboptimal conditions, the repeat
annealing primers appear to anneal across interruptions
and the unique flanking sequences 5’ or 3’ of the.repeats,
resulting in stutter peaks that may interfere with the

20 differentiation of normal from expanded alleles,

| particularly in females (see Figures 25a-d). Nonetheless,

further optimization with more stringent conditions should

allow these combinations of primers to be used as well.

25 Example 12: Multiplexing both 5’ and 3’ duplex msTP-PCRs
in one single reaction (i.e. 12 primers, annealing against

4 unique sequences following sodium bisulfite treatment).

Figure 26 shows a schematic illustration of the principle
30 of multiplex methyiation—specific triplet-primed PCR.
Sodium bisulfite  treatment of native genomic  DNA
differentially modifies unmethYlated and methylated
alleles on both the sense and antisense strands, resulting

in four unique and non-complementary sequences. In order
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Al'l PCRcondi ti onsandcapi |l | aryel ectrophoresis conditions were as descri bed
for the triplet-primed PCRs 10 with three priners. PCR anplification

ef fi ci encWO00f046518 expanded al |l el es were | ess robust tRam/SGRe10®0396 nal
triplet-primed PCRs with three priners, especially in fenmal e sanpl es.
Anplification wth only a repeat annealing primer without a tail sequence
and a fl ankPigbsoéduericend 53 amel 1 PERprioebe canlbepbpredi $adaby iadilest i ng
PCR condi ti .Under se_suboptimal conditiqns, the repeat annealing
primers apgggr%ttlggénnee% acsregcssgi@nt%lflrlﬁ%lf? orrlnsusgcndb?hedeeusrﬁ eéfragﬁ‘l%i“ﬁg
sequences Sepatrale ofsthendepeaifs, rtasul tmogifhedt utirgfe thaaksddat ammy
interfere with the 20 differentiation of normal from expanded all el es,

parti cul ar PEEPHIREREN eSS FRPUPES 1B5RSE)  SABMRRPRST ess, LT uFihér also
optim zati 1 stfing ongi ti o S d ial:l;ow,t copbinati ons
of pri rr%r sgtaow%%t}ﬁgggegs {L'Agl I?g%%fan%n%}:le%:_% t i%léxi ﬁgq %t%r? S'WQI:E%d 3
dupl ex nsTPLlPCResicangne lgbrdlse ttbacti oan(i be. d@2tpcitedr s inandedlfiemgnagai nst
4 uni que sequences fol | owi ng.sodi um bi sulf.iite treatnent). Figure 26 shows a
achormt ¢ FPHEeEEaprEn AR o AES) S5 R i dpnd el 20

met hyl ati on-specific triplet-prinmed PCR Sodiumbisulfite treatnent of
native genonmic DNA differentially nodifies unnethylated and nethyl ated
allel es on both the sense and ant iARRNSa%IRRIs, resulting in four unique
and nojy conpl enmentary sequences. |In order WD 2011/046518PCT/ SG2010/ 000396
for both 5° and 3' nsTP-PCRs to be nultiplexed in a single reaction, each
set of prinmers Abstwild desi gpedraghi néktsepariates sttlaadsmofiifheanidinki ed
unnet hyl at ed .and t hyl at ed, . sepse .and anti sense. sequences. It will _ also be
necessary t8° él"‘lﬁjealrgjEC Ia)lcclhonosf ?%e%BSi e V\‘/i”tﬁlf Egora@&a&r‘?t“tl ab®l §PEhat
can be 'depeeted iskdiféerem fheor eseentrebannal sy i RGeCapbkbabyng

el ectrophoresis. Applications 10 . It will be apparent that various

ot her nodi PiEatPEHECamd tadat ATRMEE 919 t RECT N8Rt iSPH 1t |ask a@pRE et t o
the personcgki!lstdide atheafter reading,ihe boregaiag disol osure,

W t hout departing fromthe spirit and scope o 5t he invention and it is

i nt ended thatidlitasuohsnaddf iacapiterrs carsd cdeptvattiloins Cosresabpdi aft haescope

of the appended claiys, .

20
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20 Cdains 1.A nethod for screening for a trinucleotide repeat sequence in
a bi ol ogical sanple, wherein said nmethod conprises the step of contacting a
nucl ei ¢ awbddos@ge@msce obt ai ned or derived fromthe biol egirsahomanse under

anplification conditions wth: i) afirst primer, wherein said first
priner has a target sequence in a region 3" or 5 of a trinucleotide repeat
10 sequence in the nucleic acid sefl@ims; i) a second primer, wherein

sai d second pri target sequence_within the trinucl eotide repeat
sequence in the?u‘&?&“&ga EPA S&F L?ﬁg)délgan?% %nFﬁ&Bughep&lgesé&@ &fde; and 15
iii) athird prlﬁ ueNbEr eim tehe Y0198 aeuena® 1of, t Reesalidh segand forward
primer is within e unique 5' tail sequence of the second primer

t ogener at eananpl ¢ i keipr eeupr &é8apr fcélﬁngié;etpr infuctent fdbingpaahu ce.

202. The method o éal ?%:é&ewlagr &%&pﬁl nggl eoozeé%% Jepeat sequence IS

selectedfrom( wherein nis from1l
to 250 3. The rTHbimIbg)Ic&:l aisaniplevhanden tah@]tarfmmttxa@:ﬁl dendSrdpeat s
(CE&n. 4. The mat‘r;\gd of any preceding claim. wherein at | east one priner
conprises a detettabl e label. 5. The nethod of clains 4, wherein the

det ect ablig Lalgl-gits &1@@@0M4M§5§§1@ £6FAM Frﬂ%@r H§>§, SQ\éIr@etTANRA

ROX, a chem | um nescent |'abel or a radioactive Iabel 6. The nethod as
cl ai red BRIgRpCendrofa ckapaenl 3o & Blr fera conprirsiagtddeecepertof t he

anplﬂdiegequence in the nucleic acid sequence;
ii) a second primer, wherein said second primer has a
target sequence within the trinﬁcleotide repeat sequence
in the nucleic acid sequence and a unique 5’ tail
sequence; and
15 iii) a third primer, wherein the target sequence of the
said second forward primer is within the unique 5’ tail
sequence of the second primer
to generate an amplified product  comprising a
trinucleotide repeat sequence.
20 2. The method of claim 1, wherein the trinucleotide
repeat sequence is selected from. (CAG)n, (CGG)n

(GCC)n, (GAA)n or (CTG)n wherein n 1is from 1 to

250
3. The method of claim 2, wheréin the’trinucleétide
25 repeat is (CGG)n | o
4. The method of any preceding claim, wherein at

least one primer comprises a detectable label.
5. The method of claims 4, wherein the detectable
label 1is 6-carboxyfluorescein (6FAM), NED, HEX,
30 VIC, TAMRA ROX, a chemiluminescent label or a
radioactive label.
6. The method as claimed in any one of claims 1 to 5,

further comprising detection of the amplified



productw t hnucl ei caci d-intercal ati ng fl uorophore. 7The method of claim6,
wherein the fluorophore is SYBR G een or EvaGreen. 8. The nethod of any

pr ecedi ngwvocbaimvsiert her conprising the step of anal ysi rgrisiceodmpdsoéi ed
product to determine the value of n, and conparing the result of said

anal ysi s agai nst a standard to determ newhet hertheanplifiedproduct 10
corresponds to thabdefta norwathal | elmyckeial | macitd-omtata lgting
pre-mnutation allgﬁe or g gray zone allele in a male or fenale subject. 9.
The nethod of any 6fe°Bf'°¢Faims 3 to 8, wherein the trinucleotide repeat is
(CEO n and pher eirReNmd3 holdr B -1 46 COLRESROAUS htO rihRtr HhsrNordral
allele; n from45-54 corresponds to that of a gray zone allele; n from

55- 200 correspon8¥BRoGrean of Avplsegnt-ation allele and n of nore than 200
correspondsgto that of full tation allele. .20 10, The t had as
claingd in gny pEggedi%%ul:?%i mrg%f uriher &SNSy st aehi ngt%trh Hnpl i fied
product for the perpensengl aRei ity UplH Nngnsequenge tie t hendirimucd eot i de
repeat sequence. 11. The nethod .of claim 10, in which the

anpl i fi ed 25pr odBEPIBEAPFEPsESTRRAIAL e VitdlSr Pdpti-offid TPMPRHELEt hod of
any one of cl ai Mg, 8- 115, GQMYH SI10s L85 bYgGaRLEI ar k. ehoetiomhoresi s,
melt curve analysis; or analysis on a chi p-based m crofluidic pl atform
3013. The net hoddefechanm 12, woehpersi ngtlamal ysrpbyfimsdt cyrnedwanal ysi s.

14. The method of any of ¢l ains to 13, conprising pre-treating the
nucl %@ti de sequeﬁ8féréﬁ?ﬁn§s rte%géﬁf‘%v\h?%hase iy elaalr‘?c}tﬁ’f i 8s f8‘}1171]|3t hyl at ed
cytosine resi dueguthAtiBge rUAlaR!, dg pedupleéBrion allele or a gray

zone allele in a male or female subject.
9. The method of any one of claims 3 to 8, wherein
| the trinucleotide repeat is (CGG)n and wherein n

15 from 5 to 44 corresponds to that of a normal
allele; n from 45-54 correspdnds to that of a gray
zone allele; n from 55-200 cbrresponds to that of
a pre-mutation allele and n of more than 200
corresponds to that of a full mutation allele.

20 10. The method as claimed in any preceding claim,
further comprising screening the amplified product
for the presence of an interrupting sequence in
the trinucleotide repeat sequence.

11. The method of claim 10, in which the amplified

25 product comprises two or more interruptions. o

12. The method of any one of cléims 8-11, comprising
analysis by capillary_electrbphoresis; melt durve
analysis; or analysis on a DNA chip—based
microfluidic platform.

30 13. The method of claim 12, comprising analysis by
melt curve analysis.

14. The method of any of claims 1 to 13, comprising

pre-treating the nucleotide sequence with a



15. The method of claim 14 in which the reagent conprises sodi um

bi sul phite, the reagent nodifies an unnethylated (CCG n sequence to (TTGn
and a nmetWolatiegde1I€CE n to (TCGn and in which the firsPCTEGRAODOEH6 mer i s
conplenmentary to the treated nmethyl ated and/or unnethyl ated trinucl eotide

repeat sequence. 1016. The nethod as clained in any one of clainms 1 to 15,
wherein the firstepIeher Wohphi IBLHL cthsT s BE g shuameied hadiad esequence

selected fromth c i StLng; f ‘ S 5, SEQ ID

NO. 7, SEQ I D NQ%?égyE%el %Q%ioa%%g é%QtF%%NIéP%%&%g%E%QﬁBQﬁg%4 and SEQ I D
NO 26. 17. The nehdodm@shsdai oed ¢Iniany Iohe iof clhbids kHeo Yeagwherein the
second prinmer conprises or consists of a nucleic acid sequence sel ected

fromthe group cor@PEiPay of o3kl PiRBIPDISEQ rBeNnseagerd MeEdiissNO 8, SEQ
I'D NG 11, SEQ|[%ﬁKkﬁﬁmt%§@éééd«%@§G?Hd§Sé3éd2é«%87wTﬁéhJﬁgnHE%$0d as

clainmed in any one of claims 1 to 15, wherein the third prinmer conprises or
consi sts of a nue¢ehylacéd $eqaenceoséleet adahdoant Waighotpre25 insdnsi sti ng

of SEQ D NO'3, S£Q1D/NQ 8, SFQID NO.8 SEO LD NG 12 and $EQ_I D NO 23,
19. A method for screeniﬂﬁ or a'trinacreotirde rgpea? sequence in-a

bi ol ogi cal sanpleetmhesesd sabfddrethoduansphiysasetthe strépuefl ccanitdacti ng a
nucl eic 30 acid sequence obtained or derived fromthe biological sanple
under anplificatfeRC@bnBPErBRSSwith: i) a first prinmer, wherein said

firsfopri mejg hast@. t argghgsequepee; hga el an 3ne0h o 11 f thinucl eoti de
repeat sequence 1n the nucleic aci d sequence; ||§ a second priner, wherein
sai d second prinks, haseaciar gbe séguenpeimetrhicomplre skeisi wuclceotsiide sr epeat

sequence in the nycleic cid seqaence; t ogene ateaﬁagplifigd

product conpri si ng" t#i NYctBoti A1 FepEIHCBEqUERCES A T TOM tRfFaF AWy sai d
anplified productonsi g8g:i hAJTRl tegurve HO: analgy® s1p2@o:Ehe sebhad of claim
19, wherein the second prinmer conprises a unique 5 tail sequence. 21. The
met hod of clai mN®@:6r 262 wHerBPnl8ai dEeet HddNPurPherSEbNpPI §€5 2dant act i ng

t he lified pr (o3 gy | L1 h t RLAdRr wherein the target sequence
]{jgp %@;‘ fp 1@0‘{‘%{3 na_{ilﬂ Bkpdrp Ng?&tes

of t third pri 'S W e uhi que ail sequence of the second
primer. 17. The method as claimed in any one of claims 1 to

15, wherein the second primer comprises or

consists of a nucleic acid sequence selected from

the group consisting of SEQ ID NO:1, SEQ ID NO:4,

20 SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:22, SEQ ID
NO:25 and SEQ ID NO:27.

18. The method as claimed in any one of claims 1 to

15, wherein the third primer comprises or consists

of a nucleic acid sequence selected from the gﬁoup

25 consisting of SEQ ID NO:3, SEQ ID NO:6, SEQ ID

NO:9, SEQ ID NO:12 and SEQ ID NO:23. | SR

19. A method for screening for a trinucleotide répeat

sequence in a biological sample, wherein Esaid

method comprises the step of contacting a nucleic

30 acid sequence obtained or derived from the

biological sample under amplification conditions

with:



22. The nethod of any one of clains 19-21, wherein the trinucleotide repeat
is (CG3. 2023. The nethod as clained in any one of clainms 19 to 22,
further owopbigisegsdet ection of the anplified product wethsoaclomoesos
acid-intercal ating fl uorophore. 24. The nethod of claim 15,
wherein the fluorophore is 25selected from SYBR G een and EvaG een. 25. The
met hod ofl)ary fomstofpringnvs Wiepefin fsaidteficohppisinay hhe st gprgfetanal ysing
the anplified producttodeterm gget hgfrgse%geog a_trinucl egti de rré%pe%t and
conpari ng e Esut’t of T3888i ¢ ana ySi s “agai nst T R"st8R 598 t6FFEer ni ne
whet her tsleeruanple fiined her edidQle icorEspFMmdmrd;hat of a normal allele, a
full nutation allele, a pre-nmutation allele in a male or fenal e subject.

26. The ABthodl &EON& nRBEITAT any'HE 8T ERafmsSaRYS, PRABEE nP3Fe 2nucl ei ¢

acid s r ' to: apl.i fi.cat.| et | : hod of
any o5ne gf% riL?I%gi %%ér%e %ggg?n@ﬁe ﬂfl;lcl(ragsdtCol|cr}arClgtirarl\e\ac?é i gQ%(;E%EI Bg%egl%teand t he
second prhnmehe uSE@ilcDaN@dl begruarntte ;first priner is SEQ ID NO 21 and the
second printer_is S (%ID NO. 22 or tlbe first gri rrfr is SEQ.ID NO 7 _and the
second prcer GEERY D N0 5. ATk LAHE noPFOUGE angPBRELSENE ai fe. 21 27,
wher ei n the nard cta dehireghepitl RIqUehcBEQda NO 9, SEQ I D NO 12 or .SEQ I D
NO 23. 29. The nmethod of any of clainms 19 to 26, conprising pre-treating
t he nucl éoEild€isgquencd Vi BEisd PRIt WwHEdRIsePBRt iffRely RUEIVE es
unme{ hiyl ated ,<)tosi ne residues in the trinucleotide repeat sequence. 30.
The nethod of claim29 in which the reagent conprises sodi um bi sul phite,

t he reagent20wdi Thesm@bhoanotinratiy ated HE€sisegnensecbad( prgneand a

met hyl ated (CCG to (TOG and in which the second priner is conplenmentary
to the treated netRFated and?davSinret kgl at 8B8IEERRGcl eot i de repeat

sequence. %é. Thﬁhgeogggogfoép%l%q QE I?if@,2@h8£e§9’s39§t9%&h%%

conpri si ng tlle step anal ysing the anplified product to determne if the
(COG) sequence ifunehéy| atredr Dsesnoehhytaind theaample faedf prelkdeciubj ect .
32. f@e met hod aﬁigﬂagngguhgiag¥i£g§,Oahgkgkgst%gatgarget seguence
of the third primer is within the unique 5’ tail
sequence of the second primer.
22. The method of any one of claims 19-21, wherein the
trinucleotide repeat is (CGG).
20 23. The method as claimed in any one of claims 19 to
22, further comprising detection of the. amplified
product with nucleic acid-intercalating
fluorophore.
24, The method of claim 15, wherein the fluorophoﬁé is
25 selected from SYBR Green and EvaGreen. : -
25. The method of any one of ‘claims 19-24, further
comprising the step of anaiysing the amplified
product to determine the presence of . a
trinucleotide repeat and comparing the result of
30 said analysis against a standard to determine
whether the amplified product corresponds to that
of a normal allele, a full mutation allele, a pre—

mutation allele in a male or female subject.



30 31, wherein the first primer conprises or consists of a nucleic acid
sequence selected fromthe group consisting of SEQ ID NO 2, SEQ I D NO5, SEQ
| D NO 20,wBBQ1ld#3¥® 24 and SEQ I D NO 26. 33. The net ho#cascebmion®sdsi N any
one of claims 29 to 31, wherein the second priner conprises or consists of
a nucleic acid sequence selected fromthe group consisting of SEQ ID NO 1,
SEQ | D NO 426.SEXh® merhsdand SE@imBANGIR7anB4onghefmetlhddsad ci2di,ned in
any one of clains_29 to wherein the .thir ri_mer. _conprises Qr.__consists
of 2 huclei o ac PERGHEntEe SANELELE PRom tRe gRBNN et e ar ng Coft R0 1 D
NG 3 and SEQ I D MNepbif10at35n Acaethed.for screening for a trinucleotide
repeat sequence in a biological sanple, wherein said nethod conprises the
step of cordfctiFge anatiepdi efagnd sequehcelobmai AOH26r d&eirgdd fhem t he

bi ol ogi cal sanpl g; e i fLcathon cQRditi , rej i.d nucleic
aci d has been prg% ?gaéggﬂg%t%gagrgaggnﬁaﬁ%pcﬁggefé%tFve%faﬁéﬁﬁﬁéh
unnmet hyl at ed cytosi rs2Q esbdues 1iln dbhe theel €atrsde segquence,s WEEQ: TID a first
prinmer, wherein saig firat Eriner has 20a t arget se%uencq in a region 3
and/or 5 of a t¥Pnatl B¢ tRerapeahdsByuBRite 1PnSERe IhudCeie &8 F&equence:

i) a second priperstWpeipkl $al gesecandidri nerqahagat acgshseqaneaw t hi nt he
25trinucleotide repeat sequence in the nucleic acid sequence and said
primer is conpl ehenfB@yIPoN@: fet hyl ated trinucl eotide repeat sequence; iii)

af her segon rine \herein said further 30,.second. priner has a
Par gl "ot e whe HFEEhad "SE T Rhu 866 66 PlRend’ 2aetdne s R s s & ¢
acid sequence anghgatHepthi®H % iaeAPliemeI’@ryptwoan, ugaet hyl aied 2

trinucl eoti de repeat sequence togenerateananplified productconprisinga
trinucl eotide repeatt@efbielee23and anal yzing said anplified product using

o o1 Cugye SealgL gl TIE, LI O 25, MEr SR AU
repeat sequence phetheecstuthei c tael d segUedtede sequence with a
15 reagent which selectively modifies unmethylated
cytosine residues in the trinucleotide repeat

seguence.

30. The method of claim 29 in which the reagent
comprises sodium bisulphite, the reagent modifies
20 an unmethylated (CCG) sequence to (TTG) and a
methylated (CCG) to (TCG) and in which the second
primer is complementary to the treated methylated
and/or unmethylated trinucleotide repeat sequence.:
31.  The method of any one of claims 29 or 30, further
25 com?rising the step of analysing thej amplified
product to determine if thé (CCG) sequencéggis

methylated or unmethylated: in a male or féméle

Subject.
32. The method as claimed in any one of claims 29 to
30 31, wherein the first primer comprises or consists

of a nucleic acid sequence selected from the group
consisting of SEQ ID NO:2, SEQ ID NO5, SEQ 1ID
NO:20, SEQ.ID NO:24 and SEQ ID NO:26.



37. The nethod of claim35 or claim36, wherein the 10second prinmer and
said further second priner conprises a unique 5 tail sequence. 38. The

met hod ofwol2ai1m485i8 wherei n said nmet hod further conprisesTconi@obezeg t he
nucleic acid sequence with a third prinmer, wherein the target 15 sequence
of the third primer is within the unique 5 tail sequence of the second
primer and 83id Thet hethseicerd prammsd 38. afije omd hod eflaamy owe wf clains
35 to 38, wherei the rinucl eotide repeat is (CG5. 2040. The nethod of
any one of clai ne!35- 3GEhFdY ei NS ai §SFGECei PBLIRHE haSORBE 156€N sQ}bj ect ed
to a previous anpbhfisati 8f reanid Qe 4dcidhe-Huthed %%1@&&3;? any one
of clainms 35 to 40, further conprising detection of the anpli

25pr oduct wi t hanuthei gaehs- consricaliatg f f3hor BphPel, 43EQTH® ¥t :Hod of
claim4l, wherei he . f Q hore | ect from SYBR Geen and EvaG een.
43. e nethod o %n?Doﬁg % g a| rSm}::a 38 98 ?grther 30conprising the step of
anal ysing t3& anphéfimednproductcipifled eini et hePresentgipt 29 to
trinucl eotide repeat and conpari n t he resulty of said anal ysis against a
standard to detefhi n‘éh@&/ﬁ@%ﬁnghﬁhé ampl Prilag rpcodwetl ser @sm‘@sl&tcsthat of
a normal allele, u t a tat allele in.a male or
femal e subj ect. %ﬁgTﬁgc%%ﬁoéegg %ie?h@ng% 8 ﬁLre?r#er% (}f%%ﬁ“r |ts}en§%%ué) step of
anal ysing the anpbn$isdipgodicSEQoITeNe: Ai aadi EphaD( 80k .sequence i s

met hy| at ed unmet h Iat ed in a male or fenale subject. 45. The nethod as
claimed in %y dheMBFRefatRg FERFEUANT WHF ef ntfhéuﬂlﬁﬂtlﬁlﬁl AP Npri ses

or consists of asquglgig agchd aseqyl selected Srom the
consi sting of SE&F%NOZ SEQIDNOZ SEQIDIéO 24 "an Sh%%l%ql{b%; t he
second pri ner cdﬂ@th@@scgmpmﬁsssttsleofstaamm econbecdisggaemee lsdlcect ed

fromthe grou con5|st|n of SEQ I1.D NO 1 I D, NQ 25, S 4 and SEQ
| D NO 27; gandpt he-t i r&e%genﬁﬁ met> COMPTT se8 gor i s ggo’ﬁ ntl\}lgeel c acid

sequence sel ect esid1og ¢he grapheCantdst | &igp0f £ SEQ- | PhNG3@ard 8EQ | D NO. 6.

15 wherein said nucleic acid has been pre-treated
with a reagent which selectively modifies
unmethylated cytosine residues in the nucleotide
sequence, with: '

i) a first primer, wherein said first primer has

20 a target sequence in a region 3’ and/or 5’ of

a trinucleotide repeat sequence in the

nucleic acid sequence;

ii) a second primer, wherein said second primer
has a target sequence within . the

25 j . trinucleotide repeat sequence in the nuclelc s
acid sequence and' © said prlmer f';is

complementary to a H@thylated trlnucleotlde
repeat sequence;
iii) a further second primer, wherein said further
30 second primer has a target sequence within
the trinucleotide repeat sequence in the
nucleic acid sequence and -said primer is
complementary to . an unmethylated

trinucleotide repeat sequence



46. The nethod of any one of clainms 1-45, wherein the nucleic acid is DNA
2047. The nethod of claim46, wherein the DNA is genom c DNA. 48. The

met hod ofwenyiwniesi®f clains 1-47, wherein the biol ogi calpcsmmpb®obesobl ood,
amiotic fluid, prenatal tissue or a buccal snmear. 2549. The nethod of any
preceding claimin which the anplification conditions conprise an
anplificdtd on geaetdaosm andni n wahpdh ftiked amplrickducdt | orcamgacitsiony i s a

pol ymer ase chain reaction. 50. The nethod 8f claim49, wherein said

pol yner ase Y CHA 1T 2N Thn ToRpTISes #09cycles at 99 C for 2 ninutes, 65

C for 2 niruityesirand sé3dC Eapl3rakaut gsodasd aidimipl DRxt epsien siepeat 72 C
for 10 mnutes. 51. A priner selected fromthe group conprising or
consi st i MY nucl eoti de sequence of any of SEQ ID NO1 to SEQ I D NO 27

or coppl emerks thereqf . . 52 pri ner nprising or _caonsi.sting of a
nucl egPi de gé‘queﬁgg %ﬁt\ﬂ%dcr?% hceianlunél ggti de=se ﬁeﬁ@é%ccsyflr%‘prrslts%r.lmer (i) a
first sequence sahecteddrgyn theq@endp cansi stddigprof3anynang’ofoSEQ |1 D

NO 13, SEQ ID NO 14 and SEQ ID 10 NO 15; and (ii) a unique sequence

sel ected from t hETgPBGPSLEASPSHERFSt SHUDES ot N SERFI DUNGeis, SEJ D NO 17,
SEQ I D NG 18; and.gEohtP.NO 19. 53. A set of priners for screening for a
trinucleotide 15 repeat sequence, in which the nucleotide sequences of the
primers conPri seThe cwisict of theitwl3dDwong Cequentes, wherednmplament s
therggf: SEQ ID NO 1 SEg LD NO 2, and SEQ Ig) r 3. 54. A set of %rei nmer s
for 5¢reening foPS5RAi nHELBEE d8™50 att Wédirédnc € S GH Snih- 1}

nucl eoti de sequepeRproEeckhg phhARES 5CORBLIIS@Ru @RS St of the follow ng
sequences, or conplenments thereof: SEQ ID NGO 4, SEQID NO5, SEQ ID NO 6

and SEQ | D B8y 20Thg558ethogdet off rliaisr s For sdregening sadrd a matihmi| eot i de
repeat sequence,

epeal _seauence, o poHALCh LIE B0l e 2UMETCSh.of A8 il TLs g o2
NO 7, SEQ I D NO 8eqaBfc8EQiltB N ®hird primer, wherein the target

15 sequence of the third primer is within the unique
5" tail sequence of the second primer and said
further second primer.

39. The method of any one of claims 35 to 38, wherein
the trinucleotide repeat is (CGG).

20 40. The method of any one of claims 35-39, wherein
said nucleic acid has not been subjected to a
previous amplification reaction.

41. The method as claimed in any one of claims 35 to’
40, further comprising detection of the amplified
25 product with a nucleic acid—intercalating
fluorophore. - o
42. The method of cléim 41, wherein the fluorophofe:is
selected from SYBR Green and EvaGreen._
43. The method of any one of claims 35-42, furfher

30 comprising the step of analysing the amplified
product to determine the presence of . a
trinucleotide repeat and comparing the result of
said analysis against a standard to determine

whether the amplified product corresponds to that



3056. A set of primers for screening for a trinucleotide repeat sequence,
in which the nucl eotide sequences of the prinmers conprise or consist of the
fol | ow ngweequéedces8, or conpl enents thereof: SEQ | D NO POT/SSEQOIODINGD: 11,
and SEQ ID NGO 12. 57. A set of primers for screening for a trinucleotide
repeat sequence, in which the_nucl eotide_sequences of the prinmers conprise
or consist of theffdl NoWaY 3e48LAced, fBLlcBHpREFORt S11KéFeof: PSEQ 51 D

NO 21, SEQ D NQu2Z.c 250 SEQID ND 23naf8. of 98ha9k BLBUEES for screening

for a trinucleotide repeat sequence, 1n which the nuc sequences of
t he prinmers44onpThee nyteensbst ©faie 439l | 6ukrbgesequEnEesSs iy aorpl enent s
thereof: SEQ 101D NO 3, SEQ ID NQ 24, and SEQ I D NO 25. 59. A set of
primers for scre®rfRg P& LMFHFUI B0t FEE r IR HSfienBEOIRAT whitéh t he

hucl epti de Seque@§€§rﬂinéh§fpﬁhﬂﬁr%c@@ﬂp%kéﬁe%%eCQﬂ§iﬁétH'1£P§df9h40“ﬁng
sequences, or conplenments thereof: SEQ 151D NO 6,. SEQ I D NO 26, and SEQ ID
NO 27. 60. A kitufmethigbatedt he aenhbd accbedehg sobaagtene of clains 1-49,

conpri sing: . 0ne or nor rimers, in ich the nucl eotide sequepces conprise
or consist of tH@h?OW?gREHga§e > B 2BYc O nt a%%%rggftp SEQ I D

NO. 1, SEQ ID NO. 24, SF+8i NG Be 2Rty SEQ L PO 4ompEPskD N 20n8EQtlsD NO: 6

and SEQ I'D NGO 20; or one or nore prinmers, in which the nucleotide sequences
conprise or cons?ktaohuehelfopfdd AGIYEREENEES ECELA2S rOBNBIRENEROS her eof :

0PN, S LI Erg 08 SEQ LD 19,3 ooh o0t oy Splr napg | o
conpl enent s t her26f aSEQSED N 100 : SEF) tBeNQ@ddorahdp 85@et Dcomprises

or consists of a nucleié acid sequence selected

from the group consisting of SEQ ID NO:1, 'SEQ ID

NO:25, SEQ ID NO:4 and SEQ ID NO:27; and the third

15 primer comprises or consists of a nucleic acid
sequence selected from the group consisting of SEQ
ID NO:3 and SEQ ID NO:6.

46. The method of any one of claims 1-45, wherein the
nucleic acid is DNA.

20 47. The method of claim 46, wherein the DNA is genomic
DNA.

48. The method of any one of claims 1-47, wherein the
biological sample is blood, amniotic fluid,
prenatal tissue or a buccal smear.

25 49, The method of any preceding claim in which. the
amplification conditions compiise an amplificatioﬁ
reaction and in which the amplification readtioh
is a polymerase chain reactioh.

50. The method of claim 49, wherein said polymerase

30 chain reaction comprises 40 cycles at 99 °C for 2
minutes, 65 °C for 2 minutes and 72 °C fdr 3
minutes, and a final extension step at 72 °C for

10 minutes.



30NC 12;

or one or nore prinmers, in which the nucl eoti de sequences conpri se

or consist of the follow ng sequences, or conplenents thereof: SEQ ID

NO. 21, SBYoRDiNGs:A8, and SEQ I D NO 23; or one or nore PCIT/62610/000890hi ch

t he nucl eoti de sequences conprise or consist of the follow ng sequences, or
conpl ements _thereof: SEQ ID NO 3, SEQ ID NO 24 and SEQ | D NO. 25; or one or
nor e prlner§1-|nAmm92#m¢¢na&ﬁhﬂQQﬂd d§r§@qdéﬁtegiéﬁwpr¢@@péisé695|%n of the

fol |l owi ng sequenggﬁsl%)}ggoge méﬂgs Lﬂ:el Q{lde hge .6, o;EQng/DA\p 26 and

SEQ I D NO 27

The kit
The kit
63. The

Iona her "wi ructro or use.

as cl ai nedQi nIol aNo: @0, thur SHer donpmNcei2vg Wia [RDglsineregsase. 62

as clainmed in cI aim 60 or 61, further conprising sodium bisul phite.
kit as cFBPREA%Fn any one of claims 60 to 62, further conprising a

denat yring ggent » £§%$S§T@§ﬂ§%ﬁ§§§§”é¥”Egnéfs@BMgOB? of filBidB £ to 63,

further

10
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conpri si ng
sequence in which the nucleotide sequence

-comprises:
(i) a first sequenee selected from the group consisting
of any one of SEQ ID NO:13, SEQ‘iD NO:14 and SEQiID
NO:15; and _v ' P
(ii) a unique sequence selected from the group consiéfing
of any one of SEQ ID NO:16, SEQID NO:17, SEQ 1ID NO:18;
and SEQ ID NO:109.

‘53. A set of primers for screening for a trinucleotide
repeat sequence, in which the nucleotide sequences
of the primers comprise or <consist of the
following sequences, or complements thereof: SEQ
ID NO:1, SEQ ID NO:2, and SEQ ID NO:3.

54. A set of primers for screening for a trinucleotide
repeat sequence, in which the nucleotide sequences
of the primers comprise or consist  of the
following sequences, or complements thereof: SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6 and SEQ 1ID
NO:20.

55. A set of pfimers for screening‘for a trinucleotide

| repeat sequence, in which the»nucleotide.sequences
of the primers comprise org consist: of of the
fbllowing sequences, Or complements thereof SEQ
ID NO:7, SEQ ID NO:8, and SEQ ID NO:9.

56. A set of primers for screening for a trinucleoﬁide
repeat sequence, in which the nucleotide sequehces
of the primers comprise or <consist of " the
following sequences, or complements thereof: SEQ

ID NO:10, SEQ ID NO:11, and SEQ ID NO:12.
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57. A set of primers for screening for a trinucleotide
repeat sequence, in which the nucleotide sequences
of the pfimers comprise or consist of the
following sequences, or complements thereof: SEQ
ID NO:21, SEQ ID NO:22, and SEQ ID NO:23.

58. A set of primers for screening for a trinucleotide
repeat sequence, in which the nucleotide seqguences
of the primers comprise or consist of the
following sequences, or complements thereof: -SEQ
ID NO:3, SEQ ID NO:24, and SEQ ID NO:25. .

59. A set of primers for screening for a trinucledtidé
repeat sequence, in which the nucleotide sequences
of the primers comprise or consist of the
following sequences, or complements thereof: SEQ
ID NO:6, SEQ ID NO:26, and SEQ ID NO:27.

60. A kit for use in the method according to any one
of claims 1-49, comprising:

one or more primers, in which the nucleotide sequences
comprise or consist of the 'following sequences, or

complements thereof : SEQ ID'NO.l, SEQ ID NO.2, SEQ ID

NO.3 and SEQ ID NO.4, SEQ ID NO:5, SEQ ID NO:6 and SEQ ID

NO:20; or

one or more primers, in which the nucleotide sequences
comprise or consist of the following sequences, or
complements thereof: SEQ ID NO.7, SEQ ID NO.8, and SEQ ID
NO.9; or » ‘ '

one or more primers, in which theﬁnucleotide'sequénéeSA
comprise or consist of the follbwing sequénéesﬁiJor'
complements thereof SEQ ID NO.10, SEQ ID NO:11 and SEQ ID
NO:12; or | » A '

one or more primers, in which the nucleotide sequences
comprise or consist of the following sequences, or
complements thereof: SEQ ID NO.21, SEQ ID NO.22, and SEQ
ID NO.23; or
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one or more primérs, in which the nucleotide sequences
comprise or consist of the Afollowing seguences, oOr
complements thereof: SEQ ID NO:3, SEQlID NO:24 and SEQ ID
NO:25; or
one or more primers, in which the nucleotide sequences
comprise or consist of the following sequences, or
complements thereof: SEQ ID NO:6, SEQ ID NO:26 and SEQ ID
NO:Z?, optionally together with instructions for use.
61. . The kit as claimed in claim 60, further comprising
a DNA polymerase. . '
62. ‘The kit as claimed in _claiﬁl 60 or 61, further
comprising sodium bisulphite. |
63. The kit as claimed in any one of claims 60 to 62,
| further comprising a denaturing agent.
64. The kit as claimed in any one of claims 60 to 63,

further comprising dNTPs.



