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conp OeD ?1a1 xpf')oqg’tion (%‘}ﬂee rdﬁ.t%g Ié%vgraﬁh%re fcéegnué)ﬁc%ﬂ?1ogﬁqﬁ§1ﬁaltlﬂn to 51;)}1e use and
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poph]aﬁdmst mthda:rmg tHd&htatdﬁefhhmgenerﬁ\aesltcetﬂor@ 0blybThd stapgenty doapkexity of the
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mitbdhbndriat mayg &k | idéndifiedl eoit [rﬁk@&dll(ifar blﬁstlﬁiedl(ﬁxt bp nlsleﬁdilﬁl’r]}slbﬁhﬂteH)YOy somatic

sonati ¢ tions int m t ochondri enone.
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impeRdeN disdige 64 HEIRS eABSut \B/Q)bb gerhD Akl reduiffdGo gﬂk&& mft&hondrion, with only
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cl onal expansion of mtochondria within the ovum once
fertilization has occurred. The essential role WD
WQQIE)GIIIIMSOZ9 PCT/ CA2006/ 000652 of nt DNA i s t hePCT/CA2006/000652

en . of . L he.qel | ylare fu
of %r : phOS hﬁ SEre a(t ’&th)f € V\(}EH 1% ?.16:1r gcgeh%se ?ﬁésgl%te ATng’I Wthh fires cellular
me@bgjisinf iSeguifidayt]y, tthe niiotipmkiaal dgenarhe ge ldom:uaderrs alegpaerde muclear encoded
sgvent y | ear. ncod ot . L
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1990/'E egﬁﬁ ge%n s%g IdI %‘gjangy (r)?‘l }3‘%1% lov%g}gll'ltogéhogﬁﬁlon to a, varied extent.
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of @X&iRE degbnwaiielii@hite (GdtRandnd etaly 899SRL It iOWell Rhdwhi thatl aging and specific

phenot ypes. reover, mu ons in. the mtochon
P B G RS et DA B T SRR PBSPE R S R capacty of he
celd eﬂﬁ@@ﬂf@t&%ﬁs i 5RasFesticRbE 84EGIRA nifoctdhdrial Qﬁcﬁbr thé tell Sipplementing
known t hat aging and

el o YRSk R0 S0 SRECLLLE L DRSS, PRI O o

muRfiSEU L 1he tikaRAGHA Yeeffmd &8 beGRbd as hhiksrs Gbit @beakeegdhbdiSand/or disease
I n over-expression of defective mtochondria, and/or

progiegsione FhersiROEHBhIFFRE VL RENPlck of ATP by beconi ng
DI ReGhitE Fivd &tGl. ((%O?%uﬁ@ dn Eﬁﬂl&g ,turdB@2om g hed Padier cancer a high
changes or nutations, in the mtochondrial genone ca

freqyenqysed entBN Arravtaieans whish waTesseiomingatieqreopkgcdp s ciad gating that the

muthnt RITREK K3 QRinaMiethe TRNLAAF &Hs aPoiUBGEToHS Yad deletlons would appear to
Intervals. Recently, Fliss et al. (2000) found

be @FlnﬁﬁPSpgTWS}Puf ysipihgysidmeftest efcuragendssa aical éalmgg Ko the membrane
o GH &5 Pla8ERETHRANL Mot onl h
o EEHEOF GRS 1k, BRI b oy s
mltmmalvagnommqkmtpwtnctw disfpags, QWaaflﬁo ig gplperablpgy pidative damage being
fougytrx@zgrl t‘ﬂ@%xﬁ#e Oggér%déoﬁﬁermﬂtﬁoxﬁﬂlﬁﬁﬂ{emi)ﬁne b%&@@ver as mtDNA has a
non- progr a ut Unavoi d side effect of oxygen
corfiyaclegananii cad lathsrangens deleldouseayontaaes s Bkaly éepidaee a gpding sequence
t
resmlrté%%qcﬁnc%ﬁ @g&&%ﬂrﬁé&oﬁ OTI?L dys}lglgtﬁc)n w1-|i|'fﬁrﬁ'1eL !I:ls?é acEﬁular oxidative stress
whgh moﬁréeaﬁa@kuqi@r py vtidet m@\lhudgmmﬁlerebmnceﬁaseg ths potential for a cell to
ab d d
o UETRELsd SrRALARAS: 96 D9 1y LUR 28R s st v
lncm@%ﬁherass amtlmrtWSh asmtDN4 darpeast(Codenasme Salyang 49983 and a subsequent
I it r | 11 ffect
el B0 ] BRI o B by

dysf unctl on. This dysfunction will further increase
MDA aslaiagnosdaleale stress 25 which will lead to

NUChRBNABR qWMEd dRSmiEs %nﬂiﬁm QliaghbL8E &RYs. MIGARAS I AMDNA are often

t he potentl al for a cell enter into the cancer
prepmgersmdiciente develeping d@g@q_)oftep rasgopiatsd rvgglp@g:iear mutations, and act as
bioh&kER s pa:lﬁcgl% RS0 tdﬂ%a%e ‘%é}has b’up&ft FRAREDND: BEGe Hﬁﬁ%@ ah® cancer from

an 1 ncrease 1 n nt DNA damage (Cortopassi & Wa
smeline zaxdgmmenqu@ setcondilesnfl tabacdosmekss @ice gt abs i/99f8umee,| 1998); longevity, based

)

o FNSRlr B3l R b8 o
themnigeri (MquDmeb W98y mstastatic tiserse causkrd b imuitasion 1or GXIORIAE 4p Garcinogens,
muglf %n%n ult&(f%‘e!t rp{a&lgfo}ﬁ Eﬂlq:hq\@fcﬂﬁxs 2960)d%¥t§$a%hpg &hﬁg\%&qﬂar Alzheimer,

assocl a af ‘mut'at1 ons, and
Parhmsnmdlkaases(sépﬁmrfet ehl 1993 Seaniedt tlo @pEEhae, et@bclﬁ%)s age associated
but not limted to: tissue danage and cancer from

snoki ng and exposure to secdnd hand tobacco snoke (Lee

et al., 1998; Wi, 1998); longevity, based on

accunul ati on of mtochondrial genone nutations

begi nni ng around 20 years of age and i ncreasing
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35 thereafter (von Wirnmb, 1998); netastatic di sease
caused by nutation or exposure to carcinogens,

worioagergy ul travi ol et radiation (Birch-Machi nPCROAZ0H/000652
osteoarthritis; cardiovascular, Al zheiner, Parkinson

SRS G LIcko, e S LA B By 3R o .

1999;:%@@&@@1 0086 2hrohie gréegnesive sxergSesix il lraeplegia (Tanuke et al., 1992);

ol SRR DA T 0L 08 gt s 1.
2001)988)&4311 eimknm @ goNegaas 8997 eClemteey and TuebohiOB%).nopl egi a

(Taﬂf Iﬁf)g'lglgf)e gt %)g 1ﬁF Is%es 2){ Eheartmr‘goe glgd?ll(%l? ﬁ%ﬁ%% %ﬁg&l hsglr)cg?t%{ with certain
dlséalslerm UFoB ekafeple, ehutations at 22)1(60)1217a$1dv\4§|117 a&sas&tchv&cﬂhw'(tb Lgber's Hereditary

Opt‘lil\ﬁlaj&uﬁogﬂgy 2?&951?31\’?‘[0@1%?1}& qlesc%lg({]hﬁgomd lgﬁ%)n%ien gﬁOOl) MitoMap). A

mu@ea0aE Seshwiefoassnc/ Apaidntad be asefctaaadmltldmmcemsytoﬂmome ¢ reductase

B AT S
ass&d;dTQ\l)nt}(;D{bitﬁﬁbuﬁB&rl al Resear ch Soc:| ety; Huoponen
8 t on. 5 in
5 /5 Ef)ﬁff ghelsg aléeéatg)g uge @81 %11%' Qﬂrap%tbqns transverswns) deletions

(on6 YBa@L g GlRishds edUatay emvc(rﬁﬁtfi'p ldepichtidny, (bekit@sene thousands of bases),
(Val not et al

recrppipations, apd HH?“IP%?%BC asebtg t T@a ¢ 3tl1lagelrgg d?\t}ma%l{t}ggne, specific base pair

altePAtiORd, @El@tl&ﬁn&&fombﬁﬁﬁ&isfdf afl dsyociatddesieh @kl ensdt iod pﬁ)state skin, and lung
i ncl ude poi nt mJtatl (transitions, transvers C)

cangs) 8 VO AET8{E BLERE (e 8 HOTDaPHARAIHFe g iposure to carciriogens (Lee et

al. |1gyg§r§é ons, duplications, (one base to thousands of

bases), reconbl nat i ons and in ons uéon}e base t
tho§§5‘hd‘§ BNA l§a%aé§7fi to| ¢{fSEERE £¥ 1ve p@{:q h hg, Quyn, p]éllF imperative to

unddbst#80 abitRAchdriflele§lch &R Sthro@dh ﬁl%lmbaﬁh@tof @heri@hceal Ehe sequence of mtDNA
associ ated with early onset  of rostg skin

varjeg fgdesbegwgea @paternpd lipgapes (g\gardaalahgl 9()é) encp&%Ran%}ated with disease

mugt%%%)earl? ﬁﬁﬁpﬁd&i@n BhiAlsoney RS WHrBtidO F‘o@@ﬁdnﬁﬂ@ QRBecific€Bto C transition
98), etc. Since ntDNA i s passe

notg¢ frgtljlp ISP@G@@qu LngeyzgpgdlYlﬁua(lﬁu Qﬁ;opﬁtgd WBﬁ’] spegifi gancer, could in reality be

nathrqp\%ﬁl@ttldn iR atrrﬁterrﬁmﬁﬁera% WaskpMal fChA _Faﬂlcuﬁﬁ&@@r@ﬁlﬂ&al area or associated

through this nmeans of inhéritance. The sequence, of
withte ity vEPfl egmpledptve Narfiemericarse<AIgFS 31 HEagdx highdfequency of adult

ons %dl%etes W%&%m&“ &1 G UL AL RN Na 8RS AR @h8stally LRrLiSi8ASHY five basic

early understood in conparison to this
mategral Hngages. desenat@(énﬁl €, Daarh Ec(Sehur qt ale 1990 Signgjapd <§|‘Pn°kmg’ 1993;
smilRLEMH k 5’995 heing %ﬁ%tlﬁ%msﬁl@&' &Y ka{pﬁ%o\(ﬂt MR tPn resulting in a Hae I site
associated wth a specific cancer, could in reality be
at hpag6drialthe/mitochpndsial gqmome.rdist BeFsap NP FANSailyE r@%ﬁt&@%l’ Sefarepmibis mutation
an(?thg lﬁ&ﬁﬁ%n&‘? bf difdledr MIRSHER RMCH iR R XN usASSBEre & Rfuence variation.
ethnicity. For exanple, Native ff\lort h Anmeri cans
exppe§§1€aﬁf wrru sersificy markgrs prseqtiehcyittor awtirtler Hpege there is more
1nt1qgﬁ}aﬁﬁ1§r§ varlaﬁo@%htlht@@optﬁzltionug# e ARBhG A Eadiet tVAS 1896 Ward et al,
tical characteri zed i ve basic 25 naternal
1991|, 8%y shig éigqegqmee@ugﬁ\ be Blnd@stoqg foaﬁ)@tnxal( iderificption; of gisease associated
muga?grq)s hgcgger‘na%Qal ﬁh@ ﬁﬁéfyj ﬂﬂroaé‘@&’%rsons%t h199t7) ﬁhmtckﬂag Q) strengths of a
Linedge A is distinguished oint nmutatio
longiedinial desggni (he-ublaes tx]apl{mgp\(eé a saltsta[gbal @513040 of tipg, must be used to identify
mulfg‘u 2E Hl?&‘:q%'a%o HEHQNRy di &Ee ars] ?oéet? t@%ﬁﬁféﬁ@k&hﬁﬁut disease association.
atrons between this nutg I on he adul t
Momwe/et pmﬁcx@hrablestaeses Juph asckganid dand tebe@ﬁo qulqm law] lpyelsf @sbestos, lead, all
lmé:v!fnu%lt fg?nst Qﬁr:ﬁ lo§r 1%9eqyﬁpﬁ1%ra)y %ﬁ\hﬁ)‘iﬁn@ﬁls rga'} %E dfe Qzuse he specific point
marker's associ ate articular i nea%
mutalmane bug notoreeess@ily i rtiseagsopedifat imorkey aﬁemeb arsubsigntial mtDNA sequence
I nt er popul ati on sequence varj ation (Easton et al.
1996; Ward et al. 1991, 1993;) This divergence szt
be understood for optimal identification of disease
associ at ed
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mut ati ons, hence a maternal |ine study approach
(Parsons et al., 1997), m mcking the strengths of a
wo oovgittwel nal design (i.e. subject tracking ovBCT/@A2006/000652
substantial period of tinme), nmust be used to identify
mut ati ons directly associated wth di sease, as opposed
to nmutations w thout di sease association. 35 Moreover,

datRALd IsGULIAE pedtRilsRB 668 BocuaCdredSstiBE 6 OPHleli@Ndisda0D AL £ Qatural process, or
snoke, |low 'l evels of asbestos, |ead, all known

threpgh SERORYE Hripusive AR efthermase, ﬁ%ﬁﬁw@rml?wmw ke seqgpoed for its full

infRfatifiecnfts eTRY ertiRe itk 10f pBRl PutatiBALt @hsRIdSs, tﬁH@veﬁQﬁnS) deletions (one
necessarily a di sease specific marker. Hence,

basguigstthaysands oft DAAS)s dBYRERS dIPNABNaTSOEPIe] 1B to “thousands of bascs)
rechiih SHOROMY iPQARBAL (ondl 842 RABSushris Bf 6458 mudl R BHdLS1ide al ®whole over

accurate forecasting of potential disease as a natura
the pengiese sitockendrial Hgepergh  eXlpo sugueest Batcall) Passible ngfg@pﬂtlgn available in the
mltﬁa{o@?{l ga{oﬁn il @ G0 T rAnRLEG 'g&omé%f Hephaal Gﬁl%‘o%ﬁorfd% (16,569bp)

I nfor t|on content. "The entire suite of

hasggmsequances 4t @n sndfviduahlsyalj lggts ntuplgqu gqté)ftquqg’hgqe mitochondrial genome has
not%@énesteé&ﬂ&d(apyﬁo uPaseelQ &t ?é'acsaar}ﬁa%ngtlc kases)

I nver si ons 't cations, (one base to thousands of

bas Bsdentlpmitechondsiartard leass inaplitated ethe pas¢iBogE i @rasess deqagse of their role

) ki & |

in %J&g%’?x@{%ﬂg o@% Pa?p%gt?n otf 6ur59018$1/a %ﬁéo m(gz %ﬁll g§9e8ﬁspl%4ﬁtgse% al., 2001), in
partibwddr serhdticposatiop$ ef mw retDNgY) hawedietradliservedhintaipgmber of human tumours

mt o 0 u : g t -
(Hag?ﬁocéggqg%% %ol gy z{mb§ 12 at‘a étggégﬁb 6;1]939 Etgasl %)gg% FHQE Fatter findings
wesegatennest latereamngl yd ithei daiais th@vtbet parti¢la intBNAuodtemns appeared to be
hom(g)lllalgn‘i:"cr @—%rbtr}o ¢t all 1%% olpol}gagde'i 'él@ngg,]?IEo'l%gﬁet Q?SZOO@OtA(}Rﬁt%?lally researchers
havdi fagﬂcthdt jultray otet radihﬁorRéé‘ém |1rypqriat1too hhmd}hvclaprhw endpathpgenesis of non-
B S5 IS 05 DS SRLOESEE JRPERUAR S i damss
mnmmmkmgyuaGMbénn&Oﬂhad 1998, Penta et aI , 2001), in

E:reh/log%lggr: \}zzonﬁ ﬁm}f m1t %é)}l r%) s%%ence Ses Intcer nl‘ﬁe Dw Eg xgmple the 4977bp
delétion idD&Ses 1Pﬂbqﬂﬁkcyeﬁ1t}ﬁdge (HaB0 8t al.T #994). aBefinnalg. at w thls delet1on begins

Fliss, al.. 2000) . ese,l att findi ngs
© G PRELPERETSHY PR et &Y R Ta p R BprRE o ppRefes have been
delétéd:)l\ﬂumﬂélatoin@hﬁa(&ﬁmﬁﬂle doitn@al bgingl frobessyapd assvick s¢rHaban diomarker for

998:. Pol yak . et .al.1998; Fl t .al. .2000). ..

iSRRI B BLIAAEE PR PO PRI B pPEBisption to siow

thepasdesat i on (LNO S |nportant in the devel opnent and

pat h'g? agg Ia%gtgfgf nlgégoggondilglg g%%gﬁcgl A Ca gng% %Nﬁﬁ?\lﬂverlooked because
mtIdIﬂN&&@ bedh uded pamatik 43 4 Bor Chhpdw&hbrn genk 0. mddo rre@udy in forensics;

ho"tr‘_e(?[r?ro gtsgpé?kgl?ngtlhngga%g)% Bd{de eHZ]i) F gtﬁat%oﬁic?)gtgtlétnotsf %?tﬁ&\ltAyhas substantial
applit2ighanale Vielt hofagelidaFaipnosticsal Mpreﬂ:%ﬁéeqpﬁe@g rnheé agpiratcomplement of

mt@gﬁaég ’§ 1 hhﬁisg%k%%{qg]tflgre %g%ngt cg 3% éggalﬁg%ﬁlﬁllftk:gpghput robotic DNA

seqBEHIG sy si¥ms1Th @éditi@s patatiob g@ﬁncmiebve{e ablle td’ EdtBer digh#ficarodata from two

hig lgar a%) egzgrleagel% f%??g?‘g‘g rfégclglr Vgrs H‘Boc%za reglons representC 'P small portion of

the Quédll igéroa} le@th&d 109%h)irfeafigy Iﬂgtt PO°% OE g disayimalatigy\pavedof tk data is left
or her. interventjons to s t he process. Thi s .

i SRR oY 5N AIPPEES SIS 81, G RPE M oRGY region. The

chaRRRR oPihe kht@e kebnl2&EANIS Be cdﬁ%@éﬂéd figclb@ed] deg@tcinfdimbtidnyfor accurate
as a tool .in population genetics and nmore recently in

andfpghly,disqruninating dlagnastics; ¢ 's peconmi ng i ncreasi ngly
evident that the information content of ntDNA has
substantial application in4the field of nedica
di agnostics. Moreover, sequencing the entire
conpl emrent of
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nt DNA was a | aborious task before the recent advent of

hi gh capacity, high-throughput robotic DNA 30
weemaenoeng systems. In addition, population PCT/CA2006/000652

geneticists were able to gather significant data from

two. highl ari able areas in the control region;
Noﬁmpgﬁbé%“%ﬁall regi ons represent a small portion

of Hihsh ahddrdong @klﬁ mmceﬂ (BBES Q) hrathe ddiﬁﬁplonma;aﬂldegmtrimy Caucasian

popgl‘%%/?gﬂgg teggtgﬂ? ??@a efsy d9ﬁ,ﬁ O\év'feaioggls%tl the S8 gog{si aIe basal cell carcinoma
(B@%taﬁd s'.ifuhﬁélﬁsfc@lﬂ ﬁar@ihkﬁrﬁd (@@C(,Df BCO€are taiiltyohvaseg bwdican thee s1gn1ﬁcant
character of the e eno sho be c |
ol T T SECT TG LIEER F AL BUPSE P i RRence of
mullﬁg_l_mMS@d i ShtieftsRath ifghudbsagpresioh G@SCﬁlgﬁﬂcaﬁGﬁinigeh&ﬁﬂaroblems (Rees,
| CA2006/ 000652 Non- Mel anonma Skl er
199V s BFT6 A RO S BER Fm FoTs Spime SCCs e thought
to aﬁ?é"ﬁ;&ﬁ teBur§R méélogﬁ WeRSly adtinidIQRidsad (AP oYk BEBOEdh)s disease (in situ
1998; Rees 98). The mpjority of these tunours are
carqyagsng) (Rees, I199§étr cinoma (BCC) and squanous cel |

car §600Bovk I685) of BESzy3b 8y ERliAY st SihvincdtdesC ahich suggests the
cause significant 5 norbidity but rarely netasta

inveEEmgens poARN e RO SEEESTAB LTS H N S50 BPTOIRS Blaierpies i AKs, an equa
or %P&a@éﬂ HESBCS ggﬁetlc ok td PRk &vdINPER sd freddddol REbSs dbkrphred to SCCs (Rehman et

mMmunNoSuppressi on causes Si gnl fi cant managenent

al. bﬂ}%bR@m@n(eR@]e $996).19yg s imppgtang far plas, proppsed W&en@pp BERue| 1§,suggests that
othérqg&hél & i8Rl d 192@:@%&011 S8 fuBfdSr JuppreB6izensLBR 1{REKS0 be involved in
are thought to arise from precursor |esions, namely
the?ic\teiqwmntkélsﬁﬂgses (AKs) or areas of Bowen's di sease
i n,s ( 1
T
wers Uggesstoshayhen Tipeis vespissioryobstem et dight glolitic pyipeSer & Werbin,

19895 %Secénp f&lﬁ‘l%gg flgg}fagﬂnggﬁgemle of Hﬁt@gh%ﬁﬁrianﬂl éf)opﬂoﬂs 'eé%en %[‘Reed 1998)

ee of genetic loss is observed
togethert»mhsthe rhr@onm@npe biclsimeplasois BN MUBLSEAS colRe AResr @abano et al.

199%I Po%r 046 al. ggﬁ&lﬁed% Pgl‘iltg gt@l 2361') Zprin'?'clr}L {Eﬂ‘%{ﬂ:s%tthef lgﬁdder neck and

ose I'rnven ecausé | ests that ot
1ungli§E1hsa ret smooo) Jnangd cdbttic eumdugs (Traalotal aral.| 1(9ﬂ9)o furthgiyepport thls hypothesis.

Furgdgs‘g rrgéﬁ%ﬁ { gpp?s rtﬁ%t}lleléeieljnx?ckgnaplgl 111115% gﬁﬂg Iaﬁ'ect i!}é léxjgfé of reactive

or mtoc
oxylgetEpecieg RIBS)I vghivkalsave beqyi shawvh yo ]lepglulh agfogenic W@éﬁk et 1?98; Li et al.
199§$I Is were found to have an inpaired respiratory
stem and high glycolytic activity (Shay & Werbin,
198F1)ev1oi?e ctedies By theiimgstosl amd iodmtsi hage sHoemrtbdtenugdtions in mtDNA and the

hon t 0S| S e di
oS BRI SyRRBLRS, B b SRAED SRt 30 pppp
(Blfﬂhtl\aztdhmna al.nl 96 8y| Chinregyn etexl. (%bam -Mtchal et 2020099)8; This is because the
mltga{oﬁ%‘;@eg%ﬁqa{% }ssr?aggdu a%lgvslkl)l?c\[c\/e 1e t rr]nglc gns gue *o the ﬁ%lzmounts of ROS
proﬁflceahn tlﬂ@@@)mellamdu]gaﬁwah chet 1a¢koazfr wot@dfamln%ior@s a&l a low rate of mtDNA
replal.{ %ﬁ%(éuc%lugét 9? UORRE ! %tvlgln ouYeBoiéﬁcﬁlleet al F%@f D&ﬁﬂgpcrdeto the nucleus.

orjose at these’ mtochond
Indsadt, ahd mmsatmyramf foe ahtDNZe i$ exoehd tof timeadtighee thapxthgienf nuclear DNA

(W%‘Patecgg%%lpg o(ffv}gci(mg?ll? muta? %1d§ HQ‘\Q‘& nji EII qgceli]t'glg.%a}{ nirgour studies have

mdF&ﬁeuip@uﬁalsemws td)}((]Sthnlvm/mntagﬂ!Hs aifmls rstlhmmanh darethe investigation of

mt]ﬁﬂgo@}ﬁ%ﬁ%}tslxglﬁlﬂéé %ﬁfﬂﬁlﬁn Hggemwr‘gﬁnp ev15]ern{: tgtg n?&q qm{olvement of UV

indu&dRIOB in ‘f’&g@lﬂaﬁ'@dﬂ MEmd]’ISEaiSEBons(lBlhumhn Ib/hn hietls @Benadburg et al. 1999,
Lo%%%%@ oY fnl )Iélglg lamg %1%%% getermmant WS& n 1n(f11 viduals without protective

pigmentation or genetic predisposition is UV (Weinstock, 1998). The putative precursor lesions of
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m tochondrial genone is particularly susceptible to
mut ati ons due to the high anbunts of ROS produced in
wao bios/1oroganel | e coupled with the | ack of prot eRCT/C82006/000652
histories and a low rate of m DNA 30 repair (Pascucc
et al. 1997, Sawyer & van Houten; LeDoux et al.1999)

Smaﬁle(ﬁfdhﬂd ble@orhik&Htg b8 cons'téﬂgﬁi%qax $sbe sf@ét atl"hlgns '}@Bﬁant because work
around ten tines ﬁ han t hat

byn lﬁl&q gﬂc Wﬁln( @,@p{% aigg;g)’vn mggqct othquq@cem Py@een the incidence of

mmchatdn@nBNAdﬁﬁfagé‘ in@linl tBkeh HRon! GiEreht AHIRIDSEHBRY Ssites. Th
stqfles hav i ndi cat ed possi bl e expogﬁgg to gégm ¢ vast majority

of iy PERE iU B EOTSTHRI Y POPRtsgre (KEhangT cteh002)
| NVeSid gfahd PRer®frs wat %rm aﬁdnﬁﬁ§véhn S}HMS@&W %ure 1n(}uces mtDNA
there is recent evidence for the ditect 1nv

dapeeesditchuifedin fes 1988k MUY ey amotsqulef markeNeesdsdoi sorly the relation

betvfbeﬁ‘ Uﬁ@ﬁbl@éﬁéa‘ﬂ agif bttt (RS Jg%% Gufdhn Qld% (B n? naeg{‘q%\ﬁ\@ﬁ?\tﬂvé&CR (qPCR)

% In addition, the ngjor
mathpd; ‘ﬁ%fl WP ipattedsiihe ﬁhﬁ}]‘gesplpdh@@tlp \¢é thepd9g Mbpidalieied to wnild type mtDNA in

rel@gdnab ki &bedSHa %hltoh& 1&3? aéév (h}{@hrg\%tng Cig‘gfe]\?%%)zsg)gmfh cant increase in the

utatlve precur sor ons 0

mqr@wmle@gisl%dw@z >B%¢s>f et 93T wedetetadneit DIV A dostinraxposey (2%, [27/100])

0 T sSit ishrer t
C 1%9&[}53 %{1{1 ?ﬁg) %é@%ﬁ%%ag 1, 1&/5 [l/g(g zF I § Exo%{ tt p Pi?)e(ﬁ)ﬂﬁse Deletions or

m"(ﬁt@ﬂﬁ HantDYA ey therefore byelsvﬁeleqa atnimeker nf:qumﬂim:l&e mffrawolet radiation exposure
m t %Hﬁ’é?ﬁ’l[nle % tgml ! es Weg'tléxlnrhlgtaak r%a{hr g%lgllng %rg)nocrfonal antibodies

sun- exposed’ vast na
agéﬂ%ﬁﬁﬁg@lmesilm@armowﬁdoiunetteaﬂtncs lﬂtvr-the(pese@b @ U\esnduced damage in purified

nﬁbﬁAkﬁggagplgé , 2002). 5 One of the inventors was
first to uantltatlvely show t hat UV exposure

| nB@f@ekswmkEﬁl\m titaimsigreor§' Besearah ghdup Hiam uedd @long k3R83ion PCR (LX-PCR)
tecMiﬁ%@'ﬁioaﬁnlﬁ Meegﬁﬂré" rrnlgaﬁqn rrxalvgfsm useda%dgrngot g%%q%geg&e Véhole deletion

on etmﬁen chron ogl
speicurh o fretDNA iserondarBtop iV nmoaquéhtylet at 2009) R PQR@Rilysw of 71 split skin

sanﬂﬁésh%gef%pe% ﬁﬁn% ds%%)al%a @eg ?rﬁllﬁse erég tacltr? eq fp relation to

suns enposxpodirere wasch signidinait G)xg;lr@é’d magle rmfnberHﬂﬂelaiﬁng with increasing UV
0..i nci dence

CXPEPE%?“ R eaflii? félga?wf“l P O Elﬁﬁ) RSt dhengrrigamis are not
confwnéctmbﬁxmosmde@mnt lb&st&sOQl] 1)atDN‘¢Q geRti6k: Mbd Betected by the long PCR

u I cted sites. (1. i shers exact test,
B S i e bR s ot e
mutahefaéﬂ(&da)fbﬁtD}@efakdomaﬁd av1ﬂﬁBUWeé’xp@§cureCUmd}n§£rhd/ € the ((ijetectlon of single
a stu

t ravi ol et osure Furthernore,
delé{lons usnég g)élmehfa %@% @t Sﬂ}gﬁlﬁ s dong; %}s\ﬂ ﬁ:@smve te?:/hmque and may
thenafﬁmop:bmﬂab néoid ¢dﬁﬁﬂdh€ﬁswe@9&ioﬂ§fi nokt Elb(dﬁhf&ﬁvéj |1rméf( ®f overall mtDNA damage
i dence for .t ence

d di.r ect
in SE}{} ’Y éea b& FoitX &47 Wv%c}rf fi?sgxabeg }Rwh@tmtgﬂ\m 1s a significant
targ&@@B}JV Relceint topahde WifD et bR ébgh’i(dﬁ&h@l{é%)al e §§1§ dEsBase 1Y Been recently
tension P LX- P technique to
rev1ewéc'c} @reg%\ﬁaéill&r}%o&)é m t ochondrial genome in order to
det Eremlgmentdmen vhiolnentheir @tid &in whipe Btk ajerf co™abBM of UV sensitivity and

.. 2000). L PCR
hungaﬁg?lrr]lsclag e(r_):hasfﬁjvg \gftlgg{gﬁ n(‘[%a%dmeégganmel?age f:ﬁ@r%(ri] %n the association of
varigiqis @é Ithna Ble]aﬁocsﬂmar ateedptdr @R Lie suHIResiliviyner S busls a8 Spopulations

r t 0 20 sun exposure. There was a

(SRR Gh T et Ba0l; ietien FLfl G CoRethericat SAG: Hordine et al. 2000
Flanagm e@sli, POV rel@XP a6 Uk tahcdrN@s@PhiKlBiyM However, these studies have not
dd% skal Vﬁlllﬁ test,. p=0.0015). The findings in the
a SPEFH lagiongleyel yariatiort jot fai%“eaewwaw peeIalep ariansrticular skin types
an&bﬂmmﬁa&ﬁﬁ in nmt DNA del etions al so detected by the I ong

PCR technique. The large spectrum of identified

del etions highlights the ubgquitous nature and the

high nmutational |oad of ntDNA associated with W

exposure. Conpared to the detection of single
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25 del etions using conpetitive PCR, the study shows
that long PCRis a sensitive technique and may
wao bwsaioee provide a nore conprehensive, althoRghCARE06/000652

quantitative, index of overall ntDNA damage in skin.
TRae of (ki auestigps oHctofemas Ipigels ningpssversd ot theegceab gindies of mtDNA

mutd8oRAh Ym@D AWoLRA thE TN de Dt aeléiogg‘ bif thé ﬁlﬁBchoﬁtﬂ{ag Eénogx% i¥lationship
and this together with the role of mtochondri al

to these Mg e Bie Isaasinpagsnt [qaestiog F(yanswérvlpeé%@g a preliminary study of a single

path(lBllI{ ahndYR G Mas 206G dlffglgn(;gg €n Ql')eg fRRbAL thfcoBHﬁHr}ntDNA deletion

hair and skin which is the major co-variant of

betwsemssierplpmeura (s and r$§§8)54<1r1 rmoré@h glan (Baag ctpd df94). As well the inventors'
own! ﬂ?é’iﬁ‘ﬁhér? Qltafédsho;l;g' ki Qnér&\égfs Bﬁr%‘f 'O‘P %va BelGEIRL rn'? %rf?(ﬂlrg @@mpared to

assocl ati on variants of anocortin
normat gkife pﬁlmﬂyglélm@ Mnfdursamnd@wéxatfq S\hpwy thaf the mﬂdsmqstwé msDNAdleletions, as

well Bf’ @lwzlil@:lt off{] Smch:a%% \% ﬁtcrﬁésh g 6’\9 )@pé)lsﬂg %%ej%ﬁﬁgelrt all %%)%&Birch-Machin et

an é
al. 1998; RaZ/Oﬂ@@l 1998 Bawngfaah 1899;Ray, et 6210292)))), Laldadyi at gl t2905KBireh-Machin et al.,
1€ u V. ver , these studies have not
200 g%‘g’cﬁ zlség po%ﬁ{ag%ﬁaéh variation in nt DNA
sépurefromshé gueatigsatlatinigot twnnomr mpegression logher skalmutsfiopsremain largely

unan%?%jedgl'éy t?ﬁiercean gtlu W of rgtvl?ﬁ ﬁqlggl/af} &1;!11%21% éﬁ%raél%(l) Ol@ég qi%gs de% al. 2000).

e ques I'ons remal ns unansvier
Firstlyy dubeortedmivhl dimitdiiens, of ismdDNAeamuwviztlieo rthe IrllItDNWTEmltatlonS are truly

nmurs is th cidence, of delet .0Ns. 0 ..
hom(?_}g:il sm1 8?‘1 aarymﬁqevg%oorfr‘gq #g%oplraérr‘%tmag cate m%port?rﬁ sgase transitions as well

(Habamnm lar 399871 iﬁ'okyak & ahn 99&;ﬁhxst arat ZQQ(BsIecamﬂlyt apaﬁtl’fﬂme:bne study (Tamura et

al. 1%)%&3%%16 np% f I gﬁ[&aJeYe T u C(l:r égle a%p(?cﬁlglal ﬁgm%rgﬁ'é éorgk{MSC was not

invedtiggted OMEB:HCHENJN#& theket dt mhn: &)Hh&h\/&kknorsmdelgﬁtired thawest sf the 100 or so

nd.nor.mal .skin (Pang.et. al 1994). As .
deletgonis |/ As v&ﬁell MV ?;é%a?%‘? gave be% fo&;s&l &1(%89%03&8? 3f ngt&ag)saﬁther than their
quantlﬂmtlemsbds mtpnﬂment toodssend 4bkka@dBl int IqunﬁltzitlIQe Azt te incidence of deletions

becalgsg ﬁg&% %ﬁ'g&ﬁ?gld §ﬁg%n?|{nf@§ A {(]'i)]rgzli:gie ﬁg : duaﬁaoqﬂn%sequengy cell function.

Inad_diﬁ]loﬁtdemﬁsns a&SdlfﬂAﬁllt to oaSradémlej cations, increases with

TR PSP SRR Gy gt st e o e

charzﬂ:‘c?:ﬁged Ray et aI 2000) Li ndsey et al., 2001;

Bi r.ch- Machi n_ et _al 00 Lowes et al 02,
Kr FUT5RA fiagposis of N%éf)pat A@g}cgﬂ TR ea%%féttﬁsms Accordingly, there
is a &l Rt arr@rly %aikéﬂBﬂUV-ﬁ&{dﬂ&fdQSNA Afm&pe Rich\Wrdddpostd 88 indRital to NMSC.

n unanswered by the recent studies of
Thert FORRS 711eHO TP ERBURSSY RABENGS B0l Hich E9gNs fen gl Gefecton and is
diagrdbtica@PRQrate. Fi rstly, due to technical linitations, it
'S not cl ear whether the ntDNA nutations are truly
asn1c as varying levels of heteroplasny nay
P““Fﬁ%? ® inportant disease transitions as well 15
( Hedosae dﬁhceﬂhs a]f&ﬂﬁentl?@ilagakseetsol&i tumloP Bat mhdss EkelyETorlglhates in the

T T R ST TGRS

prost&ts smtferﬁnh@dn (lPSAD[&hé(ﬁtfesenéd)bf WABCsvi@sstprostate cancer (Woodwell, 1999).
Indeeale gtsl{l %g ey Res aég ?? a%/ne lfegxeehjgffggm%? G tamtnl exam (DRE).
In theledngd ye?nsn xﬁﬂloﬂﬂifldn , hatl AVIBBE (Wab&w !, In%\yﬁ. Mﬁéhbvé@ eHeSdud Rumber of

identifjcatigon of nutations, rather than their .
newly, dpostd Eatiedaroone udk HpBF LatiEe $6s seatuielul gony landis et al.
1999).n dt GURO lsbdoad imbBt EORIAGI th’ra dsé&bdﬁeaoaﬁadcsfeccﬂell@ddh@r&u%oof cancer

ecause f t he _t hreshol ect of nt DNA danmage ATP

moﬁag%@&afl? i AR It b17d eepsisth qayce& HePUTEhEE | B0 Of piwly diagnosed cancers
in CaaStHin h@N28%$ MeftioRN Tarde Indiithifei of Chiadh)0 IERALREAEN thAS0% to 40% of all

Long PCR is typically used which produces a | adder of

del eti ons which then have td be
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characterized. Current diagnosis of NVSCis
pat hol ogi cal eval uati on of excised tissue.
woewondioryl y, there 25 is a need for an ear| yPOERCK2106/000652
of UV-induced DNA damage whi ch predi sposes an
men ofdithe agd af fort9-nivB®) haihseme cirsembispogatnedl, Yeppnlz 20% to 25% of these
enet i ed di.a stic f
men G T B et BB g O4F 1§ <EE rate L2 Ofdion, ntemes,
wwvEpnia giet. B84/ B0 2. hm]n C @rosiag cander @qumtstalvyddveagtydg"é@st@@gurab behaviour

unmour. t hat nost inates.in th S
nvo mgt‘tﬁglp emg?r(qgﬁ éﬂ(b Cé(tgelé(?{l C}Jé_cégg‘é) 1. |S?1°1ﬂ_'§ﬁ’5? Slﬁesgglﬁt%n Ih@tt Pgeography,
horntBnkll 1|rr£bﬁlaﬁclﬂ3 fanGBNhistedy andrgenaicreeastadioh ((Kompin@stahtléW Hayward et al.
speci fic antigen (PSA), the presence of which suggests
199 ostate cancer (Wodwel |, 1999). Indeed, this
i n@k(ﬁﬁta’i&lsﬁnstﬁidﬁﬁnh [z 0108 Blhm’(hefedﬁkfry nﬁnststeremmsj doy @h considered

initial | rectal exa . ) e
symoamRs| P T AR LR PwBoREHees 108~ RRTeny G not inherted
ThistfBigh KRB foh WITRETSYObS proweid yanckraghisised Raede$997). Heredltary refers to a
prostate cancer in the United. Stat I S.estimte f
subtgppg)fmtacigﬁaqrév@ta %ﬁende 1. Eggg)ce 0 flpr@?lSP?]Séngs%eg% dand accounts for

appriBhte 5O poftbdeRes el fosifice fandlychiseyait d)résemjcanger for this disease
cause of cancer  nortality in Canadi an._nen,

1997
sugspytp b HescCUIBRSEE ST Y #BATAGEROB Hﬁ%%t?/camer development and
proggésﬁgxposi&qerﬁ@n @&E&)t1bil&§é\fé§dﬂﬂ%&ﬁ6boﬁ12§% arldNHt havBeeen identified as

Cancer Institute of nada). It is estimted that. 30%
predisposganpeT togrpstate Capeyry
d t tat U@B‘PTE BEPAST ﬁ n%%F%@%’S‘f heFFgHary cancer
bRkt 4] h@yogae, Qh. fiogghy- ni ne (49) have some cancer ous
(Be pr os% ate cell s,al yetSt)onI 20% to 25% of these H
a drosttceanFsy PEIEEPNIT m@a]mdepe@flﬁpxbf erslllw Stage %t% at diagnosis. Only
locailz%Brplr&gllt\\?éancer% S‘&&R&F E?J ﬁ&cal'tﬁﬁtﬁfeﬂletsmndard detection still relies on digital
WWw. spri ngnet . com ce/j 803a. . Prostate can
rectaxiingnationsPSA WEngAnd @ﬁtypaéh(’krﬁl%ftxéllnti‘@il%‘a?f PrRsHfit Pigmyied tissues. Biopsy
of alnpagg I\ ko QQﬁdhn%ﬁ%ﬁQ{w Sit ﬁrﬁ@[ X206 A0S oh AchRigSe. UnfBrtunately, some
oCl 0-econom c situations, diet, geography, hor nonal
early tripwlussrree imifoasiblE Yo felertify ﬁyrlwctgle%éw cP%g RSt haye Péﬂemﬁmty of 60 to
o g QoBnufkation 1 BY8unil FE@RRA, Northwest
70% SR 3PSl B rorSialre [P oullacon, Pp e o Nordmesten
Ontgan€encsr LearnotA cowyi Wetmeare whinl Agfinss 1a2BPsis forpggopgsgpf common
SHE &L, ! W S1akdyYet bllb95 h
hlstoclo%c ﬁr ? e Is§l H{ﬁﬁy {)RIA :Qﬁ]frhlg %ﬁl?ﬁ)?;ﬁngg’lgco%fmrrgﬁ? (()r up Yteo a % ); however,
this atfchpiqos hmamr@sam«en®0(nvlab}9hge& tivatr arp rpnly] egppyent Heﬂaé@ i %ﬁey of cancer
refers to a 10 WitRtigns in DNA ¢
de Vﬁ\lmgf fmédﬁlsl n él?f?ckje% 1% Qe%&? (Ie %% aﬁgegtggl?ﬁ;iﬁg% nel %)n as nna structure
or cRGEDLHIhZ nfvefsmnap)p raxiroval Edny-k@%lm in eqslyrcaeetrse aegnvention focuses on
Y&l Bast S aidbst
earlgggfec ion since "&g%&é?? Ish %ﬁly td éeg(’le)eqlpgﬁ tg% gtg%f:g({?gg absene (13 psl ay
an G)l[rpoﬁbtauatldmg) bt genetip rabtg{rm@lgle@am@mstat;eqp@pqyb%pﬁaman gResearch into
pro%zheo gan%grsfl r}‘oiﬁgeﬁ th de§eli| h&Rt bibkxldvxtlé/dgg%m% fowing areas: 1) proto-

ave een Identif
oncqsgeedsl (§pmsanrfg alrd A8 D :02) D edr SUBPTESEPICRERES @?33\11784 KT gnd MMACVPTEN;

1190 01,8 9Y tefim l%gfefi & AetiCRANGGhetastksis. Up-regulation
Don(gﬁe #t hon’ g l&s%paq @8@ 211]Xu)(eet aefh% a . ﬁrl??gt ateeascancep 8
oftqﬂomqmané amnlnfrmgvomrép@mmd?m meprpam mllsgnae(gvéovaw fgpagamarkers for

DTS OGR! £60i f&f aC390d)€ A number of
dlag@usrl%d Vo Saier t reat %g‘lr? a%edsst an %tdgye ction st |§? MUDEr ©
grOlfp@| liaes pﬂmddd @Ividaﬂxce fpeat"atosfebcacrmmtgﬁm’i in F!BAShcé‘s einmh gf ghrgmosome 1
(Bex[111 68 égtlgg) gégre %v)(()%n}g %?rc:‘tgfseg I?(i Qlent g@t gédlﬁ’c ?b&p@'ﬂﬁﬁj this region. It has
bee@hgdggananthyt, thistmdrker iodnigone af $eyer@ﬂemqgmblp @nnes gedviipgiveg men to familial
prosLthpnI: cc):ar1r¥clejrn %tl? stud1es MEve shown possible marker loci on the X chromosome (Xu et al.

8
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20 early tunours are inpossible to identify during
rectal exans. PSA tests have a specificity of 60 to
waoMsamd2a sensitivity of 70 to 80% (personal PCT/CA2006/000652
conmuni cation, Dr. Sunil Gulavita, Northwestern
Ontari o Cancer Centre). A newer technique which
refines diagnosis for tunmours of comon histol ogic
1998, af@oiné p‘ffﬂs@teddén%rélﬁaiyg’&lhcs tIRAFhDNANB:chbinesarC iipor@itrdfagnostic tool
(Shankey et al . 1995) this echm
singgairedit Rediffioplh oidentey af@H’élﬁifétém{ tﬁ%dm"él?lé‘/ W?Fnai‘gp?é?"éﬁ{ed jiHclear genes

in sh@i@fesSt ages of cancer 25 devel opment and is not

sufficiently sensitive for the detectio m_no

1 TG SRe VPR DRV (RS eGi8rBH BB molecular markers tha can
etfdc VS Aktefsine Bfd ARGARABCRIolT BRZrebHAGAL IMKISculaR RBkdrY may be able to

cancers. The |nvent|on focuses on early detection

discginppate b‘i’%@%’o@P@ Gasges Epyqsfape %EQB]@W% nvhigh V\tﬂh @r@y:élgrépls*y to metastatic

disAbSSRAMEoR Wi RIOOShSe ofQedultHdR hhR dbtibpafentd ©0&hpagison of molecular
abnormalities in prostate cancers is scant% R/Research
g

markers @ npiationaea delsrRiee YhaReT Be (e PG felagal ¥ ggtretire: Up to the
pre&f‘lt KR 88l98clsBd britRarllP [)1'1 Ql\é"s&getﬁﬁlg@ei within & @tear éhome; however, the
cogenes (Buttyan et” al. 1987 2) tunour suppressor
mu@em‘@gle( NAZPBOMKHICIS 4@y gct qrcpm'fquq OIBY?QtSe‘P gq nucleus and as such
pr0918<,9s5& m&ab F %heetatar@1 beteckdR 8? e p%&sta?eeéa%@ (Z’éviaﬁl &NENas®. Importantly,
Ivity I n netastasis. regu ation of tel omerase
in ﬂem d:srmp Imlfopla,tmﬁmhﬂvebeqnemé feiden RIsaFROgINIS S egess hegqupeof their role in
apo%}ﬁs Qr{(péﬁléij Gs é)%f:tg gf“ttuhl\é@r HﬁBWeeﬁ% ReeQ' 1@9@0% 1§artlcular somatic mutations

eover, 'omeres nmay seérve as a site for erag%ge
of HDReM have @len obgoRY in A rwmbtrefrf hynan giraRpps (IMWE cpployPfedamura et al.
199@%"1%5 tha(iE 2() Reﬁjc_)wg%e? g‘tﬁﬁ‘lgseﬁavg @&ﬁ exélﬁ‘sn;eﬂecr%-@é&loﬁeﬂ 1y they have
Ber on et al 98). NMore work is
not memt@dedttbe cldmhtnamy: ctf et DPeiwi thaterngl d’@afss Thesh limitedhgrgss-sectional studies
' S ! link b
mereﬁgshgvg th @(Sghvzg%gltg ﬁm%g)g?lgl Eﬁg él%iggt‘ g%lg nl§tS %2% {éxﬁ%cc{rlr%}]e %n etween a
mun‘aaon dndahe cmmﬂ@hgdlwmwe Qrobresectinnalditusiées [smploy Bl @wpaternal line have

the P SSI bl e E gﬁ&%&&g{; d%?%gﬁ&g(f&mgg Thd (tliﬂésxg}rnrgélthe sf?’ength of a

longmuisiahtlalgnanMetasow ehipio kiegemingn lvdlvehtlm PiANise ep ARRDsento mutations
0 n ] since it may be difficult
ass?cng%e({ma}&1?easea°%d8&hgglrdtserﬁan ) the i nterplay between all
associ at ed nucl ear genes in such cases. Certainly, a
Agingy issue in prostate cancer research is to identify
ol gcfflll %ann%r&e acEMlatﬁ)ﬁrbf cll:_fa gésf it b kﬁl@ lethdaQtt}?er xm)l@@.llar and cellular
and” & §t|n | Shtunour progres I'ecul ar markers
levﬂayhdmvab |thE d;p@cxﬁdlr@cdafquhr m@pmntsetsmécrl}tlm&@ agingepropdss remain to be

eluﬁ%&?é}fs t tain n erg]i) oL ela\ﬁg III %hatgh S;Jrocggsoﬁﬁﬁﬁo%xw %{la R‘Leg 1no?lder subjects are

com;fasadl foi thg genorhasnwfuyoudgar edubjeete rfitom Genipanei weaimel lineage. One deletion
ass?chatecf w1t1€15l aglng?%lg'l%()v% rtlilen%ggﬁﬁd O%%egglg:bergg?iéﬁndggnm eA%lﬁé research has
beeprlasmdt tor é@eacnmhomdsletﬁamcarsiedolpmomhlsm yn dhe copirob gegient s For a clear
unc{e]:rs‘t:I i %Ah@#& 2mﬁtle?t?onrs] utﬁé Gitlre g%%ushgé/\% zed. t 6@1611961&}699 are seen in

Shar 1 er - genomne seens as a baroneter
Tdmwémhswdﬁomﬁﬁmnuwﬂeus and as such provi des a neans

for the early detection of human prostate cancer

(Zeviani et al. 1990). Inportantly, in this respect,

m t ochondria have been inplicated in the carcinogenic

process because of their role in apoptosis and ot her

aspects of tunmour biology (Geen & Reed 1998). In

particular, somatic nutations of ntDNA have been

observed in a nunber of human tunours (Polyak et al

1998, Tamura et al. 15 1999, Fliss et al. 2000).

However, previous studies have been exclusively

cross-sectional as they have not considered the

clonal nature of mMDNA in maternal |ines. These

limted cross-sectional studies



10

15

merely show the nutation at one time point. This may

or may not give an accurate |ink between a nutation
wa@eaeti w2z or r espondi ng di sease state. Cross-sePtT/OAA106/000652

studi es enploying a maternal |ine have the advantage
Tabfeltrackl ng a rrutatlon |n nt DNA over tinme and thus

lergitudi-nal—desian.

I\/U?hl {ét"lnllls: \7\/;” :Hualrlewco?mgnieﬁ Ti?ﬂeétl onmvarl antls, as
Tmzﬂpes&ﬂt—e—w : can both
e identified ﬁ% ! % unul ati on
of changes Wi ‘i bl(ﬁi af‘fheé hsoll98Q>'uI ar and
cel lular | evelgeal ot at-ne 5 it 3le Wk equl ar
mechani sms unp&PEF Hy ?%ezé?d‘ﬂﬁbalpll%g@ess remaijn to be

743@5 el uci dat ed ChialaRbALKEHRE, 091;EXPI alm the ggi ng
process, mtorhangtdial, 1g¢pomss i'n ol der subjdcts are

conpared to thﬁsﬁemmeé g‘gzyounger subj ects f[romthe

3616 anme nat er nal Khtﬁ‘ﬁ?r %talunggloeﬁeu o —associatjed with

' ' as the common del etion, or 497 7-bp
6063el etion. Agi ﬁljswle@@a’if@hwﬁ&s been limted tq this

conmmon del et i pHeregidl. pi@P%'m)r phi srrs in the control

5827 egT o For—=a Zl‘aga'etal 1 ) olﬂ:ununﬁnd —af—these— tatl ons,
the entire genomres i Qgg anal yzed. O her delletions

633are seen in 3Zhaih'§h:|a(ﬁ Moadapt ed from Wei, 1992. 9 WO

2666/311+1029RCT/-CA2006/ nnng@g Table 1 De| etijons
763%ef erences s 28RS 7H%0r 1 opassi and Arnheilm 1990;

- Corra
7856rorii et al.,| 4m@opetaghl98y et al ., 1992 7436

7731 kebe et al. [ ZRRPet okl ONE €t al ., 1990;
| -Debrinski et al _ 1991; Yen et al., 1991;

~ e TSk 198t Hat tori—et 1991
Corr al -Deprl s 19971, Fattorr—et .
S04 ol eh and Veil 21863 T kat ayama et al . 1991 6063

80444si eh and Wei thg)aal Yl@ﬁZet al ., 1992 5827 Zhang et

92 7635 7hn|ﬁg et a| .,

. J.WL O3 LII ™ .I.JJL
T8 00n 3987 zrolﬁ‘a“% §|@21992 7856 zhang et |al ., 1992

8041 Zhang et aI , 1992 8044 Zhang et afl. 992
Oxygen free radicals, a normal by product of ATP production, are a probable cause of this

deletion, which increases in frequency with age. Existing literature demonstrates a strong association
between mtDNA (mtDNA) mutations, chronological age, and the overall aging process in postmitotic
tissues such as muscle and brain; however, comparative maternal line studies are needed to
discriminate between aging associated mutational events and those mutations without an aging
association,

In recent years a variety of chronic degenerative diseases have been shown to result from
mutations in mtDNA (Gatterman et al. 1995). Diseases related to defective OXPHOS appear to be
closely linked to mtDNA mutations (Byme, 1992). Furthermore, it has been shown that these
myopathies are often associated with the common deletion of 4977-bp of the mitochondrial genome
(Liu et al. 1997). This large deletion has also been found, at heteroplasmic levels, in various tissues
of normal aging persons and is consistent with the Mitochondrial Theory of Aging (Harman, 1981).
This is manifest through an increase in the deletion frequency (Cortopassi & Wang, 1995) and a
subsequent decline in respiratory function (Miquel et al. 1992) resulting in eventual cell death in old
age. The early detection of a predisposition to a disease or disorder presents the best opportunity for
medical intervention, as early genetic diagnosis may improve the prognosis for a patient.

Previous studies employing a cross-sectional design have established an association or cause
and effect relationship between mtDNA mutations, deletions, and/or combinations of such and aging;
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5756 Zhang et al., 1992 Oxygen free radicals, a normal
by product of ATP production, are a probable cause of

wao bios/111@29 et i on, which increases in frequency RET/HA296/000652
Exi st ng [ ter at ure denonstrates a strong associ ation

bet ween nt DNA tions, ol og
howaRRS: DB SR SRS PRD QRS s TG 0 g gte must be
detcPMMBd 8nclRUS C hariBihg Biuddtions b aweigRi ,prdbesmha bﬁiobetbto a pamcular disease at
maternal |ine studies are needed to discri

the peRuiasion a5l tqviles s dBiS dpfaEnatigh &t Ve et Eng Ef‘“fi]ﬁlgsé how mtDNA

dan¥Bd BLdrORS oW LAt ¥IBre8@ Nthe @nSQGENRE ON.thds@ paktiv@lat mutations, their
years a variety of chronic de eneratlve di seases have
freqyensies sHEAFFOsiaiang &1 fhe tempais] asRERTSREagE MU' B RN n order to forecast and

evex(tg':ﬁfyt &5Waginght Ak mole%%) levé) REASERerd RlvatnBdydt Q’letéﬂfnﬁé‘d fhi€rate, which
HOS appear to be 0 cl oselé i nked to nt DNA

reqtms svalwslgn (oéwméanomm)throrrgh PREFFD RS j Acchiginglye difre is a need for a
tNes patdi es are often associated w th
blorﬁ gwg%ﬁrlnar@{nac i e?gllﬁrgof 4977-bp of the m tochondri al
genbm@rdlf(gl_)r, utherp il 2 negbfyr a Timele) a@tiqerasd iyicRay monitoring the
mltfdh&?drBFEEQO%lQ wx](xinut bnd\GHiS ABCAS B sltagy BirRer, hding/@'diiR¥ Buman diseases
I Ssues norna agi ng persons "and i s consi stent
witini DRNA brenpioheng.c Rberel isi ado arrm:e@ foy asfmplgiagnostiasyian, for 9@ Exposure, non-
melgnholréa dfh Jm%éo&?sttaté Mngéfgﬂ{}épanlcé}caﬁg @?ﬁg 'llertdl'i@ dgf%étﬂr} B8 mitochondrial
rt opassi
gensmbs %ﬂerﬁta wed tforrasilagnostlessmtmwbtctx dfftmqptlptgﬁbe(tmqqu@wtatéms in mtDNA
0
whlg %ausel.tge seeazrl Sﬁtﬂl 35S twg% ?Qmﬁa\(}gxgﬁfé?elatr \gagl%a éorglg??}%@%dﬁrbteg%gn populations.
di sease or dlsorder presents the best opportunity for
utﬂﬁdi‘ﬂlthéhivatﬁlmnti on as early genetic diagnosis may
nprove t f t Previ ous studies
1&?3%9 tﬁaptg Er ossmgeenc n%ﬁg e(g%st# Sl ﬁ]ave establ i shed an
as SBatieaimié) an bf thaisentioa fixcto pfdvele ta nreﬁiodtfwrcm@hmr]{g dpetdipesition to
del etio and/or c
canicpr e gn Rpneere i Shbar o o bis B Bt soncer

absERWBNEkger,) 0l s@f &Posutetin @ btokigivabaopledtreingl atDNA henpgeing (a) providing a

peci fic del etion / or lon t
viogledsnreuoiequPy Re(PbtiRg FEbG P4 ne
agi AfotRrasRetof #f 1ﬁ)@ﬂmﬁﬁdtdm0\adqmrat'm¢ cingrisohig sphsdityof nucleic acid
met FI%% Igg %,'I | g gbnsg!ﬁtg,\lj écin%?agh 8%athegn16:?el(‘hag f S rmtls gsgocw?ted with at least

onefelelieSssQURdd With Fredidfosie@Me canct) early@la&etqmexﬁ c:eserogenbshesfe:ancer
particular nutations, their 5

PreRRE RS D R BT SHs BRIo A FEET S BB af TR 21lds chosen
froht RQWBhdnBriQ ML, RNA frseraas fro&ﬁﬂltocﬁ(\fﬁﬁhldﬁﬂﬂA,}/&nﬂ hDNAagfhfrgm each

t th | | | . R h
nucgeéct qg}qeﬁl%gl&? r:[lﬁ a?urnlloélg \égmtwﬁxl og%gl Fug%ﬁnﬁ ésss?%)\‘l?yaﬁgaogfa}(e 1g)fthe solid

subbedadll ation data through maternal |ines. Accordlngly
there is a nee a bi omarker
agi ﬁ@Otb?réé@gsOf%&dﬁY?PH‘i’%é F‘SPrO‘Pﬁ 18%% glég‘}%l% af’refhsﬁosmon o cancer,
ear&'d@iél:tﬁm of bdmdérggnb oy yvahiktes piebaoe off catiaen Iptclgrdsmgn bthaneﬂ,@bsence of
m t ochondri al genone for nutat S £ solid
g o S SRS, S S8 L e RCLER B o s
sup%ﬁ hihearfaNAecAFROOR) hwanﬂf@ﬂﬁldufg thd Slid suppes, dnéfaﬂs foaextraction of
npl e di aghosti c sgsten1fog E %gkgy ER no
mltﬁﬂoa%hQNék Psatts4rcasress g Phtse ot ghdpIdy g 88?1“88?“ ARgeTs:
rea h@gdhgﬁﬁggngo defects in the mtochondrial genone.
here is a need for a diagnostic, system which

di 1 PaptbeiaParaet sdnyeeroN iR BPYIOR & dahatr cARAN T P PNA

seq%&@saé‘h@sen Fach oA R ol %uéﬁc%s%cfa% MeHe0h- diéazl’sh athie§Requences

hin and between popul ati ons. ({rmah t1 .
asquﬁ;@hwtlbﬁterpopulatlon variations, sequences assoc1ate wit 1ntrapopu ation variations, or
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Aspects of the present invention are listed in the
clains. For exanple, an of the invention is to provide
wa20vetioed f or detecting a predisposition to CREIYEA2006/000652
early detection of cancer, genesis of cancer, presence
seqttinc&20GEhted RERY Ea?e%%b&ﬂloﬁfto Caillr ee%rly dé!&%%ﬂ Sﬁcaﬁéer ‘“g%ﬁ‘és%rof cancer,
or sun exposure in a biological sanple having nt
Preseniff CaICPigPIOBIF SN PaicFgabac2o OEﬂameegPe e POSHPARH aemg
COMRAdRY; BheliToPIHe R idRftidnR) toPRdvafelal iRl oFBLiEding D da@n&r&gammg
nt DNA.  Anot

’ er aspect of the invention Is to provide '
appmmaa;tquiyuc@nﬁﬁsﬂgﬂﬁtgo é4]r2|4l9f the imthNAfgeraned, wsiheremcspid deletion is associated
. n Ld . t ) i
i EE Sl B8 M R S5 B il e
the gldjeet dnd fb)als wavigdhepessndelof freadictpositticintPNAo Brricletion may be in the
rangedf 13300(:{8516(?‘0(3 o'i"hgfielgtgolﬂ%?ar be Qﬁﬂ&?}n te f33‘% Cefhg deletlon may deletes all
%) resence o ancer, progression o ancer ?
or penCless pa heterpoK#€arar 1432, ngnpraimg sulzstamhailyegana&néqdmglNADH
ceh{h SR LRl BN o BSELRes AT ASENONIL LBl 5, mva
lnmunmqmeMmeﬂwQumdﬂﬁmAkmmddhrray and is stably associ at ed
t.
i nv&?ﬁﬂ?e& ﬁspe%t o? gme I}VE’)\I} 0& és 9 pr(ov%d%fa &ucla]]c ggﬁ gg?qgr %Forward comprising
TAGnEdi SQ0 JIAIG ANA I0TACRAOC €TA CBACTH (GEQADINON 39f ardlan@eleic acid primer

s BSeSl e RAE i RAER R RaP cROloSE R goe o
C O I'Riiotifek @@ecatof the asentldAes tﬂ’@ﬂi@&fc afi elrg§Cdoaprifin® Bpluh@ityOsfaueic acid
consi stin solid sup the aryay descri be

merahorsy, and arfég%“hﬁ?ﬂie REgl nr@ee egl&ﬂlqleac {Bhars is gisgpateq with the

mtDRA dedéioh QMapBfoxinibtdP Chvan ey 14ab4 [¥Wevein BEME1ciOdci BYEERSS hish unique
a database of mtochondrial  DNA sequences, primners,

posifignpibti kAN and WsEPliatraned KibtRerlipEet of the
| NVRHHeP Bspk of Be RivEod §s 8 prtdR RAR ForCdphadinY sRéh cancer comprising at
m tochondrial DNA 35 sequences chosen from nor nal
leas Qs npegibeseliaien fed theson copedingof 14 disppsabie skinstbe yfayodglaim 31,
meaRERYRAERE theARPOLLR LR, A’:\éahbfo'r EBEn%EMR}%ﬁbNﬁnpﬁ{rﬁérk 3tdg@RSand
sequences associated with intrapopul ation variations,
instigetions WO 2006/ 111029 PCT/ CA2006/ 000652 sequences
as SAHRE Sedof fie vt iSB ‘BﬁMdeQ'Pneth%?‘Hx%ﬁEorlng%ﬁ)Eﬁéon for the
detection of cancer, genesis cancer presence of
progresior Fowapsh pgtae eineg opprogrgsriarof prBllesensenfn whiplogical sgupie from a
subj €t PQR ﬁ&x&é’ rpr(ﬁl%1 é@@t{! Gs‘a(m;ﬁé ﬁgxﬁtthe%gb E&%M&ﬁgtﬂb@& frbl% the
to pr e a net odo etecting a e]etlonsanmng
biolegignl eptiphe telbsping thelabsniedu prer@ird df de&ﬁtlgznlslq_fzﬂheoﬁtHNfe dnteDhpaing whether
| [
e ASATE ISLELI AT b RSARLAART ll r ter
deleftighs g7 asspditergwish thi ebsotfievabresranpifa riedippditine tg atysetstcazned
proéﬂ&lﬁﬁﬂ %‘v&}ﬁt ﬂr%té pﬁgﬁ r}ﬁéas%ﬂ%&n&fr of ﬂ'gglgrg aoﬁltolé BIQ)Fﬂa% 6518:% and; repeating
the AP0 bp The del etion may be approximately 3379 bp.
Th eA&ﬁle?&égQ& of TRY mqgrltl%h ?ssto ?40lvide Q qlseocﬂ'ratdegflo P@t/ﬂr&umately 10744

bet ween 744 and 14124 rising substantia

and gel3é of tha ssINAFoNNDHPS aibqwoarrt otfd ARdebydsegenase JubuniADHINADH
dehﬁ?%\i%Q%%E@g?IW 'abﬁyg NRSde Péafl %ﬁg%ﬁ%&ﬁe SRRU E‘he? and tRNA

eri ne eucl ne
leucmnbtmteceasrpecbxposflon fagrrdstateeranden ﬁanl}sdelte@tim ef\prapeatecancer, genesis of

o RO Bt BB S S I s

mtD¥Anucl eic acid prinmer 3.4 reverse conprising GAG GTA
GG%n-E;l}—lgr g’; Cét gg'e Iwén?ggls tp pllngde %%‘gzhod for confirming or refuting a prostate

cancer biopsy test from a biopsy sample, comprising: obtaining normal tissue from a biopsy sample;
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Anot her aspect of the invention is to provide an array
conprising a plurality of nucleic acid 15 nenbers,
wanweal®wed i d substrate, wherein one of the nucP@/CA20b/000652
menbers is associated with the ntDNA deletion at
approxi mately 10744 to 14124, wherein the nucleic acid
menber has a unique position on said array and is
and3dcfld ing tﬁ?&gﬁdc@%ﬁgeé%cerbf thgpRal degtl&ymﬁﬁﬁkﬁateﬁnﬁﬁ ®p in the normal
aspect o e invention is to provide a kit
tiss¢.agnosi ng ski n cancer conpr|3|ng at Ieast one menber
seI |
%Btﬁﬂe %?{Bafgt/ﬁgP%ﬁ ‘&g&ﬁ%&éz % H?rtlég(fn fé)r ?%éré cﬁlﬂﬁ% Lll%r?]state tumour
mappng; gmismgcmtpmnmmt fegdle éx)psiya;@mp]gﬁ apd detgctinpthe absence or presence
ect of
o e Sy By S e B S e g
per doothéraspeche thqonvﬁgtlersls kagprovidevamethert o5 tha ellesiercara patient sample
forfgse i Ial% os&g p?os%ape cgr%e?gu% € ﬁ(ﬂﬁr%rb uéiﬁ crllgétg)ln%?dnﬁ%g ia'é}gpmngtely
nucf}mmkisel 0744aml#t26 of t]ie anDN.A gmrn@wmprgsu@mofndmmatbmogzal sample from
theblolgglcal sanpl e; detecting the absence or presence
St eti ons of the nt DNA; determ ni ng whether the
del AhomMsmeofmmameid to/@rbhdmmnmihomdntabdqdmpu Islamhimg

e SROBAE R 2o RSB T  F cmmmpams
cm@&-a predlsp05|t|on to prostate cancer, progreSS|on
r ost at cancer r ost. can essi on
o 5 B s W B30 PO B oGBS on
nmﬁ@@ﬁmﬁﬂuﬂﬁaect of the invention is to provide a use of

a del etion bet en appr oxi mat 744 and 14
t he ARPIERIASREGYS es‘PYFQP A tooﬁroxaier 7 megoq\afﬁﬁfeafwoq}%a%%@mg
appekHAtEly nfidleotiNAIA7 1618429 G B8 s Brc i i |'ﬂthtDN4s. gehidk] wherein said deletion
dehydr ogenase subunjt 5, tRNA histidine, tRNAserinez2,
is agiqeia eI SKIB GRICFHERPES A ETRIEYTe AN B FWCS PRy Ier MDA/, Gomprising:

proRid@gtadidto £ANSSple et Ih¥ selfdcRahd Bdlectihg M pRkaice oﬂtﬂ@&eﬂétlon in the
rOState cancer, presence of pros

nesis o
mig¥pcapoth eraswagfrﬂafsew@ﬂorblﬁ t%l?ra‘é‘fl%\% e ahB8 At B Ut pepylative UV
expddite, Mla bjedt HaR: nﬁﬁﬁt’\h&fmﬁﬁﬁgcﬂro@jmﬁ bgloloﬁiéﬁlrbbhlﬁl@ flotn thO®subject;

rovi de a nethoé for confirmng or refuting a prostate
Hrens the pipssyca dhe deletion @ th BIVA- shiptiler meBpgpmpstlpbe used of
mofRiRdr b BleNgh %@ke&zﬁﬁH@alfU\pgﬂo@ot nﬁmh@ dclctqo% ¥ be in the
200671110 9 PCT/ 006/ 0006 ect| ng the

ranghefSi 8@ toc00) bre S deletign Iaayme@mozg]@}a@ﬂ}{ 95 &p; comprlsmg a span of mtDNA
froﬁrﬁgﬁrg%lhﬂ?$ﬁjﬁtyf F§ Bifidin Qlté i tljieh? 1438 KRN A ﬁlctﬁl%ﬂﬁqe M‘%llaﬁén may delete
e invenfion is to pr0V|de a net hod
ol gipag et tynrsisitohvatn i H44an g oS MPNA genome, comprsing
[ 1% t

SRR 5 BP9, LKA AOFYLE B GRASAPLrionor
andde$teendson of approxi mately 3379 bp in each of the

Sex %Ber%@&g (ﬁ%l‘aa &?ﬁ?ﬁg tcﬁﬁ'@ﬁ&é a Mcle‘clﬂh%d' el Lh(QpcolmcprlEng CIT

provi e collection of a pati ent
TT@ﬁﬁﬂ‘r ETAFIGC 68 TTHSHRAGAYSi 14y spd e sueleie a@én@eﬁr K466 comprising GAT

TAPXRORYGE RyT ?éb”ﬁ@ edabaid.ongspanni ng appr oxi mat el y
nucl eoti des 10744 to 14124 of the mt DNA genone,

c onﬁppt@cﬁr@@ec@f@m iayentomals b P age aricleiagid nsotey %ﬁ?p' -profs, comprising
TGEYALEEEC LT ADRIRIRS AARDRRG 196 ¢ Meinka VBT 8:153)! ©

provide a mtochondrial deletion spanning
Another aspect of the invention is to provide an array comprising a plurality of nucleic acid

members, and a solid substrate, wherein one of the nucleic acid members is associated with the
mtDNA deletion at approximately 547 to 4443, wherein the nucleic acid member has a unique

position on said array and is stably associated with the solid substrate.
13
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approxi mately nucl eoti des 10744 to 14124 of the nt DNA

genone for use in diagnosing prostate cancer. Another
wa@zpeatloed the invention is to provide a nmet hoPICT/GA2006/000652

detecting sun exposure or non- nelanoma skin cancer.

15 An@hdr@speassi@tinehtidnieto plvveditd nfot Giagrosipg Skin e comprlsmg a

net hodq . of dete deletio nni_n i mately
disposA TR, H’é‘@%ﬁ rﬂo%g 1IH‘°'3P?1§’ ﬁ‘% %ésp%; Elprﬂ“éﬂ}fans for
exti@&aEmiKAr ein said deletion is associated with skin
cancer_ and/ or .sun exposure, in subj ect havi ng nt DNA,
ComBRILEStAgpect of SRS 18 OB ch ol ook AP e for

expﬁﬂlbd zﬁﬁtnon-ﬂféﬂin@ﬁi a6t taneertihe bﬂﬂ(%&ﬁ%ﬁlp&fﬁ&m&sﬁﬁslcﬁﬁdﬁ@[ﬁlslr@ providing
Anot her aspect of the invention iIs

a blﬁ%\?#&@n@e FrOmHBTSUPISFS erdReingiiiY A gomHe Qi?}ﬁ%}F%hS?%e Lc}eteztelg the

abs&eP @ﬁﬁ%&s@nce' of dAletfoAb b EGE mIRVA N tith i, w}féﬂﬁpﬂhé ad:l&g)ns are assomated with
providin bi ol ogi cal sanple fromthe sub

orefal BEPPREoR ! Wé%oé’H]@%"fb‘fa“ﬁ‘H@S & Maethethg 4?1%1%9 37 m&latw with sun

exp&upa Lnﬁ{ rdpBitheehesays.al so be used of nonitoring the
ng erm sa of clinical UV phototherapy regines.

s @snsef qffﬁy‘ ipyentiqn g feeprovidgrigise of 2 dpltion pYWAPPIgpimately 547 to
444?*}%}16* Rl LRRf HEYntﬁﬁAaééﬂ&Qéqn%h@Eéf h;’\gx%inﬁ‘}NA PR s%h@gposure or
a span of mt DNA from approxi mat el TF 1 binding
nongp¢lgnomg skingar@er. oop to t RNA nethlonlne The del etion
myAﬁ&he%faspe&%f el inhuidhaL b p%w&aa%ﬁetm' foSthDESINBIRA 0P 4 patteflt sample
In the mnor arc of the ntDNA genone, conprising
for Si?b% ﬂlamlag plgin gangrdy URREA g@ﬁ@n SpanpHg ammmg@lyewclaotmw to 4443
[
in EARCARCORAOINEA Beriole SEPRATHE TR Poiolopictinge fom o subject
a nddtldr gspaetiod therinviertonligl @prevadeprthigdchenddadel TG PBTBGT A

AT D) AR A2k BAHEA 5 B S s

sun feKposie oad@canﬁmot her aspect of the inventionis to

pr oy nucl-gi i d . : -l o 1.si.n

D U B A PR PR SR e o s
ID INQx 14733 yonfifn dtehpeeserms pé‘d:lt 38F5bp hneDNAeletioroassacsitddovith sun exposure or

EOVIde an array conprising a plurality of nucleic
acid nenbers, and a solid substrate, wherein one of
t heAmuledr espectaxf thel 1mmmmnst0|psovak=$omﬂaidefdr aMehdititehietedton of a
r ox 547 t

rearf P Rn i RV A O B B R R 6 S AT o PP DRE tign in the
DNArseqign@d a sanyd, abhprisagspovidingd DMA khrrtpﬂ'lﬁco&@)hmdg or suspected of

substrate. 13 WD 2006/ 111029 PCT/ 6/00
COmRHYPHB LIRS R ROV 1B  RUBRIT 8 ,grqbgAﬁ Lo\ éle‘é{lylff"i‘ned”“c“on
crea&@lrbydheagmgagena klbtﬁctﬁl@MEarthﬁgﬁMdnSbﬁ@nrﬁf;dh@@Qﬁ&bﬁg&he junction. The

or hol ding the

rearfhgcat %y B0 i ORES i e ARG S TBR AR in. 101 1 B

Anot her aspect of the invention is to provide a nethod

BrieffDesariptionrof tip Rigyyes son for sun 5 exposure and
FlgurQ - 1%%' }%%}Qgrr'?m SEOWln %Cl?un}bg{/ of 1anu91 181|1soegl ?lleoti?'(frjl gﬁgsﬁoxg IirtorrHltochondrlal

DNAﬂﬂmnwhanswbhgwmmeemmmact|ng DNA fromthe blologlca

et he absence or presence.of.
Flgude ?p%n?\gsn §1 Ofe s% H’%f E n- saneotnérln%sn(ihhsper%roglhced using, Hierarchal Clustering
ExpﬁﬁérQHCE)'lS are assom at ed wth nor rral i nt er popul ati on

Intrr arlatlons

eth t.he. . .
Flgu&%P élix ws ﬁgo F(@‘%&'@@ 8£ P%IHSWOE})H‘IHOUS ﬁlu ers proedqlced uesmg Hierarchal Clustering

Explorer (HCE).
Figure 4 is a copy of Figure 3 wherein the important cluster is shaded.
Figure 5 is a schematic diagram showing the design and sequence of a primer useful for the detection

of the 3.4 kb deletion.
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exposure, and; repeating the steps. 10 Anot her aspect
of the invention is to provide a use of a deletion
whedrsaern2appr oxi mtely 547 to 4443 in the m nPCT/@ARZ006H00652
the nt DNA genone in a subject having ntDNA to detect
Figanard iexeporaplry showing meommpansoandrescls kiresheld hobyeen Arabigieat and symptomatic

ben@&gﬁ{c Qﬁtshr’cﬁeéfﬂléﬁ%& nis to provide a nethod for the

fion of a pati ent sanple for use in di agnosi ng
Flg@kﬂns @aﬁﬁeihong&sqlm@lr%hcdehmla@ﬁ tesipampien'g- appr oxi mat el y

F igﬁtlé %mggkeﬁﬁéen?a%ze Etﬂldﬁ%{lﬁ'om@ s{aﬂle& Q rcm: Q@ Irslé(?v?)lg% % gﬁezltjélefrequency of the

rising: providi
3898 @p‘ﬁbletidnrlm mmhseswwbpcecd skin (ymptited |w1th$»p<£asﬂionaﬂy $uneexposed skin.

on is_t O ide a del
F1g%r5\aé§ 1snag 1%‘[8%?%)(0 T e?%‘/lencﬁcolrpth ?&g §2§ ion Th ﬁ)ﬁfpﬂf sk%rhsamples taken
fromidifferenasum e@;ﬁostd]le)dprsmm genone for use in d| agnosi ng

Anot
Fig Ll T g e B SRR bhirePE PSR aPreysd aer 17
repcsmquecrsesaofdeISEQ 20 ID NO 147 to confi rmthe presence

mt DNA_del th
Fisls Bt P A PR AGP RE e BEETon o PFB Hrimren fidcFeapen probes on
mtIleApsfedvn Eﬁn@lﬂ?ﬁthﬂdecftﬂfe 3895Bpddldtione detection of a

rran in a anpl e, . erein the .
FiefrE A E B CPuRrE e BT S iPB e B SHACE B Spnpgation and he
threENAI iaeréueﬁlee_ (o) for SRIFPYELp &wﬁgm (?im% wil Pty pe/intiad stah dNNAB).

. sa e C ri sing or suspect 0 conpr.i sin, .
Figira 0f i BRARERER QB G RTINS Haedseas, BsBOYiRE dip incidence of the
3898 %Qﬁleﬁ&ﬁmﬂﬁ%l&‘r (ﬁ'@Eﬁ@ﬂlsﬂo%ﬂﬁﬁll}ﬂlﬂbmﬂr&ﬁle@i@nz{])ﬂeﬂS (D) and epidermis(E)

rearran enent detecting the rearrangenent by

from foth| Probing the junction. The rearrangenent

Figlfay3 e }')H@)tdﬁa%lﬁf repRGenfBiod Etﬁﬁ%ﬂ%ﬁnd@%m@& g%lsqsﬁb@xtng @Fpical examples
Brief Description of the Figures Figure 1

of thelgtcg‘éqsgqﬁdgygolwalg)f BRAY ﬁe}ﬁ;ﬁ)@rascﬁeteﬁ@fi r@ﬂgmgtPCR of three pairs of sun

expbied laﬁpﬁﬂegﬁaﬂ%cb? isdd 19!3rrh1ﬂerms$rﬁm&0nd“ al 30 DNA from
patients with prostate cancer. gure 2 shows the

Figyre 14 ts aaptter plot shewingdhe 1§W§<)?fyhﬁﬁ§§5 P deleteonexpriessgd, assipercentage in sun
eprs%H B dh @GR defhid %ﬂ@gﬂl&gmls Rt Qhiled ()?Igg)trme’:f‘(gy re 3

shows the second hal f he non-synonyhous cl usters
Figye ddue eddiggimghewieg ahecﬁéﬂtw@hmbeéwendmom peswiternd PORNA analysis in

dlag%581ér U4 Se fhinloSy @ copy of Figure 3 wherein the
i mportant cluster is shaded. Figure 5 is a schematic

di agram showi ng t he desi gn and sequence of a priner

Briefdeseriptionof thedlablesect i on of the 3.4 kb deletion. 14
Tab}él? @99@%&%}9?&&8&&9&%@9@&@?9@@% Figure 6 is a graph

how ng a Tonparison of cyc eshol d bet ween

Tab}?allaugmrmcmah@rrwnm anehitsisof myhprgrin pAPNAOL seyaR profein eddeng regions in
con§014d1£(t£ht %Eﬂ'f&y adj EdegtLHeﬁng aﬁémﬁlggﬁrﬁ Hgsug how ng cycle

threshol d as rel ated ample 12. Figure 8a) is a
Tablﬁeb)r s Ferue ingtavor mabﬁse mf b%afﬁoaemsma?hﬁfe ¢f s¢ygn ps@eig epding regions in

con &]Od%tﬁgbéug‘[ gé}gc%ﬁtgeﬁf%ﬂgmyhg‘ﬂgnttn%e 5 3895 bp del etion
I n usual Iy sun exposed skin conpared with

Tablscleais i Banary of tis- eRpryyswYs g pon-synonymous mutations found in ND1, ND2,
COXI and CYTB regions of the mitochondria of 31 patients having prostate cancer from distant

benign, adjacent benign and malignant prostate tissue.

Table 1d is a Chi square analysis of mutations in mitochondrial DNA in distant benign tissue from
malignant glands versus prostate tissue from symptomatic but not malignant subjects.

Table 2 is a summary of the mean number of deletions is epidermal tumours and adjacent normal
tissues.

Table 3 is summary of the standard method of DHPLC.
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Figure 8b) is a histogramof the frequency of the 3895
bp deletion in 104 split skin sanples taken from
walpdobarwed sun exposed body sites. Figure 9 i sP@Er/gabko06/000652
showi ng the UV-induci bl e increase of the 3895 bp
del eti on observed after 17 repetitive doses of UVR
Tall94 k4 guuremdr® off mlac]ﬁmﬁmutnioneﬁn(émﬁﬁg Btloaph fion plbﬂiate needle biopsies
rs_and Tag

and nct‘o%}aﬁkj 3%2191%@ mug(tlons emlrza {gnan eadé aﬂd d%%rggg%r pgn prostate glands from
patideth @fth prostafeicgnoee 11 Is two graphs show ng the |inear

ations bet nte ntration d.th .
Tl BhOT A BB E R Tt s OLHE 9B BAPIRRALY o formaln fred
and(n®yma micbued ﬂrcdﬁy}nedl nt er naI st andard (B) Figure 12 is a

hot o an et hidi mbro ned agar ose gel
Tabg%(gwaﬁlét ﬁ‘glp[ ﬂ“taflatépfglger%) 1%‘ bp delgetl on |gn
Tal&MBWPCR Dongpoaknks of ERimige t]:za.l I y nornmal perilesional

e iods b 3R PERBE GG MR aBP T 8pr ecent at 1 ve ot i di om

Tatk DRiadiet dPsbeseedl BxampRVMNg typi cal exanples of
their corresponding | evel of 3895 deletion as detected

by realtine PCR of three pairs of sun exposed and
—‘@ﬁ?—“De i—%’—@—@l—‘%ﬁﬂﬂﬂ@ermttent sanmpl es. 20 Figure 14

| S BhS@ehdEst th tsehiMMnAch dah®e usd@d Sia@fosd Hiceaddd Hpkddto mtDNA. The

i on expressed as ercentage.in s posed
me'gaf%n } 46 are TR oaar s S danélpﬁlagf the nitahondrl ey 3“&;9 individual
froth @aiblb#TBal Rstble, HoDeiagpleShyl £mpifiddtRd lof ReSthidwhpdiriahgenome, sequencmg a

relationship between biopsy results and nt DNA ana

porfioq olfhe gHIGEIMETH) rBeRtaty arefeighby e BRI qSBL P pgengme 8? the individual

usifgBy kARl ESeaAS Dabkhfing high p@rf&ﬂmrlﬁ(]uﬂfchf&{aﬁ)tgragﬂﬁ (DHPLC) may also be
assocjated with aging. Table 1 ais a princip

useg hiIBIHRITETeShBIRSTAEPEF REPEL B Socphomhatmalser nyéﬁ&l@?ﬁ DHPLC is more

senBfi Rt Blaf GRHRE JE8HORS ih NernS ATt de@ciingd infita2bhs, thﬁﬂ”cgﬁ‘,even detect 2%
adj acent benign and nmalignant tissue. Table Ib is a

hetgsenlesaly, mnwﬁw@ﬁ&ﬁ% f§r @ffimﬁrxtsawea%@ Metmqarfm dstectingjayyer levels of
het@gﬁasﬁiyrkm%y}ga]gﬁ&l&Ogo}je@ control, distant benign,
acent beni gn and nal’i gnant tissue. 30 Table Ic is a
s u nﬁﬁ\dsfd BereinhactiypkagiAisesmesnePIRBIFcS PreesaTeRidermat Iariphels squamous
cellfe@ddmbn ND1, ND2, COXI and CYTB regions of the
m tochondria of 31 patients having prostate cancer
f r ofys wied berain, "apme| wiers adp aecemulabemeigphanggs Witk imgrketh at the molecular
andQEl‘ﬁﬁ&r%v‘éls“SSUG Table Id is a Chi square anal ysis of
tations in mtochondrial DNA in distant benign
ti sémeseﬁrmmn ridlleleghapans ghantiseveral altegnagivooforms ef @ igysy®NA sequence
S [ | i gnant subjects. 35 Table
occé&yiﬁ}? a%ggg%g%ogfk&#{?g{&%%éganunber of deletions is
epi depsed|heteimriati§cialmbural pefwerkt (AN rarieans 4 ¥ktyalsdevira iy which several
d
O Y 10D e RS oD DO0Es 3T AR Y, A, e ey from pas
pattping.ochondri al mutati ons (including DI oop) from

progd @steg h&%ﬁ dlaﬁacﬁ ng‘p&J ttrr%n geférg’m Iﬁ&%ssg(ﬁ QQ&Eltm a nucleic acid onto a

mut at1 ons from nal d] acent ‘and di stant Dbeni gn
soligh pubsirate to fgimamducldie @mql array such that the nucleic acid is irreversibly bound to the solid

substrate via covalent bonds, hydrogen bonds or ionic interactions.

As used herein, “atypical” or “abnormal” means cellular appearance which is not normal, but
also does not appear to be malignant,

As used herein, "basal cell carcinoma" means a type of cancer of skin cells.

As used herein, “benign” means of no danger to health; not recurrent or progressive; not
malignant.
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patients with prostate cancer. Table 5 is a |ist of

prinmers used for conplete mtochondrial genone
waepbitfioeati on for formalin fixed 5 and nor naPCT/CA3096800652

fromblood. Table 6 is a list of anplification priners

for use with Exanple 12. Table 7 is gqPCR Conponents

of Exanple 12. Table 8 shows the cycling paraneters

for 24 [ + LSt f

Eain Aoy bR B dBed bt Ol AR o, hyperplasi

inflypanaties, BigePhyf predindis pnesandasia, md\pmtaihe mtregmthpleal pepplisieo

di agngse hg{teﬁqeaé&&nls'd“%ssgn PN cpi B GREftRR, OF the

[ i F SIS O

present invention prov or ana
M t & hisseldirerean, "gmlﬂ)ﬂmslaxﬂd"a(ﬁﬂ uadhwomm al which ¢arged amplification rises above

baRlRBLABLER hma?a*iglasl alaPlucP XA P ARl F | Cati on of the

rra eno sequenci ng a ortlon of the
m t ﬂshmerd heralln gdaagmnmc" méﬂmgra)blhlg" tieansewsingr the presence or absence of a

muErI tlon or com 1na o é}g{e ons as zhgctﬁr Bgdrl %SF?;algnc}s§s1 ol'}smal}]l e?n%Xt. The detection

of tthhnmmamti@rcamheya {t@l—ii?lﬂ(é)mm satesh)agbems used t o r apl dl y

Scr u%e ne %L%zinﬁ@’_'esa%ésg)ngf{) lge% orc])rnQa ﬁg fst%

s eq uensed genem t'éisdase adsodaéd atitortgndirl agenm" radadls @edbmes containing

t 20/ het d th 20-25% f
e S e g e R o R O ¥ B UGt St | ower
| evaksused hefail @dgdass NMyiedns 2%) eledypnial Ma@ES}d&ﬁetdbﬂ@dter based using

staxﬁag@aﬁi used erélrvﬂgcfh \?@é{ag%t%slfga?pégélgtggﬁnﬁ%@ P&%‘P e regleva%?e information
tha€ S4IC bmréarese%&het@ &6l ri1Rd1¢idetermifg kHeOstrub@feeSthe udlBotide sequences. The
accumyl ati on of chang e?OV\nth time, both at the

datizhgpee}ym af50 Storg flescapiiYq B formaipm) about Agosa é@Hﬂﬁl&lseyvho provide the biological

samples! EFes desBRANS i1FH¢aQbn $AV Qﬁ:ﬁlhe atA8rshalsi e okiRF BErtiAdnt #ndices which
gi ven DNA sequence _ 25 occupying a SpeCIfI c place on a

may. b enriseindo thﬁ@“’é% ®EWKin, "artificial neural network

( ANN) ‘usddBRRS, adélétfohé*%eaﬂ@x\éhﬁeal'o@ a\WPiGHofSBN R TRm a contiguous sequence
i nt erconnect ed el enent s process i nfornmation

of mycpi oite BUF et dpletiarchan vecuredrthe s Frrennirph sy reJommg of the ends.
Del@t%nts €L Snge R s §6m3RE ﬁs@to théMs4rRAE b Bifes oP farges PO i NG”

refers to a process of dep03|t|ng a nucleic acid onto
a 89 uyl h@re@u b&mwheatiens' ondaps rhan guspeafie seqierceaplr RNA is copied and

inset%ﬁﬁ 'aeﬁl{@ag mﬂeedrfguépé gy b dr%o?%’%ﬁ%‘&l ng%o fl thenome.

e SO St rate vl a oval ent en
bonds or AISOWF@: herﬂner é@mphsmy'Ass Webrtdnby ethfn ratlo of mutations in the

mito v\ﬂ{o}{(ﬁ aﬁ:@é uer?cres H]]OS ann&aaﬁl Cﬁ!etlﬂld ﬂ£m1@%ﬁ§ﬂo%§‘% those mutations

fot nor ma al so does hot appear
whigh b¢cgnmr$t>me,/h9t nes eld Oﬁtéc eqpnf:s of tha salochpafitial genovieno ma"

m:“aﬂg' u&dﬁ%r‘gl% Ql m%ﬁle " n?e sf‘]hll 1to%ﬁ<l)rld§1a1 s§ﬁue'§}ses Etséqgentlcal

reln an er to
r ecms peedthengin, p‘wcgrrelgstmné memtaccqlrazitq:cgmatnmon 1328 WAh cannot be explained

by r?o%@llc%ﬁ&iwoégggé g{%?agﬁ)ﬁé Q\Q)q)tﬁi%gary principles.

As used herein, "inversions” refers to when a length of DNA is excised and reinserted in
reverse orientation.

As used herein, "maternal inheritance" means mitochondria which are inherited through the
cytoplasm of the ovum.

As used herein, "maternal line" refers to the clonal sequence of mitochondrial DNA as passed
down through successive generations from the mother.

As used herein, "mitochondria" means a eukaryotic cytoplasmic organelle that generates ATP

for cellular processes.
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As used herein, "benign prostatic disease" can
include, but is not limted to, hyperplasia,
w0 ndobamoeed i on, atrophy, prostatis, netapl asia, P@ndA2006/000652
pr ostatic intraepithelial neopl asi a. As used herein,
"Bo ea a I
X\F[ﬂs&ﬁ hhg{rezx} nr%%;augﬁgl %%?ljﬁ&e aﬁ% %Ri(ig‘%ﬁ% o @a %o?ﬁ DNA or RNA
sequmwcflomathg atildatypd lsefquwt:,l mnludmg e’sthautokyreltati@nkmokgnm@trixn§, transitions,

n as. . or > ..
1nse%10ns gans érglgns dtra%sl%cagi x% %&Je%on 1{1?%&1!)1%? cﬁxﬁ?c%gﬁlgsgrﬁ%qmbmatwns or
combmanmls uh;ar(ﬂg tIﬂne mmdé“s:emnneormhalmsﬂ nigesegfienae caruexadndoironor single base

chal%ﬁe to he g(&dlt‘laorlll o(r) ehrrr{lllj‘l%t%n oc%f'm e &{?{ frn d eas e
IS Oor nan I on t he

rrytm usan (hsreing amuﬁanralosd Emfelmtot ehﬂnche&e as emsattmhein mtDNA which may

S ETUT AT CATNRTE TN ——

accun@ilt i nondodiegegioassoci at ed m t ochondir al genomas"
means ones, cont aj,ni n tions indicative or
ot Hor i LRI SETRS Bl R PR TBIRBET Gt QuEreoin ransformation

to mdB@AntW@dt@l N, "dat abase” nmeans an el ectronic storage
system nput er based using standard industr L.
soff wé@exﬁm RO VaFERe HRFaBR RS (59 & PR o e oy which is ot

assoRfaRRY WA theedidehRM@ReLtidnNf Or mation that will enable
researchers to rapidly determne the struct ure of

nucsetses bpsere, @q gemmenymeys” qtation: of g pelynyglgotidey)s §dm§itt9fl éVthh results

in 2 AEREnt Blcb aiioQkci@at i on about those individuals who
provide the biological = sanples. This descriptive

i nfAS WSt eI ingg ROrmRlGIsuR ameran HissHe StthtngsvisiRlg renpfestations of disease as

detegﬁhgdgﬁﬂgtolb&dl ces which may be correl ated to the
i cal sanple. As used herein, "deletions" neans

r e fingst hezein. agpesiciofcibmmeyt Feers b TRpelig 6 yaiaursisircasids attached

to ox‘i)ef suﬁg&l dt 'a%olﬁféugﬁort M%Ex%lt? @)&:@C(ﬁngdﬁi (ﬁffér@lﬁ ntla&c Qﬁgy&ﬁ%erem each of
e gap is repaired by rejoinin e ends.

the m@leecr dogslags ettashadap e surfacg 0;_f dhef wbgﬁweﬁ yag gor- @elttwelu@rafﬁk?gted region.

In ogg e%é& eRtf tlleal{ugﬁ{c acﬁ? AR Aehe 'sﬁ}face Q>lf| R &fﬁtd' s‘ﬁﬂﬁbrt is DNA. In a

means when a specific sequence of DNA is copied
prefemasiegnibodintsahithrinesleid eqidvaitaghest tot the senfacgioh dlhe wmﬁum BreDNA. In
Nt 0
o e e AR i 1 RS ORE st UERE sIR! Ebflrt is cDNA
synthésezed hytpobh@mder thain wedige rﬁE@&) V\li’rcﬂ'qrahlyomeludclg aridgrrag e¢dording to the
er | t i C . .
1nve1|;Ff‘$n cgrg%rﬁgghnlgcler%&?és 8?&%% Ftelgpq}%ﬁg"t@gg i feg%$ tPﬁeZermil, ahnuclelc acid
arramdmmhcn’rdm]ealacxgenﬁm thaA$,008 edkcldntidesiin engﬂhoMjpd: mgfq:yibly, a nucleic acid

arra}/'I corapsrhsgsl, rlluc ct QCEJA orf'(lié’ss ﬂ{an %6(9 H&cneo?lﬁesaiﬁ ?enggﬁe fnbéﬁment the array

compmitea b least 5@& cbffvmmtcﬁuclcmmdi att;eheém blan wvefdce dfyhmhdalhpport In another
embgc?ll‘nlelliltl f’iln algg)p %S%ﬁ)ﬁ?e% ép{%as?'i@&g@{pﬁtnnsﬁeﬁ?% :ﬁglﬁg 51{% l¥e to gnet scl)lrface of the solid
Supmhte nInaydt @n@thdfr afiboBint, shee xrdys endnpaing zrtelpass é9 ﬂ@sfbl diffgreng Ouclelc acids
se 0 [ h [ "
SN SFOLLBL 80 Ao HIEA, 56 R Te, g, e e,
inteltcmn@ta@h witethe Eym &mlmdmjfde't he ovum As used herein,
ne. th 1]

i t 0 s!::]dfjl rrél{é’l [Sﬁiglced tR t!lr et gen V\l;%gth F%ﬁg %S gsg%egféxgd %s a nucleic acid

capagémf rbatdmgrts afnndm: tabid rmmtbhlemf coﬁﬁlemntas@dqw“eenhmugh one or more types

hondr i a’ ot
of Pk RRE o JERUP: PufISt e IR FUILY g tydogen bond

formatlon As used herein, a nucleic acid target may include natural (i. e., A G, C, or T) or modified

bases (7-deazaguanosine, inosine, etc.). In addition, the bases in nucleic acid probe may be joined by
a linkage other than a phosphodiester bond, so long as it does not interfere with hybridization. Thus,
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17 WD 2006/ 111029 PCT/ CA2006/ 000652 As used herei n,

"mut ati on" enconpasses any nodification or change in a
wOrA6n110BNA sequence fromthe wild type sequePCE(CA2006/000652

including without limtation point nutations,

transitions, insertions, transversions,

translocations, deletions, inversions, duplications,

Patd i MR AL HONSW i GEHE ObnstlilEnt b joined by peptid
nudiBE TR LD B Hepu bR DAL ORI IERE o HlEnt boses re joined by pepide
bords gatheyl hab abesph@liesisnhigiestso Preéerabiidithd owrlade aeifl jtargetaaicoderived from

ey Y 03 £ 8hfle- or double-stranded

hufin BT LA, Yo PRI BB Mot 3o AR DRE Bhlle-ordouble-srande
DN#, BN, wh DOA-R hybndsrsyntbdsizyd fremduman sswpofdividsattacts.

f un?\tsl B %];re}nh e C\lllg'l % adns gﬁfp G cc;n(ls;pqcu%ﬂ%so%?ng%nﬁ%e %[waryotic cell,

may " “accunul’at e 1 'n" " hon-codi hg tegl ons. se erein,
contaieogil e sheahromeassal ®NFat hol ogi cal process whi ch nay

resylt intra tio 10 t lignant status. . : :

usedetter et NP Deg e Lol Rt p s i negarive
tespaliat dohotthhe: the digeashoradondiSomniading tessaicfor. dt adesedstthe tehability of a negative

di sea [ yest i _ used. hergin .
e e A e E R T
mut afsiuedd hakeiir; hode&sanlall B sunieRp@ediikin ancand skenbatdectcadidnally or sometimes

ex i b o S oSSRy PO TR B0 8 Routcers, b
andgieqr M ned by histology. As defined herein, a "nucleic
acid array"” refers to a_ pl.urali of unj que nucl ei.c . »
Sl ds s Rerein PPt Goghe Rbdirtaee alegrmt*“’dp%ffﬁbaflfaﬂalvs yith positive
tesEh@A13t Ha¥inB MeQBRhRGr ebhddioh te@ic@ fdr. MuUSdeties tha é1BHiGNET a positive test result.
wherein each of the nucleic acids is attached to the

The enlqubasion stPPVETB POIvELEFBY T fiche BOMIBIS)i dent i cal _

pr esglREd Bbeih OPSANFes? Qnehfls HOQRatE IR MRAgen thdhCand€ib@l found in blood

acid attached to the surface of the solid support is
thapreay bq indigative pbgageqr efithe pi9gidicnent , the nucleic acid

at t aGhed HeRid, Mot WikASH" @fant PR cBRkE 6 SHHROKICIcbBdGPIVNA.

In another preferred enbodi nent, the nucleic acid

at t Achiused heretnh Spadymeraliem omegiifescgeAnE VAP aj RopERNgn of alleles or

xAtheshzed by pol ymerase chain reaction (PCR).
thr ef%r%ﬁsy, a nucleic acid array according to the =

i nveést isoth, hereimplipresersornlgsipes” cmegsb dis DHYA atutqtionspr pembinations thereof,
g alife ' Joal h.. Preferably, a nucleic acid 25
md%%ﬁﬁ&%ﬂ%ﬁ%%se a%g%%%nb acids of less than 6,000

nuclAsotspdl dereinn "predigpobed thor disgasedf arabitrgdispasifion: e p disgasey means that
indd; O[S | 81 6B D@ Righer risk for early onset
Y NS USRIy A3l SR e o car o
of deniirehses disprdeetst tE00edgd hdvainel, Aurcloghe presingsor absence of mutations
wh%%taacalgs%%ia d wq{g\ﬁhes&ll re];saeccﬁ dggrdgrhe sol i d. support. In

anét e énbodi nent . the ar ay conprises at |east 10

di f fAs et hervirg [ee-oeepddstd ngtitsanhetionsat theselinlarfon D&l Aolevdl that a cell may

[ . ot her enbodi nent, the array

be ggﬁlﬁ%ﬁgséglgg)?g%cgrgg%%%lﬁg di fferent nucleic acids 30

at t asheel haeionypreseledted egvh”,t"predsfoieil degeniporr tuniqip @ositer'nrefers to a

G a2 6o 3% BLigne B  frend to BliBot & nucteic aid
o A8 85 S S L b4 SO3ROBAR ot i
and isttieaviee misimdd toplregrin in the altesnatizg gpet "selaw¢daiegion’cordtmply a "region.” The

def i ne ej i d. | of.._bhinhdj aul dee-
AT, Uk DS PR B0, 50 BhRE A B, e
shaped e@r Impnge dmytpdisnentsf a pheirced regmrissnaligs than kyout hewlgtere preferably
lesg%%ll (r:“nrrrne,n sttﬁ)lrxXorct:) %rsf’:?era{%%! lgésq}ga’n O%Sx%l%b,la}{d ¥nhsr091lé gglbg(}{glglag dut 0.125 0 0.5

2
mm.
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35 formation. As used herein, a nucleic acid target

may include natural (i. e., AL G C, or T) or nodified
whawed1(079 deazaguanosi ne, i nosine, etc.). |n apdi/CARI06/000652

the bases in nucleic acid probe may be joined by a

Iinkage ot her than a phosphodi ester bond, so |ong as

bR 8L B S B DaA HL FER T S BH i

andnthsreibe:, péptonttenpiatas thdt thepeonaisbe addipipmadlbs thehwesepesnt |SQ%mﬂnal mtDNA
bonds rat her than

lnaQ%%§§HﬁgﬁggﬂéﬁﬁqFﬁxggggahgreferably the nucleic acid

t arAyetssd aereindéaelyedn £xposad shiniregansiskigikat oy rafelygrchardly ever eXPOSCd n

rLact

o LT B O LR e WISORT D bbb s
abdb¢bﬂkd$mmymmhﬂaizbm.fron1hunan tissue of fluid

extract [ " s _t.he .

C A ondet sHRR 0% s BASHRY S5y TP 3R PR RS a wien e
fluoEedtdinad ¢¥8sseéd the tfeshdiélimhr omasomal DNA As used herein,

NPV tlve di ctive, Val ue), mean erce 0
R S, VB R LR £8Pl B,
di fx&ﬁi@d Béreia OR6lid subsiratee bﬂ'golﬁchﬁlbﬁrd‘["frefbrs td & ma&ﬂelshaemg thnigid or semi-
reliabiljty of a negati
rigi SERF ntbiRe " RBUE PP RBGD T, G5 MRy quth the terms
"solREgBkthaee Sthd "ék)@d éﬁpﬁdﬁEdThkSﬁﬂhki rsuppoﬁﬁﬁ@SBedﬁdbglyal,Smﬂ‘m-blologlcal organic,
exposed sk| n" | n that .is occasi onal
ey B

morg%tqr Fgom @?%’S gﬁ‘sq ﬁallsfvr}goaaﬁartlc rstrg& Iieglpuates gels, sheets,

tub1g§ I%El’ib‘#ésn&)nﬂﬁhd@'] BapilREibs/ beidadlices, fllnli‘éﬁylaleﬁl Gliddeets. hOﬂbrd @feSsubstrate is a
chest used her ei Y

n,
silpn ocirc (HiFE Vaase) W@b{ﬁ%ﬁ%ﬂ?@%@l@éﬁat %é‘”ﬁ'&tf deifguggiden polysiyrene,

polRADbhdtd/ & chzirge?ltménﬂﬁéﬁet subR¥d Mont dbr ditSEARESE lor G&ﬁlﬁhitlloﬁﬂhereof Ina
tested fo It assesses the reljabjlity of a positi

prefemed enpké)ggqunt thejsglidpwpers isglass t Frefsraply. ?‘WSK ofje surtace of the substrate will

be Qﬁ%ﬁtiaﬂ?)ﬂa/t (Pher@bry, BRl SenR0st the V@R siSportSRHl BeHth Reactive groups,
Test" neans pr ost at e- SpeCI fic anti gen test;

an
mclacilmg @@hnqtdm@d ith catbet anipg thy gyl ethiohdir dbt ke Ipfone embodiment, the
Suﬂggnga&wgﬁ &£ﬁ%dyhpstate As used herein, "point
tatl on™ neans the chan?e of a single nucleotide in
DI\IAAS wesd bereidl, Toun expesed'skinl sensshindat ISrwaHsdy s@qgesgsianally” exposed to
the ¥@riation in a populatlon of alleles or 20 nt DNA
genomes. As used herein, "precursor |esions" neans a
DNAAsTused héroin, “swr protsebd sian inonass tkinethatas rarely ergpsea (9 the sun.
pOt Epﬁge{i‘hergléS%@ﬁiﬁmﬁ?&ﬂ%b@&bﬁg mé%s Hé@g opc%ﬁgér B3 skin cells.
priedi spose | Ssease” or a I sposition to a
d|s&as@dhﬂemnwaha$awmhdhv&&UQBQUQwea@dﬂhﬁ@wﬁWﬁﬂhﬂéomﬁioaﬂﬂﬂ
e i.n e 0 r
o, 55 219 IS8 050 bR s s
nuctsi:lcsmdj@talrtshanmtdue pmmca@epqmdn vilativalto aly gther pucfdigeacids that are stably
assdtiafedl SELCA (gfxergﬂxlé @l%ét&pl%glo}ﬁ\@ b 'Eheaslbﬁd 35304k 3h&d conditions
Wt h t e dIS ase or der used herein,
whetrgn en mregps aslyaed (meahb@rldmiw@atld wﬁ@mm) the cellular or
DNA | " &1 PRAeshpbdleols d db
be C%mgt\é%tlcélg/a%lgﬁf &aﬁ HKS% rs%%‘%ﬁgd?lg‘? o or eiégl pem tee s determined by or
thrauely mgru'se of pta@@ecf pM@duqug@tatmﬁcal adgorlt'hmq, U qyd@tefm@ﬁlg observed versus
oa 30 localized area on a substrate which
emééﬁﬁﬁ&e% Is intended to be used for the deposit of _
a ndichsed beralm ‘Bubtlemaititon dmbas livslevel ef mpieden at therbrediold ¢f getection.
t ngal ! grhe%% gyn%%or@aticso%higgt Slganrs %gﬁé?m%uwﬁ’(g e)gﬂilgphlye & more symptoms
associated with prostate malignancy, including but not limited to elevated PSA, abnormal digital

rectal examination (DRE) score, difficult urination, blood and/or pus in the urine, lower back, pelvic
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presel ected regi on may have any conveni ent shape,

e.g., circular, rectangular, elliptical, wedge-
W@ b@padio2etc. I n some enbodi mnents, a presel ect BAI/CAYI06/000652

is smaller than about 1 cnR, nore preferably |ess
andtupper thighRin, et pdidfulngacslapore foer byt pednedisgniobearns Medignb examination of

n,sone nent s about 0.125 to 0.5 35 mR. 19
blo‘?ﬁbq‘i 57 T 5ee BT 006y 000652 As used her o n, the
prss esed dieredd, a dsymohyabdushmuationt SdAnitatgintid espolynucleotide which does not

hv tefr%B ] aatloorg:sd and, therefore, it is
ave Bheis %S“f’ﬁ HAE" ray be additionally the

pr esene@ Kreif,0MRNdIGINIE mearisDNBstitition 2of Sékepligogenoustiiasds, pyrimidine to

mut at ed DNA | resent used.h re .n
YT ELEE RRP M ABARTOR T P Redt $o5f SRE Pl other or i
wh16h/8ﬂie RXROB  Gbstifited Dy @ dttiveli vi dual . For exar‘rpl e,

dep end| ng on the indjvidual, it may de .buttoclﬂ)s :
and Ap#88d herin.s TRy eTSIONS IS Sulshigon gﬂﬂnlﬂﬁﬂd?%%&ews ases, purine 1o
pyrifilifle, ASinHERL (N Birdlen, A "th@alohi ifBvHER: Queheeist Sabemied or replaced by a
CT" is the point (cycle) at which the fl uor escence
PyrE‘P%%@rsVl‘f%‘@rS@hr eshold line. As used herein, "somatic

nut &% L, QA heﬁﬁlar\%uﬁlycshﬁ‘@%sédrkk%eﬁwﬁﬂﬁﬁ 1§f1§u€1ﬂy or often exposed in an
fertilization. 10 As used herein, "solid substrate" or

indivigyhl Fosexpplet deppnsingrog tbedn%tvﬁﬁ%lef may inglyds %eglpafa?q Bgel apy ears.
sem - rigid surface. The terns "substrate" and

MtDﬁHQH@Hltagnoél'é%féﬂﬁaﬁc Hl@éaﬁ‘ésChangeabl e herein with the
ternms "soli1d substrate” and "soljd support". The

sol Incpnsqumgémenh@lfyth%gregﬁnb}n@@}tlea methosls A5 HPY&@"?dCfQF monitoring aging, sun
ex ggug@rﬁh&: 'dlagﬁ&g{ggk?wlﬁo di¥as® G AatthORaREr HWnAmeARSA, skin cancer
Fexi stin I cl es, strands, preC|p|tates gel s,
thrazigle @pglparlspuﬁo Pfl g1tD§f5h@qg£§1cesc o] Pﬂ%ﬂ‘?ﬁé?gs 1SQ28%5i Wc}é ras égostate cancer with
mt[ﬁ@‘g thl?‘rl tlhgr?ﬁlclefa} g aQ lsé‘z%leﬁ advﬁhthgzgs Firk f)ﬁ mtﬁkez{‘ lesd aﬁnplex genome,
bstrate Is al |con or g ass Ssurrtac
is eéspla lupJetrgoqdzat hrumdtyehlhi;alné nepulatip leyghyhengd 4 1@@% atPNdotatalase with normal
andpglséég'e% ngg@gte (Jn¥e(§ atre fﬁa{n 1V1c§1alC Hl@ d &Egﬁqglg NReuratkC hAccordlngly,
nitroce ose, |na 10
varkahier, aofelatlblmshap to disedseyrip oulicatriodd |Sn®ntlly, mAENA bid o 1 & {nlpbigher mutation
t
e L
are sapncﬂ;aaﬁnrmimdatad tcsmitodlosdrppwhetre thiey hppearas admatic@agatiope Thirdly, mtDNA

has%ﬁnﬁtgmhlhg}%ﬁng%? paﬂ%ﬁn sneosg nhal (‘::IEH%I gnlofhat & ng%((}fl hdria begin with the

san&r‘l’ﬁmmea’qhenct hence2@rlsmxmffaﬁe thisclopl coalition i ear@ Peteaert . Additionally,
RN M (T T RV

son4sie kvl @Aing, oneSniftoghbadrieat lewbosikg ' mudings)s ksi in b ha&tsei secessive' as a

ot sPURR e e e SRS PO AR,
mit@hoAdrialyse delh€508121000)! sMa;bbyer,asMoraineUgenpméma@ tplerage very high levels
N T
renfajptitzogidhtypomdBNAr (Chanjrceti abt W92t Hiprsers mﬂtatetdrm’nomtsehave a replicative
o PGPt PSR S PIESFUSE R REPLEIO0. o
is o&ﬁxﬁb@dp&ts&ﬂ oﬂlrﬁdtatéthmﬂibma)(Bn@feyteo a1a|199801tsluggesanget$al Leuhkeduclear genes,
ther/hlg Ihét esorgﬂ) t% q%ggsflo?gléigngsu%yg%r tor?I?gurrr]x r%agt&)nza Ceause ofathls elevated
muﬁﬁ&ﬂﬂteﬂ fhutatiGkd ahd/os dedtiont thawdpbyar i gltﬁ)lﬁA asenhiintainad grough the life span

ndrial DNA se C
of tm: cechcan% may serve as a record o exgdc’sures tod\?atrlglrlsmmlr}tggens YRt integrity of mtDNA is

maintained by nuclear repair mechanisms, and a defect at these loci has been suggested to result in an

autosomal dominant disorder associated with multiple mitochondrial deletions (Zeviani et al. 1990).
21



10

15

20

25

30

35

t hrough the use of standard chi-square statistica
al gorithns using or determ ning observed versus
wezpeaiwed scores. As used herein, "subtle nutapCDOA2006/000652
means | ow | evel of nutation at the threshol d of
detection. As used herein, "synptomatic beni gn" neans
Comtlueeﬂﬂ sntiiyd. machfubétion@men grrlymmr@mg; qupnq}wé earlyznuclear events related to a
t [ I t
var B GBS of) b R REE, Yl MO heraR KLY <o WRhuenced and
nm&maﬂihanmmnm@DREmu@umhelmmef|cult urination, blood

AR B P BN 4R BEL Y P D s pomcp

mupmaonrsf uln fpadetc@plasnic riw:ttlohamay Ibe ey do algm@@@domsf lfeen¢agiy genesis of

nati an OE% %i sue g%
dlsﬁ\é? H{éﬁ% [ Of 28ing adf lthougqh sp.eglk%%on t%g)ﬁssnes Y, {8 1ndlcate a particular

dis¢aSe etatgldisdrded for h@n@p@@ésgﬁh@toﬁbtﬂu%oﬂ\had fis dlecesnpodhnt 1i11 dvtermmmg the
an affect on the enc 5 As used herein,

geneRiy, REFSFICF BRSPTOFHESINE © g%%@???ﬁgsgﬁ ¥ ke ni trogenous

Th@@ﬁﬁe&?lt 1d%‘1{tiomaﬁb\ﬂ§fdr Ghe zﬂMfty 10 ehiafttine ufghroe nbﬁnaﬂ) tissuner bédily fluids to
nut at on in thch one rimdin S subst uted,by.the .

ey e ! OB QAP THE T SSBETY ¢ b B by A O egig. For

exa@iphe the pASeid SBEn iR MoWs for&HeaibﬂM)efodeﬁmﬁle befgSssue or bodily fluids for the
subst'tutiop of uqllke nltroqeno ases rlgurllne to

PrEsRPFS O REG-RROP258-re AR 81 BrOB S PW‘E %H?P%?H APF 8RR ch

Th@nﬁ’t@éﬂoﬁ&ldl Smuatlesd détedt@idbyothe rrﬁeﬁ?lhoﬂ@ %ﬁ tl’&)/mﬁ’entl&l@ are compared to inter and
yrimdine or vice versa. As use h@ usual

intiaRagubiien S onsB aRocbRicH B P BRIl spa b Witk Hochondria

DN RO ehbr-Avéied HiReH HoRURL sutfést, XRP| itoSRRGNMIINGA GFom a maternal
the individual, it may include scalp, face, neck and

relagirp-s It ISVIODIGACCATIEY 69 Hyhesiths f‘é*FlfesBé%‘ihPPQflaH BEORCe kT fXgpple; it is not
nec%&g&qb @@cﬁk‘n&fthé BRirPHASQRhdraN ¥ &It Obhly HREBAG DR it. Accordingly, a

provi ded for nonitoring aging, sun 15 exposure, and
sargleiefiroitichendspld A oan RIpYeedagnstizh as prostate cancer

and non-nel anonma skin cancer through conpari sons of
DefL N sGUsheRs. D agnosi ng di seases such as prostate

cancer wth ntDNA rather than nuclear DNA h

sevét ane gmadimeng s thernyaipy, 2 pystoRafor zsaqbéégtefé@mf dyitochondrial DNA
mu&%md redrﬁnge%%'n{s}’foy RARKSH 8adiodt, 280 rkddfliotisGBtpodRél is provided. The

popul ation level, hence a | arge nt DNA dat abase with
partioflarechangan ducias dsemmes delitane dheyiR95 ha deleiimddensified m examples 13 and

14, %g&c}é'teq %tat%h@%ﬂ@ %ﬁesmaﬁénrc@ %F hy ¥é'f‘ Qlﬁwalaat:@:nseé%%ﬁgﬂsnxg | ¥DNA serve as
variation, in relationship di sease, is
rd@ﬂdémsn@bUSOGEGGHNNye m DNA has a 10-fol d hi gher
mutation rate than nuclear DNA (Wallace 1992).

pidHGiEA s a3htangenent s, suggestive of prelimnary
disease, are rapidly comunicated to n1tochondr|a

whernecfered cralipdiseant akthe ayartion. wrsiEm R sarlyTdiagnapiy of FPAA changes in

nofAelafoRBUG! &ﬂ!:er '(IQIbI@Cb LRNGQardfa tsRih Ranc@f) dnd ﬁﬁe@ El%@lﬁgdraésioﬁs indicative
clonal 1n that all mtochondria begin wth

ane
of W@I‘Wm@é dG@I}RP@emh‘é ecwidgehr Thg pasticufar G’I'*ﬁng?ﬁ’ §ucé|a§) fhig| common deletion, the
38%&&&1@9 ideftifASh k¥andflsQ0tR8 14, A% cHalc@ Rtkdtdbns, 4Rd tHe BN¥ence of as yet

does not show convi nci ng evi dence of reconblnatlon
unqhpmgstereg daletiensan SRYA s Ueiels bip@apkerssefrn igpasyiengnd associated

sklf?‘ra{négp € Nl rﬁamr U AREDRY hFear nfk'ta@stobﬁféﬁ Swit Shrbflic Aife long sun
sense 'recessive’ as a consequence of here belng

exppayty. Melapemopidi pasicergegianie e (r@rq_wla&e@ﬁp é@)te blgfung episodes. The mutation
ﬁn%@g%'giqf %?8% Oﬁ])ngﬂ: mMA e, e W@ andPRd &S.lr;kor lesions is determined.

Nbreov m t ochondr i al genones can
Thesoh@NA ehange;swrmq:sgatblw}@d« @1; gn early bio-marker of human skin cancer and its precursor

lesions. Denaturing HPLC can then be used to assess low levels of heteroplasmy at the sequences of
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(up to 90% of mtochondria with damaged genones. This
happens t hrough conpl enentation by the 30 remaining
wowdod/11ywpe nt DNA (Chonyn et al. 1992). HoweverPCTUA106d00652
genones have a replicative advantage over wild type
i 0 t Habhin®S TR b&E10bHRN B3 Rhr1Lh th
@0 155 ERALE ' AR, SRS TR AREBREKRT ChElrunges n othr
humaDN&o(Br i erl ey et al. 1998), suggestlng that unlike
nucl ear genes, there is little or no selection
- L rboring mt DNA nutations. Because of
DifEh8ut's r&wP%%mE%utatlon rate, nutations and/or _ .
del ét hontisr tinhedimpp efithe inventioDN/system foredisgnadineldrostatatageer is provided.
t he S e r £
A%: relaleg accuanrflat 1;% %\t; g&rthaIgsde?;%ts m%ﬂfjp@%po&? hl\{ anrff'\lrcldlﬁl e R agpearance )
cemllDNAmaai; d1s¢rd¢rm twh aentobgite nmtrerdnclrleplavademﬁcmddlem andaﬂ@br men. Ina
preg’%rre% au%od%% { rr‘cﬁx nie r11)r(2)(s:tlta‘ce %§006$ gg%na g%%?g?ge h?m{gﬁ%ld otchdnrdrlal genome
sedughdingd fremnprospatd mshageafluldeI’]ﬁt|pmnsno@ZJé\cpmlmllalectellaltransfonned into cancer

99 21 \\O 06/1110 . / 00652
RGN r AT ol T - ——

cuﬁaﬂﬁia@ﬁis’a@feclﬁﬁk{dey suehad digital eecahémnmahart adl RSA aRecomilyi Féisglet al. (2000)

, cancer t her dlsea
SRR AT Ao RS L aathc i Lledfer sgpice o Saglr fndines in
pr(ﬁsﬂfte ﬁﬁhlis@éel RS pRidan ﬂoﬁdthbldéJ &irlyb&ﬁdcﬁon therRod et pedsiteacadcer. Different
gucts of the r sent wa et ect p
ty}ﬁ:ép praﬁptgg?ﬁcer c&g 1|agno§ L tlagng,.kaﬁ?%?efl &ﬁ%ressWﬁ ast growing
cefll@iatpatidhl if cOifaaSBpfostitétcadePikSa WRYe. onrléQamﬁlQ thd®4 kb deletion identified
detection of the early genesis of _disease, disorder

in ghe 2pR}IcAR.S t§ashingRIFAn b&r‘\‘sedé’P £h BRI PERIFRIE ARfEGt i on
sites may indicate a particular disease state,

Eafll 90EARN 2R m8fliohify Bf 2688Scantdd @rdeftkadn Mut ation load is
also_inportant in_determning the geneS|sI’lse re;&nce

and Teoypteasingmegthody ofjtheepyesnt RVeHtish Ay b tectrpameer, and in

paRicBRLRbsthtB ¥EREL Sunddat1P¥Bad Bd Bfste @y hiktblogicql a@?i&maﬂ@es For example,
beni gn or normal tissue or bodily fluids to

theyersiemnd grethngd obhe prepest Biverdion may B% EGE dftt??éprgéﬁ%@?%,a in prostate tissue.

TH @94té?ﬁ cARISTGE dbct q{esggﬁeﬁﬁaan&jbt%glreﬁﬁfn &?ro@ﬁte@gncef:q{dutatlons including
exanpl e, the present invention or the ab

bothosubileench BymsetHon (GShsnet ok 28%@15911 £t af d90% dp n%l??éhondﬂal DNA from

humaﬁéﬁg&?e lf?sfsu@ b ﬂﬁﬁ%éo@ﬁteﬁ'm&eﬂp lpﬁﬁia@: (fd2' X8 3%&&&: massage fluid or
nancy and nmal i gnancy. he m tochondri al

urie); e @nsteu@t éxt Té@l pisgpench o meoplBts aﬂd ferested iy dpfeTvaln tarfgllow cancer
fi Hhx?ch'b@ﬂ asd,ations in
traﬁ ocrﬁgr?igﬁa%m?sggﬁ&gﬁgﬂl Ollrr(g);i/l 1?ﬁc ude corrpgl)la/\rl son with
m t SBkenurfations mE DNAettrmiradnioncimppobaneld mitechordripygyffpcted from non-
1n\toh\1%dstﬁjspﬂlee gl{ch K ol bt fhbRC RO aliritdNAf F S BucBRL KPR This direct
ative I's not necessary to analyze the entire
comptrisoh osliiminates pehymeehismsy reaterpg| Backprounds qiopormal haplotype  variation
unB&GERSH rvs){ﬁht GsSEAVeRe bR NEah ﬁscmbE %hﬁﬁ‘r@& gl mﬂ@dﬂ@x‘fﬂi‘nal sequences
only a select portion of it. Accordingly, sanpl e
asgpciatsd h‘@ﬂ?dmtﬁr&ilnd Drgaperatetipn wriatiensa Oaf AigReS |n§1tatw fsap iﬂB’ﬁ‘ or tissue of the
or%Jn or U&i e&fhn! RARRE pﬁ)@@kﬁg BB ge%fa51§ PRl p@l‘é@rms it monitored, at
syst or e r y detection of mtochondria
SUPAGBSEME] lonqgakan@r P HICTesFgR MBIALONS §tothes tifaspang/aén éttqrwf‘sm the number of
e LasPpRYlcdish. BBSen tissue from the prostat
rm%%? P%ﬁﬁH% ﬂéﬁ%ﬁ%” gﬁca&%gd& % go%ﬁnn deletgbﬁﬁu?hom’ © prosie
caB80Blwaps bi:sioestlcﬂemd rioganmolviei.e b faet, asxampr ssen mFxamale 91laglow, what appears
S e t
to %%é%glgg er | S&? ggpelp}t%gnqrﬁﬁﬁ{tu%&s%%\?g%s% él% neoplas1a neopla51a
pridressivartkesrd rofligeanty ex poslignancy 2 5inDidalifivn s imitagipn El)kqdnrather than specific
Cancer
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In a preferred enbodi nent of the invention, a system
for early diagnosis of ntDNA changes in non-nel anom
wa@kion/1icaecer (NMSC) and nel anoma skin cancer, BOCAR®5000652
precursor |l esions indicative of solid tunour
devel opnent is provided. The particul ar changes, such
as the common deletion, the 3895 bp deletion
mu'ta‘fjigﬁ‘st by @éjm%t?utﬁéﬁﬁﬁrm @éerﬂq"r’m@gnﬁséhée atﬁsp%)g%s@l'bﬁ @f disease. The system and
tations, and the 1ncidence o
methqé hithe pressnt issentige ﬂ@fqtﬁwsermsmweﬁ &p b@n@éasm gpQEs.
bi O'Iﬂgfnlﬁ%t% g‘l)afnd Sféjﬂorﬁfﬁpéa%{ Bt 1@%%Ecﬁﬁ(§faﬂalsééh&ne through prostate

cancer. 'anoma skin cancer 1 n particular is

massggqnﬂmét(}éMFwak«m dming an dnitig {digitrlosefalsuxaminatigiodta of the prostate. Cells
ltﬁp PR a?é% &%&%ﬁsrx‘?‘e@%ﬁ%n%%hﬁg ?ﬁ@gtﬁné@\lvﬁi‘i ?gAtlﬁ’mﬁﬁéﬂe?omdase for
urni ng eplso e nutation i ngerprint of

1deetml{1qat1@1 oft iDdcatgemibelinl cellsh These pVBE cehglare seleghively UI‘?OS?M?T ed through laser

oo L DT SIS0 s compres

mlmdnmémal ahIdAl frem moemmob@d t3§1e] esl/on®. schaamatsupi mger H@d Gntrapopulation

varéat?io?sn Q%g ee)é]aljn 1 Cgfg 15 A% %less JE%\évgll})rﬁ%e%%&g&ng 8} it ?rm)ﬁim/l"otal DNA is

extPACTEA GARDA 65 GO mltdch@rdasltspecﬁﬁn Siregp rdoa'gm:d darusawgth biopsy material

an | ht, into the devel a
T T I T —
amplodaer These AUR b@ﬂum‘medhdmesrmueméedt lb}embtlhvdanelb knoven to those in the art,

o DN SRR S SRS SRR ARl Ropasmis n
multieay SdaSeparad It@ﬁlld‘dﬂaﬁh&labf km)vstnfhﬁtm{lﬂp aamalnﬁﬁassématﬁbwttEirrmhgnant and

clinical dlsoﬁ? ch as Erosta cancer mhlc IS dition of
berﬁ%]‘ygﬁt@tﬁfls%%s ¢ CORASPRLY desigRation3s 5eturﬁer 3 é? fhe pondition o
theQ¥OR FBBEards' 10Ut lﬁ@t phiegt el RnigA MEEhuR G5B PrdigeopRKE $r neoplasia (low

pl ace t hrough mi t och r enone uencin
R TG T A—
and Gédphastal R STrNEGanl B thoRiBIEE For fe@drdsSion Gi@Bugdberegular PMF screenings as
determ ned through anplification of ntDNA from
e%ﬁ%@tate massage fluid, eclipsing 10 current

di agieshiivelyt %RJBEB} %Ht%ﬁalsMﬁé'h RS WePiib@losddestRhign, atypical, abnormal can
exam nation and PSA.  Recently Fliss et a

)
un egRon i frelgs 1A O EAET A SONBRRIURE ST disgstin %%thsfgmq?éx 96 egtissue can be
scrifieli Nof® IR0 digdes, CaN ERinte Stitub Akctfoh AaNBS sk, BNOSIELE DNA extraction,
massage fluid provide a non-invasive early detection
amplfidaben, Sesense e@qheﬂSémé g#tehspe copppis®fent  types of
pr O?‘ ah &G E Yo &aﬁkn@ﬁg,dinag&ﬁﬁa?g@n % WebhseaSicro-array technology could
erenti ati ng between aggressive, fast FOMAgg
be ole«rd to idantifuta eneeidic ipattern raf raketiony 95y Bytabaneloa Qs ay number, or
co%ﬂ%tﬁ) 0'% Qﬁ %@H&lsehstehhﬁ T%bl% 4k %gl%hq}lé Q&S{rg&faﬁ'off 'oﬁgonuéléondes or a
I'n the g&)lcant s teachings, can be used as an
spaciigisetaf plogenufleqiidesst at e cancer. Early detection and
mn'ﬂls%ﬁéengrogrfessff{{no%nat)@ RARERE B eShSeRE MRDNIE AUSARN at successive
and net hod present invention may be used to
intefeale de acdﬁe@pe oérmutatwns parmiteshendrialy genomss eastogigiedr withytpre-neoplasia,
necﬂﬁ‘asﬁ%'ﬁh ¥r0§ttaf39§nceia A REL QLI Jtiid1 dhRBioR #ad. Prostate biopsy tissue can
bnormalities. For example, the system and nethod of
be tt%@dpfpregrém@onlwe AeqniAiariag/op ealigeat prosigestaacin cells deseribed clinically s
belﬁér? %'P I8 dr Q E‘rﬁﬁtb?%@mltnbr?E%}ogl%g/p-la—thgloéﬁéﬁt 6Btk Bl methods.
d 't ect t e genesis and progression of prostate
can @emlarlmthaﬂl%may. aehaled dor sperific daigstone thahere known to be associated
wnjﬂycﬁs%ﬁ e”}’b‘i— %Hxﬁpn f Gheef | Thig Q0% be qgl?enb}eﬁsn?é PCI%Q)Q?Qd tbcﬁmologles to
m tochondri rom hunan prostate tissue,
scrédnufpsuglsdadasiont-ed with the prostate (for exanple
prostate nmassage fluid or wurine), can be tested for
the presence of neoplasia, and retested at intervals
to follow cancer transfornmation, diagnose malignancy,
or confirm continued beni gn status.
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25 These nmutations may be determ ned by conparison to

m tochondria extracted from non- involved tissue such
w@ggochutoznot limted to: blood, urine, hair aneChaszmb/000652

swabs. This direct conparison elin nates

pol ynmor phi sns, mat ernal background or normal hapl otype

variation wunassociated with di sease. The nutations
As&Rnd SOnPRiROIRAIRL With SMdeochondri al sequences

assoclated wth rnter and I ntrapopul ation variations.

One Toe systameansumeihodoeisthe prspent iny¢rdiop may jbs giged 9fastepeagdp, based on the
mcgagﬁgfrgd’ue q}fnﬁ))fa%@ mucﬁ] adti€ S(Eo‘rrﬂﬁbn deReb® an%@TPQﬁ §ﬂcp(ltﬁer mutations of

sease genesi s person I's then nonitored
thesmmb@zsimlegenmn@ﬂmatt@l 1199)70 Bris infremetéaseini qenivnetien wmhshedth survey data,
ructt cr r &t th
It T SRR ol BT RRREn, Sernffe MAIRE 1Blitng in he ame
muptiog/des@ino rfortBeatilg mtPNa sy mhﬁmtgcirﬁ?tCh@pr'dhltoaxlethe oavmend is essentially
al.ways . be nsi der 0 Ve C dies of
clonal e nat Ex&gn Sﬁe S;raedgf ?L ﬁoﬂ \rl\ih\?g% aqﬁga&éﬁf tgargglﬂ ecﬁlﬂtéﬁfed sfu ies o
mutqtlsmq[kkaldmmys wa]uhan:nermltlomh dmclrghadevmm generen®s g sletcinined reliable age
neopl as asi a ogr.

rel%&% ?eé%gﬂ é §;qu c na:l“ﬁla ﬁrgﬁ r(r:r%lor} alae 2 iset eﬁ) Eo vgl‘(?S? ltr?ﬂm&%%lg)ds which slow
theraging@foctdan specific 23 V[)2006/111029

PCT/ CA2006/ 000652 nutations may be instrunental in

eter i nqg di sease and progression of disease. The

Chﬂ ﬁ*ﬁﬁﬂg“nethod of the present invention detects

hﬁcﬂdsg)@ﬂ %ﬂibl@s aan el tollested iyo@lyaimiven mehist ivdn:ﬂler Tbre the purpose of

T O R e -
des(tlﬁ’M:Tortdi&BﬁkeCgéﬁd:rﬁlg)nallﬁcludﬁ tbluﬁlaredlog Ihhﬂﬂed rt@cﬂumlour banks, maternal lineage
exam nat i

sl PGS ESRE it RS BB GO T ] HagtoS as wel a

maVMrﬁaml1lE’e§£e §HIARETRRE fro¥pstha pEpull Miond Wigthiph freqiehdes ddkpecific disease such as,
rostate epithelial cells. These r? e cells, are

buERar b g KT PRI BHOPRERo! TERIDL 1G> and sging. For example,

FTAP @eﬂe @hﬁi@@ﬁﬁﬂ' Bolused RE cdllettaRd ardive Blold@N&l §aﬁ@[€st$lﬁtﬁlﬁe samples include

cells is anal gzed and conpared to n1tochon g Dg?
any; ey foRed bt Jedegi st @esodieliay chitbeliugn 8 et Bpm rich tssues and
flufiS heludl RAPRP Hb @i RA to M86d, SfudR Ducdaldell § %A ﬁostit@ﬁ‘la% fluid, sweat,
anaIyS|s can conprise seguenci ng of the mtDNA Tota

borrgpdagi, &ym tissier %@é\ti@& e PERRSETE] e B i g fow urine

an® Ql%gélyf ueDrPlgFeFa% h}gﬁﬁ%lyfﬂ'ﬁ) LH%? bmohhldb' BP&RY25 mg of solid tissue is
treated formlin 5), are used to

sarwh:ﬂ flrf lghe tdve obsuspected nklmmcqeﬁ@rmllv\m th?Sltw mapgsmalg NMSC and precursor
leswn 3 oinl El?g b?gt% B ggglgtl'n? nsﬂét;tﬁ) tlﬁ@t@m?ge %Uﬁrp&%d Wﬁere a disease is
suspexsmq lpemanyrtgrearhyaylsns Beglegiti agtire suilcttltmnansemsx méen'e@th normal and
susgec‘ttec{:c? ge%‘e t l Si%n? ﬁleq%ﬁi&t %{nﬁ% osggg glgai(lj};m% Cfggvie%p&s&e, tissue may be
mkmmﬁmgdanknamdrqﬁkbnnugmcgm@sﬂam@beBsues Based on

t he r [ C .

c Onz:gli s%gﬁ%é F f%g-lﬁi%s @1}0%21? gt gtgtlre r(])P %1%% Z @Jtéjgr’ggdse@tﬁng ? J’lilaﬁ)ns) of micro
diskdcteidt ppdaffio: errl’vedﬂeg ntls(sm areit dgtnatshidyzed ppréor n‘@o?ﬁeaslid& bring stained with

0 C
het?ﬁtggjhgsah@e (}ME{)M\QM? Ihg gg ;lggijé Q&lhﬁﬂ@é}} 1tngtg 1I A o?ﬁ}ge%’sl 15 ?]tandard in the
artp rHE steinp bizsgraded B }W@@ﬂﬂgﬁs ify, notrhad, m@gqoata@d @aplichele grades of tumour

PTO& $ gelé 5in ﬂg;tlfa%éte o% Csfla egl.ré E%d Arbg elra%eg i {:gvglﬁ . Q%ordméy to manufacturers

recnmtrrendaabns/mmhruﬁ&ﬁgrbé@rceﬁﬁ.agnosed as benign, atypical,
abnormal can undergo simlar testing by either |aser
capture mcro-dissection of the biopsy, or the tissue
can be scraped off the slides, or nounted tissue
sections can be used, folloed by DNA extraction,
anplification, sequence anal ysis and dat abase
compari son
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As an alternative to sequencing, and conparison to a
dat abase, m cro-array technol ogy could 25 be used to
WO d@atiifoge a specific pattern of nutations, or PCI/G@ARMK000652
| oad based on any nunber, or conbination of the
mutations listed in Table 4, through the construction
of oligonucleotides, or a specific set of
Exgjal:t%qmﬁxlntﬁ%{& des. Di sease progression can be nonitored
aring mDNA nutations at successive intervals
to @xdaitlatnas“eDNA et ddkieopiscei weing troc hiothdd ikabwygenothesirt, followed by
am@l?t?)cglgbr?éfe glgﬁ%égeé?(gnngﬁjﬁg 911119)§f1 rézbll %{nlprgeg paé?%ltlagtlg{]gde sequencing of the
mitochcatiiia gedonwdas d@somlbtchmecmeop&ytomlsml}éolecalﬁar Beologyst ed
Anarg'zm Iep %opl asi a, neopl asia and/ or malignant _
ession in cells described clinically as benign,
Thﬂ sntepsraﬂ deteatnygi)ﬂhe alesance afonaatimmk inbjie cxIPNARran be selected from any technique as

is %oﬁnﬁg%e ?1% ﬁgda l 9 y%%r éxglglrglle;t 21 a/mfn% rmtfé&ﬁleg\?? comprlsessequencmg the
mtﬁHIAet arﬁpﬂﬁylhg amtNg bROBCR, 0Sheheas s MNortatred Wbsttthn South-Western  blot

| t T b :
h}’l{{lﬁﬁs @E?Iﬁg 18%3@-9? 82‘?{}?&3)%3 ¥ Cl%?cgoeclgrg)\g’s i:o?]élgg r(lf g?enestglgﬁ, molecular
matlet aiwl;@msblo&ﬂsomnﬂ:ﬁ&g/tw PoTilifiAR0D BdrIRUBIDZ of any of the above. In

ST SHIE Sl 8 Q0 3520 LS M SO o e

Seq2n&ss 8EMtBNANG, based on the increasing frequency of

nut at1 ons such as the "comon del etion"” of 4977-bp and

cht her nmutations of the mtochondrial genone (Liu et

PaBR cotiddrécGudnBdsit MRt ih@Rtior dan 8 BnpREdd k@'ﬁhé/\pdlhnerase chain reaction
heal th survey data, 5 allows crucjal statjstical

(Ple R himmeions ﬁreb\@@w@@wnst% e plalledaistbe afteRER reqyges the presence of a

nudlf1€ a§@ Wbe dRPlidLd, BR6 glﬁkl@tsﬂrzﬁ‘lﬂed &@Ehwlh%hsé MirhdrPhhikir the sequence to be
i nherited exclusively through e ovumand is

amglificdng PAVA RO yfﬁqrﬁsﬁafieoﬁﬁlbﬁ’&tcl?f’@df( Wahosphates phyifer gndegphts. The method of

PCRIIRLH kddWSinRES 41, tIECIC RIpetbtdel a6 QRN heNufisUdl eSiodta, 1987, Methods
mut ati ons/del etions within maternal |ines through

Enzyanpby B15: gdhdewin iprrspargeditieleriele a rel i abl e age

rel gf g&eﬁehﬁﬂ RpefbRRHRBRY tenmtém @ 1t 19 S ugb?ully, 1-1000 ng)
used devel op ‘treat ment nethods which sl ow

andygy mg Zmowbeioligomicleatide oimest AstypisklaeacBpompgire allcludes 2ul of DNA, 25
pm? Eognuglg&l(ﬁ%rlﬁlgll b%% gfjl()‘%/P@(Wuf@ @‘(\ﬂerlﬂﬁ FHer, et ﬁﬁ& CA), 0.4 ul of

rpose o constructing a nt DNA sequence
128 GBBAER. 0. 6 Mo 5 g BealoHarmlsmcesse Gisriin pliaa. Foster City, CA) and
\/, |

delkﬁ%du\iéag#qga {é%?giuﬁ%tof ?? Pnf tlgglgliag(:% {Sg)?r%ﬁa?@%% E@P@f{% ﬁe?ﬂrmed using a
progererahkel thdringlecygler- 15 st udi es i nvol vi ng af fected and

una L hdl Vi o/ t

R R
adjpopslidcaeridima go Wiet stririgenply rtcmqmlem ireeffest. Aprcglifg empfraizesand timing are
det%ﬁ&d%th b}b{ﬁ: e@f%enu g)lth %g-fg 2 rﬂgérrls @%ct@ﬁ ‘qu &rﬂe:ﬁ to a template and the

cancer, assessnent t atus and
de@mﬁgm@matcmﬁ(w Yo tedeleraedy dbe haljty breontisues th@ stti@geln@(:@f Raiegr annealing

corﬂﬁtﬁ)m ?é%velﬁlvﬂ ?‘9%9 gllxovﬁ?fép g?%lee o%HioHQ’?[l: Skifi ML: an. Aﬂghﬂgﬁng temperature

any tissue o rived from nmesot hel I um
of leepwehép {Cuand 787C §W§Q§1t Hie Béngral, irstiad enafusadign of tha éenmdet¢ mglegiges normally

océg’éﬂt Hg%eeﬁb%bg 3hé 951’@tf01l JL mn{u?eg 1‘090\?&% % ?O @%gl??&ong gl‘r;]r%adf denaturation

prostate nassage )
(49 E forl Wprepdonts @skmmutcétb)x lanrehlignieanpstatune ddgmined gk digtussed above; 1-2

mlrgu?e%g athgn%{o’n J’e ?g—bﬁnutge L rﬁHQl' cxfehgiﬁll st%k%%mg?ﬂrdcarried out for 4

i ssue appr oxi mat el'y
mubite@@d72°¢0®d nhay bt: tﬁolmsredrgy an‘ indadinitel (O 24stouD step at 4°C.

26
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sanpled. In the case of suspected skin cancer, skin

cells or tissue, (fromnormal, NVSC and precursor
wo e®oon®9 i s taken from skin biopsy or a routiPEI/CA2006/000652

suction blistering technique. Were a disease is 25

ected, primary care physicians, oncologists or

DN%L% "encm‘%ct itioners, may extract both normal and

suspag ﬂcedzvrdmsmscesetlucmsu the frri@ohdnkigal geddnenhay ¥earsed. hBreferably, mtDNA
1s fnﬁ{?@%& $¥ gé}(aeﬁlglr ZI n glglgg Egﬁogérjdrrthctg cgngges%%%egar%d c}ﬂrectl% or cloned into a
veoddr whixthhs thEoplaced mfpb & baondrial hmt)ﬂikmlﬂesodf [2¥A pequsiicidgemethods are found in

Brlaﬁlﬁgyg e%t ]gS}rL) %}?(%Sf‘[{l: 0@% dq{%pgig E}gl? ge:qggnsc ngo‘tf)y m)r?zrogt_al ultrathin gel
clectopparead, Nudlezedeify Ry 19:91216 26 lahdl Eu&ey,ngA.s taalnea)3nHigh speed DNA

squ'%)rg;]n% é{tc\%)( lzlﬁly %E]ta %ﬂgé}}oléegﬁ( %d hqnélh %ﬁgﬁlld-:l ‘éialt 'ﬁhet cﬁ)glbined use of

PCRIdnd sédnesdid &émﬁlJN%l Q;r(ﬂ:@(lﬁﬂge@)/h gorﬁg@b%](ﬂ ogi a$t 19991 St@ziealfor automated
precur sor, appl i cabl e grades of_t unou
seqﬁ?rsgag@§§wa m@%‘f thaesi (TR FER Riadictyy BIoGEmtAes 13:$32%qnd Tanaka, M. et
al, CHBL NfiBmatdd SQuecihg of AR WIaB6ddIEaknol F &G oquTendat i ons
Ar ct ur us) of 6%ra ed cells. 25 WD 2006/ 111029
Delpttan 4669 006®" Extraction of m DNA Extraction of

DNA AR erlaBIK %p;m)a%ﬁ & tH@loHQ e)@éh‘élomPCRQﬂXkPmWﬂechﬂlqﬁM1@rtﬁe Expand Long
fol | oned by fication of all or a_region of th

Templptg clifdhdystam (Béﬂ’élﬁ%e Marpheigy)- Prieg dbe ﬁ?ﬁhﬂlg%fwhwh has been

estdbfiShed Thd C4RREH B BRANOTEn ﬁﬁor@l@éﬁ(ﬁn b l@tdal 'Z@O@thgﬁgg the opportunlty to
a

Protocols in Ml ecul ar Biol n
rapgihegeresh ferethe sthlsggpedyamptan @ﬁg’ed%?tloﬁﬂﬁfa?ﬁpéﬁf‘% tp they ﬁ@dence of a single
can be selected fromany technique as is known
to those skilled in the art. For exanple, analyzing

mt DRYsegarauans ippre B@Rsmﬁ:mr(é?plﬁg quénskmztm%vi”b)rqgn ibf ylrsfrdgto estimate the
S0 Wést ern
prog&ﬁ?!ﬁb% RBNA H%l@tﬁ{gﬂ%th’ék?d'tillﬁﬁf)ﬂA

stern blo ridizations, denaturi ng HPLC,
hybii didditen, cieuthernnBlot @ad rPaghing tﬂch@ﬂﬂgrﬁslabﬂledgé’ﬁ is¢ipges or any other

tec@{]%%céyksasgan&gd Hlat}t‘lé(ﬁ{ m n@é Q’s&l for d n‘%étﬁ)ﬁ%,gé&{o% ngl.t i ng
enperature pro or & conbination of any of the _
aboQeantitative &ABi can b psedttayiatifictht amewinf eewesiic Heletipn target using a
pri%grqﬁagtééiggesgge rlljeév'iz‘XE I’I{%&%) eg{gingcﬁ&gﬁga gﬁ%: 912%1&1 (E)fﬁe%g:d%ﬁNA molecules
mag é)q ucempasd @)ﬁthtthl@ quantigyndfi vaild-ypa mo dNdpd idétermunedthe tpneportion of deleted
mtIB’IQ ){n rase chain reaction 15 (PCR). PCR nethods are
O MYESEH to those skilled in the art. PCR requires
Seqﬁ@ﬁm{gfof&?@ﬁ@eoduétsa nucl e| c acid to be anplified, two
2;2%|8§g12t\%1g1%ga§1d ngaI | onu es(e)éue%?e\eIA e ﬁﬁ rﬁgociucfel n#refégabiyh‘tahe entire DNA
seqdmox }srdhhmaemleé b§ deld;oxy $e|qimlspg am&gABlaBmﬂsfeeTenamdtOﬂltc@nology and a

serlﬁse a '}éfor\rfgrgapg grsngrrsle héh dt\()\? heam? h str B(Eals L}ChCIIE Cg%l}r% on one, several,

or b/HtohtbdmtlorEnﬁWBIIplatfoilﬁ5 sucB3s, thhe’d@; ﬁIOOnworBﬁOQ a$®1dedyy1g reactions are

ef e ence 0 |.ngenera P performed using
per. orme accor I(lal%uf%? ret srﬁomm%ﬁ%artlénusef ully, 1-1000 ng)

Muamdnaitan&lmssqf t@%zmmzxindnﬁl geharng@nwgldemlvrd@ high peefosmange liquid

n m xture includes: 21 of DNA 25 pnol
ChrS%ggg‘Fmﬁh n‘ﬁﬁ ide primer, 2.5 Al of | OX PCR buffer 1

(HPF ko I’Secﬁlenmtg ofFdmst mnocﬁ}mgh;lal @é@aqmeﬂ aﬁld Alentificatidn 86 nivkational hotspots,
H?’gé %Pgber:trs Ito raIEbdéf g«‘ircl:]en& t{ps)mu dmany &m ETARE technique provides
greater sensitivity in identification of low levels of heteroplasmy. It cannot detect homoplasmic
changes but will complement traditional sequencing. Apart from the homoplasmic mutations recently
identified in tumours, the vast majority of reported mtDNA mutations are heteroplasmic (Chinnery et
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dei oni zed water to a total volume of 25 1. Mneral oi

is overlaid and the PCRis perforned using a 25
w@e@gnaorebl e t hermal cycler. The |l ength and PCT/CA2006/000652

tenperature of each step of a PCR cycle, as well as

al. M@g) nfﬂgp@ﬂeté?gplg%ﬁé SADNAL ﬁang@sdﬂe%tﬁ qqe%rcflpaﬁlgﬁ thété?ociulﬂféxes after PCR

stri ngency requl renents 1 n effect. Anneal I]ng
ampldheptemanfithe maARIAt | Reiprscageaing dert ketenomasEnic B Pymytpfgons is determined

us1rfﬁ1K timé Fella%%:l% él%tt&hﬁﬂhcﬁgf CEHZR{IIJI 1gl‘# ﬁerféﬁﬂﬁ% ﬁ&’ula Qh@?l% aphy (DHPLC)

te an m smat ch 't hat
(Oclfyeer t8oUedfah1§d199$heThlb|t¢Chmyu€t hﬂSGEﬂemﬂﬁ beentused @tnapldb/ewceyn and identify

wh@ngﬁﬁlg%enog’&g g%gﬂeo%pﬁgﬁ&%?%“g%ﬂﬁ‘?g oWt %%V%}@r kg“ﬁzxsrhgen Bosch et al.

zmmhneallng tenperature of bet ween 40C and 72C i s used.

|, |n|t|al i e :
ecu é? A& rra ocr)rcrzl%urosn a{lé efA‘ \‘/e\/f/eEenh]gg% ?rﬁ%%egtc %a}ym System
(Tréhsgannnitop Omaha) IUSM)ed/hbly pﬁﬁid@@ aciylly egomapd lsczrt:qnng whcedure. The same
tec}gwﬁ)gfyi ?z{qﬁg | o%‘d tﬁ‘%gFear} t%r A %etero sgnnlg %m%l 10115, B}e?e%b% gt@ge entire mtDNA

ure determ cussed
gendme is Bihﬂlhﬂeﬁst)y P@Rdn éXtoeerkipping (rAg@erftonsidg mandiffedent FOR conditions as

des%%breﬁ,lbﬁﬁgrté e f?gsglz%t ﬁp g&o&gsﬂgi-ﬁb%ﬂy}f O\Mrga)d%c% e?rléltd1gegfed mto fragments of
90-6008p ahd teb @ vddOat erl"dpum)ll Béley Rinpdaiure? Mu%oﬁ’i)ﬁSke’biéké}ﬁ&l as two peaks

PCT/ CA2006/ 000652 DNA Se ng . Any kno ans, to
andGERIE St 1 T OB G Loty 2B ufe T ind Ralc
R5eA edqabtcihg oo ENrakd p':laoaﬁmhg f intdodoy, RER Kpbivalin theart (Chee et al. 1996).
sequenci ng. PCR products can be sequenced directly or
Da@ Al nto a vector which is then placed into a
bacbgdd @équ@&%& n&iﬁr@mh@ Sdl@ﬁseDbﬂéo&ﬁéw&ﬁtﬂN?g sH@Ieh@d Saral‘ #chived for
found in Bruml e R Jr. and Smth
conPRARFCE 1PN %@&i?e nE?Sﬁelesv% 8FiEHrITIgTO- %Hae/rts%hﬂ?lﬁgyg dftegtated microfluidic

amﬁlffe@t‘kfno Emp Eﬁjsﬁ, }Méﬁ’ls e hgh@ﬁded S higg$hrodbBput;L ZdrtAibr Gdebddtlon, and other
Luckey 3, Hi peed. DNA sequenci ng

al
metlbg»dseead allllbswdgerh the @etb?%)ﬁ Bheegﬁselt lfwe‘%twad s Enzynol .
2 ?— S%t%mt‘a%ga frot e %&j@ﬁdﬂ%doﬂiﬁ@ 1n@fv1duBQth@dliGndiﬁﬂ H@de g compared to

descri bed in R, et al, 1992,
popgfarion kyrledsta of headpipiverbiagned éeamt%@neﬁamﬂ}wdﬁfwcmg mDNA as

des%lfe@ Qﬁ)l)\)é f P@@a‘g tl'i%r &%kaoonﬁlng g kioy €9 mlPalhnPBnedfttdies. The
Tanaka, M 0 a 1996, Aut omated sequenC|ng of

popaplevelisetn malEﬁlﬂﬁr’ﬁla datpage. Amyrsugsble diphass GR bARAy s s
andPrQFetrﬁﬂ:}I a%lfﬁhlfﬂérﬁfo%ﬁlacbglﬁatﬁﬂQEs@ﬁghddtﬁaagm clifid8l and biological data is
ext ensi on PCR PCR) techni que using the Expand Long

useewiptlapeoviderths i @fﬂUPB@é ifrasgecturamerssray T thegiolestippprocessing and

dlséeélnP g&: B%ﬁ Eﬁarﬁﬁ@s‘e&g Iﬂéslaﬂ%?a%hes bR ished A0, The database is a

ted In the Birch chin | aboratory (Ray et al

cengraliyey cleetrpaicsysiem phish otttk rgsulte 15a dgaimen 4pd Sewerg resource.

f or T{{l R ﬁayspce%c&lég@ @fou ?Ta Mm%&a@@sana%r&ﬁﬁﬁ?' &&tough a secure

e I ncidence of a sing del eti on
Intemﬁwafémm Preferable tpcitabese neeeveee?dr uaﬂmgmélber?wrceeflg%rthm built on a

ser\;'e9 Ad déﬁ&'e@ Qs efl aﬁ;ﬂlcﬁ%' s@i‘%rewﬁltile DI@BIQPQ highQRn@fe $®ncurrent users

del etion in the total In addlglon
thr%tytoaemﬁeepeforewewé ks?ql@ﬂt%é%ﬂeff%g@ SPRAFET eHelini seryer can provide the

fouhGRbPRE TheOhedi% QLRREture2OndeGE I CHiee &S the ScefttrA M dhrbﬁ’gh which all
the art may be used for deletion detection as well

con@ub Apiicatidng,andrRsadianbRUS Set befgredershine #5FTt he amount of
any §t9 %hl&g %ﬁgﬂhﬁk fkg ﬁi@tart Usl 94 & dlg’Jo'VEFeﬂ'att&H@tclusters and models

br| ges t sequence junction.
fromudate (345 @P0Qel Moe@vm m@lhgml,t atggrithens and methods W111 be developed for:

occurrence of mutation and mutation rates, patterns of mutations for disease detection, information
retrieval, and other complex sequence analysis software.
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may be conpared with the quantity of wild-type nt DNA
to determ ne the proportion of deleted ntDNA
worpdoeauloes. 25 Sequenci ng of PCR products Any REDEN2006/000652
nmeans nmay be used to sequence the PCR products.
Preferably, the entire DNA sequence is characterized
Nu?%lc%c“{iﬁom%em&%%g Gidg using ABI Big Dye TerninatorT™M
echn Seties of 72 overl apping primners
eacfihé mlveﬂmww)valndfdr ngitic adid aunabers Sulprelyes ithag bind epacHically to a target
evera hi ' f for
leic acid
o 3o GERL e ed QERAOOLL ARl £l 14 8B it
tha8f§ tcp‘ea‘ detacrrddasandicaticie n@did;easersactuafsamtstﬁtqac;ahger non-melanoma skin cancer and
ther ntgrl%t Ourgleg:n%:he ste 193%0345 tgdl g?} la aﬁﬁlz%d gglﬁé Qﬁﬂcroaqag of the invention are
prek“dreqw @brwemfrmmlmgr mshg/or(fmlrﬂaﬁple@r]“m nn\teotlcsﬂqqednslfmqangét nuclelc acid

the mtochro i d t
seaieen FOREE B et MR Erear B RS, 2 sBigpyor DNA Nuctei
aci® Glied@Barsf ¢ sfﬁbtyaisbmedl withranyolig anmjoetSto %mmlsé en hzmajq wecording to the

provi des reat sensitiv |dent| tion o
B B S SR SO e ik SERA PF e BFcr agmen
amplegaFHoasdDNA Changes but WI [ conpl ement trad| tional

seq uenC|n art fro plasmc nutatio d herei

 cdht pyen Yo alit provides 1ore a‘?t?e S?%&nce%%"enpﬁlaﬁnéembe s used herein,
thelt&HROT " P& M@bh&%tl@d whibietoemopldasier snicfaid Wik R equence in the

et 7 WD 2006/ 111029 PCT/ 06/ 000652 al. 99%) . .
aragh 0 86 3 R THPEROA A RS S5 SROGTIEE 1 HE PO with @ sequence i
thef Qfg@iaﬁelgféﬁ ofheh@bBY R BE @XREedAhdc6difgGR mahgdsi inb®Atih GRe art. A probe

the nt DNA. Rapi d screening for heteropl asm ¢ mt DNA
accﬁﬁjﬂlth Siednveatiopanayrheisgls or daubirgteriedr el at i vel y new
Dlggﬁgﬁﬁlcg%@esof denat uri ng high performance |iquid
romat ogr aphy (DHPLC) = (QCefner & Underhill, 1998).

Thi dhe @@moq insludessdizgnpgistdeyices sueh a3 bioghipy gF%&ﬁhms I microarrays used to

dlagﬁsg g&cﬁ‘i@ Gride SO 1fdé{nt§y YREIGE iy, 91 SeRienck@ Mitochondrial genomes are
teroplasm c point nutations down to |levels <5% (Van
asseheed Rowedte @EonsPnus sTOHOY of tiydaBHPLCIEZEISE! Hisk F6 PifgRcHA prohibiting
L&Qiated with lar di

1nd% ﬁﬁg@%ﬁ%%&%@fﬁtl&ﬁ%nﬁﬁ%ﬁatﬁﬂivI d elgteav&?tulall gartlcu ar disease or
dlsendt:ro rit didgmsticaringgnopt @él“@d wped. to TR Bigphips, gwsIshigh Ggipicroarrays.

can € sCor disord identified,

o S A A BELERN N RL A RRI AL i s e enit
hytaivplatiéri «édn@}UPmm away 9f oigontcigaidespan bayivd e Hleuisly particyler mutations.

%Iofs ]; %5 :{H&h Pch %&gr%;&aln?.ﬁ Sina%s Ee nge%lc Eigp&&a@% c %(ﬂ;‘ Qgrg}e Ns used, which has
ohgbngcd&tteld protbesonitc}a@ﬂbm tvild Gfpe 09 OUBEA mglqm end eeoirglagobgt Commercially
ava11a}§le arr, e)ﬁst sy a m%cr arrags {zeégﬂg e %&)y bee: suMﬁtleatT'hgégsarﬁqgrse contain thousands of

repres mutations wth
mambcd:mdtcagtaﬂ ,pamm‘rprms e ¥slivie toe migydchiprpndaare gapablh ofibagugrcing the entire

| an
gene(l)mr% \éer?% équr a . as ?gaqﬁcq&(: h&gﬂlﬁ 1R tcl‘sg &%ﬁmﬁlré?se nyﬁér{&gw d DNA

, nown I n e art ee et
seqL&®6 pnalysisSs E)atld)leﬁarta‘#%g@e@mecgequenced normal and
Mdl sease associ ated nt DNA sequences are archived for
zcroarrd/
rison in a database. Resequenci ng devi ces,
mi crf’olryamql@yd«t sﬂmmwgiy a liight Grpughnud teahraqustthajican assay a large number of

polﬁnnlpc?]eoi %%altl gﬂnﬁpgoﬁ %gﬁﬁes Jsr}{ect?aq%et n!ﬁgf%g acg@ ﬁﬁ?ences. The arrays of the

mvnﬁtdncadfsuspﬁlj/ fcmlghnebaa(pmm anplyy$is, tdipgnesist df slibsase fand pregnosis of disease (e.g.,
mopurtoermegrzltpajuen\{%petsponse to therapy, drug screening, and the like).
Any combination of the polynucleotide sequences of mtDNA indicative of disease, aging, or

other health related mutations are used for the construction of a microarray.
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20 Data obtai ned fromthe sequencing of the individual

m tochondri al genone is conpared to population |evel
wa@ladoa/111Dk%e data i s obtai ned t hrough obt ai ni ng BEIPA2®6/000652

and sequencing m DNA as described above. Preferably,

t he dat abase contains information frommaternal |ine

st ublheetgrgeT h@cleimp’dlsaniﬂghtq b etalyded asing armjicmm’tm@@ deriveg from any

hunf@t Ay e d . ,
Ui e?%?e;g)fy’ I@(gllta n’esn%%eg%gf%mgépuat DN, o Prceﬁlously described,

pre@abb{bas%atefnasﬂagm ﬂ@lél sofid durhdus, dgiigakissiattodds or @8neudid farget nucleic
acxy\@&n s BfeQ C%FQ&&% &'nﬁg ciela{u?erlgaﬁﬂe?ssurfdglf mﬁﬁiQ%%B%Bﬁditions sufficient to

nec ssary ctlon processing an
prodiics 8 émbndmatlmnpa@f:mlorﬁtmmnenm mwiacssaedi thgmljehgtarget complexes.
Cons;}u(glro%t ri %%alrrnavol ved in this venture. The database is

A GIHZEE 8 ectroni ¢ system whi ch |inks networks
r esDIhet mitgpairay ennmtytsesm pluahtg of ongnd pkilyﬂueteomttes ettachébto one surface of a
I

sohg ?‘é&g‘r%’a‘g‘?e}&el%{ ﬁarcg L?g %j)%grgg%?ogldgsu% t’itéarcﬁé/dt tl(() gléet i ng/e or}‘cfhe solﬂg support in a

nonﬁdﬁxﬁlea’lqiﬁésylectédqggfd,at diasls @ssbatete vadipdperd tHesdrnag camprises a polynucleotide
- | bui | t .and :
confpariigy SHpLR GO, S AT R kBt s AP DB Sapn detal below. Any

conbdigible\sabsia®e nafy be emplayddan thews@htsont hr ough opti m zed

performance and s Iabllltyfeatures rate

ser{/}@r a‘Eaa’(nlsp‘i"BWLﬁﬁgt‘ﬁ@g Y UTGNE | BNy 1;Ahf“nlen If- a5¢ énemkg’ers may be

pro@{c}:éch iuﬁlﬁg mfaﬁlﬁﬁk(lﬂ l&&:hhftlu&saﬁlcﬁ ed'sVﬁoly?lﬁerﬁsiaec}ﬁﬁﬂ Trd’aaﬂlonp OPCR) and reverse
t hr qug I a ont ent icatio

trangqtiptiamh R Doy Ehess e ook SRl & B@éf‘cﬁ‘i‘fﬁﬁqh%? inpghe prt (see e.g. PCR

Strartﬂgfbls NicBd P Al B dikdIR Whall (1943 @n@PCR AnLoddSEh tb(Blotechmques Series, C.
scover patter ns, clusters_ and npdels 35 from

R. }@i@ 2o 6yhamP2BY e AmplifitdaralynyelpRtiday 6 rpwflﬂ%bYa%thods “well known in
the Hﬂ?(e@) &8 lunl puriRGuitie eV & fiRdcIbade is PRGMTEBRESwRIN ik B&anﬂ)lated S0 as

mutation rates, patterns of mutations for diseas

to t&eﬂtuémqtlaw fiey P PHEET GHA TRcepPplei RIPducknRrogicrd duringnibe éxnthesw of the
1eBR| Y StefersHR, LaVBhSHed 18GRE/ dH1D39 be sub lly free of
des%&a‘?@c%g’gc?%oogssz r%cﬁl\gl cieAcll% Menbers and Prgbsgsswrlﬁa y e o
confaprants behRay indesor fogterwiprenask éheamd@lgrf@mw%f theraelgisbes
thaf, g fehy §Q§§1& fdvedlohyint ol%&@&@@tcomﬁb’s‘?ﬁ&% GreB%dbfl; associated with the
sequence. "The target nucleic acid sequence is a
surfmaf 8iselidzseprriowherein digi syppogimay hq@éle@b@ oaERid soidppars t o
?tﬁfdesqppcﬁfto' Qﬁlﬁ:}? atﬂu}{l%cojcufjfnglﬁﬁ’e?%aﬁluﬁ@ at?a%h&f f @E Qsed in the
. cancer non- el anoma skin cancer and 5°the |1 ke.
inventiery Examples afiseitalei sdhct@qm@srwﬂ@n@iedeahmayezm ligpgedg, %\hcates such as

glasEnaﬁ’J Qﬂgar n% Ctgplélé%gngr | %Huggg g%rs,e ﬁ)‘é)g{s)tk%// gﬁﬁ{o‘l Qhacrylate latex,

rubber,@ud HewodagrontresmgevchradEEL@NALI d  sequences conpri si ng

RI\IAT}‘QrSOWQJBﬁIArP m hg rx?a. e %§&IQH9'“H \taget?}}?"sh %Es ﬁcludmg but not limited
, Nucl e| aci d ers are s
to slides e@d bepdsdShdep hroaids edvierl @u@mﬂltadmtag@ﬂﬂyd ithyie aggri mf?wi form of solid
sup}ﬁ)‘ftc %g 'td’ltge& ﬁatt Jﬂfface' ﬁ‘r\ﬁ@é’lgﬂd%brla- %OH Véﬁg&itézar@%lanﬁ%mﬁﬁé glass slides.
may be single or double stranded may
Slides algpranalble thEGarapted arpiieation phisngemniere Tse (¢ kagp At 4 ennstantdemperature, are
easyp{oos%sﬁ%ﬁd ff&:‘iht%@ 'tlYe”MFe'c@QEda San%l? Q¢ R‘ﬂ&eﬁ’ncﬁ&rﬁ’[wﬁin%bﬁxzed on the solid

pr obe. used herel n, term "probe” refers to an
suppeir femavdl @b RNfe andri@rcthAolmmpbélzempm éhe %’llﬂ \FeRngrtels Wsp Hagilitated using
sid&equence in the target nucleic acid, due to
conplenentarlty of at |east one sequence in the probe
wi tThepagiegerematerial selected@s thasgjak supregfi 1omot cTsantiah Fogheinmenion, as long as
it ptgad%sqgeeﬁ E&beﬁ"ﬁﬁl tchll %&8@%&% M@‘M‘ uéer{}%é Qsen?i&lt. Wﬂio%elect the best
accor to I'nventi on single or
commguml]e mﬂ@i‘edmdterum aggdogton chel esongmss of cost and availability, the expected

application requirements of the final product, and the demands of the overall manufacturing process.
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The invention includes diagnostic devices such as

bi ochi ps, gene chips or mcroarrays used to diagnose
w@pweiliioed di seases or identify specific nutatiPCECAZIO0L/000652

sequenced nmitochondrial genones are assessed to

create a consenus structure of the base pair

ar r ngewenietinds A esed dwi aeaneat gfrtbhhlbiletict agd 2@mberd @X the invention to

air | i .
the s%stxg{ect? g; dpch,s% r}ﬁf%trecp %oglgk)arlgog e%r{éﬁ 0?59‘93?%{51?%?? %ﬁﬁ%lgd using the
teclducagn o§ tiorcexamprig énﬁm Nbp.s5,807eh22 uwhidh isoincerpertted herein by reference for
. O ene chij 0 c

teacgnn metgcfds C(fg 0 %llﬁer atlB. men[ Amergwtn% dé e%o%tm& 19;%{21%(? gl? lﬂl?lgg %gntact printing
wamkgyders are |dent|f|ed hybridi zati on of ntDNA to an

Sra: ??{ C%Fl%h}%l[ ﬂﬁP mu(g ﬁg’[l dpi%selg:t%ﬁ S%b\% u%%%gmgdp% \If/glelg]ct slufft¥cient to provide for
adelydoe hybrid@htionrandrdstednion Uﬁte@et ﬁ%ﬂ}@lﬁﬂé(ﬂk‘ib yequartesduriy thesassay in which the

arrat')llﬁig %Wp‘ggiecf Sggn%ga[llysrglf:m | gnot ortlulc%}fdzpcé&) I'Iglg%t) ma‘ia% rﬁg%clated with the
solidRGFPRIHGI &lelayrapisai leadbouann ahgsprsfd@hlyasleut @ab@d 0 Sagandmore preferably

ene chips are _suitable. Thes r
st Sl B B AERE e Comeh 61 10D & Togeh Putyull uspply not exceed
abotit 2006y OWhéFe EHeQREIED acid AtmdEEs Csppadal’ @ntofthSRUY SipoAh & AWt comprising
entire genone very qui ckl Review arti

rticgles
an epeEdl Gt A PRRS Qs e et e spg il g@f&ﬁ%ﬁéﬁ%&ww 10 to 5,000
umsl%qaag)% AL HBio 2,008 pavAl bR Rudly MWWEHBEISR 6 MORS.E.OM
30 M'croarray Polynucl eotide arrays provide a high

t hr erjtab welynusddoriiaguaat hratpotiethorads ayray anchpsgd ap (areré expession control

pol cbéGt‘rlféL eé?lh' gl?s?na{cﬂ BordBMLAetREP b ShatoP Hon %ecfﬁ%f Binding or cross-
arget nucleic acid sequences. The arrays of

hyhndxzemqm tors Rehaugleatidglin the saryrn ethexihre Jisiteractn a‘[h}féll the probe is directed.
Ml&a@(@l%&de? th(ag 1nq c§t% %@th%}%?l@gﬂf?)ﬁ'l?spg&ﬁg bxst?d’% Q)@dnq:le if the target is

nonitoring a patient's réesponse t erapy,
presot e nérfrytly amatthederobds ikeguld Beconsistentlyrhightar ﬁhahth@ﬁmmﬁéched probes. In
addg%lnyl@ Wt LC%Q‘LII rglgma?ta%g 91%?)%%61‘9 fndTRNAch Pﬁi)'bgsgatré Yed gjdetect a mutation.
| sease, g, health refated nutations are
ﬂng@eﬂqﬂommvhe constructlon of a microarray. 29 WO

200?{1 1t%rgte?s %%rptgr (I%Argagiglgé gpeoge%%ed-rﬁgmthﬁ&%hufa%? tlgéclll% s%%lgs It may be

desfraﬂ:d)dfnoaan}phf}hﬂhﬁMgdt nmslcue acmt sa‘nipllﬁ yzhm\,im h:)}bndam(am r3ne of skill in the art will

apprec1ag:§ %t evéjrrllt 3 ganon methbd 1s pc{ §VI ou]?t&t%lvg:ergs%ft I1sb(?esfred care must be

y pr 0S g € nassage 4
takebem ase § insshod, thin maml;alrxsrorucmnneis fd'll’lehet Ial'agﬁ fnaqnwlnebs: of the amplified
polwag?tlcﬁggwgl § a?f S ﬁpntél??ﬁae tam\M}]lglcaStlﬁ pre elne%%vln 0 gmse ofe &l in the art.
FormXﬂfhhlé: equanthaycb'é |P¢|Rzlatzdlmg smaﬂthmmlpéo-mpiﬁpmge rkhewy quantlty of a control

el.C tar et _con strutlon
seqléenﬁ? %%1%3? %ag}‘le-ﬁ;]‘lénml:ﬁ d rhls 5 cEes an 1%’erna)f standa%) at may.be usedf 3 cahbrate the

oarray conprisesS a p
PCRImé¢agtiieh. pﬂieymgltzﬂﬁelty zﬂw rmytthahmdlud@pmh@ ssemﬁcatoethefntanal standard for

quagttlécgg% %tp B% arpﬂlﬁlc\:g Céeeogg h “t ]geetmsolpr(g 0¥snfl('§0| l{eag '[Iat(iive SP(fRQ' are provided
in F@R]Praﬂ@mts] AaGuipe elee’élodsedldrze}gjhomonEdmhs aisa;looékcadcmdc Press, Inc. N.Y,,
(195@ nB%l stul abtle arrgﬁlﬁ:z(:a?t}/on I I {Sn% nde, bEl)toalr (# ?1'111%}93 L?Peo V‘)niq]fx(l)erase chain reaction

nown | y, usua
(PCRQ(QInﬁﬁ,Cce al. ,aHJRi estacoed glunlegdf detheds dﬂtl@ﬂhcdj&hﬂﬂcadémya Press, Inc. San

le s bstrate Vi empl. oyed j.n, the . )
ieiro AR Geind 80 rds ot OefleRUr SR o gt Ergenemisn 560 1989
Landeges et all)Sciense) 21 C108C I(U)Sﬁ).?zmid&?aﬁmgary etd, GprieQ 8uded (1990)Y) ganscription

o B bR B SR IIATH  F D e g

seqiiBdtdRpScalbe(Guatdill, aral.f Rrod. INag @ ced) ISER TS AY8 K nemn(1990)x he
art (see e.g. PCR
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15 Strategies, Mchael A Innis (Editor), et al.

(1995) and PCR Introduction to Biotechni qgues Series,
w@2o006R110MEWE ONn, A. G aham (1997)). Anplified PCT/CA2006/000652

pol ynucl eoti des are purified by nmet hods wel | known in

t hef gYe&g?rg 8fovhio €3, l%%\hlélﬁetf?cft aﬁ%? gag)%le? %@’Zt enug Iar(:i‘a %t%cgt]t?y detectable

marh@ tﬁuhstaammdiltd) y>r fm@q:)oaftedpmtdmrrsolmuté mmy:d»erpised én the invention. An

ana B0 G peli BRSO B roRaThT e R Ve BTy coccta

and \§udrltifiad. Soetd@abRublsd duithtat |f()t useé @ethefpresaf) inveAti@rinoladd sny composition

detevm‘wlf:{h §;y 6tPos?or%gcr %Ptggﬁrﬁgga,lﬁg@g%ﬁ:glr trugge}'lgrkl) gr{nﬁgl electrical, optical or

chemﬂdMellﬁEdn@ndUkﬁﬁ rl]ﬂﬁiﬁ,)/lﬁ uhd @Qﬁdnﬂ envepOBtIndc biptiArfer shiaik Wwith labeled
associ ated wwth t ce of olid su

SeiTRIREFAD S CBBISEY Eeotad o oa PPV ot el ey fgrscein, e

red, ShiRRIHe, grédtyflsodsteht SroppQahd tHe 11M), edlidabaldql.gl, EACT,ABSS, “C, or P),

nenber may be attached may be uysed in the inve
enZynNes s eOrRSTAdih PErbItEse S e fage wgto&}ﬂrsaogmpﬁ& l{ﬁﬁﬂln an ELISA),

and Bléloredticn Obelk i sﬁbﬁ %@I dofloiddl 1€ Adresol e NIAS or 25adik a@% polystyrene,
silica gel, Il ul ose and njtrocell ul ose pape

and
polyRFPHATE: By SHH G st iy Moot 1oab dsbels’ Ptol’S. Pat. Nos

3 81@@@7 fal %@W@@%@@QGSG @@96345‘» l4t2|77 a7, 12, ONT M 4Thes, z&@l id
pport naterla gl e used in a Mﬂde varlet
? S

of
shd‘é@@s phstegtneych Isbels tretvell kppwreig thasg &1+ isshdary Thus, for example,
radlammaébe dasctel Qﬂﬁéjﬁh(ﬁ%\‘%ﬁ@l ﬁli"nl»'&CJCln@iﬂé’tiona&\'iﬁ‘t@Its aﬂﬁ‘&esoent markers
m of

and thus are a referre or solid sup fort
mayths detgespd usingsa pl@tﬂdﬁta% to Betes emiisd liggio Enaimage 1abgls are typlcally detected

by pEf@:ﬂﬁg‘t‘hé efdyfne WitRiarE 5@ ke l‘él§d &h@ec%@ﬁ§ re%!:tﬁ(ﬂ%?odu%r&idcgde@ the action of
enabl & the targeted application of reagents, are
the engsye o theewpsteate, andemarineatric labepere aletgeted bms@lplsea@gahmg the colored
label@sh and facilitate the direct visualization of RNA
and/ or DNA i mobilized on the solid support. Renoval
of TRiAbakartayrbe DIArporatagbiylany etia ombehef medns ovel ipewr to these of skill in
the th S Prof érl fntaaét%g Uy g dnﬁ!ﬁﬂt d{ﬁ§ laby]ﬁ sﬂﬁ’ﬁlfah&%l 1ncorporated during the
nat eri sel e d as the solid suppo
amplfeging stap int e pteeammneqfttheawmp@spdlmngle@sies BBhuSI fop exanipdie polymerase
. S, i
chalh Eegic‘?c%e(?lﬂésgﬁ? Iﬁ%gl%%ﬁ?rﬁerg Isflrétg%l:dt ’cle%tg(g:? %/11C nﬁi'é?%%bg{eg amplification
prodavtailh alprefernsteabiodiimehta sadcniion amhkfi@tomenilesrigdl abost using a labeled
nuch&%ea(:/aneﬂﬁl?rlelsclet %%%lelaspﬁgl n%}roa 33 B <|:oI 3) :{tl?]sogdlabel niratg %lF transcribed
polyhﬁt&eomdsr aAlItemmamer achbil inrag bpradchﬁ&lsrhrectly% tW)oﬁQﬁ)ﬁ/pﬂzt&ﬁﬁ):Z@tide sample

(eg a%ﬁ [ %lg Dﬁgl elr)oolflz% :E[Fta g,g%a 10m 6)]{0(1[161% aft%r the amplification is

compltednMears "fmmﬁm@]ﬂb@i ‘Oaioﬁm(ldeqmlldm:ﬂa_s svell &hewn exithes of skill in the art
and 1n|8 u‘élé Ifil;] am FQ% cg )t(rgn at101’1 C()Illfig%%grl)lé%} \g'ﬁ%a %rbglﬁg W? Qinasing of the
pOlyﬁucEB@)'ﬁdé 212(1 Subhctqohnuagaqhnm@tr (igatang df heobnucldyyide dhler goigiwg the sample
polyﬁ‘?ctleotlﬁe Caqakf%g(ergst i}‘ﬁlg§039(tre)p0| yner attachnment.

I’§ carried out u3|ng cont act
pr ilmtai mgferrEd tmbdrﬂmoérm,gtyle taFpet \aﬂnumdeocﬁnep@rl morg adoeioeli rdedecules which
esent osition
hyb1‘1Dlee to Oconlfr pr(z)ibéea 8181 Slér%)elcﬁoag Y Oo no albze i a%lafs c?e{le%glt%:d glﬁmot € microarray.
Labdzlai gatnapmltlym ungﬂotaredpolmqleetmeesqwhncesntgatt re esealy ¢dmplementary to

d.. Ge
contilfetmitrsol ey e R L Sie HOLB Ak et Shofh | R oblaind
fronSthe Indrrﬁd]mzp@h tcomtfold iif&:r athrﬁij{zahSn priovide abnted doit vabiatlona gn hybridization

conBE L EBIl Sy, Lk AR 09 1, AOEL TR & PLFLET 80 o per

hybxﬁdi@horas)vla@(lﬁtwugn@xﬁaylaj gher, but will usually not exceed
about 20 ng. Where the nuclgic acid nenber is
"spotted" onto the solid support in a spot conprising
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an overall circular dinmension, the dianeter of the

"spot” will generally range fromabout 10 to 5,000 m
waigwalliy2d r om about 20 to 2,000 m and nore usuRCT/¢ARI06/00652

about 50 to 1000 m Control polynucleotides nay be
Hybgigguticadronditierie array and used as target expression

co lectile BROY AR AhofRS RL &R & PRIvE Y leic acid

nugog}%tulcaeseﬁ%hn@%ﬁoormﬁon g)peCIHYQI E§: bi ndleng orE ért%rsggt-nuc cic 2ol
merhheb pid fapest p@wmboedepmdmﬂlémsl weerq the tprebe 92 s ngelpie acid member

b Ghbl Re$ &l
and";\l}:g %Qm%lg{]‘neﬁtﬁggﬁget n 1oL ngi Cegt%flenq& ggtﬁe é:r tl‘gbLl[]gsceE)l glerzngntlargnbase pairing.
Thmmlyg;p@mtrﬂescthajrdonm formdyybak dvipées atiefthqnh@asheﬁ@w lgaying the hybridized
t t u

pol}gloﬁgoﬁ@% D t ? %gt%étgcﬁ 1ca tmﬁ%ne H%thﬁgtogf hrhgl dAtg?}%g detectable label. It is
gena@llby tecagnjzed thaabdlyrmehotnhb angi denadtreh by ingreasing 'éxs émnperatﬂhe or decreasing
the sla t c%g%egg?tfez)ég)?a e béln e%on{%?nngrg th%j g«gl?x&tcle Jegg'h]%}:ltri%g(r)vg E&Sgency conditions
(e.gal@v chafperaeke rrdamhiphnsain) li}tbud dup)jexets (@guﬁNmeRNAIRNMa}{NA DNA,

B O T R E MR A
conwekﬂenta@p hec sp@tidcinh af hybhﬂtzewcew isangiced bic bivieo stringdnbyd Gosversely, at
. used, if itative resu

S g B B B B hrs v

misin@chds Nelethedsadfi opemizingthybridiza®n @bnditivds arephdlf kreedn2 those of skill in the

art %%2: ﬁ%@?%té{?{e[%i:}gﬁ{%gg] gqﬁﬁ%ﬂls%gan%%%ggfg% 1Q OBY: \IIQA %4]’1 gybridization

WltﬂPblynucFe@flde@%@EE@ | fe Tijshd et Kigdviey,eN. PCR 90ROl ves

I CIR IR A R S—r
the Rigp¥itAREaRN chiVeREMB! by tnakha, dhéré'l@t gdMBNtile a YaRent & hybridized target
calibrate the PCR reaction. Pé‘%h densi

{
PolyRgieqiide An i biate ydisEsA JBEY s ARG WO (ke of skl n he

art %@ﬂ%aﬁéj ufe@l THIUBMthti HBhdiioR fpatidi® @MBbdldd, @gbridized ohgonucleot1des
d@ 1nucl eotide. Detailed protocols for uant It
andprre

t
A Iephdsy P e SSUAl e R BibYasety AT Y1t ghe particular manner
of d%@tfbﬁ@élné‘ @%sépl%lsé(ﬁ(ﬁ‘ltth@ﬁh?mculaﬂ Dib8l o the@st polMuBREEHeCwhere representative
Press, In N. l(_]@ . Qther suit %
detegig) iT9agst m@lﬁdQTESPW@ 10Pné‘|’%@% B‘ﬂf?raﬁlf’gaﬁ&t ﬂi“ﬁ?sﬁ%et greasurement,
caloﬂ%e%ﬁ%tﬁﬁerﬁ&@l@h{ e?rﬁ&tdn%as&gn%) aldliiig, et al ., PCR
Protocols. A guide to Methods and Application.
Ima&é@@mt@nwéggfﬂxﬂnﬁlafﬂs San Diego, (1990)), ligase chain
%gl?@ﬂlg(hg%ma@%ﬁ gn&’!hy%hl lsﬂeﬁ(@)eand@? R fint tpeatn%ﬁg as described
e ren, et "al cl ence, 241: 1077 (19
abo'sm theBasultarigeybri 1@qtloa|patter@@m@etecgag Igﬁvtegtwgg)wsuahzmg the hybrldlzatlon

pattErtl af?]é ﬁfténpig) &Q:lg%?l \Qma lok tHe ?&H will tf(elﬁ\ﬁp&l)l)z & dé?écted vt &fantified, by which

is mgartfthag d§t5wnﬁleftpm sa@a @ncﬁ @é the élpibmch@tlplbwﬂ mat:aémeii andpgompared to a unit
Vah@lcovresg f 1ahittead®y-a Ko n&dber 3)531141 15&%@%&& pgl%'nucleotldes to
VO 2006/ 1 1029 PCT/ CA200 /000652 The invention
obtgir peuaber Foeqlute aput efghe mpgélpmber of gzty@eg@-la'g[s]@@) g_argeAﬁ)?t is hybridized to a
parH1Rt Yol Gt Yrfleh SRUGoaiiBRpdiE, Lt |5 attached to or
I ncorporated i'nto a nolecule nay be used in the .
i nVpibpdsrior palyziag sheydetacesl 1Fcyeddfé<tr@ bybgidizatioraiolagtoyy & sl known in the
art. t BordYmpR! \%ﬁééé QetedBh %tf dlﬁtlmn%fv@a 'ﬂ%ox@&@htﬂt&ﬂ)e@ a&altay analysis can
detecte uanti f Det ectabl e | abel's suitab
inclfidgrthe stepsiof d@tﬁ@l@pgﬁ@qxescemwjtbw ] fingt@g of gﬂpytrate posmon from the data
t.ect apl t
collgc}?o ; oéhem CaLﬁhé#%Ilg 2 hdg*rgﬁ &;eg{gt{n%s ﬁ?r%na([) gcgtnajggned statistical distribution, and
calcslaeng theelativeopindiompffioity of H@nﬁeﬁaiolmmdeiﬁ@ﬂdhe Featpétling data. The
r {
resulltl atg cﬁsz)gi% H‘%np aa\gg Svﬂrl%ntg!:o ﬁ}qeglé ¢ gl eaﬁg gr é%rfgﬁ%lﬂgg&ordlng to the
(e g , DynabeadsTM, fluoregsgent dyes (e.g.
fluorescein, texas red, rhodam ne, green fI uor escent
protein, and the like), radiolabels (e.g., 3H 12'1,
35S, 14C, or 32P), enzynmes (e.g., horseradish
peroxi dase, al kaline phosphatase and others conmonly
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10 and colorinetric |abels such as colloidal gold or

colored glass or plastic (e.g., polystyrene,
w@eiogpropyl ene, | atex, etc.) beads. Patents teBCHNCAZ06/000652

the use of such labels include U S. Pat. Nos.

0, 43

blncih% 7%‘1' ?% be%w%ﬁ a%sgéatﬁi 18%%@%262%1% %gc?gtg :‘ifbl ﬂclgcz[ﬁies erd the test
poljyrablebtsglear e wel | known to those of skill in the art.

Thu dllo];v%{ % {H%l Cor Vlsﬁgizgf!tl(%:? dlga%og eéa%tgne qis URLd'9 determine

phot ogr a F'm’or 'scin coun e
quaﬁiltumees@amtlormbduet}s gerkSic pwﬁlemf t@da@@ﬁedgcjs)p}yguca\eotide sample that was
con agﬁé dtﬁ;eecatrr?lg bot %g%?tte%:t}}y 1za O%Bat%er%g\%s \g%ﬁ%s%{;%ﬂyglolo%cal source from
whieh tHe la?beRd lnasgat ablgm&mdudhﬁiaemelwug detineedr @acg’emamn pmﬁkdlsameant information
reg%ﬁ 'tﬁ% %es ogkgﬁlg%ﬁ‘feoltl ?%Rr?slerét 1f1?%es]a§1¥g?ee g. dm tem%s oé t]%e types of genes to
whisSh el WrevdosipidnieAiang ad fwell eothe ety nundeedf cath partialiel p&)lymia&yleotlde in the

% i ncorporated by any of a nunber of neans well known

SaMPF- t hose of skill in 20 the art. However, in a
Diagh&tiepr Bdgrbotésment , the | abel is sinultaneously

o o B SRR o 0k et b, sk ety g invention alo
pro@NE B Srogoelicy/teRs RS onitdii A paRACE tc@lbbnéepﬁlﬂ)lerWyt mcba’dfhg @dlthe method
rimers o Iabel(%&nucleo i des rovjde a.

of t wwnlnpl&,é g }Hﬁsen(ﬁr [5gqse oy the gatlﬁptesfr%ﬁpp t%WBrga:f ﬁé]ﬁ?ctec? gy obtaining a

fluill bARSGE $aiipleOfford FPhtichi. C/&Ednﬁiﬂe ccﬁh@rﬁﬁg ahdlEe dm&itbq&tq;ardds}dﬁgthe fluid or
a |l abeled nucleotide (e %?eled UTP

fl uores
tissug@mgle- @F’)lu‘ikﬁ‘i:%ﬁ‘b?i‘ttré‘ft%‘%ﬁ‘ﬁn fhsisapple %@f{’ o %@&Y.Cﬁ@aﬂsmg a solid

subStEutdP R PHEHIRP F AR%eic Aid BEMBI, Wakiin cacl Mb@ber iBMd{&tive of the presence
added directly to the orlglnal onnucIeot|

of d(l@asg or a pedisp osﬁ@p%a Cq}jqﬁier &@05 ding to ths glﬁ@ostlc tlest hybridization

of tﬁé'@llrﬂpie' SRptiSifg RIRGYIEdd féfdn@ br Ib@ nadBik laditl GRHbeR ohShe array is indicative
onpl eted. Means of attaching | abels to

of %P%‘Fn%@leé‘éﬁqs’d‘é% loot WseAeA 97 RSAGHRR OF B g7 bt PIORRYSTC fegs indicative of a
pm&ag”@#%nwapgmhﬁplude for exanple nick translation or
end-1abeling (e.g. with a | abeled RNA) by kinasing of
Kitg he pol ynucl eoti de and subsequent attachnent
Klts( lcbrgﬁﬁlhg Qéag@xﬁts AnP HKBUhEN cas, bithire rmdtlQidE”o‘f' ghé BRsent invention are
gg Knucleotlde to a | abel 9
profifesor B?Eh?és%rél)le theykis My ep@pPHEdeashlD Glil%’élﬁ‘fuc lt’fﬁefo’f detesdipg mitochondrial
delﬁf h 0H§j %e@fb%la%lem{oﬁloﬁlgﬁﬁlEsan tﬁg.'lees%@élﬁc?' sé’x‘ﬁﬂl&rhnd tissue associated
y ze to control ‘probes on the mcroarray
fluigs ﬂimmrz may plemedmprigeensroamets Hrinsrs Wieh bﬁbelri@afwta‘;/mltochondﬂal genome
for lnﬁl?ﬁg %%rﬁl&lf %Eﬁsﬁtﬂr%c{ ait@seﬁl% ﬁgcﬁln@ﬂhé/ h Q&ﬂdeﬁﬁ)b(q{ssuch as a disposable

sequ hat are perfectl enentaré control
chlmlme@@mﬁgt hadéing thesokidhaprert énewoﬁoxf @@raetmn@ftnn Ny 2 gagrpgipr access to a
dmﬁﬁ“g§§ngg%g1@gg¥e The signals obtained 35 fromthe
nor mal |zat|on controls after hybridization provide a _
conFergiample, a/kif foadetasha mtANfydsletion sseqiased withh pepspiecageer may include
the lf&tesﬂd ahme%a%é ) xpnmér@qeuge&s aRd fn'st?dcﬁ&%y and ot her
factors that may cause the signa per f ect
hy bbimdlatatd i tq éet%raymmwélﬁtlcm ?sagfsatedswﬂvx@m exposure or NMSC may
1nc1%99@4011¥;191%9 I—ﬁ@% &ﬁg&qgé %@%ﬁ%e r@g@ﬁtk ch Zadthefons.
condi tions 'Pol ynucl eoti de hybridization invol ves
pr oQthgi Tghtlas duribe presst pweriienouch ay get deseréiediabovgcang in the following
il BOhaliff S5k 0) HOUCIMRY ndfe der condi ti ons
am&ﬁﬁp ' @ algh%sgﬁ tar get nucﬁelc acid nenber and its
con’ﬁheemwnawerttm getnoceamrmﬂaﬂwsieamﬂbéi ky e ifellatipg exeaples which are
O h
1nte¥15]{d %%g?sgrg{% %1 &y s not oﬂ;cllgn yk??? gg}%tlo se\)ylélsbeaarlpé)arent to those
dﬂ&ﬁemﬂmashed amay IeaV|ng the hybridi zed
pol ynucl eoti des to be detectmd, typically through
detection of an attached detectable label. It is
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general ly recogni zed that pol ynucl eotides are

denatured by increasing the tenperature or decreasing
W b@esalopd concentration of the buffer contai ni POI/CAZ006/000652

pol ynucl eoti des. Under |ow stringency conditions

(e.g., low tenperature and/or high salt) hybrid

dupl exes (e.g., DNA:DNA, RNA: DNA, RNA: DNA, 10 cDNA: RNA
Exfh eq%s%l)mwrgl form even where the anneal ed

seguences are not perfectly conplenentary. Thus

speEoliaving sequiitipy BF pr@ﬁtztaﬂu@rpr SYTZPT O ERRPVA Presfiefumours, biopsy slides
areﬁ{r%&g%%emlﬁp B%%ﬁﬁ‘ﬁin\é oraJancelPdLQ hefis. SthicPaap&Ye Merbdissection (LCM)

erature or |l ower salt) successful
midngsoeryds et itmisolate gelisrteas areeithar nommal briah & malgnapiEum B tissue section.
PTOQII%'élelgﬂt %¥ Hllgei( El%ét&%fléjdfﬁéxjeé% %u%ﬁ%&h&@&u%&s Wﬁln{ladlﬁ&%pg f cancer cells
0Sé 0 (see, e.g., Laboratory
is pﬁs;dﬂmfrom emommtthwmghmﬁyoﬁh@)umuéc ul ar Biol ogy, Vol .
T ! 'g%ﬁﬁlklg &%@!Elngrg \f}o&l%a%%@xe?@éeﬁ@%% ]ﬁﬂtﬁ%&j %05%9%35 a nfodification of the
proh)ﬁblrdudlnzdiby Art;turm@mgu;ebmngj&lz eldNAaipseracted fromi eble véth a S0pl volume of

ynucl eot o) u N
1 n—@gﬂ\péﬁtielgﬁstel ?@9 Vlerls Htll_{e ?g‘,bgtlté‘@% gr a% I—tI 8% 5&?? %% Tween 20, at
42°0f ovBryilpht. CFoZlGﬁ}mtg aﬂiogﬁzttlon poérmgmalt &0 thetubes Wdﬁere&lﬂ)b&i fmm éle incubation

o ok ok R R oS PRGSO Fhe Capsurem vas
rerr[o%@d" kb Nthe VRN Al Egthided Pt tig¥eN®aOinchiakal #d5°C for 10 minutes (PK is
hybri di zed ol i gonucl eoti des 20 and/ or pol ynucl eoti des

inagfipteBe and dheal Pooled tor raset dxmpsertre eroWdr Plotle BYRiygs used for PCR

ﬁclgt §he particular manner of detection being chosen

ased on the particul ar | abel of the test

pol ynlmleg:pmrcf@ammh adividuebragpien aest dmpdlificdidyeleXFER yringrile appropriate

pri F}g q'g/ggrgé&tblel IJC 5111 QQHW}J rﬁ% 1alﬁE“r&licﬁ1di &Wﬂ%ﬁ ithe entire 12S region.

uorescence rrea ur enment orimetric neasurenent,

Thése AR peoriusts it tharsecenaetusing 1agluthrqmghnurc Rgthodspg drewell known in the art.
Acq 1y WPl fied using th Tabl
hyblfzkllt %ﬁé\%?}o ﬁﬂgel@%aﬁi}&\jh\gl]é %enéxﬁeespr? S)J VXIH%Q ied using the primers in Table

5. §lpbxsﬁque@mre trdeanipidnaten oéé)wbeslcrmeb é‘@m mblignent ttnh@ur cells of any Geason

Gr 6t % e!:% ?r?q%] arg %5’ éc:;eglt % g?%ﬂmﬁ’ %& &LIE] gblﬁ g:j‘?%?ilﬁig E)gmg\lx ?land may be amplified.

Otlieh @rastatee tisudsy which sbgd allnd\am anepld’fedtlh@udeabmost@mq {ntr‘g@lthdtal neoplasia

(PI&Eal%/en{bgﬁ e{)jrg%tgglﬁ; yp]grr-pgarsﬁagéiﬁls %?r%la}glpi 1§‘%r Itfg?sz gt‘tnrg'ﬂol& and cells with
undtitdrininbé clmges U Ted mﬂdwasaim’pamepfo!st&te aSSlLWH from § hindeviduals electing to have a
progt?a{er%tﬁgx n%lgi; %tI % %{quf ca Al%%f)sésb t? eg) M%sue %QSV\%?IQ %E?Jn?&d malignant,
adjed@uNbenipn #ldSdtant denigd &emoafaclt hﬂlvurhlply Blomﬂ)élorméacb@eﬂmnt was used as a
posgtgvgt 1|1 ab(? %e%gedgggugfyg?%olﬂl]? ¢ gxpﬁij Frﬁda%zeﬁgerﬁl%glga{ th%saer stam%i’é Asulted in the
noWkhhedisnd @en anddbye . nGhe hﬁtadaﬁsaofdhlbleeﬁbhredﬂst)mmded in SEQ ID No: 102

wh}g\é:flstéglg f) él?n : Olsgb C}@%i% §3 ‘}NelfOb W c?lvfntls Zﬂ};let cl}egeﬁlorll hv c{ SE%ID No: 110

to a3§ |vﬂﬁ1fheﬁﬁelfﬁe Inadvedns. dadslamemtmlsms |a3d gartation npisitides e determined by

st eps of fluoresc
cofRe P ST A BR UL FRESO AR ARE) iy g e ol b
has bd:elnemtnedmed enahv thag theuddldtlen sif ppsleon 3tgt & dhmotedtas raggap and the rare

fro p ermne statlst al [i
po}é{ﬁllo }Sg't fsﬁéeqaﬁé)e? ef® at"}e\(}e Rl ﬁné t}é |tﬁl(?§}m€$p b?}ﬂktdreéltons) was then
sutj@tadnio gridtipaldeapbiicameidiaisy essi stindgrddattlee arfheith the following results as
resulting data is displayed as an inmage with the
§ 9%1&%‘?1?3 ‘in each region varying according to the 33
WO 2006/ 111029 PCT/ CA2006/ 000652 binding affinity
bet ween associ at ed ol i gonucl eoti des and/ or
pol ynucl eoti des and the test3s pol ynucl eoti des.
Fol | ow ng detection or visualization, the
hybri di zation pattern is used to determ ne

am
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quantitative information about the genetic profile of
the | abel ed target pol ynucl eotide sanple that was
weobacted with the array to generate the hybrpdi/zarioenoo6s2

pattern,

as wel |

as the physi ol ogi cal

source from

5

whi ch the | abel ed target polynucl eotide sanple was

derived. By genetic profile is neant

i nfo

rmati on

Tabie92r di ng the types of polynucl eotides present in the

sanple, e.g. interns of the types of genes to which
they are_conpl |l as the copy nunber of
each par {iBlabdr otdjatenti ) milegnagablnknowro

Di agnostic or Pr Tewmige The i nvent| on provides
for diaghostic tgsts for |detecting di seasps. The

I nventi ol .uvbf;° +of “racno“*}y st {ot

noni tori : 'eHE‘E“resp %g/ @ﬂ%fap/. Zwégrjing
to the mpthod off the inyention, the presgence of

di sease 0T [NJoPATELI0,S [T ERGEHSE 2903RET RPY%.13%%
detected|by obtailning a |fluid orf tissue panple ffoma
patient. |A sanplg conpriging nuclleic acidlis prepared
fromthe|fl 1d.9%0r 159G%squds. Bedaplle.3.22% nhASSE1& agi d
extracte@d fromthe sanplg is hybrldlzed tp an arrqy
conpri si | Sol-td s%b:tratclgnf 6 ety 3/

nucl ei c ciazﬁénter%Qoﬁheré?W) éadh ﬁ% er 9%0 °

i ndicatiye of thqg preseng¢e of dilsease or|a
prediSpObiliOﬂ TO a dI sease or disorader. According to

thi %hed Ire%%%o emo st}a? a ¢le

conmpri st ng nuc
andmaﬁﬂtmmﬁ tiosue tdtsglaﬁ hnghylustsnmgrﬂj@qoatcw €1.000dnddi. 9@ h slateregtingly, adjacent and

cafjg{d’ pagerIOE%alt J%ﬁse, show levels of
trafp@dringtidn’ With e&pe&%e)ftﬂ@ iahmpke&[fg}hngj@ltsde tKe tistagtobenagn mind gdjacent benign

B T

and

I nstr Ct 1. ons

G oSS RE - HVRRE (R a1 &

nore nuc

el c ac

theKblIowﬁBQ’reﬁ@tﬁ'ﬁHhﬁ@nﬁﬂB@&ﬂltbS and |nstruct| ons for
detecting mtochondri al

T E@ ropl asm es, honoplasnies in tissue specific
ﬂgles and tissue associated 25 fluids.

al so conprise one ar

del eti ons,

nnre l"\rl

mut at

i ons,

The_k!ts

the mitoch
ext ensi on

oBthoflal gg
product k

ol o

néistent f or

- |

(i benigiay al

nedidcay a
s‘éﬁni&ﬁcl ud

support
the solid
means for

u\.

S,

access to

e L% or

 or
a

6

8% on

i on

dat abas

r ignant
a solid

of T"BnA

For exanpt
associ at ed
forward arn

g, T 1
\Méﬁ?%ros

d reverse

00.06%.ECT
3.4 prine

tate cancer

may i ncl

r eagent

€93 £¥%,
ude 30t
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Exanpl e 1: Prostate Tunmours Fol |l owi ng acquisition of
prostate fluid or surgery to renove prostate tunours,
whr@payl0gd i des are prepared to identify transPOr/OAnY6/000652
or cancerous cells. Laser Capture M crodissection
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ibileleey MH?FMIIQNB&G@NS oNDn;mIi)ngXl ddoDYTBe tissue
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such as pre efous cells i nvpdi ng groups of
cancer cel IJ:S%‘;ES possi bl e f?‘dé)arﬂs%trrong the surPaigRdrtn
ret-erogenreods=ce o Total 85 roction from each|of

these cel | S03B8 purlfled ac%l‘\é‘l‘ng to a nodi 1450t i op
of the prot8eol| outlined BP3Ar ctfirus Engi ne#Sng | fic.
DNA was extracteld fromcells W|th a 501 vol ufd7of |
pglod—proteinasel K (PK)  in | Tris pH 8. 07400 _1nM

Fol | owi ng i ncubati on over ni4f, at] 42C t he t ubRg, wer ¢
renoved fromthg i ncubati orbl7&ven. The sanpl&sS3were
m crocentrifuged for 5 m n @856400 rpm 2000 302§). The
CapSureTM was __rlenoved from77éde tjube and di scar ded.

EDTA pH 8. @08%%‘ 0. 1% Tweer2028B 10 42C ovaasMIght

The tube wasohmdubat ed at PFdGABor[ 10 m nut eS34oRiK TS
i nacti vated) and then cool ed to rloomtenper ajsyge.
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5 501 gfthe-s %IIQQH for IPCR anplification

anplified, " £:X- PCR using the afpropriate 4%7.ners
for hypervé 4ablfe region 1 (HV1),| hypervari &i6B& regf on
2 (HV2) an®%he lentire 12S regiorf. These POR2{rodufct s

are then sequended using hi gh thrjoughput netM6ds as|is
well known in the art. AlternatiVely, full |léagh
mtochondrial genones nayv be anpllified usindSebie

prinmers in37& @ 5. Speci fiigABagture and 378ML -
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e
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prost at ect-ay ‘because of a te cancer diagnosifs.
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det er m ned By 30 conpari so tet e Revi sed Canbri dge
Ref erence Sequence (2001), ver the historical
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nr\' \:rmr nhi cm 7 heen Sﬁzg ed A subset Of i -“ S

| SARLEA e

dat a (7 " prasIB ol codi ng reg4166§) Was then s4ispMEctefl to
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Tabl e |

a Bl ood distant adjacent malignant Unknown

beni gn benign 5 100. 00% 0. 00% 0. 00% 0. 00% 0. 00%

WG.&]OIB%OZSS 48% 9. 68% 29. 03% 16. 13%

D.0.04

12.

9% 12. 9P%/¢A2006860652

T

o. ££70 U, UUY70 U.

2}

Y0 Y0. (670 U. UU% Ihe
results dgl ﬁ@trate a cleqmigghoFrn of nal i gaahnt
transfornq%ﬁ hbrnal t|s§Mgm ood) and nallgna1t
+Hsste—ch Hghcoste g [ EqUenti €S 41 —and

11. 0. 967) . ‘ﬁg %stlngly, adj acent jnd 15 dlshﬁq
beni gn, both of| whi ch appear norjpml in a histol ogi ¢al
12. | and patholqgbg sense, shpwaBeVvgel s of trangfsMinat | on
with over 50% of the sanplggofal]ing outsidgghe
di stant benign pnd adj acent benipn intercepos.
13 Noreover, HﬁBS TE Jdart a apal yzed Dy a Nngigmgl -
net wor K, as I's ptandard in the aft, wth the,
follomﬁng resulfs as shown in Taple |b: Tabgﬁnib 20
Bl ood di st ant aoJacent Nhllgnant beni gn begjgh
300~ CCQ’UC nnn/ c O—00°6 0" ii"ar.-«f; 0
4. 25 19, 35% 0. 00% 77. 1353 b206 0. 009 000! 78%
30 This ta homs that, in the| presence of tunouf,
al | prost ’ ssue is considered malignant at the¢
nDIecuIar even though anafom cal appearance|of
t he tlssu be "normal ." 36 2006/ 111029
DPT/nAonné%ﬂ 6b2 T ,
15. | ND2, COXl‘ﬁHBBCYTB dlstant4%ﬁ%%c nt mal i gnaft"™beni gn
beni gn 10508320bAB - 105M.4%17- 60B7 4655 465%398’ 4917,
7407 2. 208DB ROSAB - 208-7\;490 4917, 4722, Zog;
15323
16. 451DB 451AB - 451ML
4217
17. 452DB 452AB - 452ML -
-4018, 3308, 3480,
6557, 3480, 4591,
15286 3594, 5268,
3666, 7159,
3693, 7407
5036,
5046,
5393,
5984,
6548,
6827,
6989,
7055,
7146,
7256,
7389,
15115
18. 455DB 455AB 455ML
-7160
19. 456DB 456AB - 456ML -
- 3589, 4216, 4787,
4216, 4787, 6579,
5312, 4917, 7059,
5424, 7407, 15302
6041, 15343,
7013, 15452,
7407, 15607
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5174, 6553,

5985, 7028 6776 3. 349DB 349AB 349M -

6548 4. 377DB 377AB 377/M. - 4735, 4917, 5984, 668
WO Aa/17028, 7407,

- 6776, 4703 15043 6. 380DB 380AB -
017156218 3501,

15452, 15607 5. 378DB 378ARCF/CAYBI00652
380ML - - 3469,

4951 15218 5440

6059 7. 382

6!

82AB -

382M. -6307, 4716, 6147,

7407, 5371, distanig)
15607 153240981802

15452, 15digent
be

7028, 5312, 6691,
5523 1552Mmaligsep 3
- -4733, 6219,

TL

1733, 70281588452 7028 15607 9. [386DB 386AB - 386N\
15677 152145218301, 15452, 15607,
20. 457DB 457AB 457ML
21. 458DB 458AB 458ML
-5198,
7407
22. 460DB 460AB 460ML
-5147
23. 461DB 461AB - 461ML —
- 7028, 3394, 7184
7184 7184,
14899
24, 463DB 463AB - 463ML —
- 14903 14903 14903
25. 464DB 464AB 464ML -
6314,
6643,
6667,
7028,
7066,
7407,
15265
26. 466DB 466AB - 466ML -
-3507, 3908, 6382,
7028 3969, 6776,
3992, 15527
4017,
4185,
4239,
7028
27. 467DB 467AB - 467ML
4917,
5147
28. 498DB 498AB - 498ML
- 14918
14903,
14918,
15355
29, 501DB 501AB - 501ML -
- 4580, 4580, 3966,
4826, 6776 4569,
6224, 4580,
7007 4917,
15379
30. 504DB 504AB 504ML
-3507

39



15670 10. 416DB 416AB 416M. -4561, 4864 15326,

15525 37 WO 2006/ 111029 PCT/ CA2006/ 000652 di st ant
wa@eajoaaerne9 mal i gnant  beni gn benign 11. 417DB 4RGEBA2006/000652

417M. - 4917 12. 418DB 418AB - 418M. 7159 7028,

70Tt 3 426D 426AB 420NC 4892, 5102, 57213 14.
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Cluster analysis

The mutations identified in the 31 individuals diagnosed with prostate cancer were analyzed
using Hierarchical Clustering Explorer (HCE) (www.cs.umd.edu/hcil/multi-cluster; Seo et al, 2002;
Seo et al. 2003; Zhao et al 2003; Seo and Shneiderman; Seo et al; 2004a; Seo et al. 2004b; Sco et al.
20052; Seo et al. 2004c; Seo et al. 2005b). In addition, the mitochondrial genomes from prostate
needle biopsy tissue of 12 males clinically symptomatic for prostate cancer, but where pathology
results indicated that the prostate tissue was not malignant, were also analyzed. Figures 2 and 3 show
the cluster analysis of the identified non-synonymous mitochondrial mutations. Figure 2 is the first
half of the cluster analysis and Figure 3 is the second half of the cluster analysis. The y-axis lists the
patient numbers for the 31 individuals with prostate cancer (105, 208, 349, 377, 378, 380, 382, 384,
386, 416, 417, 418, 426, 449, 450, 451, 452, 455, 456, 457, 458, 460, 461, 463, 464, 466, 467, 498,
501, 504, 505) and the 12 individuals showing clinical symptoms but having no malignancy as
determined by pathology (2, 35, 51, 209, 270, 278, 375, 480, 503, 536, 560, 858). The y-axis also
indicates the source of the tissue (i.e. distant benign (db), adjacent benign (ab), malignant (ml), and
(b) blood). Benign glandular tissue from symptomatic but non-malignant tissue of the 12 individuals

is indicated by "gl". The x-axis lists the sites of the mutations.

Figure 4 is a copy of Figure 3 showing a suite of non-synonymous mutations associated with
clinical prostate cancer in the shaded area. The mutations occur in specific genes: Mutations at
positions 4216 and 4217 both occur in the NDI gene (NADH dehydrogenase subunit 1). The
mutation at position 4917 occurs in the ND2 gene (NADH dehydrogenase subunit 2). The mutation at
position 7407 occurs in the COXI gene (cytochrome ¢ oxidase subunit 1). Finally, the mutation at
position 15452 occurs in the CytB gene (cytochrome b). Mutations 4216 and 4217 invoke a non-
synonymous mutation at the same amino acid, and like 4917, are secondary mutations associated with
Leber’s Hereditary Optic Neuropathy (LHON) (Mitochondrial Research Society; Huoponen, 2001;
MitoMap). Other than prostate cancer, an association for 7407 remains unattested. A mutation at
15452 was found in 5/5 patients with ubiquinol cytochrome ¢ reductase (complex IIT) deficiency

(Valnot et al. 1999).

In the cohort of 31 men who underwent a prostatectomy for prostate cancer these mutations,
one or more, were noted in 20 of the subjects (64.5%). As mentioned above, in each of these
individuals, total mitochondrial genome sequences were obtained from prostate cross sections for

three types of associated tissues: malignant, benign tissue adjacent to malignant tissue and “distant”
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3693, 7407 5036, 5046, 5393, 5984, 6548, 6827,
6989, 7055, 7146, 7256, 7389, 15115 18. 455DB

wWo 2681 W2bM. - 7160 19. 456DB 456AB - 456M. - PGBBA2006/000652
4216, 4787, 4216, 4787, 6579, 5312, 4917 7059,

3 , ,
be’%gﬁlsm%ggz%‘%go%&?ll%%ug %%%%&12006 000 Téssg‘?%gﬁvere laser capture

migigflissseqied rﬂaCMg nenta qadifiedn clidenl grattiok@sd SEME@S ®ere compared to
mlg)gg&ﬁg%l %@%) 6e cte(fla'r:h% u%%%é‘%ﬁéﬁ%gbﬁtgli% %&3&14 6% éﬁgncmg results
indicate that mltochondrlal mutations, often heteroplasmic, appear in all three tissue types. Contrary
to the analysis of Alonso et al. (2005), mutations in mitochondrial DNA from malignant tissue,
adjacent benign and distant benign were found in comparison with mtDNA sequences from the
patient's blood. Heteroplasmy, mutant and normal mitochondrial genomes existing within the same
individual, is considered evidence of recent mutation (Huoponen, 2001). Most mutations are not held
in common between the three tissue types from the same individual. In fact, the comparative
mutation loads for each tissue type is roughly the same, indicating that mtDNA mutations are active
within the prostate in the presence of tumor, irrespective of prostate tissue type. Moreover, tissue
which appears histologically benign, is often found with mutations in the mitochondrial genome.
These mutations are not associated with mitochondrial sequences embedded in the nucleus, or
NUMTS (nuclear/mitochondrial sequences) (Lopez, 1994). A lengthy cloning and sequencing study
of human NUMTS utilizing a Rho" cell line, as well as comparison to known NUMTS archived in the
NCBI database was done and no mutations were detected to known mitochondrial pseudogenes

archived in public databases to ensure data clean of pseudogene data points.

In the 12 males clinically symptomatic for prostate cancer, wherein the pathology results
indicated that the prostate tissue was not malignant, benign glandular tissue was recovered by LCM
and the mitochondrial genomes amplified and sequenced from prostate needle biopsy tissues. Results
indicate a complete absence of mtDNA mutations in four patients, mutations only in the non-coding
control region in four patients, or mutations in both the control region and gene coding regions in four
patients. However, the mutation locations were significantly different than the malignant cohort (P>
0.01). Additionally, only one coding region mutation was observed in these individuals and of these
mutations one fell into the regions mentioned above (i.e. NDI, ND2, COXI and CytB) (patient 375
CytB at position 15081).

When both synonymous and non-synonymous mutations, inclusive of the four protein coding
regions, were used as malignant disease markers, 30/31 (97%) of the prostate cancer group was
identified. Table lc lists the synonymous and non-synonymous mutations found in ND1, ND2,
COX1, and CytB in tissue samples from the 31 individuals with prostate cancer. Mutations in ND1,
ND2, COX1, and CytB are clearly associated with prostate cancer. Although the present invention
has identified the mutations listed in Table 1c¢ and Figures 2 to 4, the invention includes any mutations
in ND1, ND2, COX1 and CytB. In the same analyses, 1 of the 12 benign, symptomatic patients was
included with the malignant group; however, this patient had a mutation in CytB, which may indicate

early cancer progression. The rest of this group clustered with the blood, or normal control.
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- 7028, 3394, 7184 7184 7184, 14899 24. 463DB 463AB

- 463M. - -14903 14903 14903 25. 464DB 464AB 464M. -
wWo3bdn1108643, 6667, 7028, 7066, 7407, 152BGIr/282006/000652

466DB 466AB - 466M. - -3507, 3908, 6382, 7028 3969,

6776, 3992, 15527 4017, 4185, 4239, 7028 27. 467DB

467AB - 467M. 4917, 5147 28. 498DB 498AB - 498M -

149;&%tat1§tdb%p'§1a gé%tl@stant %érﬁé?’ﬁorg Shali ﬁt[ggb 84 68n are%lqg tH¥lbenign glands
5588 6776 45 224,

of thg @2 sypgg;qmatg:@gry got rmjlgn@(g g@gng MABO@@ Aipce there were 31 malignant patients

and 12 symptomatic but not malignant subjects, random samples of 6 groups of 12 from the malignant
patients were run against the 12 symptomatic but not malignant subjects. A chi square analysis for
each of the 6 groups was run. The results are listed in Table 1d. In every case, the differences were
significant at 0.01 level, meaning that the difference between mitochondrial sequences from distant
benign tissue in malignant subjects and mitochondrial sequences from symptomatic but not malignant
subjects was not due to chance 99% of the time. The analysis was based on the number of mutations

found in the four coding regions discussed above.

Table 1d. Chi-square test

1) First set of DB - 426, 456, 450, 449, 380, 501, 386, 456, 466, 378, 457, 504
2) Second set of DB - 377, 105, 451, 417, 501, 456, 426, 498, 382, 461, 384, 464
3) Third set of DB - 467, 208, 466, 505, 452, 458, 105, 498, 380, 463, 208, 377
4)Fourthsetof DB - 416, 504, 457, 466, 382, 452, 460, 450, 498, 386, 418, 501
5) Fifthsetof DB - 456,452, 461, 505, 464, 460, 378, 455, 417, 505, 449, 349
6) Sixth set of DB - 463, 426, 498, 349, 455, 466, 452, 380, 386, 461, 450, 460
Tissues NDI  ND2 COI CYTB Xi-Square

Symptomatic 0 0 0 1

First set10 8 12 7 35.14

Second set 3 6 14 9 30.11
Third set 4 2 7 8 19.12
Fourth set 3 4 7 11 23.09
Fifth set 4 5 10 8 25.12
Sixth set 4 1 5 9 17.11

Symptomatic Patients - 12; Distant Benign - 6 random sets of 12 each

Example 2: Duplications in the non-coding region of mtDNA from sun-exposed skin

DNA was extracted from tissue samples as described in Example 1, with the use of DNeasy™
kit supplied by Qiagen. A "back to back" primer methodology was used to investigate the incidence of
tandem duplications in the non-coding region (NCR) in relation to sun-exposure. 32 age-matched,
split human skin samples, from sun-exposed (n=24) and sun-protected body sites (n=10) were
investigated.

The following duplication primers from Brockington et al 1993 and Lee et al 1994 were used:

C L336 AAC ACA TCT CTG CCA AACCC 20 mer SEQIDNO:1
D H335 TAA GTG CTG TGG CCA GAA GC 20 mer SEQ ID NO: 2
E L467 CCC ATACTACTAATCTCATC 20 mer SEQ ID NO: 3
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technique (LX-PCR) (Ray et al. 1998) was used to amplify the entire mitochondrial genome in order
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reccﬁ\ﬂrﬁ@dhmdr Tigd entitet itdchorslrialgfeh@me femplifgsl asmocsepaam@a‘rtlons using the

Exp 1?d %(tglg r'[gfnpgfesﬁé'ig éé%%gme'% rﬁ}}?ﬁr\]}nr eﬁr;l‘x?n?leﬁrﬁo { gﬂg g(’ii)l eSPCR primers

usedMNA thdse AegrEbddbyakkeinld &lie(1993djoaamgtthdtibgimgaegions of the Cambridge

o et 0L RSB SEL D ) 09, oo e

SCqUEAEH
578Mmyt gjat (Ii_lllﬁ (Ao 15mad-578i1§. oThsa dinigal pr@émmhmmatestampgﬁcatlon of nuclear

wi thin the sane tﬁleldual B@ conS|dered evi dence of
pseydogenst HhsaqUeRsss eHUOPORER e 3B Most nut ati ons are
Duuvt33b$l6515 5TA AORTRTCIETGECAANTE Qthr/eRA ACASUSEQIPASO: 5

ougfart o] bans Rhcaduior el B SoREAENGEE *°

OLﬁﬁrrSmLmWﬂGGm\GMCetwecmmm@m @' SR} [D/EO 7
ostate

Dnﬂ?ﬁ%gﬁééiléeAB@AEQggFg?éTgpgéggﬁﬂéggﬂgw%¢gpsggID?%%sue

wWhi &hp RRREMsSrd bt fofrh&iih G8 nhiYro@diegdtiond Son@diisn 1f6quaxn| of each primer,
with mutations in the mtochondrial genone,

500pmobdN Biss | ik BCR dutferswiticZaired Nl tﬁ%#@t&%‘ﬁ@ﬂt} 8|7§ W of enzyme (3.5 x
10° ?ﬁ%&ﬁg 5@%% %ta'l P Q)r{équ{cﬁbl'?'gen@rrates Wﬁg segments of the genome,

mtoc rial sequences g

whllleeamgthhlyremlt@m hé0%n dengie (reh Kilaigle st %dl;” Pﬁwhﬁms conditions
con's(lﬁ% o{“ Zkfﬂ%l’llgn%mr}éc)%% a\? 2% dl Pﬁp @%&PJ)W@HSD blgs @1& Mg% gor 30s, 60°C for

30sand 68T fodtl Atniinllovedderycefuethéredd dydek oot samd profilervdthi anl additional Ss
pseudogenes archived jn_public.d ta ases, S
addg(étoéhq:%%‘ugﬁ ter% %‘i?@’o‘@'éke Tg%&a 13 ap%rfaﬁ f??§t¢180r§§ ﬁg gor 30s and an
elor%%{ug}l El%l? loy 6§Wminﬁte§ Offo RnQLRe %p@od%&ﬁﬂ@f a MGH&intbunt of DNA is
e pathology results indicated that the Prostat
separaisd ue avids agoese all angreaht samplen Mgish gramfUrast the saag amygy of DNA are
LCM 20 and the mtochondrial genones
\
mdﬁ&%ﬁﬂ?&%ﬁagﬁh sequenced from prostate needl e bi opsy
ti sé@@ter Reesn | nugbpmefi delatiensals do¥Rg! withe Ingisaunge B Vo xPRIYINA the tumour

sa gq&gg hfrabi0yr patients, mutations only in the
on-coding control region in four patients_ or
nutations in both t eraﬁoﬁ\hﬁl%r JfQﬂale@ianaﬁd SRAR nufbeN@f deletions in
UVewngseies in four pdtakiﬁﬁ&ft-nlom ﬂfermfshe nbﬂid’érhhﬁlltumour
anrlllcantly arenf thanr—the
Corf¥iahi @a®nt cohort (F4.0 0.01). Add|tionally$6only one

codlng regi on _nut at

ion was observed in t

ese

IVI | s and of
hltetrrﬁlqw té ns menti orn

Smgwﬁ@ﬁ;gga@ and non-{$y

hese 25 nutations ongikell into
ed above (i.e. ND, NP2, COXI and
CytBat position I50B81). Wien both

nonynous nutati ons,

dinn rnnlnnq were u

the four protein cd

9nc|u5|ve of

~ad as
S

nalianant di sease narkers

Tablgdc

30/ 31 97

pmprisepof e Meanduybex ofdgletiqagbsery dc‘n |ﬂPe

P&ﬁeosf tb%A between

norNRARYIRS siah thiciPRor WIRAN OV expost@bdd9RBesf ound in ND 1,

ND2, 30 COX1,

ND2, COXI,

prostate cancer. A

Mut at i

t hough the present

and CytB in tissue sanples fromthe 31
|nd|V|duaIs with prostate cgpcer.

ons in ND1,

and CytB are clearly associated with
i nvention
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has identified the nutations listed in Table |Ic and
Figures 2 to 4, the invention includes any mutations
WO p0obiDLL02ND2, COX1 and CytB. In the sane anal yRBEB(A1006000652

the 12 beni nptonatlc patients was included with
Example Srdg| 1M hovvever this Lent had
mutEs maa i i PR G e BB PR s gend parent)

the dAFiRMCQRHEOST. mDNA E)&ﬁt:te@froxtnm @vegrtﬁwa i tapsilye nadlacsitatelst fequenced, in
bl ood, or_ normal control,

0 9
ordepeSTRSREDI0L] B0 ARV of PP GG ST BY (o spegilc molecule and
possiEN Bty iouEal g anthesd) bhe@ﬁﬁéﬁlzﬁﬂiﬁﬁ&f@domﬂarémeo thealihg ktatus, aging
glands = of the 12 s omat i not Ilg
TN T T AT N T T

allo@@t 8IS staffiall ZisVimiia06mE bdwhbdt sEkﬁtYathad:dugﬁamésultmg in the same
ects, random sanples of 6 groups of 12 from.t

mu"‘?ﬁ’ﬁf‘}d@ﬁ‘%{m and getablishgshafdheeDUA SE4FITES upedes ¢ pio- marker %as the required
inde® %m&ﬂ‘ﬁﬁﬂl endithsifiAly iARIrded AR BtabBsPjtLCdlifity. AICAIditR@ LI the @roportions of
anal'ysis for 5 each of the 6 groups was run. The
baser padtuifigletions @nd ingitasigns AreTepmIPared dor FONSISIFRFY, e ¥YiwUS ftisgyes across the 4
matéﬂt%afl g@ﬁeﬁzﬂﬁ)gsc‘ Releht nﬁﬂhgﬂlégl&ﬁﬁéve%mgntgliaxl' IIYe%ImtteHQlét@btﬂﬁ of base pair
a

I fference between m tochondri sequences
delefiors rimgiicatedrin aging il paod saples (Bassarart Ynkift) ansbiae rased e possibility

that mof)(@ gﬁgﬁgrrﬁ be%@&ﬂ% R8sy nlftlblqml§ YOS QRBLth Cmidie (P8 Wurmb et al. 1998).

jects was not due to chance 99% of the
Aftet m‘@hsﬁﬁh@tha méﬂoygfi of aptoylgsekopyiestin dich hprtcleissue, as representative of
! 8hide) AURGhdiBnd AR QM ks AN oR Imﬁmmeuﬁ&%

D | MtDNA
mt ﬁ%‘ & Q% %%bf ig“nChl-éhug?g té%tso ElFlrst éet of t
delenommtamsﬁqre #80 detgrgned 3g previggsly dess@ed 456 466, 378,

457, 5 e
sofkelﬁgémus 6€§ 1%@@%@56&2 %Ei%’?@d r§4 ﬁaé%gtssl))ﬁ%f eflabicd as st out in
Example DB The ABPwing08mens66rc &6, 452, 458, 105, 498, 380,

siifiosilrlirrigterierEhotags DO o7

1st1 (1433561 1)of TRBTGCEBBATLEACCATCGARDY  SHBID N@st) 378,

et, of DB - 463,
D1, éccﬁéc%ﬁﬁ%i‘@cﬁﬁ%@%w tb 461, 450, 460
D1RE5mGr?gT1émAme@moa' mmﬁosyhptorrati c 0 o 01
irst set 12 7 35..14_20. Second set 3 .6 .14
ThiAmplEisetiops yeie pgrigencd sn 592:‘81%0?‘% © Lgptiogs gonpaigine %@
2500 rh&ltcﬁll'ﬁ’@tloék FCRIBLfR (B Rerthdpol Riexdtion Beiferf bdvibe Serind albﬁmﬂl50 Sunits Deep
nmpt omatic Patients - % D stant Benign - 6 rando

Ventsgqlgmgﬁse]_@deaQﬁOOEg a}fﬁp@l @NADU'E}el BGR | aappdi 1p%ﬁ10f1h(é)nd1t10ns consists of a
o n o
oS00 10069 6 1 DAY, LGRS 3620855 5k 1 B0 o i
and E2¥hfok é051w1t1wa fihaltehensieneat J2°ONe 48 yriiv Gkt ielectsapppricsie rapperformed on a
2 SR, 360 U8 G, ROLTEf TEAAGH SR 158 980w 0¥
llght o tehmareneprodlmdmlng, arkagvo amUICR) DNA waglscmaxa@gd on@ 2% agarose gel and only
samgles wﬁ eIc’v]lLE:I & sal%g Rl %ﬁﬂ%n 1?‘19 {he Qﬁlﬂ?s% skin
rom sun- expose sun- protected

body S|tes (n=10) were
Example 6: Quantitative detection of the 4977bp common mtDNA deletion by 3-primer PCR

otl each primer,

Where appropriate the incidence of the common deletion is determined in a quantitative
manner by a 3-primer PCR method which detects levels greater than 1-5% or a dilution PCR method
which detects levels less than 1 % down to 10*%. (See Example 7) Samples are obtained and DNA
extracted as described in Example 1. To simultaneously detect and quantify the ratios of both deleted
and wild type (wt) mtDNAs in the DNA samples, a 3-primer PCR procedure is used (as described in
Birch-Machin et al 1998). Primers A, and C correspond to heavy strand positions 13720-13705 and

45



10

15

20

25

30

35

I nvestigated. The follow ng duplication prinmers from

Brocki ngton et al 1993 and Lee et al 1994 were used:
w@200836102AC ACA TCT CTG CCA AAC CC 20 mer SEQ PCr/8&2008/000652

D H335 TAA GIG CTG TGG CCA GAA GC 20 ner SEQ ID NGO 2

35 E L467 CCC ATA CTA CTA ATC TCA TC 20 nmer SEQ I D NO

3 42 WD 2006/ 111029 PCT/ CA2006/ 000652 F H466 AGT GGG

9088 (B@Es phvdel ] Andefzor @ AET 9S5Q: b | it ]

¢, and pechiel} Mndiaog o ba(%% rior Wjorf fc,d.gf‘ éésmgfl%%“\a%_laﬁp°s‘“°“s 8273
82 nggf & et & HPIYA Egton e conpent deistierp hersel mgners A and B flank
thd &Jdt€dregifs. PnefefiFé! btimé:b %Vangrﬂlzl)bnlg Rkt @t-ﬁﬂ%{% ug:pé’i'n‘fersaA and B only

duplicatjon is present at thesé points. F
a“lyg eiif‘i‘if@d milPNAS e siistanpri befrvesne s BOnRTIMEI2 00 shaericarsf . the deletion,
mbieRG R6Rs ONRL td =% i
ap%‘riﬁ SO dNTRS. 5Fd5&%§1ﬁ|§?%tu§?e?g%% Jf%?‘g’ss gg‘?ﬁgibg%?fl"w)'

buf %I&éng(ttae%@@msrs allyed theosippineas gfteqsion 6 tge bande tisyloiger one (755bp)
co@%sr&&élﬁ;%f@rthéf WHRRBNGS 1and Gn ¥1ﬁi1tfé§ o é@?ﬁ)ﬁ@ &rx%fpgh%}#é % éel)czted mtDNA

, _mnute, 72C x 1 mnute an cyc
harpoyging thee sommgn dejetiond a TbaiPGCR tsaction ouxtwt (Auplotat eilios) Sonthibdd 100ng total

e DRSS A, v ' o) o
o DRG0G0 URTEL RO 0 B PSoR ompach g Triton X
10 l;l’ﬁje&ﬁ e pelyrderasgiBiol a1, Binlind 'K kinnited, I@nd@3, 26 piriolee bf/primers A and B,

Ei Lg. t =0 LrLch-Machin a o
S FrEES) Pyt b 8 o 0200 B B) SRR BN s ot
mightg |55°6a1t!10m|8utvw7ﬁ?£3 200mangs ﬁxﬁlﬁ?ibgis ﬁlnzﬂ&ixﬂ'eﬁsion of 15 é11inL|£]t_es al’tl 72°C. These
n tin t hese .sa a es S0, contain |
Pl b BHERLO0 DR AT SATBL R iR B Eed s sna
raddbettoe lRCRétigﬂnyntﬂv_vere aﬁ@bﬁéd&i?qﬂop}ﬂﬂﬁﬁgei ahﬂifsiié/@in%ﬂwmﬂgéfQuantm software
(MFi%%;%a? sa%ﬁdeéﬁr‘:lﬁg%s n Exanple 6. Exanple 3: Mitation
PrAGEr gPAHES: bes ‘in human NVSC and its precursor
| esions 15 DNA was extracted from human skin tissue
Exzapip| ZsSaial ddibtion DBCR | methdd P | @uadtitaivdl deb@t WHe levels (<1%) of the

as b il agen Using specific primers, mDNAis
conglll\lnl'g? #lﬁiglﬁ‘ %VQ%R and follow ng DNA sanple preparation
(Q agsmjiquanititaive PCR Aol dEBirdlDeBEnIRY c2Ul Q0B 8 used to estimate the
seguencing PE AB | ied. ?Egl osyste Ma ng. Bi gDyeTM
ProREr ﬁgt St CCYRe @%‘ﬁeﬁc' hd° aLI’H’itﬁ Xfadest Ggip fhe tissuercell samples.

Biottgial sahplds ki obedtlell an®DNal extrZddi0is delRkigédieg Bhmplk -1, 280PHNA sample is
16, 569bp human m tochondri al genone is

_..The entjr .
”“%"E& deftst! 2gn%dintsEsiabrzme Papchl dHilnwrypaiang, | pef chmmercially
supplicd Hﬁﬂ@l\’)ﬁt BT fHP 9@ MRhdidsy RIQULRESRES: fonggchﬁ{)tya%lldes%%s (for total

| oci. Any putative DNA changes are confirned
mtRNHeEG Wanan witiah 0-fadd diwwn) CEnbGR derédrmid farreachdiDian (1p1) using the
follb e bRAES. (Andrews et al. 1999). The sequences

obtained fromthe tunmour ntDNA are first conpared for
Primersian (3¢ Bdphi sms (Andrews et al. 1999; M TOVAP) and
L310B @ @empaned with the ntDNA sequence fromthe nornal

erilesional skin to identify genuine somatic
H3hi(w871drsg01)25 DHPLC is performed on the WAVETM DNA

priﬁgrgwhnﬁg@lebé%,ﬁ System (Transgenom ¢, Omraha, USA)
[ cgzé%ovi des a fully autonmated screeni ng procedure.

whi
La2§ph et 3%chnol ogy is used to screen for

H1RSIR9P 18383/ nutations in the skin tumour mt DNA.
Usi ng the back to back priner methodol ogy described in
Ex akhsireaction qopditipnstaresasfolpwsDNA | engt h nut ations (i.e.

t anglem, durlicat i iR,the h variabl e se s, of

the &g ﬁ/- coéi nf‘g%tr rbg%}ff%tﬁs, 4 cycles DEREIC or 45El seconds, %qﬁ%r 30 seconds (total
mtDNA), 56°C for 30 seconds (common deletion), 72°C for 1 minute and one final cycle of 72°C for
8 minutes. All PCR reactions are carried out in the following mixture (50ul): Sample DNA 1pl,

0.6uM forward primer, 0.6uM reverse primer, 0.2mM dNTP’s, 5 pl GeneAmp® 10x PCR Buffer,
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spectrum of the entire mtochondrial genone in human
wORB@1ameh i ts precursor | esions M DNA damage PEI/CA2006/000652

squanous cel |l carcinomas (SCCS), Basal cell carcinonas

(BCCS) and putative precursor |esions such as Bowen's

di sease and actinic keratoses (As) was conpared to 35

(Pe;&%{nﬁlgn)%gbg g%lr%%gﬁhﬁt NS Rn'netraﬁg mrltlﬁ leéilj 585 rﬁerlle autoclaved double

I ong- ext ensi on PCR techni que
distflleXwRCR) (Ray et al. 1998) was used to anplify the

20080 D TR EB R DBl iy G ol rageinator TMEW-

20 d@(b\%en dnd.s pebfield Vo) amit DNigital Amage pladie @F! eljeingdf ysing image acquisition
applaﬁatu ﬁg rl{rlxgve? 298(? Alpl?a@?&gﬁd&}}g?rgﬁ&lu %ﬂpﬂe(f B? Flowgen Ltd., Lichfield,

genone correl ate
UKW The ﬁsmewred angEanalgdd softearec@ipha Hase v, Alpay Inmptech Corp.) allows the

calﬁgaglg{% Iag?kgdl a no tolﬂtgca ensfe%xngOt[ﬂU%r eagﬁlPEk O@'}ﬂ(ﬁlcg%ﬂtﬁn series. The

ban@Xeas hre IJDIbyValus of aérods obxamedr Gir dbothkfotal @Y Yemyl deleted mtDNA and the
cor%%]gq%[r;hglg 'tl%)ghvta g§. %}g‘lﬂg f ?Ejr%u ate §1§ r%rjli%gl} age d)rf‘g%{ﬂglq aelet-ﬁl]lqn the sample
thugepar ate reacti ons usi ng t he Expand TM Long Tenpl ate

. h

. 5}5 A zerl and). The
A"’P’@P?"’b ] yed- by Kleinle et
al . (Je%%)on‘ael\éﬁdﬂ dimtlﬁmﬁctﬁdloP%fw ng regions of the

Canbri dge sequence (Andrews et aI 1999)

DI A(nucl eot i des 336- nt 28
Ex{‘ﬁ?“’ §796“aibr‘?37l8§1) Per Bragge qt‘%‘?td' %W) &)‘*zr‘ﬁ'g‘éé | ar ge
pr oguafiss £t bbhinet dDWA ekttt aom EXamplecl. 8ER in 13 overlapping fragments

us1$g§§q%?ﬂ£ggrgﬁ’gﬂﬂ%§@§e%§8 %s%ébe%fbytvlgr? dgn hosc et aq r&O(?(B The following three

miB I&W@M@W@S SEQIDNO 5 OLBR
(5745-5721) 5' COGGCGGCOGGGAGAAGTAGATTGAA 3' SEQ | D NO:

Oligo Sequpyee (5756- 5781) 5'  GGGAGAAGCCCCGGCAGGTTTGAAGC 3
SEQUR NP 7 o BRCALBRGEGABNATAG SEQIDNO 13

Ap MR | ond CAGS N RGP T ESMIBAITIr o

r eagkkAIF Cont@cmmTk@m&AﬁAm FSEQTEINO 500l
dNTPs, 10 x PCR buffer with I\/g

det &EAARs ( ki @TGC@FG;(@;GqJC@TA@ﬁQ;FﬁQ B §D>NO ﬂés

uni 44 Wy and &%&W@i@ﬂﬁh@b@c $PPID RBEL on

generates 11, 095 ments of the genone, while
anoMie4997Rs ul @GW@A ﬁﬁbﬁcﬁ%ﬁ§EaéDd‘IO ‘KBei nl e et
al, 1997). The PCR anplification conditions 20
con t PRRIGOATH 4B Qi Et@@?nt@tfr Entf OF 90-600Up a3Q@Sresolved at their
f ol ﬁ‘g‘g\;\e? Eﬁ 10 Igljaclces rof 1 3C for § , 60C for b‘ﬁSOs and
P8t mdrmgmrrmewturqf ol Nigiesas 19 PSS DY E5AkP @ad gputptjpgs with low

per%?ﬁ??ep s @dhiab QZWh%lléro@ﬁsxﬂggd 4 isR8iAderDisi thedfdsled to the
ation tine every cycle. There is a_final *H%%Iﬂf S ffer A
930&}81LC3@§>erfe@1@dfwh 8@obdn@hash CORYIRG AL MM CRF 7.0). Butfer
cofffs fn%hygﬁnﬂ%m Eetatt O(TEANY! YhicBPhReHE! Rith iHoyh t}& Ké‘g@wﬁbly charged
anount of DNA i separated on a 1% agar ose and
gﬂ% c%qtalns TEAA with

phesnhaje grqips @sthml\h%am%a%be patpeg of the celuma.

ZSWt&rcﬁn g{aré%tlég&gllﬂrlﬁ tf}?"?gnﬁﬂﬁl“)é% Sutedwith @ﬂ‘fh@ir ab@étitrile gradient at
nunber étitons is found with increasing

a cemsﬂwe ratfn In¢reasingfen goncesEpisn @S aceipgta s M dFW“F%\%‘F dragments. Table 3

below is an example of a standard method for DHPLC of a PCR reaction generated using the

WAVEMAKER software (Transgenomics) according to manufacturer’s instructions.
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UV exposure Mean nunber of deletions in Mean nunber of

del eti ons

wo eovoario@nst ant (n=5) 1.0 3.6

in adjacent

nor nal

epi derm s epi der nal
Intermttent (PERLAL06/000652

1.5 Sun-protected (n=2) 0 0 Table 2. Conparison of
Tablel3e StaR@ind Pemogfor fiHlel eti ons observed in the LX-PCR of

HA—taken—from

t-DNA-bet ween

nothal-

andtuymmeur—si

Step di f f er ent

vaeexposed H

oey (s

Sy o1

44 "RSPEHE8/ 1110

%@/mm (flow rate)

Loadlg 17 CAZ0
termnraL

®0065Z2 EX{
mat ernal 1indg

npl e 5: Agln
angari sans

(i_e

g48Nd MDNA Usiong

Start @ra@@pt gr

ddkhi | d thrOL

¢ great-gra

d3parents),

t he

Stop EFlz'diehFl ZI

y,

1Cce UI III.
and accur g

—TexXtTacted
tely sequence

fepomTa grvem
g in__order

tTssue
to

Start d&ﬁm ni t Y

ay state th
£

ar r angenent

dbOnucIeotid

b base

+ ol ool o a_m
L ﬁpc\;l T I 1TTUT TOUT T IJUDDI UI C
H?ough tinme. ese charactgpqzatlons af e

Stop ERihges 1

L between -specific na
Stop Bslifrate i qrfe® This co

Start EQUp@ad [t48 heal t h stﬁmas agi ng i[@di cators an(
[d

ternal lines  wiltthin | QLI‘!QL

5ﬁed |nfornau45n alloms Cruci a

statirstical discrimnation bet Ween separate causes
rERUéhpeRBurbfol DR c&MEresdtioaldrs eR/vdBbRHeRbIBPIEKkes are detailed below and
establishes that the nt DNA sequences, used as a
can gimplyrhgsrishituted dato theaelpwgtnlacssin Tahlgdx of specificity and
sensidniei Y iMelgfdemp (@) est althdish oféButaip dity. In
addi t1on, the proporglons of 10 base pair deletions
anMAUEE i onsHar e cormpared for cods¥stency in various
ti Sgdeg/Facr osy the 4 maternal gefpegati ons. Recent
met hodol ogi cal devel opnents have permitted detection
of Nd4&7Bai r 56del eti ons i nplicat €8-%n aging in bl ood
sanpl es (Bassani et al. 1991) and have raised the
fg bi ity that blood sanples may be used to study
DNA in lieu of skeletal nuscle (von Wirnb et a

1998) extengive arveyof ABPNAR-lagp sqsuenses frem S Piostaie mpadin pipryy patients (46
diaglu%‘é!f QM %ﬁlblgngnclyb QemQHstruS ‘?AtﬁNp\' matdfons &R ﬂleﬁrﬁﬁwglﬁﬁésvﬁcluswe of
defetions and /o e

Exa

mut at i ons, next ste
benlg@mtfa@g hyparylagia GREAT), rqv:p@hlﬁ&lyqsgg grqdps[)mnj stroma as compared with the

mxtogﬁ%nghél%ﬁz& rgyt}@tp'a@é?@s 5S4 tl\h@r@ov‘é?taﬁ %aﬂ@&ii Syt el\ﬁit%&lldﬁal genomes

descri bed. Skel'etal nuscle or leu ocytes areotalne
front § loprosiatpeterne patienidamprsiraigs eauivoerblealypsramuigign (Ghen et al. 2002; Chen et

al. 2?{153;“?4& é%g at-Engd 9 #n%@ g&'ﬁtééﬁl%&éfﬁ gleaxjo%%q_elmal ggnant glands),

and gigtall DegiEn: gl<nﬂa Qgca1eAﬂ1m)t1ssye fwmﬁmmv@mmyrm«@i fomgmpmalignant
pok V3 g P RGBS B p o 12

whichrfjssi thq wastit@ms,ﬁ@ngHDpIé@$ dOPrtadl! G9rwisch 1m56h®¢1c11¢t10@s and SEQ ID No: 110
140 - r ;
to lgﬁﬁg{n‘:h ﬁil% qyéw%gérgb%?e (()I_qu #HR}nS %d %ﬁ!&lo‘ﬂ f)(ﬂﬁlrons vx)%ﬁeo ﬁalann ned by

React
comparispmte theRevised|Jamhbiigge Rpf@mggggmggg@%%gymer the historical numbering
has BQArﬁy Hfaﬁl?a‘?h%d asﬂgl ﬁgf %Q:O@@etﬁtl Jt%@ihorp%6 NGenbleR as a gap and the rare

fication conditions consists of denat uri ng
polymoa@l@rrafﬁ%cbaqf beensrefdingd( hdke gumbaring Grfoth dpisd ipybagg on the revised

Cam\%}é? eelgef?lfem%%gqﬁéﬁ[:e ﬁ%g p Q)%lf ‘?rlgﬁ&sbaséaf;gglt%%g onfnst:gQ%m showing the

nal extension at 72C
numbé¢rend rruggdiey ey losatigmef ﬁ@rrﬁ@ch@dlrlglrgegome is shown in Figure 1. As can be seen

in Figure 1, the mutations were found throughout the mtDNA genome and in all diseased prostates.

However, certain “hot spots” were also apparent, for example in the D-loop region and the 165 region.
These data sets imply that the designation of malignant or benign tissue, as made by a qualified
pathologist using routine histological methods and grading standards, does not identify early disease

progression. This strongly suggests that malignant transformation begins at the cellular level before
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10

15

20

2% agarose gel at 125 volts for 60 mn, stained with
et hi di um brom de, and visualized under U/ I|ight. To
wep®aneloeepr oduci bility, a known anmount of DNAPGEEA2006/000652
separated on a 2% agarose gel and only 30 sanples
whi ch have the sane anobunt of DNA were included in the
anal ysis. Exanple 6: Quantitative detection of the
the A8drpRNo SRRk LN 9k edel104Fe Riterdd PI InfPBFta theVWi@faBon patterns are

pproprlate the inci dence of the comon deletion is
conplstely et fof miehst iprostete issuenipar inljviduat ppfjentnoF irpegmparison to

anoffR} PREnMr gﬁic@t‘ﬁ{ o EHiSuddiR v Rére LIBA edpaRSBO6f rﬁ’ahgnant cells may

dilution P netho whi ch detects |l evels |less than
occyt, dMRFFOVS: FONAGNeFde Biopsiespithethy santy Flpeon s4pts. %fléh%@@e individual
AlmBRh NG BRofhie BHERMIVR IntBREC huBgch bdeERs 2R, Sddeated Ghat total mutation

si mul taneously detect and quantify the ratios of both
loadjather Ban spaqtfioviutation yiies maythe mArORRESseriative ef thriissasrpndprogression of
the Bisds@r | mer PCR procedure is used (as described in

Bi rch-Machi n et al 1998% Prinmers A, and C correspond

to Piaesfhisdrtanepspeslieradofiom 1iadizigualg 7o% kneem Wmstyg cancer, and in the
pros%QQcS&%}l %.f&%gt“%é}lﬁ&f&&@ 9@%9&%% 3%@ glge?fggb gﬁ%@%gglhyzégni tissue has
undsrtgp@m sbrppoiradednlar swﬁ)rmg@@@) appéipted Withmeprlasipand pes progression

i r i

o A 195 T A 4 I8P BLRof i con
mommddoomhvawwhwwmdﬁam t_lamiltemf | isese plogierdioB dhisyate may also
mdi@ﬁp lrt‘r%nléésé ?%?L:st%{(]) g{%@ﬁ'@i thg%ﬁﬁglgé%gﬁ?le%%’?ﬁc\gﬁ%; &%klté/l\& be monitored
basabpﬂbmhmzeéh%lﬁmﬁﬂmonal mitmo | ong to be anplified under

our . :

U TECLEGND BLOTE 05, PSRRI SLO e B e o
whdpam @atjent has 4 ategbrblcme pefeizp )on tho progpoadi thy tissye tignks histologically

I € X | F

ben Ihg%g%ﬁn}tm%%&nh U HﬁJchﬁJdu ﬁ?orgfélgo%negg{egfoﬁ%%yg s%%ré)&%hs. Use of
the PRe megted vm\ulcmmmmeethe( ﬁt‘eladst kel needik bivpyy Gom aidnaéﬂher confirm that the
tlss%eoorl]) %é)gna E’B font ?2 ar %?(615’1 WMCI\/EO %b%g S(l}*/ hlagrq\cﬂre is %1 %gpa malignancy in
the pfdState2hds Ma?gepgﬂ}dhxcpim Iymmdehyehe( ﬁedl'&&;d:gpS)BteolhmqueLM that the tissue is pre-
neolglﬁ%qc & rgf)llﬂo 1co Hecmglﬁ o %gl‘(%%] 0 FL?OE r;%qté%&% Psavﬁ.ﬁelob&%)eople from
undex@bilg triuttipde Weﬁes&ﬁ aliyve Foe Sarl)/fpr%ﬁia‘@ie tleatmegntiut e, 55C at

1 mnute, 72C at 2 mnutes including a final extension

of 15 mnutes at 72C. These PCR products were then

el ect rophoresed through a 6% nondenat uri ng

pol yacryl ami de gel and the radioactive PCR fragnents

were quantified by phophori mage anal ysis using the

| rageQuant TM software 15 (Ml ecul ar Dynam cs, Chesham

UK). Exanple 7: Serial Dilution PCR nethod to

quantitatively detect low levels (<1% of the conmmon

nt DNA del etion A sem -quantitative PCR net hod

(Corral -Debrinski et al 1991) is used to estimate the

proportion of the common deletion in the total ntDNA

extracted fromthe tissue/cell sanples. 20 Biologica

sanpl es are obtai ned and DNA extracted as described in

Exanple 1. The DNA sanple is initially linearised

using the restriction enzyme BamH (1 gl enzynme and

11 of comercially supplied buffer) at 37C for 90

m nutes. Serial dilutions are performed in two-fold

steps (for total ntDNA there was an initial 10-fold

dilution) and PCR perfornmed for each dilution (lgl)

using the follow ng priners:
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25 Priners for total nmtDNA L3108 (nt3108-3127) H3717
(nt3717-3701) Prinmers for Common Deletion L8282
W@ ni0828@28305) 30 H13851(nt13851-13832) The r eBCT/CAM06/000652
conditions are as follows: One cycle 94C for 2
m nutes, 34 cycles of 94C for 45 seconds, 51 C for 30
seconds (total ntDNA), 56C for 30 seconds (common
del etion), 72C for 1 mnute and one final cycle of 72C
Thele4 8 minutes. All PCR reactions are carried out in
the followng mxture (501): Sanple DNA 1 gl, 35 0.6M
BagerNtatibng iQbseryed n@ltﬂmsr@b@n@@ﬁpmtqmmp'@mzw dNTP' s, 591
h@apydaymir(tp het¢roplasprisam) Jefegqplasmig ¢ hamoplasygs 11105
5 *ﬁwrwmefecm@% fhe('iga'f%fl%’eﬁfdﬁéqﬂfwed&y e MRSt ryekefen)
%’g‘epr ] ”earen , 35.75] sterile
zs,;) ica erin % erz %&I:Itéfgpe.?(;Oé\/}@(I’eﬁ(gted aF %&p‘%}% grar olymarphlsm
f);e%h%n@ i'S teﬁ productes are Visua ised on a
10 transillumnnator (TMM 20, Flowgen Ltd., Lichfield,

BP Historiédl phaeditivn ot| dHvimo-Co Hpwe-alt Hetexo-

UK angp a digital i mage of the gel Obiall’lﬂ’d us$i ng
| magemaggyiisi tiop 5 apparatjus (Al pha IeImgmug 000,

-|. Homo- | Hetero

Numbering*f ¢ |21 gpm ugno THetérgs|s Hlome | ro | -Homo
10 (Allp nhal®ase VL 3l TA'Sha | nn A-A/G
31 calloul 8t ion—of th&Yhtegrat T-TiC
2 CcCrIT

f A anch PR Nnree

et H o |
41 O OpReE T A 'A-A/G

I\
———E——thﬂ“e—%‘ﬁi{ucvlal € Ol Zero 1S Otyal ney fgp7 both totaiaG

57t DNA—gd Aefed mMDNAand [the corréespondi Ng G-A | GG/A

61 diifutign val ues parfcec/usied to |cal cuk at et heoper ¢ent ageT-T/C

64 of [conmpon delceti pn in the sanpl 1410 {husi4 %€onmpn | A-A/G

72 delletion =t gtll | CONA dil utli on flactof (120D Zer &T

100 commmon _def et (To¥iCdi | utian fa@%or (1 Q32Zer @) &T

73 Exsrr'pJ B 8- |Dérfat IIAI"‘HE’! i ghﬂar_f_&ﬁa_m: | |2éﬁv|'| d " AG é—gg
. AC-

81.1 chriongt-dgraphy I DHPLC | es- =P e obt aithbd—anre PN

93 ext rm?e 3 "z ijh\ \G'-j ¥ | 1 rr‘ 1—+5 8 1 L:\\lnuzzs:nni XTGJI A-A/G
94 :n-. T uv9‘4 A" U:E LI} (-A ‘_“._‘ . A\ ‘I J'_.\\;DJVCI [J[J Yy G-G/A
104 Li’ ’gﬂcel:g 3I o uS @C/ h ariTereniy, FLR L,Ulﬁgg 71 e &S

113 G€SCt FR§T QY val SHTDOSTIT EU alzzg (LU )U) 234|ne A-A/G
119 T OTOWNHIg (jNree | rg SPecifirc pgI mef pasys T oha-PUR

128 Oi[go pequencer M 3118F CCCTGTACGAAAGGACAAGAG SEQ | D G-G/A

146 NO| 13146 M 333AR TGAGGAGTAGGAGGT A5 SEQ | D3NO. | 14-Q20

M 8207F CCCATEGTCATHGAATTAATITCC BEQ | D N@47 15 84061/A

150 ATGGTASBCCATANGGIAB/SEQ | D 1388 M 14423% DEL A

CCCATGCCTCAGRATA %(‘ SEQ 1D '\'Zgi 17 M 12%?97;:‘ gg/g
152 oGTGAAEGTAGEZATE<9EQ | D N 1 -
T-C | T-T/IC i A-G | A-AG
153 153 AG | A-AIG 264 264 T-C
G-A | G-G/A 277 277 C-C/T
170 170 C-C/T 280 280 C-C/T
182 182 CT | CcOT 295 295 T-C_ | T-TIC
185 185 G-A | G-G/A 297 297 G-A | GG/A
A-A/G 303.1 303.1 INS C
G-G/T 303.2 303.2 INS C
188 188 A-G 305 305 C-C/T
G-A | G-G/A 309 309 T-T/C
189 189 AG | AAG cCrT
G-A | G-G/A 309 309 DEL C
192 192 T-C 309.1 309.1 INS C
194 194 TC | T-T/C 309.2 309.2 INSC
C-T 309.3 309.3 INSC
195 195 Cc-T | ccr 310 310 DEL C | T-T/C
T-T/C DELT | C-C/T
196 196 T-C 311 311 C-C/T
198 198 C-C/T 311.1 | 3111 INS C
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The 1-2 kb PCR products are digested into fragnments of
90- 600bp and resolved at their 25 optimal nelting

w0 egoprI@rur e. Mutations are represented as twoP@EEKS006/000652
and nutations with | ow percentages, such as <2%
heteropl asnmy as a "shoulder"” in the peak. DHPLC is
performed with a nobil e phase consisting of two
eluents (pH 7.0). Buffer A contains triethylamoni um
acetate (TEAA), which interacts with both the
negati vely charged phosphate groups on the DNA as
well as the surface of the colum. Buffer B contains

TEAA tWPSO 25960[ the denatJrlng age@t a@etorltrite.
i ac FIB‘H'F“PFQ e

BP HF{O.?E% 51ti i eloEJ “Egﬂ%w ]E eﬁ?ﬁf |,§E§%{0 E' (gil | yio- | Homo- | Hetero
Numbd Fgﬁg 3106 “HO P . ) eri *‘Home | Hetero | -Hortio |

pONCENt T agol ON OF acqU@ri|[tTT1 €] W I 312 C-C/T

| _fragnents. Table 3] daefdw 1S an enanple obna Sk andar d-c/T

| et hod f @ DHPIC® of G/PER r eaction _genérated using the

WAVEMAKER sof tware (Transgenom cs) according to

manuf acturer's instructions. 47 WO 2006/ 111029

PCT/ CA2006/ 000652 Tabl e 3: Standard Method for DHPLC
Step Tine %A (buffer) 98 (buffer) M/mn (flow rate)
Loading 0.0 52 48 0.90 Start Gadient 0.1 47 53 Stop
Gadient 4.1 39 61 Start Cean 4.2 0 100 Stop d ean
4.7 0 100 Start Equilibrate 4.8 52 48 Stop
Equilibrate 6.8 52 48 The tenperatures for successful
resolution of the various heterodupl exes are detail ed
bel ow and can sinply be substituted into the rel evant
pl aces in Table 2: Fragnment Melting tenp (C) G adient
of %Buffer B 5 M3II8F 59 51-59 M 8207F 58 50-58

M 14427F 56 60-68 Exanple 9 An extensive survey of

nt DNA D-1 oop sequences from 49 prostate needl e bi opsy
patients (46 10 diagnosed with malignancy)
denonstrated nm DNA nutations in all prostatic tissues
i nclusive of benign prostatic hyperplasia (BPH),
avai | abl e 3 eason grades and stroma as conpared wth
the mtochondrial DNA of the patients bl ood.

Mor eover, an expanded study of mtochondrial genones
from 31 prostatectony patients denonstrates

equi vocabl e hyper-nutation (Chen et al. 2002; Chen et
al . 2003) loads in matched nalignant gl ands, adjacent
beni gn gl ands (nearby the malignant gl ands), 15 and

di stal benign glands (located in tissue free of
mal i gnant pat hol ogy renoved from any mali gnant
pat hol ogy) as shown in Table 4. The nutations of Table
4 are also provided in SEQ I D No: 102
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which lists the substitutions,

which lists the del etions,
wokioeh1102st s t he i nserti ons.

positions were determ ned by
Revi sed Canbri dge Reference Sequence (2001),

SEQ ID
and SEQ I D

NGs:
No: 110

103 to 109
to 138

Pol ynor phi sns  andP@mICA2G06/00652

conparison to the

however

prevent at ive treatnent.

the historical nunbering 20 has been naintai ned such
that the deletion at position 3106 is denoted as a gap
and theprarle polynorghi sm 750A has bgen gget aijned. [The
nunb@mmm@mdf t he| baseg is bgsed on theelintivdtmgd
‘ . Canbmppdtipn Ref erence Segquence having ajt pasttionoff 16569 :
BP Historiggd s o g99 2t t || dFfpmo- pHpipest| dlptenon | JiPdistoneal he gapatrbeHogh- | Homo- | Hetero-
Numberingry o SHI8s o cHoma, -Hetergd Hemg pNumberingithndr 31496 gedome | Hetero | Homo
3151 cpowaliPd EldNSE 0 As le HO in FibllPe 1 thel AAG [ AIGA
3152 i atbods werd O bundthroughout Li%he nt DNNOhenone ang AT-A
324l abPh seased SRl os 25 WEBBver | cMPaih "hot CT-T
325 S 323 S UL PG S o J8IL o LTI | GrA (LG-GIA
PR AL IS < il AN 0 5460 D 7 i N SOV VX
EEXIINING AT sl N id <7 o DA I € S £ A LA A PV X
e oesTgnat marTghany—of—oeftgp—t Dojdg a5 ?hwre )
416.1 by |a gMgllflégf pat hol|logi st u5|ﬁg8rout|nﬁgglsloggglc loa | acG
419 NME(N0G3 andg gradf goygtandarus,aoes npt—identi-fy—earty GA
456 _di $€as8s Progrespion. [T S StTORgEy S JURpES hat CITC
mal 1 gnant {ransTOfRat i[on beyi NSy@E T NE CRjs ular—tevet ANGG
462 beforeae 48 0067 TI1029 PCT/ GfkU06/ 000ER4 TTeNs A
465 nof phabogi ¢al chlargat ¢ér1st1 ¢S oip7a cefl mpe ajtere T/G-T
468 | nmporent|y, thel owrmtii on patterns are enpl etely C/T-C
477 _incongist ent Cflor| nmat clhed pr ost at2est | slsue22bg onl an A/G-A
481 i ndi viéd8lual | p&tT en€-C/DIl i n conparsson t o 22amot her-C
482 pati ed82 perRAdps| i ndi¢cating|pos®éble ftisxpae s|tes | cor
489 er e 489 onal Céxpafsion of mal i g2d&nht clel 1280my| occdr. C/T-C
197 Moreod®t . sepdr at ETkeedl e biopsi3es wilth bk sane C/T-T
49 Qd pasd¥ scordG flromthe samp | n3b%i dual B5al npst C/T-T
501 al ays%dempnst r at ©CAl { er nat | ve BFDONA mit2d67 on C/1-C
505 p,au—ef??s This indifates that tBfAlL nut &3bDn | | oad C/T-C
06+ at her% hah spedific mi'EC on $338%s nmy 889 mole C/T-C
208 ¢ ebred¥htati Ve dithel diseas & or dgr 239 onl of __{{HEG/A
23 di beast S “&':ISA”.: s—data—was Jg,zg?—%rﬂ ¢ (2884 i i yi dddIe/A
H [ Ay $lat A ~AnhKnA~AAy an 7 Y
st M i optate cancer and g tHe SRipstatett ity
ETERHE L A A 7 520 D R0 I M T C AN RN (S
515 !II I.U'g T EﬂALﬁlll g N ?.ouu,r[&?()ﬁ ERvy un\jﬁa on JGE'GIIL AA/G
515.1 T 1 ragEy v N.iAl dllil MatTo |\b)27@§9?€ 2% !E:IM.M,
517 _Neopt @51 @ And pUSEift e progression warsgs, el gnaney o
523 BeENT g3t TSEUE NMarNWfd Tg T DNA TRIR AT (:Ilb REVEras AT o o7
523 D)l OS&NSOor | p@wnhGn canj be NI gs£d 10T 63T E@SF g
523.1 muft atse@ns | mBcati ve pf the[ratesdl Jdi Seame CT
5232 prijogrsessi onINSlhi(s ratp may I S@9s3 ndi{catesst unpr C/T-T
5233 aggr €833 on| Wb eover, | the effeabiovenass 30f0 a [SREGI T IACA/G
5234 t her @pY4 coulNb 4allso _be| nonitpred based on the change
333 _in thdX¥ mit ad-Gonal-A@attern.| 15 3T s _tlechnilgug may bhe-G/Aa
536 usled 2% a confinda€dry test| f or30¥eni gn 36¥dl e A/G-G
671 pilopgbes  Cl¥S@ntly hen al pat3P4ht Has 38¢onedd| e A/G-G
2081 hilons@8.-herf B¥YSfed on the prost at346and |t hd%46 sdue | obks CTC
568.2 h!\r\;é.ﬁs\;v:ﬁc NSC Ihenign he ils sent horde and i usually
79 sehed®Ped for ol &% up neeldl e 38Bopsiles 33Y silx_monf ASIC
Use—ef-—t he—aboyd et hﬂgdmin ne £8H allready C/T-T
785 adkenSHeedhohionaS/Otissue and Satt her cdiirm t hat | the | A/G-A
857 4 _L85I.7- ,,J,:U,\..,‘PAZ\ P | n::l3iér4 L onral 329 A |lC'Tn'
G DA U GO STV A e TV A 0 MG 7 D P
1189 1“! na l?g]gri.l llbc‘:llw_chﬂel C,LL.? L:34'6&L Iﬁb&%n R J' S
1247 LUIE HM’E re:u; &asSgeo ay:%“; Ly' :“.".% d .;.‘ G-A'e
1431 _Needhgy b opsy tegmyigque, o thgjgthetiSxgefs—prer UGA
neopt astic or meoptastitc at the notecutar—tevel—Thts
could potentially save a Iog of people from
undergoing nmultiple surgeri@s or allow for early



49 WD 2006/ 111029 PCT/ CA2006/ 000652 Tabl e 4 Base

Mut ati ons: Qbserved nmutations of honoplasnmic to
whorsopi®mem c, honoplasm c to heteropl asm c, aP@I/CA2006/000652

heteroplasm c to honoplasmc 5 * The first nucl eotide

represents the normal nucl eotide, followed by the

mut at ed nucl eotide; separated by an "- ". Wen no

blood is present, it is denoted as an 'X . **

Hi storical nunbering wherein deletion at BP 3106 is

denoted nd the rare polynorphism 750A has
been rgltmqﬁl;qsd 10 BP BP |elimnating elilm Bting BP
Hi st ol " Galiiop0$i tion Homg- Homp- Het er o- f‘%ﬁﬁ"l}ﬁﬂﬁ%t orical

BP H@Sicdl | Ogapl¥TO HHQJ]U'HOJI_IEF Hekro- N@mi’ﬁs[oiri@al* e al Hg’r;]uQE Hoo- | Hetero-
Numideing * Het 81060  HO momdUi mo@¥ol | NS, &pmﬁli‘iﬁlcm 0 Heilob O Hetero | Homo

WBono  1016P® Tt G-T- T/ C 200 200|A- G5+ A/ G Zb631[ &

DA 204 TOC T: T/C |C O T 46-A1 C3HCC/T 285 205 A- N@&E/T

B 55 ¢ 171207/ 207 A- AL G| HGY AMPG AIG A 61 611 CCT |

CCT 208 208 T-T/IC 64 64 CT 214 214 ANG 72 72
CTCOAT 217 217 CT T-C T-T/C 222 222 CT 73 73 A-G
A-A G 225 225 AAGA-AG 81.1 81.1 INST 226 226 C T
CCT 93 93 GG A 228 228 AGA-AG 94 94 A-ANG
GGA 104 104 GO T 229 229 GT 113 113 GO T 234 234
A-ANG 119 119 CGCT 235 235 A-G 128 128 CT GGHA
146 146 CT CGC T 239 239 T-C T-C T-T/C 247 247 GG A
150 150 G T GO T 248 248 DEL A
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T-CT-T/C 262 262 CCT 152 152 G T CCT 263 263

GAET T-CT-T/IC AAGAAG 153 153 A-G A-A/ G 264 264
wa206@W2G G A 277 277 CCT 170 170 GO T 28BCR8A2006/000652

CCT 182 182 G T CCT 295 295 T-C T-T/C 185 185

GAGGA 297 297 GAGGA AAG303.1 303.1INSC

GGT 303.2 303.2 INS C 188 188 A-G 305 305 GO T GA

GGA 309 309 T-T/C 189 189 AGAAGCCT GA

G G A 309 309 DEL C 192 192 T-C 309.1 309.1 INS C 194

T T r\ 200 2 | NS O
194 T-%p 1- 1/ C 3092 JVULI\IOT ‘3% A
195 elkﬂﬁatﬁgW C-C/jT 310/ 310 DEL-C T- T/ Qh Qm; L '
T- Q- @hshiod96 196 |T-C 311 311 CGCTT 19 ¢CaT I
BP Historiggl] 1gaps CHSGo- omo&lelel(}qmmich Q@/aﬂoq Horho- (BRy Hetero-
Numberingf* | ; 3106, ?—I@ﬂ" iHeterd nfom@p Numbermei*dal 3pI6si t iHwmo Han Homo
3657 3 tef CC'TD _Hi stiorical nn@h o HA¢a- I‘m
3666 , 1~ 3605, JAQ-A T VPR Y nizéﬂ:hmr ~3¢98t e 0o
3688 ”.U‘U' 3687 R FeX e MR DG v 588190100 T.GEE
3693 NUTIDEREHY™ @ at [HEEA Z’L'ﬂdh“iﬁ 1 r,';‘rLSS%a e A ClGQT
37441512 Bha 1 TINs BAC 1 7315 S 19~ C bl — 209 5590 P a1 aG
3908 51 |WOs9H06] 11079 PCT/CAZ0067 0652 T BB ehrmnar X
3966 el i|mi p@bi N posid¢/mn T posi TiHm BYHi §4opT T Cap_ todp at
3969 Honm- 3988nn; ¢t ¢ro- BP Hi storieosd gap ados HOO- TEC/T
3992 Hafl ar 3991 CT 6028 6027 A/G-G
4017 4016 C-T 6037 6036 G-G/A
4185 4184 C-T 6041 6040 C-C/T
4216 4215 T-C | T-T/C 6047 6046 G-A
4217 4216 A-A/G 6059 6058 C-C/T
4239 4238 CT 6147 6146 CT
4418 4417 C-C/T 6219 6218 C-C/T
| 4561 4560 C-T 6221 6220 C-C/T
4569 4568 G-G/A 6224 6223 C-C/T
| 4580 4579 A-A/G 6307 6306 A-A/G
4591 4590 T-T/C 6314 6313 C-CIT
4646 4645 CT 6382 6381 G-A
4655 4654 A-A/G 6548 6547 C-C/T
4703 4702 C-C/T 6553 6552 C-C/T
4716 4715 C-C/T 6557 6556 CC/T
4722 4721 A-A/G 6579 6578 | G-A
4733 4732 C-C/T 6643 6642 T-T/C
4735 4734 CC/T 6667 6666 C-C/T
4787 4786 G-A | G-G/A 6686 6685 T-C
4826 4825 C-C/T 6691 6690 G-A
4864 4863 C-C/T 6776 6775 C-T | CCfT
4892 4891 C-C/T T-C | T-T/C
4917 4916 A-G | A-AIG 6827 6826 T-T/C
G-G/A 6912 6911 G-G/A
4951 | 4950 C-C/T 6917.1 6916.1 INS T
5036 5035 A-A/G 6953 6952 G-A ]
5046 5045 G-G/A 6989 6988 A-A/G
5102 5101 A-A/G 7007 7006 C-T
| 5147 5146 G-A [ GG/A 7013 7012 G-G/A j
A-AIG 7028 7027 CT | corr
5174 5173 C-C/T T-T/C
5198 5197 G-G/A 7055 7054 A-AIG
5213 5212 C-C/T 7059 7058 G-G/A ]
5300 5299 C-C/T 7146 7145 A-A/G
5312 5311 C-C/T 7159 7158 T-T/C
5371 5370 C-C/T 7184 7183 G-A | G-G/A
5424 5423 C-C/T 7256 7255 C-C/T
5440 5439 CC/T 7309 7308 T-T/C
5456 5455 C-C/T 7389 7388 T-T/C
5593 5592 1-T/C 7406.1 7405.1 INS C ]
5633 5632 T-T/C 7407 7406 T-C | T-T/C
| 5650 5649 G-G/A 7412 7411 (C/TY(C/T)
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Nunmberiug** 3106 Hono Hetero Hono Nunmbering"” 3106 Hono
Hetero Hono 315.1 315.1 INS C 1719 1719 AN G A GA
W31®621826. 2 INS C 1761 1761 A/ T-A 323 323 G E'HCAZB6/000652

1766 C/T-T 325 325 CT CGCT 1811 1811 GA GG A 329

329 G T 1842 1842 AN GA 394 394 CC/T 1883 1883 AIG G
INS 416.1 416.1 G A 1888 1888 GA GG A AGG 419 419
A-ANGAGA 456 456 C- T 2005 2005 C/T-C T-T/C 2056

2056 A/G G 462 462 T-C 2068.1 2068.1 INS A 465 465

T-T/C 2075 2075 T/GT 468 468 GO T 2257 2257 C/T C

ATT APP C-T 2258 2258 ANGA 481 481 CBP C
2258\iminating 8> 482 T [2261 2261 C- C/ Telimpginggg C T

istorid o] -ﬁlﬂ: 12:80 A (Q g o eFo~ T_r'C T-Rptees ' i etero-
ll\illlinllibe:'inész - 3120@99 Torio / K}lé;géqgﬁ l‘%s ég iI (ﬂ_’ngl i 35)7 ‘I?IIZI(:mo‘

unrbering**
| 5655 2397 &454-C[ 9505 FOT 2 4 Or-/C

5656 O T- C563389 89 @lﬁe L 50850858 A 5%52db9 JERSIL YN

513 513 A-G 2627 2627 GG A 513 513 DEL A 2657 2657
CT 514.1 514.1 INS C 2683 2683 CCI'T 515 515 A-AG
2689 2689 G C/ T 515 515 DEL A 2706 2706 A-G A-A/G
515.1 515.1 INS A 2761 2761 C- T 517 517 T-T/ A 2857
2857 G CT 523 523 A-A/ G 2885 2885 CC T 523 523 DEL
A 2927 2927 C-T 523.1 523.1 INS C 2948 2948 C-T 523.2
523.2 INS A 2952 2952 C/T-T
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523.3 523.3 INS C 3010 3010 A-G A-A/ G 523.4 523.4 INS
A 533 533 A-G A-A\G 3013 3013 GG A 536 536 CGC/T 3036
WQ@OB6/1M03» G 567.1 567.1 INS C 3040 3040 A/ G @CBH68216/000652

568.1 INS C 3046 3046 C/T-C 568.2 568.2 INS C 709 709
A-A/ G 3308 3307 T-T/C GG A 3338 3337 CJT-T 785 785
C-C G 3349 3348 VG A 857 857 G C 3394 3393 G T 909

909 GG A 3398 3397 T-C 1189 1189 C-C/ T 3469.1 3468.1
INS T 1247 1247 G G A 3480 3479 G A 1431 1431 GGEA

3499 3498 A/G A 52 WD 2006/ 111029 PCT/ CA2006/ 000652

BP BP elininating elinmnating positjon position—BP
Hi stliof:ll;ﬁci‘agl gap at Hono- Hono- Het er,o-ﬂﬁﬁrﬁ i storical
BP I-Iistoricﬁlggje gt'ti i 'I:)I—o Bm(lw_le i}fe{fggi %ﬂmﬁ&ﬁ&‘l d ;:Ei) RIMR- | Homo- | Hetero-
Numbering 3 H Gberd | Fromok Q NuliB SR el £p Q¢ 3T06TD HbRO 3 Hetero | Homo

7756 99 5 AT 1709 L AV G GoB989] 3588 | G-G/A
Tes GO Fal 719 T7TY AL |G 3594 350315C C T 1058 WD T-T/C
7768 2006/73&71029 RLT] GARG06/ 000652 1018P BP dPiti nat i ng C-CIT
7815_el|i mmaking po$ik@/®r posi t]i onl04BP H stlé#3Bcal gap [o§CT
7867 _Hon-7864omn] Het ef 6-C/BP_Hi st dri c¥¥35gap. atl438ml Hopg-G-O/A
7897 Hett eri9 Nupifefi h ** 3106 Hdno W8Cer o HIME? NubbEFi gt/
8027 2106 Wﬁm I_kﬁ'é_r fa) il orp—26574 3656 C-TF 5663-5662C- r‘?-r
3065 3860 Wbes o A ch7y ca7@Al 4 olai o bAoA
R117 o oy Blioanok aroh GOy a - raad a8l 21 16678 7 261 5851
8133 = | R13F P ©0Y4 /P [N 9977 OOHBss~ Y To684 A-A/G
8248 8247 A-A/G 10688 10687 G-G/A
8270 8269 CT | CCT 10754 10753 A-C
8426.1 84251 | INSG 10810 10809 T-C_ | T-T/C
8468 8467 C-C/IT 10819 10818 G-G/A
8616 8615 A-A/G 10873 10872 C-C/T
8655 8654 C-C/T T-C_| T-T/C
8697 8696 GA | GGA 10882 10881 CT
8701 8700 A-A/G 10885 10884 C-T
8718 8717 AG 10944 10943 C-C/T
8818 8817 T-T/C 10956 10955 X-C/T
8893 8892 AT 10972 10971 GA | GG/A
8903 8902 C-CIT 10975 10974 C-C/T
9055 9054 AG 10978 10977 A-A/G
9093 9092 G-G/A 9667 9666 G-A
9132 9131 AG 9696 9695 C-C/T
9163 9162 AG | A-AG 9698 9697 C-T_| C-CT
9313 9312 A-A/G 9716 9715 CT

A-A/C 9767 9766 C-T
9327 9326 A-A/G 9778 9777 G-G/A
9352 9351 C-C/T 9899 9898 CT
9405 9404 T-T/C 10143 10142 A-G
9413 9412 T-T/C 10295 10294 G-G/A
9419 9418 C-C/T 10345 10344 T-T/C
9445 9444 G-G/A 10355 10354 C-C/T
9477 9476 G-A | G-G/A 10439 10438 C-C/T
9502 9501 G-A 10455 10454 G-G/A
9540 9539 c-crT 10463 10462 T-C | T-T/C
9548 9547 AG
9554 9553 G-G/A 10550 10549 G-G/A
9559 9558 C-C/T 10679 10678 G-A
9564 9563 G-G/A 10685 10684 A-AIG
9574 9573 CCIT 10688 10687 G-G/A
9591 9590 G-G/C 10754 10753 A-C
9628 9627 G-G/A 10810 10809 T-C_| T-1C
9667 9666 G-A 10819 10818 G-G/A
9696 9695 C-C/T 10873 10872 C-CIT
9698 9697 CT_ | CCT T-C_| T-T/C
9716 9715 CT 10882 10881 C-T
9767 9766 CT 10885 10884 C-T
9778 9777 G-G/A 10944 10943 C-CIT
9899 9898 CT 10956 10955 X-C/T
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3744.1 3743.1 INS T 5984 5983 A-G A-A/ G L 3908 3907

C-T 5985 5984 A-AIG 3966 3965 C-Cy5999 5998 G- T 3969
w@288/10079 6009 6008 C-C T 3992 3991 CT 6028 BORTA2006/000652
A GG 4017 4016 C T 6037 6036 GG A 4185 4184 C T

6041 6040 CC/ T 4216 4215 T-C T-T/C 6047 6046 G A

4217 4216 A-A G 6059 6058 CG-CIT 4239 4238 C T 6147

6146 C-T 4418 4417 CC T 6219 6218 CGC T 4561 4560

C T 6221 6220 CGC T 4569 4568 G G A 6224 6223 CGCT

4580 4579 A-A/ G 6307 6306 A-AIG 4591 4590 T-T/C 314
63131, g};g/T, 4646 4645 C-T 6382 6381§j3 A%’eég 4654
A plimisteg) 6547 1C- Cl T] C ‘g 058800 - | Hetero-
N LT3 i gy s A LT | e
u"{o?:;gw 7°A?G‘*_‘54 & T{ 17109714 (35GA 34G-G/A
E—CFT 66676666 C-CI' - 4787 4786 GA G O A 6686 6685

T-C 4826 4825 C-C/ T 6691 6690 G A 4864 4863 CCT

6776
4916
4951
6953
5101
7012

T-T/C 5198 5197 G A A 7055 7054 A-AIG
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6775 GT CCIT 4892 4891 CCT T-C T-TIC 4917
A-G A-AI G 6827 6826 T-TIC GG A 6912 6911 GG A
4950 G C/T 6917.1 6916.1 INS T 5036 5035 A-A/G
6952 G A 5046 5045 G G A 6989 6988 A-A/G 5102
A-A G 7007 7006 G T 5147 5146 GA GG A 7013
GGAAANGT7028 7027 CT CGCT 5174 5173 CGCT



5213 5212 C-CIT 7059 7058 G (A 5300 5299 C-C/T 7146
7145 A-AN G 5312 5311 G CT 7159 7158 T-TJC 5371 5370
W@2@bT110284 7183 G A GG A 5424 5423 C- ClI T 72BGI/TREH6/000652
C-C/T 5440 5439 CCIT 7309 7308 T-T/C 5456 5455
CCIT 7389 7388 T-T/C 5593 5592 T-TIC 7406.1 7405.1
INS C 5633 5632 T-T/C 7407 7406 T-C T-TJC 5650 5649
GG A 7412 7411 (A T)/ (AT _
PCT/ CA2006/ 000652 BP Bp elimnating elimnating

posi tion position

BP H storical

54 WO 2006/111029

gap at Hono- Hono-

Hetero- BP Historical gap at Honp- - Heterog-
Nurrbgmil?fﬁ’;* 3106 {Hono Hetera Hom) Nunper BR "g 3106
BP HistoH@atl er 9:&}1‘%9% _%&lﬁ% %gﬁﬁ'— T [ r(-)l: 7475 ef'lpﬁillfl o?neo- goma- Hetero-
Numberileg‘" éi t $204 P 41bmé I 4Hre 0 3 d—g g:lalz)i‘t% Homo | Hetero | 'Homo
1097 CT CAZP67 000652 -8 BP el 1/m n@g | |1§1§|9|y1§£| Mg~ BR.AG
10974 st oriogal  posi tijonadono- Honmo-13iet ero- 1By Hi St ori cateT
1100posi t i BOHone- HampA/GHet er o-] Numisimer i | gapizat [3106 Herwr
11013 2r 0! 18| NunberX-6d** a at] 31088Honp Heter d Hono| C-C/T
110297756 783 C. /T 10DYS 10294 |G GBAN67763 762 G G A | A-AG
10345 103441 T-T/ CC-9Fa8 7767 GIABA. A/lG 18855 [10354| T-T/IC
1106% ot F 19815l 7814 (AT 10439 10448 C.lcy 3489347 7865CCT
11084% =) - U083 @ o c A A6 [n~ Sod- Hd %ﬁ A e 10462 ¢G4
IENRE gl BT < et g < ol 5 VL AR AP i S AP & < L o i I ¥
177~ o 110082 T Oe b e Gir oy OYon 153 S 1TU s S0 :
1118081 aitlg U UT 1pdy [1U67o \7"'}353§T? o436 VY T LR
1119510684 Awoll G B243 BFA7 A~ A G 10s%8 10687355 GTA C-CT
11217 11216 C-C/T 13579 13578 G-A
11251 11250 A-G | A-AG 13609 13608 C-C/T
G-A | G-G/A T-T/C
11299 11298 C-T | C-CT 13617 13616 C-T | cCT B
11332 11331 T-T/C T-C | T-T/C
11337 11336 G-A/G 13634 13633 G-G/A
11351 11350 G-A/G 13650 13649 C-C/T
11356 11355 T-T/C 13621 13620 T/C-C
11377 [ 11376 A-A/G 13631 13630 C-C/T
11420 | 11419 G-G/A 13637 13636 G-G/A
11647 11646 C-T 13638 13637 | A-A/G
11719 11718 G-A [ G-G/A 13651 13650 A-A/G
11812 11811 AG [ A-AG 13655 13654 T-T/C
11852 11851 G-G/A 13674 13673 CT
' 13674 13673 DEL C
11857 11856 C-C/T 13680 13679 T-T/C
11864 11863 CT | CCT 13687 13686 C-C/T
11881 11880 C-C/T 13707 13706 G-G/A
11907 11906 T-T/C 13708 13707 A-A/G
11914 11913 G-G/A G-G/A
12012 12011 C-CT 13711 13710 G-G/A
12013 12012 A/G-A 13712 13711 C-C/T
12308 12307 G-G/A 13725 13724 C-C/T
12372 12371 G-G/A 13731 13730 A-A/G
A-A/G 13734 13733 C-C/T
12492 12491 T-T/A 13743 13742 T-T/C
12624 12623 C-T 13748 13747 A-A/G
12633 12632 A-C | AAC 13759 13758 G-G/A
12654 12653 G-G/A A-A/G
12810 12809 G-G/A 13766 13765 C-C/T
12959 12958 C-C/T 13788 13787 C-C/T
13079 13078 A/G-A 13789 13788 T-T/C
13089 13088 T-A 13805 13804 C-C/T
13105 13104 A-A/G 13841 13840 T-T/C
13111 13110 T-C 13880 13879 C-C/A
13212 13211 C-C/T 13888 13887 XT | X-CT
13281 13280 T-T/C 13911 13910 G-G/A
13294 13293 A-A/G 13933 13932 A-AIG ]
13359 13358 | G-G/A 14025 14024 C-C/T ]
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8270 8269 C-T G C/T 10754 10753 A-C 8426.1 8425.1 INS
G 10810 10809 T-C T-T/C 8468 8467 C-CI'T 10819 10818
W@2@@6A1108616 8615 A- A/ G 10873 10872 C-C/ T 865BCB6AZ006/000652
CCOTT-CT-T/IC 8697 8696 GA GG A 10882 10881 C T
8701 8700 A-A/ G 10885 10884 C- T 8718 8717 A-G 10944
10943 G C/T 8818 8817 T-T/C 10956 10955 X-C/ T 8893
8892 A-T 10972 10971 GA GGA 8903 8902 CC/T 10975
10974 C—CJT 9055 9054 A-6 10978 10977 A-A/G 9093

9092 GG/ A 9667 9666 G A 9132 9131 A-G 9696 9695
C—C./T '@’163 9162 |A-0 A A/ G 9698 9697 C—_TFE-,C/ - 9313
(® C Phics? g .

s 0 T e g R
Numberi : 0 9 Helero— - F ‘L urber .BJ— ggterfo ‘Homo
13368~ 40G.AT- 143101440y G 3 Ice/T '
10295 102941 &G \A%l 9418 C{ahaf 1084541503244 T- T/ /A

9445 9444 G G A 10355 10354 CGCTT 9477 9476 GA GGTA

10439 10438 CG-C/ T 9502 9501 G A 10455 10454 GG A

9540 9539 CG-C/ T 10463
9554 9553 G G A 10550
10679 10678 G A 9564
9574 9573 C-C/ T 10688
10754 10753 A-C 9628

10462 T-C T-T/C 9548 9547 A-G
10549 GG A 9559 9558 CG-CT

9563 G G A 10685 10684 A-A/ G
10687 GG A 9591 9590 GGEC
9627 G G A 10810 10809 T-C T-

1

9667 9666 G A 10819 10818 GG A 9696 9695 GO T
10872 CGC/T 9698 9697 C T CCT T-CT-T/IC
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9716 9715 C- T 10882 10881 C-T 9767 9766 CT 10885
10884 C-T 9778 9777 G G A 10944 10943 C-C/'T 9899
w@3®8/103079 10956 10955 X-C/ T 56 WD 2006/ 111029 PCT/CA2006/000652
E-CT/ CA200|6/ 000652 BP BP elimnating elimnating BP

i storica

t o positi on Honpb- Hono- Hetero-
positi on Honb- Honop- Hetero-

BP Hi storical
Nunmberin g** a at 3106

Hono Hetero Honmo Nunbering" gip at 3106 Honb Hetero
Hono 10143 10142 A-G 10972 10971 GA GG A 57 WO

/ NOO.

E2

DD D

2006/ 1_11_020 PCT/ CA2006/000652— BPB ;
i & BP |Hi st I [ Pror i ap T
€ n?iminat & . . of i Ca. POSI t |~ on I—Qﬂmnanﬂ'%m'
BP Historichl | € b 8sitio B Homb-rHoaRl | RASHL || BImikienidar Hﬂﬁﬁon CHéoO | Homo- | Hetero-
Numbering*!] % 4t81067] 40 |Atetedol D Glofio MONundE@ige* t NoThBpihg) | Hetero | Homo
14139 gap ai41&L06 Hong ddetrer o Ho 158975 109788C- 0/ T 13398C
14167 1339714866A G 10978T-T@9F7 A- A/ G 15831 134393C (JTFC ] 1IGkG
14178 110001077A/ G 13436T-T84R5 C- QY T 11013/11012 X C/ T 15488
14182 1346714081y T TL1O2ETA1023 T-IT/ %9761 132928 Al AL G (~Gr(}73$=
14203 134841498183 T- TAA-AL10a9 1106815R27"’ A 1388 4 tel) G
142201 109417 has K-On |SC9HEbe qacls 1078 — 1 4 082 o A YAAG
1233 7 4 B2 o] A ARG 2 oo A [ 2000 CPiGA | TRGIA
14281 .. L, Tm “m‘f;%:jff,}‘i’/' T LLI77758dgl 7O Urfehoy LFOSD 15959 | A/T-A
A LU I IT78 clp 13 T 1306350bgp027T A18hds  [LINSID
14899 }“3414‘8’9&U A 13573668572 GO T 1603217 11246 G O T 13654
14903 13978140 A 11259 THAD| A- G A- A/ (60113609 118608 CT| ANV
12913G G AahifT/ ¢ 112P8-GIAP98 C-[T C C/ T 18617 13616 C TG-G/A
15043 C- Q7 11504201332 113BG-GIA T/ C T-IC Ti6pF3C 1138%211R336 G| A-€GT
1511513634 1518633 G G AT-TI1851 11R5016607A Gl 136%8 183649 ¢ ‘C¢F
15162 15161 C-C/'T 16069 “16068 cc/t
15218 15217 G-A | G-G/A 16093 16092 X-C | T-T/IC
15244 15243 G-G/A C-T | C-CT
15265 15264 C-C/T 16095 16094 CT | CcCT
15286 15285 C-C/T 16111 16110 T-T/C
15301 15300 A-A/G 16126 16125 T-C | T-T/C
15302 15301 C-C/T C-C/T
15307 15306 C-C/T 16129 16128 G-A | G-G/A
15323 15322 A-G | A-A/G 16134 16133 C-C/T
G-G/A 16148 16147 C-C/T
15324 15323 C-C/T 16153 16152 A-A/G
15343 15342 X-C | X-C/T 16163 16162 G-G/A
15355 15354 X-A | X-A/G 16172 16171 C-C/T
15379 15378 C-C/T 16184 16183 C-T | C-C/T
15384 15383 X-C | X-C/T T-C
15429 15428 A-A/G 16186 16185 T-T/C
15452 15451 C-A | C-C/A 16189 16188 T-C | T-T/C
A-C | A-AC C-T | CC/T
15523 15522 C-C/T 16190 16189 T-C
15525 15524 G-G/A 16192 16191 C-C/T
15526 15525 C-C/T T-C | T-T/C
15527 15526 C-C/T 16209 16208 C-C/T
15557 15556 G-G/A T-T/C
15587 15586 C-C/T 16223 16222 T-T/C
15607 15606 AG | A-AG C-T
G-A | G-G/A 16224 16223 C-T | CCT
15670 15669 C/T T-T/C
15693 15692 C-T -C/T 16225 16224 C-T
15698 15697 -C/T 16235 16234 A-A/G
15704 15703 C-C/A 16239 16238 CT | CCT
15708 15707 G-G/T X-C
15762 15761 G-G/A 16247 16246 G-G/A
15812 15811 A-A/G 16256 16255 T-T/C
15826.1 15825.1 | INSG C-C/T
15834 15833 T-T/C 16270 16269 CT | CCIT
15865 15864 A-A/G 16292 16291 C-C/T
15884 15883 C-G | G-CIG 16294 16293 C-T [ CCT
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11356 11355 T-T/C 13621 13620 T/C-C 11377 11376 A-AIG
13631 13630 CC/ T 11420 11419 GG A 13637 13636 GG A
waA1®4/11102646 C T 13638 13637 A-A/ G 11719 1171BCTHA2006/000652

G G A 13651 13650 A-A/G 11812 81 11 A-G A-A/ G 13655
13654 T-T/C 11852 11851 G G A 13674 13673 C-T 13674
13673 DEL C 11857 11856 C-C/ T 13680 13679 T-T/C 11864
11863 CGT CC/ T 13687 13686 C-CI'T 11881 11880 CC/ T
13707 13706 GG A 11907 11906 T-T/C 13708 13707 A-AI G
11914 11913 GG A GG A 12012 12011 G C/ T 13711 13710

GG A 3201312012 A-A 37213741 C-CLF 2308
© 12305 agr;{gA 1372b 13724 CCT 12372 J1e ' ém@GA 13731
BP HistorjeSl730poﬁtieN G Hynl %Mc’ﬁe&%y B8P Historidal n ‘241%1]10-[ 'II(/H@- Hetero-
Numberink87/4gp 437662 Hordd (CHetdrd 6 2HMondb2 6 RdmEKering*: 3 g4kiat 3106 4 Hobvo A/ Hetero | Homo
_ 12633 12632 A-C AAAE|[13759| 137886 G 7 A162952654 cIi2658.C/T
16270G. G AIRSN G TIQ81A-TIR809 G G A1653¥66 13868 CIC/ T | T-I/C
59 12958 C-C/TCLy88 13787 C-CLT 113079 13078 A/IG A
162784 27109 1923799 F:G 13089 13088 T-A 13805 13804 C-QLT
162804 4 4lne 1 .Y AGbSahn T 1T/ 112111 18110 T C
16290 S 16289 = 1 iCClhha o v abaa o citlimo0e 14087 . T
I U 1007 (W I_g?t,.J.L TOZIT1T OO T 1TITO000 1TPOOT 7 T
Nf oy = 400 4 ann J ~ a 11 1230401l L A 2904
162918 W Tgadp 20l 15ZpW o)t 1T LopIl 1ot TG G A 1oz9%
1620213293 1PV G 1393BTIRP3Z A-A G 13359 1335&6 Cj’eﬁ“f‘rg‘ﬁ’i }
16293 14024163957 58 AOVU6/ TTT029 PCT/ CAZ006/ 000652 (13P ]
16294BP |el il62Phat|i ng el Tmmating | B
C-T | CCT
16295 16294 C-C/T
16296 16295 C-T | cor
T-T/C
16298 16297 C-T | CcCT
16303 16302 G-G/T
16304 16303 T-T/C
C-T | CcCT
16311 16310 C-T | COT
T-C [ T-TIC
16319 16318 G-A | G-G/A
T-T/C
A-A/G
16320 16319 T-T/C
16325 16324 C-C/T
16344 | 16343 C-G
16356 | 16355 C-C/T
16342 [ 16341 C-T [ CC/T
16352 | 16351 T-T/C
16353 16352 C-C/T
16354 16353 T-T/C
16355 16354 T-T/C
16359.1 16358.1 | INSG
16360 16359 C-C/T
16362 16361 C-C/T
T-T/C
16370 16369 G-G/A
16389 16388 G-G/A
16390 16389 X-G [ X-G/A
16398 16397 A-G G/A-G ]
16399 16398 G-A G/A-A
16429 16428 X-T/C
16465 16464 C-T | CCT
T-C | T-T/C
16475 16474 T-T/C
16514 16513 C-C/T
16519 16518 T-C | T-TIC
CT | ccr
16526 16525 A-G
G-G/A
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BP Hi storical position Hono- Honp- Hetero- BP

Hi storical position Honb- Honp- Hetero- Nunberin **
W@ap6ai103406 Hono Hetero Honmo Nunmberin ** gap BCT/8AQ6/000652

Homo Hetero Ilomb 13368 13367 GA G G A 14044 14043

CCOT A GAAG 14135 14134 T-T/A 59 WO 2006/ 111029

PCT/ CA2006/ 000652 3P BP elimnating pos |ion Hono-

Hono- |letero BP Historical position Honmo- Hono-

Hetero- BP Historical elimnating Nunberin ** a at

3106 _Ho Hetero Hono Nunberin ** gap at 3106 Hono

14139 14138 GG A 15889] 15888 T]T/C

1590 C.T- rﬂ@iﬂam&_?s 14177 o
ter: istorical L. positi | ‘Hetéro-
%% éﬁn!"r ‘lj-n:&blttgn *i{) b"f 'E-?. : eterot ‘Homo

T J.:) 2o A G 142

uyp

(TACG A 4233 1T#232 AG A A G GA

GG A 14281 14280 T-LT T/C 15998 15997 A T-A G U T
15999.1 15998.1 INS T 14899 14898 G G A 16048 16047
G 3 A 14903 14902 G A X-A/ G 16051 16050 A-AIG 14918
14917 GEA GG A 15043 15042 G G A 16063 16062 CC T
15115 15114 T-T/C 16067 16066 C-C/ T 15162 15161 CC/' T
16069 16068 CG-C/ T 15218 15217 GA G G A 16093 16092
X-C T-T/IC 15244 15243 GG A CT GCT 15265 15264
C-CT 16095 16094 CT G CT 15286 15285 C-C/ T 16111
16110 T-T/C 15301 15300 A-A/ G 16126 16125 T-C T-T/C
15302 15301 GCT GO T 15307 15306 G C/T 16129 16128
GA GGA 15323 15322 A-G A-A/ G 16134 16133 GO T
G G A 16148 16147 CC T 15324 15323 CC/' T 16153 16152
A-AG
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15343 15342 X-C X-C/ T 16163 16162 GG A 15355 15354

X-A X-A/ G 16172 16171 CC T 15379 15378 C-C/' T 16184
waemgd1@a C-C/ T 15384 15383 X-C X-C/' T T- C 15HCRCAZMHRB00652

A-A G 16186 16185 T-T/C 15452 15451 CA CC/ A 16189
Tablgig8 T-C T-T/C ACAACGCT CCT 15523 15522

CC T 16190 16189 T-C 15525 15524 GG/A 16192 16191

C- CDtLoopPyp@gersfased f@-foyrralin s 1 9L

SEEIOD 16208 C- ¢/ T Leaghi# 1‘t556 GdGA T T/C 15587

D386 |C-Byimed 6223 ®@3&P T-T/C 15607 15606'-A'G A-A/ G
19C T GIASGHIH A 16224 26223 CITAAWICCAQGSIDAGEA69 C- O T
20T-T/ C | 155693 15692 Q0T C | TABZAZATIERRACA-TCAE698
2115697 |Q6@IIF 16235 16284 A- NCAGOAXDAAABTOBCEACTATIS239
2216238 |Gefi6e- O T 15708 1570 AG&ATAGKSCTEAAGGGATEL
23G G A |Imgd7 16246 GAg A 158 AlHdcAsECEAABZAG 16255
241- T/ C 1 4bpp26. 1115825181 1 NS | GrgdAdTaACdeSSAalacy 1-17C
255%/ _ 4Py &1 U Uoll 15889 ARTOGGATOCPTERATGTETZ Y L

LY thalin ¥iked Fisste d for 33 prostatectonnie
.M n?tfﬂﬂe; BP Hi SQE&E} cal |position Homo Hogp- Hetero-

%DI" Hrsit 2 ICIT:[I JUSi lTﬂIT Ho™M TA T X 5C r
272, at T3y omo ] Hetergy Horml! BACCLAABRCHEGGAT
R i‘Zﬁ F T & 16542 16543 CAAGAGGIGGTGAGETIGATCS 5
297 8959 ~ U722 77 ] CGATAATAACTAGTATGGGGAT
30 8814f 22 CCAACTATCTATAAACCTAGCC
31 9247f 19 GCCCATGACCCCTAACAGG
32 9868r 21 CGGATGAAGCAGATAGTGAGG
33 9711f 22 CTGGGTCTCTATTTTACCCTCC
34 10663f 18 TCTTTGCCGCCTGCGAAG
35 107661 22 TTAGCATTGGAGTAGGTTTAGG
36 11813r 26 GTAGAGTTTGAAGTCCTTGAGAGAGG
37 11629f 23 AATCAGCCACATAGCCCTCGTAG
38 12709r 28 GGAAGATGAGTAGATATTTGAAGAACTG
39 12528f 22 GAACTGACACTGAGCCACAACC
40 13516r 23 GGTCTTTGGAGTAGAAACCTGTG
41 13239f 23 CGTAGCCTTCTCCACTTCAAGTC
42 15351r 23 TCGTGCAAGAATAGGAGGTGGAG
43 15144f 25 TCCCGTGAGGCCAAATATCATTCTG
44 6145r 24 CAGTTGCCAAAGCCTCCGATTATG
45 5867f 25 CAATGCTTCACTCAGCCATTTTACC
46 13957r 22 CTAGATAGGGGATTGTGCGGTG
47 13838f 23 CCCTAGACCTCAACTACCTAACC
48 15026r 21 GGCAGATAAAGAATATTGAGG
49 14937f 22 CATCAATCGCCCACATCACTCG
50 1938f 24 AGAGCACACCCGTCTATGTAGCAA
51 2084r 26 TACAAGGGGATTTAGAGGGTTCTGTG
52 2973f 24 TAGGGTTTACGACCTCGATGTTGG
53 3101r 24 TAGAAACCGACCTGGATTACTCCG
54 3728f 23 CATATGAAGTCACCCTAGCCATC
55 3893r 23 GTTCGGTTGGTCTCTGCTAGTGT
56 4888f 27 CAATCATATACCAAATCTCTCCCTCAC
57 5035r 25 CATCCTATGTGGGTAATTGAGGAGT
58 5981f 23 TGGAGTCCTAGGCACAGCTCTAA
59 6154r 24 GGAACTAGTCAGTTGCCAAAGCCT
60 6911f 24 TGCAGTGCTCTGAGCCCTAGGATT
61 7082r 26 GAAGCCTCCTATGATGGCAAATACAG
62 7829f 25 CGCATCCTTTACATAACAGACGAGG
63 8029r 24 GGCTTCAATCGGGAGTACTACTCG
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16280 16279 A-A G A GA 16290 16289 CGCT T-T/C

16291 16290 C-C T 16292 16291 T-T/C 16293 16292
WORM6E11026294 16293 T-T/C CT CCT 16295 1628AT/CA@0G/000652

16296 16295 GT CCT T-T/C 16298 16297 CT CCT

16303 16302 GG T 16304 16303 T-T/C CGT CGCT 16311

16310 G T CGCT T-CT-T/C 16319 16318 GA GHA

T-T/C A-A/G 16320 16319 T-T/C 16325 16324 CC T

16344 16343 C G IHioaPrihcaiplostatettony§ 342 16341 C T

SEQIB-J T 163p2Z 16351 T-T/[C 16353 16352 CGUT T 16354
NO: 163BBrither/ %e,@@,é&% 43T/ C 16359. 1 1(‘3358. 1 INS G
64 163b{x4355o0 T CUhhly 16385 ARSPATATECGACATETRGTE Y

65 163bghof> GUA 10359 1634 TTGAETTAA G -

66 1644r 26 CTCCTAAGTGTAAGTTGGGTGCTTTG

67 615f 24 ATGTTTAGACGGGCTCACATCACC

68 1488f 24 CGTCACCCTCCTCAAGTATACTTC

69 2612r 28 GGAACAAGTGATTATGCTACCTTTGCAC
70 2417f 23 CACTGTCAACCCAACACAGGCAT

71 3641r 23 GCTAGGCTAGAGGTGGCTAGAAT

72 3230f 23 GTTAAGATGGCAGAGCCCGGTAA

73 4417r 26 TTTAGCTGACCTTACTTTAGGATGGG

74 4337f 24 ATGAGAATCGAACCCATCCCTGAG

75 3551r 24 GGCTTTGAAGGCTCTTGGTCTGTA

76 6418f 23 AACCCCCTGCCATAACCCAATAC

77 7554r 33 CTTTGACAAAGTTATGAAATGGTTTTTCTAATA
78 7400f 22 CCCACCCTACCACACATTCGAA

79 8441r 26 GTTGGGTGATGAGGAATAGTGTAAGG
80 8346f 26 CAACACCTCTTTACAGTGAAATGCCC

81 9413r 24 GCCTTGGTATGTGCTTTCTCGTGT

82 10285r 21 GGTAGGGGTAAAAGGAGGGCA

83 9273f 21 TCAGCCCTCCTAATGACCTCC

84 10198f 19 CCCGCGTCCCTTTCTCCAT

85 11408r 25 GGAGTCATAAGTGGAGTCCGTAAAG

86 11210f 24 TTCTACACCCTAGTAGGCTCCCTT

87 12231r 26 GTTAGCAGTTCTTGTGAGCTTTCTCG

88 12096f 22 TCCTATCCCTCAACCCCGACAT

89 13098r 26 CAACTATAGTGCTTGAGTGGAGTAGG
90 12881f 26 CATCCTCGCCTTAGCATGATTTATCC

91 13851r 24 GTTGAGGTCTAGGGCTGTTAGAAG

92 14738f 24 AGAACACCAATGACCCCAATACGC

93 15731r 28 CTAGGAGTCAATAAAGTGATTGGCTTAG
94 15347f 23 CACGAAACGGGATCAAACAACCC

95 16000r 24 CTTAGCTTTGGGTGCTAATGGTGG

96 5544f 21 CACGCTACTCCTACCTATCTC

97 6482r 20 GACTGCTGTGATTAGGACGG

98 13354f 23 TTTATGTGCTCCGGGTCCATCAT

99

14458r

22

GATGGCTATTGAGGAGTATCCT

100

14399f

21

ACACTCACCAAGACCTCAACC

101

15593r

23

ATCGGAGAATTGTGTAGGCGAAT
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16398 16397 A-G G A-G 16399 16398 GA G A-A 16429

16428 X-T/C 16465 16464 CT CGC T T-C T-T/C 16475
wQaees41m29/ C 16514 16513 C-C/ T 16519 16518 TP@/TATN06000652

CTCCOT 16526 16525 A-G GG A 61 WD 2006/ 111029

Exﬁ?g/e %Zﬁpﬁé BORBaALin tﬁ{gﬁﬁ\lﬁ'okﬂd&&&%’ﬁﬂsu@' i mnating BP

torical position tero- BP Historica

POSixt Jlé?&lohkm“)appmmtelw Meﬁxfb‘baéélu(‘i@)e Wa@ Q’fentlﬁ?éa ﬁ\}ouéﬂ- Q81 mitochondrial

Hono Hetero nbering** gap a 06 Hono Hetero
genpapmpliBB g qfefsfzb fr@:ze@/pms%wuelm lrrle€ rgergysiongthe wigs of the deletion

wa%gsglg{aeeé }9 ?9 bg @Ién%@ Q)gécfoé){&g gﬁng agcﬁgk@ %0 ([j)l\#vg ?of {b|1 §1date deletions

ormalin fixe need
wetgiidgnti fieksysing M@ oD (Beandorh M- 4. NOLt, M. iTne¥sulrs Es ¥, §p013h S., Navathe, S.

B, BHgLY gg}gyﬁﬁ%&%ﬁwgﬁﬁéﬁtﬁ%&ﬁ g&me database--2004 update.

NuACRARCRAKEECT CAADEAPGe IeeBallarl 3,1 8005; www.mitomap.org), the 3397 bp

del@%g;ﬂ E@VW &&% Qgﬁ@ﬁf%%ﬁﬁ%@%@e which of the

TGCAT G, Roforvedrd mprifex ediichi riiged Frei dadetion junction was

devgusedd f0£ o%:g eoi)t}%r tiv%gg%&g%&géﬁéﬁr)l%ég%%%w&%%r%n the repeat

regions that flank the deletions. Figure 5 is a schematic diagram showing the design and sequence of

the primer. Positive amplification results for the amplicon corresponding to the 3379 bp deletion
(referred to as the 3.4 kb deletion) at 10744-14124 were obtained.

The deletion removes all or part of the following genes: (i) NADH dehydrogenase subunit 4L,
(i) NADH dehydrogenase subunit 4, (iii) NADH dehydrogenase subunit 5, (iv) tRNA histidine, (v)
tRNA serine2, and (vi) tRNA leucine2.

The 3.4kb deletion was determined to be present in 91% of 33 fresh frozen prostate samples.
With the specific deletion primers, formalin fixed tissues were tested in order increase the n value.

Previously, the present investigators sequenced entire mitochondrial genomes from 32 tissue
samples microdissected by LCM and 12 needle biopsies from histologically normal prostates.
Archived tissue sections from each of these samples were used for the following study. 1-2 serial
sections were removed from each sample. DNA was extracted from each sample in its entirety rather
than as a microdissection. Thus, each sample consisted of a mixture of glandular prostate tissue as
well as stromal prostate tissue. This extraction was performed using Qiagen’s QIAamp DNA Mini
Kit (Cat # 51304). Following extraction the samples were quantified using a Nano-Drop
spectrophotometer and the concentrations were subsequently normalized to 2ng/ul. Each sample was
amplified using 20ng input DNA and an iQ™ SYBR Green Supermix kit (Bio-Rad Laboratories Inc.)
Reactions were run on an Opticon® 2 (MJ Research).

As shown in Figure 6, a distinct difference was observed in cycle threshold and, by extension,
quantity of the deletion between the malignant prostate samples and the symptomatic benign prostate

samples. Malignant samples exhibited a consistently earlier cycle threshold than the benign samples.

Example 11: 3.4kb Deletion Blinded Study — Comparison of Cycle Threshold

Following the study described in Example 10, an additional 21 samples were selected, 10 of
which were benign and 11 of which were malignant. The pathological status was determined by
needle biopsies conducted by a qualified pathologist. The samples were blinded such that the present

investigators were unaware of their pathological status when they conducted this test. The present
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27 1051f 26 ACAATAGCTAAGACCCAAACTGGGAT 28 1247r 22

CAAGAGGTGGTGAGGTTGATCG 29 8959r 22
WEBATANDZACTAGTATGCGGAT 30 8814f 22 PCT/CA2006/000652

CCAACTATCTATAAACCTAGCC 31 9247f 19

GCCCATGACCCCTAACAGG 32 9868r 21 CGGATGAAGCAGATAGIGAGG

33 9711f 22 CTGGGTCTCTATTTTACCCTCC 34 10663f 18

anI R Csaeen) X%éol%%@zﬁ@fan% %orrectly in 81% of the cases by examining the
(I:ATTGGAGTA SITTAGG 36 11813r

cyc@rm@fq- et eaatyvo gfprelmg}@ggft sgigples that were determined to be
W HaBGede? A0S to be malignant. Follow-up clinical
GGA\AGATGAGTA ATTTGAAGAACTG 39 12528f 22
1nfmm apdiriduetsainthe latiqy sqeparjggvasyrgquested from the physician to determine
if t &%é%ﬁ Gl carder Jkd nt2t§ the needle biopsy results used for this
AGCCTT CCACTT GIC 42 1535 23

mm@mmmmwg pI(Billq_qu a bepign sample but was predicted by this

study GTT Ao '%ﬂ'% Qﬁoggc%%gé%?%a%ésample As a result, one of the false

pos@mq‘@mqrm@qr@pmfﬁhpqeﬁ@g pathgloggalsratuswas predicted correctly in 86% of the
casks! @)@%IMTT%%@ ulfh?xatl 3&)8%%? %gefictice value (PPV, where PPV=true

pos@g@y&@wmwmq'@m@ges);gorﬁmggmﬁy »2s 91% and the negative predictive value

O AR SR AR a1 B i was o

TACAAGGGGATTTAGAGGGITCTGIG 52 2973f 24
Examiet frikb@itire Sy Fidahodgns1®1r 24
ArchiY CCTGGATTACTCCG 54 3728f 23
CACCCTAGCCATC 55 3893r 23
GT TSIy SR ICTCICHETAGT@ETe eganidgisef the B.4 kb deletion in this study. All tissue

sam%%}l@%%%%&? %@e%?gs}i(g%%, and 39 having benign prostatic

discPBEAGRCOT ASBRACABCTOT hA 1ats0 gi® b thore2Hen half had hyperplasia. All specimens

SRl et

ProgASRCTROTATGATGECAAATACAG 62 7829f 25

CG(% %TITAH%A‘Te%% %A‘on ea% slide using Prep-Strips (Catalogue Number LCM0207)

from Arcturus Bioscience Inc. This allowed the removal of any particulate matter or non-adhering
tissue from the slide prior to DNA extraction. With the tissue still

on the slides, the slides were rinsed with PBS (Phosphate Buffered Saline Solution) to remove as
much fixative as possible. The 1-2 needle biopsy sections on the slides were scraped into sterile
microcentrifuge tubes using individually wrapped, sterilized surgical razor blades. DNA was then
isolated and purified using a QIAamp® DNA Mini Kit (Qiagen, Cat. # 51304) according to
manufacturer’s specifications. A negative extract control was processed in parallel with the slide
extractions as a quality control checkpoint. The total concentration of DNA and purity ratio for each
sample was determined by spectrophotometry (Nano-Drop ND-1000) and dilutions of 2ng/ul were
prepared for the purpose of Quantitative Polymerase Chain Reaction (qPCR).

Primers (Oligonucleotides)

Purified oligonucleotide primers were chemically synthesized by Invitrogen (California,
USA). The sequences of the primers and the expected sizes of the PCR products amplified are listed
in Table 6. In addition, PCR analysis for mtDNA deletions included positive controls (DNA from a
source known to carry the mutant mtDNA). Each primer set with the exception of TNF were checked

against a mitochondria-free rho 0 cell line to confirm the absence of pseudogene coamplification.

66



10

15

63 8029r

24 GGCTTCAATCGGGAGTACTACTCG 63 WO 2006/ 111029
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Length (# bases) 5
GAACTGTATCCGACATCTGGITCC 65 9109r
Tabld 6apTHRATCIAEACCCCG 66 1644

-3

26

64 16485PCREA2006/000652
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CTCCTAAGIGTAAGITGGGTCCTTTG 67 615f 24

Prirfeelr PRAGA
CGI'CACCCTCCTCAA

[ BoSIA-ARDIIfi6B5°1488f
AGTATACTTC 69 2612r 2

‘Length of amplified product
E(base pairs)

FAPACHMHATTA
15ie T GTCAACCCAA(

GCTAGGCTAGAGGT
GTTAAGATGGCAGA(
124 A GACCT TA(
ATGAGAAT CGAACC
T8GCTTTGAAGGCTC]
AACCCCCTGCCAT

| 00G T ek 83796 0)ar2 4]

CAGAGGUAds) 71 3641r 23
SCCTAGAAT 72 3230f 23

SCCCGGTAA 73 4417r 26
CTIRAGBGATGEG 74 4337f

[TEGIGEGTA 76 6418f 2
\CCCAATAC 77 7554r 33

CATCCCTGAG 75 5551r 24
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W]kﬂ» FTT1C
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FCCAT 85 TJ.Q-U

For @R aroarANaroBaETacT ppsndor @ommof M24
AppliqatipaSaCCCTAGTAGGCTCCCTT 87 12231r
GITAGCAGITCTTGTGAGCTTTCTCG. 88 12096f

HotHaefPRTABCHERNA

%@? g g
Vmc&

26

22
W/Cogbs B Gfggpolggy for better PCR* results
9 O 12881f 26

Alr 24

?anﬁg Lab Westbury, NY

hW@WW?W@WﬁmﬁmR appl hotmaster.asp

Real-Time Polymerase Chain Reaction

Three separate PCRs were performed on each sample. Each reaction was 254l total volume
and included template DNA, one pair of primers (12s or 3.4 Deletion or TNF ), an iQ™ SYBR Green
Supermix kit (Catalogue Number 170-8882, Bio-Rad Laboratories Inc.) and distilled deionized water
(ddH,0). The TNF (tumor necrosis factor) comprised single copy nuclear gene primers, and 12s

comprised total mitochondrial genome primers. The volume and concentrations for template DNA,

primers, and reaction buffer are listed below.

Table 7 qPCR Components.
Reagent Concentration per Volume per
Reaction Reaction
Reaction Buffer 1X 12.5ul
Primer (forward and | 250nM 0.0625pl of each 100
reverse) umole stock
ddH,0 N/A 2.375.ul
Template DNA 20ng 10.0ul
Total 25ul
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94 15347f 23 CACGAAACGGGATCAAACAACCC 95 16000r 24
CTTAGCTTTGGGTGCTAATGGTGG 96 5544f 21
WEAOETTAT CCTACCTATCTC 97 6482r 20 GACTGCTGT GAITRGEAGE®0652
98 13354f 23 TTTATGITGCTCCGGGTCCATCAT 99 14458r 22
The crctizgeamatas Gasehanagtivon agbstadygdaple 81
ACACTCACCAAGACCTCAACC 101 15593r 23
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defer nj PateRsrth of the two del etions was corfect, if
eilther] a forward priner which bridged the deletion

j Ufcti oM was 10 devel oped for each of the two| 10min
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thdn t hicltiapEarve 5P'6gi 1A rerding FearkCt he del et | D¥S.
Filgurel 5 is a schematic diagram show ng the design and
s e kgpeat giepf2-5, t44dings fforertotalRb 45 eyoles. anpl i fi cati on
results for the anplicon corresponding to the 3379 bp

deletion (referred to as the 3.4 kb deletion) at
Analy@ig44- 14124 were obtai ned. The del etion renoves all or

part of the follow ng genes: (i) NADH dehydrogenase

s uldlaintal 4)gling.1Balftimeg dewADPh dehyuihogeridberesetivnnivas 4arried out using a

DNA EE 1}1% Hﬁ@gn %I@ég{ r&%ﬁ\mﬁ@re& g'ﬁe eat?o(n é}JSt\é%‘lﬁhﬁ%d with InEutlve Opticon
MonTﬂoe Sofhkdye o[MJeRb@nrch/aIsc Zdet Elnernstlaatdtrd @urtve Ipcth@ie mtaS| wil@ddsfor DNA

rozen. s. 1Byt h
quan%ﬁcgho]n g?rgotrm r ena 81flu§1 3P 416 19 o 404 1? : S@zﬂ é% ) of trhéee purified
PCR mtredd nam;ﬂut@,keonm m@iuetafsetht A& dalevar, vae for BredZs pustry, anti lome for TNF.
Frorg t 1s tﬂreeldq f\feergx{;,li%aa Séursvgsgyv rrg?ﬁeg:ﬁerg é!s}go%l téhggc%ﬁ)gl[ copies of total
mtDIN@l\/tlaa dimbﬁcmnetetdl mxtbclmp&uaésgefﬁmmrpthmsrt)ol Bgi &eletiby on oqstallarhuclear DNA
(TNF-sm at S0 cle’?frr Ceqllevrelrglgrtes fh e a?ue% 8{1 ﬁ%e sg r}ﬁéssct%ﬁ egfbi_c%nverted to the
numbemfaDNA sepnes byn@mpam@ the mmédcﬁ totimteeche stardpltde TBNA4 deletion was
XL & fihQ S L

cons\t/\% d%% ¥S)e L scl;hs grr 0 giseg%% H the%[%hgn \L&/% r{o{ ﬁetecped vfl%'ixg %fn%gllgg ed

of Tae mietetminagioofof giahgmmyaus bmedvsptat t@e nualeWeofabe 3.9 deledion present in

e B SO AR R LR P S e i
absofio¢,lag i grgatexthanaldst dyolas blttéessar:rplfiésyqlﬂr o merahikely iaeaiokstwagn the total
mito\aﬁll}éorxl\%plzghﬁg%rese &GS tmrdmp {% tb 8an O/HU%d tEQggff(lb dggt %n SThis may be

equen nornal zed
expregasd as a per cent of the total mitochondrial DNA. The number of cells, as reprsented by the

TNF amplicon, may be incorporated to refine the distinction between benign and malignant tissues.
In order to automate the analyses of these samples, bioinformatics tools were employed. The

three variables that are considered for these analyses are the cycle threshold Cr of Tumour Necrosis
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Figure 6, a distinct difference was observed in cycle

threshol d and, by extension, 30 quantity of the

del etion between the malignant prostate sanples and

Facttd?e(wgrpmm defes hﬁ%%h&{&%ttﬂiteconf&mo%ss Mici i@ sites, and those
| es exhibited a consistently earlier cycle

mlfmoedgmh@a harhay theflcleiamelgptesstnpl es.  Exanpl e 11: 3. 4kb

Cluklet atdi@iy Bl i nded Study - Conparison of Cycle Threshol d
Fol l owm ng the study described in Exanple 10, an
addirkd Qﬁb@érm% Iy ARSI VT Bor Sv@}eQ%aﬁdmmla- Binefions WeHdGle WEth€ similar and
beni gn and 11 of which were malignant. The

“nﬁﬁ?ﬁﬁﬁéﬁﬁéal status was deternined by 35 needle

b' OP$IRY hORNFHE hathl Mbvendiahd fdnaéoMmad S OBheSLaxislf @he patient number
anpl’es were blinded such that the Eresent

and1 theeatis yalegwele fepsbold vhirmed fromp reahme PRt hol ogi call

St ajt lﬂs?»uﬁ(;\laﬁ&h ke Gandy ﬁ%ﬁg tltné']égélettﬁ%%oldﬂé‘ QhPlo® e HounBer the variable
. WD 2006/'111029 PCT/ CA2006/ 000652 investigators were
1S PS¢ t 0 pr edi ct pat hol ogi cal status correctly in 81%

of ’Tﬁkep ﬁﬁ‘a??gen@%l e ft@ﬁe 7 ?sy&ge% uthﬁ ﬁl%taﬁfegencgraﬁ&%etween the

4 incorrect calls, two were malignant sanples t

varighlegoldia¢letioni hetel ansl HEF. Ebmdeéqﬁloarxfdloy tmbS@ntb@mhgrbemgn/normal samples
(ngﬁ@E'IHé)eéldt B@Ireas% '(t%ng%t tﬁ% 'Efﬂ e\gltﬁ legﬁnﬂ'a(;eh%ﬂ afg - mallggantlsamples The

ow up clinical ormation for the 2 1ndivi
abnpnnatl henigraandanalignent aﬁmmemmrte iféesanéigte fhegreely¢refrom each other based on
thev\fbﬁr tfes i Laflo QPJB&Et{Unrﬂ@T@F.' f they had been diagnosed
prostate cancer subsequent to the needl e bi opsy
_JEBEmQLQEmagd for this study. One of the individuals
who originally produced a benign sanple but was
pr eBiipstvesdd thspriikg s basedaaythe syskeay eying tmpﬂe@tnfamcgpmes for known samples.
Hal? %p %‘J%q&%ﬂ%%/ u HO[Q l‘h%ﬁldarﬁl ﬂglo PR 15 ?eg{p hg ‘al th?n r %ﬁb’ér‘nsed learning
one of e talse positives becane a true
confplags e pragljctipzst legho grgsaknssennds'leas” ;ﬁnoednta:mes@kw r Betctﬂ the predicted
. [
ouf%LF %s?nﬁé‘iep I)rpléggrt t}l'%igtﬁg ?ctlgﬂ( ng[}zcglgeq\r} é u({élg( %If_:)\/(‘rb‘r\cl\l% grogygeated back through the
systefavind theaveightsposidjusted s¢cotdingdy. posi ti ves+f al se
tiveskdo for this study was 91% and t he negative
Daggﬁ% % ﬁvé&@a%ﬂ"gn(NPV where NPV=true negatives/(true
negaBﬁ%eeﬁﬂ%libmmqgakives)) was 80% Exanple 12: 3.4kb
Deletl ud hods (n=76) Archived Sanpl es
Sevenégqg§§%ﬁ¥%§$a?e ti ssues were examned for the 3.4
ANNNIgeitehi(dwowh scHethiscally bdyw): Al | ti ssue 15 sanpl es were

0 lin-fixed, .25 ing malignant, 12 being nor nal
Hﬂgﬁgigb“ﬁ§§9(ﬁqﬁgﬁPégf%fostatic di sease as shown
Othhi s foisalo cainpare th@‘acctuheyA‘a:htaey = @oopre expeeted Han sdialith obtathed data set
@y)ﬁrpla5|a Al'l specinmens were needl e biopsies taken
M the investigators' tissue archives. Prostate
Speci nens A tapelift was perfornmed on each slide using
Prep-Strips (Catal ogue Nunmber LCMD207) 20 from
Arcturus Bioscience Inc. This allowed the renoval of
any particulate matter or non-adhering tissue from
the slide prior to DNA extraction. Wth the tissue
still on the slides, the slides were rinsed wth PBS
(Phosphate Buffered Saline Solution) to renpbve as
much fixative as possible. The 1-2 needl e bi opsy
sections on the slides were scraped into sterile
m crocentrifuge tubes using individually wapped,
sterilized surgical razor blades. DNA was then
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25 isolated and purified using a Q Aanp DNA M ni Kit
(Q agen, Cat. # 51304) according to nmanufacturer's
wapmweiltfioeat i ons. A negative extract control waBCT/CA2006/000652
processed in parallel wth the slide extractions as a
qual ity control checkpoint. The total concentration of
DNA and purity ratio for each sanple was determ ned
by spectrophotonetry (Nano-Drop ND 1000) and dil utions
of 2ng/l were prepared for the purpose of
Quant i t atirtificidPNeyrsbNetgerkCGlhigorithiiReact i on (gPCR). 30
Primers (digonucleotides) Purified oligonucleotide
prinmers were chem cal | )\ synt hesi zed by | nvitrogen
(California, {USAE—Tr equences of the pri iergst
t he expected %Fﬁ,g%laa?sﬁ he} PCR products anplified
listed in Tab dition, PCR
nt DNA del eti ons 1 nclud rdﬁdutralwatvmnt
source known to carry ¥he jnGunadgetionsbDNA
set with the excepﬂ‘pﬂ‘p‘r’ TdEghwsbeteveah €
a nitochondria-free MR8 0 cnebrbnsl ine t
absence of pseudogene coam i
2006/ 111029 PCT/ CA2006/ 000652
Prinmers. Primer Pair Positijpg N
of anplified product (basg.RPalfS)
10729-14379 (less 3379%bp at 273 Tine ‘
nt DNA 708-945 238 TNF 3756-3886 131 3.4 forvvard
(10729- 10743 - 14125-14139)
5' TAGACTACGTACATACTAACCCTACTCCTA-3' SEQ ID NO 139 3.4
reverse (14361-14379) 5' - GAGGTAGGATTGGTGCTGT-3" SEQ I D
NO 140 12s forward (708-728)
5' - CGTTCCAGTGAGITCACCCTC- 3" SEQ ID NO 141 12s
SupeBised B earfif@ Sf I9d&on Plataiing BHITATNGEKINKAARNNS SEQ I D
NO 142 TNF forward (3756-3775) 5'
- CCTGCCCCAATCCCTTTATT-3'" SEQ ID NO 143 TNF reverse
Thrés38l&ifR8&s: 5' - GGITTCGAAGTGGTGGTCTTG 3' SEQ | D NG 144
For TNF primers, Prinmer Reference Eppendorfo
Benight Mast er T™M Appl ication No. 1 5 Hot Master-An
HypepdflAat i ve Hot Start/Cold Stop technol ogy for better
Maligngiit 1 esults George Hal l ey and Vincent Prezioso, PhD
Ceorge Hall ey, Eppendorf- 5 Prine, Inc., Boulder, CO
Thr&éSAnYhIBCBdacIPEIBSIREbN 2R isBKBRE onl it Tl%@@RSCyc@ ﬁ§b’sth6HIt3T
Application Lab, Westbury, NY
Turpguy Negrpsigkiactsr (RMRarHekARPRY Efohppl i cat i ons/ PCR
Tota] Mitochendria s dMifochadria eppreanttori me Pol yner ase Chai n
Delggonct¥igerhadria én e gelptad €2tPCRs wer e perfornmed on each
sanpl e. Each reaction was 25| total volune

Results:

Half of data set is used to train the ANN, and the remaining half is used to compare the accuracy.

Three Classification Accuracy = 86.6%
Positive Predictive Value (PPV);
Benign to Malignant = 88.2%

Negative Predictive Value (NPV)
Benign to Malignant = 76.5%
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and included tenplate DNA, one pair of prinmers (12s or
3.4 Deletion or TNF ), an i QTM SYBR Green Superm x

w a6t Caral ogue Nunber 170-8882, Bi 0- Rad Labor BEDCAZ®G/000652
Inc.) and distilled deionized water (ddeo). The TNF

Exér%@ﬁ% NPRE ASd ¢ g%%g'bﬁ:ﬁg%ﬁ@% c}iﬁot afetﬁﬁp&écaﬂ WEk@' for sunlight

rimers, m t ochondr1 a
engwenehlpnamls The vol une and concentrations for
tenpl ate DNA, prinmers, and reaction buffer are |isted

Sin&e!hg%irz;ll_ %’chveZy 8f {ﬁgg%m&%&ﬁmn 8@%%@5&%&@&1‘3}1 rvxq{h' sQlH exposure as
per Vol ume per

tion Reaction Reaction Buf
repdriedSty Barbettle ef flor 2044 dnddrt250ei1 0 20632 Surthst V@alchaslmﬁnned that the

ass%cga\ﬁgﬁ i%l)lg?éﬁ? TOAt&SZ \Fvglg ktlhéj %I‘;E%%é)é? %azsiedlfglea_ GhP l.x&t &t %sletion for a

dlamiccm 008M3B3PGER or Fhie canyet detrgtigra thapushehsinfantiop afhinovel method for

det%ﬁpll bf Qlednf §He Eéq‘_flgncle r}ea;];ﬁ%e%e?té)iﬂ- %B%u%/ qb%%ﬁvggm gner This method

ar amet ers. enperat ure
prOQtd@EforStfhe gwTaling 66 p(iBicdortedtetty 61 ngwlynfermg) soqueB@ seted by the deletion

or 1gs1ér3r ogtlrév e@rn g%./rga)nfgéemegit a%;?(tﬂ}g%:: allo lihfezlugél gg%aﬁtgrii gl%ntitative PCR
(qPCR RGN ey (ef ;Ietdcuﬁh 3T1$3€1(Se oRp QHCRs)ﬂaemHn 2ndbles 4t QUamthve detection of
the Idagﬁlo%r?tﬁt%ratha& a, s&np es?]nd:e gnﬁ%%ﬁ e séc’eflar%%e Fi‘sr %‘uaptltatyon 18 ?}% "basis of the

i ons
test@autlis e redatitve BraouNts & dellE-INﬁn tﬁtgmdamr@ahe lewal Iof &n@@pﬁsumumﬂﬁ: character of

Fl yor escepce, Det ect | stem equi p with.Intu
the i3 B ST PO T & CB AR LB R g WreVidureportea. As
welb tieNGRIRI phatfotne efialld3Ottle Was oﬂfaj)ﬂa'reZlGﬁ uhoffecBNlAor non-exposed tissue as the
a_ set

B T T e

generated tenpl ates, one product for the 3.4 deletion,
BackBfouh@' the 12s priners, and one for TNF. 10 From

Thetslﬂla ’nﬁ%Q rﬁ)g r%{ﬁpfsgx%% 'f:l c%{ggrl @@5%} %%J %grgf?sir\{g\e i¥l %og\ﬁz;]ueo%s ot European origin
(Severi and English, 2004). For example, one million new cases are diagnosed each year in the USA
(Wesson and Silverberg, 2003) and 65,000 in the UK (figures provided by Cancer Research. UK).
NMSC accounts for around 90% of skin cancers and consists of basal cell and squamous cell
carcinomas (BCC and SCC, respectively). BCC are the commonest form of NMSC and arise
predominantly from the basal keratinocytes of the epidermis but also from cells in hair follicles and
sebaceous glands. They are locally invasive but rarely metastasise. SCCs are also derived from basal
keratinocytes; however, in contrast to BCC, SCC may metastasize. Compared with BCC, SCC shows
the greatest increase with age and is concentrated in the elderly (Severi and English, 2004). The
relative density of NMSC is highest on body sites "usually" exposed to the sun when outdoors such as
scalp, face, neck, and ears as defined by Armstrong (2004). SCC, however, differs appreciably from
BCC in having a much lower density on body sites which are "occasionally" exposed to the sun such
as shoulders, back, and chest as defined by Armstrong (2004).

Therefore, the major determinant of NMSC is the ultraviolet radiation (UVR) component of sunlight
that induces DNA damage. Importantly it is both the pattern (more continuous versus intermittent)
and the cumulative amount of sun exposure that influences the development of NMSC (Armstrong
and Kricker, 2001). To determine a reliable marker of cumulative UVR exposure in human skin, the
inventors and others have examined the novel idea of using mitochondrial DNA (mtDNA), rather than
nuclear DNA, as a biomarker of UV-induced DNA damage (Pang et al, 1994; Berneburg et al, 1997;
Birch-Machin et al, 1998; Birch-Machin, 2000;). Compared with mutation screening of nuclear DNA
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nt DNA (12s anplicon-total mtochondrial genone
prinmers), 3.4 deletion or total nuclear DNA

w@ TipAsioryl e copy nucl ear gene prinmers). The ICwah2m®s/000652
of the sanples can then be converted to the nunber of

gen%fg gs?gbgf t]%%eegrg rggﬁaréllle ?%%a%ltgtges o%rgglld O i Qer e!d;a%%agg fln tslllﬁln-exposed skin.

Firsia pl¢hongh there ag evideneel iw watoghoniria ﬂqebatslebmsmnrrem&f nmltiatlve damage, there is

no g/?(fegg ngﬁ gﬁ\éléatt] egmg’Zn Cf%(})% e&){ tﬂesrell;;an to?thI\eIA }{(1)%} Qgiu%f( 6e .g. cyclobutane
p}’rlm@dll@t dlmnrspmes@NA I(IneDom_q et zdotﬂ?él Coéxiu SadT'BIOE 4997, Pascucci et al, 1997;
Saw#rgo}gdgg sftgﬁ q{r?g%n’t ﬁ@%}l t egéled?gaggfgflt?ag o t%llneur?ttg rsgvse?a? tho%.lf,'a-ll‘;d copies of the
mtDRZ ggnotneancb utltoblemériet tranhS&oeyolems:, veoy higb rlca'elsl (ke ltoy 9@%) of damaged

mtDE\J% {hro E go%gle?]%rggti}ﬁg&fgﬂlgrepTemgm?ncgho cg{ypﬁ éCl?sanpert gazelgg)% a%lacco et al,
19945h| §F dg‘aljaerb ghesexfattess &dd a®  accpanlati@ntof ofhotddeméget & mtDNA without
m t ochongf { DNA. The nunber of cells, as reprsented
ComBr)(?mtl% % narrpl icon, may be incorporated to refine
The hh:eof dmtENIAnd}il“ma@fﬂaskre'ﬂilm&laerkf&tfﬂugﬁhlaﬂmdsdﬁaﬂxb@sﬂ&ﬁh htninSrSﬂ@SLs a relatively
yses

new Bi]elgl orq f%{’aﬁ}&o qn g}etV{S)Bf g/o%%&ea%sngl C8vg%§e(I ﬂ“hﬁ%‘s* gﬂp%gg to glstmgulsh between
sun-pratett@adh laed sinabpost leﬁ(IBﬁigdﬁ raf dl 9DQrBdrieday a@ndl WSBSBiadheMachin et al,

h cI e t.hreshol Necr o
199%08%1} PE3g B@W fj’élfeo Ppegg?glfmtfyﬁsqg}leds ?x\gﬁ)ﬂy sites which are
"ususipe (kix@ﬁec_Difo the dua Ginen eiitiéord :h;&ipp@s@@ toadites thixQse" e@RdhdliyC exposed to the

rimer site and t hose ito dria that harbour _t
sun [sprstngn 5@@. T &% Bt 69 sy Qﬂ}@iog R @TEFT SERTRIG gemonstratcs
that ms&mt:ndwfrabmrzeaee BOk rm&efe;bda@arz.l@mp Qntbwtm@m céﬁ@dprevmusly
o.the, sim/l range of data. Fig

deschOGH B s Hb TS BoranFS A AT e GRS i bpated body sites that

are "Iﬁﬁll%"\@i@h&'dc&asbhﬁlyp @iﬁo@é&tto HRRE I n addiflod, BR eXa é §erh(§1strates the link
ycle threshold obtained fromreal tine It

betwie?Pp%‘F elplpEn o thoo 5t el Wb ghiel VR ifempgrepbot Pl dncucing th

3893 Bp defelibn 1OWRS wRhRP&AH:ivO§ubtiBBal\iBEes 3P4 EVAHITVIH 185 &urce10
The primary general trend shown in Figure 7 1s based

upon the differences/ratios between the variables of
Metmséf‘ﬁ%ate%i al, and TNF. The del eti on |s low t o
ent for the benl gn/ normal _ sanpl es ht side) and

The Plﬁevlelg& pdiatipy (IAYR) tornkigh ds) wwielcfﬁe%%waw t%b@?wcgnie Frainant of non-
melafiBthd SMeHncs FNMISES in FdiBasiaA BRFARLs. PERIAD waAhy R h8Rahventors and

nples begin to differentiate thensel ves from each
other3 PRYsr > ggE e efeitachendgali A SN rdemage #5f2 pemakere cumulative

sun &xPoslibin hhmaPYRR! %@s‘é@tu'dﬁ:@%ﬂe%m%%@ ¥DRAMahBAE BthEen! Sin-protected
based on the systemtrying to predict outcones for

and RiesRPesSAREP-ed s apgropcho limpigd Beese NS Goe aredgminpatifosms on body

sites {13 ar@t"bﬁﬁllﬁ%xf)oste@ td 188 burt WiRn&u @186k { RWppREP &Y He$ Gt are "occasionally”
res its predictions to the target

| earnin nglg
sun-eXReSFR AN %ﬁom Y Aifer f“r‘é?ﬁf Pyraulpfve (LAY exposyget In qif atfeppt to address this

hmltal’(ﬁdﬂhﬁte@ﬂnpl@hhkléﬁﬁtgatécﬁthg FehRhcyt obcﬁlﬂ@ﬁcetoh@[:hrélp fopBfadd o5 bp mDNA
tcone in the data, the error pr opagat ed back

deleeyig g 2g3rwatchey ugnen skinsapplen @k%fr@%t‘@u Peosayionailygnd rarely sun-
expoSd s |sﬂﬂfg| yrhe@ax'a@ aighificalb ih@ea2®@ W the RERLEGNFr&RMdyOwifiPH R reasing UV

expog%e (p<8 0001) and of interest there was a significantly greater deletion frequency in body sites
that are "usually” sun-exposed compared to those which are "occasionally" exposed in both the dermis
(p=0.0018) and epidermis (p<0.0001). Investigation of the 3895 bp deletion in the same NMSC
samples used in a previous study of the 4977 bp common deletion, showed a comparatively greater

frequency of occurrence of the 3895 deletion (8/10 vs 4/10 respectively), although this difference was
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65% to 95% - Malignant ANN Al gorithm (shown

schematically below: 25 Half of Data set used for
wae@isnivge ANN Ot her hal f used to conpare the PCT/CA2006/000652

accuracyAccuracy = Conpare expected data set with

T

3895-|-1deq1e,lﬁt1ﬁg with glpqqléVB:gp@mnentmﬁptpnhght hysnrducingitheNiS9p &b deletlon in vitro with
repei}{‘?\tevﬂﬁjfetha%ﬂé'ég of b mmVﬁgW?&?rc? I *Pﬂé"frfdﬂ@&gmﬁh@%%ﬁo%rhelenon in

put neur ons ust wel neur ons
humsu PP ireades | & a@tﬁmtwg bigmarlst derj emuibxdive WS enpospret andi piowilles an early

d lt&bl f & A
oA DNUSC Moy TR 8 0P PRI s
0fdéﬂ@b§€ﬂ$@@ﬂ$@ﬁy@g@w&sed based on Real Time PCR Cycle
Threshold CT: 10 Tumour Necrosis Factor (TNF) -

Patidik @k copy control. Total Mtochondria -

an DJ%%{g)hondrla copy control Deletion - Mtochondria in

Clinioplly nesmel patilesionpleskiRéoml hosly sitdSthelaire "ofuallplt sexpesedits the sun when
0uth(§§ gsuéhoas sk r}”agehr?ecﬁ[a\m e %gef)%cﬁﬁmga glérgg Crg taélbmeasn augg gdSEM =694

onpare ’he accur acy
+ 2. @c@nﬂirbaw site® -h8%o 4Pe S pdchsrenally echiposcdvie thialsure (s(h@&mers, back and chest)

t I = 8 Lye Predi
(eplc@ﬁ{ﬁk EDZ(lNgQ*@S HB—ggqggﬁm pge :%,g%l%’g ﬁb(a}:nll\fg %)%gerg 5?11:() nformed consent from
42 66/ patig@P RtteCigCAR 006! 08065 2xcistoraniplie af 3he RogaluS#tonk Infirmary,
New@asﬁ% %%% bﬂlefy Jrg (ﬁ‘g' 9%9 ﬁcg’lt a% fi er%}lceets bW edths urs@alill}s and ]:)gcrasmnally sun-

exposed groups (p=0.158: two-tailed t test (Welch correction)). In addition, of the 42 patients, the

percentage of females:males were almost the same (i.e., 52%: 48% respectively) as well as the
percentage of BCC and SCC, with 57% of the patients having a BCC. Normal skin samples from
body sites that are rarely exposed to the sun (such as buttock and heel) were taken from pfeviously
obtained postmortem samples (epidermis n=10, dermis n=10, mean age = 73y). Epidermis and
dermis were separated using 0.25% dispase at 4°C overnight (Durham et al, 2003) and DNA was
extracted using a Qiagen, DNeasy tissue extraction kit. Epidermal tumours, BCC (n=5), SCC (n=5)
were obtained from patients attending for cancer excision. None of the patients used for this study had

a mtDNA defect.

UV irradiation of HaCaT cells

A spontaneously immortalized keratinocyte cell line (HaCaT) (Boukamp et al, 1988) was grown in
Dulbecco’s modified Eagle’s medium containing, 10% fetal bovine serum 5 IU per mL penicillin and
5g per mL streptomycin. The cells were grown to 70%-90% confluency in a 9 cm diameter tissue
culture-treated Petri dishes, washed in PBS and then irradiated every alternate day with a sub-lethal
dose (0.5 J per cm” which is equivalent to 1 SED) of UVR using a helarium 40 W lamp (Wolff B1.01,
290-400 nm, peak emission at 325 nm). At appropriate time points, total cellular DNA was extracted

from the adherent cells using the Qiagen, DNeasy tissue extraction kit.

PCR analysis

The PCR was carried out in a 25 pl ‘reaction containing 200 ng genomic DNA, 600 nM of each
primer, 250 uM dNTPs, 0.6 U per reaction Amplitaq Gold DNA polymerase (Applied Biosystems),
GeneAmp buffer (containing, 100 mM Tris-HCl, pH 8.3, 500 mM KCl, 15 mM MgCl and 0.01%
(wt/vol) gelatin). The PCR primers used were L404 (5° CTT TTG GCG GTA TGC ACT TT 3’) (404-
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exposure in human skin Since the initial discovery of
t he possi bl e association of the 3895bp deletion with
WGEW6axpPesUre as reported by Harbottle et al.pPCR08Z006/000652
and Durhamet al., 2003, further work has confirned
that the 5 association is present. As well, the
423810 (FRQ 8p AO:Wigb karlald4@0 4B @ATIINE GSA ”ﬁGCtG(E’B Tdxl BT i30n(4676-4657nt)
dj e osu nc
SFQIDIRo LRI RL T A P P ARIBH & ol SR RGP po deteion
DurghgtT8A amnllf@fatumetheshomﬁo s)mdlymemuem@snoe gineailyemperist dntplification of

wilota-tﬁ/éyg%% g%lﬂlﬁﬁ%iahst fn\gf %nl?an n?ﬁcatlon 9 the tsma E%Fl g7§J %w) glfcg WE}{S& represents

the é@qabmtﬁi\m sptee.dl HB)PGH‘I&)ndmbﬁ WﬁEl 94°@r fot & e, i36vycles of 94°C for 30 s,

S ST T A RS TR .

visualised 8t £t hgifose El8tause with eihhﬁhrﬁ]%ﬁhd%'(ﬂQf Qg perengbl es the
quantltatlve detection of the deletion rather than a
DN gﬁlfe presence and absence scenario. This
‘Sa RGeAPBMSi s the basis of the test as it is the
The 365 abIPCGR pisoutntas fl ctelket indrputified udiAo RSkt é’éﬁ e*tﬁ\éﬁclm kit (Qiagen,
expasur e Raracter of the malig Xl
GCHP%&YE &9 SIpEA i P?Bn%ﬂg’l’@r SERICEER TR e Clonitg kit (Invitrogen, UK).
To @&fiinT €l aduntidy @I 12878 B \PCRUSTbJuct, BRODI & Gvas /é&Tuel\M%h |us1¥1§1 Qutomnated DNA
| at f orm enabl es the use of apparently unaffected
Sequﬁ‘i‘c“l‘f:’o(ﬁ’ﬂgﬁd%%téﬁ] Ebadhgee. Gemiapy- 15 det ection sensitivity
is substantially greater than conventional PCR and

Radﬁiam“q.lp(mbﬁgyglsde detection. Background: The incidence
on- nme|l anonma_ skin cancer (NMSC) is increasing in

To d&ffﬁup‘é{ﬂw&ﬁsof &fe delrrion saradibyi LV R, (%e%ﬁi Wag feTiEhgiftjag Hescribed above

but wRD4Aditidnost m@t@@p&@rmAﬁ&%@%&%%’ﬁﬁ%% €UK). The PCR products
di_agngsed each é)erar in the USA (Wsson and

weresf}]eg é‘rletggp@mreggb oughp 6% opdsnatufipg Polaqrylpgigeegs! and exposed to a
phosBh&h36 Serbh ﬁ)&mﬁ‘i’eﬁﬁ & hdbrs. P radl%QctNW@Rq{:a“g%ﬁ]tE %veﬁe%anned and

arou 90%0 in cancers and consists of basal
visugljzed rla@gqr usg the Ing gasdagtsottvarn (Melelar Dynamlcs UK)
respect ively). BCC are the commopnest form of NMSC and
StatRfiéa3 Snalpi€doni nant |y from the basal keratinocytes of
the epiderm s but also fromcells in hair follicles

Statlaﬁal ar@@ﬁﬁamgermm@smgm@tgalar(BplrI@feaCDQ Alersi Georgiltemploying X,
Pear§cfs8F Yridket @é&&%h@ﬁmre@%s are al so derived from basal

kerat'i nocytes; however, in contrast to BCC, SCC may

net ast asi ze. Con'pared W|th BCC, SCC shows 25 the
Results and Discussiptr ease with age and is concentrated in the
Conﬁhﬁlﬁg ke lﬁéﬁmf th@@@bS@iﬁleleﬁnn 2004). The r el ative

density g%est on body sites "usually"

The ’é‘%‘g éﬁletﬂ%‘ WF@WW gl U SEPSCE thithirers a psevadug stuflyurham et al,

20032 ek re-AAN LR B waSfotd e P%ax%l@?ﬂa&%ﬂed(az&%ﬁlm aﬁ%lmately 4 kb in
owever, differs slpgrema from BCC in havin

size. nﬁ.ﬂilﬁw}”@\ﬁeﬁemﬂ}é pisthe Ql\%ﬁ’o@/h aps20@fh) dakpbageathe deletlon was identified to

be theomg%%@dlésﬁhateﬁﬁ%ﬁ%eﬁ Qn tHRemdn al%%grmlﬁsn&m{-lhége:{4§i4443 This
back, and chest as defined I%ﬁAr nstrong (2
deletipp ghads Ry OUS}yh Bectagseciaingt willikiramss S@ffrer\wfs@rqn@ @rhieChromc Progressive
Extetthll OfMAIR0bSEgiS %ﬁ%é a1 (99K, QR ENhe Qfentﬁy IQ)lf 'tlgshﬁeletlon a deletion
t hat i nduces damage. Inmportantly it Is
specifia PLRAssaY 3F desigind aﬁwlﬁye@@r@a giethadsesentian; éﬁh@WS hmrodm from this

PCR %g‘éécﬂlteﬁ%@ t@@HﬁHHﬁ a0t it %Hﬁ}aﬁ&pﬁlé HEI@tlog‘r] Qﬁrcltllgﬂ géqldgxlegg%t tiJ&laracterlstlc

devel opment of NWVSC mstr %
of the|d¢%r i detetign.mempelat’ € Thety(ke Caentcaccises” (RS ARP6dUr3e (SEQ ID

NO: '14[7) h@ﬂﬁﬁbteﬂgﬁ&lly, tﬂl@ sedubh¥E %Iggl gfr(glte %?B\IA‘D(?\!;BE@%&EQ flank the

novel 1 dea of using mtoc
3895rbaldhléfﬁ°ntlha4ﬂd3@enm@ﬂ‘1éa@0wse hﬁ@ela) bi omar ker of
UV-induced DNA damage (Pang,et al, 1994; Berneburg et
al, 1997; Birch-Machin et aI 1998 Bi r ch- Machi n,
2000 ). Conpared with nutation screening of nuclear
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WD 2006/ 111029 PCT/ CA2006/ 000652 genes such as p53,
there are certain advantages of studyi ng nt DNA damage

wo poosanroexposed skin.  First, although there iBCT/CA2006/000652
evidence in mtochondria for base excision repai r of

A <GieRBhon St BE TR B Bon. PP BIUERa Bnfit ol crlick ere usualy sun

exppedyersay tHosdowhiak ere qmyzrsiommbr épogtdrer s) in mt DNA ( LeDoux

T T Y REICT

preseeﬂ Inveraots addiésaédnthd putdios @Y @d‘haﬂhcﬁ the lfﬁéé}lﬁ‘dﬁcﬁ opiRsdedtioh R€a marker of

rreand mtoc ndrla n ther tolerate
eI ST E VR ptises Qe e g aER PATDRREY i, terls and
Methodsp| teergaiuhéy06f @fcurkdhee ﬁrenmm men@wueh spliy B4k Ydingdds taken from
a}g, 1992: Sciacco. et al, é gg, Toget her,, t hese
sy 6RO P FE QFaEEE SHUPRPIEBPodY bt Btidnliyecs Rhe Ofea @ sienifcant
incrédst 0 tHe deCOibP FRAUHEY &/ith Ghdreabif A1V @)\Ebosﬂr@ il BEthUSE eMflermis (p<0.0001,

d e, a bi omarker for c

ﬁt %éfpﬁ%asﬁ%g S R At S L0041, %T%%t@v%#ﬂ/ Figwi Srsheyyan increased

freqﬁéncﬂl Qﬁ&ﬂﬁﬁ&c@mh@BMb&&)&etM@BBseh@@w$th PRt sif@fR K re Figure 8aisa
amage to distingui sh between sun-protecte dgur

reprgﬁfﬂta%YFpﬁg‘éﬂmékmﬁ“‘{eF%%@e eREAISC SEOYWWiNgch FERIGT ée@enw of the 3895 bp
deleli@ ity by kR thAGRI RuAly eRposed @%g&bane-f)"}b Sheasgﬁ r\@l@ﬁ Iaut’d§0rs as opposed to

limted because NMSC is pre omnant% orned ;/
thosg jwhach afg, peesigelly senpepesed &longm%@,t TTRify ends,ane is). The positive

con@H rRQERs @§an§iﬂ@@§§ %et3@9§!)ﬂ &Setioh &lat ﬁis%eetp&ﬁﬁ%éanﬁrl sle&urg:r%cmg Lane 1

eXposed to the sun (Armstron In an
in bty papRly RESRICTeRTS Sndlqcriat y@ug@rmark% gﬁ»«p@é@i@l@r ¥k agnsE d 000 100 bp, Bioline,
Lon8&MORS$! Tlfét sarie altnG@H:t of Qﬁlpfafeq%ﬁﬁw a@ed ‘P&&FE PERGE RSN, BFigure 8b is the

rarely reported 3 t,% etion l'y
hlst?ﬂr'réms ng thed&%lpmqye@f 7 3895 baglelgtioruac 1@ ¢l skiassamples taken from

diff@knt S&pg%g;edlbgdysgltgpl ficantly di ffer ent between body
sites t are "usual l'y" versus "occasionally"

Imperastg.chiere ovas beigaifipantly greaigrlel¢tion fremkﬁ@csewdwdy gites that are "usually” sun-

exp&gam&ﬁﬁakglt@%h&s@ €hak kn'%“’oc%%ég@g” e%dil? 2d8h kgl HOfY 5 gﬁo opLs, ¥=9.72,

[etion wth onent o
odds radig <§|5ng2 testleand 201dg@YS (HsP-0gel, e&=|1(75453,| crddwatIDGO)/\(ngure 8b). The deletion

f

vos R YW S 2055001 58 LUAEERL LD SO fn s
ratios ang trhdug fypei ﬁaomvl“dieplhyher poigpmingleskinawag takexmypm rvery similar between the
usua tjgrg g% ggé&faﬁgfosﬁ%’ llg ex%) 0151’ ksI (\r%%clga Brlali %n'ﬂhﬁ%%%sﬂ t‘[he findings are
unlikety/terbe oorgfoanded byothtre fatdinvie aédaacm theck stao lsmestmﬁl difference in the mean
age U;htle% %@?&gg éa%:gleDl\l!ét frﬂ% Qgﬁ% e., mea gﬁg%tfgz%( JT%EE‘S{ ha(r)bor (mean=65.81+
3. 47$tha dS%Sspr@ipeorc(pﬁwa‘iOettem\DNéh drawatgm))b et ween

sun-protected and sun-exposed skin. This approach is

I NVEBGqke, Predonmi nantly formed on body
The 3b§§ i"eﬂﬁat&g?%ﬁ“ usua F§§ exposed to the sun when
InVeEilaaﬁl‘ﬁbﬁfsthe d89opipddetipntin thyi tagw NMEE samples, oducsivemais¢dyth a previous
study GF tﬁc?( 9973798';) %&gmgr? déﬁéﬁ&h ﬁlﬁ‘lﬁ}{anqlef ?r20|0§1) tSH‘?‘l’dJéir a com??{atlvely greater

cunul at1 ve UV exposure. I'n an at to a
frequeney efsceusiencetdiiths @Rhmﬁ@n (Hetd/ lﬁatG@BthIM)’)f slthquahrtbiy difference was
Qf a & My
not {s‘tg({alflg %%1?1%‘19:%16 Agﬂ{eegé n%l{ngﬁrggxr Lu%gﬁgdgéog %o@ h%? arﬁ usually exposed
to thf: ISemitus iddresying @I:&pasﬂam tat the 3BR5 tpededsitipn sap -be expos e@smve marker of
T %ﬁ ficant increase in the
Cumggtﬁ%tﬁﬁ E)&) sruée ﬂgﬁ fie ﬁl?erllegllr?’}éam ng W exposure
(p<0. 0001) and of | nt erest there was a significantly
Histqyrealit, étrhadbfteetaissumecﬂ thetjthe manor are rbgi@tyosthet @gochbidxtal ganeme that contains
I QsE: whi ¢
the 3948 HE Brikionls FRARES ARG UFR 4R b HEHUE BablBiging fre common
and epi der ni s (p<0 0001). IHRvestigation of the 3895 bp
del etion in the sane NMSC 35 sanples used in a
previ ous study of the 4977 bp common del eti on, showed
a conparatively greater
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frequency of occurrence of the 3895 deletion (8/10 vs
4/ 10 respectively), although this difference was 72
wOD0eA0H2911029 PCT/ CA2006/ 000652 not st ati st i BEI/CX2006/000652
significant. In addition, the exanple furthers the
delqtion KWiiet Wb d OG; Wétoétapdoé@y Aot rehndt, the @@oritp ol eusphudies have tended

to ﬂ%uts I%nttltkes %n{:&frﬁéﬂ:ﬂg&tm Ql{e rﬁzHUlJ zlng n:glogylt c&ﬁh‘ %E lage for}ﬁlh fesearch bias"

de etiton 1n vit etitive su
thatdb% é§9501fp deletonhepr/B low gﬂpprtgbmmd@ce TIh thefoeeqaldioytunt Ahenatively, the

3899 %8 %el%nqﬁ%yq{a't&ﬁ%({acurqp rf?iet@gtgo\{é fé:@ sfh rR)%éjq}séuaes which is then

bi omar ker tor cunulative exposure an provi
enrighpd|iy thg skje theeughgrpdserolto ¥8r NVBC devel opnent as wel | as
provi ding a mst hod of nonitoring |long-termsafety of

Abs%héemf?l?éssb%/b ﬁfper ¥ il Highges. Patient sanples

d 1 nical esional skin from body sites
Thet ¥ap bardéle'ﬂms h@sl wy prexiguse Heengrepdred smdispdsech muenle domss et al, 1992).

| e
AU R SRR, 1798, AEEIBNY S AL (S IR 800 o T
presenttipwenignd givestigged the clakiion ﬁbcktyﬂcyeimrjMd by (peﬂfdremsgt,mhe deletion-specific

PC}£n glg ?{3’ Ibgn)gg Eané%igcélé%w%rﬁ E%fe%})s 0 % mi arrrep & grg)wé %‘d tho§ehg? tﬁe skin samples.

Nornie iof the rlodd saomdasiverd shown to&ﬁrﬂ\ihﬁ@e pattloamdesa adtslerwdi)ng t he
skin cancer excision clinic at the Royal Victoria

Genem&ogrxﬂl}e@r%%%ﬁﬁ%gtﬁon ih CHFI.h éza_ Shg?gg celFs bﬁ' d'e%etglvg quy‘utmn

To zsea3s the xpwsledlagosbipdefpedthe 58mulam ana]uhtecnf stin b:epzisuré Wéd ¢l frequency
atie

of og&nrer?c%tolf %]e) g 2%95 leg de‘ldfj (I)nt |1to as necessa to 1nv gt‘tlga{eht gg?&% OF sunﬁght in vitro.

percenta e o0 eS WBr al no
As funlight ,corﬁa'd% deWI‘/’e&ﬂdQVB vzl }}e)arlaﬁl lwp (Didifey.t 7062) was used to provide an

f.. BCC 7% of the at i en
ex gl BREOERhe RESERRaED T i P4’ Bl BBl Bbe e 3695
deletldsrain aainmah apdéynabapnse H4CaT) &l 150N TS ugitnaA S MRItep@eie dose strategy

d.heel Kk f I bt d
oS I 5D o LA 205 o B g Ui

radi@geveP(IBY)sed Epa}de/é dersoratigled ﬂiﬁrth’ﬂ Brstviine oﬁﬁﬂt&ﬂlaﬁ 6Ckhe!S893%p deletion

o BB 5, T e ST 2008

UVRxtraction kit. Epidernal turmurs BCC (n=5), SCC

. (n= [ tai ned f ients attendi ng for.
Fisd s B e P (ﬁ?%(‘ﬁ@ﬁwwceﬁ & S§Baw Fiston yHsCaT cell afer
17 cﬁﬁdsjd))f ofsadl peracnitt (DNA  GRICAT teelld MWerk ifraiitad AR 0Gf J ba%? (1 e. 1 SED) of
s As ontan ously immortaljzed keratinocyte cel

g ?vpﬁl d'(l)B Qé‘ﬁﬁ)‘ oét19 gpses 1§gt81)cewg§r ]alﬂév\\;has eﬁtracggl from adherent

cellthhH ne0 G:Q' vas Wi} édidded fEﬂQioean@hﬁsedﬂe BEHL BﬁB‘tdé'!btﬁHnn OThelf}% s1gns of a UV-
penicillin an

f bovi rum 5. | U per
indugfle Shreisy BHPE TR0 PREILE FE drabEP BRI S TR GobsE of UVR. The
pomﬁ:@ﬂfohﬂdﬂ REHNAMTrom Qtu&iﬁhﬂsia&ﬂ&tlﬁfbohhr%sﬂd@38%l-ﬂpgdéfetﬁor§j nele®fkhe negative
n_Lrradl ate every

tri dishes, shed in PBS and
contef iats it B9y TP il imerp ctsr TG LD BNGe Sessaiocd e level of the
deleml’ml ®lils i‘rﬁm&i@hd:tl\dﬁﬂtﬁﬁ‘lt:ell BndfoﬁE@)ngQﬁvoWﬁ%etiﬁdnﬂWdh&k af iptdPbrty that is
B 1,01, 00 nm_  peak enission at

impog3 i T80 DB Pt PYRR SOTHISERe DBPaReg| B FaRosire in buman

skin. DINRs Wasf 1ﬁﬁéfe@tag?1¢'@1dhe 3y tdcen findR g 2SR RIYer ol |az:%00®| (@iblished during
tissue extraction Kit anal YSI S

t h
manﬁﬁﬁrgptg@ﬁg @?%3? Ansiatsdyn givo dhat the LeA- rr@ﬁceé&ﬁmm% ﬂﬁ@twn may be

prese%@% ﬁ@mﬁ@ﬁﬂmﬁg ENGtioR BPimaMh@n. each  priner, 250 M
U per. reactjon Anplitaq Gold DNA pol ynmer ase
The f’%ﬁﬁ’lap% d&wg@% téwg)are important for several reasons. Firstly, the study has used a

UVR source emitting both UVA and UVB thereby representing more closely a solar-simulated UVR

source than those previous studies which generated the common deletion using UVA alone
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GeneAnp buffer (containing, 100 mM Tris-HC, pH 8.3,

500 MM KCl, 15 mM MgCl and 0.01% 35 (wt/vol) gelatin).
wab@eROR2Pri mers used were L404 (5 CITT TTG GRETAHA200GM0652

ACT TT 3") (404- 73 WO 2006/111029 PCT/ CA2006/ 000652
(Berfed3ftet al $ﬁ@ KBeHNal 126(512 &G&d%@l@ﬂé%m%@ Td%En%h&%n the 4977

GGT TGC TT 3 %ﬁ? (4676- 4657nt)
bp cospmprpeletiondas bas rpeerel %F@tlﬂé%ikﬁﬁ“e?f H%R aﬁw@ﬁrm@etlg jogrrast to the

BernbhiRg %%thb@utﬂ%‘é@ﬁﬁr@d’]asts [P ok daeht PR rsRRS 'hfn‘e%t‘:ﬁ ?é}f & on a cell line

shart (30 s) dyrrerase extension tine did ermt
derwaﬁﬁpmflﬁe@am%saf it ijtingicellyyme ﬂm@sava?r@samNMSCm | owi ng

only anplification of the smaller 375 bp product which
FunétPRABSAMGn& t he del eted nt DNA species. The PCR

conditions were 94C for 10 mn, 35 cycles of 94C for
The rygiogs thatzedgleipd i3¢hes3897 drrdelghionze Som sl i jbipding site in the D-loop to

RNA MBS Beletdd Bhds Hclube Gos ATRA fdsCrﬁNAoV% %gosth\é\f%'f(ﬁnoters for

visualised in a I % agarose gel stained

transgfingion @& beth thesH gnghbstrandy.. Apiqpais deshaldeo! a\nldrtym ®1€ﬁden®m must be
achl%pd b&hte BA W%eﬂm ngtgl:hoﬁefr‘fdl ra?d?g ﬁﬂ%dn 15 8{%&{;@& (?mcco det al, 1994).

Aqui ck gel extraction kit agen, 10 Cernman

For peoteineadingingP A saRs rspdh 35@‘(% re}novefbbbothe 8835rhy daleF@R@erthrFshold value
for rgt&ﬂéxﬂﬂalkfegpu(a 0@’ 'cﬁe[n?@ ﬁunch’@ 1s aréﬁrbn&? 85"; 'l atog% gg%gghh LY al, 1991;

pro uct, was sequenc
Choram Qirﬁﬂat@&Z)Dl\Eﬁzr expaeples PESVinyS (melaBlsmvefcﬁnat IEyenskiargmples harbourlng

<25 "/GGf 5197)7 fbp{%ﬁ HHYO% S8 Llé(%&%lbl-[ %&%?Ctl%%%% é‘%gochondrlal function

s 0 tlon genéra e
as dectfammeé@yoiuul msoquemmai bedmab)@vgtocm:@nda utidase tahd auilitlﬂateafehydrogenase
. of i - - dG hans
iy TRl g 260N, e P B Ao B BRATRT R o e 3305 o
deletiohy theid¢letzon694s momtidied at the paignponpke uglh@ﬁmnil&ng edabamd In the presence
h e, screen for appr
of srBRRE Fotuts i ARFRLL S REL S Dreafies R HoR B elion thrcty
suggezhog thei the kivels eﬂthbydelatlcﬁal*am piow I?.%B@é l(sesults inngshbtva). Therefore based on

the pigl AL U B Sl RGPl IR g albiopp e potentsamples
are upid«efydb mmd;e asy fugctiohaltd@attaciokpthe eitfre deridCor epldoerit although small focal
effects 20 ng 5'?' oyi ng X1, Pearson's x, Fisher's exact
d] 'tests. Results and Di scussion Confirm ng
the |dent|ty of the 3895 bp del etion The nt DNA
Putativsﬂmedhamsmpect rum of NMSC and sun-exposed skin from a

It had gr%Wog %%u d%gés\% tHeT% %EC?HBFmﬁ’éﬁ?‘ S%%ilﬁ%l\ﬁ%n HSP‘S SO deletion

1nvolwsd1ﬁf@tnoﬂm0 BpEhoxdtivatedny vid skjipedBtrarslirdigpairtr@ an@wiap @céhr at the 13 bp

rch of the MT 004)
reves B P SEmfant it PR i S 0ip B e 1080 i
al, 190Giddeguast sle o ). esls the 3895&)pnilehm5n aflenkepap M2 B repeats, its generation may
oceur] ucal s?nq}lérdn?eschSM 4%1 }; etion.ha revi ous
Bt uf Trirschabin SR O S epg proposes

en assocCl a
that tlw Odipessiatsare saxdeptitiato DA Ibaidm’@phcﬁgjyaillbwagae;ﬁqaﬂtregain, or “bubble” of

smgl %g%ed JIQ (9 gf eienr honeeﬁlégq B%dg MECS?TS éﬁsa# e%lggesst that UVR may be a
contrlbutpigafaﬂetdn Itllle geheanmt dfolks3896 dp idelationT HEhe Indohdiisnp fod @€ tnay occur by
s USRS RIS PRI b 0B B T ibdmon ocons s

“bubhidﬁ’a]famgle{strstdbd‘,DNAfthztthxe)uﬁi&ﬁﬁanbepthd edcemblﬁmonreaml y 5
CTAACC 536 bp/ 4430 bpCcat accccgaa548 bp/ 4442 AATGIT 3

Conc sxo% D

In summary, the present example has shown that the frequency of a rarely reported 3895 bp-mtDNA

is significantly different between body sites which are "usually" versus "occasionally”" exposed to the

77



10

15

20

25

30

35

NO 147). Characteristically, this sequence contai ned

only one of the two 12 bp repeats that flank the 3895
whpoodeiwed on in wild-type ntDNA (I ower case | ep€BECA2006/000652

74 WD 2006/ 111029 PCT/ CA2006/ 000652 A conpari son of

the frequency of the 3895 bp deletion in body sites

whi ch are usually sun exposed versus those which are

suno\ﬁ;ﬁ@smwsl ymeegega%r%q oRshd 5895339 1dABn qi@kh%tga&e NMESC samples used in a
ori gi nal g observed in NVMSC sanpl es taken from

Pregigps étsei%@ dhes #7dsbp cpramon delsen showipd it eprapagaiigelasaester frequency of

occhiéncd H?ﬁ% B9y 1 deyhiert. NRradiféh, iamy %E‘t@v)éerptfhe EiSodedr@itd 895 bp deletion
is a marker o 5 i ncreasi ng cunul ati ve sun- exposure.

withysherlgVR sempritert of shnlighles fopen etaRlidied by induees Waﬁé?ﬁ bit deletion in vitro
Wltﬁ%emaw fothal 8d26s &' a%vﬁﬂﬁv BQI hps%EﬂéE r @fﬂccﬁ"e uan}Q)li1 the 3895 bp deletion

age-mat ched, split human skin sanp es
in hysnan skip prayidens befertial Yiomprlierfar einylative Ué’xfrmg%lcb ipdeipan skin and may in

turtp #o%ﬁie Ta@l?a&e)/e%ﬁ& to-l;rI f4renNge @av@lb?rgég&la% gp{ljvaé Eposu a method of

ion Trequency wth inc
monltprmeﬂwgttm sefstyad ichiigal Uy<ghoBU@tapy regi@es. 36, 2df;
Pearson's test) and derm s (p<0.0001, )?=28.68, 2df).
Figure 8 shows an increased 10 frequency of occurrence

Englﬁu%& tiﬁ; :iﬁeglz’gﬂe %@I@Ma is%%ﬁe[ 5@3 ﬂMthﬂoﬁtﬂ'ﬁﬁ WA ﬁfgﬁ?ta)ln u“rln NMSC and

- exposure. lgure 8a IS a representative e
its iteanh quantitafiveauarkayfor senightexpesigpimbpangskimt er

UG the 3895 bp deletion in body sites that
Maft{rﬁl us@gff‘ftg&desxposed (upper panel) to the sun when

Humpert SayoSanpées opposed to those which are occasionally
Tulﬁé‘{fx] da%é Rﬁ)zﬁsqu IQI\Q’SEnaﬁ) %ﬁgl s)améllgs v&%?r {Xkén Qﬂg %brmed %onsenlt from patients

itrve represen
undmgbimgteh‘as@S@Eﬂ NMS@ehaml}oBaiahﬁtll b?asmbme KBCONGFH,nazel rdmge 55-89 years,

mean% earsj or 1%2? NSuis JCeill rcmo eg 3 Q rﬁ)sgﬁ €a n 78 years) at
1°gct \M% qﬁ aduép” 1% rang% Toyt?
the -Qlﬂ}(}?aﬂmnts @iirod, IIhsfal Vicamddnﬁﬂdié)y Nl'dmeaslanﬁKanEmrrthe efin-exposure studies,

cllmcaﬁ?ﬁormam) rxtlesa)na‘fl h“ga%it%]kgn ?‘%ﬁ‘%ﬁggheé ?9 tlﬁléal% gygaogegi to the sun
whaeduetobs Ifsuch asl 4lp sfatd, heck khdieass Mgpidzamits akan) dfzmﬁm—30, mean age + SEM =

702 S0 R B ST e PSP BTRA R Db S 55 Gt end ches)

(eplersntd2ateratien=225 whadd yge 45 8BM 263 eXponsu). cqlmarm nbGignificant age
hose.t hat ccas onaII exposed, i n . .
it Lo s B s oponaty it e guss: (rad g aied ¢ et
(W& &ﬁfeﬂﬂlcﬁ‘l) ( peP alD P& lesiondl/ siH3 gan(i}ﬂkiS e];b’ld?drm& alfi]aa)dgﬁg'xls Gk € separated using
e etion s . not dete t e body sites
o243 ooy 47 gmypir U5 sb 8 PR g Baojias RetaeRt wine & Qiagen
DNERAHssaf €8ractidvkit. Nohé OSth@puietits B8 for thiPQudy R WRDSA delfRt.
peril esional skin was taken were very simlar between
ysual Il y sun-exposed and occasi onal |l y exposed

he
PC%PBﬂﬁg (see Materials and Methods), the findings are
TheZBCRIRNak kexrigd ot taea 2D nf edaeribaccobiinidaez Ifgagldnﬁﬁﬁi: DNRA, 600 nM of each

T S RN R U T —
GeneRan-H6ieO &anBinganad sl TrOHapthe3, (SOIE&iM:&SJI&ISmM Mg()ll and 0.01%
ORI TR Bty HaP A ol R i desined to anea
outdldEWBSBg%aiﬂ deietioh. DirzIRVS abplifiatied terhord (IOB)Spcﬂﬁmi‘adE"‘&@nsmn time
did tnﬂtg&&xg};?mB %EWV\E{]WHE?)%? IPIg% }(rﬁ;rc I?}?Oé\fln%f)n y%t@g gl/(iaggn of the shorter
and Sbiese chtBNa argmest. Vied BCIQEcﬁaaitleﬁs wére e4fQeBE )0 Binutes, 35 cycles of 94°C for
30s 0526@@ [g{’rt%%‘s/,eﬁ%é forgﬁf ﬁrﬁﬁ% :ﬁi?ttgrllsg{r]]féfgrrgﬁ&gs %éz 8 nétmphﬁcatlon products

wer Vigddlisdd if 81 YeyaghloSindel itsA with\Shill DRI SSugNRY €
exci sed from body sites thgt are usually exposed
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to the sun, it is interesting to speculate that the
3895 bp deletion may be a nore sensitive marker of
wewvshatoeye sun exposure than the common del et PONCA3B6/000652
Historically, it has been assuned that the m nor arc
regi on of the mtochondrial genone that contains the
3895 bp del etion does not harbour as many del etions as
Thit R8s B8Rh dhpraved tvitd! fiGOmia Mep tedt ¢RENMBRAglardPBMfabs) and then by a further
2006/ 111029 PCT/ CA2006/ 00682 del etion (Wi et al
ImprONSEICNtP SEHINLEY BesdfochnEaststartckagy (This hpsallowed pig to mgpve from measuring
the [RERNOOBsuBbipdic@ SamF¥ Lol BBIBHients Qo HiaH §b10 o Fn@é%uﬁ:pcﬁ@&{léiﬂsh in young
of deletlons in the mej or arc region. It could be du
PatiefSt hi s "research bias" that the 3895 bp del etion has
a low reported incidence in the general literature.

Rea%fnrﬁép@p{mgws the 3895 bp deletion may nat ur aI ly
ccur _at currently undetectable levels in

A rF%l%)quEaél RHECREFY Baiden SRBHIICE Hercths AuanbiBcaiion ol ﬁh@r?&?@ pp deletion.

Th@?ﬁ%ﬁt&ﬁ&‘e tragNdh-PARSRALR RoviiberedBERe BiRa s IR %@ltﬁlgétofﬂput as PCR
in bl ood The 3895 bgddel etion has only previ ousody been
a

accyrayafiqndhropsh yiusblrbdlsd pipbe| Ehy ml?eaaégeaéi beavveen £ nd reverse primers
andAP8 Efeavell B He .3 PERAEMasSIHAY, T2 Ebl?metran:eduilﬁg %Q’Wex%smn phase.

occurrence in other tissues i s unknown eresen

Thereforan the r X -termvnad rengeteredyer RAMJEr@thosyflyoresepimnery VIG and the 3’-terminal

quemlﬁpchye bTAm QBRhBOx LK, ﬁeﬁe&ﬁ%tﬁ@ﬁxgaaﬁﬁxﬁe 19{11{’%00 fhe probe are
16 bl ood sanpl es taken from patients of sim

sepgjrigdgesuiing oz Buasgscense emigsion efdhgpicperter dygo nTe‘le ofobe fiendy lab.igdn serve as a

prlﬁé%élﬁlﬁecéﬁﬁé & 1§‘§}0(¥Whlﬁa yIB cp&%lt}{%ﬁ %ﬁﬂlaf%t (Iﬂé‘hx%}h%’ bse aan internal

S ovvn) Ceneration 0 e e etIO In culture
staridardprobe 1S FRrobyy Teldp éuand Fl\gere VY mrﬂneadfitcuhnoon bTegios sths gerame (Koch et

al. Q@Uﬁ QJ) esrtlﬁla%ttbt r%p% ﬁlrplfe W%Df\lﬁ% & ?j&%‘%g%lr \r(xglr(]i?ggzpi’hfﬂgvel of 3895 bp

sun exposure an requency
del@go B dgr@nwetcteby oprobe ¢3 8%150\@ d e@s aryd Figure AQeshitlyspes thhbreak point of

the g&&ﬁo%b{l/% ggﬂb{/%&;nl f%g? I?f l}}r]r? e?etf/'\ﬁ (%%P%ehtg Iblb'igg@sa?onngf the level of

delagior & detsvrqnncﬂ/byd@nmmsexpéuhs rafie oﬁélc urﬂemadfstan@piatonhd 3885 bp deletion.
sub-lethal UVR dose reginmes in an attenpt to generate

Am%lﬁg &aﬁfr%a&ip?s \ge% gérfo%ﬂed 41 Z?ulwﬂﬁa\/ﬁﬁlragﬁﬁév?@{ rlmggop Cja¥e dl“otal mtDNA and

delesetdr atlEy reamglsowgelamphmd:hl $eherad ehists) emh\mstagerger(mng@f DNA, 1X
ro i 0 6001 5815 G5HL APy 8 g, T
andfﬁlgts«thS arghEOOOM ofittlel tS-Pobe, @5& 3OW BB%hBIB%I bp deletoom ROndr nj3895F and

389%,??{})?%%}8%@ O?nlga (g tg? 384 rS-%r?rz € 1guréAﬂl&g )an(s flﬁg%g\?%qce analysis was
perfbingpdrusing s ABWBrigrh 8004 h”@phai Brosysmamsa biK) ( (AdyglifldB)on conditions were as

foll(la{r]sd Cn’?lglft%%g‘.é% plé)lr) del %\/‘&QB F&&;ﬁﬁ%ﬁo&?é&f %Ia {5tseconds at 95°C and 1

m1nl1ﬂé radg0a. eha\R} talld & ta}g&&ép&ﬁi sighal @orndali2dlb tBE paddVeVrdMBhce, a dye
very other day for a total of 19 doses. Tot aF

inclidep i A& TSP acSioB Reticac ABe Asltnd axthe RiSRtenebeRiaen & ARgof a reaction
conth@fhgn@l tH@&n?bHan@sQBﬁﬁjdlﬁé)teﬁ%es %dﬂ(’f’péﬂ foii"a hO&nP88cdARol). The cycle at

del etion. The first signs - i nduci bl e i ncreaSe
whiglf a stpstiggbssigyficaal aeressa ma@ndbﬁetpvech fisb s ealipch tre tpreshold cycle (Ct).

Flqu@sQ&Ick tsig\‘nﬁs dps al‘at:d la'%]/ergB} Qﬁlt iP %' huo\éﬁgsgé-ﬁ’ rlﬁt%r?lt?r' &c% 10-fold the

froma tunour s ouring the et on,
stangigyé devaation héthﬁé@yé&gqov@ R@@hl@rt@deﬁd@eﬁlrwb@ldcont ai n DNA.
Furt hernore, as sub-lethal UVR doses were used, the
The r@a\l’tﬁhe P&Rtnna@nodqg h% lar%ha%tt&}\)g%h g&lﬁlsﬂe%q)e'f&et li}ffe ﬁ%{}]lbd hésnﬁ increased
['owm ng two subsequent a property that Is
sensstylty sl boava quanfification,38 0Gnizpedda the semiupientitat e atapdardPCR.e This type of

brea%{mx{l sﬁgélfY@d&écgw{sktﬁg th(gfsarﬁé'I &oﬁﬁ&%ﬁféé&i‘ fo; %e%}g&eﬂe detection and is novel.
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skin. This is of interest given the very recent

findings of Berneberg et al (2004) (published during
woratveacroept revi sion), who have denonstrated i PCT/CK2006/000652

that the UVA-induced common del etion may be present

We Bdve RGNS tof 8 Useftd iGhCRER A Sikchdridfi@Gbatah hentsRBecifice for prostate
observati ons descri bed above are inportant for severa

cancepand sHR expesUrg Pyt canlso be gy iy ke dyteaiipnpt othsr tggrangenete
emtting both UVYA and UVB thereby representing nore

Figued asekhowe el 1a¢alisdtizh| ¢t AR UMitnerS Qditl CRadMEAN pfoB@S@nd is a schematic
i enerated the commpn del et

evi ous. studjes which
repr AP AT MRS S0 SOOBIE 1038 e CHBRT0 6 DB BEISK. and 1S
Prot(eB@ﬂiﬂ&ﬁb usd @oﬁt wild-typd 908 del&@@ hntDNAﬁ' Dei20bh) of BE8BBSbp  deletion was
del etion ot her than the 487

perThEHed OfRORTEY AT SRS b 89 SgRHBh b 116 Rt prdg @nly amnels t

dele@@ 9RBNGS asUVBind Fhrédd @@ ion fuhcEANt aRtitibe thd 6ccurence of the 3895 bp
Ber nebur g study t hat utlllsed fi brobl asts

celefig B e e R pes PO PBETS dhe o Gal A3 Rnid LIOATIA676) close
enoudBfid ARG deh @A &t brﬁﬂ{%}éﬁ 8ilePME givin PER taRiong! | type
that gives rise to Functional significance The
regions that are deleted in the 3895 bp deletion are
TORG bt {amégnt TFI binding site in the D-loop to tRNA
Clonipt &Y K BhtroDrzRh @eld 3895 8eldthd | wiske calr&d 5R-NRing %%P@% Clonlng kit

ND1 and al so the pronoters for transcription of
(InviinqgenyUkp qeoording tibrsmanufaciyerainginictiprss HEIEP & cloning ks advantage of

the ﬂbﬂtgnﬁléftélﬁeﬁéﬁdleﬁf eGmidaPWANdTMSde RBivinA G| I%\Qeﬁolﬁﬁérﬁ’{eethgp adds a single

ggglrnent of mtochondrial respirator nction is
deoxypricapsined A) cthe é cdset PAR pradygls) C:Lbnqaeﬁedpﬂe%wreﬁuﬁplceédmghe kit has a

smgl@t B BERE 5 de SYHYmRAEnd N9$QiduE rﬁ‘%@ﬁtg Ryrdide ll'g)‘é?tl%é b@@veen PCR product

del etion, the thieshold value for mtochondri al
and Yegtop FhetRSGNCE 19k hmERyGl tiecooTrent sive Way aAtmegSosEapRll esiwigtéon fragment
analysi9aY ﬁ}%%ct&tp@i&Tdﬁ?l Chonyn et al, 1992). For
exanpl e, previous work has shown that human skin
sanpl es harbouring <25% of the 4977 bp nmt DNA conmon
Resulfg| etion, do not exhibit a deficiency of mtochondri al
Estaﬁlum&ﬂt 8Pa QamtidelERMIBRA POR d4d forthesisOShANdIGRL St ai ni ng
cytochronme oxi dase and succi nate dehydrogenase 15
Aftera@qtqrwrthge@at(lmpw@p t(arehablz quc)t andspiypntlyt the parcgnéage @f copies of the
mltoz‘ﬂéﬁﬁ:ﬁeﬂ 88kne IEhl%B%&QH@ $95bph®NA 8QEtiohNGe ﬁl%:%ﬁtytbq the two PCR reactions

del etion, the deletion was quantifi ed Iin the pati ent

usings githsT e laf§mﬁlgst=s@aqdm¢h¢ @%anoy@u a thq %%5@1%\%@@@ ¢3898fprobe) over a

wideHRRe QPfchlaf &g%ﬁmoas wmx%mﬂ{eél ¥Hoth dafls! £ApRR IEASGE generated by
presénce of the bp del etion thereB

clomggj gtj%prpprgatq Rak ptqqiectll@tv @lc@nmg vester (gedl methashy). aTl@ doa¢eptration of each

tempgi% 5vé% (d‘eféﬁHlInEds ﬂ'ﬂ@xtonémaw (Gli-f| qyl@f oaﬁ@ @ﬁsﬁge %R taFlghﬁcanons were

preV|ous work wit he cormon t1on, the | eve
perforped 3gog b@bvee@ﬁ@tlg @ﬁd i 39pg toé talaplpfé nDNéaﬁam qagh peobgr Eigure 11). The

relatluﬁghl;k@ét\yeethhé: @qsﬁlﬁn%dfthmféhip%&a&on%nfugﬁ(;n @95 ﬁ?e'%r f®oth the 3895bp
derm s or epiderm s although small focal

Ire
delet@ﬂf(’t?@t9§57d Ah e s SIBRITHTED 4. i idebtiore 1ezemdan for ampliication of

each RERIAtO WAL YheDBRB. SHBARAESE hitahcH RepTRCH %ﬁipﬁm:cf R tht Rne degree of
generation of the common deletion "involves

efficientyy difehisile thecebivplperatan dherefore be ugtdapss mmwa of ﬁ@aﬁaﬂe DNA and to
quanmystﬁ@fe[a!tlog alﬁ&gxt GP)'8@G}9 Hdletfth tb DR ]cﬁ)e%D 5 on etty @Fléhese standard

sequences [ ank Ing t comon deletion
curvep d@apcuraiehyf grediet theratig ¢ of deped: wild tyae mtDMA wag g@(j’rrm@i;g}ouﬁmg a range of

the cﬁ‘nheda(ieletejdqmld) eﬁ@mﬁl% nﬁﬁ‘gés Hpsug§$(ﬁgﬁo%)' s flanked by 12
bp repeats, |ts generation may occur by a simlar
nmechani sm The nechani smfor the generation of the

Figurg d insemvsdbs sensibrityni fsel§me PCRHa templipte aopy mpmberp dAteshadd eycle (i.e. CT,
veméli%gpét'de&r@ash% c%&n{??&% 38 teh R E BN A 0¥ Bnge £BR! 1/10-1/10000 of

regi on or 80
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singl e-stranded DNA to open (Schon et al, 1989). The
present results suggest that UVR may be a 30

w@ombnited i ng factor in the generation of the BBPEARP6/000652
del etion. The mechanismfor this may occur by
directly or indirectly affecting the structurally

lué/ﬁlbtleﬂnﬁlat%) biehe B8Y5bPGeld#onlP) bERBALYPe Erﬁérﬁél@thn@eﬂ@ (BY@e shown. There is a

of single-stranded DNA t en ance t
ingog CORMPRAD 6 Bt P o CoEF T Bnen 1 (gt S §cle pamber €1 for born
amBlifREHts. Bicd E’f@xﬁi@erﬁ%ﬁes%ﬁi@ﬂ(@ nlelidt SOHG thice fdeiRa¥endbbsarvations.
rarely reported 3895 bp-mtDNA 35 is S|gn|f|cantly
di f f erent. between ?ody sites which are "usually"

Qugritfisationof the I8P PRAPesjon VBB to the 77 WO
The RA6Y &LEQ@Q)SE@EHM@OW &dMhidblegically tridatdl erilesional dermis and

I nvestigation of the 3895 deletlon in the sa

NEC
ePIdeirpl W dskmingdhbybotpreallipg éaqgm §GRand e RecviRysy Spip ishé3tandard PCR

assaP (FYRRe d2). et WS fcuR@WRH the 1&RRRA AL 3908hry ddétRA tg@ntified by real-time PCR
frequency of occurrence of the 3895 bhp _del eti on.

WeERFERIHHT cprrardengervihdbese ettinatd by theotapgsrd aen- ﬂlﬁéﬁts%@sp%analym
deletion wth the UVR conponent of sunlight has been

Fl% &t BhbEHRALIRY PCRAMS tTRation @nd 8@ RlatdPCRedrailifiostion df tHe BB D deletion in
Wit h repetltlve sub-l ethal doses of a UVA+UV

turaQygy Ryeshowig ethidiy Bigydestainedeeagtectsh hesging e gppcepse of he 3895bp

delRHSHRR nitidup (’]F) Ry hlgt%fog@alw&rﬁil |péthle§36rﬁﬂ'@e§1|ﬁ%r(D§ #d epidermis (E) from both
cunul ati ve Eosure in human sk % in turn

BGSisgud aGC%arBeécaY pagh dpae tséb?‘iﬁ‘hthﬁ il of B 3&%@ dglsten iypivatrd as a

pet%ght lih eRE s ais‘ﬁuﬁ‘rglﬁ%d BPLIRithe (qmaPOR! Q‘hbiégaaﬁlﬂegmﬁrﬁédnmh “ND”
safety of clinical UV phototherapy regines.

arejdgteririagd totbe Fero peike et w.rgalteﬂle wagoH, Hhich e:*ﬁb%lavql ggserved in the
no %1&@&%&“ QRnd pml\llﬁ%gn@fsngmoietuﬁaru%@gh@ﬁlaﬁeﬂ'{ﬁ%&t drih@del P\E range 1000 -

marker for sunli exposure in human skin erials
10¢hpoBivkinhbidsLo K)-Skiersasa prpouas oftemplate DAHY WaRddprbi@ each PCR
realfS4 | esional skin sanples were taken with informed

consent from patients 15 undergoi ng excision of a

NIVSC, nanely Basal Cell Carcinoma (BCC) (n=5, age
Thég %? goggdr frencer@ame §§95Y)S Qfeglorg fn BCEY Wﬁergﬁ_}] Limilar to that

, age ra years, nean
obgﬁg\ad 31) SGEs. Ip[beth@ﬁCst@mSQﬁts,gth@gqlwog WaRgvaqnt 7 efox pagients (although not

‘[heI &ngﬂgﬁgrxs o \rf]ﬁeg%ﬁ'l}le%ronkrgkm e g E\‘%cé Hf]fh@)ﬂgféﬁyx{ ®as more frequent in the

nor mal P esi onal skin was
detak &4noffsy onBEEs)3 fi X &@Csmpmpara} o thenidannip' (2 ok pB&y, and 1 of 5 SCCs).
S (0]
Ho&%?esr) M?lglﬁ%gg ?n&gﬁlge:%%‘?oelggfgsﬁhgg@§ ésgsgﬁh ﬁ%lgxfﬁ %gegcgffg%ﬁ:&s @&@een the BCC
and e SEC 125ull§ memu: dvogigersiht estualiivehofghedelasion aathes aan|itp' sunple pattern
of (:)%(C%rrgnecg thg)r %E&eu or(tﬁ&g %L@@é&w}%@%&a&gﬂm@@? fn)e%egt in_both tumour and
perdleB@h) derihisethe ltwabofrtbe @qleg]qn friag glnpteﬁgethe defnfie fos ﬁ@@g}atlents whereas the
re\}élfség%ggd( {oh% tﬁ%t}% h¥ w?a%é gs h‘pgkﬂll 1o¥1 it %s %ﬁ@&lﬁg to observe that BCC
sargpley ek @ml 2 ¢igimcairkasperthe @s@ elmredwmy dEprpntalgvels of the deletion (i.e.
| I %
7. 13?8%3%503?92%}%3 enﬁgﬁ/srg%@[ ?arﬁlﬁﬁ@?ﬁa%ig Q%%ﬂéé (ﬁg:umgl'agvse %un exposure. It was
decidesl toxinveatigatal this aspgctafu@eagwndetenzsurml\réadyvet |a§sqpeosed to the pattern of

Cc
oo SRR 0P b 158l BB L SO fgbl] frisiont st
takem fromeliffapent sunrexposed bealy sitesact i on cont ai ni ng 200 ng
genom ¢ DNA, 600 nM of each priner, 250 .i M dNTPs,
0.6 u/reaction Anplitaqg Gold DNA pol ynerase (Applied

Qu@ﬁtﬂﬁxggne&st)ne 3895bp deletion in a larger subset of histologically normal perilesional skin

samples taken from different sun-exposed body sites
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GeneAnp buffer (containing, 100 mM Tris-HC, pH 8.3,

500 nM KCl', 15nM MgCl and 0.01% 30 (w v) gelatin). The
w@gRepriorers L404 and H4676 (Table 9 and Fi gurBCI/OA2006/000652

wer e designed to anneal outside the 3895 bp del etion.

During DNA anplification the short (30s) polynerase

extension tinme did not permt anplification of
Hlﬁlbgcﬁw%rrgﬁ%eﬁle@gldﬁts‘f{m A th@Whgwadly saipds fbreathb®A 0fas to avoid

he shorter and del eted nt DNA fragments. The PCR

Cm&f%‘ﬁ’é}“tgl fagiars vodhes tpacths sife lpcumupiive SUn-gposye| Alsingfquaniitative real-time
taghridh PCROthe 18R ol B 3805bp déifrod @1 10305 MMebhed fpitduman skln samples taken

extension of 7 mnutes at 72C. Anplification product
frogsvapiensesupiespard sied drfined 23 ysualn Peverddarol pad Aeasignally exposed (n=44)
wh@ﬁ BidbdineRE einfiged( PigdR BWHBWS o t%ﬁca‘l"@r%@@@éﬂérﬂ-&gﬁlum bromlde stained
CT/ CA2006/ 000652 Thls has been i nproved tw ce,
agemesre e8] Sletbp 38A5hP apRknERg |ﬂ§rrd>rrerpen<hb% fevelrie 38hebm dsiﬁtlan as detected by

reattfﬁ'ietlk@( n fh%rp‘a}@ Hpﬁkhaﬂyoana%@éisfohéﬂ ¥n lé%da&l ﬂ‘fri)tk% Figure 13 shows the
Faststart Tag. This has allowed one to nove from

reaftises BER rayantifivatiatetnst stendadnP GRisewpiberdion oAtk 895delctiggely usually sun
exﬂ%@é& £k §cas&>9al?eshﬁ] %@@d@eﬁr&e%ﬁ%lﬁ%&ﬁ%r%ldgEéa%ke g@ls showmg typical

young patie lysis Arelia
erﬁadﬁmrﬁﬂw@ma@@al}dlrmalsveb eBI898 Selghion astisteciedpy roglime BCR of thee pairs of
usuq}’@%d g 8&5'%19@ tlgge é{h@ o¥%9és191&119%hr%£;§6§ed samﬁs ,The level of deletion is
gua Antltative T d” provides real -
repnceag@r @mamrcmagt: dragetl mrrmh p%lsls Pcmoleald@fuwglatm@hers (Hyperladder IV-
ran%tl:1 'i(fb‘égi‘o %Qllln ng) gdoh(%:ril [ﬁ{)o bl%e séﬂt@an&fuﬁp& t@rﬂ;ﬁﬁ@ ID‘-I\’\IA was added to each
et meen Brwar o reverse primers and It I's cleaved
PCByredchien. 5The3positive nmmioems@ﬂamnﬁlv it the sfmovn PNFofrgmrerhaghethe PCR product
g o¥e%ganh Qg uI;%Rd ?Jérgﬁl&l QR t;ﬂﬂ@?t? Et)'or]rQal Hc.e f’?f{o "€ eomh ﬁs n of the levels of
repor -car OXy or es
the\ﬂSQlSWﬂ}bldtlhm déiéctetdeb}meaiaine P@Bewﬂdhépsectge@cfENvRAtandard PCR agam showed a
{(ﬁcorralap OVt NN (o Nicohi 8l gmet hyl r hodam ne) |inked to
be’ are Ssepara e resultlng in a fluorescence
en ssion of the reporter dye. The probe is not able to
It V%a[%rtﬁ/ Sefare %1tj]§J o a gzehazlﬁiéf sapng)i:eg §$%{he r%%l%l’ﬁl%&lvé H‘t%l I-I’éi{ assay. The
resiilngt &mmatlhls siabsid atﬂ@lrlp rsh&meed( thaﬂ%raahm indidérice of tacrdSﬁ dordeletion with

1ncie§21g$ sun- eéB%shr{ %C ureege {:a%%]{ @Pt ﬁ%owm'% %hegcﬁ%t%a‘éon %S%ﬁi& deletion in
ustfaily gurl eklﬁis&ﬂarﬂlnohcmmdrdllﬁ yqne)xpoa'ddeslduev &he ddveB8FThd |3895bp deletion are

deletion is determned b % g38 p r ohe bl.e %’ i
e QR E R LA S A A bR B SPsca e art cpidermis
as Gkdreiiiea rbyemwme fagmhhBCR | Thei iBeat Névg] afdaleitibn Mndlﬁatédﬁl@/ a horizontal line
f delet(g resent Quantification of the |evel of
or §AJhesE F saie deternrned by conparison of the ratio of

the internal standard to the 3895 bp deletion.

In SPPGF 1< RS TG0 T g G GT 4 e OReq 41 SRRy Jier levelof the
del&fbnde kmtlﬁﬁhumsmpbﬁﬂaﬁmpiaswmroemaﬂpd ioftheokchsiormBy sunadxposed samples

(p{ﬁp@%’rfgé gr%bsgggéw égn ?% Q’%I?Sg }?% teéti H’I tm?lx,a he dermal samples

harﬁbr&étdﬁhlgh@ ffiegihcy 6f3he Mﬁloh $8fan thHeadpiderriis (;&IOd)lFB oeergorib0y sun exposed,
of the IS Pr or _300nM of 895 b :

p= G P P rrreP S g0kt TR e pBaRen TRISe dng) R PRDARR Which the

perflésidnak sk Kas pakeb evefd-ivery rsemildd )betwreeR tiaenakubiliiyu wne&peﬂ’ed aind occasionally

anal ysi s _was foroed usi B, Pri.sm. 7000
exenglslirn (8 Dbl ke Satitey he Pttt s dacors
were as 25 follows: 2 mnutes at 50C, 10 m nutes at
95C foll owed by 40 cycles of 15seconds at 95C and 1
m nute at 60C. The Rn value is target reporter signa
normal i zed to the passive reference, a dye included
in the TagMan reaction buffer. ARn is defined as the
di fference between Rn+ (Rn of a reaction
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containing all th

Rl ;

(Rn of anot

e conponents including tenplate) and
enpl ate control). The cycle at which

w@2@batiogt i cally significant increase in AR, PGI/CA2006/000652
detected first is
Fl uorescence signals are regarded as significant if

t he

fluorescent i

called the threshold cycle (C). 30

ntensity exceeds 10-fold the

Tabls? andard devi ati on of the background Rn value to

defi

ne a threshol

d. The realtine PCR nethod is new and

Name has

Bpe | Resitiorpubl

i Seheadehef ore. The net hod has an

ISE__ i ncr eased6042da66t |i ViGAT BIKdCET AGRAGuant IGTACEEG-SEQID NO: 148

ISR __conpar ed 16@5t1AE25|eTHAAJUETE CARGGTOGH Bad £AG e’ SHRIRNO: 149

IS-Probg y pbVist | 1pA0Q8kPYI [t -CASEEG4 TCA deed€§ 6RTIATG RT THe CT Ak -3 Tamra
t echni que used forSE® NP:d3®ate detection and is

3895F novel 79148 20067 -CARIXCC BOG CEAXNSEE DRABER AN 49k

3895R sholwn i tl 46 -4989 usef GUCTiGEA AAGATIGETA GAGHAG ATG AC-3°'SEQ ID NO: 152

3895-prpbet pEdmoNdRT/AR50r ear5r-§ ESC EHEATG €0 Pt F@ 3T (Ge3 Tanra SEQ
cancer _and sun exd8 9153 bhut it can also be used for

L404 t hel det ¢dP4-833 of |oY WTIGMQEAWGQA@TH%DINQﬁ NG A

H4676 t he | ocaB¥PEAS AN X Gﬁ(’ﬁiﬂ@%ﬂ"é}cﬁ@ TG R A ) pYRHEENGGo

a schematic repr esentation of the mtDNA genone
ﬂtl’ém]tSal Feiigmation ‘ébg’ﬁsyﬁh“del etion. Priners |ISF/ISR and
Probe, anneal s both wi |l d-type and del et .
Prewﬂtstmuseﬁ)@%es‘etwra o8ty Sﬁﬁ@e%‘é‘@%r%‘b"cﬁg P e i?&‘npgd‘i‘%a& 62
bemgwl 49hnamg1haﬂe BS bidHAs 5103&958 téfie y&&gﬁalﬁ’lhg be maﬂ_é‘ﬁl@ntSﬂBC icfverall, 141
total %8'1';) 8% éas glzasgnﬁdé P?nggsajm l?e]:sc t6|q(())r nsgmill ﬁ : d &rgfr%%og Saﬂcll E negap ive control
(reagot/caction centofindting) 88O dnahyped. dBleabinplate issayrywert ogpétatedr thied Gmes,
hon. rs (i.e. 3895F: 3895R and
onee g?ﬂ)g}; %&8?@%%%%%%&@#%5% to all ow generation of an
npl i con under t hemg)oven PCR conditions. 10 TOPO TA
The @néﬁpln@eual o¥trgk OANBotes CHR{LY greried gyitrPeaigy saydes adjacent to, or
proxifi@ll t&h tuHdurVes RidGRH IsbiBélsailes, USritGhed toTtgaQtaTt% thd tOMbr Ghagpled to this

(I'nvitro ccor.di t he manuf ure
locatipm giiqr pEss aﬁﬁgmﬁ@@ A A 0 SHEOT AT AT SISET sty clos
proxifiy E(Eﬂiﬁioﬁthed ae Bleﬂﬁkarﬁeqﬁdhb)ﬁbﬁ]ﬂik 3t4l‘<lﬁ ﬂdét&hﬁ&ﬁsﬁe}tt Ivmhtryélghtﬁonng
math%'&1 %1%56 %1'33%\&5 edls%ap%éﬁngrg%l a Ib@ selgrlagl € ()glaglree g?l ?‘ﬁg {eAf)wﬂl be
able ®uppirmedalighdnbly bdsed & nonlndstlsate bﬁtaslﬁch gbre a losadiethemagp rchnour and is

basc:dI onq}%%{) G%Eﬂog lrgggarc(h-cr:}lﬁ hﬁseo%largéﬁgwn QL d-x%%tpag cﬁanéSQﬁ ﬁm;chondnal DNA

et ween ector. € presence
(et Sitiob ey Bl Srrbp oD SSEsa i 1 G pifence a tissue

regloggpﬂan&ﬁﬁaﬁ hfad b arfx{ommemgﬁ R Meﬁl‘lcﬁogﬁsﬂ uttdeeviMBLEWRErvation may
Resu Est apbl i shment _of gnt itative

have R@ﬁfd {9 AeupEpse dglg%{vn% g7 they Bat%é%‘ifﬂ)‘grlﬁé‘?yetl 1 %ab)ifw ésr a great
compd:&ieﬁ:rtm thé légsttngaihnllcztl ph@Siced 6fS Sroddte blopsyr ldi hihtblygld—&t(ﬁxghoms by a

pathoﬁ) st grllg Iof Y etngg tps?{ocsergé A9E rc())sftateC% éere B 18 m a lr%&gf)mmber of biopsy
ocC rral genone narpoo

procedleksewmloan estilhged 70%e &ling yo @fhlbtlthaalrgmt @@R ifb;fa@ biopyigs are diagnosed
benighI %1’1(5] gmag Il Iaf%[de& lﬂﬁo {wQ)t &fe@@r&es S&L@ﬁ)@ﬁ%& RLOR eno( llm%oprrlg B?e)cen@ in the

5 del'etion probé (3895-probe) over a wd
prosta}*?aﬁ@‘bfab? benigpp| ACE BN éfhltf?sﬁltt iR Prpsiate dRbikE Awedle bmsybla?%dure

failedCtd S&riiple ‘M%{H?Jh a%C}Dl\llehéM\%? nﬂ%ﬁ@lﬁﬁkﬁﬁg Ry theQJeﬁ»l@r: A8ud Néne can either
appropriate roguct 1 nto clonin ctor
reassiff {REGRG Vidupien e e PR ER até%?éﬁrefzgdefihﬂﬁrgafé?\wé they may
be foldtaee 18 d’n@fdlyf\dltti @Jvﬁm{rfolf@&knl-qp b((fﬁBl prodeires, aiptovideah edriidr@etection
PCR a i.cations erf or twee
of & EUEGORG b1 EUTEF ArB RO of "Btk CHPOBE PR ol Bong] prdecure
negatihp ¢he neel fort an@dditionpl HmsMEemagnhgs 47 proaiding ampppottiraty for the clinician
to be&ﬁ’ai l@lll%xt fnd® ﬁ&&e{%& aetffe(glr\]'e %é’ftmkﬂt e I:a(?i%ntboflhs Ee@tewi"flsﬁ'gaﬁ)e both

83



10

del etion (r=0.9952) and the internal standard
(r=0.9941). In addition, the gradient for
waepbitfioeati on of each tenplate was the sane.PdNCa2006/000652
confirms that each tenplate is anplified to the sane
degree of 30 efficiency. As a result, the CT val ues
can therefore be used as a neasure of tenplate DNA and
reaésgran&lﬁﬂ Ehdt¥mbitR b Bledlird® biRPRURALyHS wRISIDR DI gd&i BiHignun®ers of false
wld type nt DNA. The ability of these stan curves
negatveidgiPat el y predict the ratio of deleted: wild type
ntDNA was confirmed by using a range of the cloned

1@1@@9%&{1. Tosfr VAt € M xtures (results not
re 11 shows the sensiti |t of

u | e .
An P@H‘?U?I@l P‘é?’f%‘?la‘i‘@og’éﬁ the gpprsFh unfitalem By ectWP"g%a{’aVé)r n@iker discovery
is RO aDIBH tth BANVIdR%! thee BimcdQ6KaL ﬁrféﬁél G f GRNE&MAbA 3f 1he MSmdr within the prostate
tenpl ate DNA (dilution range from 1/10-1/1000Q of 80
baspD RO I e PoedbTTPRASBBRDO 0 B3 Akb dgletion t eanpdie jeflgst the presence
of B‘l@ﬁgn%&%fﬁg Qe%ﬁll)(ﬁlhhg Bedidh tiQle Wili Bk MR8 fonhie n‘fh%bmg topdee@iél This map
ns

aré shown. There is a linear relatio bet ween
wovlé mmvadeeth% t:mtoeﬁt pngt gsplogipich YiFea! mefe < dregpresiaie E‘Wﬂ&hﬁ@r may assist in
ue££ahd59&m90th anplifications. Each nunber represents
he nmean SD for three independent observations.
CUantlflcatlon of the 3895bp Deletion in Tunours 5 The
| evel of the 3895bp deletion in both NVMSC and
hi stol ogi cally normal perilesional derm s and
epiderm s was determ ned by both real-tinme tagman PCR
and a previously established standard PCR assay
(Figure 12). It was found that the levels of the
3895bp deletion quantified by real-time PCR were
generally in concordance with those estimated by the
standard non-quantitative PCR analysis. Figure 12
shows realtine PCR quantification and standard PCR
anplification of the 3895deletion in 10 tunours by
showi ng et hi di um brom de stai ned, agarose gels show ng
the incidence of the 3895bp deletion in tunmour (T)
and histologically normal perilesional derms (D) and
epidermis (E) fromboth BCCs and SCCs. Bel ow each
| ane is shown the | evel of the 3895bp del etion
illustrated as a percentage in each sanple as
quantified by realtinme tagman PCR Those sanpl es
marked with "ND' are determined to be zero as the CT
of the realtinme PCR was >36, which is the |evel
observed in the 15 no tenplate control. Lane 1 in all
panel s = nol ecul ar wei ght markers (Hyperl adder | V-
range 1000 - 100bp, Bioline Ltd, London UK). The sane
anmount of tenplate DNA was added to each PCR
reaction. The sinple pattern of occurrence of the
3895bp deletion in BCCs was generally simlar to that
20 observed in SCCs. In both BCCs and SCCs, the
del etion was present in 3 of 5 patients (although not
the sane patients). In the perilesional skin the
presence of the deletion was nore frequent in the
derms (4 of 5 for BCCs, 3 of 5 SCCs) conpared to the
epiderms (2 of 5 BCCs, and 1 of 5 SCCs). However,
al t hough the absol ute nunber of sanples is small
there are differences between the BCC and the SCC
results when one considers the actual |evel of the
deletion rather than its sinple pattern 25 of
occurrence. For exanple, for those sanples where the
del etion was present in both tunmour and perilesiona
derm s, the level of the deletion was greatest in the
derms for SCC patients wherddas the reverse tended to
be true for the BCC patients. In addition, it was
interesting to observe that BCC



sanpl es taken from 2 distinct areas of the face showed
vastly different levels of the deletion (i.e. 7.14%
waensas102 029 which may refl ect variation i n PEECA2006/000652

degree of cunul ative sun-exposure. It was 30 deci ded
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30 harboured a higher frequency of the deletion than

the epiderm s (p=0.0143 occasionally sun exposed,
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10. An array comprising a plurality of nucleic acid members, and a solid substrate, wherein each
of the nucleic acid members is associated with at least one deletion associated with
predisposition to cancer, early detection of cancer, genesis of cancer, presence of cancer,
progression of cancer, absence of cancer, sun exposure or aging, and is chosen from
mitochondrial DNA, RNA transcribed from mitochondrial DNA, and cDNA, wherein each

nucleic acid member has a unique position on said array and is stably associated with the solid

substrate.

11. A kit for diagnosing a predisposition to cancer, early detection of cancer, genesis of cancer,
presence of cancer, progression of cancer, absence of cancer or sun exposure comprising at

least one member selected from the group consisting of: solid support, the array of claim 10,
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., piatiefdition to&amd%hy:srly RestioCyfivamrer, ga@Sis oflcpdkr, presence of cancer,
1993 Zhao, Pa et Vi Vo f|| invitro
My o DPPEFGEY gﬁ?ng?r’ Séna(\:f) Bt; gach ’Ep%g rQ?r a% "ation of

bi ol ogically rel evant novel domnstrean1targets of
14.r anThe m@hodst ahg bl Ams Cooit weisrdrethd uscBiioprogfate sanceVol .
326, |ssues 10-11, Qctober-Novenber 2003, pp

1%\2 ;‘r? A]]ige%%d&%ﬁg\éc\%négg%/et}o']&]égé?lwggér%rznggf nuflce):o c%s 1(94§|ton154124 of the
pr edirﬁDNAlgEﬁdik& vBerciaRLi@ deletearid %scd:&ttedoﬁlﬂ'qj’ﬂosm‘te mm,en a subject having
geneS|s of cancer, presence of cancer, progression of
canc B¥DNAROBRESNEf ' cancer, or sun exposure in a
blologlcal sanpl e having nt DNA, conprising: (a)
pr ov{gi Ngp@vidirgla0fileadal Ssaipid @@mmuj&n ng mDNA;, (D)
detecting a deletion in the ntDNA. 2. The nethod of
claim1 further conprisin detern1n|n QMether t he
del efPon feechag deiPeasaye i hihd eﬂ@Pﬂh@eFﬁ? fpopul ation or
i ntrapopul ati on variations, or whether the deletion is

18SS0¢h&h8flod ¥cidimas BF ?ﬂ\bm {HeidelBtidnas ManRCRAge cT3000/to 4000 bp.
detection of cancer, genesis of cancer, presence of
cancer, progression of cancer, absence of cancer, sun

13xpodbe methe efgiaig 16 Yherpindheisishign SEgPrexigRiey 387§ PP-2

further conprising at |east one of determning the

gmt agh@Hetthda& an& B%élnﬁls Nt PNAwBEre e RipbP8d1GE alls(ﬁ‘:}gﬁllt 6f base pairs
eterm ni ng dentity of the deletion in the

m DNBetwEent Wé“oandl l8td4cal sanple. 4. The net hod of any

of claims 1 to 3 where the step of determ ning whether

é he qﬁé 1%&?19(?0? c?almQ§ ﬁ@&% Q&Ihglgl é&lcrﬁgﬁ Qahprlses substantlally genes encoding

i'nt erpopu on I'ntrapopul ation variation or
whet NexDH frﬁélydteteeltaseonbunutémalélé@& dehydgoggnash Slai)umt 4, NADH dehydrogenase
br edi RARSRAR i8R Rirscrfidd ok BB LRLLIAR, Of cancer.

geneslis O

20. The method of any of claims 14 to 19 wherein the step of detecting the presence of the
deletion in the mtDNA comprises PCR analysis.

21. The method of claim 20 above wherein the PCR analysis is deletion specific PCR analysis.
22. The method of claim 20 above wherein the PCR analysis comprises radioactive PCR analysis.

23. The method of claim 20 above wherein the PCR is quantitative, as determined by cycle
threshold.
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presence of cancer, progression of cancer, absence of
cancer, sun exposure or aging, conprises at |east one
w@Reoeftap2conpari ng the nt DNA of the biol ogi cal PGEONRM®G/000652
to a database, the database containing data of
24i nt ethp aethodbi QAIMAMVGbo Vi WIRRAPME BCR QBesudlubRbdet18bel@iptobe.
del etions associated with a predisposition to cancer,
early detection of cancer s of cancer, presence
250f Areted ofgl 6‘5%%@@?\6%" lﬁfe“bfgh gék usesgdlnEscet Yeancer |
sun exposure or aging; (b) determ ning total nutatlon
26l 0adEinetag obiAhODi Bale R Be PERGs TMag@mpani ng t he
cycl e threshold of normal interpopulation or
i ntrapopul ati on nt DNA and nt DNA whi ch_may conpri se
27 he Themsthod af clgm 2Brrboveehuts cospprisingivps o R agisigrt Taq™.
mal i gnancy or sun exposure is determned if the

28del ‘%sl b pnd Rid ﬁiﬁﬁe‘?%%w%#d &@MQL@AGU@?PQ&?@ TAC Wi cTA ACC CTA

rang | es, nore preferably in the range

of (253€BA5§E@§@ﬂgél3ghd nost preferably in the range
of 25 to 35 cycles. 94 WO 2006/ 111029 .
9PCT %PC.QCG CgﬁJQl%g 39 rev}ﬁ < rlﬁ% (91{% &TA Q6AGR @?G:b ey (SEQID
ere n the step etecting the presence o
deIéﬂDdﬁ@ is chosen from (a) sequencing the mnt DNA;
(b) anplifying ntDNA by PCR; (c) Southern Nor t her n,
?)OV\éSt'I%r . ﬁlng Ut h Xfcsf 1%% Py |29t el%lmzt%{e b3y Ical sgnq&)le is chosen
denaturlng ? f |za Ion to mcroa
gendroatiqpsnaiveld |t19$lh,l (htﬂqnt be(nﬁgn tisplecaydcart bmaglkessue atyplcal tissue,

ana|p¥ 2 {,11%()1‘ 1£sggns dhlsto 0g1<(' nl? a@nozr:rlcr)lgq{ss%% C5d (r:r%ht [3f t?ssu? %Ii](jstate massage

Fredth hation of
thrdhghu@@qoﬁhBHM®Ennmhod of any of clalns 1 to 6
mherein the mitochondrial DNA is sequenced and

i se m t.ochondri.al genone. 8. Use of
31t he ﬁﬁ?ﬁgﬁa FCI%E ch’govcelngeFFén & n? 9 gnosi s,
wherein the diagnosis is chosen froma predlsp05|t|on

32t 0 ey corﬁlﬁf[sllrhg a‘iﬁdrﬂﬁ? bbruckefc a@ﬂﬁﬁ‘dh{b,ersgz&fde&bﬁd @ibstrate, wherein one
presen cancer, &. f cancer

canc I
2bs Oh it "BTSE AL B %raﬁaé%?&a@ﬁ PR g T DNAdcIsgon i ppiggnately 10744 t

of tiaeaehéred tl@‘nu@l@bé 2B nfehidel s 4 uﬁlQusgposﬁlﬁﬁ ofsaid array and is stably
di agnosi s, wherein the diagnosis is the absence of at
Ieaé@“%%@dﬁﬁhgwﬁP@H?@ﬁU§ﬁt|on to cancer, early

detection of cancer, genesis of cancer, presence of

33CanGEekit foP BRAGKBHE kAR cé?lfcer(%@ﬂlﬁﬁﬁng aabeaeraﬁeneﬁlb@rweeéd fr&ri he group
exposure or _aging. arra¥ risin lurality
of raRIEPEohe t&p%%@lve theaaﬁ@ya %1  BERTS Qrélpgimg the disposable chip.

wherghRs 8258 acth of BEDNNCHrEhess, AG! &td’%ﬁ%’frﬁctioﬁs
associ ated with at | east one deletion associated with

predi sposition to cancer, early detection of cancer,
34g endsmstheg fdlacﬁ)ét@png HpeE9R rﬁgéhed%ro Fession Fowarcbpsﬁet% §§‘i06fr?r grogression of

CanGRdstatedRRAGEa Bh10gRAGEMple T LXBRS&UsotpPikingdi Ng, and
is chosen from

(a) providing a biological sample from the subject;

(b) extracting DNA from the biological sample;

(c) detecting the absence or presence of deletions of the mtDNA;

(d) determining whether the deletions are associated with normal interpopulation or

intrapopulation variations, or whether the delettions are associated with the absence
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m t ochondrial DNA, RNA transcribed fromm tochondria

DNA, and cDNA, wherein each nucleic acid nmenber has a
waeiogaeloposi ti on on said array and i s stably aRBGDCA2106d00652

with the solid substrate. 11. A kit for diagnosing a

predi Spogi hieQicd & aGREKDbsitiab bbsR IOk, R gREsi GO &K prostate cancer,
genesis of cancer, presence of cancer, progression of

cancer, XRFFSEHR@NST OPIPEETIOR P! HOHAB AT conpri si ng
at Ieast one nenber selected fromthe group
con &stin, eaﬁls&gégﬁuﬁﬂ.pOVt, the array of claiml10,
2006/ 11102 006/ 000652 neans for hol ding
the solid suF port, means for extraction of
C

35ni t JhmewsHed af clpnA4 akevgrvdiereit the hislogisal spppls i psissc Het is chosen
mit Q&MQIQfss%t% Qi Rf]écgﬁrb%mgﬁ fR06E AfsSasBdGsue and
instructions 12, he Ki of ¢claim 11 wherei'n the solid

supp@ﬁ@nm%ﬁ%W®lsposable chip. 13. A dat abase
contai ning mtochondrial DNA sequences chosen from
36n or rﬁ‘lle @0l Bf%laﬁl@ QuIE %ea%oveé\gl%?&ﬁ ﬁ&: §tg X\f &e&cﬂ?gﬂhg‘gl%?e%&eor absence of
sequences assocl at er populati on
v ar |daltCilfem gssocigtedjwh prostatg sangei camdsewat lpast ertercdipopul at i on
vari ations, or sequences associated with a
P oghSPOSLbahe bt FBRGELonSAOLYASHER 1Oh: Qb Bhiny 1.
genesi s Eer, presence of - canc progression o
cancer, absence of cancer, sun exposure or aging. 14.
The (met h @dmprfringni;e rntDNA o3 thnsbidlogioal iﬁnmmeraesiample lo€ mtIAMNA dirom non-
is prostate ¢ cting.a
dol bt 1 on SRR PREE P ehET v Bia 880 FES9s%aa o
14124 of the ntDNA genone, wherein sald deletion is
assge) at deketthihing pluasitiaload efahciEdlogical sansethéct havi ng
nt DNA, conprising (a) providing a biological sanple
fromdt he ect detecting the presence of the
del &V on' %ﬂu Wﬁ%%%@nﬁG The method of claim 14 or
15 wherein the deletion is in the range of 3000 to
400Qe)bp. Quirtifyihpeneelehed. of claim 16 wherein the
deletion is apprOX|nater 3379 bp. 18. The nethod of

any of cl ai ns to 17 wherein the del etion del etes al
370r EQF methpd B%aglg obelpirns 34 fRttrieemoniyying ths REpeIcss Ny towsry prostate cancer

The opEbRedidfor ?}o@af@c%e@tj‘ﬁﬁy@ SR %Jnﬂ@%h@ §ubf¥t at successive time
conprises substantially genes enco %

deh Periesy & 48 Erckasun deletpns aRpenitedHVRIPEY @ FRESE, (@B i gase in the

4, NARbirdenesRARRRSG omeURN ML Welttions RNciktESiviiH] br@@tate cancer.
tRNAserlneZ and tRNA | euci ne2. 20. The nethod of any

of clains 14 to 19 wherein the step of detecting the

38pr edlspela defetipp betwers) agpriogimafely 10Aé4 pRADNIN A s poprising all or
an a'pé(x% bENABH: deﬂ'}ta‘%o%%isb Qfbuiit 41C |I\ﬁﬁl]5‘PI 4 Ciﬁ*%%é’rﬁsé"éﬁ%ﬁrﬁ! 4 NATSH

CR analysis is d tion sp ecific P ana

The ﬁlmims@paéﬂf subpi tBRgA aﬁa@@e WA EriAcS Ard tﬂéél lawameﬁév detect a
CONPFiRBssitloR M SBGht Vol Ce%rl? @@tlz‘éﬁ%h Of prodate cAleEr, PBENOSk Réstate

cl ai m 20 above wherein the is quantitative, as
det 6FMBIESBGE Q;f}péqs‘@te ERgER §hgqogressg@ of prostate cancer in a subject having
mtDNA.

39. Use of a mtDNA deletion spanning approximately 10744 to 14124 of the mtDNA genome as

a biomarker for prostate cancer.
40. The use of claim 38 or 39 wherein the deletion is approximately 3000 to 4000 bp.

41. The use of claim 40 wherein the deletion is approximately 3379 bp.
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WD 2006/ 111029 PCT/ CA2006/ 000652 24. The net hod of
cl aim 20 above wherein the PCR uses a fluorescent

wo awelied2pr obe. 25. The nmet hod of clai m20 aboRET/CA2006/000652
wherein the PCR uses a fluorescent dye. 26. The
nmet hod of claim 20 above wherein the PCR is

42T aq VElre- PRV 27 claifs @8 et hwlebra the Imuiatio® & dgiseed infrpglighant tissue,
conp T

gdba%le&%eﬁ‘i%r?ﬁsgﬁ %&%eﬁgﬁhﬁlgl %egI@r%)éMAl&C_% p&é‘séﬁ#%la%’a%p fluid, urine,

CT A IAISGDEEArmCﬁODIfod&H(a OEQDtI Iﬂvmm)romt@)canczlgor progrgeingiogyard prostate

aC|d i sing GAG GTA GGA TTG GIG
ﬁa%%éé% f‘%eétl\%ﬁl ? %?Stﬁggg%éfhe nmet hod of any one of

clalns 14 to 27 above wherein the biological sanple is

4% hosamettfod don confivminp/w lrafetthgta rsesteds cadées bapsy the fiiogra biopsy sample,

tissue ad acent benign tissue, atypical tissue,

precﬁ?gg? ‘esions, histologically abnormal tissue, and

mal i gnant tissue, prostate massage fluid, urine, or

post (PRE chtainieg n@inal tIshe fied & dibpeyf sacipl md30 above

wherein the deletion is quantified. 32. An array

conprising a plyrality of nucleic id

ol | 1D sundfufebe Gpedicnrrsiace g RS ETEr ol dpremadly 3379 bpin
menber s i geassaciskied with the nt DNA del etion at
approximately 10744 to 14124, wherein the nucleic

acid, me uni gsition on said array and is
o1 o renad o e areioHT pRETE Bl SOtk BB A ki
for diagnosi ng skin cancer conprising at |east one
menbgyl Sebirshiag sdxtarmecelle bdpgupmplegasd sting of . a
di sposabl e chip, the array of clain131 neans for
holdlng t he di sposabl e chip means_for extraction
e DNR) pr Faeies Bf SR oS Piaiics AT DRYS SsHEona PR ey 2379 bp in
of noni t ogdcREf Be RREEOAMPRE. t he progression toward
prostate cancer or progression of prostate cancer in
a bi ol ogi cal sa |l e froma subject, conprising
43r ovA dreigd forheg g@t@apf SpAYENtSATPIE Fﬁrﬂlﬁreméimswé&g prOS{aEf) cancer sun
ext r aehd ROy N ool 10 NS arinQ) ﬁgfoﬁﬂatéﬁﬁmlﬁtld&Qb744 to 14124 of the
detectln t'he absence or presence of deletions of the
thNmﬂn@ggmw@wewwwwwng whet her the deletions are
associ ated with normal interpopul ation or
i ntrapopul at. the del ettions
ar e %2500@12‘3‘@6@6{”%‘% ﬁg’gge%%g%%\m 2006/ 111029
PCT/ CA2006/ 000652 or presence of a predisposition to
4fpr oshatiwchadtddeletorogameds approxiowtehunysleoddeat €74¢ 4m &4l of the mDNA
pros r f prostate cancer,
é’%’?‘ ?‘%B“éﬁa‘ dp“‘é“&{“ %FO%%%CQ?CSP( d). 35. The method of
cIa|n134 above wherein the biological sanple is froma
4. ssTee ih¢thad dfslagh d s@mete¢tingsumenpanire erines-nelanging gkim gancer.
beni gn tissue, adjacent benign tissue, diseased tissue

4§nd Almeltﬂog%?ﬁétecttihg % 48etion spanning approximately nucleotides 547 to 4443 in the
minor arc of the mtDNA genome, wherein said deletion is associated with skin cancer and/or

sun exposure, in a subject having mtDNA, comprising:
(a) providing a biological sample from the subject; and
(b) detecting the presence of the deletion in the mtDNA.

49. A method for determining the cumulative UV exposure, in a subject having mtDNA,
comprising:
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36. The nethod of clains 34 or 35 above wherein the
step of detecting the presence or absence of
wa@ledoet1iors associ ated with prostate cancer conpCT/€8%008000652
| east one of: (a) conparing the mt DNA of the
bi ol @i caprosidiiphk diddaidahamgktfababe sufecchad m 13; (b)
conpari ng the nt DNA of the bi ol ogi cal sarrple to a
sanp tissue

f
o i ol Y UBBUF P PR PRE A PRI pucteoides 547 0 43

det er m ni jghdMinait oro6f thoMEDMA gédommebi ol ogi cal sanpl e;
and (d) identifying the deletions. (e) Quantifying

he del eti aons. The, met hod of y.0 | ai 34 to.
St 1 Simedioii ?rdmn.lfameantg ¢ bre TR Ay §F %ﬁéf‘&%ﬁ%@g PR regimes,
canc@mpridingPr ogr essi on of prostate cancer further
conprising nmonitoring the subj ect at successive tine

periods for an increase in dele q)ﬂs associated with
prost?at e RAHEEE 2 biplogiat! PRIledHER %k M hunber of
m tochondri al genones havi ng del eti ons associated wth

Prosgat e GARGRE the 3R senblS 8 afeleBod §laflih OdbpRRIMRAN nucleotides 547 to 4443
approxi mately 10744 and 14124 of the mt DNA conpri sing

al | or phrthe mmongsppf e d§edse subunit 4L, NADH
dehydr ogenase subunit 4, NADH dehydrogenase subunlt

5 ﬁ tBNAGhe df‘%ﬁ@ﬁ clgn%\wﬁsﬁ%b ReereirARdddidRdAid if %'rﬁl’%@ of 9500 to 4000 bp.

tect a predisposition to prostate cancer, early
det ection of prostate cancer, genesis of rost ate
SZancEhe mghadkasten bf berre@tﬂ@tc@le@@h@ epprmematﬁgéé%é%i on of
prost ate cancer in a subject having mDNA 39. Use of

%ﬁ%@f la y ofscﬁ)ﬁgphﬁg 58 %‘égﬁitﬁca&e%t%n 1‘9{%&%6; Qsp:!iﬁ’ EADNA from

enonme as bi omar for prostate
c an cmprolet@atelir héTEﬂslend)Iﬁg Seﬂe ai the ngmtomﬁh@ﬂépfﬁnq he
deletion is approximately 3000 to 4000 bp. 41. The

P e

use bétwem)s%fo & aimtbe B8ot gre 4l theimtlPSArgetndmee. nut ati on i s
detected in nalignant tissue, adjacent benign tissue,

5%2gggetem$ﬁ{ﬁ (%"rglal ?%gﬁérﬁ I%eecc%kégxp coln}eﬁ eosréﬁbsb;i%ﬁﬁ a%z‘i rRNA gene, a 16s

Subj fRNA bawnj nNYDP pawtaad prosaeesefor tmnsqmpc)grdésmr@ stnanmrd
prost ate cancer or a subject wi thout prostate cancer.

5 égn c %?tgﬁggffagég qmp&%%% wglﬁrem tLeu Etle n(%’da e Plin %g[flea}ireesence of the

(a) odtidhm fh@nmIDNK&bmbmﬁsB@Rfaﬁﬂy’SISa bi opsy san‘pl e; and
(b) det ecti ng the absence or presence of a nt DNA

57 Rl SRR Tl IR BBy Y RPgrss

t unour mappl ng, conprising: (a) obtaining sextant
58 eedire: hiBEBYf cRanPb esercianick KAR ardBtie cormpripe fadioadtise ACR analysis.
or presence of a mt DNA del etion of approxinmately 3379

S&D ! R nucleic acid primer L404 comprising CTT TTG GCG GTA TGC ACT TT (SEQ ID NO:
145).

60. A nucleic acid primer H4676 comprising GAT TAT GGA TGC GGT TGC TT (SEQ ID NO:
146).

61. The method of claim 56 abovefurther comprising use of Deep Vent™,

62. The method of claim 56 above wherein the PCR is quantitative.
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each of the sextant sanples. 45. A nethod for the
collection of a patient sanple for use in diagnhosing
WQe@stiatogy cancer sun exposure by using a del erCDA2006/000652

spanni ng approxi mately nucl eoti des 10744 to 14124 of
the nt DNA genone, conprising: (a) providing a
bi ol ogi cal sanple fromthe subject. 46. A
3. t ocieRgkrodlof H8heid HBvSPIRAG Y PERREQY AREREMt labeled probe.
nucl eoti des 10744 to 14124 of the nt DNA genone for
use in diagnosing prostate cancer. 47. The met hod of
& ai rhbe megod gbelaiat f@?@omﬁe&up@s GER ipFaghin-HaR Y nona
skin cancer. 48. A nethod of detecting a deletion

anny F O] C L Iy Pt
T B D gk TB A BT AP Ann aa
i s addécrdiems GEQHDNGP:nNS58ancer and/ or sun exposure,
in a subject having ntDNA, conprising: (a) providing a

i ol agj - r ' X fcting
Brio. SRl SR 1A PRk SR or DA bRl e
nmet hod for determ ning the cunul ative UV exposure, in
6d. subljheotethod of any ofitIBINA 47 te Hhabovswhgein 88 BB RG0 Sindpleli® 2Om non-
PCT/ S(%%%ﬁ%00652 (a) providing a biological sanple
fromthe subject; and (b) detecting the presence of a
del etion spanni ng approxi mately nucl eoti des 547 to
68443 The methoé ofdanyoi claine 4Gfabdvieeo 5 dbive ghereithe bhdogidhl sample is from a
met hod f.or nonitori t | gng, term safety of clinical
w p%ngfﬂé?gByanbgﬁﬁg?ﬁe@gW%Fising: (a) providing a
bi ol ogi cal sanple fromthe subject; and (b) detecting

6Ohe phesethod oddlaitm dledteidinie Saivnii@amyfRdoxi mat el y
nucl eotides 547 to 4443 in the mnor arc of the mt DNA
enone. 51. The.net hod. of any. of clains 47 to 50 ,
7§her S fTRR SOTRRE|SHg2 riﬂgy pinueksis apid mrsanbgts, e @golidsubgitsgs, wherein one
bp. oBthe nidgc BB REb&AE isGhREiMe® WithRHEDN Al Re:tde Lt@b?r@ﬁimately 547 to
is approximately 3895 bp. 53. The net hod. of anX 0 _
cl ai &+ Vhersnsls Riklsicarid nemberis @ UigHe RASIHOR P8 sud gray 3 is stably

of  MaEdBatkd @i tHRROIONbIAEel Yy Nt TF 1 binding site in
the D-l1oop to tRNA nethionine. 54. The net hod of any

f clains 47 to 50 wherein the deletion deletes all or
7Ear t Aofit iondiasnosing &in HEPREERPTAE & l5ast ansmpmber feleqigdrfpam the group
arc @bnstshiy ot EDNRARNNIE theRRray JNSiRBENANOfor ﬁl)l@in%l%ddisposable chip,
s

wherein the deletion conprises substantially a
r RNAMgapor extraggion of mipN A gyiignersprepgsnts agd MSrugHanspr onot er s
for transcription of Hand L strands. 56. The nethod

79f afthe REthsd 8¢ g ot oflcPrimOa M 8H %Jh@reﬁxnﬁe lﬁBlchzgfsample is chosen from
detecting the presence of the deletion ih the ntDNA

c onp PFegEEnaTRINGFapspd usuallg Bun erpesefer taesly wih expaseditisBe:.
wherein the PCR analysis is deletion specific PCR
78nal %§i Rethod of claim 72 further comprising a step of comparing the absence or presence of

3895 deletion in rarely sun exposed, occasionally sun exposed, or usually sun exposed skin.

74. A method of monitoring a person for sun exposure and non-melanoma skin cancer, in a

biological sample from a subject, comprising:
(a) providing a biological sample from the subject;
(b) extracting DNA from the biological sample;

(c) detecting the absence or presence of deletions of the mtDNA,;
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58. The nethod of claimb56 wherein the PCR anal ysis

conprises radi oactive PCR analysis. 59. A nucleic acid
W@eooer1029104 conprising CIT TTG GCG GTA TGC AICTITALBE0652

ID NO 145). 60. A nucleic acid prinmer H4676

conprising GAT TAT GGA TGC GGI TGC TT (SEQ I D NG

146). 61. The nethod of claimb56 abovefurther

conprhSi NQedSEniRl whRRR tﬁéﬁféteﬁ%s arERsocihi wiBtHeasal @fterpopulation or

cl ai m’56 above wherein the PCR is quantitative. 100 WD
2006/ 111029rapepplagap poBLoB0ETdethrhe dyietionptrn aogptcd vih pHn exposure,
56 above yherein the PCR uses a fluorescent |abeled
probe. 64. The method of claim56 above wherein the
PCR i s TagMan- PCRTM 65. A nucl eic acid probe,
3895(Pr obespeaingpicpsiahty (DGC TAA CCC CAT ACC CCG AAA ATG
TTG G Tanra (SEQ ID NO 153). 66. The nethod of claim
2 f inS7 i i i¥ ¢hosen from
e 4B BB NS enchRENGaaEk 00 T8TH
bi ol ogiasiahallyampéx@osed, Ysnadinspoekposed oF WrRlY suglekposedBSsucThe
nmet hod of any of clains 47 above to 50 above wherein

7t6h e i 9 lm%ﬁ’x:og 8%151%?9{1 ﬁr '}SSW fehe stgg.gfr %gtix%?ﬁﬁggseg?e or absence of

epi derm s layer e subj ect.

cl ai nelé@onahsspaitad il swhekpdsiugor nen-yelarmiaf skisgbancppcomgises at least one
arrayf,corrpri sing a plurality of nucleic acid nenbers,

and 2 solid substrate, wherein one of the nucleic

acid menbers is associated with the nt DNA del eti on at

appr ¢x)i matcemyarmg ThetraaDNe3he hiblegiedl msamifietortbiedagdbgsead cldim 13;
menber has a unique position on said array and is

st abl associ ated w t sol i.d.substrat Y4 '

o ngn o B AR B FHIPLE S by htrom mon
menber seligetved tifsueon tohenwhed podilydhusd Bdm thg saifject;

di sposabl e chip, the array of claim&68, neans for

hol di ng the di sposab chi . jreans fqgr extragcti.o

e o or e RS SLfeppE R s isc: B R RA from
met hod of raynRBatRE ofthabulfecd7 to 50 wherein the

bi ol ogi cal sanple is chosen from occasionally sun

exposed, usually sun exposed.of rarely sun expqgsed
ti ss&g). 7§?teWélnﬁé‘{tﬂé‘H‘“’6‘Pn Eagi"gﬁh?%oﬁ’ﬁeéfdﬁé‘?m]&oﬁgri si ng
a step of conparing the absence or presence of 3895

del et(g)on lifentiBAirkY the &lMoRXPOSEd, occasionally sun
exposed, or usually sun exposed skin. 74. A nethod of

noni t ori ng\oa erson for_ sun exposure and non- nel anon}a "’
ki n Thameded of #yLf BRigIsddite 41 o8 BRPEINE FYHEOVRAT ey melanoma skin

CONPrehdeNGer iR cohRIng ndeitétirdite RBjesrat sRadTRlEtithé SAoHNRT an increase
subject; (b) extracting DNA fromthe biol ogical

sanpliedel¢tions efsecinied W MRS RIBYEACROIIRElHIRE 8B gansfr, or an increase in the
del et} QB8 o‘ﬂnittoaﬁ)n!ﬂti%ome;%ing deletions associated with sun exposure or non-

melanoma skin cancer.

78. Use of a deletion between approximately 547 to 4443 in the minor arc of the mtDNA genome

in a subject having mtDNA to detect sun exposure or non-melanoma skin cancer.

79. Use of a mtDNA deletion spanning approximately 547 to 4443 of the mtDNA genome as a
biomarker for NMSC.

80. The use of claim 78, wherein the deletion is approximately 3500 to 4000 bp.

81. The use of claim 80 wherein the deletion is approximately 3895 bp.
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WO 2006/ 111029 PCT/ CA2006/ 000652 (d) determ ning
whet her the del etions are associated with nornal
WO pdoenpopul ati on or i ntrapopul ati on vari ati onBCT/OA2006/000652
whet her the deletions are associated with sun
exposure, and; (e) repeating steps (a) to (d). 75.
The nmethod of claim 74 wherein the biological sanple
ghS frpma ok 51‘%%"1‘ Rlalnidefs tb 81 FhQSIR Ehef(fef%mm ReEBGEORBAIlYsuS Bposed,
exposed usual Iy sun exposed or rarely sun exposed
t i ssoeasi@lly Tneexpeseh oirasty seh g1nesed2isu§r 75 wherein the
step of detecting the presence or absence of
89 el eLi On%, ASSRE L RHeEifbn W h Bat§%a§1§ﬁ A€ inQtia %é@(trﬁcﬁmby using a
skin cancer conprises at |east one of: (a) conpar
t he el spmningepirpumeglycarleaidapt 4 to 4443e ﬂwama@a'@sfeofé e mtDNA
cl ai ?1 géngg aring the nt DNA of the biol ogica
sanp e Lo of nt DNA from non- invol ved tissue
or non- |nvoIved bodlly fluid fromthe subject; (c)
conpé)i ngproliingtalidogfal sampldiran tgisetatct.sanpl e to a
sanple of ntDNA froma maternal relative of the
ubJ d m nin [ . ' -
58 of GgrishloaiFlBHOLRaM L P iR P R347 B 4B Br o minor areof
77. 'tiH&entﬂJBW@domé foanse 1mﬂ1agﬂoaingsun7e4(p¢)&ure‘,tﬁ s]ho cancer.
moni toring sun exposure or non-nel anoma skin cancer

\lji(r: é%%%@g %% Sih odlgfgc?ulfetgc%rolf EEIQLI@?\IG(ZI ggb ?I onﬁxtenf ’glte iproeﬁ%nce of the

assoesﬁmpanNAthumu&xmm&uwemannmqmmnemammﬁﬁ.skin
cancer, or an increase in the nunber of nitochondrim

SR IR T L T D T
bet WegRa@RRERARE € hywlD 4otmk®juAdda in the DINA saqn@ke afa:samfple
the nt DNA genome in a subject having ntDNA to detect
sun EXPYSU®e or non-nel anoma skin cancer. 79. Use of a
nt DNA deIetion spanni ng approxi mately 547 to 4443 of

the SRR, IISA 3ample SSRITIRE of QUspdMBOS cddfbrisihB @ ressi@ngement;
of cIa|n198 wherein the deletion is approximately

3500 to 4000 bp 81. The use of cl aj nnvéygg@ e h
del e(®on nvgovgiprrgradaﬂ%%q Rrobsgchgpansyt %‘ﬁf‘ﬁ’@? greated by the
PCT/ CA2006{/,0Q3Rent; 82. The use of any of claims 78 to

81 wherein the deletion is detected usually sun

exposed, occasionally sun exposed or rarelg sun
expo$®dd t idetseiing tig3earmngastenoRy Flifingor PHDMELRS HACISR- a
pati ent sanple for use in diagnosing skin cancer by

&l | eotid
szz;n%héﬁgtga 81‘61:9 SR We egmnfgmmt el d1enbe! eot i des

e m nor are of the nt DNA genone,

conpri si ng: (a) providing a biological sanple fromthe
88ubj ecmethod for a sensitive detection of a rearrangement in a mtDNA sample, wherein the

rearrangement creates a newly formed junction in the mtDNA sequence of the sample and the

rearrangement is associated with cancer, disease, or aging, comprising:
(a) providing a DNA sample comprising or suspected of comprising a rearrangement;

(b) providing a primer or a probe which spans the newly formed junction created by the

rearrangement;
(c) detecting the rearrangement by amplifying or probing the junction.
89. The method of claim 88 wherein the rearrangement is a deletion.
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84. A mtochondrial deletion spanning approximtely

nucl eoti des 547 to 4443 of the mnor are of the ntDNA
W@eweirel0ddr use in di agnosi ng sun exposure or B&I/AA2006/000652

cancer. 85. Use of the deletion junction sequence of

SEQ ID NO 147 to confirmthe presence of the 3895bp

nt DNA del eti on associated with sun exposure or NVSC.

9§6-  AnbREMeEof AY o?cl%ﬁﬁ%%&d égsco%hﬁﬁé b@ikp@lfnt épecific detecton of a deletion

rearrangement 1n anpl e, wherein the

rearﬁﬁﬁ@éﬁﬁﬁﬁlwmég€ﬁs a nemﬂy formed junction in the

DNA sequence of a sanple, conprising: (a) providing a

%S%ﬂ%@arﬁmqﬁcﬁﬁﬁﬁ ot beﬁh&i@ Q5th& defartGRMRN &b Q(Q)pé’-of the invention.
rearrangemsnt Elr ovi di ng a priner or a pro

T islosspraim intanfied tﬁ éwll stragiv e otipidppsgie- cHisdesdiphgn wHEsuggest many
ﬁﬁﬁﬁ%ﬁ%ﬁ%ﬂ&ﬂ&trvcg&bng@&&hé& ekifi HEthis GAT AANGSIR R maRlYes and Farlatlons are

Ifying or probing the junction. 87. The method

ing¢raledriods inghused within e seengrof Bhe giaebert clyims.qTlepst &g withghe art may
K r

L b R e TR Bhaed obe
epcompadsyd IP)OHhﬂEl@IIH}S@ﬁ%ClhﬂbW therpresaes epbDimertequence of t he
sanple and the rearrangenent is associated with
cancer, disease, or aging, conprising: (a) providing a
DNA sanpl e conprising or suspected of conprising a
rearrangenent; (b) providing a priner or a probe
whi ch spans the newWy formed junction created by the
rearrangenent; (c) detecting the rearrangenent by
anplifying or probing the junction. 89. The nethod of
clai m 88 wherein the rearrangenent is a deletion. 103
WD 2006/ 111029 PCT/ CA2006/ 000652 90. The net hod of any
of clains 86 to 89 conprising breakpoint specific
detecton of a deletion enploying real tinme PCR
Vari ous changes and nodifications can be nade w t hout
departing fromthe scope of the invention. The
di sclosure is intended to be illustrative and not
exhaustive. This description will suggest many
variations and alternatives to one of ordinary skill
inthis art. Al these alternatives and variations are
i ntended to be included within the scope of the
attached clains. Those famliar with the art may
recogni ze other equivalents to the specific
enbodi nents descri bed which are also intended to be
enconpassed by the clains attached to the present
enbodi nent. 104
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