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I mpaired Alleles of Genes Involved in Metabolic
Pat hways and Met hods for Detecting and Using the Sane
WOEMBERMNVENT FUNDI NG [ 001] This invention was naOdBUS200$1038710
governnment support fromthe Defense Advanced Research
Projects Agency and the U S. Arny Research Ofice
(#VW91 1NF-06-1-0166) and the National Institutes for
Health (GW72859). The United States ?overnnent does
HEENEERATANG IMRIANT QR RORMING \ M I COEDY CFORPEVICE
INVENTI ON [002] The invention concerns enzyne variants
acting netabolism functional sensitivity thereof
TE@ Cadt BHID and assays for detecting inpaired
al | e esdeRGRAGME %Hs(éﬁt (ROGYOR a3 i8Rl ARGmASH &I NI Ng
the sensitivity thereof to cofactors. BACKGROUND [ 003]
Fapiisatiqyl aad ap hotrpdyis benigendyetonbeti¢as. pat hway constitut es
a network of enzymes and enzynmatic pat hways t hat
net abol i ze fol ate and/ or affect honocystei ne. The
pat RAGKCGRQ@UNDPnked via the rrethi oni ne synt hase
reacgd, o a?tr%gv rdgéagé’% thfe%eﬂitn %{]ﬁlte%gatédrhn‘éﬁiltsl has been
cultures ani ma syst e ns 1 npair
a Hioying §@¢eeheh@d BR edrigydvang @ﬂl‘lle(Slé@CtOIf lodusé'x ahpiliag tosnilerand

rE) r ?e%glf'es gﬁ’%}f S'eilgésrgagyc}\?efnmtl% gnzcﬁg%l ¥El§s ﬂg @%g?__dolg%l egtate of
sdnfemiduuiercpihaSotreemple; shkigking gamétaralze elidye fdethe ategrporation
oi(ailnl}ﬂ_gggsld ﬁﬁnﬁl&%f m@ﬁorgtdQﬁEes%lnratcﬂF) fétlgifl;f, % tﬁ? ﬂbﬁga\fﬁfl 3F
pregnancy outcones, such as orofacial-clefts,
pidecteeitampshsed cpraeity. bl dfiek fvrergi/thawcinacith Weivepet, is auid
t
e R T L T T
lnpreeglrglmslgmﬁcaﬁonpl i cated by neural tube defects. Lancet
345: 141?’ ekt Jl:l?&l'l)n hd @ ?oﬁdﬁgt@q cﬂl ¥ t@@(ﬁlsﬁlﬂs g/stgﬁe({ﬁ a-chip type
assocl at e car ovascu ar di sease,
arghitegtuyesd Ssdemehitettash ey ancstpocke foratirarlosoleeslos d@lce on the
s SBRAR o \BL LA BolRES, RELITERn PO 5. SHRHECHRy
col’orect al cer, breast tanc Nt
hpns thatoptimamcar qf adetpﬂew g1 hftzmlphin@dlﬁicult the

O R e

fos eeqpeplé, which eptirolzat dicHbrreieydstdiagefonedch tyglciof dpatcchway ar e

nggi ons and di seases

ngiég@%g{@éiﬁﬂ(ﬁhaﬁ?% I'na (f'Jgacy and/ or honocyst ei ne
rret abglredm a Iﬂnzgfﬂ‘élseshwid Holtegd (Vi) ab @Iﬁatcabmoﬁ‘r@@tg/ Btreitnend

chssf sectlcinalswe S oafI corrﬁgo C{%ﬁ%ﬁ?ﬁ%e%gatl ¢ seml onduéetmgdci:wlcﬁzz,m

unctional” enz anst of myl ase
adﬁydh@@y’dﬂdn&a@o(lm@hﬁ)f thagprgeninavanden.r i bonucl eot | de

i e R AR e A A
a aérphatn(gl\lmmm) tpChllTE].uh,ylh ecu@tctahceﬂhlyldzrroefmﬂoahmnr efdhe;prasmt
HFR) and net henyl t et rahydr of ol ate synt het ase

Fol at e i nadequacy al so inpairs nethylation

medl Paglﬁel 2By1hStra1elean cxs;sLsentBInla] W nea (efrﬁé\iﬂdﬁqtommch farmediwith
a Bl ARt en Sl NALD af MIEER and . (B3 (588 vice formed

P%ne aénlgppng an{é lﬁléqusf)gl esalilsélg) %ff/ss{ a%eHnCOH 1];]c or dévice forme
whh@y atphecseting itmplang mSadcnrdhlmmyh%I embbdlmenﬂ-d!f mhel\ﬁ.ttsent invention.

7 982, I n Fl.avins

Fi g BBt e THRREC ofips Saonalieg: P ohga i in he
fofiahtsavif @ kemisemduyior Bdvicedprmed 66thlaqRpetrafih g wailaa nehhiqud drethe

S- adenosyl - honocyst ei ne: S- adenosyl net hi oni ne ( SAH SAM

rati os have been proposed in the nechani sm of NID

devel opnent. [006] 5, 10- Met hyl enet etrahydr of ol at e

reductase (MTHFR) is involvéd in the fol ate-dependent

mul ti step pathway in which honocysteine is converted

to net hi oni ne. Decreased conversion of honocysteine

can lead to hyperhonocystei nem a. [007] Several rare

nmut ati ons of MIHFR have been identified that are

assom at ed WI th cI | n| cal MTHFR defici ency, an
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capabl e of unmasking inpaired alleles of genes
i nvol ved in fol ate/ honocystei ne netabolism as
walermwnsiopst ed herein with respect to MIHFR, whPCBUS2009/038710
simul taneously determning the sensitivity thereof to
folate. The alleles identified include | ow frequency
all el es, dom nant or codom nant alleles that exhibit
phenot ypes as heterozygotes, alleles that are
S5 sgbsdia eﬂﬁgusrmvendum%ﬁ dherigrmsn vthewt aneagtrating implant, in
adcBlaaiR AR AL GimeANd (Rl dr&leRSinVMALGH POSsess

conbi nati ons of these characteristics. Inportantly,

DEFAJEEDRESGRPTAONe| es are associated with the risk of

a vak hElWa@fe inpdt fok ?H?I%n%r&%m%c%ﬁ‘(ﬂl%?o? dede Mﬁeslcrll?e%l herein. In
thevarled eé%lcac and toxicity of chenotherapeutic

thg dellpméng desesingier, |n¢1rn@r%19 speeificdleieds drapetifordy sughlas presifigay
ditRhsiBRNMnf B&k t@ﬁro@d@ Rt duleR ﬂnde%téﬁﬁl%eof tHe aoréé@ﬁt'n%@nnon It will

response to chenotherapy in some i ndivi to
be #npaicaitp opg dillndyn drfagdhat dre rreskaitieveatell nabbd pragricedriighout
th@é%' é&ﬁc (ﬁé’?al nmﬁer 1%% @/@fl h(ﬂoxbmec{sﬁgg ?Eﬂseéu%ﬁ aQéattermng
R provi for nmeth screening for a
stgnmm W@bﬁ@mqabﬂganame @ﬁ@é‘&@b@ﬂ inglgtaihes @rderéo fiefrunpeggssarily
o&gﬁr@ ! Iﬁéseﬂthﬂeﬂ@&”ﬁu?th@r“o‘r& /Gy to%%n&é?%%&d t‘hé(t tﬂé various
chenot her apeutics. [0 The I nvention al so provides
erlpndanerityshpivp an the Szapees farsrillgdabeg ieprgsantapaiyaad aggl o hesssserily
i@ CBS. The ability to unmask functionally
|npa|re§ alleles of these genes simlarly provides for
met Heiggossfl heteinsshd srgni¢andugtorglevies ardssmethed wdomn seases
s ANDGRAG del ROSA gﬁi@gﬂa&l nﬁ%ﬁ@&%&&i a $ulbsBRE Iﬁ%@&?&ancé Wfn
I nvention provi VI VO assa s or det ect
a1 erpidimeant af the presend fnveriop regle@@mdgdlge densni lmpneb'aaMa a
ﬁf%ﬁ#dﬂ\ﬁ@éﬁ%n %45& a%%@%wd% Y shiiGhte oa el Ly foh)ﬁe g&e stack. Halo
actors, “the as ays conprise the use o
regtonainakiding dppand immuirigieatems (i)frasﬂpcandtcandmnwtyntym pposite e fiest
c%ﬂ%wﬁﬂ?g}ﬁg gaé giﬁ%gd;gﬂﬁ@&gg%ués éhii dt tﬁg t}{pol%glons A threshold
vaagomeblae mgiqhdavige dogrnoimpyeityemy ¢idhe reem@osducheltwfeaets
dlfﬁorséd 1l HERBAHEN reQPy ?e;i&\? LRMBRLALL Of) teHlb{ll(ﬂﬁlel‘&O{h@Ct or
recursor t er eo or —an assaya € phenot
cane¢rdtatioh ofglopum anpwity atbrs heth peeend gradectivitp @p8jin fﬁh ¢hreshold

;
B A PR Sk b O RO B R BRSE 0 8b nBuriy
mymaefmcekbmt@mMMmeESB@eﬁlmshﬂnuwanwohumnmﬂmkﬁmghagene
o) t
eI{ﬂp&ﬁr}lénz ﬁgéﬁgﬁgeééglg ﬁlgk%l ? {ﬁ%léﬂ%ﬁgﬁre df %1?, ﬁnc})%li]léy g?ﬁg?%eg%ld
muﬂugenegmeWh&mnMQﬁd@IEgmmenyehsmﬁﬁmﬂdV@E@enmémﬁr%mnms
[ e
a?ﬁ%dg%u? ﬂFtﬂé er eoé’&'sst {g%oaafnﬁ ;’r\f&?@ nteﬁ%g ﬁ e sﬁac%%mﬁe
dcrmatsumalbﬂyetqnhsalf zﬂ@tsecrqnétcomﬂuotﬁvnyhepweast r eI at ed to the
functy f | | [ t
or ovg s it ok EhuRERF hetdd SYRBHRT M ofonates o
gitesgsckrrast apnlst ﬂmnncrbtﬁsﬂnl”r:ef brthasupgbidloghdeactseniastngl substrate,
ghrg tf(fg eass%lﬁ o%f 5 nS ft %1%%/ b%er :cl & t%ﬂ %reﬂc cgsstulggdntggg&‘%gtfgg logic
d@mnpimnbmmhbdbm&bMWmhgmfmmkgdgeueanMVm¢V@n1ﬁmurmemmm@mwe
w%* PLL Fmboa%‘rq Iitd f he ItheXent 85150%‘%021{1 an ?na%& de?f%e gﬁ]dta 1”Elc deV1ce are
inclonflacdnothe sdrﬂbesubﬂlra&: burt\l]net tyoalevitdsenrd fztpactalteeld)ya:hﬂfeﬁbr& ptaess
cofactor availability is determ ned. [0019] In one
enbodi nent, diploid yeast are used. The diploid yeast
may be honbzygous or heterozygous for a test allele.
Di pl oi d yeast may conprise & wildtype gene and a test
allele. Diploid yeast nmay conprise a conbination of
test alleles. [0020] In a preferred enbodi nent, the
enzyme- encodi ng gene corresponds in sequence to a
naturally occurring allele, or to a conpilation of
i ndi vi dual naturally occurrrng aIIeIes In a preferred

Y T LT o o - o o o o o o o
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[0034] In one aspect, the invention provides yeast

strains capable of detecting inpaired alleles of genes
wo pwoliv@os | n f ol at e/ honocyst ei ne net abol i sm anPICT/0182009/038710

sensitivity thereof to cofactors. [0035] In one

enbodi nent, the invention provides yeast strains

capabl e of detecting inpaired alleles of

enzyme- encodi ng genes sel ected fromthe group

oReHRiONS t I pge eRbent, tgngplogidayienis fmrFQtAWHIIR pe@ﬁ%tmg implant
pifIddE Step, A0 c ARLISE IR hbte responsiveness thereof to
folate. In preferred enbodi nents, the yeast conprises
t he Tn@s peeet of Eheigsantiimyeation dn arsdia desies mew de Fabpeted to
oRfld8h %ﬁQt\!ﬁor{ 3 1n?t@&1hn§dﬂﬁd?atﬁﬁzaytﬂﬁsm§@ﬂa£@re!i%ﬂ Cormk§ 9361

I'n one enbodi ment, the invention provid east
p@@?r%nnﬁsmelaptamc@swepd dioeeramply. Figgesi ried P}ﬂt |1 esThegshdtH
Véﬁ!ﬂge ‘é@g &L Meihcfish $teud ESRANSIMERLSctoRAVRRs otfgorYéstMIﬂg

I'n one enbodi meént, the invention provides
rep@a@ﬁatéfﬁ ﬁgﬂlﬁ@ld@@tpla@Vl?ebﬂn sreprdandenyth amsaibedigeny af dhegiesgpt
inCERiofn f‘ord&aﬁﬁ{ %ﬁb@ﬁldt HEn LEIRRIRI NEAGRIed il B EREss k& tional

vitamn B6 I'n one Taspect, the i1nvention
Vigve of fh@gorrﬁémmug rm%e@éftl@cﬂemwgn@wtqr ¥pessed all el e of
a0 SRAYRENOA b9, QRN JTEEANODAGnPRIIHRY nssUEd with
. ol ate/ honmocyst ei ne net abol i sm
Cl@ﬁél&ﬂ%@l%@ﬁ , Sepeonilvgierideeide &0 eisehyrt- alra@nel device with a
J}WF%% été’c‘kq(ﬁ: Wb e quﬁsﬁaﬁaqﬁﬁa\/'\}ngo%%EmMIiéf a MAtTZA
and/ or S,. I'n one enbodi nme e | nmpaired
caaidhetivesy inee élsp}%d dicrain. eWell pegimel 28 ifotinermtimplanging dopant
1&3&@%’ %:tﬁlg% SO| s%t) ra'teslﬁl?ggfgog%é ﬁt‘)]?csaélbﬁ] 81?%1§ S?%C[g(qu Tip regions
136nqfaiseestid abnd@bmiyﬁym ﬂmoaltﬁdhﬁ: trseepnygnasiven &wdi ang fogaekby

. | i N
AR A R e R
gitpstagkotZhe Ha@gpg@ms 128 l9é thie rﬁm nonctuntl\piydmedaecsfm@dw@d@pﬂmmg
dc@Q@I@B Ay AN o QibsiR rlé‘& Elﬁ)fsé bitdo for %% iGNy 'ﬂ?
eficren y I'n a subject conp I'sing obtaar ni a sanp
infplantrstepreusedity) feen tllamgloaieﬂ%ﬁ:%mddlglqrhgom 188 @rtd@tlomonat@s@tm@eg
aj gl ' '
L S R e G A
incprgpreerest dtOhmt impeits atbine otto fhe regionrdfskbsghted A4 dineoyipe
r ) ,
oBELESRELal 2, 1 LA o LRIL AL RLES T Bfon
sqpEcdmdagtor d@mccm%()ﬂos chirhatresd by mhorttdhalinpl évgeesubmhadie
- r
R g 1A, s AL By B L P38 p R TERE B0 n¥1fu@.
Sahicaldestor devepe 1202 merlahd-ghaengd deggedith mwidegstetshak 1 204bofe a
r
sy DB SO Kt B ARER el 1 B bRy 128
artddhaRegiantdl 28ost fopnef ie elishryte il a4 b%mldohdmtol%mte t308.
gen .nopu @9 ol r e
or caprp R s 192, o PR F o e ATPR DT E e AR
aral ‘ly€l, mpectmelpamhen opérated yt qmebﬁeeﬂy ko appbabigarentiege, sivd as a
[ d a le es id hy
atg?gvcﬁgagﬁ’g Spph P r}g%sfglb é raugEQ S ce Sr Oz él‘ianﬁ e\xlgeglr}%élollll 8%41%
bdth sm%ﬂd&ctoa@p%i 120/ednddAd6B,; fthxt thd?shcd(i volmge &Vt) drops only
m! dle?lglll enclntcregsr%ra% gat%leré%ﬁl ?or a rgn&% %Pegdg:ngths nﬁ}grgend may be
acmb;ttahlmfrbgthaemamndwtofr demce‘s héOA‘. ailnj OB aamnide:heltuem ﬂon@gtchg)e
apD ﬁlc 1%%: g\LeV%rb S0 Cgrdglg ea alfllrealboél}élent of! 6}6 rer(i‘\tdm aenluon sI?ort—
PHOERMY sanplé Wiier N presence ﬁ dt - reast™"o
|npa|red all el e |nd|cates that t he subject may have a
remedi abl e enzyme deficiency. The plurality of
inmpaired alleles may be fromthe sane enzyne-encodi ng
gene in the netabolic pathway, or nay be alleles from
mul tiple genes in the sane pat hway. [0042] In
preferred enbodi nents, one or nore of the inpaired
aIIeIes are Iom#frequency aIIeIes e.g., general |y

o o " Y "
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[0056] In one aspect, the invention provides arrays
for detecting inpaired alleles of genes involved in
w0 odoatieobonocyst ei ne netabolism [0057] | n onePCT/US2009/038710
enbodi nent, the invention provides arrays for
detecting an inpaired allele of a gene selected from
t he group consisting of ATIC, GART, MAT1A, MNAT2A,
MIHFR and MIHFS. I n preferred enbodi nent, the array
chagned seyaippuslugipr %Féftcede%ge wed Br {ogigpppheatiriar leg-crmsl e

sdnfifon@udSNRvREN B Rsddr BAraldg afhiRYRons! ReRritfab 8k €04,
enbodi nent, the array is capable of detecting nore

sniegndesier derisail PRl itéioelt 2p Mhempparfedt agelpeslysl pleenpéiad

odté Oia %9 §ucH EQ&IFate L8120 gpﬁ?gﬂi’ﬁ@ fFEHeratih 8n Rl@YdchRe. However,
capab ecti ng{ermre han one inpaired allele

asr%r@iﬁlﬁelwhtdingaboit}i velaregtop 189 a reglemeb%ﬁgealerﬂrre‘ihpidweltage

mQ? BUhdedifhbly lﬁglﬁf%%o‘%@mib %Et@ tlengihhﬁcr@aisésa}{alb SechRabs e
of detecting such an inpaire [1Tele th is a

a
becerre dirtier wapadsapitdendang te Pemsiiahleéalbfiiefleimebf iayiguelitireriold
v3IfaEe R b @hok Bt SAPR %gs of detecting a plurality of such
I npai red all eles at are renedi able inpaired alleles.
I n gredereipg e@nenif@mir%rwelcoaducwe gdeticeol@ ipgssqaipsed wigheured
18 (Lf%llcﬁ 00, SS&HI&&I%&BIEKRNQQ ¢¥o Rlali&d haﬁ&@é@]lcelﬂtmlde gate
enbodi nent, the invention provides arrays
stegkt 18E b oig aaﬁﬁbi’itliﬁft@dﬁf’f éleiVIMHWPél glgiaa| 189 of nﬁtshemlémwy et |
l e
A n'*%gff%?Z3n6°&w‘%ﬁ%‘°n§9i€d“§t‘f’*§*gq : Big FeRRP
cwdricts}tn oy raseorved mtsuienrated3é.c ineagedrdonee witk ag iemi;i@dlment of the
gl;@g?,
p%%%?fn?eﬂgggggfm&g%ﬁr gg\ﬁ%df(%gig%qgnglug ﬂlé}t’iﬁre TUTES. Neferrmg to
curb U eercludingedaloroginns, t ipstability e%the:s Oé@rsolfaeivs may be
e
R Rl oo O A o A e QU8 OMRE b
gandeeewhn$eg%emﬁmeBSXWﬂQGEGprmwnmmeaenmmuyhenﬁﬂhqhe
) . N ‘ : p
L O A AR e b e TR
nuc| Riferiag pghen odpaist & somichydnciodideviergl 40as @modiatghiitlechrve
1(% (L 063 186 gﬁ !:({ chfEc'h] delvﬁe @4 ks gﬁ@{é &Qn&w&%e%ﬁlta wfd@ %ate
I'n ntion provi des arrays ecting inpalr
sta.iki 18P @bovefa sabyplaterlditi Hylootgigenlds of miick vadudtivity type and tip
0
re%%{t}ég?]ﬂ %%@ncg%ahgréﬁgth%tt?&f hﬁé}%@te tiw grrs?gd’nﬂxcglrvgo{% aﬁpla aée formed
inrsgbatiwtet 1 44 e Elloweyangh escokhoguwithnart eindwdtment P06 2Fesenhingerdion,
08 Shetot ik IUPALL A0 R (15 AR RO AL | PLEYETHR] Bifn
a condi tio di sease assocl ated. wi rran
offendtet ae/amdmyslngh apliekgaboiliagnsuch aan gatnmltﬁg@l griropriate for
of RBEEA BRI SRS T By Pl B B8 P ey e
aepiyade fvend:rrant free leegtho domvpr, by e&ludmgae‘aél region fthe instability of
[ I ng i ment, the
QoS Bl el B A e bR Bl ral L F 060 BIBRS. T e o
Vi t aRﬂfcmB@ agaimtodigpnref, ebmwdn@m de\n@nItSO it dreoame¢dhoith curve
1 ﬁ)%%ﬁoté&? i %r?pgosn?lg%?rac{evgg rl?(f {% Iaq%grc% 1{6'1 ﬁé(vic%fwiﬁl ad\lxllsdg %gtg
sthakl 180 ebdmrmuiy&sna&i Iné. iptrapohs Sharcafermkeidyrimp adtifpedophint.
ingéglrl JtOI{IS ms t?straa qug oh el ﬁ]e? sfdQ \0/ gessgacgggg \éi—ldl%Srcag&i‘on EQ and a
vcatage thagsholfl mhlaihm/ré'gwroh@@s 0@ crmedunat/mjotybe sppomitmtﬂ*le casnduhenty type
o RO PP PR R TRLO0E e PR, & Al e
enbodi mrent, the nethod conprises i ncreasing the
patient's intake of folate.4In one enbodi ment, the
nmet hod conprises increasing the individual's |ntake of
vitamn B6. In a preferred enbodi nent, the nethod
conprises a nethod of screening for risk of a disease
or condition associated with aberrant
folate/honDcysteine netabolisni as described herein

~Nrs AT o o o g, o s .
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inpaired alleles in enzynme-encodi ng genes, and

determ nation of their effective renediation. [0073]
wab@o/1déover m nal catal ytic donmai n" of MIHFR r eP@&F/5S1009/038710

am no acids 1-359 in human MIHFR. The reference human

MIHFR nmRNA sequence is found at Genbank accessi on no.

NMJ) 05957, while the encoded 656 am no acid sequence

is found at Genbank accessi on no. NP 005958 [0074] By
HRTHIER i §eepisese Wi ansenedimenbold By pratenoi v etighn soimicarapsior
dVIdIHR0 @6dsinét fn¥iud ENF¥ITR oS frUB G2 5@9 qse@5£§ @&ma;per@glons 126

condi tions and di seases can arise throu

is @RenppcatingReagiss during e igplast ftere see gk ?5} 96\“5 a@m mask to block
th% W%ratlﬁh of @pahd 11%?{11‘1‘[9 RtoRts 11?t8 tlfer}ééiH@ of S%B@ﬁgaeg4'dﬂe$tﬂ/e
| evel an en , anhd ot her chang In vivo
ugleEgtl gﬁf@rstaﬁléb?ﬁrﬂwvgnwré@ww g0 am Och@ﬁ@uqf theipgagent
m%}ﬁfoﬁ%e fn?pl:ﬁl@g ghg&ﬁo Eo%mﬂo r'ef @M%@ %ﬁ(@vcﬂfa@é’ih?é%ﬁol@ ShSlh
be used est the abil 'l el es of genes
reéweadé? gt I@ﬁ%iﬂﬁ*ég irpRjard §iep b@méws dlrfmgé]tﬂﬁ spRantytep, gate stack 152

pérhﬁ'ﬂgz %He%l%l‘ﬂo)/atllaﬁ gpbdfﬁ%ﬁlpﬂl@@%%t&%ﬂ% $he I@gloﬁ\@f dubltfite 154
neasur e responsi veness of these enzynes to

dlmfla@n@mathm@ stpsk A9 Raderpng secumesald Or Wiy Q&ﬁra@dtabmelatwly
hi ﬁ]gﬂﬂ’febf Bfte VBI@&%E st a@%?&’t@ 'VQltta%g a%r%ﬂlaqpfop%era(tfﬁg%h 'aﬁ’eﬁo f
he 'yeaSt gene and ered sfunction. [O ]
depirs, e Sugpbold ynpthrgeHé setnmgonsis@owevye éé mgy bgaqqspt@higfor certain
e n
gaﬁ§f£ﬁ§thsz n%‘fﬁ%l%dr{%ﬁ% b%c% ogglggéfb%;}gn%sfhgfd 1&1&{52112%@5"1?4 ltﬁ%
ingtalibtychf rﬂu@@pldowlta@ﬁ @Eermtlg@ted foe agangg pﬁgmb@gthl%wh VAIDING
RRARLETED! B AP 1 hahEhe SN AR R S RARL Fom
sdngosngictaieviget fibds conpri se (|) |ntrodu0|ng into a
yeasty,cal hn &pb&f 1 ‘gH%!erﬁ iffen@th, 8 0aYPERGAGOEVRY G
wherei n t east c conprisés a first nutatio |n a
fapiigaged tgansdude hahresholdfvokedd impkint speien ﬁtlﬂ ogadgde @W@lh@glon Ina
m%%@e@%%len Bl 111@ iR 238 Cgs? Q%UH?IJ?H @%e ﬁonductor
second gene (or “group o genes ren ers e yeast
deyade|fortied ﬂmnmnmpmngsmﬁpn@whmnatmuwcmﬁmweamb@ﬁambqhmmﬁof
ﬂﬁgﬂg&ﬁﬁg@ﬁt - enzyme function, wherein the first
tation alters a neasurable characteristic of the
yea§Rdhehatﬁﬁgm©2Ah@ﬁmuﬂnﬂu@wwbwwth@hﬂﬁx%gmgﬁﬁk2oﬂdwpned
o Ry R P o0 Y R A By ERRE OF i o
cadaetaay ek std disposedtihéhepniasretses cokeristle of ga¢ stadk 8K e Htalwan

e L3P PHEROSE LSt SR PYEKOR AR e
thenfirsa corouctbytyttyre, aredtspedcd el ebeiratk 203exdfucdny iipgegidne 21 @ sA

o S PR BRSO MR
caldhaivey type enf dgoed imvaistrab202 diyecils baev gntaistagd2(4007 9]
accordgnc%rvﬁ Ih an &%%Oglﬂgbﬁg (J)f%engrese& 1g\a¢tn§1§ﬁ tl?el Jogl‘,e%trgtlotn%l} dopant
1rm1:a1t1m zabrhyofah@wcondn@nalcltmﬂt}etyp@m thl@slavld:mmgd atplamnregfon 212B
L R W
ccméqcuwrty ¢ype an bato edigload 2120§. Ia ohel mahodgmaﬂ th@cont:mnanon is

ap%?or%rlll}%}}glx taeinﬁagllfe ble:pagll v h}ggliolcll Poci age 1méﬁa|11nlt %egz)nl j&% CH Hal? regl

2Eh€myéasbduﬂheam&h&nﬂnmngsmﬂanewpS|ab ("S.
cerevisiae"), though other species of yeast may be
used. [0081] In one enbodi nent, diploid yeast are
used. The diploid yeast nay be honbzygous or
het erozygous for a test all éle. Diploid yeast may
conprise a wldtype gene and a test allele. D ploid
yeast may conprise a conbination of test alleles. As
denonstrated herein, functionally inpaired alleles nay
i nclude alleles having a heterozygous phenotype. In
one enbodlnent the d|p|0|d yeast i s heterozygous wth

o N a T 1
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characterized using the assay disclosed herein, and
may be advant ageously detected in the nethods of
W@ ereaniony), preventing and treating as di scl osECI/US2009/038710
herein. An ordinarily skilled artisan will recognize
and appreciate that characterization of an inpaired
allele as cofactor renediable inforns the nethods of
screenin reventing and treating as disclosed
her eﬁu‘bstr% aype ceapescH of apynmatgiipl syfaple| far semdcogductor device

faBHEHBRL Idfic SROYERER sudMEdle B i@a BLRILR A ChBPLst B a single
pol ynor phi sm (SNP), present in nore than one formin a

cryepioe magiial whick may lrwde,s@alswer lemited ta, siléipon gepmanagm tsgicon-

géﬂ@mﬁﬁtdﬂ ha 'chﬁ%ﬁﬁd IR RBHUGHeRerRl. B HEMOEntboliREMS -
i ncludes transcripts and spliced sequence

Sl@étrqt%(biz inplades Ry lpxer yith asemeritadalareseln aoprific embodiment,
the %QH{%}(&?)S coﬁBose@ bt @Jslﬁgle B@ytap(ﬁ‘ a%ﬁ&tay&ﬁich Yna9 %‘cll{[d@ Bi#is not
l'ele or a synthetic allele, These may incClude
lnﬁﬁ@dafp: Pheon| germpEuN- silegoprigaemanaat. 411tV eoraromad fenzieongdagtpr
m@t%rlﬂléﬁl@hhag&swhl% ﬁl@%pgpft&rlemld}@} 1s rc&ﬂ%@s@(ﬁ of & 51ﬁ§<9ér9ﬁal layer
98] "Honpbzygous", accordi'ng to the present
Wi lﬁb &y inshide; by isawt baitedat silides. gBaiwpi selecopfeenaivgeiiel a I11-
VQBmﬁN%d%Eﬁlcbgfﬁfa{olr Gterib 18 SEHER %ﬁb&&m%ﬁ{esuggtﬁ% 2@l 111841&3 a
For “exanpl e, a subject honobzygous for the wl dt

toglepigdxéal bspyeram g leansaticadiveywhieh & aboyr alowsr k laé@rs tChe top
eﬂl‘éﬁ&’lal lqgég‘%é %)glpggeggﬂf §§1ngfe éwg%l ﬁ?&@g@%ﬁﬁa{glhgﬁg%ph&qﬁmted
tOeﬁhgmél ded f%m@wdyowovhmsnla@r @l B@mp@ldp@tphmyrate[)mg?mum
s%ﬁ?ﬁt‘ S AMER Hﬁd a IRy c%ﬁ'ﬁgurm%reﬁrc%nddc{bq hiekEs "[tﬂa qﬁsuﬁw layer is

erent copl es of e are present
cayenvetreqf afneaterak whish enay mesluslogynt esfnot hiesited tlods1hqppeh@¢dee$1bcon
; l;
nL?{ryg 6%9@ g dgﬁf?f(gq{nrlﬁg egﬁueaﬁg?ﬁl%@fa#(ﬁ é@CSOU Eéglrbé“ gﬁ%f)l E%I}%ﬂﬂ which
mhetnehudeypybiagot lamicedtaysillsen peagingpo sdigon-geraanium, a IH V
f
o SR R ARER0 e A Tiafle SRAFAE Y0 PN include dopant
ingbf yeatomy e sulpstrano2QPi hiyeroenglotrali P dyriconlsstiaty indledieg 4 elagigely
loprcQ)?lQter%Y df %Bl%hrd%?a r%n[ﬁ!rﬁ"y atbrﬁs Bmﬁ I:[]he #.\Ls%la?e of a
gene encodi bol i ¢ enzyne is functionally
i rrpaﬂ“:at@s,taclwwmyﬂummel agatel elecnrp@ mnd agaty dptecrmylayep208, as
eaedi
SO BEAA 2L TR AR e 00HEY B bosl AL EohBlbPLe
semuccatlhaor miterial &mdbklfomcmmaruogl abiap dypaigraperationdf aan
| " et . . ; ‘ o
sTRRULE RUE' B BT afee bR L AREAm AN o FEPHA A i iCeue
dnﬂnﬂtﬂ@hmﬂﬁypdbahhvﬁmadVMﬂpdﬂﬂEﬂmabkeﬁEamvﬁabmpmwdsf@med

oS5 RUTPRATRNR LA, 0. 35| A, £ o R

vaplot dapesiticrodralas composadedt atrmtdwnptemsgtrmtér@ﬂ whhvh may include, but
funetional | mai ' i
Rl P, ) R gl fronm

tifamio iy tleslusy p juinéumen trath ¢ rgum yat lindiem g oums cebab for sickel. Gate

di%%}t%& %g}@r id%antla,y% PB?OS% Al Iéfcr?ger o? FHEEIG:?OO gl@cg}lgallg 140?89(9' gate

actor ors
cleafode 2OF ﬁomfsu‘tfstrzty 263 Infona abodmtnt( ga.tegdmlecftnd: byve 2081s formed
1Al GART, MAT1A
0L el St MER B Rl Repo B o 30d Bl of

ann&ﬁﬂ&sﬂlmﬂthmtMmM®bb@ﬂ&onamxdbmemhhmrmynmndeHeahmym
eIRtr)'g)aa ment rgafelylcﬁr&ectrlc 1%}/]%?9% 1es[tO rnilel(a%}ye M:“ Pal}jer de§£s1tf10rne %H ?sn cy

t he fractlon of genes in a populatlon t hat have a
specific SNP. The allele fréquencies for any gene
should sumto 1. Another neasure of frequency known in
the art is the "heterozygote frequency" nanely, the
fraction of individuals in a popul ation who carry two
alleles, or two fornms of a SNP of a gene, one
|nher|ted fron1each parent. Alternatlvely, the nunber

o - o o o o o s r
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[0011 1] Also provided herein is an isolated nucleic
acid corresponding In sequence to an allele of an
woIhYM@ese, wherein said nucleic conprises a BNPUSmONEBS710
at a nucleotide selected fromthe group consisting of
nucl eoti de 5045 of the MAT1A gene; nucl eotide 5181 of
t he MAT1A gene; nucl eotide 5233 of the MAT1A gene;
nucl eotide 6739 of the MAT1A gene; nucl eotide 6795 of
cqmposeghof pAIg el diclepiie m@ﬁrnab%wlwséut@rot limgedypThrtige gside,
m%ﬁiuﬁ%ﬁuﬂ:ehé'fgiqgﬁﬂfbfatet Reni bLAnd8REsr IMEnERIxER, 10312
of the MAT1A gene; nucleotide 10339 of the MAT1A gene;
nucl Estdopent 1uEridy gpms pethigahol hvefsge impyy regen 2JéB EO%B?ZIO
T
re%f0n§ b AR e 8 P8t cﬂﬁlﬁlc@ﬁ MKI T?.[% :Hg ﬁlgesen?cfodhﬁ@lt VR cﬂf?zlg%ﬁurlty

nucl eoti de 14038 of the nucl eot’i de
atgins phiBe KIRTamdyeivaty tmemtéltﬂﬁb@@nﬁmw irgurithgompandsere piggent
1n%h@éﬂ¥rbt¢c§1 akgﬁ)%ﬂna@ély fge Mﬁg@-&f DENPT — BUGhERdndeentd PPthother
t he MAT1 ene; nucl eotide 15646 of the MAT1A gene;
efﬁ‘@RS‘llfé@’tt |tH@d0p5%@pthtaW@S IAtheAirgjsprductivity terst ingladel@ipants
mﬂfurﬁJ‘ﬁorM“sﬂﬁ‘a% Blinot Hﬁh%c?f%t é@&é&%ﬁ@sp%roﬁ@ﬁld%@z@stheiH%
nucl'eoti de 15758 of the cleotide 16133
cqFentiyEoNRPIgX G ple in *rh@éané@pf aé 182@4& kﬂbj HPES/WATLA gene;
nucl 'ﬁﬁifé %W ngy Bf retgﬂﬁs MQ’ rc%’bbp%gsnt% coﬁﬂﬁgl\ﬁigfttb qﬁes%él?ljvéltage
of th gene; nucl eoti of the MAT1A gene;
inplant éqgtqnd?é 2& @V@@l@fegtqné 2 NIXTF 11701 geseien e, an adcetipnagevithen3 3
I 4
o ey W ey il oM Enaly? LR e
thletsmli voltage eplIMATIAOGEIRS. anttlh@log@zmé Ad24 asfP-tyhe dgRPsegians.
i 0
P S8 ek B0 elol B S JFRp Pighout fh hetlaoflt
ingrrityeatpronitng cnversetjoe iicibe taag%mf St 1@ e SoflOarstamstiza. In
a&gﬂgnce% ra%bﬁll dlsé?llltg)d% tﬁ %‘rér%e?hfﬁ%mloh Stﬁasre otﬁl\ﬁ Ofapel“!En grpe

a nucl eot | sel ecte e group CO Si st ng o
dmd resnang cidile iresholfl vokge _IW\D'IZIA rggioe? 1 2B esld dieloirggioz @1 3A @fe N-
che.
bl TR Y S ML %@E@%’b@%%fog?m
inrhvei tyMATIRSAW ijle m eonepitition in tHeraBg66f of 14 hre 5 MADZ Atqpesian

UM A o o ETRA B A R e

regigo$ 2ot lnd&fpwatlrfgéldomnt ithpuriiATRAs gbthe samaesindattivite typd 49tipf

S0y TSR 0 A48T ok TR Ao o
of dyminvIAE2(A igkitien sraah bt |amléep4cw12m digurdA. MATZA gene;
n u cl Tﬁ/&% ﬁ%%ctzlo%%le p%selitntql?vewg {36y du?tfl(jﬂ: heh/&%: é%?ua%?éagthf)eslaold

ene; ‘nucl eot’i
Vcrlugd: agtland eegﬁmsmt@f(cluctleg kaggmnmay Hm@bsmpalmnabfssaufe

OB AEEE B0 SIS AR ASE DL Byl
ingdand-f@ord dsmhnldlvngagenmskaquregloe Figura@Ballisghes afross-(aéfdnal
Vlg\%%? ’a S¢ gé‘n%lhl:c}g % g(éiﬁlleﬁ %ﬁ%%&iﬁ%egg{ngﬁaﬁﬂ% te%{n? gl?efor%gr%, same
mbMengwnupmm@n$u$nMﬁgc@ﬁnmumWemnudpm@ﬁaﬁgomphhehﬁﬁafdmme

wgs ﬁlg %:m#1 %ﬁ&?é&%ﬁr p?’ g%% 1nvent rllle F a-érritg,gigﬁl;ceo ?ﬁlcf é{gﬁté%g@ns are not
depémet in Mrtﬁ&tsealhena]l(ﬁe% O(ﬁfhetsbtﬁlc@ﬁzi%'tog éen@qes depddtebiniFigire 2B.
115
21g'efe(:)rr1n¥ gogliliglgg 1'45 Ar]s_t g)&lfﬁon i ,ure ch)l OI% s&%A B ate 202

gene; huc
intR3&6 lofig- thﬁn@d&?ﬁcegmma secmnd Ipexmbn (i@hi é@ﬁ@n mfF1g1he 2B¥<RT

SL%gtgage‘zﬁ(;ﬁ;l C le&) y d%*}zlhza%gel%ew% eol{e l%né %eg%%dgvgc%l 1%0 u({g&f_ﬁmde
gene; nucleotlde 14781 of the GART gene; nucl eotide
18055 of the GART gene; nucleotide 18064 of the GART
gene; nucl eotide 18130 of the GART gene; nucl eotide
18142 of the GART gene; nucl eotide 18197 of the GART
gene; nucl eotide 18232 of the GART gene; nucl eotide
18401 of the GART gene; nucleotide 2081 2 of the GART
gene; nucl eoti de 20825 of the GART gene; nucl eoti de

A PN A A Y " N A N . P E—— . o " ~N R PN
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are summari zed bel ow. The net hod of the present

invention is understood to include all available
woreaobod®og 001 23] Several methods have been deR€l/Upm®a9/038710

to facilitate anal ysis of single nucleotide

pol ynor phi sns. I n one enbodi nent, the single base

pol ynor phi sm can be detected by using a speC|aI|zed

exonuc| ease-resi stant nucl eoti de, as discl osed
gqipstatkdy incfuding 2 gag electipde 206N d agaEskERlecsT) layenad rT}P figggions

21Part REmBRINABhtraR 20D oHBTthet AP bEFRIE Lk %tabi02040 18 deBloh212A
sequence imediately 3' to the alleles permtted to

arhafhieghol&valgeainmigng éftglqii*tﬂlé"% arecdigpgped ip sepstrate AP Hadjacent tip
e%ﬁ)ﬁg Qﬁﬂa{n@rdu@éﬂy%lo wWoSatdWARM 04 lrEspEP[ﬁfe 12 h&oRBndcREith an
arget nmol ecul contains a nucleoti e that is
cralpndgneniehthy psﬁsqné invREionathe cengpriratiek ehdpprAgBuTtE §lo51s Ahhalo
re@%ﬁ{s eOtA £R tﬁll%gﬁo‘llcp'&dlt\ége 1B{p%?fé(glont2h?@ 1sta?ﬁltoxg§artély Aels¥Re

be incorporated onto bri di zed

bgspusplpreshgldoieltpgsdmiplsat raglp@ﬁl?ﬂ%mié%o Itealénqo?rlﬁﬁeare formed in the
sdnfReHeRdiABhe fihiSx ORpCl ease, and thereby permts its
detection. Since the identity of the
exorRedtrang again®iFguan B .dbe shpgtahgmebdevidganclugdeph parfogv gate
StIROMD, TR 1fe!g189§ 139 a?J‘BFmédlﬁ‘ “l%[l' bn 3O%,rRALAIE 26251 ShRhlide

to exonucl eases reveal s that the nucleotide present in
of perow| gats|stack £3Q. Hidale sagipas 2$ﬁ)¢re digpesciinssubiirs! aedieeany tip o
ref;ﬁ')ﬁg 2191f th Q@co%ﬁéee\wiﬂ Q‘Fehn%ﬁ nYe% bfvtﬁe b’r%&% an% 1|3§ the conduct1v1ty
eaction. This nethod has the advantag it
tynopf the dertapeimphatydéanesy inhplatre¢gions @6 arair‘g@ll ESE190 ﬁﬁ% ISGhe same but
thE E%I{Cg‘[‘]‘%%ﬁ 0?1?39 Hﬁ[gaﬁlﬁﬁgﬁ n@; aé&hr%)%%g 8 r%%l?lgsn%g gg&e gelrlr{segbog (%32 is
ngtghargmd beepsedutaiegiond 33§ archisrmelkinten elyead§ prehent wigh Iregaani 23e.

ARflOL%H d%& !6[@&1 % éﬁ;&?ﬁ%@%ursz e&enﬁér tllp(rg%gr[}cjﬁ %@11 1?4'16 reﬁlonM3 6 dneed

bm@tp&qm@bdd@ tllg s@ne (il;ptth 1n|‘ﬂgbstmte@§6 aggﬁreg@npm(}m}ﬂ ha]@ regions 2 12A
: d that is conplenentary to allelic sequences
Kg%%%ﬁ%%tely 3" to a polynorphic site. The nethod
det eFhviloraschahe] delagstant yheohort-kannelcleiot pidEgwt 2Bty bsi t e
[ n A f
oﬂéég%}rp%drc}e@lﬁcﬁgfglgnt?cgg(? é)én ﬁg% &9{11#3% ?Edr a%tCé ?(rﬁﬁ Ian m&ﬁﬂneﬂt of
thp preoene iivaatempthe dangethamicbdavive it aramilog §e‘o¢e gnid ghqhprisshannel

div@c%@?iog %&%ef rbn% %%ﬁodgﬁsc?ﬂglog)g%ﬂh&gﬁqe%@ﬁ%' Cth@sﬁqld

vc(ltaga” ap@pcpdlmatelbdon the 24nks MQ; mﬂﬂéoltsanu @@a@ﬂe@@lpetoxnﬁatelmn
f

e DE5 L X8 B0 SRR GEETRRLALF: AR TFD

thanhadeﬂéﬁVMsrwhmamoﬂunhdmnmﬁdwmwdmp@ﬂuﬁmddwsh&hus

t i

pg)r (‘éxgrgel%lgl?lgt}?)fan Z%‘:B %? TSe\H(ﬁQ fll g&tg 1eng1!ﬂq?sg lt‘n%g Ei? rg sﬁw%egl

0.1l mgcnoet dndds aferaBaheith @t apalied galt'er\erhtagﬁ Paxttieamt apRro@ Byt @i 0.2
P Appl n. No. W001/02087) the nethod of Coelet, P. et

s preferably a heterogeneous phase assay, in
V\,hl cin ah hgpeptrdf therpraenttiinentiar, g stmivoidactat devics mayrbelfaliricatedito
exc?ud% aw Ill rg%grﬁﬁa§ % nL g&g@esﬁo‘%& egltta X%m@gnt? &n formed wi h 2
nucl ncor po n ures
pemssayugngpkahﬂ tedh@gue. nF@N;és BleB@ 1ltmsaatede:ss secbelmhl @iéwn’m@rqsentmg

O@r%mrls il theB%orIBatlonN rseml cto evice7 77@3}11 (z%)gg a 1ng niplant

teSyn@reen thofsame Gubsatte ab a sen@emnimtosde&c6 Bt Qvn(ldlﬁg(b)metratmg

ad. Sci.

R R hand S men b Rl 88 2o o
Hum Miutat. 1:159-164 (1992% Ugozzoli, L et al., GATA
9:107-1 12 (1992); Nyren, P% et al., Anal. Bi ochem
208:171-175 (1993)). These nethods differ from GBA(tm
inthat they all rely on the incorporation of |abeled
deoxynucl eoti des to discrimnate between bases at an
allele. In such a format, since the signal is
proportlonal to the nunber of deoxynucleotldes

Y 1 S . - I e
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[001 39] The nethods descri bed above are suitable for
noderate screening of a limted nunber of sequence

WO a009a0081s (e.g., inpaired alleles). However, Peu/Uk200$1€38710
need in nol ecul ar diagnosis for rapid, cost effective
| arge scal e screeni ng, technol ogi es have devel oped
that integrate the basic concept of ASO but far
exceed the capacity for mutation detection_ and sanple

nuneaferring siESHE 881 hsrbpiase HEX Ih By ided havirg plisportion (left
p&esSEadpRed iR Pe m%u%ecomiboﬁta@(rr%gt pdriitd ae%gétetdqn Flgﬂfe%)

scal e chi p array se uencebased tec ques. he use of
whegeigdhostarst Rortagnrigysll-drep augsthe @ﬂcom%@mwp@lu%ﬂﬁ &I‘Xf‘éll regigy 306 of

a ﬁﬁ%’on%lﬁ&%? GfpeV We‘ll@@é@n 3(1'?5 rﬁ%%e%’nﬁ’é‘d Hyhﬁasﬁmfg HEMhE AE® Porkibn
he application and devel oprent of chip arrays is

Oﬁﬁ@b@iﬂ@cﬁ%y"@cﬁuﬁﬁéﬁwef $04 aud lmniﬁ@mwomm CRpEKY gfgms mpo the
sebdfr g%sédwﬁ&rﬁgn &é%%ﬁs)traﬁ:nﬁn CRengaRi308 hay bg/p(lnﬁﬁdé&?&f a material

Di agnosi s, -200 (Septenber 1996). Several
despiped ae Pﬁé@ﬂ‘éwmé’ﬁthl sulsiatei 208 fiomeFigiia dhadYelkiegion 3¢hmpy be an
ngqgcaéfsa P l%é &%ﬁ&f»‘v@@ régrﬂ&ll HéQEl aQHﬁcth%Uoﬁ%? H&ﬂaﬁ{ ﬁguﬁ@/ atoms

type of Port Lo at? he | nmmobi'l i ze
amr@@@ﬁalmne&neurm of § &8I irige t%cﬁﬂm@(%s for

i de rﬁéféﬂrﬁ%%‘ quurggBV@ﬁﬂs%httessté’cﬁl@ 16 B8R dbBvd REfirst portion of

sequence- base echni qués of the target pol ynucl eotide
subgirath&02mnd lsecqond garo ptagk Yiarfosmedjabene Well eicewys0p of the apagad
p&rﬁ@ﬂ &t sﬁﬂs%la%%'@ 91?5‘[%5&@ @ﬁ) an d%eéé)ﬁé %ﬁtle Qﬁ& id@ e%}{ ﬁ%lludé L

Hacia et al., Nature Genetics, 1-447 é 96) ,
gatheledirods 3 heandimygatorrideqiad lavad I‘E}yGﬂ'foe@?’@W@él and gate dielectric
Y
P B e B PIRGEL BT URB IR i Fheion B gREkAk 206
amﬂ@tesbwlmlecslam 2D&rrgﬁphctlvakyefromnﬁm1|r¢ 4.eBefering agdimyl lagure 2B,
r t e

D1 s R T L ok SR S0 e Bl ack
3@, betinet gysedicffirg poftiog ohtrdbteast $ el pmobeer st gate §tadk 0.

ever

ol t QXCAARE My 3P AHERR ARy Aol 0 4P e Ol e
opnEpid thelfitsbcandectiyly pypetdiemaflantes intodhe vimoation evhstrate 802 to
onl‘ﬁr‘uh%%ﬂrﬁ% 18 %n the SE ﬁljs@tie CE 3'1‘6’ t Inyagz 54?198"& c}fl %

n the f3t'T on Trmte
ergiMRem¢rit af tha p®8¢m mmnttom, frstcante smkt3h@ bl@olpst(li atdoesmot permlt
] i fi. .

p 6’19?’;‘% C0 t[l% o la{ngmg g‘gdpgfﬁtzltﬁhhﬁg aWn{sl'E)f E’Je s?éoﬁ n%tF\Jeltgfityépe in
substodtaii(b?oﬂlreanlnplbalcﬁw Echt gatel sthdcb?dl()eldrl(@thg forfilatigr @‘Sxpefﬁgions 318.

PR P LTRGBS B R e

second dvaduatminpiype m@dthalsetcehcép@pecoﬁsmbstl@ta 392 duchgibt famation of

. a1als y [ f
RS I ORIy S S ROLTRrRaaS S LG
maiulrleyl aeorssp'mcal doncrntrhtloglohmibecbm adecptiobeith §p cagams 21 Gfred
AN ?pnpared to a reference sequence. The resulting

I'c information can be used in nolecul ar

di aghderisg toXigemiDndopeutimputity lajomistaf tg, firsttcohdueyvinftypdwee
n@%ted ‘1@ the”ﬁﬂémﬂ ftﬁo% & ub%'tr%%%}f lo> fohf Ih§1n8 r%ﬁ%@gﬁ% Q{j %Jeéﬂf’t‘ﬁ@
regE)OhBll 8}111@ tdngornnral thrrei;mtlkvqhtggeamlpﬂamt giion330B hmubhalweB(}ﬁelaﬁctly
beﬁ| rst g T star]?§ 1'69 n %ccorglar%c;c-trgxlr%lﬁarrlge?‘na'o&meﬂtv %nhe %erqt 1nvea1 10N,
1nvpletriﬂ1ngtlfea1|0pg1t ﬁmwlty aromndo efthoﬁrsnmndmtmtg typhamfopmémlooegbqs

anI lél?ﬁ)rgs%old Yotfta%%Bp?anaTeglson 3356\/:]/'& %’qcﬁ@es %enet aémg itk di‘? ga\lltee N&aS310.
redu0|ng the need for cunbersone end-to-end sequence
anal ysis, not only with kno#n nutations but in a

conpr ehensi ve manner all nutations which m ght occur

as predicted by the principles accepted, and the cost
and tinme associated with these cunbersone tests wll

be decreased. [00142] Accordingly, in one aspect, the
|nvent|on prOV|des nethods for detectlng |npa|red
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selected fromthe group consisting of cardi ovascul ar

di sease, coronary artery disease, ischem c stroke,
wa@rdvene®es er osi s, neural tube defects, orofaciefT/US2009/038710

clefts, pre-eclanpsia, pre-termdelivery/low

bi rt hwei ght, recurrent early spontaneous abortion,

thronbosis, retinal artery occlusion, down's syndrone,

col orectal cancer, breast cancer, Iung cancer,
That é's tneang cehpdigent, @éﬁ?%@é?fdhe inaplasiting AP srapEiciently high, relative

toAhZMRUNRE oBfidi SRAIRAALHBR ﬂeﬁtw@@%é SheatestifBailadted, to
degeneration, and gl aucoma. The net hods conpri se use

p@ﬁtf%te Fest Bels a3 18e e%hqrmgreamaﬁlqm@r p Eobloskey thel implaatingef
C he E?Qﬂg s he AR VS §HNInRAN §ércond ortion of substrate

hef apeuti c response poteéenti al 60] In one
3speieg thetfwmﬂﬁn/éhhqlmgﬁ% Odezgdrierethe VoéiﬂgedéméﬂﬁlmeﬁﬁoﬁémB
lnqﬂe EREbHiH suissuaRReppt her apeutic response potenti al .
he net hods conprise use of a nmethod for detecting an
| npaThe@aglmor e émplpntingd depanhippuyeicitgms to form halo regions 320A
arfd%é&lﬁfl&‘&ﬁﬁgé’ §ﬁp°?al RolBRl3268 'nda ’Bb vAFedd&I6h] &b%@n%F &hfeh are

e
I'n preferred errrlbo§| ment , gene Is selected from
dftpﬁféedderdh?)aréQ}’Yﬁsm Staurrd [df FWWIG,Mﬁ@orW%th apmbadiment of

th%?e%&nt nﬁf'égtlo%lan@ﬁé g&ﬂahplﬂlpgflty%odls‘m%er ik (%h!:hﬁtltl@lt}; &p@ﬂlto

i ndi vi dual 1 ndicates decreased response pot entl al
SUbgEL6q2 th form lml@feélpnfe%ﬁoémddhrmélﬁtd volthge implant region 3208

in ﬂﬁ@h}]ﬁﬁﬂl&eﬁgh Qngl?c‘ n&Pﬁd?ﬁ’i‘éftg )ﬁ?ettgp erfa\'ée 81* sﬂgsrtﬁ'tér 3"{‘)9' kn one
Screeni ng for chenot herapeutic toxicit
el{ﬂmlm@ﬂt thgrangteels atsm@@tnateb'he thenguggtof dh— g9 dedrenrs o s mpimeid to
18 SR, CRBA AT hou BRS80S
a@mmetﬁlwgloaml itniha tapestirfadel of bebstyite 30y ene | nvoI ved in
f ol aﬁ%’d& @_\trf?y n%o ft"ﬁp %s‘t E&ﬁ‘du@tﬁ/l@ %g)% ef?ﬁg f(t} Ild’]re ions

In pre erre I ment, € gene | cte
330deangrthggholsovedtagt mm@anbfegwﬂm Ay iCludvPHAS, dommmpurity
e
w5 &0 00 P30, S o Bl RBIS PF Gl o B e
squeg e dopand impuettestpasl ot Goht eanductivitiéype is boron and the

R Raragioe! b Sl BPEAEALS e rmpeqols e 20 ke ate dose
alfpOO<L8Sly limthomengaspatl0' Hiex 101v=énqun tormpowiidbesscomedntratae of
bc%n Ragp%}llﬁgétgrﬁgmqngﬁgﬁgbﬁs' %A%d %ésﬁéﬁevoﬂié%gﬂh&g%% §5bB
appﬂwmmaslwmgthamangn of Ykd0AH 5SX 101% athoes/of’. dn ac@heac@mbpdlbastedle
d
so%?ce o@gl%rdﬁa# ﬂ‘ﬁpu?ﬁ}% %p%? gt;] t g‘t %Ar?@géetﬁfﬁtg %g)fe WOpA%ma¥r an
mqﬂﬁtrmlog orcaged it dtue charpedppectimdttigliethe range af 3r-ef@rkedcht a

R AR R B PR T o AT e B et 1 o
capecraratiasofd@sarimpedty hemei in halp 0@1@1F P20 A anhibresiddd doltmgn implant
[ ' 170f 3
e R e B QY LS TR SR i PAC B B
f ol a%lwhmngthe domet imptiatycitanssaf ththfas trehdued gityctypgpused & form

hehg feg?o%g' 5%%& g‘Pi r{h&lﬂlo‘{d olfé%e { plaﬁlb%g? n%&?]&%{ at1necl Q(N to ybe dopant

1nqmnrpr atees, dathesst hun gotamﬂedmmarseldc at p@bldloocfus dolgmnenpunty atoms.
In qogn\séger %e(ﬂgleﬁte{rhg dﬁyt)a%/ 1818)%21@{2& ms gf%léengr C 8duc§1v ty %'Pﬁ include
amml\vceddpamnmpuruy htles aad the tifplentofg ipcanahduit atgana:nengmdl tion
prodclmatglgfz?e asra?nogg Iofa Ea(ﬁ)dl ﬁépbg%é&:a }ﬁi‘g’{e%ﬁé}o%{?n%te ny 1n6%lqe range of 2 x
enzyme- encodl ng gene t hat |s cof act or renedi abl e,
wherei n the enzyne-encodi ngl®ene is selected fromthe
group consisting of MIHFR, ATIC, MIHFS, MAT1A, MAT2A,
and GART. The nethod conprises increasing the
i ndividual's intake of folate. [00169] In one
enbodi nent, the invention provides a nethod of
preventing a condition or disease associated CBS

Ol NN S
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Ni trogen Base w thout Vitam ns (Qoiogene), and all
vitam ns except fol ate added back individually. Al

w0 o003MicobanMX cel | s were suppl emented with 50 »@Y/pk2009/038710

folinic acid (Sigm). For Kkinetic growh nmeasurenents,
fol 3D : KanMX nmet 13D: : KanMX ceW were transfornmed wth
GAL1 pronoter-driven MIHFR variants and grown to |og
@base i n synthgtlc gal act ose nedi um (2% gal act ose,
196 I0U HEBRSCNE iy BIOX IS BICERECRITAON S PISHICIRSTIEY 3 F0s ighhalo
re%foms 22@[‘%d%ﬁioﬁm&t§ge{%{ﬁlam ﬂz/gf&l)3201§:§]%ﬂr§x1ﬁ’1§tre@ maRN8thedf 5

tinmes and aliquoted Tnto - pl ates contai nin

1'r eS8k 1§al2éergde- %m@wmﬁomﬁ% theydespURPYIgy Aty gfﬁhecﬁrst
ccﬁﬁhgwn? Wpe 1&918'6 %ﬁos’ﬂﬁ&r@h%@ﬁ 1mg1!ﬂ‘ﬁy YRk rlﬁ‘d e ﬁmﬁ‘ﬁﬁting"i@s

a startln? enS|ty of
canpdoth atr?é@nmx apir e Raiglyay élreyfa% 0860 midh @@% gtg @ﬂse at
aﬂp@@é&at@lg nmllé lrhgk Bf @J@@ an ;QELN ASmBLAt 3 p&&@&éedrcoﬂ&en%& of
no shaki ng. MET13 cells used in ure la were

phqs@lm% imperity ateEs wahel e seept 3%%%ndethneslg>ﬂ Vel genanplanhrogipa
32)@3@%%11%319%{ s %g%fs % 99183, MR 8Qgy e activity

assa he assay, Whi ch nmeasures the reverse reaction

of t 1t1qpatl§a|by‘21@gg shpyv NI HRR L g efe Aonghtigipbiibygitanay of the second
ccﬁlgﬂgivﬁty %% ma! % 1&&13&@@&1@ SQEQI&(%QO ?er%lource Q—&ﬁﬁam regions in

supra | owi ng nodi fications: Yeast

substrater 2s0r\/9etih@r sa,deevétﬁe&ﬂ gify stedati O yis plse Qyfbod gnanpHes gafe ack
wba@k&%ﬁlaﬁm of iy A fifeiy SoftipR g@&ﬁ@&)nml@lw fype into

Inic acid hi onl n€e asa
subyitedte 3BLdircetly el @ firs/kae stpeksd 0 dsongﬁhp IKp@don gfithesogice and
I'~C
SOLEERS AU LPh S REE) i FES e Ee Bl Rof Ay b be
foemtrd altacenfgbasidayvatie vefimi galt;e tavls 311 perto therigranagipn of source and

e R i

desprabed@betei on i xes wi t hout 5-[14C] MeTHF were heated to

i ' A . '
e

stpaka 8 eté el secpmDm K] layell BFRS Idivnesed bvemttheaﬁrstl pegion. of $@bs©ms 962,

i.ﬁ?g%r r%‘éi{%‘é'ta\ééb ﬁ?%gt ok 8%?’@1%@&0413?0 b$ u%k'tpa‘?é SN %gt g? Rist

acli d I onl ne a ove were extracte
ggtqstakB 0] Rofetringl toNE@diref 3%, ddiBnmpurifyGitams ofg[BSegmdpb@ducthlty

BRI 5ol B 0BT g

reglﬂ)bf gt ont aithSDBIeRASE onHEa e stggkeds NWH—IEancmdlrmmt secwed gate stack

3%1? fis B i lagto% f(c}g@n;t Hﬂoﬂ %@?Qoﬁq?@%ﬁé sechREGSafR0Re o2l

diBscPn beip‘h@gdogact grtattecki3awang ﬂ%g KorpyatloraOﬂ thagtcogl seoelttipatgions

e S
4 TARBOREES Sy OS2 N RO AR PRI M P RRALE Bfan
in@Ayity a[t@ﬁﬁ_ofBEﬂi semnﬁcmvfw tyREBULMSTi[0Pdr86]) ofMiibiFERte 302
var i
dmﬁ%nt&%nitf;&g %ﬁ{eﬁgg& n% 0§ ofmﬁﬁ }eg%né? 9§Ht lﬁghe s%gdn‘agjoﬁfon e H%strate
32n each of 11 exons fron1564 |nd|V|duaIs of dlverse
eth ' t he.
TP S LR NS e Bl L SO AR ! AERED by vve
ars ipglbntediinkcoths seapd pargerea sulvstr':mb"il()é tBforth m sadohd s@ pOBlo regions
6 b every, exon a
334 %i R gheos\gceorn(af&%égl% 10e sggf‘ \;\agggcoa{crl] e tlcl1 an bocfé)mglé tog the
pmsmEmNﬁdmﬁ4mamM$gmomWHﬁM§ﬂmﬂaMgempMMM@ﬁfM$mnhmammmmams
P rst conductgn%ér%? T esécho/lgl‘% 91’?1%‘0/ f t}qne sul%strate k(l)Ze élrecﬂ)?’ E&Ow
preV|oust (see Table 3). The nunber of Iom#frequency
nonsynonynous substitutionsllas in good agreement with
ot her studies that sanpled deeply into random
popul ations (Martin et al., 2006, Pharnmacogenet
Genomi cs 16:265-77; Livingston, 2004, Genone Res
14:1821-31; datt et al., 2001, Nat. Cenet.
27 435 38) In addltlon 3 wel | - studi ed conmon

R 4 a o o o o
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w@piono4ces d substitutions.

t hrough T653M behaved simlarly to the major allele
(figure 2b).[00195] Synergistic interactions between

i nplied the existence of conpound alleles containing
two (or nore) substitutions. Therefore severa
conpound al | el es (based upon their occurrence in

i ndi vi dual sanples) were created to test whether

segpdegate EaskBh é‘t“?%ﬁ ¢ fogmgfionef dipriesagH setiot help regigapP ek si ve

FETRRLS - scbRl nfieR R mo‘@ﬂoﬁﬁfh SEWMIdcRs @ amﬁgrof aPafit
(A222V E429A and 22V R , mnor alle

IHYRDZ3f Bt @fsthvﬂliﬂecoaéwvaﬁ 8tto ke firg petiop ﬁ%sumtrattmw during

thltdrRlaBSn SRk §e@§1{desfepcfﬁla@rr€gl§ﬂér3@4tnhﬁ% s &N HALE HWuBstrate 302.
exi st. However, for the w frequency variants, both

A RepiAbip\iguse $tameithen ap r%@nﬁ é%nor\hah TEgipns %ﬂwecgﬂsbe implanted

toARE MR @I Qﬁ)ﬁt@it@%tt$§egl§is@qg ah RO RRI AL YRR, 'rt%pectlvely.
unknown, these individuals could harbor "either t wo

si nghdditiangly.ibuinat skpvar in dhedizues, 3’“13 oeRendimaskalpy s |3é0 Sl in
plﬂbe H&faﬁ{ 1ﬁlp§}1!y RDRSIf %%e%ﬂ%b@dﬁ%ﬁl t&lgéjﬂlé}plﬂa 1ﬁlp|la%{eﬁstnto the
were created and tested their function .
sepobngrtidn; qf gplestratg P02 my fopnm gouregenngl érqlrhiegloamnd;ubstrate 302 on either
siGOHGEY %’éﬂe RSk SRS R Hne élﬁ%d%&l@lseé%%a %Me ¥t§5k A¥blocks the
functioned nore poorly than the sum 6f the individual
inggllanging of ddpaeti imavrits gtomipreé fhgiseeong cersluetetty tyns intoplstratd 302
d@éch? lo@%w s&tong’ gate gtlam 368%Ylﬂ the @&r‘nﬁtmﬁ @ﬁhé\@oql% a}{?ﬁﬂaﬁ%gions
was” near | I st1ngui shable fromthe nmgjor al
Ryferringtagain ghlf igire 3Rt SGWI@HMK éaefdr Renaxbe 28melstle Aso, Foeal steps

I f t ed

%h%%?ﬂg% (lﬂlﬁgdl %&aﬁ?toﬁ?\ Luﬁ Saﬁd&% 9b1eﬁ af)@\geyner gi zed

whenlteerasicmeagndvctdi dapopapnd a\m@h@etg fyerd gmicondurgasicdrahave
b&ﬂhw‘éf&%@” G& aécgﬁll %ﬁ% ﬂeefrﬁga1n}ellp&]tl?eﬁl%{es%hﬂﬁ% f aal gate stack

assays recapl tul ate In vivo uncti o To eva uate he
isidesppselioh jatsybsrptet A rgglonet aviagslagant gepurityf stems MEHIR

1S I i de

o FREHIRY ATIMHELR T PR oh dindfislde BT B Skl RANET
regionsrhavsngrdopgntsppwity ptomaof @ vacoyd copdudtiaiy typwveappostite dteefdst

H TR MR TR gk AP St Lo

vgjpgdingdent edgani homing dopemeimpurityr dtorad f thmie'pmdtwn@mdvi@r opt s

AR O GERIPROS, WL RSIAY, hyReBbafifl e 1y
camechtiRiGU depat impuity atows bf tha w:esd q:qmdﬁcrtgw &/p2)n thagmeshold
|

vélﬂg @éﬁ%\/r "f‘o[nl 1\§/‘| r&@& ﬁéﬁeﬂs‘gﬁ% QE i g{?c‘eﬁ raglsoﬁ E&g&%&fa{nt gl%urlty
atpmevf b sdeynd mdiBﬂ)ype Asthe halb hegigw oWt drcarde®y ) w1th he

i T ed, :
xﬁ?q]dg en\{ gf; %19 eg&fg? E{Bf?%tgoglh tlelm\?lelgg#e%‘gﬁ‘g oY rligpatSIQ?o{Eﬁée QLond
candgativay tpy taonmithe haircﬂegldnsr@ldttlmethmelmhbmolﬁga B larey ra gaomt

. . n

nt TSt s et DR RSt Fyll RSy BRE G RSP

cagne@wmdy wpeh ot hers (10, 20, 25) that this change was
benign. [001 97] The A222V nutant enzyne is |ess
stable and nore thernol abile than the major form
(Guenther et al., 1999, Nat. Struct. Biol. 6:359-65;
Yamada et al., 2001, Proc. Natl. Acad. Sci.
98: 14853-58) and folate renmediation of this variant is
t hought to occur by pronoting stabilization of the
protein. Under the conditions used here (55 C, 20 m,
A222V |l ost nearly all activity while the major allele
retai ned about 30% of its original activity, in
agreement with previous studies (20). The novel D223N
allele also displayed increased thernolability that
may simlarly explain folate-renediability in this
case, although the enzyne defect was not as great.
[ 00198] Heterozygote phenotypes. Since | ow frequency
aIIeIes usually occur as heterozygotes thelr

o oy I e I

The di stri buti on of PRDBZINY/638710



10

15

20

25

30

9,10) or by overcom ng other aspects of nol ecul ar
function such as cofactor Kn, (2,5). At |east one
waledoetrgdous al |l el e, D223N, showed increased PCT/US2009/038710
thernolability (figure 3) anal ogous to A222V, which
argued for a stability defect. The hypothesis that
folate-renedial alleles of MIHFR are those in which a
fol ate species stabilizes unstable fornms of the enzyne
M$ suggest that the |evel of MIHFR protein be
Pr opRLidiOA&Rkneliq:-i ntrinsic activity of the variants, as
has been suggested (25). However, our observations
i ndi cated that while phosphorylation status correl ated
lmtsplnﬁgg&ﬁ%r g&xléev&grg risflcgure 5), the overall abundance
phosphoryl ated pl us unphosphorylated forms) did not
appesrtecldisprapden s1ubstkiteigly (within a two-fol d range).
! ttlp régl&lﬁlcbllﬁﬁllléfné &@tam%aémg%ﬂs%tf@@hrsl}/wa&myttﬂﬁ APbictén
mof the enzyne since

dendh%fqbaftfaé@OIaﬁthehﬁﬂ%@ﬁthﬁ’gﬂthi’rthCéct of phosphor yl ation
0 Iﬂal'o QEg16ﬂ§%Pﬁ{)ﬁsqﬁg Xdptaﬁ{t 1m991nl§ 'aﬁ)'ﬁﬁ e a\é\éctoﬁd Ecmdﬁctlvﬁtg; @ype opposne

behavior o he non-phosphoryl at abl e T34A vari ant
bot Hhe¢ fest gqnémtmta pive chspppad 18 8waylstiagadiapant the rﬂptr@gl‘tnﬁa%nd
V\h tﬁl@&o%oﬁ’[ﬁ ﬁhﬁre?i@ﬂtc?nﬁ%:l gstfbgm)im %}e{g tra%g% gP{h% second
st akﬂomilto;m(tsa@pwéla@qﬁﬁfbm theysubtiatidiresdy belowiithe safefséack, W@rem
not ONFRERMibIoMAphRHhSurk B FPAL SocbHE By PRAR Y fic
these results are t va ce Wt he expecte

pr ottbiephodibyaltale inmplant Fagronos appedxemetely dhpssagl aﬁ@@@nqentrMQ of

ded r

s Ry IR oPfhe & ATRERAANAL MM A ogions, | ¢

way the act|V|ty of variants could be striki ngly

di ) r
2P SRRaR iy W Gl ERT oL IR R FL Aoy R 2L DL ug popond
candnesiviy eme inluda bbroe dibpesk ety atome mncbyfh@rhmélpﬂw@pymtampmﬁy

r

at(n%g}]% %Eq E&fcoﬁcP Q?lgﬁ)a\‘}lgﬁg %B HPhY }@B E%%I m&é&r fé& Stl{i‘e?t‘ll]‘lgershdlé voltage
inghdang ragianenrg preseef m@@pn@htrmh@ apEaNnRirinigahd rangorfdinkY | ofix
lq‘”% /}Iﬁer inpaired alleles [00206] The

ol at e/ honocyst ei ne net abol i ¢ pat hway [00207] The

Kyot o Encycl opedi a of Genes and Genones (KEGOH

3 referen a )

?lfle e& Ao %ﬁir%}@ﬁé(? qjc?’«{uglq av;b er&%c& B‘erﬁ% of ghr% second
co‘hkiectpav Itbmaylsrhadle @dopdnp km!hrlw 'caomhwldvmd rfrocmhn erosy ncbrtsas'&g of
a&%@c"&r %QSphgl%ﬁsﬁgF& th%@l}u ?MR ﬂg&ﬁc}? a%ﬂh {?ﬁglﬁg&oﬁﬁlc&nductwuy
tyhc) motby bdle rageons emdein Hiyd thteslmhd {deeg infpdant mgmmlreepreﬁnbm@r

PRI PO LY §5 0 it 1 el

hypot hesi zed risk factor for NIDs (see, for exanple,
S S ne [ismin
4 Mrdéegsr?gﬁc@ ng%cwcr ggw emﬁm lséyl I?u(?tlrllleerucrog‘% trltS lgge def ects Lancet
s@dds afd Orain Icegtzhys deoipaitieg deﬁammnmuuw aabrsoofi theprist @nductivity type
met hi oni ne ( SAM
QCY Jranlé sugstp?ei on elt%? sl?c}/e 0%‘[1% Lf%lr as?a)él( which is an (
al I osterl c |nh| b| tor of both MIHFR and CBS (see, for
K oed’of cgrranll’ls aestem?co duc%‘ogrgdgw St af hi.oni ne-  b-synt hase
rrutalons N Fono csfllnuria m Mt e 362- 375,
Ddivroriey a me si:hck 0n]a9)&‘21 frae rEgiaNDthuhftdltdzl avoproteins, eds
Massey, V & Wllianms, CH (El sevier, New York), pp
165-172) Furthernore, elevations in the
S- adenosyl - honocyst ei ne S-adenosyl - net hi oni ne
(SAH SAM ratios have been broposed in the mechani sm
of NTD devel opnent (see, for exanple, Stover, supra,
Scott, 2001 Evidence of folic acid and folate in the
prevention of neural tube defects Bibl Nutr Dieta 55
192- 195 van der Put et al , 2001 Fol ate, Honocystei ne
and Neural Tube Def ects An Q/erw ew Exptl Bi ol Med 226

PN AN NN oA - A\ F A/ .
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a penetrating inplant technique, in accordance with an
enbodi nent of the present invention. Figure 2B

WO bdoagsqoet es a cross-sectional view of a sem cPeUS1009/038710
device formed with a penetrating inplant technique on
the same substrate as a sem conductor device forned
W t hout a penetrating inplant, in accordance with an

enbodi ment of the present invention, Figures 3A-3F
i IPRiartingtdopey BRI KL #PME ALY fi] caRduativsy B9e ity g substrate to form

operd O ih Mhd dABstfall JHBLith ViR of e sERR AN G thd @M GRick
formed With a penetrating inplant technique on thesame

subdtlpcks Eedmplantingaf doprdt Brrritgeont ef thefireepndictysytyrg in the
pen fak heloBte AGEP G WhdlicAdf qidEnt

O CRRTHIESLIPh AT e B SGERUNIER IR ERp TR
p &RRIERtENS deparit UK AR of DycRPdFoadurE it BRY WePAsHE HEVirde

i's d&ﬁ&:t[c'tlbﬁdtybg b ﬂle shﬁ’stlta{éQO Rl AW @Qogs%?d'célﬁttﬂeqm regions
numerous specific details are set forth, such as

s pecinflite foum gahrsshekikvolnge impltat region b o Sestratc disenti bglew the
undegaf @di gkrQh i @%mﬂ%%%ﬁﬁ%mhﬂMﬁﬁh¥QﬁnmbtﬂM%&%n@e
appar ent to one skKil he art that the present
i nvewndustvigatyrpuchidesdrenetegngiheigagtstathese specific
details. In other instances, well-known processing
steps, such as patterning steps or wet chem ca
6.cTsangthodefelaio s, hereiniibplanting ddgardimpurity atoe of the seserd
cdﬁﬁﬂ&fvﬁ? Elikey tlf%kgﬁﬁs%fé t% REmRAERE M nd! tﬁlﬁéﬁﬂ d %ge 1m lant regions
Furthernore, it 1s to be understood t I ous
inglydesdnpianties & howregle pon-ieme] tg tlreetep syriace pf tbts tlfoattatcve
representations and are not necessarily drawn to

scale. Disclosed herein are a sem conductor device and
7.aTheeméthell ofeldimonwhersiaticastius trproxtoyteclyen tha repee of 8¢ -adk
d%?%e & o hRR f%qtp]@t'a QuriiPSEhakhsrdi@ accordance with an
odi ment o Bresent I nvention, tip regions

i ncl udi ng dopant inpurity atons of a first

c p

R e R S L L S i S S
tydopahvde borpudonapt imtpomty abdmsa second conductivity type,
opposite the first conductivity type, are disposed in
the substrate adjacent the tip regions. A threshold
9.v6he mefbod ofislaamts, wegriorhdravicagf thedarant inmpuityi atymsaefaghescodnd
oAEFRERAR AR iR Whirl BB, bR ARR HoklEr e second
cmtﬁtmm compiases onening at armmeltgfv aplto:rpamateilmip el reggeatt 20

21
Y e AR AR RL L S YRE L2 0 OF A O dororige o
CCtnheltmOm:@?ttor(at ltnpnrmfatmimspa tite halvpud ithryshaldowBagsfimplaet regions
AESINSE MAUSHIULEY hyPe d nidingo gl T egi ons. I n
ccor ce W an- embodiment of e present
i nvention, inplanting the dopant |npur|ty atons of the
1(?. ﬁféhoe etﬁo oqlé%ﬁﬂ\n/\éi \{vl){er&x BR Ft?rc% of tﬂe h%}%nl S pgrétlyre&?oﬁ 457 tl%rkgcond
cdnkiect's/aerpp oS sndstflepeua nnblammg tddmt pEnatyr zacbrnsn«gf thdreecond
1 &5t & k Ae n t
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that a process used to fabricate a logic device is
undesirable for fabricating an anal og device, and vice
versa. Thus, in accordance with an enbodi ment of the
present invention, both an Yhal og device and a | ogic
device are included on the sane substrate, but the two
devices are fabricated by different processoperations.
In one enbodi nent, the anal og device is fabricated

with a penetrating inplant process step, while the
Ioglc deV|ce |s not In an aspect of the present
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impurity atons in substrate 154 on either side of gate
stack 152. Hal o regions 158 and a voltage threshold

WO pbantoos egi on 159, of a conductivity type oppOFUSm™09/038710
the conductivity type of tip regions 156, are forned
in substrate 154 subsequent to formng tip regions
156. However, in accordance with an enbodi nent of the
fresent |nvent|on sem conduct or device 150 does not

nBieuBrRihayl afslaim  ewhasrin therlopanimaity aemp ofide secor gagdygtivity
tybt Piclu@8hR88c depnd ifp PR aRENREIHEAIHRGn REAMIRE dofthdf 4 inﬂﬂrlty
his i nplant step, g e stack 152 acts as a mask
atpmg ekthe F@Omdwwﬁwar 1YOR COPPIESHERATIAS B dntopergy émomﬁl@@ly in
th éh b 69109 m‘o RYDsh a@ste%pﬂi%{émgteﬁ}eﬁtthe/raggad&rzn@ﬁ% 916"
stack, 152. However, in accordarce wth an enbodi ment
atéms/ﬁlmetomr@\é@qﬁ CqnEETAE9TON arschis Impsita A mS irefhc hale @nd dreshold
vaIREMAAAR rd R Bk APtodinGteANA tﬁé%ﬁg%%@ stkhpeshol gyt pRinaRh’,
region 15971s a penetrating inplant step because,
during this inplant step, gate stack 152 pernmits the
12 "BRIRARRL IR, \gﬂeFPélmhe' JOPAE irhYurR) Q0B bithO sdcBfd Eo%gh&ﬂ'\hty
of substrate 154 directly underneath gate stack
tyRe ingludf plgpsplpreusrdgpant rgpurihaamg sed shergingmplantied @mamﬁemyurlty
athnQ Bf il pécbl%jccgﬁﬁ&w}f? 't){pgg&nﬁﬂjs%pmﬂﬁatﬁn% at 4n e\ﬁQﬂg% Qﬁﬁommately n
appropriate for operating an anal og devi ce
the fiangs B %kq\é@t@ dyhe apprixiosieltién Be raney pERx 16 r%ag/loo
t y
O ST RRAOT AR, (PhGrhdl bbbl PO dpud
thrdsholil yeltagp Ilmli)lﬁl}ﬁ regfionshpprgkiolatlviol thagess dfs MY | gax él for
mng@Bge of gate lengths with varying spacing between
hal o regi ons 158, even though a well region is
excl uded from sem conduct or device 150. Thus, in an
.on, a seniconductor
1?Z@?@%ﬁ%&?ﬁ@ﬁnﬁgg@ﬁg%fggMSHB ‘ncl ude a t hreshol d
vigipizaeg dapghtampuritgloor ciH firg cexdictidey tpanatiol the sgitone to
I'n 8f0HPEcﬁ1r&%%@'d¥a%gre%f69{'ﬂ tfte sugétﬂlltg ‘gfﬁ‘ell 41(!%?%%1{68}23 ta%k,
cross-sectional vie a sem conduct or device med
VVI t hwizrge Heteemtsianly bioplpl thmimplantihg Dmmantumpmm atoda r@é the first
o\ ri ng
! B SO0 TRlThe Syt eaRich? Gby NG BRI BE 1
stadkﬂm@wndf@pegadﬂmndaﬂsuﬁsmﬁate 202. Tip regions 210
i ncorporating dopant inpurity atons of a first
conductivity type are disposed in the substrate on
14i A ethod ol ®roggayeesicackehiDdompiaing: r egi ons 212A
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typ egortmnes dek{ios el the ssobbparatrendodsadydioegion of gfirst

regu%ﬂ&maéq d,,Ig\ethreshold vol tage inplant region 212B

i ncorporati‘ng dopant inpurity atons of the second

c dorduneg 4 fnist gate yrapk ahoe thid Blpmm‘@lori of tisasubstrast amd 202cond gate

di regt I with an

enbo Ck¥b$%t$ W%?%g?gégn S%%@% %HO@&ﬁﬁ%g%%%ﬁ%entratlon
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type resh voltage i npl ant region 212B is

appﬁb%ﬁﬁ& tesu&#e ‘same as the concentration of dopant
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deV|ce fabrlcatlon In one enbodlnent substrate 202

is a bulk substrate conposetP of a single crystal of a

mat eri al which may include, but is not Iimted to,

silicon, germanium silicongermaniumor a Ill-V

conmpound sem conductor material. |In another

enbodi nment, substrate 202 includes a bulk layer with a

top epitaxial | ayer. In a speC|f|c enbodlnent the
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and a threshold voltage inplant region 212B are

di sposed in substrate 202 adjacent tip regions 210 and
wa@lreoeasdoys bel ow gate stack 204, respectively. PEI/US2009/038710

accordance wi th an enbodi nent of the present

i nvention, the concentration of dopant inpurity atons

in halo regions 212A and threshold vol tage inpl ant

region 212B is approxi mately the sanme because

t hr eshgrage disrialpdow thsifiayieate sgrloduring i farpptionofthe digiresiens,
212h kel (B glabknla%@ %lo%ﬁfmﬁe Hﬁﬁ]%tfn@to!f B&hahiRIpBALy aRInQRof the

Referrlng %ggln to ur e t he short-channel device

i nclsgerd cgn twlbfvt/ygealtléhes%e@fmé pegon of fhs splsgrigyringte ar

f or i@ gndtidn Welhk tip 8i AN 112?&8 fiad §1'ﬁ@§ Bf @t utkPAc:ang ei t her

si de of narrow gate stack 8 l o reglons 236 are
dilgplarta dopans ipRityetems eﬁthaéfsa@@ﬁtwtt\ttp typedite the frgportjon of

accaopd %gt?até’\totfﬁrn@ﬁ]a@ F@Qﬂk g&iﬁuenptile 151%~I ?ean@ S8 form a threshold

invention, the conductivity t dopant

ype
i mpuyaltege impiswsrozion frathe firss gpreas obie S%@atmétrtcﬂv eglowrhofst
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|npur|ty atoms i n hal o regions 'l region 232
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an Al EAlkRk SRV he REC 97 672K At iiAkEh: dPRRhed
as such’ in Figure 2B, neither tip regions 234 not hal o
r egi IOWEIY I nietd dheast qqmlt@ﬁtledtyp@ntthfe%es@mlﬂwd@gm theryubstrate
su bs&u‘hﬁg %e%aﬁ%n Bf e h889 lclﬁtﬂ%re%ﬂ&d @t‘ﬁgt Qﬁhﬁatﬁ ?%1(91@ ?n the first
spectively. The [ ong-channel deV|ce and t
shoﬂﬂmemaﬁﬂmsudevk%e of Figure 2B may be operated
under different conditions. For exanple, in accordance
wi th an enbodi ment of the present invention, the
1§. ohhg-redibadradiclage v 4 oherasn mpplantiag dgmemp@etyam@n& ¢fehe first
| .
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1GRds Br9R Gl LRI BRREOXI MREeEl y Tn the range of 0.16 -
mcrons and is operated with an applied gate voltage
greater than approximtely 1.8 Volts, while the
[
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inprigpit sagions ejorhoniperely iFrittgurees o8Ax3P" i1 7e|$(t 't atbms/cm’.
cross-sectional views representing operations in the
formati on of a sem conductor device forned with a
I'pefretmabadg clamp Ilantheteém:thn idqeeart pmpuriheatsasef thufist coatlectiagy
ofs BEDUF RANELBan RS o R MO8 e RE B Py
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regi on 306 may be forned by nasklng of the fIrSt
portion of substrate 302 with a mask | ayer 304 and

i npl anting dopant inpurity atons into the second,
exposed, portion of substrate 302. Substrate 302 nay
be conposed of a material d€scribed in association
with substrate 202 from Figure 2A. Wll region 306 may
be an N-type or a P-type conductivity region having a
concentration of dopant inpurity atons approxi mately
in the range of5 x I 015 - 5 x 1017 atons/cnB.
Referrlng to Flgure SB a flrst ‘gate stack 310 is
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approximately in the range of 2 x 10 12 - 2 x 10 13
atons/cnR to provide a concentration of phosphorous
WO pgpanidoys at ons in hal o regi ons 320A and t hr esh@l/tiS2009/038710
vol tage inplant regi on 320B approximately in the range
of 5 x 10 17 - 5 x 1018 atons/cnB. Additionally, but
not shown in the Figures, dopant inpurity atons of the

second conductivity type may be inplanted into .

1& ybstmethed dghim d4.rderdin g depangivepugipyaatomy elghofist ¢apductivity
YRR 8 bRospRAoRMoBAd b t6m@fandl WhekindAhnSiAepat Hpuri

ty?n or111e gn‘ggdi?rent?,ﬁ f??lgsutrft}bgatrg’sa?apk SIfO gl gcks tﬁe mety
atpip P Bie iy cnlugbiys ftpeicApRrics ymRltnsing abin QRIEY gprrarigately in
the PRALGE 50/L By kdWRE dod %p%d%ﬁlﬁ&télﬁtn?thé Qcdbf 216 _bel @

first gate stack 310 during the formation of the
atg @ EBetodreyidh asancedigliohef Phawphawyt ety 4temaisdeschad 3ndn

thPshdld FbIGHEE Empdifht r8AGR abSiRkiRfatANinSRAGRES EBY10e_ § Qryed
adj acent the sidewal s of first gate stack 310 prior
atp@s/Ehe formation of source and drain regions. Al so,
anneal steps may be carried out follow ng any of the

i npl ant steps descri bed above. Referring to Figure 3E,
19rasic methaskofghegn il 4, fuethasgempisingn above the second gate

%%tlﬁ@&ﬁﬂgn@u%%m JraRKed Y %Bnd%é_@\fify%qgs' i%%s%@tﬁon
the first portion of substrate 302, i.€. over gate

st ack tig1bstigierto flm sovise aphdainaegions ipdretsilgtragion cither side of
su bsthé ﬁﬁsﬁgﬁ@s?tac_k', whereil] e f?rgtegatefs'te_[cﬁ%logﬁst tfe ﬁﬁlﬁ%mggﬁd ant
Referring"to Figure 3F, dopant Inpurity atons t he

s ecompugragustafvlictspeand sendacievifyrtpican thecbubsitate ditgetlyslecdomnthe
POr 0N, Qf KBRS foR gt SREQRd of tip
Fogi e s RN AR T SRERM SFn 308

In an enbodi nent, second gate stack 308 bl ocks the

i ' : j Ltyv.atons of the second
2%2@33@%?%f3fa%€gg’qgﬁ%ct eﬁstkl)r}é% ow second gate stack 308
duemavgng thempglrlayeriasd of t he second set of tip regions
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ubst Fal b ¥BGhy'oP S sfcURe SHLBAR Yk i Be iy bgn of he
dur i substtateadufiog thetformmtiof of the s enbywedosgtregibnsaltte seegid pagion
334. Eur second mask | ayer 330 from Figure 3E
blocigﬁaigg%%%Fg%ting of dopant inpurity atonms of the

f iimplantognidpatt inypuriry styme of the Grst bendhétivity typendtd dre sefond portion
substr.at e in fo [ of th to..
of o B Fude Xt IR LB B BRI B bt 0
302.redisnglwpereinglie senorfdi gyterseacB Blockrethe hgrlartting of égpannisp333
nor hal o Lons 334 need be, i nplanted ta. the sane,.
Geptrro R Dty BrEe fint FRRONTEA G ddiFofrcny

r egitehsv B26kond gapsadk dnehy the Addiativooiah¢ secomiset ofdtalo regions,
e DNt e A T R
conductivity type nmay be inPIanted into the second
portion of substrate 302 tolform source and drain
regions in substrate 302 on either side of second gate
stack 308. In one enbodi nent, second gate stack 308

bl ocks the inplanting of dopant inpurity atons of the
second conductivity type into substrate 302 directly

bel ow second gate stack 308 during the formation of
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keV at a dose approximately in the range of 2 x 10 12
- 2 x 10 13 atons/cnR to provide a concentration of
wheronddonpurity atonms in the hal o and t hr eshol BCTUF10a9@38710
i mpl ant regi ons approximately in the range of 5 x 10
17 - 5 x 10 18 atons/cnB8. 10. The nethod of claim8,
wherein the source of the dopant inpurity atons of the
second conductivity type is BF2, and wherein
i pl el firgt caBfHEHYItY wpkim the it Rwonot! theubsimierhging the
condihdivh by tht ¥RSnE QIBF lﬁaﬁ’@l%gioﬁpinqm {RGh@or@h RRARNHstrate.
approximately in the range of 25 - 100 keV at a dose
approxinmately in the range of 2 x 10 12 - 2 x 10 13
atons/cn2 to provide a concentration of boron inpurity
atonms in the halo and threshold vol tage i npl ant
regi ons approxinmately in the range of 5 x 10 17 - 5 x
10 18 atons/cnB.1 1. The nethod o f claim5 , wherein
the dopant inpurity atonms o f the second conductivity
type include arsenic dopant inpurity atons, and
wherein inplanting dopant inpurity atons o f the
second conductivity type conprises inplanting at an
energy approximately in the range of 100 - 160 keV at
a dose approximately in the range o f 2 x 10 12 - 2 x
10 13 atons/cm 2 to provide a concentration o f
arsenic inmpurity atons in the halo and threshold
vol tage i nplant regions approximtely in the range o f
5x 10 17 - 5 x 10 18 atons/cm 3 . 12. The nethod o f
claim5 , wherein the dopant inpurity atons o f the
second conductivity type include phosphorous dopant
impurity atons, and wherein inplanting dopant inpurity
atons o f the second conductivity type conprises
inplanting at an energy approximately in the range of
50 - 80 keV at a dose approxinmately in the range o f 2
x 10 12 - 2 x 10 13 atons/cm 2 to provide a
concentration of phosphorous inpurity atons in the
hal o and tthhrreesshhool I dd vcol tage i npl ant regions
approximately in the range o f 5 x 10 17 - 5 x 10 18
atons/cm . 13. The nmethod o f claim5 , further
conprising: inplanting dopant inpurity atonms o f the
first conductivity type into the substrate t o form
source and drain regions in the substrate on either
side of the gate stack, wherein the gate stack bl ocks
the inplanting o f dopant inpurity atons of the first
conductivity type in the substrate directly bel ow the
gate stack during the formation o f the source and
drain regions. 14. A nmethod of formng a
system on-a-chip, conprising: providing a substrate
having a first portion and a second portion, wherein
the first portion is well-free and the second portion
includes a well region of a first conductivity type;
formng a first gate stack above the first portion o f
the substrate and a second gate stack above the well
region o f the second portion of the substrate;
form ng a mask | ayer above the second portion of the
substrate but not above the first portion o f the
substrate; inplanting dopant inpurity atons o f a
second conductivity type, opposite the first
conductivity type, into the first portion of the
substrate to formtip regions on either side of the
first gate stack, wherein the first gate stack bl ocks
the inplanting of dopant urity atons of the second
conductivity type in the f|5%t portion o f
thesubstrate directly below the first gate stack
during the formation of the tip regions, and wherein
the mask | ayer bl ocks the inplanting of dopant
impurity atons of the second conductivity type in the
second portlon of the Substrate durlng the formation
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