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The problemw th humans and ot her manmal s, at |east froma genetic

di agnostic perspective, is that they are diploid. Mitations in one allele,
such as those 10 responsible for all domnantly inherited syndrones, are
al ways acconpani ed by the wild-type sequence of the second allele. Though
many powerful techniques for genetic .diagnosis have been devel oped over

t he past decade, all are conpromi sed by the presence of diploidy in the
tenpl ate. For exanple, the presence of a wild-type band of the sane

el ectrophoretic nobility as a nutant band can conplicate interpretation of
15 sequencing | adders, especially when the nmutant band is of |ower

intensity. Delgty . , tic, as in
such cases onI@éwgﬁﬁllﬁg-@%e al %ﬁ%‘%ﬁ?ﬁ?‘?%ﬁ%‘?@g by standard
techni ques. These issues present difficulties for the diagnosis of
nonogeni ¢ di seaseg, .and a.e even nore. prL matic for | tigeni ¢ di seases,
Wher . causat | ve. niRdRsAGR S urrged Hih Sy Rt foffy NIEGHEISG genes
Sucg mul ti gemjmtcm(;ozI Gptfesmlmkeﬁaw@mvmmcm%saxmmgmmbmthemm\d |
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refractory t8?%%ch%f}?§ls§§¥l§°-W‘é@lé)"?@eéq?é"éﬁpqﬁs,tlﬁ%9-an for sinply
separati ng amA@ECGROUNIDOFYHY IRVRNTRONE! €s  from human and ot her nmammal i an
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cells. SUMVAL ?'.Y Ot THE II_\IVEI 5 t is an object of the invention to ,
provi de a met hod Tis pipblea: withhumans end pber mampalye plolegst o e gepetion a human
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responsible for all dominantly inherited syndromes, are always accompanied by the

wild-type sequence of the second allele. Though many powerful techniques for genetic
diagnosis have been developed over the past decade, all are compromised by the
presence of diploidy in the template. For example, the presence of a wild-type band of
the same electrophoretic mobility as a mutant band can complicate interpretation of
15 sequencing ladders, especially when the mutant band is of lower intensity., Deletions
of a segment of DNA are even more problematic, as in such cases only the wild-type
allele is amplified and analyzed by standard techniques. These issues present
difficulties for the diagnosis of monogenic diseases and are even more problematic for .
multigenic discases, where cgusatfve mutations ‘can occur in any of several different
20 genes Such multigenism is the rule rather than the exception for common
predisposition syndromes, such as those associated with breast and colon cancer,
blindness, and hematologic, neurological, and cardiovascular diseases. The sensitivity
of genetic diagnostics for these diseases is currently suboptimal, with 30% to 70% of



suitable for sensitive genetic testing. It is yet another object of the

I nvention to provide a popul ation of fused cell 10 hybrids which are
useful for _genetic analysis. These and ot her objects of ion are
provi ded b&‘%‘ﬁ@’%ﬁ nore of the enbodi ments descri bed beﬂ;(g\?\yg"%%

enbodi rent a nethod of detecting nutations in a gene of interest of a
human or ot hsasemﬁmpmtggmvmg@s Cells of a human or other mammal are
fused to rodent cell recipients to form human-rodent or other 15

mammal -rodent cell hybrids. Fused cell hybrids are selected by selecting
for a first mar k&hereisanaediothear for simply saparstingnd sualyring-udividpal alleesc ond

mar ker cont ai H”ﬁﬁﬂ ot her manmmal i an chronosone, formng a
popul ati on ofﬁb?ndlg%gance{ib&'% ri © isubset of hybrids are detected anong

t he popul ati uju MARNK &F TE YENTION. The hybrids are hapl oid for a second
human @t her i.an orre whi ch is ,pot rormsorre as the
first Human or h? ‘h&r’ﬁfgpg %Q{ﬂ%“‘%ﬁa“’@aﬁﬁéﬂ%\ﬁﬁg‘m at?&?’é’ct ed. The
subset of hytargeﬂ@ofaﬁmeﬁmta&ﬂmaf Qoﬁhlh&@ﬁarrﬁnmhﬁehrombsdﬁ%NAdprOdUCt hof salg
ene, or a protein ct, .0 ene. The, gene resjdes.on t secon
ﬁuman or oltoher nﬁﬁgﬂ}"%‘(fﬁm&‘ﬁta h%tﬂP?ﬂV Lf?ﬁ’g‘ﬁi!ﬁgtf’ﬁQ&FRNA
protein prodlggﬁabléjfbrgynhg{;@&nm&&ghgl es of the gene MRNA, or protein
product indicate the presence_of a 25 nutation_in the gene in the human or

ot her manmal . AccHrig Vﬁg‘“?‘@cfé}?ﬁ%@‘rth@%ﬁwpmwwﬂe APpPriation of fisedeellsed whi ch

provi dgs t estyyudlviiict £ u@aN §rigeneti8akdlyss, The test cells are haploid for
human or othef manmmalian genes. Cells of a human or other mammal are fused

to transformed, dﬂ'b?séaﬂdDﬂle‘d@ﬂﬂmcﬁlthemY%P‘pP’@rﬂ%"l‘ieébV@ﬂ?erwmfF@dent or
ot her mammal -ff B H{eﬁﬁﬁ cri %Héé%d&ﬁhéntg%eﬁbéﬁ%fﬂ& Em%&h ed by

sel ecting for on eac of a first human or
chr onosomne anmaaenemfentpresxmf@rhmmom@mmlaﬁmmmhtﬁlqﬁnoﬁahmmer 2 WO

01/27324 PCT) We?‘?r%ﬁﬂa?‘% ﬁ‘%@u&hrgﬁ&ﬁ%ﬁr é”"td“fo?xﬂei} ol {i‘ﬁcfeﬁh - Ot Of ot her

mammal i an chronnso in ence o s ection r other
manmallSan chrmamnajmm@ﬂlhybnﬁsm}hbedaneﬂhyMImstlebtsdbasdatmgdorhtﬁrstn or ot her
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second human lmmmbfmhermnnmﬂmmhmﬂmmsfmng\mpopnm@efﬁwdedﬂhﬂrﬂa provi ded

by the present Loventi oni e 3erB R hnts Wo SpuleBe 0F £IS4'B Shrids. The
hybrids are haploid for a second human other mammahan chromosome which is not the
20 same chromosome as the first human or other mammalian chromosome and which was

not selected. The subset of hybrids are tested to detect a gene, an mRNA product of

said gene, or a profein product of said gene. The gene resides on the second human or

other mammalian chromosome, Diminished amounts of the mRNA or protein product

or altered properties of the gene, mRNA, or protein product indicate the presence of a
25 mutation in the gene in the human or other mammal.

According to another embodiment, 2 method is disclosed which provides test
cells for genetic testing. The test cells are haploid for human or other mammalian
genes. Cells of a human or other mammal are fused to transformed, diploid, rodent cell
recipients to form human-rodent or other mammal-rodent cell hybrids. Fused cell

30 hybrids are selected by selecting for a marker on each of a first human or other

mammalian chromosome and a rodent chromosome, forming a population of cells



rodent - ot her mammal i an hybrid cells wherein each honol og of at |east 2
human or other manmal i an autosones is present in haploid formin at | east
one out hundred of the cells. 10 The present i i hus

provi des&%)hg with a nmethod which can be used to ig‘gf@g@gﬁﬂk
sen5|t|V|ty and fectiveness of various di agnost.ic .and anal c net hods
by provi di Mg fﬁi’ydn%‘@iatns‘m?(?rﬁt‘?éqm Wﬁ%@"ﬁhﬁffﬂ’ﬁm PEMES ﬁbéh nor e
genes of hﬂﬁaﬁ&%&alaﬁ&ﬁfahﬂt%ﬁfo&tﬂamm chitmosbrhes Celléwhiclogeent of t he
hybrid cells is stable and unlform 15 BR| EF - DESCR] PT]|, OF THE DRAW NGS
Fig. 1. Stheleigforasecengiyman geotasripamypaliancaromosonps v JICtI¢m | ne E2
vas fused ) ptadRor dibeTRiARE{aR Shed s ih b Bortiicthmionp ¥ epildon oFe! ect ed
with HAT plus geneticin, which kill unfused E2 cells and |ynphocytes,
respict i velcylls,ﬂtlelse@n@h@san @ othermaaenaliam ehramosemeryas mekwsiastedes ponsi bl e for

growt h in HAT. Yt AtOhuRARESR
chr onosones vvere r tal nedﬁ %ﬁp%@n%}ggﬁ}gﬁo&&fﬁ%ﬁ[ Ebﬁ]gﬁ "B" represent the

two honol ogedeot-otherrmqmmalinthybiid celisurherein cashdwnwlngeof arleast2/auymagorpr opor t i on
of cl ones ich re | r onosone
honol ogs awgt .@”P%‘%. cg’te[‘z*e@'s?%%? lbh%‘?&d% &c‘)tnIE{St tgﬁi ystlg?sOQI was carried
out on nuclh&ndredicﬂtdsceli‘is cl ones whi ch ret ai ned si ngI e alleles of the genes

to 5 be teste I|c hybri ds.
(i d872m Pt ymobsmpeeisptia g bR bRt SpRBo SRSl VL 25
det er m ne tilRege theisypitivity ahmeffacmbmesttﬁ‘dranh;sbhagiesnc'hm amalyticdeethddss t he.
human | ynphoc . use or,, fusi the recipient cells. (Fig.
2B) cDNA oE’ 250 a'b‘gﬁ%g'ﬂi ﬁ%r‘?&ga Eé‘&e hp ‘t“iﬁ?ﬂ UL PY® BFGOF 01127324
PCT/ 13500/ 3rtafist. mgnhxhwoﬁmﬂ&mﬂﬂman shdotdosonieTéonfehBeffthe hybPldiells 8PV52, and
APC sequencgﬁ g e results were concordant with the genotypes observed I n
(Fig. 2A) 1%ﬁ9 |ds 5 - 7 retained at | east one allele of each of
t he chronosones containing the tested genes, while hybrid 8 contained

all el es of chronpsones 3, 5, and 7 but not of 5 chronpbsone 2 (containing
t he hMSH2, hPMSJ, and hNBH6 genes). F|g 3. Mutational analysis of an HNPCC
pat ijgnt refgGIFODE : JIE DR A \-gnOS|s Nucl eic acids fromthe

i ndi cated hybrids were tested f etnt|
l%ég. 1. Strategy for hybrid generation. 'ﬁle regtr}lent mouse cell line E2 was fused

with human lymphocytes and clones were subsequently selected with HAT plus
geneticin, which kill unfused E2 cells and lymphocytes, respectively. All clones
contained a human X chromosome responsible for growth in HAT. Clones were
20 | genotyped to determine which human chromosomes were retained. Chromosomes
marked "A" and "B" tepresent the two homologs of a representative human
chromosome. The average proportion of clones which retained neither, both, or either
of the six chromosome homologs analyzed is indicated (see text). Mutational analysis

was carried out on nucleic acids of clones which retained single alleles of the genes to

25 be tested.

Fig. 2. Allelic status and gene expression in hybrids. (Fig. 2A) Polymorphic markers
from the indicated chromosomes were used to determine the genotype of the indicated
hybrids. "Donor" denotes the human lymphocytes used for fusion with the mouse
recipient cells. (Fig. 2B) cDNA of E2 and four hybrids were used as templates to
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chr.onosones 2 and 3 using pol ynorphic markers (Fig. 3A) and for expression
of hMSH2 and hMLHI genes on chronosones 2 and 3, respectively (Fig. 3B).
Hybrids 10 Wwoetersgs and 6 contained allele A from chr onoSgiisdoAsgg di d not
express hMsH2 transcripts, while hybrids 4 and 5 contained the B allele

ntogr iy of PREC NG IAANE IRIeR A0k BRI RS0 aBED ihd b iBneledl . o

exons of hNSHTheweswts averd dohéardant wisinthe igenotypesiohservetiiniiiigr 2A4)sin thatbylerids- 6 were
not present iR the, hybrids contai.ni | Lel e, A but 15 exon - .16 were
present in hygr'iﬁ?ta tagfeﬁftr?éxegﬁ?lﬁgfgagﬁlotﬁg_chfgmsoxags ﬁ%?&?‘?%ﬁsg"sﬁﬂm ysi s of
x\aNrB 'lt_l gi {1 fam | gextﬁs, \(:lfﬁieghybﬁﬁ)ds f&ﬁﬁﬁé&ﬁ;madfmranh cﬁbmed?ti- Elfﬁlﬁdlm Bdun‘df t Soff Wra o;nh.
anscripts o ri , 4C n e allele of a Warthin
fanily G pat i éﬁ?{nome%@?!&%’eséb%@? Lﬁ@#ﬂ%w&ﬁgmh' ned; antisense
primer used fpg¥ 35 CRREERAD GhalyslSI6f M HIPOXPatiR R RAGEy WS Stah@4td Geddtichybri d 3,
containing the 20 wt allele. - PCR anal ysi s of transcri %s from | ynphoid

celI's of the gizgnesist dwslpiccrcids fipm thedndieated hybridy were tegied s detestionfsed at

el 15 of th " a
si gni fican ycﬁ%&og%e@?ﬁdnﬁﬂ&ﬁ&ﬁ&ﬁﬁndggﬂﬂm(g‘;i‘g?%ggg%forgﬁﬂ’éﬁ&ﬁeofa”a ysi s

of the genomc e same hybri (Fig. 4 d that the insertion

was due to a AMSHZendAMbLH] gemest emetramgsomessbapdSntsepectively diig.38). Hybrids| d and
under| ygped) af Is‘?aﬁ@k'csa%ig&g%mz@;\ fRded EneBifoRHRTY fhd diE BLH depfills htshiB® use of

a 25 cryptic splice site bp upstream nal mutant Cis not
as strong as trarscrintp,| whileykybrids #rand (fecaptainsd' the lelesangdhexpressed WMSES. ence i s

not unusual i gyge ' | ' S esult in
difficulties In n?%@%ﬁ%%a?ﬁéﬁlp%sfg ?ﬂ‘gf‘)f g@r@%{t%@aﬁme(ﬂ%gqﬁggt racts
from hybri ds Seqmaoces representirignthe tihdicated: exons af h2SE2oWere @mplified fiom e wer e
devoi d of hNMSER. ' I le ract f . ' 2 . 0 rrying the
wt allele, con écig{?gm%ﬁ%gtgg’%{eﬂﬁ‘&}%ﬁ&gllgéﬁg?'gﬁﬁdsfor@%ﬁpgﬂg%ﬁfﬁ%r allele
of chr d$rosone edhns Fy 16 we plesert,in Kybrids confaiviag éithepallelecd at | east one all el e of
chronosone 4 WO OU27324 PCT/ US00/ 27508 3 and all synthesized hMHL

protein. a-tubulin served as a protein |oading control. |mmunoblots with
anti bodi es t oFighd, iMditivahlethalysio be i Warthid fndON(FIRER|ScpidnbESGRIEHFON OF THE

PREFERRED EMBQODI.IVENTS, W _hav i sed,a strategy far, ner at i hybri ds
cont ai ni ng ang3 : Rradpots _mﬂégﬁ%wméﬁ?&?ﬂ%’ X%“‘%WPgﬁ‘Bmtﬁg’reﬁé a single
fusion and seh @R TaaRdiphiich illustcliBOd 3P5Y ihsertRGuARAINR@GhEsthe prinfte human or
ot her mamal i an chronosones in these . . .
used for sequencing). The wild-type sequence was found in hybrid 3, containing the
20 wt allele. RT-PCR analysis of transcripts from lymphoid cells of the patient showed
that the mutant transcript was expressed at significantly lower levels than the wild-type

sequence. Sequence analysis of the genomic DNA of the same hybrids (Fig. 4B)

showed that the insertion was due to a A to C mutation (antisense sequence, indicated
in bold and underlined) at the splice acceptor site of exon 4, resulting in the use of a
25 cryptic splice site 24 bp upstream. The signal of the mutant C is not as strong as the
wild-type A in the donor's DNA. Such non-equivalence is not unusual in sequencing
templates from diploid cells, and can result in difficulties in interpretation of the
chromatograms. (Fig. 4C) Extracts from hybrids 1 and 5, carrying the mutant allele of
chromosome 2, were devoid of hMSH2 protein, while extracts of hybrids 2 and 3,
30 carrying the wt allele, contained AMSH2 protein. Hybrid 4 did not contain either allele
of chromosome 2. Hybrids 1, 3, 4, and 5 each carried at least one allele of chromosome
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hybri ds were stable, and they expressed human or other manmalian genes at

| evels sufficient for detailed analysis. The approach is based on the
princi pl wodhatszé usi on between human or other” mamual ardT/osows08cel | S
creates hybrid cells that contain the 10 full rodent genom c conpl enent but

only a por t3ifa affsyhthéiiz8d KMLHY préfe}e ki-tiBulNREvedas &ﬁb&ﬁpﬁmﬁg cortfdl.t N€ past,
selection for retention of a specific human or other rmamal i an chronosone

(by conpl edamuaehlets with antibodies i the indicated prmteins rephowmt oy exanpl e) has

all owed the isolation of hybrids containing a desired chromosone (7, 8).
Though such fusions have en useful for a
their util iREIAEdI)DEDCE AN AHHTHE PREFERRED-KMBODIMENE

reci pients for forap o3 B i LG ' n ariation of
t he fusion and gﬁn}e{acvlgih%n co%glﬁ?lc%ﬁgog %«gﬁ eﬂﬁgﬁék%ﬁgﬁg%ﬁdﬁq{eéem C

di sedses, ihnmawnot athdyeammal’s shromosameuesinizarsingle fosipmanad selettion condidow] sel ecti on
for each chromps L.ty of the human.or .ot her manmal i an
chronosonegmfjrglg%nﬁg %@Pﬁg‘ag" o1 20 e °6r°§‘ eﬂ?“‘?‘we‘ﬂ’f‘?%?f" SI86r i si ng.
Though t he higbuidsnwere steble,cand aheyt éxpressed humbin or ettlérahdmmalinlpenebsat l&elsel ati vel y
stable, this.stapility.has been _presuned .to be due to the_ ipntegration of
smal | pi ecégﬂ%Fn t?ﬁ*&ﬁ'xﬁﬁr}%'\a_'ﬁf% & RO Pﬁﬁﬁgﬁﬂgh?m"bﬁf fhgt EﬁsY’ adi ati on of
t he donor ®eiwesn il db vthermahmalund eodeat dells svbaéschybid tellsdsat Odifainmee been
beliﬁved t e ,unst abl.e unlless gont Lynuous sefl ection Pr ssure for individual
25 dBr onmos SERdG Senamic compplement byt onlya portiqn,of the human o pthermammalizp

exper i Ment ghictodbiitscaln thelpabt, SElvction fof ratértidn oF of fRcitic Hhdiad dradthire Of the
rodent partner. Such dipl oi z&ref |.ects ,a chronpbsone stability that is

unusual anmdHPR3ligR chEmAseme Sbje FAmplementatiop of AnAuxotrephis.radeatrrell, five i ndeed
shown that eghngeNROaMRvel tetistMtion BERYRdS &ntatnif] dsiteddbromdsime E@%}?ggs upon
é

fusion with other chronopsonally stable human cells, unlike tl|

situation vikevebsneh fytionshave Ripvep apafldora vadety pf meses (8] Dytheirutilishas. The

di phei d, 1 EeeNimitcAby Heavhilabifity oF el | | useful 5
V0037 27324 ROy Sle bt ryagéfﬁ‘%’?’?%‘eﬁﬁ‘iﬁ?’g??ﬁ&% t@u“gﬁ’g%d gell's with
f unct i onal [2d bythe ncificiensienandsiapation of thq fusien endpeleetiononditionse iForther om t hese
hybri ds ca iéﬁ(ﬁqﬂ@g%n{ ARBRR ai’:F'Q m?g | L ay. As

mut at i onal Qgil?ays are cgnst an%’?tfdggl%%er%r}f)r ov?&q%n gﬁ%ﬂgﬁgﬁ%ﬁi?l), t he
val ue of t Iseledtipnforpagfeshsoraesotennt eri al s correspondingly increases. It may
soon 5 becone pegsidlifly of fhe hitfid orotheP A AfonRRGHENE et nllids" © genes

(pronoters and .
20 the present invention was surprising. Though the human genetic constitution of

1
L AR

radiation hybrids is relatively stable, this stability has been presumed to be due to the
integration of small pieces of human DNA into rodent chromosomes following
irradiation of the donor cells. The human chromosomes in whole cell fusions have
been believed to be unstable unless continuous selection pressure for individual
25 chromosomes was exerted. The reasons for the stability in our experiments is unclear,
but may be related to the diploid nature of the rodent partner. Such diploidy reflects
a chromosome stability that is unusual among transformed rodent cells. Previous
experiments have indeed shown that chromosomally stabie human cells retain all
chromosomes upon fusion with other chromosomally stable human cells, unlike the
30 situation when one of the two partners is chromosomally unstable.

The diploid, rodent recipient cells of the present invention provide useful
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introns |n addition to exons). Nucleic acid tenplates generated from single
alleles are clearly superior for such anal yses, as the honbgeneous nature
of the tengbafifse dramatically e€rhances the signal to noicfusedize Of
virtually any diagnostic assay. W therefore envision that this approach
can be productivel led to a w var i . rch d clinical
pr obl ens. Geﬁ%%elg“f ¥9‘3&2¢65€e{ °%&8“t°y5%§aﬁ“ﬁgﬁ‘§%‘}é§§i%ﬁ£gﬂé ﬁ%g% %eéxgﬁe ound to be
i nvol ved i n NuelRracideor ploinafom thebbRybeids tanl hedredmiresgents fwlanestaridardc ol on
cancer, breast canger, Li-_ Frauneni disease, .cystic fibrosjs

neur of | br ora CELAHEN isky. A paippgaL s ey Beng Enproved sqd gbtomated ¢ e

The identifi e, giedfe dfte/nybifd-g¥nerateBiatetifls crtesporittinglyitdrddes. Ry sdon hPMVE2,
hMLHI , BRACI fwas wel |, as,hzt heé@. Mut at i ons whi ¢h ggn be ide%tﬁlyfied at the
protei f | evelbesos RRgEbleigfact; 19 exanfine theoteapense of egTP SERest(POmSlErs Bt on or

transl ati on, iRRRGRARoN dbisp NucldPhd o @mplaies gdlehRiaticndifgl Al ak0Cat | ons,

del etions, and insertions, any oth changes that result in substanti al
reducti on of cleady fsuperior &rcsuph sralyses,ras toe hemogengens| raturenof 4b¢ ¢emwplatesn be

det ect ed at 'idFtEn h,eénﬁ ' ; ; %ﬂﬁd}%’ : 28r.RT- PCR
products. Cells dggetﬁ e tr%%éﬂtﬂﬁ?r}:ﬁﬁ{or?aoisﬂg%oﬁoze. ia?f S ggfac%gsagfngfev\hi ch can
be readily ftheseforecnvisionithat thisepproachpen bapredustivaly appdied topinde yariety ¢fPBL) whi ch
are regdily | . Cld Nl speci nens are good fusion partners, with or
vvithoﬁ pri O?&%r%%‘%lgﬁgpﬁélp%bﬁ?ﬁnsul ation, whether used fresh or stored for
over one year at GefesofinteBishare typivially thosewizith bave heendfivendap be irtvelvediinj ect  of

t he present t hod,.. an | 1s. of .the human bo an be. used since all
such cells cgﬁ'{e f"ﬁdégg%%%tcﬁ&?’r Vapﬁ%gréggm@g#;@%loﬁgmrewﬁﬁc%{, L of other
manmmal s whi CFrauaeniilseass oy sticfidtasidmeimofipmmiiosis type 2,tvon Bippel-Liaddustisedqgs, cows,
sheep, goats, horses, chi nze babgons nd ho r erjcally, the
cel | g 019 thésHF{H&?0%%%3??&-?%%“&%?@8%#?%%’%@5.’%fW!ﬁ%ri ma%les,
carni uera, 3GPESYONLASH BRATNChswellias 64heks.C MigtationshwHILIE cdnlbe iddptfied dd@ie manmal i an
cell fusion partner (s .not a rodent cell. Rodent cell reci ii:nts for

f usi on aro. piPBItER derey inghde dhate i gense it mEpgte tEngRien ov ghoslation,

PCT/ USCQ' 275Q@nsefiemfatiofs, bplRe siteulteRHons dhisIo¥R0nd) BEIStidak, Rhe md&Hidhshav e
mcrosatellite instability due to a defect in a msmatch repair gene.

Sel ection of apnetherchamges Gptapml inybetantighrsduction atthe full-lepgth proteis| Qtheri pl oi d,
and fuse at gyfijedhutaRbs daft b¥Bhtbetdl dt MehubieR astdibVe), RhcH RByREflen@g/ofar ti san.

20 RT-PCR products.
Cells of the human which may be used in fusions are any which can be readily
fused to rodent cells. Peripheral blood lymphocytes (PBL) which are readily available
clinical specimens are good fusion partners, with or without prior mitogenetic

stimulation, whether used fresh or stored for over one year at -80° C. Since inherited

25 mutations are the subject of the present method, any cells of the human body can be

used, since all such cells contain essentially the same genetic complement. Cells of

other mammals which can be used include in particular those of cats, dogs, cows,

sheep, goats, horses, chimpanzees, baboons, and hogs. More generically, the cells of

the other mammals can be selected from the ruminants, primates, carnivora,

30 lagomorpha, and perissodactyla. Typically the other mammalian cell fusion partner
is not a rodent cell,

Rodent cell recipients for fusion are preferably diploid, more preferably
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The rodent cells may be, for exanple, frommce, rats, guinea pigs,.or
hamsters. 5 Fusion of cells according to the present invention can be
acconpl i woeme7aecordi ng to any neans known'Tn-“the art. pémasoosa7rssshni ques for
i nduci ng fusion include polyethyl ene glycol -nedi ated fusion, Sendai

virus- nedi ggshehdiGhformad) nd &lef flofbrt fdRbR havEiRlcktat i miﬁrylapa/mbe m xed at
a ratio of between 10:1 and 1:10 human to rodent. Cones of Tused cells
general | y Iasisteatingmismateh repairgene bislpction@f padiculpr deneswhich grownorobiistiyr owt h.

Fused hybri E ' ' t ina
positively ageeﬁq%{]:%tggﬁ&éwp eno%%@%ﬁﬁggﬁgr@%ﬁg@g&n‘ﬁﬁ%ﬁd@%ﬁs ‘ance genes,
toxi ¢ et dihsirodent ¢elis may hevdor axemple, from mics, rass ighineapigk or bamstere. The

sur pki si ng adva f g i I s tha single marker on a
Si ng%e human or %g?qﬁ‘gr‘)?r?g]%ﬁogerﬁgi?g%r@Pén%@%rr@;gééon% e h%%ﬁcqnﬁ%fﬁeg sel ection,
and that stastdrdinpydanylmeansrknawniinghenart. e Knbran technigestfoeinducing éusiohel ect ed
human or ot.her, na Lan chr Qnoso esul t.. JThus marke an_ot her
chronosoneén'g'éq? B@%Wz@awg%%’ﬁeﬁ‘s{%e%ﬂﬂ%m%% a{ﬁﬁ Bweer9he  narkers
r ﬁsi dehvver éeld&_ﬁb-ﬁ&ﬁinf ecemanﬁemmz%b%medaﬁﬂhﬁs%ﬂﬁmda@wz'n_aﬁd/l&mﬂmdgt er ;n ne
that they do in t carry.a n or other mral i an_( non-rodent

chr onosone SFRIER: ggﬂ“ﬁ g@%dﬁélﬁgﬂﬁfaﬂ?ﬁf"@%&s?ble an?aq"ﬂt twaftg dregpveels nave

ei t her of tdjg,-dvmg_ rel evant human or other nammalian chronbsones can be

di stingui shed from each ot her a% we) | ‘?s from hybrids which contain both
of the two hunafusd roeHS SR IOF SRleEiRd IRE ARK Jharkers which repult ypja ¢ any

neans knovvr}:ohiﬁvslg%ele&aué Phenofip! | Thes® shcldiR dAUBBHC PsishinbE getBMBRIC an 25

chronosones can_be used, a facile analysis can be perforned by assessing

mi cr osat el [TEEboligrrsstarcRgPnes, BroflRpHC BRrksis s Theshprisiegadvantasesitiee. O her
|1 nked POlpHIRARHY bR i Baf a GRBIDFarkerCth b Qingoinian oriothd Shiiflallid e Of

ot her manmal i an chronosone in the hybrids. Once hybrid cells are isolated

whi dA cont shremaseme eampeysedin the selection, apd that stablohybridseontaininggaprs than i nt er est

froma humap@le sRklaes le@ﬁHHFrhad’ﬁ}%tﬂe? pﬁh@gﬁ&%&g trp ysi s can be
perforrredngn tﬁg %ybrei d cells. The menes can be ?‘é‘g{%@a W?e.ct y for -
mut at i ons, a@rothgrichromosemes gan tbg @n eyen yhen Bie chromedersessonowhichthegenes can

7 WO 01127 g%lal Qg%ﬁ e tested. Mutations that result in reduced
expr essi on%g%kt es#ﬁ |- engét?%ctég'ene pr oduct .
Fused hybrid cells can be analyzed to determine that they do in fact carry a

20 human or other mammalian (non-rodent) chromosome which carries a gene of interest.

- Hybrid cells which have either of the two relevant human or other mammalian

chromosomes can be distinguished from each other as well as from hybrids which

contain both of the two human or other mammalian chromosomes. See Fig. 1. While

any means known in the art for identifying the human or other mammalian

25 chromosomes can be used, a facile analysis can be performed by assessing

microsatellite markers on the human or other mammalian chromosome. Other linked

polymorphic markers can be used to identify a desired human or other mammalian
chromosome in the hybrids.

Once hybrid cells are isolated which contain one copy of a human or other

30 mammalian gene of interest from a human or other mammal who is being tested,

mutation analysis can be performed on the hybrid cells. The genes can be tested

directly for mutations, or alternatively the mRNA or protein products of the genes can

7



shoul d he detectable by Western blotting using appropriate anti bodi es.
Tests which rely on the function of the protein encoded by the gene of

i nterest agghggRREse assays can also be perforned to detmefudsikmsis ons.
O her i nmunol ogi cal techniques can also 5 be enployed, as are known in the

art. If an i nol.oQr cal I t e uct ofthe
gene of int Med] #@8”%@%&? t’n§|re,tdﬁtl.ee§e sé;ﬁg%?éhemgeggﬁﬁ%%&&e@gbe used
that do not chosd be detedtable hyhWestendubdttiyg wsing appropdte entibatlics.eTests wiieh r odent
genes which are h % ous.to the gene .of _interast can.be inactivated by
nutation to erﬁfﬁf'l%? ‘%8“8 ¢ Drordn °‘Sﬁdg’?’él?er$eﬂ?%ﬁ‘ﬂt8{e§.a“§6n%ﬁs% ations
can be achi evigd alaybd gerefheito duttaannaivhs Omédiddmnolagicdl Sechhighesikcawuso i n  the
art. Functional tests can, al so,_ btﬁ used to assess the nornal cy of each

al leli & prodReemplaysy, a3 x5 kppwn e Bhe i nserted an expression construct
conprising a P-galfmt@gh cﬂ%@hod%‘Mﬁbﬂ&&mﬁe?ﬁﬁﬁi@?ﬂaﬁ&twﬁag@ﬁbpt i onal
activation site, into a rodent-human hybrid cell 15 that contained human

chr onosone 17intsest imthe Bykridsdtis desirphiesthataptibodicn be wsed hat dosoberessreast with ons of
the p53 on t +ch SR el RSt ot 5 Q her
enzymatic orr}?ﬁ%g@%}\ngﬂ zraLgés_ﬂs?ays (’:g’%rél}\eém}g@?swr?g%agépeci f?gggi&fbytﬁ%t%}agfr ed to the
gene of i nt dntseest canby inpetivatad yr mutatiasctoisimplify) thetanalysis of protem mdductsr RNA

| evel @as are ks . T, | W t hout
i o0 o, - Al el ol el by Yoo i R il 38 il

hybri di zat i ortheart.i croarrays, DGCGE, and autonmted sequencing. It is a
possibility that 1 ' | ' Llbi ted in
the hybrid cell ?ﬁgﬁnﬁgﬁ#fééﬁfgﬁl%’mg}%gdﬁg?%%sh%é%@@% &gé}%@@?@gﬁ of a gene
of interest iForetampld)ifions idsected arsexprsiion cvpstimctregihptising 4 frgdagiosalasedens

I ndicating a tation. in t hu 0 5 other.nma | . .one S nfirm
that the gene®®SfH WQT(’&? Pﬁﬁ}?&%ﬁﬁ?"&f ch‘maaon Flge’ &Qp%g%' umfuhﬁgﬁghgﬁ - human or
ot her rsamgal ﬂiﬁt&bigdine@hdrﬁancﬁm' s@xﬁ@i‘{}bﬂ&bbﬂi@gﬂﬁﬁﬁblpmthehendmbl_ deteor \e,ﬁCh )
patient, but can, be ne gnce, when the assa ej ng establ, ed. en the
assay of the %P%%%P?MﬁPPGWWWWSP‘Hgﬁ Eyﬁ@’("ﬁgﬁg?‘l’eék‘f@ts’g_g n the
gene of i nt er@fhbr enSirkelic of Aufittionhal ¢a b6 débighed spReitiedlylifloredas iedleie Whet her
they too carry, 30 the nutation. Alternatively, the other famly nenbers
can be testeo"ft“(‘fe"S%e if they carry the sane chronosone as the affected

fam Iy menmber. ThisgyGmodof décingni@totdat the BNA SRNLlevel KR IQbVRE: 1-€.. a

set of distinctive markers which are found on the
20 the art may be employed. These include without limitation, sequencing, allele-specific

PCR, allele-specific hybridization, microarrays, DGGE, and automated sequencing.
It is a possibility that expression of the gene of interest might be inhibited in the
hybrid cell environment. In order for the loss of expression of a gene of interest in the
hybrid cells to be meaningfully interpreted as indicating a mutation in the human or
25 other mammal, one must confirm that the gene of interest, when wild-type, is expressed
in rodent-human or other mammal hybrid cells. This confirmation need not be done
for each patient, but can be done once when the assay is being established.
When the assay of the present invention indicates that a mutation exists in the
gene of interest, other family members can be tested to ascertain whether they too carry
30 the mutation, Alternatively, the other family members can be tested to see if they carry
the same chromosotme as the affected family member. This can be determined by
testing for a haplotype, i.e, a set of distinctive markers which are found on the

8



WD 01127324 PCT/ US00/ 27508 chronpbsone carrying the nutation in the .
affected famly nenber. Determ nation of a haplotype is a by-product of
perform wooIszassay of the invention on the first famicrusowziser . \Wen t he
hybrid cells are tested to confirmthe presence of the relevant chronosone

in the hybritfembsame canangthe nititatiof & BE affectddamile nlekiber. MétkhfitioRofli Sti nctive
5 marker set_wll he identified, which can then be used as_ a haPI ot ype.
e

M xed popul&ﬁp&@eéﬁammﬁ‘&temnﬂiﬁ&g‘ Bﬁﬁ‘*}'ﬂ’é‘hﬂi‘ymnﬁﬁ&?é?ﬁf il% he present
i nvention NRYmBANtWheh th BYbish 66tk lafe hEE B SnEinb kY PlesbnbObf Me RIBRG! Of

different human or other mamalian. chronosones. Typically each honol og of

at | east 2,chiemosemsin the hyhrid, fos sxampleby e of migresatellite markewsaadistigtiveor even 22

humang or ot | ' ; in the population in
s Peficer QORI Bﬂ&x@iﬁggmﬁi‘ﬂtﬂe&; bé?sé&eas ngﬁ%’

a haploid condition i1n at st one out of one hi , seventy-five,
fifty, thirty orMixedpogulations of hybridicellsomidedy thie:finsion pnoogss ofithgpresentn of t he

cells contaj ' . Of ' es. . and a
relatively igg%ﬂdmﬂr?gh%eérwgﬂhge) {lés)&'ﬁnig% g&%gg%eqd&%wlicﬁ*%r boring a
Si ng: te_ cop%/om'thenmanmah_ 'mi_du?)mqkomehr’mpm' : lbywmf chh&nHOﬁufaﬂdamisatdéa;tﬁahi S he i ah
resulting fro n I are ugi,forma onpgenequs due.fo the hig
stability IR oS of e pll oF e 22 R s i e SROPME Wil i o cel | S
011: t{}(}a in?/lebé@resent ﬁlﬂt@optlﬂaﬁmta hiﬁ%id c;ﬁﬁ&ﬂi?xﬁﬁ%: leafi¥%ne 8&%1" hoﬂ&ﬁ(mb ddre9|9;%; or 100%
of the cells in the .ation resulti rom.a si e tidcell contain
Che. sams. conSPRrG S0 i Srenbiae ohrstly i n M oethton offfern

fol I ow ng ?mmﬁnmiﬁvtedﬁnﬁﬁmm Edﬁmm&fﬂﬁé,aﬁdﬂﬁtigv?yﬁﬁatnedo?e tﬁf
many ways to carr u e i nvent.ion. i.nvention is not limted to the
Darti oul ar - e bleets mustheestalin fag Bdis rSorite £ agis Pory of ARGESRISRIER and ¢ ho
speci fi cat i ghromésothe. Whol € provi de the nmeasure of the invention. )Exanples
25 Exanple 1 An outline of the approach is presented in Fi,g’ml. The rodent
fusi bh partner vkgpulations; gt cglls i'%ﬁ"%rﬁ'ﬂ?‘nﬁu@%ﬁlémgn% FHEmLHAs t S

t r ansf or medndihdglndo$hidi6ithe A SMbilityof te hkmén SRS BiRASaliki R TorslRbhed ent
subclones of this |line were generated, and one subclone (952 vaas chosen

for further mdhgiybrideelisof theinveatiany Jhug stdeastfne 80%s 8302036 Béteristics,

mai nt enanceogf, §ii589% behe calddn e posillatRh FisiiRp ¥m(alihgle HsHABEen 4 ocytes
cells were mxed with E2 cells at” an optinmumratio and el ectrofused, and
: the same complement of human or other mammalian chromosomes.

20 The following examples provide experimental details which demonstrate one
of many ways to carry out the invention. The invention is not limited to the particular
. methods of cells employed in the examples. The claims and the specification as a
whole provide the measure of the invention.
Examples

25 Example 1
An outline of the approach is presented in Fig. 1. The rodent fusion partner was

a line derived from mouse embryonic fibroblasts transformed with ras and adenovirus
ElA oncogenes. HPRT-deficient subclones of this line were generated, and one
subclone (E2) was chosen for further experimentation based on its robust growth
30 characteristics, maintenance of diploidy, and fusion efficiency (10). Human
lymphocytes cells were mixed with E2 cells at an optimum ratio and electrofused, and
hybrids selected in geneticin (to kill unfused human cells) and HAT (to kill unfused E2

9



hybrids selected in geneticin (to kill

kill unfused

unfused human cells) and HAT (to

E2 9 i'oi: WO01/27324 PCT/US00/ 27508 cells) (11). Col onies

appeari ng fldoghrkao Weeks of growth were expanded and Ricragsosh7edsh prepared

for anal ysis.

rybr ds. cont eNB4T B ol it ep it ecls bt il e bl iV, O

From a single fusion experinent, an average of 36 hybrid
Al

5

t he HPRT genendDNAvprepared fonkimlysis. Hiddm a Bingtbcfusiomexperimbnt} imeaverngt of 3human

chr onpsones
(12) were u

Jubrig

o Sl drnbe g o ol ARG SRR ocuced on e

chronosone arns (ARhybeds cotinedtlie huifian 2 cldtorhOsine 3 A ciromesdfile dbmaifp| or ect al

cancer (CRC

predi spositjon genes. of each _of these chronosone

arms wds predbh{HERT gengeal g}ﬁﬁo&é}héﬁf@ﬁ%ﬂe@mﬁm@m e PYRES . For

sy genoallny 1o
T omosoTE. 3, g R S (9

chr onbsome 3,

for

er donor chrono 11 hybrids

cont ai ned botWerelused ps rrpabes ipRCirbased gwaysybigi Y- Wafaspsedan thechromepasen ' s

chr onpsone,
Simlar

afls G5, h%?@;k;d%,cﬂﬂ L3l %@OWW %‘f‘*?@ rc.%wi-e'cﬁl CRAAEREE -

retention

requencles were und for all six chronosone arns

anal yzed. 15 predisposiiorogenasrQueraopy pheach of thesgchiomepome arms gias prepanbinss one

showedat hat

generally retd

e TR brd B, e O PARAS R AT " ©

f 1 uor escence individils athd/éxamshied ot dmoridsoBel)3, 336 hyheids portsivedsmitberddonbr om t he

hybri ds,
hybrid cell.

whi ¢

it b te SRR ol ebpp oY coRMbREORAESL {127 e

anal ysi s of Zmelpyfent’ckhiromusbrie,and 69 bytaide bontyinatthdothertparenf's cldtembsofngi Nng at

| east
t he paternal
require only
aut osones wa
hybrid (13).
t he anal yses

t he hybrids were renarkabl

one hy

ey AR BBt m R OCIr a0 SharoRegfs = bt i ¢ ool d

Pstin}y bf indtkeisOfrors iboth a—gis]%bfeanﬁpgie chﬂ‘r?ﬁiost?m@ H_acﬁ}etiehzlﬁ wHolal | 22
S resent an S ar,at e IQ I ts onol O n at €eas one
pBoriosalesy PRy A RO ot g, e rRrppreined SR dleont  al f or

1fias. IThdesull Ha¥onfihédwith itRedderd ih 0 OB ANEn (ISK) @rent s of

Pol ynor phj ¢ marker analysis in ten

hybrids reve ép@Eanmqag%ﬁgrﬁ él?e% g&lﬁgé, gyhich’indicated the presence of 11 +3 human

20

25

30

chromosomes in each hybrid cell. Calculations based on the genotypic data indicated
that the analysis of 25 hybrids would ensure a 95% probability of identifying at least
one hybrid containing the maternal allele and one hybrid containing the paternal allele
of a single chromosome under study. Moreover, it would require only 45 hybrids to
similarly ensure that each allele of all 22 autosomes was present and separated from its
homolog in at least one hybrid (13).

Example 2
Two other features of the hybrids were essential for the analyses described

below. First, the human chromosome complements of the hybrids were remarkably
stable. Polymorphic marker analysis in ten hybrids revealed identical patterns of
retention after growth for 90 (30 passages) generations after initial genotyping.
Second, those hybrids containing the relevant chromosome expressed every human
gene assessed, including all known colorectal cancer susceptibility genes (the AMSH2
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retention after growmh for 90 (30 passages) generations after initial
genotypi ng. 30 Second, those hybrids containing the rel evant chronosone
expr esseWeW@724hunan gene assessed, including all knoRGT/ER0/2AS8Ct al cancer
susceptibility genes (the hvMsH2 10 WD 01/ 27324 PCTI USOOn7508 and hMsSH6

genes on ChifdmaESHEgenés ontchfontusbhd 255 aiicch RMIS Iogehe 6@ Sl 6Mosdehe 2q/ e TGF- ~8
Receptor Type_ Il gene apd hNU%H%ZEf on chronobsone .%F tE{g APC gene on

" chr onosone BqRegepi@r Ejenan @ﬁﬁ%%ﬁh’?’ﬂf?s‘%ﬁ?ﬁj »fthe £PC 880D n gene on
chronosone difgmodofi RS BRUFMI2Czeak 3 RhREdstiné 7§ and Ble £t4dherin geridd®! € 3

Havi ng establ i shed the stabili, y and_expression patterns of

CRC- pr edi spelspmpssme 1§g;fepreseatativeexamplesin Hig. 2R1dsed t his "conversi on”
approgch toﬂm@tai gate ten patients who had proven refractory to standard
genetic diagnostic techniques. Each of these patients had a significant
fami |y history dJfaving esteblished the stability and expsessige patternsiof GREpredisposition epai r

def i ci ency |iacl ihdee hIRK Swe WS EROURRIRINT affrobdio EbABie T flie cOUENCE Of

each known gene ed to reveal nutations. ese and
sim | ar stuwhebad praven nefrantqry dolsteddardsgenetid¢ dingnostic techniques cBachaf thes¢INPCC genes

pati ent .- ant St pAa R Sl BRI B e Lo akd BRARE iRy 1

hybri@ cont sepsir deficieney inaheintmabrsayet siqeemsingefithe edfire bbdingjeqeencasf daelol at ed.

Anal ysi s of, the ei c.aci fromthese. hybrids reveal.ed .. specific |

nut ati ons i PR mgﬁgﬁéﬁﬁq@d{ﬁﬁ% "T?a?‘of'%blrgs%e?y{hﬁfsaé‘fis laﬁgtﬁglf"hal ity was

fgund i In a Biv&girmptbdll &ige\;/)\?]iﬂaﬁ'ﬁn kbt oigk&iﬁjogmmﬂeneﬁh&stma_ isuhr(eﬁ-oil) t hed . :

abnornmalitigs, .reveal e t ad not .been detect.ed, W t .St andar

net hods pr eglp' |‘§Hﬁ§€&@@%ﬁ°m§ﬁ8?%°°m%a° .pag‘fﬂt”eaé‘dc? ?@%“Wﬁ&‘!ﬁ&‘ie to large

del gt i ]gns, mﬁﬂﬁﬁ?iﬂ&irﬁfﬁemw@rl]l@re aﬁgwﬁahﬂs}ima&ﬁng/we@aﬁgfar a&wﬂapcéag nugl eic

aci rom cells of .su ti.ents are .eval uate a - base

ot nbt, | ont YNER @t Ve sohRed.cAReris Gthe it Hads o hset IR FIRRe woul d be

7f:;rlrpl i fi E'd’ h;fé@ﬂi)cﬁﬂ_lrﬁrl]ﬁbn& ﬁ'lﬁ%li Oééls;ﬁtiéﬂl@('ﬁtﬁ{i-! DN 18 kveéty chgk) iﬁyal{nli)ﬁx:lal@(ﬁ'@:c e, case
in Figure 3). Thaqu out her ott] reveal . del eti ons of one or -a

few exonsgi fP“ni/NR? sipgle g'éﬁle‘a‘gql ?ﬁ'@ﬁg’% rM&fig&W %ftg%‘womm ng

met hods. | nydybiI@BwIRARShal Hidt beh detceted Weth Mo staRBarll FidhBES priviowsRusafiper at ed from

one allele, thouglh the sequences of all exons and intron-éxon borders from -

this all el ethgiaaalyss nhhree Fases WaRHSiug to |agdeletiqns, gBeOMPAGHng fix OB Vethi r on or
W t hh the prREOWREN YrelfoRditE REINCEEdS TRMPAE 811 bEsucH pRicARIRWAAL]

by any PCR-based method, only the wild type sequences from the unaffected parent
would be amplified, leading to the false impression of normalcy (for example, case #1
in Figure 3). Though Southem blotting can reveal deletions of one or a few exons in
MMR, larger deletions are refractory to such blotting methods. In three cases (#4, 6,
25 and 9), no transcript was generated from one allele, though the sequences of all exons
and intron-exon borders from this allele were normal. Presumably, mutations deep
within an intron or within the promoter of the gene were responsible. The absence of
transcripts from one specific allele of these three patients was confirmed in at least
three other converted hybrids from each patient. In four other cases, point mutations
30 were found (Table 1). These mutations were not detected in the original sequence
analyses because the signals from the mutant allele were not as robust as those from the
wild type. Such asymmetry can be caused by instability of mutant transcripts due to
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transcripts fromone specific allele of these three patients was confirmnmed
in at least three other converted hybrids fromeach patient. In four other

cases, poiwbeinsas i ons 30 were found (Table 1). These mpcanisonsseger € not
detected in the original sequence analyses because the signals fromthe

mut ant al | el le: s ; ] ch
asymretry caﬁo%gﬂsgausegagﬁé a?ggf'%%??it%;h/&%%n%@]%&??sansc%&&s %jlﬁg&to 11 1| -;
WO 01127324 REtifigSegeacsostexnomndaepresents dicampwn geabiegm (@ dotdSmanugl ando

nucl eoti de prefer f. th | r S. | . L fie seq C ont ext s,
and represen?‘glo%at%@%g@ﬁgc %Bﬁ%’gﬁ% Wbo g hﬂeaséﬁxpgﬁgg acgu?'c')' é%%dﬁgs%quenci ng
melt hods (39) pro%sbmmmmgrmpmammﬁmhapm&ﬁtMemhtppﬁiﬁmbL{egmdgegause
only ope sequence cap.possibl.y be prese c Si t.ian. 00

xap! & of ¢ AEReat PiEvRcnT i o PR G 1B i i AR rorebien o
]prot ompe fmt sézm : A@@ﬁ&aﬁ@mﬁoﬁ&ﬁ@l&f&sﬁﬂw'ﬁhﬁgﬁlﬁ({?htlﬁ@pt&::ﬁtGC”iﬁhe tSIh gnal
romthe nutan N e sequenci ng | adder Lot as [ ntense as e
wild type "A e@ﬁ“ﬁ‘.‘“‘%ﬁ}“_‘ eﬁ‘ﬂ?ssmﬁﬁt‘%‘?sﬁﬁsmFE’ggM\é\? ?re&&éﬁnfﬁ‘éﬁ‘ﬁ?tmi c splice
site 24 bp URY HBEWSE ofX Rypfic spIE B 24 WL lipstrbR 0f 3R & 0add” #Ndsdet-Pt W th a
24 base insertion (Fig. 4a). To denonstrate that this 10 nutation had an

ef fect at th&epmsented transesing|withg24 hase yasertiop KEigh4a)r iTedempnstratg thabihist t i ng

W th ecifi ' ' ' i 04 llele did
ot mate e uiie i Fu ke prl B 10V 43a1 0B S Pl Mo Rling”

synt hesi ze nuithspecifioantibodiesf(19). Therhyboils ¢ontpining,the mugant dltcle digmet maleu t s

descri bed ab by Q0 M {ymp

chr onosones ggtﬁc eé?g%%‘lgfﬁ%ﬁlla{é %&?@%&W&g ?%k%%%%r‘r@%ssle ce SIQV%ENPCC

provi des a cofecantrdbprotedt(Figt 4G of the power of the conversion approach

because it is a c%ge&g{ﬁbgdg{,@a&fmm% &%g}sag,g@a%@eq&yofsﬁ led. In the

| ast three years, Tor exanple, exiensive ana € nmj or genes
have bgen pehfomosonksican B(8adiRGEtddiupdn dionite moussicells. cohorts di stri but ed
t hroughout the world 20 (25-34). Based on the fraction of such patients

wi-t h characteri st HNPGCcprosiddsed bogent dénmaistedviohicf\thé powdreaifrthe asroversion( 30- 34) ,

o S S BBl A S S e % BB D T o o
127 (42% of idshired yeas), fbd exahiple SextedSiveodhalys€d bt SiMNERSgembshdvabeeni Nt hat
't vas der i ved £ o030k Shioctind s SRS Botor 2Bt bR ARG 1
20 (25-34). Based on the fraction of such patients with characteristic microsatellite
instability in their cancers (30-34), it can be estimated that 239 (78%) of the kindreds
had genm-line mutations of mismatch repair genes. Yet MMR gene mutations were
identified in only 127 (42%) of these 239 kindreds (25-34). Our cohort was similar, in
that it was derived from a total of 25 kindreds, 22 of whom bad tumors with
25 microsatellite instability and presumptive MMR gene mutations, Of these 22, our

initial analyses revealed mutations in only 12 (54%) (ref. 14 and unpublished data).
Mnutations of the other ten patients were only revealed upon conversion analysis, which
thereby increased the sensitivity from 54% to 100%. The conclusion that virtually ait
cases of HNPCC associated with MSI are due to germline mutations of known MMR
30 genes is consistent with recent immunohistochemical data demonstrating the absence
of either MSH2 or MLH1 protein staining in the cancers from the great majority of
HNPCC patients (40, 41). A corollary of these results is that the search for new human
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25 mcrosatellite instability and presunptive MVR gene nutations. O these
22, our initial analyses revealed nmutations in only 12 (54% (ref. 14 and
unpubl i sheglef@ia) - Mitations of the other ten patientspéfigoRRhy 'eveal ed
upon conversion analysis, which thereby increased the sensitivity from 54%

to 100% ncl usi ual | cases,. assoc ated with
are duew eﬁ?‘? @W‘%‘é %‘F‘“?éﬁ@tk*] Wﬁ?ﬁ“ ‘ﬁggﬁ)& tent wth
recent lmpmemmmtcahcmm@mmestratl ng the absence of elther MSH2
or MLH 1 protein_stainin the cancers fromth r eat orlt HNPCC
patients (40, 4?51“’ steBt g‘fsf"gl?e\? Ve RS f’@%‘ﬁ?q]tt °ﬁ§9ﬂ’f¥‘°t Eh for new
hunen 12 Vg Rped BidnhbiSORHABO8: m\?ﬂéﬁmwm ﬂs@@ﬁ&cmtnom&me the
Pﬂb%

prem se that alargefr |on s wll fprove attributable to

such UnknowfPrdes @ gnynqwg 6%5% PF’E’@“PG‘ ot her
genetic di SRages cbxi\re?sxorﬁéahfﬁegi@&d id)ﬁmmamerm@ Bitivity of Qﬂbﬁ asi zed

that this approach is not a substitute for the many povverfu met hods

currently aﬁamre&ml Eucﬂ%c %‘%@M“i“dﬁe peteaed P‘@SWF%ﬁormmmdhbWau-‘@@ﬁver si on
can be used iHaP £ rlofd€ 2 dé\H'tﬁe\inéBfih 1% g);ﬂ;@%%h&b Convert ed

nucl ei ¢ aci s e the prefterr subst ra S 0E)ecause of
t he hi gher sqrrg‘md d#cﬂgnﬁtb& ritang allele.q s m&-bmélquomr assans ael d type

mut adf onal | T8yt in SR Bkl EHiodborkt idFHinigh aft S ol D25 €

i pcor por at efmﬁd&-ﬁﬁy&e anlde Qﬁd@&veragn-gﬂmwﬂmlelteadwébcomomglyt he val ue
conver si Q- rease,

gi gni ficant ?x{/&reg%;gs[r% 18“%%@&%@%?@@52&8 {’;fé %}Qﬁg%{e}g#% %?'%ﬁgr editary

di sease. Metiisede. 15 Cel | culture Muse enbryonic fibroblasts were derived
from MSH2- d icident mce (46) and transfornmed with adenovirus EL1A and RAS
oncogenes. -deficient subclones were selected by grow ng the

fibropl ast s Cellcillfivé 2- ami no- 6- ner capt opurine. Clones were naintained in

20 W 2- am no- 6- P STRGP A osBe Mo Pl VG JOHe O3 fybr g -
The pati ent sransfornell with ddemsiiras 14 ant RASRGECogemes] cHPRE dlefiyienitsabolors er dam
were selected by growing the fibroblasts in 10 uM 2-amino-6-mercaptopurine. Clones
were maintained in Dulbecco’s modified Eagle’s Medium (DMEM) supplemented with
20 10% FCS and 10 pM 2-amino-6-mercaptopurine.
Cell fusion and the generation of hybrids
The patients were from kindreds with HNPCC as defined by the Amsterdam
criteria (44); in no case was linkage analysis feasible due to the lack of a sufficient
number of affected individuals. Microsatellite instability (MSI) in the cancers from
25 these patients was determined through the markers recommended in ref. 45. 3 x 10° E2
cells and 12 x 10° lymphocytes cells were mixed, washed, and centrifaged twice in
fusion medium (0.25 M D-sorbitol, 0.1 mM calcium acetate, 0.5 mM magnesium
acetate, 0.1% Bovine Serum Albumin (BSA), pH 7) and resuspended in 640 pl fusion
medium. The solution was pipetted into a cuvette (BTX cuvette electrode 470; BTX,
30 San Diego). Cells were fused using a BTX ElectroCell Manipulator, model ECM200.
The settings that yielded the greatest number of hybrids were: 30V (AC) for 22
seconds, followed by three 300V (DC) pulses of 15 psec each. The cells from one

—
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criteria.(44); in no case was |inkage analysis feasible due to the |ack of
a sufficient nunber of affected individuals. Mcrosatellite instability

(MBl) int rs from25 these patients was determn B’E{M t he
mar ker s re?g(r’nﬁrlgir? ed inref. 45.3 x 106 E2 cells and 12 EET yrr%Eocyt es

cells were m xed, was ..and centrifu i.ce. i fusi on nmed| (0.25 M
D-sorbitol, Oé’fmi’rWé’P%%dWP2%4&“&11?&‘%?%%%&%%”}8% @?thg&é% Bovi ne
Ser um Al buni NrC8SAker Pthotys, madndaﬁauﬁmegleebdib?msuw&inaﬁed wRHI The
sol ution vvascgtgetted into a cuvette (BTX cyvette el ectrode 470; BTX, 30

San D ego) . CHFBD4@elm perssan g3 by HATHEHS EPaibologies GarhruBe Db Thenode)
ECVR00.  The gRhiuin\Wss dhbdded Whs £HELK! NE/boH RInES becBMERRIbIOF I WEkS FRerer e: 30V
(AC) for 22 seconds, followed by three 300V (DC) pulses of 15 sec each.
The celis frofiisionand were gypanded forapathererek pyiertogmoping Eoa s sigglefugipmt ed i nt o

three 48-wel | I n 1 ' . After
24 hours, thealprré I mo\fl‘v%% gg?ﬁﬁw&%gﬁémp@&ﬁh sgdo%‘f@cs, 0.5
nmg/ m genet i cexpecimgnts desaribdd hedef werkedshived drgire EpstdniBatre Vi infectivD)of The

medi um was ch ' C IS t weeks
after 5 fusio &%ﬁgm\%l?gcﬁg%o‘gﬁg%gu{%%%ﬁog %glr%f\%eesgg' %W@Q‘é@ﬁgf’m@gi ng. From
a singl e fusi alsg be smcessfellypfysedand 2hlyred tidingidentical méthodss wer e obt ai ned. The
Iyrrpho&yt es ug‘eﬂg for the experinents described here were derived from
Epstei hoBarr VAPt ection of peripheral blood | eukocytes, but it was

found that fr Gehdtyping wasperfprimeicsdestibab(il)]l PCR podias waecemedted ony6% used and
anal yzed using identical t hod 10 not ypi Genot yai.ng s perforned as
osct | bed ( 1oemsERE BbEHLTLARER by SUSHREIA G s R B T BFE. and
visual i zed by watét DZS1A8DgAAPIH 3607 D2STIA DIS2406) DY SI 0% 466 DH 683093, frwer € D2S
1788 and D2S 11%60, D2S]1384, 7353%3 6, R?f 1824, anf D16S3095, f.rom

chr onosone 2pchromosomle 2py2q, AP, Qotpd 04 Jespestivelyy . Fplomspese dpsifuin situ
15 hybys di zat hesidisRorRds @§d&@§tfeaipb@ibu@15ﬂ%ﬂ%pusl y (21). PCR and
sequenci ng Pol yadenyl ated RNA was purified and -PCR performed as

descri bed pr e?&%&@‘l‘%‘l‘“’%uenci ng was performed using ABl Big Dye

terminators apgtyaitnfibd RKA PAASTRLE thi REMERRAbmmA ds dIckBR SreBRY. f O°

-

anplification and sequencing e made avall able 20 through an internet
site. Sequencing was performed using ABI Big Dye terminators and an ABI 377 automated
sequencer. All primers used for amplification and sequencing will be made available
20 through an internet site.
Statistical analysis

the mumber of hybrids containing none, both or a single allele of each chromosome

tested were consistent with a multinomial distribution. Monte Carlo simulations were

used to estimate the number of hybrids required to generate mono-allelic hybrids
25 containing specific numbers of each chromosomes.
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Statistical analysis the nunber of hybrids containing none, both or. a
single allele of each chronbsone tested were consistent wwth a nultinom al
di stri buwwdemrsddbnte Carlo sinmul ati ons were used to espCTBsS0e21sb& nunber of
hybri ds required to generate nmono-al l elic hybrids 25 containing specific
nunbers of RRasnes. 14 WO 01/ 27324 PCTIUSOO 27508 Ref erences and
Not es' RaV| ne Journal of Inherited Metabolic Disorders 22, 503

(1999); R & (Bt Ravine,ourmabnblpherited Metpbalic Wq&é&aﬁmzﬁw)ak%uch and
B.L. Weber, '”(%@%ﬂﬁbﬁﬁn@%h&d% ﬁg@mgfancer B. 5 Vogestein and KW

Ki nzl er, Eds ork 537- 563; K. W Kinzler, B.
Vogel st ei n2. Cel F.Jg8Couchsmnd(Bdo#ebeg in17p. G@rz{te @fﬂmayo@ncm&t

PLIEY | o0 5 Gty Yl
Fr ut 0s, A Hi || 563 K.W. Kinzldr,t&dlo,gellsiawﬁ‘elbfl'bgﬁﬁel%d) 59 10 (1999); H G

Dr exl er, uke tig 5, 154
(1997). 5 mr%aﬁp?’rﬁééa{téonce #ht@%l?&%&lﬁ@? (%}’fsﬁeqc . G?aeber .
G  Haber hausenl “ACrd{gJMerenétMeMrlc(wﬂﬂr),llnglmmaye 12,390{1998. Sorbi, Aging

03, 15" (100 NPT2olek: Dts o & KT Ditioack birioros B 35 105) - 7.

D. Ratterson, D(1‘¢99 Y- HIGL Dféxlerm&mtﬁ 12845 (998); N8, Lader, Ru8iar Dncgl. G oden,
et al., Cel I 589 %}?&1& J. M Gabriel et al., Proc Natl Acad Sci USA
95, 14857 (1998 rvessig $nadopoul 0s, F.S. Leach, KW Kinzler, B.

Vogel st ei n;5. Nat yBe Naia] iSefendel 262,9874 X988); US. NiullérakMIB. €Gragber, (Rr oc” Nat !

Acad Sci USA 96 2322 (1999). 9. [ELS 79,.83 (1985); MJ.
Anderson, E.J. busery - %MBJJNWO 6{%99?(1%3’ $5qchi) lgger e der i ved
from nouse enbrmﬂm, gl‘blryqlpéggzt s derived from MSHZ 25 deficient mce

(generousl y pI’OVI ded by and transforned w
15 . Seidmian, J.G. Seidman, Basic Res Cardiol 93, 13 (1998), M.T. Keating,

M.C. Sanguinetti, Science 272, 681 (1996).
7. D.Patterson, D.V. Carnright, Somatic Cell Genet 3, 483 (1977); J. Groden, et
al., Cell 66, 589 (1991); .M. Gabriel et al., Proc Natl Acad Sci USA 95, 14857
(1998).. _
20 8. N. Papadopoulos, F.S. Leach, K.W. Kinzler, B. Vogelstéin, Nature Genetics 11,
| 99 (1995); S.J. Laken et al., Proc Natl Acad Sci USA 96, 2322 (1999).
-9, H. Harris, J Cell Sci 79, 83 (1985); M.J. Anderson, E.J. Stanbridge, FASEB J
7, 826(1993). _
10.  E2 cells were derived from mouse embryonic fibroblasts derived from MSH2-
25 deficient mice (generously provided by T. Mak) and transformed with
adenovirus E14 and R4S oncogenes. HPRT-deficient subclones were selected
by growing the fibroblasts in 10 uM 2-amino-6-mercaptopurine. Clones were
maintained in Dulbecco’s modified Eagle’s Medium (DMEM) supplemented
with 10% FCS and 10 uM 2-amino-6-mercaptopurine.
30 11. 3 x 10° lymphocytes cells were mixed, washed, and centrifuged twice in fusion

!All references are explicitly incorporated by reference.
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adenovirys EJA and RAS oncogenes. HPRT-deficient subcl ones were sel ected
by growing the fibroblasts in 10 M 2-am no-6-nercaptopurine. C ones were
mai nt ai ned \k@ %ﬁ%cco' s nodified Eagle's Medium (DVEM SéRjseiPedsed W th
10% FCS and" 28 P -am no- 6- mer captopurine. 30 11. 3 x 106 |ynphocytes
cells were m xed, washed, and cenirifuged . twce in fusion, 'All references
are explicitly i ncBefigmsOda IﬂP‘F‘E&”&‘e&gé‘.ﬂ‘dfgW 6‘?%?252 7508

medi um (0. 25 M D- sgiebitd, 0/1% BbvineSMufifA G (BSAY), BHET) afll resusPéndecdin €80 pim
acetate, 0.1% Bovine Serum Al bum n_ (BSA), PH 7

. ), .and resusggiﬁed in 640 pl
fusion nmedi um ThefusignymedipmygEhens WS Bipeited iptg A crvste cHVERS e

el ectrode 470; BTX '@%ﬁx Sai Dliego)attels eiealscdising a BTX Blefdorcdir 0 Cel | 5
Mani pul at or, nodel elg%&?? T e’setti%(g)})%mt5 hat yi el ded the greatest nunber of
Jhe

hybri dsSwere: 30V MaGipulator, nEglcEEGM2Ws The satt t yigidedthegreateptmumboryf pul ses
of 15 gsec each. T . ' I ' ‘p(Pc?r 8- wel |
pl ates (Costar) iﬁ%ﬂ%%ﬁ%@ﬁ%ﬁb@ﬁs%@wﬁ?ng ErﬁgS4 t he
medi um was repl acefilipseiElM Bhepdlsdmwerine fusiontvrereiaedias three 48-well platesyenet i ci n
and 10 1 x HAT (Life Tech I es | th I A ' S
changed after a wé@?gmeh-‘@@W@W@#&g’%gmsﬁ%ﬁ@e{%ﬁb&éﬁg%ﬁuﬁf fusion
and were expanded wadfepRéedbl BMEM elppetiented vith §0% FOS 0. hyg/mil genetiginpibeyt es
used for the experi % .gtl C itfgfjpphﬁr. re lgﬂeJSi d f&iom E gtei d—Barr
virtus il ection of | XPAT BHs Leehnplones Calherbora D)y dbe medipnd v Shanged oy o
drawn | ynphocytes aftér cofsekd Bgbidclbses becaar34dible ywd wesks aferdustonadnd »eek usi ng

I dentical nmethods 12. Genotypin s.perfornmed as, descyribed in_E.S. Leach
et al., Cell 75, 12&@@%@’%&“&6&%@3&&@ esfé%ﬁwﬁ?%ﬁsaﬁﬁé% enat uri ng
gel s and vi sual i zZegyR¥imeatd HCAHANEe R/ deriVBEfrot BpaieiatBard vitue infédtikeos used

were D2S 1788, D2S 13360,  D3S2406, Dr7S1824, d, D16S3095, .frqom chr onbsones
2p, 29, 3p, 5q, an@eﬂl’c‘maibl?Pdﬂ%miWlﬁﬁf@%ﬁgemwgIHPP i ds

cont ai njsng none, b%ﬁdﬁéb&&éﬁﬁ?ﬁe&%&xﬁ&z&ﬂﬁﬁgimﬁmte_Sted wer e
consistent with a nu ribution. Monte  Carlo sinulations were

tinomal dis

used to esti mat2e t Kisnpiyping wes perfasped pydespribedim Ec. Lgachgt abr G MdAb al 1 el i ¢
hybrids contai ni ng  fj38f; IPCRprodtiTh Vet sefarftit 695 @iRfiring gels and visualized by
autoradiography. The microsatellite markers used were D2S1788, D2513360,
D3S82406, D7S1824, and D16S3095, from chromosomes 2p, 24, 3p, 5q, and
20 16q, respectively.
13.  The numbers of hybrids containing none, both, or a single allele of each
chromosome tested were consistent with a multinomial distribution. Monte
Carlo simulations were used to estimate the numbers of hybrids required to
generate mono-allelic hybrids containing specific numbers of chromosomes.
25 14.  Polyadenylated RNA was purified and RT-PCR performed as described in B.
Liu et al., Nat Medicine 2, 169 (1996).
15. C.R. Boland, 4m. J. Dig. Dis 23, 25s-27s (1978); C.R. Boland, West J. Med.
139, 351 (183).
16. C.R.Boland, in The Genetic Basis of Human Cancer, B, Vogelstein and K.W.
30 Kinzler, Bds (McGraw-Hill, New York, 1998), pp. 333-346.
17.  A.S. Warthin, Archives of Internal Medicine 12, 546 (1913; H.T. Lynch and
A.J. Krush, Cancer 27, 1505 (1971).
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25 14. Pol yadenyl ated RNA was purified and RT-PCR perforned as described.in
B. Liuet al., Nat Medicine 2,169 (1996). 15. C R Boland, Am J. Dig. Ds
23, 253-@%3%%&78); C. R Boland, West J. Med. 139, 351%1(183.. 16. C R

Bol and, Genetic Basis of Huinan Cancer, B. Vogel steVHSMAT% w 30
Kinzler, Eds (McGawHiIl, New York, 1998), pp. 333-346. 17. A S. Varthin,
Ar chi ves oft84 nt SpaRSRCiRg: Waspasiormed usingsABY BagsDye-terminptorscamdancABIB7T.  Kr ush,

Cancer 27, 1505 b8tk scbrll. O oo e iR 2ARAG0d uerSBARC N0 vas

performed using ABlI Big D;l/e termnators and ¢ sequencer.
Al'l primers usebc made aypilatile theoygh 8 Scignng intemetsitei ng wi || be made avail abl e

t hrough a I en | ' ﬁ?ﬁ? ] ts of. cells hybrids
wer e separ g?éd Egm ec'E:r op‘_’%lro*e“gelﬂg fl%%@%y%%%@f)wlﬁ gel s and
i nunfrobl ot t ed WSDR-pahyecrylatidesgelp end finmuhahiotteld uwittn atitifoldies (spetG6 for
Cal boi ochem), hym ( 1A~ nPhar mingen I =T LN (#N357,
Amer sham . 20. D. -231 %%f%g%%t C&lgpﬁo%ﬂe?ﬁxg@n MQJQ;?I%H] . Walter,
D.J. Spillett, armitigenjper, B-Tublii(#¥N3S5ThAatershiin)).  Coodf el | ow, Nat Genet 7, 22
(1994); R Le 10 P O el | et 33, .63 199_5%. 21. C.
Lengauer, éOW ﬁtiiﬂzqoé‘r ,&’tﬁg 0 ‘F@f"gf ?P’Q&Z{@g%%@f@ G Spitlet, P.oo M chee
et al., Sci enceTﬂ&ﬁs,BMﬁs@éﬁ%)P.NZGoodﬁlMNﬁiGenbtmz(l@?‘?k?!kieaclg-5 Lehmann,
A R,, Friedberg ' hul t z um Mutat 10, 317-21 (1997) 15 24.
schdftz, R A, %ai’&ﬁm&?gv&@%%%%ﬁ & Friedbert, E.C. Proc Natl Acad
Sci USA 84,24.176CQL@§&&?)K.“25CinzﬂfPBﬂV31geﬁtei1€Waﬁire 386\t @1@3;) 247-53 (1999).
26. Bapat, 53 V. l\g@al " m Genet 10 é67-76 (1999). 27. Wjnen, J.T. et
al .. NEngl 23Med ce af b, ‘e(‘?&g@) 610 3996)g. Wang, Q et al. Hum Genet 105,
79-85 (19993, 29McHehisDEDY, Lebbrsi6 R, Aehmiaki AL Biiedbdrg, B822(stAAB) R.A.30- Bai,
Y.Q et al. Int_J Cancer 82, 512-5 (1999). |
Hum Mutat 10, 317-21 (1997)
15 24, Schultz, R.A., Saxon, P.J., Glover, T.W. & Friedbert, E.C. Proc Natl Acad
Sci USA 84, 4176-9 (1987). -
25.  Syngal, S. et al. JAMA 282, 247-53 (1999).
26.  Bapat,B.V. etal.. Hum Genet 104, 167-76 (1999).
27.  Wijnen, J.T. etal.. N Engl J Med 339, 511-8 (1998).
20 28. Wang, Q. et al. Hum Genet 105, 79-85 (1999)
- 29.  Holmberg, M. et al. Hum Mutat 11, 482 (1998).
30. Bai, Y.Q. etal. IntJ Cancer 82, 512-5 (1999).
31.  Wijnen, J. Et al. Am J Hum Genet 61, 329-35 (1997).
32.  Heinimann, K. etal. Cancer 85,2512-8 (1999).
25 33.  DeLeon, M.P. et al. Gut 45, 32-8 (1999).
34.  Lamberti, C. et al. Gut 44, 839-43 (1999).
35.  Wijnen, J. et al. Nat Genet 20, 326-8 (1998).
36.  Culbertson, M.R. Trends Genet 15, 74-80 (1999).
37.  Frischmeyer, P.A. & Dietz, H.C. . Hum Mol Genet 8, 1893-900 (1999).
30 38. Ruiz-Echevarria, M.J., Czaplinski, K. & Peltz, S.W.. Trends Biochem Sci 21,
433-8 (1996). '
39.  Ahrendt, S.A. et al. Proc Natl Acad Sci USA 96 7382-7 (1999).
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31.. Wjnen, J. Et al. Am JHum Genet 61, 329-35 (1997). 32. Heinimann, K
et al. Cancer 85,2512-8 (1999). 25 33. De Leon, MP. et al. Gut 45, 32-8

(1999). SAWOIG%%gti, C. et al. CGut 44, 839-43 (1999). p¥gusiidisen, J. et
al . Nat Genet , 326-8 (1998). 36. Cul bertson, MR Trends CGenet 15, 74-80

(1999). 37. Fnjsc er A Di.gt 7,5 H. net 8, 1893-900
(1999). 30 3896'm?%é8ﬁ%§r$ﬂag‘wgwépég’é’&ﬁ Irmjsjg{?sl\(%ggge%ltz, S.W. Trends
Bi ochem Sci 2a]. 4GawiGvelllRAS )l @R 45,409-48¢19995. A. ‘et al. Proc Nail Acad Sci
USA 96 7382-7,(1999). 7, W¢c), 01127324 U 7508 40. Marcus, V.A et
al. Am JSurg 1ho§382§%?‘ﬁ'8€>§5Nf‘]1%§‘?m’4§9&méﬁr L. et al. Gut
45,409-15 (1999) . Haboia, 50 & Collids, FiSl. 0 Mel. Gdiei 36DT30-€C199®L 15, 422-6 (1997).
43. Hacia, J.G & COllinS’NEbS" JMed Cenet %?, 7%%%6 é&?QQ). i4%é. Vasen,
H F., Mcklin#4. pVasepglhh,, Mecn, Py Khans PNy & Lynghy Hely dndcanegrftey

4(1994). 45. Beigagl, C. R et al. Cancer Res 58, 5248-57 (1998). 46.

Reitmair, A H ‘et al.. Nat Genet 11, 64-70 (1995). 18 WD 01/27324
PCT/ USOQl 275085 CLReIRE, C-R.t teCenser Ras S§1248157 kP9t ations in a gene of

interest of ajpon-gpadei A FRIER! N ERIRTLSE41E0 f1685)St eps of 5 fusing cells of
a non-rodent manmal to rodent cell recipients to form non-rodent

manmmal - rodent cell hybrids; selecting for fused cell-hybrids by sel ecting
for a first marker contained on a rodent chronpsone and for a second

mar ker contained. on a first non-rodent nmammalian chronosone, to forma
popul ati on of fused cell hybrids; 10 detecting anong the popul ati on of
fused cell hybrids a subset of hybrids which are haploid for a second
non-rodent mamral i an chronbsone which is not the
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same chronosone as the first non-rodent manmmal i an chronosonme and whi ch was
not selected; analyzing said subset of hybrids to detect a nutation in an
nMRNA  1Wwqeie@2et of a gene or in said gene, wherein trcTgspen7sesi des on t he
second non-rodent rmamalian chronosonme. 2. The nethod of claim 1l wherein
the rodentcgaisi s di ploid. 3. The nmethod of claim| wherein the rodent
cell recipients are deficient in msmatch repair. 20 4. The nethod of
claiml1 wherein the rodent cell. recipient is geneticin resistant. 5. The
met hod of claim, | wash@hsh sftftecRieRltafitls'in b YEhdUGRERsUFS doh#0RhOT Med Wi th
an oncogene. 6. The nethod of claim5 wherein the oncogene is ras. 25 7.
The net hodnml,mmwremm&emofhe oncogene is EIA 8. The nethod of claim1

whereei n the rodent gebl Lodét fp’ﬂenﬁtﬁ El A
oncosgenes 9. The methd: eﬁgbﬂ*lg{ﬁnﬁ%? \Aﬁler ern tﬁ[ei lirtlgtc ce r%@?pi ents are
VSH2- . 10nonTﬂoéemmamul-deemI0&llhvbndM1ere| n the rodent cell recipient is
diploid, and 30 co £ |E@r sel ect abl e
mar ker. 11. The net Eél%tﬁéf&?&gd&i%ﬁj\kﬁ @% féﬁﬁ] ree ec'#g%de mar ker is
HPRT defi ai amnodent difforidsbne lahd ¥drld sccond miatket bonﬂmddldtia [fird¢InSn-Yédefitl / 27324
PCT/ U800/27508 12 The t.had of cl rising the step of:
det ecti ng ng'tt Oﬁpqpagaéanéf% hﬁhbd'gpg third non-rodent
manyoal i an chr om)sonﬂeteaﬁngambﬁgmhpoliulanenofmsed@adhybﬁdda §ubbet of lybrids odent
manmal i an are di |nc and neit thes cond nor the third
non- rodent"“’ﬁr‘ﬁ{’n"t’ri;?l 81”% ‘ﬁde‘tg'@ﬁnﬂ’@ta@d" ﬁ“ﬁe" BB claim1
further comelcﬁtoﬂ@sédwassmeemsﬁbn-r@haﬁimmmmoh&ﬂe admiciwanoo! fused

cell hybrids a thlrd and fourth
select:

analyzing said subset of hybrids to detect a mutation in an mRNA
15 product of a gene or in said gene, wherein the gene resides on the second non-rodent
mammalian chromosome.

2. The method of claim 1 wherein the rodent cell is diploid.

3. The method of claim 1 wherein the rodent céll recipients are deficient
in mismatch repair. :
20 4. The method of claim 1 wherein the rodent cell recipient is geneticin
resistant. '

5. The method of claim 1 wherein the rodent cell reclplen’s are transformed

with an oncogene.
6. The method of claim 5 wherein the oncogene is ras.
25 7. The method of claim 5 wherein the oncogene is E14.
8. The method of claim 1 wherein the rodent cell recipients are transformed

with ras and EJ4 oncogenes.
9. The method of claim 1 wherein the rodent cell recipients are MSH2'.
10.  The method of claim 1 wherein the rodent cell recipient is diploid, and
30 contains both a selectable marker and a counterselectable marker.
11.  The method of claim 10 wherein the counterselectable marker is HPRT
deficiency.
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non-rodent mammal i an chronosone, wherein the first through fourth
non-rodent rmammalian chronosones are distinct, and neither the second
through foygt - 10 rodent mammual chronsones were sel geirREeonisbs The
met hod of clarm further conprising the step of testing said subset of

hybrids to detect t, .of econd protein product of

said second gene, la:'\nhn%gAHP g"g ﬁ’&g gﬁ%@eé{?pfﬁe third non rodent

mammal i an  chronosone, deees laﬂmdgnibpqﬁumnarmwdtcsllhﬁbnaaamrﬂﬁmmdentprote|n

product or altered_ 15 pr J)ertl S of s I\%A ﬁiﬂ’ roteln Eroduct fromsaid
5 28

second gene i Aammslian ghrpmospme, T} nppzodent mammalian . i "t he
non-rodent MRgRRmosokits ark tstiEY Hﬁﬂn&heﬁhﬁéd&bﬂ&ndr@ﬁdmﬁ@ nbiirodlest tharhal Of

hybrids to detect an rTRNA product of a second and third gene or a protein
product5of saichromsemasveriglockilyr d  gene, wherein the second and third genes

esi de on the i ¢ andyl gkl POl PARRE: ARPRRAERE 58 oot omosomos. wher ein
uct

di m ni shed anounts of sal protein or altered properties

of said nRNA or protei MWDWODGMW%@@SG}}@WP@%“M fousthi cate the
presence of a &Qy?oadte{x r}u?al véi} gon?Js?t}?Q %ﬁ%lﬂ‘?ﬁ@ﬁrsi bl 045 heRAbne mRMMEl .

16. The netho ereln € ce he non-rodent mammal are
25 | ynphocyt esnanﬁﬁ‘ahaﬂ'Wome&ohmdamdlstm rand ngither giersecind through fourthjaen=ct i ng a

subset f hybr| r t he second non-rodent mamral i an
B R

chrormé i s T I'ng the presence of a microsatellite
mar ker on the secoml ndhcnmﬂmdbfclmﬂﬂﬁkﬁmomhnmgjhmofmmdmﬂnet hod of

claiml wherei formed by
a technique s é’? EW@& %‘} et Q'%B%toﬁ %ﬁnﬁgée é?or %Bfgenl ﬂggddgg?t%%d
?] egu GSC ing, alskdhé gSﬂleWhérbinl tl?éiﬁécoﬁl l?b treséd&e oh fthecthing mon-todentt mﬂnmahan/ J73s
ybridi zati on a I 111 7324
PCT/ US00/ 2750§£"°m°?,‘1‘¥9a?’ “&?ﬂd’&?’%‘%‘&ﬁ Msaﬁgﬁﬁ'l*h‘h F’“é’f@}})&%\/\# %si s
(DGGE) 15and  agkspieRics df BAi@ InfRIGA o Préteit Qiotuoer from. saimsecénmgadaaddme fieovi di ng
test cells for genetic testin wherein said te&
presence of a mutatlon in'the second gene in e non-rodent mammal.
15. The method of claim 13 testing said subset of hybrids to detect an
mRNA product of a second and third gene or a protein product of said second and third
gene, wherein the second and third genes reside on the third and fourth non-rodent
20 mammalian chromosomes, wherein diminished amounts of said mRNA or protein
product or altered properties of said mRNA or protein product of said third or fourth

genes indicate the presence of a mutation in third or fourth genes in the non-rodent

mammal.
16.  The method of claim 1 wherein the cells of the non-rodent mammal are

25 lymphocytes. _

17.  The method of claim 1 wherein the step of detecting a subset of hybrids
which are haploid for the second non-rodent mammalian chromosome is accomplished
by identifying the presence of a microsatellite marker on the second non-rodent
mammalian chromosome.

30 18.  The method of claim 1 wherein the step of analyzing to detect a
mutation is performed by a technique selected from the group consisting of: nucleic
acid sequencing, allele-specific PCR, allele-specific hybridization, hybridization to a
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cells are haploid for genes of a non-rodent manmmal, conprising the .steps.
of: 5 fusing cells of a non-rodent manmal to transforned, diploid, rodent

cell rewopientsé to form non-rodent mammal -rodent cell Pb—y,hg.;mssel ecting
for fused cell hybrids by selecting for a marker on each of a first

ngulrg??g;ngg%l S a@gﬁ@@%@gﬁnﬁpﬂ&t{oﬂ%ﬁﬁﬁ@ﬁ al r?oaglﬁ agérae%egé non-r odent

10 manmal | acidskqueneinnes in t he absence of sel ection for the non-rodent

manmal i an  chroRpso t on,of . ce s those cells
whi ch are hapl o:i%)[ fggqneéﬁio?e&@}&ﬁ W}%H’E(ﬁ&?‘g h‘f *¥nr onosone
whi ch ar e deBsarebapldid éomgetes of anen-rodnnmnﬂmdﬂmomﬁmﬁglthmpebfomsom and

whi cQ were not sel ec 0. Th thod of cI ai he r odent
cel | Qr ecipient is geﬁ'@lflggéﬁo ?'éo&rg frammal t0-frgpsf n;irclﬁiEPl‘\?A}G'rB °&? 119 wherei n

t he rodent reciﬂnbntﬂbdbmmt-ﬁ)daﬁmalﬂﬂidﬂﬁdeﬁffwdlyﬁhw an oncogene. 22. The

nmet hod of claim?21 wherein_t S ras. ’ 20 23. The nethod of claim
21 wherein the oncog? t‘?gsf"E?‘ﬁeé)?jﬁg%ngs“Péfqlﬁﬁﬂn%@rélnﬁﬂfﬁf%emél n the
rodent cel lfirteonftbddnt Snamr@ahahrohfbsﬁdsaﬁscanw fodedSchidifosbing, RBEEGFLRES: 25. The
met hod of claim 19 wherein the rodent cell recipients are deficient in

mi smat ch r dFByltionyef ogils #ﬁé°mthH‘°Bf3tﬁhlhlmﬁ%nvﬂ¥ér@| morehpon-tademit cel |

recilpi ent GRuMrAdlRR cRromeSuAbs o &R |aBichdd R cRBdaShr the fon-Todentinaddianf C! ai m 26
wherein the_countersel ectable marker is HPRT deficiency. 28. The nethod of
clai m 19 wisbToBIOfO¢se cel |'s of the non-rodent mammal are 30 | ynphocytes.

29. The method of cl @dBirdghnidy i,gpﬁlm, F &diis BlosARlns Ich are
hapl oid for said second and t on- Podent r?%mm‘&ﬁlwgﬁﬁ%rlr%ggo\r‘:he
perforned asscopd andlthlrdnonipdenmmm};h@m;melwmc@e distinct from the first

non-rodent mammalian chromosome and which were not selected.

15 20.  The method of claim 19 wherein the rodent cell recipient is geneticin
resistant.
21.  The method of claim 19 wherein the rodent cell recipients are
transformed with an oncogene.
22.  The method of claim 21 wherein the oncogene is ras.
20 23.  The method of claim 21 wherein the oncogene is EIA4.
24. The method of claim 19 wherein the rodent cell recipients are
transformed with ras and E14 oncogenes. _
25.  The method of claim 19 wherein the rodent cell recipients are deficient
in mismatch repair.
25 26.  The method of claim 19 wherein the rodent cell recipient contains a
counterselectable marker.
27.  The method of claim 26 wherein the counterselectable marker is HPRT
deficiency. |
28.  The method of claim 19 wherein the cells of the non-rodent mammal are
30 lymphocytes.
29.  The method of claim 19 wherein the step of detecting cells which are

haploid for said second and third non-rodent mammalian chromosomes is performed
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WO 01127324 PCT/1 TSOO 27508 by identifying the presence of a

m crosatellite marker on said second and third non- rodent mamral i an
chrormsomaswoijgz., he nmet hod of claim 19 further conprisi pgrigiee Stmp of :

det ecting anong t3 e popul ation of cells, cells haploid for a fourth non- 5
rodent mammal | an. chy onosone whi 1S di.stjnct, from.the firsf.. ond, and
third non- roaﬁﬁﬂenﬂém%gﬁseefﬁ ﬁd%‘&??é%‘a%d“%‘?' ﬁsﬁggmrﬁ%?“%e'ih‘é@?é“d. 31. The
met hod of cl aigledtIndnahiltn cBeMotdmdsng the step of ;- detecting anong the

popul ati on of cell

s, cells haplaid. f a fourth,. fifth .and sixth
non-rodent mammal i #h c%W@&%f@ﬁhﬁ,’ﬂﬂwm{hﬁStF?lP{)ugh si xth non- 10
rodent mammalian chr onDgREPRAg ahéhgdhefopMation of Gélls! dels hdploid for 8 &sethdond third
non- rodent manmmal i an chronpsones and were not selected. 32. The net hod of

claim 18 f urt medentypamypslisn gyompsogie;whip '%ﬁ@@%#ﬁ@%@@nwﬁmgﬂ%i d for
the third non'ngc%ﬂﬁﬂﬁmm oS0 AARARE Wal 6t s@lestt, a1 On in a gene on the
nt mamal 1 an 3. T

third non-rode 15 chronbsone. 33. The nethod of claim19

further conpri sing3l.t esThemgethndsf claiwg 1Dfuther eamprisingheostep afor t he second and
third non-rodent manmmal @m t Qid id¥oa H6RERBR each of
the second and third noé\%tgcﬁnoégﬁ m%@l‘%@%%%ﬁ’r‘r’g&égﬁ@g. 20 34. ’Tﬁﬂe’ met hod
of clai m1 whendsixthneiNtvdedt nnoediikn ¢horhdsems oiteesin said foyth thepygh sixthperst ed for a

mut at i in a ne _on the seco non-r t | 35. The
net hodqgf cl airaffeft RABpaieR %?%T%lgﬁlgsgo&?dgs%géellff@n thgt?geﬁggsueﬁ o? E;I}BII!I ds are
tested for a Rodedtmanmaliunaxhmpeveomss andeesawtseibetedn- r odent nmanmal i an
chronosone. 36. opul,ati an .of. rod -non-rodent. mammal hybrid cells
wherein each 25 ﬁ\%ﬁol 0 d?e?%({dqugg??gﬁﬁtgg_croglgg > manmmal  aut osonmes i s
present in hapl oid for nestingaiucleiccasiils ofi@ cell hafloidnfer Hthedhied! nofi-radest cel | s.
37. The popul ation. of claim 36 wherein.each honol of at | east non-
rodent nmanmmal WW‘QS"WSEI u@%n%ﬁgﬂeanﬂ%;ﬁ?qwnggaqnggg?mgﬁag out of a
hundreds of tRroaRkdnte. 30 38. The popul ation of clai m 36 wherein each
honol og of at least_5 non- rodent panmal autosaqnmes is present in haploid
formin at |east o ou?hedvetkqdquylawwa €T COMPTISINg;

testing proteins of a cell haploid for the second and third non-rodent

2D

mammalian chromosome for a mutation in a gene on each of the second and third non-
rodent mammalian chromosomes.

20 34.  The method of claim | wherein mRNA of a cell in the subset of hybrids
is tested for a mutation in a gene on the second non-rodent mammalian chromosome.

35.  The method of claim 1 wherein proteins of a cell in the subset of hybrids
are tested for a mutation in a gene on the second non-rodent mammalian chromosome.

36. A population of rodent-non-rodent mammal hybrid cells wherein each

25 homolog of at least 2 non-rodent mammal autosomes is present in haploid form in at
least one out of one hundred of the cells.

37.  The population of claim 36 wherein each homolog of at least 5 non-
rodent mammal autosomes is present in haploid form in at least one out of a hundred
of the cells.

30 38.  The population of claim 36 wherein each homelog of at least 5 non-
rodent mammal autosomes is present in haploid form in at least one out of fifty of the

cells.
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cells. 22 11112111211 11111111111 L s WD 01/27324 PCT/ US00/ 27508 39. The.
popul ati on of claim 36 wherein each honol og of at |east 5 non rodent mammal
aut osonssops2Peesent in haploid formin at | east one opdr/ofeokisosty of the
cells. 40. The popul ation of claim 36 wherein each honol og of at |east 10

non- 5 rodent ngemel Tm@ﬁmasﬁofammyé@ﬂ&emammn%ggLp{triédsﬁgg& | east one

out of a hundred of the cells . popul at i on “her ei n each
honol og of Tredent mamamalaytoseres is present inhapleidiform instlowsbong qut of thisyrof then hapl oi d
formin at Lgast one out of fifty of the cells. 10 42. The popul ation of
cl aim 36 wherein each honol og of at least 10 non- rodent mammal aut osones
is present in h4dl oi Therpopulation @ftdalmaB!?thnwhhomobgtolﬁhﬂbgstmnoxt-he cells.

he pop | t.least .15 non-
r ode%—t mana &}eﬁ{aljﬂ&g?gi;faé@s?%@plrgg en?fxfl%a%hog%fo 38 ?ﬂl? %19? 03? 8ne out of a
hundred 1%fdokcelle cells. 44. The popul ation of cI aim 36 \/\herel n each
honol og of at |gast 4> | .aut | res i n hapl oid
formin at | eastsiioneﬁbtf{bp&fm%? cj}u&rﬁ%%m%ﬁcﬁ °m2 g‘%ﬁ@ EEP "i on of
cl ai m 36 wiedeai mammalautvsemésigpredentin aplaiitforkbin'ad least 38e 6ﬁtdfﬁl’cy epdneal

autosorres | resent in haploid formin at |east one out of thirty of the
cells. e popul ati on of claim 36 wherein each honol og of at |east 20

noniOrodent manial  aTheqipultion ¢f iR 36 iherdin 8RR homdiok F B8 1b43t #0 ndreaSt one out
of a hundred, of the c?l |s. .25 47. . The pi) uI atigon of claim 36 wherein each

homol og of Tefent ammalaytasemes is prgsqnt | i edeastoneoubofathisty of n hapl oi d
formin at theaHs. one out of fifty of the  cells.

43.  The population of claim 36 wherein each homolog of at least 15 non-

rodent mammal autosomes is present in haploid form in at least one out of a hundred !

15 of the cells. |
44.  The population of claim 36 wherein each homolog of at least 15 non-

rodent mammal autosomes is present in haploid form in at least one out of fifty of the

cells.

45.  The population of claim 36 wherein each homolog of at least 15 non-

20 rodent mammal autosomes is present in haploid form in at leaét one out of thirty of the
cells.

46.  The population of claim 36 wherein each homolog of at least 20 non-
rodent mammal autosomes is present in haploid form in at leaSt one out of a bundred
of the cells.

25 47.  The population of claim 36 wherein each homolog of at least 20 non-

rodent mammal autosomes is present in haploid form in at least one out of fifty of the
cells. o
48.  The population of claim 36 wherein each homolog of at least 20 non-
rodent mammal autosomes is present in haploid form in at least one out of thirty of the :
30 cells. - r
49.  The population of claim 36 wherein each homolog of at least 22 non-

rodent mammal autosomes is present in haploid form in at least one out of a hundred
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48.. The popul ation of claim 36 wherein each honolog of at |east 20 non-
rodent manmal autosones is present in haploid formin at | east one out of

thirty of twgoeysM@acells. 49. The:population of claim 36 vWiesedops g@ﬁ
apl 0|d

honol og of at | east 22 non- rodent mammal autosones i s present

formin at ?%d?ne out of a hundred 23 1 Il1I1l1dQ IIIIII FIETE il

il cL MS$§ %27324 PCT/ USOQ 27508 of the cells. 50. The popul atl on
of claim 36 wher &0.n e’ﬁhﬂ*pdpmlmndmgfohﬁmaﬁ wmmeﬁﬁhmmogbﬁddﬁstm|

aut osones i s_present a eas one_out of the

ol 1o E1. | Toefiaatinal fistofe St rarehl antlalromt B2 fanit of 6y oL cast 22

non- rodent ceymal aut osones is present in haploid formin at | east one out
-rodent mamal

of thirty of the__ cel n of ent - no
hybrid cells which st RPP‘%%%@%F ?Fcﬁga‘@ﬂlpg Phigast 220%Bhr onps ome
cont ent suchodenfhardinal RASmRpredent if H&p}dﬁu lgrinGn 8QEdsPore @R ¥ thirth BEms ame

non-rodent magmal i an chronosones. 53. The popul ation of rodent-non-rodent
manmal hybrl"ﬂl fells of claim52 whererein at |least 97% of the hybrid cells

contain the samespon- g inoﬁ%mkﬁt%n-rﬁﬁlinf)ﬂiﬁﬁﬂﬁﬁﬁyb iddell 1 ation of
r odent - non-r odent rrarrrrg’lgﬂﬂybrl dcells of claim5b W e?es}gﬁ% amﬂ{ east 99%

of the hybr|Wplmtfa¢%tW§Wwpﬁlé?meméﬂtaﬂemﬂi%nﬁsones 55.
The met hod Qﬁclf#bﬁh\%ﬂscﬁﬁﬁﬁl aﬁabﬁo@pd&eﬁmmaﬁapmhog &, human. 56. The

met hod of cl al ereln e non-rodent manmal 1s selected from the group
con5|st|ng of go8d.s, Themepulatinsof codentngn-rodantymaminglhybrid a¢lls of alabin fdgs. | 24

whererein at least 97% of the hybrid cells contain the same non-rodent mammalian
chromosomes.

54,  The population of rodent-non-rodent mammal hybrid cells of claim 52
whererein at least 99% of the hybrid cells contain the same non-rodent mammalian
chromosomes.

55.  The method of claim 1 wherein the non-rodent mammal is a human.,

56,  The method of claim 1 wherein the non-rodent mammal is selected from
the group consisting of goats, sheep, horse, cows, pigs, hogs, cats, and dogs.
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