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With an incidence of 1:2500 life-born phenotypic females, Turner syndrome is a common
chromosomal disorder (Rosenfeld et al., 1996). It has been estimated that 1-2% of all
human conceptions are 45,X and that as many as 99 % of such fetuses do not come to
35  term (Hall and Gilchrist, 1990; Robins, 1990). Significant clinical variability exists in the
phenotype of persons with Turner syndrome (or Ullrich-Turner syndrome) (Ullrich,
1930; Turner, 1938). Short stature, however, is a consistent ﬁnding and together with



woul d be the suggested genetic nechani smunderlying the disease. 10 , A
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PCT/ EP97/ 05%%%!@}1 et al., 1990) were excluded based on their phys:cal. location (R%ppold et al,
1992). That is, the genes were within the 700 kb deletion region of the 2.700 kb PARI
region.
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The above-nenti oned novel honeobox-contai ning gene. SHOX, which is Iocat ed
W thin the 170 kb interval, is alternatively spliced generatin

prot ei ns WP 1#6Fer se functi on. Mut ati on anal ysis and RI9§ CI ng
were used to dermonstrate that short statiure can be caused by mutations
in SHOX. 5 The identification and cloning of the short stature
critical region according to the present invention was perforned as
fol | ows: Extensive physical mapping studies on 15 i ndi viduals with

parti al erD@I 30 shmhg pgﬁegg*egf% | QSRR P f‘thg P@Ekﬁro%rs&ges' were%&énﬂ?md

By corre seTndiv etio
br eakpoi nt discayereddn gkd@wduaés withiskort SBjure Iand sve@ﬂequ@glw@nn@ﬂnﬁﬁpmmanr@!m 700

kb was def }é&ﬁﬁk of TUCSKkE %h&”PKR? was defin A OSRANGR blot aqxla%%nq;mno%ieh@ppl ng

cosm d cont using yeast artificla ronopsones rom PAR |
(Ried et apK 2nd&S) using %@erewsmeadmtm%al markersahash *%igﬁyéaﬁé %p, ftgrminal -
genes for &e‘i’et\md bf Bbduli F0i kB disvadlto PXYEN5qUY3D§ (Ogetantoale 9% r@gapet iagd t o
g% xi mtely 600 kb regi on between the distal end of cosm d 56GL0
and t he pr 15 end of 51D11. Using cDNA selection exon trapping, and
CpG island cl on| ng, the two novel genes were identified The

post t1 on Oyl Nng NRkibn SdHelidhafily 1 Sfbnt %&r‘aF Yk Gt qdéh‘ﬁﬁ&&fdsnﬁq?éxen

smal ler in haracteriz Ing three

specific i mpromdmﬁhsSQQjob praferably mp)rommtev Wbk the PARE epgiontafy %hoqnsi To

preci sgdy kogabingSorhdle ThRR %&@9%'%.‘. rQiGRKRRA Bdeh idbntified as éalﬂﬁiﬂ@tes for the

i ndi viduals, fluorescence ih situ bridi ﬁéﬁ %‘g I—P o(g 8%5

chr ompsomeshort staturggenee 1 hesegenes we eﬁ’@“é‘&é% fRSPrEIRREeS thes gﬂ i ¥nt

bGA \é\n th apOX9s)NabHOA ;&t skt Bdﬂd'zxre hﬁmeﬁbégmbntbmlrghtgenejﬁfpﬁi@d aid SHOTal
oundary o i cal, region th the in

r20ms antSHO%-fia hofinoiabng b Achitokdife MRt Al Tberl SHOX wiltBiicwo,

t he 25 pseparmlspbmuglckac.y résiting  inhewbreakpoisn{SHOX: asand] b4y pam@ular

Y-chro Somﬁgortance In r@ﬁrbﬂghnﬁv@tlggﬁéﬂseggseﬁtYal ﬁ%’trs fth& %Hl‘e@ﬁ&e E’éﬁbgﬁdeoéf and

short stature, was al on cosmd

suggest i ngthenghort stagire ggne powld beaanalysed (SERCEY Nﬁr e‘ﬁl ReenecHye exons °rt parts
chr Omsonetﬂe?é!ffrc%{]mﬁﬁe&cted ahd 1der-ﬂ1ﬁd€(€tg| Eﬁ‘ox{ ﬁgGQIO] st He[EE T8 tdxen XN/ Yp

F uor escentGTo8): SRTSLN e ahtaiRed Stavkrsesnormatn coun Wem £F dRry it desiening
regi on Was ap@:e griste primetly oshuclqraide pnotseswiith Wyte i xentoseants | of the S HAX genenars

tGang,?y 2 pﬁré'iﬁxaxfants Re g&t g'y {&%rxt%% Mé{h%gs V\fh'é rSﬁ;@Q V\% ne (@h lfﬁ& be nsolat%d By

ype ¢ at1ons na the critical
stature i nfthealanalysig7d the INADRGueceedfethe| ganes awgmb Rifor 350” Seadfeat hﬁ ng

the gene on,genssk Ban%"bf' GRAs hany é&ﬁ@bweﬂm&m girgowthz) A éun@resnom ing
path of six to elgi1 cosm ds t |s |n erval n%\/ %v? i%1ble fdor

i nt er phase cap@ins a homeobox M@am@%@ o Spproximately’ 1¥0

PCT/ EP97/ 05355 startin from the nucleotide codma for amino acid position 1176(Q) to the

h | | di
D3 iR e ) K38 pBsiBg a%iﬁx SHUP AR LATR R (o, 2"
t he Drawi ng'she Hi)meobox Bequenee is ldsntaﬁeglezsethe'dp)mﬁfobbh@ESl%Xsé@Pé) seasienes angl five
exons whi C%fgg%xdtqﬁa\ﬂﬁﬁx@ Ehg}[ggeen found inﬁ&ﬁ uaWﬂh Ishox@@ta&.@e i ¥ @erinhn (ETP3.

exon |11: exon exons wher.eby exons Va
and Vb resahd af japanesacpatientf by SeRECRIpS iupi ng%tﬁt%sé) @ﬂ“@‘ﬂ’@]SSH@X igigpahtic short £y oy

I and 111 sconeaipad heidtanmahons SRfueima &af t&BQem&l %Exhdﬂsandllgadmg to a
Figureg 2 and 3 are the nucl eotide and redl ct ed ces of

SHOXa 3Rd PROteInSERRRBRON af Aind GFkbpos HOP LS5 MAREETIAINE) QPR BFY EPahichan PBl

begi ns at mfchentibleDY2 w the tdee thar dbth mutatione fblind, whichsiea tood qprofeiiGA)
at nucl eotides 968

n._open. readi a
bp that endB&dHap p)arrﬁoartc'{hgd’dﬁ’?tbclag%r?s%‘f’n‘zétzl Wﬁbbqgé}% gep Qsﬂ“%ng L §P%sof
t ranscri pt ire¢combination exisits fvithteson A (Gl 08HB%an ppexifid pnmcreswetheraf@ﬂe)b)? uspghas
in-frame, 3 &090 699N GRUEIRRE (A ACC ACC TAG (for) or TGG AAA GGC ATC

35 ATC CGT AAG (rev).



4, the st'art eodon and the predicted term nation stop codon are in bold.
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to 176 (E)W098/l ézm CAG thru GAGgin the nucl eotide E’g"?ﬁ%ﬁgﬁﬁé‘g"The
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r eadi ng frmnts@n 5%5 mf- Faed aasc dellowsa Briensive qihysical rrapams. prug qes 100

aci ds (_desingﬂﬂti%s &Sxtﬁr;’%}ﬁﬂr 'nRirio@@mf; apt e Qs&fdoﬁh{@-forﬂﬁlo'fr@gl&x (PARl) were 11
E eQ)S pte gt |7\(/)e p)é)formede Ot?pgl.stgg lﬂexgﬁt 0 to?er mdxrl/gduafs thﬁnr]xelr de?etxon bpreaﬁ(pom?sn
PCT/ EP9F/ 023hbrt stature (S S) cnncal region of approximately 700 kb was defined. THs region was

(201 oo ar SORehBEy TAGe; i BHE AL L85 3THEP GBhe yTE A ERN LOBhrmes
si gnal s i n(YA& s} figm PARs) éRue@I et algi l9R6) and b\aeccsnud]d\eikmg:éfcb search for Fanglidats
gives the expay ifpt rem Qﬁﬂﬂ”ﬂﬁ@hh&?va@f ”&Qné? g z&f@&u&?“@eﬁ”%ﬁﬂbﬁ to an

respectl ve pOSI tion In t he nucl eot ) d gqut[ence
Descri pt i oRPBIOXialelyB80) Iy region betyesn \berq@ta endiqf £ReIgk %Qﬁ%ms’othacﬂramal
sequeng¢g Ofend MSHDTEODJ@MgC&TMAFBe(e&M exbn HeappinREeAd FGQslaﬂd clsiig, ke (l93)

of the SHOX ge1 E‘%ﬁ exon | (G3 10) of the SHOX gene
SEQ | D NO. "qY<!BEBFF VFiE! fﬁ%j’ of the SHOX gene SEQ ID NO. 5: exon |V
(GL08) of the SHOX gene SEQ I D NO. 6: exon Va of the SHOX gene 15

SEQ I D NO.

I’IU(?| eoti de Tzle (E‘fl?iC(li‘1 ftg{ %ﬁchgﬁmlmewgééﬁﬁjéﬁéﬁggd &E%'S@Eﬁér%ﬁwg of

I D NO. 10: 13 O%Ea&ehmhqrget@nangdhrrenegfunmr specific s&hylﬂwlN(ﬁA;foT and RY),
transcppt ivitb fed @ondstéd glﬁr@ml;ﬁem&) y #alizeSHR tarrhbderdet brbQBingea@pence

(see al so fé\c%ﬁ ngxdfgrls cg%qu:Sn S]I-l:}))l hy%E%zscrq\%tIIS%g ofn%ﬁm-pl‘gaéagér gé)%%%g%f 'Y
aI so fi g 4yas carriedSEQ usliAgNOsmids: frér ales eoritigt Parient &X.ovitlCa fereinahldsletion gnd 4)
short stat l?*?ﬁ%%geﬂ%hﬁr&effnegmdmﬁaﬁﬁ% Rehpef 5B B ebigp SMERAFROERBEO: e

bi ol ogi cal casmidc] i0%3g.cdndgmsenti AT, with ed X chrompsmn&amw;smntahdmhmaldieight ithey
coul d gsve giraﬁ}xﬁhtb%\ﬁm@axg F\mftiﬁn@ | BRaRboiht! o?i Qgﬂﬁd bﬁF%}L‘e’gﬂé e¢ fomosomal

study. fludrescence In | za | on exam ne
met aphase @Aegkgoint of mtt,ernpﬁé(sévu reupt delgtion and shert §iawr5a\t/¢5eq=h05 oung 0 B¢ m

was to tes tcoaiakneaczﬁm&ﬁu@fmslesuggeszmgv:ﬁatl RRMeBidn Bhrak Rl sehidices Fxteldlspbéingﬂs
FI SH probesgi%ﬁi to deternne the breakpoint regions in all four cases,

t her eby det®FHIIRHIMEHETFANGEMEM Scritical region for the short stature

gene.

30  The entire region, bounded by the Xp/Yp telomere, has been cloned as a set of
overlapping cosmids. Fluorescence in situ hybridization (FISH) with cosmids from this
region was used to study six patients with X chromosomal rearrangements, three with
normal height and three with short stature. Genotype-phenotype correlations narrowed
down the critical short stature interval to 270 kb of DNA or even less as 170 kb,

35 containing the gene or genes with an important role in human growth. A minimal tiling
path of six to eight cosmids bridging this interval is now available for interphase and



35 Duplication and del eti on of genom c DNA can be technically assessed by
caref ul |y wo gg/1as6nt rol I ed quantitative PCR or dose estimat o - =ouf hern

bl ots or by using RFLPs. WO 98/ 14568

PCT/ EP97/ 05355 8

However, a particularly reliable nethod for the accurate distinction

bet ween single and doubl e dose of markers is FISH, the clinical
application of is presently routine. Wereas in interphase FISH, the

pur e absenggtaphagy EISEhp@viinga Waluglletes! fonbieghostiarinstigations of\batieds &dth Fl SH
on met apha§§ agﬂx ng(g? A ﬁgmay provide a sem -quantitative 5 measur enment
i nt er - cHEARAMGE p'd The present inventor has determ ned that

deI etions of about 10 kb (25% of signal reduction) can still be detected.
This is of BneﬁDesdE@gBBto?%%raaﬁn%r actically all disease genes on the human
X chronoso ciated wwth smaller and | arger del etions
in the ?ange from a few kil obases to several nmegabases of DNA (Nel son
et al., 19 ene ﬁg& sﬁokhg‘enerxﬁa@d)ﬁ Iﬁw?%ﬁsowmheué RpehQr & DNA
sequences r her eo ar nes

r esponsi bl & ’Eﬂﬁi 18mfwn(16rE¥%} egﬂeﬁl ET4s.pen 9! G108 ragfgsws.\(ﬁew

(r:]ase of gel’\ébt, lwhef&_f.'eﬁéﬁs ‘lf/dﬂ aliijdﬂvga%@ﬂil METSKHEMeIQQpEﬁng sics @f sl S EOKOogene.
uman gro e nt i ; R an sequences or

fr agment o Foh T ad BEQ b B nomBboe Ridutaed HE 8 ibiecS. P T ength o
sequend@s of these genes can be transfornmed in an appropriate vector
and, Lranst ashed 5 ahe 304k B nWIEHAUE WRELRSARS acid senhlctOBHADAM
cells in h are present In h ﬁ umans

devi sabl e t56{ sat  di seases i nvoI ved with short stature, i .e. Turners
syndronme, by nodern means of gene therapy. For exarrple short stature

can be tre .b enovin the respective tate owth nes
responsi bl % YEB‘? pregx(c Ff’a\"%méﬂ”s gps 2 PE‘IE{EO‘E Hvith ﬂ?t’%ﬁﬁﬂ‘effaénec he
r ﬁs pectifve genasopidudoh (T:Gmt,)anﬁadleottdee 9681900, vﬁéldtn@&mgxpﬁﬁ:iezfdﬂgrfmﬁe bf 876 OL
short stature, eGURHG t he
gr owm h/ short b'p thas e? X?deg%%%adﬁégd :-p)NSAf eEl ? Oa%ﬁ%%?ég%@efx?ﬁtg aéﬁégﬁcéﬁﬁ of the
heal thy all el s faggr &u0s tSHOXa prateidi tenswtcuvglm}; Aot intframey Srsdep cechm aympeleptidehor t
stature genes EGRIRuACEhAGH Sl e SHddtd taﬁnnatroﬁsasgtdouehym TRigbiEamde

acconpl i shed by inserting sequences at approprj.ate _sit w thin or
adj acent to thé"’@'&?ﬁ@x éson’WQt(SEaﬁ'é%eﬁPﬁbM@daWO%aﬁéﬁZe(Q)l tqt B1G @de 16 t h

the 20 grow fﬂ&@@m (SA@tlHrtl@e maﬁxda&dqﬁém@é)_eb‘hea@dawﬁ@fmfrommemcatéuel r
transcri ption. el.enmen

e toin u at.o
(e.g. a pronot 67‘ "s*&&%%?ow B‘étFHY%pg@P‘genélraBW ﬁm‘“m glgr‘?e tf%“lg r‘}:ﬁ?g{‘@r"t he
genes to becommndedined. It is further devisable to stinulate the 30
respective pronotor sequence in order to overexpress - in the case of
Turner syndrone - the healthy functional allele and to corrpensate for

the i ssi ngHPX e eAn Dpen rreasling Eammieonf 876 bp exigefeam ohin Bhe desienahjopin at

achi eveg by i nSﬁEkbﬁ'& SX @) EHROH SFrdsh s 128 Hbabk 86 nhél&&de%7g1@/vymdmg an ase}e /
short stature % vi.a ho éﬁgus reconb nat i ora nces

according to t % frape ¢ Po‘i]?a’cﬁﬁc €$ S BE lfé?éjdp?%‘?m OP}BZR\IA tion
of sai d sequendaanscripom fiictor! B or SHOX8 prorifiiabspectively) ATha fuzai@si dtmrons

VO 98/ 14568 V is specific
PCT/ EP97/ 05355 g 5P

vect or system fohSHOX rtans putdtive prilyrdlesylation sipral ibaheiSédintranslated vegion is

i nvestisgations L{nﬁérhne% screening or identifying pharanceutical agents

whi ch are useful 1n the treatnent of di seases involved wth short
stature. If the animals positively respond to the adm nistration of a

tcs;]mdl d?t e qrwmeur%e Phe mlde %Hﬁ hréfigad aﬁﬁnolcma)@ n&roﬂmowatrha Pedidted
t hgr eDKIA Wol{start 0 trar(las altxsb% e%m%sat %uglggt? eek% t% the %erst m-fran}/e Sth ?%SAsrgans

nucleotides 613 - 615, yielding an open reading frame of 573 bp that encodes a predicted

are indicated with arrows. Exons I-IV are identical with SHOXa, exon

35 protein of 190 amino acids (designated as transcription factor C or SHOT protein,
respectively). The homeobox is boxed (starting from amino acid position 11 (Q) to 70



sequences of the present invention can also be used in genetic experinents
ai mng at finding nethods in order to conpensate for the | oss of genes
responsi biveodsm4ssdiort stature (knock-out aninals). 1@cTheryBodass t her
object of this invention, the DNA sequentes can al so be used to be
transforned into cells. These cells can be used for identifying

phar maceuti cal agents useful for the treatnent of diseases involved
with short stature, or for screening of such conmpounds or library of
conpounds. iate test system variations in the phenot ype

[Lnh an appropr .
or in the é‘ébm%&gﬁ‘r B t@rE BY the,gugeotde sequanreh e The dRGatippe@f iRFRIScRRe
al | owi ng 1indi¢ded w&ﬁrahbwsch%mfveifmmae@ndtm stemaldiifl fec3 afedtishatddrelidn
devel opment _of Har ceuti cal rugs. The DNA sequences of the
present in\?é%‘f’?d(% "8n al so be used for the design of appropri ate
primers which hybridize wwth segnents of the short stature genes or 20

[ragrmengs AL e0k RS o Sh R Da SO ONE ABPSARIL b8 BlY AETcdaNRNCeS

can be ==7on A e use 1'agnest’s  of ~peo
have a gen@pbitioneingbe nucleotide geguenery short stature. In this respect it is
noteworthy that the two nutations found occur at the identical

posi tion. suggesti ng. th%t a nutational hot spot exists. 25 I n general,

DNA sequenciicl Hesenlion of the h{l 're_sent invention are understood to

enbrace al SEGIMNG®NA .tlgiﬁﬁlat@ﬂl@ﬁl&ldr/;&ﬁicgﬁeqaétﬂzedﬂ'gﬁ@?dxﬁi@okﬂohﬁﬁ (spegp)‘l C i o
sequengeges . bas racy of the genetic code, or iC
hybr i dﬁge §F6%F§M§§m ﬁq5%3£8§‘&?$?§%5ﬁ h the specifically shown DNA

sequences. SEQID Nk eporeE &5 10) of eret $1d0 Xegemonpasses especially the

fol | owing 3eREEHNQ 4. exon INETHS) GiohesABYPARN nucl el c acid molecule =
encodi ng po Egtl des contalining a honeobox domain of sixty am no
aci ds havi r$§'-y Ha NOxi i exer 1 (G teperidee SHOSEEENED NO. 1 and having
L ggylEgt Iz /ng X Y ING. @ RxEYTRRE HOIMDX gene WO 98/ 14568 10 )
An i sol?ét e PP Gren VBRithesSHE $8enucl eoti de sequence essentially as

i ndi cat ed ISEQ D NQ, 8: préglimitarg huélegtidedseqadinde ©f flrcSHOKgeas shown in SEQ ID
NO 10, SE% 9_§id>pe 12 or SEQ I D NO 15. c) DNA nol ecul es
capabl e of yQ)PP(H\II(%I n 6 &A% DNA nol ecul es of item b). 5 d) DNA

mol ecul es SEQ IRINRQ)10a58Xavtequbncar(ececalgsafig. €)of  hybri di zation with the DNA
mol ecul es ;SfEthrN@.-11‘:“?1‘1§§cri§ti8ﬁf%?c¥r‘%k§'e@ af%B f@02y 70 [err]C and in the
a st andard bu

presence o fer sol utron. e) DNA nol ecul es
conpr i 3P ng SEQ I NGB 124 SH ¥ ueamuendedsearisafimiciol ogy of seventy
percent or JE@BN®I 13 aheriptich eRtdrd® (2equsFes)0f SEQ ID NO 10, SEQ ID NO

12 10 D 15and encodi ng a pol ypepti de having regul ating
activity oﬁﬁﬁiﬁ% II% lggzlO}‘*étﬂlﬁ/vt h. f) Human growth proteins having the

anm no aci d SEQUEMNE. b SHET bdqublize (3ds aldBfigrd) _ 16 or a functional
f ragnment tﬁ@&‘?%"%ﬁéﬁ gxi)anépigl;igrgﬁc?& @Ps.te?'eaﬁ??ljﬂ m i mmuni zati on of ani mals

w th human gr ns "of antigenic variants
t her eofs h) Pharmaceuti cal conpositions conprising hunman growth

pr ot ei ns org; i . f o . : ors
Causedl by Conri T, Bri eadns i, SRR il ERnb T6g; BRA LfuhBRL S

met hod of S¥ASSHMDAYNTRIION FO IS Presshk INVERtEY, it%bmgxqaﬂén@ (CHBIEHeafsOGgtion O

di sorders é@tiems with thMHelefiBf doallPiee MBIgRTs tb RN TURLtiGIOOPIhisSgene. Hethe prdsegt
messenger hybri di zi n nol ecul es gecrl ed in

| g to e &[}%ﬁ?f t he QNA
a) - e) so 3y SJUREEsERee oy U dwhddizaiam was used 10 pung, BEEPE%vel s
of the3DNAimetphasd mphotys muokee of Gixt pat@Enme Mheodimt Wwes hosést alll tosmids of the

overlapping set for their utility as FISH probes and to determine the breakpoint regions
in all four cases, thereby determining the minimal critical region for the short stature
gene.

35  Duplication and deletion of genomic DNA can be technically assessed by carefully
controlled quantitative PCR or dose estimation on Southern blots or by using RFLPs.



wi th that substance. ]) An expression vector or plasm d containing any

of the nucleic acid nol ecules 25 described in a) - e) above whi-ch
enabl es t{we dgMAsggo! ecul es to be expressed in @g#%

k) A nethod for the determ nation of thg gene or genes respon3|b

short stature in a biological sanple of body tissues or body
fluids. 30 In the nethod k) above, preferably nucleotide anplification
techni ques, e.g. PCR are used for detecting specific nucleotide
sequences known to persons skilled in the art, and descri bed, for

exanpl e Hovkdvet,i s patichrly 1i@ble miiahed &’ghagcmtbmﬁym%%gm l\i/n andh

Bi ol . [ ich are
i ncor por at %gg’le%@e oﬁ&qugﬁg %Hslt_elf g’r & I’!]"(Péa a?’l‘?l";sé(E g?’? ?555%?%“}1@ TRYRAC, SYheseas
sequences i gntsephase JlHHnahe puee rmhbancy @5presericesef reppleswlat enhrker sambences
SEQ I D No. S / 1456 i

BCT! EPO7/ 05§g5@d BSHD - métaphase  chromo¥¥hed! dhdpSfovide a feml qu.antxtaqu?
princi pl e measuregenty & uatessesaid geletienss Hed ppseeinveer amp| detenmineda thiat

det ecti ng d%leﬁ@ﬂﬁbf%bout 10&h tsw 85 RRASl mdacﬁcm) e shastebd@BThRriQVH i n a

bi ol ogi cal. are suit et short stature
alssoc?:it e(’ij%‘g}f)IEﬁcéS p@scﬂ%@a?lfglsegsﬁlgeegﬁﬁ ggéhﬁﬁ‘ é@?fqiﬁg mOSOoNg; F“H@r besai r s
accor di ng assoctaberl Witk smhil@randiaggr delétibas ibshetradecfrdm aSehsikipbeststy several

sui tabl e %egagfsregfiﬂ?% g@ﬁsqm &al afggg?ct [ ve or non-r adi oact | ve | abel _ S

carried out Sense priner Antisense
pri med® Product (bp) Ta ([err] C 5 -1 (&310) SP 1

ﬁgglz Subject of Jtﬁ’é present mvent1o§8are therefor? DNET%&mces or fé%ax%&ts thereof
ASP 3 which arezfpz.rt of the gengy y@pg@mle for humap qgq\g‘y‘g@)(or for shgp sgature,
ASP4 respectively} 340 case of genetic @efects in thedeVe&akS)B)Three genes r@Eb':onmble for

ASP 5

aSP & human grovsiivere identified: SH{0X, gTo2 %ﬁﬁ? PAYA stauenees 88 faamensi ons
for tA& profthese genes, as \8@1 ds the k‘Eﬁé’dﬁ@Aﬂmﬁgmﬂsﬂ]@'ﬁmﬁM@f these g8 can be

T RS o 53wt BB o 06

CCOGCAGGT GtreducsEmeerells in an gppropriate Wapes TCUGTEETATOG G IGhumans, s 2

CCCT CGACCHIIsEBIE X NP diseases MiwoRved witHSRoR(S e XL dres s drorﬁ@poﬁmodem
CTTCAGGT CCCCCCA CFA%ATCFTCAGA%AA%\AAA

5
GCTGCGCGG&%%’@EM ﬁ)r example shaph gamie gy be treated by removing the
PCT/ ERQ7/ ©&spb&tive mutated growth genes responsible for short stature. It is also podsible to

stimulate the respective genes which compensate the action of the genes responsible for

short stature, i.e. by inserting DNA sequences before. after or within the growth/short
stature genes in order to increase the expression of the healthy allels. By such
modifications of the genes, the growth/short stature genes become activated or silent,

25  respectively. This can be accomplished by inserting DNA sequences at appropriate sites
within or adjacent to the gene, so that these inserted DNA sequences interfere with the
growth/short stature genes and thereby activate or prevent their transcription. It is also
devisable to insert a regulatory element (e.g. a promotor sequence) before said growth
genes to stimulate the genes to become active. It is further devisable to stimulate the

30  respective promotor sequence in order to overexpress - in the case of Turner syndrome -
the healthy functional allele and to compensate for the missing allele. The modification of
genes can be generally achieved by inserting exogenous DNA sequences into the growth
gene / short stature gene via homologous recombination.

35 The DNA sequences according to the present invention can also be used for
transformation of said sequences into animals, such as mammals, via an appropriate



Also a si ngl e stranded RNA can be used as target. Methods for reversed

transcri bi ng : RNA into cDNA are also well known and described in

Sanbr ook etW | ecul ar Cl oni ng: A Laboratory Manual, New York,

Col d Spring gef?% Laboratory 1989. Al ternatively, prefSTEFITRESHods
for reversed transcription utilize ther mostabl e DNA 5 pol yner ases havi ng
RT activity. Further, the techni que descri bed before can be used
for selecting those person froma group of persons being of short
stature characterized by a genetic defect and which allows as a

consequence,, @(i 8P E\Ete?xp Ofiefd frﬁxq@tghﬁ Airhd1€ BAATRIL %1 ‘beltbed f%\r in luoo W&t@(xo@umrea
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di seases, Orosi s t hose di se

vt vest wr Sitheftes otdne SHERPRLORIGH ol H5 B0 SRt ety PIBRERTS SHAREw
used her ei nfinding methads in dxlet tit euitipenedte for the ldsh ef gerieg respbnsitde forsshom standret he
DNA nol ecul ﬂm?oQ gmﬂaggi ng. It is to be understood however, that this
termis not |ntene e so limting and, in fact, the present
invention relates to both naturally occurring and synthetically

pr epngiqio S?%@"hfﬁﬁtheaso ick | ofbidiisu tnﬂ@ﬁt%rpome mNtAhgeq%Iéh&éseéanpﬂE@% lxﬂ:dL e ber t.

e nol ecul es o i S i ntio u I s ene therap

i nvol ving t H&NY8 C{J%O&F Saﬁﬁg e@%%ﬁ b us %cﬁff'%r ts’reg‘bév@d GHuBE c?rgﬁf“isng
an appropri atsa"umtlfeezqmme:fﬁfaffdxseases ihvoieed wmgelhamatadﬁwmtfbemérﬁx?mmmhl |
expressi on pr t effects ex sion an.host cell.
St bt e noSPBRRE & Braf e CryBef iRy e et apy Pl ey SR calfcli e 68
host cells ahemt}"ncrorexahqwr@resmn@ettﬁm dBabésk Icalls enibei detemingddtheredy kilding By
transfegsi ”%e"'ﬁ%ﬂnﬁcanon ‘6? ikt reWirdgh z[n%ﬂ‘ia&ec %%b?xtsofn' ﬂﬁe%hlﬁgmgﬁt%'ﬂ @&?ﬁh&%ﬂcal
adaptable to the host, that is, asm vectors containi epI I cation
starting poﬂﬁ%gsand regul at or sequences t hese host cells can

transfected with the desired gene or cDNA. Such vectors are pref erably

t hose havin uence. t.hat provides.the tr ected cells w.th
property (p%@ &yéefe%@nﬁm.%“ﬁe sent ‘""E%fff’“béa% S@c{"’ed‘se‘gcf?r &85, fstign ‘?for
E. coli hostappfopsatst pxamerszhxchI hybfitizei svithy pégtrantsy oﬁstéel short statunel demes tdne
vect or th ﬁﬁﬂ I s 35
for sui ?gbl Z’raﬁlr?’g'rgr%t%é?% Ep g@,ﬂ hos 1031;?6%%?% pro ﬁﬂm %@%6&3%0 ct))(rg or
| pp pr onpt oronstructed| wh:@bsarc eaeﬁxée@rtbmdoagnoﬂs tdrfepmb?r i eave pr geniic defesugh
the cel | merBidMesHoRtfEreCld B8 RSpect it is notewom%mmutanons found oceur
PCT/ EP97/ 0535%i

by connect i AbS iEMACYROSHIRR SUSBEAIIAG thas 2 mutatignshhotwpt F’Hgssequence at the 5
upstream si de of the gene. Eucaryotl c host cells include cells derived
from veyrt ebrat es ertebrate host ce el
o be fbed It canpl. Y5 seqpengess hdoorghy " brestt fviilin, S bagetiied o
pronot ers cambkmewdmd switi DIN/arsequanses ivdidd afe' degesieraennmo dhe tsherific sequgaces t 0
be expresseg, R t

transcripti gn&?grgr%l nd ?’gt ge&%d«f 3f te Bgﬁétfc %gtorg\ﬁisu}cﬂ??g?%& ‘?’?&{ gtr%gg%t B
and C of theopditamnvith Wéﬁ@qlwnﬁého‘fé@%éequéﬂ%seat di sorders caused
by nutations in the human growth genes and can be used as growh 10

pr onot i g& aq_%nts Due tq the pol ynor phi sm kno in the case of eukaryotic
genes, e 1ne presgpt Ipynton AAGHINRIETY SSPRSIAIY AhefoHQWING ASRRFIS' Al so, one or nore
am no acids in the pol ypeptl des can be deI eted or inserted at one or
nore sites in the. amn acid seq o] ,des of. EQID
N 13 13 60 18 R B RRRIE R anejemf neging PolfiBlie Sateigite

equi val ent pol yipapdbakedorasn Ioﬁsgr;aa;minloeacmd'xawinglthgaﬂmml xil seqbiermeidfiSHQ YD of

the 15 unmodig el ROLARGRELIGIEIRAS oF $553h bRk, unchanged.




The present invention is illustrated by the foll ow ng exanpl es.

Exanple 1 20 Patients. - - Al
six patie i ed had de novo sex chronpbsone aberration CCis
a girl wwaﬁﬁgﬁyotype 45 X/ 46, X psu digc (X) (Xqter [err]SszIBl?@ss)s( 22.3
[err] 25 Xqter). At the last examination at 6 1/2 years of age, her

hei ght was 114 cm (25 - 50 the % percentile). Her nother's hei ght was
155 cm the father was not avail able for anal ysis. For details, see
Henke et al., 1991. GAis agirl with a karyotype 46, X der X (3pter

[err] I 3p2%y: MZs&at[e&rDNAXQﬁ@éc)ule Aontpriging athie ﬂﬁbleotxdxamquameoessemnaﬂy gsgars
normal st atur.e ve cm
and her fat hépdlégta ﬁ% %@2 %Irgo %ndtl_g‘i)fémfvg%ehﬁﬁp afgﬁg ieﬁtNg',mlgg@.
SSis a girl IDNO: demrS;EQ@N(MGSX rea (X) (ther [err] Xq26 :: Xp22.3

[err] Xq26; ) Dl\%{%r}n&lecules @gﬁ@lg 'of hﬁdéﬁ% oPWehlbg. 3rd
ich

percentlle gro her 35 pr.edj ct d hei ght
(148. 5 5cmdmaBNdemolechles of i mrg ahevey 2%049ﬁ?1€é>£dwm41§?ét°nr‘§'§#b§‘e%&‘4 (155

to 191 em . Fapled@babf RemSEQindBRh deRperatute oft 882.70 °C and in: thé@e@&icélkﬂ'ﬁﬂ
PCT/ EP97/ 05355

AK is a girl endrdbelersgluipe 46, X rea (X) (Xqter [err] Xp22.3 Xp22 3 [err]
Xp21.3:). &t DNA nﬂo?ecm&arc@nimsmga gindleotiRiresequahcd daang tahbordoldgy of seventy e

growt h curve for i | 425 8 cm
was bel ow herP "tﬁ?’éé‘?%@ {’H‘ %C?OE% pe%H e%? ﬁé%% o %(??2#% 2 163.5

en). Fur detaot SEGER P@atSanétenmdmg agelspepttde havmg ngulzttme aréawgbb@rybtem@ﬁ t he
ring Y patien ro'vﬁh46 X, r(Y)/ 46, Xdic r(Y)/45, X[95 3:2], as exan ned on

100 | ynmphocyt®s; at 16 years of age his, fin he| ht s

of hi § t Homen grewthareteisdiaying theaming ag Sr?ave 5&62@93@%9@??& %

%ea[ﬁ bg;)t heqﬁg)aﬂmoﬂpﬁagmem(tﬁgre{yeagst brotlher 2]2 ?nd 128 cm (9 years,
r ot her respect.i ve ret.ardation

severe thad) i MM‘%F %‘?‘é‘(‘ie‘g}gc’%%ﬁ?’?‘ﬁ @nvﬁfoaﬁméﬁ s 2t }Hr%aﬁ‘ﬁrggﬁ gf&gh§8

t he GO | ocusiterm ﬁ(qr antigenic vlanﬁﬁts_ theseofi t h at axi a and i nv(X); nornmal height

Cespact voh. FmbenRLETohpglfoRsEqfles Junat B AR NP o ppncions

respective Ton anafysi s (é

i ndi vi dual s~ wiragments dhexedf] for tieating disondarsecaugsdebyt aenede mMusptians(of the human,

SHOXa. The “((H}ghcents were sel ected on the follow ng criteria: height
a

oo e o eSS b o Rl Sl
known. 20 n par hieatib®dd abdeé GRder Wweingti)icotdpeisipt fd)etefcnmg gmsdzagerm hybridizing to

o paychi at r & of e TR Rlefules Mebpdd B0 o foiRnf eeglie e e“m%%“%’ﬁtyﬁ‘ﬁf

or growt h hor menexpdeskionilevetsyaf the DNA mdlecnlel ip mspogsa to teepsment| of thei host gl

short stature a German non-consangui neous famly. The
boy (case 1) \%é@n %tdsﬁ\lggf&{h 38th week of ,gestati ofn by sarlgg

Birth wei git An exprgsiom ge@oy or HilasmHd | mtpimng Any Rf the B‘lﬁieé

except 2§ or sulypQiiked nWa?Wte,l) above wm@lerﬁ’é&ﬁltﬁﬁﬂ)m madlediies angbe @i:prﬁss&dymar s,

he was proporti onaglgnsce | (106.8 -2.6 SDS)

k) A method for the determination of the gene or genes responsible for short stature in
a biological sample of body tissues or body fluids.

30 In the method k) above, preferably nucleotide amplification techniques, e.g. PCR, are
used for detecting specific nucleotide sequences known to persons skilled in the art, and
described, for example, by Mullis et al. 1986, Cold Spring Harbor Symposium Quant.
Biol. 51, 263-273, and Saiki et al., 1988, Science 239, 487-491, which are incorporated
herein by reference. The short stature nucleotide sequences to be determined are mainly

35  those represented by sequences SEQ ID No. 2 to SEQ ID No. 7.



and obese (22.7 kg), but otherwi se normal. H's bone age was not retarded (6
yrs) and 30 "bone dyspl asia was excluded by X-ray analysis. IG-1 and

| GFBP- 3 | swebsv14s68 Wel | as thyroid paranmeters in serunpgppgeseds{sH or
t hyroi d hornone deficiency unlikely. Thel girl (case 2) was born at
term by cesarian section. Birth weight was 2920 g, birth |l ength 47
cm Her devel opnental m | estones were normal, but by the age of 12 nonths
poor growt h was apparent (length: 67 cm -3.0 SDS). At 4 years she
was 89.6 cmof height (- 35 3.6 SDS). No dysnorphic features or

dyspr opor t Iroprencipde, @lla;ingammlﬂotxdsmgmmndmmhﬁbé’sleamphﬁ/mg end dugytingegenstine age

‘S’gls 12528ye€£1§ct%§’p&9?3?e Y SBinftiinad WRtnaRgrbWaEH: a BIOIJERAE sample are suitabfe for

PCT/ EP97/ 0&mBlifying a target short stature associated sequence. Especially, suitablejexon specific
par amet er Sp%éﬁpﬂﬂrd&brdxdzttoltﬁe inVeRticiSire Movided ) RbleNAtSUBSIqNeltRe aGuithbland

t he boy gr ercenti ve, for females with Turner
syndr orre %ﬁgmfﬂf‘t ﬁ@ralr%de ?‘nggor noré’f?gfqaﬁg‘feolvﬁgt'%‘?"?%ﬂﬁ‘fy and has a nild

rhi zomel i ¢ dysproportion (142.3 cm -3.8 SDS). One of her two sisters
(150 cm % §0S) and the maternal grandmother (153 cm, -2.0 5 SDS) are
all short ut any dysproportion. One sister has normal stature (167 cm
+0.4 SDS). The father's height is 166 cm (-1.8 SDS) and the maternal

gr andf at her! height s 165 .cm (-1 9 SDS) he other. pa f

Japanese ¢ri gi Bxemd sHofheesetprémer Andmc pammtﬁmmt (bP)lo Ta (°C)
Exanple 2 IILI_IILG.LIU TS
gene Al ﬁq-?lé)i)u hybrSFcFi zatijon 15A§1§ a) |FI orér(s%ence in s1q
hybri di zati og.( fd33td) klpor escence i ggpht u hybri dhgation (FI S§§ usipg
cosmds residing in the Xp/Yp pseudoaut osomal region (|PARI) was
carried olt. HI(&I98)udi es 8®ixng cagsm dsABBB75cos 262 LLNL[c 11 TvA3Q3 |

E22 2¢2 110A7 MY/ 70 10E3)|, 20 43C11
PO9COS EL N)Lélf@%(i:gf.( ﬁ% (I CRFc(lzggﬁé%ZS) )F20c35 (CgZS), & cos
(1 CRFC10400413) (G f3§0S2 (9@ F3cosl (A3FB), PYl7cogsk P@:osl

(I CRFc104®0117), P6C092 (LL Lc110E0625) and E4cas (15Gr) s carried olut

accor di ng it o auSHQX®d net Is®ds (LijchterA8Ré Crener. 2682). ohe
m cr ogr amtef of t-he- rncnnhf ve—closi-d—-cl-one-Wa and

hybridi zed to human net aphase 25  chronosones under condltl ons that

suppre Si r %M nces. Detection of the
hybr i dli;(;at I %%a?lonéﬁ?mm%@?&at"ﬁﬁ - con?urgg ed avidin. Imges of FITC

were takensbyl usi NgTEITCOAATGGRAANARGCGINRAUTAG ce camera system
(Photonetrics si cal mappi ng Cosm ds

SO
were deri v§B—fromAE§ﬁ@T\EET@TMQﬁﬁA@GN§T)T3ﬂ' Laboratory X- and Y-
chr onosone L, brari ncer Research Fund London (now Max
Pl anck b I nstlﬁggmﬁ%{:m%ﬁﬁeti cs Berlin) X chronosome library.

Usi ng cosmigpig di St@GdN:TTCACA@E‘f@J;FCT@PGE*I‘ICE%OS P6cos2. P6cosl. Pll7cos

and F3cosl one can determ ne that two copies are still present of
E4cos, P6cé®3, PGCGQAM@AéAWGTCQgTTJ& and F3cosl . Breakpoints
of | boLh Pakhgnt s AKCRREASTRE AIcEIAGTGeos! » vith vo
PCT/EP97/ 0238 . CGCCTCCGCCGTTACCGTCCTTG 16

ASP2 : CCCTGGAGCCGGCGCGCAAAG

ASP3 : CCCCGCCCCCGCCCCCGG

ASP4 : CTTCAGGTCCCCCCAGTCCCG

ASP S5 : CTAGGGATCTTCAGAGGAAGAAAAAG
ASP6 : GCTGCGCGGCGGGTCAGAGCCCCAG



maxi mum physi cal di stance of 10 kb from each other. It was concl uded t hat
t he abnor mal X chronmosones of AK and SS have del eted about 630 kb of
DNA. wo d8i4sber cosmids were derived fromthe | CRF X c ﬁ&rﬁgsss
specific cosmd library 5 (I CRFc104);; the Lawence Li ver nor e

chronmosone specific cosmd library (LLNLc110) and the Y chronosone
specific library (LLCO3'M), as well as froma self- made cosm d

| i brary covering the entire genonme. Cosmids were identified by
hybridisation with all known probes mapping to this region and by using
entire YAQSls@sa smgle sriafdISRN ROcatebé ﬁyedoa/s%fah'@@SMeﬂ’f&s lféxohﬁérs%d! QfnSeibRigal

cost . MRAURAS cORG3ACHp Tkl S SRR SEMb RS 5 aBASETR, U O

anal ysi s USloniggdi4f f.ebemtorp ddanimbuNewoNerk,n@oke Spritign Hapbarv Latestaer dewe

Dxvs20 15 A(ARdel softefrdl plufith R VOREad R in Wik ooyl A

co
confi r i t Hodvmerases Aaviep BT activit.o refine the breakpoint |ocation, cosm ds

64/ 75cos, E22cos F1/ 14cos, ML/ 70cos, F2cos, P99F2cos and P99cos were
used as FI pro The brea| Ioca ion on the | abnor mal X of
pati ent gﬁ @Bglﬁvaéeml}g%@s re Gk be &5 fornwsleeting shase pefspp from a

copi es) orgrbxlipe oE&Ei%ﬁ:s bemg (bf%oﬁleit@uum Blm‘actaaéddew a(@enedid defeor BRd wiicht ur e
20 consegquent |

% has | ost ?’Wrox &/% 0- 290{kb ‘of DNA. Sout hern
bl ot hybriZiP¥3EF BALIRAVECE A8 SPESHHC BeRY §552 WS ngency conditions in
Chur cHO buffer (0.5 MNaPi pH 7.2, 7% SDS. 1nM EDTA) at 65[err] C and

hed i
oty ol e PR A iy sl RO CIR S,
16 kb) werused as pfﬁsymwarlgaédaseats@lf hepth daseintionoheiass lmﬂ@tm s tstifhuneinewn

| ynphocyt egsdafie rwtbﬁcﬂ@&xéal WA on 2 md;&ﬁmrtle@n%l@wedaﬁm{ hbn‘ﬂﬁ'n I&F&WhOII‘ﬁE%
(Lichter and Crerre ed probe 3

1 % The EI’I é/va tected Y
e CoasimsctT Finpsona) fragmentihises! R B RUSEFDE <eet on gyarobereiiar o
per f orlded Espe&ﬂlyf, ehay| have calnwmgemntﬁ‘enu Mithed @@n |bg -uded im chet Bequnahteof Béhepnol

of each pr rr C . | [err 75 .

nMTri s/ Hddlgégées g& Lg rr%\/l%s?%oé(?srig%% eg%e 8}1)6&38 vggﬂ \(/i%g%féelﬁ%v%ingmf U of
Gol dst ar M@éﬂ%ﬁ%@ne calciun{ fagulatiemt ec) . Thermal cycling was carried out
in a Thernocycl er GeneE (Techne). WO 98/ 14568

PCT/ EP97/ 05355 X . . .. .. 17 f)
Exon Anpl i49 #sgdihgeein, the tepg yisolatrdnirafesde the eugisnlderivgrion ofshe PNAmolacyler  ve
cl onegof r ?iyldld}ﬁng?QSxﬁltéibQQﬁﬂdrS}Sod\ﬁbﬁever thatkhRdefn® (s Mﬁﬁemké bt s@lin@thg
exper i men

Th n_ea artia st ed
o T saus Aol fagh AR it EdroR SR aebn A a T 319 spheFE) oned
in 5 temacdieqentiegestvall bp SRiGBo0d by dhe ﬂdﬂlﬂdrpeaﬂtonaﬂx thel®®95) and used for
t he exon anplification experinments as previously described (Church et
al ., 1994). g) Genom ¢ Sequenci ng Soni ficated fragnents of the

two cosni dEheLIE@m@jsmem@ Inyggtiarpmay be axadamdonmsf Eeneiieeapyunalvpg the
separ @sel Yusk B gn M;ﬁaamo% Selid bﬁe afed QY xﬁ@eﬁboratmq af meﬂqéw N Xeql‘fenéeeéfs'[

R e GV I
( MAG Bi oTendmmalildnchogetel. \Bartsble lhnstom:uxABn‘e grédargeti! enexafaSyomcbenkatPaomycmc
RN host cell® r;1(rje,efdr E)?a%xp €, l? coh ﬁ%c‘:l ussubflfid ql]n& %ea Hl-?er.])By t]ignsfecting host
cells with replicons originating from species adaptable to the host, that is, plasmid
30  vectors containing replication starting point and regulator sequences, these host cells can
be transfected with the desired gene or cDNA. Such vectors are preferably those having
a sequence that provides the transfected cells with a property (phenotype) by which they
can be selected. For example, for E. coli hosts the strain E. coli K12 is typically used,
and for the vector either pPBR322 or pUC plasmids can be generally employed. Examples
35  for suitable promotors for E. coli hosts are trp promotor, lac promotor or ipp promotor.
If desired, secretion of the expression product through the cell membrane can be effected



O all si.x patients, GA had the |east well characterized chronosonal

breakpoi nt. The nost distal nmarkers previously tested for their
presence WO 88/K486% e on the X were DXS1060 and DXS996, RET/ERIIESASS
approximately 6 Mo fromthe tel onere (NdBson et al .. 1995). Several

cosm ds containing different gene sequences fromwthin PAR 20 ( MC2,
ANT3, CSF2RA. and XE7) were tested and all were present on the
transl ocat i on chronmosone. Cosmids fromw thin the short stature

critical ion e. r onosone, t her ey cing the transl ocation
br eakpoi nt gﬁo%escﬁﬁﬂ alﬁﬂmﬁgeﬂcﬁcaﬁ’éﬁtf?’f 4 eB“g ¢ ¥ i3 87F O URSHSA®; gnal
i nt ensi ti esidefof\thé dena sEdatyatierhdsh eellsoinciate aelld ddrived droni angelstates or yéast

Igg;jllzgtégs %&atAggp\Fe%b%e EJ)Q{ ceﬂ,%ﬁ Eeri'l Taff B2 msgd (éelgellﬁtle% %/lé%ﬁro 5\4\15)5

18 CH®Icell® Preferably, promotors can be used which areQ@®sitioned 5" upstrea@Pof the

'i‘K I\/[L )g%e to>Be express@é1 / Zxéicch%vmg RN}‘ézﬁﬁeﬁlg ( Egsmgﬁy 1écggﬁienylatxon and

+ transcnpmon terminatign peqenees. P99cos

+ B6cos + F20cos

EZlcos Thg?’t(r:a%fégription fa%éggg & and C mP gh%?;():rggqpt invenfi)g)x? %_Sg,xh be usedig.freat
Tabl e 2: dhosderabiged lhslim‘mlit'aﬂ@r& ihtee Fufian dadwathf Qafnei hrd tén boswedias gasitid on
f our L adi cat es that
the r espec prem otx &?ﬁegg béle E&% l%et %(vaﬂf&hﬁgl knowrl inthe 2456 ocf%m[arvotlgc %ﬁf\?% g d N

but presenpranowhenmmr aeids Xnah benaubstimted. Also, one or mofer ajnintonvacide pinethe

i ndi cat es tpg%eﬁtﬁlﬁss fcan B@%Efe}’e‘aﬁqliggrgd'a? oRE BF fildre Sifkestif$he axru(m ﬁcxdbsequﬁnce

rearranged’a poi nt

regi on; i n@f dkg é@lypﬁﬁtdeﬁ e BESLKBINGY lécé%n% i t Apeh pﬁ@pqudes are generally
cosm d as séremed by eEbISHem olypeptii®s &4/[OHRIa% thé hﬁd&ﬁﬁr@c&bmzxc@ﬂﬁélﬁﬁtﬁopmél X
pat i en W th Eﬂﬁg [m ‘g}a rearrang nt s usi ng florescence-| abel ed
cosmi d r oHBE0 iPRIYPERYASTS ANy eSSl UnARangetes that the short 15
stature critical region can be narrowed down to a 270 kb interval, bounded

by the The present invention is illustrated by the following examples.

Example ]
20 Patients

All six patients studied had de novo sex chromosome aberrations.

CC is a girl with a karyotype 45,X/46,X psu dic (X) (Xqter — Xp22.3::Xp22.3 —

25  Xgqter). At the last examination at 6 1/2 years of age, her height was 114 cm (25 - 50 the
% percentile). Her mother's height was 155 cm, the father was not available for analysis.
For details, see Henke et al., 1991.

GA is a girl with a karyotype 46,X der X (3pter — 3p23::Xp22.3 — Xqter). At the last
30 examination at 17 years, normal stature (159 cm) was observed. Her mother's height is
160 cm and her father's height 182 cm. For details. see Kulharva et al, 1995.

SS is a girl with a karyotype 46,X rea (X) (Xqter —» Xq26 :: Xp22.3 — Xqg26:). At 11
years her height remained below the 3rd percentile growth curve for Japanese girls; her

35  predicted adult height (148.5 cm) was below her target height (163 c¢m) and target range
(155 to 191 em). For details. see Ogata et alt, 1992.



WD 98/ 14568

PCT/ EP97/ 05355 19
br eakpoi nW@P8/ptics ent GA fromits centronere distal side anechyppaisgsgnts AK
and SS on its centronmere proximal $4de. Genot ype- phenot ype

correlations may be informative and have been chosen to delineate 5 t he
short stature critical interval on the human X and Y chronosone. In the
present study FI SH anal ysi s was used to study netaphase spreads and

i nt er phase nucl ei  of nphocytes from patients carrying_del eti ons and

t ransl ocat Adhis Bogirk wigh X‘@W@fﬁ?s‘lﬁ% rea (X) (¥gtar b SPRBcH MP32vli thXRZKPA2AS.
(Tgﬁse 3r§g‘19%£}§%eﬂﬁﬂg}ﬁrrehﬁm9@ belowsiRrAd ¢ e?ce;l'MR AbwitthBurve for JdpRhkse A ét entl 3
an re presen s predi Sposjng to

chr omsom%ﬁﬁgﬁaﬁﬁgéﬁéﬁ% hmégocdmweﬁm(fmﬁiﬁ metﬁaewgt {5 ﬁa%c‘ﬁg feEgshd
with an rangei( MZES - 163.5 @) Fortdeeaild /€2e l0xatd dttalic 8995 egi on, thereby reduci ng
the critical interval to a 170 kb regi on. By correlating the

hei ght of all six individuals with their deletion breakpoint, an interval
15  of 178 bthedarymypedd the ning WY rpatite 9 s46HoYiY 46 il r(YoMiSoX953rsence or

b f |
?Ssggﬁﬁ dce) d eﬁammﬁd \9@1}'15?} lﬁ?@o% arh s 'ygeﬁgtof Qé(é ﬁgtﬂnﬁr}}e@hﬁwg §48: Eﬁé ﬁexhg‘lﬁgﬂ‘va
fromthe t élsdh@ieé’f?tkﬁftsére} alhmstﬁxampyn%lrrangwwmyo cm ( 16b'ﬁerak®r@rhw§),olr64p% ents

AT and RY ai4 5ddoé, 26thkib2 Mixidet 280X RAds broTKEr%)a&ﬂ)&ﬂﬁaﬁtGromh reﬁﬁmbht ut es
a considerahl.e reduction of the.criti

t t
"t 2010 pOBUSRAUEE! 15,50 Geyese thab it wpuld a@@@'ﬁ%@%@ ufth 3 Rdaitigagydelshog )

set of si Xtha)Géingtumszqu are now avail able for FISH experi rrent s to
test for the preval ence and significance of this genom ¢ | ocus on a
| arge series of patients with idiopathic short stature. B.

| denti fi catilorboyfwitthetatiaradd dew(X):Stesmal Bightofd 1Gemeaage 7, parenTy hetgtscaref or
transcriptijgg cHPhﬁ@l%&ﬁ'ﬂéfﬁé&ﬁyéﬁm | est 170 kb critical region. exon

trap |ng and cDNA sel'ection on six cosmds (110E3, F2cos. 43Cl1,
P2410, '15D10, 34F5) was carried out. Three different positive clones
(ET93, ET4%Pages fEkQﬁltat‘\f" #alve@l at ed by exon trapping, all of which

db . P t udi ct
ot ocol o a0 nivaite sdhfiopshiy Ve wibHC 1Rk R dar PhieR i SB0RR TR
unsuccessf phtierssiggesseaantpdt drathefelh@ging reritdnias heipbtefor ahroaolegenlpaﬂes&adbmWV ery

| ow abundapgy 5, gentile of-';ﬁnfahﬂdne?éh? s\mﬁmg Bgtlﬁ}%é %}S&EE’% T nd@s

m ssed, the nuc %%nce _ i fromt |s re |on of
the PARD msusa@mﬂwmdvas M. i partigwan moned weeht denstioforgastajenal age,

term nat or nehRiNbRHY kSropE%rﬁmtﬂfém’E dga?xﬁﬂ&l%?ﬁé‘r AbRhaY fdodl Mﬁk@ o A9 Etiatkio

mnimally over aﬁ hﬁﬁ g to collectivel an e critical
i nterval . réer no skepeteﬁ al gygger. no thyroid or growt %%rm ne d clency.

PCT/ EP97/ 05355 20

sequence ang s and subsequent protein prediction by the "X Gail"
program vm-@#gn& 1.3c as well as by the exon-trapping program FEXHB
were cabri dersesul anhd acoslidrt setired Fhildren of3a Greempm ned-gonshegreoys damily. Nde

protei n- co@;gpqc&eng%w&tm al wnm%wke%f' g&gamsn 'bzcﬂeéérfa‘ﬂ section. B}Rh G4 be

det ect ed tion of re Candi date CGene

Assuni ng t s 2860 g it leagdnd T rondle derotopetnanmally exesmygon ebnegmpel %P“?}he

sanme gene, On examination at the age of 6.4 years, he was proportionate small (106.8 cm, -2.6 SDS)
and obese (22.7 kg), but otherwise normal. His bone age was not retarded (6 yrs) and

30  bone dysplasia was excluded by X-ray analysis. IGF-1 and IGFBP-3 levels as well as

thvroid parameters in serum rendered GH or thyroid hormone deficiency unlikely. The
girl (case 2) was born at term by cesarian section. Birth weight was 2920 g, birth length
47 c¢m. Her developmental milestones were normal, but by the age of 12 months poor
growth was apparent (length: 67 cm, -3.0 SDS). At 4 years she was 89.6 cm of height (-
3.6 SDS). No dysmorphic features or dysproportions were apparent. She was not obese
(13 kg). Her bone age was 3.5 years and bone dysplasia was excluded. Hormone

L)
LN



they were used collectively as probes to screen 14 different cDNA libraries
from 12 1Qo ogfiskdserent fetal (lung, liver, brain 1 and 2) apg,r&gy.}/(;ﬁgg ssues
(ovary, placenta | and 2, fibroblagd, skeletal nuscle, bone narrow,
brain, brain stem hypothal anmus, pituitary). Not a single clone anong
approximately 14 mllion plated clones was detected. To isolate the
full-length transcript. 3 and 5 RACE were carried out. For 3" RACE, priners
from exon GL08 were used on RNA from pl acenta, skeletal muscle and
bone_ marr Qyrdrhd1e@hlére ndrmdlSIt ib hrﬁéﬂéﬁ%\ e Gl ovathestinand tiee bey gropr essed

e o Solrecendly groath AR e B fewalea.wx?%?sﬁt@ sitdrofl, 4t Tndtfér Nl O™

exi st. Thenialestdiffthe fanily find hes wanidd ridzoredicStiErropamibrSHARB cm, -3.8 SD)o

i ncrease n tQ i {0 be
expr essed SF}ie[r t?lo 5%9%??155% ?Eﬁg%&%ng’ twﬁ%{e%mgga@?%gﬁé 'Fﬁ))é‘{?]l rzg(% i noi ¢
aci d afd p$RFbate alkshort wighout anv dymppoporiinn. Qnensistar hardnerapl sayre (164 cBnd  RNA
from pl acepy DNﬁ‘s%b%%' alRl s e @:s W%Esec cé 1.8 WISS) A tﬂé"ﬁla&@mtg’rﬂﬁfmﬁé}’ of a

" Mar at hon rary'. ldenti cal g% Eiplﬁsﬁ%a‘ﬁt ed
from al | thﬂlgé‘é ig ﬂ@%ﬁ@s( 1.9 8I3S). T@@P?rn@ﬁ‘%‘l Wwat 8 pese origin an 8 cDNA
Li brary Cqogedticdcibffion. Human pol yA RNA of heart, pancreas, placenta,
skel etal muscle, fetal kidney and |iver was purchased from Cl ont ech.
Total RNA was isolated froma bone marrow fi brobl ast 30 cell Iine with
TRI ZO1¢or eagent (G bco-BRL) as described by the manufacturer. First
strand cDNA synthesis was perfornmed w,kth . fhe Superscript first strand cDNA

synt hesi s kit (G bco-BRL) start‘r‘rTg'va't h 100 ng pol yA RNA or |O[err]g
total RNA using oligo(dt)- Identificasigamfahe shortngsgture gene

( GGCCACGCGTCGACTAGTAC dT] [err] N. After first strand cDNA synt hesi s
the reaction mx was diluted 1/10. For further PCR experinments 5[err]l of
this 35 Ailnsiudperdigauonsed. WD 98/ 14568

PCT/ EPS7/ 05355 21 A

" Mar at hon | i brar from skel etal nuscle and pl acenta
pol yARNA V\?C)[ ‘Eeﬁ%enﬁﬁf‘%?w\gﬁ%e&@ oaﬂr%i%ﬁ cation kit (dontech) as described
by the Flomsnerfcac irursitu. hybridizationet(RISHr aising( casmidegresidings0nsHye, Frial

| ung (HL?%%%{{L%@@' 14%&@%1) Rt Bidie Yut, FISH%@&@E {3kl ORRMAs 841d5cos

hypot hal f h.
e L ibHos i coHases G £V Q0T o 90 SR

]burran zéDNAmchn% P9D@6§e|(LLﬁLQmCﬁN§h)lQ)_F@'rgad)s_bW$CREcm3m4IZEbrE?;Qcowi@%v i Bed
romthe n I Q. ect u .
s uCHEI G B, o ElhEsT (TR RERIGETABL Becost O,

sequence ARalSSi
SHOXa and ammlomg7anaea320(mmmgﬁaé3ﬁnbn®&4ws (ISGmmsysargxe f out

sequences fro I Ty 0 15

frame of 18%0" mg ?%WE ?ﬁ%ig’?ghtgg%Q %me\?/as |7c§ien ?Fegﬁgﬂfgﬁa?ﬂd in

t wo pthet resmtlvﬁ coxpid (cl@lﬂ@xs@s lamedzwsh épmtﬁba@ch\fééld{zsﬁ@(hyma%merﬁp as

transcgs pt ? gﬁﬁSlsz §H@€recondmon§l tﬁ&“mblﬁre'@s ehalsfedm h%yﬁxtﬁ/edDNfAeﬁdannde&St
I.n

3' exon, g suggest)ye he, use al ter at| ve Y
si gnal s. ADGEﬁ?EP’étoé thy hﬁ?ﬁ%ﬁ‘obét%'ewai H’é E% EPoMpERt ages Osfequgnced

genom c  RNfe takehr®Musing 0gobld8 chatdeQYANpPLEAL" MEvidd Ddfiera syrsd:HQQPhotomemcs
LLOYNC3" M %4F5 achi eved, allow ng establishnment of the exon-intron

structure ( ig.4). The gene is conposed of 6 exons ranging in size
from58 bp (exon I1l) to 1146 bp (exon Va). Exon | contains a

CpG i skand don and the 5 region. A stop codon as well as
the 3 é@noﬁéﬁﬁ%lﬁ ﬂ{ag?lﬁg is located in each of the alternati vel)%/ Sl?(l iged
exons Va aﬁ?@smbis pre derived from Lawrence Livermore National Laboratory X- and Y-

chromosome libraries and the Imperial Cancer Research Fund London (now Max Planck
Institute for Molecular Genetics Berlin) X chromosome library. Using cosmids distal to
DXYS15, namely E4cos, Pécos2, Pécosl, P117cos and F3cos! one can determine that
35  two copies are still present of Edcos, Pécos2, Pécosl and one copy of P117cos and
F3cosl. Breakpoints of both patients AK and SSmap on cosmid Pécosl, with a




Exampl e 3 Two cDNAs have been identified which map to the 160 kb
region identified as critical 30 for short stature. These cDNAs. correspond
to the gemas9sa48i8 and pET92. The cDNAs were identifiedp®yEbdfs3ss
hybridi zati on of subclones of the cosmigs to cDNA |ibraries.

Enpl oyi ng the set of cosmd clones with conplete coverage of the critical

regi on has now provi ded the genetic material to identify the causative
gene. Positional cloning 35 projects ainmed at the isolation of the genes
fromthis region are done by exon trapping WO 98/ 14568

PCT/ EP97/ Olﬁsﬁﬁm_m physical digtance of 10 kb fro_m each other. It was concludgd that t_he abnormal
and cDNA SX'cﬁFcfrh%r&e?%?M@HﬁSS%hﬁ% déletddipofif 6%611?6 GebR@Ation within the
ona region, t

pseudoaut 0s ese genes can be assuned to escape
X-inactivation and to exert a dosage effect. The cl oning of the gene

lrgg(rjiagg :gF atc@gx?kg‘?@rg for\i\grd i?\heéi a ngt?:ih{:&g%%ﬁe;?eemg}c&??ﬁ% rl]ibrat e
basi s fg(;r (IE}JFC%‘BM thsn dawgengey diteerore, tcﬁ’éo"@%sﬁé’ebfpéé.{@c. .%‘?%S eh&aﬂénd
co gf or mat i g_rLl‘ﬂodMUy)amihﬁﬂﬂ phrorxoécSﬁQEbh ecifichibsaitygl (LLOO03 M 1)pas well & ﬁthaSseEene

and its subsequent .bigchen cal . chayracterizati on .nas_ogpened . y to
a deeper uﬁ%g? s‘fogﬁ‘ﬂﬁ? n@”%’?’ 55‘6‘?"8’@ 3@‘? 0t 2LREE n?,%ﬁﬂe}g% ‘lvnr%g r’%\?\}(nheg X‘}"?‘
control . 1kybridisatigihwitbl knewnqmeless médppingetophisgegion and by uiiog eptireVY 4€s as f i r st
nmol ecul ar t1Q, d RNt Yo IR i : i<bd I \Chi

i sor der W ERE T hokyrps, end gl ok @Braf bt GRRAIsch fr SRRCH hich

i di opatthi cowssiaps cauld noy ke provamusing known probes.

Exanpl e 4 Expression Pattern of SHOXa and

SHOXb Nort hern bl ot,. anal ysis using single exons as hybridisation
probes rev® $C§ﬂﬁ%{“gl?‘f]g¥bé‘r‘}fsa§®“ expression profile for every exon,
strongly sBogaetni bigt aduhtsist usingbdiffdenobsatidbiirointal sharkerahds providddnévedesice | es

t : P disati t i . T
achi ove a 1ar o BAkofhe 8 8P R RRoei o Cbiihy S, GuAd SERGE TESEOS
RT- PCRIS  (3cosBiBrandddXY 56 (RA) (Homkeokt fal,eh99h). Iniosdargg opefian this finding god .
vher eas GXEJ fefife B b%akgoim loehfidi seBide i@%ﬁg%«f&gm@cﬁkﬁi/@h%& RHA0LSS a%l):(&?em a,

pancreas. heart and bone marrow r sts Xpr.essi on of was
restri ct edPPFoes AndiPefisey Werrarsed s FASEE IpEobesd Tise Rseakpoint Higeatigh on the
fT ihbr obl ast spnodnhl]tlmsbﬁiit&m 0@ betweleﬁmgf\ﬁia's !6gfl75icﬁs bexivecopy) ][aﬁl]\ci\/Fli/}ﬁcgbl(aﬂrb Si

e expression,o ever c i.brarjes of.. fet r ung
and r’rﬁ%%fsé, OB mgdgzlz?p‘%éaicﬂglgl Bﬁgdeé?mmﬁd?u‘)ftgpgagﬁdwgh g | ftr%h{r;ll%ne of
t he te2Q edcdnsbquantiy bagdst appraemateidali2nddb efdNAnce t hat one spliced form
(SHOXa) is nore broadly expressed and t he other (SHOXb) expressed in a
predom nantly tissue-specific manner., To assess the transcrjptional
activity oPogheablanbymidosonn weree catrigh@utyat high srrgsney sarditiensygicGhyrst pcr
of RNA ext paférqd sfVaUARM §H PUSTZHEDS | InMEISPAS & 5°0%nk ReasBR] in ACHMM/ Mak, the

inactive X p,rﬁlsge gﬁ%hrormsorre as the only human chronosones. All cell
lines revedl® it ‘ification product of the expected length of 119 bp
( SHOXa25 and

d) FISH Analysis

Biotinylated cosmid DNA (insert size 32 - 45 kb) or cosmid fragments (10 - 16 kb) were

hybridised to metaphase chromosomes from stimulated lymphocytes of patients under

conditions as described previously (Lichter and Cremer, 1992). The hybridised probe
30  was detected via avidin-conjugated FITC.

e) PCR Amplification

All PCRs were performed in 50 ul volumes containing 100 pg-200 ng template, 20 pmol

of each primer, 200 uM dNTP’s (Pharmacia), 1.5 mM MgCl,, 75 mMTris/HC1 pH9,
35 20mM (NH),S0; 0.01% (w/v) Tween20 and 2 U of Goldstar DNA Polymerase

(Eurogentec). Thermal cycling was carried out in a Thermocyvcler GeneE (Techne).
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bp ( SHOXb)WO3B/d4568i ng cl ear evi dence that both SHOXa and b esTmPe7/ds3ss

i nactivati on. SHOXa and SHOXb enddde novel honeodonmi n proteins.
SHOX is highly conserved 5 across species frommamualian to fish and
flies. The very 5 end and the very 3 end - besi des t he honeodonai n-
are likely conserved regi ons between rman and nouse, indicating a
functional significance. Differences in those am no acid regi ons have not
been al | owdHEXen ARPlificatiaRe during evol uti on between man and nouse. 10

Experi ment ?Fbupé@éiﬂd PoB: consxstmg ofgach fonth Hve E¥0kds from the cdsmigconGest WereS end
of the SHOXa @E‘P 3 tran

f
st s ot oot o B RRGA R FKRSHBETS. TR EORBIdS JhFat carm@&mﬁwsmwﬂy
primers werdegested wittsBal3 ASKESK pBrified fratiivhd GORATEERASSBCAAVLKY pesd tloms in

697- 718 rever ) a of,

carried ou? g usi ng d&e%t%ﬁmﬁgl’ifﬁ Ve%&’qn@wm g{i&[ 19@1’)CH§ lég& fop%@%r r]C
for 30 secampifieatiop@xpesimeos mevmgflpdﬂqccbed)fcmmh¢taﬂoi9934) cycl es.
94[err] C for 30 sec, 66[err]C for 30 sec. 72[err]Cfor 2 min for 5 cycles.
94[err]Cfor 30 sec 62[err]C for 30 sec, 72[err]C for 2 mn for 25
cycl es. ﬁ@"‘FQ}iﬁ%eféﬂmEanpl ification was per f ormed using 1/100 of

the PCR pr %Hﬁca@ﬂd ﬁhaﬂfg&l OBf Ngheestwsl OtdsafdiiCIga YNE03 M’ 1micmsr@'d SHOX
[/

ol o 18 Lo OGRS e St Bieg deBiafel igtp MAmPI8 wagtors, o eh ©"

t enper at ur eoa‘fndGIﬂ:[rmyra]tGeaszSOOO plaglies elecenpickdie M13 ONA gfrepared ShdD¥equenckdb

al o 108k) Ul A0SRl TR RS Rienass (RPEIREHT lof ive-gR M SRR

f ol | owi ng &M\ﬁﬁnaml’rsdt)n dbe gels rware mmoa ABEJT7 SiqOxngxrs ard data were assembled

GAATCAGAT GGAd AT (nggtpy&?arﬁjfgfa@@@ and the oligo(dT)adaptor. PCR 30
was carried out using follow ng paraneters: 94[err]C for 2 mn, 94[err]C
for 30!ldec, 62[err] C for 30 sec. 72[err]Cfor 2 mn for 35 cycles. A

second 1 ourgf 4if sia"atiedts CGAI B4l %Sleﬁ)ﬁ roar amlactenzed Ltﬁtdtﬁoébﬁﬁb@@r&kp@xhe R

product and the.fallow ng nest eotl ,
BoACOCT TACKA ST E T B sty st 38y nih Presc® o Sbiines, op hPaaBEss
PCR was camX8eduindf DKS3%6 ayh:bbsna;m aﬁpr@nmemly 6/ Eopethet teloeeod (198son et
ggﬁ%’?rEer]Q% 0%5g995). Se\og'a?&yo%ﬁgscomaining different gene sequences fromzhvithin PAR!
val i da@@ t KMIERqABH3e € SERRSHEXLXEAY werORB ed pathall vefn Rresented thgsrapslorasioned

with RhRymEohid0 USRI S8 WitHiARRe m Sraflire anhga Nesibe QL ¢ dehrdkioi®rhe, FOr

SHOXa the foll ow | Mers. were use. G310
(posi tion S6eres) péqg?gag the ‘%RC@%W%@?W mwgf"ﬁ%n

959 982 r) .colphrisdn of thisi¥hal tilrendinds efMNFOpss herweenehe eotagidind @Bl feafranged

(p05| tion %%%&Cy)appmmmggg?@%%wﬁrgﬁgrﬁ CE¥S out gﬁ? ;r(c)ﬁ(::hdovm

paranmepers: 94[err]C for 2 min, 94[err]C for 30 sec, 70[err]C for 30
sec, 72[err]Cfor 2 min for 5 cycles. 94[err] C for 30 sec, 68[err]C for 30
sec, 72[err]C for 2 mn for 5 cycles. 94[err]C for 30 sec, 65[err]C
for 30 sec, 72[err]C for 2 mn for 35 cycles. 10 Products were

gel -purified and cl oned for sequencing anal ysis.

To



b) SSCP Anal ysi s SSCP anal ysis was performed on genom c anplified DNA

frompatients according to a previously described nethod (Oita et

al ., 1989wo®resa80 five [err]l of the PCR products 15 werremEpegdsigst h 5

[err]] of denaturation solution containigng 95% Formam d and 10nM EDTA

pH3 and denaturated at 95[err]C for 10 mn. Sanples were i medi ately

chilled on ice and | oaded on a 10% Pol yacryam dgel

(Acryl am de: Bi sacryam de = 37.5:1 and 29: 1, Mul ti sl otgel, TGGE base,

Q agen) containing 2% gl ycerol and 1xTBE. Gels were run at 15[err] C

with 500V fapr&40 5 hours and silver stained as described in TGGE handbook

20 (Q agen. 1993). c) Coning and Sequenci ng of PCR Products

PCR products were cloned into pMOSBl ue using the pMOSBI ueT- Vector Kit from

Amer sham | Overni ght culfures~pi sinjgle cqlonies were,l.ysedjin 12% [err]
(_E mn.! The sate Weréaq sed ds te $

Herr]O by _boiling for P5 ates If or
PCRs wi t higpesddsi ¢ prinmers for the icl oned PCR product .} SSCP of PCR
product s pH-ewed—t+he—+dpntificat-on-ef—etonres—eeonrt-al-ring eH+-f-ereant

al l el es. (EZokones werg sequenced Wi th GY5 Iadel | ed vector{ priners Uni} and
T7 by the ctesequencl g ﬂE[ ttod STTrThed by rhe manufacturer
(Therm)Seqﬁ’é Kt (A rshan)) on "an ALH express autjonat ed sequgncer
(Phar naci PCR reening of ,GDNA Lji braries To det ect
expressi 0%1{7’%%9(?))(2 anri %m screenj d of deveral cDNAMLibraries and

first straFgbogDNAS was varrled out wlth SHOXa aqnd b speC|f|c prinmers. Hor
the cDNA H-br-artesta—bBNA—egttvatent—oef—5xoterr1—pft ifrag—u?ed——l:e-r
SHOXa, pr|PRAFR2cEHOX E rpv, 35¢ GCTIGAGCCFGGACCIIGTTGGAAAGG (Jposi tion 713- 737

ry and S TOor Were USed. For SHOXD. the TolTow ng |pri nmers wer g
used: SHOX BY8r and SHOX2A rév. ~ WD 98/ 14568

PCT/ EP97/ ; 25

Bot h PCRSDéQr&E &-atti-ed—-put—1iisd ng fﬁlf‘hdg_\';‘;‘! par ters-—94 [ rr'l(‘ for—2-ai n
94[err] C EIOcB@ SEC. 68[err]C for 30 sec, 72[err]Cf r 40 sec for[ 5
cycles. 9#& EIIJCIUI 30 sec,—65ferrr€for—80—sTr; T2ferriCftor—=49 sec
for 5 cyc c094[err]C For 30 sec, pB2[err]C for| 30 sec, 72[jerr]C for 4(Q sec
for 35 coggycl es. b e) POR Screening [of cDNA Librfaries To
det ect ex’)rpqmnn of SHOXa and b__al PCR screenilng of several cDNA libraries
and Fidost strand gDNAs was carried out with SHOQXa and b specific
primers. Fer—the—ebNA H-brar+£s a%M‘\—qu-Z’ival eft—of—5x10ter+—pfd was
used. For|BHOXes priners SHOX E revi 10  GCTGAGCCTGGACCTGITGGAAAGG
(position ?15- 37 1) anp SHOX a Tor|{were USed. For SHOXD. the

fol | owi ng I{)"l rs were bsed: SHOX Bl for and SHOX2A rév. Bot’h PCRs
were carr F@co?b't using touchdown pajaneters: 94ferr]Gfor 2 mn: 94[err]C
for 30 ec.—68lert]l C for 30 sec.. 72lerrlQ for 40 sec ffor 5 cycles]
94[err]C E4co%0 sec, 65 err]C for 3D sec. 72[er~r]C for 40 sec for{ 5
cycl es. 94€CFor—30——sec—62€Cfor—36 acu T2€-for—46—sec IUTJAﬁs_—CYC"

Exanple 5 Si,0N tte tati of
bot h SHOX gﬁ%emféézéble bR 1 EE Grich R R sl ISR R0 7
fromday 5 p.c. an well as qn fet d orn
ani mal € was carri el buene @@’st‘ﬁ‘@%‘%%ﬂﬁéh@&'ﬁﬂ?%‘@oﬁos&é t‘é?sn%elmg on ‘},‘\b
Expressi on was seen i nreatianggdvelbup pregentiontheuersial Xrehremmosemigoder m of nasal
processes whi € wantopibytiadicates hbatf the nespeastivofcosthie sopeesentdompahat e.
in the eyelid, in the mefimediald bheheformallE\chtdposognef enmal e gonads, in the
devel opi ng spi nal goydbreaigRdidti hRMA. lifditHés &aeNthe Brefidoint occubPb@thid QHé ONS)

and brgj n. Based on thwgﬁwn%ﬁg ggtern and on the nmappi ng position

of its human honol og represents a |likely candidate for the
Cornelia de Lange syndrone which includes short stature.

In summary, the molecular analysis on six patients with X chromosomal rearrangements
using florescence-labeled cosmid probes and in situ hybridization indicates that the short
15  stature critical region can be narrowed down to a 270 kb interval, bounded by the



30 Exampl e 6 | sol ati on of a novel SHOX-1ike honeobox gene on
chronosonme three, SHOT. being related to human gromh / short stature
35 A newwyessn4ses | ed SHOT (for SHOX- honol og on chronosone f;&f,@@)-,,dgggs
isolated in human, sharing the nostg honol ogy with the nurine

gene and the human SHOX WO 98/ 14568

PCT/ EP97/ 05355 26

gene. The human SHOT gene and the nurine OGL2 genes are highly honol ogous,
W th 99 %identity at the protein |evel. A though not yet proven, due
to the stritreakpdimnaf] pagent GA frdmeivaeentrGrDE distal sBle@xd(byl prtientstAK\vand [Shon he
homeodomai n ) y that SHOT is also a gene likely

i nvol ved i nltés)ﬁgn)r{l%omsek% lll?r§lergld(l);l'§ﬁhuman growh. 5 SHOT was i sol ated usi ng
primers fromtw new human ESTs (HS 1224703 and HS 126759) fromthe

EMBL dat abaggnotlge-phatotypé c%rr’éﬁﬁ@ﬁ§ﬁra¢/ 'bélﬁ&‘éfrhéiﬁ@ amaw wsnaehbsame:o delinedi®r I OW
fi brobl Zs(sjt l&}'nlens o Rao et aL

gener at sotue pEice) Frﬁﬁ"ﬁ"gl B?)ﬁ%e ﬁ‘é’?‘?’b% P?q)?]oﬁﬁrag‘cos?‘?’ﬁr@rvﬁ’et PEethas
construct Edstﬁdﬁ(FISHn@alﬁlslﬁ)as ubab tetsualy. methPRake @Hﬁ'ﬂs vind inreppiede ywclel SH

anal ysi s to chro 26_and . r,ne.. eni c
Fegi on on naTRLORRRo BT e Tag Pl dsiftions and TARGGHBBTRY 1he X0 el OB Cl

its nouse hmﬂ)bxmgkpcﬁ?ﬂ@w:ﬁmp?(pgkat Thesedueakipdint eajfpear tohkee clustere@on webicf th'ange
syndrone (

cr ani of aC| a ug%ﬁ%%mrra Pldt%:l ggtssirg?és%ﬁbﬁ%ﬁ% Bﬂpr@&%&%ﬁﬁfeq}z F\‘lti%% \légéd;% osige 50/ 26.
15 ex apfspmoyome rearg@awemthg peraditional; patient Ringal| kast keep; found dwﬁpar@ hi ¢
Short St at Ufnerruption in tHe@ 70D FiBEMSBEBH, térebPNdREIRS S criviR¥IGhlenaNtd €70IREd i N
PCR, LCR and.other known 20 technologies to deternine if such individuals
w th short Eetmaqnure have smal|l del etions or point nutations in the
short stature gene. A total of initially 91 (in total 250

i ndi vi dual s | d f emal,e. . ort
stature (1 aPySanEEhg Ry 3y SSTBURAL A el delbion pusakBbRP A thfesnd O
25 in the gen@ &b wmameddn)wmn ghe psauddatosomaluegion epreseane orahsence of
poi nt mut at {, AN Hal ats&%xﬁcfmt eﬂ%‘é@ﬂ‘?f\ﬁﬁﬂﬁ Thit hi6hids 95“'{3%"22‘*&[]2[]%%{‘%?%*“3‘

desi gned not onIy to dg S|n9 e _exons ki ng
the exon anBreakrdiay pf ,samm At #e340 UsbRiromothet WB”‘I‘%? deptel b)@!ﬁﬁaly and bg,the

one, t wo adﬂtehlrclﬁdiﬂds_dfrﬁaﬁ%ls mqadmvr@rﬂomnqw edlqir@dmaﬁylmg assigenknt or
are snown

t d
ol o phi s FRTRHSER 2 SpRERIrabif sedterign of,Lh SR JRHYe [ofifiost oRe T8t 8° 585 by
in si ze2Onaspreaious stte §0gataBaald 196Ri Oty es hl flt9§5)/ve°r smalblmtof fixad eight cnbmid®
di vi dual | d
SSCP pat 1 er e oW Bitpble RIS UTheREth fis for ALMEHRe GHANIGHRKNE drBfEC
avoi d PCR agenosaig inste png 188e serips of paieanss stmwvﬁgﬁqm%atp&for med on two

strands usi ng tvvo |ndependent PCR reactions. The mutation in patient
Y9] resides ‘of t art gl i.n the 5 UTR WO 98/ 14568
PCT/ EP97/ OI:B: enn 1cation 0 the andxdat hort Stature Gene 27

25

To search for transcription units within the smallest 170 kb critical region, exon trapping
and cDNA selection on six cosmids {110E3, F2cos, 43C11, P2410, 15D10, 34F5) was
carried out. Three different positive clones (ET93, ET45 and G108) were isolated by
exon trapping, all of which mapped back to cosmid 34F5. Previous studies using cDNA
30 selection protocols and an excess of 25 different c¢cDNA libraries had proven
unsuccessful. suggesting that genes in this interval are expressed at very low abundancy.

To find out whether any gene in this interval was missed, the nucleotide sequence of
about 140 kb from this region of the PAR1 was determined. using the random M13
35  method and dye terminator chemistry. The cosmids for sequence analysis were chosen to
minimally overlap with each other and to collectively span the critical interval. DNA



and invol ves a cytidine-to-guanine substitution. To find out if this

nmut ati on represents a rare pol ynorphismor is responsible for t he
phenot ype Wiy 98/14gé8 at i ng gene expression e.g. t hough a pegkes7d3sgadi ng
of translation initiation factors, his 3arents and a sister were

tested. As both the sister and fat her with normal hei ght also show the sane
SSCP variant 5 (data not shown), this base substitution represents a
rare pol ynorphismunrelated to the phenot ype. Cl oni ng and

sequenci ng of a uni que SSCP conforner, for patient reveal ed a cytidine-
to-thvni di¥6uess @nelysinand putequent Peein @ée%eﬁwp %m@ X RraibgRregramy version

term nati on3gaonell & bylfhe exrltrapiag bbgpas FEXHB uk%cd?ﬁed 86t adednfifedd 23125 and

292 am no-acid. segu ectlvel . ne whet i
monsense. PRI SO ions NP PrateosediiEudngt Qrfer than IHicPrEOyeY SOLeS e | n
t he fam | yonepedldireedetentad ysis was carried out. It was found that all six
short i.ndividuals (defined as hei ght below 2 standard devi ati ons) showed an

aber r ant SSCP shift and the cytidine-to-thym dine transition. Neither
t he fat herC.lsolatiomef theShor Statere Canmmﬁeme_@ﬂﬂﬂéf ather with normal height
showed this nutation, indicating that the grandnot her has transferred

the nutated allele onto two of her aughters

t wo
gr andchi | ohEHMIng that ali Hupeexan elapesd Hahdel ‘bﬁemﬁggm 122 mrégér#@esaafe 2998,
nut ant al | ke wasnél used colldctieel h@rﬁroﬁdsabugc@eemhwmmtldbmhl marziraﬁl frcym 12 20
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Exanpl e 8 fibr@blast, SetetdDiNAissle chraraesT®S, hrhle pripsseeTt, hypothalamus, Finugtangelot o
char act ot | #8nbibchuBaLhe Bobxhlifely 14 miOFRRA! iBARSRs iy hosEeRses can

be used as uclerc aC|d
ani no aci dfuaéemlwégscmt Bderd ﬁ’rISAGEwm@qargechegt or § SCEr parens STonTg¥on

partial ag@;m %fé;ufe@%m@. $&m &heﬁﬂedareﬁﬂsa@%ﬂd 3Bné nHEJAC AbIOBREK, of
am no Cl a Ses e Sse C SNno Q

known Honcsess WhEEeP I viap shovyp, do Péeé'a%,iﬁ’c\ég‘”%fh e PERCE b B
can be usetﬂ?BOaﬁ(béﬂthblpnﬁraﬁel &erp,reddﬁu@xa dlhehree tissuepepiggdstingVihat ows diffpreassi on
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Human polyA'RNA of heart, pancreas, placenta, skeletal muscle, fetal kidney and liver

was purchased from Clontech. Total RNA was isolated from a bone marrow fibroblast
30 cell line with TRIZOL reagent (Gibco-BRL) as described by the manufacturer. First

strand cDNA synthesis was performed with the Superscript first strand cDNA synthesis

kit (Gibco-BRL) starting with 100 ng polyA RNA or 10ug total RNA using oligo(dt)-

adapter primer (GGCCACGCGTCGACTAGTAC[dT]oN. After first strand cDNA

synthesis the reaction mix was diluted 1/10. For further PCR experiments 5ul of this
35  dilutions were used.
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Example 3

Two ¢cDNAs have been identified which map to the 160 kb region identified as critical
30  for short stature. These cDNAs correspond to the genes SHOX and pET92. The cDNAs
were identified by the hybridization of subclones of the cosmids to cDNA libraries.

Employing the set of cosmid clones with complete coverage of the critical region has
now provided the genetic material to identify the causative gene. Positional cloning
35  projects aimed at the isolation of the genes from this region are done by exon trapping
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20 expression profile for every exon, strongly suggesting that the bands of different size and
intensities represent cross-hybridisation products to other G,C rich gene sequences. To
achieve a more realistic expression profile of both genes SHOXa and b, RT-PCR
experiments on RNA from different tissues were carried out. Whereas expression of
SHOXa was observed in skeletal muscle, placenta, pancreas. heart and bone marrow

25  fibroblasts, expression of SHOXb was restricted to fetal kidney, skeletal muscle and bone
marrow fibroblasts, with the far highest expression in bone marrow fibroblasts.

The expression of SHOXa in several cDNA libraries made of fetal brain. lung and
muscle, of adult brain, lung and pituitary and of SHOXDb in none of the tested libraries

30  gives additional evidence that one spliced form (SHOXa) is more broadly expressed and
the other (SHOXDb) expressed in a predominantly tissue-specific manner.

To assess the transcriptional activity of SHOXa and SHOXb on the X and Y
chromosome we used RT-PCR of RNA extracted from various cell lines containing the
35 active X, the inactive X or the Y chromosome as the only human chromosomes. All cell
lines revealed an amplification product of the expected length of 119 bp (SHOXa) and
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29: 7872692.62°C for 30 sec, 72°C for 2 min for 25 cycles. A second round of amplification was
performed using 1/100 of the PCR product and the following nested oligonucleotide
primers: SHOX A rev, GACGCCTTTATGCATCTGATTCTC (position 617-640 r) and
the adaptor primer AP2. PCR was carried out for 35 cvcles with an annealing

temperature of 60°C.
25
To clone the 3" end of the SHOXa and b transcripts, 3’RACE was performed as
previously described (Frohman et al., 1988) using oligo(dT)adaptor primed first strand
cDNA. The following oligonucleotide primers were used: SHOX A for,
GAATCAGATGCATAAAGGCGTC (position 619-640) and the oligo(dT)adaptor. PCR
30  was carried out using following parameters: 94°C for 2 min, 94°C for 30 sec, 62°C for
30 sec, 72°C for 2 min for 35 cycles. A second round of amplification was performed
using 1/100 of the PCR product and the following nested oligonucleotide primers:
SHOX B for, GGGAGCCTTACGGATGCCTTTC (position 697-718) and the
oligo(dT)adaptor. PCR was carried out for 35 cycles with annealing temperature of
35  62°C.
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F) P
oy %GENE“ANEX%GQ%“ éMMp@W%solmwn bontaining 9%@@@@(‘ and 1
EDTA pH8 and denaturated at 95°C for 10 min. Samples were immediately chilled on

ice and loaded on a 10% Polyacryamidgel { Acrylamide:Bisacryamide = 37.5:1 and 29:1;

Multislotgel, TGGE base, Qiagen) containing 2% glycerol and 1xTBE. Gels were run at

15°C with 500V for 3 to 5 hours and silver stained as described in TGGE handbook
20 (Qiagen, 1993).

c¢) Cloning and Sequencing of PCR Products
PCR products were cloned into pMOSB/re using the pMOSBlueT- Vector Kit from
Amersham. Overnight cultures of single colonies were lysed in 100 ul H,O by boiling for
25 10 min. The lysates were used as templates for PCRs with specific primers for the cloned
PCR product. SSCP of PCR products allowed the identification of clones containing
different alleles. The clones were sequenced with CYS labelled vector primers Uni and
T7 by the cycle sequencing method described by the manufacturer (ThermoSequenase
Kit (Amersham)) on an ALF express automated sequencer (Pharmacia).
30 _
d) PCR Screening of cDNA Libraries
To detect expression of SHOXa and b, a PCR screening of several cDNA libraries and
first strand cDNAs was carried out with SHOXa and b specific primers. For the cDNA
libraries 2 DNA equivalent of 5x10° pfu was used. For SHOXa, primers SHOX E rev,
35  GCTGAGCCTGGACCTGTTGGAAAGG (position 713-737 r) and SHOX a for were
used. For SHOXb, the following primers were used: SHOX B for and SHOX2A rev.



(iii) NUMBER OF SEQUENCES: 16 (iv) COVPUTER READABLE FORM 25
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97100583. 0 FI LI NG g)ATE 16- JAN- 1997

B
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r Ar
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60 /65 libraAgs 4 NFORNMAENERMFEIRS QB0 pfibd wiuséd. For SHOXa\\Yif8s18H6K E rev,
PCT/ EP

SEQUE /gm&‘éﬁ@ﬁ%CCTGTTGGAAAGG (ppsiion Zldsr37 ) 3gd ﬁ;(gxp%“fqr were ()

(B) TYPE: nsecdl &oc SHOXDb. the following primer§ @ereSTRANSEINESS: fos amnd) ISEIMX2A rev.

(D) TOPOL ' ; oy - b et |
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Example 5
Expression pattern of OG12. the putative mouse homolog of both SHOX and SHOT

20
In situ hybridisation on mouse embryos ranging from day 5 p.c. and day 18,5 p.c., as
well as on fetal and newborn animals was carried out to establish the expression pattern.
Expression was seen in the developing limb buds. in the mesoderm of nasal processes
which contribute to the formation of the nose and palate, in the eyelid, in the aorta, in the

25  developing female gonads, in the developing spinal cord (restricted to differentiating
motor neurons) and brain. Based on this expression pattern and on the mapping position
of its human homolog SHOT, SHOT represents a likelv candidate for the Cornelia de
Lange syndrome which includes short stature.

30

Example 6
Isolation of a novel SHOX-like homeobox gene on chromosome three, SHOT. being

related to human growth / short stature

35 Anew gene called SHOT (for SHOX-homolog on chromosome three) was isolated in
human, sharing the most homology with the murine OG12 gene and the human SHOX



10 (v) FRAGVENT TYPE: |inear (xi) SEQUENCE DESCRI PTI ON:

SEQ ID NO 2: 15 GGATTTATGA ATGCAAAGAG AAGCGCGAGG ACGTGAAGTC:
GGAGGACCAW GAEBISGCAGA 60 CCAAGCTGAA ACAGAGCCGC

ACTTCACCGCT GGAGCAGCTG AACGAGCTCG 129 20  AGCGACTCTT CGACGAGACC
CATTACCCCG ACCCCTTCAT GCGCGAGGAG CTCAGCCAGC 180 GCCTGGEECT
CTCCGAGGCG CGCGTGCAG 209 (2)
| NFORVATI ON FOR SEQ ID NO 3: 25 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 368 base pairs (B) TYPE: nucleic acid

(C) STRANREDREBRS: hwgnang$HOT@ene and the murine QG) 2 gORGIanSighlyi hogwiogous. with

[ dene o+ oo gy, ghe pEorBhde Cmfdu%hpo el e 4 Be%éé B’frr%%@“? Et@l D
NO 3: 4opetwesncfotand SIS ottty
CATCCACCAKHOT is al§ a gene hkm mm@mmpc CATGGAAGAG

% T TTGTAT GT CTTTTGAC CAGAAAAGCA AGGACGGTAA
GCC GGAGGCGECG GAGGT. AAGAA 180 45 GGATTCCATT ACGTACCGEGEG
AAGT TTTGCGAS OB Al teBOSHhEDTifiers frbskeA®o ewthuman ERPO(HS 12247C8\ahd BSGAT

TCCACETC il B S B A o,

GGCAGAAG marrow fibroblast line (Rao et al, 1997). The 5" and 3" ends of SHOT were generated by 368
(2) 1 NFOR |
GiARACTER:\%It%bEﬁO%Ebe& ngo&/ bﬁgblﬁé I\I&ﬂ-’? t};saé v&ag)ggﬁgxgéggqgcordmg to

(B) TYSE: Reretdle 1827 SHOT was mapped by FISH pnalysmaqrbonpesomes; q?é{@.é@@d the

(D) TOPOLGeffind hdlﬁélbz to the syntenic réibn oRidesbefromd3bme 3t Baseduicthei ¢ aci d

I(Dézl'/ EES??B%%%M pattem Rof OG1’7e)1$tgJ mguse horlrzmlog, SH%SI‘ represents a cana9 gate ?‘or tge

Cornelia Lange svndrome (which shows short stature and other features. including

craniofacial abnormalities) mapped to this chromosomal interval on 3q25/26.
15

Example 7
Searching for Mutations in Patients with Idiopathic Short Stature

The DNA sequences of the present invention are used in PCR, LCR, and other known
20  technologies to determine if such individuals with short stature have small deletions or
point mutations in the short stature gene.

A total of initially 91 (in total 250 individuals) unrelated male and female patients with
idiopathic short stature (idiopathic short stature has an estimated incidence of 2 - 2,5 %

25  in the general population) were tested for small rearrangements or point mutations in the
SHOXa gene. Six sets of PCR primers were designed not only to amplify single exons
but also sequences flanking the exon and a small part of the 5’UTR. For the largest exon,
exon one, two additional internal-exon primers were generated. Primers used for PCR
are shown in table 2.

30
Single strand conformation polymorphism (SSCP) of all amplified exons ranging from
120 to 295 bp in size was carried out. Band mobility shifts were identified in only 2
individuals with short stature (Y91 and Al). Fragments that gave altered SSCP patterns
(unique SSCP conformers) were cloned and sequenced. To avoid PCR and sequencing

35 artifacts, sequencing was performed on two strands using two independent PCR
reactions. The mutation in patient Y91 resides 28bp 57of the start codon in the 5"UTR



35 (xi) SEQUENCE DESCRI PTION. SEQ ID NGO 4: GITTGGITCC

AGAACCGGAG AGOCAAGTGC OGCAAACAAG AGAATCAGAT GCATAAAG 58. 5 (2)
| NFORVATI V¥R 9BURES8EQ | D NO 5: (1) SEQUENCE CHARATIVERI7®553S:
(A) LENGTH: 89 base pairs 27 (B) TYPE: nucleic acid 10

(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(i1) MOLECULE TYPE: other nucleic acid (A) DESCRI PTI ON:

/ desc = "exon |V: Gl08" 15 (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 5: 20 GCGTCATCTT GGGCACAGCC AACCACCTAG ACGCCTGCCG AGIGGCACCC

TACGTCAACAnd involves goeytidine- tommmmeﬂwﬁg@murﬁmmm@tmn represents a

%?IA RigT ER{;%%;J@E&&%&W 15%&%@& Brie i pher notype bg regulating gehe SRptdsdibie g

6
(B) TYPE: thehghed wvegksrpinging of trans}atxgn 1mt(a@)on asegx?tal ragq gister were
(D) TOPOLG¥aved. |Asrtali the sister and fathér with MonChkightTalfdEshow thersame S SGRCvaiunt

E)/EA\)SCIQF 'Cr::? lélﬂ?i-’ql %&ﬁwlﬂ&u%basﬁéugstltutxw%& rﬁé@?&ﬂ\@{?‘ mg%ll\(lcghe

GCCCACGCGphaPACACCT GCACCCGCAC CTGGECGECGC ACGCGCCCTA
CCTGATGITC CCCCCGCCGC CCTTCGRECT GCCCATCGCG 120 45 TCGCTGGECCG
AGTCCGCCTC GGCCGCCGCC GTGGTCGCCG CCGCCGCCAA AAGCAACAGC 180
MWTTmlmmem@ummmrdm& 240
%CTGA q;’g%;TGCAE c:Tci C CG%‘C)HE:CG?C’;OO
360 %@:T&TW&QXF@%% GRAYSRERSACGCAC
252;8 w SAEREA CHhE heA ST hdnbexse Abuhaidn 1s(ghn, ssea@tememsl GCGI
540 %Cé%‘q@éf %ﬁ%ﬁ(&&w&f&%&% I%TW@*A s(EE;rTTGG

600 60 shomAGNTIOTITS A d i@ CRATEI ShtABAGT GAAd GATERCRG0AS IPeEIGIRCa®rant

ATGAAAAT - - CATTTCTTES TTCRCAA T,
e
TTCGGAATConermaeandftimnaortbamrmal height shgwed this mutationcandieatogTthabatec
AGCCTCCCAG M hér T (At EAPd nutédGaldit0nto two 0846 daughters and her two

grandchildren. Thus, there is concordance between the presence of the mutant allele and

the short stature phenotype in this family.

20  The identical situation as indicated above was found in another short stature patient of
Japanese origin.

Example 8

25  The DNA sequences of the present invention are used to characterize the function of the
gene or genes. The DNA sequences can be used as search queries for data base searching
of nucleic acid or amino acid databases to identify related genes or gene products. The
partial amino acid sequence of SHOX93 has been used as a search query of amino acid
databases. The search showed very high homology to many known homeobox proteins.

30  The cDNA sequences of the present invention can be used to recombinantly produce the
peptide. Various expression systems known to those skilled in the art can be used for
recombinant protein production.

By conventional peptide synthesis (protein synthesis according to the Merrifield method),
35 a peptide having the sequence CSKSFDQKSKDGNGG was synthesized and polyclonal
antibodies were derived in both rabbits and chicken according to standard protocols.



WO 98/ 14568

PCT/ EP97/ 05355 36 ' '
GGCTGAGGACYEBBAMISECOG GGCTTTGGAA AGGGAGGEGA GGGAGACCCG AACCTIRCXISED7/05355 900
GTTGGGACTC CCACGITCCG GGGACCTGAA TGAGGAZEGA CTTTATAACT TTTCCAGIGT 960
5 TTGATTCCCA AATTGGGTCT GGITTTGITT TGGATTGGTA TTTTTTTTTT TTTTTTTTTT
1020 TGCTGTGITA CAGGATTCAG ACGCAAAAGA CTTGCATAAG AGACGGACGC
GTGGTTGCAA 1080 10 GGTGTCATAC TGATATGCAG CATTAACTTT ACTGACATGG
AGTGAAGTGC AATATTATAA 1140 ATATTATAGA TTAAAAAAAA AATAGC

1166 (2) INFORVMATION FOR SEQ ID NO. 7: 15 (1) SEQUENCE
CHARACTERI Rdflefences (A) LENGTH. 625 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single 20

(D TOPOLOGY: |inear (ii) MOLECULE TYPE: other nucleic acid

(A) DESCRI Pii¢ following mfesences dresherein/bitorpdBated by reference. (xi) SEQUENCE
DESCRIRTION: SEQ ID NO 7: 30 ATGGAGTTTT GCTCTTGTCG CCCAGCCTGG
AGTATAATGG CATGATCTCG ACTCACTGCA CCTCCGCCT, CCCGAGTTCA
A@GATTU@M@A&W@TMB@@@MM@AI%U X—qmgmosome INQAGEIGCOEA
CCACCATGT Co MR eIk AREI o ASOACHEAT G CRE TGS 51. 406. 4680 35
ATGTTGGCCA CCTCAGGIGA TCCACCCGCC TTAGCCT 240
AAAGTGCTGG GATGACAGGC GTGAGCCCCT GCGCCCGECC TTTGTAACT | TATT | | IAAT 300

40  TTTTTBdlNablo ATBaASRARYCAPEAAGIATdrRES TRIECTSLAC A$bA

290 0 R e S S S A e L

480 45  (19BACTAGHGAD Qe TCHTER: IR0 HeETonABAET AETEThrCABCTCMEGUman
AGCTCCAAA GAEA EAMAGTGTTA GAATTACAAG
CATGAACCASKF&&%#%P roc ! V‘“N‘g%ar % gm AGGACTGTTA CGTGG

625 (2) | NFORVATION FOR SEQ ID NO 8: (i) SEQUENCE
CHARACTER! Bflobwidow N, Page DC, Huff D. Mennuti MT (1989): Ullrich-Turner syndrome in an
15 XY female fetus with deletion of the sex-determining portion of the Y chromosome. Am.

J. med. Genet. 34: 159-162.

Cantrell MA, Bicknell JN, Pagon RA et al. (1989): Molecular analysis of 46,XY females
and regional assignment of a new Y-chromosome-specific probe. Hum. Genet. 83: 88-
20 92

Connor JM, Loughlin SAR (1989): Molecular genetics of Turner's syndrome. Acta
Pediatr. Scand. (Suppl.) 356: 77-80.

25  Disteche CM, Casanova M, Saal H, Friedmen C, Sybert V, Graham J, Thuline H. Page
DC, Fellous M (1986): Small deletions of the short arm of the Y-chromosome in 46,XY
females. Proc Natl Acad Sci USA 83:7841-7844.

Ferguson-Smith MA (1965): Karyotype-phenotype correlations in gonadal dysgenesis
30  and their bearing on the pathogenesis of malformations. J. med. Genet. 2: 142-155.

Ferrari D, Kosher RA, Dealy CN (1994): Limb mesenchymal cells inhibited from
undergoing cartilage differentiation by a tumor promoting phorbol ester maintain
expression of the homeobox-containing gene MSX! and fail to exhibit gap junctional

35  communication. Biochemical and Biophysical Research Communications. 205(1): 429-
434.



55 . . (A) LENGIH 15577 base pairs (B) TYPE:

nucl ei c i (C) STRANDEDNESS: single D
TCPC]_OGY:%TID;;%WS 60 (ii) MOLECULE TYPE: ot ﬁer nucl &‘?’5%%76‘5355( )
(A) DESCRIPTION.  /desc = "HOX93" 29 (i X) FEATURE: 65

(A) NAME/ KEY: exon (B) LOCATI ON: 1498. . 1807

(D) OTHER | NFORMATI ON: /function= "part of exon | (G310)" WO

98/ 14568

PCT/ EP97/ 05355 37

(i x) FEATURE: (A) NAME/ KEY: misc feature

(B) LOCATIF®¢heSMd. BdORBmeto P, Brown LG et gDy 199PHEROMQesVA Titospmaly protsinn =
Ry Nave e 1 U X apg Y-ctromosomes esrif i gyaton B pokS T

(A NAMVE K SC Tea ?l,
(D) OTHER impRarmarioafpy Tumet syadeome, €pd53; d401A21&econd
part) g (i x) FEATURE: 15 (A) NAME/ KEY: m sc feature

B) LOCATI ON: 4545. . 4619 : i on=
.(.p)Eng - ediieund (G H@rs%ord DJ, Mclnnes RR (1568): %E%@:i'p lglb VAL Fehtd 4RgLan

r gengy gid T RE:
(A) NAWVE/ P@V'elogm@rbye: a genetic perspective (FBmINDEIAGerENS5 B - 1 4881 2
(D) OTHER I NF TION: /function= "part of exon Il (ET93)" 25 (ix)
FEATURE: (A) NAME/ KEY: exon (B)

LOCATI ON: 1G&the WI7Qn YQ, Billeter M, Furukpb)-Tokuirmga KirSyigs 7 EnResendez-Perez

o 5. BRI e € R K e e R RS R e

CCCCTCTGTC11-223. 60 35  TCTTTCTCTG TCTCCATCCC TCTGICTCTC CCTTTCTCTC
TGTCTTTCCT TGICTCTCTC 120 TTTCTCTCTC TCTCTCCATC TCTCTCTCTC

CCGGTCTCTC_TCICT. CT CTC 80 . TICTC. T,

Tmma&?@*ﬁ%@%@w ‘X&AEA%L{(%CP “tc*‘a'EgﬁoEﬁ‘&“ bF, %%@G

TCACT CATGT( 1890 TRt 6T 6F (HeCGARGN TEMOBSEASR R pTEARASTT (e X-Y ps@gigautosomal
15  region. Nature 345: 734736

Grumbach MM, Conte FA (1992): Disorders of sexual differentiation. In: Williams
textbook of endocrinology, 8th edn., edited by Wilson JD, Foster DW, pp. 853-952,
Philadelphia, WB Saunders.

20
Hall JG. Gilchrist DM (1990): Turner syndrome and its variants. Pedriatr. Clin. North
Am. 37: 1421-1436.

Henke A. Wapenaar M, van Ommen G-J, Maraschio P, Camerino 0, Rappold GA
25  (1991): Deletions within the pseudoautosomal region help map three new markers and
indicate a possible role of this region in linear growth. Am J Hum Genet 49:811-819.

Hernandez D, Fisher EMC (1996); Down syndrome genetics: unravelling a multifactorial
disorder. Hum Mol Genet 5:1411-1416.

30
Kenvon C (1994): If birds can fly, why can 't we? Homeotic genes and evolution. Cell 78:
175-180.

Krumiauf R (1994): Hox genes in vertebrate development. Cell 78: 191-201.
35



GCTGICATCC TGGGICCCCA GECCCCECCG GCGAGGAAGA TGCGCCGTGG GGITACGEEA 360
45 GGAAGGGGAC TCCGGEGECCTC CTGGTGCCCC ACTTTATTTG CAGAAGGTCC TTGGCAGGAA

420 WORSIAAEEGCG TTTGGTTTCC AGGACTTGGA AAACGAATTT CAGGTECREMTIBEEGAGCAC
480 CGGCTTCCCC TGAAGCACAT TCAATAGIGA GAGGCGGGAG GGAGCGAGCA GGAGCATCCC
540 50 ACCATGAAAA CCAAAAACAC AAGTATTTTT TTCACCCGGT AAATACCCCA
GACGCCAGGG 600 TGACAGCGCG GCGCTAAGGEG AGGAGGECCTC GCGCCEEEGT
CCGCCGEGAT CTGECECEEG 660 55 CGGAAAGAAT ATAGATCTTT ACGAACCGGA

C
SooocoookalFeRs acRo T s REE I Qedkaman RG, Bghpont 1, Kardebenec)
TCCCGGTTTQlmmmn@GWToﬁ'%ﬁJTwemmpZZB an@40plftion
AGCCGCG'(I;(I;% W CCGCCACCAA CTTGGAGCTC 900
ATCTTCT C COOCCCCTCG CCATCTCAAC 960
65 COCGGCGOGA COCGGGOGCT TCCTGGAAAG ATCCAGGOGC CGGGCTCTGC GCTCCTCCOG

1020 5 1 SRAGEHE AR CHRRATEE JAEI RO ARt Rophi

PCT/ EP97/ O%sgB®ntation and pattern formation. Cell 78: 181-189. .38
TCTGTCTCTC TCTGCAGGAA AACTGGAGTT TGCTTTTCCT CCGGCCACGG AAAGAACGCG 1140

%%&%W@W STENCACHAAES AT TR o 21260

TGAGAAGAAAI—IMTE% 1@%&155@&1@1_%%5 KEL320
1380 %%m%ﬁ%@@ﬁ?@%mmm
CAGCGCTGGT 1440 GATCCACCCG CGCGCACGGG CCGTCCTCTC CGCGCGGRGA
TecmeacT- %%%A%xé?m Pel S P8y A A R of
GACGGTAACGXG@@;M;@@@@ wnanKY femglpy Prog NathfredSerAESA

GTACCCGGAAR (AL EXaHGA GCGGACTGGC GCGCTCCCGG GAGCTGGGGA 1680

CGr TTC CAGCCTCCAG GACATCACGG AGGECGECEG CCACTGCCCG GIGCATTTGT 1740
TCAAGGACCA CGTAGACAAT GACAAGGAGA AACTGAAAGA ATTCGGCACC GCGAGAGTGG 1800
25 CAGeREG PA/Creme CAT THRaUGE g dnetl¢s: GCAGrAFHEHCA poridacH, ARG PréssGEEACCTC

GCGCGECCCCT
1860 %Wrﬁql' (ﬁ%CCCC CGCTGIGCAC ATTTGCAGCT

CCCGTCTCGC

Lippe BM (1991): Turner Syndrome. Endocrinol Metab Clin North Am 20: 121-152.

20 Magenis RE, Tochen ML Holahan KP. Carey T. Allen L, Brown MG (1984). Turner
svndrome resulting from partial deletion of Y-chromosome short arm: localization of
male determinants. J Pediatr 105: 916-919.

Nelson DL. Ballabio A. Cremers F, Monaco AP, Schiessinger D (1995).- Report of the
25  sixth international workshop on the X chromosome mapping. Cytogenet. Cell Genet. 71:
308-342

Ogata T, Goodfellow P, Petit C, Aya M, Matsuo N (1992): Short stature in a girl with a
terminal Xp deletion distal to DXYS15: localization of a growth gene(s) in the
30  pseudoautosomal region. ] Med Genet 29:455-459.

Ogata T, Tyler-Smith C, Purvis-Smith S, Turner G (1993). Chromosomal localisation of
a gene(s) for Turner stigmata on Yp. J. Med. Genet. 30: 918-922.

35 Ogata T, Yoshizawa. A, Muroya K, Matsuo N, Fukushima Y, Rappold GA, Yokoya S
(1995): Short stature in a girl with partial monosomy of the pseudoautosomal region



30 CAGSGIAAGG CCCGEGECCGT CAGECTTTGC CTAAGAAAGG AAGGAAGGECA GGAGIGGACC

1980 GA CGCGGGTGGT GGGTAGOGGG GTGCGGGGES A

(8]
GGToGCAGY GGGGCCGORE GGGCAC CGACACGGGA A %ﬁ
CTGGGGTGGA TCCGGGTGGC 2100 35 TBTGOCTGAA GOCGTAGGGC CTGAGATGTC
TTTTTCATTT TCTTTTTCTIT TCCTTTCCTT 2160 TTTTTGITTG TTTGITTGIT

TGITTGAGAC AGAGICTCGC TCTGICCCCC AGCCTGGAGT 2220 40 GCAGTGGTGC
GATCTCGECT CACTGCAACC TCCGCCTCCT GGGITCAAGC GATTCTCCTG 2280

CCTCACECTC AT ECRATEAGHR S IR ST ST o 120

45 esienreomalaronticyae( QctiVeddignst A& TE&3AAT GACAGECGTG AGGCACCGCG
2460 CCOGGCCTGG GTCCTGACGG CTTAGGATGT GTGTTTCTGT CTCTGCCTGT

CTGCCTTGTA 2520 50 TITA CA GA GAGGAGCC GTCT
cocTToccAR exteicAdse N (18] Turner SYW@M%@AM@
TCGAGEET %Qﬁ%ﬁmﬂepﬁm invol2édtih the develofiBEBQEHAR 2 ECRTEST Elit:.
TTTCNCTTT TTATTATT TCATTGITTT 2700 55 CCTTTGAACG

TCGAGGCTTG'A AGCTGITGG GTCCATAAAA ACCACTCCCG - 2760
TGAGCGGAGG TGGCCGGGAT CTGGATGEEG CGCGAGEEEC CCCGGEEEAAG CTGECGECTT 2820

saso - T HgRCr Tl WA KIS R ARG S

GGTGGAAAT(point pgugrions and pmCyRBISSGURTEEICAG e CEigi TR

TCTCTGRECAs GAGAGEACAA 3000 65 CTGGGOGGCA TACATCTTAA GAATAAAATG
GGCTGGCTGT GTOGGGGCAC AGCTGGAGAC 3060 WO 98/ 14568

PCT/ EP97/ 05355

GGCTAT GGACP Ghicha dAVIGRAFPACATAL AC ab SARACUGIAG DAGASSEQTRINCD. Wﬂmﬁnﬁ Gal 3120

5 CraaatPA e s ea T A LT B ot e

3240 CEDCERGTSTES-66TAGGAGEC ACCAGGCAGC TTCCCAAGGC CCTGACTTTG

XCGAA ASCA; . 33%%A AAGCTGTGGC TACGGTTTAC AAAGCAGTCC CCGGTTTCTG
CCGT GGCAGGAGC 3360 10 GTG AGAGGAGTTC
CTCCCTACACQMEEaCII30E GSith Handlimok- D*ﬂ@&ﬁﬂle T N@Féjrloﬁ%& TACACAGAGA

ﬂ%%TC CTGGACGCAA GGCTGGEGAGC CCCTTGAGEG 3480 15  CCTGCGIGTA
TTTGGTTOTCRET FoNteANR, SIEEGHAFRS CFeor i sREr o EFCmie BB SRARTInS 150
short stature candidate region in the pseudoautosomal region PAR 1. in: Tumner
20  syndrome in a life span perspective: Research and clinical aspects. Proceedings of the 4th
International Symposium on Turner Syndrome. Gothenburg, Sweden, 18 - 21 May,
1995.. edited by Albertsson-Wikland K. Ranke MB, pp. 19 - 24. Elsevier.

Rao E. Weiss B, Fukami M. Rump A. Niesler B, Mertz A, Muroya K. Binder G, Kirsch

25 S. Winkelmann M, Nordsiek G. Heinrich U. Breuning MH, Ranke MB, Rosenthal A,
Ogata T. Rappold GA (1997): Pseudoautosomal deletions encompassing a novel
homeobox gene cause growth failure in idiopathic short stature and Turner syndrome.
Narture Genet 15:54-62

30  Rappold GA (1993): The pseudoautosomal region of the human sex chromosomes. Hum
Genet 92:315-324.

Rappold GA, Willson TA, Henke A, Gough NM (1992): Arrangement and localization
of the human GM-CSF receptor o chain gene CSFZRA within the X-Y pseudoautosomal
35  region. Genomics 14:455-461,



TGGCCNGTNG GACCCGGGNA NGAGCAAAGT GTCCTCCAGA CCNTTTTGAA ANGTGAGAGG 3660
20 AAAATAAAGA CCAGGCCAAA NNGACCCAGG GCCACAGGAG AGGAGACAGA GAGTCCCCGT
3720 WaAFMPE TNC COCTTGECTG GGTGCAGAAA GACCCCCGGG CCAGEST/EEBST/05355
CACCCAGGCT 3780 25 ACTATTTATT CATENGATCC AAGTTAAATC GAGGTTGGAG
GGCAGGGGAG AGTCTGAGGT 3840 TACCGTGGAA GCCTGGAGTT TTTGGGNAAC
AGCGTGTCCC CGCCGAGCCT GGGAGCCCGT 3900 GGGTTCTGCA AAGCCTGCOGG
GTGTTTGAGG ACTTTGAAGA CCAGTTTGTC AGITGGGCTC 3960 30 AATTNCCTGG

AACOATT CACRiFS Gstiartund, Nagaraiadia srutsioPOVir BT R Tries e B alrsabob- Ellsa 0o
35  GAAAGABAS oimemwmimcmoﬁmemﬁ%ﬁm@mcmg%mg

4140 Meces GGAT. GGNAAGAAA GACAGAACA
GGTaCTAGTAR Sﬂ%%e%m c@@&‘f‘ G ACACCCTGGA TTTGTCAGCT
TTGCAAGCTT CTTGGTTGCA 4260 40 GCGGCCTTGC CTGTGOCCCT TTGAGACTGT

TTCCA T
CATCTATT 2*‘%%%@%%&%%&&“ o Efer, SRt A Seiher
AGATAGGAANS YR eaestite dNesTR oxgmfiadsh JeMMACEARTCET00, NewAork, Marcel
GOGNTTGAAGH GRGANGCGAN  GGGANGACNA CCTTTTANCT TAAACCCCTN GAGCTTGGTN 4500
CAGAGAGGNC TGAATGTCTA AAATGAGGAA GAAAAGGTTT TTCACCTGGA AACGCTTGAG 4560
50 GGCTGAGTCT TCTGCCCNTT CTGACNTCCC CCAGCAAATA CAGACAGGTC ACCAANCTAC
4620 R&'GG&@R@G FOAAGT (ke byridrdheCe Al e CIoe TEHwdiciaks. (Jedohd @dition. The
4680 . SOGAQIAAANGTG GGAANNGGAG AGATTTCTGN CGCACGCGGT
@E‘cfzgﬁqf%?‘ 2730 GCNGCATTCN AGGNTACTCA GACGCGGTTC
TGCTGTTCTG CTGAGAAACA GGCTTCGGGT 4800 AGGGGCTCCT AGCTCOGCCA
GATCGCGGA 0
TeTCTaoaT AT RO T AL Rl cT AL, MoGh £ AlbertgsfRaia >
CTTCCcoaaaAsshdbdeeds bl@dw@e@«é@setﬁw Rage ¢ Renke Miggo
65 | TAMSEACH PVIGAGASE mm@%‘; nOMAGKETEAC

A(C')éa(():CA,éGAAan mg\r-irq%—r% ot indivi T s-\ll:ll—dr%rbﬁe he %ocuno ogist 4(% 351-

PCT/ EP97/ 0%$55 40

AACAACGCTC GTGCAAAGCC CAGGTTTTTG GGAAAGCAGC GAGTATCCTC CTCGGCTTTT 5160
GCGTTATGGA CCCCACGCAG TTTTTGCGTC AAAGCGCATT GGTTTTCGAG GGCCCCCTTT 5220
5 CCARoGsas 4G cascnSANmanteTEddaA 9863 Tomme AenmiACEr e eizaticTCICADRTCC

5280 murine homeobox genes. Proc Natl Acad Sci USA 93:10691-10696.
20
Schaefer L, Ferrero GB, Grillo A, Bassi MT, Roth EJ, Wapenaar MC, van Ommen G-
JB, Mohandas TK, Rocchi M, Zoghbi HY, Ballabio A (1993). A high resolution
deletion map of human chromosome Xp22. Nature genetics 4: 272-279.

25  Shalet SM (1993). Leukemia in children treated with growth hormone. Journal of
Pediatric Endocrinology 6: 109-11

Vimpani GV, Vimpani AF, Lidgard GP, Cameron EHD, Farquhar JW (1977) Prevalence
of severe growth hormone deficiency. Br Med J. 2: 427-430

30
Zinn AR, Page DC, Fisher EMC (1993): Turner syndrome: the case of the missing sex
chromosome. TIG 9 (3): 90-93.



TGTGCCCTCC GCTCCCCACG CAGGGATTTA TGAATGCAAA GAGAAGCGCG AGGACGTGAA 5340
10 GICGGAGGAC GAGGACGEEC AGACCAAGCT GAAACAGAGG CGCAGCCGCA CCAACTTCAC
5400 WO BSIRSEAGCAG CTGAACGAGC TCGAGCGACT TTTTGACGAG ACCERTERE05355

CCGACGCCTT 5460 CATGCGCGAG GAGCTCAGCC AGCGCCTGEG GCTTTCCGAG
GCGCCCGTGC AGGTAGGAAC 5520 15 GEECEEEEEG CCCGGAGCCA
TCGCCTGGTC CTCGEGAGCG CACAGCACGC 55 GTACAGCCAC CTGCGCCCGG

GOCGOCGOCG TCOCCTTCOC GGAGOGOGEG GAGGTTGGGT 5640 20 GAGGGACGSG
CTGGGGTTCC TGGACTTTTG GAGACGCOCTG AGGHGHEIAGSATRISGTTCA 5700
TTGOGTTTGT TTTTCACCAA CAGCAAACAA ATATATATAC ATATATATTA TACAAATAAC 5760
AAATAAATAT A A TATTGTATAT ATTATAGATA TTTGITCGIC 5820
G%G%%A%W@ACCCATA TATTGGCTCC TGACTGCCTT CGGTTCCCCT
5880 GGGATTﬂGm:Aa'm@GGCAA CACATGCAAA CAAAACTTTC CCTGGATTAT
ACTTAGGAGA 5940 gT R AcoTa TEUATECAGAGTG TTTTACAAGA
TTTTTCATTT AAAAAAAAATG) c1B0Ridelberg TTTG GOCCCTGATT COCCTCCGTC
TTOCOGTGIW GCTGCATT Gl ARSI T Ghimany 6060 TTAGGATGAA AGGAGAGGEG
TGTCCTCTGT CCCTAGGT GO ARHGAMACHES (GECTIRHET 6120 35 ~ TTCCTCCGIT
TTTTCACCTA CCGTTTCTA A)q;ggcnggc; LORTCTCCAG CCCTGTCCTC 6180
TGCTACAAAC CACCCCCT O TEfHEESIComwh (IBRaGAG0 GCAGGAGCAC GTTGGGCATC 6240
40  TGGMTGAGCG G\IAGAUTAIITIY ACBSEEACACIEUSBGCTCCC CGAGGAGOGC GCGAATTCAC
6300 GCTGOCCCA S AR AR GEE ACHi0CEgeC CGAGBGGOCT TGGGTGTCCG
CAGAGGGACG 6360 GOOGOOCAGA ‘GOCTTOCTCC GCATTCTAAA CATTCACTTA
AAGGTATGAG TTTANTINTCATLE OBAF(ENZEPN: HUMARGBATECTEE ANOCEYRBRGERTRECANET GGC
TTCTTCCAEL COCTGCCTGA REABSFTCAGCT 6480 COCCTGGAAG GTCAACTCCT
CTAGTCCTTT CTCGESGT TitumpE@EECAEIoAG sAGAAGT GGGG 6540 50 GGAGGGGAGAG
ACAGAGAGAG AGAGAGAGAG AQUGTCAGCA TCOOOGGACC CTGBBGAACC 6600

CGT %A@QA GAACCGTGAC AAAGCAAACG 6660
GCGTT . ek de6T1 AGGACTGGTT ATGAGGTCAA 6720
55 CACATTCAAA CAGACEFRRRGNCT SYREENT PIPOSRCATCAGA GGAAGATACA GATGCATTTG
6780 ATCCAAAGT T eSS e trrBEATHNEAT® AT SrGIEPAT ATATATARAC

ATATATAAAG 6849) pRfor ATATAMNCARTACATAAATGT ATGTAAATAT ATATAATCTA
TATACATATA TAAATATATAA) APBGOSIION NUMBERACACAT/TEA, SBAATATATAA ATCTATAAAC

ATATATAATA TATAAACATABAATANATRAR: 0l-¢gFspPo6 CATATATAAT ATATAAATAT
ATTAACATAT ATAAAATATG: FATAMIAT O TATAAACATA 7020 65 TAAACATATA
TAAATATAFA AACATATAAAATATATEARTION NUATERE ARAPALPATACAAACA 7080 VO
98/ 14568 (B) FILING DATE: 16-JAN-1937 PCT/ EP97/ 05355
{2) INFORMATION FOR SEQ ID NO: 1:
40

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: single
45 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

50
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
Gln Arg Arg Ser Arg Thr Asn Phe Thr Leu Glu Gln Leu Asn Glu Leu
55 1 5 10 15
Glu Arg Leu Phe Asp Glu Thr His Tyr Pro Asp Ala Phe Met Arg Glu
20 25 30
60 - Glu Leu Ser Gln Arg Leu Gly Leu Ser Glu Ala Arg Val Gln Val Trp

35 40 45

Phe Gln Asn Arg Arg Ala Lys Cys Arg Lys Gln Glu
50 . 55 60
65
{2) INFORMATION FOR SEQ ID NO: 2:



41 TATTGTATAT ATATAAATAT ATATAAAAAC ATATATATAC ATATAAAAAT ATATATAAAC
7140 ATATATACAT ATAAAGAAAT ATATATAAAC ATATATACAT ATAAATATAC '
ATATATAANO 98/1456500 5 ATATATATAC ATAAAATATA TATAAACATA REIVREYYIos3IsS
AAAATATATA TATATTAACA 7260 TATATATACA TATAAAAATA TATATATTAA
CATATATATA CATATAAAAA TATATATATA 7320 TTTTTGECCC CTGATTCCCT
TCGGTTCCTG TGGGATGGGT GATTGAGTCA ACACAIACAA 7380 10 ACACAACTTT
TCCATCGATG TTGCCTTAGGA GATGAGGATA CAGATGCGIT TGATGGAGAG 7440

GGTTTTACAA GCTCT T ATATAT ATATATATTT TTTGECTCCT 7500
15 GATTCTCTTC ok aleChai I3 TTAAAAGG CTTCCCTAAG ATCGTTACGA

7560 TTAAATCAA@)G@T@Cﬁﬁ%@iﬁ@%@@TTTACC GAGGGECTGIG GI'CCCCAAAG

CGATACA 7620 (S ggW“MGGCTTTG GTGACTTGGA GGAAGGACTG
TGTCCCTCCT TAGGGCGTCT $ 20 GTGGCCTCAG TGAGGGAAGG AAGCTGCATC

AGACAGGGGT TTCCTGEORBETCEARBECHEher niéfc acid  TGGECAGAAGA TGGATTGGGRC
TGCCCCGNTA TAAATTAATES ARAMRIBRTINA AGHTSFCSCPRAC" II7dE8" 25  AAGGGGACAT
CGAGTTTATG TGTCALS TR @ VE ClG JGTGCCNTGG GATNCTGCAA 7860

TATATCCCAN NGCCCTTGAT GNNNTACTGT TTNCTATAAA AANNTAAATN TACTTGTNNA 7920
ATTTAANTTC CNNNACACTA TTTNCTTTCC NNGTNAGTCT NATTANCCGA NCGAGAGCAN 7980
30 CGNTTAGEEN %m%%ﬁ@{n GEGGGEGTGTG TGOGGACCCC NGAGNAACGC
8040 15 CCN T NAAAGACAAA NTCNGGGGAC AAGNCTNGGG GGTTATCGNN
ATTGCNNAGG  GGAZITUGA 2BCCAAREEF(IRICAIBCA/MSERFRRT I CERSAELTAT ARACIFAFAATAARC
AANNCAAACA TEEROAT @'QQGAG%&OAGCCGQCCMWGMEE@TJG@GMWO
GGGGGGAAAG GATCCTATAG TAAAGGCGA TGCGCTTTGA GGGGICATAA
AAATCAATZ0A @GWCAGW%F‘FMCAT GEIEHCHG CTCACCAREIEGAGEA
GCAGGGACAG W@@QT%KQET%TJ&QCATCTCT CTGTGAATTC 8340 209
TTGGGTCACA T CTCAG TACAGCCCGT CCCGTGCTGT GACCGGATAG AGTTTCAATT 8400
45  TACTGTGGAAINFPRIAIIRGFAR AAT ARATTGA: GCATCCGATA GAAGCTGITG CTGATTAACC
8460 3 TTTTAggT}%UmmR GGAAAGTCG TATCACCCAG CTGTCAGGCT
TCTAATCGAA (A) LENAEH: | AdiGAGS: 6CACGGTGAG GGGCAGRCGG TAATTTAATT
ACAACAAATA TCTTTGGGTR) TYP8580ck@c acid TATGGCGCAG AGCTAAATTA AATGTCATTA
TTCACTGT. GTNAAT%J& %ﬁﬁﬁn “”%‘ho GGAAATCGCA NTTACGGNCA
TTTGEAN ANGAAA C T TAATNGAA 8700 55  NNGAAATAAC
TGTCTTAAGC AGTGTCACATEATETORET TPAhOCATARTEGENIGGCCTNAATT 8760
GGAANNTGGA TCGTNNGAAR CREFRIETARE ACRRATT TR T TANGEECTT CACGNCAGCN 8820
NGGCNTAAFET CATCNACTTN NGTATTCTTC ATCNNNNATT TTTTTTTTTC CTCTCNNGCC 8880
60 GTGTTNNGAA GGGAGAGTGA ATGAGGCTTT CCACGTTTCA GGAGGATTTT CTTTTTTGAA

8940 AANTGLLCTE CCAGAIRTE 1 Go6] Gh: GRCTTGCTTT CTGRG0NCTG

40 GTGATCCACC CGCGCGCACG GGCCGTCCTC TCCGCGCGGG GAGACGCGCG CATCCACCAG 60
CCCCGGCTGC TCGCCAGCCC CGGCCCCAGC CATGGAAGAG CTCACGGCTT TTGTATCCAA 120
GTCTTTTGAC CAGAAAAGCA AGGACGGTAA CGGCGGAGGC GGAGGCGGCG GAGGTAAGAA 180

4 GGATTCCATT ACGTACCGGG AAGTTTTGGA GAGCGGACTG GCGCGCTCCC GGGAGCTGGG 240
GACGTCGGAT TCCAGCCTCC AGGACATCAC GGAGGGCGGC GGCCACTGCC CGGTGCATTT 300

50 GTTCAAGGAC CACGTAGACA ATGACAAGGA GAAACTGAAA GAATTCGGCA CCGCGAGAGT 360
GGCAGAAG 368

55 (2} INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 58 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
60 (D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "exon IXII: ET45"

65



65
9060

TGTCACCAGRO 987135680
PCT/ EP97/ 05355

AGGNCAGGEEG CCTTTTTGEC GGGEEGTGTIGA GGGANGGATG ANCTTTGCTG GGAAANNCAG

WD 98/ 14568

GATCAGGITC TCCAGGECGCA CTGCAGCCCG GTA

9300

TCATAGGEGEEC

TCACTCA
CTTGGEGT

CTTTGGAAAT GAAAAGCCAG
5 TTNCCGAAAG CTGGGCTGGA AGCTTCCGTG T TGGGTTCAA GAGCAAGTTC ACGTTGOGCT
GTGTAGACTC CTGGCTGCTC CCAAACTCTG AGGGTTTTCT GAGGTTCCCT

0389 SFEVENCACECEETS AR &Rl
GGCCGAGGGA CEipAEFcATEsT AGAACB@G?\G AGCCAAGTGH“E’E&I@GG& SAACARE G EAEACT CGT 58
TCTCTGGACG AATCATTTCT

CTGCCACAGA

CCTTGGCGGA GGA
GA@Td&E?ﬁ*@T%@E\%@f&A@GTTTT

9480

9540 15

AAACCTGTTA GGAGGAAT Tokot¥ncoAEARMNDe AXSTILAGEG AGGTGGTGGT

GGGGGANGAG GNAGGGGGT GAGTEYEXBAGHT bIACEANGSCAT AGGCTAAACT GCCTGCACTC
Aee‘geee TGTCAATACT GGGAGAGCAG AGGAGGCTCG
S ASLTTGCATG CAAATCTTCA CATGAGGCCT

TCCAGCTGGT CTGTCE

TAGGAGGTGAp

9720
GIGTGAATTT

TTCTTGATAG TTTA n
CCCCACCAGA AAGCCTCCTA T
GAATGGGACC CTTTCATGTA TGGGGACCCT TGGTAATATG
CTTCAGCTCC CCAGGECTTC CGAGGAGGECC GAGAAGGGECA AAGACACTTC
CGAGGAGECC GA

35
10200

TCACTTTTIC

10260 40

s'%e-‘e

RDELNE
(S} (3

GGECGGANGAG TCCAGGTGEG CATGGAGAGG CACAGTGGCA GGTCACCTGG ATGGTCAGT G
GAGGTGGAGG TCTGAAGECG CCAGCTTTGG AAATTATTGG TGAATTTCGA

Pfél‘lEP97105355

9600

9180
9240

*AGTGCGTAAG GGIGGCTGTG

9660

CTCCAGCCTC CTGACEEWCC CCTGCGCTAT TGCACTCAAC
TAGAGG GGCAGAATGC
GGAC CCTTGGTCAT
AATGGGACGC

LECUL

oONA LT br ERI T 10 I GIGTCAAGA CCTAGATTGG
AGAAGGGGZD GGATTTGGAA CTCTTTAGCC ATCAGCTCAC CCTCTCCGTT TGTGGCTAAA

GTCT (ATTBT CTIGARIETATS ABFFETEaT ACSIRUEESTCATRCAC ACCA GRFEICAIS \GGOGGRECGC
(GEAMAG, TREGACAGTC CACTTCCACT GGCTCGGAAC g4
ACCTTAAGIT GATCAGCGGT AACGCATAGG TCTCACTTAG

ther nuc{lﬁ\
©/8Y50

"exon I

9960 30

10020

10080
10140

GCAGGGCAZGE GAPGATFNFYRVATION] @I EEQ ID NO:CRATTTCTAC TTCTAGGTCA GGTGOGGTGG
GCCCAGGAGG GTGGATCGCT

CTCACACCTC TAATCQQMQQMEIT%&%RI skP380
CABREFHEGs

TGAGGICAGG AGTTTGAGAGA!

CTACT ACGAAAATTAB

CAGCTACT GEAGGCTGA

50 GAGGTGAGAT CACA

10620 ACAARAT ASAETITAANRA
CAGTTCTAGE 10680 (A) DESCRIPTION:

40

45

50

55

60

65

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GTCCAGGCTC

CTGGCGGCGC

TCGCTGGCCG

AAGAATTCCA

CTCTGACCCG

GCACCGCGCG

GCACCCCGGG

GACCCAGCCA

CCAGCCCGGG

CCGCCTIGGCT

AAGATCCTTA

CATTTCTTCG

TGCGGAACGG

CTCCTCCACC

AR TSI A

10440 45

LGRGBTGAGCA CCTGTAATTC

S¢

CC TGGEGAGGIGG ACGITGCAGT

AACCCCGTCT

10500

10560

CTG CACTCCAGCC TGGATGAGAG AGCAAGACTC TGTCTCAAAA

AGCTGCAGCT
ACGCGCCCTA
AGTCCGCCTC
GCATCGCCGA
CCGCGCAGCC
TCCTGCACTC
AGCTCCTGCA
GACCCTCGCG
CCTCTCCAAG
GCGTCTTCCT
GAGTCTATTG
TTGCCAACGA
GTGTGGATITT

GCTCCCCCGG

GGAAGGCGTG

CCTGATGTTC

GGCCGCCGCC

CCTGCGGLTC

CCCCGCGLGC

AACCCCGCCT

AGAGGCCTGA

GAGATGGTGC

GCTGCCCGTG

CTGCTATACC

AAACTGCAAA

TTTTCTTTAC

GAATGTGGAC

AGCCTCCCAG

GCCCACGCGC
CCCCCGCLGL
GTGGTCGCCG
AAGGCGCGGA
CCGGACTCCC
GGAGCTCCTT
GGAGGGAGGC
AGAAGGCGGA
CGTCCTGGGA
CTATGCATGC
GATCCCGGAG
TACCATGCTC
TTCGGAATCC

GCAGCAATAA

ACCCGCACCT

CCTTCGGGCT

@AAAAAIGMAAAAAAGAAA ACCCAATTTC

/desc = "exon :

GCACCCGCAC

GCCCATCGCG

CCGCCGCCAA AAGCAACAGC

AGCACGCGGA
GGGCTCCGCG
CCGCGGCCAC
TCCCGGGACC
GCGGGIGAGC
CCCTGGAGAA
GGTTAACTAC
CTGGTCTCCG
CTTCCTTCAT
CAGGAGGCAG

GGAAATAGTT

GGCCCTGGGG
CACCCCGCCT
CGTGCTCCGG
GTCCACGCAC
GGCCGTGCGT
GGGTAAACCC
ACACGTTTGG
ATGAAAATGC
CCCGAGAGGC
GGGCCGGGTT

CTCTGGCTGA

60
120
180
240
300
360
420
480
540
600
660
720
780

840



CCAGGTGCAG TGECTCACGC CTGICATCCC AGCACTTTGG GAGGCCCAGG AGGGTGGATC 10740
55 GCTTGAGGTC AGGAGTTCGA GACCAGCCTG GCCAACATGG TGAAACCCCA TCTTTACTAA
10800 WO 98AATBRCAAAC GTTAGCTGGEG TGTGGTGGTG TGCGCCTGTA AT BCTABST/65355
CTCGGGAAGC 10860 60  TGAGCCTGGA GAATTCCTTG AATCTGGGAG GTGGAGGT TG

CAGGGAGGECG AGATAGIGCC 10920 ACTGCAGICC AGCCTGGACC AGAGAGCAAG
ACTCCGICTC AAAAACAAAA GAAAGCAAAA 109 ACAAAAAACA AGAGACCAGC
CTGGCCAACA TGGTGAAACC GCGICTTTAC TAAAATACAA 11040 65 AATTAGCCGG
GCATGGTGGT GGGCACCTGT AGTCCCAGCT ACTCGGGAGG CTGAGGECAGG 11100 VO
98/ 14568 GGCTGAGGAC GTGAACCGCG GGCTTTGGAA AGGGAGGGGA GGGAGACCCG AAccTcecRET/ ERRG/ 05355
43 AGAATGCECTT GAACCTGGEGA GGTGGAGCTT GCAGIGAGCC GAGATAGTGC CACT@ACTC

11160 5 CATCHCSE GRCACA A “ER AT TR T e ACRREOAECT REEEER CAA 26
CAAAACAAAA  ThéR220cca &TTG@&AAMM@@TMM TR E T T ECASTTAGTAGGTAR0
TCAGTGATGC AGGGCTGGAG. 11280 GAGGGGEC GGTAAGIGTC TGGGCGCCCA
CCATCAGTCA M%%WM%WGCAMG HE GLY- TN CIRC S M RE iR TONE & ond
TCATGGGAAG GAGETEROCT T¢XTRIREECACT ARCETHCRETEREA TG AR eI} anTaTTAARAGCEGEET
TCACATCTCT CTCTGCTTCT NCCCCAAGGT TTGGTTNCCA GAACCGGAGA 11460
GCCAAGTGCC  GREAEAEKACT REANKPEAGRTAECATAAAGGT GGGTGTCGGG ACTGGGGGGA 11681520
15  CCTGAAGGEG reoeksmAT £ TRorCHEdCASAGE : GATGGGGTCG ACAAGGTGCT GGCTACACCC
11580 15 AGGACCACCA CACTGACACC TGCTCCCTTT GGACACAGGC GTCATCTTGG
GCACAGCCAA 11649 SEQUENCWS@Q@@CTG@WGA GTGGCACCCT ACGTCAACAT
GGGAGCCTTA CGGATGCCTHa) io aein TCCAACAGGT AGCTCACTTT TTCTTCCTCT
GNAAGAT TAGGGACCT & ICFOCNOSOETS : sikZ60 CCCCTTTCCC CTATTTGCTG
CCGCAT ACACTCCTACP T ECRSREEX THCEECTGCAGA 11820 25  CTTCTCAGCT
GGCCCTTAGA AAAAAACCGHLESTIT TeatAG HeAGRGATETAGAGGCACCTT 11880
GGCACCTATG AAATCAGGCTAGBERGAICE GOEEGEET CokoGABCTGTCAT CCCAGCACTT 11940

TGGCGA AGGTTAGGAG TTTGAGACCA CGCCTGGACAA CATAGCAAAA CCCTGICTCT 12000
30 AAAAATA CAAAAAAAAA TTAACAGCEA GIGGTGGIGG GCACCTGTAA TCCCAGCTAC
12060 TTGCGAGCCT GAGGCAGGAG AATCACTTGA ACCCGGGAGG .CCGAGGTTGC

GGTGAGCCGA 121%6) SEQUENCEATESBTRXICA: PEECGACICCA GGCTGGGCGA CAGAGTGAGA
CTCTGICTGA AAPAAEAAAT corcddch88 CCCAGGCT&AMW AFERROAR A CATOANAAT Al

GI'CGEGCACG GITGGCTCACG TCTGTAATCC CAGCACTTTG GAAGGCCGAG
CTCOOTGOAT CACHGCRIGACIREARIATT GAGMEDIAT CXSFEISACE F3GUUAM CCTGGarEA 120
35 CAGGTGCCCA CCACCATGTC AAGATAATGT TTGTATTTTC AGTAGAGATG GGGTTTGACCZi 180
ATGTTGGCCA GGCTGGTCTC GAACTCCTGA CCTCAGGTGA TCCACCCGCC TTAGCCTCCC 240

AAAGTGCTGG GATGACAGGC GTGAGCCCCT GCGCCCGGCC TTTGTAACTT TATTTTTAAT 300

40 TTTTTTTTITT TTTTAAGAAA GACAGAGTCT TGCTCTGTCA CCCAGGCTGG AGCACACTGG 360
TGCGATCATA GCTCACTGCA GCCTCAAACT CCTGGGCTCA AGCAATCCTC CCACCTCAGC 420

45 CTCCTGAGTA GCTGGGACTA CAGGCACCCA CCACCACACC CAGCTAATIT TTTTGATTTT 480
TACTAGAGAC GGGATCTTGC TTTGCTGCTG AGGCTGGTCT TGAGCTCCTG AGCTCCARAG 540

ATCCTCTCAC CTCCACCTCC CAAAGTGTTA GAATTACAAG CATGAACCAC TGCCCGTGGT 600

50 CTCCAAAAAA AGGACTGTTA CGTGG 625

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:
55 (A) LENGTH: 15577 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

60 (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "HOX93"

(ix) FEATURE:
65 (A) NAME/KEY: exon
{(B) LOCATION:1498,.1807
(D) OTHER INFORMATION:/function= "part of exon I (G310)"



12360
12420

CCAACATGEC AAAATGCCGI CTCTACTAAA AAATACAAAA ATTAGECGGEG CGTGGTIGECG
GGTGCCTGTA ATCCCAGCTA CTCGGGAGEC TGAGGCAGGA GAATCGGT TG AACCCGGGAT

45 GCCBABBIMASECAGT GAGCGG AGATCACATC ACTGCACTCC AGGCT GCECACHERSYASEEA
12480 AACTGCGTCT TACAATAAAT AAATAGATAA ATAAATAAAC AAATAAACTT
TACTTTAGAA 12540 ACAAATCCCT GICCGTIGITT GICTTTTCAC CTGICCTGCA

GGGAAAACAA AACATAAAAT 12600 50 GI'CAAGGCAA ATAGTAGTGA TTTCATTCCG

GGAAAAAGAA AGTGGATGTT TGCCTTCACC 12686 CTTTCTCGIC CTTCCTCTGG
TGCTCCTCAN GGCCCANGGG NAGAGEGGTGG AAAGTNCAGA 12720 55 GGAAGAAAGA
CGEGEECTAEEG WQTMWCC CAGGCAGGECA TGITCCCNAT 12780

TTCCNTGTCT TCACNTTCAR) ASMNAETSOESCTREBNETCT GGAATGAGGC CTACGGITTC 12840

CTTTCCCNGA AGAGTT @ﬁm CGAGH. C 12900
60 C;g'?'\GTTATTAACgAg&ACAgAG% GGC%&%I JM%WCCTGGTTTC
12960 AGAGGGAAGA AAAAAATTCA TAAGCACGGC CATGCTTTTC TAATAAAAAT
TCATTAMATA 13690 F }}gﬁ 'I;éIAAfe%?fATGAAGC CGGGAGGGGA GAGGAGAGGA
ACACAATQBA GAGACTTT :4326 (RACTTTT TCTCCCTGCT TCAAATACAA
AGCAATCTTC TGTGGGOCT ) GBBER GREBBATION3A#ct ion= "pETS2 INGi06/ (14568

PCT/ EP97/ 05355 part)” 44

GTTTCOCCCT TTCTGRGCARTGRGATTGEGA GGAAGAAAAT GCTTCCCTGA ANGTTGCTGC 13200
AAAATTGIIBT CTGTTTTTCR) TWAMEIRERT RGsd FEATEETTT TTTTTTGAGA CGGAGTCTCG 13260

5 CTCTGTCACC A N%@ T GATCTGA CACT TCCACGTTCC
13320 TGTTTCA@%' € c?%’f@t‘l“

ACAG
GCGCCCGCCCA

13380 10

TTTCCCCARG TTGEEEA
GCCTGCCTCG GCCT

TURER

CCACGCCCGG CTAGIGITTG TATTTTTAGA AAAGACAGGG

TGGTCTTGAA CTCCTGICCT CAAGIGATCT
TCTGITTTTC TTTCCCCGCT

Gabs.. . 553500

TTCT TAGGAG GCCATCGGG@)A@@!AE AABIIACIONT A06dthGn= "p3566f EEon 11 (EASGTTGATGC

AAAATTGI CTGI [TTCTCTTTT CTTTCTTTTT GAGATGGAGT 13620
CTCCCT CAl CCT CGGECTCACTG CAACCTCCGC 13680
20 CTCCCGEGTT CAAG(KEAIT 'E@TM@@GII’ QA7£8CCTCCGGAG TAGCTGGGAT TACAGGCACC

13740
CCATGTTGEC

CCTCGCCTCC CAAAGIGATESuENCES R R T TON:: SE(Q@ATGANCAG GNCATNGAGC NCACCGTGCC
CGGCCCTCTA ACTCTTTACC AGACATAAAG

TGCCACTARG TEFCEETISMAT IONT APRACEPT= TPAGT ARSI CEEGLTEITCA
CAGCCTGGTC TCAAACTCCT GACCTCAGGT GATCCGCCCG

13800

139

20

CONNTTC COCTTTCTAA
ATGTATATAT TOIGTTTTTA S RRAET FAREAT CCAGEERGECTC I%%STTTC

CCCCTCTGTC

35 TCTTTCTCTIG TCTCCATCCC TCTGTCTCTC CCTTTCTCTC TGTCTTTCCT TGTCTCTICTC 120
TTTCTCTCTC TCTCTCCATC TCTCTCTCTC CCGGTCTCTC TCTCTCCATC TCCCCGTCIC 180
40 TCCGTTTCTC TCTCIGCCTC TCCCTGTCTG TCTCTCTCTT TGTGTGTGIT ACACACACCC 240
CAACCCACCG TCACTCATGT CCCCCCACTG CTGTGCCATC TCACACAAGT TCACAGCTCA 300
GCTGTCATCC TGGGTCCCCA GGCCCCGCCG GGGAGGAAGA TGCGCCGTGG GGTTACGGGA 360
45 GGAAGGGGAC TCCGGGCCTC CTGGTGCCCC ACTTTATTTG CAGAAGGTCC ffGGCAGGAA 420
CCGTGACGCG TTTGGTTTCC AGGACTTGGA AAACGAATTT CAGGTCGCGA TGGCGAGCAC 480
50 CGGCTTCCCC TGAAGCACAT TCAATAGCGA GAGGCGGGAG GGAGCGAGCA GGAGCATCCC 540
ACCATGAAAA CCAAAAACAC AAGTATTTTT TTCACCCGGT AARATACCCCA GACGCCAGGG 600
TGACAGCGCG GCGCTAAGGG AGGAGGCCTC GCGCCGGGGT CCGCCGGGAT CTGGCGCGGG 660
55 CGGAAAGAAT ATAGATCTITT ACGAACCGGA TCTCCCGGGG ACCTGGGCTT CTTTCTGCGG 720
GCGCTGGAAA CCCGGGAGGC GGCCCCGGGG ATCCTCGGCC TCCGCCGCCG CCGCCTCCCA 780
60 AGCGCCCGCG TCCCGGTTTG GGGACACCCG GCCCCTITCTT CTCACTTTICG GGGATTCTCC 840
AGCCGCGTTC CATCTCACCA ACTCTCCATC CAAGGGCGCG CCGCCACCAA CTTGGAGCTC 200
ATCTTCTCCC AAAATCGIGC GTCCCCGGGG CGCCCGGGTC CCCCCCCTCG CCATCTCAAC 960
65 CCCGGCGCGA CCCGGGCGCT TCCTGGAAAG ATCCAGGCGC CGGGCTCTGC GCTCCTCCCG 1020
GGAGCGAGGG CGGCCGGACA ACTGGGACCC TCCTCTCTCC AGCCGTGAAC TCCTTGTCTC 1080



30  CACCTCATTN COCCGCTNCT CTCCCOCAAGA CCTGTCCTGC ACGTTGCACA CAGCAGGTGT
14040 GOCCTGGACA TATCCCAAAC CCACGCTGAA AGAAAGAGGG TCTCACTACA
CGTATGATWD 98/144d800 CTGTGNATCC TTTAAACATC TCCGTGGCTT KITAERSTASISS
CAGCCATAAA TAGGAATCTC 14160 35 ATGTCTGACA TGATACCGGG ACCATGTATG
GGNAAATTCT GGGTGTGAAG TTCCAGCTAC 14220 CCCCGCAGAG GCANCCATTG
CATACCCTCC AGAAACTCCC CTGCCGTTNC AA GA 14280 40 CACAACACAA
ACAGCNTCCG AGAGAGGGTG TCATTGAAAA TCAATACCAT CATAAGAGCA 14340
CACAGCACCG TCTTTCTCTT CTGCCCGTTG ATACACAATT ATGAGCAATT TGCTAACACT 14400
GACAACTCGT (SN GAACA CEhacalo Hat 1dan ATACEEs T T fdcT (eI BACCANGRAEETGTO 40 14460
45 TTCTGGGGTC TTGOCTGGAA CGGAGATCGG AGTTCAGGGT GGCTAATAGA ATCATTACTC
14520 GO PR ICEPRSCATSAE RTRISFCRCPISFTHEE BEEHETINALE CTEXAT ACAF®
CAAACGERCG cenddaBEt cRR e IdeTdel ke AREIPERoA EhcEARRACANCATEIRA T T TAEGA
AATGCCTAGA TCTGGACCTT 14640 CCATACCTGA GCCACCGTTC CAAAGCACTG
GGCGTTTTTC TSRS FECPATISAE/GEATTISCOC STRRFCCAGR CACRSRETENATHET CEEAAGEEPG
CAGTA G Ll RAAGAT - AdAGE TEEMAACRARLGE: cabdded BesscTeeceTGTABATCC
CCTGAAGGTG TGTAGACTTT AGACACCCAG AAGGTGTGTA GATGTCTGTA 14820

GACACCTTCT SAFGIRGTCH ACAAFSTE T¢TFAGS TATS S CARTRGIIRC RS FESPAT AR SERFISFETAGK! 40 14880

60  TGGICT, STGCTATCATA  CAGET A AGAGAR Tt 43t aAGAEIccAGT TGAB TAT
14940 15 AGGACTAT GAGATGGGAA AGGAAGNAGC AACCAGCAGT GAAAGGCATG

TGGTGGGT GG CCEEGIHONC GCCAGCCIUEHSTTEESCAR THeaASST R i EI TRIREACNEEAGGTRC

ACCCACTATA msgﬁgs&c@érmcs GCEMMB@&%@WQBTGA
TTTCACCACA WO 98/ 14568

PCT/ EPZYY 0585ECATTAC GTACCGGGAA GTTITGGAGA GCGGACTGGC GCGCTCCCGG GAGCTGHGSA 1680

ATTCCAGGAT %ﬁé CRAGAT I G AR EAM rd AT ekde TAGR 40 15180
GTACGAGAGA %{%ﬁ GIATA AATAGCACTA CCAGCCGGAT GCGGTGACTC 15240
5_ ACGCTOREARCTEACTAS RCEAEBCHT MRS e EACETEASTSET CAEGT
15300 %&% - ACAATCABAG A GET TAcSEAMRAAT AGEo
AAGATTAGCT “E%E%ggé ¢ %G TCTCACGCCT GTCATCCCTG CACTTTGGGA
GGTCGAGGTG QEGABLTCATTCGELEA? GCGEGCCCCT CG@MAMGW@GCGAMCCC

COTCTCTACT ALAOATACAR AOPAGT A0l 3B annso madBRRXOST G143 oRLECOCASKET
GTAGT 15540 15 TTGAACCCGG
/VTGEIXBAC¥¥T JBCACERGA GG RGN T GGTAGCGGE GTGCGGGGGG ACCCAGGGAG GGTCGCAGIG77 2040
GGGGCCGCGE GCGTGGGCAC CGACACGGGA AGGTCCCGGG CTGGGGTGGA TCCGGGTGGC 2100
35 TGTGCCTGAA GCCGTAGGGC CTGAGATGTC TTTTTCATTT TCTTTTTCTT TCCTTTCCTT 2160
TTTTTGTTTG TTTGTTTGTT TGTTTGAGAC AGAGTCTCGC TCTGTCCCCC AGGCTGGAGT 2220
40 GCAGTGGTGC GATCTCGGCT CACTGCAACC TCCGCCTCCT GGGTTCAAGC GATTCTCCTG 2280
CCTCAGCCTC CCCAGTAGCT GGGATTACAG GCATGCACCA CCACGCCTGG CTAATTTTTG 2340
TGCTTTTAGT AAAGACGGGG ATTCACCATG TTGGCCAGGC TGGTCTCGAA CTCCTGACCT 2400
4 CAGGTGATCC ACCCGCCTCG GCCTCCCAAA GTGCTGGGAT GACAGGCGTG AGGCACCGCG 2460
CCCGGCCTGG GTCCTGACGG CTTAGGATGT GTGTTTCTGT CTCTGCCTGT CTIGCCTTGTA 2520
50 TTTACGGTCA CCCAGACGCA CAGAGGAGCC GTCTCCACGC GCCTTCCCAG CGCTCAGCGC 2580
CTGCCGGGCC CCCGGAGATC ACGGGAAGAC TCGAGGCTGC GTGGTAGGAG ACGGGAAGGC 2640
CCCGGGTCAG CTCGGTTCTG TTTCNCTTTA AGGAACCCTT CATTATTATT TCATTGTTTT 2700
> CCTTTGAACG TCGAGGCTTG ATCTTGGCGA AAGCTGTTGG GTCCATAARA ACCACTCCCG 2760
TGAGCGGAGG TGGCCGGGAT CTGGATGGGG CGCGAGGGGC CCCGGGGAAG CTGGCGGCTT 2820
60 CGCGGGCGCG TCCTAAGTCA AGGTTGTCAG AGCGCAGCCG GTTGTGCGCG GCCCGGGGGN 2880
AGCTCCCCTC TGGCCCTTCC TCCTGAGACC TCAGTGGTGG GTCGTCCCGT GGTGGAAATC 2940
GGGGAGTAAG AGGCTCAGAG AGAGGGGCTG GCCCCGGGGA TCTCTGTGCA CACACGACAA 3000
65 CTGGGCGGCA TACATCTTAA GAATAAAATG GGCTGGCTGT GTCGGGGCAC AGCTGGAGAC 3060




(2)
20

nucl ei c aé?
TOPOLOGY:

i near

(A) DESCRI PTI ON:
SEQUENCE DESCRI PTION: SEQ I D NO. 9:
TGTCCCCGCC GAGCCTGGGA GCCCGTGGGT
TTGAGGACT T CFEIRAGRRCCRLS TFTTRET GATACRT TIGGATAGARACRG AGRATCTAGD CTCGGCTTT@CTG@HQTTC
AGACTTAGAG £RATF GE&@QA%EE&ES&?E&EE&IQAGééﬁﬁ@@@?%kcm%&ﬁ_
TTCACTTGGG GGGAAGGAAT GGAGIGTTCT TGCAGGCACA TGTCIGITAG GA

40

300
360
420
480

45

25

/[ desc =

| NFORVATI.ON FOR SEQ I D NGO 9:
%8/14564 A) LENGTH: 7

53 base pairs
(C) STRANDEDNESS:

(ii) MOLECULE TYPE: ot her
"ET92 gene segnment”

39

60 35

(i) SEQUENCE CHARACTERI STI CS:
pé%&ml%ﬁﬁ%s (D)

nucl eic acid

30

single

Siicay

(xi)
CGTGGAAGCC TGGAGTTTTT GGGAACAGCG
TCTGCAAAGC CTGCGGGTGT

3180

240

5 AGAATGFCRS AIRCTYICOT FGEGAGTRACIIGHC EICAGGARGAC ATGTABIFCG G&ZIDGGGGT G

R P  PRRC AT AT H e GO T ARG

ATTTACC

REBTFBIECTAGETTTAGRGAZATBICT TRGACK TG RAMICTASC ACGRATGRCAGCS BIOCT TACCCT

00 RRRE A IR

SiENeReish

AR TG

TGAAGGGEGAGCTGTAAT B0 TACACAGAGR (GRBECATAC CAGETACAA AGT raANCERSTGRGCT T@G'ﬁCA

T TCAG e T RETC T maspe Rbfeggioe ededrBiel EelrdRg fogateeit

AGGTCACCAA 1€ TTGTC CTTCNGCAAA CACCGTTTTG CTCCTCTNGN AACTCTEDGr 'rNcrcccc(cﬁ)
Ngj%cgép%aspécccscsm NeAGCARhED G

FOR SEQ I D
(A LENGTH:

ENCE

CC CAGA(ﬁSV

(C STRANDEBMESSAGAS Ca:rg;becpﬁﬁ NNGACCCAGG GCCACAGdR); ARGREACEKAY cadtcnessr

(ii) MOLECULE TYPE: other

nucl eic acid

568

PCT/ EP97/ QXAEAITTING CCCTTGGCTG GETGCAGARA’ GACCCCCGEE CCAGé/p\QTc?g /CACCCAGGA:E
(A) DE3&RI REtANrarT tahescarec "FAEEPAATC cAceTTCGAG

TACCGTGGAA GCCTGGAGTT TTTGGGNAAC

30

35

40

45

50

35

60

65

GGGITCTIGCA

AATTNCCTGG

AACGATTCAC

GAAACAGAAT

GGGTGGGAGG

TTTACCCCGT

GCGGCCTTGC

TTACCCTTGA

GCAGGCCCNG

GGGNTTGAAG

CAGAGAGGNC

GGCTGAGTCT

TGGAGATGAG

GAAAAANGTG

GCNGCATTCN

AGGGGCTCCT

GGGGATAGCG

CTTCCCGGGC

TAAAAATAGG

GTTATGTCARA

AAGCCTGCGG

GGTTCAGACT

TTGGGGGGAA

GTGAAATCCA

GCCCTGGTIGT

TNCCCTGTAG

CTGTGCCCCT

CAGCAAGGGA

AGATAGGAAN

GGGANGCGAN

TGAATGTCTA

TCTGCCCNTT

ARAGTGCCAT

GGAANNGGAG

AGGNTACTCA

AGCTCCGCCA

TCTCTCCGTA

GTCCCGCCGEG

ATTTGACACC

CAGAGGTGAA

GIGTTTGAGG
TAGAGAAATG
GGAATGGAGT
CGTTGGAGTA
GGATCGTGGA
ACACCCTGGA
TTGAGACTGT
CATCTCATTA
CANGAGGGGC
GGGANGACNA
ARATGAGGAA
CTGACNTCCC
TTTTGGCACA
AGATTTCTGN
GACGCGGTTC
GATCGCGGAG
GGCCTAGAAT
GGATCCCACA
CCACTCTCCT

GTGGATAATT

AGCGTGTCCC

ACTTTGAAGA

AAGGAGGGAG

GTTCTTGCAG

AGCGTCCAGC

AGGNAAGAAA

TTTGTCAGCT

TTCCAGACTA

GGGCATCGCG

NGTTGGNAGA

CCTTTTANCT

GAAAAGGTTT

CCAGCAAATA

CTCTGGTGGG

CGCACGCGGT

TGCTGTTCTIG

GGACCCCCAG

CTGCAACCCG

GTTIGGCAGCT

GGCAGGGGAG
CGCCGAGCCT
CCAGTTTGTC
AGCTGGGGTC
GCACATGTCT
GCTGAATGTA
GACAGAACAG
TTGCAAGCTT
AACTTCCARA
TGCTTCTCAT
TGCNCACTTC
TAAACCCCTN
TTCACCTGGA
CAGACAGGTC
GTAGGTGCCC
TCAGCCCCCA
CTGAGAAACA
CCCTCCTGCG
CCCCGGGTCC

CTICCTICAAA

AGICTGAGGT
GGGAGCCCGT
AGTTGGGCTC
GTCTCCAGGA
GTTAGGAGGT
GCTCGGGGTG
GGTGCTAGTA
CTTGGTTGCA
TGTCAGCCCC
CTGTGNCTCA
CACCAGCCCT
GAGCTTGGTN
AACGCTTGAG
ACCAANCTAC
GACCGCGTGT
GGCGCGGNTG
GGCTTCGGGT
CTGCAGCGGT
TCCCCGTGTC

TTCTTTCCCT

TAAAAAAAAA AAATAAGARAA AAAAGGTTAG

GAGGAAACGA TTCTGAGATG AGGCCAAGAA

I NFC@?I\/ATI ON

cjjégiéégr I1U§%A I C acl %FO

3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100



(i x) FEATURE: 5 (A) NAVE/ KEY: CDS (B)
L OCATI ON: 91. . 10 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NQ._ 10:
GTGATCCACKO CGG GOCGTCCTCT COGOGOGGEG AGACGOGOGC ATCEAEERSF05355

60
114
1
GGA
Asn
GGC GEC
210
25
AGC
258
45
GGC
Au
65
GAA
Leu
85
402
90
GGG
Au
110
CTG
Phe
125
GAC
Tyr
145
TGG
Adn
165
642
170
CTA GA
Asn
190
CGG
Al a

CCCGGCTGCT CGCCAGCCCC GGCCCCAGCC ATG GAA GAG CTC ACG GCT TTT GTA
15 Met Gu GQu Leu Thr Ala Phe Val
5 TCC AAG TCT TTT, GAC CAG AAA AGC AAG GAC GGTI AAC GGcC
GGC GGA 162 Ser Lys 44 pPhe Asp A n Lys Ser Lys Asp Ay
Gy Ay dy dy 20 10 15 20
GGC GGARAGHTCGSAE GABBAGICE JASCTTTC ACEARARSCCBSTRPATEGTTCHrEFBAG 5160
s d &G@fﬁsﬁkggiﬁésé&ésriﬂ%@sc%@ ﬁﬁ&s%ﬁ d&rriothe %QCCGEMTVZBSEZ-%U A u

CGA CTGRCESICRE FTEFACEIAS ST SHCh (OISR IS CRPCFCY GCCISAREACTC 5280
Sefm@ca/mls@tbc&&cﬂegcé%&nﬁ&ﬂ T%Abde.% éidmmes SeEacRSRaSEr 5§ Leu
CAG GAC ATC ACG GAG GGC
a3 A TREERERE %C@GF HGPCCARRCT M@CAGAGG csmng CCAACTEFAS AsP49d e Thr
Ay G Yeddo¥addas c@é&cgﬁ& }/@éAGéﬂAéT Lgi B ¥Secarrace coeaceeerT 546000
C 'GTA GAC AAT GAC AAG GAG AAA CTG AAA
TTC CEEMACTGES GAGcmscc mcg@cs AEFFCRRAS GRHCGIuIEC ASHIAEIACLYs SB30 Lys
Lys u 8Q
A G?A\(P(%GGCQ%A-E&GG&& C(':A(\:_IC_;_GI_AG_IG'(AZ\B.I_ T CT_IQG'Fé CTCGGGAG&G ,&:ﬁ(é\G(%A&?CGAG SG?AC\)C GTG
Ar GFATAGCCAL ETEHAGCCY0y) GIAGECORPE TCRECTOYES GSASCEIGES [GPECTAFEFTG uSAMY Val 40
G GAG GAC
CA &OA CCGIﬁ%?CCG:%% CK%%GER: %\C@Ci&‘&G G&AC&Q& AGGCCTG'!‘Q@%AI&E% SeGrg%G u A,Sp
Asp G yTTECATTIRE TTPECACEAR EAGSAIBICAR MTEHTIMATGACSATATATATTA IHSARATAAC 5760
AAG, JITC ACG
g oAl BRIRRE RIS IAR ROATEERP R Mfthmacann sianblde §8Thr o
Thr LeuctcaTdGhn AGBTACASTE Graactarga @AGTGQCQCQ_Q&EHCW@TT CGGITCCCCT 5880
OTAC cce

G0 TTCRPEEEE TRRERE PRATIEARR GRppnchint clbopnsbit GBSt Hhegl A 0

Pr 030As pcoracTRus deECCCArTs SFarAGIGHG | 130T 88RGAEITITTCATTT AAAAAAAAAT 60QL&10

LAG GIT
TTC cac AT TG, soteehonte geppiiiont WieliaRtel lenthurR i car ey, R0
VaI Tr PTRICEATEAR ASKGASEEF TGTCCTCTCT CCCTAGGT_@BAGAGAAACAG GGTCTTCTCT 16@120
T C ATC
ar SRR a{c%i\%%déé\ﬁéﬁa?%% T SR T RAT e oo
TGCTACAAAC CREZECCCTCC TCCCTCCGGC TGTGCGESEr GCAGGAGCRT GTEREGCINCA G@@QAAC CAC

PTG GJOSFY (Bt By ekl gkl O Y A

GCTGCCCCAT GAEI;JQ&AGGC ACCGGGGGGC GGAGGGGQ@OT&'GTGTCCG CAAI@GQITC@ GGA3ECC TTA
ATG CCT_TIC

L ew SA\ r gG".'R%Gf-}GCgA\A GISH'ETca‘ E&A%T%A éAﬁT%CgTA@JhGGEATGAG 31‘§TANTTT Asn GQ%J[ G y

GGGGTGCTGC TGGGAGAGCC TCCAAATGGC TTCTTCCAGC CCCTGCCTGA CAGTTCAGCT 6480
CCCCTGGAAG GTCAACTCCT CTAGTCCITT CTCCTGGTITC TGGGCAGGAC AGAAGIGGGG 6540
50 GGAGGGAGAG AGAGAGAGAG AGAGAGAGAG ACGGTCAGGA TCCCCGGACC CTGGGGAACC 6600
CGTCAAAAAT AAATGAAATT AAGATTGCCG ACCAGAGAGA GAACCGTGAC AAAGCAAACG 6660
55 GCGTTCAAAG CAAAGAGACG AACTGAAAGC CCGTTCCCGT AGGACTGGTT ATGAGGTCAA 6720
CACATTCAAA CACAGCTTGC TCTGGATITT GCTGAGCAGA GGAAGATACA GATGCAITIG 6780
ATCCAAAGTG TGTTACATCT TTCATTATAT GTGTGTCTAT ATATATAAAC ATATATAAAT 6840
60 ATATAAACAT ACATAAATGT ATGTAAATAT ATATAATCTA TATACATATA TAAATATATA 6900
AACACATATA TAATATATAA ATCTATAAAC ATATATAATA TATAAACATA AATATATAAA 63960
CATATATAAT ATATAAATAT ATTAACATAT ATAAAATATG TATAAATATA TATAAACATA 7020

65
TAAACATATA TAAATATATA AACATATAAA TATATAAACA TATATAAATA TATACAAACA 7080



WD 98/ 14568

PCT/ EP97/ Rfy3dsh :

205 4568 cAG TG TATERISES, oo
CAC GCG CAC CCG CAC CTG CAC CCG CAC CTG An Leu du Ay Val
Ala Hs Ala Hs Pro Hs Leu H's Pro H sgiLeu 5 220

225 230 GCG GCG CAC GCG CCC TAC CTG ATG TTC CCC CCG

CCG CCC TTC GGG CT Ala Ala Hs Ala Pro Tyr Leu Met Phe Pro

834
Pro Pro Pr O-rwgrm ATATAAATAT ATATAAAAAC BPATATATAC ATATAAAAAT ATAT. %AC 7140

215
786

245 10 afABrARE Adhfachiiy Wi zaGhiacGifaTdfdca R enohrAC rAchiantd’C GlfgoGIC GCC
882 Prolle Ala Ser Leu Ala Qu Ser Ala Ser Ala Ala Ala Val Val Al a
250 5  ATATATATAC AJRRAATATA TATAAACATA TATACETAEA APBATATAJATATARIARCE AARSAGC AAC

AGC AAG AATrReach ATharmhfa GifaredfanCleatarara carBBfaan Tarafh@cAl @ A28 LYS
Ser Asn Ser 1ys Asn Ser Ser Ile Ala Asp Leu Arg 265

570 o TTGGCCC GI$ATTCCCT TCGGTTCCTG TGGGABGFET GATTGAGTERCAGRSATTCHS CX38AAG CAC
G0G GAG CCCA G Endelss febhrchir AerddsehddnTaTcaceara u@iﬁc@ﬁ' rale8bhchy S A}ﬁoAr g Lys
Hs Ala Gu Ala Leu Ay Leu 290
CAGCCCCCCG WTWTWWAWWGSM 1038
25 CAGTCALLEr &P A el Gorcb b daCr i bR ot LA AR A R LPCCGAGL TC
1098 CTGCAAGAGG CCTGAGGAGG GAGECTCCCG GGACCGICCA CGCACGACCC
AGCCAGACCC TTARMITGC CCTCCCW@WW@TW@@\W
TGCGTCCAGC W%AGGCT}%QT&TTGGA G%@%E@?c %'
GAGAAGEBIA AACCCCCGCC TTCCTCTGCT ATACCCTA G
CATGCGGITA WAWWWGWGT TTSTECTCIHCACTUATT GAANET
CCAAAGATCC £ AGGESGEAHEEAT %C%R%Jﬁrm}_%srm&?ﬁ 7800
AACGATTTTC TTTACTACCA TGCTCCITT TTCATCCCA GA GIG 1458
GATTTGHETG WWWWMTMMTWW CCs8e0 1518

lo7 GO ORNEER e A AR AR GG

1578
CG ATTTAREEC ABNACATTIRCOEIEGNC CONGRRAGACBANCECAB TRCFACAGAICT T T7REC

e

AGTGTTT
TTTTTTTTTT
UEEOIRATED FRYFCGATACTESATINGG GETBIBCN0ATTGCNNATECAGIAT TA

ATAAGAGACG GABG

A %E%%M&EJ&%M%MR&%WG@MK@ 8160

AAAAAAA

1890

55 (2) AATRRORBA TGN TEOR SEQCEENdUEGEEGARAG GATCCTATAG TAARCGOFAGEQUEZRCE
CHARACTERI SI&C%@TTTGA GGGGTCATAA ARATCAATTA GTTCCAACAC CCACGTCCCG CGTTGAGGGG 8280
ACGGGGACGA GCAGGGACAG AAAAAGAAAC CATATTTGAA TCCCATCTCT CTGTGAATTC 8340
TTGGGTCACA TGCGTCTCAG TACAGCCCGT CCCGTGCTGT GACCGGATAG AGTTTCAATT 8400
45 TACTGTGGAA ATTTGCTGTA AATAAATTGA GCATCCGATA GAAGCTGITG CTGATTAACC 8460
TTTTATTTTT AGCGTGGCCC TGCAAAGTCG TATCACCCAG CTGTCAGGCT TCTAATCGAA 8520
50 AGTTATGAGA CCACGGTGAG GGGCAGGCGG TAATTTAATT ACAACAAATA TCTTTGGGTT 8580
TATGGCGCAG AGCTAAATTA AATGTCATTA TTCACTGTCT GTNAATGGNA AATCAAAANN 8640
GGAAATCGCA NTTACGGNCA TTTGGGNNAA ANGAAAGCGG GGNAGTGCTC TTTAATNGAA 8700
55 NNGAAATAAC TGTCTTAAGC AGTGTCACAC ACTTCACTTA CCATATTCGN GGCCTNAATT 8760
GGAANNTGGA TCGTNNGAAT CACTCCNAAG ACTNGATTITA TTANGCGCTT CACGNCAGCN 8820
60 NGGCNTAATT CATCNACTTN NGTATTCTTC ATCNNNNATT TTTTTTTTITC CTCTCNNGCC 8880
GTGTTNNGAA GGGAGAGTGA ATGAGGCTTT CCACGTTTCA GGAGGATTTT CTTTTTTGAA 8940
AAATGCCCTIT CCAGAGGCTT TTGGGTGGCT GGCTTGCTTT CTGGGCCCTG GAGGANGACA 2000
65 GGCGGANGAG TCCAGGTGGG CATGGAGAGG CACAGTGGCA GGTCACCTGG ATGGTCAGIG 5060
GAGGTGGAGG TCTGAAGGCG CCAGCTTTGG AAATTATTGG TGAATTTCGA TGTCAGCACC 9120



(A) LENGTH: 292 ami no acids 60

(B) TYPE: am no acid,

(xi)

(D) TOP % ear (i1) MOLECULE TYPE: protei
SEQJENCEO“%& ION: SEQ ID NO 11: 65 Met Gu GQu Lq"ff"’r’i'??"’ﬂsé Phe
Val Ser Lys Ser Phe Asp G n Lys Ser 1
10 15 WO 98/ 14568
PCT/ EP97/ 05355 48 Lys
Asp Ay Asn Ay Gy Gy Gy Ay dy Ay Gy Lys Lys Asp Ser
20 5 |1 e Thr 'gxr Arqulu Val
Leu G u S ePG(&C?GC-LGg CKF%TTK?('Q G%QT%'CG %ﬁGﬁNGGATG ANCTTTGCTG G(%éANN
40 GATCAGGTTC TccAbsceea crodactrcd gradinccSe kTASpArSer cxdficcersl Ada4ésp |l e
ThrGuﬁG%ny:Gy 50 55 60 10
Hi s Cys Pr&™NFAPAACSCTCREFTRRe AESIECHES THCECTAM™ ARFFAACTTCARSSTISFSCH u 9390 65
70 GTGTAGACTC CTGEOTGCTC CCAAACTCTG AGGGTTTIOr cAGGTTCAOYSTdAGALGLYS Gdés!?he Ay
Thr AliaOArg Val Ala Qu d lle Tyr Qu 15
90 CCGGCCCTG GGCGATGCAC AGT E%Ey"smﬁfci?g{cy@%“@“uccﬁ%fﬁ%? Lygézger A u
Asp G u AS@T@TECL@I\HCAACAGCCGG AGTGACTGGT teadfdcee corTeeeeeA GoAcGeck@P 9480
110 20 Thr L s Leu s An Ar é:; Ser Arg Thr Asn Phe Thr Leu Gu Gn
115 15 TCTCT CG AAf TTCT CTTGGGTGGT ACTGCCI% TGGGTCAAGEeTFCA%Cﬁ.‘T'E;‘ u LQéGO G u Ar g
Leu Phe AsprédchcaBAr addcSretyd cEXRARSR Acaactanc actercAds®® acereereer  9s00 135
140 25 Phe Met Arg Qu GQu Leu Ser Gn Arg Leu Ay Leu Ser Gu Ala Arg
145 GGGGGANGAG GNfg GTG GTGTCCAGAT TACCAGG% AGGCTAAACT GCCTGCACTC 16(?660 Va|
G n Vapo Tr pedArerddrNe s rahed abéndcdiag i@f&@(@r REGhch¥cEAddaddcdcd0 9720
165 170 Asn G n Met Hs Lys Ay
Val I | e LeaA(@AgGTﬁZ}rGWAgCh A‘PITgG(F_]ﬁ'ﬁ %TCTTCA CATGAGGCCT GTGTGAAJ‘I_'g.D 9780
185 CTCCAGCCTC CTG;;&Q;TCC'-”ﬁcrsceéﬁTW&A&rcﬂAé/@%cﬁbﬁmer'PMIUJCCM@' AggoMet Gy
Ala Le2SArg Met Pro
205 %C@%GGWTWG@GW%WGG ‘FFCE@GAG ﬁA?_CéﬁG@AuTOGT“;‘F%‘F A% s Al a
210 TCCTCAGGAC CO%+@GTCAT GAATGGGACC CTTTCAT%‘?IQ Té&GAcccr tdcSadtngs H SookU Hi S
Pro Hs Leu Ala Ala Hs Ala Pro Tyr Leu 230
235 AAToceACoC CTIgRICE. CCAPRENTDY G APPSR &A%A@G@ﬁehﬁ@gﬁcg% Prg29| e Al a
§§r5 Leu Al 8cAdchlccd®l cARAGGECA AAGACATTTT CTGGGCTTES PGTGTCARGA GCTAGATTGG 2RJ980
35 AGAAGGGGCT GGATTTGGAA CTCTTTAGCC ATCAGCTCAC CCTCTCCGTT TGTGGCTAAA 10140
GTCTGAAGGT GGAAACTTCG GTTCTCCTAC AGGGTCTACA GGAGTTGGGG GGCGGGGCGC 10200
CCACACAGAA CGCTGGAAAG TTCGACAGTC CACTTCCACT GGCTCGGAAC TCACTTTTTC 10260
40 ACCTTAAGTT CATCAGCGGT AACGCATAGG TCTCACTTAG GCAGGGCACG GATGATTTAA 10320
CAATTTCTAC TTCTAGGTCA GGTGCGGTGG CTCACACCTC TAATC:CCAGC ACTTTGGGAG 10380
45 GCCCAGGAGG GTGGATCGCT TGAGGTCAGG AGTTTGAGAC CAGCCTGGCC AACATGGTGA 10440
AACCCCGTCT CTACTAAAAT ACGAAAATTA GCCAGGCATG GTGGTGAGCA CCTGTAATTC 10500
CAGCTACTCG GGAGGCTGAG GCAGGAGAAT CGCTTGAACC TGGGAGGTGG ACGTTGCAGT 10560
50 GAGGTGAGAT CACACCACTG CACTCCAGCC TGGATGAGAG AGCAAGACTC TGTCTCAAAA 10620
ACAAAATAAA ACAAAAACAA AACAAAAATC AAAAAAGAAA ACCCAATTTC CAGTTCTAGG 10680
55 CCAGGTGCAG TGGCTCACGC CTGTCATCCC AGCACTTTGG GAGGCCCAGG AGGGTGGATC 10740
GCTTGAGGTC AGGAGTTCGA GACCAGCCTG GCCAACATGG TGAAACCCCA TCTTTACTAA 10800
AAATACARAC GTTAGCTGGG TGTGGTGGTG TGCGCCTGTA ATCCCAGCTA CTCGGGAAGC 10860
60 TGAGGCTGGA GAATTGCTTG AATCTGGGAG GTGGAGGTTG CAGGGAGGCG AGATAGTGCC 10920
ACTGCAGTCC AGCCTGGACC AGAGAGCAAG ACTCCGTCTC AAAAACAAAA GAAAGCAAAA 10980
65 ACAAAAAACA AGAGACCAGC CTGGCCAACA TGGTGAAACC GCGTCTTTAC TAAAATACAA 11040
AATTAGCCGG GCATGGTGGT GGGCACCTGT AGTCCCAGCT ACTCGGGAGG CTGAGGCAGG 11100



Al a Ser Ala Ala Al a Val

260

Val
265

270

Leu Arg Lewpdgyasedl a Arg Lys Hs Ala Qu
280

285

Ala Leu Ay Leu

| NFORMATI ON FOR SEQ I D NGO 12:
(A) LENGTH. 1354 base pairs 60

(© STRANDEDNESS:
(i1) MOLECULE TYPE: other
/[ desc = HARB™

"S

single

nucl ei ¢ _aci

Ala Ala Ala Ala Lys Ser Asn Ser
Asn Ser
275
2

50

ser

Lys

Ile Ala Asp
PCT/EP97/05355
90 55 2

(i) SEQUENCE CHARACTER! STI CS:

43

(B) TYPE:

(D) TOPOLOGY:

65
TGGCTT GAACC%G@ éiF’jEfg\ggTT GCAGTGAGCC GAGATAGTIGC

i d

| i near

nucl eic acid

chc':A'i)GCADcEr%CRI PTL ON:

PCT/ EP97/ 053h&ccTe66C GACAGAGCGA GACTTGATTT CAGAACCACC ACCACCACAA CAAAACARRA
(ix) F

LOCATI

URE:
> g1 CABARATCCLAAAAARACCC C

A gz NAMVE/ KEY: CDS
TR SERORRICER C DESER BTt ARFESEDY D

11160
11220

R0 12

GTGATCCACC GcAZACEAcCEs 1mhEICT EGEETc A X dcht cAATEE ARG cAdIcACdzAGG 1340

60 10 CCCGGCTGCT CGCCAGCCCC GGCCCCAGCC ATG GAA GAG CTC ACG GCT TTIT GTA
114 10 GCAAAGTGCT TGGTTCAGCC TCATGGGAAG GATGCTCCWE,[GGg;%FGGT% GE%T{?G?’FHC A|)é4% e Val
295 acaceeeTeT BEMarcrer crdfdeTAAGNIECEAAGET fpAEr1bta AR B AAGIENC GGT
AAC GGC GGA GCC GGA 162 15 Ser Lys Ser Phe As_[g an Lys Ser Lys
Asp Gy Asn CEFAPCESSE BYCPAREA)G AGAATCAGAT GCATARAGGT GGGTGTEGEG ACTGEGGGGA ~ 11520 31
315 15 Cordambedbedcharlc A\ CTO AT cAtdecértt Aehuchter GekrAchtecCT h1ddds GAG
210 Gy Ay Ay Ay Lys Lys Asp Ser Ile Thr Tyr Arg Qu Val Leu Qu 20
320 AGGACCACCA C}g}Z‘gACACC TGCTCCCTTT GGACA% GTCATCTT @:PG &@(CGC TCC
CGG GAG CTGhderhtde dédesthta HebcdNebeClbsTeancAT cocnd®TA cssm%@éTTG hikey Al a
Arg Ser2frg Au Leu Ay Thr Ser Asp Ser Ser Leu
340 TCCAACAGGT AGAGACIAT TTCTTCCARS @@GAWCA@GG@WW@&CM 1EAE® TGC
CCG GIG CAT ctdéeridde M@rrecte ccocat@bre ACACT@%’I&GA&QCM&TJ I&Ecnﬁs@mﬁ y 1eb¥o Gy
Hs Cys Pro Val H's Leu Phe Lys
360 302> G&@@AEG@T%C@\@A%?A@@G%C@XGCW CrEEAR @%CN@TGGG%@C GCG
354 ASREARTMR 2D3BrRER diSEA¥Se GhdtchyRal@echateatOctcAdagcrd ¥ 11bko Al @
365 370 375 380 AGA
GTG GCA3@AA TCRFBCAIP ART TAGRAC TEESARARCFGALS TRAISAE(TATERBAGACCEIRECTCT 12000 402
ACTAAAAATA CAAAAAAAAA TTAACAGGGA GTGGTGGTGG GCACCTGTAA TCCCAGCTAC 12060
TTGGGAGGCT GAGGCAGGAG AATCACTTGA ACCCGGGAGG CCGAGGTTGC GGTGAGCCGA 12120
35 GATCGTGCCA TTGCACTCCA GGCTGGGCGA CAGAGTGAGA CTCTGTCTCA AAARATAAAT 12180
AAATARATAA ATGTAAAAAA ATAAAAATAG GTCGGGCACG GTGGCTCACG TCTGTAATCC 12240
40 CAGCACTTTG GAAGGCCGAG GTGGGTGGAT GACAGGGTCA AGAGATTGAG ACCATCCTGG 12300
CCAACATGGC AAAATGCCGT CTCTACTAAA AAATACAAAA ATTAGGCGGG CGTGGTGGCG 12360
GGTGCCTGTA ATCCCAGCTA CTCGGGAGGC TGAGGCAGGA GAATCGGTTG AACCCGGGAT 124290
45 GCGGAGGTTG CAGTGAGCGG AGATCACATC ACTGCACTCC AGGCTGGGCA ACAAGAGCGA 12480
AACTGCGTCT TACAATARAT AAATAGATAA ATAAATAAAC AAATARACTT TACTTTAGAA 12540
50 ACAAATCCCT GTCCGTGTTT GICTTTTCAC CTGTCCTGCA GGGAAAACAA AACATAAAAT 12600
GTCAAGGCAA ATAGTAGTGA TTTCATTCCG GGAAAAAGAA AGTGGATGTT TGCCTTCACC 12660
CTTTCTCGTC CTTCCTCTGG TGCTCCTCAN GGCCCANGGG NAGAGGGTGG AAAGTNCAGA 12720
55 GGAAGAARAGA CGGGGCTGGG GGGGGGGETC CGTGGGGACC CAGGCAGGCA TGTTCCCNAT 12780
TTCCNTGTCT TCACNTTCAA AGNAGGGGCC CCTCGNCTCT GGAATGAGGC CTACGGTITTC 12840
60 CTTTCCCNGA AGAGTTNCCC CTTTGTGAGC TTACGGCTTC GGAGTGAACC TCGGTGCAAC 12900
CTGTTATTAA AACACACAGA GGCTAATGCC AGCAAAAACA CGCCCCCCGC TCCTGGTTTC 12960
AGAGGGAAGA AAAAAATTCA TAAGCACGGC CATGCTTTTC TAATAAAAAT TCATTAAATA 13020
65 ATCGTTATAA GGGATGAAGC CGGGAGGGGA GAGGAGAGGA ACACAATCAA GAGACTTTCT 13080
TTGAACTTTT TCTCCCTGCT TCAAATACAA AGCAATCTTC TGTGGGCCTG GGCCTGGGGE 13140



35
385

Arg Val

390

395

GGG CAG ABrs#iM368€TG AAA CAG AGG CCC AGC
Gu Asp dy dn Thr

405
CTC
Asn
425
546
430
GCG
Ser

450
CAA
Arg

470
GIG
Cys

490
738
495
AGT

45

515
848
908
968
1028 10

ACTCGTGgGA CAccél&§§N ccccccm%%ﬁ%ﬁ%%&éa

TCCTCCCACC

GAG CGA CTC TTC
Gu Leu Au Arg Leu Phe

Lys Leu Lys A n Arg Arg Ser 40

410

Ala Qu dy Ile Tyr Au Cys Lys Qu Lys Arg A u Asp Val

AAG TCG GAG .GAC GAG GAC

PCT/E39n/08358 ASp
400

450

CGC ACC AAC TTC ACG CTG GAG CAG CTG AAC GAG

498 Ar4q Thr

415

Asn Phe Thr Leu A u A n Leu
420

GAC GAG ACC CAT TAC CCC GAC GCC TTC ATG CGC GAG GAG CTC AGC CAG

475

460

Asquﬁmcahnmﬂaeﬂrcﬁma&sp e&hﬂsARh:er Néircédfag;ACimTﬁcuscLeunSeﬁ A n

GGG CTC TCC GAG

440 CEC CTIG
CGC5GT GPPRECETT CT?%T?@F@ TAE WAEC GEREFTTITIT TTTTT%@EA CGERGIRTT Let??&y Leu
G u Al a-rhAfrcded A&d&@&ﬂr ddaRTdRT GricRGBcTAEfcTecance AbRaceTTCC

13320
AGA GCC AAG TGC CGC AAA

GAG AA'ITG@R‘E:AA%C@.WFTW EEEAIEFEC AFEACTAGCT GGEACEACAGHECGCCCRERR Al B339 s Cys
LyS10G nechebebcfed cihdrebiilc tHirgridnga @nycA@Led k€reccears Trecccasse

13440 465

TTG GEC ACA GCC AAC CAC CTA- GAC GCC TGC CEA

GCA COGOFARETEFCCTOCTRTCCT GYGTGRTCT GERTFCERSS PRTCAFPRA ASICIATE™ el 38D Al a

Ar g ValcoNseriPe® riydced@r BRrraccac cocaTceeea AdB@AAAAT GCTTTCCTTG
15 AAC ATG GGA GCC TTA CGG ATG CCT TTC CAA CAG ATG GAG TTT TGC TCT

ASHSVERTEY PARTACTEUCTAT T I0ET TRFSTPRET EFTFCEr T MEBCATSCRSPhel 3898 Ser

1356485

cTceeTeTTT CREVEAGGCT GGAGGGCAGT GGCGCGRESr @&CTMCT%;T@J{C@@@G@CA&% TGG

ATA ATG GCA TGA TCTCGACTCA CTGCAACCTC
Ay Tr 0SetCICFEEGRHET CARGEGARIC TCCTGCCTCRGCORICEARFE BAGCTGGGAT TACAGGCACC
PCT/ EP97/ 05328acTATG CCTGGCTAAT TTTATTATTT TTAGTAGAGA CGGGGTTTCA CCATGT2Hce

CGCCTCCCGA GTTCAAGCGA TTCTCCTGCC TCAGCCT
55 (RCEHCERCCCIRPCTCAABKT T RAF G FRTESFACTST FITCASTIAS ACRATCERSGT TI3PEACCATGTT

m&m&%&g@c&g@%@&&@e{%%@@ A dACG 153

GCTGEGATGA CAGGCGTGAG
TCTWWWTWWAGFWW CRCECABEEBTEGAGEASS

Cys Ar

yaag O

13800 510
CCC GAGTAGCTGG GATTACAGGT

GT
CGGCCTTTGT AACTTTATTT TTAATTTTTT

CCEEEAAL LT e APCGAEEC G e AN
GAGTAGCTGG GACTACAGGC ACCCACCACC

ACACCCACCT MWWT@WWFT%F%TGAA FEOBAGAGEE TCRCACTRCE(FIART ETAICCTI I

TGCTGAGCT A b LA L b SMAERI (o],
CCTCCCASAG TGITAGAATT ACAAGCATGA  ACCACTGCCC GIGGT

CA

CAG‘:'C%Q&AA TAGGAA@I’QA‘CCII:}@%

AAAAAAGGAC AEGTIISECT CCATANAFGSAACCATGTATG GGNAAATTCT GGGTGTGAAG TTCCAGCTAC 14220 1354
CCCCGCAGAG GCANCCATTG CATACCCTCC AGAAACTCCC CTGCCGTTNC AAGCCARAGA 14280
40  CACAACACAA ACAGCNTCCG AGAGAGGGTG TCATTGAAAA TCAATACCAT CATAAGAGCA 14340
CACAGCACCG TCTTTCTCTT CTGCCCGTTG ATACACAATT ATGAGCAATT TGCTAACACT 14400
45 GACAACTCGT GGCAAGAACA GGTCGTGTTG ATACGGTTGC CTCGTGAGGA CCCATCTGTC 14460
TTCTGGGGTC TTGCCTGGAA CGGAGATCGG AGTTCAGGGT GGCTAATAGA ATCATTACTC 14520
ACCTAGGGAC ACAGAATNAT GAGGGTTACC CCCAGTTAAG TGCATACAGT CAAACGGACG 14580
50  GCTGCTCTGG ARGGTACAGT GACGTGAACA GCTTTTATGA AATGCCTAGA TCTGGACCTT — 14640
CCATACCTGA GCCACCGTTC CAAAGCACTG GGCGTTTTTC AGATACTTTC ATGAGAAATG 14700
55 TTGTCAACAC CGCAAGTTTG CAGTACACAG TCTGAAAGAT ATTCTTGTAT ATGTAGATGT 14760
CTGTAGATGC CCTGAAGGTG TGTAGACTTT AGACACCCAG AAGGTGTGTA GATGTCTGTA 14820
GACACCTTCT ATGTGTGTAG ATGTCTGTAG ACGCCCTGCA GGTGTGTAGA TATATCTAGA 14880
60 TGGTCTGCCT GTGTATGATA CAGGCTAAAA AGACATTTGT GGTGGACACT AGITGATTAT 14940
TTAGGACTAT GAGATGGGAA AGGAAGNAGC AACCAGCAGT GAAAGGCATG TGGTGGGIGG 15000
6 GGGGTTGGCA TTGCAGTGGG GTCCTCNTGA NGCAGGTGAC ACCCACTATA GGGCTGCCCT 15060
TGGNATGGAC GCTTTGTNGA AGCTGTTTGA TTTCACCACA CCAAGCCTGG AGGCACGGAC — 15120



(2) | NFORVATION FOR SEQ ID NO 13: 25 (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH. 226 am no aci ds

(B) TYPEw@ps/m3ésmcCi d (D) TOPOLOGY: linear PCT/EPI7/05355 (ii)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ ID NO 13:
Met Qu GQu Leu Thr Ala Phe Val Ser Lys Ser Phe Asp G n Lys Ser 35 1

5 10 4515 Lys Asp Gly Asn Ay Ay

Gy Ay dy Ay Ay Ay Lys Lys Asp Ser

25 ATTCCAGEAT Meador C&'&&AI&HA e f¥Ba %Géﬁ&i-?khc@c&h&er 1S90 Leu
Ala Arg Ser Arg
45 L e GTASGCHGABRA I TGBEATALSH GS@QTGSWA MGGCNA%GQQG@TFEFG@G‘EFTG yi&4p dy
50 R cchfkcde s c&¥ Vakadd s L
ACGCCT CAGCACT TTAGGAGGCT GATCACC GetdR Vaksdd s Leu
Phe Lys Asp AR Asp %n Ksp Eys u 65 70
75 TCCAGARCAG @@GGCCAAC ALRATGAMAC CGRATCITIA RITAAHAPACT ARGAATAGCAr g 19360 Al a
GIuGIyIIeT %ﬂ'ﬁ%epgccrs 'rc; 1T &BA_GGTCGAGETG, CG TCA c1420
95 10 Q/g VS ys Ar VA fys er u Asp Ksp 8;
100 GAGGTCAGTT ﬂg{a;ﬁcmccc GGCGAAACCC CGTCTATACT RARATRRRA BWGE@(&:CLygSG(h Ar g
Ar g Ser Ar gGggCrGTéésTg F%gG&QET I'G?EGT@C%\SGGC%CTA GGA %CTGA&GC}J' il;éA 15 0
120 Leu u Thr
Hi s Tyr 1%r o rAspcddca ATGCGGACAT TEBAETGAGC CGAGATC 135 15577 140 60
Phe Met Arg Ju G u L ST rgdeu Gy Leu Ser Gu Ala Ar 145
Z) INFORMA ’§’§ R se ?D'%i g
150 (2] T (g 160 Val Gn Val Trp Phe @n
Asn Arg Arg Al a (Ly sefdescArcgadayseREsmrdsk u 65 165
170 E‘;l;?%gggmnuzmsa iget Hs Lys Ay Val Ile Leu @y Thr
Al a Asn H' S Leu ASP (¢} srranpeonelld 981544568
PCT/ EP97/ 05355 (D) TOPOLOGY linear 51
180 Ala Cys Arg Val Ala Pro
2 (i 0LBCUL t 1c ac1d 9
Tyr Val %sn Met d )171 g% i(f%ﬁ %:roﬁ }Wé?]djﬁt "ET92 ene segmentl'95
200 an t du Phe Cys Ser Cys Arg
Pro Gy Trp Ser Ile NEt 210 215
220 30 Ala *
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
CGTGGAAGCC TGGAGTTITTT GGGAACAGCG TGTCCCCGCC GAGCCTGGGA GCCCGIGGGT 60
35 TCTGCAAAGC CTGCGGGTGT TTGAGGACTT TGAAGACCAG TTTGTCAGTT GGGCTCAATT 120
CCTGGGGTTC AGACTTAGAG AAATGAAGGA GGGAGAGCTG GGGTCGTCTC CAGGAAACGA 180
40 TTCACTTGGG GGGAAGGAAT GGAGTGTTCT TGCAGGCACA TGTCTGTTAG GAGGTGAAAC 240
AGAATGTGAA ATCCACGTTG GAGTAAGCGT CCAGCGCTGA ATGTAGCTICG GGGIGGGGTG 300
GGAGGGCCCT GGTGTGGATC GTGGAAGGAA GAAAGACAGA ACAGGGTGCT AGTATTTACC 360
45 CCGTTCCCTG TAGACACCCT GGATTTGTCA GCTTTGCARG CTTCTTGGTT GCAGCGGCCT 420
TGCCTGTGCC CCTTTGAGAC TGTTTCCAGA CTAAACTTCC ARATGTCAGC CCCTTACCCT 480
50 TGACAGCAAG GGACATCTCA TTAGGGCATC GCGTGCTTCT CATCTGTGCT CAGCAGGCCC 540
GAGATAGGAA CAGAGGGGCG TTGGAGATGC CACTTCCACC AGCCCTGGGT TGAAGGGGAG 600
CGAGGGAGAC ACCTTTTACT TAAACCCCTG AGCTTGGTCA GAGAGGCTGA ATGTCTAAAA 660
55 TGAGGAAGAA AAGGTTTTTC ACCTGGAAAC GCTTGAGGGC TGAGTCTTCT GCCCTTCTIGA 720
CTCCCCCAGC AAATACAGAC AGGTCACCAA CTA 753
60 (2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1890 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
65 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE:

other nucleic acid



10 225 (2) | NFORMATION FOR SEQ ID NO 14: (i) SEQUENCE
CHARACTERI STI CS: 15 (A) LENGTH: 32367 base pairs

(B) TYPEw@Ys46e acid (C) STRANDEDNESS:  sipg&iipo7/05355

(D TOPOLOGY: linear 20 (ii) MOLECULE TYPE: other nucleic acid

(A) DESCRI PTION: /desc = "COSM D: LLNOYCO3' M 34F5" 25 (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 14: 46  TTTCTCTGIC TCCATCCCTC TGTCTCTCCC
TTTCTCTCTG TCTTTCCTTG TCTCTCTCTT 60 30 TCTCTCTCTC TCTCCATCTC
TCTCTCTCCC TGTCTCTCTC TCTCCATCTC CCCGTCTCTC 120 CGTTTCTCTC
TCTGCCTCTC CCTGTCTGRe PEFETEFMNC TErETCTTRO*ACACACCCCA 180

ACCCACCGTC ACTCATGTCC CCCCACTGCT GTGCCATCTC ACACAAGITC ACAGCTCAGC 240
35 GTCATGCTIGFBETRIBCCAGG CCCCGCCGRG GAGGAAGATG CGCCGTGREG TTACGGEGAGG
300 AAGGGGACT$ OW%GCCCCAC TTTATTTGCA GAAGGTCCTT GGCAGGAACC
360 40  GTGACGCGT TGGAAA ACGAATTTCA GGTCGCGATG

GCC- AGCACCG 420 GCTTCCCCTG AAGCACATTC AATAGCGAGA GGCGGGAGGG

Cacococ A ATAGERCARERRRE I ste By 0 e ot amcamc

GAGGCCTCCC U2E33ETCGCORBEIATC cBRICCKEEINEGE AGACCHSO6G ATCCACCAGRAAGAADAT

CTCCAH BTG A T T A b Grioans ™ 720

CGCCCGCGTC CCAEGTTTGEG GACACCCGEC CCCTTAITCT CACTTTCEEG GATTCTCCAG 780
CCGCGT TCCA TCT TCT CCATCCA AGEECGCECC CCAACT TCGAGCTCAT 840
&% QQ@%@%@ e
900 TQCT GCAC TCCTCCCGEG
960 60 AGCGA TGEGACCCTC CTCTCTCCAG CCGTGAACTC C;I'l'l(')GTCTCTC
1920 e BRI SR, Biebeen
AGAACGCCEG 1080 CELCCCCTCCT
GOGCGCEREC TCT CCCTTCC 1140 65 - AR A'EGGGAG R TCTTTCCCCC TTCGCA%C&AA
GGT GTACGGA W@ﬁé&t@%@ﬁ ol ﬁé@@ The se: MU S SADEA,
PCT/ EP97/ 05355 55
30 CAG GAC ATC ACG GAG GGC GGC GGC CAC TGC CCG GTG CAT TTG TTIC AAG 306
Gln Asp Ile Thr Glu Gly Gly Gly His Cys Pro Val His Leu Phe Lys
60 65 70
GAC CAC GTA GAC AAT GAC AAG GAG AAA CTG AAA GAA TTC GGC ACC GCG 354
35 Asp His Val Asp Asn Asp Lys Glu Lys Leu Lys Glu Phe Gly Thr Ala
75 80 85
AGA GTG GCA GAA GGG ATT TAT GAA TGC AAA GAG AAG CGC GAG GAC GIG 402
Arg val Ala Glu Gly Ile Tyr Glu Cys Lys Glu Lys Arg Glu Asp Val
40 90 95 100
AAG TCG GAG GAC GAG GAC GGG CAG ACC AAG CTG AAA CAG AGG CGC AGC 450
Lys Ser Glu Asp Glu Asp Gly Gln Thr Lys Leu Lys Gln Arg Arg Ser
105 110 115 120
45
CGC ACC AAC TTC ACG CTG GAG CAG CTG AAC GAG CTC GAG CGA CTC TTC 498
Arg Thr Asn Phe Thr lLeu Glu GIn Leu Asn Glu Leu Glu Arg Leu Phe
125 130 135
50 GAC GAG ACC CAT TAC CCC GAC GCC TTC ATG CGC GAG GAG CTC AGC CAG 546
Asp Glu Thr His Tyr Pro Asp Ala Phe Met Arg Glu Glu Leu Ser Gln
140 145 150
CGC CTG GGG CTC TCC GAG GCG CGC GTG CAG GTIT TGG TTC CAG AAC CGG 594
55 Arg Leu Gly Leu Ser Glu Ala Arg Val Gln Val Trp Phe Gln Asn Arg
155 160 165
AGA GCC AAG TGC CGC AAA CAA GAG AAT CAG ATG CAT AAA GGC GTC ATC 642
Arg Ala Lys Cys Arg Lys Gln Glu Asn Gln Met His Lys Gly Val Ile
60 170 175 180
TTG GGC ACA GCC AAC CAC CTA GAC GCC TGC CGA GTG GCA CCC TAC GTC 6390
Leu Gly Thr Ala Asn His Leu Asp Ala Cys Arg Val Ala Pro Tyr Val
65 185 1590 1985 200

AAC ATG GGA GCC TTA CGG ATG CCT TTC CAA CAG GTC CAG GCT CAG CIG 738
Asn Met Gly Ala Leu Arg Met Pro Phe Gln Gln Val Gln Ala Gln Leu



52  AGAAGAAAGC CAATTGCCGG CCTGGGGGGT GGGGGAGACA CAGCGTCTCT GCGTGCGTCC
1260 GCOGCGGAGC CCGGAGACCA GTAATTGCAC CAGACAGGCA GOGCATGGGG
GGCTGGGCWO 98/145820 5  GGTCGCCGCG TATAAATAGT GAGATTTCCA ATORNAGESS
GTAAATAACA GCGCTGGTGA 1380 TCCACCCGCG CGCACGGGCC GTCCTCTCCG
CGOGGGGAGA CGCGCGCATC CACCAGCCCC 1440 GGCTGCTCGC CAGCCCCGGC
CCCAGCCATG GAAGAGCTCA CGGCTTTTGT AT &TCT 1500 10 TTTGACCAGA
AAAGCAAGGA CGGTAACGGC GGAGGCGGAG GG TAAGAAGGAT 1560

TCCATTACGT ACCGGGAAGT TTLFEGAGAGC GGACTGHREC GCTCOOGGGA GoTGGGGACG 1620
15  TCGGATTCCA GCCTCCAGGA CATCACGGAG GGOGGCGGCC ACTGCCCGGT GCATTTGITC
1680 WECEPROSIRCSS T ATACARA AR CRAGCACFABACTTASACAT PCAIGACCGT 786
GAGAGTGGCA %17 19 51Y VaRRARGTARSE Fiiciiréines CEA ¥3666GE0CCT
CCTGGGGTTC GaoaccTecT 1800 20 CGCCACGGAG T GCGCCCCTCG
CTGTGCACAT SCRASAGERCECCCTCTAGETA ATG TBHOCC CC6 CCERCH ARCEHIE TGGGCCGTGEA
GGCTTTGCCT HAGNARA tﬁ&i\é&&@@ BRSABRCEFe Pre PhorGly LRMCGGAGACG
CGGGTGANGG GTA GGGAGGG T 1980
GGCCGOGOGC W@m BTOBRGBRCTCCEASFEEATE @ERREGECTG 882 2040
TGCCTGAAGC et e RCATET SerreRTiTr& a Py T VrE R TPRECTTTT 2100
30 TTTGT T TGITTGTTTG “TTTGAGACAG AGT C TGTCCCCCAG GCTGGAGTGC
2160 15 HKETGETAIGAAT GFCERCTPCA EEGRNACET B CEOCECCKBE GET@BAGCGA 930
TTCTCCTGCC 2la dbopla s Se#% dae 1 & T ACRGEE BBGCACCACC
ACGCCTGGCT ZATTTTTGIG g CTTTTAGIAA AGACGGGGAT TCACCATGTT
GGCCAGGGTG GECTRGAACTCOBREABCTCA 6Ac @3A0TG 666 CrGBEGATOABCECGOCT CARE
CTCCCARAGT BETEECGARGAr TA @A @BAGGG@C@Y Le9400 40 CGGCCTGGGT
OCTGACGGCT TAGGATGTGT GPTTCTGTCT CTGCCTGICT GOCTTGTATT 2460
TACGGTCACC OECACEEACACRAGRACOREIC T COACORBC CTECEEAGCGREQABBECCT1038 2520

3550 25 CUSHERCAT G R A CE T ARG AACCER AT FAPETTTOADSS

TTGTTTTCCT crocRaAbe ccmmeﬁrmme@r@@w@@eameemﬁeaﬂe@ﬁm
CATAAAAACC ACTCCCGTGA 2700 50 GG CCGGGATCTG GAT
GAGGGEEGECC TEEERRELFE GRS TaEEe e %ECGGCCG I R CT T ARET
TTGTCAGAGC ¢XBAGEEGEEcfBEERBORAEA: (CPEGAGAGSETA mec&zescc%c;scrﬁa@eTCTm@
CCTTCCTCCT GAGACCTCAG TGGTGGGTCG TCCCGTGGTG GAAATCGEGG

AGTAAGAGGC W&&%%%%&W%@?WAC%%&TG@”B 2940
GCGGCATRECA TGETIAACAATAMANTGRHIEE-13GE TG EETEG ORRACABE TcBEARBAEEGCT1398 3000
60 ATGGACCCCT GITATGTTTT CATTACAAAG ACGCAGAGAA TCTAGCCTCG GCTTTTGCTG
3060 R R G T A BT e AT A P e B AR T RRTFET T T
AAGACTCTGG carrdddfc 168acTTBCINCETLEC TECTREEaE G- BT HAT IR &B6T GT GBAG
TGECCCAHEEG AAATA

GCCCT 3180
CCCGGAGCCT CCCAGGCAGC AATAAGGAAA TAGTTCTCTG GCTGAGGCTG AGGACGTGAA 1578

CCGCGGGCTT TGGAAAGGGA GGGGAGGGAG ACCCGAACCT CCCACGTITGG GACTCCCACG 1638

45 TTCCGGGGAC CTGAATGAGG ACCGACTTTA TAACTTTTCC AGTGTTTGAT TCCCAAATTG 1698

GGTCTGGTTT TGITTTGGAT TGGTATTTTIT TTTITTITITT TTTTTTGCTG TGITACAGGA 1758

50 TTCAGACGCA AAAGACTTGC ATAAGAGACG GACGCGTGGT TGCAAGGTGT CATACTGATA 1818
TGCAGCATTA ACTTTACTGA CATGGAGTGA AGTGCAATAT TATAAATATT ATAGATTAAA 1878

AAAAAAATAG CA 1890

55
(2) INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 282 amino acids
60 (B) TYPE: amino acid
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
Met Glu Glu Leu Thr Ala Phe Val Ssr Lys Ser Phe Asp Gln Lys Ser
1 5 10 15



TGTATTCGTA GGAGGCACCA GGCAGCTTCC CAAGGCCCTG ACTTTGICGA AGCAGAAAGC 3240
WO 98/ 14568 :
PCT/ EP97/\WWo3i3h 4568 Pél?mmwossss
TGTGECTACG GITTACAAAG CAGTCCCCGG TTTCTGACCG TCTAAGAGEC AGGAGCCCAG
CCTGCCTTTG ACAGTGAGAG GAGITCCTCC CTACACACTG CTGCGGEECAC CCGEECACTGT 3360
AATTCATACA CAGAGAGITG GCCTTCCTGG ACGCAAGGCT GGGAGCCECT TGAGGECCTG 3420
CGTGTAATTT AAGAGGGTTC GCAGCGCCCG GCGGCHECTT CTGTGGGGTT GCTTTTTGGT 3480
10 TGITCCTTCGEC AGACACCGTIT TTGCTCCTCT GAACTCTCTC TTCTCCCCCT GGCCGTGGAC

pcaccncecn 3880 B 1Y MRS S D AR Anercens

TTACATTT C ng GCAGAAA GACCCCCGEG CCAGGACTGC
ATF @gﬁ%ﬁ&@&ﬁﬁ‘ Cla Fpay Lev A NErIRARTC CEAGGTTGGAG

GGCAGGGGAG AGTCTGAGST TACCGTGGAA GCCTGGAGTT 3780 20  TTTGGGAACA

GOGTGTCOCC GESGAGTEFG CARECEAEGTE T FOTGEAA LACTETENCES Gly 3840

TGTTTGAGGA CTTTGRAGAC CAGTTTGTCR GITGGGCTCA ATTCCTGGGG TTCAGACTTA 3900

GAGAAATGAA GEHGHRAGAG STRECEIONT: CYCPASGAAA LGARTAACTE: GRCGREAAGG 3960

25 AATGERAGTGT TCTTGCAGER ACATGICTGT TAGSAGGTGA AACAGAAmGT GAAATCCACG
4020 T

S eGTGTes oA R P AS AR RS AN, e AGTATTT
ACCCCGTTCC CTGTAGACAC 4140 CCTGGATTTG TCAGCTTTGC AAGCTTCTTG
GTTGCAGCGG GETFeeCiEr™ Horfpp Val ZypFer Glu Asp Bty RBACTAAACT
TCCAAATGTC AGCCCCTTAC GACAGC AA CATC 4260 38 TCATTAGGGC

ATCGCGT@RT mcmo:lé@m@cam@@ CECGAGATAGSEARCARAGES Glu 4320
GCGTTGGAGA TGCCACTHEC ACCAGCCCTG GEiTGAAGEG GAGCEMEGGA GACACCTTTT 4380

40  ACTTAAACKG 6 TER LT a LACAGREER ] AR TRl GIA ARATLAREAA SAAAAGGTTT
4440 TTCACGCTGGA AACGCTTGAS GECTGAGICT TCﬂ@CCCTTC TGACTCCCCC

e oo AT AR A RAAGTCEGA

GGAGAGATTT CTGCGCACGC GGTTCAGCCC 4620 CCAGGCGCGG TGECGCATTC
AGGTACTGAG NW%@% Gvys CuaeB0 LH0SIn @ETTCGGGTA

GGGECTCCTA GCTCCGCCAG AT &c ccrectaeee 7P 4740
TGCAGCGEGTG @@G‘E‘EA@B@T?GOT GECEGTRE %@Tﬁ'ﬂm CECEeksT CCT 4800
8

35 Ala Cys Arg Val Ala Pro Tyr Val Asn Met Gly Ala Leu Arg Met Pro
195 200 205

Phe Gln Gln Val Gln Ala Gln Leu Gln Leu Glu Gly Val Ala His Ala
210 215 220
40
His Pro His Leu His Pro His Leu Ala Ala His Ala Pro Tyr Leu Met
225 230 235 240

Phe Pro Pro Pro Pro Phe Gly Leu Pro Ile Ala Ser Leu Ala Glu Ser
45 245 250 255

Ala Ser Ala Ala Ala Val Val Ala Ala Ala Ala Lys Ser Asn Ser Lys
260 265 270

50 Asn ser ser Ile Ala Asp Leu Arg Leu Lys Ala Arg Lys His Ala Glu
275 280 285

Ala Leu Gly Leu
290
55

(2) INFORMATION FOR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1354 base pairs
60 (B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
65 (A} DESCRIPTION: /desc = "SHOXb"



CCCCGTGICC TTCCCGEEECG TCCCECCGEG GATCCCACAG TTGGCAGCTC TTCCTCAAAT 4860
55 TCTTTCCCTT AAAAATAGGA TTTGACACCC CACTCTCCTT AAAAAAAAAA- AATAAGAAAA
4920 WO 9BAAETTAGG TTATGTCAAC AGAGGTGAAG TGGATAATTG AGREIHETIYNS3SS
TCTGAGATGA 4980 60 GGCCAAGAAA ACAACGCTCG TGCAAAGCCC AGGITTTTGG

GAAAGCAGCG AGTATCCTCC 5040 TCGGCTTTTG CGITATGGAC CCCACGCAGT
TTTTGCGTCA AAGCGCATTG GITTTCGAGG 5300 GCCCCCTTTC CACCGCGGGA
TGCACGAAGG GGITCGCCAC GTTGCGCAAA ACCTCCCCGG 5160 65 CCTCAGCCCT
GTGCCCTCCG CTGRLCAGKIgrACCGATTTAT GAATGCAAAG AGAAGCGCGA 5220 WO
98/ 14568 {(A) NAME/KEY: CDS PCT/ EP97/ 05355
54 GGACGTGAAR FeREANALG TABGACGGGCA GACCAAGCTG AAACAGAGGC GCAGCCGCAC

5280 5 CAACTTCACG CTGGAGCAGC TGAACGAGCT CGAGCGACTC TTCGACGAGA
CCCATTACCC &3 GEQUENCE WTGEATW@G AGCTCAGCCA GCGCCTGEGG
CTCTCCGAGG CGCGCGTGCA 5400 oo soffecceceoccefccoccecece
CCGGAGCCAT R CTAETEE T REELACEEE 5&%‘6“‘55‘; SAREAREEA A T AAGeCAE:
TGCGCCTBGG CEECHEnOEE cRRTET HEERBAGACREOGROGAG cTabRD & TrT cTAGCTTERETG
AGGGACGGGC TGGGGTTCCT GGACTTTTGG AGARSCGIGALEGRCTIBEARXE Phe 580
ATGGGTTCAT TGCGTTTGTT TTTCACCAAC AGCAAACAAKPTATATATACA TATASATTAT 5640
15  ACAAATAAGA: AT ABATEREACRRATIGT 34T AGc ARATESEGHAT c AT B6 ATATEAA TTATAGAT AT
5700 15 SETGIYCETCReTARGGTECANA S SAGACCEEH YASRCEBATIVT 6 BOBCTCCT
GACTGCCTTC 5760 305GETTCOCCTG GGAPYGGTTA TAGGGGCARC ACATGCAAAC
AAAACTTTCC ged GRATEATéAT AncS8E) 6P Tce ATt GEEARCACARCAAACICTAC AR ATCCGETI GA
TCCAGQ%GT CTT TAC/AG LY TIFFTBATASASer 13880r Tyr ArgARAARMAAFGCTGTICTTTTGG

YTC CCCTCCGTCPOTCCCGTGTGG CTGEATTGAA 59403395  AAGGITTCCT
TAGGATGAAA 1A Qe dec (deGldeT 6ddC b TAEGESGR: c GASAGRICAEE SAce @800 258
GICTTCTCTT SECGICOGET THL a TRRECAECIAC DG LET GLATB: TEECAECTEC sECTET CCAGC 6060
CCTGTCGICT GCTACARACC ACCCCCTCCT *#£CTCOGGCT GTGGHSAGCG CAGGAGCACG 6120
30 TT A Gl c ol TEARCEECAGAE Akd Al (ddEF AL G 3ged GRECG AGEHCGCGEC
6180 GDAAED CAERE r TEGOORAT A GGABTAGREAL - CRRGEEGESG PREBESCCT TG
GGTGTCCGCA B340 35 GAGEHRCGGG CGGRGCAGAGSICTTCCTCCGC ATTCTAAACA
TTCACT30AA s lAd @¥oldhc aat080anc cac ARATCEE GAREARGHICEEEREE GeAGAGCCEEL
AAATGGCTTC A5F GEAGGCOGH TGOCAGACAGE1L 16363 Lys GLulTIRAGCHT @EE ACI GGAAGGTC
AACTCCTCTA 3€TCCTTTCTC CTGECTGG GCAGGACAGHS 6420 40 380 AGTGGGGGGA
GGGAGAGAGA AGRAGNSASA G GAAGAGHEG o6 GASAL (aacOdCA6CeAdGcac @480 402

35 Arg Val Ala Glu Gly Ile Tyr Glu Cys Lys Glu Lys Arg Glu Asp Val

385 390 395
ARG TCG GAG GAC GAG GAC GGG CAG ACC AAG CTG AAA CAG AGG CGC AGC 450
Lys Ser Glu Asp Glu Asp Gly Gln Thr Lys Leu Lys Gln Arg Arg Ser
40 400 405 410
CGC ACC AAC TTC ACG CTG GAG CAG CTG AAC GAG CTC GAG CGA CTC TTC 438
Arg Thr Asn Phe Thr Leu Glu Gln Leu Asn Glu Leu Glu Arg Leu Phe
415 420 425
45
GAC GAG ACC CAT TAC CCC GAC GCC TTC ATG CGC GAG GAG CTC AGC CAG 546
Asp Glu Thr His Tyr Pro Asp Ala Phe Met Arg Glu Glu Leu Ser Gln
430 435 440
S0 CGC CTG GGG CTC TCC GAG GCG CGC GTG CAG GTIT TGG TTC CAG AAC CGG 594
Arg Leu Gly Leu Ser Glu Ala Arg Val Gln Val Trp Phe Gln Asn Arg
445 450 455 460
AGA GCC AAG TGC CGC AAA CAA GAG AAT CAG ATG CAT AARA GGC GTC ATC 642
55 Arg Ala Lys Cys Arg Lys Gln Glu Asn Gln Met His Lys Gly Val Ile
465 470 475
TTG GGC ACA GCC AAC CAC CTA GAC GCC TGC CGA GTG GCA CCC TAC GTIC 690
Leu Gly Thr Ala Asn His Leu Asp Ala Cys Arg Val Ala Pro Tyr Val
60 480 485 490
AAC ATG GGA GCC TTA CGG ATG CCT TTC CAA CAG ATG GAG TTT TGC TCT 738
Asn Met Gly Ala Leu Arg Met Pro Phe Gln Gln Met Glu Phe Cys Ser
495 500 505
65 '
TGT CGC CCA GGC TGG AGT ATA ATG GCA TGA TCTCGACTCA CTGCAACCTC 788

Cys Arg Pro Gly Trp Ser Ile Met Ala *



GGGAACCCGT CAAAAATAAA TGAAATTAAG ATTGCCGACC AGAGAGAGAA CCGTGACAAA 6540
45 GCAAACGGECG TTCAAAGCAA AGAGACGAAC TGAAAGCCCG TTCCCGTAGG ACTGEITATG
6600 woASHEhACAC ATTCAAACAC AGCTTCCTCT GGATTTTCCT GAGCHNpEsYos3
AGATACAGAT 6660 GCATTTC- ATC CAAAGTIGIGT TACATCTTTC ATTATATGTG
TGTCTATATA TATAAACATA 6720 50 TATAAATATA TAAACATACA TAAATGTATG
TAAATATATA TAATCTATAT ACATATATAA 67 ATATATAAAC ACATATATAA
TATATAAATC TATAAACATA TATAATATAT AAACA T 6840 55 ATATAAACAT
ATATAATATA TAAATATATT AACATATATA AAATATGTAT AAATATATAT 6900

AAACATATAA ACATAPATAA ATATATAARE® ATATAAATAT ATAAACATAT ATAAATATAT 6960
ACAAACATAT TeE&rbAdAT ArTEAAKREA TATACchAAAAAKATAcEATMSTACATA GAAABRASATA 45 7020
60 ATAAACATA TATACATATA AAGAAATATA TATAAACATA TATACATATA AATATACATA
7080 TRFERECET ATERYATACAT A RERT ATRTATI AR RCATEFAT TREEPATAAAA 208
ATATATATAT  ceeddabOre GfcTcehbT ARCAAAAT A EATACERA TcARAMAEATAdcAIATT AACAds
ATATATACAT ATAAAAATAT 7200 ATATATATTT TTGECCCCTG ATTCCCTTCG
GTTCCT G§ GRTESBTONFAERISPE ARCATCCoCT SEBFCTITCT AACTHHTER TTARIETIT 1028

PCT/ EPO7/ 053&81TTTTTA AGAAAGACAG AGTCTTGCTC TGTCACCCAG GCTGGAGCAC ACTGGRRCGA 1088
CATTCAAACA CAACTTTTCC ATCGATGITG CTTAGGAGAT GAGGATACAG ATGCGITTGA 7320
TGGAGAGGGT TFARCARBCFT CAIEAPIFAT BATA FATARTECARATATAIATA TFAGSATICETTT 1148 7380

> PECT bbb rdEAREXdot AeldLIadd Gnddehd PN FrTiAGMTkIeAdrACCCRAGATC
7440 GTTACGATTA AATCAACCCT CCCCAGGCAT CTTTACCGAG GGCTGIGGTC

CCCAAAGCGA GAGHEGEAT FTFCCTHISe AR RIS IACCAT S TG ATITCGAGER
AGACTGTGT QReTeetdiAGercectal Orerracanr PROBESTEAG QRETeAC TR s/ERRAA GALG
CTGCATCAGA CAGGGGTTTC CTCGCTGICC 7620 ACCCCTCTGG CAGAAGATGG
ATTGGGCTGC CRSRPRTIARSTERIRFEARAPPPGATTAAAGTT 7680 15 TCGCTARNGG
GGACATCGAG TTTATGTGTC ATCTCCTGGT GTCTGTGTGC CTGGGATCTG 7740
CAATATATCC QAGCREFHEAIRGIACTET T3 1STAFAAAAAT AAATTACTTG TAATTTAATT 7800
20  CCAGACTATT TCITICOGTA GICTATTACC GACGAGAGCA CGTTAGITCA GCTGOGGAAA
7860 ATTCGTTOTE, ot Oh oot Gt iGAG AACGCCCTAA AATAAAGACA
AATCGGGGAC 7920 (B) TYPAGKIHGCKIES 1TATCGATTG CAGGGGTCGC ATGAAAATTT
AACGACGGFA AATAATAATR) TOPGIGGY: Rbnear  AAAACAAACA TGGGAATGCA ATAAAAGACA
TAATTCTCCA TCGORE GG GAT, 101, 8040 CCTATAGTAA AGGCGAGTGC
GCTTTGAGGG GTCABAAARAUENCAAES AGHTI (NCAAGAROSA: 13: 8100

Met Glu Glu Leu Thr Ala Phe Val Ser Lys Ser Phe Asp Gln Lys Ser
35 1 5 10 15

Lys Asp Gly Asn Gly Gly Gly Gly Gly Gly Gly Gly Lys Lys Asp Ser
20 25 30

40 Ile Thr Tyr Arg Glu Val Leu Glu Ser Gly Leu Ala Arg Ser Arg Glu
35 40 45

Leu Gly Thr Ser Asp Ser Ser Leu Gln Asp Ile Thr Glu Gly Gly Gly

50 55 60
45
His Cys Pro Val His Leu Phe Lys Asp His Val Asp Asn Asp Lys Glu
65 70 75 80
Lys Leu Lys Glu Phe Gly Thr Ala Arg Val Ala Glu Gly Ile Tyr Glu
50 85 90 95

Cys Lys Glu Lys Arg Glu Asp Val Lys Ser Glu Asp Glu Asp Gly Gln
100 105 110

55 Thr Lys Leu Lys Gln Arg Arg Ser Arg Thr Asn Phe Thr Leu Glu Gln

115 120 125
Leu Asn Glu Leu Glu Arg Leu Phe Asp Glu Thr His Tyr Pro Asp Ala
130 135 140
60
Phe Met Arg Glu Glu Leu Ser Gln Arg Leu Gly Leu Ser Glu Ala Arg
145 150 155 160
Val Gln Val Trp Phe Gln Asn Arg Arg Ala Lys Cys Arg Lys Gln Glu
65 165 170 175

Asn Gln Met His Lys Gly Val Ile Leu Gly Thr Ala Asn His Leu Asp



30

CGTCCCCCGT TGAGGGGACG GGGACGAGCA GGGACAGAAA AAGAAACCAT ATTTGAATCC
8160 '

CATCTCTCTG TGAATTCTTG GGTCACATGC GICTCAGTAC AGCCCGTCCC
GIGCTGTGAR 0 98/138680 CCGATAGAGT TTCAATTTAC TGTGGAAATT T&alfddynalss
AAATTGAGCA TCCGATAGAA 8280 35 GCTGITGCTG ATTAACCTTT TATTTTTAGC
GIGGCCCTGC AAAGTICGTAT CACCCAGCTG 8340 TCAGGCTTCT AATCGAAAGT

TATGAGACCA CGGTGAGGEEG CAGGCGGTAA TTTAA%I'% 8400 40 ACAAATATCT
TTGGGTTTAT GGCGCAGAGC TAAATTAAAT GICATTATTC ACT GICTGTA 8460

ATGGAAATCA AAAGGAAATC ! TTACGEC ATTT AGTCCTCTTT 8520
AATGAAGAAA TAACTGTCTT  AAGCAGTGTC ACA TCA CTTACCAT TCGGGECCTAA 8580

45 TR TEEATORIGNATEA CFCOARGAS TeCATT TAETAG SECHICACEC AGOGGCTAAT
8640 s, TCATCAGISEG TATTCTTCAT @ATTTTTTTT TTTCCATTCG COGTGTTGAA
GGGAGAGT 0 U TI | | TTTTGAA
AAATGOCCTT G 9(-39 Gl“?’Q st G@?%ﬁg’ﬁ é%@r%%l T Sé‘lfécaeec:c:CTG
GAGGAGACAG GCGGAGAGTC CAGGTGGGCA 8820 TGGAGAGGCA CAGTGGCAGG
TCACCT@ %@ GTGGA GGTGGAGGTC TGAAGGCGCC 8880 55 AGCTTTGGAA
ATTATTGSIG ARTTTCGATG TCAGCACCAG GCAGGGGCOCT TTTTGECGGG - 8940

GGTGTGAGEG AGGATEARTIETI ORGIRGGAAA NCAGBATCAGG TTCTCCAGGC GCACTGCAGC 9000

60 CCGGTAGGAC JM .CAGITCCGAA AGCTGEECTG GAAGCTTCCG
9060 TGIT i&CG CTGTGTAGAC TCCTGGECTGC

TCCCAAACTC 9120 (B) TYPEI'G&@EI’&"E&CI’GAGGTTCC CTTCATAGEG GCACCGECCC

TGGGCCATGC ACAGTGC%@’ STR%%?g’ B _singleAGGGTGGCTG TGGEOCGAGG GACCCAGCAC
GTGTTTTGCC CACAACA 8% 9240 WO 98/ 14568

PCT/ EP92005355 (ii) MOLECULE TYPE: other nucleic acid:

GTTCACTCAC CGCCTTGGHE GRIFBARTIONT CHICTCTCRRIDGAANOKPT T é‘ﬁ?TTGGGTG
GTGACTGCCT TGTGGGTCAA GGTGCAGGTT TTCTGOCACA GAAAACCTGT TAGGAGGAAT

5  TAAGOGACTA AGACTGTCAG GGAGGTGGTG GTGGGGGAGA GGAGOGOGTG GTGTCCAGAT
9420 TACCAGGCA GCCTGCACT GCTGGT CTGTCTGTGG
AGGAGGGGAT Cg@éb EU@%%& %&&X AGGAGGCTCG TAGGAGGTGA
GAGROGGTGG AATITEROAT G:caTc@5d (retOrcTece TRAAATETE MRATRATGAGCBTETGEGT GAATT T

TTTACCCEAA CACRRCHAC T FACKELS BERAGRITEES™ 600 1 Ao msAa Con (R

9300
9360

AAGCCTGCTA TGEIiTECEXaCE: TRECHTAACT (ZCTd GEICTATTTIC AYSTEEEBARIC AcACA TS 180
35 ACCCACCGTC ACTCATGTCC CCCCACTGCT GTGCCATCTC ACACAAGTTC ACAGCTCAGC 240
TGTCATCCTG GGTCCCCAGG CCCCGCCGGG GAGGAAGATG CGCCGTGGGG TTACGGGAGG 300
AAGGGGACTC CGGGCCTCCT GGTGCCCCAC TTTATTTGCA GAAGGTCCTT GGCAGGAACC 360

40 GTGACGCGTT TGGTTTCCAG GACTTGGAAA ACGAATTTICA GGTCGCGATG GCGAGCACCG 420
GCTTCCCCTG AAGCACATTC AATAGCGAGA GGCGGGAGGG AGCGAGCAGG AGCATCCCAC 480

45 CATGAARACC AAARACACAA GTATTTTTTT CACCCGGTAA ATACCCCAGA CGCCAGGGTG 540
ACAGCGCGGC GCTAAGGGAG GAGGCCTCGC GCCGGGGTCC GCCGGGATCT GGCGCGGGCG 600
GAAAGAATAT AGATCTTTAC GAACCGGATC TCCCGGGGAC CTGGGCTTCT TTCTGCGGGC 660

50 GCTGGAGACC CGGGAGGCGG CCCCGGGGAT CCTCGGCCTC CGCCGCCGCC GCCTCCCAAG 720
CGCCCGCGTC CCGGTTTGGG GACACCCGGC CCCTTCTTCT CACTTTCGGG GATTCTCCAG 780

55 CCGCGTTCCA TCTCACCAAC TCTCCATCCA AGGGCGCGCC GCCACCAACT TGGAGCTCAT 840
CTTCTCCCAA GATCGIGCGT CCCCGGGGCG CCCGGGTCCC CCCCCTCGCC ATCTCAACCC 900
CGGCGCGACC CGGGCGCTTC CTGGAAAGAT CCAGGCGCCG GGCTCTGCGC TCCTCCCGGG 960

60 AGCGAGGGCG GCCGGACGAC TGGGACCCTC CTCTCTCCAG CCGTGAACTC CTTGTCTCTC 1020
TGTCTCTCTC TGCAGGAAAA CTGGAGTTTG CTTTTCCTCC GGCCACGGAG AGAACGCGGG 1080

65 TAACCTGTGT GGGGGGCTCG GGCGCCTGCG CCCCCCTCCT GCGCGCGLGC TCTCCCTTCC 1140
AAAPATGGGA TCTTTCCCCC TTCGCACCAA GGTGTACGGA CGCCAAACAG TGATGAAATG 1200



CTTTCATGTA TGGGGACCCT TGGTAATATG AATGGGACGC CTTCAGCTCC CCAGGCECTTC
CGAGGAGECC GAGAAGGGECA AAGACACTTC CGAGGAGECC GAGAAGGECA AAGACATTTT

9780
9840

20 WOGEBI368 GG TGTGTCAAGA GCTAGATTCGG AGAAGGGECT GGAT TP ad¥y 703355 T TAGCC
9900 ATCAGCTCAC CCTCTCCGIT TGIGGCTAAA GTCTGAAGGT GGAAACTTCG
GITCTCCTAC 9960 25  AGGGICTACA GGAGTTGEEG GECGEEECGC CCACACAGAA

CCCTGGAAAG TTCGACAGTC 10020 CAGTTCCACT GGCTCGGAAC TCACTTTTTC
ACCTTAAGIT CATCAGCGGT AACGCATAGG

10080 TCTCACTTAG GCAGGGCACG
GATGATTTAA %
A

TAATCOCAGE R PPEAC A AL T GO T AT R o

AGTTTGAGAC &ARCSRSSO SREAFATCRTHALATTAL32010260

2520 S RIS AR TN

CACTCCAGCC TcchO3806 CGCACCCHUERIGHANGE AGCARGAGH @GE@WWAATMA

CCAGGTaRAG PR RO CTCATEA 5 g ten <R AR R o R

AGGGTGGATC SXTEAGAGS FEAABRAGT JCTEACGAUGAGRSCES: cEOEGBEAccAtrAcALECRAACATIER

TGOOOCTOTA KFERTA AR TR BTGRP RAFEREOCAC 2010680

TGCGCCTGTA
GTGGAGARTG RAGEEESEEACATFAGTGCE-JNET GAGIEE: A GCERCEATC: AGABACCAAG 68010740
20800 | A AR AT R T RN AR R R AR 1
10800 i U ART RS AT ST
GGGCACCTGT GankORGOT ﬁawmsmmamemmcmmew
GAACCT GGTGGAGCTT 1092 GAGCC GAGATAGTGC CACTGCACTC
CAGCCTGGGC %ﬁ&&é&%&ﬁ%@ﬁWCTCEWSMW TTERACARCECAEETREEACCA AR

CAAAACAAAA  €usAAssAd CEcAuSSEAASESTTr EoRA TRREAKAGAR G&MGAC&OAGTGGACCEACT ATBEAG

TCAGT AGGGCTGGAG ACAGAGGGGC GGTAAGTGTC TGGGCGOCCA 1110
CCATCA T A B e CRA RS FEL P P GEFA RN SETT féﬁ*‘r‘%ﬁ%AGG‘mllleo
65  ATGCTCECEE: deEACEESTRE CRTHOGERRC A TCAGEEET GEdc1CAGATERGTGCTET GCIRETC

11220

TCAGATGAT

CCCAAGGTTT GGITCCAGAA CCGGAGAGCC AAGIGCCGCA AACAAGA
TGCLGPAGC CGTAGGGCCT \FAGAIGTCTE RTTCATTTTC TTTTTCTTTC CTTTCCTTITT

PCT/ EP97/ 05'3ﬁ5TTTGTT TGTTTGTTTG TTTGAGACAG AGTCTCGCTC TGTCCCCCAG GCTGhBAGTGE

AAAGGTGEGT  GTCGGEGEA

GGGTCGACGA %ﬁf@?ﬁ&fﬁ%ﬁﬁ“&f@cﬁ@%ﬁdﬁ% GRS R T T FracAc22°11400
35 TCAGCCTCCC CAGTAGCTGG GATTACAGGC ATGCACCACC ACGCCTGGCT AATTTTTIGTG 2280
CTTTTAGTAA AGACGGGGAT TCACCATGTT GGCCAGGCTG GTCTCGAACT CCTGACCTCA 2340
40 GGTGATCCAC CCGCCTCGGC CTCCCAAAGT GCTGGGATGA CAGGCGTGAG GCACCGCGCC 2400
CGGCCTGGGT CCTGACGGCT TAGGATGTGT GTTTCTGTCT CTGCCTGTCT GCCTTGTATIT 2460
TACGGTCACC CAGACGCACA GAGGAGCCGT CTCCACGCGé CTTCCCAGCG CTCAGCGCCT 2520
45 GCCGGGCCCC CGGAGATCAC GGGAAGACTC GAGGCTGCGT GGTAGGAGAC GGGAAGGCCC 2580
CGGGTCAGCT CGGTTCTGTT TCCTTTAAGG AACCCTTCAT TATTATTTCA TTGTTTITCCT 2640
50 TTGAACGTCG AGGCTTGATC TTGGCGAAAG CTGTTGGGTC CATAAAAACC ACTCCCGTGA 2700
GCGGAGGTGG CCGGGATCTG GATGGGGCGC GAGGGGCCCC GGGGAAGCTG GCGGCTTCGC 2760
GGGCGCGTCC TAAGTCAAGG TTGTCAGAGC GCAGCCGGETT GTGCGCGGLCC CGGGGGAGCT 2820
55 CCCCTCTGGL CCTTCCTCCT GAGACCTCAG TGGTGGGTCG TCCCGTGGTG GAAATCGGGG 2880
AGTAAGAGGC TCAGAGAGAG GGGCTGGCCC CGGGGATCTC TGTGCACACA CGACAACTGG 2940
60 GCGGCATACA TCTTAAGAAT AAAATGGGCT GGCTGTGTCG GGGCACAGCT GGAGACGGCT 3000
ATGGACGCCT GTTATGTITT CATTACAAAG ACGCAGAGAA TCTAGCCTCG GCTTTTGCTIG 3060
ATTCGCAGAG TTGAGGTGCG AGGGTGAATG CCCCAAAGGT AATTCTTCCT AAGACTICIGG 3120
65 GGCTACCTGC TCTCCGGGGC CCTGCATTTG GGGTGTGGAG TGGCCCCGGG AAATAGCCCT 3180
TGTATTCGTA GGAGGCACCA GGCAGCTTCC CAAGGCCCTG ACTTTGTCGA AGCAGAAAGC 3240

2100

2160

AAGCTCEEEG ATCCTGCTCC AGGAGEGATG



11460

ACAGGCGTCA TCTTGGGECAC AGCCAACCAC CTAGACGCCT GCCGAGTGEC ACCCTACGIC
11520

AACATGGGAG CCTTACGGAT GCCTTTCCAA CAGGTAGCTC ACTTTTTCTT CCTCTGAAGA

10  TCCCYRABIASSBCTGCTGCTC CCTTCCCCTT TCCCCTATTT GCTGCCGCATPCOESHRSEIL
11580 CTAGICCCTC CCTGCCCCTG CAGACTTCTC AGCTGGECCCT TAGAAAAAAA
GCCTCTTTTC 11640 CGAGGAGGCA TTTACAGGCA CCTTGGECACC TATGAAATCA

GCCTGEECCA GCCGEEGIGG 11700 15 CACACCTG TCATCCCAGC ACTTTGGCGAG
GCTGAGGAGG GIGCATCACC TGAGATCAGG 117 AGITCAAGAC CAGCCTGECC
AACTTAACGA AACCCCGTCT ATTAAAAATA CAAAATGGGT 11820 20 GIGGIGECTC

ACGCCTGICA TCRGABCACITITAQBRERACBEIC CCACKTALAPEATCGAICTAREIEGA rAccAdB8: 3300

GGTCAGGAAT ATGCTGAAAC CCOGICTCTA CTGAAAACAC 11940
AAAGCTTAgBC W@%&%WE@W TECTRET R CRETSARESEATC 3364 2000
25 WC%EEM@MM&MW@ ACEGQJ\CT cT
12060 [%gﬁ% GTCAGACTCC AAGACTCCAT CT

TCAGGCTGTA 1 A &?C%ﬁ‘i%@s&ééTfEﬁféﬂmeﬁ@

CAGAAATIXNG A@mmmnmiﬁ&mmmmm&e&e@%&e%%%
CCCCACCTGG W GGTITAAGAAG 1224 GGCGCAGATG CCTGTGCCTG
GATACCAGAG %&&Kﬁ%fé‘:&“‘r%’f@ﬁ@‘&m ACSANETAR AGACCAG%&?ACC@@K;A
GTGCCCGAGG  SRXCRECHABCESCTATRGEX. babsa cREXeT fkAcotke ct GRrtAi@pa cocedbe 36
TCTGCACETC TGAACTGGAG ACACCCTACT CAGCTOCCCA CTTACTTTGG AGTGAGCAGC 12420
40 CGCTT AT R T T SR ST A AR G A TS TAEREFATISCGGATRCC

12480 Ameﬁmecms hETEEEdoT THACEdTEAR Gt A TGSy
GAT AACGGGGAGE TGOGTGOAAG GAGGTGAAGS T CACAGEAG
GAGAGA E\“&%&ﬁéﬁdﬁ““ﬁ%@cﬁ@mm CASE RSSO TR ¢ FEA AR ICCIRECCCABTIGC

CCCECTCCCG Té#3ceXsbh EzreédntA e rardl 66 cocrea aATeSIAdd ¢ %G%-RCG;@M
TGCATGCGCG GGCGGAACGG GCTTGGEEGEG GAGGCTCTIGG 12720 50

GCGT C B e R RSP AT AT e AR LR IACRA SIS BT GGGGE?% 3960
TGTATTTGGG AX¥GGAETET ThoT CEcheASRET a6l dér Ak biCSaedaACCG 4 0201 2840
CGGAAGGTAT AAACGTATAA ATCATAAGTA AACAACTCAG AAATGGACCC CGAGCGCTGG 12900
55 T OGS KA BT A P RS RS C e I S ECETRECEISACTRATEXSF  COBPIT CCCT

12960 30 aAfICCEEARE TERAcAAREAT G SRc S A AT Haer ThEGAGHT GO GRAAGEAGCE, 40
TACTTCTTGT 13020 60 ACCGICTTTT GCOGACGECG GGACCCAGTG AAATTAGGECC
GTTGGAGCCC (FEPCCTIBER HAGCT TCT TG YIRS XS CrNCIEIGAGICCTITRAGCGEATC

TGGTGTCCCC  EX3pbAAGEAd f ik \ebdmnTdrd LA cocrrac P AshhE LR LAGAGCCT 15,
GGGACCTISGT GTCCCGGGAG AGGCTTGGGT ACCTGGITTC 13200 65 TCTGGAAGAG

GCTTGGACAC & EFEC RS EA RS T T I AT B E FOT@CRIECEAACESREG 4320
GCGTTGGAGA TGCCACTTCC ACCAGCCCTG GGTTGAAGGG GAGCGAGGGA GACACCTTTT 4380

40 ACTTAAACCC CTGAGCITGG TCAGAGAGGC TGAATGTCTA AAATGAGGAA GAAAAGGTTT 4440
TTCACCTGGA AACGCITGAG GGCTGAGTCT TCTGCCCTTC TGACTCCCCC AGCAAATACA 4500

45 GACAGGTCAC CAACTACTGG AGATGAGAAA GTGCCATTTIT TGGCACACTC TGGTGGGGTA 4560
GGTGCCCGAC CGCGTGTGAA AAAGTGGGAA GGAGAGATTT CTGCGCACGC GGTTCAGCCC 4620
CCAGGCGCGG TGGCGCATTC AGGTACTCAG ACGCGGTTCT GCTGTTCTGC TGAGAAACAG 4680

50 GCTTCGGGTA GGGGCTCCTA GCTCCGCCAG ATCGCGGAGG GACCCCCAGC CCTCCTGCGC 4740
TGCAGCGGTG GGGATAGCGT CTCTCCGTAG GCCTAGAATC TGCAACCCGC CCCGGGTCCT 4800

55 CCCCGTGTCC TTCCCGGGLG TCCCGCCGGG GATCCCACAG TTGGCAGCTC TTCCTCAAAT 4860
TCTTTCCCTT AAAAATAGGA TTTGACACCC CACTCTCCTT AAAAARAARA AATAAGAAAA 4920
AAAGGTTAGG TTATGTCAAC AGAGGTGAAG TGGATAATTG AGGAAACGAT TCTGAGATGA 4980

60 GGCCAAGAAA ACAACGCTCG TGCAAAGCCC AGGTTTTTGG GAAAGCAGCG AGTATCCTCC 5040
TCGGCTTTTG CGTTATGGAC CCCACGCAGT TTTTGCGTCA AAGCGCATTG GTTTTCGAGS 5100

65 GCCCCCTTTC CACCGCGGGA TGCACGAAGG GGTTCGCCAC GTTGCGCAAA ACCTCCCCGG 5160
CCTCAGCCCT GTIGCCCTCCG CTCCCCACGC AGGGATTTAT GAATGCAAAG AGAAGCGCGA 5220



WD 98/ 14568
PCT/ EP97/ 05355 '
AGAGGCT TG AGMIES GT TG TCCTGEGAGA GECTTGGEEGA CCTGGIGICC CT 543320
TTGGEGGACCT GGTGACCTTG GAGAGECTTG GAGACCTGGT GITCTGGGAG AGECTTGEEG 13380
5 ACCTGGIGIT CTGEGAGAGG CTTGGEEGACC TGGTGTCTCT GGAAGAGECT TGGACACCTG

58

13440 GTGACCOGGG AGGGCCTTGG GGATGEGGTG TCCOGGGAGA GOCTTGGGGA
CCTGGTGTCC 13500 TGGGAGAGGC TTGGGGACCT GGTGACCTTG GAGAGGCTTG
GGGACCTGGT W T TCTGGTGIC. CCAGGAGAGG
CTTGGGGACC G&ﬁ%&%&é&“&%é GeT EIAfFecTeS

GAGAGCCTTG GHEACCHEEITCARBFCEGAES AGBCTI ST 11868i5AcA TeccaTARECECGT 6340

TOTOO0GTA AT T AT T O L T AT BT TR CAC BB G 9%1 3800

AGGAGAGGCT  EERGGARC TG CEH@AGE FEGS cAGACEOLRaE AEGACETIEEIG TAQCRERGAGAS 46013860
20 GCCTTGGGGA CCTGGIGICC TGEGGAGAGC CTTGGGGACC TGGTGACCTT GGAGAGGCTT
13920 A A TS R S T R S e R LS T CH AR ET RATEEESSEAGAEP 20

GCT TGGGGAC AGA13R8ErG ﬁfm@cﬂ&‘aﬁmmﬂéﬂm&raﬂw%
AGAGCCTTGG GGATCTGGTG 14040 AGGCTGGGEG ACCTGGTGTC
TCGGGAGAGA W"&S&%C&HF%G&&}C%%EWW TR AEREAERPA T TARACALESP
GGTGTCCIEG &AGAGSCRTATEOGGACC Taed refCRERGA AT ArddBaAR0 rraTAcaRECCT 44665
ACCTGGTGTC CTGGGGAGAG GCTGGGGGAC CTGGTGTCTC GGGAGAGAGC 14220

CTTGGGGACC TEEF CACE s AT S ARAST ERE AT YL EERIA CRAEEET R F OGP 76214280
ACCCT Get It c €36 ESRACMTT OTAI EIRRCAGACETRAGRRA F1BEAGAE IR TARRCCGA G TG
14340 20  GTGATCTTGG AGAGGCTTGG GGACCTGGTG TCTCGGGAGA GGTTACGGEG
GCTGGTTGGG STHEANGC CAACCTAGRG AACRACES T TESPERRESE T ARG MR TR CAHEECT GEER

AAAGAGCCCA ARGERMNEG TfETCT 46 @cddrearte b33 oA dee 36T dCehschiTdarl GGASKIGCC

35

CTCCCAT,
GCGGAT

CTTTGCAGGG AGCTGTTCGG
T AETECEAB RN P TR CRBOCIMSELRSTC (AT SACAARIRREGAGERAR

14520

ATTCCCCTGG CCCGECTCCC

AGGCCGGTGT  ek#vpd f3pT GlocCb ATt ot tdac At ek debta rAGEed feeedA corctd&do

60
GGGGAGAAGA GGCACGTTGG GGGTTTCCGG GGGCGCGEEG CGGAGCAGGC CCCCCAGTCC
S P EEE CE e S BAEESCT EAETSATCA CISCREEASECTF12014760

GAAgEEdGE (3o G Adebd AchddnietatCeddac AN (ddodebe d b &actdef CGE{geCCTAC

CCATCCT-
50
14820

EECTERCECET

CTGATGITCC CCCCGCCGCC CTTCGGGCTG CCCATCGCGT CGCTGGCCGA
GTCCGCCTCG A A g B A A B e A R T XS P S e SRS CAKIE T AESCAACARTAA
AGAATTCBAG GAGECREdcGAGGaCAAOE @ rree TecocCR ARl & Ar rALF SRR CEAA T AECCCEAG

GCCCTGEEEC TCTGACCCGEC CECECAGCCC 15000 CCCGCGCECC CGGACTCCCG
GGCTCCGCEC CENCECELIEECERSFOERETFER TC HISHOCH) TCCCTGACAG 6360
40 TTCAGCTCCC CTGGAAGGTC AACTCCTCTA GTCCTTTCTC CTGGTTCTGG GCAGGACAGA 6420
AGTGGGGGGA GGGAGAGAGA GAGAGAGAGA GAGAGAGACG GTCAGGATCC CCGGACCCTG 6480

GGGAACCCGT CAAAAATAAR TGAAATTAAG ATTGCCGACC AGAGAGAGAA CCGTGACAAA 6540

45  GCARACGGCG TTCAAAGCAA AGAGACGAAC TGAAAGCCCG TTCCCGTAGG ACTGGITATG 6600
AGGTCAACAC ATTCAAACAC AGCTTGCTCT GGATTTTGCT GAGCAGAGGA AGATACAGAT 6660

50 GCATTTGATC CAAAGTGTGT TACATCTTTC ATTATATGTG TGTCTATATA TATAAACATA 6720
TATAAATATA TAAACATACA TAAATGTATG TAAATATATA TAATCTATAT ACATATATAA 6780

ATATATAAAC ACATATATAA TATATAAATC TATAAACATA TATAATATAT AAACATAAAT 6840

55  ATATAAACAT ATATAATATA TAAATATATT AACATATATA AAATATGTAT AAATATATAT 6900
ARACATATAA ACATATATAA ATATATAAAC ATATAAATAT ATAAACATAT ATAAATATAT 6960

60 ACAAACATAT TGTATATATA TAAATATATA TAAAAACATA TATATACATA TAAAAATATA 7020
TATAAACATA TATACATATA AAGAAATATA TATAAACATA TATACATATA AATATACATA 7080

TATARACATA TATATACATA AAATATATAT AARCATATAT ACATATAAAA ATATATATAT 7140

65  ATTAACATAT ATATACATAT ARAAATATAT ATATTAACAT ATATATACAT ATAAAAATAT 7200
ATATATATTT TTGGCCCCTG ATTCCCTTCG GTTCCTGTGG GATGGGTGAT TGAGTCAACA 7260

60
14700



15120
15180

ACCCCGCCTG GAGCTCCTTC CGCGGECCACC GIGCTCCGEG CACCCCGGGA GCTCCTGCAA
GAGGCCTGAG GAGGGAGECT CCCGGGACCG TCCACGCACG ACCCAGCCAG ACCCTCCCGG

65 AGAWSBIHAS6EAAGCGCGGAG CCGGGTGAGCG GCCGTGCGTIC CAGCCCGGGRCOTEFPOeRESG
15240 CTGCCCGTGC GTCCTGGGAC CCTGGAGAAG GGTAAACCCC CGCCTGEECTG
CGICTTCCTC 15300 WD 98/ 14568

PCT/ EP97/ 05355 55 59

TGCTATACCC TATGCATGCG GITAACTACA CACGITTGGA AGATCCTTAG AGICTATTGA 15360
AACTGCAAAG ATCCCGGAGC TGGTCTCCGA TGAAAATGCC ATTTCTTCGT TGCCAACGAT 15420

5 TTTCRITAGRCACCATECTOCA TEEECTTEATIEAQBCACAGRATAGCCRANEESGA TCTEBATTTG
15480 TCCTCCACCG
T e p SRl St e R R B e T
GCTGAGGACG J@M@@mcm&ﬁommmmc&Tmm@@W@m
ACCTCCCACG TTGGGA 15660 GGACCTGAAT . GAGGACCGAC
TTTATAACTT ﬁ*i’&%%% WCEE&G%PT&%TWG SFETRI 6 s CCCARRSCG TTT PP TT
GGATTGADAT TREASACERT BRcICREAGKRT 33T T Tt GRGTaACCARGHETEABACCCTEERBO 7560
CGCAAAAGAC TTGCATAAGA GACGGACGCG TGGTTGCAAG GTGTCATACT GATATGCAGC 15840
20  ATTAACEFF A T AR A AT SRR AE A TR TR R ARSCCF AT AT GRS T EAAAARRRAA
15900 A&Iém&;mmmm%&m QEAACRTGCAAAANGDEGT TAsg0
CCTCTTAPCC 15960 GCGCTGGC CGOCTGGOCA CTGAGGGCCC TTTGCAAAAA
TCACGGGTGT ’K@.&W‘:’“E%‘HQBT%GTGTC A B A ST R A BRI BT TGTBIFPTC
TGAAGGGGAT AAAAAACE dncACTEshCrfaeT T 68 R0annnaT AAAFYACATAT A TEARTT GCTAC
TGAGCTGITT CTGGTTGGGA AGCGTAAAAG CCAGGGAGAG 16140 30  ATCCAGAGAG
TTTT T SRS P A F AT PAGCTF AT Y FETUCETSPACCTCREIRD 7860
CTCCATCTTC AzcerrbeCectadelctCadablcARE TAabEddatad RPATARAEACKT aAKcAERARACAG: 92016260
ACTTGCTTTG TCGCCCAGGC TGGAGTGCAG TGGOGCAATG TCAGCTCACT GCCACCTCCA 16320

35 9 W@WW@WG@W CTAREAGGCAC
16380 $C. 102892, bARGAEA TThh142R0d s TEATREIRA L dmRhddm ST Tdaso
CACCGTGTTG 16440 40 GCCAGGCTCG TCTCGAACTC CTGACCTCAG GTGATCTGCC

CGCCTCGGCC TCEEAESPEECCATEH0BCTTTCACCE CICERAGIPT TP TAKIACARECIMGATAGCHARC

TTGTCGROAC Aldedddeo hansddedd0bedetncchbnilcacann radrbEedriGAIGAAOECT ARG
AAAAACATTC AAGGGTTCTG CCCCCAGATT TCGGGAGATC 16620 45 CACGTTCCAT

GTTCTGATTG @FFITCT A IACCABE KA RISC T F TEASTAGACESFOREACSToCTBIB0 0220
CGGATAGAGT TTCAATTTAC TGTGGAAATT TGCTGTAAAT AAATTGAGCA TCCGATAGAA 8280
GCTGTTGCTG ATTAACCITT TATTTTTAGC GTGGCCCTGC AAAGTCGTAT CACCCAGCTG 8340
TCAGGCTTCT AATCGAAAGT TATGAGACCA CGGTGAGGGG CAGGCGGTAA TTTAATTACA 8400

40 ACAAATATCT TTGGGTTTAT GGCGCAGAGC TAAATTAAAT GTCATTATTC ACTGTCTGTA 8460
ATGGAAATCA AAAGGAAATC GCATTACGGC ATTTGGGAAA GAAAGCGGGG AGTGCTCTTT 8520
45 AATGAAGAAA TAACTGICTT AAGCAGTGTC ACACACTTCA CTTACCATAT TCGGGCCTAA 8580
TTGGAATGGA TCGTGAATCA CTCCAAGACT GATTTATTAG CGCTTCACGC AGCGGCTAAT 8640
TCATCACTTG TATTCTTCAT CATTTTTTTT TTTCCTCTCG CCGTGTTGAA GGGAGAGTGA 8700
50 ATGAGGCTTT CCACGTTTCA GGAGGATTTT CTTTTTTGAA AAATGCCCTT CCAGAGGCTT 8760
TTGGGTGGCT GGCTTGCTTT CTGGGCCCTG GAGGAGACAG GCGGAGAGTC CAGGTGGGCA 8820
55 TGGAGAGGCA CAGTGGCAGG TCACCTGGAT GGTCAGTGGA GGTGGAGGTC TGAAGGCGCC 8880
AGCTTTGGAA ATTATTGGTG AATTTCGATG TCAGCACCAG GCAGGGGCCT TTTTGGCGGG 8940
GGTGTGAGGG AGGATGACTT TGCTGGGAAA CAGGATCAGG TTCTCCAGGC GCACTGCAGC 9000
60 CCGGTAGGAC CCACTTTGGA AATGAAAAGC CAGTTCCGAA AGCTGGGCTG GAAGCTTCCG 9060
TGTTGGGITC AAGAGCAAGT TCACGTTGCG CTGTGTAGAC TCCTGGCTGC TCCCAAACTC 9120
65 TGAGGGTTTT CTGAGGTTCC CTTCATAGGG GCACCGGCCC TGGGCCATGC ACAGTGCGTA 9180
AGGGTGGCTG TGGGCCGAGG GACCCAGCAC GIGTTTTGCC CACAACAGCC GGAGTGALTG 8240



AAGATCCATC TGCATGATTG GCATTAGTTA CCACAGCCTG CCCAGAGAGA AACTATCTTC
50 TCCCAACATT TACTAACATC CACTGGTCAA CTCTCTTATT TCCATAACAC ATTTGCATCT
16800  wo 9BMeHGOATTC AAGCTTGGTG GITTTCTTTC CTAACTTCTG AT THAG#SPfs3ss
TTCTCCCTGA 16860 GGTGGGGATA AAAGAAAAAA AAAAAACAAC TTCTTTTTTT
CTTCCGCATA ACACTTTCTA 16920 55 TCTTGTCACT GAGCTGAACT GTAGATCCAT
TTGGACCCGT CTCATTTGTA TCTTCTGATA 1698 TTCTTTATAC AAACCAAAAG
TCCCCTTCAA CATTTTTTAT GTCAAAATGT TACAACCGCT 17040 60 GTAAAATGAC
GGAGAGAGAG AGAAAGAATC CCAGACATTA ACGGTATTAG AGAGTTTGCC 1710

TCATTCATCC ARFTGAFEEAT ACTCARISST AR R FTAKARIARC RARKAEAEAG E&“AE&&%TT 93097160

TAATAGTTAA  (oE£A0AdTT ToTchbeddaia’ O AR AR TECAAT SARREAAEE ThEJKIGRHAYACT 936d 7220

16740

65 AGGTTCATTC ATCAGAGTAT GTAACCCTTT GGAAAAGIGG TTGGTAAGAT ATGTACAGCC
17280 TAAGYSAGE PIAGFETCAG GGAGGTGGTG GTGGGGGAGA GGAGGEGGTG GIGTCCAGAT 9420
PCT/ EP97/ 05383cAGGCAT AGGCTAAACT GCCTGCACTC TCCAGCTGGT CTGTCIGTGG AGGAGHIGAT 9480
CTAGATTTTT ||||||||AA CCAAAAAGEC TG%EHAATTT TGAAAAATCG AAACATAACA 17340
CTGTGT ey &G

&IAM @Iﬁﬁ&;&@-‘_ arEedatTT TACARACIEGArAEdI A dcct el CC6h6s
17460 GCTGGAGIGC AGIGGCACAA TCTCGGECTCA CCGCAACCTC CcaECcreceas

GTTCAAGCCA TGERTIZHAC TTCTICHTACTEIERERSCANF CACT BT CI e AGTACE TEBATIFACAGES®

ACCTGCCAGC

17640

A I haccckd@B0rck@rceccs Tolbchbdiel ChaTEorcht TehAccRACAGAGHEEG

TTTCAGCCTC CCGAGTAGCT GGGATTACAG GCACCTGCCA CCAGGECCTGG

GTAACTTTCT GETAPTFIN ACESFALTHEATRENBATT PARRISACCC ETIFBBCTCE SCOACHREERAGIAY
CTGEGATTAC ACEAEd EenbGEAS T AchAZK Adrddnbole] CAaRAGIGER AncAdal®Pr

TAGTAGAGAC AGGGITTCGG CCTCCCGAGT AGCTGGGATT ACAGGCACCT GCCACCAGGC
CTGGGTAACT TRGHITTET FOTr FAGRACARS AT AGBCFATCCCICCEEIRA CFALIATERSGA 290997880

QW&&H@Z@&I&&U&M@E@& AGABRSCGTT

20
17940

GGGATTACAG
GTAGAGACAG GITTTTGCCG TGITGECCCG
CTCAGGT
CGTGA

35 CAT CCT GATAT FRAATCCATOTSS SCERNAIELAT ABAARGIECRA CARET CICARBAEET GCHIXCAC
18360 35  GcCAGGCATG GTGGTGAGCA CCTGTAATTC CAGCTACTCG GGAGGCTGAG GCAGGAGAAT 10320
CGCTTGAACC TGGGAGGTGG ACGTTGCAGT GAGGTGAGAT CACACCACTG CACTCCAGCC 10380
40 TGGATGAGAG AGCAAGACTC TGTCTCAAAA ACAAAATAAA ACAMRAAACAA AACAAARATC 10440
AAAAAAGAAA ACCCAATTTC CAGTTCTAGG CCAGGTGCAG TGGCTCACGC CTGTCATCCC 10500
AGCACTTTGG GAGGCCCAGG AGGGTGGATC GCTTGAGGTC AGGAGTTICGA GACCAGCCTG 10560
45  GCCAACATGG TGAAACCCCA TCTCTACTAA AAATACAAAC GTTAGCTGGG TGTGGTGGTG 10620
TGCGCCTGTA ATCCCAGCTA CTCGGGAAGC TGAGGCTGGA GAATTGCTTG AATCTGGGAG 10680
so GTGGAGGTTG CAGGGAGGCG AGATAGTGCC ACTGCAGTCC AGCCTGGACC AGAGAGCAAG 10740
ACTCCGTCTC AAAAACAARA GAAAGCAAAA ACAAAAAACA AGAGACCAGC CTGGCCAACA 10800
TGGTGAAACC GCGTCTCTAC TAAAATACAA AATTAGCCGG GCATGGTGGT GGGCACCTGT 10860
55  AGTCCCAGCT ACTCGGGAGG CTGAGGCAGG AGAATGGCTT GAACCTGGGA GGTGGAGCTT 10920
GCAGTGAGCC GAGATAGTGC CACTGCACTC CAGCCTGGGC GACAGAGCGA GACTTGATTT 10980
60 CAGAACCACC ACCACCACAA CAARACAAAA CAAARAATCC AAAAAAACCC CAATTTCCAG 11040
TACTAGGTAG TCAGTGATGC AGGGCTGGAG ACAGAGGGGC GGTAAGTGTC TGGGCGCCCA 11100
CCATCAGTCA CCTCCCAGCT CCCAGAGGTG CAAAGTGCTT GGTTCAGCCT CATGGGARGG 11160
65  ATGCTCCCTG GGGAGGCTGG GCTGGGTTCA CAGGGCTCTT CACATCTCTC TCTGCTTCTC 11220
CCCAAGGTTT GGTTCCAGAA CCGGAGAGCC AAGTGCCGCA AACAAGAGAA TCAGATGCAT 11280

TTAGHEILAC LT

C

SLLALLA
TCGECCTCCT GAGIAGCTGG GATTACAGGC ACCT
AACTTTCESG AGESUTBCA WGTTW%WCWW%@@TAWO

TC%@Q\@OTCACTTTTIW@

9840

cSALIET TahEcdihdd T Tlobgo
GCTGGTCTCA AACTCCTGAC

CCFOSATEE FCATRGRGCCHAIGA TIAAAGREIIICTAC TEBECTTH CCTCCCGREAT THEALG

A LA OO ECL G I L TEACKAN TR AT 1cndSRAG:
GACTCTCAAC TGTGCGGGGA CGGITTCACT TTGATTTAAT ATGGAAAGAG GGOCAAGTGT

10200

17820

18300



GAGTGICTGI GGACACTGGEC TGCCTTTGEC TTTTCTCCTG CGAGAGAAGT TGGGTGACTT
TCTGTAGGTG GATGAGTGAT CCCTGAATGA GTGTGGGGTA CGTGTATGCT AGCTGCTTET

40
18540

CTTCCTTTCT
TCTGITTCTT TCCTTTTTAT

CTCACCACCA ACGCCCTCTT CTCTCTCCCT TCTCCTTCCT TCCTTCCTTC

18600 45

18660

[TTGITTCTT TCTTTCTTTT TCTTTCTTTC

CTTCGATGAA GICTCACTCT GTCACCCAGG CTGGAGTGCA
CCCACCTCAC rakeshGEaCET AGEAITE T¢SCECACECAAGAAYSECICATECTCGEXCE Acch8EADs

55
18960

TTCTTTTTCT TTCTTTCTCT CTTTCTTTCT TTTCITTCTT

CTEFCICTCT TTTTCTTTCT CTTTTCCTTT
18720

TTTTTCTTTC TTCTTTCITT
GIGGTGCAAT

18780 50

EECCREECPECFEFT
ﬂa@eimmﬁemﬂmc TG EIRCAEE A dCCRNGTTEACE 4 60

CAGCCTCCCA AGTAGCTGGG, ATGACAGGCA CCCACCACCA TTCOOGGATA ATTTTTGTAT
TTTETACFRES RERCTESET T GREATETT

11340

18420
18480
™WADPSTBEEA AACTCTCGCGA TGGAAGGAAG TAAGAAATTC AGCT TGERCITERNNOSSK3AGT T

18900
CARET ERTAECPeA

CACCGCGCCC 19020 CCTCT CTCITTTICT GAGATGITTA GGAAGGACTG
GGCTGATGGG @W“ﬁ%@ﬁﬁmm ATEIERI G BT GBS B 8P TaECakA
AGGCCCTQOA QRCARBEER EcTickéchicAR@Accectd IdOccrartt cdTdchédrA TédocAMEAACHER0
CGTCTCTCCA CAGGAGGTGA GAAATTGAAT TTATGGGGTG 19200 65 - GGTGTACGCT
GGCGATTCTT GEMESPIHET FOISETRARAACATRERT PETICTCENARGIENES ccereuigne 11640

TTCCTGCTTT (ehddabbdACTrhchEdd [laerdecRe T hebdanr ENCEAREERN JRCERPEEAG 17089320

WO 98/ 14568
PCT/ EP97/ 05 RJSACACCTG TCATCCCAGC ACTTTGGGAG GCTGAGGAGG GTGCATCACC TGAGARFAGG 11760

AGACCAACGT  GlghahehGE AT EndeebdcbeTieriAch hhtorACAGIR diaialiaber Ghy 1524 9380
GATCCGTACC AGCTCCAGCA CACTGATAGG AACACGTTGC TGGCCGAACT GAACGATGCT 19440

GGGTTGGRYC CreRrreIcT ACEETHFT TTRCFASRACT TEEIRATCeCRIRAKTF ATCRTSABATAL18899500
GTCOGTGRAG QT HEERACE SRR REAGKEx CIAGEIGR HEAGAGIGOC, 19449560
10 TGITCTGGTG AAATCTGITT CTGACATATC CACTTTTCTC TCTCTTTTCT CTCTCTCTGA
19620 ARABGRITRPA GRS CETSCA (ARG P CAAGERATTES GRIPCST RFCASCATGRTEGGT P00
TAGATTTTCT 258980 gocnocndEI CRARRIEG: GASHERCICAC CTABTECATA LT CCAME
GIGIGITCCT GGCAA AAGAGITAGA AAAATGCACC TTCTCTGGTG
GCCGTTGGEGEG WTWGP@TC%BSUW reLipressadizrseereidy
GGCTGTCERC T HEGATAMGACCACTIACN G s 19500z c:20ncrn SRECT OTE5G
TCTGTACGAT TTAGAGCGTA ACTGACCGCG TCCAACACCC GITTTTCCAC

TTACAAAGCT OBFESTEUCAACISISET TASSTASSTET CCCOTA TEECITATRAG W122419980

CGCTCCA@?G AL o feh el T el & Rkt GO SARMEE. LlMEATe0C:23080040

CCACCCCCGA GTGCCCGAGG GCCTGGGGCG TCTGCCTGGC CCCTGGCCCC TGGCTTGGGC 12360
TCTGCACCTC TGAACTGGAG ACACCCTACT CAGCTCCCCA CTTACTTTGG AGTGAGCAGC 12420
40 GCTTGGGTGC CCAGCGTGGA TTTGGGGCTT CCAGGGAGTC GGGGTTCGGT CGCGGAGCCC 12480
AAGCTTCCCA AGGGCGCCCC CGCCCTGCCC TGGCTTAGTG GTGGGGATGG GATGGGGGGA 12540
45 AACGGGGAGC TGCGTGGAAG GAGGTGAAGG GTCACAGGAG GAGAGAGCGC AGCGCCCACG 12600
TGCGCCCTGC CTGAACGCGC AGCGCAGCGC CCGGCTGCGG TGCCCCTIGC CCCTITCGGIC 12660
CCTAATTTGG GGATCGGGAG TGCATGCGCG GGCGGAACGG GCTTGGGGGG GGGGCTCTGG 12720
50 CAGGGCGGAC GCGTGGCCTC CCTTICTTCAC CGTTTTATTC CAAGGGGACA GGCTGGGGAT 12780
TGTATTTGGG CGCGTGTTTG GCTGAGGGTG CAGGGACTTG GGGGGTGGLCG GTGGGGAGCG 12840
55 CGGAAGGTAT AAACGTATAA ATCATAAGTA AACAACTCAG AAATGGACCC CGAGCGCTGG 12900
TCGCCGCTAG CTCTCCAGCT CTCCCTGGCC CAGGCCCGAA GGAGAGGGGT CCGCATCCCT 12960
CCGCGGTTCT CCTCTICCTGG GTACCTGGCC TTGAGGTGGG GGAACGAGCC TACTTCTTGT 13020
60 ACCGTCTTTT GCCGACGGCG GGACCCAGTG AAATTAGGCC GTTGGAGCCC GCAGGCCTGC 13080
CTGGCTTTGC GCACCGGAGT CTTGGGGACC TGGTGTCCCC GGGAAAAACT TGGGGACCTG 13140
65 GTATCCCCGG GAGAGGCTTG GGGACCTIGGT GTCCCGGGAG AGGCTTGGGT ACCTGGITIC 13200
TCTGGAAGAG GCTTGGACAT CTGGTGTCCT GGGAGGGCCT TTGGGACCTG GTGTCCIGGG 13260



25
20100

ACAGCTGGGR o 9872360 30
TGCCAAGCTC TGGTCAGGAT

GCCTCTGEGT TTCATGCTGA CCTTTCTAAC

CCCCGAAATG GTCCCATTTC CTTGGAAGCC TGAGITTCTG TTCTGGTCTT GCTGCTGICC

TTGGCCACGT CAGCACGTGG GAGCATCTGI GGATACCGCA GAGTCTGGEEG

GITTAACCGA AATGAAGCCG AGACGEGITT Gictatpdldssss
20220

GAAAGGGAAA TACCAGAGTC CTCTGICCTC
ATTTGITTTC CCCTAAGAAC

20280

AAGCAGAAGC CTCCAGCTCC CTTTAGCTCC ACAGIBBTCC
GCGAGGATGG CACACGGECAG CCACTCCCAC GACACACATT TCGGAGGCAC

40
20520

20580

20340 35

CGGGGACATA

20400

TTTGCTGGAA GCOGCTTGIC TOCTCCAGCT TTGGGAGGTC TGGGGAGGAG AGAGCCTTTC
GGTGGACKAS FFTGACKT TR RARAARRARER RARKRARNAAT

RARRRARCTS GTGOCTRAT
TAEIMACAGI AR ETACGIRA OCAGEATATCCTRAEAFEC EECBAEACAG 380

20460

GTGGGTAA TGATGCCATT TATAAATGIT TTATTGAAAT TTGATATTTA
ATGAGAA ST ERCERAA T CCRERAD IS CCCACC T HERART KT ETECT TR

AATGTGCTAT Td¥shd&dAAQeEEdotddal 6AzcTeada MiRceecaca cdd#pbédaA Dl cENTEE CAT G0
TACGTGCAGG TCCCGTGGGA AGGAGGCAAA AGCCCCTGCT 20760 50  TCTTACTTTG
TGATGTATGI FEFAPEFT ATICFATETITFAITFECPFAESFTEERASTICA CT5H8she 13560
TAAATATGTA GAET1GEAA hrd Asbed 1R Eabc iR AT b E6abn A TEEI Itk EAREARET TT136280880
TATATTTCTG AAAACTGTTG CTTTTTCTTT TTCCCTCCCC CATTGACGAC ATAGCGGCCC 20940
55 CCGCESFRERSST & PT AT KA CRATEI A AEEATAFT PEAEECBRTIEETHEAS GARSRAAACA
21000 15 AATEAACAREIREAFCOIABAMPEARCAGEecd EeaAdIrECecbhdédoed CT3740
TTATTGTCGG 21060 60 CAGGCGGTGA GGGGTAGAAA AAAACAAAC AAACAAACAG AAAAAAC
CAAAAAAAAC TETFEORFGA GAGGCTRGIS RN EARHT ST TRSF eI BN CAt IRt CRFSITBFECT ANSEL
TTCAATAATC TLAAEEEESA cccdddd B crenccrTdOTAREASTAA cEANACHGT AT cddchEAST Ci¥ 6o
CCCCCGTATA TGAATGTACA TCTTGTAAAA 21240 65 CTGAGATATA AATAAACTTA
TAAATATTTG THECFEFRET CCTIRRREARIGRAAHGE JGTAFIEHES TCOPEARBRIT GGAGAGGCTO §3294568
PCT/ EP97/ 0535&9GACCTGG TGTCTCGGGA GTGCCTTGGG GACCTAGTGA CCCGGGAGAG GC@‘&'GGGGAC 13980
AACCTCTCCC CTGAGGACAG GCTTATTGGA AAAAAAAAAA AAAAAAAAAA ATCCTGAGTC 21360
GGCCGTGRET AIRCAEISCAGCHSAFEHTT LIRS CEITCCHICERT GG ACRRSCETE eBTARSEEAGT 49491420

5 GIT 186 ead %@&Ec@éﬂi@@lﬁ&éc%%ﬁc&%ﬂ AHGetdntd CCEGHY
21480 CCTTTACTGA AACCTACCTC CCCGCTTCTC AGCCAACGIC CCCCCAGAAG
Gr CGEEREATGC TTGGACARIICAGTSORAC CAARGEETTTE CAIAC PR TERS CARSFEAGAEE PO
GCTAATT CK&ZEI;E;EEWACCT65¥Q£H)C%é&GGAGAG éﬁﬁlzﬂﬁﬁﬁﬁIeﬁkyirbié§b|dGbk¢AGhéd ||§¥¥56C:
TGAGTCTCGC TCTGICGCCC AGGCCGGAGG
CTTGGGGACC TGGTGACCCG GGAGAGGCTT GGACACCTGG TGTCCCGGGA GAGGCTTGGG 14280
35 AGCCTGGTGT CCCGGGAGAG CCTTGGGGAC CAGGTGACCT TGGAGAGGCT TGGGGACCTG — 14340
GTGATCTTGG AGAGGCTTGG GGACCTGGTG TCTCGGGAGA GGTTACGGGG GCTGGTTGGG 14400
40 GGAGAGAACG TTGTGAGCCA AAGTCCCTGA ATCCCTGCGA AAAGAGCGCA TCGGGAGCTC — 14460
CCCCTGAGGG CGTTCCATTT GTGGACCCCC CTCCCATGCG CTTTGCAGGG AGCTGITCGG 14520
ATTCCCCTGG CCCGGCTCCC GCGGATGCAT CCAGTGGCAG CGCCAATTCT GGGCCAGGGG 14580
45  GAAGGAGGAA AGGCGGGTGT GGGGTGGTCT CCACGGCTGG AGAAGGGGCG ACGCTCCCTA 14640
GGGGAGAAGA GGCACGTTGG GGGTTTCCGG GGGCGCGGGG CGGAGCAGGC CCCCCAGTCC 14700
50 CCATCCTGCG CCCTCACCCC GCCGGGTCCG CTCCCGCAGG TCCAGGCTCA GCTGCAGCTG 14760
GAAGGCGTGG CCCACGCGCA CCCGCACCTG CACCCGCACC TGGCGGCGCA CGCGCCCTAC 14820
CTGATGTTCC CCCCGCCGCC CTTCGGGCTG CCCATCGCGT CGCTGGCCGA GTCCGCCICG 14880
55  GCCGCCGCCG TGGTCGCCGC CGCCGCCAAR AGCAACAGCA AGAATTCCAG CATCGCCGAC — 14940
CTGCGGCTCA AGGCGCGGAA GCACGCGGAG GCCCTGGGGC TCTGACCCGC CGCGCAGCCC 15000
60 CCCGCGCGCC CGGACTCCCG GGCTCCGCGC ACCCCGCCTG CACCGCGCGT CCTGCACTCA 15060
ACCCCGCCTG GAGCTCCTTC CGCGGCCACC GTGCTCCGGG CACCCCGGGA GCTCCTGCAA 15120
GAGGCCTGAG GAGGGAGGCT CCCGGGACCG TCCACGCACG ACCCAGCCAG ACCCTCGCGG 15180
65  AGATGGTGCA GAAGGCGGAG CGGGTGAGCG GCCGTGCGTC CAGCCCGGGC CTCTCCAAGG 15240
CTGCCCGTGC GTCCTGGGAC CCTGGAGAAG GGTAAACCCC CGCCIGGCTG CGTCTTCCTC 15300




AGTGCAGEEG CCCGATCTCG GCTCACCECG ACCTCCGCCT CCCGEGTTCA AGCGACTCTC 21720
15 CTGCCTCAGC CTCCCGAGTA GCTGGGATGA CAGICACCTG CACCACCECG CCCGECTCAT
21780 WO SFHSPETATTT TTAGTAGCAA TGGGGTTTCA CCGTGTTGGT CAGEIVERSIOS35S
TCGAACTCCT 21840 GACCTCGTGA TCCACCCGCG TCTGGEECCCG GCCCGTGATG
TGTGTGCTTT TAACTTTTAT 21900 20 TTTGTTCCAG TTTTCGACAG TGGCACGGAT
TTTCCAGCAC GGICTTGCAA GGATGATTGA 219$§ . GICATTTTTG AGACAAAAAA
TATAATAATA ATAAATGGAA AAAGAAATCG ACTTT 22020 25 ATGACAAATT
[TTTTTTTTT TTTTTTGCAT AGATTTTTCT CTCTTTATGI AAAGGAAAGT 22080

TCATGATTGG ASITRERCCOBRTGCATGAC TETAACTEUCCRTTIEIcAB AAPEIIAC MOARETGACL53622140

30 TR R RO O T O T A AGCOT MR CASHEAGES

22260 TTEHEEGACACATRECOGACTT CBRCTEBAEIE T TAADCEECG CEIGHETEET GT5 480
COGTCCGITC 22320 35  TTCCTGCTGA CTCCTGGTAG TTCCTGAAAG CTTCTCTTGG
CCAGAGAAGG BT T FERCAE CAY288 3 R A EESTEIGTC CABACATTEFEERnACTEY
AACTTGADOG EECETEACCIAEATGREBREATACT 22 44f56CTGAG G@esa@ea@ﬁ&wcm&
CCCTCTCTTC ACCCAGCCTG TGTGIGTCTT GCOGGACAGA 22500 40 - T
TGCTTTTTGC EFEFFRIEAS ASSFEE AT CATGEETERE CrERRRCET CAC%%%%F 15660
CCATCTCCAG A efXzAéndohddohd T TAT,ACKICTLAACE1CCAHTEAREH AbTddodédd3CALs7222620
45  CATAGTTATT TCATGGITAA ACTATTCAGC TTTGGCOGGG CGCAGIGTGG CTCTCACGOC
22680 Siciiviicevmevinpiiceeplicesseicececafeeiiohncsiicicee il
GGAGTTCGAG  ccladhdéhc TTGCATAGSAQGE&G&@GM@&KAGT cTAGGE L LATATGEATACT AR
AATACAAAAA TTAGOCGGGC GTGGTGGIGT GTATCTGTAA TCCCAGCTAC
TCAGGAAGET é&t%éﬁ%@%ﬁ%ﬁf&ﬁm% BERFTATARR THRERRARAEARE ARG L

ACTGAGCCCGA G écekdeCAeTEHdatE et sncnl CkAdofecn 2328 TorciafeACCGAGRo
CGCTGTCTCA AAAAAATGAA TAATAAAATA AAATAACAGG AACTAAATAA 22980

AATAAAA TS oY e E SRS A T AL B AR M T P P RTSET & ACH P EERAGA 89293040
CTCrGr TACRREIAGLecErdTET & e br oAl TEAAIc AT ARG abEd cOASALICGAM 60823100
60 CAGAATATTC AAATGGTTTG AGAGATCTTT TCCCTTAGAA ATAGCTTGIT GCCAATCACA

23160 AT BT T AR AR CART CEFR T e A TR PERBATA FCBsEr RS CAGR H

TCTTCATI0 T ardséRéhc BPrreanbld hoedchford ThAAGETE cAACNEAAGercbed#A Ceedo
GAATTTCTTT CTGATTTTTC 23280 CATGGGTTGT CTTGCAGACT TCTCTGGACT

TGACCACATT TFARGRRATISARCSSRICRTT GACTTCTT DB ARTICTITON TTITHRTYR/ THAGEASAS 16260
PCT/ Epggls 053&5’51‘GCTTTG TCGCCCAGGC TGGAGTGCAG TGGCGCAATG TCAGCTCACT GCCA&BCCA 16320
CCTCCCGGGT TCAAGCGATG CTCCTGCCTC AGCCTCCCGA GTAGCTGGGA CTACAGGCAC 16380

CTGCCACCAC CCCCGGCTAA TTTTTTGTAT TTATAGTAGA GACGGGGTTT CACCGTGITG 16440

40 GCCAGGCTCG TCTCGAACTC CTGACCTCAG GTGATCTGCC CGCCTCGGCC TCCCAACGTG 16500
CCCCCAGTTT TATAAACAGC AGATAGCAAC TTGTCGTCAC AGCTGGCATG GGCTGGACAG 16560

45 TTGCTTGAAA TGACCTAACC AAAAACATTC AAGGGTTCTG CCCCCAGATT TCGGGAGATC 16620
CACGTTCCAT GTTCTGATTG GTTITTCTGGG AACACAGCAA GGGGTTTGGT GACCTCCGAG 16680

AAGATCCATC TGCATGATTG GCATTAGTTA CCACAGCCTG CCCAGAGAGA AACTATCTTC 16740

50 TCCCAACATT TACTAACATC CACTGGTCAA CTCTCTTATT TCCATAACAC ATTTGCATCT 16800
TTCTGGATTC AAGCTTGGTG GTTTTICTTTC CTAACTTCTG ATTTAGATAC TTCTCCCTGA 16860

55 GGTGGGGATA AARGAAAAAA AAARAACAAC TTCTTTTITTT CTTCCGCATA ACACTITCTA 16920
TCTTGTCACT GAGCTGAACT GTAGATCCAT TTGGACCCGT CTCATTTGTA TCTTCTGATA 16980

TTCTTTATAC AAACCARAAAG TCCCCTTCAA CATTTTTTAT GTCAAMATGT TACAACCGLCT 17040

60 GTAAAATGAC GGAGAGAGAG AGAAAGAATC CCAGACATTA ACGGTATTAG AGAGTTTGCC 17100
TCATTCATCC ATTTTTCTTA AAAGCTGGAA ATTAAAAAAA AAAAAGAGAG AGAGAGGCTT 17160

65 TAATAGTTAA GCTGAAATTT TTATCGAAAA GAAGAATTGC ATTTTGAATC TTTGGGAAGT 17220
AGGTTCATTC ATCAGAGTAT GTAACCCTIT GGAAAAGTGG TTGGTAAGAT ATGTACAGCC 17280



TTTTCACACG GACACGGTTT CAATAGGAAT GAGATCTTTG AGTTTTTATG TAACAGATTC 23400
TTACCATCAG TTCTCAGATT CCCAAATTAC ACACAAAAAG CCACGGACTT CGOCTCCTGC 23460
5 TAPGAZ/FEE TTCTGTTTCT GAGGCTTCTG TTGGTGTTAG ACTTTCARGH/AFbAGIECAG
23520 ACAATGTAGG GATTTAAAGA AAAATGCAGA GAAAGCAAAA ACACTGACCA
AACACACGGA 23580 10  GATAAGCTTT CTAAAGCCTT TGITCTTGGA GTTGTCGTTA
AAAAAAAAAA GTTGTTTTAA 23640 ACTTTGCAAG CATGOCTATA TTGAACTCAT
AAGCAAGAGA GCCAAGAAAA ATAGTGTCGG 237 TCGTCTACTC TACACGTTTT
CCCAAAACAG ACGTATTTTA A

GAGTTAAAAG 'F?W"WT?T&FIE&MM KRR IGAAE&'%%CT TTEA%‘%%&‘@&() é‘?m%é’%‘eﬂl%@

TACTTTTGCA GTéTACKIATArpad: EEXCTCEE GCICAEHINERTC GAGACRALICT GRL740023880

20  AATCAAAGCA CTTTTCCAGG CCAACAGCC AGATCOCTTG AGCOCAGEAG ATTGAGACCA
23940 TP B R A AT ACEREA T ECC TR FETC A TACARRARAE BT T3 TA

TATGTAACAA  cc2ddpBkc AGTGGCWMTGI@A&%&@E&W@AA@%
AATAATAAAA AAATTAAAAA 2406 AAAATTCACC AATCAACTGC CTGCTGGTGC
CTTCAA @T@&éﬁﬁ%@%&%ﬁﬁc&%ﬁ@‘m% FHEACACCC ACCFEEATA RRECCFTHTEAAALREH
ATTCAAT AGAATORET ATMAGEA REATARACAACAGAE TC 2<hBfhceB BocaThATATAAAD
TGATTTCTAA AAAGGCTATA AAAAATTGAA TAAATCATTG TTGGGCATCC 24240
TGTGCTGAAA FRAKATEAAESASERA TR FAANC TFI RCRRRATES TAATRENGATT SPTRFARCAAT 7794300

AAAAAAAAGT GRAASRAARGT ArdachAGEGREEA O €SS Rk chcdc e ATR ST T65 cAG€Iad AT CA 776024 360

35 GCAGGCAAGA GGATACTTTG TTTTTGITIT TTAATTTTTT TTGAGACAGA GICTCGCTCT
24420 T AR T B SAG FEEAE AT AT T TRRCEFEAT F B AT FTCT G 20
CCTCCCGEEGT  crddAffkr 4itrecrhefATeiarhiad heAdioeiscCadichéctcOGTAcIDEACT QokHY

TTACAGGROC CCGCCACCAC 24540 ACCTGGCTAA TTTCTTTTGT ATTTTTAGTA
GAGACGAGGT T EtACEMEGT TS SAA GSETeCCTAY SHETCTCCTA TREFASEAGAGE A PERCeACA T
GCGTGATCCA GetéddeddsAndprd s AN chEEd Rekitace 24ebthcdd aacTTTcRAEAGEBRIGA
GCCACCGOGC CTGGCCOCAGG AGGATTATTT GATCCCAGGA GGTGGAGGCT 24720
GCAGGAARSC ATEITr TR IARSACACECE ACT e CCATCCFEATEACEACTHKARPEFEA EAEEAEATCT €D 4780

50  CTAAATARAd:HRAT AAAT N rAGIcAMAE cTAREAIAE FrrTddotd Thefsbc&¥cAGTGTISC
24840 TCTGTCACCA GGCAGGAGTG CAGTGGTGCC ATCTCAGCTC ACTGCAACCT
CCACCTCGIG CCPEFODH A AACTCCREAT TEARRSEAC A FEE S CE S ECT ISFENECE FARPCERISTAGETES
GGATTA TR EA A4 36 creRecreee  coEPetdsChEr T AR GEEAderAAT Gl1BE AGT

AGAGACGGCGA TTTCACCGTG TTAGCCAGGA

CCCAGGAGHT {eLEREEARSA:
AAAAAATCAA AAATTTAGCC AGCTGIGGIG GCTCCTGCCC GTGATCCCAG TACTGIGGGA
GGCTGAGGCA (GABICFCETTT GRS TSCA AT T e ATATSCACTRCEFCACRRAA TRERERARETCTA 84295260

65 CTCHeerbedr LAl feh e Te et SAhSd L Bed (el srhCE Aot ABAI A ATATAT ATAT
25320 40 TTCTCCCTGA AACTCTCGGA TGGAAGGAAG TAAGAAATTC AGCTTGGGCT GTGACCAGIT 18540
CTCACCACCA ACGCCCTCTT CTCTCTCCCT TCTCCTTCCT TCCTTCCTTC CTTCCTTTICT 18600
45  TTCTTTTTCT TTCTTTCTCT CTTTCTTTCT TTTCTTTCTT TCTGTTTCTT TCCTTTTTAT 18660
CTTTCTCTCT TTTTCTTTCT CTTTTCCTTT TTTGTTTCTT TCTTICTTTT TCTTTCTTTC 18720
50 TTTTTCTTTC TTCTTTCTTT CTTCGATGAA GTCTCACTCT GTCACCCAGG CTGGAGTGCA 18780
GTGGTGCAAT CCCAGCTCAC TGCATCCTCT ACCTCCTGGC TTCAAGRAAT TCTCCTGCCT — 18840
CAGCCTCCCA AGTAGCTGGG ATGACAGGCA CCCACCACCA TTCCCGGATA ATTTTTGTAT 18900
55  TTTTTAGTAG AGACTGGGTT TCGCCATGTT GGCCAGGCTG GTCTTGAACT CCTGACCTCA 18960
CATGATCCAC CCGCCTCAGC CTCCCAGAGT GCTGGGATTA CGGGGTGAGG CACCGCGCCC 19020
6o GGCCTCCTCT CTCTTTTTCT GAGATGTTTA GGAAGGACTG GGCTGATGGG GACCCTCTGT 19080
ATGTGATGTG CGTGGGTTTG GTTTCCCGGA AGGCCCTCCA GAGACACGTT TGCGTGAACA 19140
TTCAGCATGG AAACAACATA CGTCTCTCCA CAGGAGGTGA GABATTGAAT TTATGGGGTG 19200
65  GGTGTACGCT GGCGATTCTT GGTGCTTTTT GCTCAAAACA AGGITCTTTT GAAAGTCACG 19260
TTCCTGCTTT CCCTGTGGCT TCCCGGTGAG CTCGCTCGCA GAGCAAGGAA TACCACCCAG 19320

25020

TGGTCTTGAT CTCTTGACTT
TGTGATCTGC CREIXTFRINCESISTERSCA/LSCATIAT ERRTEAPAT DERFRRACAR (FCCCAARESICATEARY

AL CAKRGERCRT EAATETERE corddehdlt

18360

25200



WD 98/ 14568

PCT/ EP97/
GAGTTTCAA&%%%‘?E&TGGG TGACCAGCTC ATCTACTGGT TTTCCCCTTG GGAA@@@WOSL*Q%%O
ATTGTCATGT ATTGAAGATT TCCAAGGAAG TTGTATTGAA TGAGAAACAA ACTCAATCTG 25440
5  TTCGTGTTTA AAGAGCTGCA GTGOGTTTGC TGTGTTTCCC ATAAAACTGC ACTTCCAAAA
25500 GACACGCTGA GAAAGGAGAC CAGGATTTGT AATTCAGAAA TTGGAAAGCA
AGTTAGGCTG 25560 GACGTGGTAG CTCATGCTTG TTGTAATCTC AGCACTCTGG
GAGGCTGAGG CAGGAGGATC 25620 10 ACTTGAGOCC AGGAGTTCAA GACCAGOCCG
TGCCACATGG TR ARESITESCrETISTOSAARTGTASS GETFTTGCAG AGRAAFGARA AGATCIETRGCCAGAD
TCTCCTOACT GATGREH(ET AL AR I ORI o 28] ans HEAEECARNG,
TTGCTTGABC CCAGGAGTTC AAGACCAGCC TOGGCAA

TGTCTCTCCA MW@WTA@WWW@WW@W@GH%N%GO

ACTCTGEGAG GrlGReaAR AGTGEE Lo RHCARCACT T CRRACEAA LT CACLANG o, 25020
20 AAAGTGAGAT CTTGITTCTC CAAAAAATCA AAAATTTA

25080 10 WM%TW@@%TAW@&MCWAWHM@@A@G%%
S e e S e L
TCAAAAATTT XGCCAGCTGT 56100 eaieir: ‘g’“ ACTER®

COICCART TG ATT TUTASCTEATGCATIS TEXGCAAAG CIGBAGTITASCHACEACCHBGAO

GCCGA
CANCINT AGHIEELCT TICLEMAR ATAMENT . 25220,00 o TG

GATCACGAGG TEAFCAATC TEAACCATCIGTT BECTAMRGAE cGETGATHAGEIC GBCHIGAGEACTL 98626340

26400 0 ACAAET A A IATS ARG RS

26400 TWT&AG-I-](%QZO
AGTCAAGATC TTERBABEET GGIGGTACHEOCHETESTCEIOCACRTE TcdEEACEATACATIEEARGAGEED

CrecccTeca SRR " G S A AR FANNGRAAAIRL

AATGCTGCCC ANEGRENIGATCTATACCACTGABRCT QA cTe PafekicT® SeTectFdeCAACAD

AT SR AT R

TTTGCACCAC
AATGCTEEC ANOBEGTIETAATESCACCAGIGBCEORT ORBRAR T GEEGAACAGCTAGCAAGACT Go2226820
50 CGT GCCC AAGCTGTGTT TGCACCACTG CCCTCCAGCC
58880 S e R B e A AR e ron R CRE oA A RE200
CAATTGA%C_?C ATPIBOTOC &S TAAGARAAATGAEAGCCCEATRTICEA TETSACET GdATCARGAAAACEL

ATGAGTTTTC %I%%GAG&\Z‘QQ CACACGGCAG CCACTCCCAC GACACACATT TCGGAGGCAC 20400
TTTGCTGGAA GCCGCTTGTC TCCTCCAGCT TTGGGAGGTC TGGGGAGGAG AGAGGCTTTC 20460

40 GGTGGACACG TTTGACATTA AAAARAAAAA AAAAAAAAAA AAAAAAACTG GTGCCTAATT 20520
TATTAAAGAG AATTAGCTTA GCGAGTATAT GCTGATATTC TTCGACACAC GTGGGTAAGT 20580

45 TGATGCCATT TATAAATGTT TTATTGAAAT TTGATATTTA ATGAGAAGCC GGTTAAGGAA 20640
TGTAGACAAT ATCCCGTTTC AAAGCTATGA AATGTGCTAT TTATTGAAAG GGGATGTGGC 20700
TTCACGAGTT CAGCCCATTG TACGTGCAGG TCCCGTGGGA AGGAGGCAAA AGCCCCTGCT 20760

50 TCTTACTTTG TGATGTATGT GCATTTGTTA TTTATTTTTT TTTCCTTGGT CGGACGTTCA 20820
TAAATATGTA CTATTTTAAT TATGTCGAGT GTAAATTTGA CATCGCGTTG CATTTATTTT 20880

55 TATATTTICTG AAAACTGTTG CTTTTTCTITT TTCCCTCCCC CATTGACGAC ATAGCGGCCC 20940
CCGCGTCCGG GTTACAAATA CATCTACAGA TATTTTCAGG GATTGCTTCA GATGAAAACA 21000
AATCACACAC CGTTTCCCAA ACCAACAGTC TTCACATTTC TATCCCTCTG TTATTGTCGG 21060

60 CAGGCGGTGA GGGGTAGAAA AAAAACAAAC AAACAAACAG AAAAAAAAAC CAAAAAAAAC 21120
CACCCTGAGT TTCTCTGGTG ACGCCCTCAT TCTCCTAACG TTCAATAATC TCAATGTTGA 21180

65 GTTGCAGCTAA CAGACTGTAT TTTTGTGACG CCCCGTAGTA TGAATGTACA TCTTGTAAAA 21240
CTGAGATATA AATAAACTTA TAAATATTTG TATTCAAGTG TTAABAAAAA AAAAATTCTC 21300



ACTGITTCTG AGCCCCATTC AGAAAAACAC ATCCCTGIAA CTGCAGGGCA GATTTACTCA
CTGTATGCCT GITTAAATAA AGCTTCCAGC CTCTGCATGG GGTCTGICTG GAAGCTCCTG
WOIBIEFSCC ACATTCTTGG AATCACAATG CACCCTTGEG AGGAAGATAIVEP@@SBIT AAAG

60
27180
AGCCACACAA

CACAAAGAAC CTGaCTCCeeC
ATGTATGITT TATCATAAAA GCACAGGITT

GGAGIGGATG TTATGGTGAG AAAATGCTGC CCATCCTTCT AGAAGACAAA

27240

65

27300

PCT/ EP97/ 053pQ-rcrccc CTGAGGACAS GCTTATTGGA

TCCCCAGGCGA

WD 98/ 14568

B
GTTTCCTATG CACTCTCTGA CGATTTGGCC ATATCCAAAG AR AL T A AR AN AT T Y T f

CFIRGOANGEAT B14227480

e

AATACATCAC AAGAACCAGT TTTTTTCAGA GAAGAACCTG
CACACCCCCA CACACAGGTG AATTAACAGG
27360

21360

CATTTGGGIT CCTBOGA RAGCTACGHT FIALT TG CABGASTGEA A COBBCNGATEG CERIRAT GRATA

CTGCTGITTTI
TTGGAAGIF T

GACAGAGTICT GAGRETBRCA TEOCACCITOC CABIOIRATAEEC RRTFBBCIS AGGCCCEABET GBTEHICG

P R T A G R 1€ %7000

AGIAGAGHIGT ZGCTITFTBCT M\ FCTRGETBACEECRGCEF CRECAGAAC COTGAT@CT CAGBTGA

GCTCACTGCA
CTCCCGAGTA
20

27960
ACGCCCEECC

CTGAGCC] 'TA AACTATTEAAECACBO8 OrcPdsccces GECHANEAGICHTIRCAET GAXCTI@r1BET T BTAGAG

TTGTAATHY
ATTTTTTGTA

TTCT CCTC&

35
28440
AGCCGTGAGC

R E R REREE GTEP B A0 T G T PR

ERReEAT e e

L e R R AT IR CTATTAAMEE RCCTT TT

A LR A ke AREBEI™ SH0ST50 " RT CAMDY

AGAACT CTTT &TAAFTITE TACATAARGAGACGATAGRCATERTCAL GREAGEECAGACTIZB RGO

CAGCC TCOCAAA

A Rt T P

CELPEPFT T

R R R B A O TR RS 27

22020

CTCTTGICCC COAGEUNGGA 66c@B56 @ TTcTCTeTcHZEANTEEC ATTEATET CaXsTCGACACT GZA%0

TG IHHATIAG

CCTCCGECCTC
CTGGGATTAC
35

40

45

50

55

60

635

X SN G

TTCCTGCTGA

GCCGTGTGTC

CTCCTGGTAG

CAGGCCATTC

GCGTGGTCTG AAGCTCAGAG

AGAAAAATGG

CCATCTCCAG

CACAGTTATT

TGTCATCCCA

ACCAGCCTGG

GTGGTGGTGT

ACCCAGGAGG

CAGAGCCAGA

AATAAAACGT

CTCTGTICCCT

CAGAATATTC

AAGAATGTTT

TTTTGCATAG

CATGGGTTGT

TGCTTTTTGC

CCTTGACCAA

TTCCTGAAAG CTTCTCTTGG CCAGAGAAGG GGTTTCAGAG

TGCAAAGTGC

CCCTCTCTTC

GTGTTAGCAG

GCTGTTTTTT

TCATGGTTAA ACTATTCAGC

GCACTTTGGG AGGCCGAGGC

CCARCACGGT
GTATCTGTAA
CGGAGGTTGC
CGCTIGICTCA
TCAGCTTIGT
TAGAAATAGA
AAATGGTTTG
TTCARAAATG
TTCAACCTGA

CTTGCAGACT

GAAACTCTAT

TCCCAGCTAC

ACTGAGCCGA

AAAAAATGAA

TCTGCAAATC

TGTTTGITGC

AGAGATCTTT

AATGGAATCT

AAAGTAAGTG

TCTCTGGACT

AACTTGACCG

ACCCAGCCTG

AGGTGCTTTT

AGGGGCAAAC

TTTGGCCGGG

GGGTGGATCA

CTCTACTAAA

TCAGGAAGCT

GATCGCGCCA

TTCCTTTCCT

TGIGTGICTT

CATGGCTGAC

GCAGGCAAGT

CGCAGTGTGG

CCTGAGGTCA

AATACAAAAR

GAGGCAGGAG

TTGCACTCCA

TTTCTGGCCT

GCCGGACAGA

CTCAACGCGT

TCTGAATGCA

CTCTCACGCC

GGAGTTCGAG

TTAGCCGGGC

AATCGCTTGG

GCCTGGGCGA

TAATAAAATA AAATAACAGG AACTAAATAA

CACTCCTATT
CAATTGTAAT
TCCCTTAGAA
TCCTGGATAT
TCTCAGCCCT

TGACCACATT

GTTITACGTG
GAATCTGTTT
ATAGCTTGTT
CGCTTCCAGA

GAATTTCTTIT

GTTTGAGAGA
CAAAAATGAA
GCCAATCACA
TCTTCATTTT

CTGATTTTTC

TAAAAAAAAR AAAATTAACT

22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340

27060
27120

27420

£8320
28380
AAT TIATEACTGARTITGACAGH AcBACARBORISEcACEFGACEAIERAAABOON A GBEGCGATC

=R SRR CECeT T PR



45 TGTATTTTCA GTAGAGATGG GGTTTGACCA TGTTGGCCAG GCTGGTCTCG AACTCCTGAC
28740 CTCAGGTGAT CCACCCGCCT TAGCCTCCCA AAGTGCTGGG ATGACAGGCG
TGAGCCCOCTO 9834380 50  CGCCOGEOCT TTGTAACTTT ATTTTTAATT THGIAFRRHO53SS
TTTAAGAAAG ACAGAGTCTT 28860 GCTCTGTCAC CCAGGCTGGA GCACACTGGT
GOGATCATAG CTCACTGCAG CCTCAAACTC 28920 CTGGGCTCAA GCAATCCTCC
CACCTCAGCC TCCTGAGTAG CTGGGACTAC AGGCACRXAC 28980 55 CACCACACCC
AGCTAATTTT TTTGATTTTT ACTAGAGACG GGATCTTGCT TTGCTGCTGA 29040
GGCTGGTCTT GAGCTCCTGA GCTCCAAAGA TCCTCTCACC TCCACCTCCC AAAGTGITAG

29100

60  AATTACARCESHKTCAABOCACTTICCEOTHEEIT CREXFAARAART TR FGIFRAESASTCCGATHPPC
29160 ME&EM%H&E@@&HATHU FLGR A AL ASOE AT EELAGEET G}; 0
GTGTGCGTGT 29220 GTGIGIGCAG TCTCCTGATT TCATGTA

AATTGITATT A@@WMTCTGZMOGPGECTTCTG TCCHIRCTET BATTFRCT TURRPAGEET CAGRGT
ST#QSS;/ASS%QJEXZJ Eat AR T A rccatl ¥ Raccanan acactBh R/ z%’igﬁcm 23580
GTATTTATIAT ToARACEATT FTRBRATIIT CTACTINCAGACTISET AGTERETPG TIICATIBER AG236429400

5 AGCCTCORA” CHACETEAGR TIACKRTAC, ACRCEREAE ALV AE T GTHTTE

29520 RGAIBCAGTEARCEOTCTERAAEEA CCCTEIATGREIACT B TR SATCLT GE3 760
enaat, CTbtion o BT ST BRI IR SR Ot

TTATTGGTAG TARGAGACEUCTEREIXTRCOARGAAAAN MDOAGGCTGCE GEICFGACCAGACETIBET CTIE840

TOACAGOATA R CORAG T O CPFCTFCT I B HART Arosbist: oooto

TTTTTTTAAG ASXCBNGTIA CATGCTGIEBTTEIcOCACCETRAAN ST GCAGTHBER BTAMICAL(GG240029880

T, IS I

GAC
30000 mmammmﬂmmmmwamm@m 120
ATCCTCCTGC col CAGAGTGTTG GGATTACAGG
GGTGOCCGEC cﬁ%ﬁﬁmﬁ% ekt E&Eﬁ %ﬁ%
CGCACTCBGA W&W@@%@crﬁ@ Jp&@mmm Tmm@mm@%eammqo

AGGATGICTC CICTTGICTG WFGFTC TCAATCGTGA 30240 30 G(Z‘,%AAT
TGCOAGMAC TEACEGHELT AR G R AT BRRCACHA ™ 300550"
35 AAAAAAAAGT CAAATAATTA GGCAGGCATG GTGGTGCTCT CCTACGGTTG AAGCTATTCA 24360
GCAGGCAAGA GGATACTTTG TTTTTGTTTT TTAATTTTTT TTGAGACAGA GTCTCGCTCT 24420
GTTGCCAGGC TGGAGIGCAG TGGCGTGATC TCAGCTCACT GTAATTTCTG CCTCCCGGGT 24480
40 TCAAGCGATT TTCCTGCCCC AGCCTCCCGA GTAGCTGGGA TTACAGGTGC CCGCCACCAC 24540
ACCTGGCTAA TTTCITTTGT ATTTTTAGTA GAGACGAGGT TTCCCCATGT TGGCCAGGCT 24600
45 GGTTTTIGAGC TCCCGACCTC GGGTGATCCA CCCGCCTCAG CCTCCCAAAG TGCTGGGATG 24660
ACAGGCGTGA GCCACCGCGC CTGGCCCAGG AGGATTATTT GATCCCAGGA GGTGGAGGCT 24720
GCAGGAAGCC ATGATTGCAC CACTGCACTC CAGCCTGGCT GACAGAGTGA GACCACATCT 24780
SO CTAAATAAAT GAATAAATAC AGGCAGAAAC TTTTTTTIGTIT TTGTTTTGAT GGAGTCTTGC 24840
TCTGTCACCA GGCAGGAGTG CAGTGGTGCC ATCTCAGCTC ACTGCAACCT CCACCTCCTG 24900
55 GGTTCAAGCA ATCCTCCTGC CTCAGCCTCC CGAGTAGCTG GGATTACAGG TGCCCGCCAC 24960
CACGCCCGGC TAATTTTTTG TATGTTTAGT AGAGACGGGA TTTCACCGTG TTAGCCAGGA 25020
TGGTCTITGAT CTCTTGACTT TGTGATCTGC CTGCCTCAGC CTCCCAAAGT GCTGGGATTA 25080
60 CAGGCATGAG CCCAGGAGTT CAAGACCAGC CTCAGCAACA AAGTGAGACC TTTTCTICTCC 25140
AAAARATCAA AARATTTAGCC AGCTGTGGTIG GCTCCTGCCC GTGATCCCAG TACTGTGGGA 25200
65 GGCTGAGGCA GAATTGCTTG AGCCCAGGAG TTCGAGACCA ACCTCAGCAA AAAGGACTCT 25260
CTCTCICTCT CTCTCTCTCT CTCTCTCTCT CTCTCTATAT ATATATATAT ATATATATAT 25320




TGTCTAAGTA CTTGTTAATG CTGAGAAGCT CTCCAAGCTA CTGCACTCCA GCCTGGGTGA 30360
35 CAGAGCACGA CCTTGTCTGA AAACAATTAA TTAATCAATT AATTAATATA ATGAAATCAT
30420 WO 9AGBRAACTCA GGAGACCATT GGGGTGGGCA GGGCTGGGGT TCRAAVEoAs3ss
CATAAAATAT 30480 GGTGCAATGG ACTTTGCTCC AGTCTCCCTC CCCATCTCTT
CTCGCCAAGA GTCTCTGGAG 30540 40 GGAGCATGGG GAAGATGCTT TGGGAATCTG
TAACTTCTTG TCTTGTAAAC AGAATATCTA 30666 - AGTAATTGTT AATGCTGAGA
AGTTATAGAT TTCCAAAGCC TTTCTCCAGG CTACGGACAA 30660 45  GGGTCATGRG
TTACTCAGTG TGLT

GGAACCATGA W%WAﬁﬁﬁﬁsﬁﬁgﬁéﬁ%ﬁ 38030780
TCCCAACACC ATGAATIGE G TGRARNT ANGRCIRECTCTATCAT GCSRBAGKT ATTEEATIEE T CP544030840
50 TTT Q G A TCTG
20000 3 e e e ke A A T AR A
TCACCCATAG cAGRE602 GBACCAERCARSEATATCOICACERCE 1AGEERET SATAGEEE AGETRA

CGTGTAGCTC ACIT GGT . AGCTCACCTG. CAGCAGCTCA
CCTGTACH C %ﬁ%ﬁ%@mﬁﬁ 166 A R A G I AEETCACH
GTACGTGAGC SA¥IGEHNA X YOCAAGCACGCEATATRE e T84AMBc 0 rcTeTccARAAAATIRAAT
ACACAAAAAT TA TGICTGIAGT TGTAGCTACT 31200
CAGGAGGCTG M%TWTWC%&&F%@%&ATmén%Mm
65 AT&AW@EA@E@M&M@MM@M@TMGAAM@M

31320

CAAAAAACAA AA CAAACAAAAA ACCCACACAC A
AAAACAAAAA TG‘%:I%%A MTWW%PE%(;%CTGTGGTGA CTCATGCCTG TAATCTCAGT
PCT/ EP97/ O5R5fTGGGAG GCTGGGGCAG AATGGCTTGA GCCCAGGAGT TCGAGACCAA CCTCAECAAC

AAGAAAAGAG AGOCAGGTCC CAAATATATA TTTCCTTGGA GAACCATTTG
O T RO P G R AT EEaE" CAE P TBGEA® ¢ °31500

CAAAGAGCAC AUFT

GGECCGAGGTG  CTha#CEC AL ACHITCHET RtEaAcAIST (XARAETT A BRESCRELPACACAAREEGAA6 04031560
ACCCCATLITC TACTAAAAAT A(JNAAA¢VNTC¢A(IXSACIETGKZ'TG%(IJJACIFT GCCTGTAGTC

R CHECAEARSA R

10
31680

CCTTCTCAAA

TCTCA

31740

T ECCATEEEAFRe @I%GC%WT CHRMICERT CTE CUYEAREREP AT CTERFGAC

C
25860
25920

BEEEHETEAGGT A

GJ@W%TJWC@@A&EE@&E&@& CEEEIRRERCAr1GAEISAGARS 1 60
AAATAAATA AATAAATAAC AAAGAGCAAA CTTAAAATTG

ACTTTGAGT G TSIz cCE sk AAICE TeTcA 1 daceaTT TTEMM&C%%
GCCGTTCTGA AAGTIGIGECT CTCGEEGGACG T
GTTTTAAATG ?ﬁ&éﬁ%fﬁﬁ%&?ﬁf&ﬁé@&ﬁ&?ﬁ@@@ﬁwm 39858

35

40

45

50

55

60

65

AAAAATACAA
GAGGCTGAGG
GCGCCACTGC
AARAACTGCTG
CTCCGTCTCA
TGGGCAACAG
TTTGCACCAC
AATGCTGCCC
CGTCTCAARA
TGGGCAACAA
AGAAATCAGT
ACTGTTTCTG
CTGTATGCCT
TATCTGTCCC
GGAGTGGATG

AATACATCAC

AGAAAATTAG
CAGGAGAATG
CCTCCAGCCT
CCCAACCTGT
AAAARARRRA
AGCAAGACTC
TGCCCTCCAG
AAGCTGTGTIT
AAARADAARNAR
AGCAAGCCTC
GCATCGTGCA
AGCCCCATTC
GTTTAAATAA
ACATTCTTGG
TTATGGTGAG

AAGAACCAGT

CCGGGCGTGG

CCGTGAGCCT

GGGCCACAGA

GTTTGCACCA

AATGCTGCCC

CGTCTCAAAA

CCTGGGCAAC

TGCACCACTG

AATGCTGCCC

AGCTTTCTGC

GTGACCTCTT

AGAAAAACAC

AGCTTCCAGC

AATCACAATG

AARATGCTGC

TTTTTTCAGA

GGCACAGGT 31920 GIGGATGICT
26340

TGGCGGGCGC CTGTAGICCC AGCTACTCAG 26400
GGGAGGCGGA CCATGCAGTG AGTCAAGATC 26460
GCAAGACTCC GTCTCAAAAA AAAAAADAAA 26520
CTGCCCTCCA GCCTGGGCAA CAGAGCAAGA 26580
AAGCTGTGTT TGCACCACTG CCCTCCAGCC 26640
AAAAAAARAND AAAATGCTGC CCAAGCTGTG 26700
AGAGCAAGAC TCTGTCTCAA AAAAAAAAARN 26760
CCCTCCGGCC TGGGCAACAG AGCAAGACTC 26820
AAGCTGTGTT TGCACCACTG CCCTCCAGCC 26880
CATCTCCACA ACCAAGAAAG CAATTCACAC 26940
CAGAAAACCA ATGAGTTTTC CACCTGAGGA 27000
ATCCCTGTAA CTGCAGGGCA GATTTACICA 27060
CTCTGCATGG GGTCTGTCTG GAAGCTCCTG 27120
CACCCTTGGG AGGAAGATAT GTATTTAAAG 27180
CCATCCTTCT AGAAGACAAA AGCCACACAA 27240
GAAGAACCTG CACAAAGAAC CTGCTCCCCC 27300
TATCATAAAA GCACAGGTITT 27360

CACACCCCCA CACACAGGTG AATTAACAGG ATGTATGTTT

31440

31620



32040
32100

CCTTCGCCGA CCCCCTGAGTI TTAGGGTCCT GCCTTTTAAA ATCTTCCCAG CACTCTGITG
TTCACGCAAG CGICCCATCT GITTGEGTGG CCGTGCCGIC TGCATCTGIC TCGAACCTTC

25 ABABIIAFEC AGAATATCCT GITTCTCAAT ACGGATGGAG AAACACGRCIVEE®5B3S TCT
32160 GGGTTATTTT AGCCGTCACG GAGAACCCCA GACTCATGIG TGCTAATGAC
CTCATTAATG 32220 30  ATACTCTGAG GCAGACAGCC CTGCCTGATC TTAACAACAT

TTTTTAAATT TCTTTTTTTG 32280 TT él' GITGI TACAGCATCA TTCATATAAC
GTAGGAAACC GIGATCAGTA GCTTTTAGGA 3234 TATTTGCAAC AGGGIGTAAC
ADAAABD 32367 35 (2)

| NFORVATI ON Eﬂic&ﬁ@bldﬂcﬂ@crdﬁt;smrrs@cc ATaTGeAahg ADEFIEANGEEACIARRCT | ERIZ‘EHOCSI
(A) LENGTH. 806 base pairs %_ TYPE: nucI ei c_aci
(O STRAI@DEDR%%AGGﬁ‘ﬁﬁF%T ccc GTCTGAARAG ATGC?B)(L* TGAACGATT 27480

(i11) MOLECULErrEYRMnnG Q’IThme&h@h%CmdAé\EAGTAGA GARATGTCAC (:eﬁu)reml P74 4N

[ desc = " SHOT" _231_ FEATURE: A) NAME/ KEY: CDS
50 TATGTEHYC AEGEPAERG ABTCAGES CTARATGGGS TATGPGRAC)A 27600
DESCRI PT1ON: cAafrehirios Maeachsan b&cocabaicIéAnbtdnmr ACdéabd e AcTPHEAMNECAG 660
GATGCGAAAG GGATGGAGGA CGAAGGCCAG 60 ACCAAAATCA AGCAGAGGECG
AAGTCGGACC AR ECARIARMAARRSFAE ST GRGEARSTTT AGCHISECCA GGTGCTEACAGGETEP
TTGACGAGAC  CorGtAhice e @mtdal EAe oA X0 ek OCHEAKdebRe narecani@l 697780
CGACTGEAIXC TGTCGGAGGC CCGAGTGCAG GITTGGITTC AAAATCGAAG AGCTAAATGT
AGAAAACAAG ARHIRFTARE FCEEATARAEST CEACFETESATAEAECACEBITNS EXREIHPEBAA27840

240
300

65  CCTTGTAa¥ecdAdshAleddbirhCEAAG et (drEEIetdd Al s rCrth AT TieACCHZ b T

360 CAGGCGCAGC TGCAGCTGGA CAGCCCTGIG GCGCACGECGC ACCACCACCT @CATCCECAC
420 20 WWAIQ%gTTTTACC ATGTTGGCCA GGCTGGTCTT GAACTCCTGA CCTCAGGTGA 27960

chv EP97/()53§é&GCCTGCC TCGGCCTCCC AAAGTGCTGG GATGACAGAC ATGAGCTAGC ACGCCCéé%C 28020
CTGGEOCGOGC ACGOGOCCTA CATGATGITC CCAGCACCGC CCTTOGGACT GOOGCT 480
ACGCT CER P T T T I ACES SRR AT A GG ARG TEXSTECEEACATR? AROCETTAERAAG26080

540

goo ACCACKA e A HREdIERAYE GAMP L T ceAAr N G0 AGECEOARAMA  ECASEIECECA

ACCTATCATT GATGGTTAGT ATTTTTTGTA GCAGTTGCAT GCAATATTAG GATAAGGCAT 28200

30 GTTCTCAAAA AGAACTCITT TTTTTTITTT TTTGAGACGG AGTICTCGCTC TGTCACCCAG 28260
GCTGGAGTGC AGTGGCACGA TCTCCGCTCA CTGCAAGCTC CTCTTCCCGG GTTCACGCCA 28320

35 TTCTCCTGCC TCAGCCTCCC CAGTAGCTGG GACTACAGGC GCCCGCCACC ACGCCCGGCT 28380
AATTTTTITGT ATTTTTAGTA GAGACGGGGT TTCACCATGT TAGCCAGGAA GGTCTCGATIC 28440
TCCTGACCTC ATGATCCGTC CGCCTCAGCC TCCCAAAGTG CTGGGACTAC AGGCGTGAGC 28500

40 CACTGCACTT GGCCTTTITTT TTTTTTTAGA TGGAGTTTTIG CTCTTGTCGC CCAGGCTGGA 28560
GTATAATGGC ATGATCTCGA CTCACTGCAA CCTCCGCCTC CCGAGTTCAA GCGATTCTCC 28620

45 TGCCTCAGCC TCCCGAGTAG CTGGGATTAC AGGTGCCCAC CACCATGTCA AGATAATGTT 28680
TGTATTTTCA GTAGAGATGG GGTTTGACCA TGTTGGCCAG GCTGGTCTCG AACTCCIGAC 28740
CTCAGGTGAT CCACCCGCCT TAGCCTCCCA AAGTGCTGGG ATGACAGGCG &GAGCCCCTG 28800

50 CGCCCGGCCT TTGTAACTTT ATTTTTAATT TTTTTITTTT TTTAAGAAAG ACAGAGTCTT 28860
GCTCTGTCAC CCAGGCTGGA GCACACTGGT GCGATCATAG CTCACTGCAG CCTCAAACTC 28920

55 CTGGGCTCAA GCAATCCTCC CACCTCAGCC TCCTGAGTAG CTGGGACTAC AGGCACCCAC 28980
CACCACACCC AGCTAATTITT TTTGATTTTT ACTAGAGACG GGATCTTGCT TTGCTGCTGA 29040
GGCTGGTCTT GAGCTCCTGA GCTCCAAAGA TCCTCTCACC TCCACCTCCC AAAGTGTTAG 29100

60 AATTACAAGC ATGAACCACT GCCCGTGGTC TCCARAAAAAR GGACTGTTAC GTGGATGITC 29160
TAGCTTCCTG TTCICGTICTT TTCTTTGTTA ATTGTACAGT TTGAGGGTGT GTGTGCGTGT 29220

65 GCGCACGTIGT GTGTGTGCAG TCTCCTGATT TCATGTATTT AATIGTTATT ACCACCACCT 29280
TTCCTTCITA CCCTCACTGT GTAARAGATAC ATGTTGTTTT TAAATTTTAT 29340

CCATCTCTCA



GCCCTGEGTC TGIGACVCCA ACGCCAGCAC CAATGTCECG CCTGICCCGC GECACTCAGC
CTGCASNCCC TNDDKANMCG TTRCTYHTCM ATTACACTTT GGGACCYCGG GDBAGVCCTT

wd IDMBERACTT YVATKGGESCW CSCTGEBCCC TBRKGAWAC TTGSEENY EPR7/&¥388CGAKHT
GCCCABAYGA GGACCRGITT GGAKDG

| NFORVATI ON FOR SEQ | D NGO 16:

10

720
780
806 15

(2)

CHARACTERI STI CS:
(B) TYPE: am no acid

(D) TOPOLOGY;
(xi) SEQUENEEPEYCR

Gln Thr

i near

(A LEANGTH: 190 amino acids 20

(C) STRANDEDNESS:

H‘PFWT%E&T% T\% yﬁ%&%g A e e 9{{%}@5&3\% 2940& GI y

660

(i) SEQUENCE

single

Lys rtdcareats :GAncm%mgA ACEpcBeTTGACCEcEIBEET TCAAGCGATT ETCCTGCCTC

GI u Arg ] eu PBIRECHSE capﬁcq?gcix TTACAGGCAC ACA%@ECCXQ rAclzz'g&;cﬁéj Tﬁ":@ﬂ’ﬁ’g A%Qszng Leu

29460

30 acacEBAcTd 'B:GI'chTGPf @cAB;]ﬂT@dPaG'Ri‘GAGmt hcyragres GreacearaSe 2958 m Ar g
Leu
c T A c GC CCCAAGTAG C
Gy Leujger “EFUH 5 B v&rA EEFPRIET TP - PHE &I% RN §TRG ACa Boad"
50 AGGCGCCCAC CBTCACACCT GGCTAATTTT TTATT&&AG TAGAGACGGG Gtm'rﬁ;as* Arg7dys G n
GIuAsnGInLeuCH;\sL Cg Vallag}t\JIITce %‘6 c G 25760
GTTGACCAGA CEEETCTTGA ACTCCCAACC TCGGGTGATC GACCCACCTG GCCT
70 48 R 2788 dn
Phe d uifl ag¥&rled Maleaddcan ReecchytcdV/atccAsfeTYadTTCTTCTTC TTCTTTTTIT 29820
85 90 95 % Al a L%a g Met
Pro Phe G nTEITTOARS BIGPARITAC ACRCICET I RMLETFB(FTECACTEET CEARICICEE 0
105 cTecercean cdrklacerc CCAGGTTCAAA&M%TTN fecyedacét actécaclea HosadHi s Hi s
Leu Hi s2Pro H s Leu Al a 12
125 55 CTGG%F%P%%GWC&GW&CWPC%@CWTWeTGiSP%TTAF% TBFRCRFS Pre°l y Leu
Pro ceeeeTTeacl SEATTGECC AGGETGETCT TGAREDCCTG AcTTCAGATG ATcerccda#0 30060
Leu Ala Thr Leu Ala Ala Asp Ser Ala Ser Ala Ala Ser Val Val Al a
145 25 CTCAGCCTCC GAFHGTGITG GGATTACAGG CGTGAGEGRC GGTGCCCGGC CAGACGTCAT, 30120
Ala Ala Al a Abprab k’b@aﬂﬂ’s’r B&T@&Td-)ﬁ&cpﬁ‘i@rsﬁeész\mmb ecAtcacAsp 30180
165 Leu Arg Leu Lys Al a
Lys Lys '6" S CEPAEAGRAR %A&AE‘J@@A@G?A{%‘ETCB&TCTTGTCTG TAGCCTGTTC TCARTCGHGC 30240
égS creacecaaT *SHEAGAAAC TGAGGGTGCT TCATTTGGCC AGGCAAGCTT CTCAACAGAA 30300
TGTCTAAGTA CTTGTTAATG CTGAGAAGCT CTCCAAGCTA CTGCACTCCA GCCTGGGTGA 30360
35  CAGAGCACGA CCTTGTCTGA AAACAATTAA TTAATCAATT AATTAATATA ATGAAATCAT 30420
ACTGAACTCA GGAGACCATT GGGGTGGGCA GGGCTGGGGT TGGAAAGGAA CATARAATAT 30480
40 GGTGCAATGG ACTTTGCTCC AGTCTCCCTC CCCATCTCTT CTCGCCAAGA GTCTCTGGAG 30540
GGAGCATGGG GAAGATGCTT TGGGAATCTG TAACTTCTTG TCTTGTAAAC AGAATATCTA 30600
AGTAATTGTT AATGCTGAGA AGTTATAGAT TTCCAAAGCC TTTCTCCAGG CTACGGACAA 30660
45  GGGTCATGGG TTACTCAGTG TTACAGAAAG AATGACATGG AGATGTTTGT TACATCTTAA 30720
GGAACCATGA GGGGCCAGAG TATTTTACTC TAAGTGTAGA TGGTACATTG GCCACGCCTG 30780
50 TCCCAACACC ACCAATGGTG GCACCTAACT TTTGTGTTTG TGCCCCACAT TTCTTCTTCT — 30840
PTTCTGACGT AAATGCAAGT GATATTCCTT GGAAACCATG CTGCAGCAAG AGGCCATCTG 30900
ACTACTAGTG ATACCCTGTA GCTCACCTAC AGCAGCTCAC TTGAAGCAGC TCACCCATAG 30960
55  CTCAGGTATA GCTCACCTGC AGCGGCTCAC CTGTAGCTCA CGTGTAGCTC ACTTGTAGCA 31020
GCTCACTGGT AGCTCACCTG CAGCAGCTCA CCTGTACCTC ACCTGTACCT CACCTGCAGC — 31080
60 AGCTCACCTG TAGCTCACCT GTACGTGAGC CACCGTACCC GGCCAGCAAG ACCCCATTTC 31140
TAAAATAAAT ACACAAAAAT TAGCCGGACG CGGTGGCGCG TGTCTGTAGT TGTAGCTACT 31200
CAGGAGGCTG AGGTGGGAGG ATTGCTGGAG GCTGGGAGGT AGAGGCTGCA GTGAACCGTG 31260
65  ATCCAGCCAC TGTACTCTAG CCTGGATGAC ATAGCAAAAC CTTGTCTCAA AARACAAARA 31320
CAAAAAACAA AACAAAGAAA CAAACAAAAA ACCCACACAC ACCGGAAAAC AAARACAAAAA 31380



CLAI M5 . 1. An isol ated nucl eic acid nol ecul e conprising at

| east one nucl eoti de sequence sel ected fromthe group

consi st i we B14880X ET93 [SEQ ID NO 2], SHOX 5 PCTRRW/(5S0Q | D
NO 3], SHOX ET45 [SEQ ID NO 4], SHOX Gl08 [SEQ ID NO 5],
SHOX Va [SEQ ID NO 6] and SHOX Vb [SEQ ID NO 7]; and the .
conpl ement of each of said sequences. gy 2. A nucleic acid

nol ecul e according to claim 1l conprising the nucleotide 10

sequence of SHOX ET 93 [SEQ ID NG 2]. 3. A nucleic acid

nol ecul e aceonsintga tracedaataa chnwcbsdmgntrhm ﬂm'fdcemdAd@AAccmTTG 31440
sequence of SHOX ET45 %}A %ﬁ T}; ucleic acid

mol ecul & acOPETE” G T EGGSFC%‘; LﬁClT%qGCE%ﬁﬁﬂTgf(f?& W@TTGGGA 31500

nucl eot i de &2QEeRee datcari GlddSTdcakQarbsANatc BiccTescea acareecean 3R eBUC] €i C
acid nol ecul e according to any of clains 2 - 4 further con;pr|5| ng t he

nucl eot i de 3&GEETEE T&Fﬂ’éﬁ“ﬂ SESCHITeRET TEACCCARFT GCCTGIAGTE — J162f

nucl ei ciaci eknaBimey Lo tadctAnANtcaircRAR cifschceTe SorcufiRRE COMMEI Si ng
t he nucl eoti de se%}sence of SHOX Va [ SEQ I'D NO G%Fr

7 A nucTECECRER FERTIEET E“EEEDTEI HGCTFTAEh FPAEAEAI HETE AL f v Hifer

conpri si ng iemmzzﬁm AATAAATAAC ARABHECARATHRA 08 @BERcRaT HdKcabeat SEQ gl NO
7] . 15 A nucleic acid nolecule according to claim 1 conprising

t he nucl eot ?"H@GATCTC CCTCATGCCT ATCIGRHIAE M@ THPRCTHOKI S [ SEEFIBINO 3560 SHOX
ET93 [ SEQ |ﬁd§@;c;c;¥1‘ 1CCCAGAAGCT eccerrerea ARBERTGEdA ordcabAc Drd¥cheatlr angh o36I0X GL08

[ SEQ I D NO 5]. A nucl eic acid nol ecul e accordi n% to any
of claid 1GTGGBT‘WﬁF aw%w&emﬂ GGACGTTGAG GRAGGEEARGCTHCPARSTAAVI MFBA | engt h

of 150 to 38&r8AdeR Retdeact TracseTcer cokPrrTand ARMGLEE @RhErdFBE EC A0
according to any of clainms I - 9 which encodes a

70 TICACGCAAG GGBFSFPRIR PHRICHERFFIRFCBASERE TEIATGTIRTEMFBTRci #198quence

[ SEQ I o adacktrree Asaatarcer édrrcercAAr %&ﬂsﬁA@MH@kﬁ%ﬂc@Tﬁ‘fE@r diNN@ot 0 any
clainms 1 - 9 which encodes a pol ypepti de having essentially

the anino afd ARG GEESTCRISSADAREICA IBCTICATGTG TGCTARTGAEXCTCATIRARG | 232204ci d
mol ecul f) acLAlgkRgs lRagMQS cFdRkdmc! mm&mb%gfﬁmﬁhfa@wﬁ%c 32280

acid nolecule is a genomc nuclelic acid nol ecul e. A nucleic
aci d nol ecuF¥TEEESF AR PH-7a AT -AGRTAAC FTAECARACC FICATRRTTE] ‘PFTF?P@%CI €33d010
acid ”D:;lsecuhﬁ"r'récz@c Glb¥rcranc Apaaarp 32367

(2) INFORMATION FOR SEQ ID NO: 15:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 806 base pairs
40 (B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
45 {A) DESCRIPTION: /desc = "SHOT"

(ix) FEATURE:
(A) NAMB/KEY: CDS
50 {B} LOCATION:43..615

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

55 GTGTCCCCGG AGCTGAAAGA TCGCAAAGAG GATGCGAAAG GGATGGAGGA CGAAGGCCAG 60
ACCAARATCA AGCAGAGGCG AAGTCGGACC AATTTCACCC TGGAACAACT CAATGAGCTG 120
60 GAGAGGCTTT TTGACGAGAC CCACTATCCC GACGCCTTCA TGCGAGAGGA ACTGAGCCAG 180
CGACTGGGCC TGTCGGAGGC CCGAGTGCAG GTTTGGTTTC AAAATCGAAG AGCTAAATGT 240
AGAAAACAAG AAAATCAACT CCATAAAGGT GTTCTCATAG GGGCCGCCAG CCAGTTTIGAA 300
65 GCTTGTAGAG TCGCACCTTA TGTCAACGTA GGTGCTTTAA GGATGCCATT TCAGCAGGTT 360

CAGGCGCAGC TGCAGCTGGA CAGCGCTGTG GCGCACGCGC ACCACCACCT GCATCCGCAC 420



14. A nucleic acid nolecule according to claim 13 consisting essentially

of the nucl eoti de sequence of SHOXa [SEQ I D NO. -10]. ° 15
15. A naolegmgsegci d nol ecul e according to claim 13 consi steoTgeresssssi al |y
of the nucl eoti de sequence of SHOXb [SEQ ID NO. 12].

16. An isol ated nucl eic acid nol ecule consisting essentially of the
partial nucl eotide sequence of the SHOX gene [ SEQ I D NO
8]. 20 17. An isol at ed nucl eié8 aci d nol ecul e consi sting
essentially of the nucleotide sequence of the SHOX gene

[ SEQ I D NO. ckddoceese aceceeceta klrcarefit cocAtRR Ftetdinbr aebdtre®icecul gso
conprising a nucl eotide sequence which 25 hybri di zes to a

nucl ei ¢ gci PCREACEETA ESRETEFEITAGTHECT AFFHTIEIGr COFPCUmtie AT FGent 340

hybri di zati qpegopgta } h&&\émccm; tdi\ré&l@szl@f e¥dRRcidAface AL UEARCE:AC] d BB ecul es
are excl uded which hybridize to the nucl eotide sequence of

SHOX ET93 [ SEEFIGERTC TGTGACVCCA ACGCCAGRRY CBATGHECCGOCATRECGHREE ICEBAGTERECS equéﬁbe of
SHOX ET4p { SEQAsMOmubkamice 3@rcryrrem APzacac? d;e?;ﬁ!:é%@éj GB!;HEJV@(E'&' aci gy

nmol ecul e conprising a nucl eotide sequence having a honol ogy
of seventy [ENBEACTTOFVATKEIFEY GHFTIFBACE EBRICACECatTSEPHICARY CRRCCaNEFITOf 780

clains 1 - 18 cAMabd E&%C%.ﬁlyl g_ﬁgdﬁat such nucleic acid nol ecul es agg;

excl udeds ave a honDIogy of seventy percent or higher
wWith the nucl2doitNFERMATION FOR SEQ ID NO:

71 i) SEQ?&HH%CQERI%% ET93 [SEQ ID NO. 2] or with the

nucl eot i de sequence( LENGTH: 190 amino aci®HOX ET45 (SEQ I D NO. 4].

20. AOpol ypeptl deBhavbhigamisgerifal | y the amino acid sequence [SEQ I D NO
11]. 5 {g’ S “@‘%ﬁ?ﬁémea@é‘?lﬁaw ng essentially the anmino acid
sequence [ SEQ | N NO ﬁ An expression vector or plasmd
conpri si r;gg a nucllelmLade Irmﬂéeced»tedaccordl ng to any one of
claims 122 19. 10 23. A cell transforned with an expression
vector or plasmd according to claim22. 24. A transgeni c or
knock-out non-human ani mal transforned with an expression

vector g plasni*d’ at€GTEF MGt 1A niT22" X8’ 16: 25. A met hod for

i dent i fyl ng or setegnilg @h eandi-dakesyl ane RRardmcayt igake AgaNTS:
useful for the treatnent of #isorders relatiitg to nutationsi¥n the short

stature sn ? 166 RO0R! L3t An l%rlg“x,eg'él% A Lansionnpd; gel |

P Th
accordimg to clalm£§ A eermnlng vamatlonsmthe

phenot ype of said ceIIs or variations in the 20 expressi on
products of sai dreetPsT¥af trerAoftales gt SaF Fleettsthi 337 Sl BT &Y dat e
phar maceuti cal agents. 26. Use of a nucleic acid nolecule

accordid§ to an;pl@fLecIsaelrn@ulALa Arg Ual @1myel gire Phe Gln Asn Arg Arg Ajxi d
mol ecul e conpri si ngf% nucl eoti de s&uence which hytfidizes to a nucleic 25

acid nol ecul e aggordisng 4t ﬂ/scd;l%l Blu Abh @fin kéu Liﬁgeffyssélryl wgaedu hy@&lﬁ“ zation
conditions for tdie preparati on of a diagnostic Wt for the idembification

45
of Ala Algdsle\él Cgl Q?uvwaq C}?‘s %rg %tallC qegro ‘{‘yrI Oalt Rsn §Ia—px gene.
90 95

Gly Ala Leu Arg Met Pro Phe Gln Gln Val Gln Ala Gln Leu Gln Leu
50 100 105 110

Asp Ser Ala Val Ala His Ala His His His Leu His Pro His Leu Ala

115 120 125
55 Ala His Ala Pro Tyr Met Met Phe Pro Ala Pro Pro Phe Gly Leu Pro
130 135 140

Leu Ala Thr Leu Ala Ala Asp Ser Ala Ser Ala Ala Ser Val Val Ala
145 150 155 160
60
Ala Ala Ala Ala Ala Lys Thr Thr Ser Lys Asp Ser Ser Ile Ala Asp
165 170 175

Leu Arg Leu Lys Ala Lys Lys His Ala Ala Ala Leu Gly Leu
65 180 185 190



27. Use of ,a nucleic acid nolecule according to any of clains | - 17 or

a nucleic 30 acid nol ecul e conprising a nucl eotide sequence
whi ch hybwioksnasest o a nucl ei ¢ aci d nol ecul eperERYTHISBSS t O
claim 16 or 17 under stringent hybridization conditions for
the identification of individuals suspected of having a !

defect in the SHOX gene. THIS éHFEET HAS BEEN
72 Wﬁ‘ f a nucleic a&¥d nol ecul e accoldi ng HRELéﬁﬁﬂof
clains 1 L \mﬁ\“‘“‘u acid nol ecul e conprising a

nucl eot i de=sequence® wii ch hybri di zes to Glams| ei ¢ acid

nol ecul e according to claim 16 or 17 under stringent hybridization
conditions for determ ning the anount of an expression product or seguence

of 5 _ the human SHOX gene in a biol ogical sanple isolated from
a human subj ect An jsolated human nuclé@'dixcﬁ'?@ie@ﬂé‘%nlﬂ@&ih%gpél{?&pﬂﬂé‘é %hﬂaﬂﬁ‘ng a
sequence given

29. Us® acco B‘i"%é’(goé%%\'i’ Hﬂ’?@' angipo gicids diaying the HL‘{ Cﬁfﬁéqqéf”éc"a‘lf EQ ID

mol ecul e is 10 NO: 1 and havingsegudatingthctivioyroh hemai grgwthonsi sting of :

GCA CAG CCA ACC ACC TAG GGAAAGGCATCATCCGTAAG

ATT TCC AAT GGA AAG GCG TAA ATA AC (SP 1); acg gct ttt gta

tcc aag tct €tt AgnycBio peid Bolecule according tg@lmmtlnghgm is selected) foing thecfollomiig

ggc tct tca cat gF&u‘é tct ctg ctt c (SP4); cca cac tga cac

ctg ctc cct ttg | ccc, gca ggt, cca ggc tca get g (SP6) ;

cgc ctc Eyc cgt 2l adn d&laté‘?:tD}t% malepiple)compgising a nucleotide sequeneg, (i g e4Bs agc

gca aag (ASP2); polypeptlde contaifif 5 aCHGmSéH‘oxCQ&n@lﬁCofE‘ﬁﬂy( zﬁﬁﬁ@amds havmg the
f

ctt cag gtc ccc cca acxcf geq(.xence SEQ &tNBC b agadv}gébﬁagﬁqgg Qtf; %E a @a%}gt%ga

aga aaa ag (ASP5);

(ASP6). 25 r@late hurtanmgtdvatl, do(ii)teneoding arpalyyeptide codtainingem bomeobox
defect in a biol ogl :m!l ,m?.

bei ng suspected of ﬁaw ng a Sg%%nentol acmddgel}avmlg the oazlce?&Js’'[';C{U%H&eaopé?’lﬁag%t?@gene,
sai d SHOkg gene haverRspt Heatpensl epmare amqaeac@fb rgﬂld)l@ﬁ haye [ tgeD defpted, added or

NO. 8] or [SEQ ID b@stitfiéd b&)’lowhlch retams3tile same "Blér@éleﬁdacﬁ‘}ﬁ?bﬁ 'ré‘glﬂétﬁxgcﬂlﬁ%dﬂ
30, wherein a nucleic $0|d nol ecul e according t

clains 1 - 17 or a8 eic acid nol ecul e conpr|3|ng a nucleotlde
sequence whi ch byban dsotsed DN Aamolecliei comfeisihgthé aaclbatidecsequetica @f ISHHA@X HTA316

or .
17 under stringent [%E(B (z)aa %nﬁ11 tggna‘df?%dnesseﬂls’etﬁzg (gsf%(?x(ﬂ r[r%%rg%%%o 4]

genetic 20 orfragmemeﬂ@mof; n the structure or in the expression
product of the SHOK,H&B%cid molecules capable of hybridizing to the DNA molecules of a) or b),
and

d) DNA molecules comprising a nucleotide sequence having a homology of
seventy percent or higher with the DNA molecules of a) or b).
25
3. A DNA molecule according to claim 2 which encodes a polypeptide having an N-
terminal and/or C-terminal amino acid extension to the homeobox domain of sixty
amino acids of SEQ ID NO: 1.

30 4. A DNA molecule according to claim 3 which encodes a polypeptide having a length
of 150 to 350 amino acids.

5. A DNA molecule according to any of claims 2 - 4 further comprising the nucleotide
sequence of SHOX G310 [SEQ ID NO: 3].
35
6. A DNA molecule according to any of claims 2 - 5 further comprising the nucleotide

sequence of SHOX G108 [SEQ ID NO: 5]. This Sheet Has Been Repla
eplaced

LT




32. A met hod according to clainms 30 or 31, the nethod conprising the

steps of: 5 a) obt ai ni ng a bi ol ogi cal sanpl e cont'ai ni hg
nucl ei c aovolssmisegul es to be eXanpOeEPI7/05355
b) conparing sequences of said nucleic acid nolecules with the

nucl et h‘@““w sequences of the nucleic acid nol ecul es

scco 40 GERET U™ 1 e sthuence whicn 10 @gﬂgﬂﬂgmﬂ il

hybri di zes to a nuclelc acid nolecule according to claim
stringent hybrldlzatlon condi tions, and subsequent |y

det er m ni ng e bet waen .sai d

nol ecul es an Qfl‘%éﬁmﬁyk’f&g@@% 128y & cg‘ﬁnﬁ %af%ccllgﬂpgnco&prgm&thggxpgeonde
def ect of said semngwfeSH@KVa [SEQ ID NQ: 6] or/fSHe¥hWbl [$EQJIPAN@Ay7}.0 cl ai ns 30
or 31, the nethod conprising the steps of: a)

determ ni ng the ampunt of sequence of a nucleic acid nplecul e

accor di ng®t o 8¢l & HNA molgcul Q)PCWfWBEItE@Yan daifs| bc i whichngicpdesng palypeptide

nucl eot i de Sequeﬂﬁ@”‘g\fgﬂ@é}ed’lﬁbﬁﬂtﬂéf(ﬂmvﬁﬂg gronp cleic acid nolecule 20

according to cl a m 16 o under stringent bridi zati on conditi
sai d bi ol ogi cal a3 %"‘“p&ﬂ‘a factor A havmg ssentxaﬁg)the amyg PRYeRcs B‘om# or
sequence det erm nedNQ: nlléi ep a) with the anount or

b or o oo sath CFRIRE R Al BT S BT P o (50 10

or with &known geMQ?iB]dadect in the structure or expressmn of the

SHOX gene; c) _transcription YRE6CEYhAVIHG Esddtial thiold e l{gnce
of said nucleic acz\g)s elcu | e ¢ h% 3‘?g%"eaer mOnegj E&iﬁ ﬂg co i son
in step b) indicat d éenetl c defect of said SHOX gene. 30
34. A nmet hod according to clains 30 or 31, the nmethod conprising the

ool ypepti de SccBMhigayepee Bmprisi WS Riclidile sSGuSSER oF ety Y0 1o g

bi ol ogi cd$ sanpl2¢; and

74 b) conparing said anount or sequence determned in
step a) with the amount or sequence of the same
portion of sdPd4HBNbsepauenee #eeording to claim 9 further comprising thgryrlsgtide seayanisl e

obt ai ned from aJfSMOKX &300¢SEQWMIY N@ayjel stature or
with a known genetic defect in the structure or expression of the SHOX 5

gene; whereby the difference in the amount or sequence of
sai d hungf gridwa DNAtsequmence according to claim 9det é0nfurther bympiising el anclsatitie n
step b) indicatgg xﬁn@eegﬁéﬂéx%ﬁsﬂ' (gﬁg»f\]@e e. 35. A
pharmaceuti cal cofposition conprising a protein having regulating activity
10 on hunman growt h, whereby the protein is encoded by a nucleic
aci d sequencqy A DNA sequence accdRifg 1@ ahy A dikifs 95 Oyﬁzcﬁﬂﬁieﬁtddﬁ%rﬂfngoihe
SHOX ET93 [SEQ ID NO, . 2 SHOX G310 [SEQ I D NO

ET45 [ SEQ | D Nomugipotids fesuesep g FHE (G308 [SEQ ID 5] NO 5], SHOX Va [SEQ
ID NG 6R5and SHOX Vb [SEQ ID NO 7]; and the conpl enment of

each of said3eqUeRERS sequence according to any of claims 9 - 12 further comprising either the

nucleotide sequence of SHOX Va [SEQ ID 6} or SHOX Vb [SEQ ID 7].

14. A DNA sequence according to claim 9 comprising the nucleotide sequence of
30 SHOX ET93 [SEQ ID No. 2] and the nucleotide sequence of SHOX ET45 [SEQ.
ID. No. 4]

15. A DNA sequence according to claim 9 comprising the nucleotide sequence of
SHOX ET93 [SEQ ID NO 2], the nucleotide sequence of SHOX ET45 [SEQ. ID.
35 No. 4] and the nucleotide sequence of SHOX G108 [SEQ ID 5].

This Sheet Has Been Replaced
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15 . 36. A pharnmaceutical co jtLon according to claim35
conprising a protein H“\“\B\l““’i@ H!ﬁ by the nucleic acid sequence
SHOXa [ SP(® P§iI4868 10] . RRIER By R s maceut i cal coRPEFHPOV/BFBSS
according to claim 36 conprising a protein 20 havi ng the am no
acid setq_uence of g_HOXat [ SEIQ ID glg 11]. 3:3._ A WW@LWF&%EEN
conposition according to claim conpr/iysi ng a protein
encoded by the nucleic acid sequence SHOXb [ SEQ I D NO 12} ’ﬁEPLACEDSQ
A phar naceuléié]ce}r&éggposi tion ac%i)r diﬂ?)g toog(égii m?%l8® lcs(irrpri si ng tﬁ pr ofcgi.g
havi ng t he ' SCque198 rACEOTHNESHORRBY | mS NO {21 3pmprising the nuclggtiae
Uset of a prot eisgqieavdsnr S}ﬂglliﬂ@imESEIQ![D\N@Wpsz(legdBr ID‘#T@Q?PSHU)@
Comareti ng 50 B BECSNG, A SdSmEGERENER I 5], S Goud feko 10
NO 3], SHOX ET45 [ SEQ ID NO 4], SHOX GL08 [SEQ I D NG
Che comp? endit % eag%ugﬁes%c.@%rdg%boeﬂ@ggw fyrher Bbiiisth 1A sedlenod ™
preparation of of SHXX ¥ad8&Q BxNoddnposition for the treatnent of short
stature. 41. Use of a protein according to claim
40, the protein having essentially the am no . aci d sequence
or _SHOZ(S [f’ﬁé Lgmf’o%_. segprpnce accogding ft: _alzll.rflx 16t®s®h e COPITRE @pmua'eeqﬂecﬁea\gen%gf
cl ai m 40, e Xivh [BEQ MANgsgenti al |y e am no aci
sequencspof S}I:lOXb [g_ECSSI D l\IO]c sz][h _ _ t43.t At rre]E hﬁd for the
preparatton of a medi canen or e in vivo treatnment o uman
growt h di sori@erss DNA at@aintcoaqgenetg 1 daifne® teonsistinh essshfidllygefnbe [isoiai2d Eendfic 8]
io:lt éoan i sol at gaquenéesmel ' regﬂoﬁh%%g&g@ﬁﬁﬁggbg%pgggi”g;' ;s): ggml gt |r (rjld\l/J\A(‘:l: (r:]ﬁ
a nucleic acid molecule is ~incorporated downstream fromthe
expressi on pHONHHA $edaénct EoBfrst kPRI sequence of SHOX ET92 [SE@ IDINBIpIhost
cell, SE d nucleic acid nol ecul e encoding a protein selected from
the gro % consisting of SHOX ET93 [SEQ ID NO 2], SHOX G310 [SEQID 1 5
{\IQ 3], SHOXI]EWBNASE@ubx\[%N&or&hg tSipof Gl PdS% wharély: tlhéhNﬁliﬁ?(gélamﬁc or
SEQ ID NGO 6] .a | D . 7}: _and the conpl ement of each of
sai d sequences.ls‘)lilz’{éedstljﬁzg reSpﬂas%gfﬁ rﬁ%l\'l‘ﬁj‘?%‘gh%’&%g@i to clai m43 whereby the
nucl ei c acid nol ecul e encodes a 20 protein having essentially
the an no achd ASPUCHG RE a mJtL)%E@f)f@aiBQQ- ]wlrereb the DNA i# 2 cDNA net hod
accor di ng to claim4 ereby the nuclerc acid no ecal e encodes a
pr ot ei n2favi ng essentially the am no acid sequence of SHOXb [ SEQ I D NO

13]. 23. A cDNA according to claim 22 consisting essentially of the nucleotide sequence of
SHOXa [SEQ ID No. 10] or SHOXb [SEQ ID NO. 12}.

24. A cDNA according to claim 22 consisting essentially of the nucleotide sequence of
25 SHOT [SEQ ID No. 14}. :

25. A human growth protein (transcription factor SHOXa) having the amino acid sequence
given in [SEQ ID No. 11] or a functional fragment thereof.

30  26. A human growth protein (transcription factor SHOXb) having the amino acid sequence
given in [SEQ ID No. 13] or a functional fragment thereof.

27. A human growth protein (transcription factor SHOT) having the amino acid sequence
give in [SEQ ID NO: 15] or a functional fragment thereof.
35

28. A cDNA encoding for a protein according to claim 25, 26 or 27.
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25 46. Use of a human growth protein for the preparation of

nmedi canents for the treatnent of patients having a genetl C
def ect i WQ P¥14565wan growt h gene SHOX [ SEQ PCX/ERY7/BB5%r [ SEQ
I D NO. 14]. 47. Use of a human growth protein according to

cl ai } } s being 30 identified by using a nucleic

aci f'ﬁhﬂﬁ (2p T %p&ﬂiﬂl‘éi of hybridizing tg,said SHOX .

48. UsRERIACEDhumanigrowt h protein fg? the pr epar atllm,lﬂfullﬂiﬂuwﬁﬂk for
; ' cC L M «rent

t he
of short stature in a human subject having a genetic defect in the

SHOX gene [ 2iQAlgRafdcedticaldonlpatifidd &3myfasink4lproteifialecd@hRd A BF 8%ins281197.
identified by a nethod conprising determniing said genetic defect in a

bi ol ogi cal sanpl e isolated from said human subj ect being

Z gs pECtUis ve ](?0) Aauéthed far g:emﬁhtimnt &F short stature comprisdngaeﬁﬁms;td?hdgh_@ a Gkﬂ?%d
of a n,.ar.ow n accor t.0_any,.of. clai -
wher ei n 5gal d tn3HER ﬁgrapeumalg’rfgflﬁbﬁ a%’% §é’ PR & g‘l“é% Wiﬂ{%ﬁo 2? a

genetic defect in the structure or in the - expressi on
product of §i‘eU§é'@< Sin 3190 d lai : RN K‘ﬁr& in
according to any agﬁal s 46 mgi%cmm?g 2 %}’f‘@?t@pépﬂm ot B a%%s:iang
the steps of: composmonforthetreanagntofs}ggtsgqupm ng the amount or sequence of
at least a portion of a nucleic aci d being capabl e

of hybr g ai ene in a.biological

sanpl e; (g 2589052 % DN sequpjce acce&% s, Iy a?r%uﬁ‘?f the RIeRsTRtiopeof a
determ ned in phamacsutivdl tcbmpéuition for the treatment of disorders relating ¢ inutdtions gfighiece
of the sane POk rfs’?atﬁ?xfe ggé d nucleic acid nolecule in

a bi ol ogi cal sanple 0Bt ned froma human subject with normal stature

or with a known genetic defect in the structure or expression of the 20

SHOX gene; 33 Useofa DNA se:quen‘é’sI 8¢ Riin ean§| bf &iShRNCE24 Br hR %re%mﬁaﬁ OP£ k1t for

sequence, of saj.d ic a o ete

conpari sdn in Q’Fe@e%ﬁci“fﬂ?i %éaF’g'é"A&‘aé g 2 FEneticy d?fPCts‘&FRP“SP{@;} e ed
gene. 25 hurhdn gromttise of a human grow h protein according to any of
claims 46 - 50 said nethod conprising the steps of:

a) determ ning the amount or sequence of a human growth protein encoded
by the nul eB¢ Hes¢ of sBYdereqeengH@XardirBEQclatn BBfor 1 identifiSHiox(of h B responsible
IDNO. 12]; andggdQhort hurt@eAikNg said amount or sequence determned in step
a) with the amount or sequence of the same portion of said
nucl ei c2%ci d nol ecule in a biol ogi cal sanpl e obt ai ned from

a human subpgcMediddfone f&ierrﬁih&isdﬁr&‘ sRért Watufe 8n KROWASIs GERAA 6r nmeefco%écmeg he
structure or ex res e er ence
Th Uhe. mount - SResEoE Rieleis SaiRle RABrup Lo bt cermBRbE FIPIN in e Preseice™d
two nucleotide probes completely or in part complementary to any of the DNA
sequences mentioned in SEQ ID No. 2 to SEQ ID No. 7 and subsequently determined by
25 a suitable detection system.

36. Use of the method according to claim 35 for the identification of persons having a genetic
defect responsible for short stature.

30 37 Transgenic animal transformed with a gene responsible for short stature containing a

DNA sequence according to any one of claims 1 - 24,
38. Cells transformed with a DNA sequence according to any one of claims 1 - 24.

35  39. Test system for identifying or screening pharmaceutical agents useful for the treatment of
human short stature comprising a cell according to claim 38.
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determ ned by:.the conparison in step b) indicates a genetic defect of said

SHOX gene. 52. Use of a human growth Jorotei n
accor di ngVP3%AMF8of clains 46 - 51 with the 5 POFEYI 453 hat
the preparation of nedicaments for the treatnment of patienpts

suffering from Turners Syndrone is excl uded. 53] THISJSHEBT HASHBIEN

enet i ¢ ot IRANEHIPARELAR ;™ Fo: *<na of “mut ot on 1 ¢ et

sequence 10 S éncoding a protein truncation at amino acid
position 195 in the SHOX gene. 54. Use as clained in any one of
clainms 46 - 48 Methodifor ideeifyingransgeanmghofrandidates for pharmaceutical ageritssudefgor

growth hormone. g yreatment of disorders relating to mutations in the short stature gene comprising
providing a test system according to claim 39 and determining variations in the
5 phenotype of said cells or variations in the expression products of said cells after

contacting said cells with said candidate pharmaceutical agents.

41. An expression vector comprising a DNA molecule according to claims 1 - 8 which is
capable of effecting the expression of the encoded polypeptide.
10
42. A method for the in vivo treatment of human growth disorders related to at least one
mutation in the SHOX or SHOT gene by gene therapy, comprising introducing into
human cells an expression plasmid in which a DNA molecule according to any of claims
1 - 8 1s incorporated downstream from the expression promotor that effects expression in
15 a human host cell.

43. A method according to claim 42 for the treatment of Tumer syndrome or short stature.

44. Antibodies obtained by immunization of mammals using the transcription factors A, B or
20 C or antigenic fragments thereof and isolating such antibodies from such mammals.
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