MUTANT SOX PROTEI NS AND METHODS OF | NDUCI NG PLURI POTENCY

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application clains
benefit of, and priority from U S. provisional patent application
No. 61/272,793, filed on Novenber 4, 2009, the contents of which are
hereby incorporated herein by reference. FIELD OF THE | NVENTI ON
[0002] The present invention relates to mutant Sox proteins and

nmet hods and uses thereof_ for inducin Iur| otency in _a_cell.
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[ 0008] To understand these nechani stic differences, variant sox/oct
DNA notifs were identified, including a novel conpressed sox/oct
notif in nouse enbryonic stemcells. It was di scovered that Sox2 and
Sox17 exhibit inverse preferences to assenble with Cct4 on the
canoni cal versus the conpressed notif The present invention relates
to the discovery that the preferences of Sox2 and Sox17 can be
swapped hyiryind Y410 ShPRHEQLIREEar BFEebiesioni thin the protein contact
interface that binds to Oct4. These results were al so extended to
Sox7. This mutagenesis prevents the formation of an Cct 4/ Sox
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or Sox17 increases the pluripotency induction effici ency of
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for inducin otenc I 0011 n_one aspect. he
br esent -y Bsraisiv b Roatated iy S dusheme i dgee (e RaRGH S Fhg
a nutatiaqn ,}l@egmw@t)ogrmg@%@c’ygs 88 to 108 of a Sox7 or am no acids
111 to 131 of a Sox protein wherein the nutant Sox7 or Sox 17
protein is capable of conversion of a non-pluripotent cell to a

pl uti pot eS'ItJNHgIAR\f 601 AHE INYERNTI@8bect, the present invention

pI’OVI des a nutant Sox7 or Sox17 protein conprising a nutation in the
am no acil808@quebdeushcadiorighavedea exensicd freiha seraelt e teprogrampinge of a
Sox7 or i
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a nutant Sox| otein t her 0 I n the. nutant
Sox7 or %ﬁﬁpﬂaia?fg & Femplsy Sakg 9 e ! SRS el bt have afaeﬂee to

L SQKRPYVREMNRRIFNAIBAIen &%, dedRPFVEEAERLRVQHMD may be substituted
with a different amno acid. In sone enbodi nents, the glutamc acid

| ocat ed at am no_acid 99 of the Sox7 or am no acid 122 of the Sox17
prot ei n i[808{k at Ble presensignentonpelvas muated pex gotping iteathavercndiredgat ed
at am no I
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present inventi.on de nucl ei ¢ acid nol ecul e encodi ng a nut ant
Sox prot ér *‘f?”%i“&@é@fﬁ&fﬁ%’?a@ [0017] I n anot her aspect, the present

i nvention provides a nutant Sox protein conprising an am no acid



[0018] The C-term nal activation domain nmay be the Cterm nal
activation domain of a Sox7 protein or may be the C-term nal
activation donmain of a Sox17 protein. [0019]In another aspect, the
present invention provides a cell expressing a nutant Sox protein as
descri bed herein. [0020]1n another aspect, the present invention
provides a cell conprising a nucleic acid encoding a nutant Sox

protein 3506 CcrPechch@lrithese nlePRaddik AiANAHLEN .B5R @W@ct tiea Bloggent

i nvention provides a method of inducing convérsion of
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cul turin he.non-pl uri e h resence ). .8 t Sox
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and Kif 4 wedOetn of dinchiahosics verdhd ﬂab kemp@bsed noifh The presdar neaitngtiers to
cells. [002 lIn another aspect, the present invention rOV|des a.
met hod ofth HARPREIE SHRIIFSTReH Saxhap Pl icpbeitared py pytagng amino

pluri pot 8014 r6&kles xxﬁﬂ?l?n IR LRALN O stk Reke G0 BHRAL &56EAI ThEe kE81ts were
non- pl url?otent cell 1) a nutant Sox protein as described herein; ii)

Cct 4; andlsoieixjended toSas?. Shie mﬁag@nmra\mtsmm ipription afrie C&t"rfﬁmléf
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non- pl ur umi:fe&hkmgly thmy—eb@neeréd $xmb41ralsﬂoxov ame d’ﬂi&ﬂﬁ@&hﬂd’fﬁl‘epﬁd@ﬁﬁlmﬁigl :
I n one enbodi nent, .the non uri potent .cell i.s an enbr
fi brobl asaflg COm BB EBHCRL R rIpptRRl Cﬁﬁ% I%Fle{r%@f ing Jf e §°“£ﬁd with

adi pose- tch§s H@{)ﬁﬁbbﬁéﬁ‘&r éﬁﬁ%%@@él)éﬂ&lﬂs SheJaT%%'énboﬁﬁ%fkl d8 mutation of a
non- pl uri pot en human cel £0025 ] The non-pl uri pot ent

cel | may sbwleacyhe rasiglee in %ﬁ)ﬁﬁfceﬁenﬂ et 1@@10 arxgp 1rnﬁryfeb@f>afqrmhﬂ yarious
differ e”tﬁﬁk?ﬁutgggléﬁgl&?d%ﬂh%&%m ﬁﬁﬁé?ot?iﬂ E% e%bﬁﬁ{‘?q Jlnhl?c% present

i nvention w | appar ent di* har in the art
upon r eviphwipptenthén 4 allll thatinparddscori fply dmﬁfemnsl;edam f| c enbodi nents of
the invention in conjunction wi th the acconmpanying figures. BRI EF

wey of el ofy: SEb el weny 2t na s Ele Gl it EPb S
fol l ows. M]aﬁpgute@m nfMBASt tvas alsseesd Sﬁxﬁ}e npaxdNEs? ardosprsay
nucl eot | deﬁl’mt greater efficiency of inducing pluripotency than that observed with wildtype
Sox2. Accordingly, it was found that mutants of Sox2 that were created using the high
mobility group domain of Sox2 together with the C-terminal activation domain of Sox7
or Sox17 resulted in an increased pluripotency induction efficiency of Sox2. Thus, the
present invention also relates to the discovery that replacing the C-terminal activation
domain of Sox2 with that of Sox7 or Sox17 increases the pluripotency induction

efficiency of Sox2.

[0010] The mutated Sox proteins of the present invention may be used to induce
pluripotency in a cell that has partially or fully differentiated and thus has lost
pluriopotency. Thus, the present invention also relates to methods and uses of the mutant

Sox proteins for inducing pluripotency in a cell.

[0011]  Thus, in one aspect, the present invention provides a mutant Sox7 or Sox17

protein comprising a mutation in any of amino acids 88 to 108 of a Sox7 or amino acids



[ 0029] Figure 2: Confirmation of retroviral transduction in i PS clones
derived by Sox2, Sox2KE, or Sox | 7EK. [0030] Figure 3:
Identification of a threshold for the canonical Soxf. Cbp_octf notif.
[ 0031] Figure 4: Expanded search w ndow used in search for true
notifs. [0032]Figure 5: Insertion of unbiased bases into the notif
does not significantly affect the rmti fs ability to discover

sequences;[;Q Q§13§>1F d Wla%tell%eféﬁ{ the bR 1‘? sgk7 ?ﬁaﬁdxé}ﬂ rdi8h !1; &gﬁ?@gf‘]ed

agai nst the Sox2 P-seq resu Fi gur I co
di scover ycoofersiox b honsplniipetentrrol id 5plu[‘1@01315]cem gure 8: D| ffer enti al
assenbly of Sox2HMS and Oct4PC1J (A) and Soxl 7HMG and Cct4 (E) on a
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and canonir ctain ceh@niemga mL(tB)ODJTﬁd&’I anSihomaEd sezquelg:eteheochlmg‘ the Cent praﬂem
assenbly of Sox2/Oct4 gg Sox17/ Cct 4. o‘%the canoni ¢ versus t
i

conpr ess&@MBPERIEHRCe ¢l [oF §BF '/ Pretein yerap fhgTiaiapt pf?f@néﬁ’i‘ u‘éf'm d

sequence &Bve’%&lbnapyﬁ&lﬁ NpREQicell Bsa pBlipsSthieur al nmodel prepared
usi ng pynol by usi ng the structural coordinates for Sox17 and the

Sox2/ Cctl__on Poi nt mutations at the Sox/Cct4 interface swap
the diff e[P@Fﬁl al Tla%@éw SOXFERAEI 1 A NERANESRP7 RIRIFISHOR? cERodinent apbisiac al

versus t igure 11: Characterization of
i PS cl onrelgllt%gprgra%gf ‘%ge“glr‘gﬁ%%tgx17%%§‘%]‘“ﬁ Conbi ned bright field and

fl uorescent photographs are presented of isolated i PS colonies. B.
Q RT- PCR [@834b er Inghermaitand Seret arSexhepeigir, @ss ammowfclqobuquotgtﬂ@mu@eﬁes

by i PS cI ﬁ%ﬁ%l indi cat ed.
C. Uni for m gxpr essSion 0O Q? %AE%?% [ %fg ?ﬁéﬁes. Fi gure
12: ResulsuBstivfited wdhaelﬂffq:rhmranpm gk yInussine g mBolinahonte gtutamm laciBductedr
mut ant s of Sox4, . So Sox13 or  Sox7 004 re 13: Pluri p t ent

col oni es & ﬁ’&tﬂ%’&‘do%g ei'lg_%]"] OI[aHB‘EELTCF‘i bi?r 1%1450 %fﬂl%tte’@ﬁ%?“@fe [EEET on
of pluri petRARNents, the glutamatic acid located at amino acid 99 of the Sox7 or amino acid 122

of the Sox17 protein is a substitution with lysine.
[0015] The mutant Sox7 or Sox17 protein may be a human Sox7 or Sox17 protein.

[0016] In another aspect, the present invention provides a nucleic acid molecule

encoding a mutant Sox protein as described herein.

[0017] In another aspect, the present invention provides a mutant Sox protein
comprising an amino acid sequence encoding a high mobility group domain of a Sox2

protein and a C-terminal activation domain of a Sox7 protein or a Sox17 protein.

[0018] The C-terminal activation domain may be the C-terminal activation domain of

a Sox7 protein or may be the C-terminal activation domain of a Sox17 protein.

[0019] In another aspect, the present invention provides a cell expressing a mutant

Sox protein as described herein.

[6020] In another aspect, the present invention provides a cell comprising a nucleic

acid encoding a mutant Sox protein as described herein.



[ 0042] Figure 15: Chineric Sox2 and Sox17 proteins and induction of

pl uri potency. [0043]Figure 16: An overview of the generation of human
i PS cells using human adi pose-ti ssue derived MSCs. [0044] Figure 17:
Human i PS col oni es i nduced using Cct4+c- Myc+K1f 4+Sox17EK. DETAI LED
DESCRI PTI ON [ 0045] Her e, reconbi nant engi neered Sox2, Sox7 and Sox17
proteins are described that may be used induce a cell that is not

pl uri pote bec s, i [; T i . . heered
pr ot ei ns @?gggss?r?eat ue?é%ie?t?@%?gé&;&t lanﬁﬁ%ﬂ# @%}v@%ﬁ%%ﬁh@@%&ﬁﬂ&h@ Sox2,
Sox7 or Souidrsios ofis @dn-gpRuiphenb@ieo s phuipheet @ildthe hetlwdpompeising sulturmg
adapted to include a feature from Sax7 or Sox17 (if the stal]ling ..
sequence 3%5 nRRR Iy Pgent Q?ﬁi”h @eﬁd%qe’écefoga atﬁllétaf"i'%% %étf("? K\ irafscfjhﬁc‘ Jéetr%%%i ihg
sequence O6t4SMEAiiPht ISRKIE)of cLPRAAEAE arfdfin SO Rtione@%ila A @ r Hof efers
to a highly conserved famly of proteins. Reference to a Sox2, Sox7
or Sox17 Pryverinsiersells.s used as the starting sequence prior to
effecting the nutations as described herein, includes reference to
any Sox2, Ol SRk t @l : -al TR L. ht er act
w1 oot AR in R el B b P e PR el " 20
Sox17, f otonsseaieploéaapt-hhippicet deHdue pluoinoent o] the ertdeowprising co-

pl uri potency f.or.Sox2, of the deyelo ntal role in endodennal ..

Gi 11 ef entoRteoone oy TR Blpbaat S A RUEEL S5 Aleh seEIRI0RERR 1) ng
sequence Oey; Hd i) adédsyene@iT cvhyoind B8 {450%4 onSeXho R exP@¥sidn véforsimyd be
any fragnment, hqgnol ogue, or nu antgégat retains the native activity of
t he Sox2,cudiguing e nepspiuripoteat ¢allan canditions spitablerios eepdh pf HbyRRIG BB of
Sox2, Sox#£j@r Sox17 prior to any mutations as described herein may
have one, two, three, four, five, ten or nore am no acid insertions,

substitutions. (including conservative amno acid substitutions) or
del et i ond0083bvi dbgnempiprippienteall mpy b atlibiotiast of a megendsmab sigmeded. Ins

mai nt ai n 2 i ting
equence sy "Re el St O B Rl oS o e P Bp D
eukar yot i tbe oomgphuripoteniat] idevelippe-tisfue darieedpherenghgtrahsterateelin cel |, for
exanpl e an insect, plant or mammal i an Sox2, Sox7 or Sox17 protein,

i ncludin us tel uman _protein.,, The Sox2, Sox7 or Sox17
may be tﬁgaggﬁe g%tg{é(ls)né@hgg&%ﬁ%efgg}q?bF%hunle‘llé e%l uripotency is to be

i nduced, or it may be froma different species given the high degree
of honol d§925h edbdnaf-plitipotSuxel] nBené apadiaBpdiferprtiotedical] bamby bes,
provi dedn%uat.%ehet.rel evl?nt Sox protein is able to function as the
native endoyittdiBiedeEn within that species of cell. [0049]In some
enbodi nents, the Sox2 sequence, used as the starting sequence prior
to ef f ect[0086] heOrmit adpeoB SndfeatieS e itHrgdedenr i@l dhiiof GNP bé®aR, apfABSItST S
essenti al L%sg\(}{ or consi.sts of one of tP foilovvi ng sequences,_or is
a prot ei IHBAAERE BTSN 1y ths Stdpon g5ugwp fgﬁé%lf@w}g GRS ONGH ERACHIC,  95%
Oor great edniRARHERCE: thel8RtAioh i%&%%%%nQ&fithttH@aJCQanﬁlWiﬁhgﬁéﬁ&Uences:

[ 0050] From nouse: MYNWMETELKPP QQAS

GGGGGEGANATAAAT CNSPDRVKRPMNAFM

VWBRGORRI PIAR AWK B PHR AWV NI RL RALHMV
KEHPDYKYRPRRKTKTLMKKDKYTLPGELLAPGENSVASGVGVGAGLGAGYN QRIVD
SYAHVNGWIRIEE RIS MVIDECQ Y BQHRGENAHEALROMDRRARY DS A ¢ GNNSIIboSE GRNNESPTY

SMBYS QQGIP %@N&WKS S SSPPWTS S

SHSRAPCQAGDEROM SV PEAR BEPKAPSRL HMAQHYQSGPVPGTALNGTL PLSHM [ SEQ | D
NO. : 38] [0051] From human:

MYNMVET ELJRPREP QUF igGGENBTNAA GEINORHISE B/ MRANARIAPACer nucleotides.
SRGQRRKMAQENPKVHNSE! SKRLGAEW CLLSETEKRPFI DEAKRL RALHVKEH

SYAHMNOIERES SVRIBEES E5/oC BB KA CARERCPAR R VERAT G lones derived by

NSMI'SSQIMINGHIK Y RIS ¥ SCEXETREVAL GSMESVVKSEASSSPPWT SSSHS



consi sts of one of the follow ng sequences, or is a protein having
80% or greater, 85% or greater, 90% or greater, 95% or greater
sequence identity with one of the foll ow ng sequences: [0053] From
nouse: MA SLLGAYPW EGLECPALEAEL SDGLSPPAVPRP SCDKS SESRI RRPMNAFW
WAl CDERKRL AVONPDL HNAEL SKM. GKSWKAL TL SQKRPYVDEAERL RL QHM
QYPNYKYRPRRKKQGE CRLCI CRVDPGFLLSSLSRDQNTLPEI CNG GRGEKEDRG EYSPGATLP
GLHSCYREGAH CHRINEY G ETRRENERIALE RS T SicSoftnical Soxf 0bp_octt motit
QEEHGHPHHL PHL PYSPEFTPSPLHCSHPL GSL AL GQSPGVSMVBSVSGCPPS
PAYYSHATYHPL HPNL QAHL GQL SPPPEHPGFDTL DQL SQVEL L GDVDRNEFDQ
YLNTPGHPIEARBV GTE R ar oA IS0aTRT GRArET Sinds Wi vaBINATXYNEY SUS niceSif) | D NO. :
40] [0054] From human:

e e T R ot

QDYPNYKY REfREKKE G RESGRRWDRGR doSe1SeGRDGMAL PEKRS  GSRGALGEKE DRCGEYSPGTALP
SLRGCYHEGPAGGGGEGGTP SSVDTYPYGL PTPPEI\/BPL DVLEP

EQTFFSSP GHP, PYSPEYAP. SE PLGSL VPGCPP
SPAYYSPATIRPEHSN A B S  SAL B S P ROV DN P
SATGANVAL SCHHNVRSEr e@ﬂ'sl?TGDTETSLI SVLADATAT YYNSYSVS [SEQ I D NO.: 41]

[ 0055] I n sone enbodl ments, the Sox17 sequence, used as the starting

sequence effecti t.he nmutati ons as. descrj bed herein,
co?rpri ses{%%‘glny feure, ‘§6ﬁ{)lg%ﬁis§7°"(9fy gﬁff)x}é{'}%‘?l”g’f@n‘?ﬂfjsone of the

foll ow ng sequences, or is a protein having 80% or greater, 85% or
greater, [0036]or Bigasd &DifRRHIMasPheR} 6 SGEHNEB G OdﬂBOU(y\)\&h&h one of
the fol | owi n sequences: [0056] From nouse: M5 SPDAGYA SDDQ
SQPRSAQPAIKAGLYS e\ (Bmrarsyrvkemikfarens mutif configurations.

APAGT SGRAKAESRI RRPMNAFMWAI CDERI CRLAQONPDLHNAEL SI CMLGKS

VKALTLAE EAEiEhF%VQ& THORKOARE hfelddnld0x 17/0ct4 on the
ALVEPQAGAL GPEGGRVANDGL FPEPGYPAGPPL PHMGEPHY1 UDCQGALG

APAL DGYPLPTIPIFFSH| DG yRODRAF FanPREBrmadd svpvRygp i difepntial assembly of

e O e T

YKPEMGL PYQGHDCGVNL SDSHGAI SSVWSDASSA' VYYCNYPDI [ SEQ I D NO.: 42] [0057]
Fr om hundf03NSSPE@HEDDASATEOBALRAYNAGHERCRIESu SR GDMKIGEAFANSG

O\FéAGf?E;;A .%@RE EE&P %’M%% ral coordinates

GL AEPQAAALCRIEGERNAMQ otk Qe PECXB RAGR P P dr it iviSedibISCEISGr/Oct4 interface
APPLDGYPLPTPDTSPL DGVDPDPAF FAAPl\/PG:)CPAAGTYSYAQ\/SDYAGDPEP

PAGPVHPRISEREBXcpErionial Apemily Rebyaairidiond aatReaMnpks-g3onical versus the
QHOHOHHPRER R SRRIEAL P CRDGT DPSQPAEL L GEVDRTEFEQYL HFVCKPE
I\/G_PYQG—IDSGVNLPDSHGAI SSVVSDASSAVYYCNYPDV [SEQ I D NO.: 43] [0058] As
used herein, "consists essentially of' or "consisting essentially of’

means t hdP088ke rEizayaht: @wa%?r%@@mof(@%ﬁ@nes&mmmmmoxdgﬁﬂ és a
t t

Lol e SEEMARPE N0 g o0 ARG 2 JASELPEDRLTNS sl
pepti de, BuQ-RHECR b mdﬁilmedmoaieteamm@xmsm adehngbteney gericaby PSaf f ect

the function of the So ot.ein. exa , th X _.p in may
have. ome ks ferptargnneg BSOHE PRV ceNo R i i oy S mo
aci ds at @prs€6n POIIELNGEd 8bx1 heirdasaicsbed sequences as descri bed
herein, provided that such a Sox protein still possesses the native

function of e relevant_ Sox protein, such as |nducin maj nt ai ni ng
pl uri pot éﬁ@?éfor Figygo 15 Regpity i F%P%“BHOfSKFCYt%@gé?%&gPﬁPT ¥Hb 88%%0%nd

Sox17. [OQahdBesput abiy et & dRyeraction surface of Sox17 displays
a markedl'y differenf eléctrostatic interface when conpared to that of
Sox2, potentially affecting the ability of Soxl 7 to interact with
Cct 4 (Pallf8#8ha n%lgmrebi MpripojenypeloBepindpeedby)So38BK. 619- 30). Despite




pl uri potency, neaning that when the Sox2, Sox7 or Sox17 nutant is
expressed in (or is added into) a non-pluripotent cell that has the
additional protein factors involved in inducing and mai ntai ni ng

pl uri potency such as Cct4, Kif4 and c-MWc, the non-pluripotent cel
is converted to a pluripotent cell under suitable growth conditions.
Such pluripotency conversion can be confirnmed using standard

techni qu id i . | iGN , for exanple, FEras,
Nanog, Ogﬁg?ﬂ%oxg%hgi%Eggﬁﬁgugfgg#ﬁg%e ExgggﬁggﬁﬁeIOM/describe

techni ques that may be used to confirm conversion of a non?luripotent
cel | to d0B4#2k i pBigkrs 1% &ihimeroed)anh Soxlit piateinsrend éldyction efpluripotency.
engi neered, reconbinant protein. The mutant protein nmay be an

i sol at ed [ Ik ' i

ci oni ng. J o A h AT ot e el Ro By S B TR SRMA

t r ansductadgresotissue dersfed M@Es.on of the cell with a nucleic acid

nol ecul e encoding the nmutant protein for expression in the cell. The
mut ant S SOX#. Of. ¢} D a , M O 7
prot el n. WS Thefle PRudfaRERL LRSS SRR SRR g3
protein, including a nouse protein or a human protein. [0063] The

nmut ant prPEFIAIDEY DESCRIPITOS0X7 or Sox1l7 protein that has been
altered in one or nore of the residues formng the Cct4 protein

cont act i[0045] acHereiReormbih@lt@hiioferdd Sdx2H8EK 7 4h8 ok i Dhuoteddl 84 HRBrikyd
substitutjon tqQ change the gne or nore altered residues, or to change
a regi on hatmmybersed mdvcert ool thatés ppt PRSIPPIFEt QRN GRIPEPHEY; due or
regi on of Sox2 that corresponds to or is analogous to the residues in

Sox7 or $0944] t hoke REGRRINIn@hdBEBSoteliPbsdess fedlifes froRd §3ahi @Bm t he
specific seguence in the Sox7 or Sox17 Oct4 groteln contact interface

that has Js&enr &ptler ddSerehonber Ind7 sagadarcibe ofsetshpienpreridfthesequence is
correspongi e r : t ej
contact  Treredd WL BRo Rk i M PRI R Sa b et Sy ory

be a hundoimtudendsauBdiom abt2efifete ahrtiapecquenddis Sox s Shue®). i n t he
sequence LSQKRPYVDEAERLRLQHMD [SEQ ID NO : 36] or a human or nouse

mutant SOUPTRy RRGsTsetR shah RLAHT LBlF 3 el e Aup il sl o
R I n onReferbaditoesox2, 97 U&7 phersia thass lidae asithk 3taitdiy sEQ@ice HRR6S]

For exanpl e, .the engi heered nmytant Sox17 may be a human or nouse
Sox17 al tedicedngdhe BrEatigns Hgicectihed hetss Nchdenisfaensgdnaw Sox2, Sox7 or

L AEKRPFVEEAERL RYGH D ckapiehd BhiNG to iddhetQlit RO MR 1 PdirdIPs Spesitel 7
altered at one or nore residues’in residues 111 to 131. The nutant
Sox7 may fhesienpf t2pSeiPafgetianddScex 1 hasi exampdd adier the arduetianpinarin¢emnc®R,

In one e ' t ant t he .mut at.i on, EL22K.. [ 00 I
one. part e LPoRbew kP ot P fic 2R AR bR T Bkl BEER s E 5 Rer
parti cul at Sexbbdlesux?2, $d¥8 anSoalk stptiog dqnence nboMle ARbARKor wildtype Sox2,
[0067] Al terpatively, the nmutant protein may be a tant. Sox2 protein
that has Fodar é?%@?ardmf%b%ﬁ*é'aﬁfr%ﬂfw O@PI%H%OW_@gﬁaaﬁr}ﬁgt PRI R

C-t enni naltidet bMBE 5D, 4OPIBox I NeisThd QLS oB. ITHelsHARS LHSKRES bOTbx2,

del etion or substitution to change the one or nore altered residues,
or to chaiwgé onSexlquwive & sivnntatienias gercahed lpren aay hayoonehoves dye e, of

Sox7 or { I3 . o resi. in
Sox2 ¢ hat G 6= go ter BFhE ARG MRcRs kB, AR BHRNDS sk E SR NG, T
sequence substititenSoxlelEtibey, pravaded alett theatationadivitpibfithe I$ak phadn bkeen
altered then has the sequence of the specific correspondi ng or

anal ogous™#Bé{"itres fromthe Sox7 or Sox17 C-terminal activation
dormain. [0068]In sone enbodi nments, the entire Ctermnal activation
domai n of[0B48R | The Spl2asety ovdoR 11 pRtemtidckies actattptse@ienclomay Be afy Sox7

or Sox17. For exanple, amno acids 122 to 320 of nobuse Sox2 may be
Sox2, Sox7 or Sox 17 protein, for example from any eukaryotic organism that develops



[0071] Thus, also contenplated is a nucleic acid nol ecul e that encodes
a nutant protein as described herein. As indicated above, the
protein sequences of the nutant proteins may be readily identified
usi ng knowl edge and skill in the art. Simlarly, using the genetic
code and know edge of the degeneracy of the code, nucleic acid

nol ecul es that encode a nutant protein as described herein may be
readily Q?cﬁhgﬁlﬁ%p@iéﬂt SHRLOEF5:ZE8m Q‘aﬁgnéétaﬂﬂﬂtr & ﬂ&ﬁhﬁﬁi&h%‘ox?'%&? 3

t echni ques. wi || be appreciated, the niucleic acid nol ecul e may
further cwwpy ps@ladmludlwamoe‘smmrsqr aftemag paetpine The §m@h§pe’i or Sl dn

operably linked to the sequenc e mut ant ot for
onant e P s ot MR G L ROTEH MR T B RO Pt s
stem cel Ifiom hﬂﬁg&&rﬁblssgmg (ghmeﬁlﬂﬁﬂ laglededrae ﬁ‘hf)@iolog@)img@m:fﬂg Soke, vagﬁd
Sox protein _as des ed herei nucleic acid npl ecul e encodi ng
such a mRCXA{ PEgsin E%P%% awvméﬁwar%gla vang Spx protsjy tsagle fP%wg?nrﬁﬁet

mut ant p&ﬁh@é&ﬁo@ﬁ%u&ﬁ%m&y%hﬁmghﬁ%bénﬁﬂk%ay|eS encodi ng such nut ant
protein as described herein may be used to induce pluripotency by
convertln a nonpluripotent cell to a pluripotent cell, including in

in vitro [849bdsin spoeEabRBINtatstheSoxRBRILENeG, et AS BESERIE saquenkarRiny,
f
|, SxaTDh SR ASREHLARh 0 (LaKRBRRIL AU I ORKRLANR R b

one or babhsigf oferdded tlen@lléding sequencandras b ecbtain hhmmg 80 -oexpres §é% or

wi thin the cel hat is be induced to | urj pote the cell
s or own KT EBRRFEI BRI S SSebfE P FhRge Stite SlPuint e
growt h ofscqudacasoni ¢ stemcells. [0075]In the present nmethods, Sox2 is
replaced by a nutant protein as descri bed herein. The cell in whi ch
pl uri pOtiﬁ ff %o be induced may al ready express one or nore of the
pl uri pot dfl §° act'’8fs™d¢i®de from Sox2, such as Cct4 and one or both of
c- Mc anmwmgﬁiatm@th@AyGGG@m@ﬂqumG@@@ﬁ%Rvmmme

by transfection or transformation, to express Oct4 and one or both of
c- Myc anWWﬁMQWE@?W%@SH&&A%WﬁﬁK&W@%K&WWMr

I T il s s T

of these (REDNYANBNGIWSNaSY DEMOFNIGERPAHPGLNIEGAKQMOPRIBIVIDUS A

hon pi ur 1BSTE AR R M AR BN AL SRSt vseasssrmar Ty
cul t uri NnGsH4TEA PONABDUR PO SVY L PEAE VFERAVP SHISSRICRTPH SEPVR GAMING TL
protein as described herein together with Cct4, and at | east one of

cMyc and HaSEM [BBQdP N@wmthlti ons suitable for growth of enbryonic stem
cells. The nmethod may be perforned as an in vitro nethod. [0077] The

cel | may | bg5ﬂtf1y Ao IRlYL: potent cell, for exanple any cell that is
partially differentiated or fully dlfferentlated including an in

vitro ceIMYI\@\/IM@HEhKﬁPﬁBQQWSQG@GMMAA@WKNSPEKV&MéEMVWhe

or gani sm Enie RES T OE I BN SRR Y AR e ARG e

ce: : , a mzaYiKleRRIﬁrK'amezlntmnPGemAmmﬁMAB@VWGAK?{@A@VH%Fse
t
G 11 or entP S ARMES SN G s RE B e AR B iy

cell, SUQ@S@?S@Q@WGQ?T?’QN@%’ T@@B&ﬂGm@QWSE@SSSfP@V\@S%@PﬂSe a
mssenchyrral stemcell, such uman or nouse adi pose-tissue

deri ved %M@ﬁ%mW@PGAQW%SMMSM%PVH@TMNGT EBLE

refers t oy a single cell, a plurality of cells or a

popul ati onﬁggE?gﬁ HS\AE%]W context permts, unless otherw se

specified. Simlarly, reference to cells also includes reference to a

single cdDDSﬂherhl&ometea)hodpmmi tte, Soufl kepisnat edws e stypidgy sei@hce prior

[0079]Cu|tu%f1 91 e cel.l |ndt Sﬂt ext of the nutant Sox fSox? or
ectihg the escnb

e ¢ mutations as erein, comprises, consists essentially o




i nvol ve expression froma suitable pronoter that is operably |inked
to the coding region for the particular pluripotency protein factor.
A first nucleic acid sequence is operably linked wwth a second
nucl ei ¢ aci d sequence when the sequences are placed in a functional
relati onship. For exanple, a coding sequence is operably linked to a
pronoter if the pronoter activates the transcription of the coding
sequence. .oLgQS 1F N @ 16&1g BamnLEcH iﬁ oBtAGH ﬁﬁviﬁ‘é E(ﬁ'% LR Sreater, 85% or
pluri potency protein factors, of once the cell has been fransfected
or transdiresd, M%lor preelesifs Y ewi geatwisepghesidemigpdithgneatthe Gfllowheg
pIuripotqpc¥%$&9tein factors and the cell has been exposed to

condi ti ons? to-expression, the cells may be cul tured under
conditions suitable for growh of enbryonic stemcells. Enbryonic
stern cel[PO&BHI aF@remkmewn and are commercially available. In sone

St em col ROV EERER BT ST VTR e R BATREM e
cel | cul twm@m@l@pm@i@ﬁahusmmgsmmmgmw@bmm@@m

i nduced pluripotent cells may be sel ected and then expanded in order
to obtai RREAYE %YW@%X@HGH&&&SMNH& GERGEKERRG

accordan i ngﬁﬁ'ﬁyﬁﬁg

nmet hods gﬁy J%ggﬁgggﬂggg— e#L%§§%%#§§f§ ytmay §?é$€§§¥gP?8§Fﬁ§§§E

non- | i m tQBGH &X&kH [FHL AN HES TPSOBHC SHRAMBILA L ) SIOBBS MIMS S B @CRITS

t he Sox2/ ' ' [ ' i.shed
(N chol s, TAEF PHATSA R G SHEHlorr R g TR VEEL bR IR DY
(2005) 280 RE#PELUPDSANGN GIETEHVPIBOGENIEP THNLISVKA D AndrOetidysvs
functionally cooperate during endodernmal differentiation (Reim G,
et al. DdvE Ngzd@h) 6:91-101; Stefanovic, S. et al. J Cell Biol
(2009) 186: 665-73). [0086]I1t is therefore conceivable that Sox2 and
Sox17 carjopsspet erohlhuntdt 4 and form stabl e conpl exes on specific
genom ¢ regi ons characterized by distinct cis-regulatory notifs.

[ 0087] To MASLLOA S, WBR G ECRARDA NI RGQSET 4y HBRPP GDKISHSRABR BN AV V

Cora i ool R LN AR SRR S WL PR SE R P R GREGHADY

t he resul@BYSNYEMYRPRRKEEA KRDEKRVISGHITISSI SR DQNAL PEKRPGERSAA GEKE

onty solelehCg AP RS 6N e dO R Sy BEUR Bn vRER BN T

whi | e t herPPRMPUFERMATRPRRIFIECEHGHPYSPES APBPL HESARNORI ARIGGHHEV SN

desi gning nutations usgﬁg@structural nodel s, §0|nt mut at i ons were

gener at ecORVPECERRIAPEUSEAEY HELESOE QAT GRL SBRPHHBGED A OGSV EHGDand
Sox17. StH@WlﬂJﬂ(gYiﬂﬁG rﬁ'i%cﬁWﬁ?Sd%‘t\/‘riﬁT@ﬁ)T@ééFs/@A ATAT

di meri zati1 on now tonverte o?i into a pote repr ogr anmm ng
[ 0088] ExpeYNREiVal [SEQAOedOr:dd] [ 0089] Conput ati onal Anal ysis: To search
for different sox/oct notif configurations the notif derived fromthe

Cct 4/ Sox - S dat a en _et-al. . Cell (2008), 133: 1106-1117)
was used AT pBCoEReR iRt Pl e oieed B bR ks RR | g
t o scan tjHpugkfeahs teimitADhA as dguehgidrrdificompasRl eneBr esehtidiii &, or
notif.
consists of one of the following sequences, or is a protein having 80% or greater, 85% or
greater, 90% or greater, 95% or greater sequence identity with one of the following

sequences:

[0056]  From mouse:
MSSPDAGYASDDQSQPRSAQPAVMAGLGPCPWAESLSPLGDVKVKGEVVASSG
APAGTSGRAKAESRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKS



[ 0090] To construct different configurations of the sox/oct notif,
variants of the notifs were generated by inserting unbiased base
pairs within or between the sox/oct notif, or by naking reverse
conpl ement versions of the respective notifs. This all owed for
construction of many different hypothetical configurations of the
scodoct notif, fron1the canoni cal (soxf Obp_octf), order (octf

Qop_ soxf) Kkﬂﬁflﬁ
t he nDtlf e enent n ?égﬁgen g¥nh€g@§;?ﬁ%ﬁw%$ms a spacer

base pai rALWERORGALGPHEGRYAMDSOLGLPFEBPGYCHIGPPEOASPHMBPEMRDGQSLG

ol i nF nat .f%ﬁﬁbﬁfﬁﬁﬁgﬁﬁ’%ﬁbW@ﬁﬁ?ﬁé@ﬁiﬁé@?@fﬁéﬁ%&%ﬁ?

(I abel | edpAPXRY GPIOPSELARPGICAPPSALARYYOXAMGEPAASAGRSRH A
base position weight matrix finding and the inplenentation: t|f
ABBPPERE AL oP

di scover yQ QHPHIFRGRBIP RIS A R RRYP EEPNQ TEthMWEWYLMV

scoring t

B of nf o moar B A BT SR A R AR Y Gy B I o o

al gori t hmMincl udes some background correction. This type of algorithm

is conmmonly referred to as a | og-odds nodel and nore sophisticated

nodel s of SCEI on factor bi nding and discovery are available

(reV|eweJOBE?E ﬁ‘ﬁhh " and Marynen, P. Briefings in Bioinformatics

(2009) 1(MSSEBMA)ASﬁ]bqsmemamAﬁsuspmﬁxummBAﬁwe

of 1 nplenentation and rapid scannln speed_on nDdern conput e
BISTRER0ES Y AR PERERT

har dwar e. PRéH@“E@ﬁW@ﬂP@ES

into pos'@ﬁ@%LTE%EK@P 6@n@h k@ﬂKﬁﬁr , N
=log2 [( fp," + SC|r€?§§AERER' Np + sqrt(zgf bni &%%%%ﬁay?gF%

wei ght ofGbAEBQﬁW@PE(ﬁGBNéMD@é@@@MWERWP@{MGG&H@DﬁQBLQ
for each SN
nucl eotide na §gg§F TéPtﬁG&@ﬁgﬂ?ﬁ%@{I@MFg ngggﬁgfgocghrrencegpg

A C G aH]fCK}HMﬂ}I.‘RﬂJ_E}HEP@BSP$PGLHMPSQEWWGRM@S?GAGGGWQ@QHQH

background f | | de I S S |, 1.e
0. 28, "o gutPomebiePyEeSPhnr At RO rb st st MR bErE A EBcrcre
pr onot er M@%P@@fGI@bSG@NLW@&I@U\@)A@@KWCWWfES]E@ID‘ND swjr t
sites) which in human and nouse are roughly 25% each of

but this assunption does not hold distal to pronpter re |ons mhlch
tend to HEBBRE s prcierald “Pensisterssatipiliert 0B neonsteg o a]ﬂb?’f means
backgrou e
R b bl S A A R R
posi ti on dnyrmitifeonsos fifscrised-hefd, \mchllde]s one m)mbre(ammmjcmbhmmldmgmt btneeor

normal i s scof.e i S ht r.th

nucl eot i th “at P p}?)nc}e\l\ﬁgnha(2 thel\ﬂ%dgﬁofl &F%mﬂp’g}é g}%ﬁngug 3@?0 or t he
pwm and rﬁmalchﬂbe 18 SUxI Pt 0 oI b;kam;ﬁe; aiecSIxqiroteemPyinave eat, aub ahed, foyr
sunmm ng aII of t m ni mum or nHX|nun1vaIues for the pwn.at each

col umn i rPreiH fiRep PT Syenty Bjga pAds phaze 87 Pl cadrad ﬂPﬁ) gseribed seqirRtsy
tool (ni clg Med R, %Y%@Idbﬂrg{a?m?:ﬁra%@x pﬂotg)}itsﬁf?@o!s}{ﬁéssﬂh@H&i%%&:nﬁﬁ o8) -
[ 0095] Threshol d esti Chi p-seq sequence w ndow si ze:

Sear chi ngh¢wal¢vaat gwmretein, ahan indyeing et miagpihg ahrigetshey far forZwreshol d

above whi i [ f c and bel ow which the notif
is discafﬁﬁg%nﬁﬁ{%‘& eﬁ%gﬁﬁ%hf?ﬂéﬁﬁ nggggans enriched in the Sox/ Qct
Chl P-seq list from(Chen, X et al., Cell (2008) 133: 1106-1117) so

t hat Chl HO8E9] | i $he meistivesed4 antetactms sarfaegdiSon E7 dieplaysal markedly different

Fr om an_ tioeens i Bes MRS el o X% Podm P R a3ty 35

1106- 111790x 1T heinsdritg et 1dsinghmi B. dal. raya ®:s/02008) sepsesans.ati ve
of the proportlon of the genone aval | abl e for sequenci ng, and hence
al ready iPespitgbind w@tt@mfawﬂééaﬁ%% vribe gnagschagpsteriplacs @s Re¥ariSes’ mghdond y

10



taken from Chen, X et al., Cell (2008) 133: 1106-1117 and was tie
novo derived fromthe Cct4 Chip-seq experinment. The matrix is as
follows (represented in Python code): soxf Cbp_octf = matrixcsoxf,
Qop_octf, [[4, 43,0,8],# ¢ -sox2 start [37, 0, O, 25], [0, O, O,
79], [4, 11, O, 64], [14, 2, 54, 8], [9, 3,
Sox17 bring about fundamentally different developmental effects. Sox2 is required for
the development of the epiblast (Avilion, A.A. et al. Genes Dev (2003) 17:126-40),
neural lineages (Zappone, M.V. et al. Development (2000) 127: 2367-82), and many
other developmental processes (Que, J. Development (2009) 136:1899-1907; Que, J.
Development (2007) 134:2521-31; Okubo, T. Genes Dev (2006) 20:2654-59), while
Sox17 is found in the extraembryonic and definitive endoderm lineages of the embryo
(Kanai-Azuma, M. et al. Development (2002) 129:2367-79). Sox17, when forcibly
expressed in mouse and human ES cells pushes the cells towards an endodermal-like cell
fate (Seguin C.A., et al. Cell Stem Cell (2008) 3: 182-95; Shimoda, M. et al. J. Cell Sci.
(2007) 120:3859-69), and crucially Sox17 cannot replace Sox2 in converting fibroblast
cells into induced-pluripotent stem cells (iPS) (Nakagawa, M. et al. Nat Biotechnol
(2008) 26:01-6). This demonstrates that despite binding similar DNA-sequence motifs
Sox2 and Sox17 have highly divergent developmental capabilities. Sox7, like Sox17, is
involved in endoderm differentiation of mouse and human ES cells (Seguin C.A., et al.
Cell Stem Cell (2008) 3: 182-95).

[0060] Thus, in one aspect there is provided a mutant protein that comprises a Sox2
protein or a Sox7 or Sox17 protein that has one or more amino acids replaced with one or
more corresponding amino acids from a Sox7 or Sox17 protein or from a Sox2 protein,
which mutant protein is capable of inducing conversion of a non-pluripotent cell to a
pluripotent cell. Reference to replacing an amino acid with a corresponding amino acid
from another protein is reference to replacing a given amino acid with a given Sox2,
Sox7 or Sox17 protein with the amino acid or amino acids or a domain defined by a
sequence of amino acids from another Sox7, Sox17 or Sox2 protein, which replacing
amino acids are in the corresponding position based on sequence aligniment and sequence
identity and homology, or which possess the corresponding function, for example the

activation domain.

[0061] The mutant Sox2, Sox7 or Sox17 protein is capable of inducing, or induces,
pluripotency, meaning that when the Sox2, Sox7 or Sox17 mutant is expressed in (or is
added into) a non-pluripotent cell that has the additional protein factors involved in

inducing and maintaining pluripotency such as Oct4, K14 and c-Myc, the non-pluripotent

11



17, 62], [13, 58, 4, 24], [99, 0, O, O], [0, O, O, 99], [4, O, 84,
12], [42, 42, 4, 4],

cell is converted to a pluripotent cell under suitable growth conditions. Such
pluripotency conversion can be confirmed using standard techniques to identify known
pluripotency markers, for example, Eras, Nanog, Oct4, Sox2, Zfp206 or Zic3. The
Examples below describe techniques that may be used to confirm conversion of a non-

pluripotent cell to a pluripotent cell.

[0062] The mutant protein is an engineered, recombinant protein. The mutant protein
may be an isolated protein or may be introduced into a cell using molecular cloning and
recombinant technologies, including transfection, transduction or transformation of the
cell with a nucleic acid molecule encoding the mutant protein for expression in the cell.
The mutant Sox2, Sox7 or Sox17 protein may be any Sox2, Sox7 or Sox17 protein, for
example insect, plant, mammalian Sox2, Sox7 or Sox17 protein, including a mouse

protein or a human protein.

[0063] The mutant protein may be a mutant Sox7 or Sox17 protein that has been
altered in one or more of the residues forming the Oct4 protein contact interface. The
alteration includes insertion, deletion or substitution to change the one or more altered
residues, or to change a region within the mutant protein, to the amino acid residue or
region of Sox2 that corresponds to or is analogous to the residues in Sox7 or Sox17 that
are being altered. That is, after alteration, the specific sequence in the Sox7 or Sox17
Oct4 protein contact interface that has been altered then has the sequence of the specific

corresponding or analogous residues from the Sox2 Oct4 protein contact interface.

[0064] For example, the engineered mutant Sox7 may be a human or mouse Sox7
altered at one or more residues in the sequence LSQKRPYVDEAERLRLQHMQD [SEQ
ID NO.: 36] or a human or mouse Sox7 altered at one or more residues in residues 88 to
108. The mutant Sox7 may have E99 changed to a basic residue, for example K or R. In

one embodiment, the mutant Sox7 has the mutation E99K.

[0065] For example, the engineered mutant Sox17 may be a human or mouse Sox17
altered at one or more residues in the sequence LAEKRPFVEEAERLRVQHMQD [SEQ
ID NO.: 37] or a human or mouse Sox17 altered at one or more residues in residues 111

to 131. The mutant Sox7 may have E122 changed to a basic residue, for example K or R.

12



[40, 39, O, 4], [56, 3, 12, 2], [62, O, O, 1], [16, O, 2, 29]])

[ 0099] To insert unbi ased base pairs into the matrix, a single

unbi ased nucl eotide was inserted into the matrix: [1,1,1,1].
Converting this Wn to a pwmmw || result in the follow ng pwmnatrix
for that base pair: [0,0,0,0]. As this does not affect the m ni num or
maxi mum scores for the particular pwn this approach should have only

a mni malp, b, asmeMihee: AR nk]dtén)f 38%7 ﬁasr{ﬁéﬁlhéF&?Efliﬂ@ a particul ar

sequence I n the genone. e soxf 10bp_octf nmatrix is represented in

Python like this.: soxf 10bp_octf = matrix('soxf, 10bp_octf, [[4,
[0666] In one particular embodiment, the mutant proteln is Sox7E99K. In another

particular embodiment, the mutant protein is Sox17E122K.

[0067]  Alternatively, the mutant protein may be a mutant Sox2 protein that has been
altered in one or more of the residues forming the C-terminal activation domain. The
alteration includes insertion, deletion or substitution to change the one or more altered
residues, or to change a sequence within the mutant protein, to the sequence of Sox7 or
Sox17 that corresponds to or is analogous to the residues in Sox2 that are being altered.
That is, after alteration, the specific sequence in the Sox2 C-terminal activation domain
that has been altered then has the sequence of the specific corresponding or analogous

residues from the Sox7 or Sox17 C-terminal activation domain.

[0068] Insome embodiments, the entire C-terminal activation domain of Sox2 is
replaced with the entire activation domain of Sox7 or Sox17. For example, amino acids
122 to 320 of mouse Sox2 may be replaced with amino acid residues 147 to 420 of
mouse Sox17 or the corresponding residues from mouse Sox7. Similar alterations based

on the human sequences may also be made.

[0069] Sequences of Sox2, Sox7 and Sox17 are known, including wildtype or
unmutated sequences, including mouse and human Sox2, Sox7 and Sox17 proteins. As
well, the regions within Sox2 and Sox7 and Sox17 that function as the Oct4 protein
contact interface and the C-terminal activation domain are known. Thus, the sequences
of the mutant proteins as described herein may be readily designed using standard

knowledge in the art.

[0070] The mutant Sox2, Sox7 or Sox17 protein may be produced using standard
molecular engineering and cloning techniques. For example, techniques for producing a
mutant protein having a mutation at one or more amino acid residues are known,
including primer extension, PCR and cloning techniques that involve primers containing

suitable nucleic acid residue changes to encode the mutant protein.

[0071]  Thus, also contemplated is a nucleic acid molecule that encodes a mutant
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43, 0, 8], # ¢ -sox2 start [37, 0, O, 25], fl It [0, O, O, 79], #t
[4, 11, O, 64], fit [14, 2, 54,

protein as described herein. As indicated above, the protein sequences of the mutant
proteins may be readily identified using knowledge and skill in the art. Similarly, using
the genetic code and knowledge of the degeneracy of the code, nucleic acid molecules
that encode a mutant protein as described herein may be readily designed and synthesized
using standard molecular cloning techniques. As will be appreciated, the nucleic acid
molecule may further comprise additional elements, for example a promoter region
operably linked to the sequence encoding the mutant protein, for example the promoter

being a promoter that is expressed in embryonic stem cells.

[0072]  Also contemplated is a cell expressing the mutant Sox protein as described
herein, or a nucleic acid molecule encoding such a mutant Sox protein, including a cell in

Vitro.

[0073] The mutant proteins and the nucleic acid molecules encoding such mutant
protein as described herein may be used to induce pluripotency by converting a non-

pluripotent cell to a pluripotent cell, including in i vifro methods.

[0074] Methods of inducing pluripotency are known, for example as described in
Takahashi and Yamanaka (2006) Cell 126:663-676. Briefly, pluripotency protein factors
Sox2, Oct4, and one or both of c-Myc and Kit4 are contacted with or co-expressed within
the cell that is to be induced to be pluripotent and the cell is grown under conditions that

are suitable for and that promote growth of embryonic stem cells.

[0075] In the present methods, Sox2 is replaced by a mutant protein as described
herein. The cell in which pluripotency is to be induced may already express one or more
of the pluripotency factors aside from Sox2, such as Oct4 and one or both of c-Myc and
Kif4. Alternatively, the cell may be altered, for example by transfection or
transformation, to express Oct4 and one or both of ¢-Myc and K1f4. In the methods as
described below, the partially or fully differentiated cell requires addition of Oct4 and
one or both of ¢c-Myc and K1f4, although it will be appreciated that one or more of these

factors may already be expressed by the cell.

[0076]  Thus, there is provided a method of inducing conversion of a non-pluripotent
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8], figl[9, 3, 17, 62], #t -sox2 end [13, 58, 4, 24], # c/g [99,
o, 0,0 0], #a - oct4 start [0, O, 0, 99],

cell to a pluripotent cell, the method comprising culturing the non-pluripotent cell in the
presence of a mutant protein as described herein together with Oct4, and at least one of ¢-
Myc and K1f4, under conditions suitable for growth of embryonic stem cells. The

method may be performed as an in vifro method.

[0077]  The cell may be any non-pluripotent cell, for example any cell that is partially
differentiated or fully differentiated, including an in vitro cell, a cell in culture, an
explanted cell from a subject. The non-pluripotent cell may be from any multi-cellular
eukaryotic organism that develops from pluripotent cells, including an insect cell, a plant
cell or a mammalian cell, including for example a mouse cell or a human cell. The cell
may be any type of partially or fully differentiated cell, including for example an
embryonic fibroblast cell, such as a human or mouse embryonic fibroblast, or for
example a mesenchymal stem cell, such as a human or mouse adipose-tissue derived

mesenchymal stem cell.

[0078]  Asused herein, the term cell refers to and includes a single cell, a plarality of
cells or a population of cells where context permits, unless otherwise specified.
Similarly, reference to cells also includes reference to a single cell where context permits,

unless otherwise specified.

[0079]  Culturing the cell in the context of the mutant Sox2, Sox7 or Sox17 together
with Oct4 and one or both of ¢c-Myc and KIf4 includes contacting the cell with the
various pluripotency protein factors so that the pluripotency protein factors are taken up
by the cell, as well as transfecting or transducing the cell with nucleic acids encoding the
various pluripotency protein factors and co-expressing the pluripotency protein factors.
As used herein, reference to pluripotency protein factors 1s reference to the mutated Sox

protein as described herein, Oct4, and one or both c-Myc and Kif4.

[0080] As will be appreciated, co-expression of the pluripotency protein factors will
mvolve expression from a suitable promoter that is operably linked to the coding region
for the particular pluripotency protein factor. A first nucleic acid sequence is operably
linked with a second nucleic acid sequence when the sequences are placed in a functional

relationship. For example, a coding sequence is operably linked to a promoter if the
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#t [4, 0, 84, 12], fig [42, 42, 4, 4], fl /c [40, 39, 0, 4], # alc
[56, 3, 12, 2], #a [62,

promoter activates the transcription of the coding sequence.

[0081]  Once the cell has been contacted with the pluripotency protein factors, or once
the cell has been transfected or transduced with nucleic acid molecules encoding each of
the pluripotency protein factors and the cell has been exposed to conditions for co-
expression, the cells may be cultured under conditions suitable for growth of embryonic
stem cells. Embryonic stem cell media are known and are commercially available. In
some circumstances, it may be desirable to use feeder cells to promote stem cell growth

in culture, in keeping with standard embryonic stem cell culture techniques.

[0082]  If preferred, individual colonies of induced pluripotent cells may be selected
and then expanded in order to obtain a clonal population of an induced pluripotent cell, in

accordance with standard cell culture techniques.

[0083] The present methods and uses are further exemplified by way of the following

non-limiting examples.

EXAMPLES

[0084] EXAMPLE 1

[0085] The role of the Sox2/Oct4 pair as an inducer of pluripotency is well
established (Nichols, Cell (1998) 95:379-91; Rodda, D.J. et al. J Biol Chem (2005)
280:24731-7) and there is evidence that Sox17 and Oct4 functionally cooperate during
endodermal differentiation (Reim, G., et al. Dev Cell (2004) 6:21-101; Stefanovic, S. et
al. J Cell Biol (2009) 186: 665-73).

[0086]  Itis therefore conceivable that Sox2 and Sox17 can compete for Oct4 and
form stable complexes on specific genomic regions characterized by distinct cis-

regulatory motifs.

[0087]  To test this, experiments were designed to identify variant sox/oct motif
configurations in genomic regions occupied by Sox2 and Oct4 in mouse ES cells (Chen,

X. et al., Cell (2008) 133: 1106-1117), the results of which experiments identified a novel

compressed element. [n vitro heterodimerization assays, however, revealed that only
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0O, 0, 1], # a[16, 0, 2, 29]]) # a/t - end oct4 [00100] Next, it was
test whether insertion of these unbiased base pairs wuld affect the
frequency of matches against a randomlist (Figure 5), on the
reasoning that a randomlist (here generated froma random sel ection
of 'singletons fromthe anti-G-P i nmunoprecipitation) would be useful
as no significant enrichnment of the canonical soxf Gop_octf notif
woul d be i I i i base
pairs doe@ﬁg@gﬁg}lﬁ:ﬁ %g{(%{/ég? %‘I\%(I:% Q%%eﬁlﬁ%%%érlﬁg?ﬂ%@?& se Ls&?%?%?/‘gr ed
in the saoeptapdalvniinges anshe genenichieite B xdesningahutadrisfusipg etcfictural
Qop_octf)_c ared to.a 5bp or 10bp.spacer (soxf 5hp octf, soxf
Tob5_oct S RERREC Y Gy s Eenetiirl paSiRpEedyPe Brig S Rlmrctins Hifiehes

t he Sox/ @FiSck? sid $c¢k 1Py RERAEBIHiSChbrh @i eheboaphIBL AL KBeIMOSH Hahérdatishe
PW for the Canoni cal and Conpressed I\/b,ti?s Retrieve Different
SequencedowWgonveted Spsl Ao 3 RefentAchREraBEHIRRE®E were retrieved t hat

t he canoni cal and conpressed pwm mat ches at the chosen threshol d of
0.82. CompogsrseapgszfiteeiM@etdre two pwii s and palindromc el ements
are contained in the data were identified. The canonical notif

mat ches 106, 630 15-ners from 1, 073, 741, 824 possi bl e 15-ners while the
conpr essd808%Hm naemeariag Aaglis: hescaxhdoedidiesnt sosfachmppiemfperations
268, 435, . ] I 6
sequenc eﬁﬁggp %e{%ﬁl;]ty%% EP %V\E%éigﬁﬁsg 3%%%519 %%ég%é’%%\( gn{é’r@églggg%ga g g% can
be det ectld@o-iy1Hords usdrbanclanmwitioalweagid naonpipessedamiptaol was diphed Grscad he
nunber of, 15-nmer s es t hat tched either the conpressed or
canoni calthrr%%tf ?etﬁ%fefﬂﬁ@?a%ﬂf rE)cle§/fqr edjerFsefI?ae??a%ﬁnﬁ)ﬁl' 29, 922 sequences
respectively). This underlines that although there is overlap between
t he conpr{e8s@d andcastodtidiffdrenrebafigundine of the yodan nwoifhvaraanbf thy t he

sanme DNA sequence, in tyality the re distinct entities.

[00102] Ré’&%%{b?”ﬁ%ﬁﬁen%%g%%%ﬁ%:ungﬁéf %ﬁé’ﬂﬂ%ﬂ oF %?Pgéﬁés%‘_%é’,c‘ Sox7
and Sox1inMET & 1 BNekk AVEsO el IohaaeRiohs 8Kl 8&pEiva RtbtiRd ThisiaBBwt®
honogenei ty as described el sewhere (Pal asingam P. et al. JM| Biol

(2009) 3de: copsigucgion of mane sifisrre yppdicspd wosli s tfonsek RV 0 arsif.depm
Sox2HMGL j ' - . i
ovi sopr ot GEphRE @R b bofCordel Gk Bb, A8 cviaBNGNE BbO8E: Bunar

a transf eignifiyttiee ¢thaed pEhE2AIf elepreel shd divpigastitbctr Whp rgxf) NBwGBAFEWAYTmM LR

technol o an urified psing establ.ished procedures, ( al .

2008) 0SB e h D T ST E e Pttt Pl HAB 5
of mouse Xt 4isf EQRLANES al Aere?88nSrEssbdIHwintd, by LIgRBktInDA Bisebilir beéwess pr Ot
id P20263) was produced as fol|ows. COct4-POlJ was introduced into the
pENTR/ TEVAEEoRamdogerars of By nentifdebelisfatoxfobm_orémicHg [ARPoKT &8s er r ed
into the pETG40A expression plasmd The fusion protein containing an
N-ter mi nghodP t Age- Bt B e oy

Lur o Bor (LB R e it i P 3 e IO e

1. 1g/ ml Angifcidcpyary &ol SACimplemegedasor simplegogitign efebi matigdicorgneosliv

i So- propyl.: -1 .hj j (LPTQ. far i i f % 5
nour o, Ceptngafy et B BERGELAC Lok L Aol B BNy Pl R o,
200 MM Na@hrkod OMoEe)TRhe dlforitvhIndtedess apihe bidkaromng camettidn. SThiptypelohy
soni fication_at  35anpitude with 2s-on/4s-off far 15mn.at 4C. e
MVBPf usi or?l%ﬂr’éli}r&i‘%%o“\‘;%?‘ély fetpig B Fﬂffgé‘addfmqéﬁi P8 SO FaRcl of
cl eaved usinB@iphioh #45a bRldEkY ldrdigolet e RaRAGEiAvedil vay EbSITOREA t O
remove the MEP ta Cl eaved protein was further purified using a

Resour ce-Maryae, BeBligieie PiosgpmaicaRdO8) 1:2eP-344) nlhe advaszse okt log-

radi ent . (Wole Lo |y ..C
et 4. pu Satd i LD of By RGeS s SR Bl A O RRYEP
HEPES pHMa@dw#€@0 nM NaCl ) using PD 10 (GE Heat hcare) and concentrated
usi ng VI VASPI N 3MACO col umms (Sartorius). [00104]Site-directed
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. Aigos used to generate GATEWAY entry clones nouse Sox2HMA ong
(TOPO  Forward: CACCATGGGCGGCAACCAGAAGA Reverse:

TTACATGCTGIT GCAA mouse Cct4PQU (TOPO Forward:
CACCCCCGAGGAGTCCCAGG Rever se: TCATTCTCGTITGGGAATACTCAATA 3 4 nouse
Sox2 full (BP) Forward: GGGGACAAGTTTGIACAAAAAAGCAGCCTTCacc
ATGTATAACATGATGGAGACGEGAG Rever se:

ggggaccaqpygspcapgaam QQ{%T%W RtoShoiRYS Srex 17 Tull
(BP) Forward:” GGGGACAAGT TTGTA! GCAGECTTCaccat gagcagcccggat gc
Rever se: gogggessdpen ighadwdgléearge fgggtal TAAATGTCGGGGTAGITGC

Wpn = 1082 [( {5t sqrt(Np) * by ) / ( Ny, + sqri(Ny) ) / by]

where w 1s the weight of a particular nucleotide at each position p in the matrix for each
nucleotide n. { is the number of occurrences of each nucleotide n at position p, N is the
total number of occurrences of A, C, G and T nucleotides at this position p. b is the
expected background for this nucleotide n, which was assumed to be equal, 1.e. [0.25,
0.25, 0.25, 0.25]. This is a reasonable assumption for promoter regions (here, considered
as -10kb of transcription start sites) which in human and mouse are roughly 25% each of
A, C, T, G, but this assumption does not hold distal to promoter regions which tend to

become CG rich. No further corrections were made for background variations.

[0093] To scan a section of DNA sequence, the following formula was used to

determine a score at each possible position for the motif:

s = (Z[wpn] - m)/ (M -m)

where s = the normalised score between 0 and 1, w is the weight for the actual nucleotide
n at position p, M is the maximum possible score for the pwm and m is the minimum
possible score for the pwm (calculated by summing all of the minimum or maximum

values for the pwm at each column in the pwm matrix).

[0094] A simple log-odds motif discovery tool (nicknamed: PMF) was implemented
in Python (versions >2.5 <3.0).

[0095]  Threshold estimation, and Chip-seq sequence window size: Searching with a
pwm relies on the setting of an arbitrary threshold above which a particular motif is
accepted and below which the motifis discarded. It was known that the motif was

enriched in the Sox/Oct ChlP-seq list from (Chen, X. et al., Cell (2008) 133: 1106-1117)
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7 8 11. Adigos used to nutagenize Sox proteins (only forward oligo
shown) Sox21E CATCGACGAGGCCGAGCGGCTGCGCCCTCTG 9 Sox2' 17
GAGAAGCGGCCGT TCGT CGAGGAGGCCGAGCGECT

GCGCGT TCAGCACATGCAGGACCACCCGAATTATAAATACCGG 10 Sox! 7Ei ¢
GTGGAAGAGGCCAAGCGGCTGCGCGTGCAG 11 111 Adigos used to validate
retroviral inserts fromiPS cells pMX- f orwar d GGGTGGACCATCCTCTAGACT

12 Sox 17'40%&@%1%@%%@%%&% control, a singleton-GFP list was used, a
list of single mapped reads derived from an anti-GFP ChIP-seq result (Chen, X. et al,,
Cell (2008) 133: 1106-1117). The singleton-GFP list is believed to be representative of
the proportion of the genome available for sequencing, and hence already includes
potential sequencing bias, yet is otherwise randomly distributed across the 'sequence-able

genome',

[0096]  The canonical sox/oct motif {soxf_Obp_octf) was scanned against a list of
FASTA sequences derived from the Sox/Oct ChIP-seq or a randomly sampled list of
10,000 smgleton-GFP sites. The centre point of the coordinates was taken and the
window was expanded by 100 bp in each direction. To establish the optimal motif
discovery threshold, the threshold was varied from 0.8 to 1.0 and the Sox2/Oct4 and the
singleton-GFP lists were then scanned. At a motif threshold of 0.82, 5% of the motifs in
the singleton-GFP list were found as compared to in the same number of Sox2/Oct4

bound sequences (Figure 3).

[0097]  Next, the influence of the size of the FASTA window has on the discovery of
motifs was investigated. The peaks from the Sox2/Oct4 ChIP-seq do not have a
resolution that exactly pinpoints the bonafide binding site, a majority of likely sites seem
to fall very close (within the range of ~ 25bp) of the centre of the ChIP-seq site (Figure
4). To assess the effect of the size of the sequence window on the number of recovered
motifs, a very large window of 750 bp's either side of the centre of the ChIP-seq peak
was used. The size of the motif was then reduced and the motifs were scored as a
percentage of all the motifs within £750bps of the centre of the ChIP-seq (Figure 4). We
settled on a window size of £100 bps, as it includes over 50% of all the possible sox/oct

motifs within =1kb, but minimises the number of motifs discovered by chance alone.

[0098] Collection and modification of motifs: The motif used in this study was
taken from Chen, X. et al., Cel/ (2008) 133: 1106-1117 and was de novo derived from the

Oct4 Chip-seq experiment. The matrix is as follows (represented in Python code):

soxf Obp_octl = matrix('soxf Obp_octf,
[[4, 43, 0, 8], # ¢ -sox2 start
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Sox2-reverse GGGCAGIGIGCCGITAAT 14 Ki1f 4-reverse AAGECCCTGTCACACTTCTG
15 Pou5 fl -reverse CAGITTGAATGCATGGGAGA 16 c-nyc-reverse
TGITCTCGTCGITTCCTCAA 17 IV. digos used for EMSA (only forward oligo
shown) -1 CGGCGCGECATTGTATGCAAATCGGCGECG 18 0
GGCGCGECATTGTCATGCAAATCGGECEECG 19 1 GGCGCGGECATTGTICGATGCAAATCGECGEC 20

[37, 0, 0, 23], #alt

[0, 0, 0, 79], #t

4, 11, 0, 641, #t

[14, 2, 54, 8], #g

e, 3, 17, 62], #1 -s0x2 end
[13, 38, 4, 241, #olg#

[99, 0, 0, 01, # a - oct4 start
[0, 0, 0, 991, Ht

(4, O, 84, 12], g

(42, 42, 4, 4], #ake

[40, 39, 0, 41, # alc

[36, 3, 12, 2], #a

[62, 0, 0, 11, #a

{16, 0O, 2, 29])  #a/t-end octd

[0099]  To insert unbiased base pairs into the matrix, a single unbiased nucleotide was
inserted into the matrix: [1,1,1,1]. Converting this pfm to a pwm will result in the
following pwm matrix for that base pair: [0,0,0,0]. As this does not affect the minimum or
maximum scores for the particular pwm, this approach should have only a minimal bias
on the ability of a matrix to find a particular sequence in the genome. The soxf 10bp_octf

matrix is represented in Python like this:

soxf 10bp_octf = matrix('soxf 10bp_octf,

[[4, 43, 0, 8], #c-sox2 start
[37, 0, 0, 25], #aft

[0, O, 0, 791, #1

(4, 11, 0, 64], #t

(14, 2, 54, 8], #eg

[9, 3, 17, 62], #1t -s0x2 end
[13, 58, 4, 24], #c/g
[1,1,L,1],

[1,1,1.1],

[1,1.1.1],

[L1,L.1],

[15151‘)1]7

[1,1,1,1],

[1!11191]’

[1,1,1,1],

[1,1.1,1],

[1,1,1,1],

[99, O, 0, 0], #a-octd start
[0, 0, 0, 991, #1

4, 0, 84, 121, #g

[42, 42, 4, 4], #alc

[40, 39, 0, 4], #ak

[56, 3, 12, 2], #a

[62, @, 0, 1], #a

[16, 0, 2, 291]) #a/t-endoctd
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2 GCGCGGECATTGICGGATGCAAATCGECGEC 21 3 GCGCGGECAT TGT CGGCATGCAAAT CEECGG
22 4 CGCCGECATTGICGGGCATGCAAATCGECEG 23 5
CGCGGCATTGICGGECGATGCAAATCGEECG 24 6 GCGGCATTGICCCEECGATGCAAATCAEECG 25
7 GCGGCATTGICCGGECEGATGCAAATCEEC 26 8 CGGCATTGI CGCGEECCGATGCAAATCGEC
27

[00100] Next, it was test whether insertion of these unbiased base pairs would
affect the frequency of matches against a random list (Figure 5), on the reasoning that a
random list (here generated from a random selection of 'singletons' from the anti-GFP
immunoprecipitation) would be useful as no significant enrichment of the canonical
soxf Obp_octf motif would be expected. Figure 5 shows that insertion of the unbiased
base pairs does not significantly affect the number of motifs discovered in the same
random list using either a canonical motif (soxf Obp_octf) compared to a 5bp or 10bp
spacer (soxf 5bp_octf, soxf_10bp_octf, respectively). The full results of the pwm scan

against the Sox/Oct list is presented in Figure 6.

{00101} Demonstration the PWMs for the Canonical and Compressed Motifs
Retrieve Different Sequences: All the 15-mer and 14-mer sequences were retrieved that
the canonical and compressed pwm matches at the chosen threshold of 0.82. Common
sequences between the two pwm's and palindromic elements are contained in the data
were identified. The canonical motif matches 106,630 15-mers from 1,073,741,824
possible 15-mers while the compressed pwm matched 39,138 14-mer sequences from a
possible 268,435,456. When the two sets of sequences were overlapped, 9216 sequences
were found to be in common — ie. 9216 15-mer sequences can be detected by both the
canonical and compressed motifs. However, the number of 15-mer sequences that
matched either the compressed or canonical motif is considerably larger (97,414 and
29,922 sequences respectively). This underlines that although there is overlap between
the compressed and canonical motif where they can both identify the same DNA

sequence, 1n actuality they are distinct entities.

[00102] Recombinant Sox proteins: The HMG domains of mouse Sox2, Sox7 and
Sox17 were cloned and heterologously expressed and purified to homogeneity as
described elsewhere (Palasingam, P. et al. J Mol Biol (2009) 388: 619-30). An extended
version of the Sox2ZHMG (denoted Sox2HMGI spanning amine acids 33-141 of the full
length protein, swissprot-id P48432) was cloned using the TOPO technology followed by
a transfer into the pETG20A expression plasmid using the GATEWAY ™ LR technology
and purified using established procedures (Ng et al., 2008).
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9 CGGCATTGTCGCGEECGECATGCAAATCGG 28 10 GGCATTGICCECGGECGECATGCAAATCGG

29 Order

GGCGCGGATGCAAATCATTGICCEECGECG 30 Conver gent

GCCGCGECATTGTCATTTGCATCGECAEECG 31 Di ver gent
GGCGCCGGACAATGATGCAAATCGECEECG 32 Sox tandem

GCGGCATTGTCCATTGTCATGCAAATCGEC 33 Nanog CATGGACATTGTAATGCAAAAGAAGCTG

34 Nanog'

(-1)

[00103] Production of recombinant Oct4 protein: The POU domain of mouse
Oct4 (residues 126-289 of the full length protein, swissprot id P20263) was produced as
follows. Oct4-POU was introduced into the pENTR/TEV/D-TOPO vector by directional
TOPO cloning and transferred into the pETG40A expression plasmid. The fusion protein
containing an N-terminal MBP tag was expressed in BL21(DE3) cells by growing in
Luria Bertani (LB} medium supplemented with 0.2% Glucose and 100 pg/ml Ampicillin
at 37°C to ODyggp of ~0.6-0.8 before adding 0.5mM iso-propyl-beta-thio galactoside
(IPTG) for induction at 25°C for 5 hours. Cell pellet was resuspended in buffer A (20
mM HEPES pH 7.0; 200 mM NaCl; 1 mM EDTA,; 10 mM B-merceptoethanol) and
disrupted by sonification at 35ampitude with 2s-on/4s-off for 15min at 4°C. The MBP-
fusion proteins were first purified using Amylose beads then cleaved using tobacco etch
virus (TEV) protease at 4°C overnight to remove the MBP tag. Cleaved protein was
further purified using a Resource-S (GE Healthcare) column and eluted with a linear
NaCl gradient over 10 column volumes. Fractions containing only cleaved Oct4-POU
protein were pooled, exchanged into a storing buffer (10 mM HEPES pH7.0; 100 mM
NaCl) using PD-10 (GE Heathcare) and concentrated using VIVASPIN 3MWCO

columns (Sartorius).

[00104] Site-directed Mutagenesis: Amino acid substitutions were introduced
using the QuikChange-XL site-directed mutagenesis kit (Stratagene) and GATEWAY
entry clones with DNA oligos listed in Table 1. Sequencing was performed to verify the
successful change of amino acids. Recombinant mutant proteins were expressed and

purified as described for the wildtype constructs above.

Table 1: DNA Oligomers

OLIGO NAME SEQUENCE SEQ
(CLONING iD
TECHNOLOGY) NO.
I. Oligos used to generate GATEWAY entry clones
mouse Forward: CACCATGGGCGGCAACCAGAAGA 1
Sox2HMGlong
(TOPO) Reverse: TTACATGCTGTTCCCGCCGGGGGCCAGCAA 2

22




CTGGACATTGTATGCAAAAGAA 35

assays:

Mol .

Al

(2008) 376(3):758-70).
Tris-HC1 pH 8.0, 50 ji M ZnC12,
P—nerceptoethanol

[ 00105] El ectrophoretic nobility shift

EMSAs were carried out using doubl e-stranded 5
Cy5-1 abel ed DNA (Sigma Proligo,
Bi ol .

see Table 1) (hitch, R, et al. J.
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notif [00113] Figure 4: Expansion of the search wi ndow does not

greatly help the discovery of true notifs.

The Chl P-seq results were

used and the search wi ndow was i ncreased from 50bp through 1400bp and

t he nunber of notifs was then counted, expressed as a percentage of

t he nunber of notifs discoverd when the wi ndow was at its w dest. A

As the w ndow expands the probablllty of flndlng notifs by chance

al one alsoTTmicreases. [B—CGenerated Uy per form 4]9] the —same (..ULIIIL but
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Chl P-sed Yesults. [001 IE}(E‘G@GMTGTGGG@CGM&@&AAW@QC@N sox/ oct 24
vari ant metis- \A\ se¢heratte—of—the—var+ant—roti++s genetr atetd—n—this
study. Ald the conblnaKKﬁh@C%ﬁﬁéﬂéXﬁH@@@GAMGGA@AEGG{EXBps of spacer 25
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[ 00120] Fi gure 11: Characterization of iPS clones reprogramed by
Sox| 7TEK. A. Conbi ned bright field and fluorescent photographs are
presented of isolated i PS col onies. Shown are representative clones
of 1PS cells derived from MEFs that were transduced with Oct4,
c-inyc, KIf4 plus Sox2 (a and b) or Soxl 7TEK (¢ and b). The MEF cells
contained a GFP reporter driven fromthe Cct4 pronoter, thus, iPS
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group Sox protein Soxl1l7 to sox notifs are indistinguishable

(Pal asingam P. et al. J Mol Biol (2009) 388: 619-30). To conpare the
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configurations tested earlier for Sox2 and Cct4 was assessed. The
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recapi tU'tﬁ%ﬁEIP@sﬁﬁW@éh@tﬁﬁné@de for the Sox2/ Cct4 pair (Figure 8D,
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Nunmber of i PS Col onies Sox factor Exp. A Exp. B Exp. C Avg. Sox2
57+19 56+19 90+19 68 Sox17 0 0 0 O Sox17EK 311+124 164124

Specific amplifications of the correct fragment sizes confirmed that there was retroviral
integration of the transduced genes. B. The PCR primers for Sox2 and Sox17 did not
distinguish the alternative alleles of these two genes, therefore, DNA sequencing of the
amplified fragments from Sox17EK clones was performed and confirmed the presence of

E to K mutation.

[00112] Figure 3: Justification for a threshold for the canonical Soxf 0bp_octf

motif.

[00113] Figure 4: Expansion of the search window does not greatly help the
discovery of true motifs. The ChIP-seq results were used and the search window was
increased from 50bp through 1400bp and the number of motifs was then counted,
expressed as a percentage of the number of motifs discoverd when the window was at its
widest. A. As the window expands the probability of finding motifs by chance alone also

increases. B. Generated by performing the same count, but in a random list.

[00114] Figure 5: Insertion of unbiased bases into the motif does not
significantly affect the motifs ability to discover sequences. At all thresholds the
insertion of an unbiased base pair did not significantly alter the number of motifs

discovered in the same random list of FASTA sequences (10,000).

[00115] Figure 6: The full table of variant motifs scanned against the Sox2/0Oct4
ChlIP-seq results.

[00116] Figure 7: in silico discovery of sox/oct variant motifs. (A) schematic of
the variant motifs generated in this study. All the combinations were explored with 0 to
10 bp's of spacer between the sox and oct parts of the motif, also a 'compressed’ motif
was created by deleting the base pair between the sox and oct motif, (B) Frequency of*
returned number of hits for the canonical variant motifs with -1, 1 through 10 bp's of
spacer. The frequency of motif is expressed here percentage increase over a random list
of genomic coordinates. A second independently generated random list is included for
comparison. (C) The Webl.ogo's of the returned motifs discovered by the pwm matching

tool. (D) Percentage increase over background of motif against the different ChIP-seq

27



410124 295 Sox2KE 56+24 7524 104+24 78 Sox2al7 0 0 0 0 OCK only 0 0 O
O [00135]To confirmthat the i PS cells generated by Soxl 7EK were
bonafide i PS cells, a screen was perforned for a set of markers
expressed in reprogranmed, pluripotent cells, but are not found in
MEFs. Several of the i PS col onies generated were expanded and the
gene expression of a selection of narker genes was neasured by

quantitat t |y i s
Er as, Nanls)sésfadecﬁ)cq;?f%ﬁgfgﬁﬁe 3 %11? ee{[ngbégf%?’ 12? kéljlqt%;wg e((q&%ﬁgg%%rg%{&%rﬁ%el S

t o nor malisE@nighing aleitheokeBppingi RSYEet ok sites. The Ootdl gidi&ox2Mifs had

| ow expression F munaost ai ned three of the

Sox| 7EK qugah nesfltgo{)aé gggﬁb?ﬂ@gﬂtﬁfﬂsﬁﬁ%\ﬁ mar ker SSEA-1 (Figure
11C). Al Soxl 7EK i PS cl ones exam ned uniformy expressed the cell
surface nAOkKET] SSEH@:gmarSleiﬁtﬁemm Ia@ﬁfnbbﬂr:j@obczmlm hed\SesPPU Of) ahdcCt or

Sor. Vo SAIBGTRILLLIES B 1 SO STERETEL S, LEAFTY, 7

these datg Hgm&&kw@ RadatiSOK deGned 43 ORRE LAkbRR 1W | h}lgﬁﬁs pNWluces
pl uri potengy [ 00136] Tsﬁ)rg bla(;chPeS(m ane data ind |ca1 th atS EOXZKE

and Sox2alamenty @ﬁta@um@k@twai Rex KABFGBE hand; Qait [@mﬁdﬁé\rﬁ)ucanseommxz
Wi th Cot 4 8@5']5%9 ng‘?ﬂéﬁ% eié t %Eﬁmﬁ § (ﬂ.‘ B’E
Sox2KE vvag&gbélst e | natira V\hclg]t g 2D I&/? %@ﬁ%&g etgé gﬁE
retai ned ddneentd dtmqmﬂpﬁmle amhmvthe ypaasr IBgIOIWBZS uaddl idedlicedymnefsat e i PS
cells (Ta@ Tg%'i wever &g@%ﬁ 17 dgiti al tations a
the Oot 4 CATREC FREGH fA B re e ftheee P Emdios dhagperitin
same assapbuhdaPhecleotidbsl BatgDNA dldment W8 nliRéEk R BldatdRN sl RS Factor
results is that the Sox2al7 interferes with GCct4 interactions
proteins as well as with both Sox2 and Oct4 DBDs in combination (See supplementary
information). 250nM of every cy5-labelled DNA element was incubated with 50nM
Sox2HMGI/Sox17HMG and 250nM Oct4POU proteins alone and in combination
followed by PAGE to asses the formation of ternary Sox/Oct4/DNA complex. The
position of the various protein DNA complexes are marked by arrows. The number of
spacer basepairs is indicated above and below the gels. X=-1 denotes the compressed and
X=0 the canonical elements. The co-occurrence of canonical and compressed motifs
within genomic regions co-bound by Sox2 and Oct4 in mouse embivonic stem cells are
depicted in (B). The significance of the overlap as compared to a randomly generated list

was established using a binomial test. (C) shows the portion of motifs with shared

genomic coordinates.

[00118] Figure 9: (A) Differential assembly of Sox2/Octd and Sox17/0ct4 on the
compressed and canonical elements. Proteins were added to 250nM DNA elements in
the sequences indicated above the lanes. To distinguish shifts caused by Sox2 and Sox17
a N and C-terminally extended Sox2-HMG (Sox2HMGI) domain was used in these
experiments. As a consequence, both, the Sox2/DNA and the Sox2/Oct4/DNA complex,
migrate slower than the corresponding Sox17 complexes, allowing us to visualize a
S0x2/0ct4 and Sox17/0Oct4 DNA complex on the same gel. Protein-DNA mixtures were

incubated for 10 minutes before the next protein component was added. Sox2 and Sox17
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nore strongly than Sox2ICE in an in vivo setting relative to in vitro
measurenents. Alternatively, it cannot be excluded that there is no
sinplistic one-to-one relationship between the potential to

het erodi merize with Oct4 on canonical elements in vitro and the i PS

i nduci ng properties. If so, interactions with third factors, sub
cellular localization, protein stability and post-translational

nodi fi Catvlré?@Iiep%ﬁﬁsﬁmpﬁgﬁ@ctﬁiﬁ@%ﬁ%m%ﬁal%ﬁ%ﬁéﬁ% shat/oeaudabe
differentially affected in the Sox2KE versus the Sox2al7 mnutants.

[ 00137] ThemwpEreudre mavkad\bad sohd Slueibes alildj%cml‘TfQCéﬁDMhbm grgen bl

conpr ess tif
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denonst r &Q¥S Iﬁa ‘P @Pﬁé?@ FEFHEO ﬂﬁ? a(JE’f B ffﬁv'ﬁ&faééaféf d*ﬁa etantigl ¢ hat
drasti caldsyen#¥if ng oaz,@&ﬂam@mmamn b MhbhRal varsaiv ild Ghfbssé0 turn

Sox17 into an’i reprogranmm ng factor. [00138] EXAMPLE 2 [ 00139] Sox7
was nut atedment. Gaepciabye kingion i wgclailed whesitheformation ofjadpinary awhdn t o

Sox17 as dgleser L hed,l n@f%%kﬁméryla%nﬁﬁé}gfg% # R rHH PR co %gﬁ&%
was abl e To I nduce p ur1 potenc In‘contrast to ana us nut
forms of aﬁoﬁvﬂys&;ﬁrxﬁuﬁaﬁldeSi&ﬂﬁlo(td?ngsqneseﬂﬂA 12B). Col on| es were

visible at least as early as day 14 (Fi gure 13). As with Sox17,

i | dt did | I but 7EK
hor e ot IIRPETSIC Rk s 301 GH Ak ef SR o e i s P AP e B e
(Figure AbteinkiBie sdeQﬁﬂ.ﬁahllfdqubme&,,Zr eﬁesubi gigf (20ocirzed2339-58)iapot ency
using OCK al one or with Sox2 or mutants of Sox4, Sox5, Sox13 or Sox7.

A GFP flipfieetiedberisht, The numherae prsspends & eépalwqqgencse*blrm i§ur e

13: Pl uripohefked %er}bt?ﬁaﬂ ’ﬁﬁ’élﬁﬁ%éh\ge ROXdiEled 4oh ARLES MBI DelvShbl € as
early as day 14. G[P\fu 142] Figure 14: "Efficiency of induction of
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pl uri pot h
Sox17EK, %@%ﬁ?’l‘—_z I g‘%ﬁl@argm&%| ge%eﬁl%%%%(gre%é g%ﬁgﬁa %Q%EJ hgg?/ﬁﬁv%n\é%nft
conpar ed diwtahas 2nd 13{591@ 1433 den diatingmidh@rpsSoan? G]fld Sdne ip ravited by anarrswwhier e
it was shown that 7 can |ve hi gher .i PS producti on when
repl aci ngm@aﬂlznw RO %a%étﬂb%t)we Begierhy brie ot Rem actor s
(Cet 4, K1f 4 eMpads fduhin@S‘oﬁhQél‘@orIsH@ét tm \AE!«H-télﬂtmeV&[dféi 8. Mgl as
Sox17EK in fon-ning i PS col onies, both of ch nutants are at | east
4X nor e etficairdntodehprep@er ZISINE’O@&M@JP&SWEﬂﬂE strap el icomdirgitdsfai $atléd
that it |s |vat f Lves

t he hi gher dté?‘ffy *Ztéﬁdg]‘m?hv‘?—’ geevr?gr a %aﬁg AR %O%ék%eisgéndsepg cfﬁ%f ﬂfe

Sox2HVG dsuxRigetl amcnme Bohesn in light §2) SekI(bldep wioxibérifipbet mhdve8ox2
activation domai n Em no 1gm ds 147 to 4@@ showed t he i ncreased
ef fi ci end§rEQRGY 8 Sheyn 1 epks Bpie thhtlas Huker psgioncappectiag ths PRTGseseiic 7

proteins ARghd F@U%in@&'oaﬁimﬁ’s! At bRALANE e NMMR GRRSLT HE S 4 1o Guand
Sox17. B. Pluripotent col onies induced 3;&@(}; t he various chineric Sox

prot ei n chsesdardthesglupoaed e AMP] e Bys[ro Theé werd mgutated apshpenes ogy
bet ween %%ﬂ%%d %Hgksnﬂg&%he{t tl‘?enﬁ/? [lé Q)Ilktg)ﬂl Ju% A@f3tive conformations in the NMR

model. (C}Point mutations at the Sox/Oct4 interface swap the differential assembly

behavior of Sox2 and Sox17 on the canonical versus the compressed element. DNA
element derived from a functional sox/oct element within the Nanog enhancer were used
(Rodda, D.J. et al. J Biol Chem (2005) 280:24731-7). 2 denotes Sox2HMGs, 17:
Sox17HMG, 2KE: Sox2KE, 17EK: Sox17EK and 2a17 the replacement of all Sox2
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The HMG donmain is 100% conserved between the two species.

[ 00148] Human i nduced pluripotent stem (i PS) cells can be generated by
viral transduction of human adi pose-tissue derived nesenchynmal stem
cells (hAd-MsCs) (Sun, N. et al., PIOC Natl Acad Sci USA (2009)

106: 15720-725) with the four "Yamanaka factors": OCT4, SOX2, KLF4 and
c- WC (Takahashi and Yamanaka (2006) Cell 126:663-676). The detail ed
protocol (b§ads if H’éﬂx@v‘ﬁat dl@QJﬁ]o%l fQRrcoMbdpdRdiRE ngﬂcﬁﬂeﬁfl‘ues %%hc’ileéo&@y i ral
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compressed motif constitutes a genuine motif variant. To explore the third possibility, it
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9. The nmethod of claim7 or 8 wherein the non-pluripotent cell is a
human cel | . 10. The method of any one of clains 7 to 9 wherein the
non-pluripotent cell is a fibroblast or a nesenchymal stemcell. 11
The net hod of any one of clainms 7 to 9 wherein the non-pluripotent
cell is a partially differentiated cell. 12. The nethod of any one
of claims 7 to 9 wherein the non-pluripotent cell is fully
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non-pluripotent cell is an enbrﬁonic fibroblast. 14. The nethod of
cl ai m 7 onrotd. imelvais ot the@ wionarpl the fesoernss thaemptch sheqryva aiap peréarmied gud
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MUTANT SOX PROTEINS AND METHODS OF | NDUCI NG PLURI POTENCY <130>

pat ont | n 981 &8on 3 ed 3T ioa]s Fon B oo pflal 8 9ict 3y Sl o gpe v
group Sox protein Sox17 to sox motifs are indistinguishable (Palasingam, P. et al. J Mol
Biol (2009) 388: 619-30). To compare the heterodimerization properties of Sox2 and
Sox17, the differential assembly of Sox17 and Oct4 DBDs to the same panel of sox/oct
motif configurations tested earlier for Sox2 and Oct4 was assessed. The overall pattern of
heterodimerization on most motif configurations recapitulates observations made for the
Sox2/Oct4 pair (Figure 8D, lanes 5-49). However, in stark contrast to the inability of
Sox2 and Oct4 to co-assemble on the compressed motif, Sox17 and Oct4 exhibited a
cooperative binding mode on this element (Figure 8D, lanes 2-4). This finding indicates a
qualitative binding difference of the Sox2/Oct4 versus the Sox17/0Oct4 heterodimers on
cis-regulatory DNA which might constitute the biochemical basis for their distinct roles

in mammalian development.

[00129] Assembly of Distinct Sox/Octd Pairs Depends on the cis-regulatory
Context: To further dissect the differential assembly of the Sox2/Oct4 versus Sox17/Oct4
pairs in different cis-regulatory contexts competition binding experiments were
conducted on the canonical and the compressed elements. Figure 9A lanes 3-5 indicate
that all binding partners retarded equal amounts of DNA at the experimental condition
when added individually. To asses whether the sequence of the addition of the protein
components affects the heterodimerization efficiency, the labeled DNA probe was pre-
mixed first with either Sox2 or Sox17 or the Oct4 binding partners before adding the
remaining proteins to the reaction. Lanes 7-8 and 10-11 confirm that only the Sox17/Oct4
heterodimer was capable of assembling on the compressed sox/oct element whereas the
co-binding of Sox2 and Oct4 was obstructed. The heterodimerization of Sox17 and Oct4
on the compressed element was not abrogated in the presence of Sox2 (Lanes 16-19) and
the sequence of component addition had only marginal effects on complex formation. A

similar experiment was carried out to study the assembly behavior on the canonical
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<220> <223> synthetic prinmer <400> 1 caccatgggc ggcaaccaga agaz23
<210> 2 <211> 30 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 2 ttacatgctg ttcccgccgg gggccagcaa30 <210> 3 <211> 20
<212> DNA <213> artificial <220> <223> synthetic prinmer <400> 3
cacccccgag gagtcccagg20 <210> 4 <211> 25
sox/oct motif (Figure 9B). Sox2 and Oct4 exhibited a cooperative binding mode on this
element as indicated by a complete supershift of the Oct4/DNA complex if Sox2 was
present (Lane 7-8). However, when Sox17 and Oct4 were incubated with the canonical
element, the supershift of the Oct4/DNA complex was incomplete, suggesting an additive
or only weakly cooperative binding mode. Furthermore, when the three factors were
incubated together the majority of supershifted Oct4 migrated in a Sox2/Oct4/DNA
complex while the Sox17/0ct4/DNA complex was of markedly lower abundance. The
bulk of the Sox17 protein remained singly bound to DNA. The sequence of addition of
the Sox proteins did not significantly affect the experimental outcome. These results
indicate that Sox2 exhibits biochemical properties at the Oct4 binding interface enabling
it to out-compete Sox17 on the canonical sox/oct element. Together, while Sox17/Oct4
binding was sterically possible on the canonical element (Lane 10-11) complex formation
was strongly enhanced on the compressed element for the Sox17/Oct4 pair (3A lane
10/11). Conversely, Sox2/0Oct4 dimerization was occluded on the compressed motif

presumably due to steric hindrance (Figure 9C).

[00130] A series of control experiments were conducted to establish the
significance of these findings and tested another F-group Sox protein, Sox7, a shorter
version of the Sox2 protein restricted to the core of the HMG domain and altered the
spacer residue of the canonical motif (Figure 1). In summary, the preference to assemble
with Oct4 on compressed elements appears a robust property of the F-group Sox proteins
Sox7 and Sox17, whereas Sox2/0ct4 dimerization is impaired on this motif. In addition,
the structural elements that equip the Sox proteins under study with the ability to
differentially assemble on subtly different motif variants must reside within the core of

the HMG domain.

[00131] Point Mutations at the Octd Interaction Surface Swap the DNA
Dependent Dimerization Potential of Sox2 and Sox17: Structural studies on Sox17
(Palasingam, P. et al. J Mo/ Biol (2009) 388: 619-30) and Sox2 (Remenyi, A., Genes
Dev. (2003) 17(16):2048-59; Williams, D.C., J. Biol. Chem. (2004) 279(2):1449-57)
revealed that DNA base contacts as well as the protein induced deformation of the DNA

are virtually identical for both proteins. However, a different electrostatic surface
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<212> DNA <213> artificial <220> <223> synthetic prinmer <400> 4
tcattctcgt tgggaatact caata25 <210> 5 Sequence Listing.ST25 <211> 58
<212> DNA <213> artificial <220> <223> synthetic prinmer <400> 5
ggggacaagt ttgtacaaaa aagcaggctt caccatgtat aacatgatgg agacggag58
<210> 6 <211> 50 <212> DNA <213> artificial <220> <223> synthetic

pri mer

potential was observed in a region centered at helix 3 (Palasingam, P. et al. J Mo! Biol
(2009) 388: 619-30) that constitutes the presumed Oct4 contact interface. Overall, Sox
B1 and F group proteins exhibit remarkable sequences conservation but residue 122
(Sox17 numbering) at the Oct4 contact interface exhibit a subgroup specific pattern
(Figure 10A). B group Sox proteins contain a basic lysine at this position which is
replaced by an acidic glutamate in F group Sox proteins which appears to alter the
electrostatic properties of both proteins (Palasingam, P. et al. J Mol Biol (2009) 388: 619-
30). To test if this residue causes the differential assembly of Sox2 and Sox17 with Oct4
Iysine 95 in Sox2 was mutated into a glutamate (Sox2KE) while glutamate 122 in Sox17
was converted to a lysine (Sox17EK, Figure 10B). In addition, 2 Sox2 construct was
generated m which all 8 helix-3 residues in proximity to the putative Oct4 contact
interface were converted into their corresponding counterparts found in Sox17 (denoted
Sox2a17, Figure 10B). Next the potentials of the mutated Sox proteins for co-assembly
with Oct4 on the canonical and compressed elements derived from the regulatory region
upstream of Nanog (Rodda, D.J. et al. J Biol Chem (2005) 280:24731-7) were assessed.
The wildtype Sox2 and Sox 17 proteins bind the Nanog promoter derived element
identically to the idealized elements described earlier (Figure 10C, Lanes 3-6; 15-18).
Mutation of the Oct4 interface, however, swapped the binding profiles of Sox2 and
Sox17. The ability of the mutated Sox2 constructs Sox2KE and Sox2a17 to dimerize
with Oct4 on the canonical motif was substantially weakened (compare Figure 10 lanes 4,
8 and 12). Conversely, the Sox17EK cooperated more strongly with Oct4 than WT Sox17
on the canonical element (lanes 6 and 10). Consistently, testing binding of the mutated
Sox constructs to Oct4 on the compressed element displayed the reverse pattern.
Mutating the Sox2HMG to Sox2KE installed the ability of this construct to assemble
with Oct4 on the compressed element which was denied to the wildtype domain (lanes
16, 20, 24). Conversely, the Sox17EK mutation eliminated a key feature necessary for
co-assembling with Oct4 on the compressed element (lanes 18, 22). These results indicate
that a single amino acid at the Oct4 contact interface constitutes an important determinant
for a qualitative binding difference of the Sox2/Oct4 versus the Sox17/Oct4 transcription

factor pairs on motif variants.
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<400> 6 ggggaccact ttgtacaaga aagctgggtt cacatgtgcg acaggggcag50
<210> 7 <211> 51 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 7 ggggacaagt ttgtacaaaa aagcaggctt caccatgagc agcccggatg
c51 <210> 8 <211> 49 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 8 ggggaccact ttgtacaaga aagctgggtt taaatgtcgg
ggtagttgc49 <210> 9 <211> 31 <212> DNA <213> artifici al

[00132] Generation of induced pluripotent stem cells using a rationally
engineered Sox17 construct: Sox2 and Sox17 differ in their ability to generate iPS cells
(Nakagawa, M. et al. Nat Biotechnol (2008) 26:01-6). Although Sox2 in combination
with Oct4, KIf4 and c-myc can reprogram somatic cells, Sox17 cannot. iPS cell
generation was used to assess the capacity of the designed recombinant Sox variants to

induce pluripotency.

[00133] Four co-transfected transcription factors are required to generate mouse
iPS cells Oct4, c-Myec, KIf4, (OCK) and Sox2 (Takahashi and Yamanaka (2006) Cel/
126:663-676). In the reprogramming assay, an average of 68 iPS clones were generated
with OCK plus Sox2 and no colonies appeared when Sox2 was omitted {Table 2). OCK
plus Sox17 did not generate any iPS colonies as previously described (Nakagawa, M. et
al. Nat Biotechnol (2008) 26:01-6). It was next confirmed that Sox17EK could replace
Sox2 in the generation of iPS cells (Figure 11A and Table 2). In three independent
experiments, an average of 295 iPS colonies were generated per plate of MEFs. The
morphology of the colonies and level of Oct4-GFP expression in the reprogrammed cells

by Sox17EK were indistinguishable from those generated by Sox2 (Figure 11A).

[00134] The numbers of iPS colonies generated by wildtype and mutant version of
Sox2 and Sox17 in 3 separate experiments (Exp. A, B, and C) are shown in Table 2. The
indicated versions of the Sox factors were cotransduced by retroviral vectors together
with Oct4, c-myc, and KIf4 (OCK) into MEF cells. Oct4-GFP+ colonies appearing on
each plate, performed in triplicate (average & S.D.), were counted 3 weeks post infection.
The overall average (Avg.) number of colonies generated in the three experiments is

shown in the last column.
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<220> <223> synthetic prinmer <400> 9 catcgacgag gccgagcggc tgcgcgcetct
g31 <210> 10 <211> 78 <212> DNA <213> artificial <220> <223>
synthetic prinmer <400> 10 Sequence Listing.5T25 gagaagcggc
cgttcgtcga ggaggccgag cggctgecgeg ttcagcacat gcaggaccac60 ccgaattata
aataccgg78 <210> 11 <211> 30 <212> DNA <213> artificial <220> <223>
synthetic prinmer <400> 11 gtggaagagg ccaagcggct gcgcgtgcag30 <210> 12
<211> 21 raBle2> $oMfmaie b8P ddldulidsCeled@aAN altsrdadr foMid dfeokCc pri ner
<400> 12 gggtggacca tcctctagac t21

Number of 1PS Colonies

Sox factor Exp.A Exp.B Exp.C Avg.

Sox2 57+19 5619 90+19 68
Sox17 0 0 0 0
Sox17EK 312+124 l64+124 4104124 295
Sox2KE 56424 754+24 10424 78
Sox2al7 0 0 0 0
OCK only 0 0 0 0

[00135] To confirm that the iPS cells generated by Sox17EK were bonafide iPS
cells, a screen was performed for a set of markers expressed in reprogrammed,
pluripotent cells, but are not found in MEFs. Several of the iPS colonies generated were
expanded and the gene expression of a selection of marker genes was measured by
quantitative RT-PCR (Figure 11B). All of the pluripotency markers Eras, Nanog, Oct4,
Sox2, Zfp206 and Zic3, exhibited comparable levels to normal ES cells and OCK Sox2
iPS cells while the original MEFs had low expression (Figure 11B).We also
immunostained three of the Sox17EK. iPS lines for Sox2 and the pluripotency marker
SSEA-1 (Figure 11C). All Sox17EK iPS clones examined uniformly expressed the cell
surface marker SSEA-1 and the nuclear localized transcription factor, Sox2. We also
confirmed transfection of the transgene's insert size and nucleotide sequence from iPS
clones (Figure 2). Collectively, these data demonstrate that Sox17EK, in cooperation

with OCK, induces pluripotency.

[00136] The biochemical data indicate that the Sox2KE and Sox2al7 mutants
weaken the heterodimerization potential of Sox2 with Oct4 on canonical elements
similarly to that observed for Sox17. Sox2KE was tested in combination with OCK; it
was found that Sox2KE retained the wildtype Sox2 activity as it was able to generate iPS
cells (Table 2). However, the Sox2a17 with additional mutations at the Oct4 contact
interface were unable to induce pluripotency in the same assay (Table 2 and Figure 11).

One interpretation of these results is that the Sox2c¢17 interferes with Oct4 interactions
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<210> 13 <211> 20 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 13 tcaaatgtcg gggtagttgc20 <210> 14 <211> 18 <212> DNA
<213> artificial <220> <223> synthetic primer <400> 14 gggcagtgtg
ccgttaat 18 <210> 15 <211> 20 <212> DNA <213> artificial <220> <223>
synt hetic prinmer <400> 15 aaggccctgt cacacttctg20 <210> 16 <211> 20
<212> DNA <213> artificial Sequence Listing.ST25 <220> <223>

synt het i Gnéie isti®gly than Sox2KE in an in vivo setting relative to in vifro measurements.
Alternatively, it cannot be excluded that there is no simplistic one-to-one relationship
between the potential to heterodimerize with Oct4 on canonical elements in vitro and the
iPS inducing properties. If so, interactions with third factors, sub cellular localization,
protein stability and post-translational modifications are amongst the candidate processes

that could be differentially affected in the Sox2KE versus the Sox2a17 mutants.

[00137] This study involved in silico identification of a novel compressed motif,
the biochemical demonstration that this DNA motif can recruit different Sox/Oct pairs in
contrast to its canonical counterpart, and the reverse engineering of the differential
assembly behavior by analyzing structural models. Ultimately, it was demonstrated that a
single point mutation introduced at a site that drastically affects Oct4 interaction in vitro

is sufficient to turn Sox17 into an iPS reprogramming factor.
[00138] EXAMPLE 2

[0013¢9] Sox7 was mutated at the corresponding Glu residue in a similar fashion to
Sox17 as described in Example 1 to produce a Sox7EK mutant. Sox7EK was able to
induce pluripotency, in contrast to analogous mutant forms of Sox4, Sox5 and Sox13
(Figure 12A, 12B). Colonies were visible at least as early as day 14 (Figure 13). As with
Sox17, wildtype Sox7 did not induce pluripotent colonies, but Sox7EK was more

efficient than Sox2 (wildtype) at producing pluripotent colonies (Figure 14A, 14B).

[00140] Figure 12: Results of induced pluripotency using OCK alone or with
Sox2 or mutants of Sox4, Sox3, Sox13 or Sox7. A. GFP fluroescence. B. Alkaline

phosphatase staining.

[00141] Figure 13: Pluripotent colonies induced by Sox7EK. Colonies were
visible as early as day 14.

[00142] Figure 14: Efficiency of induction of pluripotency. A. Wildtype Sox2
and Sox7EK were able to induce pluripotency whereas Sox2KE and Sox7 wildtype did
not. B. As with Sox17EK, Sox7EK is more efficient at inducing pluripotency when

compared to Sox2.
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<400> 16 cagtttgaat gcatgggaga20 <210> 17 <211> 20 <212> DNA <213>
artificial <220> <223> synthetic prinmer <400> 17 tgttctcgtc
gtttcctcaa20 <210> 18 <211> 30 <212> DNA <213> artificial <220> <223>
synt hetic prinmer <400> 18 cggcgcggca ttgtatgcaa atcggcggcg30 <210> 19
<211> 30 <212> DNA <213> artificial <220> <223> synthetic primer
<400> 19 ggcgcggcat tgtcatgcaa atcggcggcg30 <210> 20 <211> 30 <212>
DNA <21350at43]f i ci &h arcS2Omion2d 3 Eyvibiretok wittdievas4ddm (24 Sggtriggcat
t gt cgat gca aat cggc 0
gtegaty mutant car? %iv%%?g%eril’s production when replacing Sox2 (the Yamanaka factor) used
with the other 3 factors (Oct4,K1f4,cMyc), it was shown that Sox7EK mutant works as
well as Sox17EK in forming iPS colonies, both of which mutants are at least 4X more

efficient than Sox2.

[00144] As well, experiments indicated that it is the C terminal “activation”
domain of Sox17 which gives the higher efficiency of iPS generation. A chimera
consisting of Sox2HMG domain (amino acids 1 to 121) with the Sox17 C-terminal

activation domain (amino acids 147 to 420} showed the increased efficiency (Figure 16).

[00145] Figure 15: Chimeric Sox2 and Sox17 proteins and induction of
pluripotency. A. Constructs of Sox2 and Sox17. B. Pluripotent colonies induced using

the various chimeric Sox protein constructs.
[00146] EXAMPLE 3

[00147] There is a high homology between human and mouse transcription factors.

The HMG domain is 100% conserved between the two species.

[00148] Human induced pluripotent stem (iPS) cells can be generated by viral
transduction of human adipose-tissue derived mesenchymal stem cells (hAd-MSCs) (Sun,
N. et al., Proc Natl Acad Sci USA (2009) 106:15720-725) with the four “Yamanaka
factors™: OCT4, SOX2, KLF4 and ¢-MYC (Takahashi and Yamanaka (2006) Cell
126:663-676). The detailed protocol is as follows.

[00149] For virus production, pMXs retroviral vectors are used in which the cDNA
sequences of Octd, c-Myc, KIf4, Sox2, Sox2KE, Sox7, Sox7EK, Sox17 and Sox17EK
were cloned. 20 x 10° of virus-producing 293GP2 cells are plated in a 15cm dish and
transfected the next day by using Fugene6 transfection reagent. 112.5 pl of Fugene are
mixed with 750 pl of DMEM for 5 minutes. Then 22.5 pg of pMXs vector and 22.5 pg of
a VSV-G vector are added drop by drop. 15 minutes later the mix is transferred onto the
293GP2 cells and incubated overnight. The next day (Figure 16, d-1) the media of
293GP2 cells is changed with 20ml of fresh media, and 380 000 cells hAd-MSCs are
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<210> 21 <211> 30 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 21 gcgcggcatt gtcggatgca aatcggcggc30 Sequence

Li sting.5T25 <210> 22 <211> 30 <212> DNA <213> artificial <220> <223>
synt hetic prinmer <400> 22 gcgcggcatt gtcggcatgc aaat cggcgg30 <210> 23
<211> 30 <212> DNA <213> artificial <220> <223> synthetic primer
<400> 23 cgcggcattg tcgggcat gc aaat cggcgg30 <210> 24 <211> 30 <212>
DNA <213>iaed id 3 ifRtent8f disked2dated Wih M@ inlag EBLJuiBficdfiABzeldDCgcggcat t g

tcgggegat lgiogggn?:gs%gi%cstga?lgard hAd-MSCs media. The day after the virus is collected and
concentrated by using Amicon® Ultra Centrifugal Filter Units according to the
manufacturer’s instructions (Millipore) and cells are infected a 1% round with Oct4, c-
Myec, KIf4 and the corresponding Sox factor. 20ml of fresh media is added again in the
293GP2 cells for a second round of infection the next day. The following day the hAd-
MSCs media is changed to hES media : mTESR1 media from Stem Cell Technologies.
The media-is then changed every consecutive day from 20 to 25 days till the appearance
of hES-like colonies. Then the colonies are stained alive for the pluripotency marker
SSEA4 and counted under a fluorescent microscope. Positive colonies are then picked in

24well format plates for individual amplification and more characterization. Results are

shown in Figure 17.

[00150] Figure 16: An overview of the generation of human iPS cells using

human adipose-tissue derived MSCs.

[00151] Figure 17: Human iPS colonies induced using Octd+c-
Myc+Kif4+Sox17EK.

[00152] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The citation
of any publication is for its disclosure prior to the filing date and should not be construed
as an admission that the present invention is not entitled to antedate such publication by

virtue of prior invention.

[00153] As used in this specification and the appended claims, the singular forms
“a”, “an” and “the” include plural reference unless the context clearly dictates otherwise.
As used in this specification and the appended claims, the terms “comprise”,
“comprising”, “comprises” and other forms of these terms are intended in the non-
limiting inclusive sense, that is, to include particular recited elements or components
without excluding any other element or component. Unless defined otherwise all

technical and scientific terms used herein have the same meaning as commonly
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<210> 25 <211> 30 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 25 gcggcattgt ccgggcgatg caaat cggcg30 <210> 26 <211> 30
<212> DNA <213> artificial <220> <223> synthetic priner <400> 26
gcggcattgt ccgggcggat gcaaatcggc30 <210> 27 <211> 30 <212> DNA <213>
artificial <220> <223> synthetic priner Sequence Listing. 5T25 <400>
27 cggcattgtc gcgggcggat gcaaat cggc30 <210> 28 <211> 30 <212> DNA
<213> ar tirdegtodll t@dBf ofdidady sBiyiih biRtalrGo MWhidBthis invention belongs.

[00154] All lists or ranges provided herein are intended to include any sub-list or

narrower range falling within the recited list or range.

[00155] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the spirit

or scope of the appended claims.
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<220> <221> M SC_FEATORE <222> (1)..(21) <223> Cct4 contact interface
from Sox7 <400> 36 Leu Ser G n Lys Arg Pro Tyr Val Asp u Ala GQu
Arg Leu Arg Leu 151015 G n H's nmet A n Asp 20 <210> 37 <211> 21 <212>
PRT <213> artificial <220> <223> synthetic peptide <220> <221>
M SC FEATURE Sequence Listing.ST25 <222> (1)..(21) <223> Cct4
contact interface from Sox17 <400> 37 Leu Ala Qu Lys Arg Pro Phe Val
GQu Au Ala Qu Arg Leu Arg Val 151015 Gn H's Met @ n Asp

WHAT IS CLAIMED IS:

1. A mutant Sox protein comprising an amino acid sequence encoding a high
mobility group domain of a Sox2 protein and a C-terminal activation domain of a Sox7

protein or a Sox17 protein.

2, The mutant Sox protein of claim 1 wherein the C-terminal activation domain is

the C-terminal activation domain of a Sox7 protein.

3. The mutant Sox protein of claim 1 wherein the C-terminal activation domain is

the C-terminal activation domain of a Sox17 protem.

4. A nucleic acid molecule encoding the mutant Sox protein of any one of claims 1
to 3.

5. A cell expressing the mutant Sox protein of any one of claims 1 to 3.

6. A cell comprising the nucleic acid molecule of claim 4.

7. A method of inducing conversion of a non-pluripotent cell to a pluripotent cell,

the method comprising culturing the non-pluripotent cell in the presence of i) the mutant
Sox protein of any one of claims 1 to 3; ii) Oct4; and iii) at least one of c-myc and Kif4

and in conditions suitable for growth of embryonic stem cells.

8. A method of inducing conversion of a non-pluripotent cell to a pluripotent cell,
the method comprising co-expressing in the non-pluripotent cell 1) the mutant Sox protein
of any one of claims 1 to 3; ii) Oct4; and i11) at least one of c-myc and K1f4 from one or
more expression vectors and culturing the non-pluripotent cell in conditions suitable for

growth of embryonic stem cells.

9. The method of claim 7 or § wherein the non-pluripotent cell is a human cell.
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20 <210> 38 <211> 319 <212> PRT <213> Mus nuscul us <220> <221>
m SC_FEATURE <223> Sox2 <400> 38 Met Tyr Asn Met Met GQu Thr Qu Leu

Lys
Gy
Pro
Arg
Asn
Ser
Arg
Arg
Pro

Pro
Asn
Asp
Ay
Ser
du
Al a
Arg
dy d

Pro Ay Pro An dn 151015 Ala Ser Ay dy dy Ay Ay dy
Ala Thr Ala Ala Ala Thr 202530 Ay Ay Asn G n Lys ASn Ser
Arg Val Lys Arg Pro Met Asn 354045 Ala Phe Met val Trp Ser
Gn Arg Arg Lys Met Ala G n du 505560 Asn Pro Lys Met Hi s
AQulle Ser Lys Arg Leu Ay Ala Gu 65707580 Trp Lys Leu Leu
Thr GQu Pro Phe Ile_As u. Al a 859095 Lys Arg Leu
Uy H.Téwm@&hq_ agy gog-piclapmg 7 Agg%felm the nypluripeEdEElldS Ar g Pro

Lfﬁj?oﬁmol-é/&e;@ﬁﬁh%ﬁ"}]s%{celﬁys Lys Asp Lys Tyr Thr 115120125 Leu
eu Al a Ay Ay ASn Ser Met Ala Ser Ay

11.  The method of any one of claims 7 to 9 wherein the non-pluripotent cell is a

partially differentiated cell.

12.  The method of any one of claims 7 to 9 wherein the non-pluripotent cell is fully

differentiated cell.

13.  The method of claim 7 or 8 wherein the non-pluripotent cell is an embryonic
fibroblast.
14. The method of claim 7 or § wherein the non-pluripotent cell is an adipose-tissue

derived mesenchymal stem cell.
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130135140 Val dy val Ay Ala Gy Leu Ay Ala Ay val Asn A n Arg Mt
Asp 145150155160 Ser Tyr Ala His Met ASn Ay Trp Ser ASn Ay Ser Tyr
Ser Met Met 165170175 Sequence Listing.ST25 Gn Qu Gn Leu Ay Tyr
Pro Gn Hs Pro Ay Leu Asn Abegudinge @igt18QE85190 Ala Ala A n Met G n
Pro Met His Arg Tyr Asp VéEQLSéJICEﬂJIéTB&J G n 195200205 Tyr Asn Ser Met
Thr Ser, r 210215220 Tyr Ser Met
Ser fEﬁOSeqm%& E&( EE '%%HO@GX' EFEAF%EU Ay 225230235240 Ser
met Gy Sernkdaf, ‘:/eénel_ys Ser Gu Aa Ser Ser Ser Pro Pro Val 245250255
Val Thr Seﬁa'é‘s’e‘r B2l Hi s Ser Arg Ala Pro Gys Gn Ala Gy Asp Leu
260265270 AFY REp "EYT%Yser met Tyr Leu Pro Ay Ala Gu Val Pro Qu
Pro 272@80%8ban 80:AIPROTHINISSEAND AEBHdpeUorHiTRpI@INGAb RSP drEREg Tyr G n Ser

Gy Pro
<130> 93231-726

<150> Us 61/272,793
<151> 2009-11-04

<160> 43
<170> PatentIn version 3.3

<210> 1

<211> 23

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 1
caccatgggc ggcaaccaga aga 23

<210> 2

<211> 30

<21Z2> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 2
ttacatgctg ttcccgecgg gggocageaa 30

<210> 3

<211> 20

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 3
cacccccgag gagtcccagg 20

<210> 4

<211l> 25

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 4
tcattctcgt tgggaatact caata 25

<210> 5
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290295300 val Pro Ay Thr Ala Ile Asn Gy Thr Leu Pro Leu Ser Hs Met

305310315 <210> 39 <211> 317 <212> PRT <213> Honp sapi ens <220> <221>

M SC RRATURE <223> Sox2 <400> 39 Met Tyr Asn net Met GQu Thr G u Leu

Lys Pro Pro Ay Pro Gn G n 18&bhcdhrisGeig. &35 Gy Ay Ay Ay Asn

Ser ?ﬁ11>AI a8Ala Ala Ala Ay dy 202530 Asn G n Lys Asn Ser Pro Asp

Arg vat ﬁ.y%“%rfq ﬁ;o Met Asn Al a Phe 354045 Met val Trp Ser Arg Qy
ﬂrg Arg t Ala Gn Gu Asn Pro 505560 Lys Met Hi s Asn Ser

G u kkEO>Ser Lys Arg Leu Ay Ala Qu Trp Lys 65707580 Sequence

Li st <Agp>STe@thet ¢ @i®edr G u Thr Gu Lys Arg Pro Phe Ile Asp Qu Al a

Lys Arg,859095 Leu Arg Ala Leu His Met Lys Qu H's Pro Asp Tyr Lys

Tyr @@@bd%ﬁ@gt ttgtacaaaa aagcaggctt caccatgtat aacatgatgg agacggag 58

<210> 6

<211> 50

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 6
ggggaccact ttgtacaaga aagctgggtt cacatgtgcg acaggggcag 50

<210> 7

<211> 51

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 7
ggggacaagt ttgtacaaaa aagcaggctt caccatgage agcccggatg c 51

<210> 8

<21i> 49

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 8
ggggaccact ttgtacaaga aagctgggtt taaatgtcgg ggtagttgce 49

«<210> 9

<211> 31

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 9
catcgacgag gccgagcggc tgcgcgctct g 31

<210> 10

<211> 78

<212> DNA

<213> artificial

<220> ) )
<223> synthetic primer

<400> 10
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100105110 Arg Arg Lys Thr Lys Thr Leu Me
Pro 115120125 Jdy Gy Leu Leu Ala Pro Ay Ay Asn Ser Met Ala Ser Ay

Val
Asp
Ser
Asn
Val
Met
Thr
Ser
Ser
Met

Gy 130135140 Vval
Ser Tyr

t Lys Lys Asp Lys Tyr Thr Leu

Gy Ala Ay Leu Ay Ala @y Val Asn G n Arg Met
145150155160 Al a sk@ieMed LAsting. g2 p Ser Asn Ay Ser Tyr

FB923gEH9TICat PEF CIBTIDAOATHAG GHICEUCATHY TRRICHNas GAPIRERPr o @y Leu

Rl Pl

ASn G4

Ser Pro Thr

é G %I\/Et Al a Leu
Al gy Ser Ser Ser
Aegg;Al arBrfacl)s A n Ala Ay Asp Leu Arg Asp 260265270 Met Il e Ser
'I<'¥£0>Leu Pro dy Ala Qu Val Pro Gu Pro Ala Ala

<223>
<400>

synthetic primer

11

Asn 195200205 Se
Tyr Ser 21021522
Gy Ser Met 2252
Pro Pro Val Val

gtggaagagg ccaagcggcet gegegtgeag

<210>
<211>
<212>
<213>

<220>
<223>

<400

12

21

BNA
artificial

synthetic primer

12

gggtggacca tcctctagac t

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

20

DNA
artificial

synthetic primer

13

tcaaatgtcg gggtagttgce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

18

DNA
artificial

synthetic primer

14

gggcagtgtg ccgttaat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

20

DNA
artificial

synthetic primer

15

aaggccctgt cacacttctg

<210>
<211>
<212>

16
20
DNA

Page 3

Al a 180185190 G n Met A n Pro Met H's Arg :Ig ¥r Asp
h

r Met Thr Ser Ser r Tyr
0 Met Ser Tyr Ser dIn AGn @y
30235240 Gy Ser Val Val Lys
Thr 245250255 Ser Ser Ser Hi s

30

21

20

18

20



275280285 Pro Ser Arg Leu His Met Ser An Hs Tyr An Ser Ay Pro Val

Pro 290295300 Ay Thr Ala Ile Asn Gy Thr

310 315 <210> 40 <211> 380

<213>

<220>
<223>

<400>

<212> PRT

Leu Pro Leu Ser H s Met 305

Sequence Listing.ST25

artificial

synthetic primer

16

cagtttgaat gcatgggaga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

20

DNA
artificial

synthetic primer

17

tgttctegtc gtttcctcaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18

30

DNA
artificial

synthetic primer
18

cggcgcggca ttgtatgcaa atcggcggcg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

30

DNA
artificial

synthetic primer
19

ggcgcggeat tgtcatgcaa atcggeggeg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

20

30

DNA
artificial

synthetic primer

20

ggcgeggeat tgtcgatgeca aatcggoggce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

21

30

DNA
artificial

synthetic primer

21

gcgcggcatt gtcggatgca aatcggcggco

Page 4
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20

30

30

30
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<213> Mus ni uscul us <220> Sequence Listing. ST25 <221>

M SC_FEATURE <223> Sox7 <400> 40 Met Ala Ser Leu Leu Ay Ala Tyr Pro
Trp Thr Qu Ay Leu Qu Cys 151015 Pro Ala Leu Qu Ala Qu Leu Ser
Asp Gy Leu Ser Pro Pro Al a Vedquatesb30sErmg.&rap Pro Ser Ay Asp Lys
Ser §<§£0>GI |2128er Arg Ile Arg Arg Pro

<Z211> 30
<Z2172> DNA
<213> artificial

<220> )
<223> synthetic primer

<400> 22
gegeggeatt gtcggcatge aaatcggegg 30

<210> 23

<211> 30

<212> DNA

<213> artificial

<220> _
<223> synthetic primer

<400> 23
cgcggcattg tcgggcatge aaatcggcgg 30

<210> 24

<211> 30

<212> DNA

<213> artificial

<2 20>
<223> synthetic primer

<400> 24
cgcggcattg tegggegatg caaatcggceg 30

<210 25

<211> 30

<Z212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 25
gcggcattgt ccgggegatg caaatcggeg 30

<210> 26

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 26
gcggeattgt ccgggeggat gcaaatcggce 30

<210> 27

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer
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354045 met Asn Ala Phe Met Val Trp Ala Lys Asp Gu Arg Lys Arg Leu

Al a
Leu
Tyr
Tyr
Arg
Ser
Ay
Leu
Pro
Au
Ser

505560 Val @ n Asn Pro Asp Leu H's Asn Ala G u Leu Ser Lys Met

@y 65707580 Lys ser Trp Lys Ala Leu Thr Leu Ser An Lys Arg Pro

Val Asp 859095 A u Al a d seqegcd etisting.E€26 A n Hs Met A n Asp

BrégoAs%Tyr 100105110 Lys Tyr Arg Pro Arg Arg Lys Lys An Gy Lys
C

X

Y, al Asp Pro Gy Phe Leu Leu Ser r Leu
ZA@sé t%g%g%%g%%%géﬁg 40 Leu Pro Qu Lys Asn Ay lle é%y Arg
GQu Lys Qu Asp Arg Ay 145150155160 G u Tyr Ser Pro Gy Ala Thr
Eﬁp ggLeu H's Ser Cys Tyr Arg 165170175 Gu Ay Ala Ala Ala Al a
yo.Sepydval Asp Thr Tyr Pro Tyr Gy 180185190 Leu Pro Thr Pro Pro
Mei3sSearfrfaci€u Asp Ala Leu Au Pro G u 195200205 A n Thr Phe Phe

Ser Ser Cys A n Qu Au Hs Gy Hs Pro H s
<220>

<223> synthetic primer

<400> 28
cggcattgtc gcgggcggca tgcaaatcgg 30

<210> 29

<Z211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 29
ggcattgicc gegggcggca tgcaaatcgg 30

<210> 30

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 30
ggcgcggatyg caaatcattg tccggeggeg 30

<210> 31

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 31
ggcgcggeat tgtcatttgc atcggcggcg 30

<210> 32

<211> 30

<212> DNA

<213> artificial

<220> ) )
<223> synthetic primer

<400> 32
ggcgcgggac aatgatgcaa atcggeggceg 30

<210> 33
<211> 30
<212> DNA
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210215220 His Leu Pro H's Leu Pro Ay Pro Pro Tyr Ser Pro G u Phe Thr
Pro 225230235240 Ser Pro Leu H's Cys Ser H's Pro Leu Ay Ser Leu Al a
Leu Ay A n 245250255 Sequence Listing.5T25 Ser Pro Ay Val Ser Met
Met Ser Ser Val Ser Ay Cys Psaguenoe $8stG0865270 Pro Ala Tyr Tyr Ser
Hi s ARBSThargiyficHls Pro Leu His Pro Asn Leu 275280285 G n Ala Hi s Leu
Ay Gopleu Ser Pro Pro Pro Qu H's Pro Gy Phe 290295300 Asp Thr Leu
Asp @pm3ledys@ietrid prvaér Gu Leu Leu Ay Asp Met Asp 305310315320 Arg
Asn G u Phe Asp an Tyr Leu Asn Thr Pro Ay His Pro Asp Ser 325330335
Thr Gy H's Val Pro Leu Ser Gn G
3403@5%%%% %?Bt%ﬁ?técﬁaﬁ%’g?hr G u Thr Ser Leu Ile Ser Val %Qu Al a

Asp 355360365 Ala Thr Ala Thr Tyr Tyr Asn Ser Tyr Ser Val Ser
<210> 34
<211> 28
<212> DNA
<213> artificial

<220>
<223> synthetic primer

<400> 34
catggacatt gtaatgcaaa agaagctg 28

<210> 35

<211> 22

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 35
ctggacattg tatgcaaaag aa 22

<210> 36

<211> 21

<212> PRT

<213> artificial

<220>
<223> synthetic peptide

<220>

<221> MISC_FEATURE

<222> (1)..(2D1)

<223> 0Oct4 contact interface from Sox7

<400> 36

Leu Ser Gln Lys Arg Pro Tyr val Asp Glu Ala Glu Arg Leu Arg Leu
1 5 10 15

Gln His Met Gln Asp
20

<210> 37

<211> 21

<212> PRT

<213> artificial

<220>
<223> synthetic peptide

<220>
<221> MISC_FEATURE
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370375380 <210> 41 <211> 388 <212> PRT <213> Hono Sapi ens <220> <221>
M SC_FEATURE <223> Sox7 <400> 41 Met Ala Ser Leu Leu Ay Ala Tyr Pro
Trp Pro Qu Gy Leu Au Cys 151015 Pro Ala Leu Asp Ala Qu Leu Ser
Gn Ser_Pro Pro Al a Va¢quzoes30sPirg-AF24p Pro Pro Ay Asp Lys
Gly fﬁg g% ga%tljlnet Arg AfgoPro 4045 Met ASn Al a Phe Met Val
Trp eL r1'_eu a 505560 Val @ n Asn Pro Asp
Leu HnSO>ASB7AI a du Leu Ser Lys I\/bt Leu @y 65707580 Lys Ser Trp Lys
Al a Leu eu Ser Gn L V% Asp 859095 Sequence
Li st i-AY ?2?5 Ghys ATE E Pﬁ\?d’aLeﬁ Un éu L"“‘e-lﬁ ”nAFl{’) N/g'"gd’ﬁ Asp Tyr Pro

Asn ‘i]' 100105110 ys Tyr Arg Pro Alrg Arg Lys Lys 5n Ala Lys Arg Leu
Cys L¥s Arg

n His Met Gln Asp
20

<210> 38
<211> 319
<212> PRT

<213> Mus musculus

<220>

<221> MISC_FEATURE

<223> SoxZ

<400> 38

Met Tyr Asn Met Met Glu Thr Glu Leu Lys Pro Pro Gly Pro GIn Gln
1 5 10 15

Ala ser Gly Gly Gly Gly Gly Gly Gly Asn Ala Thr Ala Ala Ala Thr
20 25 30

Gly Gly ggn GIn Lys Asn Ser Pgo Asp Arg val Lys Arg Pro Met Asn
4 45

Ala Ege Met val Trp Ser égg Gly GIn Arg Arg g%s Met Ala Gln Glu

Asn Pro Lys Met His Asn Ser Glu Ile Ser Lys Arg Leu Gly Ala Glu
65 70 75 80

Trp Lys Leu Leu Ser Glu Thr Glu Lys Arg Pro Phe Ile Asp Glu Ala
85 90 95

Lys Arg Leu Arg Ala Leu His Met Lys Glu His Pro Asp Tyr Lys Tyr
100 105 110

Arg Pro Arg Arg Lys Thr Lys Thr Leu Met Lys Lys Asp Lys Tyr Thr
115 120 125

Leu Pro Gly Gly Leu Leu Ala Pro Gly Gly Asn Ser Met Ala Ser Gly
130 135 140

val Gly val Gly Ala Gly Leu Gly Ala Gly val Asn GIn Arg Met Asp
145 150 155 160

ser Tyr Ala His Met Asn Gly Trp Ser Asn Gly Ser Tyr Ser Met Met
165 170 175
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115120125 Val Asp Pro Ay Phe Leu Leu Ser Ser Leu Ser Arg Asp G n Asn

Al a
Lys
Ser
Ay
Thr
Thr
Arg
Al a
Leu
Cys

Leu

130135140 Leu Pro G u Lys Arg Ser Ay Ser Arg Gy Ala Leu Ay GQu
G u 145150155160 Asp Arg Gy GQu Tyr Ser Pro Ay Thr Ala Leu Pro
Leu Arg Ay 165170175 CysSeguents $-161n9ck{2%r o AI ady dy Ay Ay

r 1 P WAG Gy Leu Pro

gr% G-Iﬂposg qgge WS‘gf!l%g% 85% g?é) (ﬁg LEEAS qsgL A Q/}ﬁ Pro Qu d@n

Phe Phe Ser Ser Pro Cys 210215220 A@n Glu Au HIS Gy Hs Pro Arg
e Pro S, 230235 0_Pro Tyr Pro Qu Tyr

%Aé@r ?ﬁ%‘ Jféﬂ HF %g gé yf-’rA(?pZ\A;ﬁSZ %? A é@/ Ser Leu Ala

Gly Gn Ser Pro Ay Val Ser NEt Met Ser 260265270 Pro Val Pro Gy

Pro Pro Ser Pro Ala Tyr Tyr Ser Pro Ala Thr 275280285 Tyr H's Pro
HY's 58r Se et el rGher Aﬁ? GIJIPST'L'"eJYG"VtC%% Géy) SggrPro Thr

Tyr Ser Met Ser Tyr Ser Gln Gln Gly Thr Pro Gly Met Ala Leu Gly
225 230 235 240

Ser Met Gly Ser val val Lys Ser Glu Ala Ser Ser Ser Pro Pro val
245 250 255

val Thr Ser Ser Ser His Ser Arg Ala Pro Cys Gln Ala Gly Asp Leu
260 265 270

Arg Asp Met Ile Ser Met Tyr Leu Pro Gly Ala Glu val Pro Glu Pro
275 280 285

Ala Ala Pro Ser Arg Leu His Met Ala GIn His Tyr Gln Ser Gly Pro
290 295 300

val Pro Gly Thr Ala Ile Asn Gly Thr Leu Pro Leu Ser His Met
305 310 315

<210> 39

<211> 317

<212> PRT

<213> Homo sapiens

<220>

<221> MISC_FEATURE
<223> SoxZ

<400> 39

Met Tyr Asn Met Met Glu Thr Glu Leu Lys Pro Pro Gly Pro GIn Gln
1 5

Thr Ser Gly %y Gly Gly Gly Asn Ser Thr Ala Ala Ala Ala Gly Gly
25 30

Asn GIn Lys Asn Ser Pro Asp Arg val Lys Arg Pro Met Asn Ala Phe
35 40 45

Met g81 Trp Ser Arg Gly Gln Arg Arg Lys Met Ala GIn Glu Asn Pro
55 60

Lys Met His Asn Ser Glu Ile Ser Lys Arg Leu Gly Ala Glu Trp Lys
65 70 75 80
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290295300 Pro Pro Pro Gu His Pro Ay Phe Asp Ala Leu Asp G n Leu Ser

G n 305310315320 Val
Leu 325330335 Asn Thr
I\/Et AI a Leu Ser 340345350 d ySHh@HVaILiPtbﬂQ\/éTZESer dn Val

An Tyr

Val L80 LSES AT R AR A

AQu Leu Leu Gy Asp Met Asp Arg ASTI
Pro Ay H's Pro Asp Ser Ala Thr

eq oL
IR

stl

P &l

L

G u Phe Asp

Thr

Ay Ala
Pro Thr

Leu Il e Ser

Tyr

Ser Val

Ser 385 <210> 42 <211> 419 <212> PRT <213> Mus nusculus <220> <221>
Ala Ay Tyr Al a

M SCZI:EAGTJR

Ser ASP A&t
Ala Ay Leu Gy

Arg

Gly

val

145

Ala

Gln

Gln

sSer

Met

225

ser

Met

Pro

Arg

Gly

130

Gly

His

Leu

Met

Met

210

Ser

Ser

ser

Ile

Ser

290

Thr

<210>
<211>
<212>
<213>

<220>

LysS

115

Leu

Ala

Met

Gly

Gln

195

Thr

Tyr

val

Ser

ser

275

Arg

Ala

40
380
PRT

SRS b5 Q1LY

ro Cys Pro Trp

Thr Lys Thr

Leu

Gly

Asn

Tyr

180

Pro

Ser

Ser

val

His

260

Met

Leu

Ile

Ala

Leu

Met

Ser

GIn

Lys

245

Ser

Tyr

His

Asnh

Mus musculus

Pro

Trp

Gin

His

Gln

GlIn

230

Ser

Arg

Leu

Met

Gly
310

Leu

Ser

His

Arg

Thr

215

Gly

Glu

Ala

Pro

ser

295

Thr

<223> Sox17 <40 > 42 Met Ser

Ser

PP g 8eTYTAIYS QY

02530

Met Lys LyS Asp Lys

120

Gly

Gly

Asn

Pro

Tyr

200

Tyr

Thr

Ala

Pro

Gly

G1n

Leu

Asn

val

Gly

Gly

Asp

Met

Pro

Ser

Cys

265

Ala

His

Pro

Ser

Asn

Ser

170

Leu

val

Asn

Gly

Ser

250

Gln

Glu

Tyr

Leu

Page 10

Met

GIn

155

TYr

Asn

Ser

Gly

Met

235

Ser

Ala

val

GIn

Ser
315

Ala

140

Arg

Ser

Ala

Ala

ser

220

Ala

Pro

Gly

Prro

Ser

300

His

TYr

125

Ser

Met

Met

His

Leu

205

Pro

Leu

Pro

Asp

Glu

285

Gly

Met

Thr

Gly

Asp

Met

Gly

Gln

Thr

Gly

val

Leu

270

Pro

Pro

Pro As
rOPEf a Val

Leu

val

Ser

Gln

175

Ala

Tyr

Tyr

Ser

val

255

Arg

Ala

val

Pro

Gly

Tyr

160

Asp

Ala

Asn

Ser

Met

240

Thr

Asp

Ala

Pro

Met



Ala Gu Ser Leu Ser Pro Leu Ay Asp val Lys Val Lys Ay du Val
354045 Val Ala Ser Ser Ay Ala Pro Ala Ay Thr Ser Gy Arg Ala Lys
Al a 505560 Qu Ser Arg Ile Arg Arg Pro Met Asn Ala Phe Met Val Trp

Al a Lys 65707580 Asp G u Arg $savepgeg Lieting.&aTZ3 n A n Asn Pro Asp Leu
Hi s A% A ETE56B98RG u Leu Ser Lys Met Leu Ay Lys Ser Trp Lys Ala
Leu TATLed a 100105110 A u Lys Arg Pro Phe Val Gu Gu Ala du Arg
Leu AngosVakhod n Hi s 115120125 Met A n Asp H's Pro Asn Tyr Lys Tyr Arg
Pro Arg Arg Arg Lys A n 130135140 Val s Arg.Met Lys Arg Val Qu dy
Gy BE Alacsti Senlruiely GIF DA5180] 08 166 ki H oo PR 'y Ala Lo
Gy Pro du dy Ay Arg Val Ala Met 165170175 Asp y Leu Ay Leu Pro

Phe Pro Qu Pro Ay Tyr Pro Ala Gy Pro 180185190 Sequence
Li st PR¢.A9F2ERU Sgu Ala Glu Leu Ser égp Gly Leu Ser Pro 560 Ala val

Pro Arg Pro Ser Gly Asp Lys Ser Ser Glu Ser Arg Ile Arg Arg Pro
35 40 45

Met Asn Ala pPhe Met val Trp Ala Lys Asp Glu Arg Lys Arg Leu Ala
50 55 60

val GIn Asn Pro Asp Leu His Asn Ala Glu Leu Ser Lys Met Leu Gly
65 70 75 80

Lys Ser Trp Lys §1a Leu Thr Leu Ser S%n Lys Arg Pro Tyr val Asp
5 95

Glu Ala Glu Arg Leu Arg Leu Gln His Met Gln Asp Tyr Pro Asn Tyr
100 105 110

Lys TYr Arg Pro Arg Arg Lys Lys GIn Gly Lys Arg Leu Cys Lys Arg
115 120 125

val Asp Pro Gly Phe Leu Leu Ser Ser Leu Ser Arg Asp Gln Asn Thr
130 135 140

Leu Pro Glu Lys Asn Gly Ile Gly Arg Gly Glu Lys Glu Asp Arg Gly
145 150 155 160

Glu Tyr Ser Pro Gly Ala Thr Leu Pro Gly Leu His Ser Cys Tyr Arg
165 170 175

Glu Gly Ala Ala Ala Ala Pro Gly Ser val Asp Thr Tyr Pro Tyr Gly
180 185 190

teu Pro Thr Pro Pro Glu Met Ser Pro Leu Asp Ala Leu Glu Pro Glu
195 200 205

GIn Thr Phe Phe Ser Ser Ser Cys GIn Glu Glu His Gly His Pro His
210 215 220

His Leu Pro His Leu Pro Gly Pro Pro Tyr Ser Pro Glu Phe Thr Pro
225 230 235 240

ser Pro Leu His Cys Ser His Pro Leu Gly Ser teu Ala Leu Gly Gln
245 250 255
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Pro

Leu Met Ser Pro Hs Met Ay Pro H's Tyr Arg Asp Cys Gn Ay

195200205 Leu Ay Ala Pro Ala Leu Asp Ay Tyr Pro Leu Pro Thr Pro Asp

Thr
Al a
Tyr
Ay
Ay
Met
Pro
Gn
Pro
Thr

210215220 Ser Pro Leu Asp Gy Val Gu Gn Asp Pro Ala Phe Phe Al a
Pro 225230235240 Leu Pro GEQHEAS?) L@yyﬂ@r 6T a Ala Ay Thr Tyr Thr

SED LI Yl PR Re s ML Rl b Erodly B W 2 bt Pro

IIe Leu Ala Pro Pro 275280285 Ser Ala Leu HIS Leu Tyr Tyr Ay Al a

%% Pro Ala Al a sr 90295300 Al a a"g' Phe Hs Ala Gn
a&r ¥rdYLett"d'lr Pro %6 T5§"0§33003"?5 %g BroPH8Y Pro Pro Pro
Gn Gn sPro Ala Hi s y Pro Ay 3253§ 35 Gn Pro Ser Pro Pro
Au Ala Leu Pro Cys Arg Asp Ay Thr @ u 340345350 Ser Asn G n Pro
@l %%UHL%l&eG%]Y@U ggg SRS PP @rcrrﬂmcggjg Phe PI858B088%

Asp Thr Leu Asp Gln Leu Ser GIn val Glu Leu Leu Gly Asp Met Asp
305 310 315 320

Arg Asn Glu Phe Asp Gln Tyr Leu Asn Thr Pro Gly His Pro Asp Ser
325 330 335

Ala Ala Gly val Gly Thr Leu Thr Gly His val Pro Leu Ser Gln Gly
340 345 350

Thr Pro Thr Gly Pro Thr Glu Thr Ser Leu ITe Ser val Leu Ala Asp

355 360 365
Ala Thr Ala Thr Tyr Tyr Asn Ser Tyr Ser val Ser
370 375 380
<210> 41
<211> 388
<212> PRT

<213> Homo Sapiens

<220

<221> MISC_FEATURE
<223> Ssox7?7

<400> 41

Met Ala Ser Leu Leu Gly Ala Tyr Pro Trp Pro Glu Gly Leu Glu Cys
1

Pro Ala Leu Asp Ala Glu Leu Ser Asp Gly GIn Ser Pro Pro Ala val
20 25 30

Pro Arg Pro Pro Gly Asp Lys Gly Ser Glu Ser Arg Ile Arg Arg Pro
35 40 45

Met Agn Ala Phe Met val Trp Ala Lys Asp Glu ggg Lys Arg Leu Ala
5 55

val GIn Asn Pro Asp Leu His Asn Ala Glu Leu Ser Lys Met Leu Gly
65 70 75 80

LysS Ser Trp Lys §1a Leu Thr Leu Ser Gén Lys Arg Pro Tyr ga1 Asp
3 9 5

Page 12



Gu Gn Tyr
370375380 G n Gy H's Asp Cys Ay Val

Leu Pro Phe Val

Il e 385390395400 Ser
Cys Asn Tyr 405410415 Pro AspSequence 10sting. €M1 > 414 <212> PRT <213>
l?ﬁJ'URE <223>

Asp AS @ n Ser

Sox17

dn Thr

Cys Pro Trp 202530 Al

Lys

Ser Val

Tyr

Val

151015 d n Ser AI a Leu

%r‘g i_ys %ys

Y A & 3848

val

Leu

145

ASp

Cys

Ser

Pro

Gln

225

Pro

Leu

Pro

Tyr

Pro

305

val

AsSn

Gly

Asp

130

Pro

Arg

Tyr

val

Leu

210

Glu

Tyr

Gly

val

His

290

Pro

Glu

Thr

His

Pro

Glu

Gly

His

ASp

Glu

Ser

Ser

Pro

275

Pro

Pro

Leu

Pro

val
355

Gly Phe Leu

LYS

Glu

Glu

180

Thr

val

His

Pro

Leu

260

Gly

Leu

Glu

Leu

Arg

TYr

165

Gly

TYr

Leu

Gly

Glu

245

Ala

Cys

His

His

Gly

His

val

ser

150

ser

Pro

Pro

Glu

His

230

Tyr

Leu

Pro

Ser

Pro

310

ASp

Pro

Ser

Leu

135

Gly

Pro

Ala

TYTr

Pro

215

Pro

Ala

Gly

Pro

Asn

295

Gly

Met

Asp

GIn

Ser

ser

Gly

Gly

Gly

Glu

Arg

Pro

Gln

ser

280

Leu

Phe

Asp

Ser

val
360

Lys Pro Gu net Ay Leu Pro Tyr

ser

Arg

Thr

Leu

Gin

Arg

ser

Ser

265

Pro

Gln

Asp

Arg

Ala

345

Thr

Leu Ser

Gly Ala
155

Ala Leu
170

Gly Gly

Pro Thr

Thr Phe

Ile Pro
235

Pro Leu
250

Pro Gly

Ala Tyr

Ala His

Ala Leu
315

Asn Glu
330

Thr Gly

Pro Thr

Page 13

Pro

Gly

Pro

Phe

220

His

His

val

Tyr

Leu

300

Asp

Phe

Ala

Gly

Asp

Gly

Ser

Gly

Pro

205

ser

Leu

Cys

Ser

ser

285

Gly

Gln

Asp

Met

Pro
365

Glin

Glu

Leu

Thr

190

Glu

Ser

Pro

Ser

Met

270

Pro

Gln

Leu

Gin

Ala

350

Thr

SEHENE SRR o SRAPOR S A1) Rl STEOT227 ISR

Pro Al a VaI

éf% ATa Lysr&}glkeu %k% Lys

Asn

Lys

Arg

Pro

Met

Pro

Gly

His

255

Met

Ala

Leu

Ser

Tyr

335

Leu

Glu

Asn Leu Ser Asp Ser

Ser Asp Ala Ser Ser Al a Val

Arg

Ala

Glu

160

Gly

Ser

Ser

cys

His

240

Pro

Ser

Thr

Ser

G1In

320

Leu

Ser

Thr

Hs Ay Al a
Tyr Tyr

I\/bt Al a Gly Leu Ay Pro
p.Met Lys Val



Pro Ala Asn Ser Ay Ala Pro Ala Gy Ala Ala Ay Arg Ala Lys Ay
505560 Gu Ser Arg Ile Arg Arg Pro Met Asn Ala Phe Met Val Trp Al a
65707580 Asp Gu Arg Lys Arg Leu Ala G n G n Asn Pro Asp Leu H's
Al a 859095 G u Leu Ser LyBequence &isyng-by& Ser Trp Lys Ala Leu

%ﬁf %ﬁzﬁogép%%gbéﬁ H}A—M\%péﬁ% iép Aﬁ’QerMaLryfswﬁrC%% la Gu Arg Leu

Lys
Asn
Thr
Arg
Arg
Phe
Pro
Pro
Met

Leu 5%

11512012374kt p Hi s3géro Tyr Lys Tyr Arg Pro

Arg Arg Lys Ad n 130135140 Val Lys Arg Leu Lys Arg val u @y Ay

by e

'L_eu Al a 145150155160 Gu Pro G n Ala Ala Ala Leu Gy
Arg Val Ala Met 165170175 Asp Ay Leu Gy Leu G n Phe

Gu d@n dy Phe Pro Ala Gy Pro 180185190 Pro Leu Leu Pro Pro His

>
<212>
<Z213>

<220>
<221>
<223>

<400>

1gyr
PRT

G%{l)GIg H's Tyr Arg Asp Cys G n Ser 195200205 Leu Ay Ala Pro Pro
d

Pro Leu Pro Thr Pro Asp Thr 210215220

Mus musculus

MISC_FEATURE

Sox17
42

Met Ser Ser Pro Asp Ala Gly Tyr Ala Ser Asp Asp GIn Ser GIn Pro
1

Arg Ser

Ala Glu

val Ala
50

Glu Ser
65

Asp Glu

Glu Leu

Glu Lys

Met GIn

130

val Lys
145

Glu Pro

Asp Gly

Ala G1n Pro Ala val Met Ala Gly Leu Gly Pro Cys Pro Trp

20

25 30

Ser Leu Ser Pro Leu Gly Asp val Lys val Lys Gly Glu val

35

40 45

ser Sser Gly Ala Pro Ala Gly Thr Sser Gly Arg Ala Lys Ala

55 60

Arg Ile Arg Arg Pro Met Asn Ala Phe Met val Trp Ala Lys

70 75 80

Arg Lys Arg Leu Ala GIn GIn Asn Pro Asp Leu His Ash Ala

85 90 95

Ser Lys Met Leu Gly Lys Ser Trp Lys Ala Leu Thr Leu Ala
100 105 110

Arg Pro Phe val Glu Glu Ala Glu Arg Leu Arg val GIn His

120 125

Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg Arg Arg Lys GIn

135 140

Arg Met Lys Arg val Glu Gly Gly Phe Leu His Ala Leu val

150 155 160

Gin Ala Gly Ala Leu Gly Pro Glu Gly Gly Arg val Ala Met

165 170 175

Leu Gly Leu Pro Phe Pro Glu Pro Gly Tyr Pro Ala Gly Pro
180 185 190
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Ser Pro Leu Asp Ay Val Asp Pro Asp Pro Ala Phe Phe Ala Ala Pro

225230235240 Met Pro Ay Asp Cys Pro Ala Ala Ay Thr Tyr Ser Tyr Al a
A n Val 245250255 Sequence Listing. ST25 Ser Asp Tyr Ala Gy Pro Pro
Gu Pro Pro Ala Gy Pro Met HFeAuPReR 280P8%2702°Arg Leu Ay Pro Gu Pro
Al a R | e..Pr, u : 2 P Ser Ala Leu
Hi s \% L‘F&&f%r&eg@oﬁ% %%/ %ypllsogﬁélr%rdz%%g%gg%%% gjg Gy Ay dy
Arg Ay Phe An Mt An Pro @n Hs Adn Hs An 305310315320 H's An

Hi s n Hs Hs Prg Pro ro.dy Adn Pro r Pro. Prg, 325330335 Pro
G v D ghor B BrRA G e YR racdire B AP 0 o 340345350
Gu Leu Leu dy Qu Val Asp Arg Thr Gu Phe Gu G n Tyr Leu His

355360365 Phe Val Cys LTys Pro Qu Met dy Leu Proq Tyr A n Gy H s Asp
Ser ggpﬁg:gw Asp Gly }2/::310 Glu GIn Asp Pro 3;55‘1 Phe Phe Ala Ala 528

Leu Pro Gly Asp Cys Pro Ala Ala Gly Thr Tyr Thr Tyr Ala Pro val
245 250 255

Ser Asp Tyr Ala val ser val Glu Pro Pro Ala Gly Pro Met Arg val
260 265 270

Gly Pro Asp Pro Ser Gly Pro Ala Met Pro Gly Ile Leu Ala Pro Pro
275 280 285

Ser Ala Leu His Leu Tyr Tyr Gly Ala Met Gly Ser Pro Ala Ala Ser
290 295 300

Ala Gly Arg Gly Phe His Ala GIn Pro GIn GIn Pro Leu GIn Pro Gln
305 310 315 320

Ala Pro Pro Pro Pro Pro Gln GIn Gln His Pro Ala His Gly Pro Gly
325 330 335

GIn Pro ser Pro Pro Pro Glu Ala Leu Pro Cys Arg Asp Gly Thr Glu
340 345 350

Ser Ash GIn Pro Thr Glu Leu Leu Gly Glu val Asp Arg Thr Glu Phe
355 360 365

Glu Gln Tyr Leu Pro Phe val Tyr Lys Pro Glu Met Gly Leu Pro Tyr
370 375 380

GlIn Gly His Asp Cys Gly val Asn Leu Ser Asp Ser His Gly Ala Ile
385 390 395 400

Ser Ser val val Ser Asp Ala Ser Ser Ala val Tyr Tyr Cys Asn Tyr
405 410 415

Pro Asp Ile

<210> 43

<211> 414

<212> PRT

<213> Homo sapiens

<220>
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Gy Val Asn Leu Pro Asp Ser Hs Ay Ala Ile Ser Ser Val Val Ser
385390395400 Asp Ala Ser Ser Ala val Tyr Tyr cys Asn Tyr Pro Asp Val
405410

<221> MISC_FEATURE
<223> Ssox17

<400> 43

Sequence Listing.ST25

Met Ser Ser Pro Asp Ala Gly Tyr Ala Ser Asp Asp Gln Ser GIn Thr
1 5 10 15

GIn Ser Ala Leu Pro Ala val Met Ala Gly Leu Gly Pro Cys Pro Trp
20 25 30

Ala Glu Ser Leu 3er Pro Ile Gly Asp Met Lys val Lys Gly Glu Ala
35 40 45

Pro Ala Asn Ser Gly Ala Pro Ala Gly Ala Ala Gly Arg Ala Lys Gly
50 55 60

Glu Ser Arg Ile Arg Arg Pro Met Asn Ala Phe Met val Trp Ala Lys
65 70 75 80

Asp Glu Arg Lys Arg Leu Ala GIn GIn Asn Pro Asp Leu His Asn Ala
&5 90 95

Glu Leu Ser Lys Met Leu Gly Lys Ser Trp Lys Ala Leu Thr Leu Ala
100 105 110

Glu Lys Arg Pro Phe val Glu Glu Ala Glu Arg Leu Arg val Gln His
115 120 125

Met GIn Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg Arg Arg Lys GIn
130 135 140

val Lys Arg Leu Lys Arg val Glu Gly Gly Phe Leu His Gly Leu Ala
145 150 155 160

Glu Pro Gln Ala Ala Ala Leu Gly Pro Glu Gly Gly Arg val Ala Met
165 170 175

Asp Gly Leu Gly Leu GIn Phe Pro Glu GIn Gly Phe Pro Ala Gly Pro
180 185 190

Pro Leu Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys GIln Ser
195 200 205

Leu Gly Ala Pro Pro Leu Asp Gly Tyr Pro Leu Pro Thr Pro Asp Thr
210 215 220

Ser Pro Leu Asp Gly val Asp Pro Asp Pro Ala Phe Phe Ala Ala Pro
225 230 235 240

Met Pro Gly Asp Cys Pro Ala Ala Gly Thr Tyr Ser Tyr Ala Gln val
245 250 255
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Sequence Listing.sT25

Ser Asp Tyr Ala Gly Pro Pro Glu Pro Pro Ala Gly Pro Met His Pro
260 265 270

Arg Leu Gly Pro Glu Pro Ala Gly Pro Ser Ile Pro Gliy Leu Leu Ala
275 280 285

Pro Pro Ser Ala Leu His val Tyr Tyr Gly Ala Met Gly Ser Pro Gly
290 295 300

Ala Gly Gly Gly Arg Gly Phe Gln Met GIn Pro GIn His Gln His Gln
305 310 315 320

His GIn His GIn His His Pro Pro Gly Pro Gly GIn Pro Ser Pro Pro
325 330 335

Pro Glu Ala Leu Pro Cys Arg Asp Gly Thr Asp Pro Ser Gln Pro Ala
340 345 350

Glu Leu Leu Gly Glu val Asp Arg Thr Glu Phe Glu Gln Tyr Leu His
355 360 365

Phe val Cys Lys Pro Glu Met Gly Leu Pro Tyr Gin Gly His Asp Ser
370 375 380

Gly val Asn Leu Pro Asp Ser His Gly Ala ITe Ser Ser val val Ser
385 390 395 400

Asp Ala Ser ser Ala val Tyr Tyr Cys Asn Tyr Pro Asp val
405 410
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