MUTANT SOX PROTEI NS AND METHODS OF | NDUCI NG PLURI POTENCY CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application clains benefit of, and priority
from U. Svoponowissisenal patent application No. 61/ 272, 792CTiSGe/00020Novenber
4, 2009, the contents of which are hereby incorporated herein by reference.
FI ELD OF THE | NVENTI ON [ 0002] The present invention relates to nutant Sox
proteins and net hods and uses thereof for inducing pluripotency in a cell.
BACKGROUND OF THE | NVENTI ON [ 0003] Regul ati on of gene expression plays a
critical role in cellular differentiation and norphogenesis. Cene

regul ation requires nultiple regulatory events, which involve the assenbly
of conbi nati OHVIIPTAN”I&SBX'PROTEINS?ANB MEEISHODS OB INPUCENG y nodul es

(CRMs). Pluripotent cells have g l{\f d@?ne expression profile than
partially or fully dlfferentlate]d I's an hus di fferent regul atory

events likely occur within pluripotent cells. Elucidation of the regulatory
event s t haCRISSFREFERENGEH Q@ RYLATEDARPEICGATHAN i al or ful l
differentiation of a cell may allow for production of pluripotent cells
from di f f el098d] at Ebis eelicationThiras benhiit ddewid phierity fpme U §- ipeovisianglpaganbry code”

i nvol ved | n f { n

profi1 s wiPRPREE Nl P fos HREEOE Ko BRtbellh 2088 WU oo IEF RRRH BSTETITY |

uncl ear V\hext:drreoraadpclemlbyeefanenca:ngenent of TF binding sites (TFBSs) is
necessary to execute a pluripotency regulatory event (Segal, E. and Wdom

J. Trends -43). I n support for the hypot hesi s t hat
TFBS pI aceggﬁp IS cogﬁ%ral ne Tlé%(s:orrpom te notif has been identified that

recruits a /

oot st or olSBEE RS AORI L G PhUGLESAEN IR R 8L S |

et al., CetherepR0O0BHuciBPplurpblengpina deih, Y. H. et al., Nat. Genetics (2006)
38:431-40) . I t is possi bl e that differently configured conposite notifs
recruit di I{JWN’P the core of regul atory conpl exes
in various ce ypes an for varying evel s and types of cellular
differenti : i.ption
factors coﬁj’0 F %9%8&'1)@?%?9?@)@ glro ls? Ss%rﬁzt%cfi{}g lL kaﬁlcf%“ffeye%ﬂgﬁn

syner gi st i awllrhgrplhgenesty. Gend wiylation reipynes mphiemreglﬂ%wem@ whicBawobs, J. et

al ., Cenes &
Dev. ( 1997§lDi %ém%g’gQ%%’%g%@“%%?’aﬁ%i”p@’?@‘é?@( 9 gn %39%1%%%0594 © 400, 20).
Despite t h@iRcMs)l anrlseteﬂmcollsigwc:atilffemmgenb leepregswo ipfafids thyn prrtidiyor frllyt ei ns f or
DNA el enen indi u o] i nvol ved in
specific erem' %@i %nrdetgldS d?f?; o %?H[s%r gcf%gglk%illy OCW% n%q'lll q’% ?ence (2009)
324(5935) : dchROEmndat‘:lanexf dfeoeguatmyvemsrg:itdetbmns pllunpntermm a$ amnp:arednay not be
Zgﬁfletlleg aéz?‘rtriaq or full (f e%IFrItrlaP ﬁl)rr[ o ajc@llgnra§gﬁo s %(9‘ pro ugtron of pfulrigtl)terqacgllsl flotts siead be
dlfferentlated cells. Thus, the dec1phermg of the “regulatory code” involved in directing

pluripotency and differential gene expression profiles within a cell is the subject of

intense research.

[0004] It is unclear whether a precise arrangement of TF binding sites (TF.BSs) is
necessary to execute a pluripotency regulatory event (Segal, E. and Widom, J. Trends
Genet. (2009) 25(8): 335-43). In support for.the hypothesis that TFBS placement is
constrained, a composite motif has been identified that recruits a Soxi/OctA heterodimer

to pluripotency.CRMs as the core regulatory unit (Chen, X. et al., Cell (2008) 133: 1106-
1117; Boyer, L.A. et al., Cell (2005) 122: 947-952; Loh, Y.H. et al., Nat. Genetics (2006)
38:431-40). It is possible that differently configured composite motifs recruit different

Sox/Oct pairs that build the core of regulatory complexes in various cell types and for



het er odi meri zati on. | ndeed, several distinct Sox/PQU pairs have been
inplicated as key regul ators of cellular fates: Sox2/Cct4 are essenti al
factors iwo(ES)osembl s (Boyer, L. A et al., Cell (2005) ?22i1sGadi0/09&23 Loh,
Y.H et al., Nat. Cenetics (2006) 38:431-40; Rodda, D.J. et al. J Biol Chem
(2005) 280:24731-7); Sox2/Brn2 was found inportant in neural devel opnent
(Tanaka, S. et al. Mol Cell Biol (2004) 24. 8834-46); Sox1l/Brnl pair
regul ates glial cells (Kuhlbrodt, K et al. J Biol Chem (1998) 273:
16050-7); and Sox17 has been shown to cooperate with Oct4 during
mesendoder m f.or t|o Stefanovig,.S. .et al. J Cell Biol (2009) 186:

665- 73) . W%&a ﬁslﬁ{/ﬁ‘ﬂﬁraf)iff{effﬁﬂg]oéxhaustl ve efforts have been
extended in the search for reprogramm ng factors that turn differentiated
cells int o[00ﬂ5hceﬂhq3$axran¢®0ﬂ(oc9tfmmnés ch*ﬁ)anmbhm fadteis conmsltyfzo zfndvll4pr ot ei ns
are capable of this thejr bi och mdca uni i ns

cinexpl ot nelomEsst RaReslifs sREns L e RcA b e ETog i "o it e
bi ndi ng 't o(r&iigwdddi BoMRs,JeejubNDas Biol. {2000y 227[. 089 73; Ryan,px. KS&rRosd:ﬂﬂéEll;lti on

nduce” ot U GaTancy g QOEANT: B gt rh S il M kAR B At ot oc
(r:rﬁlt ;t egoﬁz(?relghes%eqh&r diversélbllbﬁig&gl xgrres ﬂﬁS@dﬁﬂo&yloﬂS@ﬂﬁrbteﬁ@fo? DNXK Sox2 is

t S
2011/ 05614%85%episd w@eﬁw% %)e]dfge ﬂﬁl&eﬁe%ﬁzﬂoltf%&*@g &Petifie sti ¢

di f f er encesnta¢®hicaighlp Conkaosd Bhdis ®let d1SSonpIce (dodeymiufsoes):17bmse). udi ng a novel
conpressed_sox/oct nptif in nmouse enbryonic stemcells. |t was discovered

that Sox2 BFEFI@S:aRy sogkitinicriptionfastar Brenal be sreskici §thss Seacicy i t h oct 4 on

t he CanOﬂl@ﬁ'scrib%ﬁdl@oﬂtﬂ}?mﬁ?mafeE&Se%ihféOédafsaré’slihﬂoPE&&:ﬁOé invention relates to
t he di scovery that the preferences of Sox2 and Sox 17 can, be swapped by

nut ati ng alftsiefimesizatipn sdesdsseygrabfistingtRoxFiQi{ pairs havsfresp implisated f%lteé t hat

bi nds- to Qegaatoﬂif&eeaxuia@wst SoRHE4 Fre S Reich %ﬂ)%jmf(gsﬁ@ﬁg(Bo}_é}‘ B.ATUt agenesi s
prevents the formation of an Oct 4/ Sox17 co%ex on the conpressed motif and

enhances cHofe¥ &P 22nd4drRet L dn Ydh of ple Noa Ftt‘ﬁl(z‘)r‘?élffsf431 b iRedéyl y, the

re-engi neeD@det§PXB701@‘BQm@Q?@%st@rﬁﬁlbb)eS&@MQmE ?ouwnﬁ&ﬁ{amagmand convert
cells to induced pluripotent cells, 4?/|8| ntroduci ng di ners fornmed

with Cct4 QﬁYe‘BP‘B?qth%nélf?c§ %ﬁhMﬂi@ﬁ“Bmﬁ%}%y B WA l/Biiatitnent s, even
nut ation of @lat%é %Ql S‘ell@@KﬁillEroHteﬁ' é{lA?J'B”ol%‘?:éZ(PJ%???QleS@?ﬁ)”ahé Sbiy 72 change in
preference or the various notifs, d provides these recombi nant

prot ei ns whas eantphovinig querqtewlth@l@tf’edwa mewdeciﬁery formationc@tdfanopigt S.jes
partiall'y gr;&y) by @bdd)gs6enkbatpd. [0009] Thus, Sox 7 and Sox17 are able to
i nduce pl uri potency onge mutated to bind to the appropriate DNA notifs. It
was observed that the nutated Sox7 and Sox17 may exhibit greater efficiency
of i nduci nYUMMARY HcYHEINVENTION er ved wi th wi | dt ype Sox2.

Accor di ngl it was found that nutants of Sox2 that were created using the
hi gh nobi I%P?Glgr obrhausiye pHorgrhagpkezn exigrded dn thesearcht farreprograpiiivgal acti vati on
domai n of [aKL w0k AP dtrch it LAl inkdlindikeh BREAASAAIR! (PdRAIETEY ohipguCt i ON

ef fi-cirency of Sox2. Thus, t resent invention also relates to the

di scovery fieWaﬁotwewraemgletOﬁén standrihgubioghemipaltunignengeprainaindf Sox2 with that
of Sox7 or S W t ncy of Sox2.
[0010] The wu%ts?ﬁg%lé%i E%ngf;ﬁ f%e?ch(g%al?{nugdgggé géggn?dt ?%&&?@F\@Jﬁ%}@o@ used to

i nduce pl meﬂm%yequnncas ceirot.t hat has. partially or fully differentiated
and thus has | ost pluriopotency. Thus, the present invention also relates
to met hodslo USER bschtveTHbARLol R iR SoSobRS taPE hagirPd off | POtency in
a cell hus, in one aspect, the present invention provides a nutant
Sox7 or SOmswasm ahibityrio mdmmhsrimtyney matpattialy differentigtedor fully difergniited 88 to 108

of a SOX7 &4l @&Md%kpﬁare mutated to resemble in part Sox2, or Sox2 is mutated to ‘

.resemble in part Sox7 or Sox17.



111 to 131 of a Sox1l7 protein wherein the nutant Sox7 or Sox17 protein is
capabl e of conversion of a non-pluripotent cell to a pluripotent cell.
[0012] | n woabhesergpect, the present invention provi desPaT/sGRant00Eex7 or
Sox17 protein conprising a nutation in the am no acid sequence encoding the
Oct4 protein contact interface of a Sox7 or Sox17 protein wherein the

mut ant Sox protein can induce conversion of a non-pluripotent cell to a
pluripotent cell. [0013] The nutant Sox protein is a nmutant Sox7 protein in
one enbodi nent, and is a nutant Sox17 protein in another enbodiment.

[0014] In t ant Sox? Sox otel.n, any am no acid residue in the
sequence L@&l&g %‘Wﬁjﬂ“ﬁ}”ﬁ WWE?{LWWW B subst i t ut ed
with a di f&«@;éthnﬁm ﬁ@luaﬁgdnomc&@mssedmmcmaﬁﬁn o€ @hBH @0 ferdCi d | ocat ed
at am no aC|d 99 of the Sox7 or_am no acid 122 of the Sox17 protein is

nut at ed. | $lgoMevasdisencrdrihad So’f%aéldgﬁoeal7a?f‘§thltdmae&ed>rqf6feré&eéa> agtembls no acid 99

of the SOXyitPOct@¥hAR @fdrical gsiRithd dag ﬁ@%&bd@ﬂ’fo’fﬁ‘é Predefit iflventbS feldiddled ON Wi t h
| ysi ne. [0015] The nutant Sox7 or Sox groteln may be a human Sox7 or Sox17

protein. [Hedssavarydbasthearefersprss of Saxdand peddsan b varpedhy pyatineddng nucl ei ¢

aci d nol eCéé'n@reﬁ@&@Wﬂ'ﬂgl the PRoteRlon@EXinRFfRlethdl bids 85G4.1 PRde RENIRIWEre [ 0017] 1N
anot her aspect, the present Invention provides a mutant Sox Erot ein

conpri si ngalmﬁxéﬂﬁﬁ?ﬂio 8exd Heyneagweunpreviniighafomnagionebpe Ort{Sogtoup domai n of
a Sox2 pr Oéo‘ﬁ{r? X%Qh@coglptréﬁge@rﬁ@if a@tpédh&?éek Q&pQH{{@é 1Hte91fct15h &Ptﬁg cAbREQI N or a

Sox17- pr ot ei [0018] The C-term nal activation domain may be the C-term nal
acti vat i onmetifndirikingly, the SoxBingergd §pn7 ard axy 7 e abledo prometarepragramating/at i on

domai n Of A o2l Sldlecd A cBRDE oy AARRGLing BR-ALARANL] nvent] on

provi des expressi ng ein as descri her ei n.
[0020] I n 2@t hepludspeny enhanecrgleawatat In crwtelmtembndlplemtw eyesmytatien ¢f aconpri si ng a

nucl ei ¢ single acidic residue in Sox7 or Sox17 results in a change in preference for the various

DNA motifs, and provides these recombinant proteins with the ability to induce

pluripotency in a cell that is partially or fully differentiated.

[0009] Thus, Sox 7 and Sox17 are able to induce pluripotency once mutated to bind
to the appropriate DNA motifs. It was observed that the mutated Sox7 and Sox17 may
exhibit greater efficiency of inducing pluripotency than that observed with wildtype
Sox2. Accordmgly, it was found that mutants of Sox2 that were created using the hlgh
mobility group domain of Sox2 together with the C-terminal actlvatlon domam 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 p]uripo.tency' 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



acid encoding a nutant Sox protein as described herein. WO

2011/ 056147PCT/ SG2010/ 000423 [0021] I n anot her aspect, the present invention
provi des wormetisei40f | nduci ng conversi on of a non-pl uri poTSGR0MH4280 a

pl uripotent cell, the nmethod conprising culturing the non-pluripotent cel
in the presence of i) a mutant Sox protein as described herein; ii) Cct4;
and iii) at |east one of c-nyc and K1f4 and in conditions suitable for
growt h of enbryonic stemcells. [0022] I n another aspect, the present

i nvention provides a nethod of inducing conversion of a non-pluripotent

non- ol ur pEt'dhe SRR o] 7ol Wi Ay TYERORY SeaLLEP IR SRBPECh. i 1) ot 4

and iii) aonk@sish oDNEonOflutpodne callntd alshiripoferitaglione or nore expressi on vectors
and culturing the non-pluripotent cell in conditions suitable for growth of

enbryoni c 0023 he non-.pl u otent cell be, a.fibrobl ast or
a rresenchy@g?ﬂst er’ﬁa(l:’%tthr aSPeﬁ em%sl% eﬁé?ffpro‘f %Sar%lhtarﬁ %/7| %&og}é cell is an
enbryoni c ;Brbferm:bhfpﬂtmghmumen anheshie atid séduende @neodingthepOdte piotedel | i s an
adlpose tiss r ve 0024] The  non-pl uri pot ent

el | ey B Ao K] TR EHONRSST e SRR oL By aties oo 11 a1y
differenti aile&s@ebfa Mn-;imypob@t aelrftuhbymﬂbf‘eﬁt&mntl ated cell. [0026] O her
aspects and features of the present invention wll becone apparent to those

of ordinar i lpon r ey scription of
specific ee%? Rhegmuyg Xprg Rt |%"ﬁan?\§l°go?{°gﬁl f’%ener}’\:\mg"t%ﬁ“?"ﬁean atonpanyi ng
figures. DBRutaht SDESCﬁbEiIH 16]hh<€ﬂ¥er‘ElﬂEodDRAW NGS [0027] The figures, which

illustrate, by way of exanple only, enbodinents of the present invention,
are as fol fﬂa\i\ﬁl In the mutant Sox7 or Sox17 protein, any amino acid residue in the sequence

LSQKRPYVDEAERLRLQHMQD or LAEKRPFVEEAERLRVQHMQD may be
substituted with a different amino acid. In some embodiments, the glutamic acid located
at amino acid 99 of the Sox7 or amino acid 122 of the Sox17 protein is mutated. In some
embodiments, 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 grodp 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 prbtein 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.

[0020] In another aspect, the present invention provides a cell comprising a nucleic

acid encoding a mutant Sox protein as described herein.



[ 0028] Figure 1: EMSAs to asses Sox7, Sox2HMGs and spacer nucl eoti des.

[ 0029] Figure 2: Confirmation of retroviral transduction in iPS clones
derived byOoS0xA5680x2KE, or Sox17EK. WD 2011/ 056147PCTPEGRG2AI0M0L23

[ 0030] Firgure 3: ldentification of a threshold for the canonical Soxf
Qop_octf notif. [0031] Figure 4: Expanded search w ndow used in search for
true motifs. [0032]Figure 5: Insertion of unbiased bases into the notif
does not significantly affect the notifs ability to di scover sequences.
[0033] Figure 6: The full table of variant noti fs scanned agai nst the

Sox2/ Cct 4 se ults 0034] Fi.gure 7: i scovery of sox/oct
vari ant. m)faa# g‘(@?@erﬁsﬁ"ﬁf eé’re%’tflg li’r‘o)ﬂ”g ﬁﬁ?‘vﬂjd‘? UHR2HVG and
Cct 4PQU ( Ac)onaadioﬁ?exzi n&kﬂmxwf@t @ntté aﬁ)E}lpG@nt&eH ahd @sthed cahgrisig@ulturiigt | f

confi gur atl ons. [ 0036 ure 9: ffer ential assenbly of Sox2/Cct4 and
Sox17/ Qct 4MgRoF n'@ﬂe‘a dliodke %{Fﬁf OH BURANLEIOX BEYIEIE 25 i"’Bﬁ“‘%‘?&H%‘ insthmar i zi ng

the differeatial lmmloye Off c-ROX 2R AardnAl comanibhé Sditablie Bt ghdvh 68NoNI cal

versus the corrpressed el enment. [0037] Figure 10: (A) Aignnment of the am no
aci d sequefRRYHHC HFP celifuse Sox proteins. (B) structural nodel prepared
usi ng pynol by using the structural coordinates for Soxl 7 and the

Sox2/ Cct | [o22NA. In(aa,tﬂai dapecfru{eqiréseﬂsmhtlérhﬂoﬁee@/acmtﬁod sttigiutiage swap the

differential asse h Vi or f Soi<2 and S rﬁéhe canoni cal versus
t he corrpr e“soélé‘a's‘@?@ urlpotent ce ltoap uripotent ce emet od comprising Co-

expressing in the non- plurlpotent cell i) a mutant Sox protein as described herein; ii)
Oct4; and iii) at least one of c-myc and KIf4 from one or more expression vectors and
culturing the non-pluripotent cell in conditions suitable for growth of embryonic stem

cells.

[0023] The non-pluripotent cell may be a fibroblast or a mesenchymal stem cell. In
one embodiment, the non-pluripotent cell is an embryonic fibroblast. In one embodiment,

the non-pluripotent cell is an adipose-tissue derived mesenchymal stem cell.
[0024] The non-pluripotent cell may be a human cell.

[0025] The non-pluripotent cell may be a partially differentiated cell or may be a
fully differentiated cell.

[0026]  Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]  The figures, which illustrate, by way of example only, embodiments of the

present invention, are as follows.
[0028] Figure 1: EMSAsS to asses Sox7, Sox2HMGs and spacer nucleotides.

[0029]  Figure 2: Confirmation of retroviral transduction in iPS clones derived by

Sox2, Sox2KE, or Sox17EK.



[ 0038] Figure 11: Characterization of iPS clones reprogranmed by Soxl 7EK.
A. Conbined bright field and fluorescent photographs are presented of

i sol at ed wBSotglsenres. B. Q RT-PCR was performed to det @CRiISG20®0pe43si on of
pl uri potency genes by i PS clones reprogramed by Sox2, Sox| 7EK, or Sox2KE,
as indicated. C. Uniformexpression of SSEA-1 and Sox2 on i PS cl ones.

[ 0039] Figure 12: Results of induced pluripotency using OCK alone or with
Sox2 or nutants of Sox4, Sox5, Sox13 or Sox7. [0040]Figure 13: Pluri potent
col oni es i nduced by Sox?EK WO 2011/ 056147PCT/ SG2010/ 000423 [0041] Fi gur e

and Sox17 (IPaPL; nEEFDAE SR oLt R B ieor {00 BRGHEnat an

overvi ew of the generatlon of human i PS cells using human adi pose-tissue
derived NVHD931] OORighrdd:gixpanded seatdivamdovwRSed ol soacle for tmemoefd. usi ng .
Cct 4+c- Myc+K1f 4+Sox17EK. DETAI LED DESCRI PTI ON [ 0045] Her e, recomnbi nant

engi noer ediis?. FRIF 2153 BT WA BLELAS, AOHORSr0eth Rtnciay, be used

i nduce a cel v 'S no ripoten econe p urlpot 046] The
reconbi nanaffeen@bneefseldlllwmtdacmserpmswss features from Sox2 and from Sox7 or
Sox17. A Sox2, Sox7 or Sox17 is used as the base sequence and the sequence

s then ad@egsg ,\ PighEd: 49 o7t SOOLHEEul AR e SRE Sokdoblle st arting

sequence i to inc eature rom e starting
sequence |§MBGR¢RENBSox17) [ 0047] Each of Sox2, Sox7 and Sox17 refers to a
hlghly conserved fam |y of proteins. .

[0034] Flgure 7: in silico discovery of sox/oct variant motifs.

[0035] Figure 8: Differential assembly of Sox2HMG and Oct4POU (A) and
Sox17HMG and Oct4 (E) on a series of different motif configurations.

[0036] . Figure 9: (A) Differential assembly of Sox2/Oct4 and Sox17/Oct4 on the
compressed and canonical elements. (B) model summarizing the differential assembly of

Sox2/Oct4 and Sox17/Oct4 on the canonical versus the compressed element.

[0037] Figure 10: (A) Alignment of the amino acid sequence of all mouse Sox
proteins. (B) structural model prepared using pymol by using the structural coordinates
for Sox17 and the Sox2/Octl on DNA. (C)Point mutations at the Sox/Oct4 interface
swap the differential assembly behavior of Sox2 and Sox17 on the canonical versus the

compressed element.

[0038] Figure 11: Characterization of iPS clones reprogrammed by Sox17EK. A.
Combined bright field and fluorescent photographs are presented of isolated iPS colonies.
B. Q-RT-PCR was performed tozdetermine expression of pluripotency genes by iPS
él'ones reprogrammed by Sox2, Sox17EK, or Sox2KE, as indicated. C. Uniform

expression of SSEA-1 and Sox2 on iPS clones.

[0039] Figure 12: Results of induced pluripotency using OCK alone or with Sox2 or

mutants of Sox4, Sox5, Sox13 or Sox7.

[0040] Figure 13: Pluripotent colonies induced by Sox7EK.



Reference to a Sox2, Sox7 or Sox17 protein that is used as the starting
sequence prior to effecting the nutations as described herein, includes
ref er encewd0aMF6B0x2, Sox7 or Sox17 protein that retai RETISIGRO@MBOIREY t O
interact with OCct4 and to direct the specific function of that Sox2, Sox7
and Sox17, for exanple either the induction or maintenance of plurlpotency
for Sox2, or the developnental role in endodermal differentiation of Sox7
or Sox17. The Sox2, Sox7 or Sox17 starting sequence nay be a native or

wi | dt ype Sox2, Sox7 or Sox17, or may be any fragment, honol ogue or nutant

that retai ative I Vit t.he Sox2, Sox7 or Sox17, as the case
may be. Thef@f‘ﬁ]tlﬁ'& ugﬁtt?ée“@fx%&‘?t‘o%agur&o 86%17 prior to any nutations
as described herein nmay have one, two, three, four, five, ten or nobre am no
aci d i nserf00d2k, FEighallst Chingnis S()kmmidlﬂdkn’gpmfensend/mﬁhatianaﬁplnﬂpcaeﬂcgl.
substitutions) or deletions, provided that the native activity of the Sox

in i 8 7 d
Ciarcing SoReh, St 10 AR AHish 57O enprilh FymBlirS R BhENIT T FS T om

any eukarya:dlpose ossgadnrszadMSzﬁs devel ops from a pluri potent stemcell, for
exanpl e an i hsect, plant or mammalian Sox2, Sox7 or Soxl 7 protein,

e e b0 %%'%%f@;ﬁgféﬁ? oS MR s L %'ﬂﬁgﬁllﬁ‘*r?p K Fapox 7 -
inducéd, or it my be froma dlfferent speci es given the high degree of
honol ogy i PESAHLED DESCRIRTIAd7 and Sox17 protein fanmilies, provided
that the rel evant Sox protein is able to function as the native endogenous
protein wil0AAD t hideregpraibémntigmetred SP:0030977 and Soxk peetbiosiimedetesibed he Sox2
sequence, f g the nutations as
descri bed tﬁg@gﬁyﬁ& ugmnﬁcgétscwg%ﬁgﬁé{?gﬁ @ogéé{nttg |b§‘f°%eq)fl';rﬁa%%?pcon5| sts of one of
the foll owi ng sequences, or is a protein having 80% or greater, 85% or
greater, 9[993 @?Wbms%%ﬂleg?‘éa&o@ﬁnswﬁeﬁr@éﬂffﬂﬁ@m|S?’§/2 #Wdtfiomone of t he
]ICV(I;:\I:VI(\)/\IIEMTEE K%%%"S%%ﬂ§ A[&Q%Oé&ﬁ APy Y 3€used %)th{l/?( %allge se%ence and the sequence is
MWWMEIMWLMWWMMWWWW Is Sox2) or
D R BTG ARSI N
QRVDSYAHWNGAENGSYSMMQEQL GY GLNAH VHRYDVSA LQYNSMTS

SQr YM\IGSP‘C%SIVBYS EPGVALGSNGSWEEEASGSSEF\B%%S)EF 4 i e

SHSRAPCQAdBP M PEREIPERXA Apd RPHVA AP faibpfiprateins- | D

N ETEL KBS0 e A N S R e R e seauence prir 0
SRGORRKMVACHTRFt2th¢-mstatigiers dpeiiad FSETERREOP DERRRERR 39K/18E%E, Sox7 or

PDYKYRPRRKJ(TH hLBG e EYNCOND ARSI ct the specific
DSYAHWNGASNGSY GYPQHPGL QV[;PM—IRYDVSALQY ] ]
NSWSSQTYW@PI%%@W@W maESHhekensdgitign or maintenance

RAPCQAGDL "%% A@PW ?,;!g PG ALNGE LR e SESE NO. : 39
[0052] In m n%g |rn°,!r$1)(!t}§isB sg@ l{e@ﬁ}]{ce hsed!ﬂas trﬁyaglt ar t%or%g seque]nce

prior--to edrfSosti. nkhetSaw2, Faxaen Sond7 asrtldemw@emahéﬁ einptiveopmildiype8ox2¢onsi st s
essenti al | or is a

o ot of n- e gy 8507 SIS Ly Ry e iBhologle (bl RBIIRIRRRe 1600 o
great-er seagtieipce! thed‘éqthJ Sox7er Sox1Gnas the casmeajhvl Thewtaging esguente @650§20053] From

e, O A A T RS e R o

QDYPNYKYRHARR, €XQGHReGImMDIRVAORGR idrBHk SERRXNHoRE{NGI dBRGIeHEDRGve amino acid

EYSPGATLPGL PGSVDTYP PPENBPL DAL EPEATFESSS
QEEHG%PHHL%E@?%@IB%%@@ S S e i

PAYYSHATYHirhikieNeQAHL GQL SPPPEHPG-DTL DQL SQVEL L GDIVDRNEFDQ
YLNTPGHPDSAAGVGTLTGHVPLSQGTPTGPTETSLI SVLADATATYYNSYSVS [ SEQ | D NO.: 40]

kDR CrIROERPOL FISAEES R CSNEAP H SRR FURERERE e o ooy

QDYPNYKYRPRRR] R@ACRLCKRUDREGHDE SShnSRINAEMREBIR@A aBENCRat develops
DRGEYSPGTAL PSL RGCYHEGPAGGGGGGTPSSVDTYPYG.PTPPEMSPLDVLEP EQTFFS
SPCQEEHGHPRRI PHLPGHPYSPEYAP SPLHCSHPL GSLAL GQSPGVSMM
SPVPGCPPSPAYYSPATYHPL HSNL QAHL GQL SPPPEHPGFDAL DQL SQVELLGD
VDRNEFDQYLNTPGHPDSATGAVAL SGHVPVSQVTPTGPTETSLI SVLADATAT YYNSYSVS [ SEQ I D
NO. : 41] [0055]1n sonme enbodi ments, the Soxl 7 sequence, used as the
starting sequence : '

wZ

”




prior to effecting the nutations as described herein, conprises, consists
essentially of, or consists of one of the follow ng sequences, or is a
protei n hwoi2op/B6or greater, 85% or greater, 90% or greaiSery10b8fer
greater sequence identity with one of the followi.ng sequences: [0056] From
nmouse: M5 SPDAGYA SDDQ SQPRSAQPAVMAGLGPCPWAESL SPLGDVKVKGEWAS SG

APAGT SGRAI CAESRI RRPMNAFMVWAKDERI CRL AQQNPDL HNAEL SKM_GKS '

VKAL TL AEKRPFVEEAERL RVQHMQDHPNYKYRPRRRKQVKRVKRVEGGFLH
ALVEPQAGALGPEGGRVANDGLGLPFPEPGYPAGPPLNBPHNGPHYRDCQGLG

APALDGYPLPTPDTSPL AFF PLPGD?PAAGTYTY PVSDYAVSVE P%Gg GPDP S
GPAVPG | APFPBAP Shexsealpeseppleps of mammalian Sox2, Sox7 or
QAPPF Ppc'mmbxeam mwmmwmﬁ&mW7 or Sox17 -

YKPENGLPYQGHDCGVNLSDSHGAISSVVSDASSAVYYCNYPDI [ SEQ I D NO.: 42] [0057] From
human:  NVESPEARSRGHIRSSOATES A BIRRIMR tpeirRiurrstessy EsrRRYERSS ANdEnay be

APAGAAG?A%BBRF&P&%@F%E@E%E% %@MME%M—%O&M Sox2, Sox7 and
WKAL TLAEKRPFVEEAERL PNYKYRP KQ\/KRLI EGGFLH

GLAEPQAAAL TSAEGRRRtEAN fom! Rexcpretemasablesto function as the
APPLDGYPLRLRLT SRk ll;}g’éﬁﬁeiﬁﬂva &é@ﬂ{g](AQ\/SDYAGDPEP

PAGPVHPRL GPEPAGPSI PGLLAPPSAL HVYY GAMGSPGAGGGRGFQVIQPQHQH

QHOHQHHPP SPPPEAL PCRDGTDPSQPAEL L GEVDRTEFEQYL HFVCKPE
MaLPYQGHDSEHRIPDshcars SEAAPIORE BT eRetFd 1 ¢ tama%feqrmssa% used
herein, "C@REb&Ing URSHAAGINShY JeseHibed QEreinCOMTISEs, EsiBE @BAtaNY Y, opf ' meANs t hat
t he relevant Sox _protein $Sox2 Sox7 or, Sox17) used as a starting sequence
prior to aiysiftuebeeohedelicraRenrEacherier RTONIHEiREY oofersierforeani no

act ds, | NGl g9abr BOR09SG heROSqIRARI diie, Wi ofd e Bifovasgl L1 onal ani no
acids do not materially affect the functlon of the Sox protein. For

exanpl e, t3§8Ue868¢: protei n nmay have one, two, three, four or five, ten
fifteen or twenty am no acids at one or both ends of the described
sequences [@0850lesCFioRafolser ei n, provided that such a Sox protein still
possesses the native function of the relevant Sox protein, such as inducing

or mai nt ai MWMPEEH&B’E@R@Q@GPC’&Q&GHNWT&%WF&SPBRVWW%oder m for

Sox7 and - Swwkﬁad@ﬁ&&hﬁmmmmBESI@MEW@L@ETEWEIWA@&ML@W 17
di splays a narkedy*gplfferent electrostatic interface when congared to that

of Sox2, PP YK %WH%KPH&%WHH%P&GWQ?GV@V%%% Wth oct4a
(Pal asi ngmﬁsﬁ%aﬂs&@tyﬁu@&@@ﬁ@%éﬁﬁmﬁk MoEPspit epRsAdi ng to

DNA with essentlaII§ t he sane characteristics as Sox Sox7 and Sox17

bring aboukQYNAMHASSRIIMNCRH FY MRV QUETRONHHEFMPSKVKSEASSSRRMYTSS r equi r ed
for the deygd AGOELROMISEDTIHASE vREMA A PSR MW Q1 YRSs v Peaman ey (2003)
17:126- 40) neura | i neages (Zappone, MV. et al. Developnent (2000) 127:
2367-82), $KQ 82 NX38kvel opment al  processes (Que, J. Devel opment
(2009) 136 1899 1907 Que, J. Devel opnent (2007) 134: 2521 31; Okubo, T.
CGenes Dev [0889)6) ﬁ@mZQEAHSQ) while Sox17 is found in the extraenbryonic
and definitive endoderm.]linea of the e ¥KH$Kanal Azuma, M et al.

Devel opment!Y WEYE&@P§%9T$3§'GG§6‘J§1T7%A%§ NFHHRVEREMNARMY Vi nouse
and human %GM@WWME@Q&REGAEWIQ%E@EK@WH@A@LRALHMI@M fate

(Seguin C A, et al. Cell StemCell (2008) 3: 182-95: Shinoda et al. J.
Cel I Sci. RI%%Y)‘PEEBTQWI@@IPKYJHBG@ &MQHW%&@YGXMGAQW%M Sox2 in
converti ng)ﬁmmm@wtsmwsmm INAHGRAGIOPHIHRVISEASQY PS)
(Nakagawa, et al. Nat Blotechnol 008) 26:01-6). This dennnstrates t hat
despite buMW%S@TWSW %H@%&W& BASRSMIPVV H&PEShi ghl y

di ver gent W@QRGWMISW%AEWIQSAA@QQHME q@@f‘gﬂ’G]‘AslNG'Tﬁ?LS’ ed in

endoderm di fferentiati on of nmouse and hunman E (Seguin C. A, et al.
Cel | St em M| [SEQIDAYY-:391 182-95). [0060] Thus, in one aspect there is
provi ded a nmutant protein that conprises a Sox2 protein or a Sox7 or Sox17

protein thapshas HQ@mQEmH&ﬂﬁeﬁH‘tMﬁ?%aﬁeﬂc%msé&fthé’\étirth%uQ{ce pRére

correspondi ng am no acids froma Sox7 7 protein or froma Sox2
protei n, vRicHpcting thermutptions as des¢riped heyaip) @HWFIS‘FSn%R!FéliStﬁgSSé@WUéPglObn of a
non-plurlpotent cell to a pluripotent cell. Reference to replacing an am no

acid with a corresponding amno acid fromanother protein is reference to
replacing a given amno acid with a given Sox2, Sox7 or Soxl 7 protein with
the .amno acid or amno 'acids or a domain defined by a sequence of am no
aci ds from anot her Sox7, Sox17 or Sox2 protein, which replacing am no acids
are in the correspondi ng position based on sequence alignnent and sequence
identity and honol ogy, or which possess the corresponding function, for
exanpl e the activation donain. [0061] The nutant Sox2, Sox7 or Sox17 protein
i s capable of |ndu0|ng, or |nduces pIurlpotency, neaning t hat when the

~ o~ P — o g - o S



cell is converted to a pluripotent cell under suitable growth conditions.
Such pluripotency conversion can be confirmed using standard techniques to
i denti fy woaen/qsburi pot ency markers, for exanple, Eras, PNAas6Gg010004443 Sox2,
Zf p206 or Zi c3. The Exanpl es bel ow descri be techniques.that nay be used to
confirm conversion of a nonpluripotent cell to.a pluripotent cell.

[ 0062] The mutant protein is an engi neered, reconbinant protein.. The nutant
protein nmay be an isolated protein or may be introduced into a cell using
nmol ecul ar cl oni ng and reconbi nant technol ogi es, including transfection,
transduction or transformation of the cell with a nucleic acid nolecule
encodi ng t FRASHSCAPRE 95t IRT RV RGeS R 85 BRTLHD Phdne 7P or sFFerE ARt Sox2,
Sox7 or Soddted9®% 8t %keﬁ@d@i%‘ 0P Bi¥at&i0% quenSOMntRY witR ¥ offthOfolbWingf Or exanpl e
i nsect, plant, mammalian Sox2, Sox7 or Sox 17 protein, including a nouse
protei n orSd"#WGffan protein. [0063] The nutant protein may be a nmutant Sox7
or Sox17 protein that has been.altered in-one or nore of the residues
form ng t hpo6Bl 4 piogtméwdecontact interface. The alteration includes

insertion, deletion or su itution to change the one or nore altered
oo dues.” MAS S e G RCRAER L e R fE RSt SRR MR ikt o
aci d resi dwaA KIDEKIERI AVQNPDESMNA RITBKMEQK S SQONTSSGIRPY VDEABRARDOQEMS t O the
residues in Sox7 or Sox 17 that are being altered. That is, after

al t er at i onQPYRNYEIRERREKQEERLAER VPG Hd-SSERRDONIEPEKNGAERPESERRG 1 cont act

interface EPGPGRRSPEERSCAREGAAN AFTRIVINASPYGEP BEEAESH D AL ERBUErIFRSSCf i ¢
correspondi ng or anal ogous residues fromthe Sox2 Oct4 protein contact

interface.Q{Egﬂﬁlﬂf)HIk@fP SEPY ePEF HSPARGSERE CSHARQNRC VEMMSHUFOEBPS hunman or
nouse: Sox 7p &y {SHAGYMPLPIPRIL QA NG GLSSP R F DT DS GRUAUSISIMDRNEFD

LSQ(RPYVDEAERLRL&—W?D %’S%D NO.: 36] or a human or nouse Sox7 altered at
one or nor §LNEBGHERSAAR VIGH THIRCPIFG P HEORIETRRES YA RATASIXNS¥SY Shave E99

changed t oisgP@si6.: 4gpsi due, for exanple K or R In one enbodinment, the

mut ant: Sox% has the nutation E99K. [0065] For exanpl e, the engi neered nutant
Sox17 may be_a human or nouse Sox17 altered at. one or nore residues in the
sequence LIRARMPF\ArRmAmMRYOHMOD [SEQ ID NO.: 37] or a human or nouse Sox17

al tered at MARELGAYPWEEGEESCEMESAEDSHEOSPRICPPREEGHRGEBIRIRRIAMINERNt SOX7 nmay
have E 122 changed to a basic residue, for exa

le Kor R _1n one
enbodi ment WA YQ§8WWHW%GF§WE%@PYY5@56F%RBQE%arti cul ar

enbod ' ment QDWWWQAKMC@M&%@LS@QNM#WRW@@%M
enbodi nent, the nut antgﬁ)rot ein is Sox17E122K. %0067 Al ternativel t he

mitant pr oPRORYSEGTALPELRGCYHECEAEE GRGEEPHS IEYPKASPERRIMSFRYERP i n one or
nore of th}?QTﬂSSS@'@Q”EE‘HHHPI{IQPHEFGFEP?(SPEYRPEP@}%SH?EGﬁ%lg@@ﬁ@vsﬁﬂf

alteration includes inseriion, deletion or substitution to change the one

or nore al SRYRGLCRESPAY IS ATOTHRIGISH LYAL GQE SRR REHRG KR A TP QLS QEE H_nt
protein, tOPRANEFRAHOTEIGPPDSRKGAMAIRGHVPV TEREFASRISPLABAFAT S

anal ogous to the residues In Sox2 that are being altered. That iIs, after
al terati onYYNR¥SYS48EQ IR Ndtldnce in the Sox2 C-termnal activation domain
t hat has been altered then has the sequence of the specific corresponding

or anal ogoassesi fusme bhBsRihBRs, BRGoxPT seqenkd, used &1thE Aatin@&hhandst i on domai n.
[0068] I n sonme enbodi nents, the entire Ctermnal activation domain of Sox2
is . ~ priorto effecting the mutations as described herein, comprises, consists essentially of, or

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:
MS SPDAGYASDDQSQPRSAQPAVMAGLGPCPWAESLSPLGDVKVKGEVVASSG
APAGTSGRAKAESRIRRPMN AFMVWAKDERKRLAQQNPDLHNAELSKMLGKS



replaced with the entire activation domain of Sox7 or Sox17. For exanple,
am no acids 122 to 320 of nouse Sox2 may be replaced with amno acid

resi dues WO20110054R0 of nouse Sox17 or the correspondi ngPCESGIU®HIFLDM NOUSE
Sox7. Simlar alterations based on the human sequences nmay al so be made.

[ 0069] Sequences of Sox2, Sox7 and Sox17 are known, including wldtype or
unnmut at ed sequences, i ncluding nouse 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-termnal activation domain

mmy bo.r el AT oy AR L B SRR S0 T "

nut ant SpXRLvE)at&ZlGQLcSm\ﬁ&MD@UGmyEberAGQBQmPHﬁAGEH\sRa?Q@m md)I ecul ar
engl neerin andga _clonitn niques For e t echni ques (0] [oaucli ng a
mitant pr REAHPHATERGPAT %‘%‘%@Y DBéF%éPB?SﬁEFéA%YEa’ AR %“Ff&l?}ég s are
known, i nCFA@PMQWMGP@MMMMAE@BY&MMGsnmsAGRGmmAme}tmm [ nvol ve
prinmers containing suitable nucleic acid residue ch an\glﬁs to encode th

nut ant pr oR&FPREP HP AHGEGQR PRI A RS B R L PR TEFERY PG | ecul e

t hat enCOd?ﬁPEM@HP&’@GHIDCQVﬁ'LBD@HGQ%WV@I@ﬂS‘S‘&V?‘Y@Nﬁﬁ)l' SeQ ¢Sl above, the
protein seqguences of the nutant proteins may be readily identified using

know edge dskill inthe art. Simlarly, using the genetic code and

know edge of the degeneracy of the code, nucleic acid nmolecules that encode
a nutant ppoosej n @smdRaGhi bed herein may be readily desi gned and

synt hesi zed u5| ng st andard nol ecul ar ¢l oning techni @ues

appr eci at edSSPRAONASPHQS QRQIA LG BUACE GRS WA G MHJWQEAB&HW onal

el enents, ApAGRA@I@[I@GESKIRM’M}@&FMVWAIQDERKRQRQQNPULWAEDSKMQGWUence
encodi ng the nutant prot e| for exa | e theN;))rormt er hei n? Frormt er that

is expressWHALT SV EEAS Ha cel |

expr essi nQGEJQEP@NIA@EGPE@GW&MBUE@%P@@%FPM#PEEPWMGGHY@)OQSLG' c acid
nol ecul e encodi n 9 such a nutant Sox protein, including a cell in vitro.

[0073] The ARRIER(EY PR P LAIGY RERP HITAAINPGRCRAAGTYSYIAQV SRXAGPREP such
mutant pr %@GW%R@@T’EPA@?@IP@&%FPSKEWG’&M@STP@A'CRQ‘H@GF mﬁncy by

convertlng a nonpl uri pot ent cel to a Eéurlgotent cell, incl In1n

vitro met k@H@H QH@WBBEéfaP@RBGEP QBA LLEBVPBJ)EFB%’ L YWKPE or
exanpl e asyvigepedIfaskE VN Bk §HEA s VAh A NeYenyPPROSECAD N3 2631663- 676.

Briefly, pluripotency protein factors Sox2, Cct4, and one or both of c-Mc
and K1f4 are _contacted with or co- expressed within the cell that is to be
i nduced t d0Be8lp| Uit e Bereingrransisieesesatiplly of” gf apsitiastsertBHuPfiB58S t hat are

sui tabl e f@k tRdiel RS0 PHOMRT G0l @Mhor@ox?mrsém'a@taﬁix}%@b@ﬁhéeﬁmo[‘Q>075] In the

present nethods, Sox2 is re‘?ﬁaced (%; a nutant protein as described herein.
The cel | iamyiHitasianpasderspibedhrasing iacludss e oripRTe aBInedgids iRcliling % 9% ¥ss one or

mor e of  t hgupldds béii?&i@ HeYthh@re Mdfiodsl atfind RNISASLmatSiil ofSctHid 4 and one or
both of c-Mc and . Alternatively, the cell may bé altered, for exanple

by transf tngtion OBﬂletSPan@re@r Qe ie¥Ample, (t)heeS@ﬁirP&i@n @ey haverpacdtve, Breeorh of c- Myc
and Kif4. {5tk R, @ﬁ%&P&%w@x%y QI%G atigss o'H@LPM&th s on’ﬁE hésalibed s@iuefl&'d y

differentiated cél requires ditron of and one or c- Myc and
K1f 4, al t resdgieribed lqunll, pbcen@splraée;cata&xmmm @iﬁbpqwesmﬂ@ netflvetfheélenf)éct ors may

al ready beyexphgR%ed teih 16t 7 Al Fithng iR P50 e @ method of

|ndu0|ng conver si on a non-pluri
differentiation of the endoderm for Sox7 and Sox17.

[0059] The putative Oct4 interaction surface of Sox17 displays a markedly different
electrostatic interface when compared to that of Sox2, potentially affecting the ability of
Sox17 to interact with Oct4 (Palasingam, P. et al. J Mol Biol (2009) 388: 619-30).

Despite binding to DNA with essentially the same-characteristics as Sox2, Sox7 and

10



cell to a pluripotent cell, the nethod conprising culturing the
non-pluripotent cell in the presence of a nutant protein as described
her ei n t ogyotzhawvoswisarh COct 4, and at | east one of cM/c andPKIrfSG20wmnden3
conditions suitable for growh of enbryonic stemcells. The nmethod nay be
performed as an in vitro nethod. [0077] The cell may be any non-pl uri potent
cell, for exanple any cell that is partially differentiated or fully
differentiated, including an in vitro cell, a cell in culture, an explanted
cell froma subject. The nbn-pluripotent cell may be fron1any

mul ti-cell eukar r i t devel ops.fro Iur| nt cells,

el uds ng S Rt ottt kel o sl SRR o d eIt g § or

exanpl e a #HBusRIophleht dfrthe&ptbmv(quﬁalnlAATfaealceMesDay(zbes)anmwp)? of partially

or fully di ffer entiated cell | udi ng for exang B an_enbryoni c fibrobl ast
S

cel I, - suchheyel ingagesd alﬁ’t""‘?‘r%é’ee qyeiprTeent (9PQi24s136752)-pad Ma%anpl e a

mesenc hyﬁ%théfd@mlcﬁﬁ{elmal Qélse@%Qae bmezopheﬁme) mllmﬁﬁ%? Q%blq derived
mesenchymal stem cel | refers to and

i ncl udes aleiefogiment§o7) 13¢: 7|§I2L13éd (Plf‘iPoo? Qfé’?ﬂl Qe"dﬁo%)ﬁ%ﬁ“aﬁ)o‘ﬁh‘@f cel I's where

cont ext pegdut & fobHdl iR BR &&Mﬁ@oﬁf‘c ﬁB%@ﬁﬁ:in@@end&le‘%'lﬁMg\és ofrtﬁé&ﬁ&Q&e to cells
al so includes reference to a single cell where context permts, unless

ot her wi se &@atii4qupd, M GIG’]QFMPRW @@03)%9@&3] 79)n Sexi> when oaiblpf t he nut ant

Sox2, - Sox 7e>@¥es§9)frilr¥10ﬁsg 12} mﬁﬁan\’ﬂﬁt &ll%ﬁsﬁe@tﬂg céi ?ov@efrdmte“d&ferrﬁdl Mxe cé’lpd K1f 4
i ncl udes cont actlndeg) the cell wth e various pluripotency protein factors

so t hat t higtedPeguindoerstyl. §¢lb$term¢eflé2,q0§}}, 182-85¢ ﬁd%lbl BlalthEekd sl as wel |
as transf e&bbﬂgz@ﬁ,ss@@@%ﬂ%}u@ﬁl@ Q&lg%hﬁng‘ﬂegﬁcé%@z% GOIRYQhﬂ% ﬁﬁn%BQ' ng the

various pluripotency protein factors an expressing t uri pot ency
protein fawiloms induredrpbidippientetom cqlleﬁ@ﬁe(hbbagtawad‘#’lmtlabé@leﬁe;w%%t ein factors

is refere 4, and one

or both cn%gcé)ggglﬁﬁ ?ﬂﬁ at{eglgg %%sﬁfa? %b%eﬁg%gggﬁlghggA%%&g%pngﬂs| on of the

pl uri pot entox2pndSedli hﬁ‘@dtlgiﬂxdwﬂgbnndn\(ﬂh}mn@k@pelsbﬁ@n SbxbilikaSenli’tiabl e

bromot &1 - Aivdan SREUARI oLt bPnbE £ EAIAG FEAORLRD ACRRIL! oul ar

pIurlpotency protern 1 Pst nuc el c aci nce i 5§ operably

| i nked wi tﬁelbgtgeé’e&ﬂ&Oﬂ&)d éB293ci d sequence when the sequences are placed in

a functional relationship. For exanple, a coding sequence is operably

i nked £ 0 @OBSPMOREE ih bad Aect BeRITRhiNidBEh IniBhPRoklienicBRBALL REben of the

codlng sequence. [0081] the ce has been cont act ed th the

pl uri pot em,rytemroota@pﬁ ¢raS@e<b? srotemth@id@eomemnepe¢¢mlhasclée@nla@qdaw§1fceeped or

transduce ,ﬁﬁ% f i pot ency

protein fglgét‘%?cgnggﬁﬁ e %(ﬁ[ﬂ %ﬁgg‘ﬁ’%e"gggggdﬂ fgtgﬁeaog%(??‘t |%Jr%gp téﬂl

co- expr essviih mutaet preteings myblbef ipdycingreouvensieteef agwn iluripotest ®UItQ fabl e for

growt h of OYe%p{;e(fl ?e‘?%n%gldé 1a§Eg)£r¥é?rﬂh8ac?& %ith S%Lkesgﬁgf Hifo Apwn and are

comerci ally "aval ['abl'e n so cunstances, It fesirabl e to use

f eeder cel fran ampthpr proteivisgefereneedb replpcmgtatgiven auuﬂctasrrce’vlth ngikgePixdg wi t h

Standard SOROKPOLS TSR SR e HRUIS RN AR LBRREAIMREIET o0

expanded i sequenckesf atmmicmfmnearmtlmn&dﬂp&puVat Pon2 pm(ﬁtexamhmldwpkacﬁng)l uri pot ent

present  mertBee e HoleoRp Bt e RETron R ey S ind #OHS | i ng
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, K1f4 and c-Myc, the non-pluripotent
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non-limting exanples. EXAVPLES [0084] EXAVMPLE 1 [0085] The role of the
Sox2/ Cct4 pair as an inducer of pluripotency is well established (N chols,
Cel |l (1998p 200/B3¢2791; Rodda, D.J. et al. J Biol Chem (2005G22800@4731- 7)
and there is evidence that Soxl 7 and Oct4 functionally cooperate during
endodermal differentiation (Reim G, et al. Dev Cell (2004) 6:91-101;
Stefanovic, S. et al. J Cell Biol (2009) 186: 665-73). [0086]It is

t heref ore concei vabl e that- Sox2 and Sox17 can conpete for Oct4 and form
st abl e conpl exes on specific genom c regions characterized by distinct cis,
regul atory rmtlfs 0087] To test thjs perinents. were, designed to

i dentify veRISFRNY /tBEP]“ﬁ‘B?tF‘PtCE%H‘f‘{eQEWt&%( ”\‘Eﬁo”d&WB?n%‘cgegi ons occupi-ed
by Sox2 anﬂuﬂ%&é}lcy BorlVetdfof cﬁSbeC&lnhﬁn&dQQﬂ@sta?ﬁiar@feclﬂhques gﬂhéntﬁ}zﬁm}&)ﬂ 133:

1106 1117) results of which experlnents identified a novel conpressed
el ement . | PUSRaisnsy MBEkersofer REAMPIE ETasnNa08a (6% 050whlRA00 oF &¢dal®d t hat onl y
Sox 17/ OCt 4 Dilpldi®klowQieadrBE tebhiigies #at Rad Be £2d B A fitdEsnvelsRABAL nihi | € t he
Sox2/ Oct4 conpl ex predom nates on the canonical site. By designing

nut ati ons RAgTRRIenS eellfe@ptusipotepicélls, point nutations were generated that
swapped the heterodinerization preferences of Sox2 and Soxl 7. Strikingly,

t hi s changmoég] t hencmmaktipkdtéiy isti ée?é(ﬂ‘efcémﬂlhﬁiﬁlptol@ﬁl Dkt HeMhtpestyiar t ed
Sox1l7 into a gotent reprogranmm ng.factor. [0088] Experl ment al Procedures

[ 0089] Conpliiabs Brisglatedhprpipin o mayhe é‘é%?f’&‘f?dﬂlﬁP agelf v%rgéﬁ? leculps clpaing 3t i 1

conf i gur at jeedisbihde tetRiol dgicd Shé MRl friRMBclidie thastddtion $Ptdddfoinsifd ofiglea (Chen, X
et al., Cell (2008) 133; 1106-1117) was used and a posi tion-wei ght matrix

(pwm) sear & Withat nuksic agjdgnelesyle eadingthe pukpppioEt for opresuaTia thetllences for
the presengg RitadtRog2, W6LT br So&W?r@leTrmen&%kz diokf & RAL7 El‘éﬂ:fnl gy ations of

the sox/oct notif, variants of the notifs were generated inserting
unbi ased bEEEPlsARseet mRRthpamelignaioxd eiexT RESEd % PEeain. fislyding 90@‘“!5?9 maki ng
reverse COpBleRAthuth ploRils of the respective notifs. This allowed for
construction of many .different hypothetical configurations of the sox/oct

motif, fromthe canonical (soxf Cbp octf% order (octf Qbp soxf),
conver gent 0083k Bisgmygant,pro ?mgﬁﬂb?a&“&l’ﬂ ‘2]‘7t%§°’é]t7rpé?fﬂmétfat Bderbtif el enent )

and di ver gaRted(#64d or@MRe SAKE desidRYTEmAhd e BcEI ih cBRER iMédce] TRErted in
bet ween (soxf, Obp_octf, soxf |bp _octf soxf 10bp_octf) were al so

const r uct edlteratign WéF'ées ipgstiAnedelesion Op shbetitutign t P’i‘%ﬁﬁ‘ﬁloﬁﬁora‘“?)'ﬁ@léer%l r between
the sox angdsi@eds, Ras tiangd a feBRn Within thd eRfl fr&ein, R amind Bid RSidhe o0Ct T,

-1 bp_soxf, etc). [0091] Log-odds base position weight matrix finding and

the inpl ensgicaef 2 thﬂrﬁéorrﬁéqustﬁ@cw’él%ow@rhe\mdwems@ﬁ%ﬁt%adwaa si npl e

posi tion wek ghthe AREL ﬁh%ﬁ?rah&galtfeﬁ%n tl‘i‘és?é‘d?ﬁé éhhéﬁc@ﬁx tﬁ’@§&<r7'o|9§9x1'7” Ben- Gal ,
|. et al., Bioinformatics 2126 as a Markov(0) nodel. The

al gori t hm ¢t PRI cagaekin R@h@f@ﬁﬂbﬁeﬁ}“é@i ﬁh@hhas‘ﬁ*ﬁ s¢quepereofghe speegjfiei t hm i s
commonl y 1 &fREJREink Or ARl0BodsPkiRRE BoMREE 0x2 R A MbRInT SRStk @REEd nodel s of

transcription factor binding and discovery are available (reviewed in van
Loo, P. and I\/arynen P. Briefings in Bioinformatics (2009) 10:509-524). The
advant age 9P6%he Fosgxaerle thaspgincered mptantSoxd mgy be A BP@ARPH™AYSHRO%nd r api d

scanni Nng sHRRM aPbne R AR reGiNR ME sQRAEFAISOKRPY VDEAERLRLQHMQD [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 residué, for example K or R.
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WO 2011/ 056147PCT/ SG2010/ 000423 [ 0092] Posi tion frequency matrices (pfm
were converted into position weight matrices (pwnr) using the follow ng
formul a: wp,2011205b3g2 [( fp,n sqrt(Np) * bn ) / ( Np + s@cwSER)10j00¢42bni
where wis the weight of a particular nucleotide at each position p in the
matri x for each nucleotide n. f is the nunber of occurrences of each

nucl eotide n at position p, Nis the total nunber of occurrences of AL C G
and T nucleotides at this position p. b is the expected background for this
nucl eoti de n, which was assuned to be equal, i.e. [0.25, 0.25, 0.25, 0.25].
This is a eason e as tio r onot er jons (here, considered as
-10kb- of t é’i‘?gﬁ‘?"g‘ﬁjﬂ E?%f"“géj‘{xgi‘j‘“&ﬁfr’é‘w‘% Iﬁ%an and rmouse are roughly
25% each of A C, T, G but this assunption does not hold distal to

pronot er ri@@66Ns Inttine partiewlat enbobiarotythe Gatant proteilNs SonTHINEN Icamdtiect i ons were
made for back varl |on 0093] To section of DNA sequence,
the foll ovx)?aﬁtb‘%iaéf ?démﬁ\i’i Eg‘@g’n&f"tﬁ@tlégﬁ’ﬁlgg?%@core at each possible
position for the notif: s (Ef™M - M / (M-n) where s = the normalised
scor e bet \/\[@Gﬁ7p aAhlerﬂatnvai tshe trhveantyaroght maydre atrhmanacStouAbromimthadiai; beenn at
p05|t|on p Si 0 an .S t he

m ni num podsltselrelgluéonsecoérnéor ?WQB ?M\b'(né%q tg' k'tf mb'mb aCtévﬁﬁ’\rAnnaoma"f r"}of t he

m ni mum oralmxmmmmuﬂed m@stufnodeléth»ﬁ opwhsstatltlcﬁﬂo Iahmgh thetone nrmble appered mat ri x) .

[ 0094] A SI dds_ np over

ol eent RO S R AR BB B et Procfo8 FRAFE s o BT vt  on, and
Chi p- seq s&RUethaccontesbads Biof & angegous ki the residués ia sammeim BsSngitetelle setting
of an arbitrary threshol d above which a arti a tif ccepted and
bel ow whi cHeE et eretoa. F AT SLHIOTtE THRE SEIEHHETH SR e

enri ched lmatthlaebe‘sﬁxrt&sd thei hd3-theeqhidn8é offthepedifib €direspondig odbnalogord | (2008)

133: 1106-1117 so, t was,. used and, as a negative control,
a singl et ¥ rPf“stPeg:%fg‘l%%lﬂgtq”ing‘P ‘iff“'%tloﬁdlf’%‘a‘t‘?apped reads derived from
an anti-GFP ChlP-seq.result (Chen, X et al., Cell (2008) 133: 1106-1117).
The si ngl e[lOOGS]GFFInIsbmé elinBodimblite\tl&:Chnti& (be:rrhapraﬁeﬂlioatdbmein@f SéA2ds proporti on
of the geno lencin d he alrea i ncl udes
potenti al r§%a?f hntg %1%56 acuv 8“’8‘? g?’%%néstpéﬂfj? xa&fpg‘%llaflﬂﬁtagl Sacross the
sequence- ghlte 37esfan®ise S(ﬂ)ﬂGﬂ@]b-EheplﬁbamWﬂlQﬁlhnoSdhidlﬁﬂdueﬁﬂ)fﬂlfo4(266f(f Cbp_oct f)
was Scannergo&ggoﬁsitor?he correspgndmg 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 thatvfunction 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 fechniques 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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FASTA sequences derived fromthe Sox/Qct ChlP-seq or a randomy sanpl ed
list of 10,000 singleton-G-P sites. The centre point of the coordi nates was
t aken andwoheimisadlow was expanded by 100 bp in each dir @cmiSenao10M004e3t abl i sh
the optimal notif discovery threshold, the threshold was varied fromO0.8 to
1.0 and the Sox2/CQct4 and the singleton-GFP |ists were then scanned. At a
notif threshold of 0.82, 5% of the notifs in the singleton-GFP |ist were
found as conpared to in the sane nunber of Sox2/Cct4 bound sequences
(Figure 3). [0097] Next, the influence of the size of the FASTA wi ndow has
on the di scovery ated. The peaks fromthe Sox2/Cct4
On Lhe 01 SERMET oL IO AL, eo et e ed T pesis Fromine sox2!

blh ndi ng si fb'retem@ iR jbe EdaHNy idéntlfiel @big Bridwa&dgs @edRKiI0infthe drt. VSimylady, @sigg (W t hi n
t he range

f 25hp) tre.of the ChlP-seq site To assess
t he effect?‘ se"teﬂg %’Ff@é ﬁfﬁ@eegaaé?ﬁfaermﬂmca e, mHgleiq ﬁlﬂgrolqsfﬂe% ecover ed
motifs, "a Mﬁtfe)ﬂcdd@hgxﬂltéﬁdt PR®M efdezo‘medmer&neiaymefeaailp@esfghedmsgﬂnésﬁzed of the
Chl P- seq . peak was ed. The size -of the motif was then reduced. and the

notifs mer‘eﬂsgéanéﬂdgsoleaulab%l%?ﬁfa@@lws -t WilkRe appreriped ihe M i7asthps of the

centre of hbecfidvhEy felelBingHaddtiondeleiRhis] Bfex@mpR MrotHoN $hiek Oof 100 bps,
as it includes over 50% of all the possible sox/oct notifs within 1kb, but

i ni ni ses A§EbRUked toghe Wﬂlﬁnfzemﬁpeeg)théWbpromﬁ%éxenwﬁ@e PFOwsE] Col | ecti on

and m)d' f'ﬂe@ﬂ%a%}mﬁf)temglﬂlg Sxpreb8 iBhbryons S@micBnd hi s study was taken from
Chen, X et a ZOOé) 133: 1106-1117 and was de novo derived from

t he Oct4 %})9 seq experlment The matrix i.s as foll ows (represented in
Pyt hon cod@P72k oxhlserentesmrlgiedis gieell pxpressing theppiang Sex profejngas dgserifeds) 4 ¢ - sox2

start. [ fereifdor @ nucdéit acid mbleddlt enﬁ&dm@ sudha 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 in vitro methods.

[0074] Methods of inducing pluripotency are known, for example as described in
Takahashi and Yamanaka (2006) Cel! 126:663-676. Briefly, pluripotency protein factors
Sox2, Oct4, and one or both of c-Myc and KIf4 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 methodsi, 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 méy be altered, for example by transfection or
transformation, to express Oct4 and one or both of c-Myc and KIf4. In the methods as
described below, the partially or fully differentiated cell requires addition of Oct4 and
one or both of c-Myc and KIf4, 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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79], #t [4, 11, O, 64], #t [14, 2, 54, 8], #g [9, 3, 17, 62], # t -sox2 end

WO 2011/056147 PCT/SG2010/000423

cell to a pluripotent cell, the method comprising culturing the non-pluripotent cell in the
' presenée of a mutant protein as déscribed herein together with Oct4, and at least one of c-
Myc and KIf4, under conditions suitable for growth of embryonic stem cells. The

méthod may be performed as an in vitro method.

[0077]  The cell may be any non-pluripotent cell, for example any cell that is paﬁially
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 mesehchymal stem cell, such as a human or mouse adipose-tissue derived

mesenchymal stem cell.

[0078]  As used herein, the term cell refers to and includes a single cell, a plurality 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 Klf4 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 nansfecting 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 is reference to the mutated Sox

protein as described herein, Oct4, and one or both c-Myc and K1f4.

[0080]  As will be appreciated, co-expression of the pluripotency protein factors will
involve 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 nucleié acid sequence when the sequences are placed in a functional

felationship. For example, a coding sequence is operably linked to a promoter if the
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[13, 58, 4, 24], # c/g #[99, 0, 0, 0], # a - oct4 start [0, O, O, 99], #t
[4, O,
WO 2011/056147 PCT/SG2010/000423

promoter activates the transcription of the coding sequence.

[0081]' Oncé the cell has been contacted with the pluripotency protein factors, or once .
- thé Cellj has been tr_ansfected or tra:ns'duced with nucleic acid molecules encoding each of
) the plﬁ;ipotency protein factors and the cell has been exposed to conditions for co-
expre‘sbsion, 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 culturc techniques.

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

non-limiting examples.

EXAMPLES

[0084] EXAMPLE1

[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)
280:2473 1:7) and there is evidence that Sox17 and Oct4 functionally cooperate during
eﬁdodermal differentiation (Reim, G., et al. Dev Cell (2004) 6:91-101; Stefanovic, S. et -
al. J Cell Biol (2009) 186: 665-73).

[0086] It is 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.etal., Cell (2008) 133: 1106-11 17); the results of which experiments identified a novel

compressed element. In vitro heterodimerization assays, however, revealed that only
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84, 12], #g [42, 42, 4, 4], # alc [40, 39, 0, 4], # alc [56, 3, 12, 2],
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Sox17/Oct4 but not Sox2/Oct4 was able to co-bind this element while the Sox2/Oct4
complex predominates on the canqnical site. By designing mutations using structural
' mod'éls, point mutations were generated that swapped the heterodimerization preferences
of S:ox?. and Sox17. Strikingly, this change. in the capability of Sox17/Oct4 dimerization

~ now converted Sox17 into a potent feprogramming factor.
[0088] Experimental Procedures

[0089] Computational Analysis: To search for different sox/oct motif configurations
the motif derived from the Oct4/Sox2 ChIP-seq data (Chen, X. et al., Cell (2008) 133:
1106-1117) was used and a position-weight matrix (pwm) search tool was applied to scan

through sets of FASTA sequences for the presence of this motif.

'[0090]  To construct different configurations of the sox/oct motif, variants of the
motifs were genefated by inserting unbiased base pairs within or between' the sox/oct
motif, or by making reverse complement versions of the respective motifs. This allowed
for construction of many different hypothetical configurations of the sox/oct motif, from
the canonical (soxf Obp_octf), order (octf_Obp_soxf), coriyergent (soxf_Obp_octr; fand r
signify the strand of the motif element) and divergent (octr_Obp_soxf). Pwms with a
spacer base pair inserted in between (soxf Obp_octf, soxf 1bp_octf ... soxf 10bp_octf)
were also constructed, as were 'compressed’ pwms, by eliminating a base pair between

the sox and oct parts of the motif .(labelled: soxf_-1bp_octf, octf_-1bp_soxf, etc).

[0091] Log-odds base position ﬂeight matrix finding and the implementation: The
motif discovery tool was implemented as a simple position weight matrix scoring tool,
essentia!ly as described in Ben-Gal, 1. et al., Bioinformatics (2005) 21:2657-2666 as a
Markov(0) model. The algorithm includes some background correction. This type of
algorithm is commonly referred to as a log-odds model and more sophisticated models of
transcription factor binding and discovery are available (reviewed in van Loo, P.and
Marynen, P. Briefings in Bioinformatics (2009) 10:509-524). The advantage of the log-
odds model is its ease of implementation and rapid scanning speed on modern computer

hardware.
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#a [62, 0, 0, 1], #a [16, 0, 2, 291]) # alt - end oct4 [0099]To insert

unbi ased base pairs into the matrix, a single unbiased nucl eoti de was

i nserted wotoirttdset4mat ri x: [1,1,1,1]. Converting this pfRCTSGR0PMM2S] |
result in the followng pwnmatrix for that base pair: [0,0,0,0]. As this
does not affect the m ni mum or maxi mum scores for the particular pwm this
approach should have only a mninmal bias on the ability of a matrix to find
a particular sequence in the genonme. The soxf 10bp octf matrix is
represented in Python |ike this: soxf_| Cbp_octf = matrixcsoxf 10bp_octf,
[[4, 43,

[0092] Position frequency mafrices (pfm). were converted into position weight

. Iﬁatricés (pwm) using the followil_i‘g‘formula:
Wpn = 1082 [(fn+ 5Art(N) * b ) / (Np + 5qrt(N,) ) / by)

where w is the weight of a particular nucleotide at each position p in the matrix for each
nucleotide n. f 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 backgrouhd for this nucleotide n, which was assumed to be equal, i.e. [0.25,
0.25, 0.25, 0.25]. This is a reasonable assumption-for promoter regions (here, considered
as -10kb of transcription start sités) which in human and mouse are roughly 25% each of
A, (.3', T, G, but this assumption doés 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:
$ = (E[Wpa] -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 motif is discarded. It was known that the motif was

enriched in the Sox/Oct ChIP-seq list from (Chen, X. et al., Cell (2008) 133: 1106-1117)
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0O, 8, #c -sox2 start [37, 0, 0O, 25], # alt [O, O, O, 79], #¢t [4, 11, O,
64] ,
WO 2011/056147 PCT/SG2010/000423

so that ChIP-seq list was used and, as a negative 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 prdportion of the genome avai}lal.)le for sequencing, and hence already ihcludes
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 singleton-GFP sites. The centre point of the coordinates was taken and the
‘windb;N was expanded by 100 bp.in each direction. To establish the optimal motif
discbvery threshold, the threshold was varied from 0.8 to 1.0 and the Sox2/Oct4 and the
singleton-GFP l.ists 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
mbtifs, 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 asa -
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 A
taken from Chen, X. et al., Cell (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_octf = matrix(‘soxf_Obp_octf,
[[4, 43, 0, 8], # ¢ -sox2 start
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# [ 14, 2,

WO 2011/056147

[37, 0,
[0, .0,
-[4, 11,

[14, '-2:

[95 35

[13, 58,

[99, O,
[0’ Os

[4, O,

[42, 42,

[40, 39,

[56, 3,

[62, O,

[16, o,

~“[0099]

54, 8],

#g [9,
0, 25], .
0, 79],
0, 64], .
54, 8],
17, 62],
4, 24],

0],
0, 99],
84, 12],
4, 4],
0, 4],
12, 2],
0, 1],
2, 291D

3, 17, 62],

#alt- -

#t
#t -

#g
#1-sox2 end
#clg#

#a - octd start
#t

#e

# alc

# alc

#a

#a

# a/t - end oct4

# 1

-sox2 end [13, 58, 4, 24],

PCT/SG2010/000423

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,
“[37, 0O,
[0’ 0!
[4, 11,
[14, 2,
[9’ 3!
[13, 58,
[1,1,1,1],
[1,1,1,1],
[1,1,1,1],
[1,1,1,1],

[1,1,1,1],
199, o,
[0, o,
[4. 0O,
(42, 42,
(40, 39,
[56, 3,
[62, o,
[16, O,

8]5

25],
791,
641,
8]!

62],
24],

0],
99],
12},
4],
4],
2]5
1]9
291))

# ¢ -sox2 start
# alt

#1

#t
#e

#t-sox2 end
#clg

# a - oct4 start
#t
#e

# alc

# a/c

#a

#a

# a/t - end oct4
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[99, O, O, O], # a - oct4 start [0, O, O, 99], #t [4, 0, 84, 12], #g [42,
42,
WO 2011/056147 PCT/SG2010/000423

[00109] Next, it was test whether insertion of these unbiased base pairs would

- affeé;t the frequency of matches agai_nst a random list (Figure 5), on the reasoning that a

. réndom list (here génerated from a fandom_ 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 0bp_octf) compared toa 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.

'[001 01] Demonstration thé PWMs fbr the Canonical and Compressed Motifs
Retfieve Different Sequences: All the 15-mer and 14-mer sequences were retrieved that
the canonical and compressed pwm matches at the chosen thréshold of 0.82. Common
sequences between the two pwm's and palindromic elements are contained in the data
were ide;ltiﬁed. The cano'nical motif matches 106,630 15-fners 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
canoﬁical 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 éompressed and canonical motif where they can both identify the same DNA

.sequence, in 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 Sox2HMG (denoted Sox2HMGI spanning amino 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 procédures (Ng et al., 2008).
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4, 4], # alc [40, 39, 0, 4], # alc [56, 3, 12, 2], #a [62, 0O, O, 1],

WO 2011/056147 PCT/SG2010/000423

| [001 03] Production. of recombinant Oct4 protein: The POU domain of mouse
Oct4 (residues 1.26-289 of the full length protein, swissprot id P20263) was produced as
followé. Oct4-POU was introduced into the pENTR/TEV/D-TOPO vector by directional
TOPO cloning and transferred into the pPETG40A 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 ODsgo of ~0.6-0.8 before adding 0.5mM iso-propyl-beta-th.io 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 [-merceptoethanol) and
disrﬁpted by sonification at 35ampifude with 2570n/4s-off for 15miﬂ 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 usirig VIVASPIN 3MWCO

columns (Sartorius).

'[00104] Site-directed Mutagenesis: Amin‘o 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 _ D
TECHNOLOGY) | | NO.

L. Oligos used to generate GATEWAY entry clones

mouse Forward: CACCATGGGCGGCAACCAGAAGA . 1
Sox2HMGlong '

(TOPO) Reverse: TTACATGCTGTTCCCGCCGGGGGCCAGCAA 2
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#a [16, 0, 2, 29]]) # a/t - end oct4 WD 2011/056147PCT/ SG2010/ 000423
[ 00100] Next, it was test whether insertion of these unbiased base pairs
woul d af fwotzotimsefanequency of mat ches agai nst a random IPCIISGREHO®Ne43 5), on
the reasoning that a random|ist (here generated froma random sel ecti on of
"singletons' fromthe anti-GFP i munoprecipitation) would be useful as no
significant enrichnment of the canonical soxf Cop_octf notif would be
expected. Figure 5 shows that insertion of the unbiased base pairs does not
significantly affect t he nurrber of notifs di scovered in the sane random
||St u...l Ilu CI LIICI A baIIUIII bal IIULIJIL (DUI\f mp UbL I ) bUII}JaI cu LU a lepwl
10bp spacmse QeéBOU  SFprvaied: fCAw@CGAGﬁ;AGiEﬂ(ICA@@speCtl vely). The fulB
resultg of the pwm slcan against the Sox/Cct list is presented in Figure [6.
[ 00101]|OE@BAkt r at i onRemeasePTONE TCFEGIHE GCdRACECAARS Oorrpr essed Mot ﬂs
Retri eye Different Sequences. At the 1I5-mer and 14-Ter UETICES
retriey @wuﬁﬁ%ﬁxztﬁ“\‘e-C§HW%QGWCWFJ§STMWAW%T Gave choseﬁ
threshgl d of 0.82. (éHAINBeMobREATCHAGMEGGARe two pwris and pal i ndromi
el enent{stBRe contained in the data were identified. The canonical mpfif
mat cheg 106, 630 15- nBe¥erssiom 1, 073, 741, 824 possible 15-mers while the
conpressed pwm mat cHé@sgacastigtaganeinagctessy égGWQGW%QQS{“@ 268, 435, 456.
When the Two_sef s of sequences mere overla 97216 sequences were|found
to be i|MuIR¥A7 fulj ¢ Forymd CGOGALAMGIEHE AA%e detected by both|fhe
canoni ca@gnd .conpr eésﬁp%?pﬁca%%gc“&%@cnunber of 15-ner seque gces
1t

f??%e?’ (57 414 and 28°55" é%%%%éa"c%eé%%@%%éi%fg?‘%‘fﬁﬁdﬁ%@@@?fﬁg?b1 nat
| . 1
hey. cqt-oEr B tRpe RSO B Or b N B FRct vl 1 Ly (hey are. |
di sti LA ST HMG d [ f
muse B2 Sox7 - and RO G NS R AET ANV expressalan

purifig irhonogengi ggg@eﬁﬁf lase A5EEREARS @gﬁm P. et alq,J |Ml
Bi ol (¢g %%} 388: 619 %? n extéended@\i;g§5| g’{n%(ﬁ @‘E goxz (denot ed

Sox2HMEL spanni ng amGt%@@'r‘ﬂéAé@'At‘MFG&AG@QCUA'ClCd(ﬁ(‘ﬂth’PAﬂk?A@CGG
swi sspriot-id P48432)| was cloned using the TOPO technol ogy followed by a
transfer into the pETGO0A expression plasm d using the GATEWAYTm LR
t echnolregy—and—puriti-ed—usi-rg—established procedures—{Ng—et—al 2008} VO

— LA~ “Ad et

2011/ 05>6$)4177F’€T/ SG201 W TOGCA RS ACGHIOSABCoGENGEEFCEIGCaGONDI nant Cct 4 pipt gi n:
The POQ-dorarr—ef—HBHse ‘

II1. Oligos used-to validate retroviral inserts from iPS cells

O -

pMX-forward GGGTGGACCATCCTCTAGACT 12

Sox17-reverse TCAAATGTCGGGGTAGTTGC: ‘ 13
Sox2-reverse GGGCAGTGTGCCGTTAAT ' 14
Klf4-reverse AAGGCCCTGTCACACTTCTG 15
Pou5fl-reverse CAGTTTGAATGCATGGGAGA 16
c-myc-reverse TGTTCTCGTCGTTTCCTCAA 17

IV. Oligos used for EMSA (only forward oligo shown)

-1 | CGGCGCGGCATTGTATGCAAATCGGCGGCG 18
0 GGCGCGGCATTGTCATGCAAATCGGCGGCG - 19
1 GGCGCGGCATTGTCGATGCAAATCGGCGGC 120
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Oct4 (residues 126-289 of the full length protein, swssprot id P20263) was
produced as follows. Cct4-POU was introduced into the pENTR TEV/ D- TOPO
vect or bywoizosatssanal TOPO cl oni ng and transferred i nt o PCIESGREIGIGA3
expression plasmd. The fusion protein containing an N-term nal MBP tag was
expressed in BL21(DE3) cells by growing in Luria Bertani (LB) nedium

suppl enented with 0.2% d ucose and 1001. 1g/ mAnpicillin at 37C to 0D600

of -0.6-0.8 before adding 0.5mM i so-propyl -beta-thio gal actoside (IPTG for

i nduction at. 25C for 5 hours. Cell pellet was resuspended in buffer A (20

nM HEPE Nkl 7 N- 200 DNl - 1 A ENTA- 10 W1 12 nmr ~nnt ~Ant hanAl and
. . ‘\.J P' 1 T .Uy K-A\YAYJ TV TN y - vl o1y LU TTIvVE L J med \JUPL ULL TTATTUT l (<8 LAY ]

di srupt ¢d by soni fi cgtG@ECAGCATAGACOGITGCANAZEGRUGC of f for 15m n a2l 4Q.
The - MBPirustof—ptotetrs—were—fi+st—puri-ed—using—Amytose—beads—then—tteaved
usi ng toBacco etch Vi|lGEGCTEUATHIGCACESCABGCARATCEGUGHMt t o renove t he22VBR
tag. O gaved—proternwas further—puri-f+ed—using—a Resource=S(CE
Heal t hcade) col um and@GEedTRETRGEGCGARGEANATCGEHK Wi ent over 10 cof 2dm
vol unes [~ Fractionms cygntar i ng_onty cheaved Cct4=POJproterm were poo| ed,
exchanged into a stori@%@gﬁfG@@GGWGH@SAMTC@G%O mM NaCl ) usi h@f
PD-10 ( GEHeathcare) [and_concentrated using VI VASPI N 3MAWCO cof unms
(Sartorifis). [00104] SiGEEEFAETEEECHNGCESENESEAAALRGH @i d substituti phs
wer e i nfroduced using the ﬁl kKChange- XL Site-diTected nutagenesi s Ki
(Stratagéne) and GATEWSCGHATVOTLERESGHGATERAANTCGHC i sted in Tabl p24.
Sequencing was perforned fo verify the successtul__change of am no ac .
S AT %

Rﬁconbi.rlént mut ant - pr FeG Q&%&%@Tgﬁé‘A‘Nﬁqq(éd as d(ca]scri bed
> Wi ' : ' ; - . 5
goner at COBATEVAY  ent rf BT ORbLCTMBHOE C ST AP OAAACHRD)  Forver e |2 |-
CACCATA CCAGAA4 ' GCAA WO
2011/ 0561%7PCT/ sezmc‘%b@%ﬁéi@%@é&%@ﬁ@%? b o 2

CACCOCORRCT COCACE | Y58 AT A AT A TGS 6EERAT A 30
Convergent GGCGCGGCATTGTCATTTGCATCGGCGGCG 31
Divergent GGCGCGGGACAATGATGCAAATCGGCGGCG ' B EY)
Sox tandem GCGGCATTGTCCATTGTCATGCAAATCGGC 33
Nanog CATGGACATTGTAATGCAAAAGAAGCTG - | 34

Nanog' (-1) | CTGGACATTGTATGCAAAAGAA 35

[00105] | Electrophoretic mobility shift assays: All EMSAs were carried out using
double-stranded 5° Cy5-labeled DNA (Sigma Proligo, see Table 1) (Jauch, R., et al. J.
Mol. Biol. (2008) 376(3):758-70). Binding buffer contains 20 mM Tris-HCl pH 8.0, 50
pM ZnCl,, 100 mM KCl, 10% glycerol, 2 mM B—fnerceptoethanol, 0.1 mg/ml bovine
serum albumin (BSA) and 0.1% (v/v) Igepal CA-630. 250nM dsDNA probes were mixed
with analyte proteins singly or in combinations in binding buffer and incubated for 1hr at
4°C-in dark. Samples were loaded into a pre-run 12% (w/v) 1X Tris-glycine
polyacrylamide gel. in 1XTG (25 :mM Tris, pH 8.3; 192 mM glycine) buffer to separate
different species of bound and unbound probes. The fluorescence was detected using a

Typhoon 9140 PhosphorImager (Amersham Biosciences).
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3 4 nmouse Sox2 full (BP) Forward: GGGGACAAGITTGTACAAAAAAGCAGECTTCacc
ATGTATAACATGATGCGAGACGGAG Rever se:

ggggaccacwongtiasesgaaagct gggt TCACATGTGCOACAGEGECAG 5 6 mouse2@0x00028 ul |
(BP) Forward: GGGGACAAGI TTGTACAAAA AAGCAGCCTTCaccat gagcagcccggat gc
Rever se: ggggaccact t t gt acaagaaagct gggt TTAAATGTCGGGGTAGITGC 7 8 11. i gos
used to nutageni ze Sox proteins (only forward oI I go shown) Sox2KE
CATCGACGAGGCCGAGCGGCTGCGCGCTCTG 9 Sox2"17

o [001 06] Generation of iPS: The iPS assay was carried éut using procedures

" modified from Takahashi and Yamanaka (2006) Cell 126:663-676. Mouse embryo
ﬁbroblasfs (MEF) were reprogrammed to iPS cells by retroviral tranéduction of
transcription factors following established protocols (Takahashi and Yamanaka (2006)
Cell 126:663-676). MEF were isolated from C57BI6 mice in which green fluorescence
protein (GFP) is driven by Oct4 promoter (Jackson Laboratory). For retroviral
production, pMX plasmids expressing Oct4, Kif4, c-Myc, Sox2, Soxf7, Sox17EK,
Sox2KE, or Sox2a17 were individually transfected, with Fugene transfection reagent
(Roché), into PLAT-E viral packaging cells (Cell Biolabs) together and virus-containing-
media that was collected after 2 d'ay's. Infections with freshly prepared retrovirus plus 4
pg/ml polybrene were carried out on 6 cm plates seeded with 267,000 Oct4-GFP MEF
and 800,000 inactivated feeder fibroblasts. Retrovirus-containing media for Oct4, Kif4,
and é—Myc were mixed, in equal volumes, with Sox2, Sox17, Sox17EK, Sox2KE or
Sox2al7. Fresh medium containing DMEM High Glucose, 10% FBS and 1% L-
glutamine (Gibco) was provided after two days. Cell culture conditions were switched to
ES cell medium on third day. Oct4-GFP+ iPS colonieé were counted three weeks later
and representative clones isolated. Selected colonies were transferred into 96-well plates
containing PBS, followed by trypsinization for 5 minutes, and then single-cell
sﬁépensions were transferred into 48-well dishes with inactivated fibroblast feeders.
Picked iPS cells were further expanded on feeders in 6 cm and 10 cm dishes under ES

cell culture conditions.

[00107] . Quantitative real-time PCR (Q-RT-PCR): Expression of marker genes by
iPS clones was performed by Q-RT-PCR. In order to minimize genomic DNA
contamination, RNA was extracted with TriZol reagent (Invitrogen), and further purified
with the RNeasy minikit (Qiagen). cDNA was synthesized with 1.0 pug total RNA using
the High Capacity cDNA Archive kit (Applied Biosystems). For each Q-PCR reaction,
cDNA samples dilﬁted 10x in water were mixed with 10 ul TagMan® Universal PCR
Master Mix reagent (Applied Biosystems), and 1 pl of a single TagMan probe from the
following list: Eras, Zic3, Oct4, Nanog, Sox2, and Zfp206 (20x TagMan® Gene
Expression Assay reagents; Applied Biosystems) in a final volume of 20 pl. Q-RT-PCR

analysis was conducted in 96 well clear optical reaction plate (Applied Biosystems) on
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GAGAAGCGEECCGT TCGT CGAGGAGGECCGAGCGEECT

GCGCGT TCAGCACATGCAGGACCACCCGAATTATAAATACCGG 10 Sox! 7EK
GTGGAAGAGEOCANGEEBCTGCECGTGCAG 11 11, digos used to vacirsstelorewdyviral
inserts fromiPS cells pMX- forward GGGTGGACCATCCTCTAGACT 12 Sox17-reverse
TCAAATGTCGGGGTAGITGC 13 Sox2-Teverse GGGCAGTGTGCCGTTAAT 14 Klf4-reverse-
AAGGCCCTGTCACACTTCTG

- the ABI Prism 7900 instrument.

[00108] Immunostaining: To test for expression of pluripotency markers SSEA-1.
and Sox2, immunostaining was coﬁducted on iPS clones cultured without feeder cells in
48-well plates. iPS ells were fixed with 4% paraformaldehyde and permeabilized with
0.5% Triton X-100. Primary antibodies (Millipore) against SSEA-1 (10 ug/ml) and Sox2
(10 ug/ml) were incubated with fixed cells for 2 hours at room temperature, and
subsequently stained with secondary antibody conjugated to Alexa Fluor 594 (Molecular
probes) (4 ug/ml) for 1 hour at rde témperature in the dark. Images were captured using

a ZEISS Axioobservor DI inverted fluorescence microscope (Carl Zeiss International).
[00109] Figure Legends

[00110] Figure 1: EMSASs to asses Sox7, Sox2HMGs and spacer nucleotides. To
exclude artifacts that could have been caused by the length difference between the
Sox2/Sox17 constructs, th¢ differential assembly of the core Sox2HMG domain (termed
Sox2HMGs) was tested. The domain spans the same range of amino acids of the Sox17
6onstruct. The differential assembly of Sox7, another F group Sox protein with strong
sequence similarities to Sox17 was also tested. Sox7 and Sox17 had comparably weak
Oct4 heterodimerization on canonical elements whereas cooperative binding was
observed on the compressed element. Thirdly, the spacer nucleotide of the canonical
element on the remaining three possible nucleotides was varied
(CATTGT(C/A/T/G)ATGCAAAT). The identity of the spacer nucleotide was found not
to have a pronounced impact on the overall dimerization profile of the various Sox
protein with Oct4. 50nM of Sox2HMGs, Sox7HMG and Sox17HMG were incubated
with canonical elements containing diffe.rent basebairs at position 7 of the Sox motif
(C1A:T;3T4GsTe(A/T/C/G)7; A-D) and on the compressed element (E) in the absence
(Lanes 1-3) or presence (Lanes 4-6) Qf 250nM Oct4POU.

[00111] Figure 2: Confirmation of retroviral transduction in iPS clones derived
by Sox2, Sox2KE, or Sox17EK. A. PCR amplification of genomic DNA derived from
the indicated iPS clones was performed with a vector specific primer and gene specific

primers for c-myc, Kl1f4, Oct4, Sox2, and Sox17 (Table 1), lanes 1-5, respectively.
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15 Pou5f1l -reverse CAGITTGAATGCATGGGAGA 16 c-nyc-reverse
TGITCTCGTCGITTCCTCAA 17 IV. digos used for EMSA (only forward oligo shown)
-1 CGCCCEOCAITGHAT GCAAATCGGCGECG 18 0 GGCGCGCCATTGI CATBCAASZIOGBUBEECG 19 1
GGCGCEECATTGTCGATGCAAATCGECGEC 20

Specific amplifications of the correct fragment sizes confirmed that there was retroviral
integration of the transdﬁced 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 cloneé 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.

[001 13] Figure 4: Expansfoh of the search window do:es 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/Oct4
ChIP-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 WebLogo's of the Vretumed motifs discovered by the pwm matching

tool. (D) Percentage increase over background of motif against the different ChIP-seq
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WD 2011/ 056147PCT/ SG2010/ 000423 GCGCGGCATTGTCGGATGCAAATCGECAEEC 21 3
GCGCGECATTGT CGECATGCAAATCGECEG 22 4 CGCGGECATTGTCGEECATGCAAATCGECEE 23
CGCGGCAT MADQEGHSEAT GCAAATCGEECG 24 6 GCGGCATTGI CCCEECGAT BCAAAZOGOMI8322 5

lists derived from Chen, X. et al., Cell (2008) 133: 1106-1117, 'Oct4/Sox2' is an overlap
list containing all of the overlapping Oct4/Sox2 bound sites. The 'Oct4’ and 'Sox2' lists
contain all of the Oct4 and Sox2 binding sites respectively.

[00117] Figure 8: Differential assembly of Sox2HMG and Oct4POU (A) and
Sox17HMG and Oct4 (E) on a series of different motif configurations. Motif

- configurations were systematically designed as outlined in Figure 1A.using 30bp DNA
elements containing identical Sox (CATTGTC) and Oct4 (ATGCAAAT) consensus

- sequences flanked by GC rich sequéncés. To minimize binding anomalies due to cryptic
elements at the periphery or within the spacer region we used idealized motifs
(CATTGTC for sox and ATGCAAAT for oct) and introduced G’s and C’s as spacer and
boundary nucleotides. Each DNA element was mixed with individual transcription factor
proteins as well as with both Sox2 and Oct4 DBDs in combination (See supplementary
information). 250nM of every cyS-labelled DNA element was incubated with SOnMv
Sox2HMGI/Sox1 7HMG and 250nM Oct4POU pfoteins a‘l:one 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 ab0\.le and below the gels. X=-1 denotes the compressed and
X=O the canonical elements. The co-occurrence of canonical and compressed motifs
within genomic regiohs co-bound by Sox2 and Oct4 in mouse embryonic 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/Oct4.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 cause.d by Sox2 and Sox17
a N and C-terminally extended be2-HMG (Sox2HMG]1) 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
Sox2/Oct4 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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7 GCGGCATTGICCGEECCGATGCCAAATCGEC 26 8 CGGCATTGICGCGEECGGATGCAAATCEEC 27 9
CGGCATTGTCGCGGECGECATGCAAATCGG 28 10 GGCATTGI CCGCGEECEECATGCAAATCGG 29

O der GGOBOGEATSRAAATCATTGTCCGECGEECG 30 Conver gent PCT/SG2010/000423
GGCGCGECATTGTCATTTGCATCGECGEECE

were kept at 50nM and Oct4POU at 250nM final concentration. Sox2/Oct4/DNA
complexes are marked by a solid blue box and Sox1 7/0ct4/DNA by a green boﬁ.
Expécted position but absent or low 'abundahce Sox2 (blue) or Sox17 (green) ternary
complexes are marked by dotted boxes. Binary protein/DNA complexes are marked by
arrows (red:Oct4,blue:Sox2,green:Sox17). (B) model summarizing the differential
assembly of Sox2/0ct4 and Sox17/0ct4 on the canonical versus the corhpresged
element. Cooperative binding is concluded when the formation of a ternary complex is
f_évored over the formation of binéry complexes (i.e. if Oct4 containing DNA complexes

are fullly sﬂpershifted ifa Sox protein is present).

[00119] Figure 10: (A) Alignment of the amino acid sequence of all mouse Sox
proteins. The Sox subfamilies (Bowles, J. et al., Dev. Biol. (2000) 227: 239-55) are
indicated to the right. The numbering corresponds to the Sox17 sequence. Alphé helices
are marked with a red bar. The FM wedge is indicated with an orange bar below the
alignment and further DNA interacting residues are markéd by black closed circles.
Highly conserved and similar sequences are shaded in black or gray. The position of
glutamate and lysine residues distinguishing Sox17 and Sox2 is marked by an arrow. The
eight amino acids in helix 3 of Sox2 that were replaced by their corresponding
éounterparts found in Sox17 to construct the Sox2*'” protein are colored red. (B)
structural model pfepared using pymol by using the structural coordinates for Sox17
and the Sox2/0Oct1 on DNA. The van-der-Waals surface of the DNA derived from the
. Sox2/Oct]l structure is shown in light gray. Sox17 (blue) was superimposed onto Sox2
(gray). Octl is shown in black. Note that the linker region connecting the POU specific
and the POU homedomain is not present in the NMR derived model due to structural
disorder. The glutamate (Sox17) and the lysine (Sox2) that were mutated are shown as
ball-and-sticks. Note that the lysine exists in two alternative 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 corﬁpressed 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 2a.17 the replacement of all Sox2
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31 Divergent GGECGCGCGACAATGATGCAAATCGEECGECG 32 Sox tandem
GCGGCATTGTCCATTGTCATGCAAATCGEC 33 Nanog CATGGACATTGTAATGCAAAAGAAGCTG 34
Nanog' (-WP 20MBSAGATTGTATGCAAAAGAA 35 [ 00105] El ect r opheceisiceo1ombebs t y
shift assays: Al EMSAs were carried out using double-stranded 5

Cy5-1 abel ed DNA (Sigma Proligo, see Table 1) (Jauch, R, et al. J. Ml.
Biol. (2008) 376(3):758-70). Binding buffer contains 20 mM Tris-HC pH 8.0,
50 11M ZnC12, 100 mM KC!', 10% gl ycerol, 2 mvf 3-nerceptoethanol, 0.1 ng/m
bovi ne serum al bumin (BSA) and 0.1% (v/v) |gepal CA-630. 250nM dsDNA probes

were Xegremiﬁe@ i he %ttﬁatﬂﬁt?ér%‘oﬂnﬁhééd?&k%ggl&g b%ﬁﬂ@ﬁ&&@ﬁdt&ﬂ%ub 2' ndi ng

buffer and incubated for |hr at 4Cin anpl es were into a
pre-run 12%1(1Wpal)t SoX proteigs gblycmquéatgbwylaENy\l ladwdealbedndllmCOI!)bT@tléQﬁ'lthnM Tris,
pH 8. 3; 19 ound and
unbound pr(g 09.’!‘%84 @ng%ﬁg{ng?}gé%\gg %et ect geigfellgsf‘ﬁgé’% %ﬁémﬂ%}iﬁ
Phosphorvl n@gtpﬂex(asﬁaremdiradel osci ences).

[00120] Figure 11: Characterization of iPS clones reprogrammed by Sox17EK.
A. Combined bright field and fluorescent photographs are presented of isolated iPS
colonies. Shown are represéntative clones of iPS cells derived from MEFSs that were

. transduced with Oct4, c-myc, Klf4 plus Sox2 (a and b) or Sox! 7EK (c and b). The MEF
cells contained a GFP reporter driveln from the Oct4 promoter, thus, iPS generation was

* scored by the appearance of GFP-positive colonies Individual Oct4-GFP+ iPS colonies
were isolated and passaged on a feeder layer of inactivated fibroblast 21 days after
retroviral fransduction. Scale bars are 100 um. B. Q-RT-PCR was performed to
determine expression of pluripotency genes by iPS clones reprogrammed by Sox2,
Sox17EK, or Sox2KE, as indicated. Gene expreSsion levéls of the six indicated
pluripotency markers (relative to nontransduced MEFs) from three replicate wells are
presented as average + conﬁdencé intervals. For comparison, the expression levels of the
pluripotency markers in a mouse ES cell line(E14) and in MEFs are also presented. C.
Uniform expression of SSEA-1 and Sox2 on iPS clones. Three individual iPS clones
(C15, C5, and C6), induced from MEFs by OCK plus Sox17EK, were immunostained for
expression of the pluripotency markers SSEA-1 (a, e, and i) and Sox2 (c, g, and k).
Oct4-GFP expression for the same fields are also preseﬁted (b,d, f, h,j,and 1). Scale
bars are 100 um (e, f, i, j) and 200 um (a-d, g, h, k, and ). »

[00121]  Results

[00122] Analysis of sox/oct motif configurations in mouse ESC: A position
weight matrix (PWM) scanning tool was devised o quantify the occurrence of different
configurations of the Sox2/Oct4 composite motif. The spacing between Sox2 and Oct4
motifs was systematically assessed, including the order and the motif orientations (Figure
7A). For motif scans, 200bp windows of the mouse genome were interrogated that have

been shown by ChIP to be occupied by Sox2 and Oct4 in embryonic stem cells (Chen, X.
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WO 2011/ 056147PCT/ SG2010/ 000423 [ 00106] Generation of i PS: The i PS assay was
carried out using procedures nodified from Takahashi and Yamanaka (2006)
Cel | 126:¥620876614%buse enbryo fibroblasts (MEF) were repmsgrenmoeadizso i PS
cells by retroviral transduction of transcription factors follow ng

est abl i shed protocol s (Takahashi and Yamanaka (2006) Cell 126:663-676). MEF
were isolated from C57B16 nmice in which green fluorescence protein (G-P) is
driven by Cct4 pronoter (Jackson Laboratory). For retroviral production,
pMX pl asm ds expressing Oct4, Klf4, c-Mc, Sox2, Sox i7, Soxl 7EK, Sox2KE,

or Sox2al? ed, wth Fugene trapsf lon reagent
Chocnay T et Eerl@tess o 39%@@3\7‘% teifingi®s B AiHeERF st RBE RS g
Vi rus- cont fhie BhrfogicaBReAtatidtasorfasbpcadtl iirefdeabieethe Dordayisoriehtafi@ct thens with
Dl at 65 ScSH L FIEsR B9 Epiitrere Herer i P30 G0 RLEL 4 OB FEeder
fibrobl ast BxguxBestfbpavwnqﬂetami Als BkprgtedRBé anbital G5l/det mslif was 869 steonfyC Wer e
m xed,  in equ voly% Wi th &éz Sox17, Sox17EK, Sox2KE or . Sox2al7?.

1

Fresh medi &Mic Wé‘? ° BRAeT P Sh Many, elbe othergugtHpwith spACrRUElgptides i ne

(G bco) WamsdHeaWetedumaf th 86 o,t,]g»@,odag(@ enfiélel. cul ture conditions were sw tched
to ES cell nediumon third day. Cct4- GFP+ i PS col.onies were counted three

weeks | ate representative nes | Ionles wer e
transferr eﬁmqﬁglo 96-THEPFIC o‘ﬂfla?séég‘ﬂ’g?ﬂté‘i‘oﬁ lef@%“ ﬂTg F‘%%g‘ ‘fr“ﬂfﬁgi ni zation
for 5I Im guﬁ(ﬁm c&ﬂﬁeis@@’ﬂnt&ifﬂl@ir@lgB?leg aﬁusxfensﬁz Qﬁg’ M@Ire7CJ’za5¥S/f>d @icreask i Int 0

48- we i she tivate i br ast eders, Pic i PS c S were
further exb‘&ﬁg@gﬂg%ﬂ‘be &PuPfeRsed mofif 3&%5&% gnopisal ety deletiongdtl  culture

condi tionsa mfn%@ﬂlﬁlﬂo@d@-ﬁﬂﬂohﬁbﬂ Y/Gftheadnohicﬂ%oﬁmcérQ)Me RlGRffhatEKBxﬁl?SSl on of
mar ker genes ?I?? cl ones was perfornmed_by ger to mnimze
genoni ¢ DNKeZShParHIFhipiRiFaneaige! ak! @k&%@eahmqﬁenﬁﬁ *zswtlﬁee Y&t

(1 nvi t r ogemernatidélwérd kdcBedred) PN ivRek dbintphestdaanRNERIS Yo ﬂRféhéﬁHﬂo_ﬂ eF@gen). cDNA
was synthesized with 1.0 lig total RNA using the Hi gh Capacity cDNA Archive
kit (Appl .@f‘dvBr(isgt}fsqdéﬁ@yresacgfn%w@nﬁasdﬁ%&w.Sh cDNA sanpl es diluted 10x
in water were nmixed with 10 ul TagMane Uni versal PCR Master M x reagent
(Appl i ed Bjoo1gsx enBNexﬁﬂdm&tipﬂreqoéncaessﬂ gabmicragibiybopidbesSdHnamoctie f ol | ow ng

list: Eras,, Zic3, Cct4, no d_Zf p2 20x T ne Cene

Expr essi ondIAESESTe PUBRFEG gith 1 ﬁ%ﬁ? é"BP%B §?’@r?§$%°% (g'glufe %l une of 20 p. 1.
Q RT- PCR agricipaies, cmldamﬂweﬁagdsgea cSfipast notifseate @tdctedadss fregehilpm pl at e
Applied Bi osystenﬂ% g 511 Pris 790% i nst.rument.

[ 00108] | nmiitsd8FeHp Indifgglug aFB?m%a;E t9£8d8PPdHteS| ur i pot ency markers
SSEA-1 and Sox2, inmunostai ni ng was conducted on i PS cl ones cul tured

wi t hout femoezspel I S’r&fﬂtnﬂr&fﬂﬁl'/bchlﬂihcﬁ'ﬁg toi Differentigliy€angighiredMonph:tTo 4%

par af or mal d i 5% Trj.ton Primary
Pt Fbodi o<set PRl eah s e GERE phiSEIT gsmhbie SaTeipBains0 oy ) wer e
i ncubat ed Wniﬁgur%di ¥BbcERIIfS i Atro,Zldtatpioraic niddilly SEfRSERI(EMSA)aveet

(Vo ocur ar b ELE A PSR e Bt O s e 8 T dar

| mages wer ﬁe(tééa&ﬂfrﬁﬁﬁﬁoﬂ§d>tékﬂlaﬁof@5k§©cf¥>®EDOS%W&rsc@EneUI’(b\:i@"phﬂéé of | u8r eg]cence
m cr oscope ri, Zeiss . lnternationa ure Legends 110] Fi gure
| EMBAs t ¥SigRauel ls&eﬁlﬁeéa%m%m%ﬂmg @5%% gw]ﬁ Aot Faee comer@ba ude

artifacts miadctiePst ShxDaNEOha on teadsaicabyehfift wabgeRed EDEFigME8ADEL WEEN t he
Sox?2/ Sox17 constructs, the differential asserrbI%/, of the core Sox2HI\/G donmi n

(termed SORDHMEH) Hpaever fhe dimerization gatential wapsirpashyimiaished if aseaser ani no
aci ds of t&ﬁ-&%ﬂase?aﬁtwamtmdlm (Bighfe 8 thid- 1 HsHaBBIeRlatdWAs anot her F

group Sox protein w strong sequence simlarities to Sox17 was al so

tested. Sosmblashan gesents withia seasprdength Yetwesad andtl npedeatides pibeit Witht i on on

canoni cal gheNBRER e %}%s%&p&@&%%@&dn&ﬁcﬁ'eféﬂieﬂg d@gésnﬁ §x?5dﬁ¢t@beQ>P the
conpressed el enent. , the spacer nucl| eot t he canoni cal el enent
on the rem?&ﬁm@%W?@@W%@@ (Rigetedidy, ilanes 1 3n38)- I thejagrangement of the
(CATTGT(C/ Al T/ G ATGCAAAT). The identity of the spacer nucl eoti.de was f ound
not to have a pronounced inpact on the overall dinerization profile of the
various Sox protein with Cct4. 50nM of Sox2HMGs, Sox7HMG and Sox|l 711MG
were incubated with canonical elenentglcontaining different basebairs at
position 7 of the Sox notif (Cl A2T3T4GGT6(A T/C/ QG 7; A-D) and on the
conpressed elenent (E) in the absence (Lanes 1-3) or presence (Lanes 4-6)
of 250nM Cct4PQU. [00111] Figure 2: Confirmation of retroviral transduction
in iPS clones derived by Sox2, Sox2KE, or Soxl 7EK. A. PCR anplification of
genomi c DNA derived fromthe indicated i PS cl ones was performed with a
vect or speC|f|c pr| mer and gene speC|f|c pr| mers for c-nyc, K1f4, Cct 4,

~ o~ ~ o o o



notif [00113] Figure 4: Expansion of the search wi ndow does not greatly help
the discovery of true notifs. The ChlP-seq results were used and the search
wi ndow wawoi2otwesesied from 50bp t hrough 1400bp and t he nechsGof/onwsfs was
t hen -counted, expressed as a percentage of the nunber of notifs discoverd
when the window was at its widest. A As the w ndow expands the probability
of finding notifs by chance al one al.so increases. B. Generated by

perform ng the sanme count, but in a randomlist. [00114]Figure 5. Insertion
of 'unbi ased bases into the notif does not si gnifi cantly affect the notifs

ability to di uen resh ds the jnsert on of an
obi neod. TaeS SRS TE R br i ) SR Bratitr B P fror | 1 o

di scover ed:hlaﬁge'ﬁ otiS anfer (roatm 1ABP dok 5 strohgly AiAisERGHERE Eshvérghg HRUY - :
[ 00115] Figure 6: The l e of variant notifs agai nst the

ta anned
Sox2/ Cct 4 @ﬁfﬁb?eﬁftr)égqﬂ’lef’%"ed ?‘66‘1%"6}%‘@%1?%"“’?‘““’1’ s jPR:—BCta scovery of sox/oct

vari ant nDghdxpectddfy), tirGReWBtERIfiOd c&ﬂﬁes\é&fﬁl@tﬁtdld@éﬂeﬁtﬂ)lm&ﬁﬁl&d inthis
study. Al _the conbinations were lored with Q to g‘%s of s acer

bet ween t h@n%%s@nmgb@@ iniyidual eﬂoteerﬁé’owmwh high g@nay (Fds% tif was
created by deleting the base pair between the sox and oct rmtlf (B)
Frequency [001263t ur ngred siEh&ios @bulld Ei[ﬂaiﬁ the abliRlafi@PBicedpressad mafitinmot i fs with

-1, 1 through 10 hp's of spacer frequency of notif is expressed here
per cent ages N ARICERRNSGOAFEHe %}h%%am? 9ft4&gspgf€ FHsinebi ey oF the i B2 R econd
I ndependenietefodiRBieieat Bk JoqitaledRdntest. Firsily, ﬂ\@|oudﬁ€prf=:@htaﬁ&m&ﬁé son. (C) The
WebLogo's of the returned notifs di scovered by t pwnp mat chi ng tool. (D)

Per cent ageomREssEdgeetib geitld Beequsrddiyiedepsndsp G P a@%ﬁhﬁ'get of Rexeriiycs ent Chl P-seq
l'ists deripmafla §ih@PdMBRite dhd tBE a@l‘agm @Rk a 16720 98pulakidad of dehQBredibdihe ' Oct 4/ Sox2'
IS an overlap list containin 15 t he overl appi ng Oct4/ Sox2 bound sites.
The ' Cct 4' nofAg of @ugepurrgnee pic Ptamﬁ Serpndby, compregsed motifsgowdd ko losptedii ng sites
respect i vehhe dr&Grhiy lcha%m@dl fiotiFithdt SRl fudtioARSBRBDDK 1MtV and Cct 4PCU
(A) and Soxl 7HMG and Oct4 (E) on a series of different notif

conf i gur atthelsger skenarie cepprrssgdimatifs srgldperce-ryyilekingitik atpegmerts Vet as
outlined i puki GHAiRe év%nf"o%'cﬁlg aSPREr %cﬁﬁc‘%ﬁﬁ@&ﬁAQﬁP&@sﬂbxﬁl@ it fande cal - Sox
(CATTGIC) and Cct 4 ( ATGCAAAT) conSensus sequences flanked by GC rich
sequences. apwerrﬁenmhnzeet o theisompressrsireetif dsinflafed boiteyipparite tshepasarisalat t he
peri phery grss thin the spacer region we used idealized motifs (CATTGIC for
sox and ATGCAAAT for oct) and introduced Gs and C s as spacer and boundary
nucl eoti des.. . Each DNA el ement was_ m xed with individual transcription

factor prdd@1?d as (X%If‘l“hﬁ’éewof?lthﬁéﬁs'rfW@d%@EesaWS redptionshippgiween c@ppmiehat i on ( See
suppl ewentﬁaxomg&g@ar%tlgmas eZanBRd Bf m&N&ING (hY &-bRBeed-ehB lgimNt Was

i ncubated wi th 50nM Sox2HMGL/ Sox17HMG and 250nM COct 4POU pr ot ei ns al one and
in conbi nathe SeK2AQatt boed regjorsAliEre ase AdSoxRstdrtounhierions ad ther nar y

Sox/ Gct 4/ DNRL IR Kis predént ROSAsE bRE irPdostdFeheV@iobAibas Whild Bt Borkfis&ONPI exes are
mar ked by arrows. The nunber of spacer basepairs is indicated above and

bel ow t he Beifoccuxs=348 tiegsot2SJegions cepaiedbak a campressedandpecapemeshmetf el ement s.
The co- OCOUEEENES &;tlsﬁ@aﬁg?@fgﬁ&#cmﬁ@g oEQTBRRT5 6T (FigurbisBl T3 SEARKT C regi ons
co- bound gtx Sox2 and Cct4 i'n nouse enbryonic stemcells are depicted in
(B). The sthyjiiefdogmrrsesdatotif henstitnéas lagpnuare mofHfsemetd fiow the canprientivirsigener at ed
|ist vias eshabld SRR diRirdiady RiMAMbadial molifthe BROVCILABNPRIA On of MOt TS
W th share genom ¢ coor ?inat est ?ﬂe {1 rfFl rgﬁlare eﬁ %ﬁ\?o J frerential assenbly
of Sox2/ QuhatifsindhSwRISE/gEudE Was rt:mercdmpirtés mseah@ Qf:gnmle edordinaterent s.

Prot ei ns g@eg I ndi cat ed above
t he Ianesv\%ls‘?l %?%’? |qlr:1 grlesh S spgégﬁegggﬁ %‘léa &mgﬁ%asggx g&ﬁl{éand

C-t er mi nal dogrd@nates mathth 15px2 e&dN@tl(eS@»erdIM@;b) Cdmﬁa(lmlm sitsech the oppveite

experi ment gonseguenc X2 . an / Oct 4/ DNA
conpl ex, S%a“ﬁts‘“gw?““\%em iR ﬁ‘té)‘g‘c‘:‘Sr’gF %’&%&?‘h{h%ﬂr‘%"ft""ﬁ‘ﬁ g%?és al | owi ng
us to vi suadmfzéza) ﬁepasﬁtmhltly dmdefnmﬁ?lk@ah@:@ﬂ\bﬁonﬁsmgg@ungmhattthm sane gel.

Pr ot ei n- DNA mi xt i ncubat.ed ore t next protein
conponent Bt atpit Exiebuidia BRI R vt ot e R A BBl af 250nm
final concentration. Sox2/ Cct4/DNA conpl exes are narked by a solid blue box
and Sox17/Qct4/ DNA by a green box. Expected position but absent or |ow
abundance Sox2 (blue) or Sox17 (green}2ternary conpl exes are marked by
dotted boxes. Binary protein/ DNA conpl exes are nmarked by arrows

(red: Cct 4, bl ue: Sox2, green: Sox17). (B) nodel summarizing the differenti al
assenbly of Sox2/Cct4 and Sox17/Cct4 on the canonical versus the conpressed
el enent Cooperative binding is concluded when the fornmation of a ternary
conplex is favored over the formation of binary conplexes (i.e. if Cct4
conta| n| ng DNA corrpl exes are fuI I Y supershl fted |f a Sox prote| n |s

oy NN A A N o A~ Y " o . Y I |



proteins. The Sox subfam lies (Bowes, J. et al., Dev. Biol. (2000) 227:
239-55) are indicated to the right. The nunbering corresponds to the Soxl 7
sequence.wllph@sbali ces are marked with a red bar. The P¥nsedge/bsi23

i ndicated with an orange bar bel ow the alignnent and further DNA
interacting residues are marked by black closed circles. Highly conser ved
and simlar sequences are shaded in black or gray. The position of
glutamate and 1ysine residues distinguishing Sox17 and Sox2 is marked by an
arrow. The eight anmino acids in helix 3 of Sox2 that were replaced by their
cor r espondy, A, GokAAWARIEeSthE e&megséu RO adehll§ AREEEtiSHind BRon@ 2" 17 protein
are colored red. (B) structural nodel prepared using pynol by using the
structurahn@dbﬁ@ahase§m¢nme@xqﬂwaﬁnwmheﬂ@bm@mkﬁmp“@hwemmuﬁnméand

van- der - | g$%ﬁ structure is
shown in l1g tég%£§&§ z?EQS? gﬁwagggﬁ%%?l&%ggé ont %xz (gray). Cctl
i's shown Hmnwhaﬁﬂan@bm@nmhauﬂﬁhﬁeﬂmmmmr regi on connecting the PQU specific
and the POU honedonmain is not present in the NVR derived nodel due to

St ruct ural g 26" der 1D HARERY Sk Dbk dRickYisAR2 kSPRE L hat ver e

mut at ed- are shown as | -and-sticks. Note that” the lysine exists in two

al t er nat i vasouroYKPretein |Seaqls7 tp gox MetifsiR mﬁ;&!@gmsl(abjﬁm&lmnm Btdtohd Mo t he
Sox/ Cct 4 i ox2 and
Sty on (HEREIBASSE 498 b1% bbbt BEhLA ARSI bR Al @ EO S AN
froma fun¥xilankd diferritiad essehidynehBoxii tam Qct BDdo thy senbpanckef saepe used

( Rodda, 2HMGs,

17: SOx 17%@?@“@ gﬂﬁﬁéd %&@‘(’@%afﬁ@% ﬁﬁig%?ze%dh%ﬁ%fm?eﬁ%“ﬁ? fof al
Sox2  resildteesimerizagén on 1Bost matif chnfig@ntidns mamlhldﬁtesmbsmr@ndmm@ fBotkd 7 resi dues
into their

i ndi vi dual %039@%{24 pa%%ﬁlgn%% ganeSS?%g)pﬁQ\%% ri(% Jl't%(r;]tgtg?]#e 18?b‘r‘]‘fg& Iaf Sox/ DNA and
Oct 4/ DNA a8px@dehd Oetd tofo-4seenmmtde gn ﬁemhﬁ))rbs%éd)wtlfc Smiﬁcand@cdreehﬂmdi xat ed.

[ 00120] Fi gqu aracter i at| on I Soxl 7EK.
A Conbi nadeBr b RRERiE ol B SPert ek sb PRS2 Dn D LA Rt

i sol at ed idedlitatiNedrindigg dlﬁ'hem ofithe Sm:ﬁf)e@ezlatsasﬂ1v§oydl7®ne4;h@érod1l%8rs®el I S der| ved

f VEF h h 4 SQx dhb
O VR B AYRIREE RSB byt b BB 0.2, ),

the Cct4 pnanmoinalian ddvalbpme®S generati on was. scored by the. appear ance of
GFP-posi tive col onies Individual Cct4-G-P+ i PS col onies were isol ated and

passaged dieede fter
retroviral ? r]sduc‘t‘lls%%w;%%}“ﬁlg%?’?dg?;e lgﬁfp%e'%l %%é}f %@éﬁ s ‘perforned
to deter mmtcecx:;ilfoefsshenldlssn‘ct 1k diffepotigdrassemybyrd shetBoxP P8 tActenmme Sox1gdatyr anmed by
Sox2, Soxl| 7EK s indicate e ressmnle Is of the six

i ndi cat ed pﬁ rlsjirnlﬂgf rgﬁgls rﬁ%m%)rly $° e)ﬁ nllp\?g{a ?'0 1%&;9 Ragitd ﬁ\/EFs) fromthree
replicate qmdldcsedam@hqmaegmzﬂ auﬂthsccm\mesaegisalemtsf Fn@am@a lamdts 8¢ vimblisate For.

O | 8O By R A LR By o Sl et LAGE B IRLSES LD 3 mouse ES
cell line( §'aLre "4 d presen orm expressi on of

SSEA- 1 andwisdadedrindiRGuatly ohessses Wheeher tha eiquerdte af thie E’diiméroasfese fraiem, C5, and

Co)., |nduced from us. Soxl 7EK r nostal ned for
expr essi orf°BPOIRE a%)%ff? %?tgcgif‘?%?tf?é‘ Ztll t%fgeledggwér%o VAR sox2 (¢, g,
and k) OahikedFrist wixipeihssSax2 o Sox1t7he thzaled bindihgl parties bafosoaddingsknt ed (b d,

f, h, j, and .1 Scal e hars are 100 and 2

bha' 1)) [ OotSEhReRIhSo RO AR S ost e iak R wE AP i Tons i o
nmouse ][ESC hhefbrcpmﬁertwaa laapw1egﬂ!gssfe?blmgmn(tﬁélwnps@adarsbﬂgcttem?ienMﬁer&eWes ed4t 0
quantify the occurrence of different co rati Qns, o 0 t
conposi t e FRIRKNE ofiPexe ﬁ}fcé‘ﬁ@ WB%?QRE%ﬁengE‘?f’eg Bgt‘jﬁf@t‘ﬁ’bf’f# %‘i( i

syst emat i Gl thy/corfr@saitomdntiwhd bt Bitofdi iR EdPresditd of B&x2MRhids 161D pAHdat i ons
(Figure 7A For nmotif scans, 200bp w ndows of the nouse genone wer e

i nt er r ogattBeiseaperce ﬂ%ﬁ?@pa%hadﬂwaﬁynlmapg% effectsRncepipls fBpate A and oct 4
in embr yo%rﬁn&wﬁ&iﬁfehi Was(cERA outto stu) thelssembi§lbehdvid? @B theledRonichl 06- 1117) .
Motif frequencies for differently spaced sox/oct in the canonical
orientation (soxf nbp_octf where f denotes the forward orientation, r the
reverse conplenent and n the nunber of_ spacer base pairs) are detailed in
Figure 7B (see Figure 6 for a conplet%sllst) As expected, the canonical
sox/oct notif was nmost strongly enriched .(370% above background). Many of
the other notifs with spacer nucleotides inserted were found to be only
nodestly enriched. [00123] The second nobst abundant notif detected in the
Sox2/ Cct 4 dataset was a novel 'conpressed’ notif (here | abelled as: soxf,
-1 bp_octf, Figure 7C, a 54% i ncrease over background). The conpressed
nDtIf d|ffers fron1the canonlcal nDtlf by deletlon of a S|ngle nucleotlde

e e — Y o M.




notifs is altered (Figures 7A, 82A, |anes 41-49) diner formation is
abrogated for a changed notif order (octf Cbp_soxf), strongly di m nished
for the owowerigiseg7notif (soxf Gobp_octr) and reduced forcirise2dioxnessgs ng
orientation (soxr_Oobp octf). Unexpectedly, the newy identified conpressed
nmoti f did not enable heterodi ner formation though the individual proteins
bound:with high affinity (Figure 8A |anes 2-4). [00126] Three scenarios
coul d expl ai n the abundance of a conpressed notif in genom c regions
co-targeted by Sox2 and Cct4 despite the inability of the two proteins to
het er odi Mmeg i ze: rh&lﬁdail fre 9BYUBAS EndFOL @%ﬂnblteﬁ' Io8bpeYativt BRdA Rlogé BRIRS et ation
of the conpressed tg coul d be caused by i ndependent | P enrichnment of
Sox2 or qulﬂnmmdlsﬁtﬁfbbwa Q@lptlm supsiishidl of the Q%Dweqoa@i%gf%mémaa | ar ge
popul ati on, of. (8Ll §f SahRIer e it P Betf GeRFMHHLENG fn e BRIRLaPT Ot €i nS.
Secondl vy, nprgﬁﬁér:(gssed );mtl fsecouef;gb FhocaCte x%n t et pr ox?jfr%cty tS canoni cal
motifs t hatlementrths upérehifs of tha Slct4BONA/cOwPlex as mcondplater wggdsting dncaddisive er
scenari o cQ P nts while
the actual® {Y? esdﬁg' Cgpnkgt%géﬁuigg %gcl;(r?fetg Otéégﬂ%dn@%aa?ée i &PWe'lb\en?h rd
possi bi li txycubatetl Itr@t:thtrhbe mppatye:rftsuremhlf@umtﬂmngatttdhe aSoxiOeddB¥A Mot i f i s
inflated b canoni cal . 00127 t her
explofe t héE/,‘ rr1pliex wsl}lle theagoxrl%Oct(a{[%]I\l?g complex ws ?‘If mar edEyV\lé)Lev%r a%g%%ﬁgecgﬁg and

conpr ess ecbutiodfi theSmas pexamanedaebymggamwd tngDNAléFhe sequerce of eduités off bot h

motifs in the Sox2/ There a 784 Sox2/ 4 bound
ogi ons. AR SEHES s Gif nob RS 8O i SRR FaePlof st TBE G5 "or ¢ hese
| ocati ons Mﬂlb:itethfah&)xa(eﬂmbmwemtﬂ fropmeetiad fasth® OSt4thindiig, mtééfﬁcereegﬂms

cont ai ned bothaco ed and a.canoni cal if,.. whic '

SOt St T ot PR ST SR Gneicp e B e d oesyet vls 3T ue 1

est abl i sh dihdihg Wkﬁt@ﬁﬂwlﬁﬁﬁibld offitfel chnahivasélerhetit @Sana 1@ Mkonmplexdbinfativenot e from
t he canoni cal - versi ot a cr n t-he canoni cal
ot £t ho BRetPe PeatH ordseeRsslemet e Rt b uaR ttas T ecover ed
and the i NEOZY 13 &Cdniv €8e 1 fS 0@ B0 dim Erafish Wat Rsluiisonaiadoypedsddfmaifr e 8C). 135
conpressed/ canonical notjfs were sharing genom c coordinates within | bp of
each ot her%’esé‘B’SF |H‘éf°e§§e”€e‘ﬁ’tdfaé‘§e@5ﬁ‘6‘?%@r ng sites on the opposite strand),
indicating notif overlap (Figure 8C). However, the majority of conpressed
noti fs (528p130]e poaiskti@rdbbntrotlexpetimeits fvmmmhdmeteda:mmbhshlthemtif suggesti ng

that the c ess utes a genu To explore
he t hi'rd TOCLBIS AT EGFee FRaiass jen b et e R ip SR Lo s ed ot 1 f i s
actual | y avesdidisefttheSox potddresticedko totort ofﬁeaﬂM(SHSmmﬁ ahmﬂter.‘edﬂhes and the

sequences t hat tch he wm vva rfo and it d t hat, t he vast
i or Ty PRE IR Bt PHEY ST T Up ey UaEeTE g e s e nd
canoni cal wit 08 oakemplestd Elethent§ %%8]1 fdbuh@ebpbﬂyaaftﬁé EAghﬁipSlox psiagnn t hat the

bi nding affi f Sox2 . F group Sox. .0 SOX notifs
o et nd St hant faul it soTgih SimsrBionls RS B Bro Spediforme,

6ﬁ9- 3’012{‘ Tife &ﬁf&fﬂ@d’ll eletnféﬁtsﬂﬁf?{uﬁ]ﬁhéfséiﬁrgfeirﬁmnwgﬂaﬁifwltﬁﬂlﬁ@fnhﬁO%Z and Soxl?,
the differ I al _asse of Sox17 and . 4 DBDs tqQ.,the s

sox/ oct . ?re'e}eHWﬁa"g o8 §ebty eéﬁltgzwl?baéiamﬁa}usesw wigyn %tcapwegs assessed
The over al the g8 86mai@f het erodineri zati on on nost notif configurations
recapi tul ates observations made for the Sox2/ Cct4 pair (Figure 8D, |anes

5-49) tar contras he in i of So nd Cct4 to

co- asserrbvﬁxi'rﬁﬂt fHhrieLadgss ¢ {"f ctd Tf"‘éfh‘g”&fyfwg&ﬁieﬁ%d a cooperative
bi ndi Ing nopl@eﬁ%bntguseﬁzbe??mteﬂtﬁv @ﬁ%’o&Z&DdSbﬂT/eSm?cnéél stufifes 8n Ebndi ng } ndi cat es
a qualit ve bi ndi_n iffere rsus t Sox17/ Cct 4

het er odi medpé lagjpgany, £. ?égd#”&’é’f‘g?ﬂ@ i 1r? Pﬂ%%‘gﬁé?'f‘?m &-19%®hi ocheni cal
basi's for h&ei008) 5i6)Qd49-5Y; qFilliams DO BN axeme(bocmrem(z) {00%29] Assenbl y of
Di stinct Sox/Cct4 Pairs Depends on the cis-regqul atory Cont To further

di ssect t h&vealedithat DAY base gadactsss yellps the @rotgds sidesed defoapativs °§3‘fPﬁ‘°®ct4 pairs
in differept v1§t'u§lt>fﬁgﬂﬂcﬁtf&r%tl{:ﬂﬁfeﬁ%tﬁov@&@@ﬁﬁlfﬁk&ﬂel@tﬁ%ﬁ’@su@%é@r iments were
conduct ed on the canonical and the conpressed el ements: Figure 9A | anes 3-5
indicate that all binding partners retarded equal anounts of DNA-at the
experinental condition when added |nd%4\:| dual ly. To asses whether the
sequence of the addi-tion of the prote conponents affects the

het er odi meri zati on efficiency, the | abel ed DNA probe was prem xed first

wi th either Sox2 or Sox17 or the Cct4 binding partners before adding the
remai ni ng proteins to the reaction. Lanes 7-8 and ‘10-11 confirmthat only
the Sox17/ Cct4 heterodi mer was capabl e of assenbling on the conpressed

sox/ oct el ement whereas the co-binding of Sox2 and Oct4 was obstructed. The
het er odi rrerl zat| on of Soxl? and Oct4 on t he conpr essed el errent was not
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potential was observed in a region centered at helix 3 (Pal asingam P. et
al. J Mol Biol (2009) 388: 619-30) that constitutes the presuned Cct4
contact iwbenfiasels47Overal |, Sox Bl and F group protei nspexlsichotoooenmr kabl e
sequences conservation but residue 122 (Soxl1l7 nunbering) at the Cct4
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
el ectrostatic properties of both proteins (Palasingam P. et al. J Ml Biol
(2009) 388,63 waAQhservkd it § flgidnlceftbied of 1R fik 9 B &ASESP LS. Ml pHENt i al

17 wth Cct4d ly Sox

assenbly of Sox2 and Sox sine 95 1n 2 was nmutated into a

gl ut amat e @8YR3/E)6130) thatgpustisuiesttee prosunied OSthephtagiintefagev@raral Sex a | ysi ne
(SOX17EK, & & b Lenfafk : ated in which
all 8 heli 151 rlﬁgﬁ%%ﬁaergteinﬁ e%ﬁ%&(f m t;bggﬁéeggﬁ%%égh&%mgﬁ?gct interface
wer e conveSvely numbering)ef the Ootdreentpdnrienfage exhibit @ sybgroup spagifiedpaitern Sox 17
(denoted SexgaliaFi - - Nl | o nuiated Sox .
proteins f ?%%g%l-oéé‘ sﬁe%wsé\ﬁp@#e&? ?t%l%gﬁ) ﬁﬁgkglﬁ%)%tﬁlégﬂpg%tﬁw%ﬁwp%essed el enent s
derived f replatdddynegeidiagbramateigifagrouppSixpeatemovhidh apyars RodatheD. J. et -al . J
Bi ol - Chem (,2005).. 280: 24731- 7 re sessed he ;w |, dt .Aagd Sox 17
o ot el ne. b AAOTHITRENEE: St pRR GPRSERRE el A MeL Bl EROP SO0

i deal i zed 3)eFoetadt $f thie scidubd ethsasahd differeftial giseiably OCSox2oand SoBH76yithlBGet4 8) .

Mut ation .of .the Oct4,interface, however, .S ed.t he bind,. rqfil es of
Soxa mnd JsyheSs bRl bl o B fing R RHEL HURRASH L AR 1A% S50 Lo
Sox2al7 t owddi coBvertzé to Ly $indiSod] K, FlpareCi@BY.Mh addition)h Sbxamstauebsssant i al |y
weakened (conpare Fi.gur . l.anes 4, 8 and 12). Conversel he Sox17EK
cooper at edgeﬁ’%%gd&‘?’%ﬁb‘ﬂcs-&?gith ‘ﬁ%sf%%fﬂxwyé%gbf?“‘i?ﬁvet @%tgéféﬁ%’ i cal el ement
(I anes 6 aifdrfA&)werEoonsérsddamd ltheir coredpbidingddonflierpgrtofouhdim Sobl Afdesbtddox
constructs_tQ Qct4 on the conpressed el ement displayed the reverse pattern.
Mut ating tHE>SbiS1gues .]toggl'é‘&%‘?*EPPtﬁ’éttagﬂ fhe ‘P'Héte‘gﬁ?’f Prpi/f"ﬁffort%aésewg struct to

assenbl e Wykho&# bft 1R1takdAR aFRIIRbAS e’ SleRERE HerMail %m%@re%@lﬂtio?ﬂ‘eﬁi@h_t he
w | dtype domain (| anes 16, Conver se t he Sox17EK nutation

20, 24). ly,
el i ni nat ed*PairsagyofiNaxeg (Rodda Dol etaly/ 61640’&&@9%55%@:?417&%)We@é%easeé-n the
conpr essedriRl@Rpe SokPRRSo:B7 préRins bASRENERS pdnfordridiiadtefenilat a single
am no acid at the Qct4 contact interface constitutes an'inportant
det er ni nanfertigrllyso ficafqatizad e cpisnigrcngedarlics (agre 106 lianes 3Bx21 18t 4 ver sus
the Sox17/¥hiaftod SARSGEH RidrBRe, hBGLRE, sR@bied tiNbikdRd froMRE bBSYxS and WO
2011/ 056147PCT/ SG2010/ 000423 [ 00137] Gener ation of induced pl uripotent stem
cel | s. usi n¥pxa7 (e iabilityl df pheamujated Sox@dosturts Boxidsand fox2a Sotg Aimearde Sox 17 di ffer

intheir il § : i : te: i ot echnol
(2008) 26: ifl %§t¥ ohﬁe%gﬁbglpcqgggﬁfl ﬁ%@%@}u&gﬁ?%g&vh%gwm&%f%} dﬂ\fﬁ}éensc? ’c-nyc can
r epr ogr am Sowd). €oogedriely, th8®es 77 Ekagnoperated PSrecatdohgly evith Qo4 than WasSossed t o

assess the Lt S/ I ' . r 'if.%nt i nduce

pl uri pot en‘z{ﬁﬁg%é}ﬁ%%‘g&ﬁﬁ@g:%tér%ﬁ?ﬁ éé"t% ggg?'{rtgﬁg%:urn?%ﬁd\é act%?t%tg%r e required
t o gener at xrougmcts R4 bh theComgressed Mgmentidisplhyed €K vemapat@ox 2 ( Takahashi
and Yaman .2006 28: -.6 L oln . the reprogranmn say, an

aver age ofalb[ @‘g&?q;tge é?xcg)?gj'[sG&%?(@éggﬁrésr@%%Hi evz\lllb {l'lg?' ?@Qﬁ?r%{sm ct)?(ﬁsgeamﬁ’ “no col oni es
appear ed- whignO8éxi2 theasmpnesdet eldmerdtatiich w3s.dehi@Cio thé wildtpxdomaili @aneot gener at e

i PS ' i I i bed (Nak M et al. t
B ot ecnnol % bas) CaREER6 Sp SRR ali ek vkt Bse e ou ¢
repl ace Sooassemblihg wiie Detdadni theconfprésRT etedens(l4nkes 081122). Théseagvditshiatibae 2) . 1 n -

t hree i ndependent experi ts n average of 295 i PS col oni.es were

gener at ed BEA PR ifae AL T EROT 8, BT R AC BB L G P Evel of
Cct 4- GFP  efspd Gatitaivie bindih @iffe A OtiaSERA/Oued Vedsub yhe Sox 1776144 Wesfiseription’

i ndi stingujshable fromthose generated by Sox2 (Figure 11A). [00134] The
nunber s _of a?t?fé’a('ff)f”bﬁ’logtva@'é?fér ated by wildtype and nutant version of Sox2
and Sox17 in 3 separate experinents (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-nyc, and K1f4 (OCK) into MEF
cells. Qct4-GP+ col oni es appearing o§1 each plate, perfornmed in triplicate
(average S.D.), were counted 3 weeks Spost i nfection: The overall -average
(Avg.) nunber of colonies generated in the three experinments is shown in
the last colum. Table 2. Sunmary of iPS colonies derived fromalternative
forms of Sox Number of i PS Col onies :




Sox factor Exp. A Exp. B Exp. C Avg. Sox2 5719 5619 9019 68 Sox17 0 0 0 O

Sox17EK 312124
WO 2011/056147 PCT/SG2010/000423

[00132] Generation of induced pluripotent stem cells using a rationally
engineered Sox17 construct: Sox2 and Sox17 differ in th;eir 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 éapacity of the designed recombinant Sox variants to

‘induce pluripotency.

[00133] Four co-transfected transcription factors are required to generate mouse

. iPS cells Oct4, c-Myc, KIf4, (OCK) and Sox2 (Tékahashi and Yamanaka (2006) Cell
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 generatéd 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 factdrs 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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164124 410124 295 Sox2KE 5624 7524 10424 78 Sox2al7 0 0 0 0 CCK only 0 0 O

WO 2011/056147 PCT/SG2010/000423

Table 2. Summary of iPS eolonies derived from alternative fomis of Sox

. Number of iPS Colonies

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

Sox2 57419 5619 9019 68
Sox17 0 0 0 0
Sox17EK 3124124  164+124  410£124 295
Sox2KE - 56424 75824 104+24 78
Sox2a17 0 o 0 0
OCK only 0 0 0 - 0

[001 35] To confirm that the iPS cells generated by Sox17EK were bonafide iPS
- cells, a'screerl was performed for a set of markers expressed in reprogrammed, '

pluripotent cells, but are not foun(l 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 hacl 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 unifolmly 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 Sox2dl 7 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 Sox2o.17 interferes with Oct4 interactions
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O [00135]To confirmthat the i PS cells generated by Sox17EK were bonafi de
i PS cells, a screen was performed for a set of markers expressed in

repr ogr arwe@11glser4’pot ent cells, but are not found in MBEZSGZeMOP@23 of t he
i PS col oni es generated were expanded and the gene expression of a selection
of marker genes was neasured by quantitative RT-PCR (Figure 11B). All of
the pluripotency markers Eras, Nanog, Oct4, Sox2, Zfp206 and Zl1c3,

exhi bi.ted conparable |levels to normal ES cells and OCK Sox2 i PS cells while
the original MEFs had | ow expression (Figure 11B). W al so -i munost ai ned
three of tRgre30¥helthah BSXAKIHR SN I0¥ive Rt g 2OSIVERSinD)ids mBALRRHs Mar ker SSEA-1
(Figure 11C). Al Sox17EK i PS cl ones exam ned uniformy expressed t he cell
surface maAKepatelal sangacherereludndchas sherq is aa simplisticangrieens fstatignshmact or, Sox2.
Ve al so copdrvEdyaRk IScftéfh'%IftS‘EEtbx%Bmféilzé Bh bEﬁQﬁ%ﬁkﬁucil SIORERS inShrAPand et

nucl eoti de_sequence fromiPS Clones (Figure 2). Collectively,: these data
denonst r at @Stipdicing@ropprcs. If 59, ntsmstionstyidrthird fastosoxub delglardeealigationi pot ency.

[ 00136] The, biaehami shd gL @adsta%rfa%sd&bﬁ%ong he arﬁgﬁ(g%{(tlﬁe@ﬁlq defrut ant s
weaken the het er od| nerization potential of Sox2 wth Cct4 canoni cal

el enent s *sthat doald|bg difeer¢nitially affested wrettie Sox2KSoyetshs tl@@mzmmwamtest ed in .
conmbi hation with OCK; it was found that Sox2KE retained the wildtype Sox2
activily apohszitas ahlculipidsned Ehts?lzéo'? nfifildiSn e ARG i, the

Sox2al7 W tional tations at t4 contact {erface were unabl e
to i nduce ﬁcbb biockeotieal dgmonstrative tiad this Iéhléayot(ffabteeruz deffﬂﬂerFﬁgUQet pRiry in One

I nter pr et aédnﬂ’gst ?J its Jﬂﬁ&‘?cap g’cﬁl'ﬂt]gpsa ' ﬁld%t{l@revérge n@ﬁé&&%%?tﬂe%f?&érﬁiraﬁs wth Cct4
interactions nore stron In an“rn vivo setting relative to in
Vi t r o measassemtgybehavist b)emabztzmgetln}cturaltquhhnbltmbt;l)extowagdetdomShaited thakze i s no
sinmplisticg t rodi meri ze
with octa o rgrig %(;lgt rﬁ’xﬁgtllon 1+tﬁ)d|119era ?L Eﬁtel%ﬁ%t\ﬁ?a%ﬁcatgpgﬁfpc% @@H lﬁ%ﬁ%%ﬁgﬁ%rgopertl s

| f so, i ntesatitienrts tush be1t7hntodn_fP§0’eprp§rpmsmtg fagbil. ul ar | ocal i zation, protein
stability and post-translational nodifications are anongst the candl date
processes qg ]coul %W%ﬁf her enti al | y affected in the Sox2KE versus the
Sox2al7 mu ants [O I's study involved in silico identification of a
novel corrpressed m)tl f, the biochem cal denonstration that this DNA notif
can recr ui O0d39) er erftoxyws mutated 4t the corpespendingAaly resislup fnsa simHayifashign to

counter par§oxlaggdésa@oeﬂ@ﬂlﬁfa§ﬁ)l@flﬁ'ﬁ?&ﬁfzé N9oOEK HGadll BberEWhlbiassendl y

behavi or “by anal yzing structural nmodels. Utimtely, it was denonstrated
that a si nigfecepbirinptengy: ixqoptast itanglagrus musant fores plSaxaoxgpeBexdadl |y affects
Cct4 int er@‘?éu'ré)fQA rf2]‘_ﬁ t(fd?odxéwse'ljé 15191eeclmeasttgs éa‘n‘l;y @%xlﬂ(%lg'uﬂztl@ AR5 Wit
reprogranm ng factor. 38] EXA oX7 was rruta ed at the

corr espond$<n‘d7,(§/1lﬂtm§sﬁodhéldlnnt lad@remiquaptentaglwlm bupSeFEKagsnatescri bed in
Exanpl e 1 (f.0fpicox8 dABhe pRAYIER VBRI g P4A.N9H

pl uri potency?lgllytn conf‘r s?‘ff’Z‘%ﬁtﬁ"ﬁ go%ng mijttan y)\?olrerr&zsi:I %{ Sox4, goxS and Sox13
(Figure 12A, 12B). Colonies were visible at |east as early as day 14

(Figure 1310014Q]) i t Kisaeg f2: Resuifsiofifngyeedqiuripatengy nive PEEmeregrithnot ent

col onies, Oyb ppmbfhris JRoxIBI0Rs, bk 1 £brok 7t NP PN Sesbaicd. O YORAIIRRL Produci ng
pl uri potent colonies (Figure 14A, 14B). [00140] Figure 12: Results of

i nduced pl Rhosphetaen#siniggi ng OCK al one or with Sox2 or nutants .of Sox4, Sox5,
Sox13 or Sox7. A. GFP fluroescence. B. Al kaline phosphatase staining.

[ 00141} Fi gre0g4433: PF'grgfer% PMirifoPdn? BoIBiTied MBI By Byx BRX [EHonidstlpi €s wer e
visible as early as

v1snble 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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[00142] Figure 14: Efficiency of induction of pluripotency. A WIdtype Sox2
and Sox7EK were able to induce pluripotency whereas Sox2KE and Sox7

wi | dt ype wodonatse14B. As with Soxl 7EK, Sox7EK is nore ef pcaisendloavosznduci ng
pl uri potency when conpared to Sox2. WD 2011/056147PCT/ SG2010/ 000423
[00143]In an extension of the previous work where it was shown that Sox17EK
mut ant can gi ve higher i PS production when replacing Sox2 (the Yamanaka
factor) used with the other 3 factors (Cct4, Klf4,cMrc), it was shown that
Sox7EK nut ant works as well as Sox17EK in form ng i PS col oni es, both of

whi ch nut &g b$4§r e ajy Ane&%sﬂﬁ(omé ?reﬁt)fjé iR Whele1ARas3 S én thﬁap%ﬁle‘s vel |
experinments indicated that C term nal "activation” domain of
Sox| 7 whimyagficemgive highdri llc}%erpdwm hemieplaging SRS (eramenlerfactar) ssedmer a

consi stin gﬂ—g\/gj 17

Cterm na?wg{:tth?\ggtl on ﬁg@i‘:ﬁ’mg{g%) 3@?“%?“91’2@9?%@%‘)273@“2‘&%% rl?%%é i ncreased
ef fi ci encywglRisgiox E7EKsin, fOI[ﬂﬁOEL'kPS]CFlOgm,é)OﬁB)f whiishmeutangs e atleashdX 8o%el7 pr ot ei ns
and i nductign. of,.Rldtd potency. A Constructs of Sox2 and Sox17. B.

Pl uri pot ent  col onies 1 nhduced using the various chimeric Sox protein
constructs. %146] EXAVPLE 3 [00147] There is a high honol-ogy between human
and mouse PP¥Hcri pts oalliexperaments indigatedvimtdoatiiert fegning(ostvahaeér ved bet ween
the two Sgﬁ)ﬁlaﬁlsof doQ%ﬁi]: qgsnthéfﬁ 1?@%ﬂ‘o%n9y bﬂ@gggﬁerﬁ&)ﬁ%(&ma cells can be
gener at ed viral transdlction human "adi pose-ti ssue derived nesenchynal
stem cel | scoehﬁd!glvswf@éﬁldommn (aming pcids PWOdéllNatth thaSaxil 7Scterual (2009)

(Takanaa i a8y NOTF RS AR o e TR NP i SF ool 18

as foll ows. L00149] For virus production, pI\/D(s retroviral vectors are used
in which tIR148INA s EauenbisChimerisSon? and fgel 7 proteins angipgductis 9PKE,  Sox7,
SOXTEK, * SOl rfpaabifly F0XE distiu 6 o%b QIQ%MOBXP%%O@& cwomé&nra{a&qtaglhgg 293GP2
cells are Iated In-a 15cm di sh and transfected the next day by Using
Fugeneb6 trt mafr@e%¢f0merﬂ<e%fgﬁel}1i@teln1:@25tlsct§tl of Fugene are mxed with 750 gl of
DMEM for 5 m nutes. Then 22.5 gg of pMXs vector and 22.5 gg of a VSV-G
vector areoaq4syd dr grRAMYPOEGP. 15 nminutes later the mix is transferred onto
the 293GP2 cell's and incubated overnight. The next day (Figure 16 , d-1)
t he nmedi a 3GP2 cellshlsh chan ggycz) wi th 20mil 8f fresh nedia, and 380 000
ig logy be

cel I s hAd- are There 1s a homo tween 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 adipdse-tissue derived mesenchymal stem cells (hAd-MSCs) (Sun,
N. et al., Proc Natl Acad Sci Us4 (2009) 106:15720-725) with the four “Yamanaka
factors”: OCT4, SOX2, KLF4 and ¢c-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 Oct4, c-Myc, KIf4, de2, 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 ul of Fugene are
mixed wifh 750 ul of DMEM for 5 Iflinutes. 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 201ﬁl_of fresh media, and 380 000 cells hAd-MSCs are
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plated in 3 different 6cm di shes coated with human ES-qualified matri gel
(BD Bi osciences) in standard hAd- MSCs nedia. The day after the virus is

col | ect edwendiiesement rat ed by using Am contil U tra Centcirfsegado/obass er
Units according to the manufacturer's instructions (MIlipore) and cells
are irnfected a 1st round with Oct4, cMyc, K1f4 and the correspondi ng Sox
factor. 20mL of fresh nedia is added again in the 293GP2 cells for a second
round of infection the next day. The follow ng day the hAADMSCs nedia is
changed to hES nedia : nilESRL nedia from Stem Cel | Technologles The medi a
is then Chﬂﬁ?@ﬁt ﬂﬁér)ént%gfﬁmgst éo\ééd %X hhﬁgﬁgguglmea%amﬁ(gﬂ Il the

appearance of hES-11ke colonies. Then e colonies are stained alive for

the pluri pdosirnyesian Kerdag8HRMERd medianTledlay allerthevifus issrolsdedndri cr oscope.
Positive f.or individual
anplifi caté%ggéﬁ'gg d%Es"w%%}cgh(%g?%gg}ton%@ge&?fng? étcrcgllds g%hel n Figure 17.

[ 00150] Fi guar@f@®rerAnnmetuqns éMillifor¢)hed galserednfeand of* tundiwith PStécel | s usi ng

human adi S %%s i ol oni es

i nduced ug&% ﬁ&f‘ ﬁgne%%é X’%ﬁl F‘L}%K%&'% f'géﬂ'ﬁfcﬁzm a'g%ﬁl g?ll oﬁg’gand pat ent
applicati 029§G<E‘i2 tdld form sebond r&p:d@lf infweibixmnnaxtelajvﬂmelf@ilqm@dapdreatﬁeid by

ref erence ach |nd| ubI .or._pat.ent tion were
speci f i cal ‘?@C%ma han q%alln?l caltn‘:“:g1£ me%l% flrdﬁr%%tre %’oqeglflgeaﬁ'b P&t er ence.
The citat |1’1nrma‘d1aam;hepulhﬂngabetvleqrbon@cuitom day ﬁ"01dI29¢d» mfsdayetlprthemppéamnbdqe filing

dat e and s not. he ns d.as a t sent i nvention
i s not ent‘? gglkfcsdg?ff ??P"ff)slfﬁ‘f?q% %‘anl?fpg‘frﬂ?é) BfY %P& i nventi on.
[ 00153] As' S8B2d! dnd coiiitel @ﬂafal ﬂUOE@&dnﬁmloim;doﬁeh(PoﬁﬁmmtbsG}eahem&nckbﬂlﬁl si ngul ar

forms "a" "th J.ur al ference unl he cont ext

clearly d| 41W§ﬂé%m8tﬂ °§E‘dw)§£’ ﬁas“étg'ﬁi"?fmt"ﬁf‘ ""SEe"&‘ia‘iaFtS%\;fal ‘8‘?1 #4'$ ¥ appended
cl ai s, -t howR inEigure QMPr i se”, "conprising”, "conprises” and other forms of
these ternms are intended in the non-1Ii m'ti ng i ncl usi ve sense that is, to

i ncl ude p | ar C | enent s excludlng any
other of r0RISH, ¢ oFBar I A Rl e et it R o B ol and
scientifi dzdnmmmlzpmdsshedmmdmm. t he same neani ng as comonly under st ood
to one of ordinary skill in the art to which this invention bel ongs.

[ 00154] Al | tahk S47S - Or i d to include any
sub-1i st o[rowlﬁr]r Omffg?g.%ﬁé@”ﬁ% ,9§9019ﬁ[?}n ‘f?d?‘rs}é'gl te‘%%l i st or range.

[ 00155] Al tM_mjngthﬁedVEKegm ng i nvent| on has been described in sone detail

by way of illustration and exanple for purposes of clarity of
U“derSta”%Wﬁz BRI G@iﬁ@aha/nsaﬁﬁﬁtéﬂﬁpﬁl&tﬁdﬁg’§ﬁ‘ed% N Qelatafionkle! | 1n the art
inlight of the teachln s of this invention that certaln changes and

modi fi cat ihgredn Wao}rpwetem eefqrm,sp @t i eohtindjvidual epllicetiongoripeionh applécaign rit or
scope of t\t}&e ?p%@‘?@&l%cllnﬁ llrﬁflmallﬁﬁﬁ%wﬁ 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”,

¥ &6

comprlsmg , “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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1. A nmutant Sox7 or Sox17 protein conprising a nutation in any of am no
acids 88 to 108 of a Sox7 or amino acids 111 to 131 of a Soxl 7 protein
wher ei n twe 20uvmet47 Sox7 or Sox17 protein is capabl e of eomseneioonisl a
non-pluripotent cell to a pluripotent cell. 2. A mutant Sox7 or Sox17
protein conprising a nutation in the am no acid sequence encodi ng the Cct4
protein contact interface of a Sox7 or Sox17 protein wherein the nutant Sox
protein can induce conversion of a non-pluripotent cell to a pluripotent
cell. 3. The nutant Sox7 or Sox17 protein of claim2, wherein any am no

acid resi a4 he SKRR Wgtgﬁi EEAERL RVQHMQD
is substi ﬁﬁ,@ N&#&Etsaq%li@géo* XA/OI% 16%0(?9% e\g{tr}{J({UQEFLR}S?@({? or Sox17

protein of any oneo alms npiisin rrutatlon of a glutamc

aci d .| ocatygghdd aé?‘alnpoﬁ}ﬁhgl &%hﬁ}f o¥eh?ste§?¥e711s% th@maﬂf?na@iﬁﬁ Emdrgd dfffendshe Sox17

protein. o'ixtth“t?U@i‘dﬁéﬂbuéﬁ%&omct@@&%spfﬁlﬁ'(@99%‘3 claim4 wherein the
mut ati on of the glutamatic acid |ocated at am no acid 99 of the Sox7 or

am no- aci Relm 26 9Mitd3BchBOX 1HtaiRiQ DBV NKikticH, $URBraddiM. The POURIolMmi ne. 6. The
mut ant  SoXoteih s egﬂ; /DE@} Bictsemial ﬁi?)én&ﬂ@mpfonﬁlltﬁinriﬁ cdopbitién Wih 8 i s a nmut ant
SoX7 pr ot MG dofrainfr6teiNebdRbvaSDS/ CAL 6, S@nb? 1@%@} ein of any one of clainms 1
to 5 which is a nutant Sox17 protein. he nutant Sox7 or Sox1l7 protein
of any onga@h II;NgI(ElB Shika@ndu KB &tevess mmarmtrﬁal Sieuclufe pidadeAn. WO
2011/ 0561 4idinly SRS LORRBof tBe stdin ReICirAis€ripdioh tactop Nagey. ¢ MulBaili ng t he
mut ant  Soxops Béeian7e(3)asy-7one of clains 1 to 8. 10. A cell expressing the
mutant Sox protein of any one of clainms 1 to 8. 11. A cell conprising the
nucl ei ¢ acSudl Nvet £t CRéederdiee dbrativof indiked plutipdtéro etemfcellfilers addt lmnuer si on of a
non- pl ur i pdipesd steetdllst RroaNpd Atidsai B8A 106) 15,720-hz5 @80dhod conpri sing cul turing
the non-pluripotent cell in the presence of i) the mutant Sox7 or Sox17
pr ot ei n- of Reanépyiond.inf K,GVigsemd.J, RefrboB R, iSchol@HR,; W dmennis M. )Cragtal seragure one  of
c-myc. and a2 POUHHMG/PNACexiatyi comples sugdgadd diffeentig asseinbly of Oet#ang Spc st em

cel | s, 13n tho emtahogls. GenésRbwc200g Angriva7€iop2048£59a non- pluripotent cell to a
pIurlpotent cell, the nethod conprising co-expressing in the
non- pl ur i pYilkams, Bl iCpi, MheClotet G- Molgqulasrbasin for Fynsraistisitiansstiptaangl one of
clai ns 1 tasti@fion by Ocdtand Sex?crevdaleyl frgm thespduticnstruesbreof thpd2&bd Ki f4 from one
or nore eXPtbSei2dioxbédINA termpndtranséription fagtor hemplonJ Biel/Ghemt 2008 Jerel | i n
condi ti on:; N DABR5T.or growt h of enbryonic stemcells. 14. The met hod of

claim12 or -claim 13 wherein the non-pluripotent cell is a fibroblast or a
mesenchymal stemcell. 15. The nethod of any one of clains 12 to 14
wherein the non-pluripotent cell is a hunman cell.
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16. The method of any one of clains 12 to 15 wherein the non-pluri potent

cell is a partially differentiated cell. 17. The nethod of any one of

cl ai r8 12wo@oiifsehier ei n the non-pluripotent cell is a fwrchgcdoffoesenti at ed
cell. WD 2011/ 056147PCT/ S&G2010/ 000423 18. The nethod of any one of clains
12 to 17 wherein the non-pluripotent cell is an enbryonic fibroblast. 19.
The nmet hod of any one of clains 12 to 17 wherein the non-pluripotent cell
is an adi pose-tissue derived nesenchymal stemcell. 20. A mutant. Sox

protein conprising an ami no acid sequence encoding a high nobility group
domain of a Sox2 protein and a C-termnal activation domain of a Sox7
protein orwHAPISCIAINME I5: 21. The nmutant Sox protein of claim 20 wherein
the CGternminal activation domain-is the C-terminal activation domain of a
Sox7 proteln. -Aputarhioxier denl 7 Esteip compisingsF MEptqnin oty ofiaeHeq 3rids$é

C-term nal toal%blf@%)&rbrq{ﬁma'a&db§11ttBel3Poﬁﬁs&hﬁ%%otéﬁ(vhé’x@&'tﬁ’é}nﬁi@ﬁiﬁyom of a Sox17
protein. 23. A nucleic acid nolecule encoding the nutant Sox protein of

any one of orcoAi hirotzin is gapable of converajop ef 3 n‘éklﬂlﬂ‘%qnﬁge“ttﬁé piﬁmpamt glbx protein
of any one of clainms 20 to 22.

2. A mutant Sox7 or Sox17 protein comprising a mutation in the amino acid
sequence encoding the Oct4 protein contact interface of a Sox7 or Sox17 protein wherein
the mutant Sox protein can induce conversion of a non-pluripotent cell to a pluripotent

cell.

3. ~' The mutant Sox7 or Sox17 protein of claim 2, wherein any amino acid re51due in
the sequence LSQKRPYVDEAERLRLQHMQD or LAEKRPFVEEAERLRVQHMQD

is substituted with a different amino acid.

4. The mutant Sox7 or Sox17 protein of any one of claims 1 to 3 comprising a
mutation of a glutamic acid located at amino acid 99 of the Sox7 or amino acid 122 of the

. Sox17 protein.
5. . The mutant Sox7 or Sox17 protein of claim 4 wherein the mutation of the
glutamatic acid located at amino acid 99 of the Sox7 or amino acid 122 of the Sox17

- protein is a substitution with lysine.

6. The mutant Sox7 or Sox17 protein of any one of claims 1 to 5 which is a mutant

Sox7 protein. -

7. The mutant Sox7 or Sox17 protein of any one of claims 1 to 5 which is a mutant

Sox17 protein.

8. The mutant Sox7 or Sox17 protein of any one of claims 1 to 7 that is a human

Sox7 or Sox17 protein.
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25. A cell conprising the nucleic acid nolecule of claim23. 26. A nethod

of inducing conversion of a non-pluripotent cell to a pluripotent cell, the
met hod cowprsiosglaeul turing the non-pluripotent cell inpchascpoesenee of i)
the nmutant - Sox protein of. .any one of clains 20 to 22; ii) Oct4; and iii)
at |l east one of c-nyc and KIf4 and in conditions suitable for growth of
enbryoni c stemcells. 27. A nmethod of inducing conversion of a
non-pluripotent cell to a pluripotent the nethod conprising co-expressing
in the non-pluripotent cell i) the nutant Sox protein of any one of clains
20 to 22; g1) ClftieidRfll thdlbduldincbBifSthe MNP 0x5rB¥Mm Al kit chini one  or
nore expression vectors and culturing the. non-pluripotient cell in

condi tiongoduitable for growth of enbryonic stemcells. 28. The nethod of
claim26 or 27 wherein the non-pluripotent cell is a human cell. 29. The
met hod of any one of clainms 26 to 28 wherein the non-pluripotent cell is a
fibrobl astlOor & ¢elsupressingdhe mutarh Soxiptotein glany pheofwlaimed tof. any one of cl ains
26 to 28 wherein the non-pluripotent cell is a partially differentiated
cell. 31. The nmethod of any one of clains 26 to 28 wherein the

non- pl uri pdt entA @dicbmpusifgthe yuaki¢ fed mplete efclamld.. 32, The nmethod of claim
26 or. 27 wherein the non-pluripotent cell is an enbryonic fibroblast. 33.
The net hod of claim 26 or 27 wherein the non-pluripotent cell is an

adi pOS e- t i I@sue Adeethadeaf indising cdopnasios dfanmongilripotent cell to a pluripotent cell,
B ~ the method comprising culturing 'the non-pluripotent cell in the presence of i) the mutant
Sox7 or Sox17 protein of any one of claims 1 to 8; ii) Oct4; and iii) at least one of c-myc

and K1f4 and in conditions suitabl_é for growth of embryonic stem cells.

13. A method of inducing conversion of a non-pluripotent cell to a pluripotent cell,
the method comprising co-expressing in the non-piuripotent cell i) the mutant Sox7 or
Sox17 protein of any one of claims 1 to 8; ii) Oct4; and iii) at least one of c-myc and Klf4
from one or more expression vectors and culturing the non-pluripotent cell in conditions

suitable for growth of embryonic stem cells.

14.  The method of claim 12 or claim 13 wherein the non-pluripotent cell is a

fibroblast or a mesenchymal stem cell.

15.  The method of any one of claims 12 to 14 wherein the non-pluripotent cell is a

human cell.

16.  The method of any one of claims 12 to 15 wherein the non-pluripotent cell is a

partially differentiated cell.

17.  The method of any one of claims 12 to 15 wherein the non-pluripotent cell is a

fully differentiated cell.
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18.  The method of any one of claims 12 to 17 wherein the non-pluripotent cell is an
_ embfyonic fibroblast.
19. _‘ The method of any one of claims 12 to 17 wherein the non-pluripotent cell is an

qdiposé-tissue derived mesenchymal stem cell.

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

protein or a Sox17 protein.

21, 'The mutant Sox .protein of claim 20 wherein the C-terminal activation domain is

- the C-terminal activation domain of a Sox7 protein.

22.  The mutant Sox protein of claim 20 wherein the C-terminal activation domain is

the C-terminal activation domain of a Sox17 protein.

23. A nucleic acid molecule encoding the mutant Sox protein of any one of claims 20
to 22.

24. A cell expréssing the mutant Sox protein of aﬁy one of claims 20 to 22,

25. A cell comprising the nucleic acid molecule of claim 23.

26. 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 1) the mutant
- Sox protein of any one of claims 20 to 22; ii) Oct4; and iii) at least one of c-myc and

KIf4 and in conditions suitable for growth of embryonic stem cells.
27. A method of inducing conversion of a non-pluripotent cell to a pluripotent celll,

the method comprising co-expressing in the non-pluripotent cell i) the mutant Sox protein

of any one of claims 20 to 22; ii) Oct4; and iii) at least one of c-myc and K1f4 from one
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- or more expression vectors and culturing the non-pluripotent cell in conditions suitable

- for growth of embryonic stem cells.
28. . The method of claim 26 or 27 wherein the non-pluripotent cell is a human cell.

29. The method of any one of claims 26 to 28 wherein the non-pluripotent cell is a

fibroblast or a mesenchymal stem cell.

30. The method of any one of claims 26 to 28 wherein the non-pluripotent cell is a

: p_al_'tia“y differentiated cell.

31. " The method of any one of claims 26 to 28 wherein the non-pluripotent cell is fully
diffefentiate_d cell. 4

32.  The method of claim 26 or 27 wherein the non-pluripotent cell is an embryonic
fibroblast. '
33. The method of claim 26 or 27 wherein the non-pluripotent cell is an adipose-

tissue derived mesenchymal stem cell.
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