Supplemental Data
Supplemental Figure 1

Axin2 is preferentially expressed in E7.5-E8.75 endoderm and is expressed at lower levels in anterior

endoderm.

Graph displaying the rank invariant-normalized arbitrary unit microarray expression values of Axin2 in

definitive endoderm from multiple embryonic stages and from E8.5 anterior definitive endoderm.
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Supplemental Figure 2
Timecourse and age-dependence of Cdx2 induction by CA B-catenin

(A-C) Wholemount confocal immunofluoresence images of E8.25 foregut and midgut 4 hours (A), 8
hours (B), 12 hours (C), and 72 hours (D) after electroporation with CA B-catenin and placement in whole
embryo culture (A-C) or whole embryo culture for 24 hours followed by explants culture for 48 hours
(D). Embryos are stained for GFP (green), Cdx2 (red) and Sox2 (blue). (E-G) Wholemount confocal
immunofluorescence images of E7.75 anterior endoderm (E) and E9.5 stomach (F-G) electroporated with
CA B-catenin and placed in explant culture for 24 hours. Embryos are stained for GFP (green), Cdx2
(red), and Foxa2 (blue). Scale bar equals 200 pm in A-D, 50 um in E-G.
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Supplemental Figure 3
Optimization of ES cell differentiation toward definitive endoderm

(A-J) Immunofluorescence analysis of ES cells treated with Activin A from days 2-5 (A-B), Activin A
from days 2-5 and GSK3iXV from day 2-3 (C-D), Activin A from days 2-5 and the Wnt inhibitor
PNU74654 from day 2-3 (E-F), Activin A from days 2-5 and the Bmp inhibitor Dorsomorphin from days
3-5 (G-H), or Activin A from days 2-5 and Bmp4 from days 3-5 (I-J) before fixation and stained for
Sox17 (green) and Foxa2 (red). Nuclei are stained with Hoechst 33342 (B, D, F, H, J). (K) Graph
displaying percentage of Sox17 Foxa2" endoderm at day 5 following indicated treatment. (L-M)
Immunofluorescence analysis of HUES8 human ES cell-derived endoderm stained for Sox17 (green) and
Foxa2 (red). Nuclei are stained for Hoechst 33342 (M). (N) Graph displaying percentage of Foxa2"
endoderm cells that are Cdx2" after 24 hours of the indicated treatment. Scale bar equals 50 um in B, D,
F, H, J, and M.



=
8

Percentage Sox17+Foxa2+
doderm
)
S

30 +
20
04— N NN 2N 0

- L.

neg d0-5 Activind0-5 Activin d2-5 Activin d2-5, Activin d2-5, Activin d2-5, Activin d2-5, Activin d2-5,
GSK3id2-3 Wntid2-3 Bmpid3-5 Bmpdd3-5 GSK3id2-3,

Bmpi d3-5
90 -
80
20
10 +
04 - § :

DMSO 50 nM GSK3iXV 1ug/mL Wnt3a

Z
8

o

w s v
S oo

Percentage of Foxa2+ cells
expressing Cdx2
3



Supplemental Figure 4
Additional examples of genes expressed in distinct anterior-posterior regions of the intestine.

(A-B, D-F) Wholemount in situ hybridization images of E10.5 embryos (A-B) and E14.5 gut (D-F)
showing expression of posterior small intestine-specific Cib2 (A, D) and Fzd10 (B, E) and cecum-specific
Hoxd10 (F). (C, G) Wholemount immunofluorescence images of E14.5 gut showing expression of
anterior small intestine-specific Anpep (C) and large intestine-specific Xpnpep2 (G). Green arrows refer
to the anterior border of the intestinal staining and red arrows refer to the posterior border of the intestinal

staining.
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Supplemental Figure 5

High-levels of Cdx2 upregulate large intestinal genes in ES-derived endoderm.

Graph displaying the normalized microarray expression values of large-intestine specific genes in ES-
derived endoderm treated with DMSO (blue), GSK3iXV (red), Doxycycline to induce ectopic Cdx2
(purple) or GSK3iXV and Doxycycline (green).
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Supplemental Table 1
Complete list of genes significantly affected by GSK3iXV treatment in E8.25 foregut endoderm.

Expression of these genes is changed >3-fold in EpCAM " endoderm by 24-hour treatment of E8.25
foregut endoderm with 10 mM GSK3iXV beads.



Genes downregulated in
GSK3iXV-treated E8.25

Genes upregulated in GSK3iXV-treated E8.25 endoderm endoderm
0610033M19Rik AW061230 Epha3 Modl 5100a3 5ep5 ltgall
06100418 22Rik AWI125753 Epha7 Nogat2 5100a6 4930519N16Rik Itih2
1110012M11Rik Axin2 Evxl Mrpl2 Scal 5330439J01Rik Ldb2
1110020C13Rik AYT61185 Fabp3 Mstlr Scamp2 Acas2| Ldocl
1110032A13Rik BCOL8465 Fhxo6h Msxl Scamps Accnl Lpl
1190002C06Rik BCO30476 Fgfl7 Msx2 Scap Acsm3 Mageel
1200009022Rik BC0459816 Fefbp3 Mtl Scnml Adrb2 Mcm6b
1600002K03Rik Bdh Fltl M2 Sct Agpt2 Meoxl
1700011111Rik Bhmt2 Foxgl Mta3 Sdchp2 Aldhla3 WMGCL06740
1700029G01RIk Bopl Fst Myo9b Sepxl Ambp Myl2
2300002D11Rik | C130034118Rik Fut2 Nbl1 Shf Ankrdl Myl7
2300002D11Rik C2 Fzdl Neul Siglech Anxall Nkx2-3
2310042N02Rik CBE9E7 Fzd10 Meurl Sirt? Apoa2 Mkx2-3
2310046K01Rik Carll Gababrbp Nfe2l3 Slc27a3 Argl Nkx2-6
2400003 C14Rik Carl3 Gadl Ngfr Slc29al B3galntl Nkx3-1
2410001C21Rik Chinl Gadd4sg Nin Sle3a2 Bmper Nnat
2410080H04Rik Cede3 Gba Nkd1 Slc7a3 C630028C02RIK MNpr3
2510003E07Rik Cd27 Ghx2 Nme3 smpd3 Cldn11 MNptx2
2610027C15Rik Cdknla Gchl Nos3as Snca Col2al Nrnl
2610033H07Rik Cdxl Gjh2 Notchl Snxl7 Corin Nsbpl
2700017MO1Rik Cdx2 Gjba Nspcl Soatl Crabp2 Nsg2
2700050C12Rik Cerk Gnald Ni5C Soxl7 Cxcll2 Olfm1
2810417112Rik Ch25h Gnefr Nt5e Sps Cyp24al Onecut2
2900024C23Rik Chrd Gng2 Odza Spé Dabl Pagr9
2900046G0SRIk Citedl Golga2 Optn Sp7 Dab2 Pax9
2900093B09Rik Ckifsf4 Gorasp2 Ovoll Spé Dcn Pdcd4
3010003L21Rik Clice Gpc2 Pdella Spoll Dmrt3 Pitx2
4732456N10Rik Cogs Gpnmb Pdgfc Stat3 Ednl Pknox2
A4732481H14Rik Crabpl Gprlse Pdlim4 StatSa Efcabl Pmp22
433051111Rik Crym Gpr4s Pet112l Surf4 Etsl Prkwnkl
5031410106Rik Cyfip2 Gpra3 Pex2 Svopl Fgflo Ptpre
5730593N15Rik | D11Moh3s Gpx2 Pgls T Fgfl3 Pyy
8430438D04Rik | DI15Ertd682e Gulo Phida2 Tacstd2 Fefls Raetlb
9330161F08Rik D15Mgi27 Hdach Plk3 Thrgl Fefl6 Rarb
9630019K 15Rik Decrl Hoxa? Polr3b Thx3 Fhi2 Reln
9930017A07Rik Defcr Hoxc9 Pon2 Tcf7 Foxal Ret
AB30042L21Rik Defcr2e Hoxds Par Tefap2e Foxcl Rgs5
AT30017C20Rik Defcr-rs10 Hoxd9 Poudfl Tex264 Foxc2 Rsn

Abcgs Defer-rs2 Hspbl Ppap2b Tiaml Foxd4 Serpinalb
Abhd2 Defcr-rs7 Ifitm1 Ppplric Tiam2 Foxel Serpinf2
Abhd2 Dkk1 Ifngr2 Pglc2 Timm3s0 Foxgl Sertad4
Actal Dkk3 Iviol Prfl Tirap Foxi2 5frpl
Acth Dkka Itm2b Prkcabp Tlx2 Frat2 Sixl
Ada Dix2 Jmjd3 Psd2 Tnfrsfl9 Fzd4 Sle3sf3
Adssll Dnajcé KIfS Psmfl Tnrcll Glrx Sox2
Agpat3 Dncicl Klhig Ptn Trib3 Gpx3 Sshp2
Al481500 Dok4 Kremen2 Ptpla Trim29 H1fx Thxl
Anxal Dpp6 Lgals3 Ptpnl Trp63 Heyl Tgm2
Apcddl Dpp7 Lmo2 Pygl Twist2 Hhex Thbd
Aplp2 Dpp8 LOC622404 Rabggta Uaplll Hoxbl Titfl
Agpl Dix2 Lrpd Rbpjl Uckl Hs3st6 Tmemds
Agpll EA30025E21Rik Lrrcls RecBLl Whscrle Hsd11b2 vgllz
Arfip2 Edar Lrrnl Renbp Wifl Igfbp3 Vin
Aspscrl Efnbl Lrrn3 Rhbdl2 Wntl0a Igfbps
Atf5 EG665378 Mal Rims3 Wnt3a
Atoxl Egfr Mapkbpl Rin2 Wnt6
Atpl0a Elovll Matnd Rodl Zdhhcd
Atpl3al Emid2 Meecl Rpl14 Z2fp259
Atpévlb En2 MGC99845 Rps6kll Zicl
Atpevlf Epb4.9 Mglap Runxl Zxda




Supplemental Table 2
Complete list of genes significantly affected by GSK3iXV treatment in ES cell-derived endoderm.

Expression of these genes is changed >3-fold by treatment of ES cell-derived endoderm with 50 nM

GSK3iXV.



Genes upregulated in GSK3iXV-
treated ES-derived endoderm

Genes downregulated in GSK3iXV-treated ES-
derived endoderm

1200015N20Rik Fst 0610041G09Rik Gatad Pegl
1700011H14Rik Fzd10 11350007F08Rik Gekr Pem
2010016F14Rik Gadl 1200009022Rik Gfodl Pgas
2510009E07Rik Gas6 1200013B822Rik Ghrl Pgam2
2610001E17Rik Ghx2 1700007G11Rik Gknl Pik3r3
2610019F03Rik Gjh2 1700027A23Rik Glrx Plxna2
2610318G18Rik Gprlld 1810036H07RIk Gpcd Ppnr
2810003C17Rik Gprdg 2810417M0SRIk Gpri2o Ppplrla
A4930517K23Rik Gpx2 4631426J05Rik Gpr23 Prg
5730593N15Rik Hoxal 5330403K07Rik Gsc Pyy
9930023K05Rik Idbd 5530413N01Rik H19 Rab27a
AALT5280 Ifitm1 9130213B05Rik Hesxl Rfxdcl
Acotl lgfbpa Actal Hhex Rin3
Actb Kel AFfL Hs3stl Robol
Ada Lma2 Agptd Id2 Shk
Adcy8 LOC212350 Al427138 Igf2 Secl4l2
Add3 Mal Apoal Igfbps Sema3f
Ahsg Matnd Atplod Irx5 Semasd
Aloxl2e Mcc AWS548124 Isl1 sfrpl
Alox15 Mixll B230104P22Rik Kcncd Sh3tcl
Ambp M3 BC019731 Kirrel3 Shroom3
Apcddl Mogat2 Bcl2111 Lamal Slcl12a2
Agpll Msxl Bmper Lamcl Slc7as
Assl MNefm Cadps2 Lefth Slcolal
Atohs Ngfr Chinl Lhfp Sparc
Atpla2 Pcsks Cd5%a Lhxl Spin2
Axin2 Pdkl Cdkn2b Limycl Srd5a2
AY761185 Pglyrpl Cerl LOC434157 Tal2
BB30021E24Rik Phidal Cfcl Lrpl2 Thxl
BCO18465 Phidaz Chga Lrpapl Tcf712
BCO40774 Ppl Cchiall Ltbpl Tefb2
Bhlhb2 Pscl2 Chstl Matnl Tgfbr2
Card10 Ptk7 Cish Mbp Tefbr3
Cendl Punc Cldn3 Mertk Thbd
Cdxl RecdLl Cntnap2 Mest Tmasfl
Cdx2 Rfxd Cxxcd MGCL06740 Tmemds
Cpnl Rpsekll Cyp2Bal M2 TrmemB3a
Cpz Scarad Cyp2j9 Mxil Tnncl
Csn3 Seppl Cyrel Myl7 Tnntl
Cyplbl Serpinas DO030013116Rik Myocd Tphl
Defer Slcl6all Dgkk Mkx2-3 Tpml
Defcr2f Slclad Dmbx1 MNptx2 Tspan7
Defcrd Smox Dpysl3 Otx2 Ttr
Defcré Sp5 Ephbl Pardeg Tubad
Defer-rsl Spé Fefs Pcdh2l Tulpl
Defcr-rs10 Spoll Fefbpl Pcdh? Vav3
Defcr-rs12 Sponl Foxdd Pdelb Zfpm1l
Defer-rs2 Tcf2 Fad?
Defcr-rs7 Tcf7
Dkk3 Tmdsfl12
Dkka Tmem77
Dppd Tmprss2
EiG545370 Tnfrsflg
Emidl Uncsc
Emid2 Wnt5b
Evxl Wnt6
Fefbp3 Wnt7a




Supplemental Table 3
Complete list of genes preferentially expressed in specific E14.5 gut segments.

These genes have expression >3-fold higher in one E14.5 gut segment as compared to all other segments.

Anterior small | Posterior small
Stomach intestine intestine Large intestine
2210413P10Rik Amical Cdol 1700011H14Rik
Bace2 Anpep Cib2 4732472107Rik
Corin Areg Fzd10 Abi3
Creb3la Btc Gprds Abpl
D930038M13RIk Crp Gucaza Adhl
Dmn DIkl Lyg4 Afp
Ern2 Dmbtl Mamdecd Aim2
Evil Duspd Olfmll Anxad
Gstad Egln3 Qsr2 Atpl2a
Idb4 Enppl Pradh2 Atp2a3
Lygh Eps8l3 Sct BCO25445
Mds1 Gpri2g Sdhl Brasl
Rasgrp3 Gpx3 Snca Crim2
Sox21 Igsfl Vim DO30013116Rik
Lgals3bp Emp2
Onecutd Evxl
Ppargclh Fabp3
Prapl Frydd
Siatsc Geontl
Smocl Gdnf
Sppl Gnald
Tmdsfd Gne
Tulp2 Hoxa?
Upk3b Hoxb7
Liph
LOC233038
Lar
Lpl
Lyga
Nrnl
Pdzkl
Ppplrlb
Prkcdbp
Schipl
Serpinbla
Slc5as
5ri
Stxbpl
Upkla
Xpnpep2




Supplemental Table 4

Complete list of genes significantly affected by GSK3iXV treatment in ES cell-derived endoderm,

grouped based on whether or not they are coordinately changed by Cdx2 induction.

Expression of these genes is changed >2.5-fold by treatment of ES cell-derived endoderm with 50 nM
GSK3iXV.



Genes upregulated in GSK3iXV-treated ES-

Genes downregulated in GSK3iXV-treated ES-derived

derived endoderm endoderm
Induced by Downregulated by Ectopic Not Downregulated by
Ectopic Cdx2 | Not Induced by Ectopic Cdx2 Cdx2 Ectopic Cdx2
251000SE07Rik |1200015N20Rik |Hebpl 1190002A17Rik [Lhxl 1110003E01Rik  |Irx5
2610318G18Rik |1700015D03Rik |Hoxal 1700027A23Rik |LOC620807 |1110035L05Rik Itpr3
493051111Rik  |2610019F03Rik |Hoxbl 2310045A20Rik  [Loxl1 1190007F08Rik Krt1-18
Adcy8 2900093B09Rik |Hoxb2 2410012C07Rik  |Ly6h 1200009022Rik  |Laspl
Aldhaal 3632451006Rik |Hoxb4 3110001A13RIk |[Matnl 1200013B22Rik Lefth
Ambp 4632425D07Rik |Hoxb5 9130213B0SRik [Mertk 1600023A02Rik  |Lgals3bp
Aridsh 5730593N15Rik |Ifi30 Adamtsd Mfap4 1700007G11Rik  [Lhfp
Atplbl 6330505M24Rik |Ifitml Al427138 Nkx2-3 2310010M24Rik  |Lmycl
B430218L07Rik |A730017C20Rik |Ihh Alcam MNkx2-5 2810046M22Rik  [LOC434197
B4galnt2 A930010120Rik |Kenja Amn Nkx3-1 4631426J05Rik Mbp
B830021E24Rik |Abhd2 Kdelr3 Apoal Nptx2 6330403K07Rik  |Mest
Chst7 Acotl LOC212390 |BCO11468 Nsg2 8430427H17Rik  |Mfap2
Cyplbl Adcy2 Lrigl BC037527 Nxf7 Acaa Micall
Evxl Al413582 Matnd BC055811 Otx2 Acadl0 Mmpl7
Gpresa Aldhla2 Mce Brper Pacsinl Acta2 Mreg
Hoxas Aldh5al Mixll Carld Pdelb Actcl Mtaplb
Lmo2 Aldoc MIlt3 Car2 Pdyn Aff1 Mxil
Msxl Apcddl Nkdl Cerl Peg3 Agpt2 Myla
Msx2 Agpll Nkd2 Chizl1 Pou3fl Akricl9 Myl7
Ngfr Assl Nkx1-2 Chstl Prkch Ankrdl Nuakl
Ptk7 Atpla2 Nme5 Clipl Pyy Anxad Pedh?
Punc AXINZ Nos3as Coch Rab27a Arts Pcskin
sh3gl2 AY761185 Nrarp Col2al Rarb Atplod Pdlim3
Smarca2 B3gnt7 Nup210 Cplx2 Rasgrp3 AW548124 Pga5
Tef2 BCO18465 Poskg Crx Rax Axudl Pgam?2
Tmem77 BC040774 Pdgfra Cyp26al Rfx2 B230104P22Rik |Pik3r3
Tmprss2 Bhlhb2 Pglyrpl Dnmt3b Rfxdel BC019731 Placl
Cdxl Phlda2 Efcbp2 Rsn Bok Plekhab
Cdx2 Plcg2 Eomes sfrpl CH30028C02Rik  |Pls3
Chst2 Ppplr3c Fgfs Sgk Cacna2d3 Ppnr
Citedl Piplb Foxd4 Shh Cadps2 Ppplrla
Cpnl Rablifips [Foxhl Sixl Capné prnd
Cpz Rec8Ll Fzd2 Slcl2a2 Chinl Prss19
Crtacl Seppl Ghrl Slcla3 Ccdc63 Qprt
Cxxla Serpinas Gjb3 Slc7a8 Cd24a Rasllla
Cxxlc Serpinb6c  |Gpr23 Soat2 Cd59a Rbpa
Cyp27al Sesn3 Gsc Sox3 Chga Rem2
Defer SlclBall H19 Sst Cish Rgs5
Defcr2a Slclad Has2 Talz Ckb Rin3
Defcr-rsl Slc24a3 Hesx1 Thx1 Cldn3 Robol
Defer-rs10 Slc3gad Hhex Tmem46  |Clu Rin2
Defcr-rs2 Smox Hsd11b2 Thrca Cntnap2 sallL
Defer-rs7 Sostdcl 1gf2 Tphl Ctgf Satbl
Dll1 Sp5 Isl1 Tir Cisc Shk
Dppd Sp8 Ketd12b uUtfl Cxxcd Secldl2
Dpysl4 Spoll Laptm5 Wispl D030013116Rik  |Sema3f
Efhdl Srrp Zfpm1 Dabl Sertadd
Emidl Stard8 Ddahl Shatcl
Ephal Stmn4 Ddc Shrm
Etvd Strab Dgkk shroom3
Fgf17 Syngr2 Dpysl3 slc38as
Fgfop3 Sytll Ebaf slit2
Foxbl Thx6 Efnas Spdef
Fst Tcf7 Eppkl Spin2
Fzd10 Tmasf12 Eras Spon2
Gadl Tnfrsf19 F2r Sytll
Gasb Uncse Fgd2 Syts
Ghx2 Wntl0a Fgfbpl Tcf2l
Gjb2 Wnt3a Flrt2 Tef3
Gnald Wntsh Fos Tcf712
Gpch wnté Frat2 Tdrd7
Gprdd Wnt7a Fzd7 Tefb2
Gpx2 Wnt8a Galntl0 Tgfbr2
Zicl Garnl4 Tefbra
Gatal Tled
Gekr Tmem108
Glrx Tmem2
Gngd Tnncl
Gpod Tnntl
Gprl20 Tspan?
Gulpl Uncsb
Hempl Vav3
Idbl vwf
Igfbps Ypell




