Figure S1: Additional electrophysiological data
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Cells were differentiated on glass cover slips towards the neuronal lineage for 20-24 days and then placed into a
temperature controlled recording chamber for whole cell patch-clamp studies. A. Whole cell voltage clamp recording:
Overall K+ currents were pharmacologically isolated from Na+ currents in the presence of 500 nM tetrodotoxin. The
120 ms cycle involved an initial hyperpolarization phase at -90 mV, a 20 ms ramping step (to -10 mV, 0 mV, 10 mV)
and a -70mV repolarization step as indicated. B. A subgroup of K+ channels with slow activation kinetics and no
spontaneous inactivation was triggered, when cells were held at -40 mV before the depolarizing voltage step. C.
Mathematical subtraction of B from A indicates another group of K channels with fast activation, and spontaneous
inactivation characteristics. The scale bars indicate time and current dimensions for figures A-C. D. Action potentials
were evoked by triggering with a defined outward current of 20 pA. The trace indicates the voltage signal obtained in
current clamp mode. Data are representative for 10 cells from 2 differentiations. Reversal of the current (-10 pA)
showed only passive biophysical membrane properties on the voltage trace. Injection of a smaller current (5 pA)
triggered action potentials with lower frequency (in 15 out of 19 cells; not shown). E. Current traces were recorded
after stimulation of neurons with GABA in the presence or absence of the specific antagonist picrotoxin. The scale
bars represent the current and time dimensions of the experiment. Data are representative for N = 10 neurons
(agonists) and n = 3 for antagonists.



Figure S2: Additional data (standard deviations for figure 3)
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Cultures of mESC were neuronally differentiated for 7, 15 or 20 days as indicated in a-d. They were
exposed to retinoic acid (RA), cyclopamine (Cyclo) or 3i for the time periods indicated by the hatched
boxes. RNA was isolated at the end of the incubations and used for quantitative RT-PCR analysis of
selected differentiation and patterning markers. The data indicate relative expression levels (in %)
compared to untreated cultures at the same time point and are means + SD from two to three cultures for
each treatment and exposure schedule. Non-significant expression differences with untreated
differentiation cultures are indicated by grey shading; Up- and downregulations are color-coded: p <
0.05 (light green,down), , down),p < 0.01(green, down), p < 0.001 (dark green, down), p < 0.05 (light
red, up), p < 0.01 (red, up), p < 0.001 (dark red, up). Headings indicate the overall biological effect,
such as accelerated neuronal differentiation (e.g. Neuronal diff. (+)), altered patterning (e.g.
Caudalization) or evidence for altered cell composition (e.g. Neurotransmitters or Diff. block). Names
are the official gene names, apart from the following: Vglutl = Slc17a7, Oct4 = Pou5fl, HB9 = Mnx1.
N.D.: not determined, as cells did morphologically not differentiate.



Figure S3: Complete listing of the assignment of genes to the different clusters

The genes are named according to their official NCBI PubMed annotation and can be used
without further modification for different bio-informatic analyses, such as testing for
overrepresented gene ontologies with g:Profiler (http://biit.cs.ut.ee/gprofiler/). Note that the
separator (komma, or blank) needs to be adjusted, depending on the software used.

Cluster la

0610005K03Rik, 0610039J04Rik, 1110002N22Rik, 1110006G06Rik, 1110030K22Rik, 1110033J19Rik, 1190003J15Rik, 1190005I06Rik,
1300013J15Rik, 1500001L15Rik, 1520401A03Rik, 1600021C16Rik, 1700007J06Rik, 1700012H05Rik, 1700013B16Rik, 1700013H19RIiKk,
1700019D03Rik,  1700019HO03Rik, 1700028N11Rik, 1700029P11Rik, 1700071KO01Rik, 1810008KO03Rik, 1810015Al1RIik,
2010001H14Rik, 2010111101Rik, 2200001115Rik, 2310003C23Rik, 2310008H09Rik, 2310042N02Rik, 2310045B01Rik, 2310073E15RiKk,
2410004A20Rik, 2410004F06Rik, 2410008K03Rik, 2410012CO7Rik, 2410018MO8Rik, 2410081M15Rik, 2410116GO6RIik,
2410127L17Rik, 2600005C20Rik, 2610103J23Rik, 2610305D13Rik, 2700038116Rik, 2810410M20Rik, 4432409M07Rik, 4632409L19Rik,
4732467B22, 4922503E23Rik, 4930447C04Rik, 4930504E06Rik, 4930539E08Rik, 4930572J05Rik, 4931417G12Rik, 4933405K07Rik,
4933409122, 4933437F05Rik, 5430425C04Rik, 5730436H21Rik, 5730593N15Rik, 5830436D01Rik, 5830482F20Rik, 5830482G23Rik,
6030457N17Rik, 6330406L22Rik, 6330579B17Rik, 8430410A17Rik, 9030407H20Rik, 9130210N20Rik, 9130422GO05RIik,
9630015D15Rik, 9630033F20Rik, 9630048MO1Rik, A230050P20Rik, A730016F12Rik, A830080D01Rik, A930010120Rik,
A930014K01Rik, Abi3, Acadm, Acate2, Acate3, Acoxl, Acrbp, Acsll, Ada, Adam23, Al256711, Al427138, Al467606, Al747699,
Al847670, Aim2, Aire, AK122209, Akapl, Aldh3al, Aldh3bl, Alox12, Alox5ap, Amhr2, Ampdl, Angptl4, Ankrd25, Ankrd47, Aoah,
Apobec3, Arc, Arhgap30, Arntl, Asel, Ash2l, Asnal, Atic, Atpl0a, Atp6vlcl, Atxn3, AU018091, AU023871, Aven, Avpil, AW061290,
AW491445, AY078069, B3gnt7, BC013481, BC038822, BC060631, BC067068, BC088983, BC099439, Bcasl, Bcas3, Bcat2, Bel3, Bel6b,
Bid, Bnc2, Bnipl, Bpntl, Bspry, Btebl, C030039L03Rik, C030048B08Rik, C230052I112Rik, C330003B14Rik, C330016010Rik,
C330023M02Rik, C430004E15Rik, C730015A04Rik, C77032, C80913, C87860, Calca, Calml4, Camkld, Cbr3, Cbx7, Ccrn4l, Cd6,
Cdc3711, Cdc5l, Cdhl, Cdh3, Cdkl2, Cdsl, Cdsn, Cdyl, Cdyl2, Ceacaml, Cental, Centbl, Chchd4, Chek2, Chrna9, Chtf18, Clca4, Clcnka,
Clenkb, Clpp, Clps, Clra, Clstn3, Cltb, Cobl, Coch, Cog8, Cox11, Crlf3, Cth, Culdb, Cyb561, Cycl, D030070L09Rik, D11Ertd636e,
D14Ertd668e, D15Mgi27, D1Pas1, D230005D02Rik, D4Bwg1540e, D4Ertd22e, D5Bwg0834e, D630023F18Rik, D6Wsul76e, D8Ertd812e,
D9Ertd280e, Dappl, Ddc, Ddx27, Ddx4, Ddx49, Ddx58, Def6, Depdc6, Dhps, Dhrs10, Dhx16, Diapl, Dlc1, Dnaja3, Dnajc6, Dnd1, Dnmt3l,
Dppa3, Dppa4, Dus3l, E130012A19Rik, E130014J05Rik, E130016E03Rik, E430034L04Rik, Ebaf, Eed, EG436240, Eif4ebpl, ElI3, Enah,
Enpp4, Epb4.9, Epha2, Eras, Esco2, Esrrb, Etsrp71, Etv4, Etv5, Exosc5, Farsh, Fbliml, Fbxol15, Fbxo31, Fcgr2b, Fetub, Fgfl, Fgfl7, Fgf4,
Fizl, Fkbpll, Fnbpl, Foxhl, Foxpl, Fpgs, Frrsl, G22pl, Gabl, Gabpa, Gelm, Gent2, Gdf3, Gfodl, Gfpt2, Gjb4, Gloxdl, Gls2, Glt28d1,
Gludl, Gm1070, Gm128, Gm129, Gm1631, Gm1967, Gnal4, Gnatl, Gngt2, Gnmt, Gnpdal, Gotl, Gprll4, Gpsl, Gpx2, Grhl3, Grtpl,
Gstad, Gtf2h1, Hars2, Heph, Helb, Hirip5, Histlh2ae, Hist1h2bf, Histlh2bh, Histlh2bk, Histlh3a, Hist1h3d, Hist1h3e, Hist1h4i, Hist1h4j,
Histlh4k, Histlhdm, Hk2, Hmgb2l1, Hmox1, Hook2, Hormad2, Hprt, Hr, Hsd17b1, Hspa9, Hspbapl, Hspca, Ide, Ifitml, Ifitm2, Ifrd2,
Igfals, 1117d, 1123a, 1127ra, Ildrl, Impa2, Inhbb, Irak3, Irfl, Isynal, ltgae, Itgb7, Itpkl, Jak3, Jmjdla, Jmjd2c, Kcnk5, KIf2, KIf5, KIf8,
Krt1-17, Krt42, L1tdl, L3mbtl2, Ladl, Laptm5, Lck, Leftb, Liph, LOC214531, LOC217066, LOC229665, LOC233038, LOC234374,
LOC245128, LOC381411, LOC433801, LOC434197, LOC435970, LOC545471, LOC627585, LOC630579, LOC634428, Lrch4, Lrmp,
Lrrc34, Ltbp4, Ly6g6e, Ly6g6d, Ly75, Manba, MAp19, Mapkapk3, Mbldcl, Mcll, Mef2b, Mfap5, Mftc, MGC117846, Mial, Mifdgd,
MIh3, Morc3, Mov10, Mras, Mrpl1, Mrpl40, Mrps18b, Mrps31, Mrps5, Ms4aéd, Msc, Msh6, Msrb2, Mtap7, Mtf2, Mthfdl, Mtss1, Mtus1,
Mybl2, Myc, Mylpf, Myolf, Myolg, Myst4, Napsa, Nefh, Niban, Nirp14, Noc4, Nol1, Nol6, Nos3, Nos3as, Notch4, Ngo3a2, NrOb1, Nr1d2,
Nr5a2, Nrp2, Nubp2, Oas2, Olfr985, Orcll, Orc5l, ORF21, Osm, OTTMUSG00000010673, Ovoll, Parpl4, Pcaf, Pcdh21, Pcolce2, Pcytlb,
Pdcd2, Pde4dip, Pdhb, Pdk1, Pdyn, Pecaml, Pfc, Pfkp, Pgc, Phcl, Phfl7, Phlda2, Pigl, Pip3ap, Pitpncl, Pla2glb, Plcg2, Plekha4, Plekhf2,
Plekhg5, Pml, Pnma2, Poli, Polr2e, Pou5fl, Ppan, Ppmlb, Prdml, Prpsl, Prx, Psmbl10, Ptbpl, Ptk9l, Pwp2, Pycard, Rabh25, Rab27a,
Rabggta, Rad9b, Raetlb, Ralbpl, Rapsn, Rarg, Rasall, Rasgrp2, Rasipl, Rbm13, Rbm35a, Rbp7, Rbpms, Rfx2, Rhebl1l, Rmnd5h, Rnf125,
Rnf138, Rnfl7, Rnu3ip2, Rpl4, Rpp25, Rps6kal, Rps6kll, Salll, Sall4, Semada, Semadb, Sephs2, Septl, Serpinb6c, Setd6, Sgk, Sgk2,
Sgk3, Sh3gl2, Shmtl, Si, Sipl, Six1, Skap2, Skil, Slcllal, Slc23a2, Slc25al2, Slc25a26, Slc27a2, Slc28al, Slc35f2, Slc37al, Slc7a3,
Slc7a7, Smpdl3b, Snai3, Snth2, Socs2, Socs3, Sod2, Sox2, Spatsl, Spc24, Spnb4, Sppl, Spry4, Srm, Stégalnac2, Stac2, Stat4, Steap, Stk31,
Syt9, Tada2l, Taf5l, Taf7, Thcld10c, Thcldl5, Tcea3, Tcfl5, Tcfep2l2, Tefep2I3, Tcfl5, Tdgfl, Tdh, Tek, Tektl, Tex10, Tex11, Tex14,
Tex19, Tfpi, Tgml, Timpl, Tjp2, Tm4sf3, Tm4sf5, Tmc6, Tmem54, Tmem8, Tmprss13, Tmsh10, Tnipl, Tomm34, Tor3a, Tpd52, Trapl,
Trib3, Trim28, Triml1, Tripl2, Trp53, Tsga2, Tst, Ttc29, Tuba4, Tuba6, Ubash3a, Ubtf, Ubxd4, Ung, Upkla, Upk2, Uppl, Usp28, Usp7,
Utf1, Vangll, Vwf, Was, Wdr20, Wdr31, Yrdc, ZBTB45, Zfp259, Zfp296, Zfp371, Zfpd2, Zfpa59, Zfpa73, Zfp52, Zfp57, Zfp97, Zic3, Zp3,
Zscan10, Zswiml

Cluster Ib

0610007P06Rik, 0610009E20Rik, 0610041E09Rik, 0910001A06Rik, 1110001A07Rik, 1110001A12Rik, 1110002E23Rik, 1110005A23Rik,
1110007A13Rik, 1110007C24Rik, 1110032N12Rik, 1110064P04Rik, 1110067D22Rik, 1200003107Rik, 1200006019Rik, 1200008012Rik,
1200009B18Rik, 1200011022Rik, 1200016B10Rik, 1300001101Rik, 1300018L09Rik, 1500001M20Rik, 1500016H10Rik, 1700012G19Rik,
1700022C21Rik, 1700023011Rik, 1700034H14Rik, 1700065013Rik, 1810003N24Rik, 1810007M14Rik, 1810008021Rik,
1810014F10Rik, 1810014L12Rik, 1810035L17Rik, 1810044022Rik, 1810055E12Rik, 2010003J03Rik, 2010316F05Rik, 2310003F16Rik,
2310010B21Rik, 2310031L18Rik, 2310036022Rik, 2310037124Rik, 2310042G06Rik, 2310044G17Rik, 2310047C04Rik, 2310050B20Rik,
2310056P07Rik, 2310061F22Rik, 2310061109Rik, 2310066N05Rik, 2310079N02Rik, 2410002022Rik, 2410004L22Rik, 2410005K20Rik,
2410015N17Rik, 2410016F19Rik, 2410017P07Rik, 2410042D21Rik, 2410080P20Rik, 2410118119Rik, 2510005D08Rik, 2510012J08Rik,
2600001B17Rik, 2600001J17Rik, 2600005003Rik, 2600013N14Rik, 2610012022Rik, 2610016F04Rik, 2610019N13Rik, 2610020C11Rik,
2610020N02Rik, 2610020008Rik, 2610028L19Rik, 2610029G23Rik, 2610029K21Rik, 2610033H07Rik, 2610034N24Rik,
2610040E16Rik, 2610042L04Rik, 2610044015Rik, 2610101N10Rik, 2610207105Rik, 2610312B22Rik, 2610318I01Rik, 2610318N02Rik,
2610510J17Rik, 2610511017Rik, 2610528A15Rik, 2610528E23Rik, 2610528H13Rik, 2610528M18Rik, 2700007P21Rik, 2700050L05Rik,
2700050P07Rik, 2700085M18Rik, 2700094F01Rik, 2700097009Rik, 2810004A10Rik, 2810004N23Rik, 2810008M24Rik,
2810021B07Rik, 2810028N01Rik, 2810036L13Rik, 2810037C03Rik, 2810047L02Rik, 2810422B04Rik, 2810428115Rik, 2810430MO08Rik,
2810457M08Rik, 2810485105Rik, 2900001004Rik, 2900057D21Rik, 3110002L15Rik, 3110010F15Rik, 3110082117Rik, 3200002M19Rik,
3300001M20Rik, 3300001P08Rik, 3732409C05Rik, 4122402022Rik, 4632417K18Rik, 4732465J09Rik, 4732497003Rik, 4833424P18Rik,
4921505C17Rik, 4921524P20Rik, 4921537D05Rik, 4930427A07Rik, 4930432B04Rik, 4930453N24Rik, 4930485D02Rik,
4930519N13Rik, 4930542G03Rik, 4930547N16Rik, 4930562C03Rik, 4931400A14Rik, 4931407G18Rik, 4931431L11Rik,
4932441K18Rik, 4933403G14Rik, 4933411K20Rik, 4933424A10Rik, 4933424M23Rik, 4933424N09Rik, 4933435A13RIik,



5430400N05Rik, 5430438H03Rik, 5730466H23Rik, 5730555F13Rik, 5730599105Rik, 5830411K18Rik, 5830416 A07Rik, 5830426105Rik,
5832424M12, 6230416J20Rik, 6330503K22Rik, 6330534C20Rik, 6430601A21Rik, 6530405K19, 6720458F09Rik, 6720485C15Rik,
6820449109Rik, 7420416P09Rik, 8430423A01Rik, 9030612M13Rik, 9330134C04Rik, 9430010003Rik, 9430034D17Rik, 9830124HO8RIk,
A030012M0O9Rik, A730024A03Rik, A730098D12Rik, A930009M04Rik, AA408296, AA408556, Aars, Aarsdl, Aatf, AB041544, Abcel,
Abcf2, Abi2, Acac, Acly, Acot7, Acsl5, Actb, Actl6a, Actn3, Actr6, Adatl, Adk, Adprtl2, Adsl, Adss, AF233884, Aftph, Agps, Ahsal,
Al326906, Al449175, Al449441, A1838661, AK122525, Akapl2, Akap9, Akrlb3, Amd2, Anapc5, Ankrd10, Anin, Anp32a, Anp32e, Aoc3,
Ap3m1, Apitdl, Appbpl, Aprin, Agr, Ardl, Arhgapl2, Arl6ip2, Armc6, Armc8, Armexl, Arppl9, Ars2, Asfla, Asflb, Aspscrl, Atadl,
Atad2, Atad3a, Atf2, Atf4, Atic, Atm, Atpl3al, Atp5g1, Atrx, Attp, Atxn3, AU021838, AW011752, AW046396, AW060766, AW540478,
AW549877, AW550801, AW555814, Axot, B020018G12Rik, B130055D15Rik, B230219D22Rik, Bag4, Banfl, Bbs5, BC002199,
BC003885, BC003993, BC004701, BCO06705, BC008103, BC016226, BC018399, BC018601, BC025462, BC027061, BC027231,
BC030867, BC033596, BC048355, BC049806, BC050092, BC055324, BC062951, BC085271, Bcap37, Bcas2, Bccip, Bekdhb, Bcelafl,
Bhlhb9, Bing4, Birc2, Birc5, BIm, Bmsll, Bok, Bopl, Bpntl, Brcal, Brca2, Bripl, Brpl6, Brwdl, Btbd14b, Bublb, Bxdcl, Bxdc2, Bzwl,
Bzw2, Clgbp, C230052112Rik, C330005L02Rik, C330017I15Rik, C330018L13Rik, C6.1A, C77032, C78212, C79407, C86302,
C920006C10Rik, Cacybp, Calmbpl, Catnall, Cbfb, Cbr3, Chx5, Ccarl, Ccdc111, Ccdcl32, Ccdc58, Ceml, Cenbl, Cenc, Ccnel, Ccne2,
Cenf, Cct3, Cctba, Cct7, Cct8, Cdcl4b, Cdc20, Cdc2I2, Cdc45l, Cdc6, Cdc7, Cdca2, Cdca3, Cdcab, Cdca7, Cdk2, Cdk2apl, Cdkall, Cenph,
Cenpi, Cenpj, Cenpp, Cetn3, Cfdpl, Cggbpl, Chafla, Chaflb, Chcl, Chdl, Chdll, Chekl, Chek2, Cherp, Chicl, Chordcl, Chuk, Ciapinl,
Clen3, CIk1, Clk4, Clnsla, Clock, Clspn, Cnot10, Cnot2, Cnot4, Cnot7, Cops2, Cops3, Cox10, Cpsf6, Crbn, Crk, Crsp7, Crsp9, Csda,
Csdel, Csell, Cspg6, Cstf2, Cstf3, Ctcf, Ctdpl, Ctdspl2, Ctps, Cugbpl, Cull, Cul5, Cwf1912, Cyb5r4, Cycs, Cyld, DOH8S2298E, D10627,
D10Ertd322e, D130060C09Rik, D16Bwg1547e, D16Ertd472e, D19Bwg1357e, D19Ertd678e, D19Ertd703e, D1Wsu40e, D3Ertd194e,
D4Wsull4de, D5Ertd689e, D7Rp2e, D8Ertd457e, Dars, Dbf4, Dbrl, Dbt, Dctd, Dcunld4, Ddx1, Ddx18, Ddx20, Ddx21, Ddx3x, Ddx3y,
Ddx46, Ddx48, Ddx50, Ddx51, Ddx52, Ddx54, Dek, Denr, Depdclb, Dhodh, Dhx15, Dhx36, Dhx38, Dhx9, Diap3, Dicerl, Didol, Dlg7,
Dmtfl, Dnaja2, Dnajbl, Dnajcl0, Dnajc2, Dnajc7, Dnajc8, Dnmll, Dnmtl, Dnmt3b, Dok2, Dph2, Dpp3, Drbpl, Drgl, Dscr2, Dutp,
E230015L20Rik, E2f2, E2f4, EA30004F17Rik, E430028B21Rik, E430034L04Rik, Ebnalbp2, Ecd, Ecsit, Eddl, Eefld, Eeflel, Eftud2,
EG433923, Ehmtl, Eifla, Eif2bl, Eif2s2, Eif2s3y, Eif3s10, Eif3s4, Eif3s6ip, Eif3s7, Eif3s8, Eif3s9, Eif4g2, Eif5, Eif5a, Elac2, Elavll,
Elavl2, Elmol, Elovl6, Elys, Enol, Epc2, Eprs, Erh, Erichl, Espll, Etfl, Evi5, Exol, Exoscl, Exosc2, Exosc6, Exosc7, Ezh2,
F630043A04Rik, F730047E07Rik, Fancd2, Fancl, Farsb, Fbl, Fbxo30, Fbxo33, Fbxo8, Femd, Fenl, Fgfrlop, Fignll, Fkbp4, Fkbp5, Fmip,
Fnbp3, Fnipl, Fnta, Fntb, Foxredl, Ftsj3, Fubpl, Fubp3, Fundcl, Fusipl, G22pl, G3bp, G3bp2, G430022H21Rik, G6pdx, Gabpa, Gars,
Gart, Gbx2, Gca, Gee2, Gen512, Gemind, Gemin5, Gemin6, Gga3, Gk5, Gldc, Gm83, Gnl3, Golga4, Gpbpl, Gpd2, Gpiapl, Gprk6, Gpsl,
Gpt2, Gree2f, Grwdl, Gsg2, Gsptl, Gtf2e2, Gtf2h2, Gtf3c2, Gtf3c3, Gtpbpl, Gtpbp4, Gtsel, Gukl, H2afz, Hapln4, Hccs, Hefcl, Hdacl,
Hdgf, Hdlbp, Heatrl, Heatr3, Herc4, Histlh2ab, Histlh2ad, Histlh2ag, Histlh3c, Histlh3h, Histlh4f, Hmgal, Hmgb2, Hnll, Hnrpal,
Hnrpa2bl, Hnrpdl, Hnrpf, Hnrphl, Hnrpk, Hnrpm, Hnrpu, Homerl, Hps3, Hrb2, Hsd3b2, Hsp105, Hspa4, Hspch, Hspdl, Htatsfl, Husl,
lars, Ibtk, 1gf2bpl, Impact, Incenp, Ipmk, Iqgap2, Ireb2, Irgm, Isg2012, Isyl, Itgb4bp, Ivnslabp, Jam2, Josd3, Jtvl, Kars, Kbthd8, Kifll,
Kif15, Kifl8a, Kif22, Kif23, Kif4, Klhdc4, Kntcl, Kpnal, Kpna2, Kpna3, Kpnbl, Kpnb3, Kras2, Lamal, Lars, Lbr, Ldh1, Leol, Lgtn, Ligl,
Lin28, Lin54, Lin7c, Lmnb2, LOC211660, LOC216443, LOC237877, LOC329575, LOC380625, LOC381795, LOC382010, LOC432879,
LOC433182, LOC434858, LOC639396, Lrpprc, Lsm4, Lsm6, Lyar, Lyplal, Lyrm5, Mad2l1, Map2k3, Map3k7ip3, Mars, Mat2a, Mat2b,
Matr3, Mbd3, Mbip, Mbtd1, Mbtps2, Mcm10, Mcm2, Mcm3, Mcm4, Mcm5, Mcm6, Mcm7, Mcphl, Mdnl, Me2, Med18, Melk, Mettl2,
Mettl3, Mfaplb, Mgea6, Mierl, Mina, Mki67ip, Mme, Mndl, Mnsl, Mphosph6, Mrella, Mrpl10, Mrpl12, Mrpl15, Mrpl18, Mrpl20,
Mrpl35, Mrpl36, Mrpl37, Mrpl45, Mrpl49, Mrpl50, Mrps25, Mrps26, Mrps31, Mrps7, Ms4al0, Msh2, Msh3, Mt1, Mtbp, MTERF, Mthfd2,
Mtol, Mtrfl, Mitx1, Muml, Mutyh, Mybbpla, Myef2, Mygl, Mysm1, Naplll, Nargl, Nargll, Narg2, Nars, Nasp, Ncaph2, Ncbp2, Ncl,
Ncoa6ip, Ncorl, Ndc80, Ndel, Neddl, Nfat5, Nfatc3, Nfyb, Nfyc, Nip7, Nipbl, Nipsnapl, Nlel, NIk, Nmel, Nmtl, Nobl, Noll, Nol10,
Nol11, Nol5, Nol5a, Nolal, Nola2, Nola3, Npm3, Ngol, Nsbpl, Nsd1, Nsf, Nsun2, Nsun5, Nubpl, Nudc, Nudcd3, Nudc-psl, Nup107,
Nup133, Nup155, Nup160, Nup43, Nup54, Nup62, Nup85, Nup88, Nup93, Nusapl, Nutf2, Nvl, Odcl, Ogt, Oprsl, Orc6l, Oxrl, Pa2g4,
Paf53, Pafahlbl, Pank1, Papola, Papolg, Park7, Parl, Parpl, Pcf11, Pdcd10, Pdcl, Pdhal, Pdss1, Pesl, Pex13, Pfkl, Pfnl, Pgaml, Pgd, Phf5a,
Phtf2, Piga, Pinx1, Pipox, Pir, Pitpnb, Pkm2, Plaa, PIk1, Plk4, Plp, Pmm2, Pnrc2, Pola2, Pold1, Pold2, Pold3, Poldip2, Pole, Polr3b, Polr3g,
Polr3k, Popl, Pou2fl, Ppal, Pparbp, Ppat, Ppid, Ppm1lg, Ppplch, Ppplcc, Ppplr9a, Ppp2r5c, Ppparl, Prkdc, Prkr, Prkwnkl, Prmt3, Prmt5,
Prmt6, Prodh, Prosc, Prpf3, Prpf38b, Prpf39, Prpf8, Prps2, Psatl, Psipl, Psmb3, Psmc2, Psmc3ip, Psmc4, Psmc5, Psmdl, Psmd11, Psmd12,
Psmd14, Psmd7, Psme3, Psme4, Psorslc2, Ptbpl, Ptpn12, Ptprk, Pum2, Pus3, Pvrl3, Pwp2, Pycr2, Qdpr, Qprt, Rab5a, Rad17, Rad23a,
Rad50, Rad51, Rad51c, Rad54l, Rail4, Ranbpl, Ranbp2, Rangnrf, Rapgef6, Rars, Rarsl, Rasal, Rbbp7, Rbm13, Rbm19, Rbm21, Rbm26,
Rbm28, Rbm3, Rbm6, Rcll, Reccl, Recql4, Rentl, Rev3l, Rfc2, Rfc3, Rfc5, Rfwd3, Rfx1, Rg9Imtdl, Rg9mtd2, Ric3, Rifl, Ris2, Rnasen,
Rnf134, Rnf138, Rnf139, Rnf44, Rnf6, Rngtt, Rnmt, Rpal, Rpa2, Rpapl, Rpgr, Rpl23, Rpl29, Rpl30, Rpol-4, Rpo2tcl, Rps27a, Rragb,
Rrm1, Rrm2, Rrm2b, Rrn3, Rsfl, Rsrc2, Ruvbll, Ruvbl2, Ryk, Sacmll, Salll, Sall4, Sap30, Sars2, Sart3, Shnol, Scoc, Sdadl, Sdccagl,
Sehll, Senp8, Sept2, Serbpl, Sf3al, Sf3a3, Sf3b3, Sf4, Sfpq, Sfrsl, Sfrs2, Sfrs3, Sfrs6, Sfrs7, Sgoll, Sh3d1B, Shcbpl, Shmt2, Shprh,
Siahlb, Sirtl, Sirt6, Skbl, Skpla, Skp2, Slcllal, Slcl2a2, Slc20a2, Slc25al5, Slc25a38, Slc25a5, Slc38a2, Slc6als, Slc7ab, Slc7ab,
Smarcadl, Smarccl, Smcla, Smc5I1, Smc6ll, Smekl, Smek2, Smfn, Smnl, Smyd5, Snap23, Snrpa, Snrpal, Snrpdl, Snx10, Solt, Spag5,
Spc24, Spcs3, Spg7, Srfbpl, Srl, Srpl9, Srp54, Ss18, Ssscal, Stagl, Stag2, Stc2, Stipl, Stk2, Stk3, Stk6, Styx, Suhw3, Suhw4, Sult4al,
Supv3ll, Suzl12, Syapl, Sybll, Syncrip, Taf13, Tafl5, Tarbp2, Tardbp, Tars, Taxlbpl, Thcl1d23, Tbrg4, Tcergl, Tcofl, Tebp, Tex10,
Tex292, Tex9, Tfam, Tfb2m, Tfdpl, Tfrc, Thgll, Thocl, Thoc4, Thopl, Thumpd3, Tiaml, Timeless, Timm8al, Tipin, Tk1, Tle4, TIk1,
Tmem126a, Tmem20, Tmod3, Tmpo, Tnrcl5, Toml, Tomm70a, Topl, Top2a, Topors, Tpm3, Tpp2, Tpr, Tpx2, Tral, Tra2a, Trh, Trim2,
Trim23, Trim33, Trp53inpl, Trpsl, Tsscl, Ttc35, Ttf2, Ttk, Ttll4, Ttpa, Tubgl, Tufm, Tugl, Twistnb, Tyms, Tyms-ps, U2afl-rs2, Ubap2,
Ubelc, Ubelx, Ube2gl, Ube2qg2, Ube3a, Ublcpl, Ublelb, Ubpl, Ubtf, Uchl3, Uchl5, Uhrfl, Umps, Upfl, Upf2, Uspl, Uspl0, Uspl5,
Uspl6, Utx, Uxt, Vacl4, Vars, Vdac3, Vps35, Vps54, Vrkl, Wars, Wdhdl, Wdrl8, Wdr3, Wdr4, Wdr75, Wdr77, Wdr9, Wrn, Wsb1,
Wwp2, Xabl, Xlr3a, Xlrda, Xpo4, Ymelll, Yodl, Ythdfl, Ythdf3, Zc3hcl, Zc3hdc8, Zcche3, Zeche7, Zeche8, Zeche9, Zdhhe2l, Zfml,
Zfpl, Zfpl01, Zfpl06, Zfpl31, Zfpl43, Zfpl48, Zfpl60, Zfp2, Zfp281, Zfp292, Zfp322a, Zfp326, Zfp35, Zfp367, Zfp37, Zfpd5l, Zfpd57,
Zfp472, Zfp597, Zfp60, Zfp62, Zfp715, Zfp75, Zfp760, ZfX, Zranb2, Zrf2, Zw10

Cluster lla

1110001C20Rik, 1110025F24Rik, 1300018P11Rik, 1500010M16Rik, 2010003018Rik, 2210018MO03Rik, 2210407G14Rik,
2310002B06Rik, 2310047D13Rik, 2310047115Rik, 2310057H16Rik, 2410127E18Rik, 2600005N12Rik, 2600011E07Rik, 2610034M16Rik,
2700063G02Rik, 2810030E01Rik, 2810417H13Rik, 2810439F02Rik, 4121402D02Rik, 4921506122Rik, 4930432021Rik, 4930471016Rik,
4932409F11Rik, 5033414D02Rik, 5530601119Rik, 5730466C23Rik, 5930416119Rik, 6030443007Rik, 6330415F13Rik, 6330505F04Rik,
6430510MO2Rik, 6720425G15Rik, 6720460F02Rik, 6720463E02Rik, 8430410K20Rik, 8430415E04Rik, 8430438D04Rik, A230072116Rik,
A430106J12Rik, Aacs, Acat2, Acsl4, Acsl6, Actg2, Adamts7, Adarbl, Agtrla, Agtrll, Al314180, AK129302, Aldhla7, Ap2bl, Arf2,
Arid3b, Arl2bp, Armcx2, Armcx3, Asbl3, AU040950, AW742319, B130017101Rik, B230217C12Rik, B3gnt5, B830028P19RIik,
B930008K04Rik, B930093C12Rik, Bbs7, BC016198, BC025076, BC026590, BC029103, BC031748, BC043301, Bcl2, Bex2, Bmil,
Bmprla, Bmprlb, C230071H18Rik, C230090D14, C630028C02Rik, Calca, Catnd2, Cbfb, Cblb, Cbhx1, Cbx2, Ccndl, Ccngl, Cdh2, Cdh6,
Chrna3, Chst3, Cnksr2, Cp, Cpd, Csnk1g3, Cxadr, D030013116Rik, D15Bwg0669e, D930028F11Rik, D9WSsu20e, Dcunld4, Dgkk, Dhcr24,
Dhcer7, DII1, Dnajb4, Dpp8, Drctnnbla, Duspl8, Dusp4, E130113K22Rik, E2f6, Efnb2, Egr2, Elavl4, Elovl2, Elovl4, Emilin2, EmI5,
Epb4.1, Epb4.115, Epha7, Epm2aipl, Extl2, Fabp5, Fadsl, Fbfl, Fbxol16, Fdps, Fgf13, Fgf5, Fgfr3, Fhll, Fign, Foxd4, Foxgl, Fst, Futl0,



Fzd2, Fzd3, Fzd7, Gja7, Gli3, Gm1008, Gm347, Gm644, Gm784, Gnaq, Golgal, Golph2, Golph4, Gpr23, Gpsm2, Grebl, Gripl, Gulpl,
H19, H1fx, Has2, Hes3, Hipl, Hmgcsl, Hmgn2, Hnl, Hnrph3, Homerl, Hoxa2, Hoxb2, Hplbp3, Hs2stl, Hsd17b7, Idhl, Ifit2, 1ft81,
1gf2bp3, Igsfda, Insigl, Insl6, Isl1, lvnslabp, Jak2, Jam3, Kcnh2, Khdrbsl, Kiflb, Kif21a, Kif3a, KIhl17, KIhl7, Krt10, Kynu, Lamp2, Lix1,
Llgll, LOC245522, LOC544988, LOC545007, Lor, Lrp12, Lrrig2, Lss, Lthpl, Lyrm2, Manea, Map2k6, Mapk11, Mapk12, Mapk8, Mbnl1,
Mecp2, Metrn, Mettl9, Mfng, Mkrn3, MIf1, MIIt3, Mmp16, Mospd1, Moxd1, Mpdz, Mpp5, Msn, Msx3, Mtap, Mtaplb, Mvd, Myh10, Mylk,
Myo5b, Nefm, Nes, Netl, Neurod4, Nin, Nkx2-9, Nr6al, Nrarp, Nrgl, Nsdhl, Ntrk3, Nudt10, Nudt11, Nup210, Odz3, Ogfr, Onecut2, Opn3,
P2ry5, Pank3, Panx1, Pbx3, Pcdh17, Pcdh7, Pcsk9, Peli2, Phf6, Phkb, Pik3r3, Pja2, Plagl2, Plcl2, PIs3, Polk, Ppmle, Ppm1l, Ppnr, Ppplrlb,
Prdx2, Prkarla, Prkcn, Prkra, Prkrir, Prox1, Prr7, Ptp4a2, Pxmp3, Rab28, Rab8h, Rabl4, Rala, Rassf2, Rb1, Rbl1, Rbx1, Rcbtb2, Rgs12,
Rhobtb3, Rhoe, Rhpnl, RIn1, Rnf144, Rohn, Rsn, Sath1, Sc4mol, Sc5d, Scd2, scl000510.1_2, Scoc, Scube2, Sdcl, Sdcbp, Sema5b, Sfrpl,
Sfrp2, Sgcb, Sh3bgrl, Sh3kbpl, Sh3md2, Siat8c, Slc25a24, Slc2a6, Slc35f1, Slc8al, Smad5, Smarcal, Smarcel, Smo, Snapc3, Snn, Sox13,
Sp8, Spag9, Sqle, Ssr3, St18, St8siad, Stard4, Stxbp4, Tank, Tceal8, Tcebl, Tcfl9, Tcf4, Tdrd3, Tdrkh, Tead2, Tgfbrl, Thbsl, Thsd7b, Tial,
Tirap, Tm4sf10, Tmem2, Tmem32, Tmem47, Tmod2, Tphl, Tpm4, Traf3, Traf4, Tro, Trove2, Ttc3, Ttc8, Tubala, Twsgl, Ube2e3, Ube2n,
Ubtd2, Ulk2, Usp47, Vamp3, Vezfl, Waspip, Wdr51b, Wdr6, Wdr68, Wdt3-pending, Yaf2, Ypell, Zbth33, Zfhx1b, Zfp238, Zfp36I1,
Zfp397, Zfp4l, Zfp629, Zhx1, Zhx2, Zmynd11, Zswim5

Cluster 11b

0610009003Rik, 0610039N19Rik, 1600023A02Rik, 1700011F14Rik, 1700029GO01Rik, 1700051E09Rik, 1700083M11Rik,
1810014F10Rik, 2210409E12Rik, 2310004L02Rik, 2310009N05Rik, 2310046K01Rik, 2410080H04Rik, 2410146L05Rik, 2610019F03Rik,
2610033C09Rik, 2610528J11Rik, 2900011008Rik, 3110043J09Rik, 3830422N12Rik, 4732472107Rik, 4921530G04Rik, 4930432K21Rik,
4930517K11Rik, 4930569K13Rik, 4930583H14Rik, 4933428G20Rik, 6330530A05Rik, 9130404D14Rik, 9330186A19RIik,
A130092J06Rik, A430089119Rik, Aard, Abchlb, Acas2l, Acp6, Adam19, Adora2b, Aes, Agpat2, Al428936, Al429613, Akp2, Aktlsl,
Aldh2, Aldoa, Aldoc, Alpk3, Amdhd2, Amid, Ankrd38, Ankrd47, Anxall, Anxa6, Anxa8, Aplm2, Aplpl, Apoa2, Apocl, Apoe, Agp3,
Arhgdib, Arhgef19, Arhgef3, As3mt, Assl, Atad4, Atplbl, Atp2a3, AU016977, AU022751, AWO049765, Axudl, BC003277, BC004728,
BC013481, BC021614, BC022765, BC023754, BC025833, BC051227, Bckdha, Bcl6, Blvrb, Bmp4, C130038G02Rik, C80638, Camk2b,
Capg, Capnl, Capn5, Cblc, Cbs, Ccdc3, Cd68, Cd79b, Cd9, Cd97, Cdcd2ep3, Chi3ll, Ckifsf4, Ckmtl, Cldn4, Clgn, Cnnm2, Cox7al,
Cox8c, Cpnl, Cpne8, Crtap, Crym, Csad, Csrp2, Cyp2j9, Cyp2sl, D130058I121Rik, D15Ertd366e, D2Ertd391e, Dact2, Dedd2, Defh42,
Dgka, Dhrs6, Dhrs8, Dmrtc2, Dpp4, Dpp7, Dscrll2, Dtx1, EO30003N15Rik, Echl, Echdc2, Efcabda, Efhdl, Egfl7, Egin3, Egrl, Eif4a2,
Ela2, EIf3, EImo3, Empl, Eng, Epasl, Epb4.9, Ephx1, Ephx2, Eppkl, Ercc2, Esaml, F11r, F2rll, Fbxo2, Fbxo27, Fbxo6b, Fkbp6, Folrl,
Foxa3, Fxyd5, Gadd45a, Galt, Gbp4, Gdf15, Gjb3, Glbl, Glrx, Gm397, Gm817, Gmfg, Gmpr, Gnal5, Gnpdal, Gprcba, Gpx4, Grasp, Grb7,
Grn, Gsdmdcl, Gsta3, Gstml, Gstm2, Gstp2, Gstt2, Gstt3, Gulo, Hagh, Hcn2, Heph, Hexb, Histlh2bj, Hsd3b7, Hspbl, Icaml, 1dbl, ler3,
Ifi30, Ifitm3, 1128ra, Inpp5d, Irak2, Irfl, Irf6, Isgf3g, Itgh4, Itpka, Itpr3, Jak3, Jam2, Junb, Kcnk5, Kenk6, Klif4, KIhl13, Klk1b27, KIk5,
KIk6, Lat, Ldhc, Ldocl, Lgals3, Lgals4, Llglh2, Lmna, Lmo6, LOC223262, LOC380705, LOC433722, LOC435337, LOC548597,
LOC625360, LOC626391, LOC639910, Lrpapl, Lu, Ly6a, Ly6g6e, M6prbpl, Map3k6, Mapk13, Mgmt, Mical3, Mkrnl, Mmrn2, Mov10,
Mov10I1, Mreg, Mta3, Mvp, Myd116, Myd88, Myl7, Nanog, Ndg2, Ndp52, Ndrg2, Nfatc2ip, Nfe2l2, Nfkbia, Nid2, Nodal, Nos1, Npepl1,
Nptx2, Nrlh2, Nrgn, Nuprl, Oasld, Oaslg, Ostfl, Pacsinl, Paox, Pcolce, Pcskln, Pde8a, Pdgfc, Pdk4, Pdliml, Pecaml, Pem, Pim3,
Pip5k2c, Piwil2, Pkp3, Pla2g10, Plac8, Plch3, Plcd3, Plp2, Pltp, Plxdcl, Pmml, Pnpla2, Ppfibp2, Ppgb, Ppmlk, Ppplri3b, Ppplrlda,
Prss19, Prss35, Prune, Ptprv, Pvr, Rad52b, Rage, Rasgrpl, Rassf5, Rbpms, Rbpms2, Rec8L1, Relb, Renbp, Rlbpl, Rnf135, Robo4, Rpl3l,
$100a10, S100a6, Satl, Scarfl, Sdc4, Sdchp2, Selenbpl, Serpinb6a, Sfn, Sgk3, Sh3tcl, Slc12a8, Slclal, Slc22al8, Slc24a6, Slc25a20,
Slc29al, Slc2a3, Slc38a4, Slc39a4, Smcll2, Sntal, Snx3, Soat2, Sorll, Sox15, Spic, Spint2, Ssbp4, St14, Stag3, Stard8, Stat3, Stat6, Stx3,
Stxbp2, Sult2bl, Susd2, Syngrl, Syngr3, Thx3, Tcfap2c, Tcll, Testvl, Testv3, Tead4, Tgfbl, Tgif, Timm8a2, Tjp3, Tle6, Tmco4, Tmem23,
Tmem38b, Tmie, Tnntl, Tpd52, Trf, Trim25, Trim47, Tspanl7, Tsrcl, Tuba3, Tulp2, Txnip, Ulk1, Vil2, Vkorcl, Whscr21, Wdr21, Wdr34,
Wdr45, Wt1, Zap70, Zbtb7, Zc3hdcl, Zfp36

Cluster Illa

0610041G09Rik, 1110030H18Rik, 1200009022Rik, 1500031H04Rik, 1700018018Rik, 1810009MO01Rik, 2310016C16Rik,
2510009E07Rik, 2600011E07Rik, 2610020H15Rik, 2810003C17Rik, 2900093B09Rik, 3110004L20Rik, 4632425D07Rik, 6330403K07RIKk,
AB830059120Rik, Abat, Acta2, Actcl, Anxa3, Anxa5, Apcddl, App, Astnl, AW121567, AW146242, B230104P22Rik, B2m, BC034054,
BC039093, BC046404, Binl, Bmpl, C130076007Rik, Capn6é, Car4, Carhspl, Cbinl, Ccnd2, Cdk5rl, Cdknla, Cdknlc, Chrna4, Chstl,
Cklfsf3, Clic6, Cmtm8, Cntnap2, Col2al, Col4al, Col4a2, Col5al, Crabpl, Crabp2, Cxcr4, DOH4S114, Dab2, Dbx1, Defcr-rs2, DIK1,
Dmrta2, Dpysl2, Dpysl4, Dpysl5, Dtx4, Ednra, Ednrb, Efna5, Efnbl, Emid2, Emll, Ephbl, Farpl, Fezl, Fgfbp3, FIrt3, FItl,
G431001E03Rik, Gadd45g, Gap43, Gm1673, Gprl77, Gprinl, Hes5, Hmgn3, Igf2, Igfbp4, Igfbp5, Insml, Irf2, Irs2, Irx2, 1rx3, Irx5,
Krt1-18, Krt2-8, Lbh, Lhfp, Lhx1, LOC381633, Lrrnl, Ly6h, Maged2, Mageel, Mapkapk2, Mbp, Meisl, Mest, Mfap2, Mfap4, Mic2I1,
Mmd, Mrgl, Ndn, Nedd9, Nelf, Nkx6-1, Nnat, Nr2f1, Olfm1, Otx1, Parva, Pdzrn3, Peal5, Pfn2, Phc2, Pkia, Pknox2, Pmp22, PodxI2, Prnp,
Ptn, Ptprd, Punc, Rab6b, Rbmx, Reprimo, Rfx4, Rgma, Sall2, Scarf2, Sdc2, Sdc3, Sema3f, Sepnl, Sepwl, Serfl, Serpinhl, Shd, Shh, Slit2,
Smarca2, Sox21, Sox9, Ssh4, Ssbp2, Sst, Stmn4, Sytll, T, Tcfap2b, Tdrd7, Timp2, Tmprss2, Tnfrsf19, Tnrc9, Trib2, Vim, Vin, Zfp521,
Zfp608, Zicl

Cluster 111b

1110003A17Rik, 1110007CO5Rik, 1110012D08Rik, 1110014L17Rik, 1110038D17Rik, 1110063G11Rik, 1190017012Rik,
1200013B22Rik, 1300002F13Rik, 1500003003Rik, 1500011H22Rik, 1700019E19Rik, 1700021K19Rik, 1700023MO3Rik,
1700025G04Rik, 1700088E04Rik, 1810007P19Rik, 1810009H17Rik, 1810010N17Rik, 1810011010Rik, 1810021J13Rik, 1810037C20RIik,
1810057P16Rik, 1810073P09Rik, 2010011120Rik, 2210417J20Rik, 2310003P10Rik, 2310015N21Rik, 2310021P13Rik, 2310041HO6RIiKk,
2310045A20Rik, 2310067EO08Rik, 2610110G12Rik, 2610203E10Rik, 2610524A10Rik, 2610528K11Rik, 2700055KO07RIik,
2700083E18Rik, 2810022L02Rik, 2810413122Rik, 2810427104Rik, 2900046G09Rik, 3110018K12Rik, 3632413B07Rik, 3632451006RIik,
4631426J05Rik, 4632417K02, 4833421E05Rik, 4930438MO6Rik, 4930488P06Rik, 4930506D23Rik, 4932442K08Rik, 5430432M24Rik,
5830404H04Rik, 5830461H18Rik, 5930434B04Rik, 6030410K14Rik, 6330442E10Rik, 6330505N24Rik, 6430559E15Rik, 6720430015,
8430427H17Rik, 9030205A07Rik, 9130005N14Rik, 9130213B05Rik, 9330132005Rik, 9530068E07Rik, A230098A12RIik,
A830020B06Rik, Aatk, Abca3, Abhd8, Acas2, Actal, Actcl, Acvrl, Adcy2, Adcy6, AF322649, Ahil, Al427515, Al591476, Al604832,
AJ430384, Ak3, Akrlel, Akt3, Alcam, Alg2, Als2cr2, Amfr, Angptl2, Ank2, Ank3, Ap3m2, Apbbl, Argl, Arhgap24, Arid3a, Arl3, Arl4c,
Arnt2, Ascll, Asphd2, Atbfl, Atp6v0e2, Atp6vlg2, AU040320, AU040576, AW049604, AW456874, AW548124, AW822216, Axin2, AxI,
B130050123Rik, B230114P05Rik, B230312A22Rik, B230399E16Rik, B3gatl, B3gnt6, B430104HO2Rik, B430218L07Rik, Bach2, Bag2,
Bahdl, Bai2, BC006583, BC011468, BC019977, BC024955, BC025575, BC026432, BC026744, BC028975, BC030477, BC036718,
BC046386, BC051244, BC063749, BCO065120, BC067047, Bhlhb5, Biccl, Bmpl, Bzrapl, C130086A10, C130099A20Rik,
C230009H10Rik, C330023F11Rik, C630013N10Rik, Cacnalg, Cacnalh, Cacng4, Cadps, Cadps2, Caldl, Capn2, Carl4, Cart, Casp6,
Catnd2, Cbx8, Ccl27, Cd248, Cd40, Cd47, Cdh22, Cdknla, Ceecaml, Celsrl, Celsr2, Cerk, Chrd, Chst2, Cib2, Cizl, Cldn10, Clicl, Clip1,
Clk3, Cmtm8, Col23al, Col4a5, Commd3, Copz2, Cotll, Cplx2, Cpne2, Cril, Crmpl, Csfl, Ctdspl, Ctgf, Ctxn, Cuedcl, Cugbp2, Cutll,
Cx3cll, Cxxlc, Cxxc4, Cyfip2, Cyp51, Cyr61l, D030028016Rik, D10Bwg0940e, D10Uclal, D11Bwg0517e, D14Ertd171e, D15Ertd405¢,



D2Bwg0891e, D2Bwg1356e, D330024H06Rik, D330037A14Rik, D430039NO5Rik, D5Ertd593e, D630045E04Rik, D8Ertd82e, Dapkl,
Dbnl, Dcx, Dexr, Ddit4, Ddit4l, Ddrl, Defcr-rs7, Dpl, Dscr5, Dtx4, E130307J07Rik, E430021N18Rik, E430036104Rik, Ebf2, Ebf3, Efhal,
Efs, Ehbpl, Elavi3, Epb4.113, Epha3, Ephb2, Etsl, Evl, F2r, F8a, Fabp7, Fads2, FbIn2, Fbnl, Fbxo36, Fgfl5, Fgf8, Fgfbp3, Fgfr2, Fjx1,
FIrt3, Fndc3b, Foxal, Foxa2, Foxbl, Foxcl, Frzb, Fstll, Fzdl, Fzd10, Gabarap, Gadd45g, Gamt, Gdapl, Gdil, Gdpd2, Ghr, Glt8d1, Gnai2,
Gnas, Gnb4, Gnb5, Gng10, Gp38, Gpcl, Gpc2, Gpc3, Gpc4, Gpeb, Gpmé6a, Gpr85, Gpsml, Grb10, Greel0, Gria3, Grik5, Grina, Gripl, Gsc,
Gshl, Gstm5, Gygl, H1f0, H2-Abl, H2-Ke6, Haghl, Hdac7a, Heph, Hes6, Heyl, Hpcall, Hrmt1l1, Hs3st3al, Hsd11b2, Hspa5bpl, Hyall,
Hyal2, 1d2, Idb4, Igflr, Igfbpll, 1118, Ik, Inpp5e, Inpp5f, Itga3, 1tm2a, Jmjd3, Jun, Kcnab2, Kctd10, Kctd12, Kiflb, Kif3c, Kif5c, Kirrel3,
Klhdc2, Kns2, L3mbtl3, Lbh, Lemd2, Leprell, Letmdl, Lhfp, Lhfpl2, Litaf, Lman2l, Lmo4, Lmx1la, Lmycl, LOC245297, LOC278097,
LOC381813, Lrfn3, Lrigl, Lrpl2, Lrp4, Lrrc49, Lrrcdb, Lrrkl, Lsamp, Lspl, Lxn, Lztrl, Lzts2, Magedl, Mapk8ipl, Mapk8ip2, Mapre2,
Marcks, Mark1, Mdk, Megf10, Mest, Mfap2, Mgst1, Mic2I1, Mllt11, Mmp15, Mmp2, Mtap2, Mtchl, Mtvr2, Mycbpap, Myt1, Naglu, Nat6,
Nav1, Ncald, Ncan, Nck2, Ncoa6, Ndst1, Nedd9, Nek9, Nelf, Nfil3, Nicnl, Nkx2-2, Nkx2-3, NIign2, Nme5, Nnat, Nog, Nope, Notch3, Npr2,
Nr2f2, Nrp, Nrxn2, Nsgl, Nsg2, Nt5m, Ntngl, Ntrk2, Ntrk3, Nuak1, Nudt7, Oat, Olfm1, Olfm2, OlfmI2b, Olfml3, Osbpl6, Pacrg, Pacs1,
Pak3, Palm, Pam, Papss1, Pard6g, Parp6, Pbx1, Pbx2, Pcdha6, Pcdhb22, Pcdhb3, Pcyox1, Peg3, Pftkl, Phf2, Phldal, Pik3rl, Pitpnm2, Pitx2,
Pjal, Plekhb2, Plekhg2, PIxna2, Pon2, Ppapdcl, Ppplr3c, Ppplrob, Pricklel, Prkcm, Prkd2, Prmt2, Ptpnsl, Ptpra, Ptprd, Ptprs, Ptx3, Purg,
Rab11fip3, Rab13, Rab15, Rab38, Rab6ipl, Raetlb, Ramp2, Rasl10b, Rasl11b, Rassf4, Rbmsl, Rbms3, Rbpl, Reepl, Reln, Rem2, Repinl,
Rerg, Rgll, Rgmb, Rgs16, Rgsl17, Rgs4, Rhob, Rhod, Rhou, Rnf103, Rnfll, Ror2, Rshl2, Rsn, Rspo3, Rtnl, Rtn3, Rufy3, Rutbc2, Sat2,
Sbk, Scandl, Scara3, Scdl, Scg3, Scrnl, Sdcbp, Sdk1, Selk, Sema3f, Sema6d, Sept3, sept5, Sept6, Sept8, Serinc2, Serpine2, Serpinfl,
Sgnel, Sh3bp2, Shh, Siatl0, Siat8b, Siat9, Six5, Slc22al7, Slc24a3, Slc27a3, Slc35cl, Slc39a6, Slc39a8, Slitl2, Slitrk5, Smad3, Smo,
Smpd1l, Smpd3, Snrk, Sortl, Sox17, Sox21, Sox5, Sparc, Spg20, Spin2, Sponl, Srebp2, Srr, Ssbp3, St5, St6gall, St7, Stambp, Stk39, Stx7,
Stxbpl, Sulfl, Suv39hl, Sytll, Tagln3, Tax1bp3, Tbcld5, Tceall, Tceal5, Tcfl2, Tcf712, Tcfap2b, Tctell, Teskl, Tex27, Tgfblil, Tgfh2,
Thbs3, Thnsl2, Timp3, Tm4sfl2, Tm4sf6, Tm4sf8, Tmc7, Tmem136, Tmem43, Tmem53, Tmem66, Tmem9, Tmem9b, Tnfaip2, Tpbg,
Tpml, Tpm2, Trafdl, Trim32, Trp53ill, Trp53inp2, Tsc22d3, Tspan7, Ttyh3, Tubb2b, Tulp4, Txndcl3, Ube2e2, Ulk2, Unc5c, Uncx4.1,
Uspl1, Usp3, Vamp4, Vcaml, Vgll4, Vit, VIdlr, Wbpl, Wdr22, Wfdcl, Whrn, Wnt1, Wnt3a, Wnt5b, Wnt7a, Wnt7h, Wnt8b, Xprl, Zadh2,
Zbtb5, Zc3hdc6, Zfhxla, Zfp202, Zfp251, Zfp282, Zfp30, Zfp307, Zfp316, Zfp334, Zfp46, Zfp537, Zfp637, Zyx

Cluster 1V

0610007C21Rik, 0610031J06Rik, 1110003E01Rik, 1110007C02Rik, 1190002A17Rik, 1190007F08Rik, 1200006F02Rik, 1300010A20Rik,
1300010K09Rik, 1500004A08Rik, 1700027N10Rik, 1700047117Rik, 1810009B06Rik, 1810020D17Rik, 1810054013Rik, 1810057E01RIik,
2210403B10Rik, 2300002D11Rik, 2310058J06Rik, 2310061N23Rik, 2310066E14Rik, 2600003E23Rik, 2600010E01Rik, 2610027C15Rik,
2610204MO8Rik, 2610318118Rik, 2700050C12Rik, 2810046M22Rik, 2810417MO5Rik, 2900026H06Rik, 3110032G18Rik,
3222401M22Rik, 3830422N12Rik, 4631423F02Rik, 4922503N01Rik, 4930402H24Rik, 5230400G24Rik, 5730410E15Rik,
5730469M10Rik, 5730537D05Rik, 6430598A04Rik, 8430420C20Rik, 9030409G11Rik, 9630019K15Rik, A2bpl, A730017C20Rik,
A930021H16Rik, AB182283, Abcg4, Abhd4, Acadl, Adamts4, Adck4, Addl, Adfp, Adra2a, Adssll, Al450948, Al481100, Al481750,
Al842396, Aigl, AL024069, Amdhd2, Amotl2, Ankrd56, Anxal, Anxa2, Ap3b2, Apob48r, Arf3, Arf5, Arfgap3, Arl10b, Arpclb, Atf3,
Atp6v0al, Atp6vOb, Atp9a, B230380D07Rik, B3gat3, B430119L13Rik, Bag3, Bai2, BC003324, BC016235, BC018242, BC019731,
BC023957, BC025872, BC026370, BC026585, BC029214, BC031353, BC038286, BC051083, BC058638, BC061259, Bcllla, Belllb,
Bcl9l, Bhlhb2, Blcap, Bmf, Bmp7, Bst2, Bthd14a, Btgl, C230075L19Rik, Cacnb3, Calu, Camkl, Carl3, Car2, Caskinl, Cbharal, Cd151,
Cd63, Cdc42ep5, Cdkn2a, Cdkn2b, Chgb, Chrnbl, Chst5, Chst8, Cipp, Citedl, Cited2, Cited4, Cldn3, Cldn6, CIn3, CIn6, Cntnl, Col16al,
Colla2, Copz2, Cpxml, Creb3, Creldl, Cryab, Csrpl, Cst3, Ctsz, Cul7, Cxxla, Cyba, D7Bwg0611e, Dab2, Dap, Dapk2, Dbp, Dcamkll,
Des, Dfy, Dhrs7, Dirasl, DIx1, Dmrt3, Dnaicl, Dnajbl0, Dnajcl2, Dner, Dok5, Dpysl3, Dscrlll, Dusp22, Dusp8, Dyrklb, Dysf,
E030006K04Rik, E130309F12Rik, Ecell, Ecml, Ednrb, Efemp2, Efnab, EG630499, Egfr, EIk3, Elovll, Emp2, Emp3, Enl, En2, Eno2,
Eno3, Eps8I2, Fbinl, FbxI12, Fbxo4, Fbxw4, Fezf2, Fgfbpl, Fhi2, Fkbp7, Foxc2, Foxdl, Foxgl, Frmd6, Furin, Fvtl, Gabarapll, Gadd45b,
Gal, Gata3, Gata6, Gats, Gba, Gbp2, Gdap1lll, Gdf10, Gdil, Gipcl, Gipc2, Gja9, Gnao, Gnb2, Gngl3, Gng8, Gns, Gprl24, Gprl37, Gprl46,
Gprcebe, Gpx3, Gree9, H13, H2-Bl, H2-Q7, H2-T17, H2-T23, Hertrl, Hdac11, Hebpl, Hexa, Hint3, Hnt, Hoxal, Hoxc6, Hrc, Hs3stl, Hspb2,
Hspb8, 1db3, Ifngr2, Igf2r, Igfbp2, 1gfbp3, 1gsfll, Igtp, Ihpkl, ll1lral, llvbl, Immp2l, Islr2, Itga5, Itgb5, Itpr2, Kcna5, Kenmb4, Kifla,
Kifc2, KIhl6, Kremen, Krtl-19, Krt7, Lamp2, Laptmda, Ldb2, Leprel2, Lgalsl, Lhx5, Lmcdl, Lmo2, LOC212390, LOC268935,
LOC381297, LOC381629, Lohllcr2a, LoxIl, Lrpl, Lrpl0, Lrrc8a, Lrrfipl, Lrrn2, Lrrn3, Mab21l2, Map3kl1l, Mbp, Meox1, Mfge8,
Mgat4b, MGC106740, MGC18837, Micall2, Mmp14, Mmp23, Mogat2, Mpra, Msx1, Msx2, Mxd4, Mxra8, Myadm, Myl1, Myl3, Naga,
Nagk, Nenf, Neul, Neurog2, Nfatc4, Npc2, Npdcl, Oaz2, Optn, ORF18, P2rx4, Pbxipl, Pdgfrl, Pdlim2, Pdlim3, Pdlim4, Per2, Pga5, Pgm2,
Phlda3, Pigt, Pla2g7, Placl, Pld3, Plekha2, Plekha6, PIk2, Pltp, Podxl, Polg, Ppap2h, Ppic, Ppp3ca, Ppp3cc, Prkcz, Prnd, Prss8, Prtn3, Psap,
Psd2, Pthrl, Ptpro, Pttglip, Pvrl2, Pxmp4, Pygb, Pygl, Pyy, Qscn6, Rabl2, Rab3a, Rab711, Rabacl, Ralb, Rap2ip, Rassf3, Rbms2, Rcn3,
Rftn2, Rgs3, Rhbdl4, Rhoc, Rhog, Rhoj, Rin3, Ripk4, Ritl, Rnfll, Rnf182, Rnf30, Rnpepll, Rpell, Rragd, Rras, Rtnl, Rtn2, Rtn4rll,
S100all, Scn3b, Scotin, Scube3, Scx, Sdsl, Seppl, Sertad4, Sesnl, Sez6, Sez6l, Sfxn5, Sgpll, Sh3d4, Shcl, Sirt2, Slcl3a4, Slcl4a2,
Slc17a6, Slc35a2, Slc38a5, Slc4la3, Slcda2, Slcbab, Slc7a8, Slc9ab, Soatl, SpS5, Spink3, Spintl, Spnbl, Sri, Stard10, Stmn3, Stmn4, Sv2a,
Syn2, Sytl, Sytl4l, Tacstd2, Tal2, Tapbp, Tbrgl, Tceal6, Tcfap2a, Tcirgl, Tcn2, Tes, Tex264, Tgfbr2, Thbs2, Thra, Tmbiml, Tmc4,
Tmed3, Tmem108, Tmem116, Tmem119, Tmem150, Tmem35, Tmem66, Tnfrsf10b, Tnfrsf12a, Tnfrsfla, Tnfrsf5, Tnncl, Tpcnl, Tpm2,
Tprad0, Trim3, Trpcdap, Trptl, Ttyhl, Tubb4, Tulpl, Twistl, Twist2, Uaplll, Ubc, Unc5b, Unc84b, Usp2, Vamp5, Vamp8, Vatl, Viaat,
Whscr24, Wipil, Wnt5a, Yipf3, Zcchcl2, Zfp467, Zfpml, Zicd

Cluster V

0710005M24Rik, 1110032E23Rik, 1190002H23Rik, 1200009106Rik, 1300007L22Rik, 1300014106Rik, 1500015010Rik, 1700084C01RIik,
1810015C04Rik, 2300002D11Rik, 2310043KO02Rik, 2310047C17Rik, 2410080HO04Rik, 2510004LO01Rik, 2610001E17RIik,
2610109H07RIk, 4921520P21Rik, 4930422J18Rik, 5330414D10Rik, 5430431G03Rik, 5730453H04Rik, 8430408G22Rik, 9130211103Rik,
9130213B05Rik, 9330140K16Rik, 9930017A07Rik, A630005A06Rik, AA467197, Acadl, Adcy8, Adra2b, Aebpl, AF067061, Afp, Ahnak,
Al593442, Amn, Apoal, Apod, Agpl, Aqp4, Arhgap22, Arhgef6, Aridsh, Atpla2, Atplb2, Atp9a, Aurkc, B230342M21Rik, BC011209,
BC040774, BC049816, BC055811, BC061212, BC080695, Bcan, Betll, Bgn, Bhmt2, Brdt, Bzrpll, C130036G08, Clqtnf4, C2, Calb2,
Camk2nl, Capzb, Carll, Cavl, Cbfa2tlh, Ccdc68, Cdhl3, Cdol, Cebpb, Chodl, Chptl, Cidea, Cldnll, Cldn23, Clu, Collal, Col3al,
Col6al, Col6a2, Col9a2, Corin, Cox6a2, Crhbp, Crim2, Crx, Crxosl, Csflr, Csh2, Cspg5, Ctsh, Ctsc, Ctsf, Ctsh, Ctsj, Ctsr, Cxcl12, Cxcl16,
Cygb, Cyplbl, Cyp2d22, Cyp4fl3, Cypdv3, Cyp7bl, D12Ertd647e, D930010J01Rik, D9Ertd392e, Dafl, Dazl, Dcn, Ddit3, Diras2, DKk3,
DkklI1, Dmkn, Dmrtcla, Dmrtclb, Dnaicl, DoxI2, Dpep3, E130203B14Rik, Eefla2, Egfr, Emcn, Enppl, Enpp2, Enpp5, Entpd2, Eps8I2,
Fabp3, Fas, Fbx032, Fcgrt, Fgd6, Fibcdl, FIrt2, Fn3k, Fos, Foxf2, Fthfd, G1p2, Gadl, Gas6, Gata2, Gbpl, Gchl, Gentl, Gfap, Gja9, Gjb2,
Gm2a, Gm428, Gm648, Gm691, Gpméa, Gria2, Gucala, Gypc, H2-gs17, H2-T23, Hicl, Histlhlc, Histlh2bc, Hmgcs2, Hoxb4, Hoxd8,
Hpgd, Hspa2, Htral, Ifit3, Igfbp6, Igfbp7, 1110rb, Irs3, Itgall, Itm2b, Kail, Kcnc4, Kdelr3, Kdtl, Kngl, Kng2, Lamp2, Lbp, Lcpl,
Lgals3bp, Lgals6, Lgals9, Lgmn, Lims2, LOC240906, LOC270599, LOC333473, LOC433721, LOC434729, LOC547343, Lox, Ltbp3,
Lum, Luzp2, Ly64, Mapt, Matn4, Mbnl2, Meox2, Mfge8, Mglap, Mgll, Mgst2, Mmd2, Mt3, Mx2, Myh8, Myl2, Myl4, Myo6, Nbl1, Ndrgl,
Ndrl, Nfib, Nfix, Nid1, Nppb, Nrn1, Nrxnl, Nt5e, Nxf7, Oasl2, Ogn, Olfml1, Oligl, Osr2, OTTMUSG00000010537, P2ry14, Pdgfb, Pdgfra,
Pdzk1, Pink1, Plala, Pnck, Pold4, Pparg, Prelp, Prg, Prkarlb, Prosl, Prrx1, Psca, Psx1, Psx2, Qpct, Rabl1fip5, Rabacl, Rapgef3, Rarb,
Rarres2, Rasgrfl, Rbp4, Rgs9, Rin2, Rit2, Rnasel, Rnase4, Rora, Rspo2, Rusc2, Rxra, S100al, S100a13, Shsn, Scg2, Scrgl, Sct, Serpina3n,



Serpinb6b, Serpinb9e, Serpinb9f, Slc17a5, Slc17a8, Slcla3, Slc23a3, Slc25a18, Slc2al3, Slc39al2, Slc40al, Slc6al2, Slc6al3, Slco2al,
Slcodal, Snca, Snx21, Sorbsl, Sostdcl, Sparcll, Sphk1, Spon2, Sspn, Stra8, Syp, Syt4, Taf7l, Tgfbi, Tgm2, Thbd, Thyl, Tinagl, Tir2,
Tmem92, Tnc, Tpenl, Trpm6, Ttr, Tuftl, Ubell, Uspl8, Usp29, Vdr, Wnt6, Ypel3, Zfp3613



Figure S4: Listing and assignment of the genes graphed in figure 5

All regulated genes were individually examined on the basis of the pertinent literature for
identification of those involved in chromatin structure and epigenetic regulation. The genes
were grouped into categories as indicated in the first column. Further functional information
was added in the last column, where this was unambiguously available. Genes related to cell
cycle, DNA replication and DNA repair were extracted from the relevant GO categories.
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Figure S5: Listing, assignment, and literature references of the genes
graphed in figure 6D.

The literature was searched for patterning-related genes (by function and/or expression).
Those found to be regulated here were listed and assigned a role in forebrain, midbrain or
hindbrain development (black boxes). The relevant literature sources are indicated. N.B.:
sometimes functional importance (e.g. knockout phenotype) does not match the criteria for
region markers and vice versa. Multiple regional assignments were allowed, where this was
supported by the literature.

Gene Accession for- mid-  hind-

name number Cluster  full name brain  brain brain literature
App NM_007471.1 Ila Amyloid beta (A4) precursor protein 52

Ascll NM_008553.2 1b Achaete-scute complex homolog 1 I o 12 58,59
Bcan NM_007529.1 V Brevian 76

Bclllb  NM_021399 \Y B-cell leukemia/lymphoma 11B 4,56
Calb2 NM_007586.1 \Y Calbindin 2 4,38

Chrd NM_009893.1 Iib Chordin 65

Cxcll2 NM_001012477.1 V Chemokine (C-X-C motif) ligand 12 72,73,74
DIx1 NM_010053.1 v Distal-less homeobox 1 1,2,3

Egr2 NM_010118.1 lia Early growth response 2 31,32

Enl NM_010133.1 v Engrailed 1 25, 27,28
En2 NM_010134.1 \% Engrailed 2 28,29, 30
Fabp7 NM_021272.2 111b Fatty acid binding protein 7, brain 53, 54

Fezl NM_007586.1 Illa Fasciculation and elongation protein zeta 1 39

Fgf8 NM_010205.1 11b Fibroblast growth factor 8 27,29, 90, 91
Fofr2 NM_201601.1 Ib Fibroblast growth factor receptor 2 49, 88
Fofr3 NM_008010.2 lia Fibroblast growth factor receptor 3 48, 49
Foxgl NM_008241.1 lia Forkhead box G1 9,10

Gata2 NM_008090.3 \% GATA binding protein 2 92,93,94
Gli3 NM_008130 lia GLI-Kruppel family member GLI3 44,45, 46, 47
Hes3 NM_008237.1 lia Hairy and enhancer of split 3 18,41, 43
Hoxal  NM_010449.1 v Homeo box Al 36

Hoxa2  NM_010451.1 lia Homeo box A2 33

Hoxb2  NM_134032.1 lia Homeobox B2 20

Irx2 NM_010574.2 Illa Iroquois related homeobox 2 60, 62

Irx3 NM_008393 Ila Iroquois related homeobox 3 60, 61

Irx5 NM_018826.2 la Iroquois related homeobox 5 -_ 60, 61

Isl1 NM_021459.2 lia ISL1 transcription factor, LIM/homeodomain 9,11,12
Lhx1 NM_008498 Ila LIM homeobox protein 1 12, 80

Lhx5 NM_008499.2 v LIM homeobox protein 5 J 80
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Neurog2 NM_009718.2 v Neurogenin 2 12,17,18,19
Nfib NM_008687.2 \Y Nuclear factor I/B 55, 56, 57
Nkx6-1  NM_144955.1 Illa NK6 homeobox 1 22,40, 41
Nog NM_008711.1 Ib Noggin 65

Notch3 NM_008716.1 11b Notch gene homolog 3 50, 51
Nr2fl NM_010151.1 Illa Nuclear receptor subfamily 2, group F, member 1 13, 14,15
Nr2f2  NM_183261.3 b Nuclear receptor subfamily 2, group F, member 2 I 14 63 64
Nrg NM_178591.2 lia Neuregulinl 6,79

Otx1 NM_011023.2 Illa Orthodenticle homolog 1 20, 21

Pitx2 NM_011098.2 Ib paired-like homeodomain transcription factor 2 25, 89

Ptx3 NM_008987.2 111b Pentraxin related gene 25, 26

Reln NM_011261 1lb Reelin 4,16

Rfx4 NM_001024918.1 Illa Regulatory factor X, 4 69, 70, 71
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Shh NM_009170 Illa Sonic hedgehog 4,27
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Wnt7a  NM_009527.2 111b Wingless-related MMTYV integration site 7A 84
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Figure S6: Neuroteratogenic effects of Retinoic acid, Cyclopamine and
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