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Figure S1: Further characterization of the single cell transcriptome dataset.
(A) Number of cells per replicate and timepoint.
(B) Number of genes per cell for each replicate.
(C) Number of unique molecular identifiers (UMIs) per cell for each replicate.
(D) Ratio of blood (Sox17, Fermt3, Klf1, Hemgn, Car2), mesoderm (Foxc1, Foxc2, Twist1, Twist2, Meox1, 
Meox2) and skin (Krt8) markers expressed in neural cells.
(E,F) tSNE-plots showing the distribution of male and female cells in the dataset (E), and the different 
replicates per timepoint (F).
(G) Heatmap showing read distributions of the genes used to assign cell identities to the single cell tran-
scriptomic profiles. Boxed regions indicate the cell identities in which the respective gene is expected to 
be expressed. Bars at the top of the heatmap indicate sample age (grey early, late red), and cell identity 
as color coded in Fig 1.
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Tubb4a (FP / Undetermined)
Tspan2 (FP / Undetermined)
Tme�2 (FP / Undetermined)
Thsd7a (FP / Undetermined)
Stxbp6 (FP / Undetermined)
St3gal6 (FP / Undetermined)
Slit3 (FP / Undetermined)
Shisa2 (FP / Undetermined)
Shh (FP / Undetermined)
Sel1l (FP / Undetermined)
Rbp4 (FP / Undetermined)
Ramp1 (FP / Undetermined)
Pp�bp2 (FP / Undetermined)
Pon2 (FP / Undetermined)
Plcl1 (FP / Undetermined)
Phldb2 (FP / Undetermined)
Pcsk6 (FP / Undetermined)
Nrp1 (FP / Undetermined)
Nrcam (FP / Undetermined)
Nectin3 (FP / Undetermined)
Lmx1b (FP / Undetermined)
Kitl (FP / Undetermined)
Irs1 (FP / Undetermined)
Gpx3 (FP / Undetermined)
Gprc5c (FP / Undetermined)
Gm973 (FP / Undetermined)
Gcnt2 (FP / Undetermined)
Galr1 (FP / Undetermined)
Frmd6 (FP / Undetermined)
Fam183b (FP / Undetermined)
Fam174b (FP / Undetermined)
Epb41l4b (FP / Undetermined)
Cxcl12 (FP / Undetermined)
Creb3l2 (FP / Undetermined)
Corin (FP / Undetermined)
Cobl (FP / Undetermined)
Cmtm8 (FP / Undetermined)
Cdc42ep3 (FP / Undetermined)
Ccdc39 (FP / Undetermined)
Card19 (FP / Undetermined)
B3gnt4 (FP / Undetermined)
Atp1b1 (FP / Undetermined)
Arhgef28 (FP / Undetermined)
Anxa5 (FP / Undetermined)
Adcy2 (FP / Undetermined)
1700012P22Rik (FP / Undetermined)
Slit1 (p3 −FP / Undetermined)
S100a10 (p3 −FP / Undetermined)
Fndc3b (p3 −FP / Undetermined)
D430019H16Rik (p3 −FP / Undetermined)
Cthrc1 (p3 −FP / Undetermined)
Nkx2 −2 (p3 / Undetermined)
Olig2 (pMN / Undetermined)
Tox2 (p2 −pMN−p3−FP / Undetermined)
Insm1 (p2 −p3 / Undetermined)
Vsx1 (p2 / Undetermined)
Apoe (p2 / Undetermined)
Alpl (p2 / Undetermined)
3110035E14Rik (p1 −p2−p3 / Undetermined)
Prdm12 (p1 / Undetermined)
Nkx6 −2 (p1 / Undetermined)
Jag1 (p1 / Undetermined)
Neurod4 (p0 −p1−p2−pMN−p3 / Undetermined)
Moxd1 (p0 −p1−p2−pMN / Undetermined)
Sfrp2 (p0 −p1−p2 / Undetermined)
Mybl1 (p0 −p1−p2 / Undetermined)
Gm26771 (p0 −p1 / Undetermined)
Sp8 (dp6 −p0−p1−p2−pMN / Undetermined)
Neurog2 (dp6 −p0−p1−p2−pMN / Undetermined)
2010107G23Rik (dp6 −p0−p1−p2−p3 / Undetermined)
Neurog1 (dp6 −p0−p1−p2 / Undetermined)
Dbx1 (dp6 −p0 / Undetermined)
Sema6a (dp5 −p0−p1−p2−pMN−p3−FP / Undetermined)
Neurog3 (dp5 −dp6−p0−p1−p3−FP / Undetermined)
Prdm8 (dp5 −p0−p1−p2−pMN / Undetermined)
Gsx2 (dp3 −dp4−dp5 / Undetermined)
Ascl1 (dp3 −dp4 / Undetermined)
Sox21 (dp1 −dp2−dp3−dp4−dp5−dp6−p0−p1−p2−pMN−p3−FP / Undetermined)
Foxb1 (dp1 −dp2−dp3−dp4−dp5−dp6−p0−p1−p2−pMN / Undetermined)
Irx5 (dp1 −dp2−dp3−dp4−dp5−dp6−p0−p1−p2 / Undetermined)
Irx3 (dp1 −dp2−dp3−dp5−dp6−p0−p1−p2 / Undetermined)
Irx2 (dp1 −dp2−dp3−dp4−dp5 / Undetermined)
Pax7 (dp1 −dp3−dp4−dp5−dp6 / Undetermined)
Gsx1 (dp1 −dp3−dp4 / Undetermined)
Gbx2 (dp1 −dp3−dp4 / Undetermined)
Pou3f3 (RP −dp1−dp2−dp3−dp4−dp5−dp6−p0−p1−p2−pMN−p3 / Undetermined)
Bop1 (RP −dp1−dp2−dp3−dp4−dp5−dp6−p0−p1−p2−pMN−p3 / Undetermined)
Mfng (RP −dp1−dp2−dp3−dp4−dp6−p0−p1−p2−pMN−p3−FP / Undetermined)
Ankle2 (RP −dp1−dp2−dp3−dp4−dp6−p0−p1−p2−pMN−p3−FP / Undetermined)
Pax3 (RP −dp1−dp2−dp3−dp4−dp5−dp6 / Undetermined)
Gas1 (RP −dp1−dp2−dp3−dp4−dp5−dp6 / Undetermined)
Efnb2 (RP −dp1−dp2−dp3−dp4−dp5 / Undetermined)
Bmpr1b (RP −dp1−dp2−dp3−dp4−p3 / Undetermined)
Lmo1 (RP −dp5−dp6−p0−p1−p2 / Undetermined)
Zic1 (RP −dp1−dp2−dp3−dp4 / Undetermined)
Wnt3 (RP −dp1−dp2−dp3−dp4 / Undetermined)
Nppc (RP −dp1−dp2−dp3−dp4 / Undetermined)
Msx3 (RP −dp1−dp2−dp3−dp4 / Undetermined)
Fzd10 (RP −dp1−dp2−dp3−dp4 / Undetermined)
Fgf15 (RP −dp1−dp2−dp3−dp4 / Undetermined)
Draxin (RP −dp1−dp2−dp3−dp4 / Undetermined)
Zfp703 (RP −dp1−dp2−dp3−FP / Undetermined)
Rgs2 (RP −dp1−dp2−dp3−FP / Undetermined)
Zic5 (RP −dp1−dp2−dp3 / Undetermined)
Zic2 (RP −dp1−dp2−dp3 / Undetermined)
Gdf10 (RP −dp1−dp2−dp3 / Undetermined)
Ltbp1 (RP −dp1−pMN−FP / Undetermined)
Dmrtb1 (RP −dp1−p3−FP / Undetermined)
Wipi1 (RP −dp6−p2−FP / Undetermined)
Sulf2 (RP −pMN−p3−FP / Undetermined)
Dlk1 (RP −pMN−p3−FP / Undetermined)
Adamtsl1 (RP −pMN−p3−FP / Undetermined)
Casz1 (RP −dp1−dp2 / Undetermined)
1700040F17Rik (RP −dp1−dp2 / Undetermined)
Nog (RP −dp1−FP / Undetermined)
Nos1ap (RP −p1−FP / Undetermined)
Gm867 (RP −p3−FP / Undetermined)
Gm14964 (RP −p3−FP / Undetermined)
Fhdc1 (RP −p3−FP / Undetermined)
Fcgrt (RP −p3−FP / Undetermined)
Unc5c (RP −dp1 / Undetermined)
Rasl10b (RP −dp1 / Undetermined)
Msx2 (RP −dp1 / Undetermined)
Col12a1 (RP −dp1 / Undetermined)
Cdon (RP −dp1 / Undetermined)
Hapln1 (RP −dp2 / Undetermined)
Ttc28 (RP −FP / Undetermined)
Trabd2b (RP −FP / Undetermined)
Tns3 (RP −FP / Undetermined)
Syt7 (RP −FP / Undetermined)
Sobp (RP −FP / Undetermined)
Smarca1 (RP −FP / Undetermined)
Sdpr (RP −FP / Undetermined)
Negr1 (RP −FP / Undetermined)
Mtss1l (RP −FP / Undetermined)
Metrnl (RP −FP / Undetermined)
Lpl (RP −FP / Undetermined)
Krt18 (RP −FP / Undetermined)
Igfbp5 (RP −FP / Undetermined)
Gm17455 (RP −FP / Undetermined)
Efnb3 (RP −FP / Undetermined)
Col5a1 (RP −FP / Undetermined)
Col4a5 (RP −FP / Undetermined)
Ccdc74a (RP −FP / Undetermined)
Ccdc3 (RP −FP / Undetermined)
Calml4 (RP −FP / Undetermined)
Zfp651 (RP / Undetermined)
Wnt9a (RP / Undetermined)
Wnt3a (RP / Undetermined)
Wnt1 (RP / Undetermined)
Tmem163 (RP / Undetermined)
Tmem132c (RP / Undetermined)
Tcea3 (RP / Undetermined)
St6galnac5 (RP / Undetermined)
Srpx (RP / Undetermined)
Sptb (RP / Undetermined)
Sost (RP / Undetermined)
Sorl1 (RP / Undetermined)
Snhg11 (RP / Undetermined)
Smad6 (RP / Undetermined)
Slc25a53 (RP / Undetermined)
Shox2 (RP / Undetermined)
Sh3bp5 (RP / Undetermined)
Rspo3 (RP / Undetermined)
Rprd1a (RP / Undetermined)
Rftn1 (RP / Undetermined)
Rdh5 (RP / Undetermined)
Rbm47 (RP / Undetermined)
Prickle2 (RP / Undetermined)
Pou6f2 (RP / Undetermined)
Plp2 (RP / Undetermined)
Pla2g16 (RP / Undetermined)
Nr4a3 (RP / Undetermined)
Npepl1 (RP / Undetermined)
Ngfr (RP / Undetermined)
Naaladl2 (RP / Undetermined)
Msx1 (RP / Undetermined)
Lrp1b (RP / Undetermined)
Lmx1a (RP / Undetermined)
Lifr (RP / Undetermined)
Ldb2 (RP / Undetermined)
Igfbpl1 (RP / Undetermined)
Hacd4 (RP / Undetermined)
Grin2c (RP / Undetermined)
Gm29107 (RP / Undetermined)
Gm12589 (RP / Undetermined)
Glis3 (RP / Undetermined)
Gjb2 (RP / Undetermined)
G6pc2 (RP / Undetermined)
Frs2 (RP / Undetermined)
Etl4 (RP / Undetermined)
Dync1i1 (RP / Undetermined)
Ctif (RP / Undetermined)
Colec12 (RP / Undetermined)
Col4a6 (RP / Undetermined)
Cntnap2 (RP / Undetermined)
C77080 (RP / Undetermined)
Bmper (RP / Undetermined)
Bambi (RP / Undetermined)
1700011H14Rik (RP / Undetermined)
Wnt5a (FP / up)
Vtn (FP / up)
Tppp3 (FP / up)
Tmem100 (FP / up)
Tm4sf1 (FP / up)
Tcn2 (FP / up)
Spon1 (FP / up)
Slco3a1 (FP / up)
Sirpa (FP / up)
Sipa1l2 (FP / up)
Sh2d4a (FP / up)
Ralyl (FP / up)
Plppr1 (FP / up)
Plekha2 (FP / up)
Pcp4 (FP / up)
Gm2694 (FP / up)
Frmd4b (FP / up)
Foxj1 (FP / up)
Foxa1 (FP / up)
Fam210b (FP / up)
Enpp2 (FP / up)
Efcab1 (FP / up)
Dcn (FP / up)
Ctso (FP / up)
Crim1 (FP / up)
Cbln1 (FP / up)
Bmp1 (FP / up)
Arx (FP / up)
Alcam (FP / up)
Adat1 (FP / up)
1190002N15Rik (FP / up)
Sulf1 (p3 −FP / up)
Ntn1 (p3 −FP / up)
Chl1 (p3 −FP / up)
Calcrl (pMN −p3−FP / up)
Gria2 (pMN −p3 / up)
Gm14226 (pMN −p3 / up)
Vldlr (pMN / up)
Fam198b (p2 −pMN−FP / up)
Gm37350 (p1 −p2−pMN−p3 / up)
Ephb1 (p0 −p1−p2−pMN−p3−FP / up)
Epha5 (p0 −p1−p2−pMN−p3−FP / up)
Nmnat2 (p0 −p1−p2−pMN−p3 / up)
Vit (dp5 −dp6−p0−p1−p2−pMN−p3−FP / up)
Fgfbp3 (dp5 −dp6−p0−p1−p2−pMN−p3 / up)
E130114P18Rik (dp5 −dp6−p0−p1−p2−pMN−p3 / up)
Trim9 (dp5 −p0−p1−p2−pMN−p3−FP / up)
Timp3 (dp5 −p0−p1−p2−pMN−p3−FP / up)
Slc6a11 (dp5 −p0−p1−p2−pMN−p3−FP / up)
Slc6a1 (dp5 −p0−p1−p2−pMN−p3−FP / up)
Mmd2 (dp5 −p0−p1−p2−pMN−p3 / up)
Cdc42ep2 (dp5 −p0−p1−p2−pMN / up)
Bcan (dp5 −p0−p1−p2−pMN / up)
Dbx2 (dp5 −dp6−p0−p1 / up)
Rlbp1 (dp5 −p0−p1−p2 / up)
Aldoc (dp5 −p0−p1−p2 / up)
Sp9 (dp5 −p0−p1 / up)
Frzb (dp5 −p0−p1 / up)
Pgf (dp5 / up)
Grik2 (dp5 / up)
Cav2 (dp5 / up)
Cav1 (dp5 / up)
Wnt7b (dp1 −dp3−dp4−dp5−dp6−p0−p1−p2 / up)
Fat4 (dp1 −dp3−dp4−dp5−dp6−p0−p1 / up)
Socs2 (RP −dp1−dp2−dp3−dp4−dp5−dp6−p0−p1−p2−pMN / up)
Mt2 (RP −dp1−dp2−dp3−dp4−dp5−p0−p2−pMN−p3 / up)
Ppp1r14c (RP −p0−p1−p2−pMN−p3−FP / up)
Kcnk2 (RP −p0−p1−p2−pMN−p3−FP / up)
Ptn (RP −dp1−dp2−dp3−dp4−dp5 / up)
Cd200 (RP −dp5−p0−p1−p2−pMN / up)
Ly6h (RP −p1−p2−pMN−p3−FP / up)
Zic4 (RP −dp1−dp2−dp3−dp4 / up)
Zic3 (RP −dp1−dp2−dp3−dp4 / up)
Dkk3 (RP −dp5−p1−p2−FP / up)
Pla2g7 (RP −p0−p1−p2 / up)
Tmem35a (RP −pMN−p3−FP / up)
Npr3 (RP −p3−FP / up)
H19 (RP −p3−FP / up)
Chchd10 (RP −p3−FP / up)
C1qtnf3 (RP −p3−FP / up)
Ak1 (RP −p3−FP / up)
Tmcc3 (RP −p3 / up)
N�c (RP −p3 / up)
Vgll3 (RP −FP / up)
Slit2 (RP −FP / up)
Pltp (RP −FP / up)
Pcsk1n (RP −FP / up)
Klhdc8b (RP −FP / up)
Emp1 (RP −FP / up)
Col2a1 (RP −FP / up)
Anxa2 (RP −FP / up)
Zcchc18 (RP / up)
Xpr1 (RP / up)
Tpbg (RP / up)
Tmem255a (RP / up)
Tmem176b (RP / up)
Sostdc1 (RP / up)
Sema3c (RP / up)
Rspo1 (RP / up)
Rnf182 (RP / up)
Ppm1h (RP / up)
Pcp4l1 (RP / up)
Pam (RP / up)
Pag1 (RP / up)
Nsg2 (RP / up)
Npy (RP / up)
Nid1 (RP / up)
Kif26b (RP / up)
Kcnn3 (RP / up)
Ism1 (RP / up)
Gxylt2 (RP / up)
Gm5089 (RP / up)
Flnc (RP / up)
Ezr (RP / up)
Efcc1 (RP / up)
Edil3 (RP / up)
ENSMUSG00000097348 (RP / up)
Cx3cl1 (RP / up)
Cux2 (RP / up)
Cp (RP / up)
Col14a1 (RP / up)
Chst1 (RP / up)
Cd9 (RP / up)
Bnc2 (RP / up)
Acss2 (RP / up)
2700069I18Rik (RP / up)
Pygl (FP / down)
Plekhh2 (FP / down)
Opcml (FP / down)
Nrp2 (FP / down)
Klhl21 (FP / down)
Hbegf (FP / down)
Gpc3 (FP / down)
Cplx2 (FP / down)
Calca (FP / down)
Arg1 (FP / down)
Ociad2 (p3 −FP / down)
Kank1 (p3 −FP / down)
I�tm3 (p3 −FP / down)
I�tm1 (p3 −FP / down)
Hsd11b2 (p3 −FP / down)
Halr1 (p3 −FP / down)
Foxa2 (p3 −FP / down)
Dab2 (p3 −FP / down)
Car4 (p3 −FP / down)
Apela (p3 −FP / down)
Nkx2 −9 (p3 / down)
Grrp1 (pMN −p3 / down)
Nkx6 −1 (p2 −pMN−p3−FP / down)
Filip1l (p2 −pMN−p3−FP / down)
Ddc (p2 −p3−FP / down)
Ass1 (p1 / down)
Scube2 (dp1 −dp2−dp3−dp4−dp5−dp6−p0−p1−p2 / down)
Pax6 (dp1 −dp2−dp3−dp5−dp6−p0−p1−p2 / down)
Hic2 (RP −dp1−dp2−dp3−dp6−p0−p1−p2−pMN−p3−FP / down)
Gli3 (RP −dp1−dp2−dp3−dp4−dp5−dp6−p0−p1 / down)
Tcf15 (RP −dp1−dp2−dp3−dp4−dp5−dp6−p3−FP / down)
Olig3 (RP −dp1−dp2−dp3 / down)
Axin2 (RP −dp1−dp2−dp3 / down)
Col4a2 (RP −dp2−p3−FP / down)
Col4a1 (RP −dp2−p3−FP / down)
Olfml3 (RP −pMN−p3−FP / down)
Peg3 (RP −p3−FP / down)
Tpm2 (RP −dp1 / down)
Mafb (RP / down)
Aldh1a2 (RP / down)
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Figure S2: Differentially expressed genes between the different neural progenitor domains. 
Heatmap showing z-scored UMI count distributions of the genes identified as differentially expressed. 
Domains predicted to express a gene are indicated by boxes. Cells within each domain are ordered by 
sample time. Rows are ordered according to the correlation between gene expression and sample time 
(first downregulated genes, r < -.2, then upregulated genes, r > .2, and finally undetermined trends).
.
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Tmem255a (V3 / Undetermined)
Sim1 (V3 / Undetermined)
Pam (V3 / Undetermined)
Nkx2 −2 (V3 / Undetermined)
Dlk1 (V3 / Undetermined)
Tagln2 (MN −V3 / Undetermined)
Sncg (MN −V3 / Undetermined)
Cthrc1 (MN −V3 / Undetermined)
C1ql1 (MN −V3 / Undetermined)
Adgra1 (MN −V3 / Undetermined)
Uts2b (MN / Undetermined)
Tln2 (MN / Undetermined)
Snx18 (MN / Undetermined)
Slit3 (MN / Undetermined)
Slc10a4 (MN / Undetermined)
Rbp2 (MN / Undetermined)
Rbp1 (MN / Undetermined)
Mnx1 (MN / Undetermined)
Mfap3l (MN / Undetermined)
Mcc (MN / Undetermined)
Jun (MN / Undetermined)
Isl2 (MN / Undetermined)
Gm5868 (MN / Undetermined)
Foxp1 (MN / Undetermined)
Cd59a (MN / Undetermined)
Asap1 (MN / Undetermined)
Arhgap36 (MN / Undetermined)
Arhgap28 (MN / Undetermined)
Aldh1a2 (MN / Undetermined)
Arhgap29 (V2b −MN / Undetermined)
Zfpm1 (V2b / Undetermined)
Tal1 (V2b / Undetermined)
Gata3 (V2b / Undetermined)
Crhbp (V2b / Undetermined)
9230102O04Rik (V2b / Undetermined)
Islr2 (V2a −V2b −MN−V3 / Undetermined)
Kif26a (V2a −V2b −V3 / Undetermined)
Nkx6 −1 (V2a −MN−V3 / Undetermined)
Sox21 (V2a −V2b / Undetermined)
Gm26791 (V2a −V2b / Undetermined)
Sp8 (V2a −MN / Undetermined)
Slc18a3 (V2a −MN / Undetermined)
Lhx4 (V2a −MN / Undetermined)
Gm2990 (V2a −MN / Undetermined)
Dach2 (V2a −V3 / Undetermined)
Pcp4 (V2a / Undetermined)
Mlf1 (V2a / Undetermined)
Asic4 (V1 −V2a −V2b −V3 / Undetermined)
Foxp2 (V1 / Undetermined)
Pax6 (V0 −V2a −V2b / Undetermined)
Sp9 (V0 −V1 / Undetermined)
Fam163a (V0 −V2a / Undetermined)
Palm3 (V0 −MN / Undetermined)
Tuba1c (V0 / Undetermined)
Pitx2 (V0 / Undetermined)
Lnpk (V0 / Undetermined)
Hba −a2 (V0 / Undetermined)
Hba −a1 (V0 / Undetermined)
Fech (V0 / Undetermined)
Evx2 (V0 / Undetermined)
Evx1os (V0 / Undetermined)
Evx1 (V0 / Undetermined)
Slc12a5 (dl6 −V0 −V1 −V2a −V2b −MN−V3 / Undetermined)
Samd5 (dl6 −V0 −V1 −V2b −MN−V3 / Undetermined)
Kcnh7 (dl6 −V0 −V2b −V3 / Undetermined)
Irx5 (dl6 −V2a −V2b −MN / Undetermined)
Irx3 (dl6 −V2a −V2b −MN / Undetermined)
Hpca (dl6 −V2a −V2b −MN / Undetermined)
Spon1 (dl6 −V2b −MN−V3 / Undetermined)
Scg2 (dl6 −V2b −MN−V3 / Undetermined)
Pax5 (dl6 −V0 −V1 / Undetermined)
Bhlhe22 (dl6 −V1 −V2a / Undetermined)
Crnde (dl6 −V2b −MN / Undetermined)
Grrp1 (dl6 −MN−V3 / Undetermined)
Luzp2 (dl6 −V0 / Undetermined)
Rasgrp2 (dl6 −V1 / Undetermined)
Nkx6 −2 (dl6 −V2a / Undetermined)
Irx1 (dl6 −V2b / Undetermined)
Ret (dl6 −MN / Undetermined)
Rasgef1c (dl6 −MN / Undetermined)
Nr2f2 (dl6 −MN / Undetermined)
Mbp (dl6 −MN / Undetermined)
Timp3 (dl6 / Undetermined)
Sst (dl6 / Undetermined)
Sash1 (dl6 / Undetermined)
Rph3a (dl6 / Undetermined)
Ptprz1 (dl6 / Undetermined)
Pacsin1 (dl6 / Undetermined)
Irx2 (dl6 / Undetermined)
Hopx (dl6 / Undetermined)
Gm10605 (dl6 / Undetermined)
Cntn5 (dl6 / Undetermined)
Cartpt (dl6 / Undetermined)
Pbk (dl5 −V1 −V2a −V2b −MN / Undetermined)
Erbb4 (dl5 −dl6−V1 / Undetermined)
Fgf12 (dl4 −dl6−V0 −V2a −V2b −MN−V3 / Undetermined)
Adamtsl1 (dl4 −dl6−V0 −V1 −V2b −V3 / Undetermined)
Mafb (dl4 −dl6−V0 −V1 −MN / Undetermined)
Lypd1 (dl4 −dl6−V1 −V2b −MN / Undetermined)
Slc6a5 (dl4 −dl6−V1 −V2b / Undetermined)
Slc32a1 (dl4 −dl6−V1 −V2b / Undetermined)
Slc30a3 (dl4 −dl6−V1 −V2b / Undetermined)
Nrxn3 (dl4 −dl6−V1 −V2b / Undetermined)
Gad2 (dl4 −dl6−V1 −V2b / Undetermined)
Gad1 (dl4 −dl6−V1 −V2b / Undetermined)
Cacna2d3 (dl4 −dl6−V1 −V2b / Undetermined)
March4 (dl4 −dl6−V1 −MN / Undetermined)
Lbx1 (dl4 −dl5−dl6 / Undetermined)
Pax8 (dl4 −dl6−V1 / Undetermined)
Pax2 (dl4 −dl6−V1 / Undetermined)
Myh7 (dl4 −dl6−V1 / Undetermined)
Rpp25 (dl4 −dl6−V2b / Undetermined)
Unc5c (dl4 −dl6−MN / Undetermined)
Gbx2 (dl4 −V1 −V2a / Undetermined)
Sv2c (dl3 −dl4−dl6−V1 −MN / Undetermined)
Dlc1 (dl3 −dl6−MN / Undetermined)
Cacna1e (dl3 −dl6−MN / Undetermined)
Tlx3 (dl3 −dl5 / Undetermined)
Scn9a (dl3 −MN / Undetermined)
Prph (dl3 −MN / Undetermined)
Coro2a (dl3 −MN / Undetermined)
Anxa5 (dl3 −MN / Undetermined)
Rgs7bp (dl3 −V3 / Undetermined)
Pex5l (dl3 −V3 / Undetermined)
Gal (dl3 −V3 / Undetermined)
Rgs4 (dl3 / Undetermined)
Ptprr (dl3 / Undetermined)
Ppp1r1c (dl3 / Undetermined)
Kcnmb2 (dl3 / Undetermined)
Gm13889 (dl3 / Undetermined)
Neurod1 (dl2 −dl3−dl4−dl6−V0 −V1 −V2a −V2b −MN−V3 / Undetermined)
Neurog2 (dl2 −dl3−dl5−V1 −V2a −V2b −MN / Undetermined)
Esrrg (dl2 −dl6−V1 −V2a −V2b −MN−V3 / Undetermined)
Lhx5 (dl2 −dl4−dl6−V0 −V1 −V2b / Undetermined)
Lamp5 (dl2 −dl4−dl6−V0 −V1 −V2b / Undetermined)
Gm27199 (dl2 −dl4−dl6−V0 −V1 −V2b / Undetermined)
Nr4a2 (dl2 −dl6−V0 −V1 −V2b / Undetermined)
Tfap2b (dl2 −dl3−dl4−dl5 / Undetermined)
Tfap2a (dl2 −dl3−dl4−dl5 / Undetermined)
Skor1 (dl2 −dl3−dl4−dl5 / Undetermined)
Cbln4 (dl2 −dl4−dl6−V3 / Undetermined)
Megf11 (dl2 −dl5−V2a −MN / Undetermined)
Prdm8 (dl2 −V1 −V2a −V2b / Undetermined)
Mecom (dl2 −dl6−MN / Undetermined)
Lmo3 (dl2 −V1 −V2a / Undetermined)
Pou4f2 (dl2 −dl3 / Undetermined)
Ntrk1 (dl2 −dl3 / Undetermined)
Hmx3 (dl2 −V1 / Undetermined)
Gm12688 (dl2 −V1 / Undetermined)
Foxd3 (dl2 −V1 / Undetermined)
Bhlhe23 (dl2 −V1 / Undetermined)
Peg10 (dl1 −dl2−dl3−dl5−dl6−V0 −V2a −V2b −MN−V3 / Undetermined)
Mfng (dl1 −dl2−dl3−dl5−V0 −V2a −V2b −MN−V3 / Undetermined)
E130006D01Rik (dl1 −dl2−dl6−V0 −V1 −V2a −V2b −MN−V3 / Undetermined)
Uncx (dl1 −dl2−dl3−dl4−dl5−dl6−V0 −V3 / Undetermined)
Cacna2d1 (dl1 −dl2−dl3−dl5−V0 −V2a −MN−V3 / Undetermined)
Tmem163 (dl1 −dl2−dl3−dl5−V0 −V2a −V3 / Undetermined)
Slc17a6 (dl1 −dl2−dl3−dl5−V0 −V2a −V3 / Undetermined)
Nrn1 (dl1 −dl2−dl3−dl5−V0 −V2a −V3 / Undetermined)
Sfrp2 (dl1 −V0 −V1 −V2a −V2b −MN−V3 / Undetermined)
Pou3f1 (dl1 −dl2−dl3−V2a −MN−V3 / Undetermined)
Robo3 (dl1 −dl2−dl4−dl6−V0 −V3 / Undetermined)
Pou6f2 (dl1 −dl3−dl6−V0 −V1 −V2b / Undetermined)
Igfbp5 (dl1 −dl3−dl6−V2a −V2b −MN / Undetermined)
Fam19a1 (dl1 −dl2−dl3−dl5−dl6 / Undetermined)
Eya2 (dl1 −dl2−dl3−dl5−V3 / Undetermined)
Msx3 (dl1 −dl2−dl4−dl5−V2a / Undetermined)
Adcyap1 (dl1 −dl3−dl5−V0 −V3 / Undetermined)
Nrgn (dl1 −dl4−dl5−dl6−V3 / Undetermined)
Pou4f1 (dl1 −dl2−dl3−dl5 / Undetermined)
Pdzrn4 (dl1 −dl2−V0 −V1 / Undetermined)
C1ql3 (dl1 −dl2−V0 −MN / Undetermined)
Sorcs3 (dl1 −dl6−V0 −V3 / Undetermined)
Tgfb2 (dl1 −V2b −MN−V3 / Undetermined)
Olig3 (dl1 −dl2−V3 / Undetermined)
Mdga1 (dl1 −dl2 / Undetermined)
Gm28050 (dl1 −V0 / Undetermined)
Msx1 (dl1 −V2b / Undetermined)
Gsg1l (dl1 −V3 / Undetermined)
ENSMUSG00000102938 (dl1 −V3 / Undetermined)
Lhx2 (dl1 / Undetermined)
Kctd4 (dl1 / Undetermined)
Id3 (dl1 / Undetermined)
Gm26872 (dl1 / Undetermined)
Barhl2 (dl1 / Undetermined)
Tspan17 (MN / up)
Stx1a (MN / up)
Slit2 (MN / up)
Slc5a7 (MN / up)
Sema3c (MN / up)
Selenom (MN / up)
S100a10 (MN / up)
Rxrg (MN / up)
Rbms3 (MN / up)
Rapgef6 (MN / up)
Pfkp (MN / up)
Pcdh7 (MN / up)
Nyap2 (MN / up)
Nwd2 (MN / up)
Ntf3 (MN / up)
Nrp1 (MN / up)
Nrg1 (MN / up)
Ngfr (MN / up)
N�a (MN / up)
Nefm (MN / up)
Ne�(MN / up)
Mt3 (MN / up)
Kcnab1 (MN / up)
Il6st (MN / up)
Fxyd7 (MN / up)
Ecel1 (MN / up)
Creb5 (MN / up)
Clstn2 (MN / up)
Chodl (MN / up)
Btbd3 (MN / up)
AI593442 (MN / up)
A730046J19Rik (MN / up)
Sox14 (V2a −V2b / up)
Ntng1 (V2a −MN / up)
Lhx3 (V2a −MN / up)
Vsx2 (V2a / up)
Shox2 (V2a / up)
Hbb−bs (V0 −V2b / up)
Pnoc (dl6 −V0 −V1 −V2b / up)
Pcdh11x (dl6 −V0 −MN / up)
Opcml (dl6 −V2b −MN / up)
Foxb1 (dl6 −V0 / up)
Cdh8 (dl6 −V1 / up)
Smim10l2a (dl6 −MN / up)
Lrp1b (dl6 −MN / up)
D430041D05Rik (dl6 −MN / up)
Adap1 (dl6 −MN / up)
Wt1 (dl6 / up)
Stum (dl6 / up)
Sparcl1 (dl6 / up)
Rims4 (dl6 / up)
Ndst4 (dl6 / up)
Fam131c (dl6 / up)
Fam129a (dl6 / up)
Ccdc85a (dl6 / up)
Ccdc166 (dl6 / up)
Lmx1b (dl5 / up)
Neurod6 (dl4 −V0 / up)
Npy (dl4 / up)
Gbx1 (dl4 / up)
Cbln1 (dl3 −dl5−MN−V3 / up)
Prrxl1 (dl3 −dl5−dl6 / up)
C130021I20Rik (dl3 −dl5 / up)
Bcas1 (dl3 −dl5 / up)
Mab21l1 (dl2 −dl3−dl4−dl5 / up)
Gm2694 (dl2 −dl3−dl5−V3 / up)
Nxph1 (dl2 −V0 −V1 −V2b / up)
Zic1 (dl1 −dl2−dl3−dl4−dl5 / up)
Synpr (dl1 −V0 −V1 −V3 / up)
Chmp2b (dl1 −dl4−dl6 / up)
Cbln2 (dl1 −V0 / up)
Neurog3 (V3 / down)
Sema3d (MN / down)
Angpt1 (MN / down)
Ccdc182 (V2b −V3 / down)
Zdbf2 (V2b / down)
Gata2 (V2b / down)
Vsx1 (V2a −V2b / down)
Fam183b (V2a −V2b / down)
Lmo1 (V1 −V2b −MN / down)
En1 (V1 / down)
Ass1 (V1 / down)
Cldn3 (V0 −MN / down)
Hbb−y (V0 / down)
Hbb−bh1 (V0 / down)
Hba −x (V0 / down)
Xrcc5 (dl6 −V1 / down)
Dmrt3 (dl6 / down)
Lockd (dl5 −V0 −V2a −V2b / down)
Ascl1 (dl5 −V2a −V2b / down)
Pax3 (dl5 / down)
Gsx2 (dl5 / down)
Ppp1r17 (dl3 −V0 −V3 / down)
Arg1 (dl3 −V0 / down)
Otp (dl3 −V1 / down)
Isl1 (dl3 −MN / down)
S100a16 (dl2 −dl6−V0 −V1 −V2a −V2b −MN−V3 / down)
Fignl2 (dl2 −dl6−V0 −V1 −V2a −V2b −MN−V3 / down)
Neurod4 (dl2 −dl3−V1 −V2a −MN−V3 / down)
Lhx1os (dl2 −dl4−dl6−V0 −V1 −V2b / down)
Lhx1 (dl2 −dl4−dl6−V0 −V1 −V2b / down)
Arl4d (dl2 −V0 −V1 −V3 / down)
Neurog1 (dl2 −V1 −V2a −V2b / down)
Hmx2 (dl2 −V1 / down)
Btbd17 (dl1 −dl2−dl3−dl4−dl5−V1 −V2a −V2b −MN−V3 / down)
Crabp1 (dl1 −dl2−dl3−V0 −V1 / down)
E2f1 (dl1 −dl5−V2a / down)
Sct (dl1 −MN / down)
Rassf4 (dl1 / down)
Nkd1 (dl1 / down)
Lhx9 (dl1 / down)
Hoxb3os (dl1 / down)
Grem2 (dl1 / down)
Barhl1 (dl1 / down)
Atoh1 (dl1 / down)
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Figure S3: Differentially expressed genes between the different neuronal domains.
Heatmap showing z-scored UMI count distributions of the genes identified as differentially expressed. 
Domains predicted to express a gene are indicated by boxes. Cells within each domain are ordered by 
sample time. Rows are ordered according to the correlation between gene expression and sample time 
(first downregulated genes, r < -.2, then upregulated genes, r > .2, and finally indeterminant trends).
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Figure S4: Hierarchical clustering of dI1, dI2, dI3, dI4, dI5, V0, V1 and V2b neurons.
Characterization of neuronal subtypes by hierarchical clustering of the indicated domains. Hierarchical 
clustering was performed using the curated gene modules available in Table S2. A subset of genes includ-
ed in the modules are indicated on the righthand side.
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Figure S5: Temporal stratification of neuronal subtypes by a shared set of TFs
(A) Expression of Zfhx3 in neurons at e10.5
(B) Increased expression of Neurod2 in neurons after e11.5. At e11.5 only few neurons in the very dorsal 
and ventral spinal cord express Neurod2. Number of Neurod2 positive neurons strongly increases 
between e11.5 and e13.5.
(C-E) Coexpression of Pou2f2 with specific markers for multiple domains at early developmental stages 
(e10.5 for Nkx2.2 and Lbx1, e11.5 for Vsx2). At e13.5, Nfib is expressed in the same domains in a subset 
of neurons. These neurons are typically adjacent to the ventricular zone, consistent with their late birth 
date.
Scale bars = 50 µm, scale bars of insets are 25 µm
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Figure S6: Pseudotime analysis reveals gene expression dynamics underlying neurogenesis in 
several domains.
(A) Heatmap showing the 4 genes modules identified as similarly expressed in all dorsal-ventral domains 
and involved in neurogenesis and progenitor maturation. Among the 114 genes, red gene labels indicate 
genes excluded from the following analysis because of significant dorsal-ventral bias.
(B) Smoothed expression profile of the neurogenic trajectory from p3 to V3 shows increasing levels of 
Nkx2.2 during neurogenesis. Note that Nkx2.2 in contrast to other neural progenitor markers continues to 
be expressed in V3 neurons.
(C) Smoothed expression profile of the neurogenic trajectory from dp3 to dI3 shows a transient upregula-
tion of Olig3 prior to neurogenesis that coincides with the maximal expression of Neurog2.
(D) Smoothed expression profile of the neurogenic trajectory from dp2 to dI2 shows a transient upregula-
tion of Olig3 prior to neurogenesis that coincides with the maximal expression of Neurog1.
(E) Upregulation of Nkx2.2 in Olig3+ (red arrows) V3 neurons compared to Sox2+ Nkx2.2 p3 progenitors 
at e11.5.
(F) Upregulation of Olig3 in neurogenic dp3 progenitors labelled by Neurog2 (red arrows).
(G) Upregulation of Olig3 in neurogenic dp2 progenitors labelled by Neurog1 (red arrows).
(H) Specific upregulation of Olig3 is anti-correlated with Msx1 (red arrows). The broadly dorsal progenitor 
marker Pax3 is homogeneously expressed in dp2 and dp3 domains. 
Scale bars = 50 µm
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SUPPLEMENTAL TABLES 

Table S2. Curated gene lists used to cluster the neuronal subtypes in each dorsal-ventral domain. 

 Table S3. List of primary antibodies including manufacturer and the dilutions used. 

Table S4. Summary table indicating the number of genes and modules for each step of the gene 
module identification method used to cluster the neuronal subtypes. 

Table S1. Knowledge matrix used to identify cell types. Columns indicate the cell type classes 
and rows the genes.  A gene contributes to a class definition if the associated value is 1. 

Click here to Download Table S1

Click here to Download Table S2

Click here to Download Table S3

Click here to Download Table S4

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n

Development: doi:10.1242/dev.173807: Supplementary information

http://www.biologists.com/DEV_Movies/DEV173807/TableS1.csv
http://www.biologists.com/DEV_Movies/DEV173807/TableS2.csv
http://www.biologists.com/DEV_Movies/DEV173807/TableS3.xlsx
http://www.biologists.com/DEV_Movies/DEV173807/TableS4.csv
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