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A) Immunostaining shows the expression of a general neuronal marker (Map2) and markers that are specific for
neuronal subtypes: dopaminergic neurons (TH); motor neurons (ChAt, ISL1); glutamatergic neurons (vGlutl); and
serotonergic neurons (5-HT). Cultured cells were stained 30 days after NPC were subjected to non-specific neural
differentiation conditions. B) Immunostained images as shown in (A) were quantified by Columbus Analysis
System to determine the efficieincy of neuron differentiation. C) Percentage of neuorns expressing the indicated
markers of forebrain, midbrain and hindbrain/spinal cord neural cells were determined for differentiaiton
experiments 1 and 2. (D) Percentage of cells expressing at least one HOX gene in experiment 1 and 2.
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A) Outline of the workflow for experiment 2. Harvested cells at day 0, day 3, day 7 and day 14 were filtered
of dead cells and then loaded on the C1 Fluidigm system for single cell capture. This is a second independent
differentiation experiment that provided a replicate set of single cell RNA sequence data. B) After
sequencing, similar analysis as in Fig. 1C was performed to determine the total number of genes expressed
per cell at the indicated time points. Each dot represent one cell.
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A) The gene penetrance across the six time points of experiment 1 are shown. High, medium and low
penetrance genes are distributed across five quintiles as shown for each time point. For example: the 0.8-1
quintile indicates that more than 80% of the cells in a given time point express this gene. B) A similar
analysis was performed for experiment 2 (day 0 day 3 day 7 and day 14). Both of these experiments show
that high penetrance genes (80%-100%) increased early and decreased later as neurons developed from
NPC.
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Principal component analysis (PCA) of a scRNA-seq data set. (A) The dot plots show the groups of cells
corresponding to sampling time points (day O to day 30) based on expression of filtered genes with each
dot representing a cell. Cells are labeled with different colors based upon time points as shown. Ellipses
shows clustering of the samples. (B) The scree plot indicates the explained variance for each of the top
20 principal component dimensions.
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A) After comparing any two time points, as shown in Fig. 1E, 3986 significantly (p<0.05) differentially expressed genes
were obtained(Table S3). To enhance pattern detection of significantly differentially expressed genes for downstream
analysis the curve was drawn based on the gene frequency and —log,, (p-value) for all 3986 genes. Representative p-
values (0.05, 10-*1and 1077) are labeled by (a), (b) and (c), and 528 genes were obtained(Table S4) with fold change > 1.5
and p < 107. Each line with different colour represents one comparison of 2 time points as shown. D0, D1, D5, D7, D10
and D30 represents Day 0, Day 1, Day 5, Day 7, Day 10 and Day 30 respectively. 279 genes were obtained with fold
change >1.5 and p<10-" when similar analysis was performed for experiment 2 as indicated(B). C) Pie chart showing that
71.7% of the 279 genes in experiment 2 were also significantly differentially expressed in experiment 1.



Fig_S7

”II':%}I ‘I‘:”"r Iu‘l‘ HI hl’ " Hlml‘ \H';\ II“”\I |‘ 11y i n . :Pom 1 + | ;i”i‘ |,H::|"1'II?’”‘|*| H'{HJ,, !!I; MI ‘:‘Juﬁ:mgﬁiﬂ I I
l”| u{n\ ) |] w i m Lp i) P ?2 " 410
s «

| 1] If hll 1} II I\’l\l
1|H|'|!f|lll |\ lII Iblll""l l\ |\"II I III‘|| I‘ i

H\II II11[ il II | I \l Y\II’

il I

\\I\ Il I II | ) n ]
‘ ‘ﬁl“\ﬁ II‘IH ‘\ FIMIL T ‘\I'I "’Il l\ll “ | II H [
I ilﬂ‘lml IIFI I‘IIIIII |'|‘H II I\ I: “ ‘Hlllllr\,‘ ‘ ’ |I|"‘IIJII I‘ IH‘I‘ II\‘ II‘I \ll : | ‘ flll ‘”F h“ ”‘ITIEII II “ \ 1 | I b l I
e .'\'v'ur“lr'm'r"\"‘hl' Y gy ‘. il il “KI A ,.ﬂ'rm o -”|.'J![ o ".1";
L1 I\IHIHH H I I IWHI ) ‘I 'IHI | h%“ﬂ[w“ } rfl Jr‘& \ NI Iyl‘”l “‘IH:"EIH "
I , HII il ‘ 1 IHJ:IIII\HH‘II‘* l | |l| |4 ”l l‘l i I‘I I llqr! *‘)1 II;‘ III" il
o |r (! ""'i+|
| ! | 1 | | I LI \II” \‘HI‘II ‘\‘”I’IIII\ hl\l”\“‘ |Jll L5-1 KII U H” "[ l ‘ I\ | ‘ I]“H:HIH‘I: IPII!I\H‘ I II‘ | I
e sy \" I I"""f"ﬂ\r N/ w !'”‘”'}'"‘l Jf”‘ A T&ﬁ” 6#,}}'" Pt u{ ‘H'Ilj u' | I 0

I:H ‘I‘nl‘r | |:| }ll J‘ ||‘m|‘lH :I II |'I|'||Ir h” 1| ‘I‘ ‘“‘I" | . s“" " ‘fﬁ | l | | ' ‘
] HIIII‘ Wi \|'||‘|||f||I '\'\‘HWHIH\I [‘\Iu”' a1l EuE o ||””| i |I it o bR
: I H|||\| ‘l l”\:\ |||:FIJH‘|‘\ |II \I |“| ” |‘ ‘H Il ||‘I‘: ‘lmlﬂll’ td ||‘ 1"'. J“ \"“l |¥ lllil ll‘y
i \‘.\‘ Fias =t it d'r i ‘L | fliL'u

H‘I‘ ""|”"||H|m||u|u i} I \ III Il I ‘I II| I|”h I ’ |‘ IWI !

) i

||‘| M'"::h"'l‘ Hllu II\(IIIIIIIHH il c |
M'"'" ik LN Ll ”Il |||| | "[uu
| i I ‘ i g ol ””i H ‘i lf II:I)“I'I'”'}H”I:‘ i
e \IIII'\\II f H

I Lty V } ‘

TR ”H il i ‘I ’u”llj" b |

]

\ufuu bt

|’I "MIII

’ NI IT]

il ,t*r'

i ETTT R Y

':M’ﬂ'"l Hﬂ'lu‘ﬁ'"‘”H“‘"l' i 5"'”“ i

R .l!,:.;,w; iy il i 'I": i i I.I.
m"r%o M;I‘ 11%%%'“? M:mmw } rT !'; | }3%4"{ : *'.'M.'i i
i e R ‘ il WL
IR S g fﬁ MN“J i

b iy ‘|.|‘” ,r..*,'.ﬁ'l;f*""';;l i 1|'M é
LR T 1 “"W

.;:r%

11 III

s
n“w"'"w"w""‘ i 'uw;ll M‘-ﬂ' i
".”' M" " 4r'")‘l":""""“ by 'gli "‘..

FIIJ

I n lI l
." '. »'l. ““‘ b

;(RI"'i|ga‘.\:' ﬁ‘ »k i ‘

& s ‘?"W

HW LI

« a.‘ rwdl Ah !

! m : H‘ I\IlrH ‘Illl\ \HII | IIIIl Ifl‘"\"‘l‘ I‘I\‘“ an

|I I :I\II‘I‘IHIHI I H h | \\IIH\L\F\ I”I lw”

A9 1 IIIiIIIHI\ | I

Iwu Fhee iy ..'u / nu.u gty “'”"1\‘."' M.h. i W Il t

i ‘,.w
m I J' ||'| hunai' ’* Mhh*

i gl A
I e r‘|'m'|" “ Wl

23.2 H Wl
I 1 ICICTI \‘ [ | Illql \Il | i ‘I | 1 i 1I 1 l llllll’l! I}j‘illlll‘ !
. II \”‘ \I i hl IH‘II \l‘WIII \I"IH:IH IIJ{I ‘\I‘I I 1] II II IHEFIIIH |: HI l':I 7 l’ ' i l ‘l ) 1] I‘I I\
U ..q‘\'lwq.l‘u.ni(u‘{ W' iy ”‘ H‘uﬂw I B, M.J..mr.'.c oy il
' i ‘I | [

(AT I " | ‘hll |

ST I f'l | | \ '|||"u|f\“‘\ 'z”'csz’fz

IIV HFII‘ i n ‘ I\III I II |

,_,—E:_—

v ! | "””'"U ;H
“‘ ‘ : Z ” o '”@;:]w ql {f L‘ "l

Heat map shows the hierarchical clustering of cells based on differential expression of representative genes
from Figl. F during neuron differentiation using a statistical cutoff of p<10-”
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After comparing subpopulations ‘a’, ‘b’ and ‘c’ on day 0 and day 1, there were 58 differentially
expressed genes (Table S6). A heat map was generated to show the distinct pattern of gene expression
for all the 58 genes on day 0 and day 1.



Fig_S9

A
Mitosis
Nuclear division
M phase
0 2 4 6 8 10 12
B
8 8 8
Day O G1: 52.8% ~{Day 14 G1: 67.34% "1 Day 30 G1: 70.749
1 M+G2: 42.4% 81 M+G2: 20.78% §1 M+G2: 17.47%
£¥ £33 2§
8g; - 3. 38 4
M " ]
2 |—.J 2. g4 E_M’a
c,-0 200 a00 800 1000 0 i .660. o .Bfl)O. o -10.0[ 0 200 400 FLa-H 600 800 1000

A) GO analysis of ‘ab’ subpopulation higher expressed genes compared with ‘c’ subpopulation at day 30, The X-
axis indicates the —log (Benjamini p-value). B) Flow cytometry was performed for day 0, day 14 and day 30, and
the percentage of cells in different cell cycle stages was calculated to ascertain the fraction of dividing (M+G2
phase) and non-dividing cells (G1 phase ). M1= G1, M2+M3=M+G2.
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A) Immunostaining analysis was performed for neural cell marker PAX6 on day 0, day 1 and day 5
as shown. Nuclei were stained with DAPI(blue). B) Immunostained images were quantified by
Columbus Analysis System to determine the percentage of PAX6+ cells.
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Gene expression of selected genes across time course of neuronal differentiaton. Dot plots of expression in
individual cells in different subpopulation as indicated of all 6 time points: A) cell cycle genes (HMGA?2),
stem cell markers (LIN28A, CDX2) and neuronal markers (DCX, STMNZ2); B) HOX genes(HOXC10,
HOXA3, HOXC9); C) early B cell factor (EBF1, EBF2, EBF3); and D) PAX family(PAX3, PAX5, PAX7
and PAX8) . Y-axis represents the gene expression level. Each small dot represents a cell and the large dot
indicates the medium expression of a given cell subpopulation. Error bar represents variation of the given
gene in a given cell subpopulation. E) Q-RT-PCR performed for PAX genes at 6 time point to confirm the

developmental dynamics in (D).
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Gene ontology was performed by David 6.7 for differentially expressed genes between 'a‘, 'b' and
‘c” subpopulations of day 1 respectively. The X-axis indicates the —log (Benjamini p-value).
This figure shows that b and ¢ subpopulations are similar at day 1.
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Q-RT-PCR performed for POU3F2, MIAT, PBX1 and DANCR on days 0, 1, 5and 7.
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A) Heat map showing the expression of WNT genes in subpopulations at different time points. Each column
represents a cell, each row represents the indicated gene. B)Q-RT-PCR shows the expression levels of
WNT5A, WNT2B, WNT3 in all 6 time points as indicated. These 3 members showed relatively high
expression in our single cell RNA-seq data.
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Similar regulatory network analysis as in Fig. 5A was performed for all differentially expressed genes of
the subpopulations on day 0(A) and day 30(B).



Fig_S17

Day 0 Day 1 Day 5 Day 7 Day 10 Day 30

’?Mﬂ'ﬁ'%ﬁ. .

A heat map was generated for the expression of TFs shown in the derived network of Fig. 5D for
different cell subpopulation at different time points. Each column represents a cell and each row
represents the indicated gene.
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Our scRNA-seq data was analyzed by the published scTDA method (Rizvi et al. 2017). A) We selected genes that have an
average of 2 or more counts across the cells and a minimum z-score of +2.0 with respect to the sigmoidal fit. 204 genes
were obtained by scTDA, 29 of which are included in our 528 gene list (see Fig. 1E). B) scTDA reconstructed
differentiation trajectories based on expression of all cells from NPCs to neurons (colored by sampling times). The root
nodes correspond to sets of cells sharing similar global transcriptional profiles, with the node sizes proportional to the
number of cells in the node (i.e. larger node size representing more cells). Nodes that are connected by an edge have at
least one cell in common. Topological representation (labelled by mRNA levels) of WNT5A(C) and DCX(D) show
concordant expression of these transcripts during the development of neurons.
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A) Gene ontology was performed by David 6.7 for all the 192 differentially expressed genes (Table
S5) between 'a’ and 'b' subpopulations of day 0. The X-axis indicates the —log (Benjamini p-value). No
cell cycle differences were apparent in 'a' and 'b' subpopulations on day 0. B) Similar analysis was
performed for differentially expressed genes between ‘a’ and ’b’ subpopulation of day 1.
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The heat map shows the expression level of the same genes on day 0 of experiment 1(A) and 2(B). Each

column represents a cell and each row represents the indicated gene.
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Q-RT-PCR shows the expression level of RMST and MEIS1 for bulk cells at all 6 time points.
These genes were not significantly up-regulated during neurogenesis.
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A) Q-RT-PCR shows the expression level in bulk cells for ELAVL3, RUNX1T1, MYT1l, LINC00461 and
BCL11A at all 6 time points. These genes were significantly up-regulated during neurogenesis. B) Knock
down gene expression experiments were performed for ELAVL3, RUNX1T1, MYT1l, LINC00461 and
BCL11A during neuronal differentiation (the empty plko.1 vector served as a negative control). Neuronal
marker TUJ1(Green) and nuclei were stained with DAPI (blue) after 7 days of knockdown of these
candidates. C) Immunostained images were quantified by Columbus Analysis System to determine the
efficiency of neuronal differentiation.
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Simple cell differentiation model. A) Some NPC require sequential activation of ASCL1 and NEUROD1
to differentiate into neurons. B, C) Other neurons develop with activation of either ASCL1 or
NEUROD1, which may in turn give rise to alternative neuronal subtypes.



