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Figure S1. Related to Figure 1B, 1E, 1G, 2B

(A) Levels of barcodelet transcripts detected by RT-gPCR 24 hours after transfection with Lipofectamine 3000 (Lipo
3000), Lipofectamine MessengerMax (Lipo MessengerMax), TransIT-mRNA, and Xfect RNA, shown as fold difference
compared to Actb levels. Error bars represent standard deviation from two biological replicates.

(B) Percent Trypan Blue positive dead cells 24 and 72 hours after transfection with barcodelet and TransIT-mRNA
(orange) or untreated control (blue). Error bars represent standard deviation from two biological replicates.

(C) Correlation of bulk RNA-sequencing of cell populations which vary according to the treatment they received and
barcodelet delivery method. Barcodelets were delivered via transfection and the populations assessed after 24h and 72h
in the Barcodelet24h and Barcodelet72h respectively. Control cells did not observe any treatments, while untransfected
cells did not receive any barcodelets. Foxa2GFPplus, Foxa2GFPminus, and Tdgf1GFP conditions refer to cell lines which
received some combination of treatments as well as barcodelets via transfection

(D, E) Distribution of summed barcodelet count fraction of top 3 most abundant barcodelets in mesendoderm dataset (D)
and mixed dataset (E), grouped by whether or not the top 3 most abundant barcodelets from a valid combination

(F) Difference in model accuracy on randomly-held out test set with increasing number of pathways when predicting
combinatorial pathway status vs. each pathway independently. * indicates bonferonni-corrected p-value for paired t-test <
0.05

(G) Number of cells collected per treatment condition across datasets. Different colors correspond to different replicates
multiplexed within the same dataset

(H, 1) Expression of known EXEN gene markers for mESC (B) and mesendoderm (D) starting states

(J, K) Expression of known mESC gene markers for mMESC (C) and mesendoderm (E) starting states

(L) Heatmap depicting correlation of mean expression profiles for cells starting at the mesendoderm stage assigned to
each treatment combination. The last column (indicated by grey circles) corresponds to control cells. Legend colors are as
in (A)
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Figure S2. UMAP visualization of cells assigned to different treatment groups. Related to Figure 2C-D

(A, B) Visualization of cells assigned to a few treatment groups for cells starting at mESC (A) and mesendoderm (B)
states. Order of treatment conditions left to right, top to bottom is as in Figure S2A. For each subplot; Top: Distribution of
distances between cells assigned to that treatment condition and control cells. Bottom: UMAP visualization of cells
assigned to that treatment condition, colored by dataset



e Hoxal Lefty1 v
cdx2 Hoxal Leftyl Mest 2 fox “ &
A= o= e nA - - m\ e m -
q% a3 13 s — it — wnt 4 wat —
o . -~ i
2 & 2] 2] s oo R e e
e m s g - o —
1 ES JEES 1: S e A Fot e Fo < Fat- i
5o & of +| o s = AT — [ — avint — rwine —
k] T T T T T T T T RABMp: — RATO!B. — RATO!B. — RATO!B =4
g 100 16d00 15800 16000 14000 16000 14000 15000 16000 Axror- =
s e RaBmp | —— Anmp — wwmp | ——
§ Mixi1 T Tdgf1 Trh Wint:Bmp- —_ —rt et ag ! e
Wtrar - T — T — T —
=4 A_ - a9 TgfB:Bmp- = Wnt:Bmp- —— Wnt:Bmp: - Wnt:Bmp- —_
3] —b— 14 3+ Tl 4= wintFat — [ + WotFat —-+
2 e 2] i+ 2] & AT - Tore:Bmp = ToteEmp] TotE-8mp —
1 — 17 + 1 - Ravint B, —_ Tofe:for e Tote:For — Tore:fat =
= WotFgt — smofor|  —— ampiFat - ampar =
3 —&—| o *| o * RA:TgfB:8mp | —_ RA:WNLTGIB. — RA:WNE:TQB- - RA:WNE TGI8 -t
15000 16600 17000 14000 15000 16000 1400 15000 16600 ReTom:rr - RAVInBmD: —_ RAwnBmD RawntBmp- —
Model fit L TofB Bmp —— [Vl RAVInGFor- - RAMWnFor- i
(bl B RATrS:8mp | - RATorB:8mp] — AaTarB:amp —
wWntampFet] —— RAToriFor — Aot 4+ RATorBof —
Wt TofB:Bmp:For-| e RABMP:Fof- — RABPIFo. — RABmpIFg- —
£mb reaToemy] —— | Wiy = wncrammy] — wniTomamy | —
Fof Jraviteives-n — WatTofe:Fot{ - wnTorrot | — VintTofB For =
AR TofBamp ot | A Watamp:Fof | — Wntemp:For | - wint@mp:rot | L
‘GVnt:TgfB:Bmp:Fgf - — TgfB:Bmp:Fgf- — TgfB:Bmp:Fgf- - TgfB:Bmp:Fgf{ —
g T & % I T do ds 0 & 1
= 8 T Tagrt
= H
=k w2 H — — . —
—0 H wnt wnt — ] T— e P
N T Tofs — Tors — o
2 emp amp - amp]  — x
MixI1 Tdgfl Thre ot ot — o — . —
aaint Raint wint —_ o —
AT Ao ARTo. — i i
Rasmp. Rasmp RaBmD. — Tor —
RA:Fgf- RA:F: RAFoF: RA:Bmp- —
wntToft Wt Tofd —_ WatTofs —
s Mixi1 Tire Wnt:Bmp- Wint:Bmp- — Wnt:Bmp: — PCFor
§ 0] r=o b8! Je 450 7= 0845 Wncrgr Vintrgt —_ st S wotTgis]  ——
] 7 TofEBmp T Bmp -+ TotBm — Watgmp —
¢ . Tore fat Tofe:For o Torm:ror — Wt .
il . 4B Bmp:For- BmpFof- — BmpiFor — ot
s - RA:WNE:TgfB- RA:Wnt:TgfB: — RA:Wnt: TgfB- —t of o
£ RAMintomp. RAVin:om. — | Rawmeme] —— Tofe:fat —
3 .. RA:Wnt:Fgf- RA:Wnt:Fgf- —_— Wnt:Fgf- —_— Bmp:Fof- e
: AnTor85mp ] AT 5D ] —— AATgBBmp ] —— RAWNTo —t
H Sors rot A Toro ror — L — o
g TR T o s — ] —— R n
= Wnt:TgfB:Bmp- :TgrB:Bmp- —_— Wnt:TgfB:Bmp4 —— Ink:Fot
Wnt:TgfB:Fof{ Wnt:Tgfe:Ff- —— Wnt:TgfBiFgf| — RATofB:8mp{ ——
Wnt:Bmp:Fgf-| Wnt:Bmp:Fgf - — Wnt:Bmp:Fgf- —_— RATgfB:Fof - —_
o5 6mp For| To1b.6mp. - —— | Tomemprar] S axmpFor —
Leftyl L RAWALToM Bmp | — R .
3{—— 4 —= RA:Wnt:TgfB:Fgf - —_— p——— of P
L+ Wnt:TfB:F —_—
4q A 3] —s wintmp£of ] it Tors ot
BmpFor] — —— wint8mp:Fot | J—
29 4 24 — Wit Tofe:Bmp.For| - —= Tofe:Bmpar —
S b 10 <05 00 05 10 15 1 1 0 =05 00 05 10 15 0.5 00 05
E| & E| & e - - -
1 ) ol L - . . 95% Credile nteval
S 15000 16000 16000 16500 15000 16000
§ Tdgfl Tfrc N
=2 3{—=
4] —A— —a G RA+WntsTfB+Bmp+Fgfs RAWnt+TglB+Bmp+Fot+ RA+Wnt+TgfB+Bmp-Fots
2 —— 2 —3— 05 o a =
i o e reon 0%
o —+—| of = X " ,
15500 16000 16500 16400 16600 0.0 025 050 0.5 100 % € £,
F Model fit g e 3
Leftyl Mest MixI1
wad - A p— o - . . "
Wt . wned — vint| . o o W o ¥ v w ¥ o ¥
Tofe - Tofe-| — Tofe ] — RAWnL+TgIB+Bmp+Fot- RA-WntsTgB+Bmp+Faf-
I I & RA-Wnt+TgfB+Bmp-Fof+ +Wnt+TglB+ o ofB+Bmp+Fy
mp|  — mp-| — mp-1 + . . .
o] — For] L ford - 72100 saz0m 4o
TSV . RawWnt{ — Raint | —— . » =
RATgfB - - RATgfB — RAToB| — . . M
e RaBmp| - RABmp-| —+ 3 HE 3
RacFgf-| - RacFgf{ — RAcFgf- —
Wnt:TgfB4 - Wnt:TgfB 4 _— Wnt:TgfB - — ' - 8
Wint:Bmp-| — Wintemp]  —— wint:Bmp | — X .
WintFof - wntFor{ — wint:For- — e W w " w o " v w o w
TgfB:Bmp-{ — TgfB:Bmp -1 TgfB:Bmp- - fu s N
£ Tomrar - TafB:For| — TgfB:Fof - RA-Wnt+TgiB-BmpsFafs . RA-Wnt+TgfB-Bmp-Fat+ . RA-Wnt+TgfB-Bmp+Fgt-
2 Bmp:For - Bmp:Ff — Bmp:Fgf- — - stom 7% e
£
3 05 0agafis 10 <5 05 . 05 oo o5 . o)
- rad — ra J— — R £ £
E wnt{ = wit-| — 8 8 8
TorBo - TorB- B 0sd o o
Bmp{  — 8mp{ ——
For| — For — o ;
ravine] —~ [uh p— ool o s D [P B e T
SN E— RATR]  ——
wame ] - it i . RA-Wnt+TgfB-Bmp-Fof- . RA-Wnt-TgfB+Bmp+Fgt+ . RA-Wnt-TgiB+Bmp-Fat+
1 t0am
] - Rafor) —— 04 2 —_—
woetged  — WntTo{  ——t . - “
Wnt:gmp-| — Wint:8mp-| — M x P
WintFof-{ — WintFgf{ — 3 & 3"
TofB:Bmp-| TgfB:Bmp-{ +— 021 . " .
Tote:Fot- L Tofe:or- -
Bmp:Far| - BmpiFor{ — .
35 oo o5 I o Fag o 07 04 0% o8 10 R Bns & oo T o " s ¥ @
it M
w1 w1 .
92 5 '—{ w
E E _ | RA+TgiB+Bmp+ )M _ | RA+TgB+Bmp- J W
£ | £, \ -
8 memp+w 571 RA+Bmp+Fgi- g J \’Mw ¢ w
" actutt n gV
! “Buru " * a1 * * BluFLL * b BuFLL
m w wt
- M2 79.25% .- 17.20% 16.06%
Y [ —_—
& "] RA+Bmp-Fgi+ 8 RA+Bmp-Fgi- & P RA+TgfB-Bmp+ B M RATgfB-Bmp-
. i ! o) h
" n
- : Wt ",
BurL1 BiurLs 0 . o w o
M w1 wt
. N :
: 2 0.02% “ 2 o02% . - . L
1.91% '—' 1.43% ’_‘
. il ‘
3 .| RATgB+Bmp+ .| RATgB:Bmp-
" RA-Bmp+Fgf+ " RA-Bmp+Fgf- “ \ * l
has i, : \
BluFL1 RluFLy 10° 10 10’ 0°
BluFL1 BIuFL1 )
o oo " w
. . 0.00% “ mz 0: -
Wed e - M L o —_ry
" 1
RA-Bmp-Fgf+ RA-Bmp-Fgf- 8 8 |
b v V(L RA-TgiB-Bmp+ g P W, RA-TgfB-Bmp-
w 10 o w0 2 w bt . el
Buris Bur - -

BluFLL

b BluFL1

Figure S3. Related to Figure 3

(A-B) Bayesian model regression analysis of genes in cells starting at the mESC stage.

(A) Model comparisons for validation genes. Empty circles indicate the mean score of that model, black horizontal lines
indicate the standard deviation of the score, and grey horizontal lines indicates the standard deviation of the difference
between the score of that model and the best model. Lower scores imply a better model fit.

(B) 95% credible intervals on coefficients for optimal models



(C-F) Gene-level analysis of cells starting at the mesendoderm stage

(C) Mean scaled gene expression of genes chosen for validation of cells that observed different treatment conditions

(D) Correlation of average scRNA-seq expression with GFP expression for reporter cell lines. Spearman rank correlation
coefficient is reported for each gene and is significant at p < 0.05 for Lefty1 and MixI1. 95% confidence intervals are
estimated via bootstrap (n = 1000).

(E) Model comparisons for validation genes. Empty circles indicate the mean score of that model, black horizontal lines
indicate the standard deviation of the score, and grey horizontal lines indicates the standard deviation of the difference
between the score of that model and the best model. Lower scores imply a better model fit.

(F) 95% credible intervals on coefficients for optimal models

(G-1) GFP expression of cells in T (G), Hoxa2 (H) and Lefty1-GFP(l) cell lines in response to combinatorial treatments
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Related to Figure 4.
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Figure S5. Related to Figure 6, 2.

(A) Average and standard deviation of GFP expression normalized to the TgfB+Fgf+Bmp-Notch+Wnt-Shh- baseline in
TgfB-GFP cell line

(B) GFP expression in TgfB-GFP cell line comparing TgfB+ vs. TgfB- treatments

(C-D) Average expression of top ten genes most predictive of each pathway’s activity from Figure 2E (left) and
aggregated average expression of these genes by pathway (right) for mESC (C) and mesendoderm (D).
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Figure S6. Related to Figure 5-7.

(A-J) Unsupervised clustering analysis for cells starting at the mESC stage (A-E) and mesendoderm stage (F-J) identifies
cell subpopulations also discovered via comparison with cell atlas.

(A, F) Stability estimated as normalized variation of information with respect to small perturbations in the resolution
parameter. Grey ribbon indicates standard deviation in stability. Dashed line corresponds to resolution chosen for final
clustering results

(B, G) Clustering results given by resolution in (A, F)

(C, H) Stable clusters of cells identified by unsupervised clustering analysis

(D, 1) Expression of gene markers identified for each cell type classifier visualized on the UMAP. Gene markers shown are
differentially expressed with respect to the rest of the cell population at g-value < 0.05

(E, J) Fraction of cells assigned to each treatment combination that belong to the corresponding cluster in (A)
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Figure S7. Cells expressing notochord markers are selected for by activating TgfB+. Related to Figure 7.

(A) GFP expression in Foxa2-GFP cell line in response to combinatorial treatments

(B) Flow cytometry plots showing Foxa2-GFP expression in the presence of RA-Wnt-Bmp-Tgf3+. On average, 14.9% of
cells show Foxa2-GFP expression.



