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Figure S1 — Characterization of hypothalamus organoid size and patterning.

A) Brightfield images of organoids at several timepoints during differentiation. Scale bars: 500 um.

B) Quantification of organoid area from A and similar images, showing an increase in size over time (n = 50; 25 organoids
in duplicates were pooled together for quantification). Organoid area is shown in mmz2. Error bars represent SEM. SEM,
standard error of the mean.

C) IF staining in D15 monolayer neurons for NKX2-1 and OTP. Hoechst was used as a nuclear marker. Scale bars: 100
pm.

D) Quantification of Figures 1B, S1C, and similar images for NKX2-1*, OTP*, and RFP* cells as a percentage of total cells,
as well as for RFP* cells as a percentage of Bl Tubulin* cells (n = 30 per replicate). The numbers on the x-axis denote

technical replicates (or well of a 96-well plate imaged). Error bars represent SEM.
Related to Figure 1.
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Figure S2 — Sorting and scRNA-seq QC plots for D85 hypothalamus organoids.

A) FACS gates for excluding cellular debris, doublets, and dead cells. The TH-TdTomato reporter was used to sort for two

populations, TH" and TH'°. FACS, fluorescence-activated cell sorting.

B) FACS gate showing the total TH* population in D85 hypothalamus organoids (top) in comparison to organoids

differentiated from a -TdTomato control hPSC line, KOLF2.1J (bottom).

C) Violin plots for mitochondrial percent, number of genes detected, and number of UMIs detected for each replicate before
and after the QC steps. The doublets, negative droplets, droplets without detectable hashtags, and cells with high
mitochondrial percent were removed at the QC stage. UMI, unique molecular identifier; QC, quality control.

D) Upset plot showing the number of cells expressing TH, TdTomato, or both in the organoid dataset.

E) UMAP plots showing the expression of TH, TdTomato, or both in the organoid dataset.

Related to Figure 3.



Broad Cell Types

Astrocytes. E Cells ] Cells | [1mmature Oli
1.00 — — 1 —l.r—
w - : | .
Dataset - : :
® Human Neonatal 0.50 ' i 5
o ® Mouse CSC
~§' ® Mouse Nature 0.25 ' I
EX
= 1
0.00 i l
1PCs Microglia | Neurons ][ Oligodendracytes |
1.00 —P
w
2075
Soso
=3
[}
& 025
B 0.00 e et e=toms s
OPCs Radial Glial Cells Tanycytes 1T VLMCs |
1.00 T
0.75 '
" .
= 0.50 '
Cell Type i
 Neurons
0.25
o IpCs .
* Radal Glial Cells
N ® Astrocytes 0.00 & S 1
N - |
s ® 0PCs Positive  Negative Positive  Negative Positive  Negative Positive  Negative
= C e it Oligadendrocytes
H mmature Oligadendrocytes. Response
Oligndendracytes
® Coendymal Cells
o larycyles E
® Eqcothelial Cells
® VLMCs
" microgia Newos [P | [ Raseiciaces | [ Aswooes [ 0PGs | [ o]
Nearans ] L f !
IPCs
F 1 I
Radial Glial Calls
Astracytes } } ] : Cell Type
OPCs. I = 1
p— | ‘ e
Oligedendrocytes {
c Ependymal Cells ! ! IPCs
T b I Redial Glial Cells
jothelial Cels
VLMCs t ] Astrocytes.
2 ¢ Microglia
Mitochondrial g OPCs
€ ~
. ! Percent = Oligodendrocytes | [ EpencymalCells | [ Tanyoptes | [ Encotneiial Cells | [ VLMCs. [ Micraglia | . Immature Oligodendrocytes
- 3 % o | ol
& . : Neurons
- A 75 IPCs [ 1 Cells
5 Radial Glial Cells
W 2 2‘0 " pstocytes | Tanycytes
ks .5 OPCs T i
& Immature | Cells
0.0 Oligodendracytes ‘ ‘ I vmes
Ependymal Cells. B ..
: Tanyeyie | 1 ] I Micragia
o Endothelal Cells i
VLMCs
Hicroglia
HEEE E RN N N R R N R NN R T IYNY
S 635 <3383 <53 5 <3336 <-3cd6 =330 o0
£ ) ) Probability
Tt

Figure S3 — Characterization and application of the reference datasets to D85 hypothalamus organoids.

A) UMAP plot showing the distribution the Human Neonatal'®, Mouse CSC?3!, and Mouse Nature®® references in the
combined dataset.

B) UMAP plot of the 12 broad cell groups identified in the three references.

C) UMAP pilot illustrating mitochondrial percent in the three datasets.

D) Training plots showing prediction probabilities for the 12 broad cell type categories that were applied from the three
references to the hypothalamus organoid dataset to predict its cell types9:30:31,

E) Probability density plots showing high classification confidence for each of the 12 cell types identified in hypothalamus
organoids.

Related to Figure 3.
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Figure S4 — Comparison of transcriptional profile and cell group distribution.
A) Bar plot comparing the percentage of each broad cell type in the hypothalamus organoids based on flow-sorted groups

(TH* and TH").

B) Bar plot comparing the percentage of each broad cell type between the hypothalamus organoids and the three reference
datasets used for classification9.30.31,
C) Scatter plots illustrating the similarity correlation between different pairs of broad cell types. Red square marks the
similarity between “Oligodendrocytes” and “Immature Oligodendrocytes” with a 0.992 correlation value.

Related to Figure 3.
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Figure S5 — Gene expression across the broad cell types.

A) The top 10 differentially expressed genes (DEGS) for each cell type were plotted for the hypothalamus organoids for
comparison to the three references used for classification1?3%31, Grey coloring indicates genes that were not expressed in
the dataset.

B) UMAP plots showing the annotated neuron subtype (columns 1 and 3) next to the expression of subtype representative
markers (columns 2 and 4).

Related to Figure 3.
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Figure S6 — Neuronal subtype categories.

A) Training plots showing prediction probabilities for the 17 neuronal subtype categories that were identified by unsupervised
clustering.

B) UMAP plots showing the annotated neuron subtype (columns 1, 3, and 5) next to the expression of subtype representative
markers for each subtype (columns 2, 4, and 6).

Related to Figure 3.
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Figure S7 — Overview of all clusters and TH expression.

A) UMAP plot of all cell types consisting of the broad cell type and neuronal subtype categories in hypothalamus organoids.
B) Dot plot showing TH expression level and proportion of cells expressing TH in the broad cell types.

C) Dot plot showing TH expression level and proportion of cells expressing TH in the neuronal subtypes.
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Figure S8 — Expression of cell type- and region-specific markers in hypothalamus organoids.

A) UMAP plots showing the expression of neuroendocrine and pituitary markers, as well as SIX3 which is expressed in both
the hypothalamus and pituitary cells.

B) UMAP plots showing the expression of forebrain, hypothalamus, and preoptic area/ventral telencephalon markers.

C) UMAP plots showing the expression of thalamus markers.

D) UMAP plots showing the expression of midbrain markers.

Related to Figure 3.



TH NKX2-1 OTP
———————————————————————————————————————————
SST GAD2 SLC17A6
_ R ———— -
WM&M Unsen o cossaion Tl twitensslainitons) Attt Aont LA AI T
POMC HCRT S0OX9
v e s > 2 - . » 2
]

e e e o e o e et e |
TTCETTTO0 GT G G GA L CTOET GABADT 58T COTETE0A ; GEABEA OB ACDAAGTETTTTGAGGATA GBAGTEG G CBAG G CGBTGTCOAG S, GO0E

FOXG1
RS i
Gene w—
MRNA s—
CDS
B
Postmortem Hypothalamus Tissue
TH (DNs) POMC (Neurons) TRH (Neurons) GFAP (Astrocytes)
VGLUT2 NKX2-1 oTP SOX9
(Glutamatergic Neurons) (Forebrain) (Hypothalamus) (Astrocytes)
- 0l o YITE DAEE i
. \ v ’ L3 ‘-. v 4 o, R 2 s
: ot ‘ “ . Y 4 ‘ ‘
L g . e . a .
A5 %4 d £ 2 ’ - -
. . : R
D i ¥ Al B/ .
ot SN .,."".'b . .. . = .
e o L pr- ¢ B e E O .
. G\ ¥ s v 4 ] ¢
- G — o s — 2 i —

Nuclear marker = Hematoxylin

Figure S9 — Validation of gRT-PCR primers and IHC antibodies used in this study.

A) Sequencing alignments of qRT-PCR primer PCR products with the gene, mMRNA, and coding sequence (CDS) of their
corresponding genes, validating the primers for each marker.

B) IHC stains for cell type-specific markers in postmortem hypothalamus tissue. Hematoxylin was used as a nuclear marker
in all images. Scale bars: 50 um.
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Figure S10 — Markers used for DN subtype clustering and RNA velocity analysis.

A) UMAP plots of DNs showing the expression of markers that were used to annotate the DN subtypes.
B) Top dynamic genes that were used to determine the RNA velocity pseudotime.

C) UMAP of DNs colored by latent time with pseudotime trajectory arrows overlayed.
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