3D neural cultures derived from human pluripotent stem cells (hPSCs), including embryonic stem (ES) cells and induced
pluripotent stem (iPS) cells, have been shown to recapitulate the major features and cytoarchitecture of human brain
development. These brain organoid models have enabled scientists to study early fetal human brain development in vitro for the
first time. For many of these methods, however, variability in the quality and consistency of organoids generated within and
among experiments has hampered their widespread adoption as a research tool. Here we present work demonstrating that the
recently developed STEMdIiff™ Dorsal Forebrain Organoid Differentiation Kit and STEMdiff™ Ventral Forebrain Organoid
Ditferentiation Kit can be used to robustly generate homogeneous brain-region-specific tissue representing the dorsal
neocortex and ventral telencephalon, respectively. The forebrain organoids can be characterized for electrical activity using
multielectrode array (MEA) and further used in co-culture to form assemblies or “assembloids” with other 2D or 3D systems.
Together, these kits enable the further study of the complexity of brain development and disorders in vitro.

Seed cells in Suspension Culture
AggreWell™800

Full-medium Full-medium
change daily change every 2 days
mTeSR™1 Formation Expansion Medium* Differentiation Medium Maintenance Medium

TeSRTM-E8T™ Medium
mTeSR™ Plus
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FIGURE 1. Workflow for STEMdiff™ Dorsal Forebrain Organoid Kit and STEMdiff™ Ventral Forebrain Organoid Kit

hPSCs maintained in mTeSR™1 (6 cell lines: 3 ES, 3 iPS), TeSR™-E8™ (3 cell lines: 2 ES, 1 iPS), or mTeSR™ Plus (2 cell lines: 1 ES, 1 1PS)
were dissociated and seeded at a density of 3,000,000 cells/well in Formation Medium + 10 uM rho-kinase inhibitor (ROCKI) in AggreWell™800
plates. Cultures were fed daily with Formation Medium without ROCKI. After 6 days, aggregates were transferred to a 6-well plate in either
Dorsal Expansion Medium or Ventral Expansion Medium. Both dorsal and ventral organoids were fed every 2 - 3 days until day 25, at which
point organoids were fed with Differentiation Medium until day 43. From day 43 onward, organoids were fed every 2 - 3 days with
Maintenance Medium. Organoids were harvested for RNA or fixed in 4% paraformaldehyde for subsequent cryosectioning and
Immunostaining.
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FIGURE 2. STEMdiff™ Dorsal Forebrain Organoid Kit and STEMdiff™ Ventral Forebrain Organoid Kit Support the Generation of
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FIGURE 4. Dorsal and Ventral Forebrain Organoids Express Appropriate Markers by Immunostaining

(A) Day 25 dorsal forebrain organoids display multiple cortical-like regions marked by radialized PAX6+ cells surrounded by MAP2 neurons.
(B) Day 50 dorsal forebrain organoids continue to display multiple cortical-like regions marked by PAX6 and MAP2. (C) Dorsal forebrain
organoids cultured for 100 - 200 days show increasing separation of deep-layer neurons (CTIP2, TBR1) from upper-layer neurons (SATB2).
(D) Ventral forebrain organoids at day 25 exhibit a high level of expression of NKX2.1. (E) and (F) Somatostatin (SST)-positive GABAergic
Interneurons are not observed at day 50 but can be seen by day 75.
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FIGURE 5. Dorsal Forebrain Organoids But Not Ventral Forebrain Organoids Display Early Network Bursting Activity

Day 50 dorsal and ventral forebrain organoids were plated on an Axion electrode array (CytoView MEA 96) coated with
0.1% polyethyleneimine in borate buffer and 20 pg/mL CellAdhere™ Laminin-521 and measured once per week for 4 weeks.
(A) Representative bright field image of dorsal and ventral forebrain organoids on electrode array. Representative spike activity heat
map is shown. Scale bar = 1 mm. (B) Representative wave form of electrode marked in (A). (C) Raster plot of spike activity shows increasing
network bursting for dorsal forebrain organoids at week 4, which is not observed in the ventral forebrain organoid. (D) Mean firing rate
(average + SEM; 3 - 6 organoids per timepoint) shows increasing mean firing rate for dorsal forebrain organoids but not ventral forebrain
organoids over 4 weeks of measurements. (E) Synchrony index (average + SEM; 3 - 6 organoids per timepoint) exhibits increasing synchrony
of firing for dorsal forebrain organoids compared to ventral forebrain organoids.
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AggreWell™800, bottom: aggregates in suspension). Representative morphology of hESC H9-derived organoids at days (B) 25 (C) 50
(D) 75 and (E) 100. Top row: dorsal forebrain organoids, bottom row: ventral forebrain organoids. Scale bar = 1 mm. (F) Both dorsal and -
ventral forebrain organoids exhibit homogeneous size over multiple cell lines (average + SD, using 11 cell lines with 3 - 5 organoids counted e
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