


2

n
atu

re
research

|
rep

o
rtin

g
su

m
m

ary
A

p
ril2020

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability
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pipeline-base/] (version 0.1.1); [https://bitbucket.org/limes_bonn/bulk-rna-kallisto-qc/src/master/] (version 0.2.1))

Data Availability:

Raw sequencing data of mouse Smart-seq2 generated in this study have been deposited in the Gene Expression Omnibus (GEO) database under accession code
GSE188394 [http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE188394]. Additionally, data are deposited via FASTGenomics [https://beta.fastgenomics.org/
d/200474]. The FASTGenomics platform also provides Seurat objects of the datasets generated in this study.

Source data are provided with this paper. The publicly available datasets analyzed during the current study are available from the GEO- and ArrayExpress repository.

GSE84892 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84892]25

GSE74155 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74155]26

GSE100597 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE100597]27

E-MTAB-6967 [https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-6967/]28

The mouse genome used for kallisto alignment is available from the GENCODE Project.

GRCm38, Gencode vM16 primary assembly [https://www.gencodegenes.org/mouse/release_M16]

Code Availability:

All the computational analyses were performed using R programming languages. Scripts of key steps can be found at [http://github.com/schultzelab/Rosette-to-
Lumen-stage-embryoids]. Additionally, our code to reproduce the analysis can be accessed via FASTGenomics [https://beta.fastgenomics.org/analyses/detail-
analysis-9301d957888c40538020f90428bcc763#Result&analysis].

RtL-embryoids were generated in 3D Petri Dishes in each well of a 12 well plate, resulting in >700 correctly assembled RtL-embryoids per 12
well plate (in twelve 3D Petri Dishes). In general, RtL-embryoids from at least 6 3D Petri Dishes were used per experimental replicate.

Aggregates that displayed incomplete self-assembly into Epi-, VE- and ExE-like compartments were excluded from the experiments, as
described in the manuscript. RtL-embryoids that were lost during medium exchange were also excluded. For data quality control in scRNA-seq
we excluded the cells with less than 2500 expressed genes and less than 500,000 aligned sequencing reads.

All attempts at replicating the described methods and experimental outcomes were successful. RNA-Sequencing was performed only once,
with >600 correctly assembled aggregates from 3 biological replicates (200 correctly assembled structures from each replicate).

All other experiments presented in this study were performed at least three times, yielding reproducible results.

Correctly assembled RtL-embryoids showing complete self-organization into Epi-, VE- and ExE-like tissues were picked and used for analysis.

The investigators were not blinded during experiments, as this study compares RtL-embryoid with natural embryos and the experiments were
descriptive in nature.
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Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Goat polyclonal anti-CDX2 (Santa Cruz; sc-19478; Dilution: 1:200)

Goat polyclonal anti-GATA4 (Santa Cruz: sc-1237; Dilution: 1:400)

Goat-polyclonal anti-CD40 (R&D Systems: AF440; Dilution: 1:300)

Goat-polyclonal anti-LEFTY1 (R&D Systems: AF746; Dilution: 1:200)

Rabbit-polyclonal anti-p44/42 MAPK (Erk1/2) (Cell signaling: #9101; Dilution: 1:100)

Mouse-polyclonal anti-OCT6 (Absea: 060204E04; Dilution: 1:10)

Mouse-polyclonal anti-ESRRB (Perseus Proteomics :PP-H6705-00; Dilution: 1:200)

Rabbit-polyclonal anti-NANOG (ReproCell: RCAB002P-F; Dilution: 1:300)

Rabbit-polyclonal anti-EOMES (Abcam: ab23345; Dilution: 1:400)

Goat-polyclonal anti-KLF4 (R&D: AF3158; Dilution: 1:400)

Rat-polyclonal anti-PODXL (R&D: MAB1556; Dilution: 1:300)

Goat-polyclonal anti-OTX2 (R&D: AF1979; Dilution: 1:400)

Rabbit-polyclonal anti-GATA3 (Abcam: ab199428; Dilution: 1:300)

Mouse-polyclonal anti-OCT4 (Santa Cruz: sc-5279; Dilution: 1:300)

Alexa Fluor 488-Phalloidin (Invitrogen: A12379; Concentration: 5 units/ml)

Alexa Fluor 594-Phalloidin (Invitrogen: A12381; Concentration: 5 units/ml)

Donkey polyclonal secondary antibody to Goat IgG-H&L (Alexa Fluor 594) (Abcam: ab150132; Dilution: 1:500)

Chicken polyclonal secondary antibody to Goat IgG-H&L (Alexa Fluor 647) (Invitrogen: A-21469; Dilution: 1:500)

Goat polyclonal secondary antibody to Rabbit IgG-H&L (Alexa Fluor 594) (Invitrogen: A-11012; Dilution: 1:500)

Goat polyclonal secondary antibody to Rat IgG-H&L (Alexa Fluor 488) (Invitrogen: A-11006; Dilution: 1:500)

Goat polyclonal secondary antibody to Mouse IgG-H&L (Alexa Fluor 488) (Invitrogen: A-11001; Dilution: 1:500)

Donkey polyclonal secondary antibody to Mouse IgG-H&L (Alexa Fluor 594) (Invitrogen: A-21203; Dilution: 1:500)

Chicken polyclonal secondary antibody to Rat IgG-H&L (Alexa Fluor 647) (Invitrogen: A-21472; Dilution: 1:500)

Goat polyclonal secondary antibody to Rabbit IgG-H&L (Alexa Fluor 488) (Invitrogen: A-11008; Dilution: 1:500)

Goat polyclonal anti-CDX2 (Santa Cruz; sc-19478): IF staining: PMID: # 20525899 Januário, DA. et al. 2010. Toxicol. Sci.

Goat polyclonal anti-GATA4 (Santa Cruz: sc-1237) IF staining: PMID: # 26893347 Yu, W. et al. 2016. Development

Goat-polyclonal anti-PKCz (Santa Cruz: sc-216-G) IF staining: PMID: # 22354172 Sakamori, R. et al. 2012. J. Clin. Invest.

Goat-polyclonal anti-CD40 (R&D Systems: AF440) FACS: PMID: # 32056544 Kaiser, F. et al. 2020. Placenta

Goat-polyclonal anti-LEFTY1 (R&D Systems: AF746) IF staining was successfully tested on E4.5 mouse embryos (see manufacturer's
website)

Rabbit-polyclonal anti-p44/42 MAPK (Erk1/2) (Cell signaling: #9101) IF staining: PMID: #12925581 Corson, L.B. et al., 2003 Dev.

Mouse-polyclonal anti-OCT6 (Absea: 060204E04) IF staining: PMID: #32367046 Neagu, A. et al., 2020 Nat Cell Biol.

Mouse-polyclonal anti-ESRRB (Perseus Proteomics :PP-H6705-00) IF staining: PMID: #32367046 Neagu, A. et al., 2020 Nat Cell Biol.

Mouse-polyclonal anti-OCT4 (Santa Cruz: sc-5279): IF stainings performed on mouse embryonic stem cells can be found on
manufacturer's website. The antibody has been referenced in more than 2000 publications.

Rabbit-polyclonal anti-NANOG (ReproCell: RCAB002P-F) IF staining: PMID: #32367046 Neagu, A. et al., 2020 Nat Cell Biol.

Rabbit-polyclonal anti-EOMES (Abcam: ab23345) IF staining: PMID: # 32056544 Kaiser, F. et al. 2020. Placenta

Goat-polyclonal anti-KLF4 (R&D: AF3158) IF staining: PMID: #32367046 Neagu, A. et al., 2020 Nat Cell Biol.

Alexa Fluor 488-Phalloidin (Invitrogen: A12379) IF staining: See manufacturer's website for references

Alexa Fluor 594-Phalloidin (Invitrogen: A12381) IF staining: See manufacturer's website for references

Rat-polyclonal anti-PODXL (R&D: MAB1556) IF staining: PMID: #32367046 Neagu, A. et al., 2020 Nat Cell Biol.

Goat-polyclonal anti-OTX2 (R&D: AF1979) IF staining: PMID: #32367046 Neagu, A. et al., 2020 Nat Cell Biol.

Rabbit-polyclonal anti-GATA3 (Abcam: ab199428) IF staining: PMID: # 32056544 Kaiser, F. et al. 2020. Placenta

- Kermit ESCs were generated by our group from blastocysts of Oct3/4_GFP transgenic mice PMID: # 10646797 Yoshimizu, T.
et al. 1999. Dev Growth Differ.

- KNUT1 ESCs were generated by our group and previously used and described in PMID: # 17661398 Peitz, M. et al. 2007.
Genesis




