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Bulk RNA-seq and Single-cell RNA-seq data have been deposited in the NCBI Gene Expression Omnibus under accession number GSE181452 and GSE203085,
respectively. In addition, data from bulk RNA-seq control samples (cAMP condition from day 37 and 45) have been deposited under GSE201558 accession number.
scRNAseq data from human thyroid tissue was obtained from Human Cell Landscape (available at https://db.cngb.org/HCL/). The custom-built reference was based
on the human reference genome GRCh38 (GenBank accession code GCA_000001405. 15; RefSeq accession code GCF_000001405). Source data are provided with
this paper.

Sample-size was not calculated and the size was chosen according to our previous study in mESC-derived thyroid (Antonica, et al, Nature,
2012) where 20 mice were used. For this study we increased the number to 22 animals, since NOD-SCID animals are already known to be
sensitive to radiation which combined to the transplantation could lead to a sample-size reduction during the experiment.

No data was excluded.

For all the organoids quantification, analysis were performed at least 6 times for qPCR and at least 3 times for Flow cytometry. For bulk RNA-
sequencing analysis, 2 times 4 wells (matrigel drops containing organoids) were collected together and proceeded for analysis. For single cell
RNA-sequencing 12 wells (each time point) were collected together and NKX2-1/GFP+ and NKX2-1/GFP- populations were sorted and
sequenced. All the attemps were successful for the transcriptomics analysis and flow cytometry. Differentiation replication rate was higher
than 90% (at least 10 distinct experiments), and is strongly dependent of the use of fresh medium. Immunfluorescence stainings were
performed every differentiation (at least 10 times). In vivo studies were performed 3 times, the 2 first ones in order to set the protocol, with
failure in one case when thyroid follicles were extensively purified and stromal cells quite completely depleted. The experiment described in
the study shows success of the graft and thyroid tissue generation in 10 out of 10 mice.

For in vitro experiments, all the conditions were cultured in parallel starting from the same source of hESCs. Treated and untreated samples
were chosen among the wells which were showing to be similar macroscopically. Randomization was not performed in our in vivo study, since
all the animals at the beginning of the experiment had the same characteristics, such as: age, sex, diet and weight. The choice for RAI injection
was aleatory while grafting was dependent of prior RAI-injection.

Blinding was not used in our in vivo study design, since the animals irradiated (RAI) and grafted were macroscopically identifiable and the
outcome was not dependent of any additional treatment performed by the researchers than the graft. However, all the animals were
identified by codes and the blood analysis (T4, T3 and TSH) and liver analysis (Dio1 mRNA) were blinded.
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The following primary antibodies were used: goat anti-AFP (sc-8108 Santa Cruz, 1:100), mouse anti--III Tubulin (MMS-435P-200
Eurogentec, 1:1000), rabbit anti-SMA (ab32575 Abcam, 1:1000), rabbit anti-NKX2-1/TTF1 (ab76013 Abcam, 1:500), rabbit anti-
PAX8 (59019 Cell Signaling, 1:500), rabbit anti-TG (A0251 Dako, 1:2,000), mouse anti-TG (Abcam, Ab187378, 1:250), mouse anti-TPO
(sc-58432 Santa Cruz, 1:100), goat anti-T4 (orb11479 Biorbyt, 1:1,000), mouse anti-T4 (MA5-14716 Invitrogen, 1:100), mouse anti-E-
cadherin (610181 BD, 1:1,000), goat anti-CD31 (AF3628 R&D, 1:100), mouse anti-Human Nuclear Antigen (HNA) (ab190710 Abcam,
1:250), and Phalloidin 647 (10656353 Invitrogen, 1:100), rabbit anti-FOXA2 (Ab40874 Abcam, 1:1,000), goat anti-SOX17 (Sc-17355
Santa Cruz, 1:100), mouse anti-Troponin T (Ab8295 Abcam, 1:200), mouse anti-MUC5AC (Ab3649 Abcam, 1:250), mouse anti-TP63
(Ab735 Abcam, 1:50) and rabbit anti-KRT5 (#25807 Cell Signaling, 1:500). Secondary antibodies were donkey anti-mouse Cy3-
conjugated (Jackson Immunoresearch, 715-165-150, 1;500), donkey anti-rabbit Cy3-conjugated (Jackson Immunoresearch,
711-165-152, 1:500), donkey anti-goat cy3- conjugated (Jackson Immunoresearch, 705-165-147, 1;500), donkey anti-mouse IgG
Alexa fluor 488-conjugated (Jackson Immunoresearch, 715-545-150, 1:500), donkey anti-mouse IgG Alexa fluor 647-conjugated
(Jackson Immunoresearch, 715-605-150, 1:500), donkey anti-rabbit IgG Alexa fluor 647-conjugated (Jackson Immunoresearch,
711-605-152, 1:500), and Hoechst (33342, Invitrogen, 1:1,000).

Primary antibodies were tested and validated for Immunofluorescence in human samples using the concentrations described above.
Briefly, Human thyroid sample embedded in paraffin wassectioned (5 !m), mounted on glass slides, deparaffinized, and rehydrated.
Antigen retrieval was performed by incubating the sections for 10 min in the microwave (850 W) in Sodium Citrate Buffer (10 mM
Sodium Citrate, 0.05% Tween 20, pH 6.0). After cooling, the sections were rinsed with PBS and then blocked with 1% BSA and 10%
horse serum PBS solution for 1 h at RT. Primary antibodies were diluted in the blocking solution and incubated overnight at 4°C. The
sections were rinsed three times in PBS and incubated with Hoechst 33342 (Invitrogen) and secondary antibodies diluted in blocking
solution for 1 h at room temperature. Slides were mounted with Glycergel (Dako) and imaged using Zeiss Axio Observer Z1
microscope with AxioCamMR3 camera, or a Leica DMI6000 with DFC365FX camera.

Primary antibody tested and validated for Flow cytometry in human samples: anti-PAX8 (59019 Cell Signaling, 1:100). The BrdU Flow
Kit protocol (BD Biosciences) was used for PAX8 staining.

The human embryonic stem cell line HES3 used in this study was a gift from Prof Elefanty (Goulburn, A. L. et al. A targeted
NKX2.1 human embryonic stem cell reporter line enables identification of human basal forebrain derivatives. Stem Cells 29,
462–473 (2011). Commercial source: ES Cell International Pte Ltd. (ESIBI).

The hESC-line was modified and the final hESC-NKX2-1-PAX8 line was registered and approved by the European Human
Pluripotent Stem Cell Registry (hPSCreg) as ESIBIe003-A-6. The cell line was registered at hPSCreg following the standard
procedure which includes: Documentation of ethical provenance of the cells according to national regulation; Evidence for
pluripotency of the cell; That the cell is, in principle, available for research; Protocol and documentation of cell genomic
modifications. In addition, were included cultivation protocol, batch information, expression arrays, genetic information,
donor phenotype information, details on differentiation potential or usage in specific applications or projects and
publications.

Mycoplasma contamination was excluded by PCR test (Mycoplasma Detection Testing, Thermo Fisher)

No commonly misidentified lines were used in this study.

For the in vivo studies we used five-week-old female non-obese and non-diabetic mice with severe combined immunodeficiency
(NOD -SCID). The housing conditions of all animals were strictly following the ethical regulations. The room temperature ranged from
20 and 25°C. The relative ambient humidity at the level of mouse cages was 55% +/-15. Each cage was provided with food, water and
two types of nesting material. Semi-natural light cycle of 12:12 was used.

The study not involve wild animals




