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Materials and Methods

Western blotting. Western blot analysis was used to determine the expression and phosphorylation level
of target proteins. Embryos were manually removed from culture plates and washed in 0.01% polyvinyl
alcohol (PVA) in PBS. Embryos were lysed in 20 pL of RIPA buffer (Sigma; #R0278) containing a
phosphatase inhibitor and protease inhibitor cocktail. Lysate was mixed with 4X Laemmli buffer and
incubated for 5 min at room temperature (RT) before boiling at 100°C for 10 min. Samples were cooled to
RT and then analyzed on 4-20% Mini-Protean TGX Precast gels (Bio-Rad, #4561093) at 150V for 70
min. After running, protein-SDS complexes were transferred onto a PVDF membrane (Millipore;
#IPVH00010) at 95V for 65 min. The membrane was then incubated in blocking buffer (3 % w/v BSA in
1X TBST) at room temperature for 1 h and probed with primary antibodies (Table S5) at a 1:5000
dilution in blocking buffer at 4°C overnight. Membranes were washed 3-4 times for 3 min in 1X TBST
and incubated with corresponding secondary antibody (also at a 1:5000 dilution in blocking buffer) at RT
for 1 h. Membranes were again washed 3 times in 1 X TBST then incubated in SuperSignal West Dura
Chemiluminescent substrate (Thermo Scientific; #34076) for 2 min. Protein band images were captured
by using ChemiDoc XRS (Bio-Rad Laboratories). Quantitative densitometry analysis was performed with
ImageJ software (http://imagej.nih.gov/ij/) and expression normalized relative to actin (ACTB). The ratio
of phosphorylated and total protein abundance was used to determine the phosphorylation level of target

proteins.
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Enzyme-Linked Immunosorbent Assay (ELISA). Medium was collected at D8, D10, and D12 and
frozen at -80°C until assays (n = 5). ilIFNA was measured with an Affymetrix eBiosciences ELISA kit
(ThermoFisher Scientific, BMS216) according to manufacturer’s directions with an Epoch Microplate

spectrophotometer (BioTek) used to measure absorbance.

Endotoxin Assay. To determine if embryo culture medium had been contaminated by exogenous
endotoxins, a Limulus ameobocyte lysate (LAL) assay was performed with the Endosafe Cartridge
system (Charles River). Randomly selected samples of medium from 9 different time points were
analyzed. All samples had the same (undetectable) endotoxin levels as fresh IVC1 and IVC2 medium

(Table S6).

Electrochemiluminescence Assay (ECLIA). Human hCG in the embryo culture medium was measured
daily with the Elecsys HCG STAT kit (Roche Diagnostics), beginning at 24 h post-attachment (embryo
D7) until embryo D12. Samples (n = 13) were immediately frozen and stored at -80°C. After thawing, 10
ML aliquots were added to a biotinylated hCG antibody and another monocolonal hCG-specific antibody
labeled with a ruthenium complex to create a sandwich complex. After incubating, streptavidin-coated
microparticles were added to the mixture. The mixture was added to the measuring cell of the Cobas
system, and results calculated. Raw results were normalized and, to account for daily medium changes,
raw values were multiplied by 2. Then the previous day’s measured concentration was subtracted from

the value, i.e. D9 actual concentration = (D9 measure concentration x 2) — D8 concentration.

Statistical Analysis. Statistical analysis was performed with One-Way ANOVA followed by Tukey’s test
with the Prism8 Software (Graphpad). P-values less than 0.05 were considered likely to represent a

significant difference between entities.



Figure S1. Expression of epiblast marker POU5SF1, TB markers KRT7 and GATA3 in human D10
embryos. (A) A 3D montage of a D10 human embryo demonstrating the multi-nucleated syncytium
located on the periphery (indicated by arrows), and POU5F1 positive epiblast cells confined to the central
area of the embryo. (B) POU5F1 positive epiblast cells formed the embryonic disc (Left panel)
(experiment performed on three separate embryos); Expression of KRT7 and GATAS in human D10

embryos (Middle and right panel, respectively) (experiment performed on three separate embryos).
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Figure S2. Filtration of sequencing data. (A) 14,105 genes had maximum FPKM values of at least 1,
and 15,420 genes had FPKM values of at least 0.3 in at least 4 cells. Genes with FPKM values of less

than 0.3 in at least 4 cells were removed from analysis. (B) CTB cells expressed more genes than STB
and MTB cells. However, there was no significant increase in number of expressed genes between D8,

D10, and D12.
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Figure S3. Principal component analysis of TB cells clustered by cell type (A) or developmental stage

(B).
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Figure S4. Gene ontology and pathway analysis of cell type specific genes for CTB, STB, and MTB.
Top GO terms and pathways for CTB involved cell division, RNA processing and transport, and energy
metabolism. GO terms and pathways for STB involved protein folding, transport, and hormone
production. GO terms and pathways for MTB revealed upregulation of genes necessary of cell migration,

invasion, vasculature remodeling, and immune response.
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Figure S5. Gene ontology and pathway analysis of D8, D10, and D12 CTB. Top GO terms and

pathways for D8 CTB include cell proliferation, transcription, and energy metabolism, whereas by D10,

the focus had shifted to hormone production, syncytialization, and protein processing. At D12, top

pathways have further shifted towards angiogenesis, hypoxia, and interferon signaling.
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Fig. S6. Comparing GO terms and pathway analysis between (A) CTB, pre-STB, and STB and (B)
CTB, pre-MTB, and MTB. The GO terms and pathway analysis of pre-STB cells showed a mix of CTB
and STB processes. Pre-STB cells still have evidence for mitosis while also demonstrating GO terms
important for STB function such as syncytium formation, cell differentiation, and protein processing. An
analogous phenomenon also holds true for pre-MTB cells, since these cells have pathways linked to

proliferation as well as migration and invasion, immunomodulation etc.
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Figure S7. FPKM values of the cell proliferation marker PCNA and MCM genes in different sub-types of
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Figure S8. (A) FPKM values of MHC class | genes (HLA-C, HLA-E and HLA-G) in human embryos
between D8 and D12. (B) Immunofluorescence of HLA-G in D12 human embryos (n=3). HLA-G is
exclusively expressed in cells located on the periphery of the D12 embryo. (C) FPKM values of MHC

class 1l genes (HLA-DOB and HLA-DRB1) in human embryos between D8 and D12.
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Table S1. Embryo donor age, body mass index (BMI), embryo grade and infertility diagnosis*

Age BMI Embryo Grade Diagnosis
D8E1 35 2333 4AB Unexplained infertility
D8E2 32 182 3BB Unexplained infertility
D8E3 37 2381 4AB Secondary infertility-history of ectopic pregnancy
D8E4 32 182 3BA Unexplained infertility
DI1I0E1 35 20.59 3BB Recurrent pregnancy loss - history of ectopic pregnancy
DI10E2 34 1891 4AB Habitual abortion
DI0E3 32 182 5AB Unexplained infertility
D10E4 41 19.76 4AA Infertility-AMA & history of endometriosis
D12E3 40 22.22 4BB Advanced maternal age
D12E4 36 27.89 3BB Recurrent pregnancy loss
D12E6 36 28.54 4AB Advanced maternal age

All embryos were donated at the conclusion of completed fertility treatment with patients’ informed

consent.
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Table S2. Cell sample information

CTB STB MTB
D8 El 8 0 0
D8 E2 8 0 0
D8 E3 8 4 0
D8 E4 3 0 0
D10 E1 8 3 0
D10 E2 8 11 0
D10 E3 8 0 0
D10 E4 4 6 0
D12 E3 24 0 4
D12 E4 4 6 12
D12 E6 4 6 0
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Table S3. FPKM values of gene markers used to determine cell lineages*

Sample ID
D10 E3 C1 D12 E4 C3 D12 E6 S6 D8 E3 S1 D8 E4 C1 D8 E4 C2 D8 E4 C3
POUS5F1 1.89 0.03 0 0.26 37.26 0 0
GATAG6 0.35 0.04 0.08 0 0.28 0 0.20
KRT7 0.52 17.69 341 12.03 5.24 9.86 12.96
GATA3 3.40 3.98 2.16 1.70 2.86 23.25 12.00
CDX2 0 0 0 0 0 0 0
SOX2 2.39 0 0.06 0 21.03 0 0
NANOG 0.03 0.01 0.02 0.36 39.65 0.01 0.02
CD24 9.34 0.31 3.92 5.60 11.20 0.05 0.88

*D10_E3 C1’ and ‘D8 E4 C1’ were considered as epiblast cells and excluded from the analysis. The others
were considered as TB and remained in the analysis. The Sample ID “D10_E3 C1” indicates CTB from D10
Embryo 3.
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Table S4. Primary antibodies for Immunofluorescence.

Protein Antibody Host Dilution
IFNAR1 Santa Cruz, sc-7391 Mouse 1:200
IFNGR1 Abcam, Ab200327 Rabbit 1:200
ISG15 Santa Cruz, sc-166755 Mouse 1:200
ISG20 Abcam, ab198801 Rabbit 1:200
HLA-G Santa Cruz, sc-21799 Mouse 1:200
ERVW1 Abcam, Ab234850 Rabbit 1:200
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Table S5. Sources of primary antibodies for Western Blotting.

Protein Antibody Host
STAT1 Cell Signaling, #9172 Rabbit
Phospho-STAT1 Cell Signaling, #9177 Rabbit
AKT Cell Signaling, #4691S Rabbit
Phospho-AKT Cell Signaling, #4060S Rabbit
MAPK1/3 Cell Signaling, #4695S Rabbit
Phospho-MAPK1/3 Cell Signaling, #4370S Rabbit
HRP Anti-Rabbit 1gG Thermo Scientific, #PA1-74421 Mouse
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Table S6. Endotoxin levels in culture medium.

Medium Concentration (EU/mL)
IVC1 0.006
IVC2 0.009
24h Post-Attachment 0.005
48h Post-Attachment 0.006
74h Post-Attachment 0.006
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Movie S1. Time-lapse imaging of an extended cultured human embryo between D8-D12. Using time-

lapse imaging, extended embryo culture development was captured every 30 min between D8 and D12.

Imaging reveals the collapse of the blastocoel, the formation of the primitive syncytium (indicated by the

green circles), and the eventual differentiation and migration of MTB (indicated by the orange circles).

Dataset S1. Sources of marker genes for CTB, STB, and MTB ranked by P-value.
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