
Supplementary Materials for
Primary specification of blastocyst trophectoderm by scRNA-seq: New 

insights into embryo implantation

Dandan Liu et al.

Corresponding author: Liying Yan, yanliyingkind@aliyun.com; Jie Qiao, jie.qiao@263.net

Sci. Adv. 8, eabj3725 (2022)
DOI: 10.1126/sciadv.abj3725

The PDF file includes:

Figs. S1 to S9
Legends for tables S1 to S10

Other Supplementary Material for this manuscript includes the following:

Tables S1 to S10



Fig. S1. Transcriptome profiles of human peri-implantation embryos. 

(A) Numbers of embryos and cells collected from each stage in human and mouse. H, cells

from hatching sites; NH, cells from non-hatching sites (the around areas). (B-C) The 

boxplots show the number of genes and the number of transcripts of S1-S3 human embryos. 

(D) Unsupervised hierarchical clustering of all cell clusters. E plus numbers represent



embryo IDs. P represents cell clusters from the polar side. M represents cell clusters from 

the mural side. (E) 3D principal component analysis (PCA) of the single-cell 

transcriptomes of S1-S3 embryonic stages. (F) UMAP plot of single cells of three stages. 

(G) Cluster annotation based on the expression of lineage markers. Colours from purple to 

red indicate the gene expression levels from low to high. 

 

 

 

 

 

 



 

Fig. S2. Development of human trophectoderm cells during peri-implantation.  

(A) Heatmap and GO analysis of differentially expressed genes in TE cells of three stages. 

(B) Trend curves show dynamic gene expression in TE cells of three stages. The number 

of DEGs is reported. (C) Line plots displaying relative expression levels (log2 [TPM/10+1]) 

of representative genes for the clusters in B. 

 

 

 

 



 

Fig. S3. Human trophectoderm cell differentiation during peri-implantation.  

(A) Expression patterns of well-known marker genes at each stage of human embryos. (B) 

Developmental trajectory and GO analysis of human S2 TE cells. Colours represent 

different cell types. (C) Cell lineage identification of S2 TE in this study and expression 



pattern of the previously reported genes (Petropoulos et al, 2016), exhibited on UMAP 

plots. (D) Integrated analysis of S2 TE in this study and E6 & E7 TE from the previously 

study (Petropoulos et al, 2016), and expression pattern of the previously reported genes 

(Petropoulos et al, 2016) exhibited on UMAP plots. (E) UMAP analysis showing the cell 

clusters of the three stages embryos combining S1, S2 and S3. 

 



 

Fig. S4. Human trophectoderm cell differentiation and cell cycle. 

(A) GO terms of human S3 PTE and S3 MTE. (B) Cell cycles of human S2 and S3 PTEs 

are relatively inactive than the corresponding MTEs. Evaluation of significance was 

performed using Student t test. (C) PCA plot showing unbiased clustering results of S2 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/clustering


PTE and S3 PTE; representative GO terms are displayed. (D) Cell cycle activities of human 

PTEs at three developmental stages. Evaluation of significance was performed using 

Student t test. (E) The morphology and principal component analysis of two partially 

hatching embryos (B5) with the other S1-S3 embryos. E30 and E31 represent the IDs of 

these two embryos. (F) UMAP showing relative gene expression levels of specifically 

expressed genes for each TE cell type. 

 



Fig. S5. Expression of human TE cell-specific genes. 

(A) Immunofluorescence images of the PTE specific genes PGF, SDC1 and GCM1 in S2

embryos (I-III) and in a co-cultured S3 embryo (IV). Scale bar= 100 µm. (B) 



Immunofluorescence images of the S2 embryos. The arrows point to multinuclear cell. 

Scale bar= 100 µm. 



 

Fig. S6. Transcriptome profiles of mouse peri-implantation embryos.  

(A) Schematic illustration, bright field and immunofluorescence images show mouse 

embryos implant by MTE in vitro. Arrows: the mouse embryo; triangles: coISK cell layer. 

(B) The boxplots show the number of genes and transcripts for each mouse embryo. (C) 

Expression patterns of well-known marker genes exhibited on UMAP plots. (D) 



Pseudotime trajectory of mouse TE cells. Colours represent different cell types. (E) 

Representative GO terms of mouse S3 TE. The circle sizes show the number of involved 

genes in each term. (F) GO analysis of homologous DEGs for human PTE and mouse MTE 

in S2 and S3 embryos. The circle sizes show the number of involved genes in each term.  

 



 

Fig. S7. The potential TFs for different cell types in humans and mice. 

Heatmap showing cell type-specific transcription factors in three stages between humans 

and mice. Network diagrams presenting high-confidence downstream target genes 

regulated by GATA3 and RXRA in humans and mice. 



 

 

Fig. S8. Cell-cell interactions between ICM and TE in humans and mice.  

(A-B) Cell-cell interactions between ICM and TE in human. A emphasizes that ICM cells 

have effects on TE cells. B emphasizes that TE cells have effects on ICM cells. (C-D) Cell-



cell interactions between ICM and TE in mice. C emphasizes that ICM cells have effects 

on TE cells. D emphasizes that TE cells have effects on ICM cells. Colours show relative 

expression levels of the gene pairs (log2 mean molecule1, molecule2). The dot sizes show 

-log10 (P-values). (E) Bar plots showing relative expression levels (log2 [TPM/10+1]) of 

gene pairs mediating cell-cell interactions in TE and coISK. 

 



Fig. S9. Analysis of embryos that failed to attach in vitro or failed to implant in the 

clinic.  

(A) UMAP plot of S3 AS (attachment success, E15-E18, E23) and AF (attachment failure,

E26-E29) embryos. (B) GO analysis of the up- and down-regulated genes in AF PTE. (C) 



The expression levels of genes involved in selected GO terms in S1-S3 TE and AF TE. (D) 

Data quality of clinical PGT samples. IS: implantation success; IF: implantation failure. 

(E) GO analysis of the up- and down-regulated genes in IF. The circle sizes show the

number of involved genes in each term. (F) Bar plots showing relative expression levels 

(log2 [TPM/10+1]) of selected up- and down-regulated genes in the AF MTE or IF. (G) 

The blastocyst formation rate of Trmt112 KO embryos was similar with control embryos. 

This experiment was repeated three times independently. (H) sgRNAs and Cas9 proteins 

were electro transfected into mouse zygotes. 60 2-cell embryos from Trmt112 knockout 

zygotes were transplanted to 3 foster mothers, and no offspring was generated. 71 control 

embryos transplanted to 3 foster mothers resulted 24 offspring. (I) The attachment rate of 

embryos transfected with Trmt112 shRNA lentivirus was significantly lower than control 

shRNA. This experiment was repeated four times independently. Evaluation of 

significance in G, H, and I was performed using chi-square test. *, P<0.05. 



SUPPLEMENTARY TABLE LEGENDS 

Supplementary Table 1. Summary of single-cell RNA-Seq data in human peri-

implantation embryos.  

Supplementary Table 2. DEGs and GO terms of three-stage trophectoderm cells in 

human peri-implantation embryos. 

Supplementary Table 3. Gene clusters of high variable genes for three-stage 

trophectoderm cells in human peri-implantation embryos and its corresponding GO 

terms. 

Supplementary Table 4. Summary of single-cell RNA-Seq data in mouse peri-

implantation embryos. 

Supplementary Table 5. DEGs of human and mouse in S3 embryos and its 

corresponding GO terms. 

Supplementary Table 6. Homologous DEGs of human PTE and mouse MTE in S2 

embryos and its corresponding GO terms. 

Supplementary Table 7. Homologous DEGs of human PTE and mouse MTE in S3 

embryos and its corresponding GO terms. 

Supplementary Table 8. Ligand-receptor pairs predicted by CellPhoneDB between 

coISK and S3PTE in S3 human embryos. 

Supplementary Table 9. DEGs between ISK cells and coISK. 

Supplementary Table 10. Summary of single-cell RNA-Seq data in AF and IF 

embryos. 
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