SUPPLEMENTAL INFORMATION 
T1:  Detailed description of the transcriptomes of single clusters.

GENE EXPRESSION in fetal trophoblast and maternal cells
This section complements (and for convenience includes) the diagnostic expression profiles described in the main part of the article with more detailed gene expression description, and interesting biological observations potentially providing a resource for further work. It also includes further related bibliography. 

1. Trophoblast cells
The markers for general trophoblast cell character are KRT7, KRT8, GCM1, CYP19A1 and have been found to distinguishes the clusters 1, 2, 3 and 5 from cluster 4 and from endometrial stromal cells (Figure 1). In addition to these, further genes are listed in Table 2. The criterion used is >10-fold higher expression in trophoblast cells (including syncytiotrophoblast), than in maternal cells. Interestingly, among these are also two syncytin genes (ERVW-1, ERVFRD-1), the retrovirus-derived envelope genes that contribute fusogenic properties responsible for syncytialization of trophoblast cells (Mi et al. 2000). Syncytins are thus not restricted to syncytiotrophoblast, but are well expressed in all trophoblast cells.

Cytotrophoblast
Whereas heterogeneity of the intravillous cytotrophoblast cells is relatively high in general, the Cluster1 (N=23 cells) shows some distinctive features. These cells consistently express a lower number of genes (average 6650 as opposed to 8660 for C2 and 8330 for C3). Based on the transcription profile, we have been able to exclude the possibility that these cells are placental exosomes or microvesicles. The upregulated (>5 fold) genes in this cluster relative to the C2 and C3 are enriched in genes for extracellular matrix components: vitronectin, fibronectin and collagens, suggesting extracellular matrix production, mesenchymal cell differentiation and epithelium development. In contrast, the downregulated genes relative to clusters 2 and 3 are associated with positive regulation of cell cycle, transcription and translation (Supplemental Figure S1), likely a signature of terminal differentiation. These cells have similarity to syncytiotrophoblast (upregulation of PMP22, CCDC152, proteoglycans lumican and decorin, APOD, SEPP1). 

To exclude alternative explanations of the reduced variety of mRNA types expressed in this cluster, we have considered that these “cells” could be the membrane bound vesicles shed from syncytium, which enter maternal circulation (Mincheva-Nilsson and Baranov 2010; Stenqvist et al. 2013; Mincheva-Nilsson and Baranov 2014; Sarker et al. 2014). However, to the extent that the content of such vesicles is present in the form of mRNA rather than protein, the expression in cluster 1 does not correspond to gene profiles reported for placental micro-vesicles. Micro-vesicle markers CD63 and members of HSP70 (mostly HSPA8) are ubiquitously expressed in all trophoblast clusters, while mRNA levels of CD81 and CD83 are low. The mRNA of the proteins specific for apoptosis-inducing exosomes (e.g., TNFSF10 and FASLG; Stenqvist et al. 2013) is not encountered in these samples. We thus conclude that these cells are more likely cytotrophoblast cells at the end of the differentiation cascade toward syncytiotrophoblast. 

Extravilous trophoblast (EVT)
Extravillous trophoblast cells interact directly with maternal cells and are thought to be responsible for the invasiveness of human placentation in particular in the first trimester of pregnancy and consequently involved in numerous pathologies, most notably preeclampsia (Menkhorst et al. 2014). Invasiveness is likely most pronounced in the first trimester of pregnancy, and hence it is plausible that the associated genes are not as dominantly expressed in our data, which stems from term placenta.
Interestingly, our cells show EVT-specific high expression of preeclampsia-implicated gene tachikinin (TAC3), the product of which is a neuropeptide likely regulating vasoconstriction (Page et al. 2000). Contrary to the prior reports, expression of TAC3 is restricted to EVT cells in our data. One of the most highly expressed genes in these cells is furthermore PRG2, proteoglycan 2, which has been reported to inhibit proteolysis of IGF-binding proteins by proteinases (Weyer and Glerup 2011). The expression of DIO2, the activator of thyroid hormone T3, previously suggested to decline in placenta during pregnancy (Canettieri et al. 2008), is also very high and EVT-specific. 

Syncytiotrophoblast (SYN)
The general profile of the syncytial sample is consistent with the gene expression pattern known so far for syncytial trophoblast cells from the literature. Surprisingly, we find only intermediate abundance of corticotropin-releasing hormone, CRH, transcripts (50 TPM). As this hormone is highly expressed in the full placental transcriptome, and absent in other cells, we suspect that CRH mRNA either is sensitive to the process of micro-dissection, or its distribution within the syncytium is heterogeneous.

Among very highly expressed genes in syncytiotrophoblast sample are hemoglobin genes, of alpha, beta and gamma subunits, that is, the adult and fetal hemoglobin. While the hemoglobin expression is very high in total placental tissue, which includes an abundance of vessels, this finding in syncytiotrophoblast is surprising. Reports of elevated hemoglobin in vesicles shed from syncytiotrophoblast exist (Cronqvist et al. 2014), yet the current finding will require future analysis. In the present study, contamination with fetal blood cannot be entirely excluded, although we did not find elevated markers of erythrocytes that would support such explanation. A contamination may have effects both on antigen as well as hemoglobin signature. 

2. Maternal uterine cells
Endometrial stromal fibroblast decidualization (ESF -> DEC)
Many of the changes occurring during the in-vitro decidualization of endometrial stromal fibroblasts have been reported before (Tabanelli et al. 1992; Brar et al. 2001). Here we focus on the most apparent upregulated pathways, beyond the IGF and immune signaling, which is reported in the main text of the manuscript and in addition separately below. 

Characteristic is upregulation of FOXO1, a key factor of decidualization (Kajihara et al. 2006; Kajihara et al. 2013), which directly regulates PRL, IGFBP1 and other upregulated decidual genes by physically interacting with HoxA11 and CEBP (Lynch et al. 2009). 

One of the most strongly induced genes is the hormone somatostatin (SST) (from 0 TPM in ESF to 1,180 TPM in DSC), while its receptor SSTR1, is downregulated during decidualization (and not expressed in other sampled cells). This is likely a signature of the role of alternative hormone, neuronostatin, encoded by the SST gene and affecting angiogenesis via (upregulated) GPR107 receptor (Samson et al. 2008; Yosten et al. 2012; Yosten et al. 2015). Multiple mitogenic factors and their receptors increase in expression during decidualization, specifically FGF7, FGF9, PDGFD and the receptors FGF1R, PDGFRA and PDGFRB. Particularly dominant is furthermore the upregulation of the components of retinoic acid (RA) pathway. The enzymes catalyzing both the biosynthesis of RA from retinol (RDH10, DHRS3, ALDH1A1), as well as those catabolizing the excess, toxic retinol (CYP26B1) are upregulated. The most upregulated RA receptor is RARG. The pro-proliferative effect of retinoic acid is enhanced by BMP2, which is similarly upregulated during decidualization, as is its downstream gene WNT4, known to be crucial in implantation (Lee et al. 2007; Franco et al. 2011). BMP receptor is also well expressed in syncytiotrophoblast. Further interesting decidual upregulation in the context of growth and support is that of mitochondrial gene PDK4 thought to decrease glucose metabolism under hypoxia or starvation (Lee et al. 2012).

Notable is the upregulation of the nuclear hormone receptor NR4A2, which has been related the to regulation of corticotropin releasing hormone function in inflammation (CRH; Murphy et al. 2001; Kageyama et al. 2010; Watanuki et al. 2013). The serum CRH levels have been associated with the timing of birth, yet the mechanism is unclear (McLean et al. 1995). In addition, the enzyme that preferably catalyzes the conversion of cortisone to cortisol (HSD11B1) thus enhancing glucocorticoid signaling, is strongly upregulated during decidualization and limited to maternal cells (Yang et al. 2016). This enzyme has been suggested to play a role in decidual apoptosis (Chan et al. 2007), or potentially early invasion (Funghi et al. 2016). 

A large group of upregulated genes is involved in extracellular matrix structure and remodeling: extracellular matrix proteoglycans, integrins, metalloproteinases and their inhibitors; and a further set in angiogenesis: angiogenin (ANG), angiopoetins (ANGPT1, ANGPTL2), VEGFA, TM4SF1 (Shih et al. 2009). This likely contributes to regulation of trophoblast invasiveness, as well as in preparation of the tissue for implantation.

Immunological changes during decidualization involve a complex balance of pro-inflammatory signals and their modifiers. Decidualized cells show upregulation of many interferon-induced genes (IFI6, IFI35), prostaglandin synthetases, complement system genes (MASP1, CD55) and interleukins. Among the latter, the most notable is the 40-fold upregulation of IL1R1, the receptor of pro-inflammatory interleukin IL1B. Another implantation-associated interleukin, IL11, is also upregulated in decidualized cells (Chen et al. 2002; Paiva et al. 2007). Chemokine CXCL12 is highly upregulated during decidualization, as is its decoy receptor ACKR3. TNF pathways and steroid hormone interactions are discussed separately in the main part of the manuscript.
Similarly as in immune regulation, the overall growth factor expression changes during decidualization indicate simultaneous upregulation of growth-supportive as well as -suppressive signals, suggesting a tightly regulated balance of the provision for, and protection against the invasive embryo.

Interesting is a strong upregulation of the progesterone receptor co-factor KLF9 in decidua relative to ESF, and KLF9 is also expressed in extravillous trophoblast. This is notable, because progesterone receptor itself is only minimally expressed in decidua. KLF9 has been associated with birth timing and labor (Zeng et al. 2008; Mendelson 2009) and its expression has been reported in placenta at labor (Sober et al. 2015), in endometrium and myometrium (Pabona et al. 2015).

SIGNALING PATHWAYS (extended)
Prolactin and growth hormones (GH and CSH): As a consequence of their origin via duplication (Niall et al. 1971; Wallis 1994; GH, Liu et al. 2001; PRL and GH, Forsyth and Wallis 2002; Soares 2004) the growth hormones and chorionic somatotropins (CSH1, CSH2) bind to prolactin- as well as growth hormone receptor (PRLR, GHR). In contrast, prolactin does not bind to the more specific GHR (Xu et al. 2013).  CSH-genes are highly expressed in syncytiotrophoblast and EVT, while GH2 is expressed in syncytiotrophoblast only. GHR is not notably expressed in our cells. Prolactin is upregulated in uterine decidual cells, while its receptor (PRLR) is moderately expressed in adjacent syncytiotrophoblast and in decidua (<15TPM). The trophoblast and decidua thus appear to send auto- and mutually paracrine signals via the trophoblast growth hormones and the decidual PRL. 

Insulin growth factors (IGF): IGF1 and IGF2 are prominent regulators of fetal growth. Most of the IGF1 expression is in syncytiotrophoblast, with moderate expression also in maternal decidua. IGF2 is expressed in all trophoblasts, highly in EVT, and is upregulated 3-fold in decidualization. Uterine ESF express several IGF-binding proteins and these further increase during decidualization, whereas only IGFBP3 and-7 are expressed in EVT and syncytiotrophoblast. Trophoblast also express IGFBP-cleaving proteinase PAPPA, along with high expression of its inhibitor, proteoglycan PRG2. IGF1 signals primarily via cell-surface receptor IGF1R, and with lower affinity also via the insulin receptor, INSR. IGF1R receptor gene is expressed in trophoblast and in decidua, while INSR is expressed in cytotrophoblast and EVT. IGF2R, which mediates growth inhibitory response, is well expressed in uterus regardless of decidualization (>100 TPM). Collectively, these expression patterns indicate a directionality of the placental IGF signaling towards maternal circulation, and its modulation by the maternal cells via simultaneous expression of both, agonistic and antagonistic receptors. A high abundance of paternally expressed chimeric transcript INS- IGF2 in EVT and syncytiotrophoblast cells is also notable (Monk et al. 2006). The presence of preproinsulin, IGF1 as well as their receptor INSR in trophoblast suggest autocrine signaling, in addition to signaling to the mother. 

Interleukin and TNF signaling: Not surprisingly the interleukin expression among the collected cells is highest in dendritic cells, and is comprised of IL1B, IL15 and IL32.  Of these, the potent pro-inflammatory IL1B has received most research attention. IL1B signal from dendritic cells is matched with high expression of its receptor IL1R1 in decidua, upregulated  >40-fold during decidualization, as well as with expression of the receptor accessory protein IL1RAP. While the adjacent fetal extravillous trophoblasts and syncytiotrophoblast express IL1R1 and IL1RAP, extravillous trophoblast (but not cytotrophoblast) also highly expresses IL1R2, a decoy receptor for both IL1B and for IL1R1. Anti-inflammatory effects also arise from the maternal side, as dendritic cells express not only IL1B, but also strongly express IL1RN, the IL1-receptor antagonist. Thus while maternal immune cells produce strong pro-inflammatory signals and decidua and trophoblast are capable of perceiving them, maternal immune cells and fetal cells at the same time express strong multifaceted anti-inflammatory signals to balance or to redirect it towards a sustained anti-inflammatory state. 
Amongst other interleukins we find strong upregulation of IL11 during decidualization, shown to be crucial for decidualization and implantation (Bilinski et al. 1998; Karpovich et al. 2005; Paiva et al. 2009; Dimitriadis et al. 2010). In our data, the expression of IL11 is limited to decidua. Decidual cells also express low levels of IL15, and of the receptors for IL11R and IL15RA. Expression of IL33 by syncytiotrophoblast, along with its receptor IL1RL1, is hard to interpret, as different receptor isoforms can act in pro and anti-inflammatory fashion.
Whereas tumor necrosis factor alpha and beta (TNF, LTA) are not expressed in our sample, dendritic cells express multiple genes of tumor necrosis factor ligand family, TNFSF. In addition EVT and syncytiotrophoblast highly express the apoptosis-inducing factor TNFSF10 (TRAIL). This ligand acts by binding to death receptors, of which TNFRSF10B is highly upregulated in decidua, whereas it is only weakly expressed in undifferentiated endometrial stromal fibroblasts. Decidualization is also associated with a 5-fold increase in expression of TNFRSF11B, a decoy receptor for TNFSF11 and TNFSF10. These data suggest active signaling from the EVT and syncytiotrophoblast to decidual cells via TRAIL and TNFRSF10B and modulated by decidual TNFRSF11B expression.
Further downstream targets of TNF-alpha pathway show interesting expression. TNF-alpha-induced proteins TNFAIP1, 3, 6 and 8 are expressed in maternal and fetal compartments. Most noteworthy is the high expression of TNFAIP3 in dendritic cells and EVT. This protein likely inhibits the downstream activation of NF-kB pathway by TNF (Song et al. 1996; Heyninck and Beyaert 1999). In contrast, TNFAIP genes associated with tumor invasion are expressed in cytotrophoblast (TNFAIP8) and extravillous trophoblast (TNFAIP2) (Laliberte et al. 2010; Chen et al. 2011). Overall this data is consistent with a model where the standard pro-inflammatory pathways are activated but their downstream effects experience extensive restructuring specific to the fetal-maternal interface. 


SOME OF THE FINDINGS THAT WARRANT CLOSER EXAMINATION. 
CGA expression: One of interesting findings is an apparent lack of beta chain of any glycoprotein hormone across most trophoblasts, concomitant with consistently highly expressed alpha chain mRNA (CGA) in all trophoblast cells, and upregulated 700-fold in uterine decidualization. The only cells that appear to express CGB (CGB8, CGB5) are syncytiotrophoblasts. Glycoprotein hormones share alpha chain and include chorionic gonadotropin, luteinizing hormone, follicle stimulating hormone and TFSH, as well as more recently identified GPH (GPHA2, GPHB5; Hsu et al. 2002). Discordance between CGA and CGB expression was observed previously in perfusion experiments (Takemori et al. 1981), in which discordance increased during pregnancy to reach10-fold higher levels of CGA than the heterodimer (hCG) at term. Finally, the work by Leisser and coauthors (2006) suggests that TNF alpha, which increases at term, is responsible for reduction specifically of the CGB expression, a normal process when occurring close to parturition, but potentially indicative of placental malfunction at other time points.

Syncytin expression pattern: The broad expression of the syncytin genes (ERVW-1 and ERVFRD-1) in all trophoblast cell types supports the notion that the role of syncytin may be broader than that of cell fusion (Okahara et al. 2004). One candidate is immune suppression, which is crucial in retroviral invasion, and the associated domain is widespread among endogenous retroviruses, including human Syncytin2 (Mangeney et al. 2007). Further indication that alternative functions may have been key for placental recruitment of envelope proteins is the retention and high expression in placenta of envelope genes, which have lost fusogenicity, such as ERVMER34-1 (our data; see also Esnault et al. 2013). Mechanistically, the broad expression suggests that syncytins` fusogenic activity is regulated in syncytiotrophoblast specifically. Previously suggested gene for this role, SLC1A5, is however expressed broadly in our data, and only weakly in syncytiotrophoblast, contradicting this model for the regulation of fusogenicity.

MicroRNA expression
The current pipeline involved poly-A selection and is thus not suited for the comprehensive analysis of microRNA expression in trophoblast cells. However, precursor RNA is expected if mature RNA is expressed, but its detection is conditional on the annotation of the precursor RNA in the reference genome. It is worth noting that many of the precursors of previously reported placental miRNAs (e.g., miR-106, miR-16, miR-21, miR-126, miR-363 (Mouillet et al. 2010a; Ouyang et al. 2014; Sadovsky et al. 2015) are absent from our annotation and thus would not be detected in our data. Even when present, processing of the precursor RNA to mature RNA may still affect the relative abundance of the latter among the functional microRNA, but this problem is similar to the relationship between the concentration of mRNA of the protein-coding genes, and that of their respective protein.
Overall, we find higher expression of precursor microRNAs in intravillous trophoblast than in extravillous or syncytiotrophoblast. The precursor microRNAs with highest expression are miR-22, miR-100, miR-205 and MIRLET7B in intra and extravillous trophoblast, and miR-100 and miR-503 in syncytiotrophoblast. Precursor of miR-210 is annotated and appears not to be expressed in our term trophoblast cells. Of the expressed precursors, miR-205`s involvement in in placental function is known (Mouillet et al. 2010b), and miR-22 has been shown to robustly target estrogen receptor alpha (ESR1) in vitro and was implicated in tumor growth in breast cancer context (Xiong et al. 2010). 
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