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The clusters 4, 7 and 12 grouped genes with an overall larger increase in expression during adipogenesis compared to osteogenesis. When using the liberal EASE score to determine the enrichment of biological terms, the cluster 4 and 12 were enriched with genes involved in lipid metabolism (File S8 and File S8), but only cluster 4 was enriched with genes involved in fatty acid metabolism and response to organic substrate with a Benjamini-Hochberg FDR< 0.05 for the significance of the enrichment. The response to organic substrates included 19 genes; most of those were involved in lipid synthesis and accumulation (File S7). The cluster 4 appears to be the cluster “signature” of the adipogenic differentiation due to its large difference between the two differentiation types. Interestingly, despite the large number of potential PPAR target genes in the cluster, the KEGG pathway associated with PPAR signaling was enriched significantly (<0.05) only using the EASE score (File S7). Cluster 4 was also enriched by genes typical of monocytes. There is not an apparent explanation for this observation. Cluster 7 was highly enriched with genes involved in the mitochondria membrane. Interestingly, the mitochondria are highly affected by the adipogenesis, as previously observed in T3T cells, with overall increases in mitochondrial biogenesis and uncoupling respiration [1,2].
The clusters 11, 14, and 15 grouped genes that expression is increased during osteogenesis and reduced during adipogenesis. Among those only cluster 15 had an enrichment of collagen- and extracellular matrix-associated genes with a BH FDR<0.05 (Figure 7 and File S7). Those genes can be considered expected during osteogenesis bearing in mind that collagen type I deposition in the extracellular matrix is essential for bone structure [3]. The cluster 15 appears to contain the “osteogenic signature genes”, based on the larger increase in expression pattern of those genes during osteogenesis compared to adipogenesis. The cluster 11 also grouped genes with a larger increase in expression during osteogenic vs. adipogenic differentiation. This cluster grouped genes that had an increase in expression in BMSC but a decrease in expression in ASC during adipogenic differentiation and a larger increase in BMSC vs. ASC during osteogenesis. As for the cluster 14, the cluster 11 was highly enriched with genes related to extracellular region, in particular signaling molecules (Figure 7 and File S8), indicating a large co-regulation of cell-to-cell communication during osteogenesis.
Few clusters showed a similar pattern between adipogenic and osteogenic differentiation. Clusters 1, 3, 8 and 13 (and with lower magnitude cluster 5) grouped genes with, on average, a consistent down-regulation during differentiations but with a larger decrease in adipogenic compared to osteogenic differentiation. Interestingly, those clusters were highly enriched with genes related to cytoskeleton organization, regulation of organelle organization, heparin binding, and focal adhesion (Figure 7 and File S7). The cytoskeleton plays a pivotal role in cell shape, organelle organization, polarity, and sensing external forces that in turn are able to stimulate differentiation. This has been shown in BMSC [5] but also in ASC [6]. The coordinated down-regulation of the cytoskeleton during differentiation, particularly for the adipogenic differentiation, might be indicative of decreased cell interactions but might also indicate a decreased hypersensitivity of the cells to the stiffness of the surrounding environment. In human BMSC the phosphorylation of the actin cytoskeleton is an important phenomenon during in vitro osteogenesis [7]. Increase in focal adhesion after mechanical stimulation has been shown to be involved in inhibiting adipogenesis in murine BMSC [8]. Our data confirm those results by showing a strong decrease in expression of genes involved in focal adhesion due to differentiations (cluster 3 in Figure 7). The KEGG pathway analysis using DIA also indicated that the ‘Focal adhesion’ pathway was overall inhibited during adipogenesis and was slightly induced during osteogenesis, particularly for BMSC (Figure 4).
Among the other clusters few had enrichment of genes related to particular biological terms. Cluster 6, featured an overall down-regulation during differentiation and a larger decrease during osteogenesis compared to adipogenesis but was highly enriched in genes involved in protein synthesis. In agreement with this observation, the ‘Ribosome’ KEGG pathway was inhibited overall during differentiation, particularly during the osteogenic differentiation (Figure 3). 
The clusters 2, 9 and 10 grouped genes that had a similar behavior between differentiation types but a larger increase in expression in ASC vs. BMSC for cluster 2 and BMSC vs. ASC for clusters 9 and 10 (Figure 7). Cluster 2 was highly enriched in genes involved in collagen binding and extracellular region signaling encompassing cell adhesion and fibronectin (File S7 and File S8). Those data indicated that the porcine ASC during osteogenesis had a stronger cell-to-cell signaling and interactions compared to BMSC. This might partly explain the formation of large nodules in ASC compared to the uniform layer in BMSC observed during 2D in vitro osteogenesis [9]. The clusters 9 and 10 were not enriched with genes related to particular biological terms (File S7 and File S8); however, using the liberal EASE score the most enriched genes in cluster 9 were the ones involved in extracellular matrix binding and in cluster 10 were the genes involved in posttranscriptional regulation and lipid biosynthesis, particularly cholesterol biosynthesis. Greater steroidogenesis in BMSC during either differentiation type is consistent with what was suggested by the DIA results of the analysis of the pathways (see Figure 3).
The cluster 16 grouped genes that had a very large increase in expression in both differentiation types (Figure 7). This cluster was highly enriched in genes involved in extracellular matrix and cell-to-cell interaction through glycoproteins (File S7 and File S8). This indicates that in both differentiation types minimal interaction between cells is essential and needs to be highly coordinated, even though overall cell-to-cell interaction appeared to be inhibited during adipogenesis (see above).
The transcription factor network analysis (Figure S14) indicated that genes present in cluster 13, followed by cluster 4 and 8, formed the largest interactive networks; however, cluster 4 had the largest number of transcription factor (TF) in the network and also the largest number of TF both present in the cluster but also putative TF with >3 down-stream genes (see caption of Figure S14). This indicates that the transcription of genes in cluster 4 was highly coordinated but also that the transcription involved harmonization of a large number of TF (see File S9 for details). 
The statistical analysis of overlap TF performed using Ingenuity Pathway Analysis (Table 1, all the results are available in File S10) supports the above observations. The cluster 4 had the largest number of putative TF, considering a stringent significance, with several TF previously known to be involved in adipogenesis, such as PPAR and CEBP [10,11,12] (Table 1). Also, activation of PPAR has been reported to induce adipogenesis [13]. 
The cluster 3 also had a large number of significant overlapping TF (Table 1 and Figure S14). It is interesting that two of the TF with the most significant overlap (i.e., up-stream transcription factor) with the genes in cluster 3 were up-regulated during adipogenesis. For instance FOS was present in cluster 4 and JUN in cluster 7 (File S1 and File S9). It has been shown that expression of FOS increases during adipogenesis but, contrary to the increase in expression during adipogenesis observed in the present experiment (File S1), not JUN [12]. Those observations suggest coordination between induction of lipid accumulation (i.e., cluster 4) and inhibition of focal adhesion (cluster 3).
Overall the cluster analysis in association with the TF network and TF overlapping analyses strongly indicated large transcriptomics coordination and large interactions of genes involved in adipogenic compared to osteogenic differentiation. In addition, the analysis highlighted a larger number of TF involved in driving adipogenesis compared to osteogenesis. 
Few TF are known to have a large amount of down-stream target genes, such as MYC (encompassing several isoforms) and TP53. As consequence, those TF have >3 putative target genes in all the 16 gene clusters (File S10). The enrichment analysis using IPA indicated that only few clusters had a significant enrichment of target genes for MYC (and its isoforms) and/or TP53 (Table 1). Among those, cluster 6 was highly enriched by genes involved in protein synthesis and was also highly enriched by target genes of MYCN or n-Myc (Table 1). The n-Myc is part of a family of transcription factors having similar functions, among those the v-Myc (or simply MYC) has been shown to play a crucial role in coordinating expression of ribosomal proteins that are involved in protein synthesis [19]. In our experiment, MYC was actually up-regulated during adipogenesis while MYCN was not affected by differentiations (File S1). Although not clear due to the increase or not change in expression, our analysis suggest that MYC had likely played a role in coordinating the decrease in protein synthesis during osteogenic differentiations in our experiment with a probable more important role of n-Myc than v-Myc. 
The TP53 is one of the most studied transcription factors for its role in tumor suppression due to its anti-proliferative property [20]. This TF plays an important role in inhibiting bone differentiation and it also regulates the balance between bone formation and bone resorption [21]. Interestingly, cluster 3 is highly enriched by target genes of TP53 (Table 1). The genes in this cluster are featured by an overall down-regulation during differentiation, with a larger down-regulation during adipogenesis compared to osteogenesis. The expression of TP53 gene was not affected by the conditions in the present study (File S1). In summary, the data indicated that TP53 played an important role in coordinating the expression of several genes in our study with an apparent suppressive role in expression that might be important for allowing differentiation in both lineages. 
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