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1.0. TETRAMER Workflow

TETRAMER has been implemented in a Cytoscape App providing an optimal user-friendly framework for (i) the reconstruction of cell fate transition-specific Gene regulatory networks (GRNs) and (ii) the prediction of relevant TFs by evaluating their capacity to drive a cascade of temporal transcription regulatory events implicating the largest number of downstream TGs.

1.1. Building GRNs with TETRAMER
TETRAMER builds a GRN from the temporal transcription information (transcriptomes) provided by the user. This is done by integrating the list of differentially expressed genes assessed from temporal transcriptomes with a collection of generic TF-TGs relationships collected from the public domain. Specifically, TETRAMER requires a text file containing the temporal differential expression levels (fold change in log2; as described in the corresponding Tutorial). It is worth to mention that the current version of TETRAMER does not handle replicates, thus users are invited to provide an averaged fold-change value per replicates. This last aspect might be part of the future upgrades such that the data variance could be considered within network reconstruction but also over transcription signal propagation.
Currently, TETRAMER allows to reconstruct GRNs by integrating the information obtained from three TF-TG connectivity sources:

1. CellNET: TF-TG relationships assembled by Cahan et al from the analysis of ~100 mouse or ~60 human microarray transcriptomes covering 20 mouse or 16 human cell/tissue types respectively. Both mouse and human collection are available in TETRAMER
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2. qcGenomics: TF-TG relationships established from publicly available ChIP-sequencing studies and quality-assessed using the NGS-QC Generator2. Currently 2332 mouse or 3913 human TF ChIP-sequencing datasets were integrated in TETRAMER for making a mouse and human collection. These generic GRNs are constructed by associating the most confident TF binding sites (MACS2 peak calling; p-value threshold: 1x10-50) to their closest promoters (2.5, 10 or 20kb, such that users might have the possibility to interrogate for promoter regions or proximal promoter enhancer regions if wished). Furthermore, a minimal quality score of CCC (quality range from A to D; see NGS-QC Generator2) is required for all ChIP-seq profiles that are included in this analysis.  
3. regulatoryCircuits: TF-TG relationships established by Marbach D. et al from the cap analysis of gene expression (CAGE) performed by the FANTOM consortium combined with sequencing binding motif analysis
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. This resource comprises GRNs for 394 human cell types/tissues, which have been combined in a single GRN.
Users have the possibility to include their own TF-TG interaction file for custom applications. The procedure to follow is described on the tutorial available in the dedicated website for TETRAMER.
1.2. Modeling temporal transcription regulatory signaling propagation

Once a GRN is reconstructed, TETRAMER models a temporal transcription regulation cascade from a set of defined "start nodes" towards the "final nodes", which correspond to the transcriptome when the cell fate transition has been completed (e.g. cell differentiation, reprogramming; etc). This signal propagation takes place through the defined network structure and in coherence with the differential expression state of each node at each defined time point. Furthermore, the temporal transcriptional response has to be coherent with the type of transcription regulation (positive or negative; i.e. transcription activation or repression) corresponding to the assessed TF-TG relations. In brief, TETRAMER evaluates the capacity of each factor that has been defined as "start node" to propagate the transcription response within the network to the maximal number of "final nodes"; this capacity is expressed as “Master Regulator Index (MRI)”, which is defined as the fraction (%) of final nodes regulated by a given TF relative to the total number of final nodes. The MRI is complemented by a second metrics, the Master Regulator Specificity (MRS), which corresponds to the fraction of nodes regulated by a given TF relative to the total number of nodes at a defined time-point. The MRS evaluates whether a TF could in fact regulate other nodes beyond those in the "final list", thus providing a further level of complexity for the characterization of the TF regulatory influence within the reconstructed network. Finally, TFs can ranked either on the basis of the product of the MRI and MRS, or on the basis of MRI alone .
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1.3. Evaluating the confidence of the predicted Master regulators
Given that TETRAMER incorporates transcription regulatory relationships obtained from the public domain, the likelihood of incorporating non-relevant edges during the network reconstruction needs to be evaluated. Modeling transcription propagation addresses this issue, as only edges coherent with the transcriptional state of the associated node - in the corresponding temporal context - are kept. To further support the statistical significance of this procedure, TETRAMER randomizes all edge associations within the entire network and re-evaluates subsequently MRI and MRS data for all retrieved factors in the context of the randomized network. A large number of randomizations are used (10 to 100 times) to obtain averaged randomized MRI and MRS data and attribute confidence values to the master regulator descriptors (MRI and MRS) relative to the randomized distribution (Z score statistical test).
2.0 Installation and usage
TETRAMER has been designed for Cytoscape version 3.4 and higher. The corresponding JAR file is available for download in the dedicated TETRAMER website, as well as from the Cytoscape app repository http://apps.cytoscape.org/apps/tetramer. To have a detailed explanation concerning the installation and use of TETRAMER, please refer to the corresponding tutorial at  http://igbmc.fr/Gronemeyer/qcgenomics/TETRAMER.
3.0. Application cases

3.1 Predicting Master regulator co-regulatory networks in various cell fate transition events
The concept behind TETRAMER has been initially designed for the study of retinoid-driven neuronal/endodermal cell fate decisions4. In this study, the propagation of the temporal transcription regulation events has been modeled (customized R script released in4) over a GRN reconstructed by the integration of the collected temporal transcriptome readouts (GSE68291) and the generic TF-TG relationships retrieved in CellNet
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. This initial effort, has been generalized by the establishment of the current Cytoscape App and applied to studies concerning OSKM-driven cell reprogramming
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 (GSE38509), trans-differentiation
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 (GSE44700), aberrant tumorigenic transformation7 (GSE49944), as well as complex human brain organoid cultures
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 (GSE82022). 
3.2. An atlas of candidate master regulators driving the inter-conversion of ~300 human cell/tissue lines

In this study, TETRAMER has being used to generate an atlas of candidate master regulators for the inter-conversion, e.g. by reprogramming approaches or trans-differentiation, of more than 300 human cell lines9. For it, 3821 CEL files were downloaded from GEO(GSE7307) and normalized altogether with pyaffy (python implementation of the RMA algorithm; https://github.com/flo-compbio/pyaffy). Considering that multiple CEL files are associated to a single cell/tissue type, we have computed a mean normalized expression value and its corresponding standard deviation per cell/tissue type under study. Finally a differential expression value among cell/tissue type combinations has been computed and used as input for TETRAMER (batch version of the Cytoscape App). As consequence, 82656 files containing predicted master regulators with their associated MRI and confidence p-value -inferred by GRN edges randomisation (100 iterations)- are produced.
With the aim of enhancing the specificity of the predicted master regulator TFs per cell/tissue type inter-conversion, we have evaluated the frequency of over-expression of TFs over all studied cell/tissue types. This frequency criterion (normalized relative to the total number of cell/tissue types) as well as the inferred confidence is used to correct the predicted MRIs as following:
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  where wMRI correspond to the "weighted MRI". As consequence, the wMRI describes the capacity of a given TF to drive the cell/tissue type inter-conversion in an especific context, i.e. relative to all other considered cell/tissue type inter-conversion events.
This analytical procedure allows to identify set of MR TFs specific for each cell/tissue type inter-conversion. Importantly, cell/tissue types can also be considered as part of functionally/anatomically related systems, an aspect that can be reconstituted by a similarity analysis among the predicted master regulators. For it, we have computed pair-wise Tanimoto Similarity index among all predicted sets of MR TFs per cell/tissue types. Specifically this is performed by the following metrics:

 
[image: image4.wmf])

(

MRb

MRa

MRb

MRa

MRb

MRa

Tindex

I

I

-

+

=


where MRa or MRb correspond to the number of Master regulators predicted for the conversion towards the cell/tissue type a or b.
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